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Summary

The IMS (Ion Mobility Spectrometer) is used in a system to be manufactured in Canada
and sold in the US at a predicted rate of 50 units a year. Each IMS unit will contain 3.3
mci of Ni'', a p emitter with an endpoint energy of 67 kev. Hence, the instrument must
comply with US federal regulations, notably table 32.28 of 10CFR32.27 which provides
annual dose equivalent limit for various organs for internal and external exposure to the
radioactivity. In this work, established Monte Carlo techniques and published fluence to
dose conversion coeflicients are used to assess the dose risk in a situation of normal use of
the IMS and in an accident situation where the source is outside its shielding enclosure. In
all situations, under reasonable assumptions, it is demonstrated that the dose limits set by
10CFR32.27 are not exceeded.
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1.0 Introduction

The IMS (Ion Mobility Spectrometer) is used in a system to be manufactured in Canada>

and sold in the US at a predicted rate of 50 units a year. Each IMS unit will contain Ni'', a
p emitter with an endpoint energy of 67 kev. Hence, the instrument must comply with US
federal regulations, notably table 32.28 of 10CFR32.27 which provides annual dose
equivalent limit for various organs for internal and external exposure to the radioactivity.

The annual equivalent dose limits are listed in table 32.28 of 10CFR32.27. It lists 3
categories of radiation exposure in 3 columns. Column I is concerned by the dose to
organs caused by the ingestion or inhalation of radioactive material. Column II give dose

'

limits which are unlikely to be exceeded. We view these as representing dose limits during
the normal operation of the IMS. In column Ill, very high dose limits are given for which
there is a negligible risk of exceeding. We view these as dose limits for accident situations.
Dose limits in all 3 columns are specified according to exposure to the extremities, the
whole body and other organs.-

Using Monte Carlo techniques and some reasonable assumption, it will be demonstrated |

that the IMS complies fully with the dose limits set by 10CFR32.27.

l

2.0 Parts of the IMS' life cycle covered by CFR-30.27

The activity in the IMS consists of 3.3 mci source of Ni'' electroplated on a Ni disk, 50
'

pm in thickness and 0.95 cm in diameter. The disk is mounted inside a cylindrical j
aluminum housing which consists of two parts. The outside diameter is about 6 cm and the i

total length is 4 cm. The aluminum thickness is near I cm for the side and one end wall. It
is thinner (.25 cm) at the end nearest to the source location. In this way, the Ni'' source is

*

essentially enclosed in a tamper proof shielding enclosure.

Special assembly components are used duririg production at the manufacturing location in
Canada which prevent opening the cylinder in the field. For servicing and disposal, the unit
must be returned to the manufacturer outside the US. Hence, this report is an analysis of
the potential radiological risk of the device while in normal use and in accident situations

d while the instrument is located in the US . It does not cover the radiological risk posed by
the manufacture of the IMS.

2.1 The IMS from a radiological protection point of view |
.

It is safe to assume that the current IMS design will be used in the medium term for all '

systems produced. It is then worth doing a detailed analysis of the ionizing radiation which
" leaks" from the aluminum enclosure either in the form of energetic electrons and photons.

3
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| The model assumed for the analysis is shown on Figure 1. It shows the relative location of
; the various components but it is not to scale. In particular, the Nickel disk and the steel
i screen would be vanishingly small in a realistic schematic.
I
i Ni'' is a p emitter with endpoint and average energies of 67 kev and 17 kev respectively.
| The spectral shape used in this work is from [1]. Potential radiation risk is due to the
! source p particles and x-ray photons. These photons result from the interaction of the p
i particles with the surrounding materials, especially the higher Z elements such as the Ni
i plate and those contained in the steel mesh and they are in the form of bremstrahlung or

line radiation. Fiom the geometry shown on Figure 1, it is anticipated that the hottest

| location will be "A" where the Nickel plate acts as a p to X-ray converter and is located
j near the thinnest wall of the enclosure.
i
;
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} Figure 1: Schematic of the geometry of the IMS used for the purpose of external
I radiation calculations. Its shows the relative placement of the components but is not to
! scale. In particular, the thickness' of the nickel plate and the steel mesh are exaggerated.
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3.0 Dose rate estimation

3.1 Beta particles

The ranges of p particles in aluminum for energies E from 0.010 MeV to 3 MeV are
given by the following empirical equation [2].

R = 0.412E" gm/cm2 (1)
n = 1.265 - 0.0954In E

The maximum energy electron from Ni'3 (0.067 MeV) has a range of 25 m in aluminum.
The thinnest wall of the IMS is 100 times thicker than the electron range. We conclude
that p particles will not contribute to the external dose during routine use and handling of
the IMS.

3.2 X-Ray Photons

In assessing the external dose during routine operation and handling of the IMS, we must
keep in mind the categories put forward by the US Nuclear Regulatory Commission in its
Rules and Regulations [3], from now on referred to as 10CFR32.27. Specifically, the IMS
must comply with the annual extremity dose limit of 7.5 rem and whole body limit of 0.5
rem.

!
|

We have opted to assess the external dose rates by the Monte Carlo method. The code ;

used was CYLTRANP of the ITS family of codes [4] developed at the Sandia National i
'

Laboratories. These well established coupled electron-photon transport codes are
desemdants of ETRAN [5], developed at the US National Bureau of Standards. In
canicular, the CYLTRANP code is well suited for 3-dimensional transpon simulation in
geometries which have cylindrical ge9tries. The cut-off energies for both the electron
and photons are 1 kev which allows the inclusion of nearly the full p spectrum from Ni''

Dose rates may be obtained using two methods. The calculations supply the energy
spectra of the x-rays which escape from the aluminum cylinder. These may be combined
with suitable fluence to dose conversion coeflicients [6,7] to yield the dose at any depth in
tissue and for any distance away from the IMS. For contact doses, a piece of" standard"
human tissue (ICRU tissue: 10.1% { weight fract.} H,11.1% C,2.6% N,76.2% 0)is put i
in contact with the aluminum enclosure and the dose is calculated dircctly from the energy
deposition of photoelectrons in the tissue.

5
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3.3 Potential for Skin (Exiremity) Dose '

3.3.1 Normal use

In general, particularly for the x-ray energies ofinterest here, the point of maximum dose
is on the surface, as shown by the exposure to dose equivalent conversion factors [7]. The
most radiosensitive cells of the skin, if not the whole body, are the germinal or basal layer
[8] cells which are located at a mean depth of 70 m according to ICRP 26 [9] It also
corresponds approximately to the depth of the peak dose for low energy x-ray photons.

At location A, B and C on the IMS (Figure 1), we apply a 1 cm layer of" skin-equivalent"
ICRU tissue (10] divided in 3 layers. The first layer, in contact with the IMS, is 70 pm
thick and corresponds to the insensitive layer of the skin. The second layer is 20 pm thick
and corresponds to the radio-sensitive layer ofinterest. The rest of the ICRU tissue layer
may be thought as a backscattering phantom, roughly the thickness of a finger.

At location "A", the energy deposited below 70 pm in a 6.28 mg mass ofICRU tissue is
1.49x10-" MeV (13% 1 c) per source p particle. Assuming a quality factor of 1, this is
equivalent to 3.80x10'" rem /p. The source has a strength of 3.3 mci. It emits 4.4x10"

4/ hour. Hence the skin equivalent dose rate on contact at point "A" is 1.67x10 rem / hour j

(13% error).

At location B, the tissue mass in the sensitive layer is put as 36 mg. A 1 cm wide strip of !

ICRU is applied all around the aluminum cylinder at B. This " simulates" a hand or finger
wrapped around the IMS. The deposited energy is 3.6x10'" MeV/p (31%). Repeating the
analysis above, this corresponds to 7x10-8 rem / hour.

At location C, the tissue mass in the sensitive layer is 6.28 mg. The deposited energy is
1.6x10'" MeV/p (66%). Clearly, in this case the calculation has insuflicient statistics to
supply a small error. However, it is clear that the highest dose rate is found at "A" and
further calculations at C are unnecessary. Nevertheless, this result gives a dose rate of
3x10-8 rem / hour.

As expected, the skin dose rate is highest at "A" where the source is closest and the
4aluminum shielding is the thinnest. At a dose rate of 1.6x10 rem / hour, a worker cannot

exceed the annual extremity dose limit of 7.5 rem even if he is in contact with the source
24 hours a day. In such a case, his total accumulated equivalent dose would be 0.14 rem.
This fulfills the requirement for extremity dose of column II, Table 32.28,10 CFR 32.27.

These low dose rates reemphasize the fact that very few X-rays emerge from inside the
shield. In practice, the IMS is a subsystem inside a 1/16" thick steel cabinet. This
arrangement ensures that a worker will never be closer than 20 cm from the IMS. The
exposure to radiation will become essentially nil.

6
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3.3.2 Accident Situation

The construction of the IMS enclosure is rugged and tamperproof. Moreover, the
manufacture of the IMS is performed in Canada. The probability is low that a member of
the public in the US will come in contact with the bere Ni'3 source. If this were to happen
and the source was in contact with the skin the following equivalent dose rates would
occur;

if the source is held with the active face towards the skin, a local (extremity) dose ratee

of 0.84 rem / hour (5%) will result. This was obtained again through Monte Carlo
calculations of the dose deposited in ICRU tissue at a depth of 70 m;
if the source is held with the inactive side towards the skin, a dose rate of 0.0074e

rem / hour (26%) will result.

