Radiation Physics Division 43030C, 43040C, 43050C RPD-P-02

ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS
Purpose

The purpose of these procedures is to describe the setup, measurement, and
reporting procedures for alpha- and beta-particle radioactivity-measurements.
Included, are descriptions of measurements using the primary standards the NIST
2o proportional counter (small-area) and the NIST 2ra/p proportional counter
(large-area). Also included, are measurements using the primary standards in
conjunction with a passive implanted planar silicon detector (PIPS), or the NIST
table (external counter).

Scope

These procedures cover the alpha- and beta-particle-emission-rate measurements
for "thin" conductive solid alpha- and beta-particle emitting sources by means of the
small- and large-area proportional counters, mixed source spectroscopy using the
PIPS, and the emission-rate measurements of higher activity sources using the
external counter. Test number 43030C corresponds to emission rate calibrations of
alpha- and beta-particle-emitting radionuclides and activity calibrations of alpha-
particle-emitting radionuclides. Test number 43040C is for activity calibrations of
beta-particle-emitting radionuclides. Test number 43050C refers to calibrations of
mixed-alpha-particle-emitting sources. Circular sources with a diameter of up to 10
cm can be measured in the small-area 2ra counter. Sources with dimensions of 18
cm by 30 cm or smaller can be measured in the large-area 2ra/p. Small-circular
sources with a diameter of up to 5 cm can be measured in the PIPS. Sources with
dimensions of 18 cm by 30 cm can be measured on the NIST table. All sources
measured in the counters must have an electrically conducting surface layer so that
no accumulated charge is developed that can cause field distortion.

Definitions

Alpha-particle-emission-rate: the number of alpha particles emitted into 2z-geometry
per unit time. The measurement unit is s (counts per second or cps).

Activity: the number of nuclei that disintegrate per unit time. The measurement unit
is the becquerel (Bq).

Equipment

» Small-area 2ra proportional counter

* Large-area 2no/p proportional counter

* PIPS counter

* NIST table external counter

» Computers and MCA with data collection and reduction capabilities
» Compressed gas tank, attachments, and controls

* P-10 counting gas tanks, attachments, and controls
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ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS

* Associated electronic equipment including mini bins, voltage supply, pre-amplifiers
and amplifiers

Equipment Quality Control

The functioning of the instrumentation is checked by comparing the measurement
results for a standard reference source, corrected for decay and background, with
previous results for the same standard. The measurements on the standards are
recorded in the small-area Excel spreadsheet file “CheckSA”, for the large-area
spreadsheet file “CheckLA”, external counter spreadsheet “CheckNT”, and PIPS
spreadsheet “CheckSB” found in the “Excel Files” folder in the “Documents” folder
accessed on the investigator's computer and backed-up on an external drive.

Validation of Software

Validation of manual calculation of experimental results is performed by comparing
values found using data processing software. This is performed upon the initial
version and subsequent to any changes in the program. Results of validations are
recorded in the current alpha- and beta-test binder. This software is stored on
computers used exclusively for these procedures and by authorized personnel.

Health and Safety Precautions

Radiation Safety

Radiation safety training and assessment services are provided by the NIST
Radiation Safety Division (RSD). Rooms containing radioactive sources are kept
locked when not occupied and are accessible only to designated members of the
Radiation Physics Division and emergency response personnel. Sources are
handled by operators using gloves. Radiation signage is posted in the relevant
areas. Basic radiation monitoring and smear counting are handled in accordance
with standard RSD procedures.

Electrical Safety

All high voltages are encased in protective boxes and cannot be easily opened.
Procedures

Preliminary

» Customer contact: when customers request information prior to placing orders they
are given specifications for physical dimensions and activity limits, emphasizing that

submitted sources must be electrically conductive. Customers are directed to place
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ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS

their order on the E-commerce storefront, or to contact calibration service staff for
assistance in setting up a profile in the system. A copy of the purchasing
documentation is obtained for the test binder. The customer is provided the NIST
shipping address, including the assigned RS number and indicating RSD Building
245, Room H113 to ensure that RSD receives the package directly. They are also
instructed to wait until safety paperwork is approved before shipping.

