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1. PURPOSE. This U S Arny Materiel Command (AMC) Panphl et
prescri bes gui dance concerning a quality assurance program for
nucl ear counti ng operations.
2. SCOPE. a This AMC Panphlet is applicable to all AMC
facilities that performnucl ear counting. It is intended to
provi de general guidance for performance of nucl ear counting quality
assurance. Wt chem stry sanple preparation, i.e., bioassay or

environnental anal ysis, is outside the scope of this docunent.
Gamma spectronetry is also considered to be beyond the scope of this
docurent .

b. The general categories of instrumentation covered under
t hese procedures are as foll ows:

(1) Gas flow proportional counting system

(2) Phosw ch counting system
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(3) Liquid scintillation counting system

c. Sanple Categories. The general categories analyzed with the
above specified equi pnent are as follows:

(1) Commodity | eak test sanples.
(2) Contam nation survey/package sw pe sanpl es.

3. RESPONSIBILITIES. a US Arny Prinmary Standards Laboratory
Directorate (APSLD) - -

(1) Establishes and maintains direct traceability to the
National Institute of Standards and Technol ogy (NI ST) for radi ati on
st andar ds.

(2) Perforns calibration/verification of radiation standards
at the request of AMC secondary | aboratories.

(3) Establishes a nuclear counting audit programthat can be
used by all AMC secondary | aboratories that publish nuclear counting
dat a.

(4) Perforns voluntary nucl ear counting audits of AMC
secondary laboratories. The audit programwll consist of two
phases. The first phase will include an audit package; the second
phase will include a review of quality assurance procedures to
ensure that accurate counting data is published.

b. AMC secondary | aboratories shoul d- -

(1) Comply with applicable requirenents of this AMC Panphl et
for quality control procedures.

(2) Prepare user standard operating procedures (SOP). The
SCP shoul d i nclude as a m ni mum Counting equi pnent quality
assurance (QA) procedures, instrunment operating procedures, and
sanpl e tracki ng procedures. Sanple collection procedures should be
devel oped by each | aboratory performng sanpl e analysis and shoul d
be provided to their custoners, as needed.

(3) Assure that appropriate calibrated standards or neans of
correlation to NIST standards are naintai ned for each anal yses
performed by the | aboratory.

(4) Participate in nuclear counting audit program

(5) Procure only NI ST derived-traceabl e radi oactive
st andar ds.
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c. Oganizations submtting sanpl es for anal ysis:

(1) Assure that the appropriate sanple collection and
preparation techni ques are naintained and foll owed for each sanpl e
submtt ed.

(2) Assure that adequate sanpl e identification information
is submtted with each sanpl e.

4. GENERAL. a ALARA. Al quality control and anal ysis
procedures will be performed in such a manner as to keep external
and internal doses to radiation as | ow as reasonabl e achievabl e.

b. Appropriate radiation standards nust be rmaintained for each
radionucl i de analyzed to i nclude quench standard sets for |iquid
scintillation counting systens. Standards nust have an accuracy of
+/ - 20 percent and should be calibrated at intervals not to exceed 2
years per TB 43-180. Comercial ly purchased liquid scintillation
st andards shoul d not be used past their expiration date (normally 5
years frommnmanufacture) unless verified by the Arny Prinmary
St andar ds Labor atory.

c. Only standards that have N ST or Envi ronmental Protection
Agency (EPA) derived traceability shoul d be used to determ ne
counter efficiencies.

d. Standard Operating Procedures should include specific
references to be used for the identification of unknown sanpl es,
hal f-1ives, and abundances.

e. Verify quality control paraneters after equi prent repair
prior to using the unit to evaluate sanples. |If any of the
parameters fall outside the control limts, reestablish all
parameters to ensure proper machi ne operati on.

f. Monthly eval uation of (A docunentation shoul d be perf orned
by the | aboratory nanager or qualified designee.

