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1. INTRODUCTION

During the period August through November 1982, calibration tests were
performed on the RD-72 detector.

Xenon 133 and krypton 85 radiocactive gases were purchased from Isotope
Products Laboratories., After the prototype detector sample chambers were
filled to atmospheric pressure, the Xe-133 lecture bottle was sent to the

National Bureau of Standards (NBS) for verification of calibration (see
Appendix {or certificates of calibration).

A number of solid uncalibrated beta and gamma sources were used to
obtain counting efficiencies from individual detectors. A number of detec-
tors obtained from production stock were evaluated using Ba-133 and Cs-137
sclid gamma sources, Cl-36 and Kr-85 solid beta sources, and the calibrated
Xe-133 and Kr-85 gases.

Calibrated beta, oceta-gamma, and gamma sources were procured from
Isotopes Products Inc. for performing energy-response tests with a number of
detectors. (See Appendix for certificates of calibration.,) A linearity

test was performed on one detector to show response for the full 6-decade
range of the detector.



2. DETECTOR DESCRIPTION

The RD-72 is a dual-range beta-gamma sensitive gas detector assembly,
consisting of two sample chambers (apyroximately 0.02 cc and 30 cec active
volume), coupled directly to solid-state CdTe(Cl) detectors. These detec-
tors are connected directly to individual }’:harge-sensitive preamplifiers and
assembled inside a 6-in.-thick lead background shield.



3. SETUP AND PROCEDURE

A number of detectors were obtained for testing from production stock.
Each detector was evaluated for response to calibrated noble gases Xe-133
and Kr-85 and a number of solid beta and gamma sources, Each detector was
aligned for gross counting with a 60 keV threshold. A Canberra model 30
multichannel analyzer was used to obtain the data, (See Fig. 1 for test
setup.)

Solid Ba-133 and Cs-137 gamma sources were used for the detector
alignment. The initial alignment was performed using 80 keV gamma and Cs
X-ray photopeaks from the Ba-133 source. The alignment was verified by
observing the Ba-133 356 keV gamma and the Cs-137 662 keV gamma photopeaks.

Counting efficiencies for each detector were obtaihed from the proto-
type RD-72 sample chambers, The chambers were evacuated to less than one
millimeter of mercury absolute pressure, then backfilled to atmospheric
pressure with a calibrated Xe-133 or Kr-85 gas sample. The chambers and
detectors were installed in the prototype RD-72 lead shield when obtaining
the countrates, A fixture was used for locating the solid sources in a

repeatable counting geometry.

The CdTe(Cl) crystals are approximately 2 mm x 2 mm x S mm in size.
Because of manufacturing tolerances when cutting the crystals to size and
when assembling the unit, each detector has a specific counting efficiency
for beta and gamma radiations. A relationship was obtained between the
gaseous sources and the solid sources. A solid Kr-85 source was selected to
relate beta response to radioactive gases., A solid Ba-133 source was
selected to relate gamma response to radiocactive gases, Ba-133 has the same
Cs X-rays as Xe-133 and an 80 keV gamma as compared to Xe-133 with an 81 keV
gamma. The ratios of the solid Kr-85 beta source to the gaseous Kr-85 varied
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by less than +6% from the mean value for all the detectors tested. The
ratios of the solid Ba-133 gamma source to the gaseous Xe-133 varied by +12%

from the mean value for all the detectors tested. The test results are
given in Table 1.