* NIST paperwork and acceptance procedure- submit completed NIST 364,
“‘Radioactive Material Request,” for approval before notifying the customer to ship
the source(s). After receipt, the source(s) are cleared by RSD, the order is updated
in e-commerce to reflect the source(s) have arrived and measurements will begin
soon.

Source Receipt from RSD

* Review 364 to determine if any contamination was found on source and packaging
materials during RSD check-in.

* Inspection for damage - if damage such as broken seals has occurred, the
customer will be notified before proceeding with the calibration.

* Record identification information (including RSD-assigned radioactive source RS #)
on the log sheet.

* Test check measurements - perform measurement of the alpha- or beta-particle
emitting standard to ensure the system is operating correctly.

* E-commerce orders — record the order number assigned to the calibration. Note
dates of all steps completed including material received and returned on the log
sheet.

General Operational Procedures

The measurements are taken in the following order: standard reference source,
submitted source(s), and finally, background. Counting times are adjusted so that
10° counts are collected from each source, whenever possible. The functioning of
the instrument is checked by comparing the measurement results for the standard,
corrected for decay and background, with previous results. The spreadsheet
calculations, to be described in the Alpha and Beta Laboratory Procedures
document (ABLP), are cross-checked with computer software calculations. The data
is reduced and corrected, as described in the ABLP. The results are reviewed and
used to create calibration reports. The calibration report is checked, proof-read, and
signed. Copies of the report are made for the current alpha and beta test record
binder and sent to calibration services before an electronic version is made available
and/or the original is sent to the customer. Calibration results are stored both in
binders and in the computer; the binder storage and computer access are both
securely maintained. The dates that the calibration is performed and the report is
submitted to the customer are recorded in the test record binder with other pertinent
information.
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ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS
Calibration Procedures

Procedures for calibrations using four instruments are described in the ABLP: (1)
small-area, (2) large-area, (3) PIPS and (4) external counter.

At the completion of measurements, calculations, and corrections, results are
entered into a comparison spreadsheet. Results for sources that have been
calibrated in the past are compared to previous results, accounting for decay. The
difference should be less than 2 % or further investigation is necessary. Results for
sources that have not been previously calibrated are compared to manufacturers’
certified, or customer provided, values.

Determination of Uncertainties

The basis for the determination of uncertainties associated with alpha- and beta-
particle calibrations is Guidelines for Evaluating and Expressing the Uncertainty of
NIST Measurement Results (see reference #2).

Uncertainty components are given below. All uncertainties are Type B except for
counting statistics and background, which are Type A.

Significant Uncertainties

Counting statistics - this value was obtained from the standard deviation of replicate
measurements

Background — based on statistical estimate

Live-time — determined from systematic tests using a NIST live-time module (see
reference #6)

Extrapolation— estimated from largest possible variability in assumed extrapolation
functionality, geometry of the source will impact the method of extrapolation (see
reference #5)

Self-absorption and scattering from source and support - estimated from customer
stated source thickness and inaccuracies in back-scattering factors

Recognized Uncertainties
The following uncertainties are recognized but are not significant.
Counter geometry - the values were obtained from estimated mechanical accuracies

measurements made on the systems
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Extension and non-uniformity of the sources- this was derived from known limitations
in the accuracies of measurements because of source size

Scattering in/on detector — estimated from known parameters

Transmission through detector (no count) — based on comparisons with standards
using other direct measurement methods

References

1. The Standardization of Alpha-Particle Sources, L.L. Lucas. Proceedings of the
ASTM Conference of Effluent and Environmental Surveillance, July 9-14, 1978,
Johnson, Vermont, in ASTM Spec. Tech. Publ. 698, pp. 342-354 (1980).

2. Guidelines for Evaluating and Expressing the Uncertainty of NIST Measurement
Results, Barry N. Taylor and Chris Kuyatt. NIST Technical Note 1297, (1994).

3. Alpha-Particle Calibrations, J. M. Robin Hutchinson. N.B.S. Special Publication
250-5, U.S. Government Printing Office, Washington D.C. 20402-9325 (1987).

