
From: CJ Karchon
To: Struckmeyer, Richard
Subject: Re: Second RAI for amendment to exempt-distribution license 21-26460-02E (Mail Control No. 579632)
Date: Thursday, June 13, 2013 2:39:44 PM
Attachments: TRDH 1990 (2).pdf

Pages from Tritium Devices Health & Safety Manual.pdf

Richard,

Please review an excerpt from an older version of the "Tritium Radioluminescent
Devices Health and Safety Manual" in the attachment called TRDH 1990
(2). Formula 6.18 is what we used for our Basic Equation. This represents the sum
of the three components of dose due to inhalation. Please read from the bottom
right of page 6.7 (marked) through to the end to understand where it is derived
from.

As was stated previously, this conversion factor of 1.26E-4 is doubled to take into
account the intake rate for absorption.

We have also attached an excerpt from the 1995 version of "Tritium
Radioluminescent Devices Health and Safety Manual" (attachment: Pages from
Tritium Devices Health & Safety Manual). This same formula (6.18) is found at
the bottom of page 6.8 with slightly different rounding for the conversation factor
(128.8E-6 instead of 126.0E-6). This is perhaps where there may have been some
confusion.

This equation takes into account doses to the whole body. The variable units are as
follows:

H = the committed dose equivalent, rem
Q = the quality factor, dimensionless
C = the activity concentration of tritium in air, uCi/mL
T = the exposure time, minutes

Please let me know if there are any other questions.

Best Regards,

CJ

Christopher J. Karchon
VP of Sales

Cammenga Company, LLC
2011 Bailey Street
Dearborn, MI 48124
Office: +1 (313) 914.7160
Fax: +1 (313) 914.7153
Mobile: +1 248.766.4791
Email: cj@cammenga.com
Skype: seege10
Website: www.cammenga.com

mailto:cj@cammenga.com
mailto:Richard.Struckmeyer@nrc.gov
mailto:cj@cammenga.com
http://www.cammenga.com/



TABLE 6.2. Anatomical and Health Physics Values for Reference Persons


Item Female Reference


Total Mass
Body Water Content


Soft]lssue Mass
Skeletal Mass
SEE Sl units
trad units


70 kg
12L
0.6 Ukg
63 kg
7kg
9.OE-B MeV/(g+rans)
'1.sE-1 radl(Ci-h)


5E kg
29L
0.5 Uks
54 ko\o/
+.zig
1.1E-7 MeV/(g+rans)
2.2=-1 radl(Ci-h)


ICRP (197s, p. 13)


ICRP (1975, p. 2-o)


ICRP (1s79a)
ICRP (1s75, p.7+)
(b)


gskeIetonmass(lCRP1975,p.74)lessthebonemArrowmass


flCRP 1975, p. 90) {rom-the total mass.


1U1 bomputea by dividing 3H b"t" transition energy (5.68E'3 Me$ (lcFP 19s3)'


o lgrn
"H = e 5i.22 SE= Aday (6.6)


man, described in ICRP 23 (CRP 1975). The dose
equivalent to a reference man from tritiated water


is given by:


equation is not correct because the formalism em-
ployed by the ICRP includes a,quality factor of one.


The Q is included in the equations to remind the
reader that some regulatory agencies may require


a Q greaterthan one (see Brodsky 1983).


Prospective dose calculations are often used to
estimate the radiation dose to an individual vrho


may be exposed to the radioactive material. Be-


cause the dose estimations are hypothetical, they
are computed for an individualwho has the char-


acteristics of the ICRP reference man (ICRP 1975).


The prospective dose calculations desc;ibed here


are for i@r' sllgmersjon'in
tritiated water vapor (along with subseq'lent in-


gas, and submer-
r.


lngestion of Tritiated Water
The committed dose equivalent to referenca man


from ingestion of tritiated water is from Equation
(6.6) and substitution for assumed values for M


(63 kg) and T" (10 daYs) as follows:


where the values are as previously described. ln


the following discussiondine SEE and the con-


stant 51.22 are combined.


ln the calculation of the SEE, the quality factor has


already been included by the ICRB thereby mak-


ing the Q in Equation (6.6) redundant and technic-
ally incorrect. The Q is explicitly stated because
certain regulatory agencies (e.9., the NRC) callfor
a qualityfactor different than one, and the purpose


of the explicitly stated Q is to remind the reader to


modify the equation by the appropriate value.


PROSPECT]VE DOS E CALCULATIO NS


ln this section the equations are derived that may


be used to calculate prospective doses. Through-
out this section we show Q eiplicitly in the equa-
tions. ln some cases, the addition of Q to the


fr = e 66.6E-G q(o) rem (6.4


b.b







where H--^ = the committed effeciive dose
I,JU' equivalent, rem


Q = the quality facto( dimensionless
66.6E-6 = cor-lversion factor t419.7E-6 *


10i63 = >66.6E-6), radlp.Ci


9(0) = the quantity of tritiated water
ingested, pCi.