g. Prepare and nmaintain instrunent |ogbook for each instrunent
used for nucl ear counting. The | ogbook entries should include
mai nt enance, date of repair, gas cylinder changes, QA failures, or
any changes that may affect the counting data.

h. Mobil e | aboratories should perform conpl ete recalibration of
counti ng equi prrent after each nove prior to sanple analysis. This
should include initiation of all quality control paranmeters as
provi ded in paragraph 5 of this docunent. Gonplete recalibration
and initiation of a quality control programis warranted due to the
shock that the delicate instrunentation nmust w thstand during
transportation to the new | ocati on.
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5. | NSTRUMENTATI ON QUALI TY CONTROL PROCEDURES. Provi ded
bel ow are the mninumquality control requirenents for nucl ear
i nstrumentati on categories covered under this AMC Panphl et.

a. @as flow proportional counting system

(1) A voltage plateau test should be perfornmed to determne
t he proper operating voltage. Adherence to the manufacturer’s
specifications while performng a voltage plateau is inportant to
prevent danage to the counter. This test shoul d be perforned upon
recei pt and after repair.

(2) Aquarterly Chi-square test or equival ent shoul d be
perfornmed for each radi onuclide counted as specified in appendi x C
The purpose of this test is to ensure that the counts are consi stent
with a gaussian distribution. A chi-square should be perforned for
each radi onucl i de evaluated with the counter.

(3) Anonthly efficiency check should be perforned for all
radionucl i des counted. |Isotopic efficiencies should be cal cul ated
per the equation in appendi x A

(4) Utra high purity counting gas shoul d be used to reduce
the potential for inpurities. Inpurities in the counting gas shoul d
result in erratic instrunent performance. @s regul ators shoul d be
provi ded for accurate and reproduci ble gas fl ow setti ngs.

(5) Perform a constancy check prior to sanpl e anal ysis and
incorporate it into the control chart as specified in appendi x D
The constancy check shoul d i nclude bot h background and standard
counts. Performng a constancy check before counting sanpl es
ensures that these paraneters haven't changed during the sanpl e
counting. Al though not required, performance of a constancy check
after conpleting sanple analysis is highly recoomended. Performng
a postconstancy check ensures that the counter continued to operate
properly throughout the counting process thus assuring accurate
results.

b. Phosw ch counting system

(1) Aquarterly Chi-square test shoul d be perforned as
specified in appendix C. The purpose of this test is to ensure that
the counts are consistent with a gaussian distribution. A chi-
square shoul d be perforned for each radi onucli de evaluated with the
count er.

(2) Performa constancy check prior to sanple anal ysis for
i ncorporation into the control chart as specified in appendi x D.
The constancy check shoul d i nclude bot h background and standard
counts. Although not required, performance of a constancy check

4
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after conpleting sanple analysis is highly recormended. Performng
a post constancy check ensures that the counter continued to operate
properly throughout the counting process, thus assuring accurate
results.

(3) Anmonthly efficiency check should be performed for all
radionucl i des counted. |Isotopic efficiencies should be cal cul ated
per the equation in appendi x A

c. Liquid scintillation counting system

(1) The liquid scintillation counter nust be nornalized/
autocal i brated for the proper operating voltage on a weekly basis.
(2) A quarterly Chi-square test shoul d be perforned as
speci fied in appendix C. The purpose of this test is to ensure that
the counts are consistent with a gaussian distribution. A chi-
square test should be performed for each radi onuclide eval uated with
t he counter.

(3) Performa constancy check prior to sanpl e anal ysis and
incorporate it into the control chart as specified in appendi x D
The constancy check shoul d i nclude bot h background and standard
counts. Although not required, performance of a constancy check
after conpleting sanple analysis is highly recormended. Performng
a post constancy check ensures that the counter continued to operate
properly throughout the counting process thus assuring accurate
results.

(4) Establish and mai ntain standard quench spectra for each
radionucl i de analyzed by the laboratory. Quench curves nust be
regenerated on an annual basis or after repair or naintenance.

d. Scintillation Ganma counter.

