i PETNET Solutions

February 4, 2015

U.S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555-0001

Re: Reply to a Notice of Violation - Docket No. 030-38230 for PETNET St. Louis RAM
License 41-32720-03 dated December 16, 2014.

To Document Control Desk:

Please accept this letter as PETNET’s response to the Nuclear Regulatory
Commission’s (NRC) Notice of Violation (Docket No. 030-38230) dated December 16,
2014 which was received on December 22, 2014.

NOV #1:

During a U.S. Nuclear Regulatory Commission (NRC) review of a license amendment
request dated March 29, 2013 and supporting documents submitted through October 3,
2014, and a telephone conversation on October 31, 2014, with Mr. Ramon Davila,
Regional Health Physicist, Siemens MI/PETNET Solutions, Inc. a violation of NRC
requirements was identified. In accordance with the NRC Enforcement Policy, the
violation is listed below:

Title 10 of the Code of Federal Regulations (10 CFR) Part 20.1501(c ) requires that
the licensee shall ensure that instruments and equipment used for quantitative
radiation measurements (e.qg., dose rate and effluent monitoring) are calibrated
periodically for the radiation measured.

Contrary to the above, as of October 31, 2014, the licensee failed to ensure that an
instrument that was used for quantitative radiation measurements was calibrated
periodically for the radiation measured. Specifically, the licensee failed to calibrate
its Lab Impex Systems PG-10 positron gas detector, an isnfrument that was used
for quantitative radiation measurements of fluorine-18 air effluent released from
cyclotron-production activities conducted at 3635 Vista Avenue, Sanit Louis,
Missouri, under the NRC license.

This is a Severity Level |V violation (Section 6.7)
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PETNET Solutions, Inc. 810 Innovation Drive Tel: (800) 738-0488
A Siemens Company Knoxville, TN 37932 Fax: (865) 218-3018



Response to NOV #1

This response follows the format detailed in the Notice of Violation document.

1)

2)

3)

4)

PETNET disagrees with the NRC’s assessment that the Lab Impex PG-10 Positron
Gas Detector was not calibrated in accordance with 10CFR20, and therefore we
contest the issuance of a NOV. PETNET, in accordance with the manufacturer's
(Lab Impex Systems [LIS]) recommendations, adhered to the calibration instructions,
“PG-10 Cs-137 Calibration Check,” as submitted in the NRC approved Radioactive
Materials License (41-32720-03) Application dated September 30, 2009. These
instructions are included for your convenience as Attachment A.

The LIS system was designed to pass the requirements of IEC60761-3 and
10CFR820 and is capable of measuring the emitted radiation of concern (gammas
and positrons). PETNET also has full confidence with the calibration methodology
provided by the manufacturer. This document was previously provided, however it is
included for your convenience as Attachment B.

PETNET contends that the Laboratory Impex document provided in Attachment B
provides adequate scientific data and correlation between the factory gas calibration
and the Cs-137 calibration reference check to satisfy a 10CFR20 calibration for
quantitative measurements. This Cs-137 calibration reference check was performed
annually at the St. Louis facility, as required.

As stated above, the Lab Impex PG-10 Positron Gas Detector is calibrated in
accordance with the manufacturer's recommendation and as submitted in the
original approved RAM Application dated September 30, 2009.

No corrective steps are necessary since the system is calibrated in accordance with
the manufacturer’'s recommendations and RAM License 41-32720-03.

The system is currently in compliance with calibration requirements.

PETNET recognizes that the issues surrounding the Lab Impex PG-10 Positron Gas
Detector are complex and therefore requests a face-to-face meeting as soon as
possible to resolve the technical issues.