4. Counting Yields for Beta and Alpha Particle Sources, Martin Berger. NISTIR 6464,
(2000).

5. Large area alpha sources with a lip: Integral counting and spectral distortions,
King, L; Fitzgerald, R ; Tosh, RE. Applied Radiation and Isotopes. V134,
April 2018, pp.376-379 (2018).

6. Accurate Integral Counting using Multi-Channel Analyzers (MCAs), Fitzgerald, R.;
King, L., Applied Radiation and Isotopes. V159, May 2020 (2020)

Records

Customer log sheets include customer name and contact information, date received,
kind of source, source number and identification including RS and e-commerce
order numbers, date calibrated, and date returned to customer. Copies of the
shipping documentation, and RSD check in records are kept with the log sheet.

Alpha and beta test record binders include hard copies of calibration results,
customer calibration spreadsheets, certificates/reports, and the documents
described above. Electronic records include data processing spreadsheets with
spectra, copies of certificates/reports and spreadsheets used to compare standard
and customer calibration source measurement results, as well as a scanned copy of
the paperwork package kept in the binder.
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Alpha and Beta Laboratory procedures include the detailed step-by-step instructions
for the use of each of the four counters, the data collection and reduction file names
and file locations for these calibration files.

Filing and Retention

All paper copies of customer files are stored in the alpha- and beta-test binders kept
in building 245 room H220 or the investigators office (building 456 room B109-A). All
customer-related electronic files are stored on password-protected laboratory
computers (building 245 room H220), the investigator’'s computer (building 456 room
B109-A), or protected shared network drive. Each of the above computers is backed
up on an external drive maintained by the investigator.

Copies of the alpha and beta laboratory procedures are kept in the laboratory where
the equipment is used (building 245, room H220) and in the investigator’s office
(building 456, room B109-A).

The RPD Quality Manager shall maintain the original and past versions of this RPD
Procedure. See Guide RPD-G-01 for additional policies on Procedure maintenance.
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APPENDIX A

Table of Uncertainties

Factor Type A Type B
Uncertainty Uncertainty
(1o) percent (1o) percent
Counting statistics 0.04-2.10
Background 0.1

Live time 0.20-2.25

Extrapolation 0.20-5.20

Uncertainties Combined 0.11-2.10 0.28-5.70

in Quadrature

Expanded Uncertainty 0.60-12.20
(k = 2, an approximate
level of confidence of 95 %.)
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APPENDIX B

National Institute of Standards & Technology

REPORT OF CALIBRATION
fior

Company, Incorporated
123 Standards Drive
Towntown, State 03691

Radionuchide Lynolnmm-239
Source identification L5389
2x alpha-particle counting rate 2416 107510

Expanded uncertainty (k= 2) 1.2 percent @

Measurement date FE 514 (Reference time) 09 November 2020
Measuring instrument NIST 2za/p proportional counter &
Measurements Performed by
Lynne King, Physical Scienfist
For the Darector,

National Institute of Standards and Technology by

Bnan E. Zimmerman, Leader James M. Adams, Chief
Radioactivity Group Radiation Physies Division
Physical Measurement Laboratory Physical Measurement Laboratory

Gaithersburg, MD 20899 *Notes on back
Eeport Issued: November 2020

Service ID No.: 43030C

Order No.: 682.04/0-123457801-20
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ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS

(1) The 2x alpha-particle counting rate is the total oumber of alpha particles counted
(includng those scattered)) per second enutted mto a 2n-steradian geometry and 15
traceable to the NIST standard for the second Frive measurements are taken with a sum-
total of one million or more counts. The 25 alpha-parhicle counting specira are mtegrated,
reduced, background subtracted, and extrapolated to zero energy. The result is cormected
for dead-time and rounded to four sigmficant fignres. The data are reviewed for accuracy
by at least one other person farmbar with the method.

based on uniform NIST guidelnes and are compatible with those adopted by the prineipal
international metrology standardization bodies [ef , BN, Taylor and C E. Euyatt, NIST Technical
Note 1207 (19947].