An unsuspecting individual might cany the source active face towards or away from the
skin with equal probability. In this case the useful dose rate is about 0.4 rem / hour. The
individual would have to carry the source, against his skin for 18.75 hours in order to
exceed the dose limit of 7.5 rem. The probability of this event is low. The extremity dose
limit of column II, table 32.28 of 10CFR32.27 is fulfilled now for this unusual accident
situation. The individual would also require to have the source against his skin for 500
hours of the year (62 working days) in order to exceed the extremity dose limit of column
III of table 32.28 of 10CFR32.27. Such accidental exposure requires a string of events:
opening of the IMS shield, removal of the source disk and pressing of the source against !
the skin for an extended length of time. The probability of all these events occurring is
negligible.

3.4 Dose to the Whole Body and other Organs

3.4.1 Normal use ofIMS

The resulting dose equivalent to the skin during normal use of the IMS (subsection 3.3.1)
is ofless than 0.14 rem / year (constant contact with the source enclosure). This guarantees
that the whole body limit of 0.5 rem / year (column II, Table 32.28,10CFR 32.27) cannot
be exceeded, and this for two reasons. First, most regions of the whole body will be
distant from the source, thus decreasing further the x-ray flux and the dose. Second, whole
body dose is defined at I cm depth. The low energy x-rays of concern here yields lower
equivalent doses at a. I cm depth compared to 70 pm (Table Cl, ref. [7]). We conclude
that, in normal use, the IMS subsystem complies with columns II and III of table 32.28 of
10CFR32.27 for both the whole body and other organs categories.

3.4.2 Accident Situation

As in section 3.3.2, the highest dose rates may result in the unlikely event that a member
of the public in the US comes in proximity to the active side of the Ni'' source disk. In

7
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such a circumstance, CYLTRANP simulations provide us with the photon spectrum
emitted in a 2x solid angle away from the active side of the source. It is assumed that the4

contribution of p particles to the whole body dose is negligible since 1 meter of air
provides an absorbing layer 50 times thicker than the range of the most energetic 67 kevi

electrons. The photon spectmm on the active side of the source is given in the next table:

Energy # photons /(kev * steradian)/ 1o(%)
interval (kev)

1-6.7 8.24x10-6 0

6.7 - 13.5 4.1x10-6 1

13.5 - 20.2 1.49x10-6 1

~
20.2 - 27.0 6.18x10-7 1;

27.0 - 33.8 2.47x10-7 13

i 33.8 - 40.5 9.15x10-8 1

40.5 - 47.3 3.02x10-8 4 j
47.3 - 54.0 8.39x10-9 6;

'

54.0 - 60.8 1.88x10-9 8

60.8 - 67.5 1.1x10-10 35

This spectrum is folded with flux to dose equivalent conversion coefficients [6] and a dose
4rate of 9x10 rem / hour at I meter is obtained at a depth of I cm in ICRU tissue. A

i person would have to stay at I meter from the scurce for over 5000 hours in order to
exceed the most stringent limit of column II, table 32.23 of 10CFR32.27. The risk of this4

; happening is negligible. A person would have to be located at I meter from the source for
i more than a year in order to exceed the most stringent annual dmit of column III, table

32.28,10CFR32.27. This is simply not possible.

Hence, in case of external exposure in an accident situation, none of the limits imposed by;

10CFR32.27 will be exceeded.
,

!

3.4 Dose Following Ingestion (uptake)
,

The activity consists of 3.3 mci of Ni'3 electroplated on a Nickel substrate. High
63

! temperature (1200 C) stress tests and wipe testing of Ni based smoke detectors reveal
that only 0.01%, or .33 Ci of activity would be released in the event of a fire [11]. Such a'

release in the US would be due to an accidental fire or disposal of the instmment at an
incinerator. However, the units are expected to be shipped back to the manufacturer for

,

disposal.
,

The organ dose due to the uptake by a single individual of 10% of the total activity
released by the source in the event of a fire is given in the next table (based on organ dose
commitments to exposed persons, table 4.1 of ref. [l1]):

8
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'

Organ Dose (rem) 10CFR 32.27 limits
(colunm I, tablea

32.38)
Total body 1.3x 10" 5x10'3

Liver 2.8x 10" 1.5x10'
Bone 4x10'3 1.5x10'2

Lungs 3.9x 10" 1.5x10^2
'

, ,

The events which may lead an individual to absorb 10% of the released activity are
,

unlikely. The resulting organ doses following the uptake would still be within the limits of
column I, table 32.28 of 10CFR32.27.

|
|

4. Storage and Disposal j

i

The IMS is not targeting a wide consumer market. Expected sales are of 50 units a year,
with 3.3 mci of Ni'3/ unit. Such an activity is more often found in undergraduate teaching j
laboratory. Full instruments containing the IMS will not be stockpiled in storage. The total

'

activity in any place at one time might be a few times the unit activity of 3.3 mci.,

l

Disposal will take place in Canada. In the event of the accidental incineration of a unit in
the US, it has been shown that organ doses resulting from the uptake will not exceed the
limits set by the US regulations. |

5.0 Conclusion

Using simple analysis it has been demonstrated that the presence of a Ni'' source in the
IMS complies with all aspects of 10CFR32.27. In fact, in all cases, the predicted annual
doses are orders of magnitude inferior to the annual limits.

1
1

;

|
|
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Summary

The IMS (Ion Mobility Spectrometer) is used in a system to be manufactured in Canada
and sold in the US at a predicted rate of 50 units a year. Each IMS unit will contain 3.3
mci of Ni'', a p emitter with an endpoint energy of 67 kev. Hence, the instrument must
comply with US federal regulations, notably table 32.28 of 10CFR32.27 which provides
annual dose equivalent limit for various organs for internal and external exposure to the
radioactivity. In this work, established Monte Carlo techniques and published fluence to
dose conversion coefficients are used to assess the dose risk in a situation of normal use of
the IMS and in an accident situation where the source is outside its shielding enclosure. In
all situations, under reasonable assumptions, it is demonstrated that the dose limits set by I

10CFR32.27 are not exceeded. )

l

i

1

_



,
. . _ .__ __ .. .

1 .

9

Table of contents

SUMMARY.................................................................................1

TA B LE O F C O N T E N TS . .. ............. . ... ... ......... .. .......... ..... .... ................... ....... ... 2

1.0 I N T RO D U CTI O N . ... ..................... ........ ...... .... ....... ............. ...... .. ..... .. ......... 3

2.0 PARTS OF TH E IMS' LIFE CYCLE COVERED BY CFR-30.27.. ......... .......... ....... ..... ... 3

2.1 THE IMS FROM A RADIOLOGICAL PROTECTION POINT OF VIEW.... .-............... ... 3

3.0 DOS E RATE ESTIMATION .. .. ..... . ... . ......... .. .... . .. .... ....... . . .. ..... 5

3.1 BETA PARTICllS. .5
3.2 X-RAY PIIOTONS . .5

3.3 POTENTIAL FOR SKIN (EXTREMITY) DOSE. .6
3.3.1 Nonnal use.. .6
3.3.2 Accident Situation. .7

3.4 DOSE TO TIIE WiiOLE BODY AND OTilER ORGANS.. .7.

; 3.4.1 Normal use of1AIS.. .7
'

3.4.2 Accident Situation.. .7
3.4 DOSE FOLLOWING INGESTION (t.'I' FAKE).. .8

4. STO RA G E AN D D IS PO S A L .. ....... ..... ..... ...... ............. ....... ...... ........ ........ . .. . 9

5.0 C O N C L U S I O N .. ... ....... .... ............. ...... ...... ...... .......... .... . ...... . ... .... ........ 9

RE FE RE N C E S .. .. ....... .. .......... ...... .......... . .. ...... .. ......... ... ...... ... ..... .. 10
,

I

.

|
l
i

|

t

i

5

!

l
,

da



- -. - - .

O

9

*
1

1.0 Introduction

i
*

The IMS (lon Mobility Spectrometer) is used in a system to be manufactured in Canado
and sold in the US at a predicted rate of 50 units a year. Each IMS unit will contain Ni'', a
p emitter with an endpoint energy of 67 kev. Hence, the instrument must comply with US
federal regulations, notably table 32.28 of 10CFR32.27 which provides annual dose
equivalent limit for various organs for internal and external exposure to the radioactivity.

The annual equivalent dose limits are listed in table 32.28 of 10CFR32.27. It lists 3-

categories of radiation exposure in 3 columns. Column I is concerned by the dose to |

organs caused by the ingestion or inhalation of radioactive material. Column II give dose
limits which are unlikely to be exceeded. We view these as representing dose limits during
the normal operation of the IMS. In column III, very high dose limits are given for which j
there is a negligible risk of exceeding. We view these as dose limits for accident situations.1

Dose limits in all 3 columns are specified according to exposure to the extremities, the |

.

whole body and other organs.
a

Using Monte Carlo techniques and some reasonable assumption, it will be demonstrated
that the IMS complies fully with the dose limits set by 10CFR32.27.

l

2.0 Parts of the IMS' life cycle covered by CFR-30.27 !

l
The activity in the IMS consists of 3.3 mci source of Ni'3 electroplated on a Ni disk, 50 i

'

pm in thickness and 0.95 cm in diameter. The disk is mounted inside a cylindrical-

aluminum housing which consists of two pans. The outside diameter is about 6 cm and the
total length is 4 cm. The aluminum thickness is near I cm for the side and one end wall. It
is thinner (.25 cm) at the end nearest to the source locr. tion. In this way, the Ni'3 so2rce is
essentially enclosed in a tamper proof shielding enclosure.

