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() 3.1) SUMMARY DATA

/ ;

3.d.1 Date '

; I i
The date of the application is July 28, 1994

i 3.1.2 Applicant
! |
* '

Sleepsafe Corporation
2121 Electric Road ;

Roanoke, Virginia 24018
: Contact: Scott Markwell, President
i 703-989-5738

Sleepsafe Corporation is the distributor of the device.
It owns the design and will contract with a contract
manufacturer to produce the device.

4

3.1.3 Device TV.ne
,

i
The device type used by industry is a smoke alarm or smoke
detector.

()
i 3.1.4 Model

The smoke detector consists of series designated as the4

; Model 500S and 200p Series. The model submitted by the
j drawings is the base Model 500SI. Other models in the
! series are identical in construction but may have

additional non-radioactive components such as a
; photoelectric sensor, a strobe, a heat sensor, a security

sensor, a carbon monoxide sensor, and additional LED's.
These components may cause additional openings in the
outer case but will not impact the radiation safety
features versus the base model. The 200p series is
identical to the 500S series except for the marketing name
of the detectors.

.

'

3.1.5_Other Companies Involved

other companies directly involved include a contract
manufacturer. Given that we do not maintain our own
manufacturing facilities, this party is subject to change
depending on favorableness of terms. Regardless, we will

O
i 1

. - - _.
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maintain relations with a contract manufacturer achieving
| an ISO 9000 quality certification or equivalent. Today,

we anticipate the manufacturer of our initial production
to be:

,

SCI Systems Inc. !

2101 W. Clinton Ave.
P.O. Box 1000, .

; Huntsville, Alabama 35807
1 .

SCI is the largest contract manufacturer to the computer
industry with 17 plants worldwide.

!

Our ion chamber supplier will be:-

HomeWatch Limited
7/F Shell Industrial Building

. 12 Lee Chung Street

{ Chai Wan, Hong Kong

HomeWatch provides a chamber of proven performance over4

; many years. HomeWatch bought the successor company to
,

3
Wing Wah Chong Investments company and provides the same '

: chamber that has achieved at least one prior N.R.C.
#

f']' licensing (04-21357-ole as example.) Their detectors have
passed U.L. 217 and British Standards Institution among
others.

i
d HomeWatch purchases its sealed sources already mounted in

| a source holder from Amersham and NRD.
i

,

; 3.1.6 Radioactive Source Model Designation
--

!

; The radiation source model designation will be either:

a) Amersham model AMM.100lH source and holder-

or
b) NRD model A-001 source in model A-1056 holder,

;I

Both sources and their testing are well-documented by the
NRC.

j 3.1.7 Radionuclides and Maximum _Ac.tiyity

The radionuclide is Americium 241 - 0.9 microcurie.

4

,

,

2
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3x1.8 Leak Te_st Frequency

Their will be no scheduled leak testing of these devices
after they are distributed. Amersham and NRD have
previously leak tested the sealed sources of our devices,
and we will guarantee our devices not leaking prior to
distribution per 10 CFR and the "SSSS" position.

3.1.9 Principal Use Code _s

The Principal Use Code is "P", Ion Generators, Smoke
Detectors. Applicant is applying for an exempt
distribution license.

!

,

n
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() 3.2) SUMMARY DESCRIPTION
l

3 . L .1 W X i t_t.e n _ D e s_c r i p t_i o r1

sleepsafe smoke detectors are designed to sa e lives by
giving the earliest.possible warning of fire to the
residential consumer. While most battery-powr ed smoke
detectors are single station only, the Model .00s series
is interconnected with radio signals. When one detector
senses smoke, it will signal all others and all will alarm
as a multi-station system. Thus, the consumer will get
early notification of fire from remote or hard to hear
locations such as basements.

The detector is designed for ceiling or wall installation
with screws and anchors. It is not portable and will be
installed in a fixed location.

The source housing does not move during use.

The ionization chamber includes a sealed source (Americium
241) and sour e holder from Amersham or NRD with
certification that they have been leak tested in
accordance with USNRC leak test requirements. The source() holder is crimped into a nickel plated source cup which is
recessed into a polypropylene lower chamber and then !

attached to the printed circuit board by screw. The other :

part of the ionization chamber consisting of a steel / tin 1

(perforated and insect proof) cover is screwed, soldered,
and snapped around and over the source cup for security.

3_.2.L D_rawing

Drawings of our chamber are detailed in the Following !

Figures 1 & 2. Further dettil as to the Amersham and NRD
source and source holders are included in Appendix A.

O
4

. _ _. _ . _ _ _ .
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3.3) DETAILS OF CONSTRUCTION AND USE,

3.3.1 Conditions of Use

Planned Use of the Device:
The planned use of the device is a single or mul ti-
station residential smoke alarm / detector.

1

Extremes of Environmental Operating Conditions *
As a residential smoke detector typically, the device will |
enjoy a very controlled environment. In any case the ;

device will have to undergo and pass several vigorous U.L.
environmental tests. For example, the device will be
tested in an environment.with temperature extremes between
32 and 120 degrees F with a relative humidity of up to 93

1

percent. In addition to humidity, they will be corrosion l
tested with a hydrogen sulfide-air mixture and a carbon !

dioxide-sulfur dioxide mixture. Since the detector will
be mounted only once during its useful life, there should
be little vibration of the device during its use, j

Regardless, the unit will have to undergo a U.L. vibration '

test.

/ Types of Users:
'

Since the detectors will be mounted at a height of seven
feet or more, the users primarily will be adults. Again,
these will be residential users.

Locations of Use:
Being a residential smoke alarm, the Model 500SI series
will be installed according to NFPA 72 and local building
codes:

I
1) on the Ceiling. This is the preferred mounting

location. Best nearest the center of ceiling.
2) on the Wall. This location is recommended for i

rooms where ceiling installation is not practical.
3) Minimum standards (National Fire Protection

Association)
a) Outside of each separate sleeping area in the

immediate vicinity of the bedrooms
b) on each additional story including basements

but excluding unfinished attics
c) In new construction, in each sleeping room

4) ADDITIONAL protection (National Fire Protection
Association)
a) Basement, bedrooms, dining room, furnace room,

utility room, and hallways not protected by
gg required smoke detectors
V

7
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Occasions the consumer will be near the device: j2

The initial installation of the device will take less than |
twenty minutes and should be a one-time event. We will )4 recommend weekly testing which will require less than one

i

minute for the system. The device will require a new |
battery once.per year. It is estimated that this will ]take 2 minutes or less per unit. Should the unit-go into i
alarm, the alarm is latching and will have to be reset. l

Reset will take less than one minute for the system. Of ),

course, alarming whether real or false should be an !

unusual event. Lastly, we will recommend once per year
i vacuuming the outside of the unit, and this should take

1

less than one minute per unit. |

Possibility the Device Used as a Component of Another
? Product:

,

It is not expected that the device-could be used as a j,

component of anything other than as an independent unit of
1

a fire or security system.
|;

l

Expected Useful Life: i

The expected useful life is 10 years.

i
i

,

!

I
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3. 3. 2_Detai1 s o f_ __Constructi_oq,

.

f 1) Engineering Details of the Chamber and Contents:

Please see Figures 1 & 2 in section 3.2.2.
2:

i

f- 2) Dimension and Materials of the Circuit' board:
i .

!.

! ,See Figure 3 below. The circuit board wC.1.be of a i
! standard PCB material. I

.
!

!

:
4
a

f-
;-
;

.
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3) Attachment of the chamber to the board:o

1
'

Please_see Figure 1 in section 3.2.2.

I
,.

4) Housing:*

Materials - the material of the outer housing will
be ABS meeting U.L. 94-HB. One exception - the LED
lens will be a clear plastic.

J

Appendix B.provides a complete set of housing engineering-

drawings. Information pertinent as to the requirements of is

this section have been yellow highlighted and noted with
the following letters in blue ink:

i j

a) diameter of the housingi

b) thickness of the housing -(separate cover and base)o

i c) wall thickness (minimum 0.060, typical 0.080) :
; d) method of attachment of the board to the housing 1

e) method of closing (hinged cover)
,

!' 5) Model variations:'()j As stated the drawings-represent the base model 500SI'.

other models may have additional non-radioactive1

. components such as a. photoelectric sensor, a strobe, a
! heat sensor, a security sensor, a carbon monoxide sensor,

.and additional LED's. These components may cause
additional openings in the cuter case. The maximum sizes

' for these openings would be caused by the strobe at 1 7/8"
dia or the security sensor at approximately 2" by 1-1/2".

1

l'

|
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3.3.3 Labeling

1) Device Labeling Description:

Per the Engineering drawings of Appendix B, the words
"CONTAINS RADIOACTIVE MATERIAL AMERICIUM 241 0.9
MICROCURIE" will be etched into the back of the plastic |base. The etching will be visible when removed from its

i

mounting. In addition, a durable paper label will be |,

fastened to the back of the plastic base. The label will |

be visible when the smoke detector is removed from its
mounting and will also minimally contain the statement:

|
"U.S. NRC License No. XXX" or simply the name of the
licensee.

,

4

2) Point of Sale Packaging Marking

The point of sale packaging will contain the following or |
equivalent:

a) "Contains Radioactive Material Americium 241 0.9
Microcuries"

/~%
'l'

b) "U.S. NRC Licence No. XXX" or simply the name of the i
licensee. |

|

c) "THIS DETECTOR CONTAINS RADIOACTIVE MATERIAL AND HAS
BEEN MANUFACTURED IN COMPLIANCE WITH U.S. NRC
SAFETY CRITERIA IN 10 CFR 32.27. THE PURCHASER IS '

EXEMPT FROM ANY REGULATORY REQUIREMENTS."
i

l

i

i

f
i

i

!

I
i

11



_ . _ - . _ . _ _ _ . . . .

| |

l

|

.( ) !

3.3.4 Testin1 of Prot.ptyp.e_s 5

1) Amersham and NRD testing. Amersham and NRD sealed
sources have been evaluated many times'for the U.S. NRC
with temperature, pressure, impact, vibration, and

| puncture tests conducted in accordance with ANSI 524 and

| ISO 2919 and found suitable for licensing purposes in the
United States. Appendix A details some Amersham and NED
information. Other test reruits can be obtained if

i necessary.
i

Testing by Amersham and NRD should be considered worst
case testing since surrounding sealed source and' holder
with other components and casing would provide some
shielding.

2) cur particular ion chamber has been previously licensed
in a smoke detector by.the U.S. NRC. ref. U.S. NRC . aba n Lu M*
license # 04-21357-ole. is 4M* .

3) If requested, drop tests will be conducted as
prototypes become available.

]
4) U.L. testing. Our product will be U.L. tested and

-(]) approved prior to. exempt distribution. That testing r

- likely will not begin before 10/1/94. Should it be
necessary, a copy of those results can be provided late in
the NRC approval process. j

|
|
1

!

|

l
! .

|(:)
!
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()
3.3.5 Quality Control!

| 1) Leak testing. The 500S Series detectors ion chambers
- will be quality tested in accordance with 10 CFR and the

). "SSSS" position.

'

i- 2) International Manufacturing Standards. The 500s Series
smoke detector will be manufactured meeting ISO 9000-
quality standards or equivalent.

3) Underwriters Laboratory Requirements. The 500S Series
will be randomly checked for sensitivity per U.L. 217.

4) Procedures manual. A copy of the QC procedures manual
will be provided when it is available - late in the U.S.
NRC approval process.

O

O
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V
3.3.6 Radiation Pr_ofiles_
Background:
The Americium 241-gold matrix is not very insoluble in
water or bodily fluids. In ICRP Publication 30, Part 1,
entitled " Limits for Intakes of . dionuclides by Workers",
the fractional rate at which all ingested compounds of
Americium are translocated to body fluids was taken as 5 X
10-4, based on animal studies reporting values <10-4. It
also noted that greater gastrointestinal absorption might
be expected for ccmplex forms of Americium and that
enhanced absorption has been reported in very young
rats. In a case study involving the ingestion of two
Americium 241 gold matrix foils that were accidentally
swallowed by a worker, less than 1% of the Americium was
lost to body fluids after being exposed within the
gastrointestinal tract of the worker for more than 16
days. Further, the activity that was released under these
circunistances was so inert that there was negligible (much
less than 1.5%) absorption into the blood.

R.G. Niemeyer (CRNL-TM-2684) performed a total of 23
twenty four water leach tests and 15 three-week water
leach tests on eight Am 241 foils which had been removed

(~)' from five-six year old smoke detectors. The sources
''*

contained approximately 15 microcuries of Am 241 each and
half of the sources were deliberately damaged by drawing a
sharp tool along the entire length of the foil before
leach tests. The maximum activity leached in these tests
was 0.0045 microcuries, which was less than the 0.005
microcuries of leakage allowed by NRC's standard leak test
condition for alpha sources. The average leached during
the 38 tests was 0.9 nanocuries and 11 of the 38 tests
leached less than 0.02 nanocuries.

Dale H. Denham, Batelle pacific Northwest laboratory,
(Health Physics 16, 480 (196) stated , with a literature
citation to ICRP Report II,"Because most of the compounds
of the transplutonium elements are insoluble in biological
fluids, ingestion and percutaneous absorption are unlikely
to result in significant body burdens. For example, less
than 0.01% of the Americium taken into the gut ultimately
reaches the critical organ, bone. Hence, at least 500 uCi
of insoluble AM 241 must be ingested to produce one bone
burden (0.05 uCi)."

Ou
theAh241usedintheModel 500S is AMo2 intimatelySince

bound in precious metals and is of much lower activity
than these tests, leaching of Am 241 into the body from

(~)v
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O
smoke detector sources would be much less than stated by
ICRp for insoluble compounds of Americium.

(a) Normal Use:
The intake of Americium 241 into the blood system of a
user of the unit would be negligible, and the likelihood
of such an occurrence would be less than a one in a
million chance. The dose commitment result'from such a
negligible uptake would be much less than 0.005 Rem or 5
Millirem to the whole body, all the blood forming organs,
other organ or bodily parts. The information'given in
background section above would serve as a basis for such a
claim.