(1) A voltage plateau test should be perforned to determne
t he proper operating voltage. This test shoul d be perforned upon
recei pt and after repair.

(2) Aquarterly Chi-square test shoul d be perforned as
specified in appendix C. The purpose of this test is to ensure that
the counts are consistent with a gaussian distribution. A chi-
square shoul d be perforned for each radi onuclide evaluated with the
counter.

(3) Anonthly efficiency check should be perforned for all
radionucl i des counted. |sotopic efficiencies should be cal cul ated
per the equation in appendi x A

(4) Performa constancy check prior to sanpl e anal ysis for
incorporation into the control chart as specified in appendi x D.
The constancy check shoul d i nclude bot h background and standard

5
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counts. Although not required, performance of a constancy check
after conpleting sanple analysis is highly recormended. Performng
a post constancy check ensures that the counter continued to operate
properly throughout the counting process thus assuring accurate
results.

e. The table provided in appendix F provides a summary of
control requirenents for nuclear counting equi pment covered under
t hi s AMC Panphl et.

6. SAMPLES. Listed below are the mininumquality control
requi renents for the radiati on sanpl e categories covered under this
AMC Panphl et .

a. Commodity | eak test sanpl es.

(1) Establish and naintain procedures for sanple | eak test
analysis. This should include procedures to adequately track the
sanpl es through the | aboratory.

(2) Determne counting systemsensitivity utilizing
operational paraneter information by performng Limt of Detection
(LD) calculation for sane radionuclide as comodity bei ng | eak
tested per procedures specified in appendix B. The LD for |eak
tests should be less than 0.0001 m crocuries and nmust be stated on
the analysis report. Determne the Limt of Decision (LQ per the
equation in appendix B. Results |less than the LC shoul d be reported
as 0.000 microcuries. S nce the LD and the LC are hi ghly dependent
on the background, the background shoul d be counted frequently and
averaged when counting nultiple sanples.

(3) Efficiencies should be determ ned using the sane
radionuclide as those counted. However, efficiencies between
di fferent radi onuclides of the sane energy should have siml ar
efficiencies, i.e., alpha emtters inthe 4-5 MeV range. If a
radionucl i de other than the one being counted is used to determne
the efficiency, the radionuclide used to determ ne the efficiency
shoul d be indicated on the analysis report. Underestimating the
efficiency is a conservative recommendati on to ensure that
contam nation | evel s are overestimated i nstead of underesti mated
Questions concerning simlar radi onuclides can be addressed to the
APSL at DSN 746-0472.

(4) Provide sanpl e analysis report; a suggested format is
provi ded i n appendi x E.

b. Contam nation survey/package sw pe sanpl es.

(1) Establish and naintain procedures for contamnation
survey/ package sw pe sanpl e anal ysi s.

6
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(2) Determ ne counting systemsensitivity utilizing
operati onal paraneter information by performng LD cal culation for
sane radi onucl i de as commodity being | eak tested per procedures
speci fied in appendix B. The LD for wi pe tests should be | ess than
20 dpm and nmust be stated on the analysis report. Cal cul ate the
[imt of decision (LC) per the equation in appendix B. Results
below the limt of decision should be reported as 0.0
di sintegrati ons per m nute.

(3) Provide sanpl e analysis report; a suggested format is
provi ded i n appendi x E.

7. QUALI TY ASSURANCE DOCUMENTATI ON. a Prepare |eak test
analysis reports as suggested in appendix E. Leak tests of sealed
sources must be reported in mcrocuries per federal requirenments
Area and package w pes shoul d be reported in disintegrations per

m nute per federal requirenents. The LD should be reported in the
sane units as the analysis results. Results may be reported in both
m crocuries and disintegrations per mnute sinultaneously

b. Calibration reports/certificates nust be nai ntained for each
calibration standard and nmust include the foll owi ng i nformati on:

(1) I sotope.

