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Preface

This technical report contains Pacific Northwest National Laboratory’s (PNNLs) controlled manual
Radiation Protection Instrument Manual (PNL-MA-562)." The sections of PNL-MA-562 contained in
this document are current as of the date this technical report was published.

The current approved version of PNL-MA-562 is available on the web at calibration.pnl.gov. This
web page can be accessed from any networked computer within the Hanford firewall.

This technical report is not a controlled document. It will be reissued biennially if major revisions are
made to PNL-MA-562. If no major revisions are made to PNL-MA-562, Instrumentation Services and
Technology (IS&T) may elect to not reissue the manual.

The Hanford Instrument Evaluation Committee (HIEC) provides guidance on the content of
PNL-MA-562 to ensure that it is a viable resource for each Hanford Site prime contractor. The HIEC
includes a representative from each Hanford prime contractor (e.g., Fluor Hanford, Battelle, CHZM HILL
Hanford Group, and Bechtel Hanford) who can address instrumentation needs and issues for their
company, and one member each from the U.S. Department of Energy Richland Operations Office and the
Office of River Protection. The list of HIEC recommended radiation detection instruments and associated
procedures are maintained in PNL-MA-562. This HIEC reviewed manual provides compliance with U.S.
Department of Energy (DOE) Radiological Control Standard {DOE-STD-1098-99) by recommending
radiation detection instruments, which meet the operational needs of the Hanford Radiological Control
Organizations, as standard instruments for use at Hanford.

This technical report was prepared by IS&T. Questions, comments, or requests for additional copies
should be referred to the Radiological Calibration Laboratory Manager, IS&T, at 509-376-5624.

(a) PNL-MA-562, Radiation Protection Instrument Manual.
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Abbreviations and Initialisms

E degree(s)

o alpha

B beta

¥ gamma

AC alternating current

ACS alpha check source

ANSI American National Standards Institute
APM automated personnel monitor
ARA airbomne radioactivity area

ASP alarm set point

BBCP Bumble Bee CP

BNC bayoenet nut connector

BW Black Widow

BWCP Black Widow CP

C celsius (°C) or capacitor (C)

CA contamination area

CAM continuous air monitor

cfm cubic feet per minute

CFR U.5. Code of Federal Regulations
cm centimeter(s)

CP Cutie Pie (rate meter)

cpm counts per minute

CRM count rate meter

DAC derived air concentration

DAC-hr derived air concentration-hour(s)
DIP (switch)  dual inline package

DMM digital multi-meter

DOE U.S. Department of Energy

dpm disintegrations per minute

EM electromagnetic

F Fahrenheit

FIDLER field instrument for detecting low-energy radiation
GCS Gamma Calibration System

GM Geiger-Miiller

HCA high contamination area

HEPA high-efficiency particulate air
HFM hand and foot monitor
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HIEC
hr
HV

ICCS
in.
IR
IS&T

ib
LCD
LED
LO
Ipm

M&TE
MCA
MDA
MDC
MeV
MFP
mg
MHV
MHz

ORNL
ORP

PAM
PAS
PCM
PIPS
PMT
PNL
PNNL

psig

Hanford Instrument Evaluation Committee
hour(s)
high voltage

ion chamber check source

inch(es)

infrared

Instrumentation Services and Technology

pound(s)

liguid crystal display
light-emitting diode
“low”

liter(s) per minute

measuring and test equipment
multi-channel analyzer
minimurn detectable activity
minimum detectable concentration
mega electron volt(s) '
mixed fission products
milligram{s)

mega high-voltage

megaheriz

millimeter(s)

millirad(s)

not applicable
nanocurie(s)

Naticnal Electronic Distributors Association
National Institute of Standards and Technology

U.S. Nuclear Regulatory Commission
neutron rem detector
nonvolatile random access memory

QOak Ridge National Laboratory
Office of River Protection

portable alpha meter

portable alphas scaler

personnel contamination monitor
passivated implanted planar silicon
photomultiplier tube

Pacific Northwest Laboratory

Pacific Northwest National Laboratory
pounds per square inch gange

PNL-MA-562 Acronyms
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RAM

RC
RDA

RH

SENS
SF

resistor

Random Access Memory

Radiological Buffer Area

resistor/capacitor

reliably detectable activity

radio frequency

relative humidity

(U.S. Department of Energy) Richland Operations Office

second(s)
“sensitivity”

Sigma Factor

volt(s)
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1.0 Introduction

1.1 Purpose

This document was prepared by the staff of the Pacific Northwest
Naticnal Laboratory (PNNL)* Instrumentation Services and
Technology (IS&T) Group for use by radiological control organiza-
tions. It provides specific information for operating and using
portable radiological monitoring instruments available for use on the
Hanford Site.

This document identifies radiation detection instruments available
for use on the Hanford Site. Many of the more common pottable
instruments are available through a portable instrument pool main-
tained by IS&T. Other instruments are owned by the individual
facilities and/or contractors.

Radiation detection instruments are usable within specific environ-
mental conditions and for specific radiations. This document
addresses the environmental limits for all instruments approved by
the Hanford Instrument Evaluation Committee, which includes a
representative from each Hanford prime contractor, the

U.S. Department of Energy Richland Operations Office (DOE-RL),
and the Office of River Protection (ORP).

1.2  Scope

Each section provides information on operating and using an instru-
ment or instrument system. Each section provides not only the basic
operational criteria but also data regarding response, such as energy
and angular dependence. Additional information is provided to
assist the knowledgeable user in proper interpretation of the text.
Cautionary information is included to prevent misuse or misapplica-
tion of the instruments and thereby eliminate accidental or
unnecessary radiation exposures to personnel.

1.3 Use of this Document

This document is available at the calibration web site
(calibration.pnl.gov). The document should be used as a reference
guide for all questions regarding the operation or use of any portable

(a) Operated by Battelle Memorial Institute for the U.S. Department of Energy under
Contract DE-AC06-76RL0O1830.

Lssued: November 2002 PNL-MA-562 Chapter 1.0
Supersedes: New Page 1.1



radiological monitoring instrument available through the Hanford
instrument pool.

Much of the information in this document was obtained from
technical manuals prepared by the instrument manufacturers. A
bibliography of technical manuals, which in many cases include
substantially more information than found in this manual, is included
as an appendix to this manual.

Other information, primarily minimum detectable activities and
environmental limitations, is from internally published letters,
memos, and technical reports. A majority of these is not readily
available to the public. In many cases, copies can be obtained by
contacting the Radiological Calibration Laboratory Manager at
(509) 376-5624.

Unfortunately, not all of the desired information can be included in
this document. Out of necessity, certain data of limited interest or
infrequent application have been excluded in the interest of
readability, brevity, and cost effectiveness. Additional information
and answers to questions regarding instrumentation or field
measurements can be obtained from PNNL’s Radiological
Calibration Laboratory Manager at (509) 376-5624.

PNL-MA-562 Chapter 1.0
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2.1 Introduction

2.0 Approved Instrument List

To ensure compliance with the requirements of 10 CFR 835, the
Hanford Instrument Evaluation Committee (HIEC) reviews radiation
detection instruments that may be used on the Hanford Site for
occupational protection. The purpose of the review is to ensure that
the instruments are appropriate for use at the Hanford Site and
function adequately under Hanford Site environmental conditions.
This review may, but does not necessarily, include environmental
testing of the instrument. Documentation supporting an instrument’s
appropriateness for use at Hanford is maintained in the Pacific
Northwest National Laboratory (PNNL) Instrumentation Services
and Technology (IS&T) project files. Instruments not listed on the
approved instrument list may comply with 10 CFR 835 and may be
appropriate for use at Hanford, but have not been reviewed by HIEC.

U.S. Department of Energy (DOE) Rule, 10 CFR 8335, states that
instruments shall be appropriate for the types, levels, and energies to
be detected and appropriate for the existing environmental
conditions. The DOE Radiological Control Standard reiterates these
requirements. To meet this requirement, the HIEC maintains a list of
instruments approved for use on the Hanford Site and their associat-
ed environmental limitations. The most current list, at the time this
document was issued, is included in Appendix A. The approved
instrument list is constantly growing; for the most recent version.™

The approved instrument list consists of two tables (see

Appendix A). Tables A.1 and A.2 list the instruments that the HIEC
has reviewed and determined appropriate for use under all environ-
mental conditions expected on the Hanford Site. Tables A.] and A.2
list all instruments reviewed by the HIEC and found to be appropri-
ate for use at the Hanford Site within the stated environmental
limitations.

The Hanford environment is defined in Section 2.2, and the para-
meters considered are humidity, ambient pressure, and temperature.
All instruments listed are appropriate for the humidity range of

0 to 95%, non-condensing. The changes in instrument response
caused by changes in elevation or atmospheric pressure changes are
insignificant because the instruments are calibrated at Hanford.
Also, historical records indicate only minor changes in atmospheric
pressure, as compared to the variation required to cause a >10%

(a) Contact the HIEC Secretary at (509) 376-5624 or 376-0041.
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variation in instrument response. Therefore, all instruments listed
are appropriate for all ambient atmospheric pressures at Hanford.
Some instruments have specific temperature limitations or other
fimitations that are identified in the table.

A recommendation from HIEC for instrument approval does not
necessarily mean that the instrument meets required sensitivity or
detection limits. Sensitivity and detection limits are driven by
operating procedures and should be established by the user.

2.2 Technical Basis for Approving Radiation Detection Instruments

at Hanford

This section describes the anticipated operating environment for
radiation detection instruments used at Hanford. The purpose of this
section is to identify performance characteristics considered by the
HIEC when approving new radiation detection instruments for use
on the Hanford Site.

This section does not address performance criteria for criticality
systems.

2.2.1  Applicable Requirements

2.2.2  Testing Procedures

Performance of radiation detection instruments is covered by
requirements in five standards of the American National Standards
Institute (ANSI): ANSI N323, ANSI N323A, ANSIN42.17A, ANSI
N42.17B, ANSI N13.27; other industry standards; the DOE
Radiological Control Standard (DOE-STD-1098-99); and Title 10 of
the CFR 835 articles 401(c) (2) and (3).

When testing is necessary to demonstrate compliance with the
specifications given in this document, test procedures should be
consistent with those given in ANSI N42.17A or other industry
standards, where applicable.

223  Performance Specifications

2.2.3.1 Environmental Conditions

2.2.3.1.1 Temperature Range

Portable survey instruments are used indoors and outdoors during all
seasons of the year. While indoors they may be used in
environments that are not environmentally controlled and may be

PNL-MA-562 Chapter 2.0
Page 2.2
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warmer or colder than typical indoor environments controlled for
human habitability.

The ambient temperatures under which portable survey instruments
are expected to operate are based on the high and low temperatures
on the Hanford Site each month during a 10-year interval.

The highest and lowest temperatures recorded at Hanford during a
10-year period are 43°C (110°F) and -23°C (-11°F), respectively.
Therefore, the applicable temperature range is -25°C to 45°C.

Instruments powered by alternating current (AC) or otherwise fixed
in place that are performance tested (efficiency checked) in the same
environment in which they are used are considered appropriate for
the environment. Similarly, instruments calibrated and used in a
controlled environment {climate maintained within human comfort
level) are considered appropriate for their environment, if the
operating environment is within the manufacturer’s operating limits.

223.1.2 Temperature Shock

22313 Humidity Range

Portable contamination survey instruments are hand carried during
use and may be moved from an indoor environment to an outdoor
environment and expected to operate correctly with only a nominal
equilibrium time (i.e., <5 minutes). It is not anticipated that
instruments could be moved from a hot environment (45°C [110°F])
to a cold environment (-25°C {-11°F}). Rather, the temperature
shocks would be from an indoor environment controtled for human
comfort (nominally 22°C [72°F)) to an outdoor environment {(-25°C
[45°C]).

The temperature shock ranges under which instruments are expected
to operate assumes that the instruments are moved from an indoor
environment to an cutdoor environment. The outdoor ternperature at
Hanford may be as cold as -25°C or as warm as 45°C. These values
are the minimum and maximum temperatures recorded at the
Hanford Site during a 10-year interval,

Instruments that are not portable (i.e., not hand carried during use)
are not required to meet criteria for temperature shock.

Portable contamination survey instruments may be used outdoors
where the relative humidity (RH) may be as low as 6% RH or as
high as 100% RH. These values are based on the highest and lowest
RH readings recorded at the Hanford Site during a 10-year interval.
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Supersedes: July 2002

PNL-MA-562 Chapter 2.0
Page 2.3



Instruments that are not used outdoors are not required to meet the
humidity performance criteria, provided they are in climate-
controlled facilities.

2.2.3.1.4 Ambient Pressure Range

2.2.3.1.5 Vibration

2.2.3.1.6 Mechanicat Shock

Portable contamination survey instruments may be used outdoors
where the ambient pressure is 29.2 in. Hg (average recorded value at
the Hanford Site during a 10-year interval). The highest and lowest
ambient pressures measured at the Hanford Site over a 10-year
interval are 102 kPa (30.03 in. Hg) and 95 kPa (28.29 in. Hg),
respectively. The maximum deviation from the average ambient
pressure is less than 4%. Therefore, changes in instrument response
because of changes in ambient pressure are not expected due to the
minimal change in ambient pressure.

Instruments calibrated and used at the Hanford Site do not require
performance testing to demonstrate compliance with the ambient
pressure performance criteria because the local ambient pressure
changes are minor.

Radiation detection instruments are frequently moved by vehicles
around the Hanford Site. Because of the difficulty of measuring the
actual range of vibrations under which the instruments may be
expected to operate, the vibration test given in ANSI N42.17A
(ANSI 1989) was adopted for new instruments. The vibration
criterion from N42.17A states that the instrument’ s response shall
not vary more than 15% from the reference after being subjected to
harmonic loadings of 2 g applied for 15 minutes in the frequency
range of 10 to 33 Hz. There is no requirement for the instrument to
respond correctly, while being vibrated; only that it responds
correctly to the vibrations.

This test does not apply to instruments that are calibrated in place
and/or are not moved between locations.

Instruments that have been used in the field for more than a year and
have an acceptable as-found history (<5% returned with as-founds
out of range) shall be considered as meeting any vibration require-
ments without the need for additional testing.

Some radiation detection instruments are hand held during use and,
thus, may be dropped. Instruments are expected either to operate

PNL-MA-562 Chapter 2.0
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2.2.3.2 Radiation Response

2.2.32.1 Energy Response

correctly after being dropped or to be damaged to the point that the
user recognizes it as inoperable. There are no requirements for the
instrument to respond correctly during the mechanical shock, only
that it respond correctly after the mechanical shock. Preferably,
instruments that may be permanently damaged are identified during
type testing and not put into service.

Typical mechanical shocks on the Hanford Site involve dropping an
instrument onto an unyielding surface (i.e., concrete floor, asphalt).
Because of the difficulty in reproducing a mechanical shock of this
nature, the mechanical shock test in ANSI N42.17A is considered
applicable for new instruments.

ANSI N42.17A states that the instrument’s response shall not vary
more than 15% from the reference reading after being subjected to
10 shock pulses of 50 g peak accelerations, each applied for a
nominal 18 ms in three mutoally orthogonal axes. In addition, the
physical condition of the instruments shall not be affected (e.g.,
solder joints shall hold, nuts and bolts shall not come loose).

Tritium-in-air instruments are handled less frequently and with
greater care than are other portable contamination survey instru-
ments. Therefore, this criterion does not apply to tritium-in-air
instruments.

This criterion does not apply to instruments that are not hand carried
during use.

Instruments that have been used in the field for more than a year and
have an acceptable as-found history (<5% returned with as-founds
out of range) shall be considered as meeting any mechanical shock
requirements without the need for additional testing.

Radiation detection instruments are calibrated to sources that provide
radiation fields similar to those expected during use on the Hanford
Site. Therefore, energy response testing is not required for most
radiation detection instruments. The exceptions are exposure rate
instruments and electronic dosimeters,

Gamma exposure rate instruments shall respond o photons from
80 keV to 1.25 MeV. The ratio of the indicated exposure rate to the
conventionally true value shall be between 0.8 and 1.2.

lssued: November 2002
Supersedes: July 2002

PNL-MA-562 Chapter 2.0
Page 2.5



Neutron exposure rate instruments shall respond to neutrons from
thermal (0.025 eV) to 10 MeV.

Alpha contamination survey instruments should respond to alpha
particles with energies from 3 MeV to 10 MeV and shall, at a
minimum, respond to alpha particles with energies from 4 MeV
to 5.5 MeV.

New beta contamination survey instruments would ideally respond to
isotopes with Py energies as low as 156 keV and shall respond, at a
inimum, to isotopes with B energies of 290 keV to 2.8 MeV.

Low energy gamma instruments shall respond to photons within the
energy range of the isotope of concern. Typical low energy gamma
instruments are used for "1 and should respond to 25 to 35 keV
photons.

2.2.3.2.2 Overload Response

Verifying an acceptable response to overload conditions is perform-
ed as part of routine calibration. Therefore, instruments used in the
field for more than a year do not require laboratory testing for
acceptable overload response because they are routinely tested
during calibration.

New instruments are tested for acceptable overload response prior to
allowing their use in the field. The criterion is that, when exposed to
radiation fields equivalent to 100 times the fuil-scale reading of the
instrument, the instruments shall respond off scale high. In the
absence of an appropriate radiation source, a pulser may be used.

For tritium-in-air monitors, an extenal gamma field may be used to
achieve an offscale response.

The instrument responds correctly to an overload condition if the
instrument’s response remains off scale high for the duration of the
overload condition and if the instrument’s response returns to normal
within 2 minutes of removing the overload condition. Overload
testing may be waived for some instruments such as continuous air
monitors and personnel survey devices.

2.2.3.23 Radiation Type and Physical Characteristics of Source

Alpha contamination survey instruments shall respond to alpha
particles emitted by surface contamination sources.

PNL-MA-562 Chapter 2.0 Issued: November 2002
Page 2.6 Supersedes: July 2002




Beta contamination survey instruments shall respond to beta particles
emitted by surface contamination sources.

Tritium-in-air monitors shall respond Lo gaseous airborne tritium,
Neutron exposure rate instruments shall respond to neutrons,

Gamma exposure rate instrurnents shall respond to gamma
radiations.

Alpha and beta continuous air monitors (CAMSs) shall respond (o
airbore alpha particulates or beta particles, respectively.

Noble gas monitors shall respond to noble gases, or have an
established transfer standard.

2.23.2.4 Interfering Ionizing Radiations
The response of portable contamination survey instruments to
interfering radiations should be known, There are no criteria for

response to interfering radiations other than that they be documented.

Table 2.1 identifies the radiation types to be used to evaluate an
instrument’s response to interfering radiations,

Table 2.1. Interfering Ionizing Radiation to Which Instruments Shall be Tested

Radiation(s)
Measured by
Instrument Alpha Beta Photon Neutron
o X X X
a+PB+y X
B X X X
Neutron X

2.3 References

10 CFR 835. 1999. U.S. Department of Energy. “Occupational
Radiation Protection.” U.S. Code of Federal Regulations.

ANSI N323-1978. Radiation Protection Instrumentation Test and
Calibration. Amernican National Standards Institute, New York.
ANSI N323A-1997. 1997. Radiation Protection Instrumenitation
Test and Calibration. American National Standards Institute,
New York.
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ANSI N42.17A-1989. 1989. Peiformance Specifications for Health
Physics Instrumentation - Portable Instrumentation for Use in
Normal Environmental Conditions. American National Standards
Institute, New York.

ANSI N42.17B-1989. 1989. Performance Specification for Health
Physics Instrumentation - Occupational Airborne Radioactivity
Monitoring Instrumentation. American National Standards Institute,
New York.

ANSIN13.27-1981. 1981. American National Standard
Performance Requirements for Pocket-sized Alarm Dosimeters and
Alarm Ratemeters. American National Standards Institute, New
York.

DOE-STD-1098-99. 1999. DOE Standard Radiological Control.
U.S. Department of Energy, Washington, D.C.
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Hanford Instrument Evaluation Committee
Approved Instrument List

Table A.1. Instruments Approved for All Hanford Environments

Manufacturer  Model Barcode Description Temperature Temp Sheck
Prafix Range

Eherline ASP-1 CMEB1- courd rate meter -40°C to 50°C MNIA

Eberiine BNW-1 CMEB3- counl rate meter,  -40°C to 60°C MNIA
GM

Ebarline BNW-1-1 CMEBC- count rate meter,  -40°C 1o 60°C N/A
GM

Ebeding E-140 CMEB5- count rate meter,  -40°C 0 80°C A
GM

Eberline E-140B CMEBE- count rate meter,  -40°C to 60°C N
GM

Eberina HP-210 DTEBRS- shisided pancake -30°C to 75°C N7A
probe

Eberlina HP-260 DTEBS- pancake GM S0°Cto 75°C NfA
probe, "P-11"

Eberling RC-3B ICEB3- jonization chamber  -40°C to B0°C NiA

Eberline RO-3B (modified) ICHN2- alpha sensifive -40°C to 60°C NiA
ion. chamber,
Bumble Bes

Humicity

NiA,

NIA

MtA

&

N

NA

NiA

NIA,

NIA

Pressure

NIA

Ni#

NiA

N7A

NAA

NFA

N#A

N7A,

NiA

Approved Applications

Fiter and Swipe Activity,
Surface Contamination

Filter and Swips Activity;
Surfece Contamination

Filter and Swipe Activity;
Surfaza Contamination

Fliter and Swipe Activity,
Surface Contamination

Filter and Swipe Activity,
Surface Contamingtion

Filter and Swipe Activity,
Swiface Contamination

Filter and Swipe Aclivity;
Swrface Contamination

Occupational Exposure
Rate; Surface
Contamination

Occupationst Exposure
Rate; Surface
Contamination

Mote A Temperature range not spacified by manufacturer. Therefore, temperature range is SCto S0 C (18 F 10 120 F).

Mote B. This instrument may be usad with different detectors. Refer o detector model for radiations detected.

Radiations
Detected

Note B

Note B

Note B

Note B

Note B

Alpha; Beta,

Gamma

Alpha; Baeta;
Gamma

Beta, Gamma

Alpha; Bets;
Gamma

Comments and Limitations

Temperatura comrection for temperatures <0
C; high magnetic fislds can cause scae to

Termperature comection for temperatures < O
C; high magnatic fields can cause scale to
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Table A.1. instruments Approved for Aii Hanford Environments

Manufacturer Model Barcode Description Temperatre Temp Shock
Prefix Range

Eberline RO-3B (modified) JCHM1- alpha sensitive -40°C to 60°C WA
ian. chamber; high
range, Black
Widow

Eberline RO-7-BM DTEB?- mid range detector -28°C to 70°C WA
for RO-T; G- 200
Rh

Eberline RO-7-LD DTEBS- low range detector  -28°C to 70°C A
for RO-7,0-2

Harford pancake GM DTHNC- pancake GM -40° to 75°C NIA
detectr

R.A. Stephens 4200 Gamma Com EDRAG- electronic pocket  -30°C to YO°C N/A
dosimeter

R.4, Stephens 42004 Gamma Com EDRA7- fire dep't gamma  -30°C to 70°C NIA
ooms ?

Humidity

/A,

N7

Niad

Ni&

§5% at 50°C

5% a1 50°C

Pressure

N7,

NIA,

N/A

N7A

NiA

WA

Approved Applicafions

Occupational Exposure
Rate; Surface
Contamination

Qccupational Exposure
Rate

Occupational Exposure
Rate

Filter and Swipe Activity,
Surface Contamination

Occupational Exposure
Rate; QOccupational
Expostire

Qccupational Exposure
Rate; Occupational
re

Mote A Taemperature range not specified by manufacturer, Therefore, temperature range is -8C 10 50 C (18 F o 120 F).

Nete B, This instrument may be used with different detectors. Refer to detector modedl for radiations detected.

Radiations
Detected

Alpta; Bata;
Gamma

Beta, Gamma

Gamma

Alpha; Beta,
Gamma

Gamma

Gamma

Comments and Limitations

Temperature comecton for lemperabres < 0
C; high magnetic fislds can cause scaie to

Use at rates exceading full scale reading for
extended periods of ime can damage the
detactor.
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Hanford Instrument Evaluation Committee
Approved Instrument List

Table A.2. Ail Approved instruments

Manufacturer

Bicron

Blicren

|

]

Model

Fidler

G1

GILE

G2-LE

Micro Rem LE meter

Micro Rem meter

Surveyor X

Surveyor X

Alpha Sentry

Barcode
Prefix

DTBC2-

DTBCZ-

DTBC4-

DTBCS-

LMBC1-

LMBC3-

ACBC1-

ACHN2Z-

ALCA1 or 2

Description

large, thin
scintillator

gamma
scintiflation
detector

|ow energy gamma
scintilation
detector

low snargy gamma
scintikation
detector

scintillator wiow
energy window

scintllator
count rate meter

with sceter, PAM
meter

count rata meter,
PAM meter

Alpha CAM

Temperature

Range

4Cto43°C

-40° to 50°C

-40°C to 50°C

-40°C to 50°C

-20°C to 50°C

-20°C to 50°C

-107C bo 50°C

-7°C to 50°C

0to 50°C

Temp Shock

10°Chr.

10°Chr.

10°Chr

10°Chr

N/,

NiA

N7A,

NIA

NA

Hurnidity

NiA

NfA

NiA

NiA

NiA

<5% 10% to
95% RH

MNAA

NiA

0 to 95%RH

Pressure

NiA,

NiA

NFA

NiA

NFA,

NiA

NIA

NFA

NiA,

Approved Applications

Surfaca Contamination

Surface Contamination

Surface Contamination

Surface Contamination

Occupational Exposise
Rate

Occupational Exposure
Rate

Filter and Swipe Activity;
Surface Contamination
Filter and Swipe Activity;
Surtace Contamination

Particulate in Air

Mots 4. Temperature rEnge not spedified by manufachurer. Tharefore, temperature range is -BC 0 50 C (18 F ta 120 F).

Note B. This instrument may be used with different delectors. Refer to detector modet for radiations detected.

Radiations
Detected

Gamma

Gamma

Gamma

Gamma

Note B

Alpha

Comments and Limitations

ow energy

low snergy

low energy

low energy

may not be calibrated on X0.1 range

may not be calibrated on X1 range
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Table A.2. All Approved

Manufacturer  Model Barcode Description Tempearature Temp Shock Humidity  Pressure Approved Applications Radiations Comments and Limitations
Prefix Range Detected

Canberra ASM 1000 (none) operator interface 0°C o 357C NiA MNetA M } MNote B Temperathre limit driven by hmits on LCD

for Alpha Sentry

CAM
DCA 3006-3 AMDC1- area manitor -10°C 10 50°C NiA éi% o 95% N/A Area Exposure Rate Gamma
Dasimeter 862 none 0-200mR pencil  -29°C to 54°C MR, «=08% RH <=25000f  Occupabonal Exposure Gamma
Corporation dosimeter [7620m)
Ebertine Alpha 3 ALEBR2- alpha CAM -T'Clo 54°C NfA MEA MNiA Particulate in Air Alphia
Eberline Alpha 4 ALEBI- alpha CAM -7'Cto 54°C W& NiA NfA Particadats in Air Alpha
Eberline Alpha & . Al EB4- alpha CAM -7°C i 54°C NtA NFA MNfA Particulate in Air Alpha
Ebesrtine Atpha 54 ALEBS- alpha CAM -7*C o 54°C NiA NIA HiA Particulate in Air Alpha
Eberiine Alpha SAS ALEBRS- alpha CAM Tt 5T NiA NFA NiA Particulate in Air Alpha
Ebesline Alpha 6A-1 Al EB7- alpha CAM -20°C to 50°C NiA A NIA Particulate in Ar Alpha
Ebedline AMS-3 BCEB2- beta CAM -7*C o 49°C WA NfA NiA Particulate in Alr Beia
Eberlire AMS-3A BCEB3- bata CAM -7°C o 49°C NiA NFA, NiA Particulate in Air Beta
Ebettine AMS-3A-1 BCEB4- beta CAM Eraeed - FLohind NfA MNtA M Particulate in Air Beta
Eberline AMS-4 BCEBS5- beta CAM 0°C te 50°C A8, WiA N7A, Particulate in Air Beta

Note A, Temperatue range not specified by manufacturer. Therefore, temperature range i5-8C 10 S0C {1BF to 120 F). 212

Note B. This instrument may be used with different detectors. Refer to detector model for radiations detected.



Table A.2. All Approved

Manufacturer Model Barcode Description Temperature Temp Shock Humidity  Pressure Approved Applications Radiations ~ Comments and Limitations
Prefix Range Detected
Ebedine ASP-1 CMEBt- count rate meter —-40°C 1o 50°C NIA, NIA NiA Filtar and Swipe Achivity; Note B
Surface Contamination
Eberline 8C4 CSEB1- beta mini-scaler 0°C to BO°C N7A N7A N, Filter and Swipe Activity Beta
Eberline BNW-1 CMEB3- count rate meder, -40°C to 60°C Ni& W& Ny Filter and Swipe Activity; Mole B
GM Surface Contamination
Eberiine BNW-1-1 CMEBC- count rate meter,  -40°C tn 60°C N7& N7A, NiA Fitter and Swipe Activity; Note B
GM Surface Contamination
Eberine DA1-1 DTEB1- detector for area -40°C to 60°C MNIA MNiA, NiA Area Exposure Rate Gamma
monitor
Eberithe Da1-6 DTES2- detector for area -40°C to 60°C N/A N/A NiA Area Exposure Rate Gamma
menitor
Eberfine DAL-T DTEB3- crificality detector  (rota A) M N/& Nia Cecupationat Exposure Neutron
Rate
Eberline OAl-8 DTES4- detector for area -23°C to 60°C N/A MNIA NiA Area Exposure Rate Gamma
monitor
Ebarine E-140 CMEBS- count rate miter, -40°C ta 60°C Wi Wi, Ni& Filter and Swipa Activity; Note B
GM Surface Contamination
Eberline £-1408 CMEBB- count rate meter,  -40°C to 60°C MiA, NiA NiA Fitter and Swipa Activity; Note B
GM Suface Contamination
Eberline E-800 CMEBD- smart count rate -20°C o 50°C N NiA, NiA Filter and Swipa Activity; Note B Evaluated with SHPIB0OAB detactor and NRD
meter Surface Contamination; nedutron detector

Neutron Dose Rate

HNote A Temperature range not spaafied by marufacturer, Therefore, temperatwrarange is 8Cto SO0 C{18F 10 120 F). 213

Note B. This instrument may be used with different deteckxrs. Refer to detector modal for radiations detected.



Table A.2. All Approved

Manufacturer

Ebestine

Eberine

Eberling

Eberline

Eberling

Eberline

Ebedine

Eberline

Ebeiline

Eberline

Eberline

Model

EC4-X

ESP-1

ESP-2

HFM-4

HFM-4A

HFM-5

HP-100

HP-210

HP-210L

HP-260

HP-380

Barcode
Prefix

AMEB1-

CMEBS-

CMEB7-

HFEB1-

MFEBZ-

HFEB3-

DTEBR-

OTEBS-

DTEBE-

DTEBS-

DTEEN-

Description

portable area

monitor

count rate meter
count rate meter
hand and foot
mciitor

hand and foot
menitor
hand and oot
mosites

gas proportional
detector

shietded pancake
prebe

shielded pancake
proba

pancake GM
probe, "P-11"

pancake GM
proba, ‘P-11"

Temperature
Range

10°C o 49°C

-20°C to 50°C

-20°C to 50°C

{note A)

{note A)

G o 50°C

HtA

-30°C o 75°C

MG to 75°C

-30°C o 75°C

-30°C to 75°C

Temp Shack

NA

20°C/50°C and

23 CI20°C

N

A

NiA

NA

N/A

NiA

NiA,

NFA,

NiA

Hurnidity

NiA

HNis

N/A

NiA

NIA

8172

WA

MNiA

NIA

NiA

NIA

Pressure

NAA

70 to 101 kPa

N/A

NiA

NiA

MIA,

MNEA

NiA

NiA.

N7A

NFA,

Approved Apphicafions

Area Exposure Rate
Filtar and Swipe Activity,
Surface Contamination

Filter and Swipe Activity,
Surface Contamination

Surface Contamination
Surface Contamination
Surface Contamination
Suwface Contarmination
Filter ancl Swipe Activity,
Burface Contamination

Filter and Swipae Activity;
Surface Contamination

Filter and Swipe Activity:
Surface Contamination
Filter and Swipe Activity,
Surface Contamination

Mote A. Temperature range not specified by manufachurer. Therefore, lsmperature range is 8C to 50 C (18 F to 120 F).

Note B. This ingtrument may be used with different detectors. Refer to detector model for radiations detected.

Radiations
Detected

Nete B

Note B

Mot B

Bela, Alpha;

Gamma

Alpha; Beta,
Gamma

Alpha; Beta;
Gamma

Alpha; Beta
Alpha; Bata;
Garnma

Alpha; Beta,
Gamma

Alpha; Bata;
Gamma

Alpha; Bata;
Garmyna

Comments and Limitations
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Table A.2. All Approved

Manufacturer

Eberling

Eberline

Ebsriine

Eberline

Eberline

Eberling

Eberline

Eberline

Eberline

Eberting

Eberine

Model

M5-2

M35-3

NRD

PCM-1

PCM-1B

PCM-2

PM-&

PM-64

RM-14

RM-19

RMSAI f ECX-1

Barcode
Prefix

SCEB1t-
SCER2-

DTEBL-

PMEB3-

PMEB2-

PMEB1-

PMEES-

PMEB4-

BMEBZ-

BMEB3-

AMER2Z-

Description

mini scaler
mini scalar

neutron rem
detector

hatf body counter

half body counter

haif body counter

portal monitor

portal monitor

bench monitor

banch monitor

ares monitor

Temperature

Range

0°C to 60°C
0°C to §0°C

-10°C to 50°C

0°C to 50°C

0°C ta 50°C

-35°C to 45°C

0°Cto 50°C

10°C to 49°C

-29°C 0 60°C

-20°C to 60°C

10°C to 49°C

Temp Shock

MNiA

N/A

Faileg 22°C o
-10°CC.
Questionable
22°C o 50°C
NiA

NiA

MNIA

NiA

NiA

Ni&

NIA

Ni&

Humidity

NiA
NiA

Succeshily
tasted 40%
te 95% RH

NiA

Ni&

0 to 95% RH

NiA

NiA

N7A,

NiA

N7,

Pressure

MNi#

M,

N

NiA

Mis,

MN7A

NiA

NiA

NFA

N

NtA

Approved Applicaticns

Filter and Swipe Aclivity
Filter and Swipe Activity
Ocoupatons Exposura

Rate; Cccupationat
Exposure

Surface Contamination
Surface Contamination
Surface Contamination
Surface Contamination
Surface Contamination
Filter and Swipa Activity,

Surface Contamination

Filter and Swipa Activity,
Surface Contamination

Area Exposura Rate

Noie A Temperature range not specified by manufacturer. Tharefore, bemperaiure range s -BC 10 50 C (18 F o 120 F),

Note 8. This instrument may be used with different detectors. Refer to detector model for radiations detected.

Radiations
Detected

Note B
Note B

Meutron

Alpha; Beta;
(Gamma

Alpha; Beta;
Gamma

Alpha; Beta;
Gamma

Alpha; Beta;
Gamma

Alpha; Beta;
Gamma
Note B

Hote B

HNote B

Comments and Limitations

Evaluated with E-600

alpha for hands and feet only

alpha for hands and feet only
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Table A.2. Al Approved

Marwfachirer

Eberline

Eberline

Ebertine

Eberline

Eberline

Ebenine

Eberline

Ebearline

Ebenine

Madel

RO-20

RO-3B

RO-3B (modifiad)

RQ-3B {modified)

RC-7

RO-7-BH

RO-7-BM

RO-7-BMS

RO-7LD

Barcode
Prefx

|CER4-

ICEB3-

ICHN-

1CHMZ-

1CEB2-

DTEBB-

DTEB7-

DTECZ-

DTEBG-

Description

ionization chamber

ionization chamber

alpha sensilive
ion, chamber; high
range, Black
Widow

alpha sensitve
ion. chamber,
Bumbie Bee

high range
exposwre rate
meter

high range
datector for RO-7;
0- 20K Rh

med range detector
for RO-7, 0 - 200
R

modified
mid-range detector
for ROT, Q- 20

lew range detector
for RQ-T, 0 -2

Temperature
Range

-10°C 1o 50°C

-40°C to 60°C

-40°C 0 60°C

-40°C 10 60°C

-20°C to 54°C

-20°C 10 54°C

-29°C 1o 70°C

-29°C to 70°C

-29°C 10 70°C

Temp Shock

NiA

NiA,

NiA

NA

N/~

NiA

NfA

NiA.

NiA

Humidity

N/,

NiA

N/

MEA

NiA,

N/A,

MNAA

i

NiAad

Pressure

i

NiA,

NiA

NiA

M

Nia

N7&,

NfA

NiA,

Approved Applications

Occupational Exposuns
Rate

Ocoupationat Exposure
Rate; Surface
Contamination

Ccoupational Expasure

Ratg; Surface
Contammation

Qccupational Exposire
Rate; Surface
Contamination

Occupationsl Expasure
Rate
Occupational Exposure
Rate
Occupational Exposure
Rate

Occupational Exposure
Rarte

Cecupational Exposure
Ratas

Nots A, Temperature range not specifiad by manufacturer, Thergfore, tamperature range is -8C to 50 C{158F t= 120 F).

Note B. This instrument may be used with different detectors. Refer 1o detector model for radiations detected.

Radiationg
Detected

Beta, Gamma

Beta; Gamma

- Alpha; Beta,

Gamma

Alpha; Beta;

Gamma

Note B

Bata; Gamma

Bata; Gamma

Beta; Gamma

Gamma

Comments and Limitations

may exhibit temperature drift; may be
sensitive to thermal shocks.

Temparature corection for lemperaires < 0
C; high magnetic fislds can cause scale to

Termparatura comaction for lempaeratures < 0
C; high magnetic fislds can cause scale o

Temperature corection for temperatures <0
C: high magnetic fislds can cause scale to

Jse at ratas exceeding full scale reading for
extended periods of ime can damage the
datactor,
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Table A.2. All Approved

Manufacturer

Eberline

Eberline

Ebertine

Eberiine

Eberline

Ebedline

Fermto Tech

Femta Tech

Femto Tech

Model

SHF3804

BSHPIBDAB

SRM-300

TCM-2

224G

224RM

L24

100 cm PAM

Barcode
Prefix

CSEB2-

CEBEB4-

DTECS5-

DTEBY-

DMEBG-

TCEE1-

TMFT1-

TMFT2-

TMFT3-

DTHN4-

Description

scintillaton atpha
mini-scaler

stabilized assay
mater

alpha scintillator
detoctor

all

scintitation
datector
scaler/bench
monitor

ool contarmination
MONItoe

fritium monitor
detactor

tritium monitor
datector

tibum monitor
reacout (use with
224RM or 224G)

alpha scintillation
detector

Temperature
Range

"Cto60°C

0°C to80°C

-40°C to 80°C

-20° to 50°C

-3t 50°C

9°C to 50°C

{note A}

{note A)

(note A)

-20° o 5UPC

Temp Shock

NiA

NiA

Ni&

Nia

N/A,

NiA

N/A

NAA

N/A

NiA

Hurnidity

N/A

Nia

NiA

NFA

NFA
5% to 9E%
RH
NYA

INEA

&

M

Pressure

NiA

NIA

NAA

NiA

NtA

NIA

A

N7,

N7A,

NiA

Approved Applications

Filter and Swipe Activity

Filter and Swipe Activity

Surface Contamination

Filter and Swipe Activity,
Surface Contamination

Filter and Swipe Actwity;
Surface Contamination
Surfaca Contamination
Tritium in Air

Trithum in Air

Tritium in Air

Filter and Swipe Activity,
Surface Contamnination

Mote A, Temperature range not spedifisd by manufacturer. Tharefore, tamperature range is-8C to S0 C {18 F to 120 F).

Note B, This instumant may ba used with different detectors.  Refer to detector mode! for radiations detected.

Radiations
Detecied

Alpha

Alpha

Alpha

Alpha; Beta

Note B

Alpha; Beta;
(Gamma

Alpha

Comments and Limitations
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Table A.2.

Manufacturer

Hanford
Hanford
Hanford

Hanford

Jehnston
Johnston
Labcratories

Jofinston
Laboratories

Kaman

All Approved

Model

50 cm2 PAM

Bata Sont.

PAN

pancake GM

Pappy

Triton 10558

Triton 111

Triton 9558

1750

952170

Barcode
Prefix

DTHN3-

DTHNS-

ACHN2 and

DTHN2-

DTHNG-

nons

TMULY-

TMJL2-

TMJL3-

KCOKAAL-

KCKAZ-

Description

aipha scintillation
delector

bela scintillation,
100 em2

count rate meter,
PAM

pancake GM
detector

count rate metar
with air
proportionsi
detechor

noble gas or
tritium monitor

Iritiurm-in-air
monitor

tritium-ire-zr
ronitor

preamp and GM
datector
{component of
952154}

log ratemeter used
wiklaman 1750

Temperature
Range

-20° 1o 50°C

-20° o 40°C

-20° o 50°C

-40° to 75°C

-19° to 50°C

(note A)

0 to 50°C

{note Aj

(note A}

-18°C ta 48°C

Temp Shock Humidity

Meets N4217A  40% to 85%
RH

Tesled, 213 NIA

complied

Mests N4Z 17A  40% to 5%
RH

NfA N,

NiA N

NiA NiA

NiA 0 to 90% RH

/A NiA

N/A NiA

A 0 to 95% RH

Pressure

Meets
N42.1TA
A&
Meets
N4z 17A
N7,

/A

WA

Ni&

NA,

A

NIA

Approved Applications

Fitter and Swipe Activity;
Surface Contamination

Filter and Swipe Activity;
Surface Contamination

Filter and Swipe Activity,
Surface Contamination

Filter and Swipe Activity;

Suface Contamination

Surface Contamination

Tritium in Alr

Tritium in Air

Tritivm e Air

Areg Exposwe Rate

Area Exposure Rate

Note 4 Temparaturs range not specified by manufacturer. Therefore, temperabure range is -8C 10 30 C (18 F in 120 Fl.

Nate B. This instrument may be used with different detectors. Refer to detector model for radiations detected.

Radiations
Detected

Alpha

Alpha

Alpha; Beta,
Gamma

Beta

Note B

Nota B

Comments and Limitations

May be gamma sensitive; gamma insensitive
instruments available upon request.

May be gamma sensitive; gamma insensitive
instruments available upon request.

Calibrated at PFP room temperature for use in
FFP rooms,
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Table A.2. Al Approved

Manufaclurer  Model Barcode Description Temperature Temp Shock Hueidity  Pressure Approved Appiications Radiations  Comments and Limitations
Prefix Range Detected
Kaman 852171 KCKA4- fog ratemeter used -18°C to 49°C MFA, Oto95% RH  Ni& Arga Exposure Rate Note B
w/Kaman 1750
Kaman 952172 none log ratemater used -18°C mw 49°C NfA Qto95% RH  N/A Refer to
wiaman 1750 Detuctor
Ludium 1000 BMLL1- scaler/bench {note A) N/A NZA NIA Fitter and Swipa Activity, Noie B
moniter Surface Contamination
Ludim 12 CMLL1- count rate meier -20°C o 50°C N#A N/A NI, Surface Contamination Note B
Ludium 128 LMLL1- Micro R Meter -4°C to 35°C MNiA NfA N Occupational Exposure Gamma anergy capendsant response
Rate
Ludium 177 BMLL2- bench monitor -20°C to 50°C NiA N/, N7, Filter and Swipe Activity; Note B
Surface Contamination
Ludium 1773 BMLL3- bench monitor -20°C 10 50°C MNJA NiA NiA Filter and Swipa Acthity, Note B
Surface Contamination
Ludiurn 177-33 BMLLE- bench monitor -20°C o 50°C 178 NiA N/A Filter and Swipe Activty; Nate B
Surface Contamination
Ludlum 177-36 BMLL4- bench monitor -20°C o 30°C N NAA MNiA Filter and Swipe Activity; Nota B
Surface Contamination
Ludium 177-37 BMLLC- bench monitor -20°C to BO°C NiA MIA MNiA Filtar and Swipe Activity, Nole B
Surface Contamination
Lucium 177-38 BMLLD- bench monitor -20°C to 50°C NfA N7A N7A Filter and Swipe Activity; MNote B
Surface Contamination

Nota A, Temperature range not specifiad by manufacturer. Therefore, temperature range is 8Cto 50 C{18 Fto 120F).

Note B. This instrument may be used with different detectors. Refer to detector model for radistions detected.



Table A.2. All Approved

Manufacturer

Ludium

Ludum

Ludium

Luclum

Luchan

Lutum

Ludium

Ludium

Lodum

Ludlum

Ludlum

Model

177-52

177-56

17761

1778

19

2000

21-3

2221

2224

23-1F

Barcode
Prefix

AMLL1-

BMLLS-

BMLLF-

BMLLS-

LMLL2-

BMLLY-

BMLLS-

BMLLY-

SCLL1-

SCLLS-

FMLL1-

Description

ares monitor

french monitor

bench monitor

Rench monitor

Micro R Meter

scalerfbench
moniter

bench monitor
scader/bench
monitor
scaler/count rate
mater

scalerfratemsler

floor monitor
detectr

Temperature
Range

-20°C 1o 50°C

-20°C 10 50°C

-20°C to 50°C

-20°C to 30°C

-20°C to 50°C

=20°C ta 50°C

8°C to 35°C

-20°C to 50°C

-20°C to 50°C

-20°C 1o 50°C

-20°C 10 50°C

Temp Shock

NiA

NiA

Nis

N7A

N/A

NiA

NiA,

Ni#y

N7A

Mid

MNtA

Humidity

NiA

NiA

NiA

N/A

N/A

NiA

NiA

NiA

N/A

HNid

N/A

Pressiire

INAA

INFA

NiA

NiA

N/A

NiA

NiA

NiA

NiA

NiA

N

Approved Apglications

Area Expasure Rate

Filter and Swipe Activity;
Surface Contamination

Filtar and Swipe Activity,
Surface Cortamination

Filter and Swipe Activity;
Surface Contaminaticn

Occupational Exposure
Rate

Filter and Swips Activity,
Surfaca Contamination

Filter and Swipe Activity;
Surface Contamination

Filter and Swipe Activity,
Surface Contamination

Fitter and Swipe Activity;
Surfece Contamination

Filter and Swipa Activity;
Surface Contamination

Surface Contamination

HNote & Temperaturs range not spacified by manufacturer. Therefore, temperature range is -8C b 50 C (18 F 1o 120 F}.

Note B. This instrument may be used with different detectors, Refer to detector model for radiaions detected.

Radiations
Detected

Gamma

Note B

Note B

Mote B

Gamma

Mote B

Nota B

Note B

Note B

Note B

Alphs; Beta;
Gamma

Comments and Limitations

anergy dependent response



Table A.2, All Approved

Manufacturer

Ludium

Ludiurm

Ludium

Ludium

Ludium

Ludlum

Ludium

Ludium

Ludium

Ludlum

Ludium

Ludlum

Model

28

300-9

308-1

316-2

43-10

Barcode

Prefix

BMLLA-

SCLL4-

CMLL2-

AMLL2Z-

DTLLE-

AMLL3-

AMLLA-

AMLLE-

AMLL7-

AMLLE-

DTLLE-

Description

bench monitor

two-channel
scalerratemeter

count rate mater

area monitor
detecionr

ares monitor
arss monitor
area monitor
area monitor
area monitor

special nuclear
material

&lpha detector
wisampte hotder

Temperature

Range

-20°C o 50°C

-20°C to 50°C

-20°C 10 50°C

-20°C b 50°C
-20°C to S0°C
-20°C to 50°C
-20°C to S0°C
-20°C 10 50°C
-20°C to 50°C
-20°C to 50°C

-20°C to 50°C

-20°C to 50°C

Temp Shock

N7A,

NiA

20°C150°C and
-23°Cre°C

Nid

NiA

NiA

NiA

N/A

NiA

NiA

NiA

NiA

Humidity

N/A

NiA

40% to B5%
RH

N
HNiA
HNiA
HNiA
N
Mg,
MNiA

MNIA

N/A

Pressure

NiA

N/A

f0to 101 kPa

N7A

NiA

NIA,

Ni&

NIA,

NFA

N/A,

N7A,

N7A

Approved Applications

Surface Contamination

Fitter and Swipa Activity

Surface Contaminstion

Area Exposure Rate
Area Exposure Rate
Area Exposure Rate
Area Exposure Rate
Area Exposure Rate
Area Exposure Rats
Area Exposure Rate
Special Nuclaar Material

Filter and Swipe Activity;
Surface Contamination

Note A Temperature range not specifiad by manutacturer, Therefore, temperature range is -8C to 50 C (18 F o 120 F).

Nole B, This instrument may be used with different detectors. Refer to detector madal for radiations detocted.

Radiations

Detected

Note ©

Note B

MNate B

Gamma

Gamma
Gamma
Gamma
Gamma
Gamma

Gamma

Alpha

Comments and Limitations

2.2



Table A.2. All Approved

Marnfacturer Model Barcode Description Temperature Temp Shock Humidity Pressure Approved Applications Radiations  Comments and Limitations
Prefix Range Detected
Ludium 43-104 BTLLC- alphabeta -20°C o 50°C NIA NiA NIA Fifter and Swipe Activity Alpha;Bata  approved for use with Ludium 2929
dateckr wisample
holder
Lusllum 4368 DTLL&- gas proporticns! -20°C te 50°C NIA, NfA NiA Surface Contamination Beta; Gamma
detector
Ludlum 44-1 DTLL2- Nal detector -20°C ta 50°C NiA, N7A NIA Surface Contamination Gamma
NE Technology  DP8BD OTBE2- scintilation probe  -10°C ta 40°C NiA NIA NA Filter and Swipe Activity, Alpha; Beta;
Surface Contamination Gamma
NE Technoiogy — Electra CMNE1- count rate meter -10°C o 40°C N NiA NiA Filter and Swipe Activity, Note 8 Do not subject ko temp. ransients
Surface Contamination
NNC FCM-4PC FMNN1- floor monitor 0°C tw 50°C NiA Nia 1Ry Surface Contamination Beta
Nudear AM-NG wiCRM51 GCNMT- nobte gas CAM {nate: A) Not apolicable  No data No data Noble Gas in Air Beta; Gamma
Measurement
Corp,
Nuclear GAZTMO DTNM2- area monitor -29° 10 49°C MNia 0% w0 95% 65w 12 PSIA  Area Expozure Rate Gamma Temperature range for electronics: 0° to 49°C
Measurement RH
LCorp.
Nuclear Ressarch ANPOR-70 NMNR1- NeUron suUrvay 1010 +50°C [ 2 010 55% RH NfA Cecupational Exposure Neutron
Corp. meter
Nuclear Research RAM-3400BK. BMNR1- hench monitor {nate A) NiA NiA, NiA Filter and Swipe Activity, Nota B Indoor use; no RF
Cormp. SBurface Contamination
Note A, Temperature range not specified by manufacturer. Therefore, temperature range is -8C o SO C (18 F o 120 F), 2.22

Nate B. This instrument may be used with different detectors. Refer to datector model for radiations detected.



Table A.2. All Approved

MamJfacturer

R.A. Stephens

R.A. Stephens

SAIC

SaIC

SalC

SAIC

SAlC

Scintrex

Model

4200 Gamma Com

42004 Gamma Com

GM222

PD-3i

PD-4

PDE-4

PDE-4 detector

209€

Barcode
Prefix

EDRAG-

EDRA7-

BCRINM-

EDSA1-

EDSA4-

EDSA2-

EDSA3-

OT3A1-

TMSC2-

Drescription

elactronic pockst
dosimetar

fire dept gamma
coms

bata CAM
electronic pocket
dosimeter

electronic pocket
dasimater

electronic pocket
dosimater

elechronic pocket
dosimeter

extremity datector
for SAIC PDE-4

tritim in air
monitor

Temperature
Range

-30°C to 70°C

-30°C to 70°C

0°C o 49°C

-2B°C ta BO"C

-20°C to 60°C

-20°C o 60°C

-20°C w0 80°C

-20°C to 80°C

Oto 50°C

Temp Shock Humidity
N/A 95% at S0°C
NiA, 95% at 50°C
MiA NiA
Nia N
N#s NfA
45°Cin 5min. 208 to 90%

RH
N/A N/A
NIA NfA,
N/A 95% RH

Pressure

NiA

NiA

NiA

NiA

N/A

S I5PSIA

HiA

NIA

-20% of
760mm Hg

Approved Applications

Occupational Exposure
Rale; Occupational
Exposurs

Oceupational Exposure
Rate, Occupational
Exposure

Particulate in Air

Oocupational Exposure
Rate; Occupational
Exposre

Occupational Exposure
Rete; Occupational
Exposure

Area Exposure Rate;
Occupational Exposura
Rate; Occupational
Exposure

Area Exposura Rata:
QOcoupational Exposurs
Rate; Occupatonal
Exposuwe

Indication Only

Tritium in Ajr

MNale A Temperature range not specified by merwfacturer. Therefore, temperature range is -8C o 50 C (18 F o 120 F).

Note B, Thig instrument may be used with different detactors. Refer to detector model for radiations detected.

Radiations
Detected

Comments and Limitations

Gamma

Gamma

Beta, Gamma

Gamima

Gamma

Gamma Approved by Hanford Extermal Dosimetry

Program. Sansitive to siatic discharge

Gamma

Gamma Uncompensated GM detector



Table A.2. All Approved

Manufacturer

Saintrex

Sigmens

Siemens

Technical
Associales

Technical
Associates
Technical
Associates

Technica
Associates

Tachnical
Associates

Techmical
Assoc|ates

Mode!

2091

EFPD2

Mk 2.3

F5-8

H-4-2755

H-4-2755

H-4-2755

H-4-2755

Mark 3

Barcode Description
Prefix

TMSC3- tritium in air
Moo

EDSH- alscironic pocket
dosimeter

{nona) alactonic pockat
dosimeter

SCTAL- mini-scaler

1CTAZ- extended CP

ICTAY- high range totem
pole CP

ICTA4- low range totem
pole CP

ICTAS totem pole CP

1CTAG- ignization chamber

Temperature
Range

0t 50°C

-10°C to 40°C

-10°C to 50°C

{note A)

2°Cto 52°C

2*Cb2°C

Lo s2°C

2*Cto52°C

(nota A)

Temp Shock

N/A

Nis

7B

MNiA

Nia

HNiA

Ni&

N7A

NiA

Humidity

9% RH

WA

N7A,

NIA

N/A

MIA

Do not use
condensing
envirenment

NiA

NiA

Pressure

-20% of
760mm Hg

N,

A

MNEA

N/A,

NiA

NiA

Ni&

N/A

Approved Applications

Tritium in Air

Araa Exposure Rate;
Occupational Exposure
Rate; Occupational
Exposure

Area Exposure Rate;
Occupational Exposure
Rate, Occupational
Exposixe

Filter and Swipe Activity;
Surface Contamination

Cccupational Exposure
Rate
Occupational Exposure
Rate

Occupational Exposure
Rate

Ocoupational Exposure
Rate

Qccupational Exposure
Rate

Note A. Temperatire range not specified by manufacturer. Thersfore, temperature ranpe is -8C to 50 C (18 F 1o 120 F).

Nate B, This instrument may be used with different detectors. Refer to detector model for radiations detected.

Radiations
Detected

Beta; Gamma

Beta, Gamma

Alpha; Bea;
Gamma
Beta; Gamma

Beta, Gamma

Beta, Gamma

Beta; Gamma

Beta; Gamma

Comments and Limitations
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Table A.2. All Approved

Manufacturer

Technical
Agsotiates
Technical
Operations

Techrical
Operations

Victoreen
Victoreen

Victorsen

Victoraen
Victoreen

Victoreon

Victoreen

Victoreen

Vichoreen

Model

SML-2

492-C Gamima Alam

492-D Gamma Alarm

803 VAMP

B0BD VAMP

BOBD-2MOD VAMF
VAMP

B42

845 wiBda8-1

856-10

B57-10

B57-20

Barcode
Prefix

BMTA1-

AMTO1-

AMTOZ-

AMVTO-
AMVT1-

AMVTZ-

AMYTB-

AMVTA-

DTVT3-

DTVT4-

Description

bench monitor

area monitor

area mornitor
area monitor

area monitor

area mordtor
arsa monitor

ares monitor count
rate meter

area monitor count
rate meter

area monitor
detecior for

area monitor
datactor for

Temperature
Range

{note A}

(node A}

{rote A)

{note A)
{note A)

(node A)

0o 55°C
-20°C o BO°C

Do 40°C

D 4R°C

-25°C to 60°C

-29 to 60°C

Temp Shock

N#A

N/A,

NIA

N/A,
NiA

NiA

N7,
A

MNFA

N/A

to 50°C x 20%;
=18 50°C &
%%

N7A,

Humidity

MNtA

NIA

NfA

Ni&
NIA

WNid

010 95% RH
MNid

0 1 95%RH

0 o0 95% RH

Oto
100%RH

0 to 100%
RH

Pressure

NiA

Nid

NiA

A

NiA

NIA

N,
HNiA

NiA

N

NiA

3psig

Approved Applications

Surface Contamination

Area Exposure Rate

Area Exposure Rate

Arpa Exposure Rate
Area Exposure Rate

Araa Exposure Rate

Area Exposure Rate
Area Exposure Rate

Area Exposure Rate

Area Exposure Rate

Aras Exposure Rate

Area Exposure Rate

Note A, Temperaturg range not specified by manufacturer. Therefore, temperature range s 8C to 50 C (18 F to 120 F).

Note B. This instrument may be used with different detectors. Refer 1o detector mocel for radiations detected.

Radiations  Comments and Uimitations

Detected

MNote B

Gamma

Gamma

Gamma

Gamma

Gamma

Note B

Note B

Gamma

Gamma
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Tahle A.2.
Manufacturer

Vickreen

WimE Johnson

WmB Johnson

WmB Johnson
{Grasvtz
Raytronik)

Xetax

All Approved
Model

BTBA
2000w Extendear
RML-2M

1000V Extender

330A Telesean

Barcode
Prefix

AMVTS-

XEWE2-

BMWEA1-

XEWE1

XEXTi-

Description

area monior

extendable
exposure rate
bench monitor

extendable
exposure rate

extendable
exposure rate

Temperature
Range

410 43°C

-20°C o B0°C

{nota A)

{note A)

=10 to 40°C

Temp Shock

NiA

NiA

NiA

Ni&

NiA

Humidity

10 0 W%
RH
0-95% RH

NiA

NIA

0-95%

Pressure Approved Applications

NFA, Area Exposure Rate

500-1300m bar Occupalional Exposura
Rate

N/A Filter and Swipe Activity,
Surface Contamination

N/A Oecupational Expostre
Rate

NiA Occupational Exposure
Rate

MNote 4, Temperature range not specified by manufacturer, Therefore, temperature range is -BC to 50 C (18 F o 120 F}.

MNole B. This instrument may be used with different detectors. Refer 1o detector model for radiations detected.

Radiations
Detected

Gamma

Bata; Gamma

Note B

Bela; Gamms

Gamma

Comments and Limitations

Temp. Coeft, $0.4% per °C

High range used for exposure rates only if
source checked

High range used for exposure rates only if

sowres checked

High range used for exposure rates only if
source chacked



3:1

3141

3.0 The Eberline RO-3B (CP) Radiation Survey Instrument

Instrument Description and Theory of Operation

Physical Description

The Ebetline RO-3B, commonly called the Hanford Cutie Pie (CP),
is a portable pistol-shaped rate meter with an air-filled ionization
chamber used to detect beta, gamma, and x-ray radiation (Figures 3.1
and 3.2). The instrument is similar to the industry-standard Eberline
RO-3, except that the switching order is reversed. The barrel of the
instrument is the ionization chamber, which is a phenolic resin tube
with a beta window consisting of a thin film of aluminized
polycarbonate covering the front end. A removable beta shield of
the same phenolic resin prevents most nonpenetrating radiation from
penetrating the beta window.

More detailed technical information can be obtained by contacting
the Pacific Northwest National Laboratory’s (PNNL's) Radiological
Calibration Laboratory at (509) 376-5624.

The CP weighs 1.6 kg (3.5 1b). It measures 28 cm (11 in.) long by
25 cm (9.8 in.) high by 9.4 ¢cm (3.7 in,) wide including the handle.
The 1on chamber is a cylinder, 7.6 cm (3 in.) in diameter and 10 cm
(4 in.) long, for a total volume of 465 cm’ (28.4 in.”). The chamber
wall and beta shield density thickness are about 400 mg/cm’. The
beta window is made of one layer of aluminized polycarbonate and
one layer of a clear, protective material. The total density thickness
of the beta window is 7 mg/cm’.

The CP has four linear ranges of operation, calibrated in units of
exposure rate: 0 to 5 mR/hr, 0 to 50 mR/hr, 0 to 500 mR/hr, and 0 to
5,000 mR/hr.,

Response time is relatively rapid: less than five seconds are required
for the instrument to respond from 10 to 90% of the final reading on

the two lower ranges, and less than three seconds are required on the
two upper ranges.

Issued: November 2002
Supersedes: July 2001
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Figure 3.1. Hanford CP-End Window Shield in Closed Position
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3.1.2  Radiation and Energy Response

3.1.3  Integral Sources

With the beta shield in place (“window closed™), the CP responds to
photons with energies above about 10 keV and beta particles with
energies greater than 1 MeV (e.g., SrY). The thin end window is
too thick to admit alpha particles with energies less than 6 MeV, so
for all practical purposes, the CP does not respond to alpha radiation.
The CP also does not respond to neutrons.

There are no radioactive sources attached to the CP.

3.2 Operating Instructions

Before using the CP, perform the operability checks to make sure the
instrument is in good working condition (see Section 3.3, Perform-
ance Test Instructions, for examples of typical operability checks).
These checks should be performed each time the instrument is used.

To perform a radiation survey, turn the CP selector switch to the
desired range and move the CP slowly while observing the meter
response. When a measurement is to be performed at a particular
location, allow at least one time constant (5 seconds on lowest range)
for the reading to stabilize on the final value.

NOTE: When selecting the most sensitive range (5 mR/hr),
switching noise may cause a temporary meter deflection. This can
be avoided by first selecting a higher range, letting the needle settle,
then switching to the 5-mR/hr range.

In unknown fields, remove the beta shield to allow the CP to respond
to both penetrating and nonpenetrating radiations. Point the instru-
ment toward possible sources of radiation. If the area is known to
have only gamma radiation. the beta shield does not need to be
removed.

Avoid contact between the instrumnent and other objects. Besides
possible instrument contamination, pressure on the thin plastic
window will cause false and erratic meter readings (from capacitive
effects) and might puncture or rupture the window. If the metal case
touches other metal objects, the reading may drop suddenly to zero
(with recovery after a short delay).

If necessary, multiply the CP reading by appropriate correction
factors. Correction factors are required when measuring non-
uniform fields (e.g., contact measurements, beaming radiation) and

PNL-MA-562 Chapter 3.0
Page 3.4
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when the ambient temperature is less than 0°C (32°F). Correction
factors are provided later in this section.

Calculate shallow and deep dose rates as follows:

Deep Dose Rate = WC x CF,,, x CFemp 3.1
Shallow Dose Rate = [(WO — WC)CE o, ey + WC x CE,,, 1 x Chemp (3.2)
where

wC = the instrument response with the window closed

WO = the instrument response with the window open

CFhonpen = nonpenetrating (i.e., beta) correction factor

B I = penetrating (i.e., gamma) correction factor

Chon = temperature correction factor

3.2.1 Correction Factors

When the WC indication is less than one tenth of the WO indication
(WC <0.1WQO), then the calculation for shallow dose can be
simplified as follows:

WO X CPFaonpen X CFremp (3.3)

Small-beam correction factors are used when the beam is too
narrow to ionize the air in the chamber uniformly (i.e., beam
diameter is less than 3 in.). Small beam correction factors are
calculated as the ratio of the chamber cross-sectional area (o the
beam cross-sectional area. When measuring beams parallel to the
chamber, the beam must be coaxial with the chamber. Though
beams are not typically observed with nonpenetrating radiation, the
beam correction factors are applied to both penetrating and
nonpenetrating beam conditions.