The external dose equivalent to the head and the lens of
the eyes.of a seven foot individual (possibly at a
distance of a foot from the wall in the vicinity of the
smoke detector) with these portions of his/her whole body
approximately 25 centimeters from the ion chamber (for a
full year, his/her dose equivalent would be 0.003
Rem / year.

This is clearly less than a 0.005 Rem or 5 Millirem whole

() body dose. Since the limbs of the body, the skin of the
entire body, and other organs would be at greater

i
distances from the cmoke detector during it use, the dose
equivalent to these portions of the body would be less
than 5 millirem.

In the above example, it is extremely unlikely that an
individual would remain in the vicinity of a smoke
detector for such a long time. It is more likely that
only 20 minutes are spent in the initial installation and
a similar period of maintenance for the other years. uso
the whole body dose equivalent could be lower than 0.004
percent of the calculated dose equivalent.

If during the twenty-minute period of installation or
maintenance the individual placed his/her hand on the
surface of the smoke detector directly above the ion

,

chamber. At a 5 centimeter distance, the annual dose was !
measured as 0.05 Rem / year. The su' face of the smoke

'

.

detector is at least 1.5 centimeters away from the ion ;

chamber. The exposures rates at different distances are
!

related in an inversely proportionate relationship to the i
squares of their distances from the source. Since the top j
of the ion chamber is more than 1.5 centimeters from the
source, the distance from the source is moved from 6.5

(

15
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i

O
centimeters to 3 centimeters. The dose equivalent would

,

i then be expected to be 4.7 times the original value of
1

0.05 Rem / year, resulting in a value of 0.24 Rem / year. So !
I for twenty minutes the total dose equivalent to the hand

would be 0.01 M111irem. This is much less than the 75.
,

Millirems allowed to the hand and forearms. l

As f.ar as the safety involved in the disposal of a singlo
; smoke detector or a number of smoke detectors from
; ' consumer use to the natural environment, please refer to

the information given in NuReg CR-1775 and CR-1156,
" Environmental Assessment of Exposures"

,

4

(b) Safety over useful life: !

: In the normal handling and use of the smoke detector
: during its useful life of ten years, it is unlikely that
' there will be a significant reduction in the effectiveness

of the containment, shielding, or other safety features of
3 the product from wear and abuse. Representative samples

of smoke detectors have been subjected to and passedi

recognized physical, mechanical and chemical tests4

designed to indicate their ability to withstand adverse;

environmental conditions. This unit is rugged in,

construction materials used and in the manner in which it
*

'

(]) has been bound together as a unit. In addition, it would
be isolated on a wall subjected to extreme conditions only

! in the event of a fire, in which case if it does function,
it more than serves its purpose. If the unit does burn,

up, with the very, very large volume of air and other
gases which might be associated with such a burn-up, the
large dilution.and subsequent decresse in the
concentration of any released Americium 241 would probably
be insignificant in its effect on the environment.

(c) Worst Case:
In order for dose equivalents to be received that are a
factor of one hundred larger than those of 5 millirems
listed in column I of the table in Section 32.28, then a
failure must occur in both the smoke detector housing and
in the ioni~zation chamber. A failure in the ion chamber
may mean exposing an individual to the source foil. The
radiation exposure would now increase markedly due
primarily to the characteristic x-rays which have a
combined exposure constant of 14.4 microroentgens per
microcurie-hour. In addition, the 26 kev and 33 kev
gammas would also present some additicnal exposure of 0.3
microroentgens/ microcurie-hour. The total gamma constant
to which an individual would then be exposed would be 16
microroentgens per microcurie-hour. The resulting dose

A
N/
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equivalent levels would be 12.5 times higher. In other
words, the .003 Rem / year levels that existed at a distance
of 25 centimeters from the outer cap of the ion chamber
(26.5 centimeters from the source) would now be 0.0375 Rem
or 37.5 millirem. If an individual kept such a sealed
source at this distance from their eyes and head for a
year, they would receive this dose. The probability of
such a failure and occurrence is low - probably less than
one in ten thousand. For a hand placed on top of the
sealed source for this duration, only a small area
slightly larger than a 3 mm diameter would receive a large
dose and, if not moved at all during the year, would
certainly exceed the 7.5 Rem limit. If the sealed source
were to be manipulated in the hand, then the localized
maximum intensities would be shared by most of the other
portions of the hand so that the average effect is to
receive a dose equivalent not nearly as large as a maximum
localized dose. Since it is very improbably that the
sealed source wculd be handled continuously for an entire
annual period and probably much less so, the expected dose
equivalent would be less than the 7.5 Pem limit. The
probability of such as occurrence is probably much less
than one in ten thousand. In judging the possibilities of
receivina an uptake of Americium 241, the chance of such

() a' occurrence is less 'han a one in a million chance.

In another worst case example, if a seaoed source were to
be accidentally swallowed by a youngster after
successfully prying open the smoke detector and the ion
chamber, the source might lodge in his/her throat for a
period of time, perhaps two weeks, in which case he/she
might receive 50 Rems of dose to this area. If the
source were to continue on instead of lodging in the
throat, and spend a week in the gastrointestinal tract,
chances are that for the source being as inert as it is,
that less than 1 percent would get into the bodily fluids
and less than 0.1 percent of the latter would get into the
blood system. So beginning with less than one microcurie,
then only 10 picoeuries may expose the whole body blood,
but the dose equivalent would be less than 15 Rems.

Further, lets assume a maximum storage at any one location
at any time of 25,000 units. Lets also assume a carton
contains 24 smoke detectors with a conservatively
calculated surface dose of 9.1 uR/hr (hand) and 2.9 uR/hr
at 6 inches (body). If a warehouse worker dire tly
handled cartons 10 hours per week, the hand del would be
4.7 mr/yr and body would be 1.5 mr/yr. In actual
practice, such handling would be much more intermittent

O
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.

I

;! (^)- given the use of fork-lifts etc., and the calculations
would be much smaller.'

i
Lastly, there have been a vast number of other scenarios |
generated showing many different probabilities of 1

hypothetical accidents. .A number of these scenarios are
.

in Amersham corporation's radioactive material license
'

files in your office. -Please refer to.them as part of our
demonstration of creditable accidents beyond the one4

i

mentioned in the background to this section.4

1.

- 3.3.7 Installation |

i The detector is designed for ceiling or wall installation
_ ith screws and anchors. It is not portable and will bew.

i installed in a fixed location. The consumer will install
I the units.

we will provide two plastic anchors and screws for;

: installation. First, the anchors will be installed (if
i drywall). Next the screws will be screwed ~into the

anchors but not tightened. The detector will be hung on i
.

the screws and then the screws will be tiohtened down. At

l() this point, it is permanently affixed.

Being=a residential smoke alarm, the Model 500S series,

2 will be installed according to NFPA 72 and local building
codes. Minimally, it will be installed at seven feet high
on a wall (or higher on a ceiling) which typically will;

limit accessibility and exposure.
;

i \

3 3,.8_Radi ol ogi ca l_ S.a f ety_ _ Ins t ruc_ti on_s

{ Othet 'uners manual instructions or equivalent 6ht will'
be int ided in addition to Section 3.3.3 that may enhance i

i. radiological safety:

':

- Always be careful to avoid unnecessary touching of,

'
circuit board components to prevent damage to your

j detector

- This unit is not consumer serviceable

- This smoke detector is manufactured and distributed
under license of the U.S. Nuclear regulatory
Commission.

18,
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1

!O
j 3. 3_._9. Document a tion _AcAom_p_anyin.g_.the , De.vi ce
:

Nothing in. addition to what has already been provided.
.

4

:

; 1._3_.JO_Ser. vicing

f Not applicable

;

. 3.3.11 Leak testing-
!

Not applicable except what has already been mentioned in4

! Section 3.1.8. ,

i
!

3.3.12. Safety Analys.is.

1

'

All radiological elements of the 500S Series smoke
: detector'are well documented. The Amersham and NRD sealed
; sources have been evaluated many times for the U.S. NRC

with temperature, pressure, impact, vibration, and
3 puncture tests conducted in accordance with ANSI 524 and

|( ) . ISO 2919 and found suitable for licensing purposes in'the
| United States,
i

The 500S Series detectors ion' chambers will be quality
| tested in accordance with 10 CFR and the "SSSS" position.
: Our particular ion chamber has been previously licensed in
j a smoke detector by the U.S. NRC.

$ And our product will be U.L. tested and approved prior to
i exempt distribution and manufactured meeting ISO 9000

quality standards.;

4

,4
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mi f s INC. 2937 Art Boulevard North, Grand Island, New York 140721292_ -

Telephone: (716) 773 7634i
FAX # (716) 773-7744

I

i
l

!
i

|
1

l
!

' July 22, 1994
|

!
1Sleepwell

- i
2121 Electric Road ;'
Roanoke, Va. 24018
Attn: Scott Markwell

:

Dear Scott,

i You asked about external (penetrating radiation) from smoke
detectors. This radiation is so low that it can not be measured.

by simple geiger counters but rather by long exposures (24 hrs.
or greater) in carefully shielded counting chambers. I believe
the calculated dose for 1 microcurie of Am-241 should be ace-

(~)T
epted in leiu of actual measurements of microrem/hr.

(
The calculated doce follows:

C= 1X10-6 Curies R/hr at 1 foot = 6 CEN.
N= .36 R/hr 0 1 ft =6(1X10-6)(.36).060
Ea .060 R/hr @ 1 ft.=.1296X10-6'

.13 ur/hr @ 1 ft.
using inverse square law - dose rate at 2" = 4.68 ur/hr @ 2"

t

Therefore, the unshielded dose rate from the source separate
from the smoke detector is a maximum of 5 microrem/hr. NRD
does provide a certificate on leak testing and radioactive
content on each shipment.

Sincerely,4

&
Lawrence Keating

| Chairmen of the Isotope Committee

()
LK/lm

J

A S4JB$1 DIARY of MARK W INDUSTRIES INC.
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- W INC. 2937 Alt Boulevard North, Grand Island, New York 14072-1292
Telephone: (716) 773-7634-

FAX s CM) 773-7744

CERTIFICATE OF RADICA_CT_IV_E__ SOURCE INTEGRITY I
"

Specification: Americium-241 Alpha Foil Model NED A001 ,

Drawing Number: 85B026 |

INuclide & Radiotoxicity Gp.: Americium-241 Group A
Maximum Activity: 0.9 microcuries |
Classification Designation: ANSI / ISO C32222 |
Test Sources: Foil in source holder A-1056 |

|

Test Temperature Pressure Impact
'

Vibration Puncture|

1

2 Pass Pass Pass Pass
<0.05 <0.05 <0.05 <0.05

3 Pass
<0.05 I

4

5 !
1

6

-_

Test carried out in accordance with ANSI-542 International Standard 150 2919.

Leak Test: Immersion and Vipe

Additional information: Figures in Table denote activity (nCi)
measured in liquid af ter immersion.

8~/Z ,Ahv skr>reL
QualityControlDepartment} Ddte durce Department

O

A SUBSIDtARY OF MARK IV (NDUSTRIES INC.
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REVISIONS S-

--

A F0ll DIAMETER REV. DATE DESCRIPTION AUTN DR CK
-

n ' " ' " " " " " ^ " "
. ',

2 METRIC ~ DECIMAL g m,og y " = " " uI =
2 sm2

O.03 mm 0.001" #%E Emm*" " fa *3 "
2 2.3 m m 0.092 in.

5.0 m m 0.197 in.

}
6.0 m m 0.236 in.

16.0 mm 0.629 in."

A

B
~

/////////////////////o
\\\\\\\\\\\\\\\\ C

///////////////I ////////////
/\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \-\ (

E

w FW / 77
A =i A. YELLOW GOLD PLATE 0.00002"=

8. GOLD OR PALLADIUM 0.00004"
C. AMERICIUM 241 AND GOLD 0.00002"
D. GOLD 0.00003"

i
E. SILVER 0.004" TO 0.007"

[ _

_

UNLISS OTMESE SPECMD SIGNATURES DATE

[j
' omsions Aat a ecs oRom R. BIDELL ,

>

"*""S * - av Aer soutsvano anano sumo. New vonx serzj _, "" .

A-001 SINGLE FACE FOIL -c 3 n. m e m s . ""
!=*

:!
' rnenoss * THIRD ANGLE PROJECTION
, " " " Am 241, COLD. SILVER-
U- DO NOT om sem oc ,.o - .+ -

A 79A045 3 i

SCALE PRINT ~ 13AP79 NA
!

'
- - _ - _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ - _ _ __ _
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p ,an

~

DaTE CYN REV!!!ON REC [FD AUTH. DR CK.

s: Ass a ass err e t c. Es

nm . a ow1gs r. ...::= ,,

meres e ans trat eert at

3eaute e SEBR4Wu (De aum Cap

brN5'$75**
"C.

I "' ""*'' '

. . nei. m .,,am.

t&Jhts C SINI [E N , TE CDBe

'
AA 'r,

A / 's 4 g p> @ FOIL SEALED SOURCE
NRD MODEL A-001 NUCLEAR| ' '

i

t, | g / An 241 0.9 yCLN ,/
%. '

S

.' "_ .

21
- ,-

I --;,,

00.250 .
00.00010.003 - I

'
==

b2
B @

SEE NOTE 4 0.01310.003g g ~ ~

e0.096 0:002 ^ @@ SOURCE AND SOURCE HOLDER SECTION B-B~

IN THE ASSEMBLEIJ STATE. FIVE TIMES SIZE0.03010;h02

@0.060[0:002 1 SOU CE HOLDER AND SOURCE HOLDER ASSEMBLY
j[/[f

MUST COMPLY VITH NRD SPECIFICATION 2016
7 / a DATED 2/8/85.