(2) Source seria nunber.

(3) Activity.

(4) Assay date

(5) Counting geonetry (2 vs 40).

(6) Report date.
(7) Signature of the responsible individual
(8) Derivation to NI ST standard (if not provided by N ST).

c. The following quality assurance docunmentation nust be
mai ntai ned to verify counter reliability and function. Qality
assurance docunent ati on nmust be mai ntained for a mninumof 3 years.

(1) Chi-square test results. This nust be performed at
| east quarterly, for each radionuclide eval uated, to verify that the
counter is operating consistently. It is recormended that the |ast
25 constancy checks be used to determne the chi-square statistic.

(2) Efficiency cal culations. This should include the
radionucl i de, source serial nunber, and date of determ nation.
These cal cul ati ons nmust be done at | east once per quarter.

7
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(3) Constancy checks perforned on each counter. Constancy
checks shoul d be plotted, preferably daily as the counter is used.
The graph shoul d be prepared using the chi-square data and be
mai nt ai ned until the next chi-square test is performed. These
graphs indicate the consistent working of the counter over tinme. |If
the chi-square data is consistent and the centroid has not
significantly fluctuated, the control chart can be continued for
several quarters; however, the chi-square test nust be performed to
ensure counting consi stency.

8. SUGCGESTED CORRECTI VE ACTIONS. a. If the counters fail any
of the quality assurance paraneters discussed in this panphlet, the
data resulting fromany anal yses shoul d be consi dered tainted and
not used as official results. This section provides sonme general
suggestions for corrective actions to routine failures. By no neans
is this Iist conclusive.

b. Chi square test. |If your count data fails the chi-square
test, the following itens should be checked.

(1) Ensure that the source is counted sufficiently for each
repetition to contain 10,000 counts.

(2) Ensure that the voltage is properly set. |ncorrect
vol tage setting wll cause snmall changes in voltage to result in
| arge fluctuations in the nunber of counts.

c. Constancy check. |If the constancy check falls outside three
sigma of the nmean val ue, check the followi ng itens.

(1) Verify that the operating voltage is still at the
appropri ate point.

(2) Ensure gas flow is appropriate for gas fl ow proportiona
count ers.

(3) Verify geonetry. Ensure that the source is positioned
correctly.
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APPENDI X A
COUNTER EFH C ENCY CALCULATI ON

Efficiency is defined as the probability that a count will be
recorded when radiation is incident on a detector. Wen determning

the efficiency, a calibrated source wth a known 2[1 activity
produci ng a m ni num of 10, 000 counts per mnute will be used.

The equation used to calculate % Efficiency of a counting systemis
as fol |l ows:

% Efficiency = — .Count Rate x 100
Disntegra tion Rate

Exanpl e: The net count rate of a counting systemis 52703 cpmfor a
75.1 nG Am241 source. Calculate the efficiency of the counting
system

Disintegration Rate = 75.1 nG x 2.22 x 10° dpni nG

166, 772 dpm

% Eficiency = 52703 cpm x 100
166, 722 dpm

=316 %

The systemefficiency is used to convert recorded counts into
activity.

Exanpl e:  An Am 241 wi pe of unknown activity is anal yzed with a
counti ng system possessing an AW 241 efficiency of 31.6 percent.
Calcul ate the activity if a count rate of 5212 cpmis observed.

Count Rate

Activi ty = m

Activity = 5212 cpm
0. 316

= 16, 494 dpm
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APPENDI X B
LIMT OF DETECTI ON (LD) CALCULATI ON

The LD is defined as the smallest activity that has a p probability
of being detected with only 1-p probability of a fal se negati ve.

Thi s sensitivity has been defined (EPA 1980) as the | evel above
which there is less than a 5 %probability that radi oactivity wll
be reported when it is really absent (Type | error) or reported
absent when it isreally present (Type Il error). Please note that
the formul as bel ow represent the LD when the background and count

tinme are the sane.