TABLE 1
DETECTOR RESPONSE TO GASEOUS AND SOLID TEST SOURCES

Response to Xe-133 Gas

Mid-range chamber

3,~1

i -
+29% spread from a mean of 1.42 x 10 cpm (microcuries/cm”)

High-range chamber
+30% spread from a mean of 49.4 cpm (microcuries/cmd) ™)
Ratio of responses, mid versus high chambers

+8.5% spread from a mean of 294

Response to Kr-85 Gas

Mid-range chamber

+40% spread from a mean of 1.51 x 10n cpm (microcuries/cm

High-range chamber
-1
+36% spread from a mean of 58.9 cpm (microcuries/cm3)
Ratio of responses, mid versus high chambers

+5.7% spread from a mean of 252

Responses to Solid Sources

Kr-85 (source S/N KR85-109) on 9-1-82
+41% spread from a mean of 35618 cpm

Ba-133 (source S/N BA81-001) on 9-1-82
+26% spread from a mean of 14550 cpm




TABLE 1 (continued)

Pesponses of Solid Sources Versus Gaseous Sources

Mid-Range Chamber

Xe-133 gas versus Ba-133 solid source (BA81-001)
+#12% spread from the mean

Kr-85 gas versus Kr-85 solid source (KR85-109)
+2.8% spread from the mean

High Range Chamber

Xe-133 gas versus Ba-133 solid source (BA81-001)
+12% spread from the mean
Kr-85 gas versus Kr-85 solid source (KR85-109)

+5.9% spread from the mean




4., DETECTOR CORRECTION FACTORS

Since there is a definite relationship between the solid Ba-133 source
and Xe-133 gas and between the sclid Kr-85 source and Kr-85 gas, these snlid
sources can be used to obtain correction factors for the individual detec-
tors. After a detector is aligned for gross counting with a 60 keV thresh-

Beta correctioa factor (ch)

R cpm net Kr-85 source
Fb mean cpm Kr-85 source X CT
1/2

Gamma correction factor (CFq)

cpm net Ba-133 source

ch ® ‘Tmean cpm Ba-133 source x CT

1/2

where net cpm for the Kr-85 and Ba-133 source response is obtained from the

transfer calibration procedure 0360-9010 for each detector.

)
1/2

Half life correction (CT
t/T

c s 0.5

|
\
|
old, a beta and gamma correction factor can be calculated as follows:
1/2

where t = time in years since 9-1-82

T1/2 = 10,4 vears for Ba-133

|
= 10,73 years for Kr-85 ‘
|




The correction factors are now

gl (cpm KR85-109)
ans E \
3.56 x 10“ X O.S(t' w0

for beta counting

(cpmnBA81-O%%}1J Ty for gamma counting
1.45 x 10 x 0.5 4

Cr

Half life corrected values for the Ba and Kr sources can be obtained from
the graph in Fig. 2.
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Fig. 2. Half life correction




5. ENERGY RESPONSE CURVE

The energy response curve can be useful when calculating a counting
efficiency for an expected source term., The source term of interest has to
contain the following information when calculating an expected detector
response,

1. Isotopes of interest and their intensities (the sum of the indi-

vidual intensities is equal to one)

2. Each beta and gamma with its energy in MeV and number produced per
disintegration.

Beta and gamma responses can now be obtzined from the Energy Response
Curve (see Figs. 3 and 4). This response in cpu/(microcuries/cm3) (assuming
one gamma or beta per disintegration) must be corrected for the intensities
of the isotope and the number of betas or gammas produced per disintegra-
tion. The sums of all the corrected beta responses ani all the corrected
gamma responses must be multiplied by the individual detector's beta or
gamma correction factor. These correction factors are obtained from Section
4 of this report. The sum of the detector's gamma and beta responses is the
detector's expected response in cpm/(microcuries/cm3) for the source term of

interest,

The reciprocal of the detector response is the detector conversion
3

)/epm. This conversion factor, when factored into

3

factor (microcuries/em

the RM-80 data base, can provide a microcurie/cm” equivalent for a known

source term.

The shape of the energy response curves was obtained from solid beta

and gamma sources in a fixture simulating the actual detector sample chamber

10

7

C



geometry. The sources used are listed in Table 2, After the shapes of the
curves were established, they were superimposed over the actual responses
for Kr-85 and Xe-133 to produce the curves shown in Figs. 3 and 4. The beta
response at 2.25 MeV is recommended as the response for higher beta end
point energies. This is a conservative recommendation. The gamma response
at 1.25 MeV (Co-60) was extrapolated out to 4.0 MeV based on the energy
absorption attenuation ccefficients for Cd and Te.