Special assembly components are used during production at the manufacturing location in
Canada which prevent opening the cylinder in the field. For servicing and disposal, the unit
must be returned to the manufacturer outside the US. Hence, this report is an analysis of
the potential radiological risk of the device while in normal use and in accident situations
while the instrument is located in the US . It does not cover the radiological risk posed by '

the manufacture of the IMS.

2.1 The IMS from a radiological protection point of view

It is safe to assume that the current IMS design will be used in the medium term for all
systems produced. It is then worth doing a detailed analysis of the ionizing radiation which
" leaks" from the aluminum enclosure either in the form of energetic electrons and photons.

3
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The model assumed for the analysis is shown on Figure 1. It shows the relative location of '

the various components but it is not to scale. In particular, the Nickel disk and the steel
screen would be vanishingly small in a realistic schematic.

Ni'8 isa emitter with endpoint and average energies of 67 kev and 17 kev respectively.
The spectral shape used in this work is from [1]. Potential radiation risk is due to the

,

!

source p particles and x-ray photons. These photons result from the interaction of the p
particles with the surrounding materials, especially the higher Z elements such as the Ni ;

plate and those contained in the steel mesh and they are in the form of bremstrahlung or
line radiation. From the geometry shown on Figure 1, it is anticipated that the hottest
location will be "A" where the Nickel plate acts as a p to X-ray converter and is located
near the thinnest wall of the enclosure.

i

B

i

Nickel
N |

'

63NI
SOUFCe N '

gOSeOUS g
- w . - . .% -a-

nitrogen i
\

Steel ' 1

.

teflon '

\
Oluminum

Figure 1: Schematic of the geometry of the IMS used for the purpose of external
radiation calculations. Its shows the relative placement of the components but is not to
scale. In particular, the thickness' of the nickel plate and the steel mesh are exaggerated.
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3.0 Dose rate estimation

3.1 Beta particles

The ranges of p particles in aluminum for energies E from 0.010 MeV to 3 MeV are
given by the following empirical equation [2].

R = 0.412E" gm/cm2 (1)
n = 1.265 - 0.09541n E

; The maximum energy electron from Ni'3 (0.067 MeV) has a range of 25 m in aluminum.
The thinnest wall of the IMS is 100 times thicker than the electron range. We conclude
that p particles will not contribute to the external dose during routine use and handling of
the IMS.

3.2 X-Ray Photons

In assessing the external dose during routine operation and handling of the IMS, we must<

keep in mind the categories put forward by the US Nuclear Regulatory Commission in its
,

Rules and Regulations [3], from now on referred to as 10CFR32.27. Specifically, the IMS,

] must comply with the annual extremity dose limit of 7.5 rem and whole body limit of 0.5
rem. .

|
'

2 We have opted to assess the external dose rates by the Monte Carlo method. The code
used was CYLTRANP of the ITS family of codes [4] developed at the Sandia National
Laboratories. These well established coupled electron-photon transport codes are

I descendants of ETRAN [5], developed at the US National Bureau of Standards In
panicular, the CYLTRANP code is well suited for 3-dimensional transport simulation in

,

| geometries which have cylindrical geometries. The cut-off energies for both the electron
and photons are 1 kev which allot the inclusion of nearly the full p spectrum from Ni''

Dose rates may be obtained using two methods. The calculations supply the energy
spectra of the x-rays which escape from the aluminum cylinder. These may be combined
with suitable fluence to dose conversion coefficients (6,7] to yield the dose at any depth in
tissue and for any distance away from the IMS. For contact doses, a piece of" standard"
human tissue (ICRU tissue: 10.1% { weight fract.) H,11.1% C,2.6% N,76.2% 0) is put 1

in contact with the aluminum enclosure and the dose is calculated directly from the energy I
'

deposition of photoelectrons in the tissue.

5
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3.3 Potential for Skin (Extremity) Dose
~

,

3.3.1 Normal use

In general, particularly for the x-ray energies ofinterest here, the point of maximum dose
is on the surface, as shown by the exposure to dose equivalent conversion factors [7]. The
most radiosensitive cells of the skin, if not the whole body, are the germinal or basal layer ;

I[8] cells which are located at a mean depth of 70 m according to ICRP 26 [9] It also
corresponds approximately to the depth of the peak dose for low energy x-ray photons.

-
,

At location A, B and C on the IMS (Figure 1), we apply a 1 cm layer of" skin-equivalent"
ICRU tissue [10] divided in 3 layers. The first layer, in contact with the IMS, is 70 m !

thick and corresponds to the insensitive layer of the skin. The second layer is 20 pm thick I

and corresponds to the radio-sensitive layer ofinterest. The rest of the ICRU tissue layer i

may be thought as a backscattering phantom, roughly the thickness of a finger.

. At location "A", the energy deposited below 70 pm in a 6.28 mg mass ofICRU tissue is i
'

l.49x10'" MeV (13% 1 a) per source p panicle. Assuming a quality factor of 1, this is I

equivalent to 3.80x10'" rem / . The source has a strength of 3.3 mci. It emits 4.4x10"
4

,
p/ hour. Hence the skin equivalent dose rate on contact at point "A" is 1.67x10 rem / hour

"

(13% error).

At location B, the tissue mass in the sensitive layer is put as 36 mg. A 1 cm wide strip of
ICRU is applied all around the aluminum cylinder at B. This " simulates" a hand or finger ,

) wrapped around the IMS. The deposited energy is 3.6x10'" MeV/p (31%). Repeating the j
4analysis above, this corresponds to 7x10 rem / hour.

'

At location C, the tissue mass in the sensitive lapr is 6.28 mg. The deposited energy is )4
'

l.6x10'" MeV/p (66%). Clearly, in this case the calculation has insuflicient statistics to |

supply a small error. However, it is clear that the highest dose rate is found at "A" and )
ifurther calculations at C are unnecessary. Nevertheless, this result gives a dose rate of

4
j 3x10 rem / hour.

| As expected, the skin dose rate is highest at "A" where the source is closest and the
4aluminum shielding is the thinnest. At a dose rate of 1.6x10 rem / hour, a worker cannot

exceed the annual extremity dose limit of 7.5 rem even if he is in contact with the source,
~

24 hours a day. In such a case, his total accumulated equivalent dose would be 0.14 rem.
'

This fulfills the requirement for extremity dose of colunm II, Table 32.28,10 CFR 32.27.

These low dose rates reemphasize the fact that very few X-rays emerge from inside the
shield. In practice, the IMS is a subsystem inside a 1/16" thick steel cabinet. This
arrangement ensures that a worker will never be closer than 20 cm from the IMS. The
exposure to radiation will become essentially nil.

,

s
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3.3.2 Accident Situation,

The constmetion of the IMS enclosure is rugged and tamperproof. Moreover, the
manufacture of the IMS is performed in Canada. The probability is low that a member of
the public in the US will come in contact with the bare Ni'' source. If this were to happen
and the source was in contact with the skin the following equivalent dose rates would,

occur:;

if the source is held with the active face towards the skin, a local (extremity) dose ratee

of 0.84 rem / hour (5%) will result. This was obtained again through Monte Carlo
[ calculations of the dose deposited in ICRU tissue at a depth of 70 pm;

if the source is held with the inactive side towards the skin, a dose rate of 0.0074e

rem / hour (26%) will result.
4

An unsuspecting individual might carry the source active face towards or away from the
skin with equal probability. In this case the useful dose rate is about 0.4 rem / hour. The

,

individual would have to carry the source, against his skin for 18.75 hours in order to
exceed the dose limit of 7.5 rem. The probability of this event is low. The extremity dose !
limit of column II, table 32.28 of 10CFR32.27 is fulfdled now for this unusual accident i

situation. The individual would also require to have the source against his skin for 500 ),

hours of the year (62 working days) in order to exceed the extremity dose limit of column |"

III of table 32.28 of 10CFR32.27. Such accidental exposure requires a string of events: |

!opening of the IMS shield, removal of the source disk and pressing of the source against
the skin for an extended length of time. The probability of all these events occurring is

'

negligible.

l

3.4 Dose to the Whole Body and other Organs \
!

3.4.1 Normal use ofIMS !

The resulting dose equivalent to the skin during normal use of the IMS (subsection 3.3.1)
is ofless than 0.14 rem / year (constant contact with the source enclosure). This guarantees
that the whole body limit of 0.5 rem / year (column II, Table 32.28,10CFR 32.27) cannot
be exceeded, and this for two reasons. First, most regions of the whole body will be
distant from the source, thus decreasing funher the x-ray flux and the dose. Second, whole
body dose is defined at I cm depth. The low energy x-rays of concern here yields lower
equivalent doses at a 1 cm depth compared to 70 pm (Table C1, ref. [7]). We conclude
that, in normal use, the IMS subsystem complies with columns II and III of table 32.28 of
10CFR32.27 for both the whole body and other organs categories.