Submersion in -rritiated Water Vaoor


When an individual is submerged in tritiated water
vapo( there are two primary sources of radiation
dose: '1) from inhaled tritiated water vapor and
2)'from tritiated water absorbed through the skin.


lnhaled Water Vaoor. All inhaled water is taken up
by the body (see discussion on intake mech-
anisms). Thus, the previous equation may be used
by computing the intake, q(0), from the equation:


q(0) =20.0=3CTpCi (6.8)


where C is the air concentration of tritiated water,


in pcilmL;T is the exposure time in minutes; and
20.0E3 is the 'light work' breathing rate in mUmin.
Substitution into Equation (6.8) yields


H--^ = Ql,5u


U=


the quality factor, dimensionless
conversion falor {66.62E-6 *
2O.Eg => 1.gg), mL-rad/pCi-min
the air concentration of tritiated
wate4 pCilmL


T = the exposure time, min.


Percutaneous Absorotion of Tritiated Water Vaoor.
The quantity of tritiated water that may be ab-
sorbed through intact skin can be estimated using
the information given in the section that described
intake mechanisms. However, for estimating pros-
pective dose, it is convenient to employ the ICRP
assumption (ICRP 1977) that total perclrtaneous
absorption will equat about one-half the intake due


to inhalation ar the'light work' breathing rate. NRC
licensees, however, should be avrare that a foot-
note to 10 cFR 20.103(a)(1) indicates thar the as-
sumption employed to prepare the tables of max-
imum permissible concentrations was that intakes
by the two routes v/ere assumed to be equal. The
ccmmilted dose equivalentfrom percutaneous ab-
sorption of tritium is then:


HIso=o0.63CTrem (6.1 0)


where H-.^ = the commilted dose equivalent,
I,cU


rem
Q = the quality factor, dimensionless


0.63 = conversion factor { 1.33 I 2},
mL-rad/pCi-min


C = the air concentration of tritiated
wate( pCilmL


T = the exposure time, min.


Thus, the total committed dose equivalent due to
submersion in tritiated rvater vapgr is the sum of
that due to inhalation and oercutaneous
absorption. +'


HTso=Q2'ocTrem (6.11)


where the variables are as previously described.


lnhalation of Tritium Gas
Following inhalation of tritium gas, radiation dose
may be accrued from three sources: dose to the
lung from tritium in the lung, dose to the whole
body from elementaltritium absorbed in the blood,
and dose to the whole body from tritiated water
formed from the inhaled tritiated gas.


Dose to Lunq from lnhalaltion of 3H Gas. The ICRP
(CRP 1979, supplement to part 1) lists the dose
equivalent rate to the lung due to tritium gas in the
airoas 61 1.2E-6 (rem-ml)/(min?CD [9.9E-1s (Sv-
mJ/(Bq-h)1. The dose to the lung from exposure
to elemental tritium at an air concentration of
C pCilmL for time T minutes is then


1.26 C T rem
1.33


(6.s)


equivalent,= the committed dose
rem


where H'UO


o
l.*J.,


H=Q611.2E-6CTrem (6.12)







whe:'e H : the dose equivalent to the lungs, in
iem


C = the air concentration of tritium gas,


pCilmL
Q = the quality facto( dimensionless


T - the exposure time, min.


Because the dose to the lung will cease when the


source is removed, the above dose also repre'
sents the commiited dose equivalent to the lung


from elemenial tritium in the lung. The effective
dose equivalent from the lung dose is computed
by multiplying Equation (6.t 2) by the lung weight-
ing factor of 0.12 (ICRP 1977). The equation for
the effective dose equivalent in the lung is then:


HE,uo=Q73.33E-6CTrem (6.13)


where H= .,., isthe committed effective dose equM-
atent, in?efi due to irradiation of the lung by ele-
mentaltritium in the inhaled air.


llementalTritium Dissolved in the Blood. To com-
pute the dose to the whole body from gaseous tri-
tium dissolved in the blocd, the follorving assump-
tions are made. First, elementaltritium in blood vrill


uniformly irradiate the whole body. Second, the
solubility of tritium in blood is equal to that of hy-
drogen in rvater at the same tempoerature. Third,
the dose to the whole body from "H dissolved in
body fluids is equal to the dose to that from triti-
ated water. Based on this last assumption, the
dose equivalent rate conversion factor is 1-9E-Z
ra{/(rci-daV).


The dose equivalent to the body from tritium dis-
solved in the blood is then given by the equation:


where 3.2 x 1C'3 : a conversion facto( ra1/ pCi
1.71229 = the ouantity of T. Cissotved in


blood at saturation, pOi
2.37E6 pCilmL = the maximal airconcentration


of tritium gas (see section
2.4.2)


T = the exposure time, min
C = air conceniration of T, gas,


pCilmL


which is


H=Q2.32=-6CTrem (6.15)


where the units are as defined above. The dose to
the whole body frcm dissolved tritium gas is a


small fraction of the effective dose equivalent re-
ceived due to gas in the lung.