0.061 0.002 '[ 2. NUMBERED A REFER TO SPECIFIC NOTES.
/ 0.015 R MAX 3. ALL DIMENSIONS ARE [N INCHES.

b . EACH SHIPMENT, 0.030 DIMENSION 11151 BE HELD4o
0.005 X 45* CHAMFER MAX TO 10.001 VITHIN THE +0.002 -0.001 TOLERANCE.

h NRD DIV. MARK IV IND. INC.M -c 0.12610.001
0.010 X CO.020 MAX l'h l I Y 2937 ALT BOULEVARD GRAND !sLAND, NEV YORK I4072

*CUT OFF PROJECTION ma0.015 MAX ,

CENTER DRILL SOURCE HOLDER MODEL A-1056" ' " " " - "

SECTION A-A
~

SOURCE A-001-2-0.9 79A045 1 COMB. * 05 "^ 'E"3^' ' ''"I5" SC''E 8"^**''' E
2 a set NRD secc 20m to a 1 -ci av

1 SOURCE HOLDER A-1056 05B006 1 S. STEEL oarc wa -sca ei .

NO. DESCRIPTION DVG. REQ'D MAT'L [1 07rces 85B026 7
_

_ . . . . _ . _ _ _ . _ _ _ _ _ _ _ _
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DATE SYM REVIMON RECORD" AUTH. DR. CK.

'NS' ' SON ""#' " '

GENERAL NOTES FOR STAINLESS STEEL SCREV MACHINE HOLDERS: 04JA91 2 NOTC 2 CHANCEDi 0.001 VAS 0.003 JES CDD

07JA91 3 NOTC 13 ADDED DM CDD

A MATERIAL: 303 STAINLESS STEEL eewasi 4 wort i Cw.sctD eso VAS 3100 JS CDD

i_'l_\ FINISHED SOURCE HOLDER HARDNESS: ROCKVELL B100 MAX. $ @ jD' 8288 V^S 898-

tzDt9 5 Da cDD

"I7e"n*cEDIEEEt, p, CDDyCOUNTERBORE TO HAVE SHARP CORNERS, 0.001' MAX. COUNTERBORE 23Jusa 6
u Tc 3 n m ScD

- SURFACE TO BE FLAT AND FREE FROM PROJECTIONS.

k CONCENTRICITY TO BE VITHIN 0.003' ON ALL DIAMETERS.

k ROUNDNESS TO BE 0.001" MAX.

A SURFACE FINISH TO BE NO GREATER THAN 90 MICRO INCHES UNLESS
/5.\ OTHERVCE SPECIFIED. SHARP CORNERS NOT TO EXCEED 0.005' RADIUS.

k SOURSE HOLDER CAVITY MUST PASS A 00.094' PLUG CAUGE CHECK.

k AFTER MACHINING, PARTS SHOULD BE DEBURRED, PASSIVATED, AND THEN DEGREASED.

A AFTER ASSEMBLING, CRIMPED TABS SHOULD HOLD FOIL FIRMLY TO THE BOTTOM
/8.\ OF THE FOIL CAVITY. CRIMPED SURFACES SHOULD BE FREE FROM CRACKS OR FLAVS.

k SOURCE MUST REMAIN FLAT AND FREE OF DISTORTIONS AFTER CRIMPING. FOIL MODEL A-001
h CORNERS TO BE SHARP, 0.003' MAX. RIVET MODEL A-1056

h CUT OFF BURR NOT TO EXCEED 0.003' HIGH X C0.015' ASSEMBLY MODEL,

ENCAPSULATION CODE I-405

PROTOTYPE TESTS 11 211111

Q.C. TESTS AGRSVV

N R D iNc.
A SUBSIDIARY OF MARK IV INDUSTRIES, INC.

2937 ALT BOULEVARD GRAND ISLAND, NEW YORK 14072

M5'# NRD SPECIFICATION 2016
MATCR!AL L FINISH 3CALg WWN EV

rRAC110 SAL APPROv G SY

i DATE DV4 NUMBER % :fP,

^7'" OerEs5 SPEC FOR 85B02.6! 6m
_ _ - _ _ _ - - _ _ _ - _ - - - - _ _ _ _ - _ _ . _ - _ . - _
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specialgms
IAEk CERTIFICATE OF COMPETEkT AUTHORITY

j FOR SPECIAI. FORM NOBBISPERSIBLE RADIOACTIVE MATERIAI,S
CERTIFICATE Nf3EBER USA /OO36/S, REVISION 5

,

This certifies that the source described has been. demonstrated to meet the
regulatory requirements for special form radioactive mate {ial as prescribed in
theregulationsoftheInternationalAtomicEnergyAgency,

and the United
, states of America for the transport of radioactive materials.
4

i
2 1. Source Identific_ation_ - NRD Model A001
:
'

2. Source D_escription - The Special I'orm material is a lamir.ated metalic
1 foil matrix of silver, gold, and Americium dioxide.as shown on NRD
;

drawing number 92A071 (attached). During transport the material may,' be in the form of free foils or secured in a variety of hol?.ers or'

mounts.
.

! 3. Radioacti_ve Contents - This source consists of Americium-241 as oxidej with the activity per foil ranging from less than 0.037 MBq (1 uC1)
; to 2035 MBq (55 mC1). Activity per unit area does not exceed 0.086
j MBq (2.33 uC1) per square millimeter (55.5 MBq (1500 uC1) per square-

inch).

| 4. Expiration Date - This certificate expires August 31, 1997.
,

i This certificate is iscued in accordance with paragraph 803 of the IAEA
j Regulations and Section 173.476 of Title 49 of the Code of Federal* Regulations, in response to the July 9, 1992 petition by NRD Inc., Grand
& Island, NY, and in consideration of other information on file in this Office.

Certi d yr

. AUG l 41992
} Geforgit A'. Brown, Chief (DATE)'

Radioactive Materials Branch
; Office of Hazardous Materials

Technology.

.

Revision 5 - Issued to extend expiration date.
F

, ...--___.. ____

1 " Safety Series No. 6, Regulations for the Safe Transport of Radioactive
Materials, 1973 Revised Edition, as amended," published by the International
Atomic Energy Agency (IAEA), Vienna, Austria.

2 Title 49, Code of Federal Regulations, Parts 100 - 199, United states of
_ ,

TOTAL P.02
-. - ._. ,
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Generaldescription
i

The unit is a dual lonization chamber of advanced design containing a singts radioisotope source producmg ,

lonization in both chambers.The design was developed using a computer model to optimize performance !
characteristics. The ionization chamber incorporates a performance test (slectrode

Certain espects of the design, including the test electrode, are the subject of patent applications.

In accordance with OECD recommendationst'l the source activity is less thr>n 1 pCl (37 ABq) 28'Am. The general
construction is designed to meet the requirernents of Underwriters Laboratory standard Ui. 217:22 and British ;
Standard 5446 part 1 ot For maximum corrosion resistance the electrodes and source nolder are made of
A.l.S.I. 316 stainless steel, the insulators of polytetrafluoroethylene (Teflon'*). and the support moulding of.

polypropyiene. The ionizing source is made of a silver and gold composite with a gold / palladium alloy emitting
face. Sources of ttds type are listed as model number AMM.1001 with the US Nuclear Regulatory Commission
as suitable for licensirg, and are used in the mejority of ionization-type smoke detectors.

The units are supplied assembled ready to mount on a suitable printed circuit board using the pre tinned tags

8 prwided. No soura adjustment is required.

The DSC.A3 incorporates a performance test electrode to permit electrical testing of the chamber during
operation, es required by BS 5446. When actuated the electrode disturbs the balance conditions to simulate,

the presence of arnoke.

y The design is suitable for use with an external integrated circuit containing the electrometer and alarm circuits.

*du Pont trathmart
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.af tion (see sino Figures for typical chorectoristics)

,

g. " ;.g. cy; u p M.,v , , g* .. , , ,,-

~- %
tv

,
g g g g gpg.

O t : ooier eieci, ode to .ouros eiectrode ,oianiisi: 6v
i Temperature: 20' * 3'C '

Pressure: atmospheric, neer ses level; cleen air
min, typical max. unita

60 V50 -

Collector' electrode belance potential

Change in collector belance potential with smoke 07 V- -

Is) 0 2% obscurstbrVft* 30 V--

~3 . Lb)4 0% obscurotuxVft*
- - 06 pA

insulstorlankage
pF6 -

Cepecity (collector to outer + source electrodes)
-

06 07 pCI-

mAm souros ectivity (18 6 25 9 kBq)
,,

/Change in colioctor balance potential when the test electrode potential
,

V35 -

is changed from outer potential to source potential
-

*These are the obscuration limits specified by UL 217G1

~.

Radiological data

Users of these units in all countries should ensure that they comply with all relevant regulations on the control
of radioective matetials. .

The following information is given for guidance.

O s ier ir di tioa d rate ic isti a 6 d ea ta. - i -ia c td si- t v cTt=>

.- . .

approximate absorbeddistance
. " . , direction (cm) does (rad /yeer) *.

'
,

5 0 06Normal to surface of outer cap electrode
25 0003Normel to surface of outer cap electrode

5 00009,

Normet to source electrode
25 000004

, ; Normalto source electrode
These data will enable caers to comply with the U.S. Code of Federal Regulations 110 CFR.32.26.(6).]

, ,

-
'

w .,toi,i.oi uo.|

The collector electrode is charged by any imbalance in the ionization currents flowing in the inner and outer
chambers, until these currents come into belance (see Figure 1). In the absence of smoke or condmation
products the collector electrode remains at this balance potential except for excursions due to statistical
fluctuations in the ionization currents. When smoke enters the enambers the ionization currents are affected,
that in the outer chamber rnors so then that in the inner chamber.The collector electrode is then charged to a
new belance potential (see Figures 2 and 3). This change in potential con be used to trigger an alarm circuit.

E' The test electrode le designed to simulate a smoke obscuration typically of 4iUft. The variation of the belance
voltage with time after activation of the test electrode is shown in Figure 5.

,
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Americium-241 alpha foil and sources oeta
sheet

11262e- '

--I Americium 241 elpha particle emitti..a foN.fmede by Amershamintgmational is a versatile-
material which combines high integrity of containment with relatively high emission officiency. It can
be formed or cut into various shapes to suit a wide variety of applications.

4 in most cases, and particularly for use in ionization chamber ernoke detectors. It is preferably'' mounted in specially designed holders to provide sealed sources.

i Because emericium.241 omits only alpha. Iow energt X and gamma radiation with sW6 eta
j radiation, it has a significant advantage over radium 226 which it is tending to replace in the majority
| of applications.
f

| Construction
;
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Foll .

The radioactive material. In a gold matrix. is effectively contelned between a pelledium-gold alloy,

8 polledium. gold laminate or pure fine cold fece and a silver backing
thick enough to retain completely the americium-241, but thin enoa(see Figure 1). The front fece is

|

gh to allow efficient emission of
the a-redletion, in some cases the silver hocking is sandwiched between a second layer of
americium 241/ gold metrix and pelledium/ gold foco to give double-sided foil, emitting from both

| faces.'

,

The manufac*uring process begins with the production of a smo!! billet consisting of an Intimate__.,
~

mixture of emericium oxide and pure gold. The billet is first sintered and then hot forged in a silver
case with a gold. palladium alloy face. Repeeted rolling of this composite, under carefully controlled
conditions. produces e cont nuounty welded metal strip of the required dimensions with the activei

.

O layer confined between inactive borders end protected by a thin foco of gold. palladium. gold alloy or
palladium-gold laminate.

{

|

|- -

! _m
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Dimeneeer and sesivity loodhe can be veded between quias wide limits; the types of sou rvu==rI 's .h. s
A. - -

' 't / y .

;
penduced hislisted be60W| =. r..

j

a' linear actMry activity on sotive stea estive width A total width 5 . code ,

* -o . /%
'

g, +
a mm mm ,- ',

pCi/em IM8q/em pcl/cm' |MBa/em
9' '' .

10 0 37 3 0 296 12 5 20 AMMJ
| |

-

'

30 1 11 100 3 70 3 N AMM.1

40 1*49 32 1 18 12 6 20 AMM4.

125 4 63 100 3 70 12 5 20 AMM8 4:
3

ino 5 92 128 4 74 12 5 20 AM M.2

240 8 88 192 7 10 12 5 20 AM M.3

wh A ene a rerer to 0.e owsione shown in Figwe t

angths'of 25 or 100wn. Fons of other dlewensons and esteve neednoa
,

Fons sti rtermelry suppliait.an be produced to custerws' specificadona. The rnaximum leading is riormalty 2')09Cl/sm -
* ,

(7 4Mllqfem').
i

Arnonshernlitternational has developed technicues and equipment which enable cuttery opere*msFoil pieets

en be perfostned clear 9y, reprodiarildy sind safely. It is recornmended that slils operation, togetherwith innum'stg to g'rve sealed tources free from leakage and removanlo surfeca r.utstaminetton, be|

camed out kt nur laborotories

For the mahdty of applications, and particularly for use in senoke detteers, sealed sources are8ealed sources'

|

prepared by mounting a disc of tod (usualty shout Enwn diametes) in a metal hoicier la such a way ia

u to retain the.diac and protect the edge of tne fait I

This snethod of manufacture produces sources which win pass strunnev leak tests. and wnicti eneet
Ins requeements of most reguistory authurities. A wide variety of such enurces is in recular
production and some typical examptes are showrs in Dgure 2. Differetts methoda ul retaining the foilP ,

are useci. In tne flert osample (c) the fod es neid Irt place by the crimpod edge of the holdes. In theother sources the felt is sumdeched berwoon twtat plates which sie held tocother by spot wekhg
*

t

(emarnole (D) ) or the rolled-over edge of the holdor (c). The foil unad in these two cources emits
from tuih taces.

r
I '

: 1-
,. s %

{ g

k
|

m i-~- - -e = _- .2/S"" CwJ |

(8)(b)
(e)

Je f,,,,* Figure 2 , ,

8
Other designe et bolder can be provided to rnest osers'specist recuiremerits. Amershernfritornstranal

offere a service of etsinalng customere with the design of nounce holders. Conauts6cns at an
earty etsve to agree specmcetion will numisity awer the fonowing asten: n.

Source noider: ehape
mettiod of sttachrnent to suppnet

,e
dimensions and tolerances
matartel of construction and firtish

radicactive content enri solesenceNource output:
required ion curroett ered tolerarra
required alpha energy spectrum

in aridinon. Information wAt os rartuired on sneasurement specifiention sext procedures, quality
cerwrol and integrity requisements quamities. debery scheduto, and doish of probeWe wortung'

erwronmem

............................................1)
.