3.4.2 Accident Situation

As in section 3.3.2, the highest dose rates may result in the unlikely event that a member
63of the public in the US comes in proximity to the active side of the Ni source disk. In

7
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such a circumstance, CYLTRANP simulations provide us with the photon spectrum
emitted in a 2n solid angle away from the active side of the source. It is assumed that the
contribution of p particles to the whole body dose is negligible since 1 meter of air
provides an absorbing layer 50 times thicker than the range of the most energetic 67 kev
electrons. The photon spectrum on the active side of the source is given in the next table:

Energy # photons /(kev * steradian)/ 1a(%)
interval (kev)

1 - 6.7 8.24x10-6 0

6.7 - 13.5 4.1x10-6 1

13.5 - 20.2 1.49x10-6 1

20.2 - 27.0 6. I8x10-7 1

27.0 - 33.8 2.47x10-7 1 |

33.8 - 40.5 9.15x10-8 1

40.5 -47.3 3.02x10-8 4

47.3 -54.0 8.39x10-9 6

54.0 - 60.8 1.88x10-9 8

60.8 - 67.5 1.1x10-10 35

This spectrum is folded with flux to dose equivalent conversion coefficients [6] and a dose
4rate of 9x10 rem / hour at I meter is obtained at a depth of I cm in ICRU tissue. A

person would have to stay at 1 meter from the source for over 5000 hours in order to
exceed the most stringent limit of column II, table 32.28 of 10CFR32.27. The risk of this
happening is negligible. A person would have to be located at I meter from the source for
more than a year in order to exceed the most stringent annual limit of column III, table
32.28,10CFR32.27. This is simply not possible.

Hence, in case of external exposure in an accident situation, none of the limits imposed by
10CFR32.27 will be exceeded.

.

!

3.4 Dose Following Ingestion (uptake)

The activity consists of 3.3 mci of Ni'3 electroplated on a Nickel substrate. High
temperature (1200 C) stress tests and wipe testing of Ni'' based smoke detectors reveal
that only 0.01%, or .33 Ci of activity would be released in the event of a fire [l1]. Such a
release in the US would be due to an accidental fire or disposal of the instrument at an
incinerator. However, the units are expected to be shipped back to the manufacturer for
disposal.

The organ dose due to the uptake by a single individual of 10% of the total activity i

released by the source in the event of a fire is given in the next table (based on organ dose
commitments to exposed persons, table 4.1 of ref. [l1]):

1

8
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,

Organ Dose (rem) 10CFR 32.27 limits
(column I, table

,

32.38) ;

Total body 1.3x10" 5x10'3
Liver 2.8x10" 1.5x10 2
Bone 4x10'' l.5x10 2
Lungs 3.9x10" 1.5x10 2

The events which may lead an individual to absorb 10% of the released activity are
unlikely. The resulting organ doses following the uptake would still be within the limits of
column I, table 32.28 of 10CFR32.27.

'

4. Storage and Disposal

The IMS is not targeting a wide consumer market. Expected sales are of 50 units a year,,

| with 3.3 mci of Ni''/ unit. Such an activity is more often found in undergraduate teaching
laboratory. Full instruments containing the IMS will not e stockpiled in storage The total8

activity in any place at one time might be a few times the unit activity of 3.3 mci.
, .

Disposal will take place in Canada. In the event of the accidental mcmeration of a unit m j,

| the US, it has been shown that organ doses resulting from the uptake will not exceed the i
limits set by the US regulations. )

5.0 Conclusion|

i

Usi'ig simple analysis it has been demonstrated that the presence of a Ni'' source in the |
IMS emplies with all aspects of 10CFR32.27. In fact, in all cases, the predicted annual !

doses are orders of magnitude inferior to the annual limits.

|

.

-
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Name: Brian Smith FAX: 301-415-5369

Company: NRC Headquarters Phone: 301-415-5723

| From
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Address: CPAD Technologies Inc.
66 Slater Street,6th Floor

| Ottawa, Ontario K1P 5H1

| CC
'

l
Subject: NRC DEVICE REVIEW (DOSE ASSE55 MEND

Notes: I am sending you the letter that is copied in this fax and the report on the " Dose Assessment" I
will be out of the office for a few days starting 18 Nov, so if you have any questions related to
the " Dose Assessment", Please feel free to contact Dr. Unny Thekkadath at (613) 228-1145. If
there are other questions related to our application please contact Debra Harley at (613) 230-

| 0609 and she can get in touch with me.
1
i

; As you see we just received a fax telling us that our " Possession License" has been approved.
|

| Thanks for your supprt.
!

Sinc y,

'W m
| A.L. McEachern

Director, Business Development '

:
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November 15,1996

|
Mr. Brian W. Smith, Health Physicist
Sealed Source Safety Section

,

Medical, Academic, and Commercial
| Use Safety Branch |

| Division of Industrial Safety |

| Office of Nuclear Material Safety |

| and Safeguards !

| Nuclear Regulatory Commission
| Washington, D.C. 20555-0001

Dear Mr. Smith:

( Further to my letter dated November 5,1996 in which I advised you that the
answer to the " Dose Assessment" question would follow, I am pleased to send
you a report that was completed for us by a reputable consultant. The report
speaks for itself, however if you have any questions, please feel free to contact
either Al McEachem or myself.

I have been advised that, based on the calculations, if a person held the IMS for
| 24 hours a day for one year, the radiation received would still be below limits.
| This is a very comforting fact and further supports our claim that the total system
! is safe to use. One of our systems was recently dropped when it was being

unloaded from a truck - the metal container was damaged and there was no
apparent damage to the system itself, however Al McEachem performed a wipe
test anyway so en independent laboratory could analyze the wipe sample. The

| resu}t came back as negative.
|

I hope the information that we have provided meets your requirement. 'Thank -

you for your support.

Yours uty,
,

7
: Scott Feagan

President
CPAD Technologies Inc.

CAAD Technolagles Inc. [p]-

GG s'ercer Sweet, Och Floor . Ottawa. Orttano, Carwoo Ki p 5H1 Tel.: S *I 3.E30.0505 Fax: M *l 3.R30.3800
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Summary i

!

The IMS (Ion Mobility Spectrometer) is used in a system to be manufactured in Canada j

and sold in the US at a predicted rate of 50 units a year. Each IMS unit will contain 3.3 l
mci of Ni'3, a D emitter with an endpoint energy of 67 kev. Hence, the instrument must |;

'

comply with US federal regulations, notably table 32.28 of 10CFR32.27 which provides
4 annual dose equivalent limit for various organs for internal and external exposure to the

radioactivity, in this work, established Monte Carlo techniques and published fluence to
dose conversion coefficients are used to assess the dose risk in a situation of normal use of'

the IMS and in an accident situation where the source is outside its shielding enclosure. In
all situations, under reasonable assumptions, it is demonstrated that the dose limits set by
10CFR32.27 are not exceeded.

!
|

1
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1.0 Introduction

The IMS (Ion Mobihty Spectrometer) is used in a system to be manufactured in Canada
and sold in the US at a predicted rate of 50 units a year. Each IMS unit will contain Ni", a
B emitter with an endpoint energy of 67 kev. Hence, the instrument must comply with US

| federal regulations, notably table 32.28 of 10CFR32.27 widch provides annual dose
| equivalent limit for various organs for internal and external exposure to the radioactivity. i

The annual equivalent dose limits are listed in table 32.28 of 10CFR32.27. It lists 3
categories of radiation exposure in 3 columns. Column I is concerned by the dose to
organs caused by the ingestion or inhalation of radioactive material. Column 11 give dose
limite which are unlikely to be exceeded. We view these as repr-:Ag dose limits dunng
the normal operation of the IMS. In column III, very high dose limits are given for which
there is a negligible risk of arc = ling We view these as dose limits for accident situations.
Dose limits in all 3 columns are specified according to exposure to the extremities, the
whole body and other organs.

Using Monte Carlo techniques and some reasonable assumption, it will be demonstrated
that the IMS complies fully with the dose limits set by 10CFR32.27.

2.0 Puts of the IMS' life cycle covered by CFR-30.27

The activity in the IMS consists of 3.3 mci source of Ni" electroplated on a Ni disk, 50
um in thickness and 0.95 cm in diameter. The disk is mounted inside a cylindrical
aluminum housing which consists of two parts. The outside diameter is about 6 cm and the
total length is 4 caz. The aluminum thickness is near 1 cm for the side and one end wall. It
is thinner (.25 cm) at the end nearest to the source location. In this way, the Ni" source is ,

!
essentially enclosed in a tamper proof shielding enclosure.

,

!

Special assembly components are used during production at the manufacturing location in
Canada which prevent opening the cyhnder in the field. For servicing and disposal, the unit
must be returned to the nuanhnr outsik the US. Hence. this report is an analysis of )
the potential radiological risk of the deie while in normal use and in accident situations !

while the instrument is located in the US . It does not cover the radiological risk posed by

the manufacture of theIMS.