Sample calculations for a source term response are shown in Table 3.
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TABLE 2 g
SOLID SOURCES USED FOR ENERGY RESPONSE CURVES

Major Energy Intensities
Isotope Radiations (MeV) (%)
Cd-109 gamma 0.088 5
Ce-139 gamma 0.165 80
Cr-51 gamma 0.320 9
Cs-137 gamma 0.662 85
beta 0.514 93
beta 1.176 7
Co-60 gamma 1.173 100
.5z VW 100
beta 0.314 99+
Te-99 beta 0.292 100
Cl-36 beta 0.714 100
Sr-90/Y-90  beta 0.546 100 (

beta 2.27 100




TABLE 3
EXAMPLE FOR CALCULATING DETECTOR RESPONSE FOR
AN EXPECTED WYPOTHETICAL SOURCE TERM FOR HIGH RANGE DETECTOR

HIGH RANGE DETECTOR C'(.) (DETECTOR CORRECTION FACTORS) = 3§ = 1,12

y = 0.98
Source: Term Radiations Produced [ T cpm
' uCi/ee uCi/ee Expected
' Inten- Energy [ No. per froa DxEor | Yield
. sity MeV jor vy s Graph Actual AxFx CI
Isotope Activity
(€1) A B I € D £ F G
fe-133 2.1 x10® | 0.39 N/A 9.4 18.9
Actual response obtained from
calidbration report
-
Xe-135  2.08 x 10° | 0.37  0.25 ‘ 0.9 | sa 9.1 17.8
0.61 | Y 0.03 | 22 0.7 0.2
0.92 ] 1.00 L 103 103 42.7
xr-88 | 1.22 310  0.22 0.166 v 0.07 110 7.7 1.9
0.191 ¥ | 0.35 90 31.5 7.8
: 0.36 Y [ 0.08 29 1.5 0.4
' i 0.3% Y | .23 | 1.5 4.2 1.0
k | i 1,58 1 | 0.14 17.5 4.9 1.0
5 | | 2.19 Y 0.18 15.5 2.8 0.7
. ' | 2.8 y | 0.35 15 5.2 1.3
! L 0.54 ] | 0.87 &0 26.3 6.6
| | 0.70 L] 0.09 65 5.9 1.5
1.19 3 0.02 172 3.4 0.8
1.88 E) | 0.02 378 7.5 1.8
2.90 8 | 0.17 a0 T4.8 18.4
Xe-1334 | 5.2 x 10° /A
<0.01 Less than 13 of Source Teram
Total Expectad Yisld for Source Term cpe (uCi/ce)”' 109
“’louu
C' Obtained frum transfer calidration procedure (GA document
0366-3010), Used typical values of 1,12 for beta and 0.98 for
gamma.
A Calculated from source tera
8,C and D Obtained from table of isotopes
£ Obtained from grapan in Fig. & of WD=72 Calibration Repc-t
F D times E or from Table ! of RD-72 Calidbration Report
G A times F times C

F

15



6. LINEARITY TEST
6.1. OBJECTIVE

The objective is to show responze of the detection system for count
rate versus activity strength,

6.2. METHOD

A monoenergetic radioactive nuclide, 10 mCi cesium 137, was placed at a
fixed distance from the detector, Lead attenuators of cimilar thickness,
1/4 in, (approximately one-half-value layer thickness), were inserted one at
a time between the detector and the source, Countrate readings taken before
and after adding each attenuator were compared ard re percentages of (:
countrate changes were calculated, The tests were repeated to cover the
operating range of the detection system for the decade above background (102
to 103 cpm) through the last decade of response (106 to 107 epm). See Fig.