O

e

.-
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Foil: The alpha. emitting face of each length of foil (escludlog cut edges) is wiped withV . ?-

*

a swab of cotton wool moistened with ethanot or waist: the activity removed le @@m Wmeesured by a scintillation tech e.This test conforms to Sritish Staged S
ence limit 0 006pCI (185#g).m 4 .sfO fication 6288.u - e WW.

Sources: For mounted sources, a similar teet is carried out on a batch bes3s to ensure that6 0
~

,

any loose contamination arising from cutting or other manufacturing operations is f
less than 0 005pci (1868g) per batch.

Foil pieces: The tests used to check for surface contamination will depend on the size, shape
and quantity of pieces.;They may be varied to suit the user's requirements. Funher ~ ~

.L details will be provided on request.- *

s._,

* Activity measurements
Foil: The active content of the foilis determined by carefully defining an eres of the

i active zone, shielding it from the surrounding activity, and measuring the total%

gemma and X rey emission using a thin Nel crystal detector. The americium 241. . . . .
~1 content per unit ares can be calculated from these rnessurements. Th< deviation

from the stated nominal value is usually less than f15% per square centimetro.-

The face thickness is checked by cr;tically examining the alpha eneegy spectrum -
from measurements with a silicon surface barrier detector. - .

The uniformity of distribution of the active content, and the position of the active / '
inactive boundaries are t'oth checked by using autoradiography techniques.

Sources: The specification for sealed sources and cut pieces is normally egreed between - '

Amersham intomational and the customer. The specification should include ' ' '

ecceptable tolerances on all the measurements requested. Normally the two
measurements required are active content and ion current, the latter being
measured on an air ionization chamber, which may be supplied by the customer,

I integrity '
''

Representative samples of the different types of foil, and various ionization chamber smoke detector
assemblics have been subjected to intomationally recognised physical, mechanical and chernical tests -
designed to indicate their ability to withstand adverse environmental conditions. The results of theO. tests are svailable on request.

.

' Tests for "Special Form" radioactive material a
*

Americium-241 alphs foils manufactured by Amersham lntemational have passed the tests for r
:- . .special Form radioactive materiel as specified in 'Flogulations for the safe tram port of radioactive , "

materials 1973''. .

Sealed source model numbers listed USNRC >- -

Americium.241 alpha foils manufactured b Amersham irttamational have been evaluated by the '

J United States Nuclear Regulatory Commi n and found suitable for licensing purposes in the *

United States. -

The sealed souru model numbers are: .Ns 4 s
,

.

AMM.1001 - unmounted foil piece ' > Y -'
.

AMM.1001 D - foil piece with sipha particles emitting from both sides
,.

' -
.

,AMM.1001 H - foil piece mounted in holder

ISO oleselfication

The Intemational Organization for Standardization (ISO)for typical uses (see ISO.2919). Protot
has proposed a system of classification of

sealed radioactive sources based on safety requirements
, sources are subjected to the following tests: temperature, extemal pressure, impact, vibration, ype
puncture.

I Each test can be applied in several degrees of sever:ty and test results are empressed as a five figurep

code to indicate the severity of the tests. The code is proceded by a letter related to certain sctivityy

limits dependent upon the toxicity, solubility and reactivity of the active components of the source..

The ISO recommended reting for lonlaation chamber smoke detector sources is C32222. However, a
. . .# typical rating for americium.241 foil sources manufactured by Amersham irttemational is C44334,'"'

and ratings as high as C64564 have been achieved by using optimum design conditions.-

O. Other tests
Many other tests designed to simulate severe Industrial environments have been
samples of alpha foil. These test: have included exposure to sulphur dioxide gas. performed onto seit sprey, and to
ozone. immersiori in body fluids, abrasion by sand particles, etc. Full details of these tests can be'

supplied on request.

*Reguionions for the safe transport of redoactive materWo.1s73 revised edt on. Vienna, latemetional Atomic EnergyAeoney.1 s73 ,

.

.
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;.oesesy pescauuotes pe-o-

The lotuting Radiations 150sfed Sources) M60ulations.1969. reauire that alpha foil should not be - ; j
11aredled with the bere fingera. Foll foil pionna and mounted sources should be handled using forcepe 1

nr tynnw-rrva glovne Omar inac'semeal honeang systems may be used, but in all operatione care rnust |
!

,

be taken to prevens damage to the front Isee of the foil. ,

u

unm6unted 'oll pieces and fell subdivisiurin may s<ertuire ndnisinnelinsfoty recourionac e . g . |
s:

l'rocessins , ,

Useis shouAf :untant Amarnhamir.tenettonal or the coseposers nationes author'ty fef sor6ce on +,

particular operedone.
i

The low energy photon omission should not require shiekling at the low activities norsnety
'

'
,

J

essoclowd whh these foine. Por starviple. i nici of activfry wiil Ohne as uposure rue of epproximetMy ,

,

1mR/ hour at 10cm. 1

J Further eefety advice is evelleble for users who resy be using large quantitles of 88' Am folt, such as
,

in the production of emcke detectors. ,

*
Recoer. mended worldng Ilfe . ,

d The recommended working life of a source is that period recommended by Amersharn!nlemational ,

*4 within which the source should be rooleted.The period given het been asiannead on the bania of such
'

factors es toxicity of siuurres. tutaliailtial scJivity, snurr.a ennsinaction. hoffelife of nuclide, typical
appiirwan nnviennments operecion.i npe,tence tut perto,mence eme, me.

.

t
.

Prepared and mounted amorleium 241 foil pieces os supolled bv Ameroham lntemational have a : I
recommended working life e810 veers when used in dry. non-conosive stremasphmen. Fue inns in other

|

I

envirc:vnental conditions advice shuuld be obielnad imm Anwrwham intomational.
4

A ruofrimended working lif e carttiot be given f e't any foal whtCh it to be proc 64eod further by the
customer. However. Amersham intemationet is willing to advise and cocoerete with the customer
in secessing the recommended workino life of the finished product cioviding full details of the ~ '
manufacturing procedure, design and spulicatlun of the source are known

Nuclear dote for americium-241
Helllife: 433 yeare
Nphe energies

(emitted from foil): - 4 6MeV (typical soectrum, floure 3)
The spatial delbution of the alche energies is shown in figure Ae. -

Photori energies: 59 SkeV (35 3% emitted)- ',

Np L Xersys 12e22 kev (-40%);

Radiochemical purity: > 99 2%

Typneal spectrum 5pstaat deibutton of s particle
(amertclum 241 alphe foll) energy for foi wwith 3pm fece

l ..-em e

4
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T::t amena na mansion, in.

Fl #re 4Figure 3 9

3oset's maesured at Arnarsham Imurtantnnat usene a m wwsce taarner seeeeter..

(r, energies asessoed due m tenemension rnrougn poet anny fee, of feny.*-e yr

Malated products
Alp %e felle of a similar construction but containine redium 220 era elao eveilable. Details sen be
bupolied on request.
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Precautions and recommendations

The chamber Ionization currents are small (order of 10pA) so the utmost care should be taken to preserve the
insulation of the collector electrode and any detection device connected to it. in particular, care should be taken

I to avoid contaminating the insulators with soldering flux.The insulators should not be handled The lead
' connecting the collector electrode to the detector cTrcuit should preferably be short and clear of the circuit

board and other components. To improve corrosion resistance the essociated circuit should be enclosed in a
sealed container and the chamber terminels seeled with a suitable seatant where they enter the container. Care
should be taken to avoid sealant on the sides of the insulator of the collector electrode terminal. Chambers
intended for installation at high altitudes may require adjustment of the tripping level of the detector circuit for
optimum se,nsitivity (see Figure 6).

The balance voltage is relatively unaffectod by variations, within reasonable limits, in temperature, humidity
and wind velocity (see Figures 7,8 and 9). For applications involving use in a wider range of temperatures
then those shown, the detector circuit should incorporate some ter.1perature compensation.

,

, The chamber collector electrode is shielded by the outer cover from external electric fields. Suitable shielding
i should be provided for the associated circuits, especially because of the necessarily high impedance of the

circuit connected to the chamber collector electrode.
,
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.SLEEPSAFE CORPORATION
'

" makers ofthe sqfe smoke detector"

"

11421 Electric Road SW:

# irfioke, Virginia 24018Ri

, (703) 989-5738 July 28, 1994

d

Ms. Susan L. Greene
Commercial Use Safety Branch
U.S. NRC - Mailstop T8F5

* 11555 Rockville Pike
Rockville, MD 20852

Dear Susan:3

Enclosed are applications for 1) a device review and
2) an exempt "E" distribution. license for our smoke.
detector product.

i Our device will contain the element Americium 241 as
i a sealed source. The maximum amount that likely would be
; . possessed at any one time would be 100,000 chc.mbers or

1,000 millicuries.

Thank you for your assistance, and I look forward to:

working with you on this project.

incerely,

![ twu?
'
'

y
Markkellcott N.,

President

SNM/ct

Attachmentsd

.

t

,

:

y@ . oma
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NICfORM313 U S NUCLE AR REGULATORY COMMi43 ION APPzOVED Sv OMS NO 3160et20
19 83 E x7tRES S3083

'3s 40 ESTIMATEO SUKDEN #Est KESPONSE TO COMPLv WITH TMi$
INFORMATION COLLECTION FEcuEST 3 76 MSS 80KWARD

A COMMENTS REGARDING BURDE N ESTib ATE TO THE IN80R
MATION ANO RECORDS MANAGEMINT ERANCM :MNe8 77 541

! APPLICATION FOR MATERIAL LICENSE v 5 Nucta^a a'cu'''oa' co"R"E DUCTIO"N PRO'*JEC"T 13114
** ^$" * " D'

20555. AND TO TME PAPERWORu
012Cl. Of flCE Of MANAGEMENT ANO SUDGE 1.W ASHINGTON
OC 20h03

i INSTRUCT VJNS: SEE THE APPROPRIATE LICENSE APPLICATION GUIDE FOR DETAILED INbfRUCTIONS FOR COMPLETING APPLICATION SEND TWO COPIES
I

OF THE ENTIRE COMPLETED APPLICATION TO THE NRC OFFICE SPECIFIED RELOW.

APPUCATIONS POR OlSTRIBUTION OF FXEMPT PRODUCTS FILE APPt4CAflONS WITH. IF YOU ARE LOCATED IN

U S. NUCLE AR REGULATORY COMMISSION ILLINOIS. INot ANA. IOWA. MICHIGAN, MINNESOY A. MISSOURI, OMIO, OR
OlVISION Of INDUSTRi AL ANO MEDICAL NUCLE AR SAFETV, NMRS WISCONSIN,SENO APPLICAflONS TO
WASMINGTON, OC 2066S

U 8. NUCLE AR REGULA TOPY COMMISSION. REGION iti
ALL OTMER PERSOsis PILE APPUCATIONS AS FOLLOWS W YOU ARE M ATE Ri ALS LiCte: SING SECTION
LOCATED IN TSS ROOSEVELT R? SAD

GLEN ELLYN. lb 90137CINNECTICLIT. OELAWARE. OISTRICT OF COLUMelA MAINE. SSARYLAND,
MASSACHUSETTS. NEW MAMPSHIRE. NEW JERSEY, alEW YORK. PENNSYLVANIA, ARK ANSAS COLORAOO,80AMO. K ANSM. LOUISI AN A. ASON1 ANA, NEGR ASE A,
ILHOit ISLAND,081 VERMONT, BENO APPUCATIONS TO etEW MEXICO, esORTM DAROT A. OE LAMOMA, SOUTM DAKOT A, TE EAS. UT AM,

OR WYOMING, SENO APPLICATIONS 70-
, U S NUCLEAR REGULATORY COMMIS$1nN. REGCN 4
| NUCLEAR MATERIALS SAFETY SECTION 8 U.S NUCLEAR REGULATORY COMuillaON. REGION IV' 47S ALLENDALE ROAO MATERI AL RADI AflON PROTECTION SECTiON

KING OP PhuttiA. PA 19408 811 RvAN PLAZA DRIVE. SUITE 1000
AL/ SAMA. FLORIDA. OEORQlA. RENTUCKY, MISSISSIPPI, NORTM CAROUNA,
PUE (TO RICO. SOUTH CAROLINA. TENasESSEE, VtROINIA, VIRGIN ISLA8eOS. OR ALASE A, Alt:20NA, CAupOR NI A, M AWAlt, N EV AD A, OR E GON. W ASHINGTON.
WEST VIRGINIA. SENO APPUCATIONS TO ANO U.S. TE RRITORIES AND POSSESSIONS les THE PACif IC, SEND APP (ICAflONS

|

U S NUCLE AR REGULATOeiv COMMi$$10N. REGCN ll
NUCEAR MATERIALS SAFETY SECTCN U S. NUCLEAR REGULATORY COMMISSON, REGION V
901 MARIETT A STREET, SUITE 2500

NUCLEAR MATERIALS SAFETY SECTCNATLANTA, GA 3I323
14E0 MARIA LANE. SutTE 210
W ALNUT CREEK. CA BetdC

ffT. SONS LOCATED IN AGREEMENT STATES SENO APPLICAT6ONS TO THE U.S. NUCLEAR REQULATORY CoasMIS$10N ONLV ff THEY prism TO POSSESS ANO USE LICENSED MATERIAL
IN STATES SUBJECT TO U.S. NUCLEAR REGULATORY COMMISSION JURISDICT10N. !