Tritiated Water Converted from lnhaled Tritium
Gas. About 0.003% to 0.0049/" of ihe inhaled tri-
tium gas oxidizes to tritiated water in the body


-o3.2x10- 1.713E9C:-
2.3786


(6.14)


(Brodsky 1983). The dose to the whole body from
this route of intake is then:


H = Q C 20,000T 4E-5 62.9E-6 (6.16)


where 4E-5: o.oo4% (percentage of 3H gas
oxidized to tritiated water),


20,000 = the 'light work' breathing rate in
mUmin, and


62.9E-6 = a conversion factor in radlpoi [see
Equation (6.7)1, which is


H=Q50.32E-6CTrem (6.17)


where H = the comrnitted dose equivalent, rem
Q = the quatity factor, dimensionless
c = the air concentration, pcilmL
T - the exposure time, min.
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ln summary; the committed effective dose equiva-
lent due to the conversion of tritium gas to tritiated
water is nearly equal to that due to irradiation of
the lung by tritium gas. ln this report the com-
mitted effective dose equivalent due to inhalation
of tritium gas includes all three components of
dose; it is the sum of the thr?e preceding equa.
tions and is given by the equarion


H:Q126.0E-6CT (6.18)


where H = the cornmitted dose equivalent, rem
Q = the quality facto( dimensionless
C = the activity concentration of tritium in


at, pCilmL
J = the exposure time, min.


Note: Approximately 5 to 1096 differences can be
obtained forthe constants in the above equations,
depending on whether onO uses the integrated
values listed in lcRP 30 n977\ or uses the dose+
rate values and then integrates. These differences
ar@:
Discussion of Proosective Dose Calculation
Summation of the committed dose equivalents for
tritium gas yields a value that, according to the cal-
culations presented above, is exactly 15,000 times
less than that for tritiated water. lf the tritiated
water content of a postulated release is greater
than about O.O1% of the total release, then the
dose due to the tritiated water will predominate.
Unless the gas has been dried just before a re-
lease, tritiated water will almost always predom-
inate because the available tritium gas normally
has a water content of about o.o1% (see
Table2.4). While tritium gas remains encapsu-
lated in light fixtures, some tritiated water forms,
with the result that about 1gl. of the activity is THO
(see Table 2.5).


ln the above equations we have shown the (air)
activity concentration and the time of exposure.
These two components together can be called the
integralair concentration, in terms of pCi-min/mL


When performing calculations based on air ccn-
centration of TH orTr, assumptions musi be maCe


with care. Humans-require a partial pressure of
orygen (PoJ of at least 50 mm Hg for survival; de-
pression of '[ne respiratory center occurs at a Poz
of about 64 mm Hg (Jensen 1976), but the exac-
values willdepend on the individual's physical con-
dition. The Po, at sea level is about 159 mm Hg
(Jensen 1976);ihus dilution of the airby hydrcgen
to about 10% ol normal levels wiil result in asphyx-
iation. This will occurwhen the T, ccncentration is


about 1.4E6 pCilmL Assumptio-ns of air concen-
trations exceeding 1C0 or 200mCi TJnL ak
should be carefully checked to ensure ihat they
are reasonable.


Hydrogen in air at concentrations of 4 to 759lo by
volume are flammable/ explosive (Olishifski and
McElroy 1971). Theseoconcentrations equate to
0.0948 to 1.278 Ci/cm" air for To and O.O174lo
0.889 Ci/cm" for TH. FlammabilfrT and/or explo-
sive conditions are another reason to carefully
check for reasonableness of any assumptions
about air concenti'ations of triiiated gas.


RETROSPECTIVE DOSE CALCULATIONS


Retrospective dose calculations are made for an
individual who has been exposed to rabioactive
materials. Such calculations should use as much
information about the individual as possible. That
is, the health physicist should determine the indivi-
dual's unique biological half-time, soft tissue mass,
and watervolume. lf dose must be estimatedwith-
out knowledge of the specific individual's data, the
data for refere.nce man (or woman) should be
used.


Dose Eouivalent Rate


The equations to use are those in Section 4.3.2
with one modification. These equations assumed
that allthe tritium remains in the body water; this
assumption is not entirely correct. Tritium ex-
changes with the hydrogen in the organic constit-
uents of the body. Hence the specific concentra-
tion in the body water is lower than it should be for
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footnote to 10 CFR 20.103(a)(1) indicates that the as-
sumption employed to prepare the tables of max-
imum permissible concentrations was that intakes by
the two routes were assumed to be equal. The com-
mitted dose equivalent from percutaneous absorption
of tritium is then:


(6.10)HE,50 Q 0.63 C T


where HE,50 is the committed dose equivalent in rem
and 0.63 is the conversion factor (1.33/2) in
mL-rad/µCi-min and other variables are as previously
defined.


Thus, the total committed dose equivalent due to sub-
mersion in tritiated water vapor is the sum of that due
to inhalation and percutaneous absorption:


(6.11)HE,50 Q 2.0 C T


where the variables are as previously described.


6.6.3 Inhalation of Tritium Gas


Following inhalation of tritium gas, radiation dose
may be accrued from three sources: dose to the lung
from tritium in the lung, dose to the whole body from
elemental tritium absorbed in the blood, and dose to
the whole body from tritiated water formed from the
inhaled tritiated gas.