To determine the beam correction factor, use the CP correction factor
chart on the side of the instrument (Figure 3.3), except where
CFronpen <3. A minimum value of 3 for beam sources of
nonpenetrating radiation should be used.

Geometry corrections factors are used when the CP measurements
are taken with the CP window less than 6 in. from the source. If the
CP window is less than 1 in. from the source, use the correction
factors provided in Figure 3.3 and on the side of the CP. If the CP
window is 21 in. and <6 in. from the source, then: CFpoqpen = 3 and
CFpn = 1.5. More detailed correction factors for specific geometries
are shown in Figures 3.4, 3.5, and 3.6.

Issued: November 2002
Supersedes: July 2001
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Dise Disc and Field
Diameter™ 7@
in B@ Y@ g@ Y@ @ >1i y@
Contact | Contact | %in. | %in. | >lin. ] 26 in
<6 in,
<1/2 in. 100 10
14 in, 90 40 9 4
Y4 in. 54 30 6
1in. 35 23 5
1%, 17 13 3 3 2 bed !
2 in. 9 8
3 1f1. 45 4 3 2
>3 m. 2
. (b}
Diameter Cylinder
in Beam 1 i 4i ¥ 41t
B >3 in. vdin. | oo y 4 ft.
<1/2 in. 144 47 26 20 8
4 in, 36 30 18 13 7
¥%in. 17 17 I2 9 5
1in. 9 10 9 7 4
1 Y2 in. 4 7 6 5 3
2in. 2 6 5 4
3in, 1 5 4 gt Hal
>3 in,
{a) #correction for source diameter >18 in, = 1.0.
{b) Cylinder is on contact w/end of CP barrel; axis of cylinder is perpendicutar to axis of CP chamber.
{c) Dimension is the cylinder length.
{d) For measurements at greater than 6 in., measure the distance between centerline of the instrument chamber and the
SOUICE.

Figure 3.3. CP Correction Factors to Obtain Exposure Rate at the Window
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Figure 3.6. Correction Factors for Contact Dose Rates with Cylindrical Surface for Penetrating Radiation

Beta correction factors are used when nonpenetrating radiation
fields are measured. Multiply all nonpenetrating exposure rate

(WO - WC) CP readings by 3 (CFpq.pen = 3) unless the CP window is
less than 1 in. from the source. If the CP window is less than 1 in.
from the source, use the correction factors provided in Figure 3.3 and
on the side of the CP.

Temperature correction factors are used when the CP is used in an
environment where the temperature is less than 0°C (32°F). The
correction factors are given in Table 3.1, Figure 3.7, and on a sticker
on the instrument.

Photon energy correction factors are used when measuring
photons energies below 100 keV. For these energies, use the
appropriate correction factor from Figures 3.8 and 3.9, These
correction factors can be used for the complete photon energy
spectrum when the shield is in place or removed. With proper
correction, the exposure rate from x-rays can also be measured if the
effective energy is known.
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Table 3.1. Temperature Correction Factors for Eberline RO-3B

Multiply Instrument
If Temperature is Response by
0°F to 32°F (-17°C 10 0°C) 0.90
-20°F to 0°F (-29°C to -17°C) 0.85

3.3 Performance Test Instructions

3.3.1 Operability Check

Correction Factor

Refer to contractor-specific procedures

for performance test

instructions. The instructions in this section are provided as an

example of acceptable methods.

Prior to using an instrument, an operability check is typically

performed to verify that an instrument i
calibration. Operability checks are typi

s functional and is in
cally performed and

documented daily, Although the following steps are not a procedure,
these steps are typically considered when writing operability check

procedures.

1.06
1.02
0.98
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0.80

0.86
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Figure 3.7. Temperature Correction Factors for the CP
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3.3.2 Source Check

3.3.2.1 Initial Source Check

Check everything listed below. If the instrument fails any of the
operability checks, other than the battery test, fill out an Instrument
Service Tag to identify the problem, attach it to the instrument, and
return the instrument to the PNNL Radiological Calibration
Laboratory for servicing.

e Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration date
on the calibration sticker.

¢ Ensure that the instrument source check is current. Source checks
are generally valid for the day performed and typically do not
cover more than 24 hours.

NOTE: Missing beta shields can be replaced in the field. Contact
the Radiological Calibration Facility for a new beta shield.

e Inspect the instrument for physical defects, such as broken meter
glass, loose knobs, punctured windows, and broken handles.

# Turn the selector switch to BAT 1. The meter reading should be
above the BATT cutoff line. Repeat this procedure for the BAT 2
and BAT 3 positions.

e Turn the selector switch to the ZERO position and using the zero
knob, set the instrument to zero.

e Check for erratic meter response (Turn the selector switch to the
“5-mR/hr’” range and observe the meter needle for erratic
behavior. Rotate the instrument from side to side and observe the
meter needle).

The CP may be source checked using a “book™ source, linear beta
source, or an ion chamber check source (ICCS) assembly. The initial
source check is usually performed when the instrument is first
received from the Radiological Calibration Laboratory. Source
checks are performed daily or before each use, if the CP is used less
often than daily.

Initial source checks should be performed immediately upon
receiving a CP from the Radiological Calibration Laboratory. CPs
should not be placed into storage until after performing the initial
source check.
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3.3.22  Daily Source Check

NOTE: instrument response observed during the initial source
check should be evaluated to ensure that the values are reasonable.
For the CP, the initial response s considered reasonable when the
response is within:

® the acceptable ranges printed on a calibrated source assembly
o L20% of the mean instrument response for that source.

Remove the beta shield from the window and center the CP window
over the source position on the check source assembly. Move the
source o the appropriate position for each range of the instrument
and record the instrument’s response on each range. Multiply the
instrument’s response by 0.8 and 1.2 to determine the acceptable
range for that instrument,

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes thar daily source check, then
perform a new initial source check using the new source to establish
response limirs for that source/CP combination.

Remove the beta shield from the window and place the CP window
over the source position on the check source assembly. Move the
source to the appropriate position for each range of the instrument.
The instrument response, on each range, should fall within the
acceptable values determined during the initial source check. If the
instrument fails, tag it with an Instrument Service Tag and return it to
the Radiological Calibration Laboratory.

Source checks are generally valid for 24 hours after they are
performed.

3.4 Calibration Instructions

The CP is calibrated at the PNNL Radiological Calibration
Laboratory in the 318 Building in the 300 Area. The calibration
described in this section is performed by PNNL staff.

Before calibration, the instruments are inspected to make sure they
are in good working order. The batteries are checked, the meter is
checked for oscillations, and the instrument is inspected for physical
damage. Damaged instruments are repaired before calibration. As-
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found readings at 40% and 80% of each range are also recorded
before calibration. If the as-found readings are greater than +20%
out of tolerance, the Radiological Calibration Facility contacts the
radiological control organization that last used the instrument to
inform them of the problem.

The instruments are calibrated in uniform *’Cs photon fields at
2122°C (70£3.6°F). The uniform fields are produced using source
wells. Each range is calibrated at 80% of the full-scale readings.
The response is then checked at 40% of the full-scale reading. As an
example, the 5-mR/hr range is calibrated by placing the instrument in
a 4-mR/hr field (80% of 5 mR/hr is 4 mR/hr) and adjusting the
appropriate range potentiometer (located on the panel below the
meter) 1o achieve the required reading (4 mR/hr + 5%). The
instrument is then placed in a 2-mR/h field (40% of 5 mR/hr). The
instrument’s response at both the 40% and 80% points has to be
within 5% of the actual exposure rate for the instrument to pass
calibration. In addition, the CP is exposed to a radiation ficld that is
at least twice the full-scale reading (or at least 10 R/hr) to make sure
it properly indicates an off-scale condition. Instruments that do not
off scale properly do not pass calibration.

The CP is calibrated annually and after any maintenance (other than
battery changes) is performed. The calibration is valid through
midnight on the expiration date listed on the calibration sticker.

For more detailed information on CP calibrations, refer to PNL-MA-
563, Section 3.2.1.”

3.5 Maintenance Instructions

Routine maintenance on the CP is performed at the Radiological
Calibration Laboratory. Routine maintenance includes checking the
desiccant and, if it is turming pink, replacing the desiccant. Other
maintenance commonly performed on the CP includes repairing the
polycarbonate window and replacing batteries.

Common problems and causes are discussed in the next few
paragraphs,

Erratic meter response may be caused by moisture in the chamber
or cracks in the conductive coating (dag) on the interior surfaces of
the chamber. Moisture in the chamber may be caused by a failure of
the desiccant.

{a) PNL-MA-563, Radiclogical Calibration Procedures.
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No response may be caused by a damaged integrated circuit on the
chamber, This is commonly caused by a static discharge to the
anode (inside the chamber). Therefore, avoid touching the anode
inside the CP chamber or at any other point along the ionization
chamber signal path.

Contaminated instruments. If the thin window of the CP must be
removed because of contamination or if the window becomes torn,
great care must be used to avoid touching the center electrode with
the thin window. Touching the center electrode can result in severe
damage to the CP electronics and must be avoided.

Low batteries. If a low battery condition is indicated, the batteries
may be changed in the field (excluding any Contamination Area,
High Contamination Area, or Airborne Radioactivity Area to prevent
potential internal contamination). The CP uses four 9-V alkaline
batteries (type National Electronic Distributors Association [NEDA ]
1604), and no substitutions are allowed. When battery changes are
performed in the field, the CP must be opened, which prominently
exposes the signal path to damage from static discharge. Care
should be taken to prevent damage to the instrument by using
antistatic workstations and/or equipment (e.g., antistatic wrist bands).
After batteries are changed, a daily source check must be performed
before use.

Spent dessicant. The calibration laboratory recommends sending
instruments for fresh desiccant when the desiccant is becoming clear
or pink. However, as long as the instrument functions correctly (as
evidenced by successful completion of daily source checks), the
instrument can be used in the field.

3.6 Instrument Specifications and Limitations

3.6.1 Temperature

The CP is usable at temperatures of -30°C to 50°C (-22°F to 122°F).
However, like all vented ion chamber instruments, the CP is
temperature sensitive, as shown in Figure 3.7. At temperatures
above freezing (0°C [32°F]), the temperature response is not
significant. However, at temperatures below 0°C, the response
should be corrected (see Section 3.2.1). A label with appropriate
correction factors can be found on the CP.

PNL-MA-562 Chapter 3.0 Issued: November 2002
Page 3.14 Supersedes: July 2001



3.6.2 Temperature Shock

The CP is sensitive to sudden changes in temperature (such as
moving the instrument from indoors to outdoors on a cold day).
Allow the CP to equilibrate for at least an hour at the ambient
temperature before making measurements.

3.6.3 Humidity and Pressure

The CP is insensitive to changes in ambient humidity. If used in
areas of high humidity for an extended period, the desiccant may
become saturated, and the instrument may develop an erratic
response. In this case, return the CP to the Radiological Calibration
Laboratory for maintenance.

The CP response is affected by changes in altitude because of the
associated change in ambient pressure. Because the CP is calibrated
on the Hanford Site at, essentially, the same altitude at which it is
used, no corrections are required. The changes in ambient pressure
caused by changing weather are minor and will not significantly
affect the CP response,

3.6.4 Electromagnetic Field Interference

The CP response can be affected by external magnetic fields. In the
presence of 10 gauss magnetic fields, the instrument response may
decrease to near zero. This results from the external field causing the
internal range switches (magnetic reed switches) to actuate, decreas-
ing the indication as if the external range switch had been operated.
Therefore, the CP should not be used in areas with high magnetic
fields, e.g., near arc welders and particle accelerators.

3.6.5 Radio Frequency/Electromagnetic Interference

The CP is generally not affected by external nonionizing radiation
fields such as microwaves, portable radios, or celiular phones.

High electromagnetic fields such as from generators or ignition
sources may affect the CP response. Sources of these fields should
be turned off before using the CP,

3.6.6 Energies and Types of Radiation

The CP responds to gamma and beta radiation. The instrument will
respond to high-energy beta radiation, such as er(Y), when the
window is closed. More information on using the CP in beta fields is
in Section 3.7.
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The CP response to low energy photons increases shi ghily at 40 keV
and then drops off. The CP is usable {(+15% response) for photon
energies greater than 12 keV for open-window readings and 30 keV
for closed window readings. Measuring photon radiations with
energies below these values is not fecommended.

The energy correction factors charts shown in Figures 3.8, 3.9, and
3.10 are provided as general information regarding instrument

response.
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Figure 3.10. Eberline RO-3B Photon Energy Response 90-Degree Beam Energy Response (Shield On-
Window Closed)

3.6.7 Interfering Ionizing Radiation Response
The CP is insensitive to alpha and neutron radiations.

3.6.8 Battery Life

The CP has a battery life of about 200 hours. When used in high-
exposure rate areas, the battery life is shorter.
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3.7 Applications

3.7.1 Dose Rate Measurements

The CP is used to establish beta and gamma personnel dose rates.
When establishing beta dose rates, remove the shield from the end of
the ionization chamber (as shown in Figure 3.2). Replace the shield
to measure penetrating radiation.

Establishing the exposure rate in mixed *Sr(Y)/gamma fields is
difficult because the CP does not adequately discriminate between
%SK(Y) beta and photon radiation. As a rule of thumb, if the open
window reading is a factor of 3 higher than the closed-window
reading, then shallow dose may be limiting.

3.7.2 Surface Contamination Measurements

3.8 References

When beta/gamma contamination values are greater than the range of
the typical contamination monitoring instruments (e.g., pancake
GM), a measurement using the CP is performed. The measurement
is performed by placing the CP open window as close as possible to
the source of contamination without touching it and recording the
meter indication. The area of the contamination should also be
recorded.

Typical CP response to specific sources are listed below':

47 mm diameter "'Cs source ~69,000 dpm/mR/hr
Large area "'Cs Source (10cm x 10cm)  ~200,000 dpm/mR/hr

NOTE: For information on technical manuals, see Bibliography.

(a} Johnson 1996, letter from ML Johnson at Pacific Northwest National Laboratory to D. Cunningham
at Westinghouse Hanford Company, “Eberline RO-3B Correction Factor for '*'Cs Activity,”

September 30, 1996.
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4.1

4.1.1

4.0 The Bumble Bee and Black Widow CP Radiation

Survey Instrument

Instrument Description and Theory of Operation

Physical Description

The Hanford Bumble Bee Cutie Pie (BBCP, Figure 4.1) and Black
Widow CP (BWCP, Figure 4.2) are modified Eberline RO-3B ion
chambers for special applications. These instruments are portable
pistol-shaped rate meters with air-filled ionization chambers that are
used to detect alpha, beta, and photon radiations. The barrel of the
instrument is the ionization chamber, which is a phenolic resin tube
with a thin film covering the outer end. A shield of the same pheno-
lic resin is provided as a nonpenetrating radiation filter for the beta
window. The beta window on these models is also removable. The
beta window serves as an alpha shield. Removing the beta window
allows alpha detection through the alpha window.,

More detailed technical information can be obtained by contacting
the Pacific Northwest National Laboratory’s (PNNL’s) Radiological

Calibration Laboratory*.

The BBCP/BWCP weigh 1.6 kg (3.5 Ib). They measure 28 cm

(11 in.) long by 25 cm (9.8 in.) high by 9.4 cm (3.7 in.) wide, includ-
ing the handle. The ion chamber is a cylinder 7.6 cm (3 in.) in
diameter and 10 ¢m (4 in.) long for a total volume of 465 cm’
(28.4in.3). The chamber wall and beta shield density thickness are
about 400 mg/cm’. (The alpha window measures 0.85 mg/cm®.) The
beta window is made of one layer of aluminized polycarbonate with
a thickness of 6.20 mg/cnr’. The total density thickness of the beta
window is 7.05 mg/cm®.

The BBCP has four linear ranges of operation calibrated in units of
exposure rate: 0 to 5 mR/hr, 0 to 50 mR/hr, 0 to 500 mR/hr, 0 to
5000 mR/hr. Linearity is £5% of full scale.

The BWCP has four linear ranges of operation calibrated in units of
exposure rate: 0 to 0.5 R/hr, 0 to 5 R/hr, 0 to 50 R/hr, and 0 to
500 R/hr. Linearity is £10% of full scale,

(a} Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Figure 4.1. Hanford BBCP
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Figure 4.2. Hanford BWCP
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Response time is relatively rapid: less than five seconds are required
for the instrument to respond from 10 to 90% of the final reading on
the two lower ranges, and less than three seconds are required on the
two upper ranges.

4.1.2 Radiation and Energy Response

4.1.3 Integral Sources

With the beta shield in place (“window closed”), the chamber
responds to photons with energies above about 10 keV and beta
particles with energies greater than 1 MeV (e.g., "StY). However,
photons with energies below 20 keV (e.g., plutonium and americium
14-keV x-rays) are significantly attenuated by the beta shield. With
the beta shield removed (i.e., “window open™), the BW/BB CP
responds to beta particles with energies greater than 65 keV (e.g.,
%'Co) and photons with energies greater than a few keV. The thin
(7 mg/cmz) beta window is too thick to admit alpha particles with
energies less than 6 MeV. With the beta window (alpha window
shield) removed, the BW/BB CP responds to alpha radiation. The
BW/BB CP does not respond to neutrons.

BBCP or BWCP response to a given photon-radiation energy is
reasonably constant above 180 keV. Due to photoelectric emission
from the chamber walls, the instrument shows an increase in
sensitivity at energies below this point. This increase in sensitivity
peaks at approximately 30 keV (beta filter removed), at which point
wall absorption becomes an appreciable factor. The two effects
balance at approximately 20 keV, with the absorption becoming
dominant below these energies. See Figures 4.8 through 4,10 for
energy response graphs of the BBCP and BWCP.

There are no radioactive sources attached to, or inside, the BBCP and
BWCP.

4.2 Operating Instructions

Before using the BB/BW CP, perform the operability checks to make
sure the instrument 1s in good working condition (see Section 4.3,
Performance Test Instructions, for examples of typical operability
checks). These checks should be performed each time the instrument
is used.

To perform a radiation survey, turn the selector switch to the desired
range and move the instrument slowly while observing the meter
response. When a measurement is to be performed at a particular
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location, allow at least one time constant (5 seconds on lowest range)
for the reading to stabilize on the final value.

NOTE: When selecting the most sensitive range (5 mR/hr), switch-
ing noise may cause a temporary meter deflection. This can be
avoided by first selecting a higher range, letting the needle settle,
and then switching to the 5-mR/hr range.

In unknown fields, remove the beta shield to allow the instrument to
respond to both penetrating and nonpenetrating radiations. Point the
instrument toward possible sources of radiation. If the area is known
to have only gamma radiation, the beta shield does not need to be
removed.

When surveying for alpha radiation, remove the beta shield and beta
window from the instrument. The BBCP or BWCP must then be
pointed toward possible sources of alpha radiation. The instrument
must be held in close proximity to the possible radiation source.

Avoid contact between the instrument and other objects. Besides
possible instrument contamination, pressure on the thin plastic
window will cause false and erratic meter readings (from capacitive
effects) and might puncture or rupture the window. If the metal case
touches other metal objects, the reading may drop suddenly to zero
(with recovery after a short delay).

If necessary, multiply the instrument reading by appropriate
correction factors, Correction factors are required when measuring
non-uniform fields (e.g., contact measurements, beaming radiation)
and when the ambient temperature is less than 0°C (32°F).
Correction factors are provided later in this section.

Calculate shallow and deep dose rates as follows:

Deep Dose Rate = WC x CF,,,, x CF, (4.1
Shallow Dose Rate = (WO - WC)CE,;,_,on + WC x CF 1 x CEpp (4.2)
where
WwWC = the instrument response with the window closed
WO = the instrument response with the window open

CFronpen = nonpenetrating (i.€., beta) correction factor
CFpen penetrating (i.e., gamma) correction factor
CFremp temperature correction factor
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4.2.1 Correction Factors

When the WC indication is less than one tenth of the WO indication,
(WC <0.1WO) then the calculation for shallow dose can be
simplified as follows:

WO x CFpongen X CFiemp (4.3)

Small-beam correction factors are used when the beam is too
narrow to ionize the air in the chamber uniformly (i.e., beam
diameter is less than 3 in.). Small beam correction factors are
calculated as the ratio of the chamber cross-sectional area to the
beam cross-sectional area. When measuring beams parallel to the
chamber, the beam must be coaxial with the chamber. Though
beams are not typically observed with nonpenetrating radiation, the
beam correction factors are applied to both penetrating and
nonpenetrating beam conditions.

To determine the beam correction factor, use the CP correction factor
chart on the side of the insttument (Figure 3.3), except where
CFronpen <3. A minimum value of 3 for beam sources of
nonpenetrating radiation should be used.

Geometry corrections factors are used when BW/BB CP measure-
ments are taken with the window within 6 in. of the source. If the
window is within | in. of the source, use the correction factors
provided in Figure 4.3 and on the side of the instrument. If the
window is 21 in. and <6 in. from the source, then: CFponpen =3 and
CFpe. = 1.5. More detailed correction factors for specific geometries
are shown in Figures 3.4, 3.5, and 3.6.

Beta correction factors are used when nonpenetrating radiation
fields are measured. Multiply all nonpenetrating exposure rate

(WO - WC) CP readings by 3 (CFronpen = 3) unless the CP window is
less than 1 in, from the source. If the CP window is less than | in.
from the source, use the correction factors provided in Figure 3.3 and
on the side of the BW/BB CP.

Temperature correction factors are applied when the BW/BB CP
is used in an environment where the temperature is less than 0°C
(32°F), The correction factors are given in Table 4.1, Figure 3.7, and
on a sticker on the instrument,

Photon energy correction factors are used when measuring
photons energies below 100 keV. For these energies, use the
appropriate correction factor from Figures 3.8 through 3.10. These
correction factors can be used for the complete photon energy
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spectrum when the shield is in place or removed. With proper
correction, the exposure rate from x-rays can also be measured if the
effective energy is known.

Alpha radiation correction factors are used to convert meter
deflection to disintegrations per minute using the attached correction
factor chart. The vertical axis of this chart is the BW/BB CP meter
deflection. To convert from meter deflection to disintegrations-per-
minute (dpm), locate the instrument response on the vertical axis and
then follow that reading to the indicated line on the graph. Once the
line is contacted, move down the graph to the horizontal axis to
determine the corresponding dpm value for the reading (see

Figure 3.11).

Table 4.1. Temperature Correction Factors for Eberline RO-3B

Multiply Instrument
If Temperature is Response by
0°F to 32°F (-17°C to 0°C) 0.90
-20°F to 0°F (-29°C to -17°C) 0.85

Beta radiation correction factors are used to convert meter
deflection to disintegrations per minute using the correction factor
stated on the calibration sticker,

4.3 Performance Test Instructions

4.3.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as an
example of acceptable methods.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.
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Figure 4.3. Alpha Activity Conversion Charts for BBCP and BWCP. (For more detailed information
on BB/BW CP calibrations, refer to PNNL-MA-563, Section 3.2,1 [BBCP] and
3.3.0 [BWCP]D.

Check everything listed below. If the instrument fails any of the
operability checks, other than the battery test, fill out an Instrument
Service Tag to identify the problem, attach it to the instrument, and
return the instrument to Pacific Northwest National Laboratory’s
(PNNL) Radiological Calibration Laboratory for servicing.

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker

2. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours,

NOTE: Missing beta shields can be replaced in the field. Contact
the Radiological Calibration Laboratory for a new beta shield.

3. Inspect the instrument for physical defects, such as broken meter
glass, loose knobs, punctured windows, or broken handies.

4. Turn the selector switch to BAT 1, The meter reading should be
above the BATT cutoff line. Repeat this procedure for the BAT 2
and BAT 3 positions.

* PNL-MA-563, Radiological Calibration Procedures.
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4.3.2 Source Check

4.3.2.1 Initial Source Check

5. Turn the selector switch to the ZERO position and, using the zero
knob, set the instrument to zero.

6. Check for erratic meter response (tumn the selector switch to the
lowest range and observe the meter needle for erratic behavior.
Rotate the instrument from side to side and observe the meter
needle.)

The BBCP, and lower ranges of the BWCP, may be source checked
using a “book” source, linear beta source, or an ion chamber check
source (ICCS) assembly. The initial source check should be
performed when the instrument is first received from the
Radiological Calibration Laboratory. Source checks are performed
daily or before each use if the BW/BB CP is used less often than
daily.

The upper ranges of the BWCP cannot typically be source checked
in the field (because of the high radiation fields required). Therefore,
these instruments are calibrated quarterly as a compensatory action
in lieu of source checking the upper ranges.

Initial source checks should be performed upon receiving a BW/BB
CP from the Radiological Calibration Laboratory. Instruments
should not be placed into storage until after performing the initial
source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure that the values are reasonable.
For the BW/BB CP, the initial response is reasonable when the
response is within:

e the acceprable ranges printed on a calibrated source assembly
{(BBCP)

e 220% of the mean instrument response for that source.

Remove the beta shield from the window and center the window
over the source position on the check source assembly. Move the
source to the appropriate position for each range of the instrument
and record the instrument response on each range. Multiply the
instrument response by 0.8 and 1.2 to determine the acceptable range
for that instrument.
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43.22  Daily Source Check

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check,
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

Remove the beta shield from the window and place the window over
the source position on the check source assembly. Move the source
to the appropriate position for each range of the instrument. The
instrument response, on each range, should fall within the acceptable
values determined during the initial source check. If the instrument
fails, tag it with an Instrument Service Tag and return it to the
Radiological Calibration Laboratory.

Source checks are generally valid for 24 hours after they are
performed.

4.4 Calibration Instructions

The BW/BB CP is calibrated at PNNL’s Radiological Calibration
Laboratory in the 318 Building in the 300 Area. The calibration
described in this sectton is performed by PNNL staff.

Before calibration, the instruments are inspected to make sure they
are in good working order. The batteries are checked, the meter is
checked for oscillations, and the instrument is inspected for physical
damage. Damaged instruments are repaired before calibration. As-
found readings at 40% and 80% of each range are also recorded
before calibration. If the as-found readings are greater than £20%
out of tolerance, the Radiological Calibration Laboratory contacts the
radiological control organization that last used the instrument to
inform them of the problem.

The instruments are calibrated in uniform '*’Cs photon fields at
21£2°C (70+£3.6°F). The upper range of the BWCP is calibrated
using uniform *°Co photon fields. The uniform fields are produced
using source wells and/or the high-exposure facility. Each range is
calibrated at 80% of the full-scale readings. The response is then
checked at 40% of the full-scale reading. As an example, the

5 mR/hr range is calibrated by placing the instrument in a 4-mR/hr
field (80% of 5 mR/hr is 4 mR/hr) and adjusting the appropriate
range potentiometer (located on the panel below the meter) to
achieve the required reading (4 mR/hr £ 5%). The instrument is then
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placed in a 2-mR/hr field (40% of 5 mR/hr). The instrument
response at both the 40% and 80% points has to be within +5% of
the actual exposure rate for the instrument to pass calibration. In
addition, the BW/BB CPs are exposed to a radiation field that is at
least twice the full-scale reading (or at least 10 R/hr for BBCP and
1000 R/hr for BWCP) to make sure it properly indicates an off scale
condition, Instruments that do not off scale properly do not pass
calibration.

The BBCP is calibrated annually and after any maintenance is
performed (other than battery changes). The calibration is valid
through midnight of the expiration date listed on the calibration
sticker. BWCPs are calibrated quarterly and after any maintenance
is performed (other than battery changes).

The BW/BB CP response to alpha and beta radiation is also
determined. A **“Th alpha source is used to establish the instrument
alpha response. This response is plotted on the alpha disintegrations
per minute (dpm) conversion chart (Figure 4.3), attached to the sides
of the BW/BB CPs. The BW/BB CP beta response is determined
using a 50-mm beta emitting '’Cs source. Beta response is stated on
the calibration sticker in units of dpm/mR/hr.

4,5 Maintenance Instructions

Routine maintenance on the BW/BB CP is performed at the
Radiological Calibration Laboratory and in the field.
Routine maintenance includes checking the desiccant and, if
it is turning pink, replacing the desiccant. Another mainten-
ance commonly performed on the BW/BB CP is repairing
the windows.

Common problems and causes are discussed in the next few
paragraphs.

Erratic meter response may be caused by moisture in the
chamber or cracks in the conductive coating (dag) on the
interior surfaces of the chamber. Moisture in the chamber
may be caused by failure of the desiccant.

Spent dessicant. The Radiological Calibration Laboratory
recommends sending instruments for fresh desiccant when
the desiccant is becoming clear or pink. However, as long as
the instrument functions correctly (as evidenced by success-
ful completion of daily source checks) the instrument can be
used in the field.
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No response may be caused by a damaged integrated circuit
on the chamber. This is commonly caused by a static
discharge to the anode (inside the chamber). Therefore,
avoid touching the anode inside the BW/BB CP chamber or
other points along the ionization chamber signal path.

Low battery. If a low battery condition is indicated, some
of the batteries may be changed in the field (excluding any
Contamination Area, High Contamination Area, or Airborne
Radioactivity Area to prevent potential internal
contamination).

The BBCP uses four 9-V alkaline batteries (type National
Electronics Distributors Association [NEDA] 1604) and no
substitutions are allowed. When battery changes are
performed in the field, the BBCP must be opened, which
prominently exposes the signal path to damage from static
discharge. Care should be taken to prevent damage to the
instrument by using antistatic work stations and/or
equipment (e.g., antistatic wrist bands). After batteries are
changed, a daily source check must be performed before use.

The BWCP uses one 67-V battery and one 45-V battery that
have battery lives of approximately 8,700 hrs (1 yr) each. In
addition, it uses two 9-volt batteries that have a battery life
of approximately 200 hours. The 67-V and 45-V batteries
can only be replaced at the Radiological Calibration
Laboratory. The 9-V batteries may be changed as discussed
above for the BBCP.

If the facility does not have the capability to change batieries
on the BW/BB CP, the instrument may be returned to the
Radiological Calibration Laboratory for a battery replace-
ment. The Instrument Service Tag should show thata
“battery change only” is required.

4.6 Instrument Specifications and Limitations

4.6,1  Temperature

The BW/BB CP is usable at temperatures of -30°C to 50°C (-22°F

to 122°F). However, like all vented ion chamber instruments, the
BW/BB CP is temperature sensitive. At temperatures above freezing
(0°C, 32°F), the temperature response is not significant. However, at
temperatures below 0°C, the response should be corrected (see

Section 4.2.1). A label with appropriate correction factors can be
found on the side of the BW/BB CP.
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4.6.2 Temperature Shock

The BW/BB CP is sensitive to sudden changes in temperature (such
as moving the instrument from indoors to outdoors on a cold day).
Allow the BW/BB CP to reach a thermal equilibrium at the ambient
temperature for at least an hour before making measurements.

4.6.3 Humidity and Pressure

The BW/BB CP is normally insensitive to changes in
ambient humidity. However, if used in areas of high
humidity for an extended period, the desiccant may become
saturated, and the instrument may develop an erratic
response. In this case, return the BW/BB CP to the
Radiological Calibration Laboratory for maintenance.

The BW/BB CP response is affected by changes in altitude
because of the associated change in ambient pressure.
Because the BW/BB CP is calibrated on the Hanford Site at,
essentially, the same altitude at which it is used, no
corrections are required. The changes in ambient pressure
caused by changing weather are minor and will not
significantly affect the BW/BB CP response.

4.64  Electromagnetic Field Interference

The BW/BB CP response can be affected by external
magnetic fields. In the presence of 10 gauss magnetic fieids,
the instrument response may decrease to near zero. This
results from the external field causing the internal range
switches (magnetic reed switches) to actuate, decreasing the
indication as if the external range switch had been operated.
Therefore, the BW/BB CP should not be used in areas with
high magnetic fields, e.g., near arc welders and particle
accelerators.

The instrument can be damaged by electrostatic discharge.
Typical symptoms of damage from static discharge include a_
zero reading with no response to source check, an off-scale
high reading with no reduction when moved away from
source, or an on scale reading with the inability to zero the
instrument.

4.6.5 Radio Frequency/Electromagnetic Interference

The BW/BB CP is generally not affected by external nonionizing
radiation fields such as microwaves, portable radios, or cellular
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phones. High electromagnetic fields such as from generators or
ignition sources may affect the BW/BB CP response. Sources of
these fields should be turned off, shielded, or avoided when using the
BEW/BB CP.

4,66 Energies and Types of Radiation

The BW/BB CP responds to alpha, beta, and gamma
radiation. In the window-closed position, the instrumnent
responds to high-energy beta radiation (e.g., %Sr/Y). More
information on using the BW/BB CP in beta fields is
included in Section 4.7,

The BW/BB CP response to low-energy photons increases
slightly at 40 keV and then drops off. The BW/BB CP is
usable (£15% response) for photon energies greater than

12 keV for open window readings and 30 keV for closed
window readings. Measuring photon radiations with energies
below these values is not recommended. The energy
correction factors charts shown in Figures 3.8 through 3.10
are provided as general information regarding instrument
response.

With only the beta shield removed, the end window is too
thick (7 mg/cm®) to admit alpha particles with energies less
than 6 MeV. The BW/BB CP has a second removable
window (alpha shield). With the alpha shield removed, the
BW/BE CP responds to alpha radiation,

4.6.7 Interfering Ionizing Radiation Response

The BW/BB CP is insensitive to neutron radiations,

4.6.8 Battery Life

The BBCP uses four 9-V batteries and has a battery life of
approximately 200 hours. When used in high exposure rate
areas, the battery life is shorter.

The BWCP uses one 67-V battery and one 45-V batiery that
have battery lives of approximately 8,700 hours (1 year)
each. In addition, it uses two 9-V batteries, which have a
battery life of approximately 200 hours. The 67-V battery
and the 43-V battery can only be replaced at the
Radiological Calibration Laboratory.
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4.7 Applications

4.7.1 Dose Rate Measurements

The BW/BB CP is used to establish shallow and deep personnel dose
rates. In order to determine shallow and deep dose rates, measure-
ments of penetrating and nonpenetrating exposure rates must be
performed (see Section 4.2). When measuring nonpenetrating
radiation, remove the beta shield from the end of the ionization
chamber. Replace the beta shield to measure penetrating radiation.

Establishing the dose rate in mixed ®S1(Y)/gamma fields is difficult
because the BW/BB CP does not adequately discriminate between
“Sr(Y) beta and photon radiation. The wall thickness of the BW/BB
CP ionization chamber is approximately 400 mg/em’. As a rule of
thumb, if the open window reading is a factor of 3 higher than the
closed window reading, then shallow dose may be limiting.

4.7.2  Surface Contamination Measurements

When beta/gamma contamination values are greater than the
range of the typical contamination monitoring instruments
(e.g., pancake Geiger-Miiller [GM)]), a measurement using
the BW/BB CP is performed. The measurement is
performed by placing the BW/BB CP open window as close
as possibie to the source of contamination, without touching
it, and recording the meter indication. The area of the
contamination should also be recorded.

Typical CP responses to specific sources are listed below'™ and the
exact beta response is listed on the calibration sticker for 47mm
sources {(e.g., technical smears).

47 mm diameter "’Cs source ~69,000 dpm/mR/hr
Large area ¥Cs Source (10cm x 10cm)  ~200,000 dpm/mR/hr

When alpha contamination values are greater than the range
of the typical alpha contamination monitoring instruments
(e.g., portable alpha meter [PAM]), a measurement using the
BW/BB CP is performed. The measurement is performed by
removing the beta and alpha shields and placing the BW/BB
CP alpha window as close as possible to the source of
contamination, without touching, and recording the meter

(a) Johnson 1996. Letter from ML Johnson, Pacific Northwest National Laboratory, to D. Cunningham,
Westinghouse Hanford Company, “Eberline RO-3B Correction Factor for "'Cs Activity,” September

30, 1996.
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indication. The area of the contamination should also be
recorded. A conversion chart on the side of the BB and BW
CPs is used to convert the instrument response to alpha
activity.

4.8 References

NOTE: For information on technical manuals, see Bibliography.
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5.0 Portable Alpha Meter

5.1 Instrument Description and Theory of Operation

5.1.1  Physical Description

The portable alpha meter (PAM) used at the Hanford Site consists of
a count rate meter and an alpha scintillation detector. The count rate
meter is a Bicron Surveyor X. The scintillation detector is
manufactured at Hanford.

The Bicron Surveyor X may have a digital scaler built into the meter
face. Surveyor X meters with scalers have a rubber-booted push
button mounted on the front of the instrument for initiating the
scaler. Scaler PAMs also have a red light-emitting diode (LED) in
the lower left corner of the meter face that indicates when the scaler
is counting. The scaler may be set to 0.1 minutes, 1.0 minutes, or
10 minutes. During calibration, the scalers are set to a |1.0-minute
count time.

The Bicron Surveyor X weighs about 1 kg (2.2 1b) and measures
20 cm (8 1n,) long by 11 cm (4.3 in.) wide by 17 cm (6.8 in.) high,
including the handle and probe clip. The instrument has an internal
speaker, the mega high-voltage (MHV) connector, and a high-
voltage indication position on the selector switch. The instrument
high voliage is adjustable and is set during calibration.

Two maodels of Survevor X are available; the standard model (see
Figure 5.1) meter scale indicates a count rate range of 0 to

1,000 cpm. A Black Widow Surveyor X (see Figure 5.2) is also
available with a count rate range from 0 to 10,000 cpm. The Black
Widow (BW) rate meter has a red case to easily identify the higher
range instrument. The aupper count rate limit is 100,000 cpm for the
standard meter, and 1,000,000 cpm for the BW. The standard count
rate meter's linearity is +5% of full scale over the entire range of the
instrument. The BW meter linearity is £5% for the X1 and X10
range and £10% for the X100 range.

The meter response time is optimized for each range and is not
adjustable by the user. The actual response time for each range is
listed below in the table below. The response time is generally
specified by the manufacturer as the time for the instrument reading
to reach 90% of final value after a change in the radiation field. The
RC time constant of the instrument can be calculated from the O to
90% response time by dividing the 0% to 90% response time by 2.3.
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Scintillator

Window

“RC” is often used to represent the time constant and comes from an
abbreviation for resistor (R) and capacitor (C).

Response Time and Time Constant (RC) of Bicron Surveyor X

Range Response Time (sec) | RC Time Constant (sec)
X1 12 o
X10 5 22

X100 2 0.9

| Range Selector Switel Speaker Om-OfF

Th-230 Sourcel

Figure 5.1. Bicron Model Surveyor X Count Rate Meter (PAM Configuration)

The alpha scintillation probe consists of a zinc sulfide decal backed
with a 1/16-in. sheet of Plexiglas that is mounted on the face of the
detector. The zinc sulfide is covered with two layers of 0.29-mg/cm’
aluminized polycarbonate film and a very thin layer of aluminum
foil, often referred to as a “‘dutch leaf” for a total window density
thickness of 0.58 mg/cm®. The polycarbonate is protected by a fine
copper-beryllium or stainless steel screen. Two detector sizes are
available, the most commonly available has an active area of 54 cm’
(4.5 cm x 12 cm); however, this size is typically referred to by its
approximate size of 50 cm®. A 100 cm” (8 cm x 12.5 cm) active area
probe that is also available, which offers improved sensitivity for
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R Meter (note 0-
cpm Range)

Instrument Case
in colar)

Figure 5.2. Bicron Model Surveyor X Count Rate Meter with Extended Range (BW PAM
Configuration)

distributed sources. The light pulses from the scintillator are
reflected to the photomultiplier tube in the probe handle. The probe
has an internal preamplifier.

The thin window can be easily torn or punctured and should be used
with care. Even tiny pinholes in the window will produce a light
leak that causes extremely high count rates when the probe is
exposed to light.

Each PAM probe is individually matched to a count rate meter.
PAM probes cannot be exchanged between instruments without
invalidating the calibration. PAM probes may have red paint on the
end or may be a natural bare aluminum color; either probe is
acceptable, if the count rate meter specified by the calibration decal
is attached to the probe.

5.1.2  Radiation and Energy Response

The PAM responds to alpha radiation; if the alpha particle has
enough energy to penetrate the thin window, the particle is counted
by the instrument. In general, all alpha-emitting isotopes at the
Hanford Site can be detected with a PAM. Detector response is
dependent upon alpha energy. Although the response to = Pu and
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5.1.3  Integral Sources

*! Am is roughly equivalent, uranium response may be as much as
20% lower than **Pu response.

The PAM is insensitive to beta radiation but may be sensitive to
gamma radiation. Gamma sensitivity is evaluated during calibration,
upon request. Section 5.4 provides details on the parameters used to
establish beta/gamma sensitivity.

The PAM is sensitive to neutron radiation.

An alpha-emitting source is attached to the PAM and is used to
verify that the instrument is operating properly in the field. These
sources are typically on the order of 0.85 nCi (~2000 dpm) ***Th.

5.2  Operating Instructions

Before using the PAM, perform the operability check to make sure
the instrument is in good working condition (see Section 5.3). This
check process should be performed each time the instrument is used.

To perform a contamination survey, turn the PAM selector switch to
the lowest range, hold the probe within 6 mm (% in.) from the
surface to be surveyed, and move the PAM slowly while listening to
the audible response (scan speed and other survey parameters are
defined in Section 5.7).

CAUTION: The Mylar window can be easily torn or punctured.
Users must avoid touching the probe window to surfaces being
surveyed, especially objects that are uneven or prickly (e.g.,
tumbleweeds), Even tiny pinholes in the Mylar will produce a light
leak that causes extremely high count rates when the probe is
exposed to light.

NOTE: The over-range alarm is enabled only when the audio
switch is turned off. When the audio switch is in the ON position, the
over-range alarm is not operational.

When using a Bicron Surveyor X, an off-scale meter response will
trigger the over-range alarm when the audio switch is off. Switch the
instrument to the next highest range. The alarm will clear when the
meter response drops back on scale.

After completing the survey, place the protective cardboard or metal
cover (supplied with the instrument) over the detector window. The
cover is recommended to protect the probe face when it is not in use.
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5.2.1

Correction Factors

The cover protects the face from physical damage and the accumula-
tion of dust. Radon attached to dust particles can be a source of
elevated background.

To use the digital scaler, press the rubber-booted button on the front
of the Surveyor X. A red LED, mounted in the lower left corner of
the meter, will illuminate while the Scaler is counting. When the
count is complete, the LED will turn off. Pressing the button during
a count will NOT reset the Scaler (begin another count). To begin
another count, wait for the count time to end, and press the Scaler
Button again. Another option is to switch the PAM off and on,
pressing the Scaler Button after switching it back on. When the
PAM is used as a scaler, a sample holder jig is recommended to
maintain a constant source-to-detector geometry.

To obtain the correct count rate, the meter reading must be multipli-
ed by the scale factor indicated on the range selector switch. If the
count rate causes the meter to go off scale high, the over-range alarm
will sound, if the speaker is switched off.

To convert an instrument response (in cpm) to an activity {in dpm),
the general rule of thumb is to multiply the reading by a factor of 7
(reciprocal of the typical 14% efficiency). This is an acceptable
practice for all measurements performed using the 50-cm” PAM
survey instrument. For the 100-cm” PAM, the thumb rule correction
factor is 10.

A more accurate measurement can be made by dividing the instru-
ment response (cpmy) by the instrument efficiency. The Py or

* Am efficiency is printed on the calibration label. If uranium is of
concern, contact the Pacific Northwest National Laboratory’s
(PNNL's) Radiological Calibration Laboratory for a uranium
efficiency check.

To convert readings taken with a 50-cm” PAM probe to units of
dpm/100 cm” for large-area uniform contamination, multiply the

dpm/probe area by a factor of 2.

For example, a uniform reading of 50 cpm over a large area (100 cm®
or greater) can be converted to dpm/100 cm” as follows:

SOCpmx?dpm/cpmx2=700dpm:'10()cm2
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As a second example using “point” source contamination, a 6-mm
(4-in.) diameter source that reads 50 cpm can be converted to
dpm/100 cm® as follows:

50 cpm x 7 dpm/cpm = 350 dpm/100 cm’

To convert readings taken with a 50-cm” PAM probe to units of
dpm/100 em” for large-area non-uniform contamination, add two
adjacent dpm/probe readings together.

5.3 Performance Test Instructions

5.3.1 Operability Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the PAM fails any of the
operability checks, other than the battery test, fill out an Instrument
Service Tag to identify the problem, attach it to the instrument, and
return the instrument to the Radiological Calibration Laboratory for
servicing.

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 pm) on the expiration date
on the calibration sticker,

]

Ensure that the instrument source check is current. Source checks
are generally valid for the day performed and typically do not
cover more than 24 hours.

3. Inspect the instrument for physical defects, such as broken meter
glass, loose knobs, punctured probe windows, or defective cables.

4. Turn the count rate meter selector switch to the battery check
position (BATT). The meter should read above the BATT cutoff
position shown on the meter. If the batteries are iow, see
Section 5.5.

5. Turn the selector switch to the X1 position and allow a 10-second
warmup.
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5.3.2 Source Check

5.3.2.1 Initial Source Check

6. Use the “*Th check source mounted on the instrument case to
verify that the instrument responds to radiation.

7. Check the probe for light sensitivity by exposing the probe to the
source of light at the work location. If an elevated count rate is
observed when exposed to the light, then cover the probe with a
light shield (such as the probe cover or dark cloth) and verify that
the count rate drops. Tag the instrument out of service and return
to the Radiological Calibration Laboratory for repair.

8. Proceed with the survey with the instrument on the X1 range (or
other range if appropriate).

The PAM is source checked using an alpha check source assembly
(ACS). The initial source check is performed when the instrument is
first received from the Radiological Calibration Laboratory. Source
checks are performed daily or before each use if the PAM is used
less often than daily. All three ranges of the instrument should be
source checked.

Initial source checks should be performed immediately upon
receiving the instrument from the Radiological Calibration
Laboratory. Instruments should not be placed into storage until after
performing the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated 10 ensure that the values are reasonable.
For the PAM, the initial response is reasonable when the response is
within

® the acceptable ranges printed on a calibrated source assembly

e 20% of the mean instrument response for that source.

The acceptable range should allow for variations resulting from
differing probe efficiencies.

Remove the cover from the detector (if applicable) and center the
detector over the source position on the check source assembly.
Move the source to the appropriate position for each range of the
instrument, wait approximately two RC time constants (a maximum
of 10 seconds) for the meter to stabilize, and note the instrument
response on each range. Multiply the instrument response by 0.8 and
1.2 to determine the acceptable range for that instrument.
Background should be 3 cpm or less.
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5.3.2.2  Daily Source Check

53.2.3 Response Checks

NOTE.: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

Remove the cover from the detector (if applicable} and center the
detector over the source. Move the source to the appropriate position
for each range of the instrument and allow two RC time constants (at
least 10 seconds) for the meter to stabilize. The instrument response,
on each range, should fall within the acceptable values determined
during the initial source check. Perform a background count of at
least 1 minute. Background should be 3 cpm or less. If the instru-
ment fails, tag it with a completed Instrument Service Tag, and
return it to the Radiological Calibration Laboratory.

Periodically verify that the PAM responds to radiation during
continuous use. If the instrument is tumed off for any reason,
response check the instrument when it is turned on. Response check
the instrument by placing the center of the probe over the check
source mounted on the instrument case and verify that the speaker
and meter respond to the source.

5.4 Calibrations Instructions

The PAM is calibrated at PNNL’s Radiological Calibration
Laboratory at the 318 Building in the 300 Area. The calibration
desecribed in this section is performed by the Radiological Calibration
Laboratory staff.

Before calibration, instruments are inspected to make sure they are in
good working order.

Batteries are checked, the meter is checked for oscillations, and the
instrument is inspected for physical damage. Damaged instruments
are repaired before calibration. As-found count rate meter readings
at 20 and 80% of each range and the as-found efficiency are recorded
before calibration. If the as-found readings are greater than +20%
out of tolerance, the Radiological Calibration Laboratory contacts the
radiological control organization that last used the instrument to
inform them of the problem.
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The Bicron Surveyor X meter is calibrated electronically using a
calibrated pulse generator. The meter is calibrated at 80% of full
scale on all three ranges. The response is then checked at 20% of
full scale on each range. The response at both 20% and 80% of full
scale must be within 5% of the true count rate for the instrument to
pass calibration.

Scaler PAMs are checked for proper scaler function by setting the
scaler to a 1-minute count time and taking a 1-minute count with the
meter connected to the pulser. The indicated total count must be
within 2% of the true total count for the scaler to pass calibration.
There are no calibration adjustments on the scaler.

The Surveyor X high voltage is then set by exposing the probe to a
high-activity *’Sr(Y) source (~10* dpm) and adjusting the high
voltage to minimize the response to %Sr(Y) beta particles (no more
than 5 counts in 5 seconds). PAMs are checked for light leaks using
a high-intensity lamp. The background count rate is also checked.
The background must be less than 2 cpm for the PAM to pass
calibration,

The efficiency of the probe is then verified using a large area source
#Aam (50 em” probe) or %Py (100-cm” probe). The efficiency is
measured with a jig that places the probe face 6 mm (%4 in.) from the
source surface. The 50-cm’ PAM's 4-nt efficiency must be at least
14% (cpm/dpm) to pass calibration. The 100 cm® PAMs must
measure at least 10% efficient. The actual efficiency of the
instrument is printed in the limitations section of the calibration
label. 50-cm™ counting efficiencies average 17% and may be as high
as 20%.

Each PAM probe is individually matched to a count rate meter.
PAM probes cannot be exchanged between instruments without
invalidating the calibration. The calibration sticker on the PAM
body identifies the barcode number of the assigned probe. Likewise,
the calibration sticker on the PAM probe identifies the barcode
number of the assigned body.

For more information on PAM calibration, refer to PNL-MA-563,
Section 3.10.2.®

5.5 Maintenance Instructions

Routine maintenance on the PAM is performed at the Radiological
Calibration Laboratory and in the field. Routine maintenance

(a} PNL-MA-563, Radiological Calibration Procedures
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includes checking the photomultiplier tube (PMT) for noise,
checking the window for light leaks, and replacing batteries.

PAM count rate meters should never be used with any detector other
than the one they are assigned. The high voltage on PAM count rate
meters is specially adjusted for each probe and may not be appropri-
ate for other probes. If the detector is damaged, do not replace the
detector with another detector. Return both the detector and the
count rate meter to the Radiological Calibration Laboratory for
servicing.

Common problems and causes are discussed in the next few
paragraphs.

Low batteries. If the PAM has low batteries, the batteries may be
replaced in the field. Open the instrument case and replace all four
batteries with 8-V alkaline batteries. Make sure the batteries are
firmly mounted in the battery clips.

Light sensitivity. If the PAM exhibits a high count rate when
exposed to light, there may be holes in the polycarbonate (Mylar)
window. Even very small pinholes, too small to be seen with the
naked eye, can cause the PAM to exhibit light sensitivity. One way
to verify light sensitivity is to expose the probe to a light source,
verify the increased count rate, and then cover the probe with a light
shield (such as a dark cloth}) and verify that the count rate drops.

Small light leaks on the PAM probe face can be repaired in the field.
Locating a light leak involves placing the probe under a source of
light that causes easily perceived audible output and then covering
small sections of the probe face until a decrease in the count rate is
observed. Using Testor brand (or equivalent) silver paint, cover the
hole in the Mylar, The maximum area of the probe surface that is
covered with paint should be limited to 1% (0.5 cm® for 50 cm®
probes; | cm” for 100 cm® probes) of the total surface area
(approximately 9 or 18 grid holes of the mesh screen).

Cable noise. Damaged cables may cause the PAM to exhibit a noisy
response, especially when the cable is moved. Damaged cables can
be replaced in the field as long as they are replaced with a cable of
equal length. Make sure the replacement cable has MHV
connections on both ends before attempting to connect it to the
instrument. Improper cable connectors can damage the instrument
and/or the probe.

PNL-MA-562 Chapter 5.0
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Cable noise may also be caused by bending cold cables. If the
temperature is below freezing and the instrument is cold, flexing the
cable can cause counts to register on the meter.

Saturation. Very large light leaks will cause the PAM to saturate
(i.e., not respond at all). To verify that the PAM is exhibiting
saturation, place a dark cloth (e.g., a coat) over the probe. Slowly
remove the cloth while listening to the audible response. If the PAM
has large light leaks, the audible response will first increase as the
cloth is removed and then decrease as the probe face is fully exposed
to the light. If the probe is exhibiting saturation, tag it with an
Instrument Service Tag and retumn it to the Radiological Calibration
Laboratory for servicing.

Photomaultiplier tube noise. Faulty PMTs will cause the PAM to
have a noisy response when the probe is shaken or moved. To
determine if the PMT should be replaced, tap (lightly) the back of the
probe several times against your hand. If tapping the probe causes
an audible response, the PMT should be replaced. Tag the PAM
with an Instrument Service Tag and return it to the Radiological
Calibration Laboratory.

5.6 Instrument Specifications and Limitations
5.6.1 Temperature

The PAM is operable within the temperature range of -10°C to 50°C
(14°F to 122°F).

At temperatures greater than 40°C, the meter face of scaler PAMs
may warp and cause the meter needle to stick on an upscale reading.
This is generally not a problem unless you are trying to quantify
activity. Once cooled to room temperature, the meter face will return
to its original, flat shape.

5.6.2 Temperature Shock

The PAM is not affected by temperature shocks. However, it is good
practice to allow the instrument temperature to equalize with the
ambient temperature before using it to perform surveys.

5.6.3 Humidity and Pressure

The PAM is not affected by changes in ambient humidity or
pressure. The PAM should not be used in condensing environments.
For example, condensation could be encountered when moving a
cold instrument into a warm, humid environment. Condensation
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(beads of water) may form on the instrument. The instrument should
not be used under these conditions. The operator should allow the
instruments to equalize with the ambient temperature and remove
any remaining condensation.

5.64  FElectromagnetic Field Interference

The PAM may be sensitive to electromagnetic fields. Though
PMTs, in general, are very sensitive to magnetic fields, the PAM
PMT is shielded to reduce this sensitivity. However, near high
magnetic fields (10 gauss), the PAM’s response may be affected.
The magnetic field may cause the PAM response to read high or low.
A common source of fields that may affect the PAM response is
video displays. PAMs that are not adequately shielded may exhibit a
high count rate when the probe face is near a video display. If
magnetic fields are a potential concern, response checks should be
performed in the field at the distance(s) from the magnetic field
source expected during use. Less than a £20% deviation should be
observed due to the effects of the potential source of magnetic fields.

The PAM is susceptible to the effects of static charges that may build
up on the meter face. A static charge will attract the meter needle
and cause errors in readings. A static charge will cause sluggish
meter response. Tapping (lightly) the meter face will momentarily
allow the needle to move toward the actual reading. Sprays are
available that eliminate static charge build up.

5.0.4.1 Radio Frequency/Electromagnetic Interference

The PAM is not affected by external radio frequency fields.

5.6.5 Energies and Types of Radiation

The PAM responds to alpha-emitters with energies greater than
about 4 MeV,

5.6.6 Interfering Ionizing Radiation Response

Some PAMs may exhibit slight sensitivity to photon backgrounds.
Specially tuned count rate meter PAMs that have been selected for
photon insensitivity are available upon request from the Radiological
Calibration Laboratory. The standard PAM is very insensitive to
gamma radiation and typically shows no response to gamma field
strengths of | R/hr. PAMs labeled as gamma insensitive are checked
in a 4-R/hr 'Cs field and measure 0 counts in 30 seconds in the 4-
R/hr field.

PNL-MA-562 Chapter 5.0
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5.6.7 Battery Life

5.7 Applications

The PAM may also be sensitive to beta radiation. During calibra-
tion, the high voltage is set to minimize beta sensitivity, while
maximizing the alpha efficiency. In some cases, slight beta
sensitivity must be accepted in order to obtain an acceptable (>14%)
alpha efficiency. Typically, a PAM will exhibit no response to beta
radiation up to 500 mrad/hr. The requirement for beta insensitivity is
not more than 5 counts in 5 seconds when exposed to a ~10°-dpm
*Sr(Y) source.

PAMs are sensitive to neutron radiation. Sensitivity may be as high
as 11 cpm/mrem/hr of neutron radiation and averages a few
cpm/mrem/hr.

The PAM battery life is approximately 400 hours with four 9-V
alkaline batteries.

The PAM is used to survey material and personnel for alpha
contamination by direct frisk or evaluating technical smears for
removable alpha activity.

The limits given in the tables in this section are typical of
contamination limits set forth in 10 CFR 835, Appendix D, for
posting and conditional release surveys.

The limits given in the tables were also taken from U.S. Department
of Energy (DOE) Order 5400.5 and the Nuclear Regulatory
Commission (NRC) Regulatory Guide 1.86 as appropriate for
unconditional release surveys.

5.7.1 Direct Surface Contamination Measurements

The PAM can evaluate surfaces for alpha contamination. Surfaces
should be clean and dry. Alpha contamination is easily attenuated

and even a thin film of oil, water, or dust will shield alpha emitters.
Methods to perform surface contamination measurements for a few
applications as described in the following sections. As little as

5 mg/cm’ can completely shield a 5-MeV alpha particle.

57.1.1 Scanning Surveys at a 95% Confidence Level

These levels are based upon listening to the audible output count
rate. When a count is detected, the operator should stop and evaluate
the suspected area for 5 seconds. If no additional counts are
detected, the survey is continued. Otherwise, the area should be
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5.7.1.2

considered contaminated. Background is assumed to be 0 cpm with
a maximum background of 3 cpm. The probe efficiency is based on

the detector being 6 mm (% in.} above the surface.

Minimum
Detectable
Limit Maximum Scan | Activity (MDA)
(dpm/100 em®) Instrument Speed (in./sec) (dpm/100cm’)
100 50 cm’® Probe Not possible Not applicable
100 cm® Probe 0.3 100
500 50 cm’ Probe 0.7 500
100 em” Probe 1 350

Scan surveys performed to three times the total contamination Limits
are accomplished as follows.

Three Times

Limit Maximum Scan MDA
(dpm/100 em’) Instrument Speed (in./sec) (dpm/100 cmz)
50 cm® Probe 0.4 280
300
100 cm? Probe 08 280
50 em? Probe 2 1400
1500
100 em? Probe 4 1400

Scanning Surveys at a 67% Confidence Level

These levels are based upon listening to the audible output count
rate. When a count is detected, the operator should stop and evaluate
the suspected area for 5 seconds. If no additional counts are
detected, the survey is continued; otherwise, the area should be
considered contaminated. Background is assumed to be 0 cpm with
a maximum background of 3 cpm. The probe efficiency is based on

the detector being 6 mm (%4 in.) above the surface.

Limit Maximum Scan MDA
(dpm!ll}()cmz) Instrument Speed (in./sec) (dpm/100 cm’)
50 cm?® Prob 0.4 100
T cm” Probe
100 cm? Probe 0.8 100
500 50 cm” Probe 2 500
100 cm* Probe 4 500
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5.7.1.3

Scan surveys performed to three times the total contamination limits
are accomplished as follows.

Three Times
Limit Maximum Scan MDA
(dpm/160 em’) Instrument Speed (in./sec) (dpm/100 em?)

300 50 cm:Probe | 250

100 ¢cm” Probe 2 250

’p 4 1000

1500 S50 cm : robe
100 cm” Probe 10 1300

Static Surveys at a 95% Confidence Level

These levels are based upon listening to the audible output count rate
for the time period specified. When a count is detected, the operator
should reevaluate the suspected area for an additional time period, as
specified for the measurement. If no additional counts are detected,
the survey is continued. Otherwise, the area should be considered
contaminated.

Background is assumed to be 0 cpm with a maximum background of
3 ¢cpm. The probe efficiency is based on the detector being held on

contact with the surface.

Limit Count Time MDA
{(dpm/100 cm’) Instrument (sec) (dpm/100 em’)

50 cm’ Probe 20 90

100 »
100 ¢cm” Probe 10 90
50 cm” Probe 360

500 =
100 cm™ Probe 180

5.7.2  Removable Surface Contamination Measurements

The PAM is used to perform removable surface contamination
measurements in the field to the 20 dpm/100-cm” limit. Methods to
perform removable surface contamination measurements follow.
These measurements are based on taking a technical smear of a
100-cm” (lS.S-in.z) area.

A portable alpha scaler (PAS) is recommended for performing this

procedure.

A non-scaling PAM and a stopwatch may be used in situations where
a PAS is not available. The operator must count the number of
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audible “pops” heard while using the stop watch to measure the time
period specified (1 minute).

NOTE: In each of the methods that follows (Sections 5.7.2.1
through 5.7.2.4), if the result at the end of any 1- minute interval is
within the criteria given, then no further counting of the sample is
required. Performing additional counts on the same sample is only
necessary when previous counts exceed the criteria given.
Additional counts are performed to reduce the impacts due to false
positive results from any single 1-minute count.

57.21 Alpha Smear Counting on Contact (95% Confidence)

1. Perform the daily background check by taking five 1-minute
background counts. Using the five 1-minute background counts,
calculate the average background count rate by adding all
1-minute counts and dividing the total number of counts (five).

2. If the background count rate is <1 cpm then proceed to the next
step. If the background count rate is greater than or equal to 1
cpm then obtain another instrument, and return to Step 1.

NOTE: For the method described in this section, technical smears
are counted on contact with the detector (a sample holder may be
used to ensure uniform distance). The technical smear should be
centered on the detector.

3. Count the technical smear for 1 minute. If no counts are
observed then the smear is free of contamination (with an MDA
of less than 20 dpm/100 ¢m” and a confidence level of 95%). If
one or more counts are observed, then go to Step 4.

4, Count the technical smear for an additional minute (2 minutes
total). If fewer than four total counts (sum of counts from both
1-minute counts) are observed, then the smear is free of
contamination (with an MDA of less than 20 dpm/100 cm” and a
confidence level of 95%). If four counts or more are observed
then go to Step 5.

5. Count the technical smear for an additional minute (3 minutes
total). If fewer than seven total counts {sum of counts from all
three {-minute counts) are observed, then the smear is free of
contamination (with an MDA of less than 20 dpm/100 cm” and a
confidence level of 95%). If seven or more counts are observed
then the smear is contaminated and any further evaluation of the
smear should be performed using a miniscaler.
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5722  Alpha Smear Counting on Contact (67 % Confidence)

1.

Perform the daily background check by taking five ]1-minute
background counts. Using the five 1-minute background counts,
calculate the average background count rate by adding all 1-
minute counts and dividing the total number of counts (five).

If the background count rate is <1 cpm, then proceed to the next
step. If the background count rate is 1 cpm, then obtain another
mstrument and return to Step 1.

NOTE: For the method described in this section, technical smears
are counted on contact with the detector (a sample holder may be
used to assure uniform distance). The technical smear should be
centered on the detector.

3, Count the technical smear for one minute. If fewer than three

counts are observed, then the smear is free of contamination
(with an MDA of less than 20 dpm/100 cm” and a confidence
level of 67%). If three or more counts are observed, then go to
Step 4.

Count the technical smear for an additional minute (2 minutes
total). If fewer than seven total counts (sum of counts from both
I-minute counts) are observed then the smear is free of
contamination (with an MDA of less than 20 dpm/100 cm” and a
confidence level of 67%). If seven counts or more are observed,
then go to Step 5.

Count the technical smear for an additional minute (3 minutes
total). If fewer than 10 total counts (sum of counts from all three
1-minute counts) are observed, then the smear is free of
contamination (with an MDA of less than 20 dpm/100 em® and a
confidence level of 67%). If 10 or more counts are observed,
then the smear is contaminated, and any further evaluation of the
smear should be performed using a miniscaler.

5.7.2.3 Alpha Smear Counting at 6 mm (*4in.) (95% Confidence)

1.