If you have any questions, please do not hesitate to contact me at the numbers listed
below.

enior Manager of Radiation Protection/Environment, Health & Safety
Molecular Technologies Division of Siemens Molecular Imaging
(PETNET, Cyclotrons and Sources)
810 Innovation Drive
Knoxville, TN 37932
(865) 308-3887 mobile
(865) 218-6355 office
april.chance@siemens.com

Attachments

cc: Tigran Sinanian, RPh, BCNP, Sr. Director of Manufacturing Operations
Ramon Davila, MBA, RRPT, Regional Health Physicist
John Beyer, RPh, RSO, Regional Operations Director
Patricia Pelke, NRC Region Ill




Attachment A

PG-10 Cs-137 Calibration Check
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9 PC-10 C3137 Callbeation Check

A ''CO, Gas Calibration at WMIC gave the following correlation between detector gas response and
the response to a Cs137 check source. (see Annex A)

137 TION CHECK
The PG-10 can be calibrated on-site using a Cs137 check source using the the following calculation
NEW CONVERSION FACTOR = (Site Source {pCi) /1 34397} * {1/ X) * 0213
Where X = the background subtracted source count-rate
PROCEDURE
1.1 With no source present, record the background cps count-rate

1.2 Place the Cs-137 check source on the outside of the PG-10 chamber, as detailed in the
photograph below, and record cps count-rate

Page 2016 =* Noverber 2008




PG-10 Cs137 Calibeation Check

PG-10
CERTIFICATE OF CALIBRATION TESTS

Conversion Factor = (A1/34387)" (1 /A3-A2)"0.213 =

if the new callculated conversion factor is within +/- 10% of the existing conversion factor, LIS
advise the existing conversion factor is retained and no adjustment is made.

Note: it is the obligation of the dient to gain approval for the acceptability of this calibration
method from local radiation protection staff and the site regulator and LIS take no liability in this
regard.

Completed By:- Date:
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PG-10 Cs137 Calbextion Check

ANNEX A: CALIBRATION OF PG-10 GAS DETECTOR

The panel detector connected in series to previously calibrated detector LG12 via a closed-loop
mmwummmmmwmmddmms
as follows:

- Aﬁegsw(‘mswmummmsmwa

- A sampie of the gas is then taken and measured in the highly sensitive bismuth germinate
{BGO) scintillation detector

- mmdummmuwnmmamum
and a calibration factor

mmmmmmmmnmbmmumnmw
loop was sufficiently mixed.

As the detector has known volume ~750mi and the BGO has previously been calibrated (see report
Hughes and Robinson, 2006) , the coefficient « can be calculated from the equation

D ol
- [Eq.1]

where 47 Cjand V" are the activity and CPS at time t = 0, and volume of detector x, respectively.
This coefficient is related to the efficiency of the detector by the equation
1
o -— [Eq.2)
x
The calibration factor for the detector. K, can then be calculated using

1
z--——‘.y” [Eq.3]
and has units of activity * volume-1 * cps-1. This calibration factor relates the activity in the detector,
AY, to the CPS, C“ via the equation

4% - Kc¥ [Eq. 4
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impex
sgstm PG~10 Cs137 Calbrtion Check
Sample 1 Sample 2 Sample 3

Factor (") | (%) | Factor()| (%) | Factor(r)| (%)

1612 82:02 | 164204 | 78201 | 172202 | 78201 | 17202

[ Panel
Detecto | 721202 186:05| 68201 100202 | 68102 107205
r

Detector LG12 had previously been found to have a calibration factor of 8.2 I, providing a secondary
confirmation for the calibration of the panel detector. The results from this experiment give a
calibration factor of (7.0 0.1,

Combining the resuits for the panel detector using a weighted mean gives a calibration factor of (68 =
0.1 and an efficiency of (10.7 £ 0.2)%

Conclusion
The panel detector has a calibration factor of (6.8 £ 0.1)" and an efficiency of (18.7 £+ 0.2)%
This is confirmed by the close agreement of the calibration factor for LG 12 to its previously measured

PageSofé £* November 2008
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PG-10 C3137 Calibeation Check