Dose to Lung from Inhalation of 3H Gas.
The ICRP (ICRP 1979, Supplement to Part 1) lists
the dose equivalent rate to the lung due to tritium gas
in the air as 611.2E-6 rem-mL/min-µCi (9.9E-15 Sv-
m3/Bq-h). The dose to the lung from exposure to
elemental tritium at an air concentration of C µCi/mL
for time T minutes is then


(6.12)HT Q 611.2E 6 C T


where HT is the dose equivalent to the lungs, in rem,
and other variables are as previously defined.


Because the dose to the lung will cease when the
source is removed, the above dose also represents the
committed dose equivalent to the lung from
elemental tritium in the lung. The effective dose
equivalent from the lung dose is computed by
multiplying Equation (6.12) by the lung weighting
factor of 0.12 (ICRP 1977). The equation for the
effective dose equivalent in the lung is then:


(6.13)HE,50 Q 73.33E 6 C T


where HE,50 is the committed effective dose equiv-
alent, in rem, due to irradiation of the lung by ele-
mental tritium in the inhaled air.


Elemental Tritium Dissolved in the
Blood. To compute the dose to the whole body
from gaseous tritium dissolved in the blood, the
following assumptions are made. First, elemental
tritium in blood will uniformly irradiate the whole
body. Second, the solubility of tritium in blood is
equal to that of hydrogen in water at the same
temperature. Third, the dose to the whole body from
3H dissolved in body fluids is equal to the dose from
tritiated water. Based on this last assumption, the
dose equivalent rate conversion factor is 1.9E-7
rad/µCi-day.


The dose equivalent to the body from tritium dis-
solved in the blood is then given by the equation:


(6.14)HE
(3.2E 9) (1.713E9) C T


2.37E6


where 3.2E-9 = a conversion factor, rad/µCi
1.713E9 = the quantity of T2 dissolved in


blood at saturation, µCi
2.37E6 = the maximal air concentration of


tritium gas, µCi/mL
T = the exposure time, min
C = air concentration of T2 gas,


µCi/mL.


Equation (6.14) is equivalent to
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(6.15)HE Q 2.32E 6 C T


where the units are as defined above. The dose to the
whole body from dissolved tritium gas is a small
fraction of the effective dose equivalent received due
to gas in the lung.


Tritiated Water Converted from Inhaled
Tritium Gas. About 0.003% to 0.004% of the
inhaled tritium gas oxidizes to tritiated water in the
body (Brodsky 1983). The dose to the whole body
from this route of intake is then:


(6.16)
HE,50 Q C (20,000T)


(4E 5) (66.6E 6)


where 4E-5 = 0.004% (percentage of 3H gas
oxidized to tritiated water)


20,000 = the "light work" breathing rate,
mL/min


66.6E-6 = a conversion factor in rad/µCi (see
Equation [6.7]).


Equation (6.16) is equivalent to


(6.17)HE,50 Q 53.28E 6 C T


where HE,50 is the committed dose equivalent in rem
and C is the air concentration in µCi/mL and other
variables are as previously defined.


In summary, the committed effective dose equivalent
due to the conversion of tritium gas to tritiated water
is nearly equal to that due to irradiation of the lung by
tritium gas. In this report, the committed effective
dose equivalent due to inhalation of tritium gas
includes all three components of dose; it is the sum of
the three preceding equations and is given by the
equation:


(6.18)HE,50 Q 128.8E 6 C T


where the variables are as previously described.


Note: Approximately 5% to 10% differences can be
obtained for the constants in the above equations, de-
pending on whether one uses the integrated values
listed in ICRP 30 (1977) or uses the dose rate values
and then integrates. These differences are rounding
errors.


6.6.4 Discussion of Prospective
Dose Calculation


Summation of the committed dose equivalents for tri-
tium gas yields a value that, according to the cal-
culations presented above, is exactly 15,000 times
less than that for tritiated water. If the tritiated water
content of a postulated release is greater than about
0.01% of the total release, then the dose due to the
tritiated water will predominate. Unless the gas has
been dried just before a release, tritiated water will
almost always predominate because the available
tritium gas normally has a water content of about
0.01% (see Table 2.2). While tritium gas remains
encapsulated in light fixtures, some tritiated water
forms, with the result that about 1% of the activity is
THO.


In the above equations we have shown the air activity
concentration and the time of exposure. These two
components together can be called the integral air
concentration, expressed in µCi-min/mL.


When performing calculations based on air concen-
tration of TH or T2, assumptions must be made with
care. Humans require a partial pressure of oxygen
(pO2) of at least 50-mm Hg for survival; depression
of the respiratory center occurs at a pO2 of about
64-mm Hg (Jensen 1976), but the exact values will
depend on the individual’s physical condition. The
pO2 at sea level is about 159-mm Hg (Jensen 1976);
thus, dilution of the air by hydrogen to about 40% of
normal levels will result in asphyxiation. This will
occur when the T2 concentration is about
1.4E6 µCi/mL. Assumptions of air concentrations
exceeding 100 or 200 mCi-T2/mL air should be care-
fully checked to ensure that they are reasonable.


Hydrogen in air at concentrations of 4% to 75% by
volume are flammable/explosive (Olishifski and
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McElroy 1971). These concentrations equate to
0.0948 to 1.778 Ci/cm3 air for T2 and 0.0474 to
0.889 Ci/cm3 for TH. Flammability and/or explosive
conditions are another reason to carefully check for
reasonableness of any assumptions about air
concentrations of tritiated gas.