Provi ded bel ow is the equation used to calcul ate LD

 _ 2,71 4.65,Bkg, . i
~ time* Efficiency

wher e:
Bkg,x.. = Background count rate
Ti me = Sanpl e count tine
Ef f = Counting systemefficiency

rate 0.12 cpm

Exanpl e: A 100 mnute background count yields a count
Cal culate

for a counting systemwth an efficiency of 31.6 percent.
the LD for the counting systemin dpm

_ 2.71+ 4.65/0.12¥100
- 100* 0.316

LD

= 0.59 dpm
To convert LD in dpmto uG, divide the LD in dpmby 2.22 x 10°
dpm uG :

0.59 dpm
2.22 x 10° dpntuG = 0. 0000003 ud .

To convert LD in dpmto Bg, divide the LD in dpm by 60:

0.59 dpm
60.0 = 0.009 Bq

B-1
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Limt of Decision Calculation (LC

The LC is defined as the highest activity that has a p probability
of not being detected with only 1-p probability of a fal se positive.
This sensitivity has been defined (EPA 1980) as the | evel above
which there is less than a 5 percent probability that radioactivity
will be reported when it is really absent (Type | error) or not be
reported when activity is present (Type Il error). Please note that
the formul as bel ow represent the LC when the background and count
tine are the sane.

The equation used to calculate LCis as follows:

_ 2.32/Bkg,*time
~ time* Efficiency

wher e:
Bkg, . = Background count rate
Ti me = Sanple count tine
Ef f = Counti ng system effi ci ency

Exanpl e: A 10-mnute background count yields a count rate 0.12 cpm
for a counting systemwth an efficiency of 31.6 percent. Calculate
the LC for the counting systemin dpm

oo 2324/0.12°100
~ 7 100%0.316

= 0.25 dpm

To convert LCin dpmto uG, divide the LCin dpmby 2.22 x 10°
dpm uG :

0.25 dpm
2.22 x 10° dpntuG = 0.0000001 ud .

To convert LCin dpmto Bg, divide the LC in dpm by 60:

0. 25 dpm
60.0 = 0.004 Bg
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APPENDI X C
CHI - SQUARE TEST

The operation of the counting systemcan be checked by determ ning
t he "goodness of fit" of data to a Poi sson curve. The Chi-square
test is a nethod for checking the operation of a counting system

The equation used to performa Chi-square test is as follows:

. Z(NiI\T_ N_)

Where: o
N = Initial count val ue
N = the average val ue

A perfect fit to a Poisson distribution would yield a probability of
0.5. Low probabilities (< 0.02) indicate abnormally I arge
statistical fluctuations. H gh probabilities (> 0.98) indicate
abnormal Iy smal |l fluctuations.

Exanpl e: Performa Chi-square test on the foll owi ng data obt ai ned
froma nuclear counting system 10150 counts, 9998 counts, 9899
counts, 10060 counts, 9954 counts 10099 counts, 9999 counts, 10005
counts, 10027 counts, and 9979 counts. (Pl ease note that when
perform ng a chi-square test, counts exceeding 10,000 counts shoul d
be used.)

Cal cul ate the average count (;) as follows:
n =10

Y x = 100160

N =—3N.

S|

1
=—+10016(
10

= 10016 counts
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Cal cul ate the Chi-square val ue as foll ows:

[ N N- N (N-N)?
1 10150 +134 17956
2 9988 -28 784
3 9899 -117 13689
4 10060 +44 1936
5 9954 -62 3844
6 10099 +83 6889
7 9999 -17 289
8 10005 -11 121
9 10027 +11 121