BGO well chamber part number. Scionix detector 80 BP 80/ 3.5M-BGO-X
s«um SAHSD4.
= Photomultiplier base and pre-amp (Ortec Model 208).
« A Minibin and power supply (Ortec Model 4006).
| « A shape amplifier with iming SCA (Ortec Model S80A).
» Delay electronics (Ortec Model 427A).
« Adata {Measurement - PMD-1208LS).
‘:F Cumtng
Calibrated by: Ndl-hd\es

Dose Calibrator Model: Isomed 2000

Location: GO2

Calibration: yearly against NPLINWMP

Calibration: Michael Green

Calibration checks: weekly against check source

’ Test Performed at: mmmm
| The University

\

of Manchester
27 Palatine Road
Withington
Manchester
| M20 3LJ
| Test date: 6% June 2008

Test performed by  Neid Hughes
Niall Robinson

Cross Ref to Original Results for Detector B0245-020
LIS source no.2, "Cs, Emission Rate: 302,540 Bq 01/10v03.

Reading obtained = 2377 cps (background subtracted).

Therefore 237.7cps should give a conversion factor of 7.9

2377 X 7.8 wil give future detectors conversion factors, where x is the reading obtained
x using source LIS 2.

The certificate of calibration has been updated accordingly.

Page € of§ 5 November 2008




Attachment B

PG-10 Positron Gas Detector Calibration Data and Check Source Comparison

Document Reference: W0215-TD007
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PG-10 Positron Gas Detector
Calibration Data and Check Source
Comparison

Document Reference: W0215-TD007

WO0215-TDOD7 Issue 1 Amendment 0 Page 10f 17
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This report detalls the ent of a caibration method for an installed of PG-10
mpm%pmmmmw:m

related 10 detector response 10 a reference ““Cs gamma source that can be placed extemal

effectively providing

Mwm“ mma“ this report mmumcmaz:ca.:
of Manchester. The of Is

fo the gamma reference source so that future systems need not be calibrated In such a

manner, reducing the requirement for handling and manipuiation of potentially high activities

of radioactive material.

1.1 Lab impex Detectors

Each detector is made up of a cylindrical chamber of radius ~S0mm and height ~100mm.
Inside this chamber Is 3 light guide of approximate width and height of 13mm and 76mm
respectively. The liight guide Is covered by a xmmm:mm
order 1o minimise background (the thickness of the information). The
ight guide Is then connected 10 a photomutiplier tube (PMT). mtm:m
diagram of this setup.

Figure 1: A cohematio reprecentation of a Lab impex PG-10 deteotor. The gac ic
mu“ﬁﬂu&‘d“ﬂmhhh
reprecented by the biue arrows. Radiolcotopes emit B+ partioles in all directions ac
Indicated In red. When 2 S+ particle (pocitron) collidec with the cointiilator photone
are emittec. Thece photons are directed Into the photomuttipiler tubs (PMT] by a
lght guide. The PMT then oulputc a voitage of between 0V and 3V to the cyctem

As shown In Figure 1, ar is pumped through the detector. As ragiolsotopes decay in the
chamber, the emitted positrons enter the scintliiator where they their kinetic energy,
primarily by excitation of w-slectrons Info excited states. These rapidly decay, emitting

a photon.

The light guide is connecied 1o a photomuitiplier tube which ampéries the signal from the
coilected photons.

WO0215-TDOD7 Issue 1 Amendment 0 Page 5 of 17
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2 Calibration and Characterisation of PG-10 Detectors

2.1 Closed Loop Calibration of PG-10 Detectors

The Labd Impex systems PG-10 oeteciors numm sacond
{CPS) can be converted Into a meaninghs This is then used M
mwmuqunmmm

in order to directly calbrate the deteciors 3 closed loop was used 0 a known quantity of
radioactivity could be circulated for 3 sustained period of time. This closad loop consists of 3 gas
pump and a five Bire container as shown In Figure 2.

Figure 2: A cohematio diagram of the cloced 00p Cystem. Gac flow
i In the direction indicated by the arrows. There ks a cmail tap sor
oconnecting a cyringe to the container, and tape elther cide of the
pumg for biooking air fow.