6.7 Retrospective Dose
Calculations


Retrospective dose calculations are made for an
individual who has been exposed to radioactive
materials. Such calculations should use as much
information about the individual as possible. That is,
the health physicist should determine the individual’s
unique biological half-time, soft tissue mass, and
water volume. If dose must be estimated without
knowledge of the specific individual’s data, the data
for reference man (or woman) should be used.


6.7.1 Dose Equivalent Rate


The equations to use are those in Section 6.5.1 with
one modification. These equations assumed that all
the tritium remains in the body water; this assumption
is not entirely correct. Tritium exchanges with the
hydrogen in the organic constituents of the body.
Hence, the specific concentration in the body water is
lower than it should be for accurate dose estimates. It
was assumed also that tritiated water is eliminated
from the body in a manner that can be described by a
single exponential curve. This assumption too is not
correct. There is some transfer of tritium to the
biological molecules of the body, and the excretion
pattern has been observed to follow a three-
exponential decay curve. For these reasons, the
computed dose based on a single exponent should be
increased by 10% (ICRP 1979; Commerford 1984;
Health and Welfare Canada 1982 [n.b. the regulatory
guidance of Canada states 20%, but the example cal-
culations are consistent with 10%]). The equations in
the section below have been corrected for this
increase.


Equation (6.19) is used to estimate the dose
equivalent rate to an individual:


(6.19)HE 3.2E 4 q(0)Q
M


exp (λet)


where HE = the dose equivalent rate following an
intake of tritiated water, rem/day


3.2E-4 = a constant (product of
51.22 0.00568 MeV 1 kg/1000g),
(rad-kg)/(µCi-day)


Q = the quality factor, dimensionless
q(0) = the activity in the body at the time of


intake, µCi
M = the mass of the soft tissue, kg
λe = the effective removal constant of


tritium from the body, days-1


t = the time since the uptake, days.


6.7.2 Committed Dose Equivalent


The previous dose rate equation is then integrated
over time to yield:


(6.20)HE 4.6E 4
q(0)QTe
M


(1 exp (λet))


where HE = the committed DE, rem
4.6E-4 = a constant (product of 3.2E-4


1.44), (rad-g)/(µCi-day) (1.44 =
1/ln 2)


Te = the effective half-time of tritium in
the body, days


Q = the quality factor, dimensionless
q(0) = the activity taken into the body,


µCi
M = the mass of the soft tissue, g
λe = the effective removal constant of


tritium from the body, days-1


t = the time since the uptake, days.


To compute the committed dose equivalent, it is nec-
essary to integrate the dose equivalent rate over the
50 years following the intake as recommended by the
ICRP (ICRP 1979). If t = 50 years, this equation
becomes:
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On Jun 4, 2013, at 2:40 PM, Struckmeyer, Richard wrote:

Mr. Karchon:
 
I am still having difficulty understanding the equation you provided
for calculating dose in rem due to inhalation.  
 
I have reviewed the relevant portions of the “Tritium Radioluminescent
Devices Health and Safety Manual” that you referenced as the source of
the equation, but do not see the basic equation H = (Q)(1.26E-4)(C)(T),
although I see similar equations from which this may have been derived.
 
In order to have confidence that you are providing accurate estimates of
dose in Attachment 4 to your letter dated April 24, 2013, please explain
how you obtained the basic equation.
 
Also, it seems likely that the doses you calculated are meant to be whole
body doses, but as far as I can tell you haven’t specifically stated this. 
Without further explanation it is difficult to determine whether you may
have provided the whole body dose, the committed dose equivalent to the
lungs, or some measure of dose equivalent.  
 
Furthermore, the numerical value (1.26E-4) obviously must have units
associated with it to provide the proper conversion.  In the “Tritium
Radioluminescent Devices Health and Safety Manual” it appears that the
units were expressed as “mL-rad/μCi-min,” but these units do not appear
to correspond to those used in your Attachment 4, which seems to add a
further conversion from rad to rem, and a factor to convert minutes to
years.  Clarification of this issue may help in my understanding of the
basic equation.
 
Thank you for continuing to provide these explanations.
 
 
Richard K. Struckmeyer
Division of Materials Safety and State Agreements
Office of Federal and State Materials and Environmental Management
Programs
U.S. Nuclear Regulatory Commission
301-415-5477
 
 
 
 
From: CJ Karchon [mailto:cj@cammenga.com] 
Sent: Thursday, May 30, 2013 12:31 PM
To: Struckmeyer, Richard



Cc: Wagner, Katie; Sepulveda, Lymari; Jankovich, John; Debbi Spykerman
(debbi@cammenga.com)
Subject: Re: Second RAI for amendment to exempt-distribution license 21-26460-02E
(Mail Control No. 579632)
 