The combmed standard uncertainty, u.= .62 percent, 15 the quadratic combmaton of the
standard deviations (or standard deviafions of the mean where appropriate), or approximations
theveof, for the followng component uncertainfies:
a) one standard deviation of the mean of five measurements .09 percent
b) pulse-height extrapolation 058 parcent
Difference in the extrapolated value between the estimate
point on the spectrum to that from the same speciral point
10 ZaTo Count rafe af 2ET0 ENeTEY

¢} lwve-tme comection 020 percent

Estimate of uncertainty in the live-time cormection determined
from systematic fests using a WIST live-time module

The expanded uncertamty, L= 1.2 percent, 15 obtained by multiplying u. by a coverage factor of
k=2 and 15 assumed to provide an uncertammty mierval of approsamately 95 percent confidence.

{3}  The functioning of the mstrument 15 checked by companng measurement results cormected for
decay and background, of the photonium standard AC-E171.

For further mformation. contact Brian Zivmerman at (301) 975-4338 or Lynne Eing at (301) 975-3544.

Order No.:682.04/ 0-123457891-20
Source Identification: L5389
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National Institute of Standards & Technology

REPORT OF CALIBRATION
for

Company, Incorporated
123 Standards Drive
Towntown, State 03691

Radionuchde Einetium-99

Source identification LE201
2x beta-particle counting rate 4644 x 10777 A0
Expanded uncertainty (k= 2) 2.6 percent &
Measurement date FEK514 (Reference time) 03 November 2020
Measuring instrument NIST 2xa/p proportional counter &
Measurements Performed by
Lynne King, Physical Scientist
For the Director,
National Institute of Standards and Technology by
Bnan E. Zimmerman, Leader James M. Adams, Chief
Radicactivity Group Fadiation Physics Division
Physical Measurement Laboratory Physical Measurement T aboratory
Gaithersburg, MD 20899 *Notes on back
Eeport Issued: November 2020
Service ID No.: 43030C
Order No.: 682.04/0-123457891-20
Page 1l of 2
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[1}] The 2 beta-particle counting rate is the total number of beta particles counted (meluding
those scatterad) per second envtted mto a 2n-steradian peometry and 15 traceable o the
NIST standard for the second. Frive measurements are taken with a sum-total of one
mullion or more counts. The 2x beta-particle counting specira are mtegrated reduced,
background subtracted, and extrapolated to zero energy. The result 1s comected for dead-
time and rounded to four sizmficant fizures. The data are reviewed for accuracy by at

based on uniform NIST guidelnes and are compatible with those adopted by the principal
international metrology standardization bodies [ef | BN. Taylor and C E. Exyatt, NIST Technical
Note 1207 (1994].

The combmed standard uncertamty, n.= 1.32 percent, 1s the quadratic combmation of the
standard deviations (or standard deviations of the mean where appropnate), or approxamations
therecf, for the following component uncertainfies:
a) one standard deviation of the mean of five measurements .05 percent
b) pulse-height extrapolabon 1.30 percent
Difference in the extrapolated valoe between the estimate
point on the spectrum to that from the same spectral point
10 ZEr0 COUNE [afe af DET0 ENeTEY

¢} lve-time comection 0.2 percent

Estimate of uncertainty in the live-time cormection determined
from systematic fests using a MIST live-time module

The expanded uncertamnty, L'= 2.6 percent, 15 obtained by multiplying u. by a coverage factor of
k=2 and 15 assumed to provide an uncertamty mterval of approxmmately 95 percent confidence.

(1)  The functioning of the mstnmment, which 15 a2 primary standard, 1= checked by companng
mieasurement results corrected for decay and background, of the phitonium standard DT178.

For further mformation contzet Brian Zimmerman at (301) 9754338 or Lynne King af (301} 975-5544.

Order Mo.-682.04/0-123457892-20
Source Identification: LES01
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National Institute of Standards & Technology

REPORT OF CALIBRATION
for

Company, Incorporated
123 Standards Drive
Towntown, State 03691

Fadicnuchde Lynolium-230
Source identification LQ-119
Activity 9751 x 10' Bq ™"
Expanded uncertainty (k= 2) 2.1 percent @
Measurement date FE514 (Reference time) 31 July 2020
Measuring instrument NIST 2aa/p proportional counter &
Measurements Performed by
Lynne King, Physical Scientist
For the Darector,
National Institute of Standards and Techmology by
Bnan E. Zimmerman Leader James M. Adams, Chief
Badicactivity Group Radiation Physics Division
Physical Measurement Laboratory Physical Measurement Laboratory
Gaithersburg, MD 20899 *Notes on back
Report Issued: November 2020
Service ID No.: 43030C
Order No.: 682.04/0-123457893-20
Page l of 2
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NOTES