Perform five 1-minute background counts and calculate the
average background.

If the background is < 1 cpm, then proceed to next step. If the
background is more than or equal to 1 c¢pm, then obtain another
instrument and retumn to Step 1.
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NOTE: For the method described in this section, technical smears
are counted within 6 mm (Y in.) of the detector {a sample holder
should be used to assure uniform distance). The technical smear
should be centered on the detector.

3. Count the technical smear for 1 minute. If no counts are
observed, then the smear is free of contamination (with an MDA
of 20 dpm/100 cm® and a confidence level of 95%). If one or
more counts are observed, then go to Step 4.

4. Count the technical smear for an additional minute (2 minutes
total). If fewer than two total counts (sum of counts from both
1-minute counts) are observed, then the smear is free of
contamination (with an MDA of 20 dpm/100 cm” and a
confidence level of 95%). If two counts or more are observed,
then go to Step 3.

5. Count the technical smear for an additional minute (3 minutes
total). If fewer than four total counts (sum of counts from all
three 1-minute counts) are observed, then the smear is free of
contamination (with an MDA of 20 dpm/100 cm” and a
confidence level of 95%). If four or more counts are observed
then the smear is contaminated, and any further evaluation of the
smear should be performed using a miniscaler.

5724 Alpha Smear Counting at 6 mm (%4 in.) (67 % Confidence}

1. Perform five 1-minute background counts and calculate the
average background.

2. If the background is <1 cpm then proceed to the next step. If the
background is more than or equal to 1 cpm, then obtain another
instrument and return to Step 1.

NOTE: For the method described in this section, technical smears
are counted within 6 mm (% in.) of the detector (a sample holder
should be used to assure uniform distance). The technical smear
should be centered on the detector.

3. Count the technical smear for 1 minute. If fewer than two counts
are observed, then the smear is free of contamination (with an
MDA of 20 dpm/100 cm® and a confidence level of 67%). If two
or more counts are ohserved, then go to Step 4.

4. Count the technical smear for an additional minute {2 minutes
total}. If fewer than five total counts (sum of counts from both
1-minute counts) are observed, then the smear is free of
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5.7.3 Counting Air Samples

5.8 References

contamination (with an MDA of 20 dpm/100 cm” and a
confidence level of 67%). If five counts or more are observed,
then go to Step 5.

5. Count the technical smear for an additional minute (3 minutes
total). If fewer than seven total counts (sum of counts from all
three 1-minute counts) are observed, then the smear is free of
contamination (with an MDA of 20 dpm/100 ¢m® and a
confidence level of 67%). If seven or more ¢ounts are observed,
then the smear is contaminated and any further evaluation of the
smear should be performed using a miniscaler.

A field measurement of an air sample may be performed using the
PAM probe. These measurements should be used for indication only
and should be verified using count room instruments or a miniscaler.

NOTE: For information on technical manuals, see Bibliography.

10 CFR 835. 1999. U.S. Department of Energy. “Occupational
Radiation Protection.” U.S. Code of Federal Regulations.

U.S. Department of Energy (DOE). 1990. “Radiation Protection of
the Public and the Environment.” DOE Order 5400.5.

NRC Regulatory Guide 1.86, “ Termination of Operating Licenses
for Nuclear Reactors”, dated June 1974, published by the Nuclear
Regulatory Commission

International Atomic Energy Agency (IAEA). 1970. Technical
Report 120.
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6.0 Portable Geiger-Miiller Survey Instruments

6.1 Instrument Description and Theory of Operation

6.1.1  Physical Description

The pancake Geiger-Miiller (GM) contamination survey instrument
consists of a count rate meter and a pancake GM detector. The count
rate meter may be a Bicron Surveyor X or, most commonly, it may
be a member of the Eberline E-140 series. There are essentially four
model numbers of Eberline count rate meters used; all are function-
ally equivalent. These are the Eberline E-140, E-140B, BNW, and
BNW-1. The Eberline count rate meters are commonly referred to as
GMs.

In addition to the information provided in this document, detailed
technical information can be found in the manufacturer’s technical
manuals listed in Section 6.8 or by calling the Pacific Northwest
National Laboratory's (PNNL’s) Radiological Calibration
Laboratory.®

The Eberline E-140 has a rectangular metal case with an integral
carrying handle and probe clip (see Figure 6.1). Attached to the side
of the instrument is an exiernal speaker with its own ON-OFF switch.
A phone output is provided for earphones or for counting events with
a scaler. The probe attaches to the instrument with a Bayonet nut
connector (BNC). The Eberline E-140B, BNW, and BNW-1 are
essentially identical to the Eberline E-140. Headphones can be
obtained from the Radiological Calibration Laboratory.

The Eberline E-140 weighs 1.5 kg (3.4 1b) and measures 22 cm
(8.5 in.) long by 9.8 cm (3.9 in.) wide by 18 ¢cm (6.9 in.) high,
including the handle and probe clip.

The Bicron Surveyor X is similar in overall dimensions to the
Eberline E-140. The Bicron Surveyor X is depicted in Figure 5.1.
There are a few major physical differences between the two
instruments. The Bicron Surveyor X has an internal speaker, a BNC
connector, and a high-voltage indication position on the selector
switch. The Surveyor X also has automatic dead-time compensation
and anti-saturation circuitry, adjustable high-voltage supply, preset
response times (optimized for each range), and an over-range alarm.

(a) Contact the Radiological Calibration Manager at (509) 376-5624.
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6.1.1.1

When using a Bicron Surveyor X, an off-scale meter response will
trigger the over range alarm when the audio switch is off. Switch the
instrument to the next highest range, The alarm will clear when the
meter response drops back on scale.

Response checks should be performed periodically during continu-
ous use, at a minimum, when the instrument is turned on. Response
check with the integral source.

The linearity of the E-140 and the Bicron Surveyor X is +5% of full
scale over the entire range of the instruments. With GM probes,
there is an apparent change in linearity of the E-140 because of the
long resolving time associated with GM tubes (see Section 6.6). The
Bicron Surveyor X has dead-time compensation to maintain a linear
response even at high count rates.

Both the Bicron Surveyor X and the Eberline E-140 have a 0- to
1,000-cpm-meter and a three-position range switch. The ranges are
X1, X10, and X100. Both instruments have an upper count rate limit
of 100,000 cpm,

The response time is generally specified by the manufacturer as the
time for the instrument reading to reach 90% of final value after a
change in the radiation field. The RC time constant of the instrument
can be calculated from the 0 to 90% response time by dividing the
0 to 90% response time by 2.3. “RC” is used often to represent the
time constant and comes from an abbreviation for resistor (R) and
capacitor (C). The response time of the E-140 is continuously
adjustable by the response control from 2 to 10 seconds (RC time
constant of 0.9 to 4.3 seconds). The Bicron Surveyor X has preset
response times for each range. The actual response time for each
range is listed below in the following table.

Response Time and Time Constant (RC) of Bicron Surveyor X

Range Response Time (s) RC Time Constant (s)
X1 (0 to 1000 cpm) 12 5.2
X160 (0 to 10,000 cpm) 5 5.2
100 (0 to 100,000 cpm) 2 0.9

Response Time and Time Constant {RC) of Eberline E-140

Range

Response Time (s)

RC Time Constant (s)

All

2to 10

091043

Pancake GM Probe

Two types of GM detectors commonly referred to as a “pancake probe™
or “P-11," are used at the Hanford Site; a pancake GM detector (see
Figure 6.2) and a shielded GM detector (Figure 6.2.a). Both detectors
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Figure 6.2. GM Pancake Probe

Figure 6.2.a. Shielded GM Detector
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use a “pancake” GM tube that has a thin mica window. The mica
window is approximately 1.4 mg/cm? thick and has an active area of
15.5 cm®. The thin mica window of the probe is very fragile and is
protected by a fine mesh copper-beryllium or stainless steel screen.
Both detectors operate at a high voltage of about 900 V.,

The overall length of the unshielded probe is 26 cm (10.25 in.). The
handle of the probe clips into the spring steel holder on the instrument
handle.

Tungsten- and lead-shielded GM detectors are available for use in
areas with high gamma backgrounds. These are functionally
equivalent to the pancake GM detector. The tungsten option offers
shielding equivalent to the lead shield without the hazardous material
problems associated with lead. Shielded GM detectors are
frequently used with an optional sample holder tray.

6.1.2 Radiation and Energy Response

6.1.3  Integral Sources

The pancake GM detector responds to alpha, beta, and photon
{gamma and x-ray) radiations. Beta and gamma radiation energy
response is shown in Figures 6.3 and 6.4 (see Section 6.6.6). The
pancake GM detector efficiency is about 8% for **°Th, ***Pu, or
*"'Am. The pancake GM detector does not detect neutrons.

Count rate meters provided with GM detectors have internal sources
used to response check the instruments. The source is either

~0.3 uCi of natural uranium or 85 nCi of °Sr/Y. The source is
mounted on a flapper assembly that shields the source when the
instrument is held horizontally. When the instrument is held
vertically (with the meter up), the flapper opens to expose the source.
The location of the internal source is shown on the outside of the
instrument with a radiation symbol sticker (trefoil).

6.2 Operating Instructions

Connect a GM detector to an appropriate count rate meter using a
cable that has BNC connectors.

NOTE: Do not attempt to force mega high-voltage (MHV) cable
connectors onto the detector or the count rate meter. Forcing
mismarched conneciors can damage the connectors.

Ensure that performance tests have been performed (see
Section 6.3),
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6.2.1  Correction Factors

Turn the instrument on, set the range switch on the lowest range, and
allow a 10-second warmup. Turn the instrument speaker on. Set the
response, if adjustable, to the slowest setting and estimate the
background. Wait approximately 2 RC time constants (see

Section 6.1.1) for the instrument to reach the final value.

On Eberline count rate meters, the response contrel may be adjusted
for the desired response time. For low count rates, a longer response
time (slower meter movement) is generally more desirable. On
Bicron Surveyor X count rate meters the response time is preset for
each range and cannot be adjusted.

To survey material or personnel, hold the probe approximately 6 mm
(% in.) from the surface to be surveyed and move the probe at the
desired scan speed (see Section 6.7), while listening to the meter’s
audible response. Avoid touching the probe to potentially
contaminated surfaces. The probe window is fragile and can be
damaged by contacting small, sharp objects (e.g., pencil points,
grass, tumbleweeds),

If the audible count rate is elevated above background, investigate by
pausing over the suspected area for 5 seconds, then scan
approximately 13 ¢cm (5 in.) of the previous path at a reduced rate.

NOTE: For the Bicron Surveyor X, the over-range alarm is enabled
only when the audio switch is turned off. When the audio switch is in
the ON position, the over- range alarm is not operational.

- To obtain the correct count rate, multiply the meter reading by the

scale factor shown on the range selector switch.

To convert an instrument response (in cpm) to a beta activity (in
dpm), the general rule of thumb is to multiply the reading by a factor
of 10. This is an acceptable (and conservative) practice for all
measurements performed by the GM survey instrument.

If the radionuclide of the source (contamination) is known, then a
more accurate measurement can be made by dividing the count rate
meter response by the appropriate instrument efficiency.
Efficiencies for a few (i.e., *°St/Y, “'Cs, *Tc¢) radionuclides are
printed on the calibration label of each detector.

To convert a measurement from dpm/probe area to dpm/100 cm?,
sum six adjacent probe areas to determine the dpm/100 cm’ for the
area,
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If the measurements are constant over the area, then the
dpm/100 ¢cm’ can be calculated by multiplying the dpm/probe area
by 6 to obtain dpm/100 cm’,

6.2.2 Correction Factor Thumb Rules

A correction factor of 10 is frequently used to convert count rate
from a GM pancake probe to dpm per probe area. Another
correction factor of 5 is then commonly used to convert the activity
per probe area to activity per 100 cm®. The purpose of this section is
to describe the circumstances under which it is acceptable to use the
rules of thumb.

The thumb rule correction factors are appropriate if the lowest
energy beta-emitter that contributes significantly to the total activity
is ®Tc. The next two paragraphs compare the correction factor using
the thumb rules to the worst-case true correction factor.

If “Tc is the lowest energy beta-emitter, and the minimum efficiency
for a pancake GM detector to pass calibration is 12%, then the
maximum efficiency correction factor would be 8.33. Multiplying
the efficiency correction factor by the area correction factor (6) gives
a total maximum, correction factor of 50.

If the thumb rules are applied, the total correction factor is also

50 (10 * 5). The conclusion is that using the thumb rules provides a
total correction factor that is equal to the worst-case conditions for
the true correction factor. For all other cases (i.e., higher **Tc
efficiency, higher energy isotope of interest), the true correction
factor will be less than 50.

6.3 Performance Test Instructions

6.3.1 Operability Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails any of the
operability checks, other than the battery test, fill out an Instrument
Service Tag to identify the problem, attach it to the instrument, and
return the instrument to the Radiological Calibration Laboratory for
servicing,
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6.3.2

6.3.2.1

Source Check

Initial Source Check

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker.

2. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours.

3. Inspect the instrument for physical defects, such as broken meter
glass, loose knobs, punctured probe windows, or defective
cables. '

4. Turn the count rate meter selector switch to the battery check
position (BATT)}. The meter should read above the BATT cutoff
position shown on the meter. If the batteries are low, see
Section 6.5.

5. Turn the selector switch to the X1 position and allow a 10-second
warmup.

6. Use the integral source to verify that the instrument responds to
radiation. On Eberline count rate meters, push the RESET button
during the response check. The reading should drop to zero
rapidly, than climb back to the original source reading when the
RESET button is released.

7. Proceed with the survey with the instrument on the X1 range (or
other range if appropriate).

The GM probe ts source checked using a GM check source
assembly. The initial source check is performed when the instrument
is first received from the Radiological Calibration Laboratory.
Source checks are performed daily or before each use if the
instrument is used less often than daily. All three ranges of the
instrument should be source checked. Response limits are applicable
to probes, not count rate meters.

Initial source checks should be performed immediately upon
receiving a GM probe from the Radiological Calibration Laboratory.
Probes should not be placed into storage until after performing the
initial source check.

PNL-MA-562 Chapter 6.0
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63.2.2  Daily Source Check

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable. For
the GM, the initial response is considered reasonable when the
response is within

* the acceptable ranges printed on a calibrated source assembly
o 220% of the mean instrument response for that source.

The acceptable range should allow for variations resulting from
differing probe efficiencies.

Connect the GM probe to any count rate meter (preferably one that
has recently been calibrated). Remove the cardboard shield from the
detector and place the detector over the check source assembly.
Move the source to the appropriate position for the scale of the
instrument being tested and note the instrument response, Multiply
the instrument response by 0.8 and 1.2 to determine the acceptable
range for that instrument scale. Repeat the initial source check for
all instrument scales.

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/probe combination.

Remove the cardboard cover from the probe, as applicable. Place the
GM probe over the source position on the check source assembly.
Move the source to the appropriate position for each range of the
instrument. The instrument response, on all scales, should fall within
the acceptable values determined during the initial source check.

If the instrument fails, it may be a failed GM detector or a failed
count rate meter. First, replace the pancake probe and repeat the
daily source check using the initial source check limits established
for the new probe. If the instrument performs satisfactorily during
the daily source check, then the original probe was at fault. Tag the
original probe with a completed Instrument Service Tag and return it
to the Radiological Calibration Laboratory, If the instrument does
not perform properly during the second daily source check, the meter
is probably faulty. Tag the count rate meter with a completed
Instrument Service Tag, and return it to the Radiclogical Calibration
Laboratory.
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6.3.2.3  Response Checks

The GM survey instrument is response checked using the integral
check source installed inside the case of the count rate meter. The
check source, **U or ¥Sr/Y, is mounted in an assembly that includes
a shield or “flapper” that swings out, exposing the source, when the
instrument is held vertically. When the instrument is held
horizontally, the flapper swings shut, shielding the source. The
location of the source is marked with a sticker that has a radiation
symbol.

To response check the instrument, turn it on and hold it vertically,
Hold the detector against the case in the area near the check source
(over the trefoil). Verify that the instrument meter and audible
response increase when the detector is placed over the check source.

6.4 Calibration Instructions

The GM detectors and count rate meters are calibrated at the
Radiological Calibration Laboratory at the 318 Building in the

300 Area. The calibration described in this section is performed by
Radiological Calibration Laboratory staff.

Before calibration, instruments are inspected to make sure they are in
good working order. Count rate meters are checked for low batteries
and meter oscillations. Detectors are checked for contamination
(maximum allowed background is 60 cpm). All instruments are
inspected for physical damage and repaired before calibration.

As part of the calibration, as-found efficiency readings are measured
for each pancake probe using *Sr/Y. A ~10,000 dpm source is used
to evaluate efficiency after a 1-minute counting interval. If the as-
found readings are below 21%, the probes fails the as-found test, and
the Radiological Calibration Laboratory informs the radiological
control organization that last used the instrument of the failure.
Failed probes are sent to the repair facility for evaluation and repair.
If the initial efficiency is 21% or greater, a second 1-minute
efficiency measurement is made using a ~100,000 dpm

®Sr/Y source. If the efficiency at ~100,000 dpmis >3 percentage
points from the ~10,000 dpm efficiency (indicating unacceptable
dead time), the probe is sent to the repair facility for evaluation/
repair. Pancake GM detectors are calibrated with *¥Sr/Y, with a
minimum acceptable efficiency of 21%. The *Tc and "¥'Cs
efficiency are calculated, based upon an empirical study of GM
detector response, relative to Sr. The *’Cs efficiency is 0.66 times
and the **Tc efficiency is 0.48 times the ¥St/Y value. ¥Co
efficiencies are not listed, but are equivalent to the **Tc efficiency.
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GM detectors are also checked for increases in dead time due to
aging by checking the efficiency with a high-activity *°Sr(Y) source
(~100,000 dpm). Typical efficiencies are 27% for **Sr(Y), 18% for
"¥7Cs, and 13% for *Tc. The calibration label for pancake GM
probes includes the efficiency for #Te, Y'Cs, and PSr(Y). These
probes are individually calibrated and may be transferred from one
GM count rate meter to another in the field.®

Before calibration, as-found readings at 80% of each range of the
count rate meter are evaluated and recorded. If the meter as-found
readings are greater than +20% out of tolerance, the Radiological
Calibration Laboratory informs the radiological control organization
that last used the instrument of the failure.

Count rate meters are calibrated electronically using a calibrated
nuclear pulse generator. Meters are calibrated at 80% of full scale on
all three ranges. The response is then checked at 20% of full scale
on each range. The response at both 20% and 80% of full scale must
be within 5% of the true count rate for the instrument to pass
calibration. The meters are then checked with a GM detector to
verify that they function correctly with the GM detector.

For more information on instrument calibration, refer to
PNL-MA-563, Sections 3.7 and 3.9.2.”

6.5 Maintenance Instructions

Routine maintenance on the GM survey instruments is performed
both in the field and at the Radiological Calibration Laboratory.
Routine maintenance includes checking the detector for aging,
checking cables for noise, and replacing batteries.

Low battery. If a low-battery condition is indicated, batteries may
be replaced in the field. To replace the batteries on a Bicron
Surveyor X, open the clips and remove the case. Replace all four
3-V batteries at the same time with alkaline batteries. After
replacing the batteries, perform a daily source check to verify that
the instrument is working properly.

To replace the batteries on the Eberline E-140 and simiiar
instruments, open the clips and remove the case. Replace both
D-cell batteries at the same time with alkaline batteries. After

(a) Letter from DM Fleming, Pacific Northwest National Laboratory, to JM Selby, Pacific Northwest
National Laboratory, “Pancake Probe Usage with Multiple GM Count Rate Meters,”
February 12, 1990.

(b) PNL-MA-563, Radivlogical Calibration Procedures.
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replacing the batteries, perform a daily source check to verify that
the instrument is working properly.

Broken GM detector window. Pancake detectors are fragile and
are easily broken. If the pancake detector tube breaks during use,
return the probe with the broken window to the Radiological
Calibration Laboratory.

Erratic response or no response. Cables can fail during routine
use. Cable failures will either cause the instrument to not respond or
will cause the instrument to be “noisy” (i.e., sporadic high count
rate). Cables may be replaced in the field. After replacing the cable,
perform a daily source check to verify that the instrument is working
properly. Cables may be replaced with longer cables if the
instrument, with the longer cable, passes the daily source check.

NOTE: When replacing cables, make sure that the cable has BNC
connectors. Forcing mismatched connectors can damage the cables,
detectors, and/or the instruments.

Transparent mica window. The mica window of the pancake GM
detector is coated with a thin layer of graphite that serves two
purposes. First, it contributes to the electric field inside the GM
tube. Second, it shields the GM tube from light. For most Hanford
applications, the absence of the graphite will not affect the GM
tube’s performance. If the graphite has been rubbed or washed off,
the GM probe is still usable provided it passes the daily source
check.

6.6 Instrument Specifications and Limitations

6.6.1 Temperature

The GM survey instrument is operable within the temperature range
of -40°C to 60°C (-40°F to 140°F).

6.6.2 Temperature Shock

The Bicron Surveyor X and the Eberline E-140 are not affected by
temperature shocks. It is good practice to allow the instruments to
equalize with the ambient temperature before performing a survey,
but, if time does not permit, it is not necessary for these instruments.

6.6.3 Humidity and Pressure

The GM survey instrument is insensitive to changes in humidity and
pressure. It may be used in all non-condensing conditions
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encountered on the Hanford Site. For example, condensation could
be encountered when moving a cold instrument into a warm, humid
environment. Condensation (beads of water) may form on the
instrument. The instrument should not be used under these
conditions. The operator should allow the instruments to equalize
with the ambient temperature and remove any remaining
condensation,

6.6.4  Electromagnetic Field Interference

The GM survey instruments are not affected by electromagnetic
fields.

6.6.5 Radio Frequency/Electromagnetic Interference

The GM survey instruments are not affected by external radio
frequency fields.

6.6.6 Energies and Types of Radiation

The GM survey instrument responds to alpha, beta, and gamma
radiations. It will detect beta-emitters with energies above 100 keV
(e.g.. "*C with Buuy = 156 keV) and alpha-emitters with energy above
about 3 MeV (e.g., uranium, ~*Th). Beta and photon radiation
response is depicted in Figures 6.3 and 6.4, respectively. A typical
efficiency for gamma radiation is <0.5%.

Beta response averages 2100 cpm/mrad/hr.™

6.6.7 Interfering Ionizing Radiation Response
The GM survey instrument is insensitive to neutrons.

Because the pancake probe has a thin window, it will respond to
alpha emitting contamination. The typical efficiency for alpha-
emitters is about 8%. However, because of the instrument’s
relatively high background (compared with a portable alpha meter
[PAM]) it is not suitable for alpha contamination surveys.

The pancake probe is also sensitive to gamma radiation. Though
designed to minimize sensitivity to gamma radiation (which
contributes to the instrurnent’s background count rate), the pancake
GM probe has an efficiency of less than 1% for gamma radiation.
The typical count rate from background gamma radiation is

(a) Letter from LA Rathbun, Pacific Northwest National Laboratory, to JJ Fix, Pacific Northwest
National Laboratory, “P-11 Pancake Probe Response versus Measured Beta Doses,”” March 27, 1985,
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approximately 3,600 cpm/mR/hr for '’Cs photons and is highly

energy dependent (see Figure 6.4).
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Figure 6.3. Beta Response of Pancake Probe. (Note: The high-energy data point was collected from a
*$1r/Y source and therefore the data point is influenced by the *Sr component.)
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Figure 6.4. Photon Response of Pancake GM Probe
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6.6.8  Battery Life

The E-140 uses two D-cell batteries and has a battery life of approxi-
mately 200 hours. The Bicron Surveyor X uses four 9-V batteries
and has a battery life of approximately 400 hours.

6.6.9 Dead Time and Saturation

6.7 Applications

Extremely high count rates may cause an apparent decrease in the
counting efficiency of pancake GM detectors (as much as 40%)
because of increased dead-time losses. The calibration procedure
limits the dead time to approximately 240 us. With a dead time of
240 ps, an observed count rate of 80,000 cpm is equivalent to an
actual corrected count rate of 120,000 cpm. The equation below can
be used to correct observed readings when count rates above

50,000 cpm are encountered

R _ R()‘
1~R,T
where
R = actual count rate (counts per second)
R, = observed count rate (counts per second)

t

dead time (seconds)

When used with Eberline count rate meters, saturation may be
evident in radiation fields of 7 R/hr or greater. When saturation
occurs, the count rate meter will indicate a down-scale reading
(possibly zero cpm) as the radiation field increases. Bicron Surveyor
X count rate meters will lock on an off-scale high reading and alarm
if the detector saturates,

NOTE: The following sections represent commori applications and
provide specific guidance regarding scan speed, static measurement
duration, probe to surface distance, radionuclides, and background
radiation limitations. Alternative methods can be developed for
specific applications. Contact the Radiological Calibration
Laboratory for assistance.
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6.7.1 Total Surface Contamination Measurements

The GM survey instrument is most commonly used to perform direct
measurements of total surface contamination. Methods to perform
surface contamination measurements for a few applications follow.
The limits given in the tables in this section are typical of contamina-
tion limits set forth in 10 CFR 835. The minimum detectable
activities (MDAs) reported in this section were developed at
PNNL.®

6.7.1.1 Scanning Surveys at a 95% Confidence Level (Total Limit)

These levels are based upon listening to the audible output count
rate. Contamination is detected when the measurement is perceived
to be above background. The maximum background is limited to
150 cpm and the efficiency is based on the detector being 6 mm

(Y in.) above the surface.

Maximum Scan
Limit (dpm/100 cmz) Speed (in./s) MDA (dpm/100 cmz)
B 5,000 1 #Tc worst case | 4,400
By 2,900
PSe(Y) 2,000
Uranium: 5,000 2 3,200
*SrY: 1,000 Not possible Not applicable

Scan surveys performed to three times the total contarmination limits
are accorplished as follows.

Three Times Limit | Maximum Scan
(dpm/100 cm?) Speed (in./s) MDA (dpm/100 cm®)
B 15,000 2 #T¢ worst case 11,000
Bics 7,300
N81(Y) 5,000
Uraninm: 15,000 8 13,000
0SrY: 3,000 ] 2,000

(a) Letter, ML Johnson, Pacific Northwest National Laboratory, to ME Hevland, Chair, Radiation
Protection Forum, “Minimum Detectable Activity of Hanford Contamination Survey Instruments,”

December 27, 1993,
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6.7.1.2  Scanning Surveys at a 67% Confidence Level (Total Limit)

These levels are based upon listening to the audible output count
rate. Contamination is detected when the measurement is perceived
to be above background. The maximum background is limited to

150 cpm and the efficiency is based on the detector being 6 mm
(% in.) above the surface.

Maximum Scan
Limit (dpm/100 cm’) | Speed (in./s) MDA (dpmv/100 ¢m?)
B 5,000 2 “Tc worst case 4,400
adler 2,900
0Sr(Y) 2,000
Uranium: 5,000 6 3,900
0SrY; 1,000 i 1,000

Scan surveys performed to three times the total contamination limits
are accomplished as follows.

Three Times Limit | Maximum Scan
(dpm/100 cmz) Speed (in.J/s) MDA (dpm/100 cm’)
B 15,000 6 PTc worst case 13,000
1358 8,700
Sr(Y) 6.000
Uranium: 15,000 18 12,000
SrY: 3,000 2 2,000

6.7.1.3 Static Surveys at a 95% Confidence Level (Total Limit)

These levels are based upon listening to the audible output count rate
for 5 seconds. Contamination is detected when the measurement is
perceived to be above background. When contamination is detected,
the activity per 100 cm” is measured as the sum of six adjacent
pancake probe measurements using the meter to quantify the activity.
Background is limited to 150 cpm and efficiency is based on the
detector being in contact with the surface,

Limit (dpm/100 cm® | MDA (dpm/100 cm?)

B8 15,000 ®Tc worstcase | 5,700
Bics 4,000
0Sr(Y) 3.600

Uranium: 15,000 2,600

*Sry: 1,000 3,600
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6.7.2 Removabie Surface Contaminatio_n Measurements

The GM survey instrument is used to perform removable surface
contamination measurements. Methods to count removable surface
contamination measurements are described in the following sections.

6.7.2.1 Scanning Surveys at a 67% Confidence Level (Removable Limit)

The only removable limit that is detectable using a direct scanning
survey 1s the uranium limit. The GM probe is not capable of meeting
the removable limit with a direct survey for any other category.
These levels are based upon listening to the audible output count
rate. Contamination is detected when the measurement is perceived
to be above background. Background is limited to 150 cpm and the
probe within a 6 mm (% in.) of the surface.

MDA 650 dpn/100 cm” at 67% confidence when scanning at
1inJs
£

6.7.2.2 Direct Static Surveys at a 67% Confidence Level (Removable Limit)

Based upon making a direct measurement of the surface using the
meter on the slow time constant (10 seconds), holding the probe

6 mm (% in.) above the surface for 20 seconds and averaging the
observed meter reading for the last 10 seconds (ignore first

10 seconds), contamination is detected, at a 67% confidence level, if
the average indication is above background. When contamination is
detected, the activity per 100 cm® is measured as the sum of six
adjacent pancake probe measurements using the meter to quantify
the activity. Background is limited to 50 cpm.

MDA: 1,000 dpm/100 cm’ or 155 dpm per probe area at 67%
iconfidence for ®Tc (mixed fission products [MFPs])

6.7.2.3  Ewvaluating Technical Swipes Surveys at a 95% Confidence Level (Removable Limit)

These levels are based upon listening to the audible output count rate
for 5 seconds. Contamination is detected when the measurement is
perceived to be above background. Background is limited to

150 cpm and the probe on contact with the swipe.
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6.7.3  Counting Air Samples

6.74  Personnel Dose Rates

6.8 References

Isotope and Release
Limit (dpm/100 em®) | MDA (dpm/100 cm®)
B 1,000 PTc worst case 900
Wics 625
Sr(Y) 560
Uranium: 1,000 400
*SrY: 200 550

A field measurement of an air sample may be performed using the
GM probe. These measurements should be used for indication only
and should be verified using count room instruments or a miniscaler.

GM instruments should not be used to determine exposure rates.
Uncempensated GM detectors, such as those used in the pancake
probe and shielded GM probe, are very dependent on both the energy
of the radiation being detected and the source-to-detector geometry.

NOTE: For information on technical manuals, see Bibliography.
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7.0 Ludlum Model 177-X Series Count Rate Meter

7.1  Instrument Description and Theory of Operation

7.1.1  Physical Description

The Ludlum 177 series consists of a series of alarming count rate
meters (CRMs) used for detecting and measuring alpha, beta, and
gamma radiation on the Hanford Site.

These CRMs are powered by altemating current (AC) powered and
are capable of operating with several optional probes for
contamination surveys. They are frequently referred to as “bench
monitors” or “friskers.” These CRMs are generally used with
scintillation probes for alpha contamination surveys or with
Geiger-Miiller (GM) detectors for beta-gamma contamination
surveys.

The Ludlum CRMs are available in various models: 177
(Figure 7.1), 177-3, 177-8, 177-33, 177-36 (Figure 7.2), 177-37,
177-50, and 177-56.

The Ludlum CRMs are rectangular boxes measuring approximately
15 cm (6 in.) by 20 cm (8 in.) by 13 em (5 in.). The instruments
weigh approximately 1.8 kg (4 Ib), including the battery, The
Ludlum 177 series has a number of common features including a
linear scale marked from zero to 500 counts per minute (cpm), an
internal speaker, volume control, range selector, fast-slow response
switch, RESET button, a mega high-voitage (MHV) probe connector,
and an alarm indicator light. These common features are located on
and controlled from the front panel of the instrument, Common
features located on and controlled from the back panel include a
recorder jack, alarm set controls (step function or continuous),
discriminator controls, calibration potentiometers, and a variable
high-voltage potentiometer.

Ludlum 177 CRMs have a fast-slow response time switch that
selects a fast (2.2-second) or slow (22-second) response time. The
response time is the time for the instrument response to increase
from 0 to 90% of the full-scale reading.

These CRMs are operated as bench monitors from AC line voltage.
Some may be used for a short time as portable bench monitors, using
an internal rechargeable GEL-CELL battery,
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With a few exceptions, the above features are basic to all Ludium
bench monitors, In addition, see Table 7.1 for distinctive features of
each model in the series.

Table 7.1. Ludlum CRMs

Model

Description

Ludlum Model 177

The Model 177, shown in Figure 7.1, has all of the
above basic features, plus a background subtracticn
switch and an adjustment that provides zero to full-
scale background subtraction. It also has a fast-
charge jack that allows the GEL-CELL battery to be
fast charged from an external source,

Ludlum Medel 177-3

The Model 177-3 has a high-voltage test button that,
when activated, displays the high-voltage reading on
the meter.

Ludtum Modet 177-8

The distinguishing or additional features of the
Model 177-8 include a low-battery indicator tamp,
bauery strength indicator button, and a fast battery
charge jack allowing the GEL-CELL battery to be
fast charged from an external source. The Model
177-8 also includes a BNC pulse cutput connector
for external scaler connection, alarm test, and
voiume controls.

Ludlum Model 177-33

Additional features included on the Model 177-33
are a high-voltage test button and two probe
connectors {one bayonet nut connector [BNC] and
one MHV), The 177-33 can be set up for
simultaneous use with an alpha scintitlation probe on
the connector labeled D.T. and a GM probe on the
connector labeled G.M. A detector selector switch is
provided for choosing the preferred detector.
Corresponding discrimiaator controls and high-
voltage controls for each connector are located on
the back panel of the count rate meter (CRM).

Ludium Model 177-36

The Model 177-36, shown in Figure 7.2, includes a
high-voltage test button, two probe connectors
{MHY for use with alpha scintillation detectors and
BNC for use with GM detectors), a detector selector
switch, corresponding discriminator, and high-
voltage controls for each connector, and an audic
jack for use with an external speaker. This unir also
has an internal GEL-CELL battery.

Ludlum Model 177-37

Additional features of the Model 177-37 include a
high-voltage test button and an audio jack for use
with an external speaker.

Ludium Model 177-50

This model features a 5-decade log meter with a
range of 10 cpm to 1,000,000 cpm. A separate scale
check is provided for the high-voltage readout and
battery check. Other distinguishing features include
a high-voltage test button, a battery test bution, an
alarm set test button, pulse output connector for
external scaler connection, and a fast-charge jack for
the GEL-CELL.

Ludium Model 177-56

This model features dual probe connectors and a
detector selector switch, allowing for both beta and
alpha monitoring. Additional features include two
discriminator potentiometers to set the discriminator
sensitivity for the detectors. The high voltage can be
read from the meter when the high-voltage test
button is activated.
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7.1.2  Radiation and Energy Response

7.1.3  Integral Sources

The Ludlum CRMs may be used with pancake GM detectors, 50-cm’
alpha scintillator, or 100 em” alpha scintillators. Section 6.1.2
describes the pancake GM detector and Section 5.1.2 discusses the
alpha scintillation detectors.

Sources are attached to bench monitor bodies to provide for response
checking the instruments. *°Th is used for alpha monitors and
apiece of lantern mantle provides a response check for beta detectors
(e.g., GM). The **Th source may have an activity of either 500 or
5,000 dpm depending on the particular source used. The activity of
the lantern mantle also varies depending on the size of piece used.
Typical count rates from lantern mantle check sources vary from a
few hundred to a couple thousand cpm.

7.2 Operating Instructions

7.2.1 Correction Factors

Operation of these CRMs is dependent upon the attached probe.
Operating instructions for CRMs used with GM pancake probes are
contained in Section 6.2 of this manual. Likewise, when the Ludlum
177 is used with an alpha scintillation probe, Section 5.2 of this
manual provides guidance for its use.

NOTE: When switching between the GM probe and the alpha
scintillation probe, on Ludlum 177-series bench monitors that are
calibrated with both, counts may continue to be heard from the GM
probe for several seconds while the high voltage on the GM probe
dissipates. Becaiise the bench monitor does not have different tones
Sfor the GM and alpha channel, the counts from the GM probe are
indistinguishable from alpha counts. Therefore, when switching
Jrom a GM to an alpha probe, allow several seconds (e.g., 310 §)
before making measurements with the alpha probe.

Correction factors are applied for the specific probes being used with
the Ludium 177 CRM. Refer to Section 6.2.1 for GM probes, and
Section 5.2.1 for alpha probes for specific information regarding
appropriate correction factors for use.
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7.3 Performance Test Instructions

Performance testing protocols are governed by the probe type. Refer
to Section 6.3 of this document for GM probes and Section 5.3 for
alpha probes.

7.4  Calibration Instructions

Survey instruments powered by AC are calibrated at the Radiological
Calibration Laboratory, located at the 318 Building, in the 300 Area.
The calibration described in this section is performed by
Radiological Calibration Laboratory staff.

Prior to calibration, instruments are inspected to make sure they are
in good working order. Each instrument is inspected for physical
damage. Damaged instruments are repaired before calibration. As-
found readings at 80% of full-scale on each range and the as-found
efficiency are recorded before calibration. If the as-found readings
are more than £20% out of tolerance, the Radiological Calibration
Laboratory contacts the radiological control organization that last
used the instrument to inform them of the problem.

Electronic and radiological calibrations are performed on bench
monitors. The electronic calibration consists of verifying the
discriminator or threshold setting and verifying the response of the
meter using an electronic pulser. The meter response is calibrated on
each range at 80% of full scale and verified at 20% of full scale.

Scintillation detectors are checked for minimum counting efficiency
and maximum background count rate. GM detectors are checked for
maximum acceptable background count rate and counting efficiency.
Specific information regarding GM and scintillation probe
calibration can be located in Sections 6.4 and 5.4, respectively, of
this manual.

Detailed information on calibrating AC-powered survey instruments
can be found in PNL-MA-563, 4.1.10, Bench Monitors Calibration
Procedure and 3.7.0 GM Pancake Probe.®

7.5 Maintenance Instructions

Routine maintenance on AC-powered survey instruments is
performed at the Radiological Calibration Laboratory and includes
checking rechargeable batteries and cleaning contacts. Probe-

(a} PNL-MA-563, Radiological Calibration Procedures.
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specific issues should be reviewed in the appropriate chapter of this
document, Section 6.5 (GM) and 5.5 (scintillator).

GM probes can be replaced in the field in the same manner that GM
probes are replaced on the portable GM survey instrument.

7.6 Environmental Specifications and Limitations

7.6.1 Temperature
AC-powered instruments are intended for use indoors where the
temperature is controlled. The Ludlum 177 series instruments may
be used over the temperature range of -10°C to 50°C (14°F to
122°F). If the CRM is attached to a GM detector, the low-end
temperature can be reduced to -5°C based on Ludlum’s temperature
range for the CRM.

7.6.2 Temperature Shock

AC-powered instruments are not intended to be moved rapidly
between areas of different temperatures. When relocating the instru-
ment, allow it to reach equilibrium with the surrounding temperature
before use. Up to one hour may be necessary to thermally equalize
the instrument with the surrounding temperature.

7.6.3 Huoumidity and Pressure

AC-powered instruments are not affected by changes in ambient
humidity or pressure. However, the instruments should not be used
in areas where they are subject to condensing humidity (dew),
sprays, or mists.

7.64  Electromagnetic Field Interference
Care should be taken to not use portable radios or other radio
frequency generating devices in close proximity of the instruments.
Refer to Section 5.6.3 for information regarding scintillation probes

and electromagnetic fields.

7.6.5 Radio Frequency/Electromagnetic Interference

External radio frequency fields should not impact instrurnent
performance.
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7.6.6  Energies and Types of Radiation
Energy and radiation response is dependent upon the attached probe.
Refer to Section 6.6.6 (GM) and Section 5.6.6 (scintillator) for
probe-specific information.

7.6.7  Interfering Ionizing Radiation Response
Interfering ionizing radiation response is dependent upon the
attached probe. Refer to Section 6.6.7 (GM) and Section 5.6.7
(scintillator) for probe-specific information.

7.6.8  Battery Life

Instruments equipped with GEL-CELL rechargeable batteries have a
battery life of about 50 hours in a non-alarm condition.

7.7 Applications

Applications are based upon the attached probe. Refer to Section 6.7
(GM) and Section5.7 (scintillator) for probe-specific information.

7.8 References
NOTE: For information on technical manuals, see Bibliography.
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8.1

8.1.1

8.0 NRC AN/PDR-70 Snoopy

Instrument Description and Theory of Operation

Physical Description

The NRC Model AN/PDR-70 (Figure 8.1 and 8.2), commonly
referred to as a Snoopy, is a portable survey instrument designed for

measuring neutron dose equivalent rate over the neutron energy
range from thermal to 15 MeV.

The Snoopy detector consists of a BF; proportional counter
surrounded by a boron-loaded attenuator and inner and outer
polyethylene moderators. The detector is cylindrical and has a fixed
handle, which makes it easier to carry. The handle extends 7.0 cm
(2.75 in.) above the outside diameter and, the feet extend 1.27 cm
(0.5 in.) diagonally opposite the handle.

Attached to one end of the detector is the electronics unit containing
the electronic circuits for amplifying, measuring, and displaying the
probe signal, along with the battery enclosure and the high-and low-
voltage power supplies.

The detector may be physically separated from the electronics unit
for remote readout (see Figure 8.2). When separating the detector
and electronics unit, the cable length may not be longer than 1.8 m
(6 fr).

An Eberline Model SK-1 speaker, with its own battery, is mounted
on the outside of the electronics unit to provide an audible indication
of the relative dose rate. The speaker assembly has its own on/off
switch.

The Snoopy weighs 11 kg (25 1b). The cylindrical detector measures
22 cm (8.5 in.) in diameter by 24 cm (9.4 in.) long. The electronics,
mounted on top of the detector, measure 15 cm by 18 cm by 14 cm
(5.8 in. by 7.1 in. by 5.4 in.)

Issued: November 2002
Supersedes: April 2001

PNL-MA-562 Chapter 8
Page 8.1



L gy by el ad o
Ermmted by the 5 Ea fook

Figure 8.1. Snoopy-Neutron Dose Rate Meter
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The Snoopy has an analog meter with four linear ranges calibrated in
units of dose equivalent rate. The range and response time of each
range is listed in the table below.

Range Response Time(s)
X1 (0 to 2 mrem/hr) 30
X10 (0 to 20 mrem/hr) 8.5
X107 (0 to 200 mrem/hr)
X10° (0 to 2000 mrem/hr) 3

The meter’s linearity is £10% of the full-scale reading.

8.1.2 Radiation and Energy Response

The Snoopy responds to neutrons over the neutron energy range
from thermal (0.025 eV) to 15 MeV. The response of the Snoopy is
dependent on the neutron energy. Correction factors are discussed in
Section 8.2.1 and indicated in Figure 8.5. However, under normal
monitoring conditions, no energy corrections need to be made since
the neutrons encountered in the field will be of a broad energy
spectrum.

The Snoopy is calibrated io discriminate against gamma radiations.
The Snoopy does not respond to gamma radiations in fields of up to
1 R/hr.

The Snoopy is insensitive to alpha and beta radiations.

8.1.3  Integral Sources
There are no radioactive sources attached, or inside, the Snoopy.

8.2 Operating Instructions

CAUTION: The Snoopy has a cylindrical moderator (detector
housing}, and, as a result, the count rate may be as much as 20% low
if the instrument is exposed with the end of the cylinder facing the
source. When the instrument is positioned with the corner of the
moderator between the source and the BF; tube (which is located at
the center of the moderator) the count rate drops because of an
increase in moderator thickness between the BF; tube and the
source,
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8.2.1 Correction Factors

Before using the Snoopy, perform the operability checks to make
sure the instrument is in good working condition (see Section 8.3.1).
These checks should be performed each time the instrument is used.

1. Turn the Snoopy on by moving the selector switch to the
X10® position.

2. Allow the instrument to warm up for 1 minute before
taking measurements. After 1 minute, observe the meter
reading.

NOTE: The !1-minute warmup time is only required when the
instrument is initially rurned on.

3. Turn on the speaker assembly.

4. If the reading is low or if the meter does not appear to
respond, turn the selector switch to the X107, wait
10 seconds, and observe the meter reading.

5. If the reading is still low, switch to the X 10 range, wait
30 seconds, and observe the meter reading.

6. If the reading is still low, switch to the X1 range, wait
90 seconds, and observe the meter reading. If the
reading is still low, the dose rate is below the minimum
detectable range of the meter (see Section 8.7 for low
dose rate measurements).

7. Orient the Snoopy so that the side of the moderator
(cylinder) is facing the source.

8. After the meter stabilizes, record the measurement and
calculate corresponding dose rate according to
Section 8.7.

9. After performing the survey, tumn the selector switch to
the OFF position and turn the speaker off,

To obtain the correct exposure rate, the meter reading must be
multiplied by the scale factor indicated on the range selector switch.
In addition to range correction, a number of correction factors may
be necessary to adjust meter deflection to occupational deep dose
rate, i

NOTE: The exposure rate indicared on the instrument is the rate at
the center of the detector. No correction factors have been
established to correct the Snoopy dose rate readings to contact dose
rate.
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8.2.1.1 Beam Correciion Factors
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During calibration (see Section 8.4), the entire detector is uniformly
exposed to a known neutron flux. Therefore, a beam size correction
factor is needed when measuring collimated neutron beams. Beam
correction factors are given in Figure 8.3. Observe that beam
corrections are made according to the beam cross-sectional area and
not the beam diameter. Measurement of collimated beams with the
Snoopy should be made with the beam centered on the side of the
detector,
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Figure 8.3. NRC AN/PDR-70 Snoopy Beam Correction Factor

8.2.1.2 Temperature Correction Factors

The response of the Snoopy is slightly temperature dependent over
its operating range of -10°C to 50°C (14°F to 120°F). The response
varies roughly +20% at -10°C and -6% at 50°C. The effect is
bounded within +5% across the temperature range 10°C to 46°C
(50°F to 115°F). A temperature correction factor chart is available
from Pacific Northwest National Laboratory’s (PNNL's)
Radiological Calibration Laboratory.

8.2.1.3 Energy Correction Factors

Snoopy response is energy-dependent. Energy cormrecticn factors are
shown in Figure 8.4 and appropriate when measuring in
monoenergetic neutron energy fields.
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Figure 8.4. NRC AN/PDR-70 Snoopy Energy Correction Factors

8.3 Performance Test Instructions

Refer to contractor-specific performance testing instructions.
Typical performance testing criteria are presented below.

83.1  Operability Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the Snoopy fails any of the
checks listed, other than the battery test, return it to the Radiological
Calibration Laboratory for servicing.

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.)} on the expiration
date on the calibration sticker.

2. Inspect the instrument for physical defects such as broken meter
glass, loose knobs or other parts, or other observable defects. If
defects are present, the instrument should not be used but should
be tagged and returned to the Radiological Calibration
Laboratory.

3. Turn the selector switch to the X10° position,
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83.2 Source Check

8.3.2.1 Initial Source Check

4. Press the BATT CHECK/METER RESET button to test battery
voltage. The needle should register well within the BATT
section on the meter. If the needle does not register above the
BATT indicator on the meter, refer to Section 8.5, Maintenance.

5. Tum the speaker on and verify that there is an audible response.

6. If daily source checks are performed, ensure that the instrument
source check is current. Source checks are generally valid for
the day performed and typically do not cover more than
24 hours.

When instrument users do not have access to neutron source(s),
Snoopys cannot be source checked in the field. Maintaining
neutrons sources for source checking Snoopy instruments in the field
is not practical for most facilities. When it is not practical to do
source checks, then compensatory methods should be used to
demonstrate instrument operability. As a compensatory action,
Snoopys are calibrated quarterly, and their calibration as-founds
monitored closely,

Initial source checks should be performed immediately upon
receiving the instrument from the Radiological Calibration
Laboratory. Instruments should not be placed into storage until after
performing the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure that the values are reasonable.
For the Snoopy, the initial response is reasonable when the response
is within 220% of the mean instrument response for that source.

The acceptable range should allow for variations resulting from
differing instrument response.

Center the detector over the check source. A jig or mark may be
used to ensure reproducibility. Move the source to the appropriate
position for each range of the instrument, wait for the corresponding
response time (see Section 8.1.1) for the meter to stabilize and note
the instrument response on each range. Multiply the instrument
response by 0.8 and 1.2 to determine the acceptable range for that
instrument. Record the acceptable range on the Daily Instrument
Source Check Log. Attach a Daily Source Check Label (if used) to
the side of the Snoopy.
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8.3.2.2  Daily Source Check

8.3.2.3 Response Checks

Center the detector over the source, ensuring that the detector/source
combination is in the same geometry as that used for the initial
source check. Move the source to the appropriate position for each
range of the instrument, and allow for the corresponding response
time (see Section 8,1,1) for the meter to stabilize. The instrument
response, on each range, should fall within the acceptable values
determined during the initial source check. If the instrument fails,
tag it with a completed Instrument Service Tag, and return it to the
Radiological Calibration Laboratory.

Source checks are generally valid for 24 hours after they are
performed and are not typically performed for Snoopy instruments.

Periodic response may be performed on the Snoopy instrument when
a stable neutron field exists in the facility to verify consistent
detector response and speaker functionality. Response checks are
typically performed on one range of the Snoopy.

8.3.2.3.1 Initial Response Check

8.3.2.3.2 Response Check

If the facility has access to a stable, known neutron source, perform
the initial response check when the Snoopy is received from the
Radiological Calibration Laboratory.

The initial response check is performed by placing the Snoopy in a
reproducible location in a stable neutron field. A suitable technique
is to identify a location within the facility that has a stable neutron
dose rate, and then mark the location (e.g., on the floor or wall) to
place the Snoopy detector when performing source checks.

The initial response check may be performed on only one range.

To perform the initial response check, expose the detector to a stable
neutron source or field. Multiply the instrument response by 0.8 and
1.2 to determine the acceptable range for that instrument.

The instrument response should fall within the accepiable values
determined during the initial response check. If the instrument fails,
tag it with an Instrument Service Tag and return it to the
Radiological Calibration Laboratory.
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8.4 Calibration Instructiohs

The Snoopy is calibrated at the PNNL's Radiological Calibration
Laboratory in the 318 Building in the 300 Area. The calibration
described in this section is performed by PNNL staff.

Before calibration, the instruments are inspected to make sure they
are in good working order. The batleries are checked, the meter is
checked for oscillations, and the instrument is inspected for physical
damage. Damaged instruments are repaired before calibration. As-
found dose rate readings for each range are recorded before
calibration and after a five-minute warm-up period. If the as-found
readings are more than +20% out of tolerance, the Radiological
Calibration Laboratory notifies the radiological control organization
that last used the instrument. Less than 1% of Snoopy instruments
fail the as-found criteria, indicating the adequacy of the quarterly
calibration cycle as a compensatory measure for not source checking
instruments in the field.

After a minimum S-minute warmup period, the Snoopy is calibrated
in a uniform neutron field to a standard **Cf neutron source, which
in turn, is calibrated to a free-field bare ***Cf source. The instrument
is placed so that the axis of the detector is perpendicular to the
radiation beam. The instrument response is adjusted at multiple
points on each range, with the exception of the X1 and X10°, which
are calibrated at only one point on each range. The actual exposure
rates used in calibrating the Snoopy are nominally 20%, 50%, and
80% of full scale but may vary depending on the current calibration
data for the **°Cf source.

The instrument is also checked to verify that it does not respond to
gamma radiations. To venfy gamma rejection, the Snoopy is placed
in an 1-R/hr field and instrument response is verified to be no more
than 0.1 mrem/hr.

For more information on the Snoopy calibration, refer to PNL-MA-
563 Section 3.6.

8.5 Maintenance Instructions

Routine maintenance on the Snoopy is performed at the Radiological
Calibration Laboratory and in the field. Routine maintenance
includes checking the Snoopy for electronic noise, checking/
replacing batteries, and cleaning connectors and cables.

(a) PNL-MA-563, Radiclogical Calibration Procedures.
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Common problems and causes are discussed in the next few
paragraphs.

Noisy response. The Snoopy may develop a high background count
rate (in an area with no neutron fields) if dirt or moisture gets inside
the cable connectors. A less likely source of a high background
count rate is a shift in the threshold and/or high-voltage settings. Do
not attempt to clean or replace the cables, or to adjust the electronic
settings. A Snoopy that is exhibiting unusually high background
count rates should be returned to the Radiological Calibration
Laboratory.

No speaker response. If the speaker is not responding, verify that
the speaker cable is connected to the audio/scaler output on the
Snoopy electronics, and tum the speaker on. If the speaker still does
not respond, change the battery in the speaker.

To change the speaker battery:
1. Remove the speaker from the Snoopy.

2. Remove the screws from each end of the speaker, and
remove the back plate.

3. Replace the battery with a fresh 15-V National
Electronic Distributors Association (NEDA) 220 battery.

4. Replace the back plate and screws, and install the
speaker on the Snoopy.

Low batteries. If the Snoopy fails the battery check, either return
the instrument to the Radiological Calibration Laboratory for new
batteries or, provided the facility performs source or response
checks, replace the batteries in the field. The Snoopy must be source
or response checked after new batteries are installed. If the facility
cannot perform source or response checks, batiery changes should
not be performed in the field.

To replace the batteries:
1. Set the switch to the OFF position.

2. Remove the bottom cover by loosening the four captive
screws on the cover. Do not loosen the eight small
screws on the enclosure.

3. Remove the cover completely to expose the eject strap.
Pull the strap away from the enclosure to lift the
batteries.
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4. Install three fresh D-cell alkaline batteries observing
proper polarity.

5. Replace the cover and tighten the four screws, observing
that the eject strap is inside the compartment.

6. Source or response check the Snoopy.

8.6 Instrument Specifications and Limitations
8.6.1 Temperature

The Snoopy is usable over the temperature range of -10°C to 30°C
(14°F to 122°F) with appropriate cotrections.

8.6.2 Temperature Shock

The Snoopy is not affected by temperature shocks. However, itisa
good practice to allow the instrument temperature to equalize with
the ambient temperature before using it to perform surveys.

8.6.3 Humidity and Pressure

The Snoopy is operable over the humidity range of 0% to 95%
relative humidity. The Snoopy should not be used in condensing
environments. An example of a condition where condensation could
be encountered is moving a cold instrement into a warm humid
environment. Condensation {beads of water) may form on the
instrument. The instrument should not be used under these
conditions. The operator should allow the instruments to equalize
with the ambient temperature and remove any remaining
condensation,

Because the Snoopy is calibrated on the Hanford Site at, essentially,
the same altitude at which it is used, only minor changes in pressure
due to changes in elevation are anticipated. The changes in ambient
pressure caused by changing weather are minor and will not
significantly affect the Snoopy’s response.

8.6.4  Electromagnetic Field Interference
The Snoopy has no known susceptibilities to electromagnetic fields,

8.6.5 Radio Frequency/Electromagnetic Interference

The Snoopy is not affected by extemal radio frequency fields.
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8.6.6 Energies and Types of Radiation

The Snoopy responds to neutrons over the neutron energy range
from thermal (0.025e¢V) to 15 MeV. The response of the Snoopy is
dependent on the neutron energy. Correction factors are discussed in
Section 8.2.1.3 and indicated in Figure 8.5.

8.6.7 Interfering Ionizing Radiation Response

8.6.8  Battery Life

8.7 Applications

The Snoopy is calibrated to discriminate against gamma radiations.
Snoopy gamma radiation response is limited to 0.1 mremvhr, while
exposed to a " 'Cs field of 1 R/hr.

The Snoopy is insensitive to alpha and beta radiations.

Snoopy battery life is greater than 3 months under normal use
conditions.

Speaker battery life is rated at greater than 1,000 hours when used
12 hours per day. Speaker battery life varies depending on how
often the speaker is used and the neutron fields encountered.

CAUTION: The Snoopy has a cylindrical moderator (detector
housing), and, as a reswlt, the count rate may be as much as 20% low
if the instrument is exposed with the end of the cylinder facing the
source. When the instrument is positioned with the comer of the
moderator between the source and the BF; tube (which is located at
the center of the moderator), the count rate drops because of an
increase in moderator thickness between the BF; tube and the
source.

The Snoopy is used to establish personnel dose rates from neutron
radiation. The Snoopy is typically used over the range of

0.2 mrem/hr to 2,000 mrem/hr. The lower limit (0.2 mrem/hr) is
based on 10% of the full-scale meter indication on the lowest range
(10% of 2 mrem/hr). Neutron dose rate is calculated as follows:

Dose equivalent rate = Ces X Cre X Cremp X (Range) x (Meter Reading)

where
Cre = beam size correction factor
Crr = Energy correction factor
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Criin = temperature comection factor (not required)

Correction factors are discussed in greater detail further in
Section 8.2.1.

The Snoopy can be used with a scaler to measure dose rates below
the 0.2 mrem/hr. A typical application that requires neutron dose
rate measurements below (.2 mrem/hr is performing posting surveys
for establishing Radiological Buffer Area (RBA) boundaries. The
sensitivity required is approximately 0.05 mrem/hr (50 uremv/hr). A
special calibration must be performed to establish the sensitivity and
background of the instrument so that scaler measurements can be
converted to mrem/hr. Requests for special calibration should be
directed to the Radiological Calibrations Laboratory. Requests
should specify that the Snoopy is to be used with a scaler and that
background, background count time, and sensitivity should be
specified for the instrument. A typical sensitivity for the Snoopy is
150 cpra/mrem/hr and a typical background is 1.2 cpm. Using the
scaler count time and background, a decision level can be established
to determine if a measurement is statistically significant. The
sensitivity can be used to convert scaler measurements to units of
mrem/hr.

Example: The Snoopy is used with a scaler to determine if a location
is above the 0.05 mrem/hr (50 prem/hr) RBA posting limit. A
1-minute count resulis in & counts,

The data from the calibration laboratory are
Sensitivity = 120 cpm/mrem/hr
Background = 12 counts in 10 minutes

In accordance with the statistical models given in NUREG-1400, Air
Sampling in the Workplace.

Dy, =1.645% [Ry *| b
T, T,

Dy = decision level

where

R = background count rate, cpm
T, = background count time, minutes
Ty = gross count time, minutes

PNL-MA-562 Chapter 8
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Dose Rate =

8.8 References

T 1
DL =1.645* [1.2%) —+2|=19
E [10 1) SR

The net count rate is 8 cpm - 1.2 epm = 6.8 cpm
The result is statistically significant because 6.8 cpm >Dy (1.9 cpm).

The standard deviation of the result, 6, is given by

c=_|Ry * -—l—+L
Tb Tg

The measurements (plus associated error, £26) in cpm are converted
to mrem/h by dividing count rate by the sensitivity (cpm/mrem/hr).

6.8 cpm & 2*¥1.15cpm

=0.05720.019 mrem/! hr

120 cpm/ mrem/! hr ~ 120 cpm/{ mrem/ hr

The result is above the RBA posting limit

NOTE: For information on technical manuals, see Bibliography.

Hickey, E. E., Stoetzel, G. A., P.C. Olsen, and S.A. McGuire. 1993.
Air Sampling in the Workplace, NUREG-1400, U.S. Nuclear
Regulatory Commission,
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9.0 Bicron Micro Rem Meter

9.1 Instrument Description and Theory of Operation

The Bicron Micro Rem meter is a portable radiation survey meter
used to measure low-level, ambient gamma exposure rates. The
instrument has a fairly flat energy response to photons above about
60 keV (see Section 9.1.2).

9.1.1  Physical Description

The Micro Rem meter is a box-shaped instrument measuring
approximately 4 in. by 8 in. by 8 in. (including the handle). It is
relatively light weight (3.1 1b). An older meter model is pictured in
Figure 9.1, and a newer meter model in Figure 9.2.

Figure 9.1. Photo of the Bicron Micro Rem Meter
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Figure 9.2. Bicron Micro Rem Meter with Adjustable Response Time and Audio

The instrument uses a tissue-equivalent organic scintillator detector,
which is generally mounted within the instrument case. An optional
extended detector, which relocates the detector outside of the case, is
available but not commonly used at Hanford. A second option, also
not widely used at Hanford, is a low-energy window that extends the
instrument’s energy response down to 17 keV. Micro Rem meters
with the low-energy option are easily distinguished from the standard
Micro Rem meters by the thin polycarbonate end window.

The sensitive volume of the detector, which is generally within the
instrument case, is indicated with white cross hairs on the sides and
front of the instrument.

The instrument meter is scaled from 0 to 200 prem/hr. The
instrument has an eight-position switch. Two positions are high
voltage and battery check. The remaining positions select the
instrument’s range. The Micro Rem meter has five ranges, X0.1,
X1, X10, X100, and X1000. The lowest range is 0 to 20 prem/hr;
the upper range is 0 to 200,000 prem/hr (0 to 200 mrem/hr).

Older instruments (Figure 9.1) have only the single eight-position
switch and no audible capabilities. For these instruments, the
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response time is optimized for each range and is not adjustable by
the user. The actual response time for each range is listed below.

Response Time for

Micro Rem Meters

Without Adjustable

Response
Response
Range Time (s)

X0.1 <l5
X1 <15
X106 <5
X100 <2
X1000 <2

Newer instruments (Figure 9.2} have additional features including a
reset switch for quickly resetting the meter to zero, internal speaker,
audio switch, and response switch. On these instruments, the
response time is fixed at 2 seconds for the X1000, X100, and

X10 ranges. On these ranges, the response switch has no effect. On
the lower ranges, the three-position switch (slow, medium, and fast
positions) allows the user to vary the meter response time. Response
times for the new instrumenis are listed below.,

Response Time for Micro Rem Meters
with Adjustable Response
Response Times
Range Slow Mediuvm Fast

X0.1 20 10 5
X1 20 10 5
X10 2 2 2
X100 2 2 2
X 1000 2 2 2

The response time is generally specified by the manufacturer as the
time for the instrument reading to reach 90% of final value afier a
change in the radiation field. The RC time constant of the instrument
can be calculated from the 0% to 90% response time by dividing the
0% 10 90% response time by 2.3, “RC” is often used to represent the
time constant and comes from an abbreviation for resistor {R) and
capacitor (C).

For Micro Rem meters with the intermal speaker, the audio switch
provides the following features. In the Pulse mode, audible “clicks”
proportional to the dose rate are produced. This option is only
available in the X0.1, X1, and X 10 ranges. When the audio switch is
in the ALARM or PULSE position, an alarm (steady high-pitched
tone) will occur if the reading is off scale high. This alarm occurs
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for each range. Placing the audio switch in the OFF position disables
all audio response, including the alarm feature.

9.1.2 Radiation and Energy Response

9.1.3 Integral Sources

The Micro Rem meter responds to x-rays and gamma radiations with
energies above 40 keV. Beginning at about 60 keV (e.g., ! Am), the
response is generally within +20% of the true exposure rate.

Micro Rem meters with the optional low-energy window

(aluminized polycarbonate end window) respond to photons above
17 keV.

The Micro Rem meter has no internal radipactive sources.

9.2 Operating Instructions

9.2.1 Correction Factors

Perform the operability check (described in Section 9.3.1). Turn the
instrument on, and select the appropriate scale. Slowly move the
instrument close to radiation sources. When quantifying radiation
levels, allow the instrument meter to stabilize before recording the
instrument response (allow 2 RC time constants).

The X0.1 and the X1000 ranges are not used to quantify dose rates
because an effective source check method is not available for these
ranges. These ranges may be used for scanning purposes or making
relative (comparative) measurements. Measurements required in the
X 1000 range can be made using a Cutie Pie (CP) Eberline RO-3B
rate meter.

There are no correction factors used with the Micro Rem meter. The
Micro Rem meter is calibrated under uniform field conditions.
Correction factors for non-uniform field conditions (e.g., on contact
with small items) have not been developed for the Micro Rem meter.
The Micro Rem meter should not be used to measure dose rates in
non-uniform field conditions (e.g., contact dose rates).

9.3 Performance Test Instructions

Refer to contractor-specific procedures for performance test
instructions. The instructions below are provided as examples of
acceptable methods.