1. THIS 18 AN APPLIC ATICM FOR (Checa ocorups,efs maJ 2 NAME AND MAILING ADORESS OF APPLICANT trace deIqP Code /n

Sleepsafe Corporationx A
-

NEW uCENSE

2121 Electric Road5 AMENDMENT TO uCENSE NUMSER

[ C. RENEWAL O, uCENn NuueER Roanoke, Virginia 24018

3. ADDRESSIESI WMERE UCENSED MATERIAL WILL SE USED OR POSSESSED.

|

Unknown at this times A manufacturing agreement has yet to lbe signede i
1

4 NAME OF PERSON TO SE CONTACTED ASOUT TMit APPUCATION TELEPMONE NUMeER

Scott N. Markwell 703-989-5738

SUSMtY ITEMS S THROUGM II ON s'4 s 11" PAPER TME TYPE AND SCOPE OF INFORMATiON TO SE PROVIDEC 'S DESCR SED IN THE LICENSE APPLICATION GulDE

$ fiAOiOACTIVE MATERIAL

e E ement and mess,od et eat om stme
numos', t themeces and/ee physse tem, and a masimu i amouni 4 PURPOSEISI FOR WMICM uCENSED MATERI AL WILL BE U$t Ds n

whicn wita he geeses

T. I OtVIDUAL 8 RESPO 5 BL FOR RADIATION SAFETY PROGRAM AND THEIR
S TRAINING FOR INDIVIDUALS Womalho IN OR FREQUENTING RESTRICTED ARE AS

S F ACiUTIES AND EOutPMENT, 10 flADIATIOf4 SAFETY PROGRAM
I

12 LICENSE E F E LS 15ee IQ CFM ITU end Sertson It0 3IJ j
11. WASTE MANAGEMENT, aAMOUNT i

gq | ENCLOSED S gg ggg gn )FEE CATEGOR Y

13 CE RTIFIC A TION (Afort AeremoteeMr by epstesarl THE APPUCANT UNDERSTANDS THAT ALL STATEMENTS AND PEPRESENTATIONS MADE IN TMit APPLlCAT10N ER(
'

BINOiNG UPON YME APPUCANT
THE APPLICANT AND ANY Of FICIAL EXECUTING TMi$ CERTipiCATION ON BEHALF OF TME APPUCANT. NAMED IN ITEM 2. CERTIFY THAT THIS APPUCATION l$
f REPARED IN CONFORMITY WITH TITLE 10. CDDE OF PEDERAL REQULAYtONS. PARTS 30,32,33,34,25, AND 40 ANO THAT ALL INFORMATiON CONTAINED MEREsN. |
58 TRUE AND CORRECT TO THE BEST OF THElm KNOWL EDGE AND SEutF. |

W ARNING 18 u $ C SECTION 1001 ACT Op JUNE 25.1944 52 STAT. Tat MAKES IT A CRIMINAL OFFENSE TO Maat A WILLFULLv F A.SE STATEMENT OR REPRESENT ATION
TO ANY DEPARTMENT OR AGEv;v 08 THE UNITED STATES AS TO ANY MATTER WITHIN ITS JURISDICTION

i
A TURE -CE R TIF YIN O ICER TYPED / PRINTED N AME TITLE DATE j

p g q Scott N.! Markwell President 7/28/94
'

FOR NRC USE ONLY
T vFE O* P E E FEE LOG PEE CATEGORY COMMENTS

|

!

| AMOUNT REClivf D CMECK NUMSER

APrROvE p t v
gDATE

NHC FOMM 313 (9 Sol

. .. .
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- SLEEPSAFE CORPORATION 10-92
I PHONE 4h4

703-989-5738 k '

2121 ELECTRIC RD. S.W. %
ROANOKE, VA 24018

H 64/514
July 28 39 94 i4ss R

PAY
~

h oSo*E8or United _. states NucInar Regulatory commi nsionJ $ 6,100.00 fIli g
|| Six Thousand one hundred and no/100- ------------------- D O L L A R S
EH

I MM i
| NationsBank of Virginia, N.A.

Roanoke, VA gs

FOR Dev_i_c_e reviewf_exe_mpt license
_

34 n'OOOOO 48 4u' :0 5 L 40054Si: 1005 919 a n*
1 ---------m-m------m

.
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APPLICATION FOR EXEMPT DISTRIBUTION LICENSE
f

a

Submitted by -

Sleepsafe Corporation
2121 Electric Road

f s, Roanoke, VA 240184

(J Contact: Scott Markwells

703-989-5738,

:

.

I

f

a

i k

OQlloSY;
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U TA_BLE_OF CO_NTENTS

E S ._ N R.C_ C F.R _ 3_2.._2.6

(b) 1) A' description of the' product and its intended use

2) The type and quantity of byproduct material in each
unit

3) Chemical and physical form of the byproduct
material in the product and changes in chemical' and
physical form that may occur during the useful life
of the product

4) Solubility in water and body fluids of-the forms of
the byproduct-material identified in paragraphs b)3
6.12 of this section

5) Details of construction and design of the product
as related to containment and shielding of the
byproduct material and other safety features under
normal and severe conditions of handling, storage,
use, and disposal of the product

() 6) Maximum external radiation levels at 5 and 25
centimeters from any external surface of the
product, averaged over an area not to exceed 10
square centimeters, and the method of measurement

7) Degree of access of human beings to the product
during normal handling and use

1

8) Total quantity of byproduct material expected to be
distributed in the product annually

9) The expected useful life of the product

10) The proposed methods of labeling or marking the
detector and its point-of-sale package to satisfy

'

;

the requirements of 32.29(b):

11) procedures for prototype testing of the product to
demonstrate the effectiveness of the containment,
shielding, and other safety features under both
normal and severe conditions of handling, storage,
use, and disposal of the product

O
4

i

;

_ , J
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1

l
'

|

I
;

( '12) Results of the prototype testing of the product,
1 including any change in the form of the byproduct
'

material contained in the product, the extent to
which the byproduct material may be released to the!

2 environment, any increase in external radiation
i levels'and any other changes in safety features

13) The estimated external radiation doses and dose.

commitments relevant to the safety criteria in j,

!.
32.27 and the basis for such estimates )

1

! 14) A determination that the probabilities with respect )to the doses referred to in 32.27(c) meet the |
,

criteria of that paragraph )

! 15) Quality control procedures to be followed in the
i fabrication of the production lots of the product
; and the quality control standards the product will
e- be required to meet
i )

i

:

!

|

I
i

O
ii
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1

i-
1.

I Oj U.S. NRC CFR 32.26 -

i
t

( bl.1)_ A ._d_es c rip.ti pn_ ol the_p rodu_gt_ and _its _ int ended _u.s.e :

| The product is a residential smoke detector.
i

Sleepsafe smoke detectors are designed to safe lives-by
j giving the earliest possible warning of fire to the

residential consumer. While most battery-powered smoke
: detectors are single station only, the Model 500s Series

is interconnected with radio signals. When one detector-
. senses smoke, it will signal all others and all will alarm
| as a multi-station system. Thus, the consumer will get

early notification of fire from remote or hard to hear
j locations such as basements.
$' The detector is designed for ceiling or wall installation
'

with screws and anchors. It is not portable and will be
: installed in a fixed location.
*

i

: The source housing does not move during use.

The ionization chamber includes a sealed source (Americium I.

'
.- 241) and source holder from Amersham or NRD with

certification that they have been leak tested in
accordance with USNRC leak test requirements. The source
holder is crimped into a nickel plated source cup which is
recessed into a polypropylene lower chamber and then
attached to the printed circuit board by screw. The other
part of the ionization chamber consisting of a steel / tin
(perforated and insect proof) cover is screwed, soldered,
and snapped around and over the source cup for security.

The smoke detector consists of series designated as the
Model 500S and 200p Series. The model submitted by the is
the base Model 500SI. Other models in the series are
identical in construction but may have additional
non-radioactive components such as a photoelectric sensor,

,

a strobe, a heat sensor, a security sensor, a carbon '

monoxide sensor, and additional LED's. These components
may cause additional openings in the outer case but will |
not impact the radiation safety features versus the base
model. The 200p series is identical to the 500S series
except for the marketing name of the detectors.

The radiation source model designation will be either:

O
1
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.

,L

j - .

/*g,

,l/ a) Amersham model AMM.100lH source and holder ,

] or I

; b) NRD model A-001 source in model A-1056 holder
,

T

i-
j- 21_T_h e_typ e._a n d_qu a nt_i_t_y_o f_byp_r o d u c t ma t e r i a l :

1

1

- 0.9 microcurie of Americium-241

|

| 3.)a]_Che_mical and physical form
-

The Americium 241 is itself'in a gold matrix and is
effectively contained between a palladium-gold alloy and a

; fine gold interface with a silver backing. The facial
; palladium-gold alloy is 2 microns in thickness, the gold |

interface 1 micron in thickness and the silver backing is'

j 0.2 millimeters in thickness. The alpha particles are
1 only emitted from the facial surface. The active area of
j the gold foil is 3 millimeters in' diameter.

j 3.M.b),_Ch_anges that_might occur during_its useful_1i_f.e

() The gold alloy form of the Americium 241 makes it fairly*

inert. In addition, the manner in which it is sealed, as j
described in item 5 below, isolates the matrix very well i

from environmental chemical and physical agents. So no
changes are expected to occur during its useful lifetime. i
of approximately ten years.

41 .S oJ_ub_i lit y _i n w a t e r a n d b o d y. f_l u_i d s .

The 241 Americium-gold matrix is not very insoluble in
water or bodily fluids. In ICRP publication 30, Part 1,
entitled Limits for Intakes of Radionuclides by Workers,
the fractional rate at which all ingested compounds of
Americium are translocated to body fluids was taken as 5 X
10-4, based on animal studies reporting values <10-4. It
also noted that greater gastrointestinal absorption might
be expected for complexed forms of Americium and that
enhanced absorption has been reported in very young
rats. In a case study involving the ingestion of two
Americium 241-gold matrix foils that were accidentally
swallowed by a worker, less than 1% of the Americium was

O
2
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j'

; |
I

d
- ,

'

4

lost to body fluids after being exposed within the'

,

gastrointestinal tract of the worker for more than 16 )
days. Further, the activity that was released under these
circumstances was so inert that there was negligible (much
less than 1.5%) absorption into the blood. I

f R.G. Niemeyer (ORNL-TM-2684) performed a total of 23
twenty four water leach tests and 15 three-week water
leach tests on eight Am 241 foils which had been removed

,

from five-six year old smoke detectors. The sources !4

'

a contained approximately 15 microcuries of Am 241 each and
I half of the sources were deliberately damaged by drawing a 1

i sharp tool along the entire length of the foil before I
leach tests. The maximum activity leached in these tests |

''

was 0.0045 microcuries, which was less than the 0.005
microcuries cf leakage allowed by NRC's standard leak test
condition for alpha sources. The average leached during,

! the 38 tests was 0.9 nanocuries and 11 of the 38 tests |

; leached less than 0.02 nanocuries.

: Dale H. Denham, Batelle Pacific Northwest laboratory,
j (Health Physics 16, 480 (196) stated , with a literature
j citation to ICRP Report II,"Because most of the compounds
i of the transplutonium elements are insoluble in biological

- fluids, ingestion and percutaneous absorption are unlikely
,

e to result in significant body burdens. For example, less,

: than 0.01% of the Americium taken into the gut ultimately
reaches the critical organ, bone. Hence, at least 500 uCi
of insoluble AM 241 must be ingested to produce one bone

,

| burden (0.05 uCi)."

Since the AM 241 used in the Model 500s is AMo2 intimately
j bound in precious metals and is of much lower activity '

than these tests, leaching of Am 241 into the body from,

smoke detector sources would be much less than stated by'

ICRP for insoluble compounds of Americium.

O
3
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.D,

- V SJ .Aeiail.s_of _ cons _t ruc.ti on_an_d_ design
' a) Engineering Details of the chamber and contents: !

The ionization chamber includes a sealed source Americium
241 and source holder from Amersham or NRD with j

certification that they have been leak tested in
; accordance with USNRC leak test requirements. The source

holder is crimped into a nickel plated source cup which is
recessed into a polypropylene lower chamber and then
attached to the printed circuit board by screw. The other |

| part of the ionization chamber consisting of a steel / tin I

(perforated and insect proof) cover is screwed, soldered,
and snapped around and over the source cup for security.

Drawings of our chamber are detailed in the followina l

Figures 1 & 2. Further detail as to the Amersham and NRD
source and source holders are included in Appendix A.

+ * .085 TYP 30 SLOTS

v
1

k
.048 |

c 01.680

U v
pry m r - - i n om

.350
-______

.085 *- |
T

| | h

a

+ 0.633 .200*--

STANDARD HIGH PERFORMANCE CHAMBER

FIGURE 1
t,

4
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1

|1IONIZATION CHAMBER
[ (COLD ROLLED STEEL / TIN PLATED)

'
,

~~ - \

' -
~ -

, ____

O> ^

9 RECEIVER PLATE

CD[ (STAINLESS STEEL) |g

y AM 241 SOURCE
, W

O N ALUMINUM SOURCE
CED, HOLDER
v

SOURCE HOLDER
f

- (NICKLE PLATED COPPER)

hQ
S[ (PLASTIC SOURCE HOLDER)~

I

IONIZATION CHAMBERPCB 'y'
~

SUPPORT TO BE MOUNTED,

! ON PCR (POLYPROPYLENE)

t9

CONTAINMENT OF SOURCE WITHIN DETECTOR

O FIGURE 2

5



- . . _ . . . . _ _ _ . _ _ _ . _ . . . . . _ _ _ . . . . . _ . . . _ _ .... _ _. __ _ . _.. . - _ . . _ _ . _ _ . . _

.

b) Dimensions and materials of the circuit board:
1

See Figure 3 below. The~ circuit board will be of a |
standard PCB material. I

l
,

i

= 4.500 :

+ 1.278 * * - 1.157 *
I

|

.168 : +-

jh ,- . n A,

.881 '

.908 \ .814
,

\t . - = -
- . _ _ . ,

U U -[_. _ Ion Chamber - _ Horn --
~'- "

-

.

-- \ / -

\ \

N \. j
.

/.. . .-

3.00/
Other components

/V /
/

/ y

|

FIGURE 3 4

'O circuit so rd
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O>% c) Housing:

Materials - the material of the outer housing will
be ABS meeting U.L. 94-HB. One exception - the LED
lens will be a clear plastic.