(1) The activity 15 the total number of alpha parficles counted (mcluding those scattered) per
second emitted mto a 2x-steradian geometry divided by the efficiency 0.51 and 15
traceable to the NIST standard for the second . Frve measurements are taken with a sum-
total of one milhon or more counts. The 2x alpha-particle counting spectra are infegrated,
reduced, background subtracted. and extrapolated to zero energy. The result is comected
for dead-tme and rounded to four agmficant figures. The data are reviewed for accuracy
by at laast one other person farmbiar with the method.

based on uwmiform NIST goidelnes and are compatible with those adopted by the proneipal
internafional metrology standardization bodies [of , B M. Tayvlor and C E. Enyatt, NIST Techmical
Note 1207 (19943].

The combmed standard uncertainty, u.= 1. 10 percent. 1= the quadratic combmation of the
standard deviatons {or standard deviahons of the mean where appropriate)), or approsamations
thereof, for the following component incertainties:

a) one standard deviation of the mean of five measurements .13 percent
b} pulse-height extrapolation 0.25 percent
Difference in the extrapolated valoe between the estimate
point on the spectrum fo that fiom the same speciral point
10 ZETO COUNE TAlE At ZET0 ENETEY
¢} lhwve-hme correction 0.20 percent
Estimate of uncertzinty in the live-time commection determined
from systematic tests using a MIST live-time module

d) efficiency 1.0 percent
The expanded uncertainty, L= 1.2 percent, 1s obtained by multiplying u. by a coverage factor of
k=12 and 15 assumed to provide an uncertamty mterval of approxamately 95 percent confidence.

(3}  The funchoning of the mstnmment 1s checked by companng measurement results commected for
decay and backsround, of the phitonium standard AC-8171.

For firther mformation, contzet Bnan Zimmenman at (301) 9754338 or Lynne Eing at (301) 975-5544.
Order Mo.-682 04/ 0-123457893-20

Source Identification: LQ-119
Page 2 of 2
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g’
A ] . .
- "g% : National Institute of Standards & Technology
";‘-'.l:ns o f
REPORT OF CALIBRATION
for
Company, Incorporated
123 Standards Drive
Towntown, State 03691
Eadionuchide Lynolium-238
Source identification FI538
27 alpha-particle counting rate 1455 x 107 g1 0
Expanded uncertainty (k= 2) 43 percent @
Measurement date FEK 514 (Reference time) 30 July 2019
Measunng instroment NIST 2ao/p proportional counter &

and “external” 5i coumnter

Measurements Performed by
Lymne King_ Physical Scientist
For the Director,
National Institute of Standards and Technology by

Bnan E. Zimmerman, Leader James M. Adams, Chief

Radicactivity Group Radiation Physics Division
Fhrysical Measurement Laboratory Physzical Measurement Taboratory
' MD 20899 *Notes on back
Report Issued: August 2019

Service ID No_: 43030C
Order No.: O-123457890

Page 1 of 2

Version Date Author Approval Pages Filename

6.50 6/29/2021 LEK JMA 14 of 19 Procedure02v650



Radiation Physics Division 43030C, 43040C, 43050C RPD-P-02

ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS

NOTES

(1) The 2x alpha-particle counting rate 1s the total mumber of alpha particles counted
(includmg those scattered) per second emitted mio a 2n-steradian peometry and 15
traceable to the NIST standard for the second. Frve measurements are taken with a sum-
total of one mullion or mom counts. The 2n beta-parficle counting spectra are mtegrated,
reduced, background subtracted, and extrapolated to zero energy. The result 1= comected
for dead-tme and rounded to four ngmficant figures. The data are reviewed for accuracy
by at least one other person farmbar with the method.