10 9979 -37 1369
100160 0 46998
Xz - z(Ni - N)2
N
, _ 4699¢
"~ 1001€
= 4.692

Using table G 1 the cal cul ated Chi-square value of 4.692 is

determ ned to be between the probability of 0.050 and 0.950 for 9
degrees of freedom (n-1 or 10-1). The data set is acceptable if the
probability of the chi-square statistic is greater than or equal to
0.050 and | ess than or equal to 0.950 (P,. = 0050 and P . <0950 . Thi s

represents the acceptable responses at a 95 percent confidence
limt.
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Chi-

Square
Values

Degrees

Freedom
(n-1)

of

2

oO~NOOT bW

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

There is a probability of

099 | 095 | 090 [ o050 [ 0410 | 0.05 | 0.01
that the calculated value of Chi-square will be
equal to or greater than
0.020 0.103 0.211 1.386 4.605 5.991 9.210
0.115 0.352 0.584 2.366 6.251 7.815 11.345
0.297 0.711 1.064 3.357 7.779 9.488 13.277
0.554 1.145 1.610 4.351 9.236 11.070 15.086
0.872 1.635 2.204 5.348 10.645 12.592 16.812
1.239 2.167 2.833 6.346 12.017 14.067 18.475
1.646 2.733 3.490 7.344 13.362 15.507 | 20.090
2.088 3.325 4.168 8.343 14.684 | 16.919 | 21.666
2.558 3.940 4.865 9.342 15.987 18.307 23.209
3.053 4.575 5.578 10.341 17.275 19.675 24.725
2.571 5.226 6.304 11.340 18.549 | 21.026 | 26.217
4.107 5.892 7.042 12.340 19.812 | 22.362 | 27.688
4.660 6.571 7.790 13.339 | 21.064 | 23.685 | 29.141
5.229 7.261 8.547 14.339 | 22.307 | 24.996 | 30.578
5.812 7.962 9.312 15.338 | 23.542 | 26.296 | 32.000
6.408 8.672 10.085 16.338 | 24.769 | 27.587 | 33.409
7.015 9.390 10.865 17.338 | 25.989 | 28.869 | 34.805
7.633 10.117 | 11.651 18.338 | 27.204 | 30.144 | 36.191
8.260 10.851 | 12.443 19.337 | 28.412 | 31.410 | 37.566
8.897 11.591 | 13.240 | 20.337 | 29.615 | 32.671 | 38.932
9.452 12.338 | 14.041 | 21.337 | 30.813 | 33.924 | 40.289
10.196 13.091 | 14.848 | 22.337 | 32.007 | 35.172 | 41.638
10.856 13.848 | 15.659 | 23.337 | 33.196 | 36.415 | 42.980
11.534 | 14.611 | 16.473 | 24.337 | 34.382 | 37.382 | 44.314
12.198 15.379 | 17.292 | 25.336 | 35.563 | 38.885 | 45.642
12.879 16.151 | 18.114 | 26.336 | 36.741 | 40.113 | 46.963
13.565 16.928 | 18.939 | 27.336 | 37.916 | 41.337 | 48.278
14.256 17.708 | 19.768 | 28.336 | 39.087 | 42.557 | 49.588
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APPENDI X D
CONTROL CHARTS

Once a nuclear counting systemis operational and running, it is

i mportant to periodically check the systemto ensure that it

conti nues to function properly. The Chi-square test is a good

nmet hod for verifying operation of the system however, it does not
enabl e the operator to spot trends. The control chart is a

graphi cal representation of past and present performance of the
counti ng system

To initially generate a control chart, count a source 20-30 tines
(at approximately 10,000 - 25,000 counts each) and cal culate the
chi-square statistic. e the data set if the probability of the
chi-square statistic is greater than or equal to 0.10 and | ess than
or equal to 0.90 (P,>o010and P, < 090.

Provi ded bel ow i s an exanpl e of control chart preparation. 1In the
exanpl e the chart is prepared by obtai ning 25 counts of a radiation
standard and by cal cul ati ng the average and £+ 2 and 3 sigma of the
i ndependent readings. It will be necessary to decay correct each
count to the day the chart was prepared to ensure the proper
operation of the chart. This exanple should not be interpreted as
the only acceptabl e nethod for control chart preparation.