Mr. Struckmeyer,
Thank you again for walking through all of the open questions
from our last submission.
Regarding tritium solubility in water and body fluids: H-3 has a
low retention in the body subsequent to inhalation and the skin
absorption intake for H-3 in this form is relatively insignificant
(NUREG/CR-0215). However, as was mentioned the previous
email response, the H-3 gas may be converted into tritiated
water on contact with the atmosphere. Tritiated water is
completely soluble in normal water and body fluids. Inhaled
tritiated water vapor is assumed to be totally absorbed in body
fluids (ICRP 30). The body naturally excretes this relatively
quickly. Half of the body’s tritium is excreted in 10 days after
exposure.
Basic Equation Clarification: The basic equation we stated in our
previous submissions was listed as H = (Q)(1.26E-4)(C)(T). The
1.26E-4 is the conversion factor representing inhalation of
tritiated water vapor. Cammenga decided to use a quality factor
(Q) of 2 because it is more restrictive.
Your question is over the transition to the following simplified
equation: H = (5.04E-4)(C)(T).
It was stated in the Safety Criteria enclosure’s opening
paragraph that the intake rate of absorption through the skin is
between 50% and 100% of the intake rate of inhalation. We
decided to use equal rates for both inhalation and absorption
because it is more restrictive. Therefore, the conversion factor for
inhalation (1.26E-4) will ALSO be used for absorption. So we first
multiplied this 1.26E-4 factor by 2 to get 2.52E-4. This number
represents the combined conversation factors for both inhalation
and absorption of tritiated water vapor. We then multiplied 2.52E-
4 by the (Q) of 2 to equal 5.04E-4.
 
This results in a simplified equation of H = (5.04E-4)(C)(T). This
result of (H) represents the committed dose equivalent (rem).
 
B.6. Section 32.22(a)2(vii), 10 CFR 32:

mailto:debbi@cammenga.com


You were correct in adjusting our last submission that our
Compass’ Military Specification was Attachment 5, instead of
Attachment 11. This military specification was referenced
because it was the basis for the prototype and production testing
procedures we take the knives through. The tests accurately
depict the extreme circumstances soldiers may take the knives
through based on various climates.
“Answer number 3” in the Conditions section of 4/24/13
submission explains two things: 1.) Why we use MIL-PRF-
10436N as the basis of our durability tests. 2.) How Cammenga
“tamper proofs” the knives to prevent end-users from gaining
access to Tritium inside the Grilamid handles.
Regarding the degree of access to human beings: The design of
our Model TK3 knives assures that the borosilicate tritium vials
are not accessible during normal use, storage, handling, or
maintenance. Since the tritium gas is in the borosilicate glass
vials, no inhalation or ingestion is expected from normal use. Full
protection is guaranteed by using our patented Tritium Guards,
Grilamid handles, custom screws and Dow Corning Sealants. In
the interest of being thorough, Cammenga probably provided too
much information in responding to this item in previous
submissions. Please omit from our response any excessive
information, such as “Attachment 10” or “Answer number 3” as
this may have been confusing.
B.12. Section 32.22(a)(2)(xv), 10 CFR 32:
Regarding the outstanding quality concerns: please omit any
previous submission references to Attachment 9 and Attachment
11 (corrected to Attachment 5) for Cammenga’s quality control
measures. The only relevant information is that we are ISO
9001:2008. In NUREG 1556, Vol. 8. Section 9.1.3 it states,
“Current practice allows acceptance of the submission of a QA
program in lieu of a QC program because the QA program puts
more emphasis on the overall management structure and on the
program that covers construction of the device from the time of
initial design through distribution.” 
Richard, thank you for informing me you spoke with John
Jankovich, who informed you of ISO 9001:2008’s various
procedures and high level of standards required for accreditation.
Previously, we referenced Attachment 6 and Attachment 10 of



the 4/24/13 submission to address both our prototype testing
AND our production testing procedures. We would like to omit
this information as well.
Thank you for your help in clarifying all of these items. 
 
Best Regards,
 
CJ
 
Christopher J. Karchon
VP of Sales
 
Cammenga Company, LLC

2011 Bailey Street
Dearborn, MI 48124
Office: +1 (313) 914.7160
Fax: +1 (313) 914.7153
Mobile: +1 248.766.4791
Email: cj@cammenga.com
Skype: seege10
Website: www.cammenga.com

<image001.png>
 
On May 21, 2013, at 4:11 PM, Struckmeyer, Richard wrote:

Mr. Karchon:
 
Thank you for your response to our second RAI for amendment to your
exempt-distribution license.  It appears that you have not yet provided
complete responses to some of our questions.
 
 
B.3. Section 32.22(a)(2)(iv), 10 CFR 32, requires the applicant to submit
information concerning the solubility in water and body fluids of the forms of
the byproduct material identified in paragraphs (a)(2) (iii) and (xii) of this
section.
 
You provided an equation in Attachment 4 of your original 12/20/12
submission to calculate dose in rem due to inhalation which you attribute to
“Tritium Radioluminescent Devices Health and Safety Manual,” Pacific
Northwest Laboratory, Richland, WA.
 
Please indicate how this equation takes into account the solubility of tritium

mailto:cj@cammenga.com
http://www.cammenga.com/


in water and body fluids.  Note that when tritium enters the body, it could
possibly be in gaseous form or liquid form.  The solubility of these forms is not
the same.
 