PNL-MA-562 Chaprer ¢
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9.3.1  Operability Check

9.3.2 Source Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below, If the Micro Rem meter fails any of
the checks listed below, other than battery test, retum it to the Pacific
Northwest National Laboratory’s (PNNL's) Radiological Calibration
Laboratory for servicing.

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker.

2. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typicaily do
not cover more than 24 hours.

3. Inspect the instrument for physical defects such as broken meter
glass, loose knobs, or other observable defects.

4. Turn the control switch to the BATT position. The meter reading
should be within the BATT. OK check band. If not, go to
Section 9.5,

5. Turn the control switch to the HV position. The meter reading
should be within the HV OK check band.

6. Turn the control switch to the X0.]1 range. The instrument
should respond to ambient background radiation. Typical
background readings are 2 to 10 prem/hr (a reading of 20 to 100
on the X0.1 range). If the instrument does not respond to
background radiation, tag and return the instrument to the
Radiological Calibration Laboratory for servicing.

The Micro Rem meter may be source checked using a Gamma
Calibration System (GCS), a.k.a., Micro Rem meter check source
assembly. The initial source check is performed when the instrument
is first received from the Radiological Calibration Laboratory.
Source checks are performed daily or before each use if the Micro
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9.3.3 Initial Source Check

9.34  Daily Source Check

Rem meter is used less often than daily. Ranges used to perform
occupational monitoring should be source checked.

When sources are not available for source checking the Micro Rem
meter, the Hanford Instrumentation Evaluation Committee (HIEC)
recommends semi-annual calibrations of these instruments.

NOTE: The response of a given Micro Rem meter to the check
source assembly will vary. The average energy of the source is
below the stated energy range of the instrument; therefore, the
response Is not necessarily consistent from instrument to instrument.
However, the response is consistent/reproducible for a given
detector (instrument) over the calibration interval,

Place the Micro Rem meter on the check source assembly. Indents
are provided for aligning the detector feet. Move the source to the
appropriate position for the X1, X10, and X100 ranges of the
instrument and record the instrument response on each range.
Multiply the instrument response by 0.8 and 1.2 to determine the
acceptable range for that instrument. An initial source check may
not be performed on the first range (X0.1) or on the last range
(X1000).

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

Place the Micro Rem meter on the check source assembly. Move the
source to the appropriate position for each of the 3 middle ranges of
the instrument. The instrument response, on each range, should fall
within the acceptable values determined during the initial source
check. If the instrument fails, tag it with an Instrument Service Tag,
and return it to the Radiological Calibration Laboratory.

Source checks are generally valid for 24 hours after they are
performed.
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9.4 Calibration Instructions

The Micro Rem meter is calibrated at PNNL’s Radiological
Calibration Laboratory at the 318 Building in the 300 Area. The
calibration described in this section is performed by PNNL staff.

Before calibration, instruments are inspected to make sure they are in
good working order. Batteries are checked, the meter is checked for
oscillations, and the instrument is inspected for physical damage.
Damaged instruments are repaired before calibration. As-found
readings at 80% of each range are also recorded before calibration.

If the as-found readings are more than £20% out of tolerance, the
Radiological Calibration Laboratory contacts the radiological control
organization that last used the instrument to inform them of the
problem.

The upper ranges of the Micro Rem meter are calibrated in uniform
Wi photon fields at 2112°C (70+3.6°F). The uniform fields are
produced using source wells that provide calibrated exposure rates
(R/hr). The roentgen-to-rem conversion factor for ¥1Cs fields is
approximately 1.0 (i.e., Bicron recommends using a rem/R
correction factor of 1.0 for ’Cs to ensure * 20% response over the
range of 60 keV to 2 MeV). Therefore, the instrument is calibrated
to correctly display the true exposure rate (in R/hr) from the source,
and subsequently can measure prem/hr without conversion. Each
range is calibrated at 80% of the full-scale readings. The response is
then checked at 20% of the full-scale reading. For example, the
2000-prem/hr range is calibrated by placing the instrument in a
1600-pR/hr field (80% of 2,000 prem/hr is 1600 prem/hr) and
adjusting the appropriate range potentiometer to achieve the required
reading (1600 prem/hr + 10%). The instrument is then placed in a
400-uR/hr field (20% of 2000 prenvhr). The instrument response at
both the 20% and 80% points has to be within £10% of the actual
exposure rate for the instrument to pass calibration. In addition, the
Micro Rem meter is exposed to a radiation field that is at least twice
the full-scale reading (or at least 400 mR/hr) to make sure it properly
indicates an off-scale condition, Instruments that do not off scale
properly do not pass calibration.

The lowest range of newer Micro Rem meters is calibrated
electronically with a pulser. Pulser count rates necessary to achieve
readings of 20% and 80% of full scale on the upper ranges are scaled
down to provide equivalent count rates on the lowest range. Some
older Micro Rem meters are not equipped with circuits to allow for
electronically calibrating the lowest range and, consequently, are not
calibrated on the X0.1 range.
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The Micro Rem meter is calibrated annually or semi-annually and
after any maintenance is performed (other than battery changes).

The calibration is valid through midnight of the expiration date listed
on the calibration sticker.

For more detailed information on the Micre Rem meter calibrations,
refer to PNL-MA-563, Section 3.8.5.%

9.5 Maintenance Instructions

Routine maintenance on the Micro Rem meter is performed at the
Radiological Calibration Laboratory and in the field. Typical
maintenance includes cleaning the instrument and replacing
batteries. The instrument having no response is a common problem.

Battery changes may be performed in the field by the user. To
change the batteries in the instrument, do the following:

1. Turn the instrument off.

. 2. Open pull catches at both ends of the case and separate the

bottom of the case from the top.

3. Remove the old batteries. Install two new 9-V batteries into the
battery holders on the bottom circuit board, observing proper
polarity. Always replace both batteries at the same time.

4. Replace the bottom part of the case, orienting the rubber pad
under the batteries and the detector markings with the detector
volume. Close the pull catches.

5. Turn the control switch to the BATT position. The meter should
display a reading within the BATT OK checkband.

6. Source check instrument.
7. Dispose of the used batteries appropniately.

No response. The instrument may have no response due to a
damaged scintiltator or damaged photomultiplier tube. If the
instrument does not respond to radiation, tag the instrument with an
Instrument Service Tag, and return it to the Radiological Calibration
Laboratory.

(a) PNL-MA-653, Radiological Calibration Procedures.

PNL-MA-562 Chapter 9
Page 9.8

Lssued: November 2002
Supersedes: New




9.6

9.6.1

9.6.2

9.6.3

9.6.4

9.6.5

9.6.6

Instrument Specifications and Limitations
Temperature

The Micro Rem meter is usable at temperatures of -20°C to 50°C
{-68°F to 122°F).

Temperature Shock

Test data indicate that the Micro Rem meter response to temperature
shock is acceptable on the X1 range. A temperature shock from
22°C to 50°C (72°F to 122°F) has produced high readings on one
instrument tested on the X0.1 range. Therefore, it is good practice to
allow an instrument temperature to equalize with the ambient
temperature before using it to perform surveys.

Humidity and Pressure

The Micro Rem meter is usable for all ambient humidities and
pressures encountered on the Hanford Site. Do not use the Micro
Rem meter in condensing environments.

Electromagnetic Field Interference

The Micro Rem meter may be affected by magnetic fields. The
variation in response to typical magnetic fields encountered on the
Hanford Site is less than +15%.

Radio Frequency/Electromagnetic Interference

The Micro Rem meter may be affected by radio frequency fields.
The variation in response to typicat radio frequency fields
encountered on the Hanford Site is less than £5%.

Energies and Types of Radiation

The Micro Rem meter responds to gamma radiations with energies
greater than 40 keV. The response is within £20% of the true
exposure rate to photons above 60 keV. The response to photons
above 60 keV is linear (response is within £10% of the true exposure
rate). See Figure 9.3 for instrument gamma energy response.

Micro Rem meters with the optional low-energy window
(aluminized polycarbonate end window) respond to photons above
17 keV.
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Figure 9.3. Gamma Energy Response

9.6.7 Interfering Ionizing Radiation Response

The Micro Rem meter is insensitive to alpha, beta, and neutron
radiations.

9.6.8 Battery Life

The Micro Rem meter has a battery life of about 100 hours. Use in
high exposure rate areas reduces battery life.

9.7 Applications

The Micro Rem meter is used to measure deep dose equivalent rates
in uniform radiation fields.

9.8 References

NOTE: For information on technical manuals, see Bibliography.
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10.0 Eberline Alpha 3, 4, 5, 5A, and 5AS Series
Continuous Air Monitors

10.1 Instrument Description and Theory of Operation

The Eberline Alpha Air Monitor Models 3, 4, 5, 5A, and 5AS are
semi-portable devices designed to monitor alpha radioactivity in the
air (see Figures 10.1 through 10.3). Except as noted in this
procedure, the alpha continuous air monitors (CAMs) listed above
are operated in the same manner and are essentially interchangeable.
These alpha CAMs are only capable of monitoring alpha-emitting
airborne particulates.

All instruments described in this section use a solid-state detector
and single-channel pulse height analyzer to discriminate alpha
particles of a specific energy while rejecting other energies.

More detailed information can be found in the manufacturer’s
technical manual or by contacting the Pacific Northwest National
Laboratory’s (PNNL’s) Radiological Calibration Laboratory.'"

Figure 10.1. Eberline Alpha 3 CAM

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Figure 10.2. Eberline Alpha 4 CAM

Figure 10.3. Eberline Alpha SA CAM
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10.1.1 Physical Description

There are numerous variations of Alpha 3, 4, 5, 5A, and 5AS CAMs
used on the Hanford Site. Alpha CAMs are frequently modified to
fit specific applications or meet unique facility needs. Though the
CAMs may have operational differences, they are, in general,
functionally equivalent. This section describes typical alpha CAM
features common to all units. Subordinate sections describe unique
characteristics of specific models.

Alpha CAMs use a 25-mm diameter, solid-state diffused junction
detector to monitor activity collected on a 47-mm-diameter filter
paper. The maximum sensitivity is approximately one derived air
concentration sampled for 4 hours (4-DAC-hr) for **Pu.

Alpha CAMs measure approximately 27 cm high by 38 cm wide by
32 cmdeep (11 in. by 15 in. by 13 in.) and weigh approximately 6.6
kg (15 1b). Alpha CAMs require 120/220 VAC, 50/60 Hz, and

0.5 amp power.

The alpha CAMs covered in this procedure have a background
subtraction circuit that employs an adjustable window for subtraction

purposes.

CAMs provide a visual indication of the measured count rate
resulting from activity collected on the filter paper. This indication
may be a meter or a chart recorder. Strip chart recorders provide a
visual indication of the CAM’s count rate as well as a historical
record that may be used in evaluating CAM alarms, including
estimating DAC-h exposure. Strip chart recorders have a speed
control on the side that may be set to X1 or X6, Typically, X1 is
used to limit paper consumption. In addition, recorders have an
on/off switch located on the right side. These switches are generally
disabled because noise from the switching transient may cause the
CAM to alarm,

In addition, CAMs provide alarm signals to indicate elevated levels
of alpha-emitting airborne radioactivity. The alarm signals may be
audible alarms, visual alarms, and/or remote alarm relays. The
specific types of alarm signals vary depending on the facility and/or
the application. Workplace CAMs typically have a visual beacon
and an audible alarm bell. In some cases, alpha CAMs may have a
Sonalert brand audible alarm instead of, or in addition to, the alarm
bell. Radiation alarms are typically non-latching (i.e., the alarm
indication will clear when the count rate decreases below the alarm
set point). However, some instruments have been modified so that
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the radiation alarms are latching (i.e., the ACKNOWLEDGE button
must be pressed before the alarm indication will clear).

CAM:s also provide a failure alarm to indicate loss of signal from the
detector. Loss of signal (i.e., counts) may indicate a failed detector.
Fail alarms are non-latching, and the alarm indication will clear as
soon as the detector registers a count. The response time for a CAM
to alarm upon loss of detector signal varies; typical response times
are 11 to 19 minutes. The actual response time for each CAM is
measured during calibration and is indicated in the limitations
section of the calibration sticker (except for CAMSs that have thorium
keep-alive sources installed on the detector).

Alpha 3,4, 5, 5A, and 5AS CAMs are equipped with rotameters to
indicate flow rate. A variety of rotameters are used and typically
read out in liters per minute {({pm). Some rotameters have knobs for
adjusting the flow rate. In some cases, these knobs are disabled so
the flow rate cannot be changed.

10.1.1.1 Model Specific Features

There are minor variations between alpha CAM models. Model-
specific characteristics are given below.

Alpha 3 model CAMSs have a Sonalert annunciator only, and do not
have a visible alarm (i.e., no beacon).

The count rate meter range is selected by a front panel switch with
X1, X10, and X100 settings.

A response time toggle switch (fast or slow) allows the user to adjust
instrument response time. Approximate response time is 30 seconds
(fast) and 180 seconds (slow).

Alpha 4, 5, and 5A. The count rate is displayed on a Simpson chart
recorder or a meter on the front panel. The recorder or meter both
have logarithmic scales ranging from 1 to 10K ¢pm. Instrument
response time is inversely proportional to measured count rate. A
typical response time at 200 cpm is 18 seconds. At 40 cpm, the
response time is roughly 40 seconds. At 1000 cpm, the response
time is approximately 7 seconds.

Failure alarms are indicated by the counting light turning off and a
failure light turning on.

The alarm acknowledge button is labeled ACKNOWLEDGE.
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10.1.1.2 CAM Controls

10.1.1.3 CAM Alarms

Eberline Alpha 5AS. The only difference between a model 5A and
a 5AS is the type of chart recorder used. The Alpha 5AS has a
Rustrack chart recorder. All previous models use a Simpson chart
recorder. As a result of changing the type of chart recorder, the
chassis of the Alpha 5AS is slightly taller than the chassis of other
Eberline alpha CAMs. In all other respects, the SAS is identical to
the 5A.

Alpha 3, 4, 5, 5A, and 5AS CAMs have the following external
controls and indicators that are used during normal operation.

Push-to-Set. When pressed, the alarm set point is displayed on the
meter or strip chart recorder.

Set. The SET button is used in conjunction with the PUSH-TO-SET
button to adjust the alarm set point. In some facilities, the SET
button is recessed to prevent inadvertent adjustment. In these cases,
a simple tool is required to adjust the alarm set point.

Acknowledge. Pressing the ACKNOWLEDGE button silences the
audible alarm.

Power. The power light will illuminate when the CAM is on.

Counting. The counting light will illuminate when the CAM is in
the normal operating condition. During failure alarms, the counting
light will turn off.

Additional external controls are used only during calibration and are
typically covered with tape to prevent inadvertent adjusiment. For a
description of how these controls are used during calibration, refer to
the appropriate procedures in PNL-MA-563 ® or to the CAM
operating manual. The calibration controls include: Percent
subtraction, threshold, window, subtract window, pulse width, zero,
span, signal level, and mode (gross, PHA, PHA-SUB).

Alpha 3, 4, 5, 5A, and SAS CAMs alarm on two basic conditions:
high count rate and failure. Both alarms are typically non-latching
alarms (the alarm indication clears when the alarm condition is
removed).

(a) PNL-MA-563, Radiation Control Procedures.
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An airbome alarm is initiated when the count rate in the window of
interest exceeds the alarm set point. This alarm turns on the CAM
beacon and alarm annunciator, if so equipped. In addition, relay
contacts on the rear of the CAM may initiate remote alarms. When
the alarm condition clears, either by pressing the ACKNOWLEDGE
button or when the count rate drops below the alarm set point (unless
the CAM is modified for latching alarms), the alarm signals reset.
During an alarm condition, the ACKNOWLEDGE button on the front
of the CAM will silence the audible alarm. However, the alarm
beacon will remain on until the count rate drops below the alarm set
point.

The fail alarm indicates the absence of a signal from the detector. If
the signal from the detector is lost (i.e., no counts are detected within
a pre-set count time), the counting light on the front panel turns off,
and the failure light, if so equipped, turns on. In addition, a normally
closed remote alarm relay will open. This alarm is non-latching and
will reset once counts are registered by the detector.

10.1.2 Radiation and Energy Response

10.1.3 Integral Sources

Alpha CAMs respond to alpha radiation (exclusively) because of the
type of detector used and the pulse height discriminator. The
instruments will not respond to neutron or beta radiation. Alpha
CAMs have a minimum efficiency of 9% for 47-mm diameter,
electroplated *Pu sources.

Alpha CAMs respond to naturally occurring alpha-emitting airborne
particulate such as radon and thoron progeny. Pulse height
discrimination is used to differentiate between naturally occurring
alpha-emitting activity and radionuclides of interest (e.g., Py,

4! Am, or uranium).

There are no radioactive sources attached to, or inside, these
instruments. Some models may have had a commercial product
(Coleman lantern mantel) applied to the detector to prevent failure
alarms when used in low-background environments (e.g.,
downstream of high-efficiency particulate air filtered exhaust).

10.2 Operating Instructions

Placing an alpha CAM in service requires local access to 120-VAC
power and vacuum-source utilities. Depending on the location and
application, remote signal and/or alarm cables may be connected to
the electronic output terminal strip located on the back of the CAM.
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10.2.1 Correction Factors

Prior to use, ensure that the performance test protocols of Section
10.3 are complete. Operating a CAM requires establishing air flow
to a specific rate or range, installing a membrane filter paper, and
setting the alarm setpoint. The Fluoropore membrane, manufactured
by Millipore, is recommended. Glass fiber filters are strongly
discouraged because of self-absorption characteristics that can cause
false alarms.

Correciion factors are not used to operate these instruments.

10.3 Performance Test Instructions

10.3.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions below are provided as examples of
acceptable methods.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything below. When in service, operability checks are
typically performed and documented daily. Daily checks should

include the following steps:

1. Verify that the calibration of the instrument is current.

2]

Verify that the positive airflow within established range of
48.1-65.1 Ipm (1.7-2.3 cfm).

3. Verify that there is a non-zero response to background.

4. Verify that the electronic chart recorder/meter operation and
adequate paper supply (paper out indicator not present} is
equipped.

5. Verify that the vacuum lines are secure.

6. Remove any debris/obstructions present on the CAM.

7. Verify that the counting light is ON.
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10.3.2 Source Check

10.3.2.1 Initial Source Check

8. Verify that the failure light is OFF.
9. Verify that the sample door shut tightly.
10. Verify the following CAM control settings:

11. Mode switch in the PHA/SUB position (switch is removed from
some instruments),

12. Proper window setting: 1.0 for *pu, 1.6 for uranium.
13. Proper threshold setting: 4.65 for 2Py, 3.6 for uranium.

14. Alarm setpoint is appropriately set.

Alpha CAMs are source checked with an electroplated or anodized
alpha emitting source. The radionuclide of the source should match
the radionuclide to which the CAM was calibrated.

Initial source checks should be performed immediately upon
receiving the instrument from the Radiological Calibration
Laboratory. Instruments should not be placed into storage until after
performing the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable. For
the alpha CAM, methods to determine whether the initial response is
considered reasonable when the response is within:

o 120% of the calibration measured efficiency
o #20% of the mean instrument response for that source.

The acceptable range should allow for variations resulting from
differing detector efficiency.

Open the sample door and remove the filter paper, replacing it with
the source. Source configuration is such that the active side of the
source will face the detector when the sample door is closed. Close
the sample door and allow the instrument response to stabilize.
Multiply the instrument’s stable response by 0.8 and 1.2 to determine
the acceptable range for that instrument/source pairing. Perform a
background count with a radiologically clean filter paper, verify no
counts are measured in 1 to 2 minutes.
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10.3.2.2 Periodic Source Check

10.3.2.3 Alarm Function Test

NOTE: The source used to perform the initial source check is used
to perform the periodic source check. To perform a periodic source
check with a source other than the one used for the initial source
check. first perform the periodic source check on the source used for
the initial source check. If the instrument passes that periodic
source check, then perform a new initial source check using the new
source to establish response limits for that source/instrument
combination.

CAM source checks are typically performed weekly and often
coordinated with filter paper exchange.

Open the sample door and remove the filter paper, replacing it with
the source. Source configuration is such that the active side of the
source will face the detector when the sample door is closed. Close
the sample door and allow the instrument response to stabilize. The
instrument response should fall within the acceptable range for that
instrument/source pairing determined during the initial source check.

Periodically, in-service CAMs should be tested to ensure the proper
operation of alarming capabilities. CAM alarms are initiated during
the periodic source check by maintaining the alarm set point within
the stable reading established with the source. Source activity should
be sufficient to produce a count rate that is, at a minimum, within the
decade of, and greater than, a typical alarm set point for the CAM.

Alarm function tests are typically performed monthly.

10.4 Calibration Instructions

The Eberline alpha CAMs are calibrated at PNNL's Radiological
Calibration Laboratory at the 318 Building in the 300 Area. The
calibration described in this section is performed by PNNL staff.

Before calibration, instruments are inspected to make sure they are in
good working order. Detector background is measured and
maintained to O counts in 2 minutes. The detector is also checked for
noise. Before calibration, as-found efficiency is measured using a
~10,000-dpm Py source. A pulser is used to evaluate as-found
conditions for the count rate meter. Alphad, 5, 5A, and SAS models
are checked at 10, 100, 1,000, and 10,000 cpm. Alpha 3 CAMs are
checked at 40, 400, and 4,000 cpm. If the as-found readings are
more than £20% out of tolerance, the Radiological Calibration
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Laboratory informs the radiological control organization that last
used the instrument. During the as-found efficiency measurement, a
scaler is used evaluate the accuracy of the CAM meter or chart.
CAM output relays are inspected for resistance and preamp linearity
is evaluated.

Calibration of Alpha 3, 4, 5, 5A, and 5AS CAMs involves verifying
electronic settings and establishing instrument operating parameters.
Parameters that are verified include the pulse height and the
threshold. The preamplifier is tested to verify that it has a linear
response. Finally, the subtraction window is set. A calibration
source traceable to the National Institute of Standards and
Technology (NIST) is then used to verify the instrument efficiency
for ®*Pu. In addition, the instrument rotameter is calibrated against a
NIST-traceable flow meter. As part of calibration, the CAM is
checked for inleakage by placing flow meters upstream and
downstream of the CAM and verifying that the flow rate into the
CAM equals the flow rate out of the CAM.

As the last step, the CAM is run overnight to verify it has a stable
response.

Unless otherwise specified, alpha CAMs is calibrated annually or
after any maintenance that voids the existing calibration. The
calibration is valid until 23:59 on the last day of the month, as
indicated on the calibration sticker.

For more detailed information on Alpha 3, 4, 5, 5A, or 5AS
calibrations, refer to PNL-MA-563, Section 4.2.2.%

10.5 Preventive Maintenance

Routine maintenance on the alpha CAM is performed at the
Radiological Calibration Laboratory and in the field. Routine
maintenance includes changing filter papers, cleaning detectors,
changing chart paper, and inspecting/replacing o-rings.

Change filter paper. The filter exchange frequency depends on the
concentration of suspended particulate (e.g., dust, radioactive
material}. Cornmon practice is to exchange CAM fiiters weekly.
Because the alpha CAMs are susceptible to filter loading effects (self
absorption), the exchange frequency should be adjusted when
attenuation causes operational problems such as spurious alarms.
Alpha CAMs should use membrane filters and Millipore’s
Fluoropore membrane filter is preferred.

(a) PNL-MA-563, Radiological Calibration Procedures.
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High background. If the CAM background becomes elevated, the
detector may be cleaned according to manufacturer’s recommenda-
tions. (It is very easy to damage the detector during cleaning.)

Change chart paper. Chart paper must be periodically replaced on
CAMs that use strip chart recorders. Used chart paper is handled
according to facility directives. Chart paper should be replaced with
paper compatible to the instrument. Typically, alpha CAMs use
Eberline part 10814-C14C logarithmic paper. To install the paper,
feed it under the fixed paper guide then over the rolling paper guide,
over the tractor feed, and then onto the take-up spool. The chart
recorder speed should be set to X1.

O-rings. O-rings should be inspected for cracks, seating, and dirt at
each filter exchange. During calibration, o-rings are inspected and
either lubricated or replaced depending upon if they are excessively
dirty, do not fit properly, or are cracked.

10.6 Instrument Specifications and Limitations

10.6.1 Temperature

10.6.2 Temperature Shock

The operational temperature range of Eberline’s family of alpha
CAMs is -7°C (19°F) to 54°C (129°F).

Alpha CAMs are typically operated indoors and not expesed to
temperature shocks. However, it is good practice to allow the
instrument temperature to equalize with the ambient temperature
before placing it in service.

10.6.3 Humidity and Pressure

The alpha CAMs are appropriate for all ambient humidity and
pressure encountered on the Hanford Site. Do not use these
instruments in condensing environments.

10.6.4 Electromagnetic Field Interference

The alpha CAMs should be relatively insensitive to external
electromagnetic fields. If electromagnetic interference is suspected,
or the instrument is going to be placed in high field strength, source
checks should be performed under expected conditions to assess
impacts.
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10.6.5 Radio Frequency/Electromagnet Interference

Mobile communication transceivers operated in close proximity to
an operational alpha CAM may induce instrument response. Cellular
phones should not be used in close proximity (e.g., 1.5 m [5 fi]) to
alpha CAMs because they have been shown to induce counts to the
rate meter and cause spurious alarms.

10.6.6 Energies and Types of Radiation

Alpha 3,4, 5, 5A, and 5AS CAMs are sensitive to alpha radiation.
The solid-state detector exhibits uniform energy response to alpha
particles in the MeV range.

The calibration determines the energy range of interest. For
example, an alpha CAM calibrated for 2¥py (Window = 1.0 MeV,
Threshold = 4.65 MeV), monitors alpha radiation between 4.65 to
5.65 MeV as the region of interest.

10.6.7 Interfering Ionizing Radiation Response

The Alpha 3, 5, 5A, and 5AS CAMs are not responsive to gamma,
beta, or neutron radiation.

Alpha 3,4, 5, 5A, and 5AS CAM detectors are sensitive to visible
light. Light leaks will generate spurious counts within the spectrum.
These counts typically register across the entire spectrum.
Instruments are particularly susceptible to strobe lights or light
sources near the air inlet that can transmit (reflect) light to the
detector.

10.6.8 Particle Transport Efficiency

10.7 Applications

Texas A&M University’s Mechanical Engineering Department
(Aerosol Technology Laboratory) (McFarland 1989, 1990) tested the
particle transport capabilities of the Alpha-6 sampling head (identical
to the Alpha 3, 4, 5, 5A, 5AS design).

Table 10.1 summarizes these results,

The Alpha 3, 4, 5, 3A, and 5AS CAMs are designed to selectively
measure airborne concentrations of man-made alpha-emitters in the
presence of naturally occurring radon and their progeny. These
instruments provide both visual and audible alarms, if equipped, if
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Table 10.1. Particle Transport Efficiency

Particulate Penetration Percentages (per particle size and air speed)

Sampler Flow | 3ym@ | 7pm@ | 7um @ (14.8 ym @| 14.8 uym @
Rate 1m/s 1m/s 0.3 m/s 1m/s 0.3 m/s

Inlet and 2¢fm | 83.0% 1.8% 1.2% 1.0 | ----
|Detector Filter

Assembly

Inlet 2 efm 88.5% 73.6% 67.1% 48.1% 54.4%
Full System 2c¢fm | 73.5% | - e - R St
Full System lcfm | 92.3% S Y ——

airborne concentrations of the isotope being monitored exceed a
predetermined, user selectable value (DAC-h equivalent alarm set
point). This instrument is most often applied as a workplace monitor
although it may be applied to stack, duct, or plenum exhaust

monitoring.

NOTE: For information on technical manuals, see Bibliography.

McFarland, A.R., C.A. Ortiz, and J.C. Rodgers, Performance
Evaluation of Continuous Air Moniror (CAM) Sampling Heads,
Aerosol Technology Laboratory, Department of Mechanical
Engineering, Texas A&M University, College Station, Texas, and
Health Safety and Environmental Division, Los Alamos National
Laboratory, New Mexico, March 28, 1989.

McFarland, A.R., C.A. Ortiz, and J.C, Rodgers. i990.
“Performance Evaluation of Continuous Air Monitor (CAM)
Sampling Heads.” Health Physics 58.3,
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11.0 Eberline AMS-3 Series of Beta Continuous Air Monitors

11.1 Instrument Description and Theory of Operation

11.1.1 Physical Description

The Eberline AMS-3 series of continuous air monitors (CAMs)
measure airborne particulate concentrations of beta-emitting
radionuclides in the presence of ambient gamma-fields. The CAM
uses both physical shielding and electronic subtraction to
compensate the beta counting data for external gamma-fields. An
equivalent of 2 in. of lead shields the instrument’s aerosol filter and
adjacent pancake Geiger-Miiller (GM) detector from background
gamma-fields. A second pancake GM, also located within the
shielded containment, electronically compensates for residual y-
fields penetrating the lead shielding material. The instrument’s
integral chart recorder and/or rate meter displays and tracks the beta
activity collected on the sample filter. An adjustable alarm circuit
triggers both local (audio and visual) and remote (relay contact
closure) annunciators when measured activity exceeds the alarm set-
point. An analog output is also provided with most Hanford Site
CAMs that allows the logarithmic count rate data to be monitored
remotely.

Three functionally similar models of the Eberline AMS-3 beta-CAM
are present onsite: AMS-3, AMS-3A, and AMS-3A-1. The only
major difference between the models, beyond the chart recorder/rate
meter displays, is that the AMS-3A-1 separates the shielded
filter/detector assembly from the electronics package to simplify the
transport logistics associated with the calibration. More detailed
technical information can be found in Eberline’s AMS 3 beta-CAM
technical manuals or by calling Pacific Northwest National
Laboratory's (PNNL's) Radiological Calibration Laboratory.™

The AMS-3 (see Figures 11.1 and 11.2) and AMS-3A beta-CAMs
both possess a single integrated electronics/detector package. Their
physical dimensions, however, differ slightly. The AMS-3 measures
28 cm high by 65 cm wide by 46.4 cm deep (11 in. by 25.5 in. by
18.25 in.), while the AMS-3A measures 39.4 cm high by 63.5 cm
wide by 39.4 em deep (15.5 in. by 25 in. by 15.5 in.). These
instruments weigh 72.6 kg (160 1b),

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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The electronics package of the AMS-3A-1, weighs 11.7 kg (26 1b),
and its physical dimensions are: 24 cm high by 40 cm wide by

36 cm deep (9.5 in. by 16 in. by 14 in.). The shielded detector
component of the AMS-3A-1 weighs 53.1 kg (117 Ib) and measures
24 cm high by 32 cm wide by 36 cm deep (9.5 in. by 12.5 in. by

14 in.). A multi-COAX cable links the AMS-3A-1 detector head to
the electronic controller/display unit (see Figure 11.3). As in the
other AMS-3 beta-CAMs, both power and regulated vacuum services
are applied directly to the AMS-3A-1 electronics package.

Figure 11.3. AMS-3A-1 Beta CAM

Instrument response time is inversely proportional to measured count
rate. A typical response time at 200 cpm is 18 seconds. At 40 cpm,
the response time is roughly 40 seconds. At 1000 cpm. the response
time is approximately 7 seconds.

CAMs provide a visual indication of the measured count rate
resulting from activity collected on the filter paper. Typically, the
measurement range is 10" to 10°. This indication may be a meter or
a chart recorder. Strip chart recorders provide a visual indication of
the CAM’s count rate as well as a historical record that may be used
in evaluating CAM alarms, including estimating derived air
concentration-hour (DAC-h) exposure. Strip chart recorders may be
set to X1 (2 cm/hr) or X6 (12 cm/hr). Typically X1 is used to limit
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paper consumption. In addition, recorders have an on/off switch
located on the right side. These switches are generally disabled
because noise from the switching transient may cause the CAM to
alarm.

In addition, CAMs provide alarm signals to indicate elevated levels
of beta-emitting airborne radioactivity. The alarm signals may be
audible alarms, visual alarms, and/or remote alarm relays. The
specific types of alarm signals vary depending on the facility and/or
the application. Workplace CAMs typically have a visual beacon
and an audible alarm bell. Radiation alarms are typicaliy non-
latching (i.e., the alarm indication will clear when the count rate
decreases below the alarm setpoint), However, some instruments
have been modified so that the radiation alarms are latching (i.e., the
ACKNOWLEDGE button must be pressed before the alarm indication
will clear).

CAMs also provide a failure alarm to indicate loss of signal from the
detector. Loss of signal (i.e., counts) may indicate a failed detector.
Fail alarms are non-latching, and the alarm indication will clear as
soon as the detector registers a count. The response time for a CAM
to alarm upon loss of detector signal is roughly 45 seconds. The
actual response time for each CAM is measured during calibration
and is indicated in the limitations section of the calibration label.

These CAMs are equipped with rotameters to indicate flow rate. A
variety of rotameters are used and typically read out in liters per
minute (Ipm). Some rotameters have knobs for adjusting the flow
rate. In some cases, these knobs are disabled so the flow rate cannot
be changed.

11.1.1.1 CAM Controls

AMS-3 CAMs have the following external controls and indicators
which are used during normal operation,

e Push-to-set. When pressed, the alarm setpoint is displayed on the
meter or strip chart recorder.

e Set. The set button is used in conjunction with the push-to-set
button to adjust the alarm setpoint. In some facilities, the SET
button is recessed to prevent inadvertent adjustment. In these
cases, a simple tool is required to adjust the alarm setpoint.

e Acknowledge. Pressing the ACKNOWLEDGE buiton silences the
audible alarm,

¢ Power. The power lamp will illuminate when the CAM is on.

PNL-MA-562 Chapter 1 1.0 Issued: November 2002
Page 114 Supersedes: Aprii 2001




s Counting. The counting lamp will illuminate when the CAM is in
the normal operating condition. During failure alarms, the
counting lamp will turn off,

e Failure. The failure lamp illuminates when the detector does not
receive a count in the failure delay interval (~45 seconds).

¢ Background subtraction. In the ON position, this toggle switch
subtracts causes counts recorded with the gamma background
desector from the filter paper detector.

Additional external controls are used only during calibration and are
typically covered with tape to prevent their inadvertent adjustment.
For a description of how these controls are used during calibration,
refer to the appropriate procedures PNL-MA-563 or to the CAMs
operating manual®. The calibration controls include: pulse width,
zero, span, and percent subtraction.

11.1.2 Radiation and Energy Response

Eberline’s AMS-3 beta-CAMs are primarily designed to detect beta-
emissions from an aerosol filter (typically LB5211). Beta-detection
efficiencies for common Hanford Site contaminants (*Tc, '*'Cs, **Cl
and *Sr[Y]) range from 20% to 25%.

These beta-CAMs are slightly sensitive (<1%) to gamma rays. The
instrument is operated in the “background subtraction” mode to

compensate for internally and/or externally generated gamma-fields.

These CAMs are also sensitive to alpha particles. Alpha efficiency
for the GM detector is approximately 5%.

These instruments also respond to beta-emitting (~20% efficient) and
alpha-emitting (at most ~3% efficient) radon progeny collected on

the filter,

11.1.3 Integral Sources

There are no radioactive sources attached to, or inside, the CAMs.

(a) PNL-MA-563, Radiological Calibration Procedures.
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11.2 Operating Instructions

11.2.1 Correction Factors

Placing a beta CAM in service requires local access to 120-VAC
power and vacuum-source utilities. Depending on the location and
application, remote signal and/or alarm cables may be connected to
the electronic output terminal strip located on the back of the CAM.

Prior to use, ensure that the performance test protocols of

Section 11.3 are complete. Operating a CAM requires establishing
air flow to a specific rate or range, installing a filter paper, and
setting the alarm setpoint. Glass fiber filters are recommended.

Correction factors are not used to operate these instruments.

11.3 Performance Test Instructions

11.3.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions below are provided as examples of
acceptable methods.

Prior to using an instrument, an operability check is typically

- performed to verify that an instrument is functional and is in

calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. When in service, operability
checks are typically performed and documented daily. Daily checks
should include the following:

1. Verify that the calibration of the instrument is current.

2. Very that the positive airflow is within established range of
48.1-65.1 Ipm (1.7-2.3 cfin).

3. Verify that the response to background is greater than zero.
4. Verify that the electronic chart recorder/meter operation and
adequate paper supply {(paper out indicator not present) is

equipped.

5. Verify that the vacuum lines are secure.
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11.3.2 Source Check

11.3.2.1 Initial Source Check

6. Remove any debris/obstructions present on the CAM,
7. Verify that the counting light is on,
8. Verify that the failure light is off.

9. Verify that the sample plunger is securely and completely
installed.

10. Verify CAM control settings:

a. Alarm setpoint is appropriately set.

b. Background subtraction switch is on.

Beta CAMs are source checked with an electroplated or anodized
beta-emitting source (typically *°Sr/Y or "*’Cs). The radionuclide of
the source should match a radionuclide to which the CAM has been
calibrated and should represent a facility isotope of concern. When
more than one isotope of concern is present, it is recommended to
source check with the lower beta energy radionuclide.

Initial source checks should be performed immediately upon
receiving the instrument from the Radiological Calibration
Laboratory. Instruments should not be placed into storage until after
performing the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable. For
the beta CAM, the initial response is reasonable when the response
is within

s 220% of the calibration efficiency.

o 20% of the mean instrument response for that source.

The acceptable range should allow for variations resuiting from
differing detector efficiency.

Remove the sample plunger and filter ring. Remove the filter paper,
replacing it with the source. Source configuration is such that the
active side of the source will face the detector when the plunger is
installed. Gently seat the plunger in the detector chamber and allow
the instrument response to stabilize. Multiply the instrument’s stable
response by 0.8 and 1.2 to determine the acceptable range for that
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11.3.2.2  Periodic Source Check

11.3.2.3  Alarm Function Test

instrument/source pairing. Record the acceptable range on
performance testing record. Perform a background count with a
radiologically clean filter paper to verify less than 50 cpm
background over a I to 2 minute interval.

NOTE: The source used to perform the initial source check is used
to perform the periodic source check. To perform a periodic source
check with a source other than the one used for the inirial source
check, first perform the periodic source check on the source used for
the initial source check. If the instrument passes that periodic
source check, then perform a new initial source check using the new
source to establish response limits for that source/instrument
combination.

CAM source checks are typically performed weekly and often
coordinated with filter paper exchange.

Remove the sample plunger and filter ring. Remove the filter paper,
replacing it with the source. Source configuration is such that the
active side of the source will face the detector when the sample door
is closed. Gently seat the sample plunger in the detector chamber
and allow the instrument response to stabilize. The instrument
response should fall within the acceptable range for that
instrument/source pairing determined during the initial source check.

Periodically, in-service CAMs should be tested to ensure the proper
operation of their alarming capabilities. CAM alarms are initiated
during the periodic source check by maintaining the alarm setpoint
within the stable reading established with the source. Source activity
should be sufficient to produce a count rate that is, at a minimum,
within the decade of, and greater than, a typical alarm setpoint for
the CAM.

Alarm function tests are typically performed monthly.

11.4 Calibration Instructions

AMS-3 series beta CAMs are calibrated at PNNL's Radiological
Calibration Laboratory located at the 318 Building in the 300 Area,
or by facility maintenance organizations. The calibration described
in this section is based on the Radiological Calibration Laboratory
procedure.
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Prior to calibration, the instruments are inspected to make sure they
are in good working order. Damaged instruments are repaired before
calibration. As-found instrument settings and source response
parameters are also recorded before calibration. If the as-found
readings vary from their calibrated values by more than 20%, the
Radiological Calibration Laboratory contacts the radiological control
organization that last used the instrument to inform them of the
problem.

Calibration of AMS-3 CAMs includes the following:

¢ Leak checking the CAM sample flow system, including o-rings,
adjusting the vacuum relief valve to open between 11 and 13 in.
of mercury, and calibrating the CAM rotameter.

e Electronically checking, adjusting, and calibrating the instrument
high voltage, detector pulse width, rate meter indicator, gamma-
subtraction circuit, and alarm delay period.

¢ Functionally testing the CAM alarm circuitry, verifying alarm
relay operation, and measuring contact closure resistance.

¢ Checking the instrument linearity using an electronic pulser at
one point on each decade of the instrument range.

» Establishing instrument detection efficiencies for a range of beta-
emitters including ““C, *Cl, *'Sr(Y), *Tc, and '’Cs. To pass
calibration, the instrument shall have a minimum efficiency of
15% for each of the isotopes except 'C.

* Measuring CAM background (typical background count rates are
less than 40 cpm).

¢ Cleaning and inspecting o-rings. The plunger should be retumed
with the CAM to the Radiological Calibration Laboratory to
ensure that maintenance is performed on the o-rings.

Uniess otherwise specified, beta-CAMs are calibrated annually or
after any maintenance that voids the existing calibration. The
calibration is valid through midnight of the last day of the month, as
indicated on the calibration sticker.

For more detailed information on AMS-3 beta-CAM calibrations,
refer to PNL-MA-563, Section 4.2.17, or refer to facility calibration
procedures."™

(a) PNL-MA-563, Radiological Calibration Procedures.
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11.5 Maintenance Instructions

Routine maintenance on the beta CAM is performed at the
Radiological Calibration Laboratory and in the field. Routine
maintenance includes changing filter papers, cleaning detectors,
changing chart paper, and inspecting/replacing o-rings.

Change filter paper. The filter exchange frequency is dependent
upon the concentration of suspended particulate (e.g., dust,
radioactive material). Common practice is to exchange CAM filters
weekly. Beta CAMs can use any durable, high-efficiency filter
paper, although glass fiber filters are most commonly used.

High background. If the CAM background becomes elevated, the
detector may be cleaned according to manufacturer’s recommenda-
tions. (It is very easy to damage the detector during cleaning.)

Change chart paper. Chart paper must be periodically replaced on
CAMs that use strip chart recorders. Used chart paper is handlied
according to facility directives. Chart paper should be replaced with
paper compatible for the instrument. The chart recorder speed
should be set to X1.

O-rings. O-rings should be inspected for cracks, seating, and dirt at
each filter exchange. During calibration, o-rings are inspected and
either lubricated or replaced depending upon if they are excessively
dirty, do not fit properly, or are cracked.

11.6 Instrument Specifications and Limitations

11.6.1 Temperature

PNNL has tested the functional performance of Eberline’s AMS-3
family of CAMSs (specifically an AMS-3A-1) against a suite of
environmental conditions specified in American National Standards
Institute (ANSI) standards N42.17B and N42.18 (ANSI 1689, 1974).
The most important testing data along with available manufacturer’s
information is summarized below.

The design temperature range of Eberline’s AMS-3 family of CAMs
is -7°C to 49°C (20°F to 120°F). However, these CAMSs can be
equipped with an optional heater that extends the lower operating
temperature range of these CAMs to -18°C (0°F).

PNNL'’s testing data indicated non-compliance with the ANSI
N42.17B temperature standard ahove 40°C (104°F) (the instruments
under responded by greater than 50% at temperatures greater than
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11.6.2 Temperature Shock

40°C). Therefore, the upper operating temperature should be
considered to be 40°C (104°F) and not 49°C (120°F).

Beta CAMs are typically operated indoors and not exposed to
temperature shocks. However, it is good practice to allow the
instrument temperature to equalize with the ambient temperature
before placing it in service.

11.6.3 Humidity and Pressure

Although the manufacturer does not provide operational
specifications for humidity and pressure, AMS-3 CAMs were tested
to, and met, the ANSI N42.17B humidity (40% to 95%) standard
(ANSI 1989).

PNNL also tested three CAMs against ANSI N42.17B pressure 525-
795 torr (70-106 kPa) guidelines. At 70 kPa, one of the three CAMs
under-responded by ~50% relative to its reference response recorded
at 101 kPa. The ANSI standard allows for a maximum response
deviation of £15% over the entire specified pressure range.
However, these instruments are operated at the same pressure at
which they are calibrated. As such, these CAMs may be used at
atmospheric pressure but should not be used within an operating
vacuum or pressure vessel.

11.6.4 Electromagnetic Field Interference

The beta CAMs should be relatively insensitive to external
electromagnetic fields. If electromagnetic interference is suspected,
or the instrument is going to be placed in high field strength, source
checks should be performed under expected conditions to assess
impacts.

11.6.5 Radio Frequency/Electromagnetic Interference

Although no manufacturer ratings are specified, the effects of radio
frequency-induced interference upon beta-CAM performance was
tested against the ANSI N42.17B standard by PNNL. The results
were found to be acceptable at 60 Hz but failed over the radio-
frequency ranges of 0.3 to 35 MHz and 140 MHz. Consequently,
portable and mobile communication transceivers may create
instrument response if brought into close proximity to an operational
beta-CAM. Response interference is also expected from any
electrical spark source in the immediate vicinity of the AMS-3
family of beta-CAMs.
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11.6.6 Energies and Types of Radiation

The AMS-3 series beta CAM responds to alpha, beta, and gamma
radiations. It will detect beta-emitters with energies above 100 keV
(e.g., *C with Buyy=0.156 MeV) and alpha emitters with energy
above about 3 MeV (e.g., uranium, ®*Th). Beta response is energy
dependent, increasing with energy. On the low end, "'C measures
~10% efficient. On the high end, *St/Y (B = 2.28 MeV) measures
~25% efficient.

11.6.7 Interfering Ionizing Radiation Response

Gamma: The manufacturer specifies the instrument’s
uncompensated ambient gamma-response to a “Co field as

200 cpm/(mR/h)., However, the electronic subtraction circuit can
compensate for this response.

Neutron: The AMS-3 CAMs do not respond to neutron radiation.

Alpha: Because of the combined effects of the filter to detector air
gap and the thickness of the pancake GM detector window, beta-
CAM detection sensitivities for gamma-emitting aerosols are at most
~5%.

11.6.8 Particle Transport Efficiency

Texas A&M University’s Mechanical Engineering Department
(Aerosol Technology Laboratory) tested the particle transport
capabilities of the Alpha 6 sampling head (similar to the AMS-3
design [McFarland 1989]). Table ]11.1 summarizes these testing
results. AMS-3 values are not anticipated to deviate substantially
from these values.

Table 11.1. Particle Transport Efficiency

Particulate Penetration Percentages (per particle size and air speed)

Flow 3 um 7 pm 7 pm 148 um | 14.8 pm
Sampler Rate @ 1m/s @lm/s | @03m/s| @1mfs | @03 m/s
Inlet and Detector Filter Assembly 2 cfm 83.0% 1.8% 1.2% 1.0% -—--
Inlet 2 ¢fm 88.5% 73.6% 67.1% 48.1% 54.4%

Full System

2 cfm 73.5% e e e g

Full Sysiem

lefm | 923%

11.7 Applications

The AMS-3 series continuous air monitors are designed to measure
airborne concentrations of beta-emitting radionuclides. These
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11.8 References

instruments provide both visual and audible alarms, if airborne
concentrations exceed a predetermined, user selectable, value (DAC-
h equivalent alarm setpoint). This instrument is most often applied
as a workplace monitor although it may be applied to stack, duct, or
plenum exhaust monitoring.

NOTE: For information on technical manuals, see Bibliography.

ANSIN42.17B-1989. 1989. Performance Specification for Health
Physics Instrumentation - Occupational Airborne Radioactivity
Monitoring Instrumentation. American National Standards Institute,
New York.

ANSI N42.18-1974 (R 1980). 1980. Specification and Performance
on On-Site Instrumentation for Continuously Monitoring
Radioactivity in Effluents. American National Standards Institute,
New York.

McFarland, A.R., Carlos A.O., and J.C. Rodgers. 1990.
“Performance Evaluation of Continuous Air Monitor (CAM)
Sampling Heads.” Health Physics 58:3.

Johnson, M.L.. 1996. PNNL-10938, Evaluation of the Eberline
AMS-3A and AMS-4 Beta Continuous Air Monitors. Pacific
Northwest National Laboratory, Richland, Washington.
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12.0 Eberline AMS-4 Beta Continuous Air Monitor

12.1 Instrument Description and Theory of Operation

The Eberline AMS-4 continuous air monitor (CAM) is designed to measure
airborne particulate concentrations of man-made, beta-emitting radionuclides
in the presence of naturally occurring radon progeny and ambient gamma
fields. The CAM uses a sealed gas proportional detector and a dual-channel
analyzer to electronically distinguish between alpha and beta events, thereby
allowing compensation for naturalty occurring activities. Furthermore, the
AMS-4 uses a second proportional detector to counterbalance the effects of
ambient gamma fields. The time dependent activity collected on the sample
filter, after compensating for the presence of radon progeny and gamma
fields, is used with integrated mass flow rate data to derive running averages
of the airborne concentration of beta-emitting isotopes. The isotope of
concern, typically *Sr or *'Cs, is continually compared to its corresponding
derived air concentration (DAC) value. The AMS-4 posts an alarm if these
averages exceed a preset condition for a predetermined period of time (e.g.,
DAC-hr alarm set point).

The AMS-4 provides the user with a 2-line by 20-character dot matrix
display with up to nine different pages of information that can be viewed
while the unit is in the normal operational mode. The arrow keys on the
keypad scroll through the pages to display the operational data of interest.
Only the numerical value of the displayed readings and their corresponding
units are displayed. A legend of the currently displayed readings can be
shown by pressing <Enter>. In addition, a percent of alarm display is also
provided by the AMS—4 controller.

More detailed technical information can be found in Eberline’s AMS—4
Technical Manual or by calling the Pacific Northwest National Laboratory's
{PNNL’s) Radiological Calibration Laboratory.™

12.1.1 Physical Description

The AMS-4 is composed of a central processor and detector module. A
vacuum pump is also necessary for operation. The most common Hanford
configuration is the radial inlet detector/sampling head, physically attached
to the system controller (see Figure 12.1), and a separate vacuum pump.
Under these circumstances the AMS-4 weighs 6.0 kg (13.3 Ib), and measures
41.6 cm (16.4 in.) wide by 32.5 cm (12.8 in.) high by 18.5 ¢cm (7.3 in.) deep.
The AMS-4 radial inlet sampling/detector head can be removed for

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624,
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Figure 12.1. AMS-4 with Attached Radial Entry Detector/Sampling Head

remote monitoring (see Figure 12.2). Cable lengths of 50 and 100 ft are
common for separating the electronics unit from the detector/sampling head
assembly. An optional remote in-line detector/sampling head is also
available for stack or duct monitoring applications. A multi-conductor cable
links the remote head to the controller/display unit. However, in all cases, a
regulated vacuum source must be applied directly to the detector head
assembly.

The physical dimensions of the remote in-line head are 18.4 cm (7.25 in.)
wide by 24.1 cm (9.5 in.) high by 16.2 cm (6.4 in.) deep, and the unit weighs
5.5 kg (12 1b). The remote head can be separated from the controller/display
unit by up to 305 m (1,000 ft).

12.1.2 Radiation and Energy Response

Eberline’s AMS-4 detector is sensitive to both alpha and beta radiation.
However, the AMS-4 only uses its alpha sensitivity to compensate for the
presence of naturally occurring radon progeny. Beta-detection efficiencies
for common Hanford Site contaminants range from 9% for *Tc to 18% for
“Sr(™Y). Although the AMS-4 CAM:s are only slightly sensitive to
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Figure 12.2. AMS-4 with Detached Radial Entry Detector/Sampling Head

12.1.3 Integral Sources

12.1.4 AMS-4 Alarms

gamma-radiation, a second detector is used to compensate instrument
response for ambient gamma-fields.

There are no radioactive sources attached to or inside the beta CAMs.

The AMS-4 CAMs are configured with five user-modifiable alarm set points.
When the alarm is posted the local and remote horns will sound until the
appropriate alarm ACKNOWLEDGE button is pressed. The alarm
acknowledge key on the base unit will silence the local and remote horn; the
alarm acknowledge switch on the sampling head will silence only the remote
horn. Additionally, when an alarm occurs a change of status is logged into
the history file, the alarm relay will actuate (if equipped), and both the local
strobe and the alarm light on the sampling head will turn on. The strobe,
remote alarm light, and alarm relay will continue to be active until the alarm
condition ceases. The name and purpose of each of these alarms are
summarized below:
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¢ Slow Alarm: The slow concentration alarm set point determines the

concentration at which a slow concentration alarm will occur. The
amount of history used to make this determination is defined by the slow
alarm interval. An alarm will be posted if the current interval of slow
alarm concentration history exceeds the concentration of the previous
history interval by the value specified by the slow alarm set point. This
condition is checked every minute. The default slow alarm set point is
10.59 Bq/ft’.

Fast Alarm: The fast concentration alarm set point determines the
concentration at which a fast concentration alarm will occur. The amount
of history used to make this determination is defined by the fast alarm
interval. An alarm will be posted if the current interval of fast alarm

‘concentration history exceeds the concentration of the previous history

interval by the value specified by the fast alarm set point. This condition
is checked every 5 seconds. The default fast alarm set point is
1059.07 Bg/ft’.

Net Alarm: The beta net count rate alarm set point determines the beta
net count rate at which an alarm will occur. The amount of history used
to make this determination is defined by the net alarm interval. An alarm
will be posted if the current history interval of beta net count rate exceeds
the beta net count rate of the previous history interval by the amount
selected as the net alarm set point. This condition is checked every 5
seconds. The default net alarm set point is 60,000 cpm.

Stack Alarm: The stack alarm (release rate) set point determines the
activity per unit time at which a stack alarm will occur, An alarm will be
posted if the current release rate is equal to or greater than the alarm
setpoint. This condition is checked every minute. The stack alarm is
disabled if the alarm setpoint is 0. The default stack alarm set point is 0.

DAC-Hour Alarm: The DAC-hour alarm set point determines the total
DAC-hours (hr) at which a DAC-hr alarm will occur. An alarm will be
posted if the current total DAC-hr reading is equal to or greater than the
alarm set point. The DAC hr total is updated, then compared to the DAC-
hour alarm set peint every minute. The DAC-hour alarm is disabled if the
alarm set point is 0. The default DAC-hour alarm set point is 0.

Various types of internal checks are performed to determine a system failure
condition. If one or more of the following fail parameters is out of limits, the
AMS-4 will suspend history logging, store the change of status condition(s)
in the history buffer, illuminate the front panel malfunction light, and actuate
the fail relay (if equipped). History logging will continue after all fail
parameters are within limits. At this time the malfunction light will turn off,
the fail relay will deactivate, and normal operation wiil resume. Changes to
any of the fail parameters will log an Operate Parameter Change message
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into the history log. The history log can be retrieved by a host computer or
printed from the AMS-4 using the Print Log Buffer feature in the test menu,

* Min Flow Rate: The minimum flow rate parameter is the flow rate value
at which a flow rate failure is determined. A measured flow rate which is
less than this value, defaulted at 0.3 ft*/min, will cause a malfunction
condition.

¢ Max Flow Rate: The maximum flow rate parameter is the flow rate
value at which a maximum flow rate failure is determined. Valid settings
range between 0.3 to 4 ft’/min or the equivalent in other flow units. The
default setting is 4 ft'/min.

¢ Min Beta Count Rate: The minimum beta count rate parameter
determines the count rate value at which a failure is determined after each
S-second counting interval. A beta channel count rate less than this value
will cause a malfunction condition. The minimum setting for minimum
beta count rate is O cpm. Setting the value to 0 will disable checking of
this error. The default value is 0.

¢ Max Beta Count Rate: The maximum beta count rate parameter
determines the count rate value at which a failure is determined. A beta
channel count rate greater than this value will cause a malfunction
condition. The default value is 600,000 cpm.

When the malfunction condition exists, the counting circuit is disabled and
the CAM does not monitor airbome radioactivity levels.

12.1.5 Setting Alarm Set Points

To set or alter AMS-4 operating, alarm or detector parameters, the instrument
must be placed in the TEST MODE. To enter the TEST MODE, the user must
press <Menu> on the keypad. The user is then prompted to enter the current
TEST MODE password. After the correct password is entered, the user may
scroll through the main menu by pressing the T and | keys. To alter a
particular parameter, select the appropriate menu item by using the arrow
keys to display the menu item of interest and then press <Enter>. After
<Enter> is pressed, a listing of sub-menu items can be viewed by using the T
and | keys. When the desired parameter value is displayed, it can be edited
using the instrument’s key pad.

12.2 Operating Instructions

Placing a beta CAM in service requires local access to 120-VAC power and
vacuum-source utilities. Depending on the location and application, remote
signal and/or alarm cables may be connected to the electronic output terminal
strip located on the back of the CAM,
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Prior to use, ensure that the performance test protocols of Section 12.3 are
complete. Operating a CAM requires establishing air flow to a specific rate
or range, installing a filter paper, and setting the alarm set point. Glass fiber
or membrane filters are recommended.

All calibration-dependent CAM variables are protected by password code;
unfortunately, other user-dependent parameters are protected in the same
manner. Consequently, if a variable, like alarm level, needs to be changed,
extreme care should be taken to ensure that other menu-selectable variables
are not inadvertently altered. Current data and many operating parameters
can be displayed at any time without the use of a password code.

The radial entry detector assembly for the AMS-4 beta CAM does not use a
filter retaining ring like the Eberline AMS-3 CAMs. Rather, the filter paper
is placed directly on the filter support (typically a white porous durable
foam). On the radial entry head, the detector is contained on a swing arm
that pivots upward, allowing access to the filter paper support. A retaining
ring is used on in-line heads. The filter paper support is contained on a
swing arm that rotates out from the detector housing allowing access to the
filter support. Filter papers are secured with the retaining ring.

12.2.1 Correction Factors

Correction factors are not used to operate these instruments.

12.3 Performance Test Instructions

Refer to contractor-specific procedures for performance test instructions.
The instructions below are provided as examples of acceptable methods.

12.3.1 Operability Check

Prior 1o use, ensure that the performance test protocols of Section 10.3 are
complete. Operating a CAM requires establishing air flow to a specific rate
or range, installing a membrane filter paper, and setting the alarm setpoint.
The Fluoropore membrane, manufactured by Millipore, is recommended.
Glass fiber filters are strongly discouraged because of self-absorption
characteristics that can cause false alarms.

Check everything listed below, When in service, operability checks are
typically performed and documented daily. Daily checks should include the
following:

1. Verify that the calibration of the instrument is current.

2. Verify that the positive airflow is within established range of 48.1-65.1
Ipm (1.7 to 2.3 cfm).
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12.3.2 Source Check

12.3.2.1 Initial Source Check

3. Verify that the response to background is greater than 0.

4. Verifying that vacuum lines are secure,

5.  Remove any debris/obstructions present on the CAM.

6. Verifying that the Ready light is on.

7. Verify that the Malfunction light is off.

8.  Verify that the detector arm is securely and completely lowered.

9. Verify that CAM alarm set point (ASP) is appropriately set.

NOTE: AMS-4 source checks are performed using the CAMs source check
protocol. The discussion below identifies an appropriate sequence of events
and does not define specific key strokes for accomplishing the event. Refer ro
contractor specific procedures for specific guidance on performing source
response checks. Vacuwum pumps should be turned off prior to commencing
sources checks.

Beta CAMs are source checked with an electroplated or anodized beta-
emitting source (typically *Sr/Y or ''Cs). The radionuclide of the source
should match a radionuclide to which the CAM has been calibrated and
should represent a facility isotope of concern. When more than one isotope
of concern is present, it is recommended to source check with the lower beta
energy radionuclide.

Initial source checks should be performed immediately upon receiving the
instrument from the Radiological Calibration Laboratory. Instruments
should not be placed into storage until after performing the initial source
check.

NOTE: To evaluare CAM efficiency, a special source certification is
required to account for the portion of the source masked by the retaining
ring {in-line head) or compression ring (radial entry head). AMS-4 source
certifications are available from the Radiological Calibration Laboratory.

Instrument response observed during the initial source check should be

evaluated to ensure that the values are reasonable. For the beta CAM,
methods to determine whether the initial response is reasonable when the

¢ measured efficiency is within 20% of the calibration efficiency
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e response is within £20% of the mean instrument response for that
SOUrce.

The acceptable range should allow for variations resulring from differing
detector efficiency.

Depress the silver button on the detector arm, and lift the arm. Remove the
filter paper, replacing it with the source. Source configuration is such that
the active side of the source will face the detector after lowering the detector
arm. Gently lower the detector arm until it rests in the lowered position,
Allow the instrument response to stabilize. Multiply the instrument’s stable
response by 0.8 and 1.2 to determine the acceptable range for that
instrument/source pairing. Record the acceptable range on performance
testing record.

12.3.2.2 Periodic Source Check

NOTE: The source used to perform the initial source check is used to
perform the periodic source check. To perform a periodic source check with
a source other than the one used for the initial source check, first perform the
periodic source check on the source used for the initial source check. If the
instrument passes that periodic source check, then perform a new initial
source using the new source to esiablish response limits for that
sourcefinstrument combination.

CAM source checks are typically performed weekly and often coordinated
with filter paper exchange.

Depress the silver button on the detector arm and lift the arm. Remove the
filter paper, replacing it with the source. Source configuration is such that
the active side of the source will face the detector when the sample door is
closed. Gently lower the detector arm until it rests in the lowered position.
Allow the instrument response to stabilize. The instrument response should
fall within the acceptable range for that instrument/source pairing determined
during the initial source check.

12.3.2.3 Alarm Function Test

Periodically, in-service CAMs should be tested to ensure the proper
operation of their alarming capabilities. CAM alarms are initiated during the
periodic source check by maintaining the alarm set point within the stable
reading established with the source. Source activity should be sufficient to
produce a count rate that is, as a minimmm, within the decade of, and greater
than a typical alarm set point for the CAM.

Alarm function tests are typically performed monthly.

PNL-MA-562 Chapter 12.0 Issued: November 2002
Page 12.8 Supersedes: New




12.4 Calibration Instructions

The AMS-4 CAM is calibrated at PNNL's Radiological Calibration
Laboratory located in the 318 Building in the 300 Area. The calibration
described in this section is performed by calibration laboratory staff.

Prior to calibration, the instruments are inspected to make sure they are in
good working order. Damaged instruments are repaired before calibration.
As-found instrument settings and source response parameters are also
recorded before calibration. If the as-found readings vary from their
comresponding calibrated values by more than 20%, the Radiological
Calibration Laboratory contacts the radiological control organization that last
used the instrument to inform them of the problem.

Calibration of AMS-4 CAMs includes setting and/or verifying software
operating parameters. These parameters and typical values are summarized
in Appendix A. Electronic adjustments are made, as needed, to establish the
standard instrument operating conditions such as the operating plateau
voltage. A calibration source traceable to the National Institute of Standards
and Technology (NIST) is then used to conduct final electronic calibration
adjustments and establish the instrument's efficiency. In addition, the
instrument flow rate circuit is thoroughly leak tested and electronically
calibrated against an accurate mass flow meter that itself possesses a NIST-
traceable calibration.

Unless otherwise specified, beta-CAMs are calibrated annually or after any
maintenance that voids the existing calibration. The calibration is valid
through midnight of the expiration date listed on the calibration sticker.

For more detailed information on AMS-4 calibrations, refer to PNL-MA-563,
Section 4.2.22@

12.5 Maintenance Instructions

Routine maintenance on the AMS-4 beta CAM is performed at the
Radiological Calibration Laboratory and in the field. Routine maintenance
includes changing filter papers and cleaning detectors.

Change filter paper. The filter exchange frequency is dependent upon the
concentration of suspended particulate (e.g., dust, radioactive material).
Common practice is to exchange CAM filters weekly. Beta CAMs can use
any durable, high-efficiency filter paper, although glass fiber filters are most
commonly used.

(a) PNL-MA-563, Radiological Calibration Procedures.
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High background. If the CAM background becomes elevated, the detector
may be cleaned according to the manufacturer’s recommendations. Detector
cleaning involves removing contamination from the thin mica window using
a soft brush or water rinse. The detector window is very fragile and can be
easily damaged during cleaning. The detector is pressurized and the window
has little flexibility.

12.6 Instrument Specifications and Limitations

PNNL has tested the functional performance of Eberline’s AMS-4 CAMs
against a suite of environmental conditions specified in American National
Standard Institute (ANSID Standards N42.17B and N42.18 (see Section 6.8,
ANSI 1989 and ANSI 1980)."” The most important testing data along with
available manufacturer’s information is summarized in the following
sections.