The basic method used for calbrating the detector using this ciosed-loop 5 as follows. A
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of around 6 kBq. This low level of activity cannot be measured In an lon chamber based dose
calbrator. Hence, a more sensitive BGO well detector was used for these calibrations.

Fgure 3: Sohemadc diagram of 2 BOO well detsotor. A cyringe containing 2 GACHOUT
radioicotope, for exampie 11COZ2, is piaced in the well. Posiirons annindate with the
curfaoe of the cyvinge. procuoing back-to-Dack photone with energy 611keV. Thece
photons enter the BOO orytial where an eleotromagnetic chowee ic created. Thece
photone are trancmitied to the photomuttiplier tube where the cignad i ampiified. A
ocount ks regictered If 2 cummation peak of 1022keV is deteoted. Thic minimices effects
wom natural baokground.

As shown In Figure 3, the BGO Is a Bismuth Germanate scinfiiation detector that works by
counting the back-10-back y-fays emitied by 3 §*-particie annihdating with an atomic electron n

reaction
>y [Eq. 1]
where the two photons produced have equal and opposite momentum and energy 511 kev' °.
Accurate of the activity in the syringe can be taken due to the low background in the

In order to calibrate the BGO to this , the ofa10mi filied with *'C
was frt Obeetved n an fon Chamber ot CRBrax: THs 100 Chamber 16 Ged In the WIAC. 1
measuring radioactive goses 10 be dispensed for patient PET studies, and Is calbrated with a
secondary standard source traceable to the UK National Physical Laboratory primary standand.

When a low enough level of acthvity was reached for recording In the BGO without a significant
amount of dead-time {~1kBq) the syringe was transfemed fo the BGO and the decay recorded
over ime. The comesponding data from the lon chamber and the BGO Is shown In Figure 4.

WO0215-TDOO7 Issue 1 Amendment 0 Page 7 of 17



Figure &: A log of the decay of 10 mi of 11C gac ac meacured In the lon chamber and the BOO

The sampies Gecay accorsing to the equation’

)

A =dg " [Eqa 2]

where A(f) is the activity of the sampie at time £, 7 Is the haif-ife of the radioisotope (in the case of
C this 1s 12215%) and A, Is the activity of the sample att = 0.

Amu&nhmm“mndumwmmmxmn
both alivas the of of

s T e e oo B R P See PaTEC OB 00 SR
mwm?ﬁmmﬁb?ﬁmﬁm;ﬂlmﬁu& u:’mus.A
and . This n

bootsirap re-sampiing method is used to calkcuiate the final Nitting parameters assoclated errors.
Once the fits are calculated they are compared over 3 simiiar ragion In time resulting In 3
calibration factor for that detector.

This calibration was repeated three times using 'C and once using 0. By combining the results
of these separate cailbrations using 2 weighted mean a callbration factor for the BGO of 3.71 &
0.02 was obtained, L.e. for an activity of 3.7 1Bq the BGO counts one count per second.

This equates to an efMciency of (100/3.71)% = 27.0%for this 10mi syringe (SN: 32188) In the BGO
detector. This modest efficiency for 3 large BGO detector Is due to the source’s exiended

geometry.

W0215-TDOO7 Issue 1 Amendment 0 Page8of 17
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23 Closed Loop Calibration of Lab impex Detectors

23.1 Estabishment of a3 Method for Calibration

The method for calbrating the detectors was tested originally on 3 single detector (referenced as
LG16 here) during a research project. The ciosed 0op was connected to LG16 as detalied in
Figure 2. The detector was shisided from the pump and container as much as possibie. A 10 mi
syringe of radioactive gas was Injected via the tap and mixing occurred over the next 10 minutes.
The pump was turned off and the taps either side of the detector closed. An aliquot was then taken
from the other side of the taps from the getector. This was 10 ensure that the gas contained in the
detector was not affected by the removal of the aliquot. The decays of the sampie and the gas
contained In LG16 were observed and logged. The sampie decay was automaticaly logged by
software In the BGO, and the decay In LG16 was logged manually from the Lab impex CMS

This ciosed ioop callbration for LG16 was performed twice with *'C (CO;) and once weth ™0 (0;).