Due to the high sctivity of FI538, the 2x alphs-particle counting rate, was determined by nsing an
“external” counter to measure the ratio of the count rate for FEZ538 to that of a lower-activity
source (FE514), then scaling that ratio by the measured 2 alphs-particle counting rate of FE514.
The “external” measurements were averaged over the same 5 positions on each source.

based on wmiform NIST guidelnes and are compatible with those adopted by the principal
international metrology standardization bodies [of | B M. Taylor and C E. Exyatt, NIST Technical
Note 1207 (19943).

The combmed standard uncertainty, u-= 2.13 percent, is the quadratic combmation of the
standard deviations (or standard deviations of the mean where appropriate), or approximations
theveof, for the followmg component uncertainties:

3} measurement vanability 1.80 percent

Combinations in quadratre of the standard deviations of the

mean for: Ix alpha-particle counting rate of FE514 (0.04 %, I=5),
“pxternal” counting rate averaged over 5 positions (each an average
of 3 repeat messorements) fior FE538 (1.19 %, N=5) and

FE514 (1.35 %, N=5)

b) pulse-height extrapolaton 1.08 percent
Difference in the extrapolated valoe between the estimate
point on the spectrum o that from the same speciral point
10 ZTEro Count rate 8t ZeTo EnerEy

¢} lLve-time correction of valoe for F1514 0.38 percent

Estimate of uncertainty in the live-time comection determined
from systematic tests using a MIST live-time module

The expanded uncertaimnty, [7=4.3 percent, 15 obtained by multiplying w. by a coverage factor of
k=2 and 15 assumed to provide an uncertamty mierval of approsomately 95 percent confidence.

(3)  The functioning of the mstrument 15 checked by comparing measurement results comected for
decay and background, of the phatonium standard AC-8171.

For firther mformation, contact Brian Zimmenman at (301} 9754338 or Lynne Eing at (301) 975-5544.
Crrder Mo.: 0-123437800

Source Identification: F1538
Page 2 of 2

Version Date Author Approval Pages Filename

6.50 6/29/2021 LEK JMA 15 of 19 Procedure02v650



Radiation Physics Division 43030C, 43040C, 43050C RPD-P-02

ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS

w‘.u’-
A
- % :National Institute of Standards & Technology
%Q: A

Torug of

REPORT OF CALIBRATION
for

Company, Incorporated
123 Standards Drive
Towntown, State 03691

Radiomuclide EKinetium-20
Source identification LE406
2% beta-particle counting rate 4,644 x 107 g1 OF
Expanded uncertainty (k= 2) 1.5 percent @
Measurement date FE514 (Reference time) 15 March 2020
Measuring instrument NIST 2no/p proportional counter &
Measurements Performed by
Lynne King, Physical Scientist
For the Director,
National Institute of Standards and Technology by
Bnan E. Zimmemman_ Leader James M. Adams, Chief
Radicactivity Group Radiation Physics Division
Phryzical Measurement Laboratory Physical Measurement Laboratory
Gaithersburg, MD 20899 *Notes on back
Report Issued: Apml 2020
Service ID No.: 43040C
Order No.: 682.04/0-123457894-20
Page 1 of 2
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NOTES

(1) The 2x beta-particle counting rate 15 the total number of beta particles counted (including
those scattered) per second emitted mto a 2x-steradian geometry and is traceable to the
MIST standard for the second. Frve measurements are taken with a sum-total of one
millon or more counts. The 2x beta-particle counting spectra are mtegrated reduced,
backsround subtracted, and exfrapolated to zero energy. The resulf 15 comected for dead-
time and rounded to four sigrmficant figures. The actvity was calculated using the
counting vield from M.J. Berger, NISTIR&464, Counting Yields for Beat and Alpha
Sources (2000), supplemental-unpublished data, and infoemation supphied by the
manufaciurer. North Amenican Scientific states that Einetnm-90 15 dispensed
gravimetrically onto alumimum and covered with 0.9 mz/em® almmimized mylar. The
caleulated activity for Kinetium-90 was 3.161 x 10° Bg on 15 March 2020 using an
average depth of 0 pm_ The data are reviewed for accuracy by at least one other person
famihiar with the method.

) The uncertamty analy=is methodology and nomenclature nsed for the reported uncertambes are
based on uniform NIST guidelnes and are compatible with those adopted by the princrpal
international metrology standardization bodies [ef, BN, Taylor and C .E. Exyatt, NIST Technical
Note 1207 (1994]].