12.6.1 Temperature

The design temperature range of Eberline’s AMS-4 CAMs is -20°C to 85°C
(-4°F to 185°F). PNNL’s testing data indicated that the AMS-4 ratemeter
stability met the requirements of the standard but its flow transducer response
was found to be noncompliant above 40°C (104°F). Therefore, the upper
operating temperature should be considered 40°C (104°F) and not 85°C
(185°F).

12.6.2 Temperature Shock

Beta CAMSs are typically operated indoors and not exposed to temperature
shocks. However, it is good practice to allow the instrument temperature to
equalize with the ambient temperature before placing it in service.

12.6.3 Humidity and Pressure

Although the manufacturer does not provide operational specifications for
humidity and pressure, AMS-4 CAMs were tested to, and met, the ANSI
N42.17B humidity (40 to 95%) standard but were only partially compliant
with regard to the pressure (500-800 torr [66-107 kPa]) requirements.
Specifically, the AMS-4 met the count-rate stability condition set forth by the
standard. However, the instrument failed flow stability requirements
(£15%), over responding by as much as 22% at 66 kPa. The standard allows
for a maximum response deviation of £15% over the entire specified pressure
range. As such, these CAMs may be used at atmospheric pressure but should
not be used within an operating vacuum or presstire vessel.

(a) PNL-10938, Evaluation of the Eberline AMS-3A and AMS-4 Beta Continuous Air Monitors.
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12.6.4 Electromagnetic Field Interference

The beta CAMs should be relatively insensitive to external electromagnetic
fields. If electromagnetic interference is suspected, or the instrument is
going to be placed in high field strength, source checks should be performed
under expected conditions to assess impacts

AMS-4 CAMs were found to be immune to interference when tested against
a ANSI N42.17B specified microwave field of 2,450-MHz at 100 mW/m®
power density. Manufacturer performance information is not available on
this subject.

12.6.5 Radio Frequency Interference

Although no manufacturer ratings are specified, the effects of radio
frequency-induced interference upon beta-CAM performance was tested
against the ANSI N42.17B standard by PNNL. The results were found to be
acceptable at 60 Hz but failed over radio-frequency ranges of 0.3 to 35 MHz
and 140 MHz. Consequently, portable and mobile communication
transceivers may create instrument response problems if brought into close
proximity to an operational beta-CAM. Response interference would also be
expected from any electrical spark source in the immediate vicinity of the
AMS4 family of beta-CAMs.

12.6.6 Energies and Types of Radiation

The AMS-4 beta CAM responds to alpha, beta, and gamma radiations. It
will detect beta emitters with energies above 100 keV (e.g., '*C with By =
0.156 MeV) and alpha emitters with energy above about 3 MeV (e.g.,
uranium, “°Th). Beta response is energy dependent, increasing with energy.
On the low end, Tc measures ~9% efficient. On the high end, *St/Y (B
= 2.28 MeV) measures ~18% efficient.

A guard detector compensates for ambient gamma response and electronic
discriminators segregate alpha from beta radiation based on energy.
Although the detector is sensitive to alpha, beta, and gamma, the instrument
is monitoring beta radiation for the user.

12.6.7 Interfering Radiation Response

Gamma: The electronic shielding circuit, under normal conditions,
compensates for this response.

Neutron: The AMS-4 CAMs do not respond to neutron radiation.
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12.7 Applications

12.8 References

Alpha: Electronic discriminators establish an alpha window at higher energy
and separate from the beta window. For monitoring purposes, the AMS-4
reads the beta window exclusively.

The AMS-4 CAMs are designed to selectively detect airborne concentrations
of man-made beta-emitters in the presence of radon progeny and ambient
gamma fields. These instruments provide both visual and audible alarms if
airborne particulate concentrations of beta-emitters exceed a predetermined,
user-selected time interval (e.g., DAC-hr alarm set point). This instrument is
most often applied as a workplace monitor, although remote sampling heads
are available for conducting stack, duct, or plenum exhaust monitoring.

NOTE: For information on technical manuais, see Bibliography.

ANSIN42.17B-1989. 1989. Performance Specification for Health Physics
Instrumentation - Occupational Airborne Radioactivity Monitoring
Instrumentation. American National Standards Institute, New York.

ANSI N42.18-1974. (R 1980). 1980. Specification and Performance of On-
Site Instrumentation for Continuously Monitoring Radioactivity in Effluents.
American National Standards Institute, New York.
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Typical AMS-4 Software Configuration and Standard Operational Parameters

Instrument Parameters

Sampling head:
Alpha subtract factor:
Gamma subtract factor:
Fixed B Bkg:

Fixed flow rate:
Stack flow alarms:
Beta efficiency:

Log interval:

Log to printer:
Instrument address:
Host baud rate:
ULAN:

Calib count time:
Calib source activity:
Count units:

Flow units:

Activity units;

Time units:

Min analog value:
Keypad beep:
Password 1:
Password 2:

Partiodine
2.75

(set by the user)

0.0

0.0

0.0

(set at cal)
|

Off

1

9600

Off

60 s

(set at cal)
cpm

ft’

dpm

min

60 dprv/ft3
On

Appendix A

Fail Parameters

Min flow rate:
Max flow rate:

Flow weight factor;
Min beta count rate:
Max beta count rate:
Beta weight factor:

Alarm Parameters

Slow alarm interval:
Slow alarm set point:
Fast alarm interval:
Fast alarm set point:
Net alarm interval:
Net alarm set point:

Stack alarm set point:
DAC alarm set point;

Detector Parameters

Alpha threshold:
Beta threshold:
Beta high voltage:
Bkg threshold:
Bkg high voltage:

0.3 ft3/min or 8495 cc/min
3.99 ft3/min or

1.13E+5 cc/min

0.0

I cpm

6.00E+5 cpm

10

30 min

(set by the user)
60 s

(set by the user)
60 s

60,000 cpm

0.0

0.0 DAC hr

30% of max
14% of max
(set during cal)
14% of max
(set during cal)
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13.0 Eberline RO-7 Survey Instrument

13.1 Instrument Description and Theory of Operation

The RO-7 instrument, shown in Figures 13.1 and 13.2, provides
direct or remote monitoring in high beta and gamma fields. It
consists of a basic digital readout instrument, three standard
detectors, one modified detector, and various interconnecting
devices. For gamma fields, the ion chamber detectors extend from 1
mR/hr to 20,000 R/hr in three overlapping ranges. For beta fields,
the range is 100 mR/hr to 20,000 R/hr in two overlapping ranges.
Beta sensitivity can be extended down to 10 mR/hr with the modified
detector.

£ L . . | Power

Low-range ' - Switch

High-range Probe

kR/hr

' e Medium Range Probe . '

Figure 13.1. RO-7 with Low-, Mid-, and High-Range Probes
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L Wtodowd | ; _ :
Figure 13.2. RO-7 with Extension Cable and Exposed Beta Window

The detectors are connected to the RO-7 by flexible cables, rigid
extensions, or by being mounted directly on the instrument.
Combinations of flexible cables and rigid extensions may also be
used. A special housing is available to permit use of the detectors
under water.

More detailed technical information can be obtained in the Eberline
RO-7 technical manual or by calling the Pacific Northwest National
Laboratory’s (PNNL's) Radiological Calibration Laboratory."”’

13.1.1 Physical Description

The basic RO-7 instrument (display or readout unit) measures
24.13 ¢cm (9 Y2 in.) high by 10.16 cm (4 in.) wide by 24.13 cm
(9 ¥4 in.) long and weighs about 1.36 kg (3 1b). The instrument uses
a liquid crystal display to indicate exposure rates in R/hr. When the

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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high-range probe is connected, a high-range indicating arrow is
illuminated, and the instrument reads out in kR/hr.

The liquid crystal display (LCD) has 4 digits, a decimal, minus si en,
high-range indicating arrow, and a Jow-battery indication. A light is
provided to improve readability under low-light conditions.

The RO-7 has three external conlrbls: an ON/OFF switch, iero knob,

and light switch. The light switch is located on the underside of the
RO-7’s body.

Linearity of the RO-7 low and mid-range detectors is +5%, +10% for
the high-range probe. The response time of the instrument is not
adjustable and averages 2.5 seconds. The response time is generally
specified by the manufacturer as the time for the instrument reading
to reach 90% of final value after a change in the radiation field. The
RC time constant of the instrument can be calculated from the

0% 10 90% response time by dividing the 0% to 90% response time
by 2.3. “RC” is used often to represent the time constant and comes
from an abbreviation for resistor (R) and capacitor (C).

Up to 152.4 m (500 f1) of cable can be used to separate the probes
from the RO-7 body. When using the underwater housing, cable
length is limited to 18.29 m (60 ft).

13.1.1.1 RO-7-BH High-Range Detector

The RO-7-BH high-range detector is a 7-cm’ ion chamber with a thin
beta end window. A plastic end cap is provided as a beta shield for
discriminating between penetrating and nonpenetrating exposure
rates.

With the end cap removed, the ion chamber has a sidewall density
thickness of about 800 mg/cm” and an end window density thickness
of 7 mg/cm®. With the end cap in place, the sidewall and end
window density thicknesses are both 1,000 mg/cm’,

The probe has a 3.81 cm (1.5-in.) diameter and is 11.68 ¢m (4.6 in.)
long. The probe weighs about 0.23 kg (0.5 Ib). The ion chamber
detector at the end of the probe is 1 in. in diameter and 0.6-cm
(0.24 in.) deep.

When the RO-7-BH high-range detector is connected to the RO-7,
the high-range arrow is illuminated and flashes.

With the high-range detector, the RO-7 has a range of 10 R/hr to
19.99 kR/hr. The resolution is 10 R/h (i.e., with the high-range
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probe, the RO-7 cannot differentiate between exposure rates that

differ by less than 10 R/hr, nor can it register exposure rates less than
10 R/hr).

13.1.1.2  RO-7-BM Mid-Range Detector

The RO-7-BM mid-range detector is identical to the high-range
detector with two exceptions.

When the RO-7-BM mid-range detector is connected to the RO-7,
the high-range arrow is not illuminated.

With the mid-range detector, the RO-7 has a range of O.II R/hr to
199.9 R/hr. The resolution is 0.1 R/br (i.e., with the mid-range
probe, the RO-7 cannot differentiate between exposure rates that

differ by less than 100 mR/hr, nor can it register exposure rates less
than 100 mR/hr).

CAUTION: Placing the mid-range probe in radiation fields greater
than 200 R/hr for extended periods can permanently damage the
probe. This effect can vccur whether or nor the instrument is
powered on.

13.1.1.3 RO-7-BM-M-Modified Mid-Range Detector

The modified mid-range detector is physically identical to the
standard mid-range detector. However, with the modified mid-
range probe, the RO-7 has an effective range of 10 mR/hr to
19.99 R/hr. The modification effectively provides an order of
magnitude better resolution when measuring beta exposure rates.

The RO-7 display unit is modified to accommodate the modified
mid-range probe. This modification disables the “K” character on
the LCD.

CAUTION: RO-7 display units modified for use with modified mid-
range probes should not be used with high-range detectors.

Placing the modified mid-range probe in radiation fields greater
than 200 R/hr for extended periods can permanently damage the
probe. This effect can occur whether or not the instrument is
powered on,

13.1.1.4 RO-7-LI} Low-Range Detector

The RO-7-LD low-range detector is a 50-cm’ ion chamber. The ion
chamber walls and end window have a density thickness of about
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800 mg/cm’. The low-range detector does not have a beta window
or a removable end cap.

The probe has a 3.81 cm (1.5 in.) diameter and is 20.83 (8.2 in.)
long. The probe weighs about 0.23 kg (0.5 Ib). The ion chamber
detector is at the end of the probe and is 2.54 cm (1 in.) in diameter
and 10.16 cm (4 in.} deep.

When the low-range detector is connected to the RO-7, the RO-7
has a range of 10 mR/hr to 1.999 R/hr. The resolution is 1 mR/hr
(i.e., with the low-range probe, the RO-7 cannot differentiate
between exposure rates that differ by less than 1 mR/hr, nor can it
register exposure rates less than 10 mR/hr).

CAUTION: Placing the low-range probe in radiation fields
greater than 2 R/hr for extended periods can permanently damage
the probe. This effect can occur whether or not the instrument is
powered on.

13.1.2 Radiation and Energy Response

13.1.3 Integral Sources

With the beta cap on and the side of the detector toward the source,
the mid- and high-range detectors respond to photons with energies
greater than 50 keV. With the beta cap on and the face of the
detector toward the source, the mid- and high-range detectors
respond to photons with energies greater than 25 keV. However, in
this configuration the instrument will tend to over respond to photons
near 60 keV (40% over response). With the beta cap off and the end
window facing the source, the mid and high-range detectors respond
to photons with energies greater than 8 keV. In this configuration,
the instrument will tend to over respond to photons near 60 keV
(40% over-response).

The mid- and high-range detectors respond to beta particles above
approximately 200 keV when the beta cap is off.

The low-range detector (RO-7-LD) responds to photons with
energies greater than 50 keV.

The energy response of the low-range detector and the mid- and

high-range detectors are illustrated in Figures 13.3 and13.4,
respectively.

There are no radioactive sources attached to, or inside, the RO-7.
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Figure 13.4. Mid- and High-Range Detector Photon Response
13.2 Operating Instructions
Before using the RO-7, perform the operability checks to make sure

the instrument is in good working condition (see Section 13.3).
These checks should be performed each time the instrument is used,
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To perform a radiation survey, attach the appropriate probe to the
RO-7. Cables or rigid extensions may be used between the probe
and the RO-7. If the instrument will be used in a wet or underwater
environment, use an underwater housing to protect the detector. The
instrument’s calibration is not affected by using the rigid extensions,
cables, or the underwater housing. However, when using the
underwater housing, note that the displayed dose rate is the dose rate
measured inside the housing and does not account for shielding
provided by the housing.

Turn the instrument on. In a low background area, use the zero dial
to set the instrument to zero. For this purpose, exposure rates in a
low background area should be less than half of the minimum dose
increment for the probe in use (i.e., for the RO-7-LD, <0.5 mR/hr).
Then, place the detector in the area to be measured.

When measuring exposure rates in non-uniform geometries,
remember the displayed value is a conservative estimate of the
exposure rate at the center of the detector volume, For example, a
measurement taken with the low-range probe’s face on contact with
a source will be representative of the penetrating dose rate at 5 cm
(2 in.) from the surface (half the length of the ion chamber). For the
mid- and high-range detectors, the detector dimensions are quite
small, 2.5 cm (1 in.) in diameter and 1.5 ¢m (0.6 in.) deep.
Therefore, the center of the detector volume can be placed much
closer to surface of an object.

NOTE: Contact correction factors have not been developed for the
RO-7, therefore, the RO-7 cannot be used to establish contact dose
rates. The uncorrected reading on the RO-7 can be used to establish
the dose rate at the center of the detector volume., Contact
correction factors for specific application can be developed.

Contact the Radiological Calibration Laboratory for assistance.

CAUTION: When the beta cap is removed, the thin end window is
easily torn or punctured. Avoid rouching the probe window to the
surface being monitored.

The penetrating dose rate is the instrument response with the beta
cap on. The non-penetrating dose rate is calculated using the
equation below.

Window Open (WOQ) = cap off

Window Closed (WC) = cap on
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13.2.1 Correction Factors

Calculate shallow and deep dose rates as follows.

Deep Dose Rate = WC (All non-contact dose rate measurements of

penetrating radiation do not require a geometry correction factor,
CFpen=1)

Shallow Dose Rate = (WO-WC)CF,oppen + WC

where
CFronpen = RONpenetrating (i.e., beta) correction factor

When the WC indication is less than one tenth of the WO indication
then the calculation for shallow dose can be simplified as:

WO x CFon.pen Shallow Dose Rate; WC<WO/10

Far field geometry correction factors are used when making
general area dose rate measurements (non-contact geometry).
Multiply all nonpenetrating exposure rate (WO-WC) readings by
2 (CFronpea = 2). This is based on RO-7 response to point source
*™T1 at a distance of 30 cm (11.81 in.) (Johnson 1997).%

All non-contact dose rate measurements of penetration radiation do
not require a geometry correction factor (CFpe, = 1).

Close geometry corrections factors for small diameter gamma or
beta sources have not been developed (contact measurements).
Therefore, the RO-7 is not used to establish contact dose rates.
Contact correction factors for specific application can be developed.
Contact the Radiological Calibration Laboratory for assistance.

Contact dose rates, 125 ml sample bottle correction factors to
estimate contact shallow dose rates from 125-ml sample bottles of
tank waste were developed for tank farms (Johnson 2000)"”. The
correction factors are 1.4 and 1.7 for the side of the bottle and the
bottom of the bottle. Before using these correction factors, the
reference should be reviewed to ensure that they are applicable.

® Memo, ML Johnson, PNNL, to RA Gregg, PNNL, “RO-7 Beta Measurements,” March 26, 1997.
® Letter, ML Johnson, PNNL, to RM Pierson, Lockheed Martin Hanford, “Correction Factor for Eberline
RO-7 for 125 ml Sample Bottle,” June 23, 2000,
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13.3 Performance Test Instructions

13.3.1 Operability Check

13.3.2 Source Check

Refer to contractor-specific procedures for performance testing. The
procedure below is provided only as an example of an acceptable
method.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the RO-7 fails any of the checks,
other than the battery check, return it to the Radiological Calibration
Laboratory for servicing.

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 pm} of the expiration date
on the calibration sticker.

2. Verify that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours.

3. Inspect the instrument for physical defects, such as broken meter
glass, loose knobs and connectors, punctured probe windows, or
defective cables. If any defects are found, tag the instrument to
identify the problem and return the instrument to the
Radiological Calibration Laboratory.

4. Turn the RO-7 on and check the display for a colon. If the colon
is displayed, the instrument batteries are low, and the instrument
should not be used. See Section 13.5, Maintenance Instructions.

5. Use the zero knob to zero the instrument (the exposure rate
should be less than half of the minimum dose increment for the
probe in use). If the RO-7 won’t zero properly, tag the
instrument with an Instrument Service Tag and return it to the
Radiological Calibration Laboratory.

The RO-7 may be source checked using an ion chamber check
source (ICCS). The initial source check is performed when the
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13.3.2.1

Initial Source Check

13.3.2.2  Daily Source Check

mstrument is first received from the Radiological Calibration
Laboratory. Source checks are performed daily or before each use if
the RO-7 is used less often than daily. Each probe should be source
checked. Response limits are applicable to probes, not bodies.

Initia] source checks should be performed immediately upon
recetving an RO-7 probe from the Radiological Calibration
Laboratory. Probes should not be placed into storage until after
performing the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable. For
the RO-7, methods to determine whether the initial response is
considered reasonable when the response is within #20% of the
mean instrument response for that source.

The acceptable range should allow for variations resulting from
differing probe response.

I the detector has a beta end cap, remove it prior to source checking.
Center the end of the detector (beta window for mid- and high-range
probes) over the off-scale source position on the check source
assembly and depress the source plunger on the ICCS. Note the
instrument response. Multiply the instrument response by 0.8 and
1.2 to determine the acceptable range for that probe,

Perform an initial source check for all detectors. Typical values
measured using an ICCS source with the RO-7 probes are listed
below (HIEC Minutes for 11/21/95).

Range Detector Typical Indication
0- 2 R/hr RO-7-LD (low-range) ICCS, » .029,

001 R/hr increment 1.4% of Full Scale
0 - 200 R/hr RO-7-BM (mid-range) ICCS, » 67.0,

0.1 R/hr increments 33.5% of Full Scale
0 - 20 KR/hr RO-7-BH (high- ICCS, » 0.06,

.01 kR/hr increment range)* 0.3% of Full Scale

*Round RO-7-BH (high-range} check source acceptable range to the nearest

hundredths

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check

) HIEC Meeting Minutes for April 9 and April 16, issued May 17, 1996.
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13.3.2.3 Response Checks

with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/probe combination.

If the detector has a beta end cap, remove it prior to source checking.
Center the detector over the off-scale source position on the check
source assembly and depress the source plunger on the ICCS. The
instrument response should fall within the acceptable values
determined during the initial source check. Perform the daily source
check on all detectors to be used.

If the instrument fails, it may be a failed probe or a failed RO-7
body. First, replace the probe and repeat the Daily Source Check
using the initial source check limits established for the new probe. If
the instrument performs satisfactorily during the Daily Source
Check, then the original probe was at fanlt. Tag the original probe
with a completed Instrument Service Tag and return it to the
Radiological Calibration Laboratory. If the instrument does not
perform properly during the second daily source check, the body is
probably faulty. Tag the meter with a completed Instrument Service
Tag and retumn it to the Radiological Calibration Laboratory.

Periodic response checks are not performed on the RO-7 meter.

13.4 Calibration Instructions

The RO-7 is calibrated by the Radiological Calibration Laboratory at
the 318 Building in the 300 Area. The calibration described in this
section is performed by Radiological Calibration Laboratory staff.
Probes and bodies are calibrated separately and independently to
allow probes to be used with any body.

Before calibration, the instruments are inspected to make sure they
are in good working order, The batteries are checked, the meter is
checked for erratic response, and the instrument is inspected for
physical damage. Damaged instruments are repaired before
calibration. Before calibration, as-found exposure rate readings at
the mid-point of each decade within the range of the detector and at
75% of full scale (e.g., for the low-range probe are recorded at 5, 50,
500, and 1500 mR/hr). If the as-found readings are more than £20%
out of tolerance, the Radiological Calibration Laboratory contacts the
radiological control organization that last used the instrument to
inform them of the problem.
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The RO-7-LD is calibrated using the *’Cs source wells. The
RO-7-BM and RO-7-BH are calibrated in the high-exposure facility
using a combination of "*'Cs and *Co sources. The response is
adjusted at 75% of full scale and then verified at the midpoint of
each decade (e.g., the mid-range detector is calibrated at 150 R/hr
and the response is verified at 0.5, 5, and 50 R/hr). Finally, the
instruments are exposed to a field greater than the probe’s full-scale
response to verify an off scale response is displayed.

RO-7 bodies are calibrated by shorting two pins together and
adjusting the zero. Next, a small voltage is applied to these same
pins and the body’s digital volt meter verified to within +1%.
Finally, a measuring and test equipment (M&TE) mid-range probe is
attached to the body and the response at 10 R/hr is verified within
20%.

For more information on the RO—? calibration, refer to
PNL-MA-563, Section 3.2.2.%

13.5 Maintenance Instructions

Routine maintenance on the RO-7 is performed at the Radiological
Calibration Laboratory and in the field. Routine maintenance
includes cleaning contacts and checking the batteries.

Common problems and causes are discussed in the next few
paragraphs.

Low batteries. If the RO-7 has low batteries, a colon will be
displayed when the instrument is turned on (if a high-range probe is
attached, the colon may appear to be a column of three dots due to
the presence of the decimal point). A low-battery indication will
result due to a low-battery condition on any of the five batteries in
the RO-7. Battery changes may be performed by the user. Battery
change should never be performed in a radiological area established
for contamination control (Contamination area, high-contamination
area, airborne radioactivity area, or radiological buffer area
established for contamination control).

The battery complement of the RO-7 is as follows:
1. BT chamber bias voltage (two 30-V NEDA 210 batteries)

2. BT2 minus voltage for operational amplifier (om amp) (one 9-V
NEDA 1604 battery)

(a) PNL-MA-563, Radiological Calibration Procedures.
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3. BT3 plus voltage for op amp (one 9-V NEDA 1604 battery)

4. BT4 minus voltage for comparators, display board power,
backlight power (one 9-V NEDA 1604 battery).

To change the batteries in the instrument, perform the following
steps.

1. Turn the instrument off,

2. Open the case by removing the side panels of the RO-7 (six
screws each side).

3. Remove all three 9-volt batteries (BT2-BT4).

4. Install three new 9-V batteries into the battery holders observing
proper polarity. Always replace all three batteries at the same
time.

5. Replace the side panels of the RO-7.

6. Turn on the RO-7 and observe the display for a low-battery
indication.

7. If the RO-7 continues to indicate a low-battery condition, then
the chamber bias batteries should be changed. These batteries
should be changed at the Radiological Calibration Laboratory.
Return the instrument to the Radiclogical Calibration
Laboratory, and indicate on the service tag that a battery change
is only required for the chamber bias batteries.

8. Dispose of the used batteries as appropriate.
9. Perform the daily source check (see Section 13.3.2.2).

Erratic response. The RO-7 may develop an erratic response if
moisture gets inside the detector. The detector is vented to the
atmosphere and does not have desiccant. Therefore, moisture can
get inside the chamber when it is used in humid or wet conditions. If
the RO-7 has an erratic response, tag it with a completed Instrument
Service Tag, and return it to the Radiological Calibration Laboratory.

Torn or punctured beta window. The thin beta window is easily
damaged. If the window is damaged, take care to not touch the
electrode inside the ion chamber. The electrode potential is 60 volts,
direct current (VDC), which could provide a minor shock. Touching
the anode could also cause static damage to the electronics within the
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probe. Tag the instrument with a completed Instrument Service Tag,
and return it to the Radiological Calibration Laboratory.

13.6 Instrument Specifications and Limitations

13.6.1 Temperature

13.6.2 Temperature Shock

The RO-7 is usable over the temperature range of -30°C to 70°C

(-20°F to 160°F). RO-7 detectors are temperature compensated;
therefore, temperature corrections are not required.

The RO-7 is not affected by temperature shocks. However, it is
good practice to allow the instrument temperature to equalize with
the ambient temperature before using it to perform surveys.

13.6.3 Humidity and Pressure

The RO-7 may be affected by humid environments. The RO-7
should not be used in condensing environments nor subjected to
sprays or mists. If the RO-7 needs to be used in a humid or wet
environment, waterproof housings are available to protect the
detector.

The RO-7 may be affected because of change in ambient pressure.
However, for use at the Hanford Site, no corrections are required.

13.6.4 Electromagnetic Field Interference

The RO-7 may respond to interfering radio frequency (RF) or
electromagnetic (EM) fields, such as portable radios and cellular
phones. Radio frequency emitting devices should be kept at least
30 cm (12 in,) from the RO-7 to avoid influencing the RO-7"s
response. Questions regarding the influence of radio frequency and
electromagnetic fields on the RO-7's response should be referred to
the Radiological Calibration Laboratory.

13.6.5 Energies and Types of Radiation

In general, the RO-7 responds to photons with energies greater than
about 50 keV. The mid-range and high-range detectors respond,
with the end cap off, to beta particles with energy greater than 200
keV. More detailed information on photon energy response is
provided in Figures 13.3 and 13.4.
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13.6.6 Interfering lonizing Radiation Response

13.6.7 Battery Life

13.7 Applications

13.8 References

The RO-7 has not been tested for its response to interfering ionizing
radiations such as neutrons or alpha-emitters. However, based on the
construction of the detectors, the RO-7 will not respond to alpha
radiations typical to the Hanford Site. Only alpha particles of

10 MeV or greater can penetrate the 7 mg/em? beta window of the
mid- and high-range probe.

Tonization chamber detectors, such as those used on the RO-7, do not
typically response to neutron radiation. If there are any questions
regarding its response to neutron fields, contact the Radiological
Calibration Laboratory.®

The RO-7 battery life is approximately 160 hours.

The RO-7 is used to measure deep and shallow dose rates (the RO-7-
LD measures only deep dose rates). Contact correction factors have
not been developed for the RO-7; therefore, the RO-7 cannot be used
to establish contact dose rates. The RO-7 offers capabilities that are
not available with the RO-3B type instrument, including:

¢ high-dose rate range capability, up to 19.99 kR/hr

¢ small detector size (improving the instrument response to
nonuniform fields)

¢ approximately 1,000-mg/cm2 chamber walls (improves the deep
dose rate measurement accuracy when used in high-energy beta
fields)

» remote detector capability.

The RO-7 offers a number of extensions (flexible cable extensions
and rigid extensions) and an underwater probe housing.

NOTE: For information on technical manuals, see Bibliography.

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Project Hanford Lessons Learned. 2000-RL-HNF-0006. High Dose
Rates Can Damage Eberline RO-7 Low-range and Mid-range
Detector Probes. Fluor Hanford, Ine, Richland, Washington.
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14.0 Eberline Personnel Contamination Monitors

14.1 Instrument Description and Theory of Operation

The HFM-4/4A, HFM-6, HFM-7A, PM-6A, and PCM-1B are
installed devices designed to monitor for radioactive contamination
on a person’s body. These units are generically referred to as
automated personnel monitors (APMs). The HFMs are capable of
monitoring only the hands and the bottom of the feet while the PCM
monitors the entire body one side at a time. The PM-6A is a pass-
through “portal monitor” providing defense-in-depth monitoring
independent of required sensitivity levels.

PCM-1B

HFM-6 HFM-7A PM-6A

Figure 14.1. PCM-1B, HFM-4, HFM-6, HFM-7A, and PM-6A Automated Personnel Monitors

All instruments described in this section use large area gas-flow
proportional detectors. The carrier gas is P-10 (90% argon, 10%
methane). The detectors are all capable of detecting alpha and beta
contamination. However, specific units may not have the necessary
firmware to discriminate alpha and beta particles.

A bias (~1400 V) is applied to each detector. Alpha and beta
particles interacting with the carrier gas create electrical pulses. The
electrical pulses are amplified and routed through discriminators to
determine if the pulse is from beta or alpha (if so equipped)
radiation. The signal is finally registered in the corresponding
channel as a count.
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More detailed information can be found in the Eberline Technical
Manuals or by contacting Pacific Northwest National Laboratory’s
(PNNL's) Radiological Calibration Laboratory.®

14.1.1 Operational Description

14.1.1.1

14.1.1.2

HFM-4

HFM-6

There are three models of HFM-4: the 4A, 4B, and 4C. These
instruments differ in their channel definitions (e. g., channel 1 may
measure both hands or the left hand only). These channel definitions
affect panel markings and configuration. The most common HFM-4
at Hanford is the HFM-4A. All HFM-4s are designed to monitor
personnel for alpha and beta contamination on their hands and soles
of the feet. These instruments use six gas-flow proportional
detectors.

The instrument is controtled by solid-state circuitry, When
contamination is measured above the preset alarm set point, the
instrument indicates via a series of light-emitting diedes (LEDs) and
an audible sonalert that an alarm condition exists. The LEDs assist
in locating the alarming area(s) by illuminating the alarming
channel(s) (hands alpha, hands beta, left foot alpha, left foot beta,
right foot alpha, and right foot beta). Failure and high background
lights also illuminate to indicate trouble with the HFM-4.

The HFM-4 counts and stores beta background when it is not
counting personnel. The instrument subtracts the stored beta
background during the count cycle to compare net counts against the
alarm set point. Alpha background is not stored or subtracted. The
alarm set points are preset and are not updated as background rate
changes.

The HFM-6 is a microprocessor-controlled instrument for the
detection of beta and, depending on the exact model (switch
settings), alpha contamination on the hands and soles of the feet. Six
gas-flow propertional detectors monitor the hands and feet. The
instrument display shows a variety of messages to indicate alarm
conditions and the general machine status. '

All HFM-6s have three operating modes: Preset All (Mode 1),
Maximum Sensitivity (Mode 2), and Minimum Count Time
(Mode 3).

{(a} Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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There are advantages to each mode of operation. In Mode 1, the
activity levels that cause an alarm are at or near the reliably
detectable activity (RDA) setting. A sufficiently long count time
(over 20 seconds per side, depending on background) serves to
improve the counting statistics to greatly reduce the number of false
alarms. Mode 2 allows exact count times to be established. In
Mode 3, the number of likely false alarms increases but survey times
are shorter and the instrument has a greater ability to adjust to
changing background rates.

e Mode 1 Preset All

In Mode 1, both the count time and the alarm set point are fixed.
The monitor will indicate high background if the fixed alarm set
point cannot be achieved within the fixed count time,

Mode 2 Maximum Sensitivity

In Mode 2, the count time is fixed. The alarm set point is calculat-
ed by the HFM as a function of the background count rate and the
fixed count time. The alarm set point may be any value up to the
RDA. In this mode, the monitor may alarm on contamination
levels below the RDA.

Mode 3 Minimum Count Time

In Mode 3, the alarm set point is fixed at the RDA, analogous to
classical minimum detectable activity, The count time is calculat-
ed by the HFM as a function of the background count rate and the
alarm set point. The count time may be any value up to a preset
maximum count time

The RDA setting is not a fixed alarm set point. Rather, it
represenis a probability of detection based on the confidence level
chosen during the calibration. If a monitor is set for a 95%
confidence level (RDA confidence factor of 1.65), the monitor
will alarm at the RDA 95% of the time. This same instrument
alarms upon contamination below the RDA with a reduced
probability of detection. As a result, it is not strictly correct to
state that a given monitor has a fixed portable instrument
equivalent detection level. Instead, monitor alarms are possibie
with varying frequency, over a range of portable instrument count
rates. This situation is evident when a monitor alarms and
subsequent manual frisks fail to find contamination. In this
situation, the instrument alarmed at a contamination level below
its RDA, a level that portable instruments cannot detect; the
monitor alarmed at the set point due to distributed contamination
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14.1.1.3 PCM-1B

(such a radon decay progeny), or the instrument has experienced a
false alarm based on the probability of this occurrence.

While not in use the HFM-6 counts and stores the alpha and beta
background and uses the data to compensate for changes in
background rate. Depending on the mode of operation, the
HFM-6 uses the stored background count rate (along with other
stored parameters) to either determine if the background rate is too
high for the set alarm set points (Mode 1), the alarm set point
(Mode 2), or instrument count time (Mode 3).

The HFM-6 has separate alarm set points and indications for the
following channels: left hand palm beta/gamma, left hand palm
alpha, left hand back beta/gamma, left hand back alpha, right hand
palm beta/gamma, right hand palm alpha, right hand back beta/
gamma, right hand back alpha, left foot beta/gamma, left foot
alpha, right foot beta/gamma, right foot alpha.

The Eberline PCM-1B is a microprocessor-based radiation detection
systermn providing evaluation of beta/gamma contamination and, with
optional upgrade, alpha contamination. Each PCM has 15 indepen-
dent gas-flow proportional detectors. Detectors form a tight bundle
that measures the whole-body one half at a time. The PCM uses
stand and count techniques for measuring contamination. Individ-
uals first stand sideways in the monitor and insert an arm into the
hand/forearm cavity to initiate the first count. Upon count comple-
tion, the person turns around and repeats the procedure with the
opposite arm in the hand/forearm cavity. In this manner, PCMs
monitor each side of the body, foot, top/side of head, and hand/
forearm once, while monitoring the face and back of the head twice,

The options for PCM-1B for alpha monitoring are: none, all
detectors, or hands, forearms, and feet. Any PCM-1B can be
configured with any of these options with a relatively minor software
and hardware upgrade.

NOTE: The PCM-IB is of limited utility for alpha monitoring at or
near the total contamination values listed in 10 CFR 833 because of
the short range of alpha particles in air and the normal distance
between the surface being surveyed and the surface of the detector.
Reliable alpha detection is limited to the hands and soles of feet.

PNE-MA-562 Chapter 14
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14.1.14 HFM-7A

14.1.1.5 PM-6A

All PCMs have three operating modes: Preset All (Mode 1),
Maximum Sensitivity (Mode 2), and Minimum Count Time
(Mode 3). These modes are discussed in the HFM-6 section, above.

The Eberline HFM-7A is a microprocessor-based radiation detection
system providing evaluation of beta/gamma and alpha contamination
on the hands and soles of the feet. This monitor operates in the
minimum count time mode (Mode 3 for HFM-6 and PCM-1R units).
This operational mode is discussed in the HFM-6 section above.
Like alt HFMs discussed in this procedure, the HFM-7A employs six
gas-flow proportional detectors to monitor the hands and feet. The
HFM-7A is designed to house two #2 (0.59 ft*) P-10 gas bottles. An
optional 100-cm” hand-held probe and belly probe are available to
add monitoring capabilities to the basic hand and foot operation.

The Eberline PM-6A is a microprocessor-based radiation detection
system that monitors for beta/gamma contamination on the body. A
firmware upgrade enables alpha detection on the feet. A
combination hardware and firmware upgrade adds “hand pods” to
the unit and facilitates low-level (equivalent to the HFMs)
monitoring of the hands and feet. Alpha capabilities can be enabled
in the hand pods with a firmware upgrade.

Each PM-6/6A has 11 independent gas-flow proportional detectors.
Detectors form an array about the body. The PM-6A has the three
operating modes (Preset All [Mode 1], Maximum Sensitivity
[Mode 2], and Minimum Count Time [Mode 3]) discussed in the
HFM-6 section, above. In addition, the PM-6A has four profiles,
dictating the monitoring format, as identified here:

¢ Profile 1 (Beta/Gamma Portal Walk-Through)

In Profile 1, the instrument operates as a walk-through beta/
gamma portal monitor {personnel walk-through the detector array
without stopping).

® Profile 2 (Beta/Gamma Portal with Alpha/Beta/Gamma Hands
and Feet)

This profile is an alpha/beta/gamma hand and foot monitor and a
beta/gamma portal monitor. The instrument operates as a stand-
and-count portal while the hands and feet are measured. Hand
pods are required to enable Profile 2.
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14.1.2 Physical Description

14.1.2.1 HFM-4/4A and HFM-6

14.1.22 PCM-1B

¢ Profile 3 (Beta/Gamma Portal Pause)

Profile 3 is identical to Profile 1 except that the instrument uses
stand-and-count protocols rather than walk-through. The user
pauses within the detector array for a specific count duration. The
count duration is determined based on the Mode of operation.

¢ Profile 4 (Beta/Gamma Portal with Alpha/Beta/Gamma Feet)

Profile 4 is identical to Profile 3 except the foot detectors are alpha
sensitive.

NOTE: The PM-6A is of limited utility for contamination
monitoring at or near the total contamination values listed in

10 CFR 835 because of the large distance between personnel and the
detectors. However, Profile 2 equips the instrument with

10 CFR 835-compliant hand-and-foot monitoring capabilities for
beta and alpha contamination. Profile 4 allows 10 CFR 835-
compliant monitoring of the feet for beta and alpha contamination.

Each portal tower is designed to house a single 1A cylinder of P-10
counting gas.

The PM-6A is equipped with an uitrasonic motion detector that
initiates counting protocols based on the selected profile and mode.

The instruments measure approximately 150 cm (59 in.) high, 70 cm
(27 in.) wide, and 104 cm (42 in.) deep. Without shielding installed,
the instruments weigh 107 kg (235 1b). The optional lead shielding
adds 204 kg (450 1b) if all of it is installed.

The six detectors are the gas-flow proportional type, consisting of a
metal housing with a Mylar-covered window. The hand (palm and
back of hand) detectors are 323 cm” with a 60% open cover, the foot
probes are 503 cmi’ with a 54% open probe cover, depending on the
installed metal housing.

The PCM-1B is 228 ¢cm (89.6 in.) high by 75 cm (29.5 in.) wide by
112 cm (44 in.) deep. Without any shielding or gas cylinders, the
instrument weight is 250 kg (550 1b),

PNL-MA-562 Chapter 14
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The 15 detectors in the PCM-1B are the gas-flow proportional type,
consisting of a metal housing with a Mylar-covered window. The
hand (palm and back of hand) detectors are 323 cm® with a 60%
open cover, the remaining probes are 503 cm® with a 54% open
probe cover, depending on the installed metal housin 2.

14.1.2.3 HFM-7A

The instrument measures 146 cm (58 in.) high, 55 cm (22 in.} wide,
and 84 cm (33 in.) deep. Without internal gas bottles, the
instruments weigh 114 kg (250 Ib). Two #2 P-10 bottles add 68 kg
(150 1b).

The six detectors are the gas-flow proportional type, consisting of a
metal housing with a Mylar-covered window. The hand (palm and
back of hand) detectors are 323 cm® with a 60% open cover, the foot
probes are 503 cm® with a 54 to 58% open probe cover, depending
on the installed metal housing.

14.1.24 PM-6A

The instrument measures 220 cm (86.5 in.) high by 123 cm (48.5 in.)
wide by 102 cm (40.3 in.) deep. Without shielding, gas cylinders, or
hand pods, the instrument weighs 159 kg (350 1b).

The 11 detectors in the PM-6A are the gas-flow proportional type
consisting of a metal housing with a Mylar-covered window. Each
probe is 503 cm”. The optional hand probes are 323 cm’. The active
area of each probe is reduced by the protective screens over each
detector. This reduction depends on the type of installed metal
screen.

14.1.3 Radiation and Energy Response

The APMs are designed for the detection of low levels of alpha and
beta contamination. Alpha particles above ~3 MeV and beta
particles above ~200 keV are measured. Specific calibration
adjustments can impact energy response. These instruments are not
intended to measure “hard to detect” beta-emitting radionuclides
such as "H and "C. The detectors are energy dependent (i.e.,
efficiency increases with incident radiation energy). See

Section 14.4 for a discussion of beta energy response and its tie to
the calibration.,

The average distance between the detector surface and the surface
being surveyed is three inches. As such, the instruments have
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14.1.4 Integral Sources

limited utility as alpha contamination monitors. A typical Hanford
alpha particle (~5 MeV) travels only 3.8 em (1.5 in.) in air.

The instruments are sensitive to gamma radiation (approximately
105,000 cpm/mR/r for '’Cs, and 135,000 cpnvmR/hr for ®Co) and
therefore may require shielding to obtain sufficiently low

background rates.

The instruments are not sensitive to neutron radiation.

There are no radioactive sources attached to, or inside, the APMs.

14.2 Operating Instructions

14.2.1 HFMs

CAUTION: Persons wearing spike-heeled shoes must avoid
puncturing the detector covering by ensuring that heel points rest on
the meral housing and do not slip down and puncture the Mylar.

The section provides general instructions for using an HFM model
instrument to perform a contamination survey of one’s hands and
feet.

CAUTION: Do not slam down on the hand or foot probes. The
actuating switches located under the probes may become damaged.

NOTE: Ensure that the entire sole of the foot is over the probe.

1. Step onto the monitor, placing feet over the detectors. For HFM-
7As, a light sensor requires the feet to be fully forward to break
the light beam and allow counting.

2. Insert hands completely into the cavities.

3. For HFM-4 and HFM-6, press down. HFM-7A hand switches
are actuated by pressing the fingers forward.

NOTE: A tone will sound when the counting cycle is complete.
4. Step off the monitor if the instrument alarms on any channel.

5. Repeat steps 1 through 4 after the HFM recounts the
background.

6. Contact Radiological Control if the HFM alarms a second time.

PNL-MA-562 Chapter 14
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14.2.2 PCM-1B

NOTE: When approaching the instrument, the ultrasonic motion
detector, if so equipped, will cause the instrument to sound a tone
and display STEP UP -- INSERT (RIGHT or LEFT) ARM.

1.  Approach the PCM-1B.

NOTE: The LED in the detector column will start flashing,
indicating instrument counting.

2. Insert the requested arm into the detector cavity. Some PCMs
have actuating red buttons that must be depressed with the free
hand, others have a light beam that is 1nterruptcd when the hand
is inserted into the cavity.

3. Place the foot over the detector fully forward and inward (against
the foot detector’s placement guides).

4. Face the detector Mylar (a reflection of the face should be
observable in the Mylar).

5. Tilt the head slightly (~10°) inward, avoiding contacting the
head detector.

NOTE: When the counting cycle is complete (typically 10 to
20 seconds), the count status LED will stop flashing, a rone will
sound, and the unit will display (RIGHT or LEFT) SIDE OK --
INSERT (LEFT or RIGHT) ARM.

6. Repeat Steps 2 through 5 for the remaining side.
7. If the instrument alarms, step out of the monitor and allow the
instrument to perform a background count, and repeat Steps 1

through 6.

8. Contact Radiological Control if the instrument alarms a second
time.

14.2.3 PM-6A (Profile 2, 3, or 4)

NOTE: When approaching the instrument, the ultrasonic motion
detector causes the instrument to initiate the selected monitoring
routine. When equipped with hand pods, the ultrasonic sensors in
the hand pods themselves must also actuate 1o begin the counting
routine.
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14.24 PM-6A (Profile 1)

Step onto the monitor, placing feet over the detectors.

If the detector is equipped with hand pods, insert hands into
cavities.

If the instrument alarms, step out of the monitor and allow the
nstrument to perform a background count, repeat Steps 1
through 2.

Contact Radiological Control if the instrument alarms a second
time.

NOTE: When approaching the instrument, the ultrasonic motion
detector causes the instrument to initiate the selected monitoring
routine.

Walk through the monitor,

If the instrument alarms, return to the front of the monitor and
walk through a second time.

Contact Radiological Control if the instrument alarms a second
time.

14.2.5 General Operating Precautions

14.2.6 Correction Factors

Body positioning is essential to ensuring that the instrument can
adequately monitor for contamination. Personnel should observe the
specific positioning requirements for the employed APM.

There are no correction factors to use with an APM.

14.3 Performance Test Instructions

14.3.1 Operability Check

Refer to contractor-specific procedures for performance testing. The
processes below are provided as examples of acceptable methods.

The APMs constantly monitor functionality and background levels.
If errors are encountered, the instruments will post a trouble message
or indicator, and may take themselves out of service, depending upon
the failure (or problem), instrument, and setup configuration.
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14.3.2 Souvrce Check

14.3.2.1 Initial Source Check

Operability checks are therefore performed by the monitors and
require no effort on the part of the user or maintaining organization.

To ensure that PCM-1Bs take themselves out of service when the
trouble light actuates, a jumper installation is necessary.
Terminal 14 of TB-4 must be grounded to ensure that the out-of-
service condition engages for instrument trouble flags.

The following equipment may be necessary to complete source
checking of the APMs,

» A 100-cm’ beta check source with an activity equivalent to the
beta RDA and radionuclide content of concem for the facility.

® A beta source holder (clip) capable of maintaining the source
about 3 in. from the detectors (PCMs only).

* A 100-cm’ alpha check source with an activity equivalent to the
alpha RDA and radionuclide content of concern for the facility
(for instruments with alpha capabilities only).

¢ Plastic sheeting, if applicable (plastic wrap or equivalent).

¢ Instrument cabinet keys, if applicable (may be required for entry
into the cabinet to verify gas supply, usage, and elapsed time),

Initial source checks are not performed on the APMs, Periodic
source checking is quantitative in nature and does not require initial
source checking immediately post-calibration, as required for source
checking protocols commonly used for portable instruments.

14.3.22 Periodic Source Check and Inspection

APMs should be periodically inspected and source checked to ensure
their proper operation. Frequencies vary depending upon location,
operating history, and requirements base. These inspections are
commonly performed daily or weekly.

1. Inspect the monitor for damage.
2. Check the P-10 gas supply pressure regulator and gas flow

rotameter(s)} values (not applicable for APMs equipped with gas
management systems).
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10,

Replace the P-10 bottle when pressure is less than 200 psig.

Ensure P-10 gas supply pressure regulator reads between 4 and 6
psig.

Ensure that the P-10 gas flow rotameter reads within the values
specified in Table 14.1.

Table 14,1. Flow Rates for APMs

Model Desired Flow Rate
PCM/HFM-7A/PM-6A 20 to 30 cc/min.
HFM-4/HFM-6 30 to 70 ce/min,

Clean foot detector area using a vacuum cleaner (as needed to
remove dust and debris).

Replace plastic wrap, as needed.

Place a beta source on the detector to be tested. Use source
holders to maintain the desired distance between the source and
all detectors (except hand and foot detectors which are tested on
contact). For PCM-1Bs, this distance is 3 in. For PM-6As, this
distance depends on the facility-specific application.

Initiate count and verify that the monitor alarms.

Repeat Steps 5 and 6 for each detector.

Repeat Steps 5 through 7 for each detector location equipped
with an alpha channel using an alpha-emitting source in place of
the beta source. Do not use a source holder with alpha sources

(i.e., place alpha sources on contact with detectors).

Verify instrument operation by observing that indications,
alarms, and/or displays are consistent with expected conditions.

Verify that all alarms are cleared and the monitor is operating
normally.

14.4 Calibration Instructions

APMs are calibrated by Pacific Northwest National Laboratory’s
(PNNL’s) Radiological Calibration Laboratory located at the
318 Building in the 300 Area, or by facility maintenance
organizations. Radiological Calibration Laboratory staff can
calibrate these monitors in the field if requested. The calibration

PNL-MA-562 Chapter 14
Page 14.12

[sswed: November 2002
Supersedes: New



described in this section is based on Radiological Calibration
Laboratory procedures. Prior to calibration, the instruments are
inspected to make sure they are in good working order. Damaged
instruments are repaired before calibration. As-found APM source
response parameters are recorded before calibration. If the as-found
readings vary from their calibrated values by more than 20%, the
Radiological Calibration Laboratory contacts the radiological control
organization that last used the instrument to inform them of the
problem.,

APMs are calibrated electronically and radiologically. Low- and
high-voltage power supplies are adjusted to within £0.1 V and £5V,
respectively against an M&TE Digital Multi-Meter (DMM). Alpha
and beta thresholds are adjusted and a pulser is used to stimulate
each detector to 10,000 cpm. Each detector must fall within £10% of
the pulsed value. Finally, radioactive sources are used to measure
each detector’s efficiency and system alarms are verified operational.
PCM-1Bs are placed in Mode 3 during calibration.

Beta calibration is typically performed using *'Cs (beta/gamma)
sources. This establishes detector efficiency to the ’Cs beta energy
(511 keV By} As such, APMs calibrated with YCs may not
adequately monitor for isotopes emitting lower energy particles (e.g.,
*Tc¢). Isotope(s) used during calibration should be representative of
the facility’s energy spectrum. Calibrating with a beta energy lower
than the facility’s isotopic mix introduces a conservative bias (i.e.,
sensitivity to the facility mix is enhanced due to the presence of
higher-energy particles).

Unless otherwise specified, APMs are calibrated annually or after
any maintenance that voids the existing calibration. The calibration
is valid through midnight of the expiration date listed on the
calibration sticker. If the expiration date is given as a month and
year, the calibration is valid through midnight on the last day of the
month.

For more detailed information on APM calibrations, refer to
PNL-MA-563, Sections 4.4.2, and 4.4.3," or to facility-specific
calibration procedures.

14.5 Maintenance Instructions

Periodic maintenance is performed during routine performance
testing and calibration. Maintenance includes cleaning, replacing

(a) PNL-MA-563, Radiological Calibration Procedures.
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damaged detectors and/or Mylar coverings, exchanging P-10 gas
bottles, and returning the instrument to service after power loss.

Detector Mylar is replaced as needed (when damaged or
contamninated) using 0.00025-in. thick Mylar that is aluminized on
both sides. Contaminated Mylar may be decontaminated and need
not be replaced unless decontamination efforts fail.

The lithium battery (3.6 V) strength should be assessed annually
during the calibration. Batteries should be replaced based on
strength and/or age.

Tt may not be necessary to calibrate the entire instrument when a
detector is replaced. Only the detection channel(s) associated with
the replaced probe require re-calibration and that effort could be
limited to reassessing detector efficiency. Purge detectors at twice
the normal flow rate for four hours when restoring gas service to an
instrument (return flow to normal values prior to placing the
instrument in service).

These systems are susceptible to damage from power transients.
Using a power conditioner may protect the instrument from transient
induced damage. If an instrument is “locked-up” by a power
transient, the instrument should be reset. After resetting, operating
parameters must be reestablished (the reset process returns all
operating parameters to their default values). Source check the
instrument before returning it to service.

These instruments rely on Random Access Memory (RAM) to
maintain counting parameters and detector efficiency. HFMs with
the NVRAM board and PCM-1Bs (MEM II board) rely on batteries
to maintain operating parameters during times of power outage. If
batteries are low, the operating parameters may change to their
default values when power to the instrument is disrupted.
Instruments equipped with batteries should be source checked afier a
power outage and before returning the instrument to service.
Instruments that are not equipped with batteries should have their
counting parameters verified/reset and be source checked before
returning to service, following a power loss.

14.6 Instrument Specifications and Limitations

14.6.1 Temperature

The APM:s are intended for use indoors. They have not been tested
for operation in conditions other than normal laboratory conditions.

PNL-MA-562 Chapter 14

{ssued: November 2002
Supersedes: New




14.6.2 Temperature Shock

The instruments are designed to operate in temperatures between 0°C
(32°F) and 50°C (122°F).

These instruments are not intended to be moved between areas of
different temperatures. Allow APMs to reach equilibrium with the
ambient temperature (usually about 1 hour) before using them.

P-10 gas bottles shouid also be thermally acclimatized before
connecting to an instrument,

14.6.3 Humidity and Pressure

APMs should not be used in condensing environments. Because the
APMs are calibrated at the same altitude at which they are used, no
changes in pressure due to elevation are anticipated. The changes in
ambient pressure caused by changing weather are minor and will not
significantly affect the APM response.

14.6.4 Radio Frequency/Electromagnetic Interference

APMs are not generally affected by external non-ionizing radiation
fields such as microwaves, portable radios, or cellular phones.

14.6.5 Energies and Types of Radiation

The APMs detect alpha particles above ~3 MeV and beta particles
above ~200 keV. Specific calibration adjustments can impact energy
response. These instruments are not intended to measure “hard to
detect” beta-emitting radionuclides such as *H and "*C.

14.6.6 Interfering Ionizing Radiation Response

Gamma: These instruments are sensitive to gamma radiation.
Typical response for ’Cs gamma emissions is 105,000 cpm/mR/hr
and 135,000 cpnvmR/hr for ®Co (503-cm” detectors). For the

323 cm’ detectors, typical gamma response is 50,000 cpm/mR/hr
('Y'Cs) and 66,000 cpmvmR/hr (%°Co). As a result, instruments may
require shielding or relocation to obtain a sufficiently low
background count rate.

Neutron: These instruments do not respond to neutron radiation.
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14.6.7 Battery Life

Installed 3.6 V lithium batteries will last for years. Battery strength
should be assessed annually during the calibration and replaced
based on age or voltage.

14.7 Applications

APMs are used to monitor personnel for contamination on their skin
and clothing. PM-6As are typically deployed as defense-in-depth
monitors and not generally capable of detecting the required
contamination limits in 10 CFR 8335, except for the hands (if so
equipped) and feet.

14.7.1 HFM-6 Operating Parameters

Table 14.2 contains typical operating parameters for the HFM-6 at
Hanford Site facilities. Refer to contractor-specified procedures for
facility-specific parameters.

Table 14.2. Typical Operating Parameters for HFM-6

| System Parameter Beta Instruments Alpha Instruments
Mode 2 2

Sigma Factor (SF) 4.0 4.0
[Weighting Factor 10.0 50.0
[Minimum Counts to

Alarm 1 4

Calculated for each
Ketector according to

Calculated for each
detector according to

ax Alarm Limit the equation below the equation below
tAlarm Hold Time >3.0 >3.0
Units cps cps

The alarm setting (R,) on the HFM-6 is the count rate above
background that results in an alarm 50% of the titne. Users should

calculate a Ry, value for each HFM-6 detector that is low enough

to provide a desired confidence level to detect the required
contamination limit for the application.

Ramax 18 calculated as follows:

vity in Bq* Eff + R,

R, (cps)=Regquired Sensitivity in Bg* Eff — z\/Re quired pensiv
P
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where

Eff = Fractional detector efficiency (cps/dps)

Z = Normal Distribution one-tailed sigma multiplier
(1.645 for 95% confidence, 0.0675 for 67%
confidence)

t = Selected count time
Ry =  Detector background in cps

HFM-6s calculate R, as follows:

R, (cpsy=SF —&’F
\' i

A high background alarm actuates if the calculated R, exceeds the
preset Ramas, alerting that the instrument background is too large to
detect the required activity level with the desired confidence.

14.7.2 PCM-1B Operating Parameters

Table 14.3 contains typical operating parameters for the PCM-1B at
Hanford Site facilities. Refer to contractor-specified procedures for
facility-specific parameters.

14.7.3 HFM-7A Operating Parameters

Unlike earlier models, alpha sensitivity cannot be disabled. The
HFM-7A has radon compensation capabilities that may be useful in
facilities that have only alpha or beta emitting contaminants. Radon
compensation should be disabled in mixed facilities where alpha and
beta contamination may be present regardless of the relative ratio of
the mixture. For facilities with a mixed source term (beta and alpha
present) where the relative ratios are known and allow for surveying
for beta contamination only, the alpha channel RDA can be raised to
effectively disable the alpha monitoring, thereby avoiding false
alarms due to radon progeny. (Table 14.4)

14.7.4 PM-6A Operating Parameters

Operating parameters are selected based upon the specific PM-6A

features and intended application. A generic set of parameters is not
recommended for these units,
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Table 14.3. Typical Operating Parameters for Ebertine PCM-1B at Hanford Site Facilities

System Parameter

Beta Instruments

Alpha Upgrade Instruments

(RDA) Setting

Mode 3 3
Sigma Factor 4.0 4.0
Weighting Factor 10.0 NA
Beta Weighting Factor N/A 10.0
Alpha Weighting Factor N/A 50.0
Alarm Hold Time >3.0 =»3.0
Maximum Count Time 2200 240.0
Units cps cps
Auto Background Count After 10 10
Background Check Sum Factor 6.0 6.0
Sum Zone Sigma Factor 4.0 8.0
Update Background After Alarm Yes Yes
RDA Confidence Factor 1.65 1.65
Master Reliably Detectable Activity 8.33E+1 {general limit) NA

5.0E+] (Sr limit)

Master Beta RDA Setting NA 8.33E+1 (general limit)
5.0E+1 (Sr limit)
Master Alpha RDA Setting NA 833
Master Low (LO) Fail Setting 5 NA
Master Beta LO Fail Setting NA 5
Master Alpha [.O Fail Setting NA 1.67E-8
Master LO Sensitivity (SENS) Setting .5 NA
Master Beta LO SENS Setting NA 0.5
Master Alpha LO SENS Setting NA 0.5
Measure Right Side First Yes Yes
Regular Time for Source Check Yes Yes

NA = Not applicable
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Table 14.4. Typical Operating Parameters for the Eberline HFM-7A at Hanford Facilities

System Parameter Parameter Value
Base Units Cps
Activity Units Dpm
Sigma Factor 4
RDA Confidence 95%
Max Count Time 220 seconds
Alarm Hold Time 22 seconds
Alpha RDA 500 dpm
Beta RDA 5000 dpm
Alpha Low Fail Background 0.001 cps
Beta Low Fail Background 1 cps
Alpha Sensitivity Factor 0.01-0.2
Beta Sensitivity Factor 0.10 - 0.60
Alpha Contamination Factor 5-99
Beta Contamination Factor 5-99
Minimum Alpha Efficiency 9%
Minimum Beta Efficiency 13%
Minimum Alpha Foot Efficiency 5%
Minimum Beta Foot Efficiency 9%
Radon Compensation (Comp) Off

14.8 References

NOTE: For information on technical manuals, see Bibliography.
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15.0 Eberline RO-20 Ion Chamber

15.1 Instrument Description and Theory of Operation

The Eberline RO-20 (see Figures 15.1 and 15.2) is a portable air-
filled ionization chamber rate meter used to detect beta, gamma, and
x-ray radiation. The ionization chamber is contained within the
instrument body. Indentations on the case indicate the center of the
chamber. The tonization chamber consists of a conductive plastic
tube with a thin Mylar covering over one end. The instrument case
has a beta shield, under which lies a second Mylar covering. The
beta shield prevents nonpenetrating radiation from entering the
chamber,

More detailed information can be obtatned from the manufacturer’s
technical manual, or by contacting Pacific Northwest National
Laboratory’s (PNNL's) Radiological Calibration Laboratory.®

15.1.1 Physical Description

The RO-20 weighs 1.6 kg (3.6 1b) and measures 20 cm (8 in) long by
11 cm (4.2 in.) wide by 20 ¢m (7.7 in.) tall. The ion chamber is

8.25 cm (3.25 in.) in diameter by 7 cm (2.75 in.) long. The ion
chamber volume is 220 cm’ (13.4 in.”). The combined wall
thickness of the body and ion chamber equals 1000 mg/em’. Two
Mylar windows combine to a density thickness of 7 mg/cm” in the
window-open position. The beta shield’s density thickness is

1000 mg/cm’.

The RO-20 has five linear ranges, calibrated in units of exposure
rate: 0 1o 5 mR/hr, 0 to 50 mR/hr, 0 to 500 mR/hr, 0 to 5 R/hr, and
0 to 50 R/hr. The response time is generally specified by the manu-
facturer as the time for the instrument reading to reach 90% of final
value after a change in the radiation field.

The resistor/capacitor (RC) time constant of the instrument can be
calculated from the 0% to 90% response time by dividing the 0% to
90% response time by 2.3. “RC” is used often to represent the time
constant and comes from an abbreviation for resistor (R) and
capacitor (C). The response time of the RO-20 is relatively rapid:
less than five seconds are required for the instrument to 90% of the
final reading on the mR/hr ranges. Response time drops to less than
2 seconds on the R/hr ranges.

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Figure 15.1. Eberline RO-20

Figure 15.2. RO-20 Window Detail

15.1.2 Radiation and Energy Response

With the beta shield in place (window closed). the RO-20 responds
to photons with energies above 50 keV. Instrument response is
relatively flat between 50 keV and 1.3 MeV. Photons with energies
below 50 keV will be significantly attenuated by the beta shield.

With the beta shield removed (window open), the RO-20 responds to
beta particles of energy greater than 65 keV and photons with energy
greater than a few keV. The two Mylar coverings are too thick to
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15.1.3 Integral Sources

allow transmission of alpha particles with energies less than 6 MeV.
For practical purposes, the instrument does not respond to alpha

_radiation.

The RO-20 may respond slightly to fast neutrons. Instrument
response is approximately eight percent of the true neutron field.
The instrument is not intended for assessing fast neutron dose rates
but may be subject to interference in mixed gamma/fast neutron
fields (e.g., PuBe). Oak Ridge National Laboratory data are <6%
bare PuBe,

There are no radioactive sources attached to, or inside, the RO-20.

15.2 Operating Instructions

Before using the RO-20, perform operability checks (see
Section 13.3.1) to make sure the instrument is in good working
condition. These checks should be performed each time the
instrument is used.

If RO-20 damage is suspected during survey (e.g., the instrument is
dropped or static discharge is observed/suspected), then do an
operational check and a source check (see Section 15.3.2). An
alternative to performing a source check, if an established field is
available, is to ensure that the response is within 220% of the known
value. An established field may be a previous reading or a well-
known, constant, non-zero field. To perform a radiation survey, turn
the RO-20 selector switch to the desired range and move the
instrument slowly while observing the meter response. Rapid
movement of the instrument can cause momentary measurement
inaccuracy due to the effects of inertia on the needle and/or response
time. When a measurement is performed at a particular location,
allow at least 5 seconds for the reading to stabilize,

NOTE: When selecting the most sensitive range (5 mR/hr),
switching noise may cause a temporary meter deflection. This can
be avoided by first selecting the 50-mR/hr or 500-mR/Mhr range and
letting the needle settle. After settling on the higher range, switching
to the 5-mR/hr range will nor produce significant meter deflection.

In unknown fields, use the instrument in the window open position to
measure both penetrating and nonpenetrating radiation. Point the
open window toward all possible sources of radiation. If the area is
known to have only gamma radiation, the beta shield does not need
to be opened.

Issued: November 2002
Supersedes: New

PNL-MA-562 Chapter 15
Page 15.3



Avoid contact between the instrument and other objects. Besides
possible instrument contamination, pressure on the thin window will
cause false and erratic meter reading (from capacitive effects) and
might puncture or rupture the window. If the metal case touches
other metal objects, the reading may drop suddenly to zero (with
recovery after a short delay).

Correction factors are required when measuring non-uniform fields
{e.g., beta radiation fields, beams, and contact measurements).
Correction factors are provided later in this section.