Appendix B provides a complete set of housing engineering
drawings. Information pertinent as to the requirements of

,

this section have been yellow highlighted ar.d noted with
the following letters in blue ink:

1) diameter of the housing
2) thickness of the housing (separate cover and base)
3) wall thickness (minimum 0.060, typical 0.080)
4) method of attachment of the board to the housing
5) method of closing (hinged cover)

d) Labeling:

1) device labeling description

Per the Engineering drawings of Appendix B, the words
"CONTAINS RADIOACTIVE MATERIAL AMERICIUM 241 0.9
MICROCURIE" will be etched into the back of the plasticgg

(,) base. The etching will be visikte when removed from its
mounting. In addition, a durable. paper label will be
fastened to the back of the plastic base. The label will
be visible when the smoke detector is removed from its
mountino and will also minimally contain the statement:

"U.S. NRC License No. XXX" or simply the name of the
licensee.

2) point of sale packaging marking

The point cf sale packaging will contain the following or
equivalent:

a) "dontains Radioactive Material Americium 241 0.9
Microcuries"

b) "U.S. NRC License No. XXX" or simply the name of the
licensee,

c) "THIS DETECTOR CONTAINS RADIOACTIVE MATERIAL AND HAS
BEEN MANUFACTURED IN COMPLIANCE WITH U.S. NRC
SAFETY CRITERIA IN 10 CFR 32.27. THE PURCHASER IS
EXEMPT FROM ANY REGULATORY REQUIREMENTS."p

(

7



._

b}f

6L Ha xi. mum._ex t e.rna l _ra d i a t.i on l ev e l s

Using radiological data of the Amersham Corporation-

(confirmed using calculated NRD data sheet), Model DSCA3
ion chamber with AMM.100lH source and holder, the annual
dose equivalents at the following distances to the front
and back surfaces of the ion chamber are given as follows:

Distance OUTER CAP ELECTRODE SOURCE ELECTRODE
'

(cm) (Faces to Front) (Face Rear)
5 0.050 Rem /Yr 0.00090 Rem /Yr

25 0 003 Rem /Yr 0.00004 Rem /Yr

The above measurements were made by Amersham Corporation
using thermoluminescent dosimeters (TLDs) of a size less,

than or equal to 20 square centimeters. These
measurements were checked by calculation utilizing a gamic.a
constant of 1.28 microroentgens per microcurie hour for
the 59.5 kev gamma. The exposure from the characteristic
x-rays were insignificant due to attenuation within the
stainless steel housing of the ion chamber and also in the
silver backing of the foil.

Due to the greater distance of the surface of our unit
from the ion chamber. the doses received from the smoke~g(_j detectors is exnected to be even less than those shown
above.

71.. Degree _ of access __durinc . normal ..use

Being a residential smoke alarm, the Model 500S series
will be installed according to NFPA 72 and local building
codes. Minimally, it will be installed at seven feet high
on a wall (or higher on a ceiling) which typically will
limit accessibility.

The initial installation of the device will take less than
twenty minutes and should be a one-time event. We will
recommend weekly testing which will require less than one
minute for the system. The device will require a new
battery once per year. It is estimated that this will
take 2-3 minutes or less per unit. Should the unit go
into alarm, the alarm is latching and will have to be
reset. Reset will take less than one minute for the
system. Of course, alarming whether real or false should
be an unusual event. Lastly, we will recommend once per

O
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year vacuuming the outside of the unit, and this should
take less than one minute per unit. l>

Thus given installation location and little maintenance,
exposure will be limited.

8) Total _ quantity of byproduct material expected to be
distributed in the product annually

Not more than 1,200,000 smoke detectors are expected to be
distributed annually. Each would contain less than 1.0,

micoeurie for an annual total of 1,200 millicuries.
&

91_The expected useful life of the product

The expected useful life of the product is 10 years. |

10) The proposed methods of labelino

A) device labeling description

per the Engineering drawings of Appendix B, the words
"CONTAINS RADIOACTIVE MATERIAL AMERICIUM 241 0.9,

MICROCURIE" will be etched into the back of the plastic
base. The etching will be visible when removed from its
mounting. In addition, a durable paper label will be
fastened to the back of the plastic base. The label will
be visible when the smoke detector is removed from its
mounting and will also minimally contain the statement:

"U.S. NRC License No. XXX" or simply the name of the
licensee.

B) point of sale packaging marking
.

The point of sale packaging will contain the following or
equivalent:

1) "Contains Radioactive Material Americium 241 0.9() Microcuries"

10
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d' . 2) "U.S. NRC License No. XXX" or simply the name of the |
I' licensee.

| 3) "THIS DETECTOR CONTAINS RADIOACTIVE MATERIAL AND HAS-
; BEEN MANUFACTURED IN COMPLIANCE WITH U.S. NRC
; SAFETY CRITERIA IN 10 CFR 32.27. THE PURCHASER IS.-
j EXEMPT FROM ANY REGULATORY REQUIREMENTS." '
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11)_ Procedures _for E ototype testin.g of the.. product

1) Amersham and NRD testing. Amersham and NRD sealed
sources have been evaluated many times for the U.S. NRC
with temperature, pressure, impact, vibration, and
puncture tests conducted in accordance with ANSI 524 and

| ISO 2919 standards.

2) U.L. testino. Our product will be U.L. tested and
approved per U.L. 217 prior to exempt distribution.

i 3) R.G Niemeyer (ORNL-TM-2684) performed elevated
'

temperature tests on foils that had been removed from
5-six year old detectors. Each foil was heated according
to a time-temperature curve of Underwriters Laboratory's

| one hour fire test at 925 degrees. The foils contained
1.7 to 18 u Ci of AM241.

4) If requested, we will provide drop tests after
prototypes become available.

12) R.e s u l t.s o f p r o t.o t.yp e _ t e s t.i ng

|() 1) Both Amersham and NRD sealed sources passed cll tests
and have been found suitable for licensing purposes in the
United States. Appendix A details some Amersham and NRD
information. Other test results can be obtained if
necessary.

2) U.L. testing. Should it be necessary, a copy of those
results can be provided late in the NRC approval process.

3) Niemeyer's elevated temperature test showed the average
activity loss from the AM 214 was 0.31 %. Most sources
showed an average loss of only 0.05%.

4) Drop test results will be added if requested.

Other comments:

Our particular ion chamber has been previously licensed in
a smoke detector by the U.S. NRC. ref. U.S. NRC license #
04-21357-ole.

O
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13) The estimated external radiation doses and dose
.c omm_i tme nJ s _ r_el e_v a n t t o t h e_s_a f e t y cr.i_t_e_rj a_in
32.27 and the basis for such estimates

(a) Normal Use:
The intake of Americium 241 into the blood system of a
user of the unit would be negligible, and the likelihood
of such an occurrence would be less than a one in a
million chance. The dose commitment result from such a
negligible uptake would be much less than 0.005 Rem or 5
Millirem to the whole body, all the blood forming organs,
other organ or bodily parts. The information given in
Section 4 above would serve as a basis for such a claim.

The external dose equivalent to the head and the lens of
the eyes of a seven foot individual (possibly at a
distance of a foot from the wall in the vicinity of the
smoke detector) with these portions of his/her whole body
approximately 25 centimeters from the ion chamber (for a
full year, his/her dose equivalent would be 0.003
Rem / year.

This is clearly less than a 0.005 Rem or 5 Millirem whole
body dose. Since the limbs of the body, the skin of the~() entire body, and other organs would be at greater
distances from the smoke detector during it use, the dose
equivalent to these portions of the body would be less
than 5 millirem.

,

4

In the above example, it is extremely unlikely that an
individual would remain in the vicinity of a smoke

|detector for such a long time. It is more likely that
I

only 20 minutes are spent in the initial installation and j
a similar period of maintenance for the other years. So j
the whole body dose equivalent could be lower than 0.004
percent of the calculated dose equivalent.

If during the twenty minute period of installation or
maintenance the individual placed his/her hand on the
surface of the smoke detector directly above the ion
chamber. At a 5 centimeter distance, the annual dose was
measured as 0.05 Rem / year. The surface of the smoke
detector is more than 1.5 centimeters away from the ion
chamber. The exposures rates at different distances are
related in an inversely proportionate relationship to the
squares of their distances from the source. Since the top
of the ion chamber is more than 1.5 centimeters from the
source, the distance from the source is moved from 6.5

C)v
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centimeters to 3 centimeters. The dose equivalent would I

then be expected to be 4.7 times the original value of
0.05 Rem / year, resulting in a value of 0.24 Rem / year. So
for twenty minutes the total dose equivalent to the hand
would be 0.01 Millirem. This is much less than the 75 '

Millirems allowed to the hand and forearms.
'

As far as the safety involved in the disposal of a single
smoke detector or a number of smoke detectors from

'consumer use to the natural-environment, please refer to
the information given in NuReg CR-1775 and CR-1156, r

" Environmental Assessment of Exposures"
.

|
(b) Safety over useful life ;

In the normal handling and use of the smoke detector i
during its useful life of ten years, it is unlikely that |

there will be a significant reduction in the effectiveness
of the containment, shielding, or other safety features of
the product from wear and abuse. Representative samples
of smoke detectors have been subjected to and passed
recognized phvsical, mechanical and chemical tests
designed to indicate their ability to withstand adverse
environmental conditions. This unit is rugged in
construction materials used and in the manner in which it

- has been bound tocether as a unit. In addition, it would |i() be isolated on a wall subjected to extreme conditions only i

| in the event of a fire, in which case if it does function,
it more than cerves its purpose. If the unit does burn
up, with the very, very large volume of air and other I

gases which might be associated with such a burn-uo, the l;

| large dilution and subsequent decrease in the !
concentration of any released Americium 241 would erobably

| be insignificant in its effect on the environment.

(c) Worst Case:
In order for dose eauivalents to be received that are a
factor of one hundred larger than those of 5 millirems
listed in column I of the table in Section 32.28, then a

| failure must occur in both the smoke detector housing and
in the i onization chamber. A failure in the ion chamber
may mean exposing an individual to the source foil. The

| radiation exposure would now increase markedly due
L primarily to the characteristic x-rays which have a
! combined exposure constant of 14.4 microroentgens per

microcurie-hour. In addition, the 26 kev and 33 kev
cammas would also present some additional exposure of 0.3 .

microroentgens/ microcurie-hour. The total gamma constant !
to which an individual would then be exposed would be 16

;

microroentgens per microcurie-hour. The resulting dose
~

r
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iO't eauivalent levels would be 12.5 times higher. In other
words, the .003 Rem / year levels that existed at a distance,

of 25 centimeters from the outer cap of the ion chamber
(26.5 centimeters from the source) would now be 0.0375 Rem
or 37.5 millirem. If an individual kept such a sealed-

source at.this distance from their eyes and head for a
year, they would receive this dose. The probability of

: such a failure and occurrence is low - probably less than
! one in ten thousand. For a hand placed on top of the
4 sealed source for this duration, only a small area

slightly larger than a 3 mm diameter would receive a large'

dose and. if not moved at all during the year. would
' certainly exceed the 7.5 Rem limit. If the sealed source

.

I were to be manipulated in the hand. then the localized :
i maximum intensities would be shared by most of the other ;

'portions of the hand so that the average effect is to;

j receive a dose equivalent not nearly as large as a maximum
localized doce. Since it is very imorobablv that the

{ sealed source would be hardled continuously for an entire
annual period and probably much less so, the expected dose;

i equivalent would be less than the 7.5 Rem limit. The
i nrobability of such as occurrence is probably much less
; than one in ten thousand. In judging the possibilities of -

' receivino an uptaka of Americium 241, the chance of such
as occurrence is less than a one in a million chance.

In another worst case example. if a sealed source were to
be accidentally swallowed by a youngster after
successfully pryina open the smoke detector and the ion
chamber, the source might lodge in his/her throat for a
period of time, perhaus two weeks, in which case he/she
might receive 50 Rems of dose to this area. If the
source were to continue on instead of lodgina in the
throat. and spend a week in the castrointestinal tract.
chances are that for the source being as inert as it i s.
that less than 1 percent would get into the bodily fluids
and less than 0.1 percent of the latter would get into the
blood system. So beginning with less than one microcurie.
then only 10 picoeuries may expose the whole body blood.
but the dose equivalent would be less than 15 Rems.

Further, lets assume a maximum storace at any one location
at any time of 25,000 units. Lets also assume a carton
contains 24 smoke detectors with a conservatively
calculated surface dose of 9.1 uR/hr (hand) and 2.9 uR/br
at 6 inches (body). If a warehouse worker directly
handled cartons 10 hours per week, the hand does would be
4.7 mr/yr and body would be 1.5 mr/yr. In actual

O
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v practice, such handling would be much more' intermittent !

given the use of fork-lifts etc., and the calculations |
would be much smaller. '

Lastly, there have been a vast number of other scenarios
generated showing many different probabilities of
hypothetical accidents. A number of these. scenarios are
in Amersham corporation's radioactive material license

i

files in your office. Please refer to them as part of.our
demonstration of creditable accidents beyond the one
mentioned in the background to this section.

e

14. A_determina. tion _thatJ he or.obabilities_wi.th.r_espect to
the_ doses. referred.to in Seption.32.2.71c_) meet the .

.

c.ri.t e ri a o f ...tha t_pa rag r aph ._

There have been a vast number of scenarios generated |

showing many different probabilities of different I

hycothetical accidents. A number of these scenarios are
in Amersham corporation's radioactive material license
files in.vour office. I would like to be able to refer to
them as part of mv demonstration of creditable accidents.

3

I would again like also to refer to the actual accidental' |

()'
microcuries of activity and an uptake to the blood of less
I described in Section 4 above, which involved 4.22

than 525 picoeuries. The item which has not been
mentioned is that there is only 0.9 microcuries in each
sealed source and leak tests.have demonstrated repeated
that removable contamination is much less than 0.005
microcuries.and in most cases less than the limits of
detection of the leak testina procedure.

15_. Quality _ Co.ntrol _ Proc.edures _To ..Be. Fol1 owed and . Required
.

Standards _To Be Met.During The Fabrication of.the
Smoke _ Detectors.

The 500S Series detectors ion chambers will be quality
1

tested in accordance with 10 CFR and the "SSSS" position. {
And our product will be U.L. tested and approved prior to I
exemot distribution and manufactured meeting ISO 9000 ;

quality standards. In addition, we will have to meet !
Underwriters Laboratory manufacturing requirements.

!