5 for test setup and Table 4 for test data.
6.3. RESULTS

The actual change in countrate within the operating range of the
detector from the decade above background (102 to 103 epm) through the last
decade (106 to i07 cpm) was found to be between 48% and 54% for one 1/U-in,
thick lead attenuator. The change varied +3% from a mean of 51%. There-
fore, it can be concluded that the detection system is linear within +3%
when actual countrate is compared with activity strength for the operating

range of one decade above background to the uppermost decade,

16



LEAD ATTENUATORS

CdTe (C1) DETECTOR ASSEMBLY -
s I 10 mCi Cs-137
POINT SOURCE

DISTANCE KEPT
je-————— CONSTANT FOR ——————{

EACH SETUP EL-3739

Fig. 5. Setup for linearity test
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TABLE 4

LINEARITY TEST DATA'®)

No. of Countrate r
atten- attenuation
uators cpm (%)
Setup 1 1512613 52
1 2 784432
1 560576
51
Setup 2 285194
2 50
3 143968
50
Yy 71354 Mean
atten-
uation
1 326948 in
45 countrate
2 1591u6 =
50 51% (
Setup 3 79874
3 49
y 38824
50
= 19501
50
6 9843
1 6645
50
2 3337
52
3 1750
48
Setup y 8uu
4 54 |
5 458
49
6 223
(a)

The ahove data are from General Atomic Laboratory Notebook
7416, pp. 81 and 82.




A.

D.

Radioactive Gases

Xe-

133 #1.9%

Kr-85 +20%

(HQ

.92 + (20%)

2]1/2

7.

ACCURACY

+20.1%

Solid Sources for Energy Response Curves =  +7.3%

Counting Error (All counts were >3000)

+1.8%

Spread, Solid Sources to Gaseous Sources

Beta <5.9%
Gamma 12%

((5.9)2 + (12)

Overall

Accuracy

WVAE!

+B4cC2 e

2]1/2

2

+25.3%
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8. BACKGROUND

The RD-72 detector assembly was scanned with a 5 mCi Co-60 point source
producing a gamma flux of approximately 29 mR/hr. This gamma flux produced
approximately one count-per-minute increase over the ambient background.

The ambient background was 3 counts in a 10-min counting period.

The above data is recorded in General Atomic notebook No. 8185 on pages
130, 131, and 135.
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CERTIFICATE CF
RADICACTIVITY CALISAATION

Isotope: (e- /39 Haif-Life: /322 0.02 d
Source No.: I2o€+-2

Was assayed as containing: 9‘.03/.6‘(

As of: 1H-1-52

METHOD OF CALIBRATION:

( \/) The source was assayed on a 3" x 3” Nal (Tl) crystal in conjunction with a
single-channel analyzer, using the vs¢39 MeV peak (a value of <. 799¢
gamma rays per decay was used in the calculations), against * standard
No. , in the same geometrical arrangement. * oA/ «phiveay cuve

( ) The source was assayed in a windowless internal proportional counter
against standard No.
( ) The source was assayed by alpha spectrometry on a surface barrier
detector in ccnjunction with a single-channel analyzer, against
standard No. in the same geometrical arrangement

( ) The source was prepared from a weiahed aliquot of a sciction whose
activity in uCi/gm was determined by the method indicated above.

ERROR CALACULATION:

a) §ys:emauc errors (SE) b) Randon errors (RE)
1. Accuracy of the standard: = 3ot 1. Precision of source count, e,:
3 2. Precision of stancdard count, e_:

3. Error due to background, e,:

c) Total Error - - -
RE:\/ e + e, ey= t L3,

TE=SE + RE =+ 4.3

IPL participates in a NBS measurement assurance programto establish and maintain
implicit traceability for a number of nuclides, based on the blinc assay (and later NBS
certification) of Standard Reference Materials.

NOTES
(V) The error given is calculated at the 9 % confidence level.
( ) This calibration is irectly/indirectly based on NBS Stancard Reference

Material No.