Calculate shallow and deep dose rates as follows (include neutron
dose contribution as applicable):

Deep Dose Rate = WC X CFpe,
Shallow Dose Rate = (WO-WC)CF 00+ WC x CFpen

where
wC = the instrument response with the window closed
WO = the instrument response with the window open
CFhonpen = honpenetrating correction factor
Chesi = penetrating correction factor

When the WC indication is less than one tenth of the WO indication
then the calculation for shallow dose can be simplified as

WO x CFonpen

Readings below 0.5 mR/hr are typically considered below the
minimum sensitivity of the instrument and are recorded as

“<0.5 mR/hr”. The minimum sensitivity of the RO-20 should be
considered when choosing the appropriate instrument to perform a
survey.

For example, the RO-20 may not have sufficient sensitivity to
perform a posting survey establishing the boundary of a Radiological
Buffer Area (RBA) (100 mRem/yr).

When determining the sensitivity of the RO-20, the effects of
geometry (i.e., correction factors) should be considered. For
example, a contact measurement of shallow exposure rate on a small
source (diameter <'2 in.) may result in a reading less than 0.5 mR/hr
when the actual (corrected) exposure rate is as high as 50 mR/hr.
Therefore, if the survey required a sensitivity less than 50 mR/hr, the
RO-20 would not have appropriate sensitivity for the survey due to
geometric conditions.

PNL-MA-562 Chapter 15
Page 154

Issued: November 2002
Supersedes: New




15.2.1 Correction Factors

One of the following geomeiry correction factors should be used for
each measurement taken with the RO-20.

Small-beam correction factors are used when the radiation exists as
a beam and is too narrow to ionize the air in the chamber uniformly.
This occurs when the beam diameter is less than 2 in. coaxial to the
chamber or 3 in. perpendicular to the chamber. Small beam
correction factors are calculated as the ratio of the chamber cross-
sectional area to the beam cross-sectional area (coaxial), or the ratio
of chamber to beam volume (perpendicular). When measuring
beams, the chamber axis may be parallel with or perpendicular to the
beam (i.e., the beam must center on one of the indentations on the
instrument case or be coaxial with the chamber). Beams are not
typically observed with nonpenetrating radiation. Beam correction
factors are listed in Table 15.1. Table 15.2 appears on the side of the
instrument.

Table 15.1. Beam Correction Factors for the Eberline RO-20

Correction Factor for Gamma Beams
Perpendicular to
Beam Diameter, cm (in.) Chamber Coaxial with Chamber

<1.27 ((.5) 97 129

1.27 (0.5) 24 32

1.9 (0.75) 11 14

254 (1.0 6 8

3.81(1.5) 3 4

5.08 (2.0) 2 2
27.62 (3.0) 1 1

Contact geometry corrections factors are applied to RO-20
measurements taken with the RO-20 window on contact with the
source. These correction factors are listed below and on the
instrument. Figure 15.3 provides extrapolation curves of beta and
gamma contact comrection factors

NOTE: Disc correction factors may be used for measuring
cvlinders with the RO-20.
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Table 15.2. Eberline RO-20 Contact and 1/8 in. Correction Factors for Disce Sources

Correction Factor for Contact Measurements
For exposure rate at 3
For exposure rate on contact with source mm (1/8 in.) from source
Disk Diameter, em (in.) Beta (a,b) ' Gamma (ac) Beta (b}

1.27 (0.5) 250 54 180

2.54 (1.0} 46 26 55

5.08 2.0) 15 8 13
>7.62(3.0) 6 5 6

NOTE: When making measurements where the meter is 22.54 cm (2] in.) away from the source and for
beams 27.62 cm (23 in.), the general correction factors below are used:
¢ 2 for window-open beta readings
¢ | for window-closed gamma readings

a. Measured with source surface on contact with the beta shield guide rails.
b. Nonpenetrating radiation correction factors based on Eaan | (Bamax = 0.763 MeV).
c. Penetrating radiation correction factors are based on *’Cs, source in contact with the beta shield.

RO-20 Correction Factors for Disc Sources

[—O—Beta —i— Gamma ‘

1000

Geometry Correction Factor

Disc Diameter (in.)

Figure 15.3. RO-20 Correction Factor Curves

NOTE: Field geometry correction factors can be applied to objects
with a smallest dimension > 18 in., provided that dose rates are
uniform across the surface.
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Field geometry correction factors are used when radiation fields
are measured at distances greater than 2.54 ¢m (1 in.) from the
source. In this situation, CFunpen = 2 and CF, = 1.

Temperature correction factors are not used with the RO-20
because the instrument is fully temperature compensated.

15.3 Performance Test instructions

15.3.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions below are provided as examples of
acceptable methods.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails any of the
checks listed below, other than battery 1 test, return it to the
Radiological Calibration Laboratory for servicing,

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) of the expiration
date on the calibration sticker.

2. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically
do not cover more than 24 hours.

3. Inspect the instrument for physical defects such as broken meter
glass, loose knobs, or other observable defects.

4. Check the batteries {turn the selector switch to BAT 1. The
meter reading should be above the BATT cutoff line. Repeat
this procedure for the BAT 2 position.)

5. -Set the instrument zero (turn the selector switch to the ZERO
position and, using the zero knob, set the instrument to zero.)

6. Check for erratic meter respons. (Turn the selector switch to the
5-mR/hr range and observe the meter needle for erratic
behavior. Rotate the instrument from side to side and observe
the meter needle.)
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15.3.2 Source Check

153.2.1 [Initial Source Check

15.3.2.2 Daily Source Check

The RO-20 is source checked using an ion chamber cheek source
(ICCS) assembly. The initial source check is performed when the
instrument is first received from the Radiological Calibration
Laboratory. Source checks are performed daily or before
intermittent use if the meter is used less often than daily. All five
ranges are source checked. The off-scale response is not evaluated
with ICCS.

A jig is available for the ICCS to accommodate the RO-20 feet and
ensure consistent and reproducible geometry during RO-20 source
checks. Contact PNNL’s Radiological Calibration Laboratory for
more information,

Open the beta shield and center the open window over the source
position on the check source assembly, Move the source to the
appropriate position for each range of the instrument and record the
instrument response on each range. The ICCS off-scale position is
used to source check the 50-R/hr range. Multiply the instrument
response by 0.8 and 1.2 to determine the acceptable range for that
instrument,

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure that the values are reasonable.
For the RO-20, the initial response is considered reasonable when
the response is within

e the acceptable ranges printed on a calibrated source assembly.
o 720% of the mean instrument response for that source.

The acceptable range should allow for variations resulting from
differing instrument response.

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
[irst perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

PNL-MA-562 Chapter 15
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Open the beta shield and center the open window over the source
position on the check source assembly. Move the source to the
appropriate position for each range of the instrument. The instru-
ment response, on each range, should fall within the acceptable
values determined during the initial source check. If the instrument
fails, tag it with an Instrument Service Tag and return it to the
Radiological Calibration Laboratory.

Source checks are generally valid for 24 hours after they are
performed.

15.4 Calibration instructions

The RO-20 is calibrated by PNNL's Radiological Calibration
Laboratory at the 318 Building in the 300 Area. The calibration
described in this section is performed by PNNL staff.

Before calibration, the instruments are inspected to make sure they
are in good working order. The batteries are checked, the meter is
checked for oscillations, and the instrument is inspected for physical
damage. Damaged instruments are repaired before calibration. As-
found readings at 80% of each range are also recorded before
calibration. If the as-found readings are more than £20% out of
tolerance, the Radiological Calibration Laboratory contacts the
radiological control organization that last used the instrument to
inform them of the problem.

The instruments are calibrated in uniform '’Cs and **Co photon
fields at 21 £2°C (70 £3.6°F). The uniform fields are produced
using source wells and the high exposure facility. Each range is
calibrated at 80% of the full-scale readings. The response is then
checked at 40% of the full-scale reading. As an example, the
5-mR/hr range is calibrated by placing the instrument in a 4 mR/hr
field (80% of 5 mR/hr is 4 mR/hr) and adjusting the appropriate
range poientiometer (located on the panel below the meter) to
achieve the required reading (4 mR/hr £5%). The instrument is then
placed in a 2-mR/hr field (40% of 53 mR/hr). The instrument
response at both the 40% and 80% points has to be within +5% of
the actual exposure rate for the instrument to pass calibration. In
addition, the RO-20 is exposed to a radiation field that is at least
twice the full-scale reading (or at least 100 R/hr) to make sure it
properly indicates an off-scale condition. Instruments that do not
off-scale properly do not pass calibration.

The RO-20 is calibrated annually and after any maintenance is
performed (other than battery changes). The calibration is valid
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through midnight of the expiration date listed on the calibration
sticker,

For more detailed information on RO-20 calibrations, refer to PNL-
MA-563, Section 3.2.1.®

15.5 Maintenance Instructions

Routine maintenance on the RO-20 is performed at the Radiological
Calibration Laboratory and in the field. Routine maintenance
includes battery changes, checking and replacing desiccant, and
repairing Mylar windows.

Common problems and causes are discussed in the next few
paragraphs,

Erratic meter response may be caused by moisture in the chamber
or cracks in the conductive coating (dag) on the interior surfaces of
the chamber. Moisture in the chamber may be caused by desiccant
failure. Instruments with erratic meter response should be returned
to the Radiological Calibration Laboratory for repair.

Low battery. If a low-battery condition is indicated on BAT 1, the
batteries may be changed in the field (excluding any Contamination
Area, High Contamination Area, or Airborne Radioactivity Area to
prevent potential internal contamination). The RO-20 uses five
C-cell alkaline batteries.

NOTE: The C-cell barteries must be placed inside a cardboard
sleeve before placing batteries in the instrument.

The RO-20 case must be removed to change batteries. This
prominently exposes the signal path to damage from static discharge.
Care should be taken to prevent damage to the instrument by using
antistatic workstations and/or equipment (e.g., antistatic wrist bands).
After batteries are changed, a daily source check must be performed
before use. If the facility does not have the capability to change
RO-20 batteries, the instrument may be returned to the Radiological
Calibration Laboratory for battery replacement. The Instrurment
Service Tag should show that a “battery change only™ is required.

Spent dessicant. The Radiological Calibration Laboratory
Tecommends sending instruments for fresh desiccant when the
desiccant is becoming clear or pink. However, as long as the

(a) PNL-MA-563, Radiological Calibration Procedures.
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instrument functions correctly (as evidenced by successful

completion of daily source checks) the instrument can be used in the
field.

Low Bat 2. The RO-20 also has ten 3-V lithtum coin cells to
maintain chamber bias. If these batteries are low, the instrument
must be returned to the Radiological Calibration Laboratory for new
batteries.

15.6 Instrument Specifications and Limitations

15.6.1 Temperature

15.6.2 Temperature Shock

PNNL tested the RO-20 against the criteria in American National
Standards Institute (ANSI) N42.17A (ANSI 1989) and verified
consistent operation (within £20%) across the range -10°C to 50°C
(14°F to 122°F). (The manufacturers operating temperature range is
listed as 40°C to 60°C (40°F to 140°F).)

The RO-20 is sensitive to sudden changes in temperature (such as
moving the instrument from indoors to outdoors on a cold day).
Allow the instrument to equilibrate, with the beta shield open, for at
least an hour at the ambient temperature before making measure-
ments. PNNL tests against ANSI N42.17A showed consistent
response (within +/-15%}) from 22°C to 50°C (71.6°F to 122°F) and
22°C to -10°C (71.6°F to 14°F).

15.6.3 Humidity and Pressure

The RO-20 is normally insensitive to changes in ambient humidity.
However, if it is used in areas of high humidity for an extended
period, the desiccant may become saturated and the instrument may
develop an erratic response. In this case, return the instrument to the
Radiological Calibration Laboratory for maintenance.

The RO-20 response is affected by changes in altitude because of the
associated change in ambient pressure. Because the RO-20 is
calibrated on the Hanford Site at essentially the same altitude at
which it is used, no corrections are required. Changes in ambient
pressure caused by changing weather are minor and do not
significantly affect the instruments response.
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15.6.4 Radio Frequency/Electromagnetic Interference

PNNL tested the RO-20 against ANSI N42.17A magnetic field
interference requirements and showed that instrument response
rematned consistent (within £15%) up to 10 gauss.

The RO-20 is generally not affected by externat non-ionizing
radiation fields such as microwaves, portable radios, or cellular
phones. High electromagnetic fields such as from generators or
1gnition sources may affect instrument response. Sources of these
fields should be turned off, shielded, or avoided when using the
RO-20. Alternatively, the instrument can be source checked in these
environments when they cannot be eliminated.

15.6.5 Energies and Types of Radiation

With the beta shield in place (window closed), the RO-20 responds
to photons with energies above 50 keV. Instrument response is
relatively flat between 50 keV and 1.3 MeV. Photons with energies
below 50 keV will be significantly attenuated by the beta shield. In
the window closed position, the RO-20 does not respond to beta
radiation, including *°St/Y.

With the beta shield removed (window open), the RO-20 responds to
beta particles of energies greater than 65 keV and photons with
energies greater than a few keV,

15.6.6 Interfering Ionizing Radiation Response

15.6.7 Battery Life

The instrument does not respond to alpha radiation.

The RO-20 may respond slightly to fast neutrons. Instrument
response is approximately 8% of the true neutron field. The
instrument is not intended for assessing fast neutron dose rates but
may be subject to interference in mixed gamma/fast neutron fields
{e.g., PuBe).

The manufacturer states a battery life of approximately 6900 hours
when used on the mR/hr ranges. Battery life slips to 350 hours in
high dose rate fields (R/h ranges). PNNL testing identified a battery
life in excess of 1400 hours.

Leaving the instrument in the BATTERY 2 position significantly
reduces battery life.

PNL-MA-562 Chapter 15
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15.7 Applications

15.7.1 Dose Rate Measurements

The RO-20 is used to establish beta and gamma personnel dose rates.
When establishing nonpenetrating dose rates, slide the shield down
from the end of the ionization chamber (see Figure 15.2). Replace
the shield to measure penetrating radiation.

15.7.2 Surface Contamination Measurements

15.8 References

When beta/gamma contamination values are greater than the range of
the typical contamination monitoring instruments (e.g., pancake
GM), a measurement using the RO-20 is performed. The
measurement is performed by placing the open window as close as
possible to the source of contamination, without touching it, and
recording the meter indication. The area of the contamination should
also be recorded.

The RO-20 reading can be directly converted to a value in dpm if the
contaminated object is a 47 mm air sample or technical smear. A
typical correction factor for converting an RO-20 response to *'Cs
activity on a 47-mm smears is 75K dpm/mR/hr.® Instrument
specific correction factors can be obtained from the Radiological
Calibration Laboratory.

NOTE: For information on technical manuals, see Bibliography.

ANSI N42.17A 1989. Performance Specifications for Health
Physics Instruments-Portable Instruments for use in Normal
Environments, American National Standards Institute, New York.

(a) ML.L. Johnson, Pacific Northwest National Laboratory, to File, “Correction Factor to Correct RO-20
Response to "Cs Activity on a Filter,” June 20, 2001,
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16.0 NE Electra with DP6BD Detector

16.1 Instrument Description and Theory of Operation

The NE Electra (Electra) is a portable, digital ratemeter used with a
variety of pancake Geiger-Miiller (GM) and scintillation probes for
measuring radioactive contamination and radiation. The Electra
(Figure 16.1) has a liquid crystal display with both a digital output
(numerical) and a simulated analog output (sliding bar graph). Two
channels allow the Electra to discriminate between alpha and beta
radiation. The instrument may be set up with alarm thresholds for
either channel.

Although it may be used with a variety of probes, the most common
probe used with the Electra at the Hanford Site is the DP6BD. The
DP6BD is a dual phosphor, alpha/beta contamination detector
(Figure 16.1). The “B” in DP6BD refers to the fact that the detector
has an mega high-voltage (MHV) connector. The “DP” means that
it’s a dual phosphor probe capable of detecting both alpha and beta
radiations. The detector has a thin layer of zinc sulfide (ZnS) on a
piece of NE102 plastic scintillator.

More detailed technical information can be obtained by calling the
Pacific Northwest National Laboratory’s (PNNL's) Radiological
Calibration Laboratory(a) and requesting a copy of the NE Electra/
Selectra technical manual or the NE Technology “Instrument Manual
for Non-intelligent and Intelligent Scintillation Probes.”

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.,
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Figure 16.1. NE Electra with DP6BD Detector

16.1.1 Physical Description
16.1.1.1  Electra

The Electra meter measures 25 ¢cm (10 in.) long by 11 cm (4 in.) by
7.1 cm (3 in.), excluding the handle. The handle increases instrument
height to 13.5 cm (5 in). The instrument weighs about 1.22 kg

(2.7 Ib), excluding batteries. A liquid crystal display indicates rate
(count rate or exposure rate), units, and range. If the instrument is set
for dual alpha/beta probe, it also displays the channel (either alpha,
beta, or alpha/beta).

A headphone jack is provided to enable the instrument in high noise
areas. Appropriate headphones can be obtained by contacting the

Radiological Calibration Laboratory.

A backlit display improves readability under low-light conditions.
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16.1.1.2 DP6BD Detector

The DP6BD measures approximately 30 cm (12 in.) by 9 cm (3.5 in.)
by 4 cm (1.6 in.) and weighs about 650 g (1.4 Ib). The probe has a
100-cm” active area that is protected by a metal grill.

16.1.1.3 External Controls

The Electra has 10 external switches that may be operated by the user
(Figure 16.2). A detailed explanation of each switch is provided in
Table 16.1. In general, the switches are used to switch between
modes (rate mode or integrate/scaler mode), turn the speaker on or

off, and to select the channel.

Figure 16.2. Close up of the Electra Keypad
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Table 16.1. Functions of the Electra Keys

Key Function

1. |ON/OFF Turn the instrument on or off.

2. |a, B, o+f Switch between the alpha, beta, and gross (alpha + beta) channels. This switch is
inoperable unless the Electra is set up for a dual phosphor detector.

3. [Sounder Turn the audible response on and off.

4. |Light Turn the display backlight on or off.

5. |Up Arrow Scroll through the setup menu or increase the display value (when editing parameters)

6. |RATE INTEG Switch between the rate mode (display count rate or exposure rate) and the integrate
mode (perform scaler counts)

7. [SET UP Enter the setup mode. From this mode various parameters can be edited including the
alarm setpoint and scaler count time. The specific parameters that may be edited vary
depending on how the instrument was calibrated. A complete list of all parameters
that may be accessible from the setup menu is printed on the side of the instrument.

8. [Inhibit symbol Used in the setup menu to prohibit a menu option from being changed by the user.
This key is noermally nenfunctional (ie., used only when the instrument is in the
calibrate mode). _

9. IENTER Press this key to enter the edit mode (when editing parameters) or to store a new
value.

10. | Down Arrow Scroll through the setup menu or decrease the display value {when editing parameters)

16.1.2 Radiation and Energy Response

Radiation and energy response for the Electra is dependent on the
attached detector.

The DP6BD detector responds to alpha radiation above ~3 MeV.,
Alpha response may be energy dependent but should be relatively
consistent for ' Am and “*Pu. The average **Pu efficiency is 14%
at 0.25 in. from the 2-in. source.

These detectors respond to beta radiation above a few hundred keV,
Beta response is energy dependent. The average beta efficiencies are
18% (**'Cs), and 28% (*°St/Y) at 0.25 in. from the 2-in. sources.

16.1.3 Integral Sources

The Electra may have an alpha-emitting source attached to its side for
performing response checks in the field. These sources are typically
on the order of 0.85 nCi (~2000 dpm) **Th. See Chapter 5.0,

Figure 5.1, of this manual for an exampie of these sources. Alterna-
tively, a piece of Coleman lantern mantle may be attached to the side
for response checks.
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162 Operating Instructions

16.2.1 Correction Factors

16.2.1.1 Setting the Alarms

Before using the Electra, perform the operational checks to make sure
the instrument is in good working condition (see Section 16.3.1,
Operational Check). These checks should be performed each time the
instrument is used,

To perform a radiation survey, attach the appropriate probe to the
Electra.

‘Turn the instrument on by pressing the ON/OFF button on the keypad.

The actual count rate is automatically displayed (numerically) by the
Electra and there is no need to correct the displayed value for range
switch settings. To convert an instrument response (in cpm) to an
activity (in dpm), divide the cpm reading by the appropriate
efficiency (typically 7Cs [beta] or **Pu [alpha]) established by

PNNL and provided on the calibration label. The efficiency is unique
for each probe.

If the “*Pu efficiency is at least 10% and the '¥'Cs efficiency is at
least 20%, a generic alpha correction factor of 10 and beta correction
factor of 5 may be used. Likewise, if the '¥Cs efficiency is 15%, or
greater, a beta correction factor of 7 may be used. These are
acceptable (and conservative) practices for measurements performed
with the Electra/DP6BD survey instrument,

The DP6BD probes have active areas of 100 cm?; therefore, no area
conversions are needed.

The Electra may be set up to alarm when the count rate of either
channel exceeds the alarm threshold. The following steps are used to
set the alarm setpoints:

1. Press the SETUP button.
2. Press the 1 button until the alpha-alarm screen is displayed.

3. Press the ENTER button to enter the edit mode (which will allow
changing the alpha-alarm setting).

4. Pressthe 1 or | buttons to set the alarm to the desired value.

Issued: November 2002
Supersedes: New

PNL-MA-562 Chapter 16
Page 16.5



5. Press the ENTER button to exit.

6. Press the CHANNEL SELECTION button to display the beta-
alarm screen.

7. Repeat Steps 3 through 5 1o set the beta-alarm.

8. Press the setup button 1o exit the setup. Do not change any other
parameters in the setup.

16.3 Performance Test Instructions

16.3.1 Operability Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration, Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures. '

Check everything listed below, If the Electra fails any of the checks
listed, return it to the Radiological Calibration Laboratory for
servicing,

. Verify that the calibration of the instrument is current. The
calibration expires at midnight of the expiration date on the
calibration sticker,

2. Verify that the probe and Electra have matching calibration
stickers (the limitations section of the probe calibration sticker
should list the Electra to which the probe is calibrated and vice
versa).

3. Ensure that the instrument source check is current. Source
checks are typically valid for 24 hours.

4. Inspect the instrument for physical defects, such as damaged
liquid crystal display, cut membrane covers on keypad, punctured
probe windows, or defective cables. If any defects are found, tag
the instrument to identify the problem and return it and its probe
to the Radiological Calibration Laboratory.

5. Tum the Electra on and check the display for a low battery icon
(Figure 16.3). If the icon is displayed, the instrument batteries
are low, and the instrument should not be used. See Section 16.5,
Maintenance Instructions.
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Figure 16.3. Tllustration of the Electra Low Battery Icon

16.3.2 Source Check

16.3.2.1 Initial Source Check

16.3.2.2 Daily Source Check

DP6BD probes are source checked with appropriate alpha and beta
sources (e.g., “*Pu or *' Am and 'V'Cs or ®S1/Y). Because the
instrument is digital, only one decade is source checked. For
example, sources used to performance test continuous air monitors or
miniscalers may be used to source check DP6BD probes. Source
activity should be greater than 1,200 dpm to minimize statistical
fluctuations and reduce the probability of failing a functioning
instrument.

Initial source checks should be performed immediately upon
receiving the instrument from the Radiological Calibration
Laboratory. Instruments should not be placed into storage until after
performing the initial source check.

NOTE: instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable.
Methods to determine whether the initial response is considered
reasonable when the response is within $20% of the mean instrument
response for that source. The acceptable range should allow for
variations resulting from differing probe efficiency.

Center the detector over the check source. A jig or mark may be used
to ensure reproducibility. Allow the reading to stabilize and note the
instrument’s response. Multiply the instrument response by 0.8 and
1.2 to determine the acceptable range for that instrument/source
combination,

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.
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16.3.2.3 Response Checks

Remove the cover from the detector, if applicable, and establish the
source-to-detector geometry used during the initial source check.
Allow the reading to stabilize and note the instrument’s response.
The instrument response should fall within the acceptable values
determined during the initial source check.

Periodically verify that the DP6BD responds to radiation during
continuous use. Response check the instrument by placing the probe
over the check source mounted on the instrument case and verify that
the speaker and meter respond to the source. Altematively,
background radiation may be used to response check the instrument
when check sources are not present.

164 Calibration Instructions

The Electra and DP6BD are calibrated at the PNNL's Radiological
Calibration Laboratory in the 318 Building in the 300 Area. The
calibration described in this section is performed by PNNL staff.
Before calibration, the instruments are inspected to make sure they
are in good working order. The batteries are checked, the meter is
checked for damage or failed icons, and the instrument is inspected
for physical damage. The detector is inspected for damaged windows
or screens. Damaged instruments are repaired before calibration.
Before calibration, as-found readings are recorded. As-found
readings for the Electra consist of one point within each decade of the
range. The as-found reading for the detector is the as-found
efficiency measurement. If any of the as-found readings are greater
than +20% out of tolerance or if the as-found efficiency is not within
120% of the as-left efficiency from the previcus calibration, the
Radiological Calibration Laboratory contacts the radiological control
organization that last used the instrument to inform them of the
problem.

The Electra is calibrated electronically using a nuclear pulser, The
response of the instrument is checked at the midpoint of each decade
of the instrument range (i.e., at 50, 500, 5K, and 50K cpm). The
scaler function is then verified by completing a 1-minute count at
50K cpm. The tolerance for as-left readings for the count rate meter
is £5%. The tolerance for the scaler response is +2%,

The DP6BD is calibrated using electroplated alpha and beta sources.
Large area sources of approximately the same physical dimensions as
the detector active area are placed 6 mm (% in.} from the front face of
the detector grill. Efficiency measurements are then completed for
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*SK(Y), "'Cs, and **Pu. If the detector is calibrated for “alpha only”
or “beta only,” only the applicable isotopes are used. To pass
calibration, the “Sr(Y) efficiency must be greater than 20%, and the
“py efficiency greater than 10%. Beta:alpha crosstalk must be less
than 1% for the DP6BD.

In addition to passing efficiency limits, the detector background count
rate must be within limits. The upper background limits are 350 cpm
for the beta chanrel and 2 cpm for the alpha channel.

For more information on Electra calibrations, refer to PNNL-MA-
563, Sections 3.9.3, “NE Electra and NE Delta Calibration
Procedure.””?

16.5 Maintenance Instructions

Routine maintenance on the Electra and DP6BD is performed at the
Radiological Calibration Laboratory and in the field. Routine
maintenance includes cleaning contacts, checking the batteries, and
repairing light leaks.

Electras should never be used with detectors other than those to
which they are calibrated. If a detector is damaged, return both the
detector and the Electra to the Radiological Calibration Laboratory
for servicing,

Common problems and causes are discussed in the next few
paragraphs.

Low batteries. If the Electra has low batteries, a low-battery icon
will be displayed when the instrument is turned on (see Figure 16.3).
Batteries may be changed by the user. To change the batteries,
remove the black battery cap from the probe end of the meter.
Replace the batteries with three C—cell batteries. It is good practice to
perform the daily source check after replacing batteries.

NOTE: The correct battery orientation is illustrated on the side of
the instrument.

High background. The thin-windowed DP6BD detector is easily
damaged. Pin-hole light leaks in the window will cause the
instrument to have a high background count rate. To check for light
leaks, turn the instrument on and place the probe face down on a
clean surface (or cover it with a dark cloth). Slowly expose the

(a} PNL-MA-563. Radiclogical Calibration Procedures.
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detector to light by lifting it away from the surface or removing the
cloth. If the probe is light sensitive, the background count rate may
increase. Small light leaks may be repaired in the field using Testor
silver paint (or equivalent). Care should be taken to not mask too
much active area with the paint because it will reduce probe
efficiency. Refer to contractor-specific procedures for additional
guidance on repairing light leaks.

Cable noise. Damaged cables may cause an erratic response or high
background count rate. To check for damaged cables, turn the
instrument and the audible response on. Listen to the background
count rate while jiggling the cable, particularly in the area around the
cable connections. An erratic response or spikes of high count rate
may indicate a faulty cable. Cables may be replaced in the field if the
replacement cable is of the same length as the original and has the
correct connections, Forcing the wrong cable connectors onto the
instrument or the detector can damage the connectors.

16.6 Instrument Specifications and Limitations

16.6.1 Temperature

16.6.2 Temperature Shock

The Electra is usable over the temperature range of -10°C to 50°C
(14°F to 122°F).

The Electra is sensitive to thermal shocks., The instrument should be
allowed to equalize for an hour when it is moved between extreme
temperatures (e.g., from indoors to outdoors in winter).

16.6.3 Humidity and Pressure

The Electra is not affected by bumidity or by normal varations in
atmospheric pressure. The Electra should not be used in condensing
environments.

16.6.4 Electromagnetic Field Interference

Electras have demonstrated sensitivity to hand-held radios. The
instrument may respond high or go into alarm when exposed to
portable radios. The antenna of hand-held radios should not be
allowed to contact the case of the Electra.

When tested with more uniform radio frequency (RF) fields, the
Electra is insensitive to RF interference.
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16.6.5 Energies and Types of Radiation

The Electra and DP6BD detector respond to and measure alpha and
beta radiations. Typical efficiencies for various isotopes are
summarized in the following table.

16.6.6 Interfering Ionizing Radiation Response

16.6.7 Battery Life

16.7 Applications

The Electra and DP6BD respond to interfering gamma radiation. A
typical response is about 50,000 cpmy/mR/hr.

Isotope Typical Efficiency
"Sr(Y) 32%
YCs 20%
=y 36%
*Tc 9%
e 1%
pu 14%

The Electra and DP6BD also respond to interfering neutron radiation.
Typical values for neutron interference are 2,000 cpm/mrenvhr in the
beta channel, and less than 1 cpm/mrem/h in the alpha channel.

The Electra battery life is approximately 90 hours with a scintillation
probe. Battery life will vary depending on the type of probe, intensity
of radiation field, and use of the speaker.

The Electra may be used for contamination surveys for both
removable and total activity.

To count alpha smears with the Electra, follow the procedure
provided in Section 5.7.2 of this manual (Chapter 5.0, Portable Alpha
Meter, Section 5.7.2, “Removable Surface Contamination Limits”).
The procedure in Chapter 5.0 is based on a Poisson distribution and
the probability of detectable counts occurring during the sample count
time.

To calculate the minimum detectable activity (MDA) for beta smears,
use the following formula.
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T
3.29 #Rng (1+}§—) +3
£ (Cember 1996)  (16.1)

MDA =
ET'S
where
MDA = minimum detectable activity (dpm)
Rb =  background count rate (cpm)
Tg = sample count time (min}
Th =  background count time (min)
£ =  detection efficiency for the isotope of interest
(cpm / dpm}

NOTE: The MDA shall be less than the applicable release limit.

1. Place the sample to be counted within 6 mm (% in.) of the
detector surface.

2. Start the sample count by pressing RATE INTEG twice.
3. Note the beta and alpha count rates once the count is complete.

4. Calculate the sample beta and alpha activities using the formula
in Equation 16.1.

When performing direct surveys for contamination, the MDA for the
Electra for a 5 cm/s scan speed with the probe 6 mm (%4 in.) from the
surface being surveyed is given in Table 16.2 (HIEC 1996™). Scan
speeds to achieve various detection limits for alpha activity is given in
Table 16.3.”

Table 16.2. Minimum Detectable Activity for NE DP6BD for Various
Beta Emitters, 95% Confidence Level

Isotope MDA (dpm/ 100 em’)
SH(Y) 260
W 1400
BT 760
- 3100

(a) HIEC Meeting Minutes for April 9 and Apri) 16, issued May 17, 1996.

(b) M.L. Johnson, Pacific Northwest National Laboratory, to G.A. Stoetzel, Pacific Northwest National
Laboratory, “Minimum Detectable Alpha Activity for NE Electra with DP6BD Detector,” September 22,
1977.
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16.8 References

Table 16.3. Scan Speeds to Meet Detection Limits with NE DP6BD at

Two Confidence Levels
Pu Activity
(dpm/100 cm’) Scan Speed, 67% CF | Scan Speed, 95% CF
100 1.4 cmfs 0.5 cm/s
300 4.2 cmfs 1.5 cms
500 7 cmfs 2.5 cmfs

NOTE: For information on technical manuals, see Bibliography.

H. Cember, Introduction to Health Physics, Third Edition, 1996.
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17.0 The Ludlum 2929 Dual-Channel Scaler

17.1 Instrument Description and Theory of Operation

17.1.1 Physical Description

The Ludium 2929 is a two-channel scaler powered by alternating
current (AC) that can be equipped to detect and measure alpha and
beta radiation. The Ludlum 2929 can simultaneously monitor
radiation in two channels. When equipped with a dual alpha/beta
detector, the 2929 measures a sample (e.g., filter paper or technical
smear) for gross alpha and beta activity with a single sample count.
Three detectors are currently used with the 2929 at Hanford, the
Ludlum 43-1-1, 43-10-1, and 43-78-5. All detectors are ZnS(Ag)
scintillators, accommodating 2 in. (43-10-1) or 4 in. (43-1-1,
43-78-5) sample diameters respectively. These detectors provide a
sample drawer to ensure consistent and reproducible geometry. The
2929 is most commonly connected to a Ludlum 43-10-1 alpha/beta
sample counter.

The Ludlum 2929 can be equipped with an optional printer (Ludlum
Model 264), providing hard-copy printouts of sample results.

More detailed technical information can be obtained by contacting
Pacific Northwest National Laboratory's (PNNL’s) Radiological
Calibration Laboratory™

The Ludlum 2929 weighs 5.7 kg (12.6 1b), including an attached
43-10-1. It measures 22 cm (8.5 in,) high by 37 ¢m (14.5 in.) wide
by 23 cm (9 in.) deep, including an attached 43-10-1 (see

Figure 17.1). The front panel includes a dial denoting the applied
detector voltage, HV adjustment potentiometer, two-digit count time
dial, four-position count time range dial (X.1, X1, X10, external),
power switch, two six-digit light-emitting diode (LED) scaler
displays {(one for each channel), count and hold push-buttons, red
light indicating counting status, and a single MHV connection. The
rear panel includes a 1 amp fuse, amp out connector, and 15-pin
connectors for alpha and beta data output, Internal controls, used
during calibration, include amplifier gain, alpha and beta
discriminators, and beta window potentiometers.

The 43-10-1 detector weighs 1.9 kg (4.1 Ib) and measures 24 cm
(9.3 in.) high by 11 cm (4.5 in.) wide by 24 ¢cm (9.3 in.) long (see
Figure 17.2). The 43-10-1 detector physically attaches to the 2929,

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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as depicted in Figure 17.1. The 43-10-1 uses ZnS(Ag) plated on a
plastic scintillation disc, 2 in. in diameter and 0.01 in. thick.

The 43-78-5 detector weighs 36 kg (80 1b) and measures 17 cm

(6.5 in.) in diameter and 29 cm (11.4 in.) high (see Figure 17.2).
Increased weight is the result of integral lead shielding. The 43-78-5
uses ZnS(Ag) plated on a plastic scintillation disc, 4.125 in. in
diameter and 0.01 in. thick. The associated photomultiplier tube
(PMT) is 3 in. in diameter with a 14-pin base and 10-pin dynode
structure.

Figure 17.1. Ludlum 2929 Dual-Channel Scaler with Attached 43-10-1 Detector

Figure 17.2. Ludlum 43-10-1 and 43-78-5 Alpha/Beta Scintillation Detectors

17.1.2 Radiation and Energy Response

These detectors will respond to alpha radiation above ~3 MeV.
Alpha response may be energy-dependent but should be relatively
consistent for ' Am and *’Pu. Ludlum states that the energy
response of the 43-10-1 is flat from 4 to 5.2 MeV. The 43-10-1
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17.1.3 Integral Sources

average *Pu efficiency is 36%. The 43-78-5 average *Pu
efficiency is 40% (2 in. source) and 37% (4 in. source).

These detectors respond to beta radiation above ~100 keV.
Beta response is energy dependent. The 43-10-1 average
efficiencies are, 23% (*Tc), 31% ('¥'Cs), and 43% (*Sr/Y).
The 43-78-5 average efficiencies are comparable for 2”
sources. The 4" *Sr/Y average efficiency is 37%.

Detector response to gamma and neutron radiation is
unknown. Based on detector type, neutron and gamma
response should be slight at best.

There are no radioactive sources attached to, or inside, the
Ludium 2929 and 43-10-1/43-78-5.

17.2 Operating Instructions

Before using the Ludlum 2929, perform the operability
checks to make sure the instrument is in good working
condition (see Section 17.3.1 for examples of typical
operability checks). These checks should be performed each
time the instrument is used.

To count a contamination smear or air sample filter, rotate
the sample drawer locking knob counter-clockwise, pull the
sample drawer out, and place the sample in the tray.
Planchets should be vsed to hold samples (minimizing
handling and the potential for cross contamination). Slide
the sample holder back beneath the detector and lock it into
position by rotating the locking knob clockwise. The sample
holder must be pushed completely in to trip a microswitch,
enabling the detector voltage.

NOTE: Sampie tray for 43-1-1 does not have a locking
knob.

Set the desired count time, then press the COUNT button to
start the count ¢ycle. Count times between 0.1 minutes
(6 seconds) and 990 minutes (16.5 hours) are possible.

General counting precautions include the following:

e The 2926 is intended for counting dry technical smears and air
sample filters. Placement of other types of materials into the
counters may result in contamination of the instrument,
inaccurate measurements, and/or detector damage.
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¢ The sample drawer should be maintained clean. A cotton swab
may be used to remove any residual debris.

¢ Bent technical smears and air sample filters require extra care
because they may easily lodge inside the sample drawer. A thin
layer of adhesive between the sample and its planchet may help
bent samples lie flat.

¢ The potential for significant instrument contamination increases
with the activity of the sample. Highly radioactive samples may
contaminate counting instruments and should be handled with
extreme care. Portable survey instruments shouid be used to
survey samples before placing them into the sample drawer.
Contact Radiological Calibration Laboratory technical staff if
questions arise regarding sample activity limitations.

» Samples that are wet or that will break apart should not be
counted,

e The 2929 cannot discriminate radon or radon progeny.

e Use the efficiency values determined during calibration (normally
2%py and **S1/Y), unless the radionuclide and the counting
efficiency for another radionuclide of concern is known. Contact
the Radiological Calibration Laboratory to request specific
isotopic efficiency values.

¢ Sample counting times will vary to obtain desired minimum
detectable activity (MDA) or minimum detectable concentration
(MDC) values. The longer a sample is counted, the lower the
MDA/MDC value. Sample count times should be long enough to
vield the required sensitivity (MDA/MDC).

e Sample count times should be less than or equal to the
background count time.

o The 43-10-1 detector includes a sample holder, that is approxi-
mately 1 cm (3/8 in.) thick. This holder must be used for accurate
analysis results.

e When counting 2-in. sample media on a 43-78-5, a jig should be
used to ensure that the sample is centered beneath the detector.
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17.2.1 Correction Factors

To obtain the gross counts per minute (cpm), the displayed number
must be divided by the number of minutes counted.

To obtain an activity in disintegrations-per-minute (dpm),
divide the net cpm (gross cpm - background cpm) by the
detector efficiency. If the sample is a smear, this activity is
the dpm/100 cm’, provided the area smeared is less than, or
equal to, 100 cm”. When the smeared area is larger than
100 cny’, divide the measured activity by the ratio area
smeared/100 to obtain the dpm/100 cm” (e.g., if the smear
area 300 cm’, then divide the measured activity by 300/100
or 3).

17.3 Performance Test Instructions

17.3.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as an
example of acceptable methods.

Sources used for performance testing should be traceable to an
established calibration standard or have a manufacturer’s certificate
to document source activity and radioisotopic purity.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails either of the
first two operability checks, fill out an Instrument Service Tag to
identify the problem, attach it to the instrument, and return it to the
Radiological Calibration Laboratory for servicing.

1. Inspect the instrument for broken or loose knobs, meters, and
displays.

2. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) of the expiration

date on the calibration sticker

3. Verify that the initial source check has been completed.
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4. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours,

5. Ensure that the periodic performance test is current. A periodic
performance test is commonly valid for 30 calendar days,
expiring at midnight of the 30th day after it is performed.

17.3.2 Source Check

The Ludlum 2929 is typically maintained under statistical process
control to ensure its reliable and consistent operation. A combina-
tion of daily source checks and periodic surveillance tests provide
confidence regarding instrument operation and data validity.

17.3.2.1 Imitial Source Check

Upon receipt from the Radiological Calibration Laboratory, or prior
to placing an instrument into service, the 2929 should be tested to
ensure that its operation is consistent with the calibration. The initial
source check may also establish the performance criteria to be used
for subsequent daily source checks and surveillance tests. Initial
source checks typically consist of the following:

* background measurement
& chi square test
¢ efficiency within +10% of calibration efficiency
¢ establishing response limits.
17.3.2.2  Daily Source Check

Once each day, or prior to intermittent use, Ludlum 2929s should be
evaluated for instrument response. Daily source checks typically
consist of the following:

¢ background measurement

¢ response within limits established during the initial source check.

17.3.2.3 Periodic Performance Test

Periodically, when in use, 2929s should be evaluated for response
and reproducibility. Periodic performance tests typically consist of
the following:
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® background measurement
¢ chi square test
¢ response within limits established during the initial source check.

17.4 Calibration Instructions

The Ludlum 2929 is calibrated at the PNNL’s Radiological
Calibration Laboratory in the 318 Building in the 300 Area. The
calibration described in this section is performed by PNNL staff.
Before calibration, the instruments are inspected to make sure they
are in good working order, switches and buttons are functionally
checked, and the instruments are inspected for physical damage.
Damaged instruments are repaired before calibration. As-found
readings are recorded for ***Pu and *Si/Y efficiency, the instrument
alpha and beta background is evaluated, and the counting circuit is
evaluated using a calibrated pulse generator. If the as-found readings
are more than 320% out of tolerance, the Radiological Calibration
Laboratory contacts the radiological control organization that last
used the instrument to inform them of the problem.

Amplifier gain is evaluated and adjusted as necessary, A MC source
is used to establish the detector voltage such that the measured
efficiency is at least 6%. Thresholds are adjusted to ensure a
maximum of 10% alpha-to-beta and 1% beta-to-alpha cross-talk and
to ensure background levels do not exceed 80 ¢cpm (2-in. detectors)
or 200 cpm (4-in. detectors) beta and 0.5 cpm alpha.

Finally, a series of efficiencies are recorded for '*C, *T¢, **Sr/Y, and
**Pu. Minimum acceptable values for the 2-in. detectors are 6%,
17%, 33%, and 30%. Limits for the 4-in. detectors are 6%, 10%,
20%, and 10%. Additional efficiency measurements are performed
upon request (e.g., “'Cs, **'Am). A sticker is attached to the
detector listing the evaluated efficiencies.

Ludlum 2929s are calibrated annually and after any maintenance is
performed that voids the existing calibration. The calibration is valid
through midnight of the expiration date listed on the calibration
sticker.

For more detailed information on instrument calibration, refer to
PNL-MA-563, Section 11.12.%

(a) PNL-MA-563, Radiological Calibration Procedures.
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17.5 Maintenance Instructions

Routine maintenance of the 2929 is performed at the Radiological
Calibration Laboratory when needed. Routine maintenance includes
cleaning the detector chamber, repairing damaged detectors, and
replacing o-rings. The only reason for field personnel to open the
detector case is to remove stuck samples from the drawer or to
decontaminate the counting chamber/detector.

Stuck sample. Occasionally a sample may become lodged inside
the detector, To remove the sample, unplug the instrument
(disconnect the AC-power cable from the supply outlet) and
dismantle the sample tray assembly. Contact the Radiological
Calibration Laboratory for assistance, as needed.

High background. A 2929 that develops a high background count
rate may have a contaminated sample chamber/detector or a light
leak. Contaminated instruments should be decontaminated as soon
as possible. Instruments should be decontaminated before sending
them to the Radiological Calibration Laboratory. After decontam-
ination, return the instrument to the Radiclogical Calibration
Laboratory for re-calibration if the instrument fails a source check.

Instruments with improperly adjusted sample trays or dislodged o-
rings may respond to extemnal light. If the instrument appears light
sensitive (e.g., high background, fails chi square), tag it with an
Instrument Service Tag and return it to the Radiological Calibration
Laboratory., The cause of high background should be evaluated to
ensure that the counting chamber is not contaminated. Placing the
instrument in a dark environment, or covering with a thick piece of
cloth (e.g., coat), should reduce the background count rate if the
cause is light leakage.

17.6 Instrument Specifications and Limitations

17.6.1 Temperature

The Ludlum 2929 is intended for use indoors. It has not been tested
for proper operation in conditions other than controlled environments
(indoors). Ludlum states a temperatures range between -20°C (4°F)
and 50°C (122°F) for the 2929 and 43-10.1. No temperature data are
available for the 43-78-5,
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17.6.2

17.6.3

17.6.4

17.6.5

17.6.6

17.6.7

Temperature Shock

When moving the 2929 from one area to another (of different
temperature), allow the instrument to reach equilibrium with the
ambient temperature (usually about 1 hour) before use,

Humidity and Pressure

No data are available regarding instrument response to varying
humidity and pressure. The Ludlum 2929 is intended for use
indoors. Performance testing in the intended environment should
ensure proper functionality.

Electromagnetic Field Interference

No data are availabie regarding instrument response to external
electromagnetic fields. However, the 2929 may be sensitive to
electromagnetic fields. Photomultiplier tubes, in general, are very
sensitive to magnetic fields. Magnetic fields may cause the
instrument to read high or low. A common source of fields that may
affect 2929 response is video displays. If magnetic fields are a
potential concern, response checks should be performed in the field
at the distance(s) from the magnetic field expected during use.

Radio Frequency/Electromagnetic Interference
No data are available regarding instrument response to external radio

frequency fields. However, the 2929 should be relatively insensitive
to radio frequency fields.

Energies and Types of Radiation

The 2929 responds to alpha radiation above ~3 MeV and beta
radiation above ~100 keV.

Interfering Ionizing Radiation Response

Detector response to gamma and neutron radiation is unknown.
Based on detector type, neutron and gamma response should be
slight at most.

17.7 Applications

17.7.1 Air Sample Measurements
The Ludlum 2929 is used to measure the activity on air sample filter
media. Excessive dust loading may degrade alpha measurements,
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17.7.2 Surface Contamination Measurements

The Ludlum 2929 is used to measure the activity on dry technical
smear media. Excessive dust loading and/or moisture may degrade
alpha measurements.

17.8 References

NOTE: For information on technical manuals, see Bibliography.
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18.0 Commonly Encountered Portable Nal Radiation
Detectors Used at Hanford

This chapter describes the most commonly used portable Nal
radiation probes at the Hanford Site.

18.1 Instrument Description and Theory of Operation

Photon-sensitive probes typically consist of Nal(TI) scintillating
crystals. As the crystal absorbs energy, in the form of photon or beta
radiation, electrons in the valence band are moved to the conduction
band as a result of energy conservation laws. When electrons in the
conduction band return to the valence band, energy must be released.
This energy is released in the form of visible light (A, =415 nm),
assured by the Thallium impurity. The amount of light is propor-
tional to the amount of radiation that was originally absorbed. These
probes are often used to perform pulse height analysis/energy
discrimination.

Crystals come in a variety of shapes and sizes. The most common
crystals at Hanford are 2 in. by 2 in., because they are appropriate for
a wide energy range and offer relatively high efficiency. Larger and
smaller crystals are also available. Larger crystals increase
efficiency and energy range. Crystal size and shape can be used as a
mechanical discriminator, tuning detector response to low-energy
radiation (e.g., "*’I). Commonly used Nal probes are shown in
Figures 18.1 and 18.2.

Ludlum 44-62 Ludlum 44-3 Ludlum 44-10 Eberline SPA-3  Bicron GILE

Figure 18.1. Common Nal Probes
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Figure 18.2. Bicron G5 ‘FIDLER’' Low-Energy Photon Probe with Common Mounting Hardware

18.1.1 Physical Description

The Ludlum 44-62 is 2.3 cm (0.9 in.) in diameter, 20 cm (8 in.) long,
and weighs 0.1 kg (0.3 Ib). The crystal is 1.3-em (0.5 in.) in
diameter and 2.5 cm (1 in.) thick. The probe includes a magnetically
shielded photomultiplier tube (PMT), 1.3-cm (0.5-in.) in diameter.
The crystal and PMT are housed in an aluminum case. A single
connector (e.g., Series “C”) is used for both high-voltage (HV) and
signal.

The Ludlum 44-3 is 5 cm (2 in.) in diameter, 18 cm (7 in.) long, and
weighs 0.5 kg (1 Ib). The crystal is 2.5 cm (1 in.) in diameter and

1 mm thick. The probe has a 15 mg/cm’ entry window. The probe
includes a 3.8-cm (1.5-in.) diameter, magnetically shielded PMT.
The crystal and PMT are housed in an aluminum case. A single
connector is used for both high voltage and signal.

The Ludlum 44-10 is 7 ¢cm (2.6 in.) in diameter, 28 cm (11 in.) long,
and weighs 1.1 kg (2.3 Ib). The crystal is 5 cm (2 in.) in diameter
and 5 cm (2 in.) thick. The probe includes a 5-cm (2 in.) diameter,
magnetically shielded PMT. The crystal and PMT are housed in an
aluminum case. A single connector is used for both high voltage and

signal.

The Eberline SPA-3 is 7 cm (2.6 in.) in diameter, 28 cm (11 in.)
long, and weighs 1.5 kg (3.4 1b). The crystal is 5 cm (2 in.) in
diameter and 5 cm (2 in.) thick. The crystal and PMT are housed in
an aluminum case. A single connector is used for both high voltage
and signal.
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The Bicron GILE is 3.5 cm (1.4 in.) in diameter, 18 cm (7 in.}) long,
and weighs 0.21 kg (0.5 1b). The crystal is 2.5 cm (1 in.) in diameter
and 1 mm thick. The probe has a 7-mg/em® entry window. The
probe includes a 2.8-cm- (1.1-in.-) diameter, magnetically shielded
PMT. The crystal and PMT are housed in an aluminum case, A
single connector is used for both high voltage and signal.

The Bicron G2LE is 6 cm (2.3 in.) in diameter, 21 ¢cm (8.4 in.) long,
and weighs 0.81 kg (1.8 Ib). The crystal is 5 ¢m (2 in.) in diameter
and 1 mm thick. The probe has a 7-mg/cm’ entry window. The
probe includes a 5-cm- (2-in.-) diameter, magnetically shielded
PMT. The crystal and PMT are housed in an aluminum case. A
single connector is used for both high voltage and signal.

The standard Bicron G5 ‘FIDLER” (Field Instrument for detecting
low-energy radiation) is 14.1 ¢cm (5.6 in.) in diameter, 25.7 ¢m
(10.1 in.) long. A ruggedized version is available that measures 15.9
¢m (6.25 in.) in diameter, 26.9 ¢cm (10.6 in.) long. Both probes
weigh approximately 4.1 kg (6 1b). The crystal is 12.7 cm (5 in.) in
diameter and 1.6 mm (0.063 in.) thick. The probe has a beryllium
entrance window that is 0.25 mm (0.01 in.) thick. The probe
includes a 12.7-cm (5-in.) diameter PMT. The crystal and PMT are
housed in an aluminum case. A single connector is used for both
high voltage and signal. Optional window materials are available,
including low-background beryllium and aluminum.

18.1.2 Radiation and Energy Response

In general, these detectors respond to gamma radiation. Photon
response is energy dependent and the energy at which a probe
displays its maximum response varies depending upon crystal size
and shape.

These probes are also sensitive to high-energy beta radiation (e.g.,
“S1/Y) of sufficient energy to penetrate the detector housing. Probes
with entrance windows respond to beta radiation above ~50 keV
(e.g., C Bavg @ 50 keV).

These detectors do not respond to neutron or alpha radiation.

Table 18.1 summarizes photon energy range for the common Nal
probes used at Hanford.
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Table 18.1. Photon Energy Range for Hanford Nal Probes

Energy Range of

Probe Model Measurement Sensitivity

Ludlum 44-62 60 keV to 1.25 MeV (*'Am |49 cpm/uR/Mr ('¥'Cs)
60
to "Co)
Ludlum 44-3 10 keV to 60 keV 2-pi efficiencies: 38% ('),
10% (**C), 56% (*°P)

"Ludlum 44-10 60 keV to 2 MeV 900 cpm/pR/Mr (*Cs)
"Eber]jne SPA-3 60 keV to 2 MeV 1,200 cpm/uR/r ('¥'Cs)
||Bicr0n GILE 10 keV to 60 keV 375 cpm/uRhr (21
lIBicron G2LE 10 keV to 60 keV 1,500 cpm/uR/hr (‘21

HBicron G5 “FIDLER’

10 keV to 100 ke V'™ ~200 cpm/pCi/m? (' Am)

N(a) FIDLER response declines rapidly above 100 keV.

18.1.3 Integral Sources

Probes used with portable rate meters do not have integral sources.
However, some fixed location detectors (e.g., Nal probes used with
area radiation monitors) and rate meters have integral check sources.
These detectors/integral sources are outside the scope of this chapter.

18.2 Operating Instructions

18.2.1 Correction Factors

Before any of the portable probes may be used, they must be

attached to an appropriate rate meter or scaler. With the exception of
the Eberline SmartPak-equipped detectors, these Nal probes will be
calibrated with, and married to, a specific meter or scaler. Probes
that are married to an instrument cannot be exchanged between
instruments.

Before using a portable probe, perform the operability checks to
make sure the instrument is in good working condition (see
Section 18.3.1 for examples of typical operability checks). These
checks should be performed each time the instrument is used.

Radiological surveys are performed according to contractor-specific
cperating procedures.

Nal detectors used as qualitative surveying devices de not require
applying correction factors. Quantifying activity requires applying
the geometry-specific efficiency to measured count rate.
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18.3 Performance Test Instructions

18.3.1 Operability Check

18.3.2 Source Check

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as
examples of acceptable methods. The instructions in this chapter
represent a generic performance testing process.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures,

Check everything listed below. If the instrument fails one of the
first three operability checks, fill out an Instrument Service Tag
identifying the problem, attach it to the instrument, and return it to
Pacific Northwest National Laboratory’s (PNNL's) Radiological
Calibration Laboratory for servicing.

1. Inspect the instrument for physical defects, such as broken meter
face, loose knobs or switches, punctured probe windows, light
leaks, or defective cables (as equipped).

2. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker.

3. If so equipped, verify that the HV reading shows upscale value
on meter.

4. Ensure that battery strength (if so equipped) is above the cutoff
and replace batteries as needed.

5. Verify that the initial source check has been completed.

6. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours.

Digital instruments (e.g., Eberline E-600) require only one source
activity to ensure their proper operation (i.e., each range need not be
checked). In these cases, source activity should be large enough to
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18.3.2.1 Initial Source Check

18.3.2.2 Daily Source Check

minimize statistical fluctuations and reduce the probability of failing
a functioning instrument.

Sources are selected based on the specific probe and calibration
method (e.g., source emission matches calibrated energy window).

Initial source checks should be performed immediately upon
receiving the instrument from the Radiation Calibration Laboratory.
Instruments should not be placed into storage until after performing
the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable. The
initial response is considered reasonable when the response is within
£20% of the mean instrument response for that source.

Center the detector over the check source. A jig or mark may be
used to ensure reproducibility. Allow the reading to stabilize (rate
meter) and note the instrument response., Alternatively, a scaler count
may be performed, as equipped. Multiply the instrument’s response
by 0.8 and 1.2 to determine the acceptable range for that
instrument/source combination.

NOTE: The source used io perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the insrrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

Remove the cover from the detector, if applicable, and establish the
source-to-detector geometry used during the initial source check.
Allow the reading to stabilize (rate meter) and note the instrument
response. Alternatively, a scaler count may be performed, as
equipped. The instrument response should fall within the acceptable
values determined during the initial source check.

For smart probes, an instrument failure may be a failed detector or a
failed count rate meter. First, replace the probe with another smart
probe and repeat the daily source check using the initial source check
limits established for the new smart probe. If the instrument
performs satisfactorily during this source check, then the originai
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18.3.2.3 Response Checks

probe was at fault. Tag the original probe with a completed
Instrument Service Tag and return it to the Radioclogical Calibration
Laboratory. If the instrument does not perform properly during the
second daily source check, the meter is probably faulty. Tag the
meter with a completed Instrument Service Tag, and return it to the
Radiological Calibration Laboratory.

Periodically verify that the probe responds to radiation during
continuous use. Response check the instrument by verifying
response to background radiation, when specific radiation sources
are not available.

18.4 Calibration Instructions

The Nal probes referenced in this chapter are calibrated at PNNL's
Radiological Calibration Laboratory in the 318 Building in the

300 Area. The calibration described in this section is performed by
PNNL staff.

Before calibration, the instruments are inspected to make sure they
are in good working order, switches and button are checked for
functionality and the instrument is checked physical damage.
Damaged instruments are repaired before they are calibrated. If the
as-found readings are more than £20% out of tolerance, the
Radiological Calibration Laboratory contacts the radiological control
organization that last used the instrument to inform them of the
problem.

Rate meters and scalers are calibrated electronically using a pulse
generator. Instrument response is typically evaluated at 20% and
80% of each decade. The scaler function is also verified by
performing a 1-minute count. The meter count rate must fall within
15%, and the scaler response must be within 2% of the
conventionally true value to pass calibration.

As-found efficiencies are recorded for an appropriate gamma-
emitting radionuclide (e.g., ]"’7Cs, 1=y 24'Am) and the background is
evaluated.

Threshold and window settings are established and an HV plateau is
performed. After setting the electronics, the efficiency for the
requested radionuclide is measured.

Photon probes are commonly calibrated with an energy-specific
window of interest {e.g., '¥’Cs)and a gross gamma window (e.g.,
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300 keV to 2 MeV or 50 keV to 2 MeV). This type of calibration
may be used to evaluate the relative ratio of a particular gamma-
emitting radionuclide to the entire gamma spectrum. These ratios
can be useful in characterizing waste streams and determining
radionuclide character for radiation protection purposes.

For more detailed information on instrument calibration, refer to
PNL-MA-563, Sections 3.9.4, 3.9.8, 3.9.12, 3.31.@

18.5 Maintenance Instructions

Routine maintenance on probes is performed at the Radiological
Calibration Laboratory and in the field. Routine maintenance
includes repairing connections, replacing cables, and checking PMTs
for noise. Common problems and causes are discussed in the next
few paragraphs.

Cable noise. Damaged cables may cause the instrument to exhibit a
noisy response, especially when the cable is moved. Damaged
cables can be replaced in the field. Make sure that the replacement
cable has appropriate connections on both ends and is the same
length as the original cable.

PMT noise. Faulty PMTs will cause the probe to have a noisy
response when shaken or moved. To determine if the PMT should
be replaced, tap the probe lightly several times. If tapping the probe
causes an audible response, the PMT should be replaced. Tag the
probe with an Instrument Service Tag, and return it to the
Radiological Calibration Laboratory. If the probe is married to a
meter, return both the probe and meter.

Damaged Nal crystal. When using Nal scintillation probes,
mechanical shock should be avoided. Mechanical shocks can
damage the crystal to the extent that it produces erroneous readings
or becomes inoperable. If the probe is exhibiting unstable response,
tag it with an Instrument Service Tag, and return it to the
Radtiological Calibration Laboratory for servicing.

Low response. Scintillation based instruments may develop a low
response when the optical coupling between the crystal and PMT is
degraded. If the probe is exhibiting low response, tag it with an
Instrument Service Tag, and retumn it to the Radiological Calibration
Laboratory for servicing.

{a} PNL-MA-563, Radiological Calibration Procedures.
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18.6 Instrument Specifications and Limitations

18.6.1 Temperature

18.6.2 Temperature Shock

Ludlum states a temperature range of -20°C to 50°C (-4°F to 122°F)
for the 44-62, 44-3, and 44-10 probes.

Bicron states a temperature range of -40°C to 50°C (-40°F to 122°F)
for the GILE and G2LE probes. For the G5 Fidler, Bicron states a
temperature range of 4°C to 43°C (39°F to 109°F).

Eberline staies a temperature range of -30°C to 60°C (-22°F to
140°F) for the SPA-3 probe.

Nal probes are vulnerable to thermal shocks. Thermal shocks may
damage the probe to the extent that they produce erroneous readings
and become inoperable.

When moving a Nal probe from one area to another (of different
temperature), allow the instrument to reach equilibrium with the
ambient temperature (usuaily about 1 hour) before use.

Bicron states a temperature shock limitation of 10°C (18°F) per hour
for the G5 FIDLER.

18.6.3 Humidity and Pressure

No data are available for the common Nal probes regarding instru-
ment response to varying humidity and pressure. Performance
testing in the intended environment should ensure proper
functionality.

These probes should not be used in condensing environments.

18.6.4 [Electromagnetic Field Interference

The Nal probes are likely responsive to electromagnetic fields.
Photomultiplier tubes, in general, are very sensitive to magnetic
fields. Magnetic fields may cause the instrument to read high or low.
A common source of fields that may affect Nal probe respouse is
video displays. If magnetic fields are a potential concern, response
checks should be performed in the field at the distance(s) from the
magnetic field expected during use.
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18.6.5 Radio Frequency/Electromagnetic Interference

No data are available regarding the Nal probe response to external
radio frequency fields. These probes should be relatively insensitive
to radio frequency fields. However, if these fields are a potential
concern, response checks should be performed at the location where
the instrument will be used.

18.6.6 Energies and Types of Radiation

The Nal probe photon energy response is dependent upon photon
energy. Crystal size, shape, and entrance window construction affect
energy response, See Table 18.1 for additional information.
Standard 2-in.-by-2-in. probes (e.g., SPA-3, 44-10) typically over-
respond to photons at 100 keV by 10 times, and under-respond at

1 MeV by 0.5, relative to the '¥'Cs response.

18.6.7 Interfering Ionizing Radiation Response

18.6.8 Battery Life

18.7 Applications

18.8 References

These probes are sensitive to high-energy beta radiation (e.g., °St/Y)
of sufficient energy to penetrate the detector housing. Probes with
thin entrance windows can respond to low-energy beta radiation
above ~30 keV (e.g., "'C Boyy @ 50 keV).

These detectors do not respond to neutron or alpha radiation.

The probes do not have internal batteries. Refer to the corresponding
meter or scaler chapter in this manual for information on instrument
battery life.

Nal probes typically perform qualitative assessment of gamma
radiation ievels. Refer to contractor-specific operational procedures.
Some may be calibrated for quantitative monitoring of air samples
and swipes as well.

NOTE: For information on technical manuals, see Bibliography.
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19.0 The Eberline E-600 Portable Radiation Monitor

19.1 Instrument Description and Theory of Operation

The E-600 is a portable, digital rate meter used with a variety probes,
including ion chambers, scintillation detectors, neutron detectors,
and Geiger-Miiller (GM) detectors, for measuring radioactive
contamination and radiation. The E-600 (Figure 19.1) has a liquid
crystal display with both digital (numerical) and a simulated analog
output (sliding bar graph). Three channels allow the E-600 to
perform pulse height analysis and discriminate radiation based on
incident energy, as allowed by attached detector. Alarms can be set
independently for each channel.

|

E-600 NRD SHP380AB/SHP380A

Figure 19.1. Eberline E-600, NRD, and SHP380AB/SHP380A

Although the E-600 supports a wide variety of detectors. the most
commonly paired combinations at Hanford are the
E-600/SHP380AB, E-600/SHP380A, and E-600/NRD.

The SHP380AB and SHP380A are essentially identical, differing
only in their phosphor plates. The “S” indicates that these are
“smart” probes. A memory chip in the handle retains the probe
calibration settings, allowing these smart probes to be connected to
any E-600 calibrated with smart channels. Alpha detection is
achieved with a thin coating of ZnS(Ag). The AB probe (alpha/beta)
also includes an NE102 plastic scintillator for beta monitoring (see
Figure 19.1). The ‘SHP380" indicates the probe model, the “A™
stands for alpha detection, “B" for beta detection.
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The neutron rem detector (NRD) consists of a BF; tube surrounded
by a 9-in., cadmium-loaded polyethylene moderating sphere, The
NRD is not a smart probe and should be “married” to an E-600 and
calibrated as a conventional instrument, A Smart Pak may be used
with the Eberline NRD to allow operation with any E-600.