O
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- w w INC. 2937 Alt Boulevard North, Grand Island, New York 140721292-

e Telephone: (716) 773 7634
,\;

FAX # (716) 773 7744

\.

l
|

1
:

I
July 22, 1994 I

i

!
!

Sleepwell
2121 Electric Road
Roanoke, Va. 24018

i
Attn: Scott Markwell )

Desr Scott,

You asked about external (penetrating radiation) from smoke I
detectors. This radiation is so low that it can not be measured
by simple geiger counters but rather by long exposures (24 hrs.
or greater) in carefully shielded counting chambers. I believe i

the calculated dose for 1 microcurie of Am-241 should be ace-
C epted in leiu of actual measurements of microrem/hr.

;

The calculated dose follows:

C= 1X10-6 Curies R/hr at 1 foot = 6 CEN.
N= .36 R/hr @ 1 ft.=6(1X10-6)(.36).060
E= .060 R/hr @ 1 ft.=.1296X10-6

.1.3 ur/hr @ 1 ft.
using inverse square law - dose rate at 2" = 4.68 ur/hr @ 2"

Therefore, the unshielded dose rate from the source separate
from the smoke detector is a maximum of 5 microrem/hr. NRD
does provide a certificate on leak testing and radioactive
content on each shipment.

Sincerely,

W ^

Lawrence Keating
Chairman of the Isotope Committee

O
LK/lm

A SUS $1 DIARY oF MARK IV INDUSTRIES INC.
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u 4 INC. 2937 Alt Boulevard North, Grand Island. New York 14072-1292-,

p Telephone: (716) 773-7634
i () FAX # (716) 773-7744

i
:

.
CERTIFICATE OF RADIOACTI_VE__ SOURCE INTEGRITY

,

.

Specification: Americium-241 Alpha Foil Model NED A001
Drawing Number: 85B026
Nuclide & Radiotoxicity Gp.: Americium-241 Group A

. Maximum Activity: 0.9 tiicroCuries
! Classification Designation: ANSI / ISO C32222
j Test Sources: Foil in source holder A-1056
|

___

| Test Temperature Pressure Impact Vibration Puncture

; 1

2 Pass Pass Pass Pass I;

<0.05 <0.05 <0.05 <0.05 l

Q ,

j 3 Pass 1

| <0.05
.

!

. ._

5

,

i I
6

'

i
,

Test carried out in accordance with ANSI-542 International Standard ISO 2919.
.

: 1
1 i

4 Leak Test: Immersion and Wipe

Additional information: Figures in Table denote activity (nCi)
measured in liquid after immersion.

/Z ,khv OJwL
QualityControlDepartment} Ddte purceDepartment

O V

A SUDSIDIARY OF MARK IV INDUSTRIES INC.
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REVISIONS -
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A F0ll DIAMETER REV. DATE DESCRIPTION AUTH DR' CK
'

,
' " " * ^ * * c" e

2 METRIC DECIMAL Le gf= == = u. em'

2 sm2O.03 mm O.001" o

96 *Elv Poah" " M c=3 -
2.3 m m 0.092 in.j
5.0 m m 0.197 in.'

-| 6.0 m m 0.236 in.
16.0 mm 0.629 in.~

A

B
1/ / / ////////////////////
\\\\\\\\\\\\\\\\\\ C
1 / / /1 ///////////I ////////////
/\ \ \ \ \ \ \ \ \ \ \ \ \\ \ \ \ \ \ \ \ (

E

wr / .

A % A. YELLOW GOLD PLATE 0.00002"=

8. GOLD OR PALLADIUM 0.00004"
C. AMERICIUM 241 AND GOLD 0.00002"

i D. GOLD 0.00003"
E. SILVER 0.004" TO 0.007"'

.

RDUNLCSS O m m WSC SPEC M O SIGNATURES DATE
i

,
' DIMENSIONS ARE N MCHES DMww R. BIDELL A SUBSIDIARY OF MARK IV N' 0STRIES, INC.0'

2937 ALT BOULEVARD GRAND ISUWD, NEW YORK 14072
[. [", >

A-001 SINGLE FACE FOIL} 'SEE * *=a

' moons * THIRD ANGLE PROJECTION
, ~ ~ " S" Am 241, GOLD, SILVER': DO NOT scu ac = ==+ -

A =uAe79 79A045 3SCALE PRINT ~ NA
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DATESYN REVISION RECIRD AUTK DR.CW.

esAss a ese est 4 v c. Es

rwei a o. ara. wig 5re..= m
== c em ic si

3A.uts e aggaawer the mWWIKAS CBS

$"='g'U.J,=M=s| es ensr==i n

== . ne = c.u ve . en
is,n c ,v?ma= = ve em

A A- , -

k ,' \ k
l f I gg, NRD MODEL A-001 NUCLEAR'

I @ FOIL SEALED SOURCEi, | g
N, ,/ Am 241 0.9 y Ct.
s.u -

1 i

JE1
--

*r ;:-
I --;,,

' 00.08020.003 - |00.250 == .

$2
B @

g g g SEE NOTE 4 -- ~ 0.013*0.003

e0.096[h;h02 ^ @@/ SOURCE AND SOURCE HOLDER SECTION B-B~ i

IN THE ASSEMBLED ST ATE. FIVE TIMES SIZE-- 0.03010:00
'

y

-[/ [[/
.. @0.060+0:002"

_ 1 SOU CE HOLDER AND SOURCE HOLDER ASSEMBLY
MUST COMPLY VITH NRD SPECIFICATION 2016

/ d DATED 2/8/85.
2. NUMBERED A REFER TO SPECIFIC NOTES.0.061 0.002 '

// 0.015 R MAX 3. ALL DIMENSIONS ARE IN INCHES.
|

b . EACH SHIPMENT, 0.030 DIMENSION BUSI BE HELD4d
0.005 X 45' CHAMFER MAX TO 10.001 VITHIN THE +0.002 -0.001 TOLERANCE.

& -e 0.126 *0.001 i
-

% l',iquuss
NRD DIV. MARK IV IND. INC.,,

0.010 X 00.020 MAX lh "
J 2937 ALT BOULEVARD GRAND ISLAND, FEV YORK 14072,

*CUT OFF PROJECTION ,mc
0.015 MAX , ,

CENTER DRILL SOURCE HOLDER MODEL A-1056" " " " " " "

DESECTION A-A ,,x , m g , , , , ,
*2 SOURCE A-001-2-0.9 79A045 1 COMB. ,e4crIws. SEE NED SPEC 2016 to a 1 amovra av

1 SOURCE HOLDER A-1056 85B026 1 S. STEEL * oart ovs .amica ei .

e7rcas 85B026 7NO. DESCRIPTION DVG. REQ'D MAT'L , ,.
_

_--__--.-__------_---_---_m--_--__-_ - - - - - - - _ - _ _ - - - _ _ _ -s- w -- m
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DATE SYM REVfSION RECORD AUTH DR. CK.

eSo%.TA?.$47 " C"2SN S( 1

GENERAL NOTES FOR STAINLESS STEEL SCREV MACHINE HOLDERS: 04JA91 2 NOTC 2 CHANGCD 0.001 VAS 0.003 JES CDD

07JA91 3 NOTE 15 ADDED DM CDD

MATERIAL: 303 STAINLESS STEEL eewa9 4 woTE I CWC5 B90 VAS 3100 JS CDD

FINISHED SOURCE HOLDER HARDNESS: ROCKVELL B100 MAX. cgcD. siCa VAS e90
*

Da CDDa c ,3 3

COUNTERBORE TO HAVE SHARP CORNERS, 0.001" MAX. COUNTERBORE 23mq s "^$E"E*!cd80EDTE'Er[iS' y,c, Cagg
^

I NOTE 3 N ED >
- SURFACE TO BE FLAT AND FREE FROM PROJECTIONS.

k CONCENTRICITY TO BE VITHIN 0.003' ON ALL DIAMETERS.

k ROUNDNESS TO BE 0.001" MAX.

/\ SURFACE FINISH TO BE NO GREATER THAN 90 MICR0 INCHES UNLESS
6\ OTHERVISE SPECIFIED. SHARP CORNERS NOT TO EXCEED 0.005' RADIUS.

k SOURCE HOLDER CAVITY MUST PASS A 00.^94' PLUG GAUGE CHECK.
k AFTER MACHINING, PARTS SHOULD BE DEBURRED, PASSIVATED, AND THEN DEGREASED.

AFTER ASSEMBLING, CRIMPED TABS SHOULD HOLD FOIL FIRMLY TO THE BOTTOM
< 8- OF THE FOIL CAVITY. CRIMPED SURFACES SHOULD BE FREE FROM CRACKS OR FLAVS.

k SOURCE MUST REMAIN FLAT AND FREE OF DISTORTIONS AFTER CRIMPING.FOIL MODEL A-001
k CORNERS TO BE SHARP, 0.003' MAX. RIVET MODEL A-1056

h CUT OFF BURR NOT TO EXCEED 0.003' HIGH X 00.015*. ASSEMBLY MODEL~

ENCAPSULATION CODE I-405

PROTOTYPE TESTS 112 11111

Q.C. TESTS AGRSVV

N R D iNc.
A SUBSIDIARY OF MARK IV INDUSTRIES, INC.

2937 ALT BOULEVARD GRAND IStAND, NEW YORK 14072

S'">% NRD SPECIFICATION 2016
MATERIAL & f!NISM SCALE DRAVN Br

rRAC1 TONAL APPRQvCD BY

I DATE DWG MUH3CR
' ~ ^ "

oorces SPEC FOR 85B026 6,
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IAE& CERTIFICATE OF COMPETENT AUTHORITY

FOR SPECIAL FORM NOMDISPERSIBLE RADIOACTIVE MATERIALS
CERTIFICATE NUMBER D8A/0036/S, REVISION 5

This certifies that the source described has been demonstrated to meet the
regulatory requirements for special form radioactive mate {ial as prescribed in
theregulationsogtheInternationalAtomicEnergyAgency and the United
States of America for the transport of radioactive materials.

'

i

: 1. Source Identification - NRD Model A001

2. Source De_seription - The Special Form material is a laminated metalic
foil matrix of silver, gold, and Americium dioxide.as shown on NRD
drawing number 92A071 (attached). During transport the material may

i be in the form of free foils or secured in a variety of hel'.ers or
; mounts.

3. Radioactive contents - This source consists of Americium-241 as oxide
with the activity per foil ranging from less than 0.037 MBq (1 uC1)
to 2035 MBq (55 mC1). Activity per unit area does not exceed 0.086
MBq (2.33 uC1) per square millimeter (55.5 MBq (15t)0 uCi) per square_

inch).

I 4. Expira_ tion Date - This certificate expires August 31, 1997.

This certificate is issued in accordance with paragraph 803 of the IAEA
Regulations and Section 173.476 of Title 49 of the Code of Federal
Regulations, in response to the July 9, 1992 petition by NRD Inc., Grand
Island, NY, and in consideration of other information on file in this Office.

Certi d by:

/ AUG l 4 1992
GW'rgh A'. Brown, Chief (DATE)o
Radioactive Materials Branch
Office of Hazardous Materials

Technology

Revision 5 - issued to extend expiration date.

, . , _______________

1 * Safety Series No. 6, Regulations for the Safe Transport of Radioactive
Materials, 1973 Revised Edition, as amended," published by the International ;
Atomic Energy Agency (IAEA), Vienna, Austria.

2 Title 49, Code of Federal Regulations, Farts 100 - 199, United states of
_ ,

TOTAL F.02
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L Generaldescription

l The unit is a duallonization chamber of advanced design containing a single radioisotope source producing
ionization in both chambers. The design was developed using a computer rnodel to optimize performance
characteristics.The ionization chamber incorporates a performance test electrode

Certain espects of the design, including the test electrode, are the subject of patent applications.

In accordance with OECD recommendationsW the source activity is less then 1 pCi(37 ABq) 28'Am. The general
construction is designed to meet the requirements of Underwriters Laboratory standard Ut. 217128 and British
Standard 5446 part 101. For maximum corrosion resistance the electrodes and source holder are made of
A.l.S.I. 316 stainless steel, the insulators of polytetrafluoroethylene (Teflon''), and the support moulding of.

polypropylene. The ionizing source is made of a silver and gold composite with a gold / palladium alloy emitting
f ace. Sources of this type are listed as model number AMM.1001 with the US Nuclear Regulatory Commission
as suitable for licensing, and are used in the mejority of ionization type smoke detectors.

The units are supplied assembled ready,to mount on a suitable printed circuit board using the pre tinned tags
provided. No source adjustment is required.

s The DSC.A3 incorporates a performance test efectrode to permit electrical testing of the chamber during1

W. operation, as required by BS 5446. When actuated the electrode disturbs the balance conditions to simulate
,

the presence of smoke.

The design is suitable for use with an extemalintegrated circuit containing the electrometer and alarm circuits.y

*de Pont trademart
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tion (see eleo Figures for typical characteristics),

* f y/:4J.w kg * fs; q::Fi ' 4M& ,n
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Qi tions, exceptwhere specified, are:

:O % ei ode source a e p a n a n v
Temperatute: 20* * 3T ;i

Pressure: etmospheric, near see level; cieen air

min. typical max. units

60 V50 -

Collector' electrode belance potential

Change in collector botence potentief with smoke 07- V--

(e) 0 2% obscuratiorVft* 30 V--

J . (b)4 0% obscuretion/ft'
- - 05 pA

insulator tankage
pF6 -

Capacity (collector to outer + eource electrodes)
-

06 07 pCl-

mAm source sctivity (18 6 25 9 kBq)
~

-* .

/
. Change in collector belance potentiel when the test electrode potential

,

V35 -

is changed from outer potential to source potential
-

'These are the obscuration limits specified by UL 2t 7m

.

Radiosugical data

Users of these uc.its in all countries should ensure that they comply with all relevant regulations on the control
of radioective meterials. .-

The following information is given for guldence.
<

O astera i redietica d ee rete siceisticae 8 ed oa ther-oiumin ee * dosi- w <rtoi
-

distence approximate absorbed
, . ,' (cm) dose (rud/ year) -direction"

5 0 06,

,

Normal to surface of outer cap electrode
25 0003

Normel to surface of outer cop electrode
5 00009,

Normet to source electrode
25 000004

; Normal to source _Li,od.
.These date will enable users to comply with the U.S. Code of Federal Regulatione 110 CFR.32.26.(6).]