/ -

! ol
arlos A. Henkel
S Quality Assutance
ISOTOPE PRODUCTS LABORATORIES
1800 No Keystone St Burdank Caiforma 91304




CERTIFICATE OF
RADICACTIVITY CALIZRATICHN

Isotope: (d~129 Half-Life: ¥&4 2 1 o
Source No.: looky - !

Was assayed as containing: /16 /‘a-
Asof: /=1-8%

METHOD OF CALIBRATION:

( ) The source was assayed on a 3" x 3” Nal (T} crystal in conjunction with a
single-channel analyzer, using the v.v€% MeV peak (a value of PREREE
gamma rays per decay was used in the calculations), against wI’ standard
No. 9454 | in the same geometrical arrangement.

( ) The source was assayed in a windowless internal proportional counter
against standard No.

{ ) The source was assayed by alpha spectrometry on a surface barrier
detector in conjunction with a single-channel analyzer, against

standarc No. in the same geometrical arrangement.
( ) The source was preparvd frcm a weigied aliquot of a selution wnuse

activity in uCi/gm was determined by the method indicated above.

ERROR CALACULATION:

a) §ystemanc errors (Sc) b) Randon errors (RE)
1. Accuracy of the standard: + ¥. 5% 1. Precision of source count, e,
2. 2. Precision of standard count, e,
3. Error due to background, e,:
c) Total Error % - - .
TE:SE+RE=:§.7’/¢ RE:\[# e,+ e,* e;= ¢ 1.2%

IPL participates in a NBS measurement assurance program to establish and maintain
implicit traceability for a number of nuclides, based on the blind assay (and later NBS
certification) of Standard Reference Materials.

NOTES

( v) The error given is calculated at the 99 % confidence level.

§ ) This calibration is deectty/indirectly based on NBS Standard Reference

Material No. 1500~/
o fpf(aw-/

garlos A Henkel
vality Assurance

ISOTOPE PRODUCTS LABORATORIES

1800 No Keystann St Buroank, Calormia 91504




CERTIFICATE OF
RADEOACT!V!T‘.’ CALZBT?.ATBON

Isotope: Cr-S) Half-Life: 27,204 2 0 cod d
Source No.: 10064 -3

Was assayed as containing: /25 /.&

As of: /1= K-FL & Naow

METHOD OF CALISRATION:

(v) The source was assayed on a 3" x 3" Nal (T!) crystal in conjunction with a
single-channel analyzer, using the ¢.%2o MeV peak (a value of o0.on¢}
gamma rays per decay was used in the calculations), against * standard
No. , in the same geometrical arrangement. = ae.yy /e fneiémy Car

( ) The source was assayed in a windowless internal proportional counter
against standard No.
( ) The source was assayed by alpha spectrometry on a surface barrier

detector in conjunction with a single-channel analyzer, against
standard No. in the same geometrical arrangement.

( ) The sovuice was prepared from a weighed aliquot of a soiution wnose
activity in uCi/gm was determined by the method indicated above.

RROR CALACULATION:

a) Systematic errors (SE) o b) Randon errors (RE)
1. Accuracy of the standard: ¢+ J.0% 1. Precision of source count, e.:
2. 2. Precision of standard count, e :

3. Error due to background, e,:

¢) Total Error A -
TE=SE + RE = ¢ ‘4.1-4/. RE:\/ e+ e:+ e;-.- + L9/,

IPL participates in a NBS measurement assurance program to establish and maintain

implicit traceability for a numeer of nuclides. based on the blind assay (and la.er NBS
certification) of Standard Reference Materials.

NOTES

( V) The error given is calculated at the 99 o confidence level.