More detailed technical information can be obtained by contacting
Pacific Northwest National Laboratory's (PNNL’s) Radiological
Calibration Laboratory.®

19.1.1 Physical Description

The E-600 weighs about 1.53 kg (3.4 Ib) with batteries and measures
22.9 cm (9.0 in.) long by 10.5 cm ( 4.1 in.) wide by 15.3 cm (6.0 in.)
high including the handle. The instrument has an internal speaker,
smart probe connector, three buttons (membrane type) on the body
(for selecting range, gross or net mode, and speaker on/off), a three-
position toggle switch for response time selection, four buttons
(membrane type) on the handle for thumb operation (selects channel,
data logging, light on/off and a programmable * key) and a rotary
multi-position selector switch to set the operating mode (off, check,
ratemeter, integrate, scaler, peak hold, and background). The
instrument high voltage is adjustable (computer controlled) and is set
during calibration. The response time is set during calibration. The
conventional channel response time is set to 20 seconds, regardless
of the switch setting. Smart channel response times are set to

20 seconds, 10 seconds, and 3 seconds, respectively, for slow,
medium, and fast response.

The E-600 rate meter response time acts like a traditional
resistor/capacitor (RC) time constant unless one of two conditions
are met: 1) the background is greater than 300 cpm, or 2) the
instrument detects a change in count rate of three sigma. When one
of these conditions is met, the instrument drops the existing
background and provides an instantaneous reading update.

The audible output of the E-600 is limited to 75 counts per second,
or 4500 cpm. As such, the audible output is not necessarily
representative of the measured radiation level and should not be
relied upon in high-count rate situations.,

The SHP380 is approximately 28.6 cm long, 7 cm wide and 8.3 ¢cm
high (11.25 in by 2.75 in. by 3.25 in.) and weighs 0.58 kg (1.28 lb.).
The probe has an active area of 6.9 cm by 14.5 cm (2.72 in. by
5.7 in.) or 100 cm’. The open area is approximately 85%. The

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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window thickness of the SHP380 is 0.87 mg/cm® of aluminized
plastic film. The SHP380AB may be fitted with a layer of Tyvek to
protect the probe from damage during outdoor use. The Tyvek
cover does not appreciably reduce response to medium energy beta
particles (*°Sr or ’Cs). The Tyvek critically reduces low-energy
beta response and eliminates alpha-measuring capabilities. Simi-
larly, additional layers of Mylar may be applied to ease decontamina-
tion efforts in highly contaminated environments. The additional
Mylar degrades alpha sensitivity but does not eliminate it. Probes
should be calibrated with any desired additional layers to account for
degraded response (i.e., layers should not be added in the field). The
response time for the SHP380 probes is set according to customer
requirements (e.g., Bechtel Hanford Incorporated response times are
set to 20 seconds for all switch settings, Fluor Hanford response
times are set to 20 seconds, 10 seconds, and 3 seconds for fast,
medium, and slow response times, respectively).

The NRD is a 9-in. sphere, weighing 6.3 kg (14 Ib). The response
times for the NRD are set to 60 seconds (slow}, 30 seconds
(medium), and 10 seconds (fast).

19.1.2 Radiation and Energy Response

19.1.2.1 SHP380AB

19.1.2.2 SHP380A

These detectors respond to alpha radiation above ~3 MeV. Alpha
response may be energy-dependent but should be relatively consis-
tent for **'Am and **Pu. The average **Pu efficiency is 12% (100-
e’ source).

These detectors respond to beta radiation above ~200 keV. Beta
response is energy dependent. The average beta efficiencies are 1%
(**C), 8% (PTc), 18% (“Cs), and 30% (*°St/Y) at 0.25 in. from 2 in.
sources. For sources with 100 cm” active areas, the average
efficiencies at 0.25 in. are 22% (*°Sr/Y) and 17% ("'Cs).

These detectors respond to gamma radiation above a few keV. An
average response to '*’Cs photons is 25,000 cpm/ mR/hr. Detector
neutron radiation is unknown. Based on detector type, neutron
response should be slight at most.

These detectors respond to alpha radiation above ~3 MeV. Alpha
response may be energy-dependent but should be relatively consis-
tent for *' Am and “*Pu. The average = Pu efficiency is 15% (100

; .
cim” active area).
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19.1.2.3 NRD

19.1.3 Integral Sources

Detector construction, and discriminator settings, minimize response
to beta radiation. Typical beta response is 0.15 cpm/1X10° dpm (¥
Cs) and 1.0 cpm/1X10° dpm (*°St/Y).

SHP380A response to gamma radiation is minimal,
averaging 0.004 cpm/mR/hr (*¥'Cs).

Detector response to neutron radiation is unknown. Based on
detector type, neutron response should be slight at best.

The NRD responds to neutron radiation from thermat (0.025 eV) to
~10 MeV.

The NRD does not respond to alpha or beta radiation. Gamma
response is minimized during calibration with the instrument
typically measuring less than 0.03 cpm/R/hr.

E-600s may have an alpha-emitting source attached to their side for
performing response checks in the field. These sources are typically
on the order of 0.85 nCi (~2000 dpm) **Th. See Chapter 5.0,
Figure 5.1, of this manual for an example of these sources.

19.2 Operating Instructions

19.2.1 Correction Factors

Before using the E-600, perform the operability checks to make sure
the instrument is in good working condition (see Section 19.3.1 for
examples of typical operability checks). These checks should be
performed each time the instrument is used.

Ensure that the appropriate probe is attached to the E-600 and
commence with a radiological survey according to contractor-
specific operating procedures,

19.2.1.1 Contamination Measurements with SHP380 Probes

The actual count rate is automatically displayed (numerically) by the
E-600 and there is no need to correct the displayed value for range
switch settings. To convert an instrument response (in cpm) to an
activity {in dpm), divide the cpm reading by the appropriate
efficiency (typically '"'Cs [beta] or “Pu [alpha]) established by
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PNNL and provided on the calibration label. The efficiency is
unique for each probe.

If the **’Pu efficiency is at least 10% and the *'Cs efficiency is at
least 20%, a generic alpha correction factor of 10 and beta correction
factor of 5 may be used. Likewise, if the *'Cs efficiency is 15%, or
greater, a beta correction factor of 7 may be used. These are
acceptable (and conservative) practices for measurements performed
with the SHP380.

The SHP380 probes have active areas of 100 cnr’, therefore, no area
conversions are needed.

19.2.1.2 Dose Rate Measurements with the NRD

The dose rate at the ceater of the NRD sphere is displayed by the
E-600.

There are no contact or beam correction factors for the NRD, The
NRD is configured to measure general area neutron dose rates where
the sphere is uniformiy exposed. Therefore, the NRD is not used to
establish contact dose rates or evaluate beaming radiation. Contact
correction factors for specific applications can be developed.
Contact the Radioclogical Calibration Laboratory for assistance.

19.3 Performance Test Instructions

19.3.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as
examples of acceptable methods.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails a critical
operability check (identified with an “**), fill out an Instrament
Service Tag identifying the problem, attach it to the instrument, and
return it to the Radiological Calibration Laboratory for servicing.
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19.3.2 Source Check

*Inspect the instrument for physical defects, such as broken
meter face, loose knobs or switches, punctured probe windows,
light leaks, or defective cables (if so equipped).

*Verify that the calibration of the instrument is current, The
calibration expires at midnight (11:59 p.m.) of the expiration
date on the calibration sticker. Depending upon configuration,
the instrument may indicate if the calibration has expired by
displaying OUT OF CAL.

Verify that the initial source check has been completed.

Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours.

*If the meter will not turn on, or indicates other failures that
cannot be corrected in the field, return the instrument to the
Radiological Calibration Laboratory for servicing. Indicate the
failure on the service tag.

Turn the count rate meter selector switch to CHECK. The meter
will show a scale indicating battery level. When the display
indicates <70% of full scale, replace the batteries (NRD
equipped instruments with low batteries are sent to the
Radiological Calibration Laboratory unless a source check can
be performed in the field.)

*If the high voltage fails, HV will be displayed in the lower left-
hand corner of the display. During some channel switching, a
flashing HV may be momentarily displayed as the high voltage
adjusts to the needs of the selected channel. If the HV icon does
not disappear after ~30 seconds, the HV has failed.

Turn the selector switch to SCALER and initiate a count. Verify
that the background reading is within tolerance for the attached
probe. This step is not typically performed on NRD-equipped
instruments.

Response checks should be performed for each active channel
(e.g., background, light leakage). This step is not typically
performed on NRD-equipped instruments.

The SHP380A probes are source checked with an appropriate alpha
source {e.g., = Pu, *'Am). SHP380AB probes are source checked
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19.3.2.1 Initial Source Check

19.3.2.2 Daily Source Check

with appropriate alpha and beta sources (e.g., **Pu or *'Am and
37Cs or *Sr/Y ). Because the instrument is digital, only one decade
is source checked. For example, sources used to performance test
continuous air monitors or miniscalers may be used to source check
SHP380 probes. Source activity should be greater than 1,200 dpm to
minimize statistical fluctuations and reduce the probability of failing
a functioning instrument. Response limits are applicable to probes,
not count rate ineters,

Sources are not readily available for source checking the
E-600/NRD. As compensatory actions for not source checking the
instrument, these instruments are calibrated quarterly,

Initial source checks should be performed immediately upon receiv-
ing the instrument from the Radiological Calibration Laboratory.
Instruments should not be placed into storage until after performing
the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable,
Methods to determine whether the initial response is reasonable
when the response is within £20% of the mean instrument response
for that source. The acceptable range should allow for variations
resulting from differing probe efficiency.

Center the detector over the check source. A jig or mark may be
used to ensure reproducibility. Allow the reading to stabilize
(RATEMETER mode) and note the instrument response.
Alternatively, a scaler count may be performed in the SCALER mode.
Multiply the instrument response by 0.8 and 1.2 to determine the
acceptable range for that instrument/source combination.

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
[first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

Remove the cover from the detector, if applicable, and establish the
source-to-detector geometry used during the initial source check.
Allow the reading to stabilize (RATEMETER mode) and note the
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19.3.2.3 Response Checks

Instrument response. Altematively, a count may be performed in the
SCALER mode. The instrument response should fall within the
acceptable values determined during the initial source check.

If the instrument fails, it may be a failed detector or a failed count
rate meter. First, replace the probe and repeat the daily source check
using the initial source check limits established for the new probe. If
the instrument performs satisfactorily during the daily source check,
then the original probe was at fault. Tag the original probe with a
completed Instrument Service Tag and return it to the Radiological
Calibration Laboratory. If the instrument does not perform properly
during the second daily source check, the meter is probably faulty.
Tag the E-600 with a completed Instrument Service Tag, and return
it to the Radiological Calibration Laboratory,

Periodic response may be performed on the NRD, when a stable
neutron field exists in the facility, to verify consistent detector
response and speaker functionality.

Periodically verify that the SHP380 responds to radiation during
continuous use, Response check the instrument by placing the probe
over the check source mounted on the instrument case and verify that
the speaker and meter respond to the source. Alternatively,
background radiation may be used to response check the instrument
when check sources are not present.

19.4 Calibration Instructions

The Eberline E-600 is calibrated at the PNNL's Radiological
Calibration Laboratory in the 318 Building in the 300 Area. The
calibration described in this section is performed by PNNL staff.

Before calibration, instuments are inspected to make sure they are in
good working order, switches and buttons are functionally checked,
and instruments are inspected for physical damage. Damaged
instruments are repaired before calibration. If the as-found readings
are more than 320% out of tolerance, the Radiological Calibration
Laboratory contacts the radiological control organization that last
used the instrument and informs them of the problem,

The E-600 rate meter is calibrated electronically using a pulse
generator. Instrument response is evaluated at 20% and 80% of each
decade and at the approximate midpoint of the first decade (i.e., at
200, 400, 800, 2,000, 8,000, 20,000, 80,000, 200,000, and 800,000
cpm). The scaler function is then verified by performing a 1-minute
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19.4.1 SHP380 Calibration

19.4.2 NRD Calibration

count at 80,000 cpm. The count rate meter must fall within +5% and

the scaler response must be within 2% of the true count rate to pass
calibration,

The E-600 has four channels: three smart channels and a
conventional channel. Any one, or multiple, smart channels may be
disabled depending on the probe connected to the instrument. The
conventional channel is calibrated for a pancake GM detector.

For more detailed information on instrument calibration, refer to
PNL-MA-563, Section 3.9.5 (E-600), 3.9.6 (SHP380), 3.9.11
(NRD).®

As-found efficiencies are recorded for **Pu and *°St/Y (Pu only for
SHP380A) and the background count rate is evaluated. The probes
are checked for light leakage using a high-intensity light source.

Parameters, thresholds, and the high-voltage setting are established.
A series of efficiencies are recorded using large-area anodized
sources containing "’Cs, *St/Y, and **Pu (Pu only for SHP380A).
Minimum acceptable values are 15%, 20%, and 10%, respectively.
If the probe is fitted with additional Mylar layer(s), the minimum
efficiency values are 10%, 15%, and 10% respectively. Efficiency
measurements for other isotopes are performed upon request with
2 in, disk sources. The evaluated efficiencies are stated in the
limitations section of the calibration sticker. On the SHP380AB
beta-to-alpha crosstalk is maintained less than 1%,

SHP380 probes are calibrated annually and after any maintenance
that voids the existing calibration. The calibration is valid through
midnight of the expiration date listed on the calibration sticker.

A Quick Check is available for probes whose outer Mylar surface
has been damaged and at least 3 months remain in their calibration.
These probes are repaired and then the measured efficiency is
verified to be within 10% of the current calibration. If the measured
efficiency agrees with the calibration efficiency, the probe is
returned to the field without performing a calibration.

As-found response is evaluated using the *°Cf source well at
1.5 mrem/hr, 5 mrem/hr, 50 mrem/hr, 100 mremvhr, and the upper

(a) PNL-MA-563, Radiological Calibration Procedures.
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capability of the well (currently 400 mrem/hr). The sphere is then
placed in a 10-R/hr '37Cs field for a 1-minute scaler count.

Instrument parameters are set and the high voltage is adjusted with
the sphere in a 10-R/hr ''Cs field. The high voltage is set to
minimize gamma response. A l-minute scaler count is performed
with the NRD in the 10-R/hr photon field and the E-600 must
measure O-mrem/hr neutron to pass calibration. After establishing
the high voltage, the sphere is returned to the 32Cf well and the
response at 1.5 mrem/hr, 5 mremvhr, 50 mrem/hr, 100 mrem/hr, and
the upper capability of the well, is verified/adjusted to within £10%
of the true value.

A calibration sticker is attached to both the E-600 and NRD
indicating that they are a “married” pair and cannot be used with
other instruments, unless the NRD is equipped with an Eberline
Smart Pak.

19.5 Maintenance Instructions

Routine maintenance on the E-600 is performed at the Radiological
Calibration Laboratory and in the field. Routine maintenance
includes checking/replacing the batteries. Additionally, for the
SHP380 probes, maintenance includes checking the photomultiplier
tube (PMT) for noise and the window for light leaks. Common
problems and causes are discussed below.

Low batteries. In the CHECK mode, a battery indicator is displayed.
Full scale indication corresponds to 4.5 V. The battery icon will
come on when the battery falls below 3.15 V and it begins to flash at
3.08 V. Because the batteries tend to fail quickly once they fall
below 60%, it is best to change batteries when the battery icon first
appears. If the E-600 has low batteries, the batteries may be replaced
in the field (when a source check can be performed). Open the
instrument case, by removing the crew in the center of the bottom of
the instrument. Replace all three batteries with C-cell alkaline
batteries. Re-use the cardboard battery sleeves (if so equipped),
making sure the batteries are firmly mounted in the battery clips.

Light sensitivity. If the SHP380 exhibits a high count rate when
exposed to light, there are probably holes in the polycarbonate
(Mylar) window. Even very smatl pinholes, too small to be seen
with the naked eye, can cause the E-600 to exhibit light sensitivity.
To verify light sensitivity, expose the probe to a light source and
verify an increased count rate. Then, cover the probe with a light
shield (such as a dark cloth) and verify that the count rate drops. If
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the probe has a light leak, tag it with an Instrument Service Tag and
return it to the Radiological Calibration Laboratory for servicing.

Small light leaks on the probe face can be repaired in the field.
Locating a light leak involves placing the probe under a source of
light that causes andible output and then covering small sections of
the probe face until a decrease in the count rate is observed. Using
Testor brand (or equivalent) silver paint, cover the hole(s) in the
Mylar, The maximum area of the probe surface that is covered with
paint should be limited to £1% of the total surface area.

Cable noise. Damaged cables may cause the E-600 to exhibit a
noisy response, especially when the cable is moved. Damaged
cables can be replaced in the field. Make sure that the replacement
cable has appropriate connections on both ends (the E-600 smart
probe connector is very unique).

Saturation. Very large light leaks will cause the SHP380 to saturate
(i.e., not respond at all). To verify that an SHP380 is exhibiting
saturation, place a dark shield over the probe. Slowly remove the
shield while listening to the audible response. If the SHP380 has
large light leaks, the audible response will first increase as the shield
is removed and then decrease as the probe face is fully exposed to
the light. If the probe is exhibiting saturation, tag it with an
Instrument Service Tag and return it to the Radiological Calibration
Laboratory for servicing.

PMT neise. Faulty PMTs will cause the E-600 to have a noisy
response when the SHP-380AB probe is shaken or moved. To
determine if the PMT should be replaced, lightly tap the back of the
probe several times with your hand. If tapping the probe causes an
audible response, the PMT should be replaced. Tag the SHP380
with an Instrument Service Tag and retum it to the Radiological
Calibration Laboratory.

19.6 Instrument Specifications and Limitations

19.6.1 Temperature

Based on testing performed at Hanford, the temperature range for the
E-600/SHP380AB is -20°C to 50°C (-4°F to 122°F). The mean
instrument response over this range was within 20% of the response
at 22°C,

Eberline states a temperature range of -40°C to 60°C (-40°F to
140°F) for the SHP380 probes. Temperature data for the NRD was
not available from Eberline.
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19.6.2 Temperature Shock

Testing performed at Oak Ridge National Laboratory (ORNL)
showed the NRD was operational across the range -10°C to 50°C
(14°F to 122°F).

The E-600/SHP380AB successfully completed temperature shock
testing according to the American National Standards Institute
(ANSI) Standard N42.17A (1989).

ORNL data have shown that the NRD is adversely affected by
temperature shocks.

When moving the E-600/attached probe from one area to another (of
different temperature), it is good practice to allow the instrument to
reach equilibrium with the ambient temperature (usually about

1 hour) before use.

19.6.3 Humidity and Pressure

The E-600/SHP380AB is not affected by changes in ambient
humidity or pressure. However, it is not advisable (o use the
SHP380 or E-600 in condensing environments. Condensation could
be encountered when moving a cold instrurment into a warm, humid
environment. Condensation (beads of water) may form on the
instrument. The instrument should not be used under these
conditions. The operator should allow the instruments to equalize
with the ambient temperature and remove any remaining
condensation,

Oak Ridge National Laboratory successfully evaluated the NRD
across the range 40 to 95% relative humidity. Low humidity testing
has not been completed. The NRD should not be used in condensing
environments. Pressure is not expected to impact the NRD response
at Hanford because the instrument is calibrated at essentially the
same elevation as it is used and slight meteorological pressure
changes are not likely to affect instrument response.

19.6.4 Electromagnetic Field Interference

E-600 test data provided by Eberline (with a GM probe) showed no
response to magnetic or electric fields. However, the SHP380
probes have not been evaluated. These probes are likely responsive
to electromagnetic fields. In general, PMTs are very sensitive to
magnetic fields. Magnetic fields may cause the instrument to read
high or low. A common source of fields that may affect SHP380
response is video displays. If magnetic fields are a potential concern,
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response checks should be performed in the field at the distance(s)
from the magnetic field expected during use.

No data are available regarding NRD response to electromagnetic
fields. If magnetic fields are a potential concern, response checks
should be performed in the field at the distance(s) from the magnetic
field expected during use.

19.6.5 Radio Frequency/Electromagnetic Interference

Testing data from Eberline show that external radio frequency fields
may influence instrument performance. Interference was observed at
radio-frequency ranges of approximately 140 to 160 MHz. Conse-
quently, portable and mobile communication transceivers may
interfere with readings when in close proximity to an E-600. If these
fields are a potential concemn, performance tests should be performed
at the location where the instrument will be used.

Eberline tested the E-600 with additional radio frequency/electro-
magnetic interference. No effects were observed due to fields of up
to 100 V/m meter at 915 or 2450 MHz.

No data are available regarding NRD response to external radio
frequency ficlds. The NRD should be relatively insensitive to radio
frequency fields. However, based on potential E-600 response, if
these fields are a potential concern, response checks should be
performed at the location where the instrument will be used.

19.6.6 Energies and Types of Radiation

Radiation and energy response is dependelit upon the attached probe.
SHP380AB probes respond to alpha, beta, and gamma radiation.
Specific information regarding this response is listed in

Section 19.1.2.1.

SHP380A probes respond to alpha radiation. Specific information
regarding this response is listed in Section 19.1.2.2.

The NRD responds to neutron radiation from thermal (0.025 eV) to
10 MeV. Specific information regarding this response is listed in
Section 19.1.2.3.

19.6.7 Interfering Ionizing Radiation Response

Response to interfering ionizing radiation is dependent upon the
attached probe.
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The SHP380 probes respond to gamma radiation above a

few keV. An average SHP380AB response to *'Cs photons is
25,000 cpm/mR/hr. Detector neutron radiation response is unknown.
Based on detector type, neutron response should be slight at most.

SHP380A probe construction and discriminator settings minimize
response to beta and gamma radiation.

The NRD-applied voltage is adjusted to effectively eliminate
response to gamma radiation.” The NRD does not respond to alpha
or beta radiation.

19.6.8 Battery Life

The E-600 battery life is approximately 50 to 100 hours with three
C-cell size alkaline batteries.

19.7 Applications

The E-600 performs a number of measurements depending upon the
attached probe. The SHP380 probes are used for direct and
removable contamination surveys and the NRD is used to establish
neutron deep dose equivalent rates.

19.7.1 NRD and Neutron Dose Rate Measurements

The NRD is used to establish personnel dose rates from neutron
radiation. The NRD is typically used over the range of 1 mrem/hr to
500 mrem/hr.

The NRD can be used with a scaler to measure dose rates below
0.2 mrem/hr. A typical application that requires neutron dose rate
measurements below 0.2 mrem/hr is performing posting surveys for
establishing Radiological Buffer Area (RBA) boundaries. The
sensitivity required is approximately 0.05 mrem/hr (50 prem/hr). A
special calibration must be performed to establish the sensitivity and
background of the instrument so that scaler measurements can be
converted to mremv/hr. Requests for special calibration should be
directed to the Radiological Calibrations Laboratory. Requests
should specify that the NRD is to be used as a scaler, and that
background, background count time, and sensitivity should be
specified for the instrument.

(a) JL Kenoyer, RK Piper, “NRD/E-600 Testing Results,” Pacific Northwest National Laboratory.
Published in the HIEC Minutes for November 7, 2000.
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19.7.2 SHP380 Probes and Direct Frisking

For alpha surveys, levels are based upon listening to the audible
output count rate. When a count is detected, the operator should stop
and evaluate the suspected area for 5 seconds. If no additional
counts are detected, the survey is continued, otherwise the area
should be considered contaminated. The background is assumed to
be zero and a maximum background of 3 cpm allows for efficient
operation. The probe should be within 6 mm (% in.) of the surface.

For beta surveys, levels are based upon listening to the audible
output count rate. When an increase in the measured count rate is
perceived, the operator should stop and evaluate the suspected area
for 5 seconds. If no additional counts are detected, the survey is
continued, otherwise the area should be considered contaminated.
The background is assumed to be less than 1,000 cpm. The probe
should be within 6 mm (*4 in.) of the surface.

The minimum detectables for alpha and beta surveys are summarized
in Table 15.1.

Table 19.1. Alpha and Beta Detection Scan Speeds and Corresponding MDA for the
SHP380 Probe at Two Confidence Levels (Johnson 1997).%

Decision Level 95% confidence 67% Confidence
MDA Scan Speed (in/s) | Scan Speed (in./s)
Alpha Surveys
500 dpm (based on **Pu) o - no audible counts 1 25
300 dpm (based on py) o - no audible counts 0.6 1.5
100 dpm (based on “**Pu) o - no audible counts 0.2 0.5
Beta Surveys
5.000 dpm (*St/Y) B - increase in count rate 6 8
3,000 dpm (°S17Y) B - increase in count rate 2 2
1,000 dpm (*°St/Y) B - increase in count rate 2 2
5,000 dpm (MFP?) B - increase in count rate 2 2
(a) MFPs (mixed fission products) were approximated using '*’Cs (average efficiency 18%}).

19.7.3 SHP380 Probes and Static Measurements

Consult facility-specific procedures for static measurement methods
and corresponding minimum detectable activity levels. The

(a) Johnson 1997, Report, *Evaluation of the Eberline Model E-600 Survey Meter with Model SHP380
AB Alpha/Beta Duel Scintillation Probe Using Criteria in ANSIN42.17A.” Tuly 1997.
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Radiclogical Calibration Laboratory can assist in developing static
measurement techniques upen request.

19.7.4 SHP380 Probes and Removable Alpha Contamination Measurements

Consult facility-specific procedures for removable contamination
measurement methods and corresponding MDA levels. The
Radiological Calibration Laboratory can assist in developing
removable contamination measurement techniques upon request.

19.7.5 SHP380 Probes and Counting Air Samples

19.8 References

Field measurements of air samples may be performed using the
SHP380 probes. However, these measurements should be used for
indication only and should be verified using count room instruments
or miniscalers.

NOTE: For information on technical manuals, see Bibliography.

ANSI N42.17A-1989. 1989. Performance Specifications for Health
Physics Instrumentation - Portable Instrumentation for Use in
Normal Environmental Conditions. American National Standards
Institute, New York.
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20.0 The Eberline SAC-4 Alpha Scintillation Counter

20.1 Instrument Description and Theory of Operation

The Eberline SAC-4 is an alpha scintillation counter that is powered
by alternating current (AC). The SAC-4 uses a ZnS(Ag) scintillator,
accommodating 2-in. samples (e.g., air filter papers and technical
smears). The SAC-4 includes a sample drawer to ensure consistent
and reproducible geometry.

More detailed technical information can be obtained by contacting
Pacific Northwest National Laboratory’s (PNNL's) Radiological
Calibration Laboratory.'"

20.1.1 Physical Description

The SAC-4 weighs about 7.6 kg (16 % Ib) and measures 15.2 cm

(6 in.) wide by 29 cm (11 Y2 in.) high by 36 cm (14 in.) deep (see
Figure 20.1). The front panel includes a three-position count time
switch, three-position count time range switch (X.1, X1, X10), count
mode switch (timed, stop, manual), six-digit light-emitting diode
(LED) scaler display, start/reset push button, red LED indicating
counting status, and sample drawer. The rear panel includes two
fuses, high-voltage adjustment, power switch, and electrical
connection. The amplifier gain adjustment is located internally.

Figure 20.1. Eberline SAC-4

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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The SAC-4 uses a scintillation phosphor, consisting of a plastic light
pipe with ZnS(Ag) powder deposited on it. The associated
photomultiplier tube (PMT) is 2 in. in diameter with a 10-pin dynode
structure.

Samples up to 5.2 cm (2 in.) in diameter and 1.0 cm (3/8 in.) thick
can be placed in the sample drawer on the front of the instrument.
The height of the sample holder can be adjusted for different sample
thickness. The sample holder height is set during the calibration and
must be maintained to use the calibration efficiency. The sample
holder height should not be adjusted unless directed by facility-
specific protocols., The Radiological Calibration Laboratory can
provide calibrations with differing sample holder heights upon
request.

20.1.2 Radiation and Energy Response

20.1.3 Integral Sources

The SAC-4 will respond to alpha radiation above ~3 MeV. Alpha
response may be energy-dependent but should be relatively
consistent for **' Am and °Pu. The average °Pu efficiency is 39%.

A discriminator is set during calibration to ignore pulses from beta
radiation.

Detector response to gamma and neutron radiation is unknown.

Based on detector type, neutron and gamma response should be
slight at best.

There are no radioactive sources attached to, or inside, the SAC4.

20.2 Operating Instructions

Before using the SAC-4, perform the operability checks to make sure
the instrument is in good working condition (see Section 20.3.1, for
examples of typical operability checks). These checks should be
performed each time the instrument is used.

To count a contamination smear or air sample filter, pull the sample
drawer out, and place the sample in the tray. Planchets should be
used to hold samples (minimizing handling and the potential for
cross contamination). Slide the sample holder back beneath the
detector.
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Set the desired count time, then press the START/RESET button to
start the count cycle. Count times between 0.1 minutes (6 seconds)
and 50 minutes are possible.

General counting precautions include the following:

¢ The SAC-4 is intended for counting dry technical smears and air

sampie filters. Placement of other types of materials into the
counters may result in contamination of the instrument,
inaccurate measurementis, and/or detector damage.

The sample drawer should be maintained clean. A cotton swab
may be used to remove any residual debris.

Bent technical smears and air sample filters require extra care
because they may easily lodge inside the sample drawer. A thin
layer of adhesive between the sample and its planchet may help
bent samples lie flat.

e The potential for significant instrument contamination increases

with the activity of the sample. Highly radioactive samples may
contaminate counting instruments and should be handled with
extreme care. Portable survey instruments should be used to
survey samples before placing them into the sample drawer.
Contact facility technical staff if questions arise regarding sample
activity limitations.

Samples that are wet or that will break apart should not be
counted.

The SAC-4 cannot discriminate against radon or radon progeny.

Use the efficiency values determined during calibration (normally
2%Pu), unless the radionuclide and the counting efficiency for
another radionuclide of concern is known. Contact the
Radiological Calibration Laboratory to request specific isotopic
efficiency values.

Sample counting times will vary to obtain desired minimum
detectable activity (MDA) or minimum detectable concentration
(MDC) values. The longer a sample is counted, the lower the
MDA/MDIC value. Sample count times should be long enough to
yield the required sensitivity (MDA/MDC).

Sample count times should be less than or equal to the
background count time.
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o The sample height is set during calibration and the efficiency
values on the calibration sticker are valid for that position only.
This sample height must be used for accurate analysis results.

20.2.1 Correctidn Factors

To obtain the gross counts per minute (cpm), the displayed number
must be divided by the number of minutes counted.

To obtain an activity in dpm, divide the net cpm (gross cpm -
background cpm) by the detector efficiency, provided the sample
height has not been altered. If the sample is a smear, this activity is
the dpm/100 cm?, provided the area smeared is less than, or equal to,
100 cm®. When the smeared area is greater than 100 cm®, divide the
measured activity by the ratio area smeared/100 to obtain the
dpm/100 cm’ (e.g., if the smear area 300 ey, then divide the
measured activity by 300/100 or 3).

20.3 Performance Test Instructions

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as an
example of acceptable methods.

Sources used for performance testing should be traceable to an
established calibration standard or have a manufacturer’s certificate
to document source activity and radioisotopic purity.

20.3.1 Operability Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails either of the
first two operability checks, fill out an Instrument Service Tag to
identify the problem, attach it to the instrument, and return it to the
Radiological Calibration Laboratory for servicing.

1. Inspect the instrument for broken or loose knobs and display.
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2. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker.

3. Verify that the initial source check has been completed.

4. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically
do not cover more than 24 hours.

5. Ensure that the periodic performance test is current. The
periodic performance test is commonly valid for 30 calendar
days, expiring at 23:59 of the 30th day after it is performed.

20.3.2 Source Check

The SAC-4 is typically maintained under statistical process control
to ensure reliable and consistent operation. A combination of daily
source checks and periodic surveillance tests provides confidence
regarding instrument operation and data validity.

20.3.2,1 Initial Source Check
Upon receipt from the Radiological Calibration Laboratory, or prior
to placing an instrument into service, the SAC-4 should be tested to
ensure that its operation is consistent with the calibration. The initial
source check may also establish the performance criteria to be used

for subsequent daily source checks and surveillance tests. Initial
source checks typically consist of the following:

¢ background measurement
e chi square test
¢ efficiency within £10% of calibration efficiency

¢ establishing response limits.

203.2.2 Daily Source Check
Once each day, or prior to intermittent use, SAC-4s should be

evaluated for instrument response. Daily source checks typically
consist of the following:

+ background measurement

e response within limits established during the initial source check.
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20.3.2.3 Periodic Performance Test

Periodically, when in use, SAC-4s should be evaluated for response
and reproducibility. Periodic performance tests typically consist of
the following:

o background measurement
¢ chi square test

s response within limits established during the initial source check.

20.4 Calibration Instructions

The Eberline SAC4 is calibrated at PNNL’s Radiological
Calibration Laboratory in the 318 Building in the 300 Area. The
calibration described in this section is performed by PNNL staff.

Before calibration, the instruments are inspected to make sure they
are in good working order, switches and buttons are checked for
functionally and the instrument is checked for physical damage.
Damaged instruments are repaired before calibration. As-found
readings are recorded for *Pu efficiency, the instrument alpha
background is evaluated, and the counting circuit is evaluated using a
calibrated pulse generator. If the as-found readings are more than
+20% out of tolerance, the Radiological Calibration Laboratory
contacts the radiological control organization that last used the
instrument to inform them of the problem.

A voltage plateau is performed, and the voltage is selected near the
center of the plateau region.

Finally, the *Pu is measured. The minimum acceptable efficiency
for ®°Pu is 30%. Additional efficiency measurements are performed
upon request (e.g., 2 Am). The **Pu efficiency is listed on the
calibration sticker.

SAC-4s are calibrated annually and after any maintenance is
performed that voids the existing calibration. The calibration is valid
through midnight on the expiration date listed on the calibration
sticker.

For more detailed information on instrument calibration, refer to
PNL-MA-563, Section 4.1.5.

(a) PNL-MA-563, Radiological Calibration Procedure_.s.
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20.5 Maintenance Instructions

Routine maintenance of the SAC-4 is performed at the Radiological
Calibration Laboratory during the calibration. Routine maintenance
includes cleaning the detector chamber, adjusting the sample slide
tray position, and verifying that the correct polarity power cords are
attached. The only reason for field personnel to open the detector
case is to remove stuck samples from the drawer or to decontaminate
the counting chamber/detector.

The Radiological Calibration Laboratory permanently attaches
power cords to the SAC-4 using a metal lanyard to ensure that
correct polarity power cords are used. Cords with the proper polarity
that are not yet attached by lanyard are marked with green tape. If
an instrument is found without a lanyard and without green tape on
the power cord, contact the Radiological Calibration Laboratory for a
replacement power cord.

CAUTION: Using a SAC-4 with an improper power cord can result
in a personnel shock hazard and/or damage to the instrument.

Common problems include stuck samples and high background
count rates.

Stuck sample. Occasionally, a sample may become lodged inside
the SAC-4. To remove the sample, unplug the instrument
(disconnect the AC-power cable from the supply outlet), and open
the instrument case by removing one screw from each side of the
instrument and lifting the cover up. Remove the screw from the end
of the sample tray, and pull the sample tray out of the SAC-4. If the
stuck sample still cannot be removed, contact the calibration
laboratory for assistance.

High background. A SAC-4 that develops a high background count
rate may have a contaminated sample chamber/detector or a light
leak. Contaminated instruments should be decontaminated as soon
as possible. Instruments should be decontaminated before sending
them to the Radiological Calibration Laboratory. After
decontamination, return the instrument to the calibration facility for
recalibration if the instrument fails a source check.

Instruments with improperly adjusted sample trays may respond to
external light. If the instrument appears to be light sensitive {e.g.,
high background, fails the chi square test), tag it with an Instrument
Service Tag, and retumn it to the Radiological Calibration Laboratory.
The cause of high background should be evaluated to ensure the
counting chamber is not contaminated. Placing the instrument in a
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dark environment, or covering it with a thick piece of cloth (e.g.,
coat), should reduce the background count rate if the cause is light
leakage.

20.6 Instrument Specifications and Limitations

20.6.1 Temperature

The Eberline SAC-4 is intended for use indoors. It has not been
tested for proper operation in conditions other than controlled
environments (indoors). Eberline states a temperatures range
between 0°C (32°F) and 60°C (140°F) for the SAC-4.

20.6.2 Temperature Shock

When moving the SAC-4 from one area to another (of different
temperature), allow the instrument to reach equilibrium with the
ambient temperature (usually about 1 hour) before use.

20.6.3 Humidity and Pressure

No data are available regarding instrument response to varying
humidity and pressure. The Eberline SAC-4 is intended for use
indoors. Performance testing in the intended environment should
ensure proper functionality.

20.6.4 Electromagnetic Field Interference

No data are available regarding instrument response to external
electromagnetic fields. However, the SAC-4 may be sensitive to
electromagnetic fields. Photomultiplier tubes, in general, are very
sensitive to magnetic fields. Magnetic fields may cause the
instrument to read high or low. A common source of fields that may
affect SAC-4 response is video displays. If magnetic fields are a
potential concern, response checks should be performed in the field
at the distance(s) from the magnetic field expected during use.

20.6.5 Radio Frequency/Electromagnetic Interference
No data are available regarding instrument response external radio
frequency fields. However, the SAC-4 should be relatively
insensitive to radio frequency fields,

20.6.6 Energies and Types of Radiation

The SAC-4 responds to alpha radiation above ~3 MeV.
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20.6.7 Interfering Ionizing Radiation Response
Detector response to gamma and neutron radiation is unknown.

Based on detector type, neutron and gamma response should be
slight at best. Beta radiation response is discriminated electronically.

20.7 Applications

20.7.1 Air Sample Measurements
The Eberline SAC-4 is used to measure the activity on air sample

filter media. Excessive dust loading may degrade alpha
measurements.

20.7.2 Surface Contamination Measurements
The Eberline SAC-4 is used to measure the activity on dry technical

smear media. Excessive dust loading and/or moisture may degrade
alpha measurements.

20.8 References

NOTE: For information on technical manuals, see Bibliography.

Issued: November 2002 PNL-MA-562 Chapter 20
Supersedes: New Page 20.9




21.0 The Eberline BC-4 GM Counter

21.1 Instrument Description and Theory of Operation

21.1.1 Physical Description

The Eberline BC-4 is a Geiger Miieller (GM)-based sample counter
that is powered by alternating current (AC). The BC-4
accommodates 2-in. samples (e.g., air filter papers and technical
smears). The BC-4 includes a sample drawer to ensure consistent
and reproducible geometry.

More detailed technical information can be obtained by contacting
the Pacific Northwest National Laboratory’s (PNNL's) Radiological
Calibration Laboratory."”

The BC-4 weighs about 12 kg (26 1b) and measures 27 cm (10 %2 in.)
wide by 13 ¢cm (5 in.) high by 34 cm (13 in.) deep (see Figure 21.1).
The front panel includes a three-position count time switch, three-
position count time range switch (X.1, X1, X10), count mode switch
(timed, stop, manual), six-digit light-emitting diode (LED) scaler
display, start/reset push-button, red LED indicating counting status,
and sample drawer. The rear panel includes two fuses, a power
switch, an electrical connection, and slide stop adjustment screw.
The high-voltage adjustment is located internally.

The detector is a standard pancake GM tube, identical to those used
with portable beta-gamma contamination survey instruments (e.g.,
HP-260, HP-210) with a 4.4-cm (1-%4 in.) diameter window. The
window has a density-thickness of 1.4 to 2.0 mg/cm”. Total window
density is increased to approximately 7 mg/cm’ when the

Figure 21.1. Eberline BC-4

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Radiological Calibration Laboratory adds a 0.002-in.-thick Mylar
window. The detector is shielded on the top and sides by a minimmirm
of 2.2 em (7/8 in.) lead shielding.

The density-thickness of the window is not necessarily uniform
across the entire face of the detector. Similarly, the activity on many
electroplated sources is not uniformly distributed across the active
area of the source. These two non-uniformities may result in count
rates that are dependent upon the orientation of the source within the
sample holder.

Samples up to 5.2 cm (2 in.) in diameter and 1.0 cm (3/8 in.) thick
can be placed in the sample drawer on the front of the instrument.
The height of the sample holder can be adjusted to allow for different
sample thicknesses. The sample holder height is set during the
calibration and must be maintained to use the calibration efficiency.
The sample holder height should not be adjusted unless directed by
facility-specific protocols. The Radiological Calibration Laboratory
can provide calibrations with differing sample holder heights upon
request.

21.1.2 Radiation and Energy Response

21.1.3 Integral Sources

The BC-4 will respond to beta and gamma radiation. Beta response
is energy-dependent; the BC-4 responds to beta radiation above ~200
keV (*°Tc). The average efficiency is 29% for 9S1/Y, 10% for *Te.
Gamma radiation response is also energy-dependent, with an
efficiency of ~0.5%, responding to gamma radiation above a few

keV.

Higher efficiencies and a lower-energy limit (i.e., down to “Cor
150 keV) can be achieved by removing the Mylar window. Contact
the Radiological Calibration Laboratory for additional information.

The detector window is sufficient to prevent alpha radiation from
being detected.

The BC-4 is insensitive to neutron radiation.

There are no radioactive sources attached to, or inside, the BC-4.
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21.2 Operating Instructions

Before using the BC-4, perform the operational checks to make sure
the instrument is in good working condition (see Section 21.3.1, for
examples of typical operational checks). These checks should be
performed each time the instrument is used.

To count a contamination smear or air sample filter, pull the sample
drawer out and place the sample in the tray, Planchets should be
used to hold samples (minimizing handling and the potential for
cross contamination). Slide the sample holder back beneath the
detector.

Set the desired count time, then press the START/RESET button to
start the count cycle. Count times between 0.1 minutes (6 seconds)
and 50 minutes are possible.

General counting precautions include the following:

¢ The BC-4 is intended for counting dry technical smears and air
sample filters. Placement of other types of materials into the
counters may result in contamination of the instrument,
inaccurate measurements, and/or detector damage.

¢ The sample drawer should be maintained clean. A cotton swab
may be used to remove any residual debris.

¢ Bent technical smears and air sample filters require extra care
because they may easily lodge inside the sample drawer. A thin
layer of adhesive between the sample and its planchet may help
bent samples lie flat.

¢ The potential for significant instrument contamination increases
with the activity of the sample. Highly radioactive samples may
contaminate counting instruments and should be handled with
extreme care. Portable survey instruments should be used to
survey samples before placing them into the sample drawer.
Contact facility technical staff if questions arise regarding sample
activity limitations.

¢ Samples that are wet or that will break apart should not be
counied,

e The BC-4 cannot discriminate against radon or radon progeny.
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21.2.1 Correction Factors

e Use the efficiency values determined during calibration (normally
“Sr/Y), unless the radionuclide and the counting efficiency for
another radionuclide of concern are known. Contact the
Radiological Calibration Laboratory to request specific isotopic
efficiency values,

» Sample counting times will vary to obtain desired minimum
detectable activity (MDA) or minimum detectable concentration
(MDC) values. The longer a sample is counted, the lower the
MDA/MDC value. Sample count times should be long enough to
yield the required sensitivity (MDA/MDC).

¢ Sample count times should be less than or equal to the
background count time.

¢ The sample height is set during calibration and the efficiency
values on the calibration sticker are valid for that position only.
This sample height must be used for accurate analysis results.

To obtain the gross counts per minute (cpm), the displayed number
must be divided by the number of minutes counted.

To obtain an activity in dpm, divide the net cpm (gross cpm -
background cpm}) by the detector efficiency, provided the sample
height has not been altered. If the sample is a smear, this activity is
the dpm/100 cm’, provided the area smeared is less than or equal to
100 cm®. When the smeared area is greater than 100 cm’, divide the
measured activity by the ratio area smeared/100 to obtain the
dpm/100 cm” (e.g., if the smear area 300 cm’, then divide the
measured activity by 300/100 or 3).

21.3 Performance Test Instructions

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as an
example of acceptable methods.

Sources used for performance testing should be traceable to an
established calibration standard or have a manufacturer’s certificate
to document source activity and radioisotopic purity.

PNL-MA-562 Chapter 21.0
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21.3.1 Operability Check

21.3.2 Source Check

21.3.2.1 Initial Source Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails either of the
first two operability checks, fill out an Instrument Service Tag to
identify the problem, attach it to the instrument, and return it to the
Radiological Calibration Laboratory for servicing.

1. Inspect the instrument for broken or loose knobs and display.

2. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker

3. Verify that the initial source check has been completed.

4. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours.

5. Ensure that the periodic performance test is current. The
periodic performance test is commonly valid for 30 calendar
days, expiring at 23:59 on the 30th day after it is performed.

The BC4 is typically maintained under statistical process control to
enstre its reliable and consistent operation. A combination of daily
source checks and periodic surveillance tests provides confidence
regarding instrument operation and data validity.

Upon receipt from the Radiological Calibration Laboratory, or prior
to placing an instruement into service, the BC-4 should be tested to
ensure that its operation is consistent with the calibration. The initial
source check may also establish the performance criteria to be used
for subsequent daily source checks and surveillance tests. Initial
source checks typically consist of the following:
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21.3.2.2 Daily Source Check

background measurement

chi square test

efficiency within £10% of calibration efficiency

establishing response limits.

Once each day, or prior to intermittent use, BC-4s should be
evaluated for instrument response. Daily source checks typically
consist of the following:

¢ background measurement

» response within limits established during the initial source check.

21.3.2.3 Periodic Performance Test

Periodically, when in use, BC-4s should be evaluated for response
and reproducibility. Periodic performance tests typically consist of
the following:

e background measurement
e chi square test

e response within limits established during the initial source check.

21.4 Calibration Instructions

The Eberline BC-4 is calibrated at PNNL's Radiological Calibration
Laboratory in the 318 Building in the 300 Area. The calibration
described in this section is performed by PNNL staff. Before
calibration, the instruments are inspected to make sure they are in
good working order. Buttons and switches are checked for
functionally and to the instrument is checked for physical damage.
Damaged instruments are repaired before calibration. As-found
readings are recorded for ®Sr/Y and *Tc efficiency, the instrument
beta background is evaluated, and the counting circuit is evaluated
using a calibrated pulse generator. If the as-found readings are more
than £20% out of tolerance, the Radiological Calibration Laboratory
contacts the radiological control organization that last used the
instrument to inform them of the problem.

The applied detector voltage is set to 900 V (£25%).
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Finally, a series of efficiencies are recorded, including, at a
minimum, °St/Y and *Tc. The minimum acceptable efficiency for
YS1/Y is 24%. Additional efficiency measurements are performed
upon request (e.g., "Cs). The *Sr/Y efficiency is listed on the
calibration sticker.

BC-4s are calibrated annually and after any maintenance is
performed that voids the existing calibration. The calibration is valid
through midnight on the expiration date listed on the calibration
sticker.

For more detailed information on instrument calibration, refer to
PNL-MA-563, Section 4.1.5.""

21.5 Maintenance Instructions

Routine maintenance of the BC-4 is performed at the Radiological
Calibration Laboratory during the calibration. Routine maintenance
mcludes cleaning the detector chamber, adjusting the sample slide
tray position, and verifying that the correct polarity power cords are
attached. The only reason for field personnel to open the detector
case is to remove stuck samples from the drawer or to decontaminate
the counting chamber/detector.

The Radiological Calibration Laboratory permanently attaches
power cords to the BC-4 using a metal lanyard to ensure that correct
polarity power cords are used. Cords with the proper polarity, not
yet attached by lanyard, are marked with green tape. If an
instrument is found without a lanyard and without green tape on the
power cord, contact the Radiological Calibration Laboratory for a
replacement power cord.

CAUTION: Using a BC-4 with an improper power cord can result
in a personnel shock hazard and/or damage to the instrument.

Common problems are stuck samples, high background count rates,
and no counts.

Stuck sample: Cccasionally, a sample may become lodged inside
the BC-4. To remove the sample, unplug the instrument {disconnect
the AC-power cable from the supply outlet), and open the instrument
case by removing one screw from each side of the instrument and
lifting the cover up. Remove the screw from the end of the sample
tray, and pull the sample tray out of the BC-4. If the stuck sample
still cannot be removed, follow the instructions for changing a

(a) PNL-MA-563, Radiological Calibration Procedures.
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contaminated window to gain access to the stuck sample, or contact
the Radiological Calibration Laboratory for assistance.

High background: A BC-4 that develops a high background count
rate may have a contaminated Mylar window, detector, or sample
chamber. Contaminated instruments should be decontaminated as
soon as possible to avoid cross-contaminating samples. They should
also be decontaminated before they are sent to the Radiological
Calibration Laboratory. To remove a contaminated Mylar window
and to clean the detector, take the following steps:

1. Turn the BC-4 off, and disconnect the AC-power cable from the
supply outlet.

2. Remove the screws from the instrurment cover and remove the
cover from the instrument.

3. Remove the four screws from the top of the detector assembly.
4. Disconnect the high-voltage lead.

5. Lift the top shield toward the inside and lay it on its side
exposing the GM tube.

6. Remove the GM tube, taking care to not puncture the thin mica
window.

7. Remove the Mylar window (if present).
8. If the detector is contaminated, gently clean the detector surface.
9. Reassembie the instrument, reversing the instructions above,

10. If a Mylar window was removed in Step 7, then send the
instrument to the Radiological Calibration Laboratory for
calibration.

11. If a Mylar window was not removed in Step 7, then perform a
datly source check before restoring the instrument to service.

No counts. The BC-4 will respond with a low count rate, or not
respond at all, if the thin mica window on the detector is broken.

GM tubes may not be replaced in the field. If the BC-4 responds low
or does not respond, tag it with an Instrument Service Tag, and
return it to the Radiological Calibration Laboratory.
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21.6 Instrument Specifications and Limitations

21.6.1

21.6.2

21.6.3

21.64

21.6.5

21.6.6

21.6.7

Temperature

The Eberline BC-4 is intended for use indoors. It has not been tested
for proper operation in conditions other than controlled environments
(indoors). Eberline states a temperatures range between 0°C (32°F)
and 60°C (140°F) for the BC4.

Temperature Shock
When moving the BC-4 from one area to another (of different
temperature), allow the instrument to reach equilibrium with the
ambient temperature (usually about 1 hour) before use.
Humidity and Pressure.
No data are available regarding instrument response to varying
humidity and pressure. The Eberline BC-4 is intended for use
indoors. Performance testing in the intended environment should
ensure the proper functionality of the instrument.
Electromagnetic Field Interference
No data are available regarding instrument response to external

electromagnetic fields. However, the BC-4 should be relatively
insensitive to radio frequency fields.

Radio Frequency/Electromagnetic Interference
No data are available regarding instrument response external radio
frequency fields. However, the BC-4 should be relatively insensitive

to radio frequency fields.

Energies and Types of Radiation

The BC-4 responds to beta radiation above ~200 keV and gamma
radiation above a few keV.

Interfering Ionizing Radiation Response

The BC-4 will not respond to alpha or neutron radiation.
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21.7 Applications

The Eberline BC-4 is used to measure the activity on air sample
filters and on dry technical smear media.

21.8 References

NOTE: For information on technical manuals, see Bibliography.
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22.0 The Eberline EC4-X Portable Area Radiation Monitor

22.1 Instrument Description and Theory of Operation

The Eberline Model EC4-X, commonly referred to as the EC4, is a
portable area radiation monitor with audible and visual alarms (see
Figure 22.1). The monitor displays gamma dose rate in mR/hr, R/hr,
or cpm, on a logarithmic scale. The “-X" in the Eberline model
number refers to the sensitivity configuration (meter face markings).
Most Hanford units range from 0.01 to 100 mR/hr, 0.1 to

1,000 mR/hr, and 1 to 10,000 mR/hr.

Figure 22.1. Eberline EC4-X with Attached Detector

The EC4-X uses Geiger-Miieller (GM) detectors (DA1-1 and DAI1-
6) or ionization chambers (DA1-4, DA1-5, and DA1-8). The DA1-6
GM tube is energy compensated. The detector is typically attached
to the display side of the unit, as depicted in Figure 22.1.

Each detector housing contains a high-voltage power supply, pulse
amplifier, and signal processors. Detectors can be equipped with
long cable lengths (several hundred) to accommodate remote
monitoring. The detector may also contain a check source assembly
that is operated from the display unit.

The EC4-X requires 105 to 125 V of alternating current (AC) and
50 to 60 Hz at 0.60 amps. The display unit supplies the detector
low-voltage power through the connector cable.
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22.1.1 Physical Description

EC4-X display units can be equipped with optional 4 to 20-mA
output relays, allowing the unit to drive separate remote readout
stations or control panels. Alarm relays for low, high, and fail are

also available.

More detailed technical information can be cbtained by contacting
Pacific Northwest National Laboratory’s (PNNL's) Radiological

Calibration Laboratory.

(@)

The EC4-X display unit measures 31 cm (12 in.) wide by 51 cm (20
in.) high by 18 cm (7 in.) deep and weighs approximately 12 kg (26
Ib). The DA1-X detector measures 24 cm (9.5 in.) high by 10 cm
(3.9 in,}) wide by 12 ¢m (4.85 in.) deep and weighs 1.13 kg (2.5 Ib).
If the optional check source is installed, detector weight increases to

1.26 kg (2.75 1b).

The display unit meter uses a 4- or 5-decade log scale depending on
the model EC4-X and the detector selected. The scale length is 9.8
cm (3.87 in.) and is mounted vertically. Specific instrument ranges

are listed in Table 22.1.

Table 22.1. Eberline EC4-X Instrument Range

EC4-X Model Number

Measurement Range

EC4-1

0.01 to 100 mR/hr

EC4-2 0.1 to 1,000 mR/hr
EC4-3 1.0 te 10,000 mR/hr
EC4-4 0.01 to 100 R/hr
EC4-5 0.1 to 1,000 R/hr
EC4-6 L.0 to 10,000 R/hr
EC4-7 10 to 1,000,000 cpm
EC4-8 0.1 to 10,000 mR/hr

Detector selection is typically paired with instrument range.
Table 22.2 lists the detector ranges for DA1-X series detectors.

Response time varies continuously with count rate. An
internal switch enables the selection of either “fast” or
“slow™ response. Fast response is most commenly used at
Hanford. The specific response time setting is chosen by the

facility.

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Table 22.2. Eberline DA1-X Detector Range

DA1-X Model Number; Measurement Range
DAl-1 0.01 mR/hr to 100 mR/Mr (1200 cpm/mR/hr)
DAL1-6 0.1 mR/hr to 10,000 mR/hr (80 cpm/mR/hr)
DAl-4 1.0 mR/hr to 100 R/hr (any four decades)
DAl-5 100 mR/hr to 10,000 R/hr (any four decades)
DAL-8 0.1 mR/hr to 10,000 R/hr (any four decades)

To adjust the response time, remove the two locking screws from the
right of the front panel, and swing the panel open. Locate switch S5
on the rear of the front panel, and position it in the desired setting

(8 for slow or F for fast).

The display unit includes high (red). alert (amber), and normal
(green) indication lights, a buzzer, a red rotating beacon, an
ACKNOWLEDGE push button, output relays (as equipped}, and a
meter.

The alarms and alarm adjustments have been modified at Hanford
from the Eberline configuration. When the measured dose rate
exceeds the Alert alarm set point, the beacon actuates, but the buzzer
remains silent. The beacon remains active as long as the measured
dose rate exceeds the Alert level and cannot be disabled with the
ACKNOWLEDGE button. When the measured dose rate exceeds
the High-level alarm set point, the buzzer actuates so that the beacon
(active since the Alert level) and the buzzer are both alarming. The
ACKNOWLEDGE bution silences the buzzer only. In most
situations, if the dose rate drops below an alarm set point, the
corresponding alarm indicator will be turned off (i.e., alarm
indicators are typically non-latching). The alarm adjustments have
been relocated so that they may be adjusted without opening the
instrument case. A toggle switch was added to the top of the
instrument case, typically on the right side of the beacon. The toggle
is a two-position switch, one position for each alarm (Alert and
High). Two potentiometers were added, one for each alarm. These
are typically located to the left of the beacon.

The fail time was increased to approximately 15 minutes for Hanford
units.” This modification prevents spurious fail alarms in low-
background applications. These modifications were performed on all
EC4s that were previously owned by Westinghouse Hanford
Company. Moadification of newly purchased units is performed upon

(a) Memo from ML Johnson, Pacific Northwest National Laboratory, to Eberline EC4-X Configuration
File, “Eberline EC4-X Alarm Modifications,” October 27, 1998.
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request. Upon request, the Radiological Calibration Laboratory will
also install two bars around the meter to protect the display from
damage if the unit falls forward on its front face.

22.1.2 Radiation and Energy Response

22.1.3 Integral Sources

The EC4-X will respond to gamma and high-energy beta radiation.
Gamma response, and corresponding linearity, for the various
detectors are listed below:

DA1-1: 20 percent from 40 keV to 1.25 Mev
DA1-6: *15 percent from 40 keV to 1.25 Mev
DAl-4: +10 percent from 50 keV to 1.25 Mev
DAIL-5: 110 percent from 50 keV to 1.25 Mev
DAI1-8: %10 percent from 50 keV to 1.25 Mev

The casing is sufficient to discriminate alpha radiation from being
detected.

The EC4-X is insensitive to neutron radiation.

Some EC4s have a detector with a solenoid-operated check source.
The internal *Sr check source is actuated by pushing the Normal
light on the front panel. The activity of the source is between

0.15 pCi and 1 uCi, depending on the type of detector. The activity
is less than the accountable sealed source activity level (7700 uCi).
The Radiological Calibration Laboratory records the check source
reading at the time of calibration.

The detector model has the suffix CC (i.e., DAI-BCC) to indicate the
presence of a check source. A DAI-8SR (upper range of 1K or
10K R/hr) has a 4- to 5-pCi *°Sr check source.

In some situations, check sources are installed as “keep-alive”
sources. This application is performed for instruments used in areas
with low background radiation levels to prevent failure alarms. In
these cases, the solenoid actuator is not equipped and the source
cannot be actuated by pushing the normal light on the front panel,
Detectors with keep-alive sources will be labeled as containing
radicactive material, but the detector model will not include “CC”
indicating it contains a check source.
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22.2 Operating Instructions

22.2.1 Correction Factors

Before using the EC4-X, perform the operational checks to make
sure the instrument is in good working condition (see Section 22.3.1,
for examples of typical operational checks). These checks should be
performed each time the instrument is used,

1. To set an alarm set point on units that have been modified, as
discussed in Section 22.1.1, hold the toggle switch in the
direction of the alarm that is to be set, and adjust the
corresponding potentiometer until the meter indicates the
exposure rate desired as an alarm set point. If the Alert level is
set above the High level, the beacon will not actuate at the lower
set point. The beacon only actuates with the Alert level, the
buzzer with the High level.

-2

The EC4-X provides alarm notification to personnel when area
gamma radiation levels exceed levels determined by the facility
Radcoen organization.

NOTE: The instrument is generally delivered from PNNL with the
POWER switch (internal to the instrument) in the ON position.

3. Select a suitable location for the instrument. Ensure that the
instrument is not located where it may become a hazard to
personnel working in the area. The detector may be located
remotely from the instrument location if necessary.

Plug the instrument into a 120-VAC power receptacle. Ensure that
the Normal light is illuminated.

The detector is affixed to a bracket on the side of the instrument
case. The design of the bracket allows the detector to be located
remotely from the instrument by using the extension cable normally
supplied with the instrument. Detectors are not to be exchanged
between instruments. The calibration is only valid with the detector
delivered with the instrument from the Radiological Calibration
Laboratory. This “marriage” is denoted on each calibration sticker.

Use common sense and proper lifting techniques when lifting and

carrying the instrument. Approximate weight is 13.6 kg (30 Ib) with
detector,

No correction factors are used with the Eberline EC4-X.
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22.3 Performance Test Instructions

22.3.1 Operability Check

22.3.2 Source Check

22.3.2.1 Initial Source Check

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as an
example of acceptable methods.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the insirument fails either of the
first three operability checks, fill out an Instrument Service Tag to
identify the problem and return it to the Radiological Calibration
Laboratory for servicing.

1. Inspect the instrument for broken or loose knobs, and display.

2. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) of the expiration
date on the calibration sticker, For the mm/yy formatted
expiration date, calibration expires at midnight of last day of the
month.

3. Verify that the green Normal light is on.
4. Verify that the Initial Source Check has been completed.

5. Ensure that the instrument source check is current. Source
checks are generally valid for three months {one quarter).

The EC4-X is typically source checked with the internal source (if so
equipped) or with a gamma-emitting source, such as a *°Co *V-
Block.” However, the ion chamber check source (ICCS) may also be
used in the off-scale position.

If an internal check source with solenoid actuator is not installed, an
initial source check must be performed upon receipt from the
Radiological Calibration Laboratory to establish detector response
limits.

PNL-MA-562 Chapter 22
Pape 226

Issued: November 2602
Supersedes: New



NOTE: Instrument response observed during the initial source
check should be evaluated 10 ensure the values are reasonable. For

the EC4-X, the initial response is reasonable when the response is
within

*  220% of the response printed on the calibration sticker for
an internal source.

*  220% of the mean instrument response for that
source/detector type.

In either case, the acceptable range should aliow Jer variations
resulting from differing probe efficiency.

Position the source over the detector markings on the DA1-X case, if
so equipped. Mark the source position so that subsequent source
checks use the same geometry.

Record the instrument response to the source. Multiply the
instrument response by 0.8 and 1.2 to determine the acceptable range
for that instrument.

22322 Periodic Source and Alarm Function Check (Typically Quarterly)

NOTE: The source used to perform the initial source check is used
to perform the periodic source check. To perform a periodic source
check with a source other than the one used for the initial source
check, first perform the periodic source check on the source used for
the initial source check. If the instrument passes that source check,
then perform a new initial source check using the new source to
establish response limits for that source/EC4 combination.

Return the source used for the initial source check to the position
established during the initial check. The instrument response should
fall within the acceptable values determined during the initial source
check.

If the instrument has an internal check source with solenoid actuator,
depress the green Normal button and allow the detector response to
stabilize. Verify that the reading falls within +20% of the reading
identified on the calibration sticker.

While the source is present, actuated if an internal source is used,
lower the Alert level set point below the current reading and verify
that the beacon actuates. Lower the High level set point below the
current reading and verify that the buzzer actuates. Return both set
points to the desired settings.
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If the instrument fails, tag it with an Instrument Service Tag, and
return it to the Radiological Calibration Laboratory.

22.4 Calibration Instructions

The Eberline EC4-X is calibrated at PNNL's Radiological
Calibration Laboratory in the 318 Building in the 300 Area. The
calibration described in this section is performed by the Radiological
Calibration Laboratory staff,

Prior to calibration, instruments are inspected to make sure they are
in good working order and inspected for physical damage. Damaged
instruments are repaired before calibration. As-found readings at the
unit (1.0) point of each decade are recorded before calibration. If the
as-found readings are more than £20% out of tolerance, the
Radiological Calibration Laboratory contacts the radiological control
organization that last used the instrument to inform them of the
problem.

The instruments are calibrated in uniform '*’Cs photon fields. If the
instrument range exceeds 10 R/hr, uniform *Co photon fields are
also used. The uniform fields are produced using source wells and
the high-exposure facility (when needed). Each range is calibrated at
the unit point of each decade. In addition, the EC4-X is exposed to a
radiation field that is at least twice the full-scale reading to make
sure it properly off scales. Instruments that do not properly off scale,
do not pass calibration.

Alarm and failure functions are checked. Alarm set points
are returned to their as-found settings.

If the unit is equipped with 4- to 20-mA output relays, the 4- and
20-mA outputs are verified at the unit {1.0) position of the first
decade and at full scale, respectively.

If a solenoid actuated check source is installed, the source reading is
stated on the instrument.

The calibration is independent of cable length, up to 1,000 ft,
provided the correct cable is used (Belden 8777 or Alpha 6010),
except for the DA1-8CC detector, which has a limitation of 300 ft
with this cable.