2.1 The IMS from a radiological protection point of view |-

'

i

It is safe to assume that the current IMS design will be used in the medium tenn for all

} systems pr~hw~i It is then worth doing a detailed analysis of the ionizing radiation which
" leaks" from the ahnninum enclosure either in the form of energetic electrons and photons.'

|

3
4
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i

| The model assumed for the analysis is shown on Figure 1. It shows the relative location of
i the various components but it is not to scale. In particular, the Nickel disk and the steel

| screen would be vanishingly small in a realistic schematic.
i

I Ni" is a S emitter with endpoint and average energies of 67 kev and 17 kev respectively.
The spectral shape used in this work is from [1]. Potential radiation risk is due to the
source S particles and x-ray photons. These photons result from the interaction of the

; particles with the surrounding materials, especially the higher 2 elements such as the Ni

{ plate and those contained in the steel mesh and they are in the form of bremstrahlung or
line radiation. From the geometry shown on Figure 1, it is anticipated that the hottest4

location will be "A" where the Nickel plate acts as a S to X-ray converter and is located !,

'

I near the thinnest wall of the enclosure.
i
i
i

| |'

j Nickel |
!

!

i 63NI l

| source '' g seous CA

| nitrogen
'

:

j stegl
: M *
i

| teflon
'

!
i

i
:

oluminum

| Figure 1: Schematic of the geometry of the IMS used for the purpose of external
j radiation calculations. Its shows the relative placement of the components but is not to

i scale. In particular, the thickness' of the nickel plate and the steel mesh are exaggerated.
;

i
!

)
:
4

j 4
'
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3.0 Dose rata estimation
'

,

,

.

3.1 Bete particles '

i

; The ranges of particles in aluminum for energies E from 0.010 MeV to 3 MeV are
! given by the following empirical equation [2]. &

t.nc-o.o4r4 L * :
'

i R = 0.412E" gm/cm2 (1) W6.

j n = 1.265- 0.0954In E //gg
I The maximum energy electron from Ni" (0.067 MeV) has a range of 25 m in alumianm-

,

| The thinnest wall of the IMS is 100 times thicker than the electron range. We conclude
4 that S particles will not contribute to the external dose during routine use and handling of

the IMS.,

|

; 3.2 X-Ray Photons
i

In assessing the external dose durmg routine operation and handling of the IMS, we must
; keep in mind the categories put forward by the US Nuclear Regulatory Commission in its

j Rules and Regulations [3], from now on referred to as 10CFR32.27. Spally, the IMS

| must comply with the annual extremity dose limit of 7.5 rem and whole body limit of 0.5
I@ 4 .on %r-rem-

We have opted to assess the external dose rates by the Monte Carlo mathad The code
used was CYLTRANP of the ITS family of codes [4] developed at the Sandia National;

Laboratories. These well e*abliehad_ coupled ihun-photon transport codes are
descend =* of ETRAN [5], developed at the US National Bureau of Standards. In

j particular, the CYLTRANP code is well surted for 3-dimensional transport simulation in

|- geometries which have cylindrical geometries. The cut-off energies for both the electron
and photons are 1 kev which allows the inclusion of nearly the full S spectnan from Ni"

"

i

Dose rates may be obtained using two methods. The calculations supply the energy
,

spectra of the x-rays which escape from the aluminum cylinder. These may be combined#

j - with suitable fluence to dose conversion coeSicients [6,7] to yield the dose at any depth in
tissue and for any distance away from the IMS. For contact doses, a piece of" standard"

i human tissue (ICRU tissue: 10.1% (weight fract.} H,11.1% C, 2.6% N, 76.2% 0) is put
.

l

in contact with the aluminum enclosure and the dose is calculated directly from the energy;

I deposition of photoelectrons in the tissue. ;

,

5
.
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i
;

i :
i i

! 3.3 PMentiel AsrSkin (Eid =lty) Dose
.

,

j
; 3.3.1 Normal use

l
i In general, particularly for the x-ray energies ofinterest here, the point of maximum dose

is on the surface, as shown by the exposure to dose equivalent conversion factors [7]. The i
!

|
most radiosensitive cells of the skin, if not the whole body, are the germinal or basal layer

.

[8] cells which are located at a mean depth of 70 pm according to ICRP 26 [9] . It also'

corresponds approximately to the depth of the peak dose for low energy x-ray photont

J''f, At location A, B and C on the IMS (Figure 1), we apply a 1 cm layer of" skin-equivalent"

*y ICRU tissue [10] divided in 3 layers. The first layer, in contact with the IMS, is 70 pm,p
thick and corresponds to the insensitive layer of the skin. The second layer is 20 m thick

<<
and corresponds to the radio-sensitive layer ofinterest. The rest of the ICRU tissue layerAp<f may be thought as a backscattenng phantom, roughly the thickness of a finger.

At location "A", the energy deposited below 70 pm in a 6.28 rug mass ofICRU tissue is
1.49x10'" MeV (13% 1 c) per source $ particle. Assuming a quality factor of 1, this is
equivalent to 3.80x10" rem /B. The source has a strength of 3.3 mci. It emits 4.4x10" /|

4
S/ hour. Hence the skin equivalent dose rate on contact at point "A" is 1.67x10 rem / hour |

'

(13% error).
C. % u ,,, g N f%

y,o%
At location B, the tissue mass in the sensitive layer is put as 36 mg. A 1 cm wide strip of
ICRU is applied all around the aluminum cylinder at B. This " simulates" a hand or finger ,

wrapped around the IMS. The deposad *aargy is 3.6x10'" MeV/S (31%). Repeating the |
'

analysis above, this cormsoonds to 7x1hrem/ hour.

At location C, the tissue mass in the sensitive layer is 6.28 mg. The deposited energy is
1.6x10'" MeV/S (66%). Clearly, in this case the calculation has insufficient statistics to
supply a small error, However, it is clear that the highest dose nte is found at "A" and
furt eaten 1=*ians at C are unnecessary Nevertheless, this result gives a dose rate of g+g3x1 * .

As expected, the skin dose rate is highest at "A" where the source is closest and the fr #N'
4 * v"

aluminum eWNg is the thinnest. At a dose rate of 1.6x10 rem / hour, a worker cannot
exceed the annual e4rwAy dose limit of 7.5 rem even if he is in contact with the source ,

# '

24 hours a day. In such a case, his total am-dated equivalent dose would be 0.14 reg L,'pt
4 #,This fulfills the requirement for on. 'ty dose of column II, Table 32.28,10 CFR 32.27. c,\h(f
/ p(#These low dose rates reemphasize the fact that very few X-rays emerge from inside the 9

shield. In practice, the IMS is a subsystem inside a 1/16" thick steel cabinet. This *g e

arrangement ensures that a worker will never be closer than 20 cm from the IMS. T*.e
-pasure to radiation will become **aa'*ially nil.

~

6

- -- . . ..
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!

I-
3.3.2 Accident Situation

3

I The construction of the IMS enclosure is rugged and tamperproof. Moreover, the j

; m=#=^re of the IMS is performed in Canada. The probability is low that a mamher of
j the public in the US will come in contact with the bare Ni" source. If this were to happen ,

{ and the source was in contact with the skin the following equivalent dose rates would !

occur:
I l
1

if the source is held with the active face towards the skin, a local (extremity) dose rate 1i e

of 0.84 rem / hour (5%) will result. This'was obtained again through Monte Carlo
,

j . calculations of the dose deposited in ICRU tissue at a depth of 70 m; SA.E
_

;
if the source is held with the inactive side towards the skin, a dose rate of 0.0074 -

; e

!. rem / hour (26%) will result.
i

'

d

{ An n==Ma= indivulual might carry the source active face towards or away from the
: skin with equal probability In this case the useful dose rate is about 0.4 rem / hour. The
j individual would have to carry the source, against his skin for 18.75 hours in order to
i exceed the dose limit of 7.5 rem. The probability of this event is low. The extremity dose

! limit of column II, table 32.28 of 10CFR32.27 is fiilfilled now for this unusual accident
situation. The individual would also require to have the source against his skin for 500

| hours of the year (62 workmg days) in order to exceed the. extremity dose limit of column

: III of table 32.28 of 10CFR32.27. Such accidental exposure requires a string of events:
; opening of the IMS shield, removal of the source disk and pressing of the source against

! the skin for an extended length of time. The probability of all these events occurring is

j negligible.
;

i

! J

3.4 Dose to the whole Body and other Organs
i )

3.4.1 Norussil noe ofIMS |
4

) The resulting dose equivalent to the skin during normal use of the IMS (subsection 3.3.1)

| @ is ofless than 0.14 rem / year (constant contact with the =anece anelamwe). This guarantees

! that the whole body limit of 0.5 rem / year (column II, Table 32.28,10CFR 32.27) cannot
I

j be exceeded, and this for two reasons. First, most regions of the whole body will be
!' distant from the source, thus decreasing further the x-ray flux and the dose. Second, whole

! body dose is defined at I em depth. The low energy x-rays of concern here yields lower

| equivalent doses at a 1 cm depth compared to 70 m (Table C1, ref. [7]). We conclude

! that, in normal use, the IMS subsystem w.,.S with columns II and III of table 32.28 of
10CFR32.27 for both the whole body and other organs categories.

a

i

I lor 9 M U M.1 '

}
! 3.4.2 Accident Situation .