(v ) This calibration is deseetty/indirectly based on NBS Standard Reference

Matenal No. 394
""’" ‘\ (ch (-lu_-
gah )8 A, Fankel
\ J vality Assurance
\

ISOTOPE PRODUCTS LABORATORIES

1800 No Keystone St Burtana Callormia ¢1504




U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

WASHINGTON, D.C. 20034

REPORT CF TEST

General Atomics
San Diego, California

Radionuclide

Source description

Gas composition

Activity

Reference time
Random uncertainty
Systematic uncertainty

Total uncertainty
(Randzm plus systematic)

Photon-emitting impurities
(Activity ratios at reference time)

Half life

Measuring instrument

Washington, D.C. 20234
August 20, 1982
P.0. #806253

Xenon-133

Gas in a Lecture Bottle
provided by General Atomics

Xenon-133 and nitrogen

1.29 x 109 Bq mol-! (s-lmo1-1l)

5.28 x 10% Bq (cm3)-1 at STP (0°C, 1 a°

1200 EST August 16, 1982
0.13 percent (1)
1.75 percent (2) (

1.88 percent
131mye/133xe: 0.021 # 0.001 (3)

5.245 & 0,006 days (4)

NBS pressurized "4-"7 ionization
chamber A calibrated by internal
gas-proportional counting

For the Director,

N . {
ik ) e b
L i
Dale D, Hoppes, Group Leader
Radioactivity Group
Center for Radiation Research

*Notes on following page <E;



FOOTNOTES

(1) Half the 99-percent confidence interval of the mean (2.640 times the standard

error computed from 89 ionization-chamber measurements).

(2) Linear sum of estimated uncertainty limits due to:

a) calitration of pressurized "4v"v jonization chamber A, which is the

linear sum of the estimated uncertainty limits due to:

X 1) half the 99-percent confidence interval of
the weighted mean of three series of gas-
counting measurements

2) extrapolation of the gas-counting data

3) half the 99-percent confidence interval of
the mean of three series of ionization-
chamber measurements

4) radium-226 reference sources ratios

(: b) gram mole measurement

0.66 percent

0.22 percent

0.01 percent
0.36 percent

0.50 percent

(3) Limits of decection as a percentage of the gamma-ray-emission rate of the

81-keV gamma rays emitted in the de .ay of xenon-133 are

0.1 percent between 37 keV and 76 keV
0.01 percent between 86 keV and 1900 keV,

provided that impurity photons are separated in energy by 5 keV or more from

photons emitted in the decay of xenon-133.

(4) NCRP Report No. 58, 1978, p. 387.




GENERAL ATOMIC COMPANTY
PO. BOx 8 X8

SAN DIEGO. CALIFCRNIA 32128
(714) 4553000

CERTIFICATION OF RADIOACTIVITY STANTARD

Radicauclice Xr-85

Nominal Aztivicy 10 };C’I/CC

Hcthoé of Measurement

[X] 1. Calibration derived from Sigma 2 Computer Gamma Ray Spectrometer
calibrated with NBS Standards.

{ ] 2. Calibration derived from Ionization Chamber Calihrated to Sigma 2
Computer Carma Ray Spectrometer.

[ ] 3. Calibration derived from 27 interral gas proporticral counter

calibrated to Sigma 2 Coaputer Gamma Ray Spectirsmater. (
’ ]
J / Arcurscy Overall Limit of Erraor (l¢ 4+ Svetamatic)
+ 20%

Remarks

Recalibration of IPL Standard S/i €5S010A.

We certify that the activity(iss) was(were) as follows:

11.1 pCi/cc on 6/25/80 at 1200.
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CERTIFICATE OF
RADIOCACTIVITY CALIBRATICN

Isotope: 37 9¢ Half-Life: 29.220.24 y
Source No £2€4.8

Was assayed as containing: 10.2 /‘C‘

As of: 11-j-S1

METHOD OF CALIBRATION:

( ) The source was assayed on a 3" x 3" Nal (T1) crystal in conjunction with a
single-channel analyzer, using the MeV peak (a value of
gamma rays per decay was used in the calculations), against standard
No. , in the same geometrical arrangement.