Possible alternative ways to answer this could include:
 

·       State whether one or both of these forms are dominant with regard to
dose to humans, and how the equation you are using takes it (or them)
into account, or 

 
·       Explain what relative value(s) of solubility (insoluble, slightly soluble,

very soluble, etc.) is (are) assumed to apply in the equation, and why
this (or these) value(s) are appropriate, or

 
·       Provide any other explanation that describes how the intent of the

regulation is met.
 
The issue of solubility may have been addressed in Cammenga’s original
application for an exempt-distribution license or in a subsequent amendment
application.  If so, you may want to restate that information in response to this
question.  Another source may be the document you referred to in Attachment
4.
 
In addition to the above, two more questions arose from further review
of Attachment 4.
 

·       In Section 1 “General Discussion” you noted that intake occurs by
means of absorption through the skin as well as inhalation, and stated
that you will use equal rates for inhalation and absorption.  However, in
Section 2 “Basic Equation,” you provide the basic equation to calculate
dose in rem due to inhalation.  No further mention is made of dose due
to absorption.  Please explain this apparent discrepancy.

 
·       In Section 2 “Basic Equation” you provided the following equation:

 
H = (Q) (1.26E-4) (C) (T)
 
and stated that you would use a value of Q = 2.  You then restated the
equation as:
 
H = (5.04E-4) (C) (T)
 
which implies that you multiplied 1.26E-4 by 2 and obtained 5.04E-4.  It
would appear that the correct value should be 2.52E-4.  Please explain
how you obtained the value of 5.04E-4.

 
 
B.6. Section 32.22(a)(2)(vii), 10 CFR 32, requires the applicant to submit
information concerning the degree of access of human beings to the product
during normal handling and use.



 
You indicated that we should refer to Attachment 11 of the original 12/20/12
submission, your compass's Military Specification.  However, your original
12/20/12 submission does not contain an Attachment 11.  You may have
intended that we refer to Attachment 5 of that submission, but this needs to be
clarified.  You also referred to Attachment 10 and to the Conditions and Use
“answer number 3” of the 4/24/13 submission.
 
This “referral” approach is not adequate for the following reasons:
 

·       Unless you are able to demonstrate otherwise, the Military Specification
is assumed to contain only the requirements that the customer expects
your product to meet, rather than documentation that the product has
actually met these specifications.

 
·       To the extent that Attachment 10 is applicable, you must explain exactly

what content in that document is pertinent to the “degree of access of
human beings to the product during normal handling and use.” 

 
·       “Answer number 3” in the Conditions and section of the 4/24/13

submission appears to be a reference to Attachment 4, which contains
examples of dose calculations.  This does not address the issue of
access.

 
 
B.12. Section 32.22(a)(2)(xv), 10 CFR 32, requires the applicant to submit
information concerning quality control procedures to be followed in the
fabrication of production lots of the product and the quality control standards
the product will be required to meet.
 
You stated that attachment 9 of your 4/24/12 submission explains a number of
measures Cammenga & Associates takes to ensure the utmost quality is met
with regards to Tritium vial assembly.  However, Attachment 9 contains your
“Radiation Safety Program,” which applies to radiation worker training and
safety.  It does not appear to specifically address the requirements of Section
32.22(a)(2)(xv).  If you believe that this attachment addresses this
requirement, please explain explicitly how it does so.
 
You indicated that we should refer to Attachment 11 of the original 12/20/12
submission, your compass' Military Specification.  However, your original
12/20/12 submission does not contain an Attachment 11.  You may have
intended that we refer to Attachment 5 of that submission, but this needs to be
clarified.
 
You mentioned your ISO 9001:2008 certification, and cited the ISO Certificate
in Attachment 8 of your 4/24/12 submission.  Please explain the relevance of
this certification to the specificquality control procedures to be followed in the
fabrication of production lots of the product and the quality control standards
the product will be required to meet, in order to demonstrate that you meet the
requirement of Section 32.22(a)(2)(xv). In other words, please describe (or



provide a copy of) the procedure that implements ISO 9001:2008 within your
company.
 
Your response implied that Attachment 6 and Attachment 10 of the 4/24/13
submission are relevant to the requirements of Section 32.22(a)(2)(xv).
However, both of these attachments appear to address prototype testing rather
than quality control procedures to be followed in the fabrication of production
lots of the product and the quality control standards the product will be
required to meet.  If you believe that these attachments address this
requirement, please explain explicitly how they do so.
 
 
Thank you,
 
Richard K. Struckmeyer
Division of Materials Safety and State Agreements
Office of Federal and State Materials and Environmental Management
Programs
U.S. Nuclear Regulatory Commission
301-415-5477
 
 
 
From: CJ Karchon [mailto:cj@cammenga.com] 
Sent: Thursday, May 16, 2013 3:30 PM
To: Struckmeyer, Richard
Cc: Wagner, Katie; Sepulveda, Lymari; Jankovich, John; Debbi Spykerman
(debbi@cammenga.com)
Subject: Re: Second RAI for amendment to exempt-distribution license 21-26460-02E
(Mail Control No. 579632)
 
Mr. Struckmeyer,
 
Thank you for taking my call the other day to discuss the RAI open items. Per
our conversation, the attached file is Cammenga & Associates' response to the
below email. Please let me know if anything further is needed.
 