The combmed standard uncertamty, w.= 0.75 percent, 15 the quadrefic combmation of the
standard deviations {or standard deviations of the mean where appropriate), or approcamations
thereof, for the followms component uncertainties:

a) one standard deviation of the mean of five measurements .16 percent
b) pulse-height exirapolation 0.70 percent
Difference in the exirapolated valoe between the estimate
point on the spectrum to that fiom the same speciral point
to Zero count rafe af ZETD EDBTEY

¢} lve-time comection 10.20 percent

Estimate of uncertainty in the live-time comection determined
from systematic tests nsing a MIST Live-time modula

The expanded uncertainty, L= 1.5 percent. 15 obtained by multiplying w. by a coverage factor of
k=2 and 15 assumed to provide an uncertamty mterval of approxamately 95 percent confidence.

(3}  The functioning of the mstrnmment, which 15 a primary standard. 15 checked by companng
mezsurement results comrected for decay and background, of the plotonium standard DT178.

For firther mformation, contact Brian Zimmerman at (301) 9754338 or Lynne Eing at (301) 975-53544.
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Radiation Physics Division 43030C, 43040C, 43050C RPD-P-02

ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS
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Activity 6282 x 10° Bgq ™"
Expanded uncertainty (k= 2) 2.5 percent @
Meamrament date (Feference time) 12 March 2020
Measurng instroment NIST 2ma/p proportional counter ) and a passive
implanted planar silicon (PIPS) detector
Measurements Performed by
Lynne King, Physical Scientist
For the Director,
National Institnte of Standards and Technology by
Bnan E. Zimmerman, Leader James M. Adams, Chief
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Physical Measurement Laboratory Physical Measurement Laboratory
MD 20899 *Notes on back
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Radiation Physics Division 43030C, 43040C, 43050C RPD-P-02

ALPHA- AND BETA-PARTICLE-EMITTING SOLID SOURCE CALIBRATIONS

NOTES

(1) The activity 15 the total number of alpha parficles counted (meluding those scattered) per
second emitted nto 3 2-steradian geometry divided by the efficiency 0.51 and 15
traceable to the NIST standard for the second. Frve measurements are taken with a sum-
totzl of one million or more counts. The 2 alpha-particle counting spectra are integrated
raduced, background subtracted. and extrapolated to zevo ensrgy. The resalt 1= comrected
for dead-tme and rounded to four sigmficant fisnres. The data are reviewed for acewracy
by at least one other person farmhar with the method.

based on wniform NIST gmdelnes and are compatible with those adopted by the pnneipal
internafional metrology standardization bodies [ef , B, Tavlor and C.E. Ewvatt, NIST Techmnical
Nozz 1207 (1994)].

The combmed standard uncertainty, u.= 1.24 percent, is the quadratic combination of the
standard deviations {or standard deviafions of the mean where appropriate), or approsamations
thereof, for the followmg component uncertainhes:
a) ope standard deviation of the mean of five measurements .10 percent
b) pulse-height extrapolation 0.70 parcent
Difference in the extrapolated valne between the estimate
point on the spectrum #o that from the same spectral point
o ZeTo count rafe at ZeTo enesgy
¢) live-time comection 10.20 percent
Estimate of uncertzinty in the live-time correction determined
from systematic tests using a MIST live-time module
d) efficency 1.0 percent
The expanded uncertainty, I7= 2.5 percent, 15 obtained by multiplyving u. by a coverage factor of
k=2 and 15 assumed to provide an uncerfamnty mierval of approxomately 95 percent confidence.

(3}  The reported uncertamties mn the relative actvites are expanded uncertammtbies (=2} and are
computed as above, from the following:
1) estimated standard deviation doe o counfing statistics
Min .22 parcent
R 1 .24 parcent
b) estimated standard deviation for variations in the fiting function 0.5 percent

) uncertainties due to background 0.1 percent

{4y  The functioning of the mstnmment 1s checked by comparing measurement results cormected for
decay and background, of the plotonium standard AC-8171.

For firther mfoemation, contzct Brian Zimmerman at (301) 9754338 or Lynne Eing at (301) 975-3544.
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