( v) The source was assayed in a windowless internal proportional counter
against standard No. 925~/ (. 9.)

( ) The source was assayed by alpha spectrometry on a surface barrier
detector in conjunction with a single-channel analyzer, against

standard No. in the same geometrical arrangement.
{ /) The source was prepared from a wewgned aliguot of a sciution wnose

activity in uCi/gm was determined by the method indicated above.

ERROR CALACULATION:

a) Systematic errors (St b) Randon errors (RE)
1. Accuracy of the standard: + 2. 0‘/ 1. Precision of source count, e,
2 Leighing ¢mor 167 2. Precision of standard count, e,

3. Error due to background, e,:

c) Total Error " z |
TE=SE+RE =+ S. 24, RE:V 4-e:+ e;+ ey= * /. 6vs

IPL participates in a NBS measurement assurance program to estahlish and maintain
implicit traceability for a number of nuclides, based on the blind assay (and later N3S
certification) of Standard Reference Materials.

NOTES

( /) The error given is calculated at the 99 % confidence level.

( ~ ) This calibration is geeesitindirectly based on NBS Standard Reference
Material No. o D
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CERTIFICATE COF
RADIOACTIVITY CALIZRATION

Isotope: C/-36 Halt-Life: (301003} o
Source No.#004.F

Was assayed as containing: /0.4 /. &

As of: 12-)-f2

METHOD OF CALIBRATION:

\ ) The source was assayed on a 3" x 3" Nal (Tl) crystal in corjunction with a
single-channel analyzer, using the MeV peak (a vaiue of
gamma rays per decay was used in the calculations), against standard
No. . in the same geometrical arrangement.

(v) The source was assayed in a windowless internal proportional counter
against standard No. (517 (C1-3¢)

{ ) The source was assayed by alpha spectrometry on a surface barrier
detector in conjunction with a single-channel aralyzer, against
standard No. in the same geometrical arrangement.

( ¢ ) Th2 source was preparcs from & weighed aliquot of a soiution wiiGee
activity in uCi/gm was determined by the method indicated above.

ERROR CALACULATION:
a) Systematic errors (SE) b) Randon errors (RE)

~

1. Accuracy of the standard: ¢ = s7, 1. Precision of source count, e:
2 wal)l.cnj er .79 2. Pracision of standard count, e,
3. Error due to background, e,:

¢) Total Error - - -
TE=SE + RE =+ 5.0% RE:\/-*en e,+ e;= ¢ 187

IPL participates in a NBS measurement assurance program to establish and ~aintain

implicit traceability for a number of nuclices, based ontheblind assay (and later NBS
certification) of Standard Reference Materials.

(V) The error given is calculated at the 99 % confidence level.

(v ) This calibration is geeedy /indirectly based on NBS Standard Reference

Material No. 49«3
|
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CERTIFICATE OF
RADICACTIVITY CALISRATION

Isotope: 7¢.99 Half-Life;('z.W.’aao“)u.:",
Source No. peb%. [,

Was assayed as containing: /0. :/- a

As of: 12-1-%%

METHOD OF CALIBRATION:

( ) The source was assayed on a 3" x 3" Nal (TI) crystal in conjunction with a
single-channel analyzer, using the MeV peak (a value of
gamma rays per decay was used in the calculations), against standard
, in the same geometrical arrangement.

(7)) The source was assayed in a windowless internal proportional counter
against standard No. 19«92+1 (72-93)
{ ) The source was assayed by alpha spectrometry on a surface barrier
detector in conjunction with 2a single-channel analyzer, against
standard No. in the same geometrical arrangement.

(7)) The source was prepared from a weighed aliquot of a solution whose
activity in uCi/gm was determined by the method indicated above.