1

'

|
As in section 3.3.2, the highest dose rates may result in the unlikely event that a member
of the public in the US comes in proximity to the active side of the Ni" source disk. In5

4

| 7
:

__ _ _. _ __
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such a circumstance, CYL'9tANP sinnMons provide us with the photon spectrum
emitt:d in a 2fc solid angle away from the active side of the source. It is assumed that the

| contribution of S particles to the whole body dose is negligible since 1 meter of air
provides an absorbing layer 53 times thicker than the range of the most energetic 67 kev i

!

! electrons. The photon spegm on the active side of the source is given in the next table: )

Energy # photons /(kev * steradian)/ 1 a(%) ,

interval (kev) )
1 - 6.7 8.24x10-6 0

'

! 6.7 - 13.5 4 lx10-6 1

I 13.5 - 20.2 1 49x10-6 1

20.2 - 27.0 6.18x10-7 1 |

27.0 - 33.8 2.47x10-7 1

33.8 - 40.5 9.15x10-8 1

40.5 -47.3 3.02x10-8 4 )
'

.
47.3 - 54.0 8.39x10-9 6

i 54.0 - 60.8 1.88x10-9 8 !

60.8 - 67.5 1.1x10-10 35 )
l<

This spectrum is folded with flux to dose equivalent conversion coefficients [6] and a dose
4

| rate of- 9x10 rem / hour at I meter is obtained at a depth of 1 m in ICRU tissue. A
person would have to stay at 1 meter from the source for over 5000 hours in order to
exceed the most stringent limit of column II, table 32.28 of 10CFR32.27. The risk of this
happening is negligible. A person would have to be located'at I meter from the source for

' more than a year in order to exceed the most stringent annual limit of column III, table
32.28,10CFR32.27. This is simply not possible.

Hence, in case of external exposure in an accident saadan, none of the limits imposed by

10CFR32.27 willbe exceeded.

|

3.4 Dose Following Ingesdon (uptake)

| The activity consists of 3.3 mci of Ni" electroplated on a Nickel substrate. High
t=rware (1200*C) stress tests and wipe testing of Ni" based smoke detectors revealt

j that only 0.01%, or .33 Ci of activity would be released in the event of a fire (11). Such a

|
release in the US would be due to an accidental fire or disposal of the instrument at an

; incinerator. However, the units are expected to be shipped back to the manufacturer for i

disposal.g
I

The organ dose due to the uptake by a single individual of 10% of the total activity

| released by the source in the event of a fire is given in the next table (based on organ dose

| commitments to exposed persons, table 4.1 of ref. [11]);
l
i

8

_ . _ _
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!

.

;

. .

:

! Organ Dose (rem) 10CFR 32.27 limits
t (column I, table
: 32.38)

Total body 1.3x10* 5x10-*
! Liver 2.8x10* 1.5x10-' .

'

{ Bone
_ _ _

4x10'' 1.5x10-3
; Lungs 3.9x10* 1.5x10 3

The events which may lead an individual to absorb 10% of the released activity are
unlikely. The resulting organ doses following the uptake would still be within the limits of,

|_ column I, table 32.28 of 10CFR32.27.

I
'

; 4. Storage and Disposal i

i
,

j The IMS is not targeting a wide consumer market. Expected sales are of 50 units a year,
dwith 3.3 mci ofNi / unit. Such an activity is more often found in undergraduate teaching;

laboratory. Full instruments containing the IMS will not be stockpiled in storage. The total4

| activity in any place at one time might be a few times the unit activity of 3.3 mci.
)

: |

Disposal will take place in Canada. In the event of the accidental incineration of a unit in3

the US, it has been shown that organ doses rmMag from the uptake will not exceed the'

limits set by the US regulations.
.

-

:

!.

5.0 Conclusion
i

!
i.

Using simple analysis it has been demonstrated that the presace of a Ni' source in the

i IMS complies with all aspects of 10CFR32.27. In fact, in all cases, the predicted annual j
1doses are orders of magnitude inferior to the annual limits.

i
|
:
4

,

,

J

e

d

9
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PV8tSUANT TO THE LA80a LAW AND INDUSTALAL CODE ADLE 38. AND IN ACLIANCE ON ITATEMENT5 AND REMESENTAT10al$ HERETOfCRE
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sLACE6) DE5iGNATED DCIOW, YH4 UCENW 15 $USACT TO ALL APPUCA8tE Rud$. RE4ULATIONS, AND ORD(R5 NOW OR HEREAPTER 8N
EFfECTOF ALL APPROPR8 ATE REGULATOAY AGENCM$ ANQ TO ANY CONofTIONS SPEOPIED SELoW. |

4
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2753 4 996 '

; CPAD Technologies,Inc. -

moeem mn e.
4

, 4. XPWIADONDATE,

in. AoOmsc os ucess
November 31,1999

! The Galson Building s.. nsesnENCE wo. b. AMENoMsNT No. I

6601 Kirkville Rd. !
1 i-

East Syracuse, New York 13057
. . .

6. RADsOACTIVL MATERIAL $ 7. CHEMfCAL ANOOI PNYSICALFORM s. MAmuuM QUANTITY WCD6EE MAY POSSESS
'

(odementin mau number) AT ANYONE TIME
,

A. Nickel 63 A. Scaled Sources A. 3.3 mi1IIcarles per

] (NRD madalN1001) device.
.

! 9. Authorw -

; Posession incident to exempt distribution Of CPAD Technologies,Inc. Orion Fntnnives DetartinnA.
Systems and 5' in= Nan:etiez and Fnlacives TWan Sveteme- under licensure of the Unitedn;

j States NucIcar Reguistory rammission.

|
|

10. Liccmod marestal shall be stored at the in*11&n specified in Condition 2 of this licerise.
,

!
.

11. A. The Radiation Safety Officer for this license is A. L. McEachera.

D. The Radiation Safety Officer for GalsOn CurgwmiOn, Twene number 2260-3047, shall be the site;

i Radiation Safety Officer for this license.

!

I
1
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|
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3. I h Number 2753 3996 S a. R s f. N o. 1 b Amend. No. -.
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#

| 12. The licenses shall conduct, or have 9 ='=' =', a periodic inventory of all devices possessed under this
| limea Such inwatory shall be conducted at intervals not to exceed six r==al= and shall be dommnemerut
i in a record containing the identity of each device (make, model and serial number), its location, and the
{ identity of the person who perfonned the inventory. -

1
:

:
? 13. De !!-- shall report h .- 5 : 'y by telephonc, the loss of control of any =Weive vuurce or device.
i This includes inability to locate a source or device on your pnsnises, or falhas of a source or device to anive

at a d*=*ination to which you have shipped it, at the +W+1 time.;

!

|
.

| 14. Except as phUy provided otherwise in this lloonsc, the liaan- ahall conduct its prognan in
: accordance with F --:t representadcas and procedures contained in the d-e. including
i enclosures, listed below. De Department's Regulasians shall govern unless thane me=nanen, W.
! and procedures are more restrictive than the Regulations.

i
i

j A. ApalW dated October II,1996, signed by Mariusz Rybak. CEO for CPAD Technologies, and

| Miks Imrenz, President for Galson Corporation.
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WE HA VE MOVED, PLEASE CHECK OUR NEWADDRESSI'

i

FACSIMILE FACSIMILE.

|

Date & Time: Friday, November 15,1996 2:11 PM Pages To Follow: 14-

Send To
Name: Brian Smith FAX: 301-415-5369

Company: NRC Headquarters Phone: 301-415-5723

l From
Name: Al McEachern Phone: (613)230-0609

3 FAX: (613)230-3805
Address: CPAD Technologies Inc.

66 Stater Street,6th Fioci;

Ottawa, Ontario K1P 5H1'

cc:
i

Subject: NRC DEVICE REVIEW (DOSE ASSESSMENT),

! Notes: I am sending you the letter that is copied in this fax and the report on the " Dose Assessment" |
will be out of the office for a few days starting 18 Nov, so if you have any questions related to3

'
the " Dose Assessment", Please feel free to contact Dr. Unny Thekkadath at (613) 228-1145. If
there are other questions related to our application please contact Debra Harley at (613) 230-

| 0609 and she can get in touch with me.

As you see we just received a fax telling us that our " Possession License" has been approved.

Thanks for your support.
1
,

Sinc y,.

|

| g '*

'

A.L. McEachern
Director, Business Developmenti

WE HA VE MOVED, PLEASE CHECE OUR NEWADDRESSI

WARNING!
This CPAD Technologies Inc. transmission is intended for the addressee. It may contain privileged or confider.t!al information, any unauthorized
disclosure is strictly prohibited by law. If you have received this transmission in error, please notify tw enmediately so that we may correct our
transmission. Please then destroy the original. Thard: you.

,
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November 15,1996

Mr. Brian W. Smith, Health Physicist
Sealed Source Safety Section

,

Medical, Academic, and Commercial
Use Safety Branch4

,

Division of Industrial Safety j
Office of Nuclear Materia! 3afety ;

'

and Safeguards
!