,

, , ,

"i ., .g .

t

frInciple of operation'

The collector electrode is charged by any imbatenom in the ionization currents flowing in the inner and outer
chambers, until these currents come into belance (see Figure 1)a. In the absence of smoke or combust >on
products the collector electrode remeins at this belance potenti l except for excursions due to statisticeI
huctuations in the ionization currents. When smoke enters the chambers the ionization currents are affected,
that in the outer chamber more so than that in the inner chamber.The collector electrode is then charged to a
new balance potential (see Figures 2 and 3). This change in potential can be used to trigger en alarm circuit.

B' The test electrode is designed to simulate e smoke obscuration typically of 4%/ft.The variation of the belance
voltage with time after activation of the test electrode is shown in Figure 5.

,
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sheet .
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j

Americium.241 elpha particle emitti..a fo$e -[mece by Amersham inteirnational, is e versatile '
.

'

1

material which combines high integrity of containment with relatively high emission eftkiency. It can I
i

1 be formed or cut into various shapes to soit a wide variety of applications,

'

In most cases, and particularly for use in ioniastion chamber smoke detectors. it is preferably
mounted in specially designed holders to provide sealed sources.*

| Because smeticium 241 omits only alpha, low energy X and gamme radiation with no6ta
redtstion, it has a significant advantage over radium 228 which it is tending to replace in the mejority
of applications.

Construction . . . . . ,,... ....
,

. . . . -
. . . . - .

...... ..

. . . , , . ..

. . . . . .
) . . . . . ' . . , . . . . . . , ,

.- . . . . . .

-

. . . .
, , . . ' , . . ''. . .
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Figura i 'r

es=*=*s
s>w.ee ew,

,,

Foll*
'

'

The redloective materiet. In a gold metrix. Is effectively contelnod between a pelledium gold alloy,
pelledium gold laminste or pure fine gold face and a silver backing (see Figure 1). The front face is
thick enough to retain completely the americium 241, but thin enough to allow efficient emission of
the n.rediation in some cases the silver backing is sandwiched between a second layer of
americium 241/ gold rr.strix and pelledium/ gold face to give double sided fol!. omitting from both

; faces.'

.

The manufacturing process begins with the production of a small billet consisting of an intimate~-
mixture of emericium oxide and pure gold. The billet is first simwred and then hot forged in a silver
case with a gold. palladium alloy face. Repeated rolling of this compoehe, under corofully controlled
conditions. produces e continuously welded rnstal strip of the required dimensions with the active

O. layer confined between inactive borders and protected by a thin face of gold. pelladium gold alloy or
palladium. gold laminate.

,

4

1
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Dimeneur ad scaivity loading can be varied between quite wids hmits; the types or a rw myy Mf,.yG-
_

m.
'' ' ~U

preuced are listed bekM:
- ~w

erztivewidth A total width as code ,
'

. b.. . |

a' Hneer activtty
'

activit5 on acttva seen
a, " . <

i.. |yct/em IMBq/cm pCVem tMBa/cm8 mrn mm,
. I 9 '

'

10 c 37 s 0 296 12 5 20 AM M.1
| '

30 1 11 100 340 3 29 AMM.1
s

40 1*49 32 1 18 12 6 20 AMM4

125 4 63 100 3 70 12 5 20 amu 8 x' i3

tflo 5 92 128 4N 12 5 20 AMM.2 j

240 8 88 192 7 10 12-5 20 AMM.3
'

wtuis A ene n twas no o, e,rneobae shewa in F.eure i

angtha'of 25 or 100cm. Foite of other Jhwensions and eotive seattr'on .

,

Foils are noemelty suppliai
can be produced to custorews' spoutrications. The maximurn loadirig is nonnany 200pCl/ernt:- |

.

(7 4MBn/cm*).
i~

Amorsharn(Fitsmational f usa developed techrWues and equiprnent which enable ouMirig opemkmsFall pitees

sn be perfortned cleanly, reprocheritely and safely. It is recornmended thm tisla operation, togetherwith rnount'sq to give peeled tources free frtwn leakage and removable surfeca cuestamination, bo|

J

Camed out b nur laboretoties

or the maiority of applications. and particularly for use irt smoke det4ca.cra, sealed sources areSealed #9stoss

prepared by ruounting a disc si fait (usuaffy shout Enim diametor) in a rnetal hols$er in such a way
Ir !

as to reisin trle xiime and protect the edge of tne fort
,

This enethod of manufacture produces sources which will pass staturary leak tests. and which meet
'

Ine fer.Jueernents of most regulatory authuvities. A wide verrety of such onurce6 is irt regular
pWuction ard some typicci sammples are showra in Figure 2. Differerst metnoda of setaining the foil'@ ,

aire used. le the first example (c) the foil rs held in place by the crimpod edge of the holdes. tre theother sources the fot11s univviched bwrwoon twisi plates which aie held together try spot wetling
'

(waarnple (b) ) er the rolled.ovus vdve of the holdor (c). The foil unad 're these two sources emits
from txth facts.

T |
I;g. ..

/# %
%

,

b- , - I

--- -R*** L__ _J- = =Q
j

(c)(b)
'

(s)
.,

w
e Figure 2 g ,

)

Other designs et boWr can be provided to meet users'sencial recuirements. Nnereemineemmeione j
r

effers s servko of stabcIng customers with the design of mource holders. Consutations at an |

earfy stage to *0cee spe<mesuon will nuimelfy cover the following serwr:ts.

Source holder: shape
mettiod of attachment to lumnri |

v
diment'.ons and tolerances

'

rnatarial of construction and finish

radioactive content enr1 tobance .Source cutput:
required ion current arid soleranca
required elpha erwrgy spectNm

in ariditiori. Information will es required on sneasurement specifichtloc and procedures. quelky
corurol ami integrity requisow,nts, quarrtines, deliwy echedute, as4 doisits of probable wofsang'

emntonment

......~...................................

i >
1

0

/

-
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Surfeos contamination ' .. M '
;*
"e M;

Foil: The alpha. emitting face of each length of foil (excluding cut ) is wiped withWM-

* a swab of cotton wool moistened with othanot or water; the ty removed la cr W
'8i i i eform i ar'ii * =' ~ier* s 2fi eii 52**

pci (1868g).W ' W@i@6measured by a scintillation technique. Ac tance limit 0 006 MO - ' ~~e -.

.

Sources: For mounted sourcas, a similar test is carried out on a batch basis to ensure that W _0

any loose contamination arising from cutting or other manufacturing operatione is '

less then 0 005pCi (186#g) per batch.

Foil pieces: The tests used to check for surface contamination will depend on the sise, shape -
and quantity of pieces. They may be varied to suit the user's requirementsc Further ~

.L details will De provided on request. '

- *
* Activity measurements

.

'

Foll: The active content of the foilis determined by carefully defining on ares of the*

active zone. shielding it from the surrounding activity, and measuring the totalw
,; ~ gamma and X rsy emission using a thin Nel crystai detector. The americium 241

content per unit ares can be calculated from these measurements. The deviation
-

from the stated nominal value is usually less than f15% per square centimetre.
The face thickness is checked by critically examining the alpha energy spectrum -
from measurements with a silicon surface barrier detector. - c .

The uniformity of distribution of the active content, and the position of the active / '
insetive boundaries are both checked by using autoradiography techniques. '

Sources: The speelfication for sealed sources and cut pieces is normally agreed between e '

Amersham intomational and the customer. The specification should include '
'

acceptable tolerances on all the measurements requested. Normally the two
measurements roovired are active content and ion current, the latter being
measured on an air Ionization chamber, which may be supplied by the customer.

I integrity '
*'

Representative samples of the different types of foil, and various ionization chamber smoke detector
assemblies have been subjected to internationally recognised physical, mechanical and chemical tests -
designed to indicate their ability to withstand adverse environmental conditions. The results of theOr i i ' '' a' r ae t.

.*

Tests for "Special Form" radioactive material '

U'

Americium 241 alphe foils manufactured by Amershamintomational have passed the tests for e* . .Special Form radioactive material as specified in ' Regulations for the safe transport of radicactive
materials 1973' *. ~ '

.

Sealed source model numbers listed by USNHC '- *

Americium 241 alpha foils manufactured by Amershemlntemational have been evalueted by the 4
United States Nuclear Regulatory Commission and found suitable for licensing purposes in the '

United States. -

.

The sealed source model numbers are:
-'>'b'f.w * '-

AMM.1001 - unmounted foil J - >

.
' '

AMM.1001 D - foil piece with pha particles emitting from both sides #.. ~

.
-

.AM M.1001 H - foil piece mountad in holder

ISO cleosification

The Intemational Organization for Standardization (150)for typical uses (see 1S0.2919). Protothas proposed a system of classification of
sealed radioactive sources based on safety requirements

, sources are subjected to the following tests temperature, extemal pressure, impact, vibration. ype
puncture.

I % fach test can be applied in several degrees of severity and test results are expressed as a five figure5
code to indicate the severity of the tests. The code is preceded by a letter related to certain activityr

'

limits dependent upon the toxicity. solubility and reactivity of the active components of the source..

The ISO recommended reting for ionization chamber smoke detector sources is C32222. However. a
. . . .# typical rating for americium.241 foil sources manufactured by Amersham intomational is C44334~~

and ratings as high as C64564 have been achieved by using optimum design conditionsc

O) Other tests
Many other tests designed to simulate severo Industrial environments have been performed on
samples of siphe foil. These tests have included exposure to sulphur dioxide gas. to salt spray, and to
ozone, immersion in body fluids abrasion by sand particles, etc. Full details of these tests can be
supplied on request.

*Regu'ations for the safe transport of radioactive materials.1s73 revised ednen ylenne, Internetlonal Atomic EnergyAeoney.1 s73

_ _ _ _ _
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|The leeueing Redletione (Sooled Sources) M ogulations.1969. feauire that alphe foil should not be - ,

i
.

handled with the bare ficosts. Foll. foil pier.asi and mounted sources should be handled using forcepe
j nr fvnent thrn giovas Other rnachen. cal henceng systems may he use4 tout in ed operations ears enuet
' be taken to prevent damage to tne front faae et Wie fo6l. , , , ,

' ar
unm6unted foil pieces and fell subdivisiurio may sertuire adr9:lanal aufsty rueenuelona.

! Pecessins g , ,,

! Useis should t;untest Amarnhamlotesnetional or the competent nellonel authorey for eerlee on .

particular operedens.'

i The low energy photon emission should not require shielding at the low activilles ncrswsy
associated with these folie. For exemple. t aiCl uf activity wei Ofwe se exposure raio of approminwiely

j 1mitAnour at 10cm. .

I Furthee oefety advice is evellebte for voere who sney be using forge cuantitles of 84' Am foil such as
, in the production of smoke detectors.'

Recommended working life , |
' -

< .

| .
The recomrnended working life of a source is that period recommended by Amersheminiemational . r
withic which the source should be replaced.The period given has beert ausessed on the basis of such'

;

|
factots e6 tonicity of tiuulitf u. tolal initial edivity. scurr.a ennenaction, hellellfe of nuclide, typical
supptirsminn anvitantnents. operational eitperience, to':t perfoemence date, etc. '

.

.

Prepared and mounted americium 241 foil pieces as supplied by Amorehemlntemationa' have a :
recommended workirHI life of 10 veers when used in dry, non corrosive surnssphmen. Fcm min in other

1

!.
erwisonmental conditions, advice shuuld be utstaliwd from Amerwhernintomational.

| A reeornmended working lif e cannot be given f or any fool wNch is to be proctosed further by the
: customer, However, Arnershem intemstiorel is willing to advise and cooperate with the customer" ~

in sessening the recommended workino life of the finit' ed product. ovoviriirm full dateils of the1

rosnufacturing procedure. design and spulicetlurius ele source are known
.

| | Nuelear data for americium-241
Helflifet 433 yeare
Alphe energies;

(ofnitted from foil): - 4 EMeV (typical seectrum, see fleure 3):
The spatial distributbn of the alphe energies is eliuwn in Ugure &j e n.

Photon energies: 59 SkeV (35 3% emitted)1 -

; Np L X.emys 12 22 kev (-40%)

] Radiochemical purity: > 99-2%

Typleaf spectrum spetset detributton of e perilcle
(enmisJum.2e1 alphs foll) energy for foi with 3astn fece

. -

] e

- e.----
4

'

| .V.
. . .

l
.. .

g

i-
.

8 .
v & & u -

. . . . , , ,

T2 ammis er esamese, ,

Pigure 3 Figure 4

Spectem measured at Ammafism Internettrwise asssas a si term bemer sweeeter..

(a.enereies caerseed due to trenarntumaan enrougn case many fees af fes#).ee. ye

Related products
Alp'io foils of e similar construction but containing r3dium 226 are slee eveilable. Details can be
eucolied on request.
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9 Precautions and recomrnendations

The chamber Ionization currents are small (order of 10pA) so the utmost care should be taken to preserve the
insulation of the collector electrode and any detection device connected to it. In particular, care should be taken

f to avoid contaminating the insulators with solderity flux.The insulators should not be handled. The lead
connecting the collector electrode to the detector circuit should preferably be short and clear of the circuit
board and other components.To improve corrosion resistance the associated circuit should be enclosed in a
sealed container and the chamber terminels sealed with a suitable sealant where they enter the container. Care
should be taken to avoid sealant on the sides of the Insulator of the collector electrode terminal. Chambers
intended for installattion at high altitudes may require adjustment of the tripping level of the detector circuit for
optimum sensitivity (see Figure 6).

The balance voltage is relatively unaffected by variations, within reasonable limits. In temperature. humidity
and wind velocity (see Figures 7,8 and 9). For applications invoMng use in a wider range of temperstures
then those shown, the detector circuit should incorporate some temperature compensation.

The chamber collector electrode is shielded by the outer cover from external electric fields. Suitable shielding
should be provided for the associated circuits. especially because of the necessarily high impedance of the
circuit connected to the chamber collector electrode.
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