The MATLAB analysis program was used o it Equation 2 to ROis seiected by the user in both the
BGO and Lab impex geteciors, as with the calibration of the BGO o the lon chamber. As the
detector has known volume 744mi and the BGO has prewiously been calibrated, the coeficient x
€an be caicutated from the equation

BGO ru
=T = [Eq.- 3]
where 4 Cjand V* are the activity and CPS at time t = 0, and volume of detector x, respectively.
This coefficient is refated to the efficiency of the detector by the equation

1
& -— [Eq 4]
=~
The callbration factor for the detector, K, can then be caicuiated using

1

-

[Eq- 5]

and sirictly speaking has units of volume™ due o the fact that the units of Bq (s™) and cps (aiso 57)

canced. This may be more convenlently thought of for the purposes of this calibration as having
mawwmum’wmmmmmumnm
detector, A, to the CPS, C via the equation

AY «KCH xFTH [Eq. €]

of manually the data it was not possibie to collect sufficient amounts of data to precisely
mumz.wmmummeMmm.

WO0215-TDOD7 Issue 1 Amendment 0 Page 9 of 17
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Foliowing proof of concept, the Lab Impex S205 automatic data-ogging program was used fo
perform the data acquisition for the calibration of a bank of detectors and the subseguent relation
of response 1o a reference check source.

232 Bank Caltbravon of the DemecIors

in order to practically calibrate a larger numbder of detectors (in this case 14 In total), & was
mbmmmm.m-gmmmamaa
detectors (here referenced as LG16, LG12, GO7, G12).

Figure 6: Sohematic diagram of the cioced-i00p CyGtem ocnnectsd
o four PO-10 detectors. Gac flow it In the direction Indicated by the
arows. There ik 2 cmall tap for connecting 2 cyringe fo the
ocontainer, and ciampe elther cide of the pump for biooking ak fow

The four detectors were connected 10 the ciosed loop system as detaied In Figure S. The method
for calibration was repeated as detalled previously, except that after the sampie being observed In
the BGO had been gecaying for twenty minutes a second sample was taken and replaced the first
In the BGO. This was In order to check that the gas In the closed-ioop system was sufficiently
mixed. As the volume of the system had been increased due to the addiion of three more
detectors It is possibie that more time woulld be required for the gas to mix.

The calibration of this first bank of detectors was repeated twice using "'CO, gas.

Tabie 1: Summartsed resutts of the calibrations of the first bank of detectors. The emor shown
on the calibraion factor only inciudss the statistical error from ftting the decay curvee to the
data from the BGO and PG-10 detectora.

28 Feb 7 Mar
Detector | _ (BGOsample2) | (BGO sampie18 2 combined) |
Calbration Facior, | EMiciency Calibration Factor, Emciency
K (kBgm’ per cps) (%) K (kBg'm’ per cps) (%)
LG16 9.97 + 0.03 13.3 8352002 16.0
LG12 767002 17.3 8314002 160
GO7 8.36+0.02 16.0 £.944 003 148
G12 8.07 + 0.02 165 §.854 0.02 15.1

Table 1 shows the summarised resuits of the calibration of the first bank of detectors. The
efMciencies of the detaciors measured here are similar to those pradicted by Monte Carlo models of
the detector geometry. This indicates that the method of calibration Is appropriate.

WO0215-TDOO7 Issue 1 Amendment 0 Page 10 0f 17
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nmgﬁmmmmmummmmurm-mémmm
the with another. Since the second

Wit bofh sampies fom 7% March & Probabie fha {h Can De expianed by he exira Sme Pven on
urmu?bmmummmmmumu“m
mubﬁusm“u:n! February were discarded, and a longer tme {~20 minutes) was given for the
gas

As all of the detectors were found to have consistent and reproducibie calibeation factors, the
experiment was then extended 10 connect all 14 getectors together In a single bank fo callbrate them
all simultaneously. It appears that connecting several detectors together for simultaneous calbration
presented no probiems to this method of callbration, except for the necessity of longer mixing time.

mmuuumaum“wmmnnmeMam
the Initial bank of four detectors, using ''CO; gas.