ERROR CALACULATION:
a) Systematc errors (Sk) b) Randon errors (RE)

1. Accuracy of the standard: ¢ J,2% 1. Precision of source count, e,:
2. Ui-'t,h:-y ¢ o 0.74 2. Precision of standard count, e,

3. Error due to background, e,:

¢) Total Error
TE=SE + RE = + 714, ns:\/ velt ele oi= & 149

IPL participates in a NBS measurement assurance program to establish and maintain
implicit traceability for a number of nuclides, basedon the blind assay (and later NBS
certification) of Standard Reference Materials.

NOTES .
(7)) The error given is calculated at the 99 % confidence level
A B This calibration is dszagsty/indirectly based on NBS Stancard Reference
Material No. ~&5  2ew 8
: C\ ther S
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CERTIFICATE OF
RADICACTIVITY CALISRATICN

Isotope: (o-bv Half-Life: 5.47¢20,00/ e
Source No.: fools -S

Was assayed as containing: //. 6/‘5'-

As of: /1-)-F2

METHOD OF CALIBRATION:

( / ) The source was assayed on a 3" x 3" Nal (T1) crystal in conjunction with a
single-channel analyzer, using the / 3]} MeV peak (a value ot Wyt
gamma rays per decay was used in the calculations), against % stancar
No. ¥ees -2 |, In the same geometrical arrangement,

( ) The source was assayed in a windowless internal proportional counter
against standard No.

( ) The source was assayed Ly alpha spectrometry on a surface barrier
detector in conjunction with a single-channel analyzer, against
standard No. in the same geometrical arrangement,
e The souice was prepared from a weiyed aliquot of a solution whose
activity in uCi/gm was determined by the method indicated above.

[FE?R CALAQULATIQN:
a ystematic errors (Se) b) Randon errors (RE)

1. Accuracy of the standard: ¢+ 1.59, 1. Precision of source count, e
Fa 2. Precision of standard count, e,
3. Error due to background, e,:

RE:\[ vl e, ey= ¢ 1.5

IPL participates in a NBS measurement assurance program to establish and maintain
implicit traceability for a number of nuclides, based on the blind assay (and later NBS
certification) ot Stancard Reference Materials.

¢) Total Error
TE=SE + RE = + 4.0%,

{ B ) The error given is calculated at the 99 % confidence level.

( /) This calibration is gxE=U7/indirectly based on NBS Standard Reference

Material No. 93¢~ 3§
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RADICACTIVITY CALISHATION

Isotope: (5.137 Half-Life: 30.0i-7.2/
Source No.: ooty ~

Was assayed as containing: JoQ. o/a s

As of: ti~y-S2-

METHOD OF CALIBRATION:

{ F4 ) The source was assayed on a 3" x 3" Nal (TI) crystal in conjunction with a
single-channe! analyzer, using the 2.3 MeV peak (a value of o B pood
gamma rays per decay was used in the calculations), against &' ”standard

No. 199¢4 | in the same geometrical arrangement.

{ ) The source was assayed in a windowless internal proporticnal counter
against standard No.

( ) The source was assayed by alpha spectrometry on a surface barrier
detector in conjunction with a single-channel analyzer, against
standard No. in the same geormetrical arrangement.

( ) The source was prepared trom a weigneg aliquot of a solution whose
activity in uCi/gm was cetermined by the method incicated abcve.

‘nR?R CALACULAT!ON
a) Systematuc errors (SE) b) Randon errors (RE)

1. Accuracy of the standard: + 3,37, 1. Precision of source count, e,:
2. 2. Precision of standard count, e,
3. Error due to background, e,:

¢) Total Error
TE=SE + RE = ¢ “. 59, RE:V §ef0 e;+ ez’:: t LaL

IPL participates in a NBS measurement assurance program to establish and maintain
implicit traceability for a number of nuclides, based on the blind assay (and later NBS
certification) of Standard Reference Materials.

( y) The error given is calculated at the 99 % confidence level.

( v) This calibration 1s ¢sssty/indirectly based on NBS Standard Reference
Material No. 0@
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