Exanple: A 25 nd Cs-137 standard was counted 25 tinmes using
identical source/detector geonetrical configuration. The follow ng
counts were obtained: 22500, 21050, 23100, 22367, 22567, 22199,
22567, 21300, 21963, 23002, 22345, 22752, 22115, 21642, 22603,
21987, 22425, 21775, 23101, 22566, 22242, 22333, 22467, 22345, and
22512.
The average is calculated as fol | ows:

x=(1/ n) £x,

x= 22313 count s

The standard deviation is cal cul ated as fol |l ows:

o={[S (x-x,)?/(n-1)} ¥

= 498 counts
20 = 996 counts
30 = 1494
upper Iimt (+30 ) = 22313 + 1494 = 23807
upper warning (+2c0 ) = 22313 + 996 = 23309

Centroid = 22313
D1
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lower warning (-2 0)=22313-996 = 21317
lower limit (-3 0) =22313 - 1494 = 20819

The graph is then plotted as the count versus the day of the month.
The centroid and the upper and lower limits are indicated on the
chart. See the example in figure 1. As long as the daily plot

points fall between the upper and lower limit, the counter is oper-
ating properly. However, if the plot point falls outside the upper

and lower limits, the counter is not operating correctly and correc-
tive action should be performed. Please note, with a 95% confidence
limit you can expect one count of every twenty to fall outside the
limits. If this happens, recount the standard and background before

taking corrective action. If the standard falls within the 2 o lim-
its, continue counting. The 2 o limit is a warning level indicating

that a potential problem exists and should be investigated. Do not

use counting results if the 3 O limit is exceede d.
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In the above exanpl e the 25 counts are plotted as though they were
dai ly constancy checks. Normally, the chart woul d be prepared as
mandat ed above and then the daily constancy check woul d be plotted
to ensure that the counter is operating correctly that day. A

const ancy check is perfornmed prior to sanple analysis by counting

t he sane standard once and plotting the results at the correspondi ng
timeframe on the control chart. The control chart usually covers a

1-nmont h peri od.
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SAVPLE LEAK TEST REPORT

Ofice Synbol (Marks File Nunber)

MVEMCRANDUM FOR RECCORD

SUBJECT: Leak Test

1. The results for
bel ow:

Serial Nunber
Cal i br at or
S/ N XXXX

Note: The limt of

2. The results for
defined by the US.

AMC- P 750- 20

Dat e

Analysi s Report for Calibrator S/ N XXXX

subj ect

Nonencl at ure

Sour ce Rod

Ext er nal

Por t

M crocuri es

| eak test nade on Date are provi ded

(ud)

Xo XXX

detection is X XXX ud .

Xo XXX

the subject leak test are within routine limts

Nucl ear

Regul at ory Conmm ssi on.

Si gnat ure Bl ock
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NUCLEAR COUNTI NG EQUI PMENT QUALI TY CONTROL REQUI REMENTS

Nuclear Counting Equipment Quality Control Requirements

Constancy Quarterly Voltage
Counting System Check Prior Chi-Square Plateau
to analysis Test Generation
Gas Flow Proportional X X X
Counting System
Liquid Scintillation X X X*
Counter
Scintillation Gamma X X X
Counter
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G CSSARY

a. ALARA: (acronymfor "as low as is reasonably achievabl e")
nmeans maki ng every reasonable effort to nmaintain exposures to
radiation as far below the dose limts in 10 CFR 20 as is practical
consi stent with the purpose for which the licensed activity is
undert aken, taking into account the state of technol ogy, the
econom cs of inprovenents in relation to state of technology, the
econom cs of inprovenents in relation to benefits to the public
health and safety, and ot her societal and soci oeconom c
consi derations, and in relation to utilization of nuclear energy and
licensed materials in the public interest.