Table 2 Empirioal eMuienciec from the calibrationt of all PO-10 detectors using the cioced-loop method.
The oalibeation wac performed twioe wiih the full band of deteotor using 'CO, gos.

|Detector
e

[ LGIE | 157 | 154

[ LG12 | 157 | 157

[ GO7 | 150 | 144

| 612 | 156 | 126

| LGOS | 155 | 155

LG10 16.9 1639

LG17 | %5 | 85 |

(LG | 151 | 151

| EFI4 | 146 | 145

(efr | w2 | w2

| EFIS | 155 | 133

| EFOS | 147 | 137

EF16 16.8 130

EF12 | 685 | 130 |
Tabie 2 shows the efficiencies obtained from the closed-ioop calibrations of the detectors.
Simiiarty to the of the first bank of detectors, two BGO samples were taken during each
experiment. Again, the first BGO sampie from the first experiment was discarded following anatysis
of the results, as sti greater time was for mixing. This was apparent from comparison with
the calibration results aiready found for LG16, LG12, GOT and G12.

WO0215-TDOD7 Issue 1 Amendment 0 Page 11 of 17
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Tabie 3 Summariced recults of the calibrations of all Lab impex detectors. The error chown on the
calibration factor only Includes the ctatictical ermor from fitting the decay curvec to the data from the
B0O0 and Li detectors. The New CM3S Factor is the new Calibration which would be stored in the CMS
for sach detector. The Tull bank of 14 detectors was calibrated twice producing a total of 4
possible BGO samples.

Emciency |  Towi Number of

z
{
;

g e e et | ] €] €] cat s [t [t fom feon [ en] o0

|
§
§
g |
i
i
g.u
|
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3 Referencing Calibration Resuits to *'Cs Check Source
Response

The work, having proven the method of calbration and the detector efficiency to be largely
uniforn across the sampie faken, was then extended io comelate the gamma response to
the conversion factor.
PG-10 detector LG 12, was re-cailbrated 1o prove stabiity of the calibration method and to
take a reference conversion factor against the check source. The method for cafibration has
been discussed above and Is summarnsed as follows:
- Agaseous radioisoiope (“'CO,) is Injecied Into the closed-ioop system and is
circutated by a pump unts mixed
- Asampie of the gas is then taken and measured In the highty sensitive bismuth
gemminate (BGO) scintilation getector
- The dgecays of the BGO sampie and the gas In the closed-loop are observed and
compared, and a calibration factor inferred

Three sampies were taken after different mixing times, in order to ensure that the gas in the
closed-i0op was suliciently mixed. As the detector has known volume ~750mi and the BGO
has previously been calbrated as per equations 3 to 6. The resulis are displayed in the tabie

below.
Table & Cailitration tactor anc effiolency reculis from re-calibration of LG12
Sampie 1 Sampie 2 Sampie 3
Calibraiion | Emiclency 'ﬁfwm‘w
:3' (%) F: (%) w (%)
os) el =l
82102

164204 78201 172202 79201 17202

1612

Detecior LG12 had previously been found 1o have a callbration factor of 8.2 kBgim®
a secondary confirnation for the calibration of the w.mtgg

providing
this experiment give a calbration factor of (79 £ 0.1) percps.

All getector gas calibration values were then compared to the count rate obiained when a
"ummMMMMMMmuM&M
source on the fop of the gas chamber. the count rate
m?%&zuﬁ?ﬂgmm ammmmunne
caiculated, referenced back 1 the posiron gas response and the ™'Cs check source
response of detector LG12.