EC4s are calibrated annually and after any maintenance is performed
that voids the existing calibration. The calibration is valid through
midnight of the expiration date listed on the calibration sticker, or at

PNL-MA-562 Chapter 22
Page 22.8

Issued; November 2002
Supersedes: New



. midnight on the last day of the month for the mm/yy formatted

expiration date.

For more detailed information on instrument cal ibration, refer to
PNL-MA-563, Section 2.1.3™,

22,5 Maintenance Instructions

Routine maintenance on the EC4-X is performed at the Radiological
Calibration Laboratory. Routine maintenance includes checking the
desiccant and, if it is turning pink, replacing the desiccant (ion
chamber instruments only). '

Common problems include panel lights or the alarm beacon lights
burning out; failure of the audible alarm horn; the meter being
broken by mishandling; and cable ends being pulled out of
connectors.

Spent desiccant. The Radiological Calibration Laboratory
recommends sending instruments for fresh desiccant when the
desiccant is becoming clear or pink. However, as long as the
instrument functions correctly (as evidenced by successful
completion of periodic source checks) the instrument can be used in
the field.

22.6 Instrument Specifications and Limitations

22.6.1 Temperature

22.6.2 Temperature Shock

The EC4-X temperature dependence is less than 20% across the
range 10°C to 40°C (50°F to 120°F) for the control unit.

Operating temperatures for the detectors are as follows:

DAI-1, DAl-6: -40°C to 60°C (-40°F to 140°F).
DAl-4: -23°C to 60°C (-10°F to 140°F).

No direct test data are available. No temperature shock dependence
problems have been noted in records.

(a) PNNL-MA-563, Radiological Calibration Procedures.
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As a good practice, allow the EC4-X to reach a thermal equilibrium
at the ambient temperature for at least an hour before making
measurements.

22.6.3 Humidity and Pressure

The EC4-X is insensitive to changes in ambient humidity. If it is
used in areas of high humidity for an extended period, the desiccant
in the detector unit (ton chamber instruments only) may become
saturated and the instrument may develop an erratic response. In this
case, return the EC4-X to the Radiological Calibration Laboratory
for maintenance.

The EC4-X detectors are sealed and response is not affected by
changes in altitude because of the associated change in ambient
pressure,

22,64 Radio Frequency/Electromagnetic Interference

No direct test data are available. Some radio frequency intetference
problems have been noted in the records. Sources of non-ionizing
radiation fields include microwaves, portable radios, or cellular
phones. Experience has indicated that portable and mobile
communication transceivers may create instrument response if they
are brought into proximity to an operational EC4-X. No electre-
magnetic interference problems have been noted in the records.
High electromagnetic field sources include generators or ignition
sources are welders or particle accelerators. As a precaution, sources
of these fields that may affect the EC4-X should be tumed off,
shielded, or avoided when using near the EC4-X.

22.6.5 Energies and Types of Radiation

EC4-X responds to gamma radiation, as denoted in Section 22.1.2,
High-energy beta radiation (e.g., %S1/Y) is sufficiently energetic to
penetrate the detector case and will be measured by the EC4-X when
the source is close to the detector case.

22.6.6 Interfering Ionizing Radiation Response

The EC4-X will not respond to alpha or neutron radiation.
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22.7 Applications

22.7.1 Area Radiation Monitoring

An EC4-X should be in use for personnel warning capability
purposes as follows:

* In occupied areas where permanently installed area radiation
monitors are out of service.

¢ When required by a Radiological Work Permit or by
Radiological Control.

*  When required by a Facility Safety Analysis Report,
Operational Safety Requirement, Hazards Identification and

Evaluation, or at the discretion of the radiological control
organization.

22.8 References

NOTE.: For information on technical manuals, see Bibliography.
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23.0 The Ludlum Model 2200 Series Scaler Rate Meter

23.1 Instrument Description and Theory of Operation

2200

Rear View

The Ludlum 2200 series scaler rate meters are designed to
accommodate a variety of probes, including scintillation,
proportional, and Geiger-Miieller (GM) detectors, for measuring
radioactive contamination and radiation. The series (Figure 23.1)
have both digital (numerical) and analog output. Two channels
allow the 2200 series to perform pulse-height analysis and
discriminate radiation based on incident energy. The Model 2200 is
a desktop unit, whereas the 2224 and 2224-2 are portable.

Although the 2200 series support a wide variety of detectors, the
most commonly paired combinations at Hanford are the
2200/Ludlum 43-10, 2224/Nal detector, and 2224-2/NE DP6BD.

The Ludlum 43-10 sample counter is an alpha-only version of the
Ludlum 43-10-1, described in Chapter 17.0 of this manual. The NE
DP6BD is a dual-phosphor alpha/beta detector, described in Chapter
16.0 of this manual. The 2224 pairing with gamma-sensitive Nal
detectors is referenced generically because there are many models in
use (e.g., Ludlum 44-3, Eberline SPA3, Bicron G1LE, and G2LE).
Specific models of Nal detectors are discussed in Chapter 18.0 of
this manual.

2224

——

Figure 23.1. Ludlum 2200, 2224, and 2224-2 Scaler Rate Meters
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More detailed technical information can be obtained by contacting
the Pacific Northwest National Laboratory's (PNNL’s) Radiological
Calibration Laboratory® or reviewing referenced Chapters of this
manual (i.e., Chapters 16.0, 17.0, 18.0).

23.1.1 Physical Description

23.1.1.1 Ludlum 2200

The Ludlum 2200 weighs about 3.6 kg (8 1b) without batteries and
measures 22 cm (8.5 in.) high by 13 ¢cm (5 in.) wide by 24 cm
(9.3 in.) long. The front panel includes the following:

e three-function meter (cpm, detector high voltage, battery
strength)

* high-voltage (HV) adjustment potentiometer (200 V to 2500 V)
¢ two-digit count time dial |

e four-position count time range dial (X.1, X1, X10, external)

* power switch (LINE, BAT, CHarGe)

¢ six-digit light-emitting diode (LED) scaler display

= count-and-hold push buttons

» red light, indicating counting status

* Mega high-voltage (MHV) connection

¢ four-digit range switch for analog meter (X1, X10, X100, X1K}
* two-position toggle switch for rate meter response time (F/S)

* knob labeled DIM for adjusting LED display intensity (DIM)

¢ window on/off toggle

» potentiometers for Window and Threshold

# discriminator set screw

o three-position switch for establishing meter function (Rate, HV,
BAT)

(a} Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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23.1.1.2 Ludlum 2224-2

¢ linear analog meter (0 to 500 cpm, 0 to 2.5 kV detector HV,
battery strength).

The rear panel includes a 1-amp fuse, 15-pin data output connector,
battery access panel, and 115-V alternating current (AC) cable
connector. Four internal potentiometers are used to calibrate the rate
meter (one potentiometer for each range).

Response time varies from 2.2 seconds (fast) to 22 seconds (slow),

The Ludlum 2224-2 is approximately 22 cm long, 9 ¢m wide, and
11 em high (8.5 in. by 3.5 in. by 4.2 in.), not including the handle
and weighs 1.5 kg (3.3 1b) without batteries or attached detector.
External instrument controls include the following:

¢ volume adjust knob
¢ six-digit LED display for scaler results

e analog logarithmic meter (0 to 1M cpm, 0 to 2 kV detector HV,
BAT OK)

s MHV connection

e cight-position count time (min) switch (0.1, 0.5, I, 2, 5, 10,
60, o0)

e five-position rotary switch (Off, BAT, alpha, beta, alpha/beta)
¢ three-position toggle switch (Reset/Null/Read HV)

¢ headphone jack (1/8 in,)

+ push buiton for starting scaler count (located in handle end).

Internal controls used during calibration include an HV adjustment
potentiometer, an audio divide DIP switch (beta tone only), a tone
DIP switch, a potentiometer for meter calibration, alpha and beta
discriminators, and a beta window.

Response ume is 4 seconds from 200 cpm to 200,000 cpm.
Recovery time is considerably longer. The meter requires 18
seconds to drop from 200,000 cpm to 200 cpm in the absence of
radiation.
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23.1.1.3 Ludlum 2224

The Ludium 2224 is approximately 22 cm long, 9 cm wide, and
Il ¢m high (8.5 in. by 3.5 in. by 4.2 in.), not including the handle
and weighs 1.36 kg (3 Ib) without batteries or attached detector,
External instrument controls include the following:

volume adjust knob
six-digit LED display for scaler results

analog linear meter (0 to 500 cpm, 0 to 2 kV detector HV, BAT
0OK)

series ‘C’ connection

six position rotary switch (Off, BAT, X1000, X100, X10, X1}
three position toggle switch (alpha, alpha/beta, beta)

HYV test push button

Reset push button labeled RES for resetting meter reading (drives
reading rapidly to zero)

push button for starting scaler count (located in handle end).

Internal controls used during calibration include an HV adjustment
potentiometer, an audio divide DIP switch (beta tone only), a tone
DIP switch, potentiometers for meter calibration, alpha and beta
discriminators, beta window, and an internal DIP switch to set the
scaler count time {6, 30, 60, 120 seconds).

Response time is dependent upon the operating range as follows:

X1 = 10 seconds

X10 = 7 seconds

o X100 =2 seconds

o X1000= 1.5 seconds.

23.1.2 Radiafion and Energy Response

Radiation response is dependent upon the attached detector. Refer to
Chapter 16.0 (Section 16.1.2) for the DP6BD, Chapter 18.0
(Section 18.1.2) for Nal detectors.
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23.1.3 Integral Sources

The 43-10 detector responds to alpha radiation above ~3 MeV.
Alpha response may be energy-dependent but should be relatively
consistent for **'Am and **Pu. The 43-10 average *Pu efficiency is
40%.

43-10 construction and discriminator settings minimize response to
beta radiation.

Detector response to neutron and gamma radiation is unknown.
Based on detector type, neutron and gamma response should be
slight at best.

The 2224/2224-2 may have an alpha-emitting source attached to its
side for performing response checks in the field. These sources are
typically on the order of 0.85 nCi (~2000 dpm) Z*°Th. See

Chapter 5.0, Figure 5.1, of this manual for an example of these
sources.

23.2 Operating Instructions

23.2.1 Ludlum 2200/43-10

Before using the 2200 series, perform the operational checks to make
sure the instrument is in good working condition (see Section 23.3.1
for examples of typical operational checks). These checks should be
performed each time the instrument is used.

Ensure that the appropriate detector is attached and commence with a
radiological survey according to contractor-specific operating
procedures.

To count a contamination smear or air sample filter, rotate the
sample drawer-locking knob counter-clockwise, pull the sample
drawer out, and place the sample in the tray. Planchets should be
used to hold samples (minimizing handling and the potential for
cross contamination). Slide the sample holder back beneath the
detector, and lock the slide in position by rotating the locking knob
clockwise. The sample holder must be pushed completely in to trip a
microswitch, thereby enabling the detector voltage.

Set the desired count time, then press the COUNT button to start the
count cycle. Count times between 0.1 minutes (6 seconds) and
990 minutes {16.5 hours) are possible.

Issued: November 2042
Supersedes: August 2001

PNL-MA-562 Chapter 23
Page 23.5



General counting precautions include the following:

¢ The Model 43-10 is intended for counting dry technical smears

and air sample filters. Placement of other types of materials into
the counters may result in contamination of the instrument,
Inaccurate measurements, and/or detector damage.

The sample drawer should be maintained clean. A cotton swab
may be used to remove any residual debris,

Bent technical smears and air sample filters require extra care
because they may easily lodge inside the sample drawer. A thin
layer of adhesive between the sample and its planchet may help
bent samples lie flat.

The potential for significant instrument contamination increases
with the activity of the sample. Highly radicactive samples may
contaminate counting instruments and should be handled with
extreme care. Portable survey instruments should be used to
survey samples before placing them into the sample drawer.
Contact facility technical staff if questions arise regarding sample
activity limitations.

Samples that are wet or that will break apart should not be
counted.

The Model 43-10 does not discriminate radon or radon progeny.

Use the efficiency values determined during calibration (normally
#°Py), unless the radionuclide and the counting efficiency for
another radionuclide of concern is known. Contact the
Radiological Calibration Laboratory to request specific isotopic
efficiency values. :

Sample counting times will vary to obtain desired minimum
detectable activity (MDA) or minimum detectable concentration
(MDC) values. The longer a sample is counted, the lower the
MDA/MDC value. Sample count times should be long encugh to
yield the required sensitivity (MDA/MDC).

Sample count times should be less than or equal to the
background count time.

The 43-10 includes a sample holder, approximately 1 cm (3/8 in.)
thick. This holder must be used for accurate analysis results.
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2322 Ludium Model 224/2224-2

23.2.3 Correction Factors

The speaker emits separate tones for alpha and beta radiation. Beta
radiation is indicated by a lower pitch tone relative to the alpha
radiation pitch tone, The beta radiation tone frequency may be
independent of the actual count rate because the instrument has an
internal click divider. For example, an instrument with a click
divider of 100 will chirp once for every 100 counts.

Pressing the scaler count button, located in the end of the handle,
during a count, zeroes the display and restarts the count. The count
time is typically set at 1 minute on the 2224,

23.2.3.1 Measurements with 2200/43-10

When using the scaler function to obtain the gross counts per minute
(cpm), the displayed number must be divided by the number of
minutes counted. When using the rate meter, the displayed value
must be multiplied by the range setting (X1, X10, X100, X1K).

To obtain an activity in dpm, divide the net cpm (gross cpm-
background cpm) by the detector efficiency.

If the sample is a smear, this activity is the dpm/100 cm”, provided
the area smeared is less than or equal to 100 ¢cm®. When the smeared
area is greater than 100 cm’, divide the measured activity by the ratio
area smeared/100 to obtain the dpm/100 cm’ (e.g., if the smear area
300 cm’, then divide the measured activity by 300/100 or 3).

23.2.3.2 Measurements with 2224 or 2224-2 w/DP6BD

When using the scaler function to obtain the gross cpm, the
displayed number must be divided by the number of minutes
counted. When using the rate meter on the 2224, the displayed value
must be multiplied by the range setting (X1, X10, X100, X 1K).

Use the specific efficiency for the radionuclide being surveyed, if
known. If the radionuclide mix is not known, then a default
efficiency of 0.10 (10%) should be used for beta radioactivity levels
and 0.14 (14%) should be used for alpha radioactivity levels,

23.2.3.3 Measurements with Nal Detectors

Nal detectors used as qualitative surveying devices do not require
applying correction factors.
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23.3 Performance Test Instructions

233.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions in this section are provided as
examples of acceptable methods.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails any of the
first three operability checks, fill out an Instrument Service Tag to
identify the problem, attach it to the instrument, and return it to the
Radiological Calibration Laboratory for servicing.

1. Inspect the instrument for physical defects, such as broken meter
face, loose knobs or switches, punctured probe windows, light
leaks, or-defective cables (if so equipped).

2. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker.

3. Verify that the HV reading shows an upscale value on the meter.
4. Verify that the initial source check has been completed.

5. Ensure that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours.

6. Tum the count rate meter selector switch to BAT.

7. The meter will indicate battery level. If the needle does not rise
above the BAT OK (2224-2 and 2224) or BAT TEST (2200),
replace the batteries. Some Model 2200 instruments will not
operate without batteries, even when connected to AC line
voltage. Refer to Section 23.5 for specific information regarding
battery changes.
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23.3.2 Source Check

23.3.3 Initial Source Check

23.3.4 Daily Source Check

Instructions for DP6BD-equipped instruments are in Chapter 16.0
(Section 16.3.2) of this manual.

Instructions for 43-10-equipped instruments are located in

Chapter 17.0 (Section 17.3.2) of this manual. 2220/43-10 instrument
combinations are typically managed according to benchtop
miniscaler protocols for performance testing.

[nitial source checks should be performed immediately upon
receiving the instrument from the Radiological Calibration
Laboratory. Instruments should not be placed into storage until after
performing the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable. The
initial response is reasonable when it is within 220% of the mean
instrument response for that source.

The acceptable range should allow for variations resulting from
differing probe efficiency.

Center the detector over the check source. A jig or mark may be
used to ensure reproducibility. Allow the reading to stabilize (rate
meter), and note the instrument response. Alternatively, a scaler
count may be performed. Multiply the instrument response by 0.8
and 1.2 to determine the acceptable range for that instrument/source
combination.

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

Establish the source-to-detector geometry used during the initial
source check. Allow the reading to stabilize (rate meter,) and note
the instrument response. Alternatively, a scaler count may be
performed. The instrument response should fall within the
acceptable values determined during the initial source check.
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23341 Response Checks

If the instrument fails, tag it with a completed Instrument Service
Tag, and return it to the Radiological Calibration Laboratory.

Periodically verify that the 2224 or 2224-2 responds to radiation
during continuous use. Response check the instrument by placing
the probe over the check source mounted on the instrument case and
verify that the speaker (if so equipped) and meter respond to the
source. Alternatively, background radiation may be used to response
check the instrument when integral sources are not present.

23.4 Calibration Instructions

The Ludlum 2200 series instruments are calibrated at PNNL’s
Radiological Calibration Laboratory in the 318 Building in the

300 Area. The calibration described in this section is performed by
PNNL staff.

Before calibration, instruments are inspected to make sure they are in
good working order, to check the functionality of the switches and
buttons, and to check the instrument for physical damage, Damaged
instruments are repaired before they are calibrated. If the as-found
readings are greater than 20% out of tolerance, the Radiological
Calibration Laboratory contacts the radiological control organization
that last used the instrument to inform them of the problem.

The rate meter is calibrated electronically using a pulse generator.
For the 2200 and 2224, instrument response is evaluated at two
points in each decade up to 400,000 cpm (i.e., at 100, 400, 1,000,
4,000, 10,000, 40,000, 100,000, and 400,000 cpm). The off-scale
meter response is also evaluated. The scaler function is then verified
by performing a 1-minute count at 460,000 cpm (2200) or

40,000 cpm (2224). The 2224-2-rate meter is evaluated at one point
within each decade of the logarithmic display (i.e., 100, 1,000,
10,000, 100,000, 1,000,000) and the scaler function evaluated at
100,000 cpm for 1 minute. The count rate meter must fall within
+5%, and the scaler response must be within £2% of the delivered
stimulus to pass calibration.

External potentiometers on the 2200 are locked during ealibration.
Adjusting these potentiometers voids the existing calibration.

These instruments are calibrated annually and after any maintenance
is performed that voids the existing calibration. The calibration is
valid through midnight of the expiration date histed on the calibration
sticker.
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23.4.1 Nal Calibration

234.2 DP6BD Calibration

23.4.3 43-10 Calibration

For more detailed information on instrument calibration, refer to
PNL-MA-563, Section 4.1.11 (2200/Nal), Section 3.9.4 (2224,
Section 3.31 (2200/43-10)."

As-found efficiencies are recorded for an appropriate gamma-
emitting radionuclide (e.g., '"'Cs, '*I) and the background evatuated.
When a '*T efficiency is requested, the "I efficiency is used to
determine the '*1 efficiency value.

Threshold and window settings are established and a high-voltage
plateau is performed. After setting the HV, the efficiency of the
requested radionuclide is measured. The alpha, beta, alpha/beta
markings on the 2224-meter are covered and the beta channel is
labeled gamma.

As-found efficiencies are recorded for **Pu, *S1/Y, and any other
radionuclide(s) used during previous calibration (e.g., V'Cs, **'Am).
Background is evaluated and the probes are checked for light leaks.

Threshold and window settings are established. If the calibration is
intended to establish a beta-only probe, a high-voltage plateau is
performed. If a dual alpha/beta probe is to be established, the high
voltage is set to minimize probe cross talk. After the high voliage is
established, the requested efficiencies are recorded (e.g., 'Cs,
%81/Y, *°Pu, 241Am).

To pass calibration, the *°Sr(Y) efficiency must be at least 20% and
the **Pu efficiency must be at least 10%. The evaluated efficiencies
are stated in the limitations section of the calibration sticker. The
beta-to-alpha crosstalk is limited to less than 1%.

In addition to efficiency limits, the detector background cannot
exceed 350 cpm for the beta channel and 2 cpm for the alpha
channel.

The threshold is set and a voltage plateau is performed. High voliage
is selected to minimize the background count rate while providing
stable response. After setting the HV, the background and **Pu
efficiency are measured,

(a) PNL-MA-563, Radislogical Calibration Procedures.
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23.5 Maintenance Instructions

Routine maintenance on the 2200 Series is performed at the
Radiological Calibration Laboratory and in the field. Routine
maintenance includes checking/replacing the batteries. Additionally,
for the DP6BD and 43-10 detectors, maintenance includes checking
the PMT for noise (DP6BD) and the window for light leaks.
Common problems and causes are discussed in the next few
paragraphs.

Low batteries. When the BAT mode indicates battery strength
below the acceptable cutoff on the dial, the batteries should be
changed. Batteries can be replaced in the field, excluding areas
controlled for radiclogical contamination. Open the battery case (on
the back of the 2200 and beneath the handle on the 2224), and
replace the D-cell batteries (2 in 2224 and 2224-2, 4 in 2200).
Rechargeable nickel-cadmium or lead acid GEL CEL batteries must
be used in the 2200. Batteries are charged in the 2200 using the
charge (labeled CHG )position on the power switch. Do not use
carbon zinc batteries in the 2200,

Light sensitivity DP6BD. If the DP6BD exhibits a high-count rate
when exposed to light, there are probably holes in the polycarbonate
(Mylar) window. Even very small pinholes, too small to be seen
with the naked eye, can cause the instrument to exhibit light
sensitivity. To verify light sensitivity, expose the probe to a light
source and verify an increased count rate. Then, cover the probe
with a light shield (such as a dark cloth) and verify that the count rate
drops. If the probe has a light leak, tag it with an Instrument Service
Tag, and return it to the Radiological Calibration Laboratory for
servicing.

Small light leaks on the DP6BD face can be repaired in the field.
Locating a light leak involves placing the probe under a source of
light that causes audible output and covering small sections of the
probe face until a decrease in the count rate is observed. Using
Testor brand (or equivalent} silver paint, cover the hole(s) in the
Mylar. The maximum area of the probe that is covered with paint
should be limited to 1% (1 cm®) of the total surface area.

Cable noise. Damaged cables may cause the 2224 and 2224-2 to
exhibit a noisy response, especially when the cable is moved.
Damaged cables can be replaced in the field. Make sure that the
replacement cable has appropriate connections on both ends. The
replacement cable must be the same length as the original.

PNL-MA-562 Chapter 23
Page 23.12

Issued: November 2002
Supersedes: August 2001



Saturation. Very large light leaks will cause the DP6BD to saturate
(i.e., not respond at all). To verify that a DP6BD is exhibiting
saturation, place a dark shield over the probe. Slowly remove the
shield while listening to the audible response. If the DP6BD has
large light leaks, the audible response will first increases as the
shield is removed and then decrease as the probe face is fully
exposed to the light. If the probe is exhibiting saturation, tag it with
an Instrument Service Tag, and retum it to the Radiological
Calibration Laboratory for servicing.

PMT noeise, Faulty photomultiplier tubes (PMTs) will cause the
DP6BD 1o have a noisy response when the probe is shaken or
moved. To determine if the PMT should be replaced, tap (lightly)
the back of the probe several times against your hand. If tapping the
probe causes an audible response, the PMT should be replaced. Tag
the DP6BD with an Instrument Service Tag, and return it to the
Radiological Calibration Laboratory.

Stuck sample. Occasionally a sample may become lodged inside
the 43-10. To remove the sample, unplug the instrument (disconnect
the alternating current (AC)-power cable from the supply outlet and
the signal cable from the 2200) and dismantle the sample tray
assembly. Contact the Radiological Calibration Laboratory for
assistance.

High background. A 43-10 that develops a high-background count
rate may have a contaminated sample chamber/detector or a light
leak. Contaminated instruments should be decontaminated as soon
as possible, Instruments should be decontaminated before sending
them to the Radiological Calibration Laboratory. After
decontamination, if the instrument fails a source check, return the
instrument to the Radiological Calibration Laboratory for
recalibration.

43-10 detectors with improperly adjusted sample trays or dislodged
o-rings may respond to external light. If the instrument appears light
sensitive (e.g., exhibits high background, fails the chi square test),
tag it with an Instrument Service Tag, and return it to the

. Radiological Calibration Laboratory. The cause of high background

should be evaluated to ensure that the counting chamber is not
contaminated. Placing the instrument in a dark environment or
covering it with a thick piece of cloth (e.g., coat) should reduce the
background count rate if the cause is light leakage.

Issued: November 2002
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23.6 Instrument Specifications and Limitations

23.6.1 Temperature

23.6.2 Temperature Shock

Ludlum states temperatuares range between -10°C (-14°F) and 50°C
(122°F) for the 2224-2/2224 and -20°C (-4°F) to 50°C (122°F) for
the 2200 and 43-10.

The temperature response of the 2224 paired with the DP6BD was
evaluated by PNNL." 1In the alpha mode, this instrument
combination complied with the American National Standards
Institute {ANSI) Standard N42.17C (instrument response fell within
5% across the range of -20°C to 60°C) (ANSI 1989). In the beta
mode, this instrument combination failed the ANSI N42.17C criteria
across this -20°C to 60°C temperature range. ANSI N42.17C allows
no more than a £20% variation in response because of temperature
changes.

When moving a 2200 series instrument from one area to another (of
different temperature), allow the instrument to reach equilibrium
with the ambient temperature (usually about 1 hour) before use.

The temperature shock response of the 2224 paired with the DP6BD
was evaluated by PNNL.” The instruments were subjected to
shocks from 22°C to 70°C to 22°C and 22°C to -40°C to 22°C. In
the alpha mode, this instrument combination complied with ANSI
N42.17C (instrument response fell within £5% for each shock). In
the beta mode, this instrument combination failed the ANSI N42.17C
temperature shock criteria. ANSIN42.17C allows no more than a
+20% variation in response because of temperature shocks.

23.6.3 Humidity and Pressure

No manufacturer data are available regarding 2200 Series scaler rate
meters or the 43-10-detector response to varying humidity and
pressure. Performance testing in the intended environment should
ensure proper functionality.

(a) Johnson 1996. Letter from ML Johnson, Pacific Northwest National Laboratory, to S.L. Jones,
Martin-Marietta Energy Systems, “Results of ANSI N42.17A and N42.17C Testing of Ludlum 2224-1
and NE Technology DP6BD,” October 16, 1996.
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The humidity response of the 2224 paired with the DP6BD was
evaluated by PNNL.”’ The instruments were subjected to varying
humidity across the range of 40% relative humidity (RH) to 95%
RH. This instrument combination complied with ANSI N42.17A
(ANSI N42.17 A)(instrument response fell within +5%) for both
alpha and beta modes.

The 2200 Series with attached probe should not be used in
condensing environments.

23.6.4 Electromagnetic Field Interference

No data are available regarding instrument response to external
electromagnetic fields. However, the 43-10 and DP6BD may be
sensitive to electromagnetic fields. Photomultiplier tubes, in general,
are very sensitive to magnetic fields. Magnetic fields may cause the
instrument to read high or low. A common source of fields that may
affect response is video displays. If magnetic fields are a potential
concern, response checks should be performed in the field at the
distance(s) from the magnetic field expected during use.

23.6.5 Radio Frequency/Electromagnetic Interference

No data are available regarding instrument response to external radio
frequency ficlds. However, these instruments should be relatively
insensitive to radio frequency fields,

23.6.6 Energies and Types of Radiation

Radiation response is dependent upon the attached detector. Refer to
Chapter 16.0 (Section 16.1.2) for the DP6BD, Chapter 18.0
(Section 18.1.2) for Nal detectors.

43-10 probes respond to alpha radiation. Specific information
regarding this response is listed in Section 23.1.2.

23.6.7 Interfering Ionizing Radiation Response

Radiation response is dependent upon the attached detector. Refer to
Chapter 16.0 (Section 16.1.2) for the DP6BD, Chapter 18.0
(Section 18.1.2) for Nal detectors.

(a) Johnson 1996. Letter from ML Johnson, Pacific Northwest National Laboratory, to S.L. Jones,
Martin-Marietta Energy Systems, “Results of ANSI N42.17A and N42.17C Testing of Ludlum 2224-1
and NE Technology DP6BD,” October 16, 1996,
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23.6.8 Battery Life

23.7 Applications

23.7.1 DP6BD

23.7.2 43-10

23.7.3 Nal Probes

23.8 References

43-10 detector response to neutron and gamma radiation is unknown.
Based on detector type, neutron and gamma response should be
slight at best.

Ludlum claims a battery life exceeding 350 hours for the 2224-2 and,
20 hours for the 2200.

The 2200 Series instruments perform a number of measurements
depending upon the attached probe. The DP6BD probe is used for
direct and removable contamination surveys, the 43-10 is used for
removable contamination and airborne radioactivity assessment, and
Nal probes perform qualitative assessment of gamma radiation
levels.

Refer to Chapter 16,0 (Section 16.7) for DP6BD applications.

Refer to Chapter 17.0 (Section 17.7) for 43-10 applications.

Refer to contractor-specific operational procedures.

NOTE: For information on technical manuals, see Bibliography.

ANSI N42.17A-1989. 1989. Performance Specifications for Health
Physics Instrumentation - Portable Instrumentation for Use in
Normal Environmental Conditions. American National Standards
Institute, New York.

ANSIN42.17C-1989. 1989. Performance Specification for Health
Physics Instrumentation - Occupational Airborne Radioactivity

Monitoring Instrumentation. American National Standards Institute,
New York.
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24.0 Xetex/Eberline Model 330A Telescan

24.1 Instrument Description and Theory of Operation

24.1.1

The Xetex Telescan, Model 330A, is a gamma radiation exposure
rate instrument with high-range capabilities and a telescopic probe,
extending up to 4 m (13 ft) from the display unit. The instrument is
microprocessor-based with an analog display. The Telescan uses
two energy-compensated Geiger-Miiller (GM) detectors to cover a
wide range of exposure rates. The centerlines of the two detectors
are indicated on the probe with scribed lines. The high-range
detector is closest to the display (see Figure 24.1). The Telescan can
not quantify nonpenetrating radiation exposure rates.

" HighRange Probe !

Low Range Probe Inc

Figure 24.1. Xetex Telescan Detector Assembly with Detector Position Indicators

Physical Description

Measurement data from the detector assembly are transmitted to the
display unit via an infrared link.

More detailed technical information can be obtained by contacting
Pacific Northwest National Laboratory’s (PNNL's) Radiological
Calibration Laboratory.”

The Telescan measures approximately 9.5 cm (3.75 in.) wide by

5.1 em (2 in.) high by 109 cm (3.6 ft) long in the pole-retracted
position. With the pole fully extended, its length increases to 429 cm
(14.1 ft). The Telescan weighs 2.95 kg (6.5 1b). The instrument is
commonly purchased as a Model 330A-C, which includes a carrying
case, shoulder strap, and clear plastic sleeving. The carrying case
also accommodates the batteries, battery holder, and technical
manual (see Figure 24.2).

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Figure 24.2. Xetex Telescan Model 330A-C (Typical Hanford Field Configuration)

The display unit has a nine-position rotary switch for selecting the
meter range, battery check, and power off positions. Three
membrane switches are located at the bottom of the unit to turn the
internal speaker and meter light on and off and to reset the meter
from an over-range condition or drive the response to zero. The
display has a red light-emitting diode (LED) above the membrane
switches to alert the user to an instrument malfunction (see

Figure 24.3 and Section 24.2).

The analog meter has a linear range from 0 to 10. The specific
measurement range is determined by the rotary switch position. The
low-range detector measurement range options are 0 to 1 mR/hr,

0 to 10 mR/hr, 0 to 100 mR/hr, and 0 to 1,000 mR/hr. The high-
range detector options are O to 10 R/hr, 0 to 100 R/hr, and

0 to 1,000 R/hr. The meter is marked with a green bar, indicating
acceptable battery strength.

The response time is established during calibration and varies
between | and 4 seconds; depending on exposure rate and specific
calibration adjustments.

The instrument uses two independent energy-compensated GM
detectors, one for mR/hr exposure rates, and one for R/hr exposure
rates. The detectors are housed in an aluminum casing that is
sufficiently thick to prevent most beta radiation from being
measured.

PNL-MA-562 Chapter 24
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25.0 WB Johnson Model 1000W & 2000W Extender

25.1 Instrument Description and Theory of Operation

The WB Johnson Extender, Models 1000W and 2000W, are beta-
and gamma-radiation exposure rate instruments with high-range
capabilities and telescoping probes, extending up to 3.7 m (12 ft)
from the display unit.

The Extender uses two energy-compensated Geiger-Miieller (GM)
detectors to cover a wide range of exposure rates. The centerlines of
the two detectors are indicated on the probe with colored lines. The
high-range detector is marked with yellow and is closest to the
display (see Figure 25.1).

T

High Range Probe Indicator Line

Low Range Probe Indicator Line |
Beta Shield

Figure 25.1. WB Johnson Extender Detector Assembly with Detector Position Indicators and Beta
Window/Shield
Measurement data from the detector assembly are transmitted to the
display unit via a four-conductor flat ribbon cable.
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More detailed technical information can be obtained by contacting
Pacific Northwest National Laboratory’s (PNNL’s) Radiological
Calibration Laboratory."”

25.1.1 Physical Description

The Extender measures approximately 12 cm (4.7 in.) wide by 9 ¢cm
(3.5 in.) high by 98 cm (3.2 ft) long, in the pole-retracted position.
With the pole fully extended, length increases to 370 em (12 ft). The
Extender weighs 3.2 kg (7 1b). The instrument is commonly
purchased with a carrying case, which includes shoulder strap and
clear plastic sleeving. The carrying case also accommodates the
batteries, battery holder, and technical manual (see Figure 25.2).

Figure 25.2. WB Johnson Extender (Typical Hanford Field Configuration)

The display unit has a side-mounted, 10-position, rotary switch for
selecting the meter range, battery check, and power off positions. A
second four-position rotary switch is located on the display unit,
below the meter, for turning the internal speaker and meter light on
and off (see Figure 25.3).

The instrument has a single analog meter. The 10-position rotary
dial changes the meter range, display, and switches between the low-
and high-range detectors. The display backdrop is color-coded to
indicate which detector is used (i.e., yellow display indicates high-
range detector, white display indicates low-range detector). Each
range is a combination linear/log display (this effect is most
pronounced on the high-range scales). The low-range detector
measurement range selections are 0 to 1000 puR/hr, 0 to 10 mR/hr,
and 0 to 100 mR/hr. The high-range detector options are 0 to

1000 mR/hr, O to 10 R/hr, 0 to 100 R/hr, and O to 1,000 R/hr. The
meter includes two battery check positions, marked with a BK bar,
indicating acceptable battery strength.

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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Range Selector

=k ’:?v

EXTENDER 2000W |

Figure 25.3. WB Johnson Extender Display Unit

The response time varies between 1.5 and 4 seconds, depending on
selected range.

The instrument uses two independent energy-compensated GM
detectors. The detectors are housed in an aluminum casing that is
sufficiently thick to prevent most beta radiation from being
measured. The low-range detector has a removable beta shield (see
Figure 25.1). With the beta shield removed, the low-range detector
beta response broadens to include lower-energy beta radiation.
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25.1.2 Radiation and Energy Response

25.1.3 Integral Sources

The Extender’s low-range detector responds within £15% of the true
exposure rate to photons from 65 keV to 2 MeV. The high-range

detector responds within £15% of the true exposure rate for photons
from 83 keV to 2 MeV.

With the beta shicld removed, the low-range detector responds to
beta radiation above roughly 150 keV (e.g., "*C).

Both detectors respond to high-energy beta radiation (e.g., ’St/Y),
regardless of the beta shield position.

The Extender does not respond to alpha or neutron radiation,

There are ne radicactive sources attached to, or inside, the Extender.

25.2 Operating Instructions

Perform the operability check {Section 25.3.1), before using the
Extender. Turn the instrument on and select the appropriate scale.
Slowly move the instrument near radiation sources. When
quantifying radiation levels, allow the instrument meter to stabilize
for a few seconds before recording the instrument response.

Avoid hitting the telescoping pole or detector against other objects
such as walls, poles, or light fixtures. The extended pole is easily
bent, making it difficult to collapse.

NOTE: When making measurements with the beta shield removed,
an off-scale high response can be obtained on the low-range detector
and no response obtained on the high-range detector when the field
is predominantly beta radiation.

Compare field strength measurements, using the low-range detector,
with the beta shield on and off to determine if the radiation field
contains a significant beta-emitting component.

NOTE: Avoid twisting the probe. Twisting the probe wwists can
damage the communication cable. Also, do not collapse extended
probe quickly because the communication cable take-up spool can
become tangled if the probe is collapsed abrupily.

PNL-MA-362 Chapter 25
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25.2.1 Correction Factors

The mstrument is calibrated in uniform gamma fields.
25.3 Performance Test Instructions

Refer to contractor-specific procedures for performance test
instructions. The instructions below are provided as examples of
acceptable methods.

25.3.1 Operability Check

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
docurnented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. If the instrument fails any of the
checks listed below, other than battery test, return it to the
Radiological Calibration Laboratory for servicing.

1. Verify that the calibration of the instrument is current. The
calibration expires at midnight (11:59 p.m.) on the expiration
date on the calibration sticker.

2. Verify that the instrument source check is current. Source
checks are generally valid for the day performed and typically do
not cover more than 24 hours.

3. Inspect the instrument for physical defects such as broken meter
glass, loose knobs, or other observable defects.

4. Tum the control switch to BK. The meter reading should be
within the BK band. If not, go to Section 25.5.

25.3.2 Source Check

The WB Johnson Extender may be source checked using a variety of
sources, including ion chamber check sources (ICCSs) and linear
beta sources. The source should provide an on-scale response at one
point within the range of the low-range detector. Sources are not
typically available to source check the high-range detector. When
the high-range detector is not source checked, it should not be used
to perform cccupational monitoring.
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25.3.3 Initial Source Check

25.3.4 Daily Source Check

A Quick Check can be requested from the Radiological Calibration

Laboratory to verify that each instrument range is functioning, when

source checks are not performed in the field.

Initial source checks should be performed immediately upon
receiving the instrument from the Radiological Calibration
Lahoratory. Instruments should not be placed into storage until after
performing the initial source check.

NOTE: Instrument response observed during the initial source
check should be evaluated to ensure the values are reasonable. The
initial response is reasonable when the response is within £20% of
the mean instrument response for that source.

The acceptable range should allow for variatrions resulting from
differing instrument response.

Center the detector over the check source. Remove the beta shield, if
desired. A jig or mark may be used to ensure reproducibility, Allow
the reading to stabilize and note the instrument response. Multiply
the instrument response by 0.8 and 1.2 1o determine the acceptable
range for that instrument/source combination.

NOTE: The source used to perform the initial source check is used
to perform the daily source check. To perform a daily source check
with a source other than the one used for the initial source check,
first perform the daily source check on the source used for the initial
source check. If the instrument passes that daily source check, then
perform a new initial source check using the new source to establish
response limits for that source/instrument combination.

Establish the source-to-detector geometry used during the initial
source check including the presence, or absence, of the beta shield.
Allow the reading to stabilize and note the instrument response.
The instrument response should fall within the acceptable values
determined during the initial source check. If the instrument fails,
tag it with an Instrument Service Tag, and return it to the
Radiological Calibration Laboratory.

Source checks are generally valid for 24 hours after they are
performed.
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25.3.5 Response Checks

Response checks should be performed periodically during
continuous use and each time the instrument is turned on. To
response check the instrument, tum the instrument and speaker on.
Verify that the instrument has an audible response and upscale meter
deflection.

25.4 Calibration Instructions

The WB Johnson Extender is calibrated at PNNL's Radiological
Calibration Laboratory at the 318 Building in the 300 Area. The
calibration described in this section is performed by PNNL staff.

Before calibration, instruments are inspected 1o make sure they are in
good working order. Batteries are checked, the meter is checked for
oscillations, and the instrument is inspected for physical damage.
Damaged instruments are repaired before calibration.

Before calibration, as-found readings are recorded at one point on
each decade. If the as-found readings are greater than £20% from
the conventionally true value, the Radiological Calibration
Laboratory notifies the radiological control organization that used
the instrument last.

Extendable survey instruments are calibrated in uniform '’Cs and
%Co radiation fields. Each range setting has a single calibration
adjustment. After adjustment, the response at 20% and 80% of each
decade is measured. The instrument’s response at each point has to
be within £10% of the conventionally true value for the instrument to
pass calibration. Each detector is also exposed to a field that is at
least twice the full-scale response to verify that the instrument
properly off scales.

The Extender is calibrated annually and after any maintenance is
performed (other than battery changes). The calibration is valid
through midnight of the expiration date listed on the calibration
sticker.

For more information on calibrating extendable survey instruments,
refer to PNL-MA-563, Section 3.13.4, WB Johnson Extender."”’

(a) PNL-MA-563, Radiological Calibration Procedures.
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25.5 Maintenance Instructions

Routine maintenance on the Extender is performed at the Radio-
logical Calibration Laboratory and in the field. Typical maintenance
includes cleaning the instrument and replacing batteries.

Low batteries. If the instrument has low batteries, the batteries may
be replaced in the field (excluding Contamination, High
Contamination, or Airborne Radioactivity Areas). Remove the
handle from the display unit, and replace both batteries with fresh
1.5-V D-cell, alkaline batteries.

The instrument should be source checked following a battery change.

25.6 Instrument Specifications and Limitations

25.6.1 Temperature

25.6.2 Temperature Shock

The 2000W Extender may be used over the temperature range from
-20°C to 60°C (-4°F to 140°F).

The 1000W Extender may be used over the temperature range -8°C
to 50°C (18°F to 120°F).

The Extender should not be not affected by temperature shocks.
However, it is good practice to allow the instrument temperature to
equalize with ambient temperature before using it to perform
surveys.

25.6.3 Humidity and Pressure

The 2000W Extender can be used within that range of 0 to 95%
relative humidity. The manufacturer has not identified an
appropriate range for the 1000W extender.

If the instrument will be used in a damp or condensing environment,
the probe should be sleeved in plastic.

Condensation (beads of water) may form on the instrument when
moving a cold instrument to 2 warm, humid, environment. The
instrument should be allowed to equalize with the ambient
temperature and condensation should be removed.

PNL-MA-562 Chapter 25
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The Extender is not affected by changes in ambient pressure
typically encountered on the Hanford Site.

25.64 Radio Frequency/Electromagnetic Interference

The Extender is not affected by external electromagnetic or radio
frequency fields.

25.6.5 Energies and Types of Radiation

The low-range detector responds to photons within £15% of the true
exposure rate from 65 keV 1o 2 MeV, The high-range detector
responds to photons within £15% of the true exposure rate from

83 keV to 2 MeV.

With the beta shield removed, the low-range detector responds to
beta radiation above roughly 150 keV {(e.g., “0).

25.6.6 Interfering Ionizing Radiation Response

25.6.7 Battery Life

25.7 Applications

The WB Johnson Extender responds to high-energy beta radiation
(e.g., °Sr/Y) with the beta shield installed.

The Extender does not respond to neutron or alpha radiation.

The two D-cell batteries, housed in the display unit handle, provide
approximately 300 hours of operation in the 2000W and 130 hours in
the 1000W.

The Extender is used to measure penetrating radiation exposure
rates.

The instrument does not evaluate non-penetrating radiation exposure
rates, but can be used to determine if beta radiation represents a
significant portion of a radiation field.

High-energy beta radiation (e.g., *°St/Y) interferes with penetrating
radiation measurements.

The high-range detector should not be used for occupational
monitoring unless it has been source checked (see Section 25.3.2).
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25.8 References
NOTE: For information on technical manuals, see Bibliography.
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26.0 Canberra Alpha Sentry Continuous Air Monitors

26.1 Instrument Description and Theory of Operation

The Canberra Alpha Sentry continuous air monitor (CAM) is a semi-
portable device designed to monitor alpha radioactivity in the air.
The Alpha Sentry CAM consists of two components: a sampling
head, and controller. Two different sampling heads are used at
Hanford: the AS1700 and AS1700R. Both use a 1700-mm’
Canberra passivated implanted planar silicon (PIPS) detector with a
diameter of 4.7 cm (1.8 in.). The AS1700R is a complaint version of
the AS1700 that complies with the American National Standards
Institute (ANSI) N42.17B-1989. From the outside, the two models
are indistinguishable. Up to eight sampling heads are controlled
from a single controlling unit (e.g., model ASM1000). A model
ASM1001 is available for 220 V applications (see Figure 26.1). An
in-line adapter is available for the sampling head to allow for direct
connection to a pipe or duct (see Figure 26.2).

The Alpha Sentry uses a 256-channel multi-channel analyzer (MCA)
and performs radon rejection protocols based on peak-fitting/
stripping methods.

Figure 26.1. Canberra Alpha Sentry (Sampling Head and Controller)
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26.1.1

Figure 26.2. Sampling Head and Optional In-Line Adapter

Physical Description

More detailed technical information can be obtained by contacting
Pacific Northwest National Laboratory’s (PNNL's) Radiological
Calibration Laboratory.""

The Alpha Sentry sampling head measures approximately 31 cm
(12 in.) high and 18 cm (7 in.) in diameter. The head weighs
approximately 3.6 kg (8 1b). The head requires 24 V of AC, 50/60-
Hz, and <15-W power, supplied by the ASM 1000. The ASM
measures roughly 32 ¢cm (13 in.) high by 22 cm (8.7 in) wide by 9
cm (3.5 in.) deep. The ASM requires 115 £10 VAC, or 230 £20
VAC depending on specific model, 50/60 Hz, and <15 W supplied
power.

The air inlet on the sampling head is covered with a diffusion screen
that removes more than 95% of the unattached radon and radon
progeny. This screen is most effective in laboratory environments
with treated air (e.g., downstream of a high-efficiency particulate air
filter). The unattached fraction in typical Hanford environments is
small compared to the attached radon and radon progeny.

Both the ASM and sampling head provide alarm signals to indicate
elevated levels of alpha-emitting airborne radioactivity. The alarm
signals include audible and visual alarms, and actuating remote
alarm relays. The instrument also provides a series of fault alarms,
including high background, low or high airflow, detector bias power
supply failure, door open, no data acquisition, excessive energy
calibration shift, and communication failure between ASM and
sampling head. Instrument alarms may be latching or non-latching,
depending upon facility configuration. To clear latching alarms,
press the STOP ALARM button on the ASM. By default, if the alarm

(a) Contact the Radiological Calibration Laboratory Manager at (509) 376-5624.
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26.1.1.1 CAM Controls

condition remains, pressing the STOP ALARM button silences the
audible alarm, leaving the visual alarm active. This feature can be
disabled using Canberra’s Alpha Sentry CAM software.

Personnel interact with the CAM using the ASM. The ASM’s
detailed display screen provides specific information regarding
measured radioactivity for an attached head. The measured derived
air concentration-hours (DAC-hr), activity concentration, sample
flow rate, and measured counts per minute (cpm) are listed. The
ASM also lists active alarms. The ASM can display the energy
spectrum and maintains history logs for review.,

Alpha Sentry CAMs are equipped with mass flow meters to measure
flow rate. The unit typically reads out in cubic feet per minute
{cfm); however, other flow units are available.

Filter papers are placed in a filter pack assembly that is set in the
filter drawer of the sampling head (see Figure 26.3).

The ASM includes many controlling features. These features
commonly used by CAM operators (e.g., health physics technicians)
are discussed below. Controls are accessed by pressing a soft key
{membrane) switch on the ASM.

Stop alarm. This red button acknowledges posted alarms and clears
latching alarms after the alarm condition has been eliminated.

Filter change (F1). Press this button before changing the filter
paper assembly. Two options follow, Date/Time and Filter Change.
Date/Time is used to update the head’s internal date and time before
changing the filter paper. Pressing Filter Change *primes” the head
for changing the filter assembly.

Perf check (F2). Press this button before source checking the CAM.
Pressing Perf Check “primes” the head for removing the filter paper
and placing the check source puck into the head.

Data review (F3). Press this button to access three review options:
Hist Trends (F1), Alarm Log (F2), and View Spectrum (F3). Hist
Trends displays an electronic strip chart and View Spectrum displays
the energy spectrum for the selected head.
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Figure 26.3. Sampling Head with Open Filter Drawer

System setup (F4). Press this button to access a series of control
features including the following:

e Source Info: Used to enter specific activity information for the
check source.

e Parameter Setup: Used to adjust alarm set point, units, and
miscellaneous CAM settings.

Network display. Press this button to display the heads currently
attached to an ASM. From the network display, the user selects the
head they wish to access for further information.
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26.1.1,2 CAM Alarms

Detailed display. Press this button to access detailed information
for the selected head, including air flow rate, cpm, concentration,
DAC-hr exposure, active alarms, and date of the last efficiency and
airflow calibration.

There are four different classes of alarms: acute, chronic, instrument
fault, and high background.

The Acute Alarm calculation is performed at every user preset
“Acute Alarm Counting Interval” (default value is 30 seconds) in the
sampling head based on the counts collected during the previous
Acute Alarm Counting Interval. An Acute Alarm occurs if the
number of counts in the region of interest (e.g., ~*Pu) exceeds the
acute alarm set point and the ratio of the average counts per channel
in the region of interest to the average counts per channel from the
region of interest to the 6.05 MeV radon progeny peak exceeds 2.
By default, the acute alarm setpoint is set at the factory to 80 cpm.
This value can be changed by connecting to a remote computer and
using the Alpha Sentry Software program. If communication is lost
between the ASM and head, the Acute Alarm remains active.

The Chronic Alarm calculation is performed by the ASM and
relayed to the head. The chronic alarm has two modes: DAC and
DAC-hr. A Chronic Alarm occurs when the selected set point has
been exceeded and the region of interest has collected at least

25 counts in the current counting interval. For DAC-hr alarms, the
time since the last filter change is used to determine the exposure. If
communication is lost between the ASM and head, the Chronic
Alarm is disabled.

The ASM also performs diagnostics, continuously verifying
functionality, including communications between the ASM and
attached head(s). Errors discovered during these diagnostics trigger
the Fault Alarm.

Alarms trigger a combination of audible and visual alarms.

Tables 26.1 and 26.2 identify the default settings for ASM-1000 and
sample head alarm indications, respectively. Contact facility staff
regarding deviations from these tables. The Fast Tone is an
intermittent loud tone with a period of one-half second. The Siow
Tone is an intermittent soft tone with a period of two seconds, Loud
tones are 90 dB, soft tones are 83 dB.
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Table 26.1. Default ASM-1000 Alarm Indicators

Alarm
Red Amber Exposure | Trouble Log
Alarm Condition Lamp Light Horn Relay Relay Screen Entry
Acute Release X Fast X X X
Chronic Release X Fast X X X
Instrument Fault X Slow X X X
High Background X
Stop Alarm Button X N/A
High background Reverse video for the CAM display box

Table 26.2. Default Alpha Sentry CAM-Sample Head Alarm Indicators

Exposure | Trouble
Alarm Condition Strobe Horn Relay Relay
Acute Release X Fast X
Chronic Release X Fast X
Instrument Fault X Slow X

26.1.2 Radiation and Energy Response

26.1.3 Integral Sources

Alpha CAMs respond to alpha radiation (exclusively). Alpha
particles with energies from approximately 3 MeV to 10 Mev are
measured. The Alpha Sentry CAM has an average efficiency of 29%
for electroplated **' Am sources (47 mm diameter).

The instruments do not respond to neutron or beta radiation.

Alpha CAMs respond to naturally occurring alpha-emitting airborne
particulate such as radon progeny. The Alpha Sentry CAM uses a
radon-rejection screen to prevent up to 95%, or more, of the
unattached radon progeny from reaching the filter paper and being
measured by the detector. For radon progeny collected on the filter,
the CAM uses an alpha-peak tail-stripping algorithm to remove
interfering radon progeny data from the region of interest,
differentiating between naturally occurring alpha-emitting activity
and radionuclides of interest (e.g., py, 2 Am).

There are no radioactive sources attached to, or inside, these
instruments.
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26.2 Operating Instructions

26.2.1 Correction Factors

Placing an alpha CAM in service requires power (115 or 220 VAC,
depending on ASM model) supplied to the ASM and vacuum-source
utilities, supplied to the CAM head. Depending on the location and
application, remote signal and/or alarm cables may be connected to
the electronic output terminal strip located on the back of the CAM
head and/or ASM,

Prior to use, ensure that the performance test protocols of

Section 26.3 are complete, Operating a CAM requires establishing
air flow to a specific rate or range, installing a membrane filter
paper, and setting the alarm set point. The Fluoropore membrane
filter, manufactured by Millipore, is recommended. Glass fiber
filters are discouraged because of self-absorption characteristics that
can cause false alarms.

Correction factors are not used o operate these instruments.

26.3 Performance Test Instructions

26.3.1 Operability Check

Refer to contractor-specific procedures for performance test
instructions. The instructions below are provided as examples of
acceptable methods.

Prior to using an instrument, an operability check is typically
performed to verify that an instrument is functional and is in
calibration. Operability checks are typically performed and
documented daily. Although the following steps are not a procedure,
these steps are typically considered when writing operability check
procedures.

Check everything listed below. When in service, operability checks
are typically performed and documented daily. Daily checks
typically include the following steps:

1. Verify that the calibration of the instrument is current.

I

Verify that positive airflow is within the recommended range of
48.1-65.1 Ipm (1.7-2.3 ¢fm) for 1700 mm” detector.

3. Verify that the response to background is greater than zero.
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4. Verify that the electronic chart recorder operation.
5. Verify that the vacuum lines are secure.
6. Remove any debris/obstructions present on the CAM.

7. Verify that the head's green Couunt light-emitting diode (LED)
is on.

8. Verify that the head’s red Alarm LED is off.
9, Verify that the ASM’s amber Instrument Failure light is off.
10. Verify that the sample door shut and latched.

11. Verify CAM control settings as follows:

a. Proper Analysis Window setting: 2.7 MeV for
Py, 2.8 MeV for ' Am

b. Proper Upper Energy Limit setting: 5.7 MeV for
*py, 5.8 MeV for *Am

c. Proper Confidence Level setting: Typically 1.65

d. Chronic Alarm set point appropriately set: Typically
8 DAC-hr, or less.

26.3.2 Source Check

Alpha Sentry CAMs are source checked with an electroplated, or
anodized, alpha-emitting source, typically " Am. The radionuclide
used for source checking should match the radionuclide to which the
CAM was calibrated. A special “puck” is necessary to hold the
source and allow for placing the source in the proper geometry. The
source “puck” is typically red in color.

Source checks should be performed with sources calibrated within
the source puck. This calibration is available from the Radiological
Calibration Laboratory.

26.3.2.1 Initial Source Check

If the source check is performed with a calibrated source, no special

1initial source check protocols are required. Otherwise, the initial
efficiency should be measured, establishing acceptable limits for
subsequent source checks at +20% of the initial response.
Regardless, CAMs should be source checked upon installation, and
periodically thereafter. '
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263.2.2 Periodic Source Check (Performance Check)

26.3.2.3 Alarm Function Test

CAM source checks are typically performed weekly and often
coordinated with filter paper exchange. The source activity and
energy should be entered through the ASM (System Setup...Source
Info) before performing a source check. Alpha energies are typically
5.486 MeV (**' Am) or 5.155 MeV (**Pu).

1. Select the desired CAM head using the network display and then
select Detailed Display.

2. Press F2 (Perf Check) and wait for the ASM to indicate the
CAM head is “Primed for performance check.”

3. Verify that the source activity matches the source that will be
used for source checking.

4. Remove the filter cartridge and replace it with the check source
assembly.

5. Close and latch the door to initiate source counting.

The ASM performs a source count and compares the measured
efficiency against the calibration efficiency. The measured
efficiency must fall within a certain percentage of the calibration
efficiency {default value is £10%) to pass the source check. The
ASM also compares the location of the alpha peak against the
energy calibration and determines if the peak has shifted. I
errors are encountered, the ASM posts a fault message. If the
system passes the source check, the ASM indicates “Pass” in the
Status block of the Performance Check screen. Depending upon
the specific ASM configuration, source and alarm tests may be
performed during this test and the ASM indicates “Perf + Acute
Test.” If a fault message occurs, tag the instrument out of
service and include the fault message on the service tag. Return
the tagged instrument to the Radiological Calibration Laboratory
for repair and/or calibration.

Periodically, in-service CAMs should be tested to ensure their
properly operating alarm capabilities. CAM alarms are initiaied by
replacing the filter paper housing with the check source housing and
verifying that audible and visual alarms occur.
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Alarm function tests are typically performed monthly. Depending
upon specific ASM configuration, source and alarm tests may be
performed during periodic source checks (Section 26.3.2.2).

26.4 Calibration Instructions

The Canberra Alpha Sentry CAMs are calibrated at PNNL’s
Radiological Calibration Laboratory at the 318 Building in the 300
Area. The calibration described in this section is performed by
PNNL staff. Only the CAM heads are sent in for calibration (i.e.,
ASMs are not calibrated).

Before calibration, instruments are inspected to make sure they are in
good working order. The detector background is measured and
maintained to 5 cpm, or less. In certain instances, higher background
count rates may be accepted by the customer. Before calibration, the
as-found efficiency and flow rate are evaluated. If the as-found
efficiency reading varies more than £20% from the previous
calibration, or the measured airflow rate varies more than +15% from
the conventionally true value, the Radiological Calibration
Laboratory notifies the radiological control organization that last
used the instrument.

Calibration involves verifying/setting electronic parameters and
performing efficiency and flow rate calibrations with standards that
are traceable to the National Institute of Standards and Technology
(NIST). The minimum acceptable efficiency is 20%. Airflow is
calibrated across the range from 1.5 c¢fm to 2.5 ¢fm. Verified
parameters include the DAC-hr alarm set point (8), flow out of
tolerance criteria (0.5 cfm and 2.5 c¢fm), confidence level {1.65),
DAC factor (2.00E-12), upper energy limit (5,700}, analysis window
(2.700), count cycle (30), airflow units {cfm), activity units (uCi),
and volume units (cm”). The CAM head is checked for inleakage by
placing a blocked puck into the sample holder and verifying that the
flow rate drops to 0 cfm. The horn, lights, and relays are verified as
being operable.

Unless otherwise specified, alpha CAMs are calibrated annually or
after any maintenance/activity that voids the existing calibration.

The calibration is valid until midnight of the last day of the month, as
indicated on the calibration sticker.

For more detailed information on Alpha Sentry calibration, refer to
PNL-MA-563, Section 4.2.24."

(a) PNL-MA-563, Radiological Calibration Procedures.
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26.5 Preventive Maintenance

Routine maintenance on the Alpha Sentry CAM is performed at the
Radiological Calibration Laboratory and in the field. Routine
maintenance includes changing filter papers, cleaning detectors and
radon rejection screens, and inspecting/replacing o-rings.

Change filter paper. The filter exchange frequency is dependent
upon the concentration of suspended particulate {e.g., dust,
radioactive material), Common practice is to exchange CAM filters
weekly. Because the alpha CAMs are susceptible to filter-loading
effects (self absorption), the exchange frequency should be adjusted
when attenuation causes operational problems such as spurious
alarms. Alpha CAMs should use membrane filters; Millipore™s
Fluoropor membrane filter is recommended.

High background. If the CAM background becomes elevated, the
detector may be cleaned according to manufacturer
recommendations. It is easy to damage the detector during cleaning.

O-rings. O-rings should be inspected for cracks, seating, and dirt
upon each filter exchange. Special attention is necessary to ensure
that the lower seal is present, because this seal is frequently
dislodged. During calibration, o-rings are inspected, lubricated,
and/or replaced if they are excessively dirty, do not fit properly, or
are cracked.

Cleaning radon rejection screen. When used in dusty
environments, the screen may become clogged and dirty. The screen

can be removed from the head and cleaned using a variety of
solvents,

26.6 Instrument Specifications and Limitations
26.6.1 Temperature

The operational temperature of CAM head is 0°C (32°F) to 55°C
(131°F).

The ASM shares the temperature range of the head. However, the
liquid crystal display may not function above 35°C (95°F).

26.6.2 Temperature Shock

Alpha CAMs are typically operated indoors and not exposed to
temperature shocks. However, it is good practice to allow an
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instrument’s temperature to equalize with the ambient temperature
before placing it in service.

26.6.3 Humidity and Pressure

The CAM head and ASM are appropriate for the ambient humidity
(0 to 95%) and pressure encountered on the Hanford Site. The
instrument should not be used in condensing environments.

26.6.4 Radio Frequency/Electromagnetic Interference

The AS1700 is influenced by electromagnetic and radio frequency
fields.

Field strengths of 5 V/m (140 MHz) will interfere with the CAM
head. The AS1700R withstands fields exceeding 100 V/m at this
frequency.

Field strengths of 20 V/m between 30 and 35 MHz will interfere
with the CAM head. The AS1700R withstands fields exceeding
100 V/m within this frequency range.

The AS1700 is influenced by microwave fields. Field strengths of
50 V/m (915 MHz) and 100 V/m (2450 MHz) will interfere with the
CAM head. The AS1700R withstands fields exceeding 200 V/m at
both frequencies.

The AS1700 is sensitive to electrostatic shock. 5000-V shocks
caused the measured background to increase by more than a factor of
15. The AS1700R was insensitive to the same electrostatic stimulus.

26.6.5 Energies and Types of Radiation

Alpha Sentry CAMs are sensitive to alpha radiation. The PIPS
detector exhibits uniform energy response to alpha particles in the
MeV range. The average efficiency for electroplated ! Am sources
(47 mm diameter) 1s 29%.

The calibration determines the energy range of interest. For
example, an alpha CAM calibrated for **Pu (Analysis Window
= 2.7 MeV, Upper Energy Limit = 5.7 MeV), monitors alpha
radiation between 3 and 5.7 MeV as the region of interest.

26.6.6 Interfering Ionizing Radiation Response

The Alpha Sentry CAM does not respond to gamma, beta, or neutron
radiation.
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Alpha Sentry detectors are sensitive to visible light. Light leaks will
generate spurious counts within the spectrum. These counts
typically register across the entire spectrum. Instruments are
particularly susceptible to strobe lights.

26.6.7 Particle Transport Efficiency

26.7 Applications

26.8

References

Texas A&M University's Mechanical Engineering Department
(Aerosol Technology Laboratory) tested the particle transport
capabilities of the Alpha Sentry sampling head {Kurz design)
(McFarland, Ontiz, and Rodgers, 1989). Table 26.3 summarizes their
test results,

Table 26.3. Particle Transport Efficiency

Particulate Penetration Percentages (per particle size and air speed)

3um @ 7 um @ Tym @ | 148pum @ | 148 um @
Flow Rate 1 m/s 1 ms 0.3 m/s 1 m/s 0.3 m/s
2 cfm 97.7% 103% 97.3% 85.7% 81.5%

The Alpha Sentry CAM is designed to selectively measure airborne
concentrations of man-made alpha-emitters in the presence of natural
occurring radon and their progeny. These instruments provide both
visual and audible alarms, if so equipped, if airbome concentrations
of the isotope being monitored exceed a predetermined, user-
selectable value (e.g., DAC-h alarm set point). This instrument is
most often applied as a workplace monitor although it may be
applied to stack, duct, or plenum exhaust monitoring.

The manufacturer claims, under “non-laboratory conditions”

(~1 pCi/l radon background, most artached) and a constant 1 DAC
plutonium concentration, a sensitivity of ~ 3.5 DAC-hr (for the
1700-mm° detector) or ~4 DAC-hr (for the 450-mm’ detector).

NOTE: For information on technical manuals, see Bibliography.

McFarland, Andrew R., Carlos A. Ortiz, and John C. Rodgers. 1989,
Performance Evaluation of Continuous Air Monitor (CAM)
Sampling Heads. Aerosol Technology Laboratory, Department of
Mechanical Engineering, Texas A&M University, College Station,
TX and Health Safety and Environmental Division, Los Alamos
National Laboratory.
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