Nuclear Regulatory Cammission j
Washington, D.C. 20565-0001 '

Dear Mr. Smith:

; Further to my letter dated November 5,1996 in which I advised you that the
answer to the " Dose Assessment" question would follow, I am pleased to send
you a report that was completed for us by a reputable consultant. The report
speaks for itself, however if you have any questions, please feel free to contact-

either Al McEachem or myself.
,

I have been advised that, based on the calculations, if a person held the IMS for
24 hours a day for one year, the radiation received would still be below limits.
This is a very comforting fact and further supports our claim that the total system,

is safe to use. One of our systems was recently dropped when it was being.

i unloaded from a truck - the metal container was damaged and there was no
apparent darnage to the system itself, however Al McEachem performed a wipe
test anyway so an independent laboratory could analyze the wipe sample. The-

result came back as negative. -

! I h. ,se the Information that we have provided meets your requirement. Thank -

'

you for your support.

Yours ry uly,

!
Scott Feagan
President
CPAD Technologies Inc.

M tX~ M I IP'-

CO AD Technolaglea Inc.

60 S'eser Svuot. Och Floor. Orm, Orrano. Canoco Ki A CH1 Tel.: 613.E30.DSOS Pax: 513.230.3505
E.malla spadtsch5||cpadtsch.com

-______________________ -_- --___-. __ _ _
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Summary.

The IMS (Ion Mobility Spectrometer) is used in a system to be manufactured in Canada
and sold in the US at a predicted rate of 50 units a year. Each IMS unit vill conlain 3.3 |

mci of Ni", a S emitter with an endpoint energy of 67 kev. Hence, the instrument must I

comply with US federal regulations, notably table 32.28 of 10CFR32.27 which provides
annual dose equivalent limit for various organs for internal and external exposure to the
radioactivity. In this work, established Monte Carlo techniques and published Buence to
dose conversion coefficients are used to assess the dose risk in a situation of nonnal use of
the IMS and in an accident situation where the source is outside its shielding enclosure. In
all situations, under reasonable assumptions, it is demonstrated that the dose linuts set by
10CFR32.27 are not exceeded.

l

|
|

I

|
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1.0 Introduction
I

The IMS (Ion Mobility Spectrometer) is used in a system to be manufactured in Canada !
and sold in the US at a predicted rate of 50 units a year. Each IMS unit will contain Ni'8,a |
B emitter with an endpoint energy of 67 kev. Hence, the instrument must comply with US !

federal regulations, notably table 32.28 of 10CFR32.27 which provides annual dose
equivalent limit for various organs for internal and external exposure to the radioactivity. !

The annual equivalent dose limits are listed in table 32.28 of 10CFR32.27. It lists 3
categories of radiation exposure in 3 columns. Column I is concerned by the dose to l

'

organs caused by the ingestion or inhalation of radioactive material. Column II give dose
limits which are unlikely to be exceeded. We view these as representing dose limits during
the normal operation of the IMS. In column III, very high dose limits are given for which !

there is a negligible risk of avedag. We view these as dose limits for accident situations.
Dose limits in all 3 columns are specified according to exposure to the extremities, the
whole body and other organs.

Using Monte Carlo techniques and some reasonable assumption, it will be demonstrated
that the IMS complies fully with the dose limits set by 10CFR32.27.

2.0 Parts of the IMS' life cycle covered by CFR-30.27

The activity in the IMS consists of 3.3 mci source of Ni'' electroplated on a Ni disk, 50
um in thickness and 0.95 cm in diameter. The disk is mounted inside a cylindrical
aluminum housing which consists of two parts. The outside diameter is about 6 cm and the
total length is 4 cm. The aluminum thickness is near 1 cm for the side and one end wall. It
is thinner (.25 cm) at the end nearest to the source location. In this way, the Ni'8 source is
essentially enclosed in a tamper proof shielding enclosure.

Special assembly components are used during production at the manufacturing location in
Canada which prevent opening the cylinder in the field. For servicing and disposal, the unit
must be returned to the manufacturer outside the US. Hence, this report is an analysis of
the potential radiological risk of the device while in normal use and in accident situations
while the instrument is located in the US . It does not cover the radio'ogical :hk posed by :

Ithe mtmufacture of the IMS.

2.1 The IMS from a radiological protection point of view

It is safe to assume that the current IMS design will be used in the medium term for all |

systems produced. It is then worth doing a detailed analysis of the ionizing radiation which
" leaks" from the aluminum enclosure either in the form of energetic electrons and photons.

.

3
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|
! The model assumed for the analysis is shown on Figure 1. It shows the relative location of
i the various components but it is not to scale. In particular, the Nickel disk and the steel
! screen would be vanishingly small in a realistic schematic.
i

) Ni" is a S emitter with endpoint and average energies of 67 kev and 17 kev respectively.
| The spectral shape used in this work is from [1]. Potential radiation risk is due to the
i source S particles and x-ray photons. These photons result from the interaction of the
i particles with the surrounding materials, especially the higher Z elements such as the Ni
j plate and those contained in the steel mesh and they are in the form of bremstrahlung or
; line radiation. From the geometry shown on Figure 1, it is anticipated that the hottest
i location will be "A" where the Nickel plate acts as a S to X-ray converter and is located

! near the thinnest wall of the enclosure.
i
.

!
|

! Nickel
!
t

| 63NI
! SOUTCe * g seous CA

nitrogen

steel
|
1

i

j teflon
'

!

|

\
'

N
.

! aluminum
|

!

| Figure 1: Schematic of the geometry of the IMS used for the purpose of external
radiation calculations. Its shows the relative placement of the components but is not to.

{ scale. In particular, the thickness' of the nickel plate and the steel mesh are exaggerated.

i

|
i
j

i
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3.0 Dose rate estimation |

3.1 Beta particles'

The ranges of particles in aluminum for energies E from 0.010 MeV to 3 MeV are
given by the following empirier) equation [2].

|

R = 0.412E" gm/cm2 (1).

n = 1.265- 0.0954In E

The maximum energy electron from Ni'' (0.067 MeV) has a range of 25 m in aluminum.
The thinnest wall of the IMS is 100 times thicker than the electron range. We conclude
that S particles will not contribute to the external dose during routine use and handling of
the IMS.

3.2 X-Ray Photons

In assessing the external dose during routine operation and handling of the IMS, we must
keep in mind the categories put forward by the US Nuclear Regulatory Commission in its
Rules and Regulations [3], from now on referred to as 10CFR32.27. Specifically, the IMS
must comply with the armual extremity dose limit of 7.5 rem and whole body limit of 0.5
rem.

We have opted to assess the external dose rates by the Monte Carlo method. The code
used was CYLTRANP of the ITS family of codes [4] developed at the Sandia National
Laboratories. These well established coupled electron-photon transport codes are
descendants of ETRAN (5], developed at the US National Bureau of Standards. In
particular, the CYLTRANP code is well suited for 3-dimensional transport simulation in
geometries which have cylindrical geometries. The cut-off energies for both the electron
and photons are 1 kev which allows the inclusion of nearly the full E spectrum from Ni'3

Dose rates may be obtained using two methods. The calculations supply the energy
spectra of the x-rays which escape from the aluminum cylinder. These may be combined
with suitable fluence to dose conversion coefEcients [6,7] to yield the dose at any depth in
tissue and for any distance away from the IMS. For contact doses, a piece of" standard"
human tissue (ICRU tissue: 10.1% { weight fract.) H,11.1% C, 2.6% N, 76.2% 0) is put !

in contact with the aluminum enclosure and the dose is calculated directly from the energy j
deposition of photoelectrons in the tissue.

!,

5
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3.3 Potential for Skin (Extremity) Dose

i 3.3.1 Normal use

In general, particularly for the x-ray energies ofinterest here, the point of maximum dose'

j is on the surface, as shown by the exposure to dose equivalent conversion factors [7). The l

| most radiosensitive cells of the skin, if not the whole body, are the germmal or basal layer

| [8] cells which are located at a mean depth of 70 m according to ICRP 26 [9] . It also )
corresponds approximately to the depth of the peak dose for low energy x-ray photons.

,

4

At location A, B and C on the IMS (Figure 1), we apply a 1 cm layer of" skin-equivalent"
ICRU tissue [10] divided in 3 layers. The first layer, in contact with the IMS, is 70 m.

; thick and corresponds to the insensitive layer of the akin. The second layer is 20 m thick
j and corresponds to the radio-sensitive layer ofinterest. The rest of the ICRU tissue layer
! may be thought as a backscattering phantom, roughly the thickness of a finger.
:

i At location "A", the energy deposited below 70 nm in a 6.28 mg mass ofICRU tissue is

| 1.49x10'" MeV (13% 1 c) per source E particle. Assuming a quality factor of 1, this is
equivalent to 3.80x10'" rem /8. The source has a strength of 3.3 mci. It emits 4.4x10" |;

j / hour. Hence the skin equivalent dose rate on contact at point "A" is 1.67x10'' rem / hour |

t (13% error).

At location B, the tissue mass in the sensitive layer is put as 36 mg. A 1 cm wide strip of
j ICRU is applied all around the aluminum cylinder at B. This " simulates" a hand or finger

! wrapped around the IMS. The deposited energy is 3.6x10-" MeV/S (31%). Repeating the
3

4; analysis above, this corresponds to 7x10 rem / hour. 4

i
L At location C, the tissue mass in the sensitive layer is 6.28 mg. The deposited energy is

1.6x10 " MeV/S (66%). Clearly, in this case the rJeuladon has insufficient statistics to
'

{ supply a small error. However, it is clear that the highcst dose rate is found at "A" and
i further calculations at C are unnecessary. Nevertheless, this result gives a dose rate of

4
: 3x10 rem / hour.
4

| As expected, the skin dose rate is highest at "A" where the source is closest and the
i aluminum shielding is the thinnest. At a dose rate of 1.6x10~5 rem / hour, a worker cannot

i exceed the annual extremity dose limit of 7.5 rem even if he is in certact with the source
24 hours a day. In such a case, his total accumulated equivalen'. dose would be 0.14 rem.