b. Chi-square test: A nmethod for statistically checking the
operation of a counting system

c. Constancy Check: Adaily, or prior to sanple analysis,
check of the background and standard perforned to ensure proper
operation of the counting equi pnent. The constancy check shoul d be
pl otted on the control chart to ensure the results fall wthin
accept abl e paraneters prior to counting unknowns. |f the results do
not fall within the acceptabl e paranmeters, other corrective action
shoul d be taken, i.e., checking the voltage setting, checking the
ef ficiency, checking the geonetry, etc. The background shoul d be
counted for the sane tine as the sanpl es.

d. Control Chart: A graphical representati on of past and
present performance of a counting system

e. Counting System Sensitivity: The statistically
det erm ned quantity of radi oactive material that can be neasured or
detected at a preset confidence |evel.

f. Derived Sources: A radioactive source which has been
prepared froma N ST traceabl e |iquid standard, but has not been
evaluated for accuracy by a traceabl e neans.

g. Efficiency: The probability that a count will be recorded
when radi ation is incident on a detector. The counting system
efficiency is used to convert recorded counts into activity. The
equation used to cal culate counting system %efficiency is discussed
i n appendi x A

h. Energy Resol ution: The energy distribution of incident
radiation in a counting system Energy resolution is defined in
terns of the full width of the peak at hal f nmaxi mumaltitude (net)
[FWAV divided by the |ocation of the peak centroid E,

d ossary-1
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i. Leak Test: Perfornmed to determ ne the anmount of renovable
contam nation present in a nmeasured unit area. A test perforned on
a seal ed radi oactive source to determne if it is leaking. The area
tested is not significant in a leak test.

j. Limt of Decision (LC): The highest activity that has a
p probability of not being detected wth a 1-p probability of a
fal se positive. The equation used to calculate the LC of a counting
systemis discussed i n appendi x B.

k. Limt of Detection (LD): A nethod for determning
counting systemsensitivity. The LDis defined as the snall est
activity that has a p probability of being detected with only 1-p
probability of a false negative. The equation used to cal culate LD
of a counting systemis discussed in appendix B. The LDis used to
determ ne the counting systemsensitivity.

. NIST Traceability: The process of relating the
nmeasur enent accuracy of radionuclide sources to national physical
standards. Traceability is achi eved by denonstrating the capability
to produce accurate standardi zed sources by participationin a
Measur enment Assurance Program (MAP) w th |inkage to NI ST and
production of certified material s in accordance with a quality
assurance programthat neets the gui dance provided in ANS N42. 22,
Traceabi lity of Radi oactive Sources to the National Institute of
St andards and Technol ogy and Associ ated I nstrunment Quality Control.
Traceabi lity of sources requires denonstrated neasurenent
traceability as described in clause 6, N42.22, and applies only to
products produced i n accordance with N42. 22.

m Nuclear Counting: Evaluation of sanple nedia, for
official record, to determne if radioactive contamnation is
pr esent .

n. Quench Spectra: Gaphic presentations of |iquid
scintillation counting data indicating the position of the beta peak
inrelation to the quench. These spectra are used to identify
di fferent isotopes by energy and quench | evel.

0. Radioactive Standard: A sanple of radi oactive materi al
with National Institute of Standards and Technol ogy traceability,
usually with a long half-1ife, in which the nunber and type of
radioactive atons at a definite reference tinme i s known.

p. Secondary Laboratories: Al AMC laboratories other than
the Primary Standards Laboratory which performnuclear counting.

g. Type | Error: Deciding that radioactivity is present when
it is in fact not present.
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r. Type Il Error: Deciding that radioactivity is not present
when it is in fact present.

S. Wpe Test: Perforned to determ ne the anount of renovabl e
contam nation present in a nmeasured unit area. Area W pe tests
measure the renovabl e contamination wthin a 100 cnf area. Package
W pe tests neasure the renovable contamination within a 300 cnf
ar ea.
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