In this case, the detector gave a net count rate response of 237.7 cps with the check source
and had a calibration factor of 7.9. The cafibration factors for all ofher detectors were then
caiculated assuming a linear refationship between gamma response and positron
response. This meant camying out caicutations using the following equation:

i
Source Check Cal Factor (—'E—)z-zm x79
cps x

[Eq 7]

WO0215-TDO0O7 Issue 1 Amendment O Page 13 0f 17
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Where x Is the PG-10 detecior's

present. This yelds

comected count rate with the '¥'Cs source

background
the calibration factors in the table below. The source check calibration

factors are compared to the true gas calibration factors. The emor from the gas calibration s

result is assumed to be the true value.
Table 5 Gamma calibration resulis crocs-referenced to gac cailtration recults

Background |
comrected PG-10

of the true calibration vaiue. In this case the gas calibration

Gas calibration
factor (kBgim® per
cps)

Source check cal
tactor (kBgim® per
cps)

Eror
from
cal

23765

8862 0.05

79201

8742001

84920.01

8562002
7912000

800z 0.02

8825000

9062 0.02

|§l§l§l§'§%‘§§l§l§%’l§§|§§

77420002

Elblskklchlslts

9,194 0.02

07

9402002

i

8652002

4&

| 8662000

3333838333103

-7.51 ]

Table & Gac calibeation tacter pictind against courpe cheok calbration factor. Error bars in the y-ask are
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4 Conclusion

Figure & gisplays the gas calibration result piofted against the check source caibration factor
for each of the detectors. A tolerance of £10 % Is assumed for the calibration, and aithough
there Is a large spread on the data all sit within the £10 % tolerance of the y = x ine
plotted on the graph. This provides indication that the check source method will
provide an accurate caiibration of the getector.

For a more general calibration with a *“Cs check source, the equation in the previous
section can be generalised to take into account the activity of a different activity source, or
the decay of LIS source 37.

To caiculate an appropriate calibration facior (C.F.) with a known acthvity, A (in Bg), *“Cs
check source, the folowing equation shousd be used: Therefore, a"cs
source In the activity range 100 kBq to 1 MBq Is used and It is placed on the centre of the
fop of the gas chamber in between the infet and cutiet pipes, a conversion factor can be
caiculated.

k:!c 237.7 -
i
C.F.( ).. z X79x% I,

Where x Is the background compensated check source count rate from the PG-10. e

This has been shown 10 yieid a conversion factor within £10% of the true gas calibration
value for all geteciors calbrated here.

4.1 Factory Calibration

All getectors by Lab impex Systems are callbrated before supply. This is carmed out
by first of 2 an appropriate gain and bias voltage defined by the resutts of a piateau
piot using the suppiied ampilfication electronics. They are then callbrated using LIS source
37 accorting to the *"Cs source check described above. The same source Is used 1o ensure
the most accurate comelation possibie to the resulls presented in this report, referencing the
x (source count rate minus background count 15 recorded and entered into equation 8,
mmumummnmm}immmmuu

activity of the check source on the date of calbration of the PG-10.

The ana bias a5 welll as the conversion factor are recorded for
mmmmmw‘ummm facior is entered Info the CMS parameters. This
provides confidence of the proper operation and accuracy of the detector resusis.
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Appendix A: Final gas calibration details

Equipment List

Detector LG12

Detector senal number: B0245/020
CMS Model number: CMS 1L4
CMS sertal number: BO250/13

BGO well chamber part number. Scionix detector 80 BP 90/ 3.5M-BG0O-X
Sertal number: SAHSDS.

« Photomuttipiler base and pre-amp (Ortec Model 296).

= A Minibin and power supply (Ortec Model 4006).

« A shape ampifier with timing SCA (Ortec Mode! S30A).

« Delay electronics (Onec Model 427A).

Dose Calibrator Model: Isomed 2000
Calibration: yearty against NPLINWMP
Calibration: Michae! Green

Calibration checks: weekly aganst check source

Test Performed at: Wollson Molecular Imaging Centre
The University of Manchester
27 Palatine Road
Withington
Manchester
M20 3LJ
Test date: 6" June 2006
Test performed by Nel Hughes
Niai# Robdinson
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