,

! This fulfills the requirement for extremity dose of column II, Table 32.28,10 CFR 32.27.
;

These low dose rates reemphasize the fact that very few X-rays emerge from inside the
i shield. In practice, the IMS is a subsystem inside a 1/16" thick steel cabinet. This
! arrangement ensures that a worker will never be closer than 20 cm from the IMS. The

exposure to radiation will become essentially nil.

1
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! 3.3.2 Accident Situation

| The construction of the IMS enclosure is rugged and tamperproof.- Moreover, the
j mamWacture of the IMS is performed in Canada. The probability is low that a member of
; the public in the US will come in contact with the bare Ni" source. If this were to happen
; and the source was in contact with the skin the following equivalent dose rates would
; occur:
!

[ if the source is held with the active face towards the skin, a local (extremity) dose rate*

of 0.84 rem / hour (5%) will result. This was obtained again through Monte Carlo j
| calculations of the dose deposited in ICRU tissue at a depth of 70 m; 1

if the source is held with the inactive side towards the skin, a dose rate of 0.0074; e

: rem / hour (26%) will result.
!

An unsuspecting individual might carry the source active face towards or away from the
,,

skin with equal probability. In this case the useful dose rate is about 0.4 rem / hour. The i
.

| individual would have to carry the source, against his skin for 18.75 hours in order to

| exceed the dose limit of 7.5 rem. The probability of this event is low. The extremity dose
limit of column II, table 32.28 of 10CFR32.27 is fulfdled now for this unusual accident<

| situation. The individual would also require to have the source against his skin for 500
.

| hours of the year (62 working days) in order to exceed the extremity dose limit of column )
! III of table 32.28 of 10CFR32.27. Such accidental exposure requires a string of events:

'

; opening of the IMS shield, removal of the source disk and pressing of the source against

| the skin for an extended length of time. The probability of all these events occurring is
negligible. ]

e

i
.

i 3.4 Dose to the Whole Body and other Organs

3.4.1 Normal use ofIMS
i

The resulting dose equivalent to the skin during normal use of the IMS (subsection 3.3.1)'

I is ofless than 0.14 rem / year (constant contact with the source enclosure). This guarantees

j that the whole body limit of 0.5 rem / year (column II, Table 32.28,10CFR 32.27) cannot
be exceeded, and this for two reasons. First, most regions of the whole body will be4

! distant from the source, thus decreasing further the x-ray flux and the dose. Second, whole

i body dose is defined at i cm depth. The low energy x-rays of concern here yields lower
equivalent doses at a 1 cm depth compared to 70 pm (Table C1, ref. [7]). We conclude

i that, in normal use, the IMS subsystem complies with columns II and III of table 32.28 of

j 10CFR32.27 for both the whole body and other organs categories.

i
I
:

3.4.2 Accident Situation:

! As in section 3.3.2, the highest dose rates may result in the unlikely event that a member

]
of the public in the US comes in proximity to the active side of the Ni" source disk. In

!
!

7
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such a circumstance, CYLTRANP simulations provide us with the photon spectrum i
emitted in a 21t solid angle away from the active side of the source. It is assumed that the ;

contribution of S particles to the whole body dose is negligible since 1 meter of air
provides an ssorbing layer 50 times thicker than the range of the most energetic 67 kev
electrons. The photon spectrum on the active side of the source is given in the next table:

;

Energy # photons /(kev * steradian)/ 1or(%) |
',

interval (kev) j
1-6.7 8.24x10-6 0 1

6.7 - 13.5 4.1x10-6 1

13.5 - 20.2 1.49x10-6 1

20.2 -27.0 6.18x10-7 1

27.0 - 33.8 2.47x10-7 1

33.8 - 40.5 9.15x10-8 1
_ !

40.5 - 47.3 3.02x10-8 4 )
j. 47.3 - 54.0 8.39x10-9 6 |
i 54.0 - 60.8 1.88x10-9 8

60.8 - 67.5 1.1x10-10 35
.

i

This spectrum is folded with fhrx to dose equivalent conversion coefficients (6] and a dose
i rate of 9x10~5 rem / hour at I meter is obtained at a depth of I cm in ICRU tissue. A

| person would have to stay at 1 meter from the source for over 5000 hours in order to
| exceed the most stringent limit of column II, table 32.28 of 10CFR32.27. The risk of this

happening is negligible. A person would have to be located at 1 meter from the source for
more than a year in order to exceed the most stringent annual limit of column III, table;

32.28,10CFR32.27. This is simply not possible.
!

! Hence, in case of extemal exposure in an accident situation, none of the limits imposed by

| 10CFR32.27 willbe exceeded.
1 1
! !
1

3.4 Dose Following Ingestion (uptake)

The activity consists of 3.3 mci of Ni'' electroplated on a Nickel substrate. High !

temperature (1200*C) stress tests and wipe testing of Ni'8 based smoke detectors reveal !
that only 0.01%, or .33 l'i of activity would be released in the event of a fire [11], Such a
release in the US wouk; k: due to an accidental fire or disposal of the instrument at an j

incinerator. However, the units are expected to be shipped back to the manufacturer for !
,
'

disposal. j
i

'

The organ dose due to the uptake by a single individual of 10% of the total activity'

.

released by the source in the event of a fire is given in the next table (based on organ dose ;

I commitments to exposed persons, table 4.1 of ref. [11]);

8
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Organ Dose (rem) 10CFR 32.27 limits
(column I, table
32.38),

| Totalbody 1.3x10" 5x104

Liver 2.8x10" 1.5x104
4l Bone 4x10 1.5x10* i

Lungs 3.9x10* 1.5x104

The events which may lead an individual to absorb 10% of the released activity are
unlikely. The resulting organ doses following the uptake would still be within the limits of
column I, table 32.28 of 10CFR32.27.

|

4. Storage and Disposal

The IMS is not targeting a wide consumer market. Expected sales are of 50 units a year,
with 3.3 mci of Ni"/ unit. Such an activity is more often found in undergraduate teaching

l laboratory. Full instruments containing the IMS will not be stockpiled in storage. The total

| activity in any place at one time might be a few times the unit activity of 3.3 mci.

i

| Disposal will take place in Canada. In the event of the accidental incineration of a unit in
the US, it has been shown that organ doses resulting from the uptake will not exceed the
limits set by the US regulations.

; 5.0 Conclusion
|

|

| Using simple analysis it has been demonstratec' that the presence of a Ni" source in the

| IMS complies with all aspects of 10CFR32.27. In fact, in all cases, the predicted annual

| doses are orders of magnitude inferior to the annual limits.
!

4
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November 5,1996

Mr. Brian W. Smith, Health Physicist
Sealed Source Safety Section
Medical, Academic, and Commercial

| Use Safety Branch, Division of Industrial Safety
'

Office of Nuclear Material Safety and Safeguards
.

Nuclear Regulatory Commission
Washington, D.C. 20555-0001

. Dear Mr. Smith:
!

! Further to the discussions that you have had with members of my staff pertaining
'

| to the Quality. Assurance Program for the manufacture of our Explosives
Detection System and, more specifically, the " device" containing the Ni - 63, let
me assure you that we are committed to producing a quality product and will

| incorporate the unique requirements that will comply with the NRC regulations as
| specified in the Regulatory Guide 6.9.

Enclosed with this letter is a copy of CPAD's Quality Assurance Manual, which
| gives an overview of the areas that our Quality Control System will encompass
i and the designation of responsibility. Our quality control procedures will detail all

the specific processes which meet the requirements of the Regulatory Guide 6.9.
CPAD Technologies Inc. will also adhere to the requirements outlined in Annex

! "C" of the afore-mentioned guide. This annex specifies the following statements
which CPAD Technologies commits to adhere to:

| a) to ensure that CPAD Technologies will follow the specifications identified for :
'

detector manufacturers;

b) to perform " Lot Tolerance Percent Defective" (LTPD) 5% inspection sampling
for point of sale package labelling conformance; and j

c) perform LTPD 5% sampling as per the modified tables for design i

conformance and removable contamination. |
i

,

CPAD Technologies will be testing 100% of the detectors that it manufactures for
v 1e contamination prior to shipment to the distributor or customer.

,

C''AD Technologies Inc.

|
86 Sister Street. Och Floor. Ottawa, Ontario. Canada K1 P 5H1 Tel.: 513.230.0009 Fex 513.230.3805

,

E-mails cpedtech(15cpedtech.comi

I
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I realize that we must still answer the " Dose Asser,sment" question, which will be |

completed later this week. However, rather than delay our response, I am
,

sending you the enclosed so that you may include it in your review. If you have i

any questions, please do not hesitate to contact Al McEachern or myself. Thank )
you for your support.

Yours very truly, J
!
i

I
'

.

Scott Feagan
President
CPAD Technologies Inc.

!

!
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