Best Regards,
 
CJ
 
Christopher J. Karchon
VP of Sales
 
Cammenga Company, LLC
2011 Bailey Street
Dearborn, MI 48124
Office: +1 (313) 914.7160
Fax: +1 (313) 914.7153
Mobile: +1 248.766.4791
Email: cj@cammenga.com
Skype: seege10
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Website: www.cammenga.com
 
 
On May 8, 2013, at 8:28 AM, Struckmeyer, Richard wrote:

Mr. Karchon:
 
Your April 24, 2013, response to our Request for Additional Information (RAI)
does not appear to provide all of the information requested in the attachment,
Part B, “Questions pertaining to your Exempt-Distribution Materials License.” 
Portions of the relevant questions are repeated below using the same numbers
as in the RAI.
 
 
B.2. Section 32.22(a)(2)(iii), 10 CFR 32, requires the applicant to submit
information concerning the 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.
 
Your response did not appear to address any changes in chemical and
physical form that may occur during the useful life of the product.  Please
submit information concerning changes in chemical and physical form that
may occur during the useful life of the product, or indicate where this
information may be found.  If no changes are anticipated (other than
radioactive decay), please so indicate, and the reasons or evidence in support
of your position.
 
 
B.3. Section 32.22(a)(2)(iv), 10 CFR 32, requires the applicant to submit
information concerning the solubility in water and body fluids of the forms of
the byproduct material identified in paragraphs (a)(2) (iii) and (xii) of this
section.
 
Your response did not appear to address the solubility in water and body fluids
of the forms of the byproduct material.  Your response referred to Attachment
4, “10 CFR 32.23 Safety Criteria,” (conditions of use/dose limit examples)
which addresses potential doses for various scenarios, and Attachment 7
“Periodic Report of Transfer,” which provides the quantities of products
transferred in accordance with your license.
 
Please submit information concerning the solubility in water and body fluids of
the forms of the byproduct material, or indicate where this information may be
found.
 
 
B.4. Section 32.22(a)(2)(v), 10 CFR 32, requires the applicant to submit
information concerning details of construction and design of the product as
related to containment and shielding of the byproduct material and other safety
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features under normal and severe conditions of handling, storage, use, and
disposal of the product.
 
Section 32.22(a)(2)(v) applies to the product as it is to be used after
distribution, not to radiation workers.  Your response did not appear to address
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 theproduct.
 
Your response referred to Attachment 4 “10 CFR 32.23 Safety Criteria,”
(conditions of use/dose limit examples); Attachment 9 for “Radiation Safety
Program;” and Attachment 11 for “Tritium Source Removal for Used
Knife/Luminous Device Recycling.”  Attachments 9 and 11 are relevant to your
possession and use license, rather than your exempt-distribution license.
 
Attachment 4 addresses potential doses for various scenarios; it does not
address details of construction and design of the product as related to
containment and shielding.  Attachment 9 addresses worker safety; it does not
address safety features of the product.  Attachment 11 addresses tritium
source removal, but does not appear to address safety of disposal by end
users.
 
Please provide 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, as required by Section 32.22(a)(2)(v), 10 CFR 32.  You may be
able to cite portions of the documents you have already provided as long as
you can demonstrate how these are relevant to the product and its use by the
end user.
 
 
B.5. Section 32.22(a)(2)(vi), 10 CFR 32, requires the applicant to submit
information concerning 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.
 
You responded that a senior manager of MB Microtec from Bern, Switzerland,
informed you that  there is no relevant dose of external radiation generated by
the H-3 Trigalights (MB Microtec brand name) produced by MB Microtec, and
that it is physically impossible for the H-3 Tritium micro vials to generate an
external dose rate.
 
While we accept that this statement is correct, you should have documentation
in your possession that confirms this statement, including the reasons why it is
correct (having to do with the weak beta energy emitted by tritium and the
encapsulation of the source).  Please confirm that you have obtained such
documentation.
 
 
B.6. Section 32.22(a)(2)(vii), 10 CFR 32, requires the applicant to submit



information concerning the degree of access of human beings to the product
during normal handling and use.
 
Your response referred to Attachment 5 of your original submission of
December 20, 2012, as well as Attachments 4 and 9 to the April 24, 2013,
response to our RAI.  These attachments do not appear to address the
requirements of 32.22(a)(2)(vii) concerning the degree of access of human
beings to the product during normal handling and use.  Please explain how
these attachments may be considered relevant to this requirement, or provide
additional information that addresses the requirement.
 
 
B.12. Section 32.22(a)(2)(xv), 10 CFR 32, requires the applicant to submit
information concerning quality control procedures to be followed in the
fabrication of production lots of the product and the quality control standards
the product will be required to meet.
 
Your response referred to, among others, Attachment 9, “Radiation Safety
Program.”  This attachment does not appear to be relevant to quality control
procedures and the standards the product will be required to meet.  Please
explain how Attachment 9 may be considered relevant to this requirement, or
provide additional information that addresses the requirement.
 
 
Please submit the requested information within thirty days of the date of this
email.  If we have not received complete information within thirty days of the
date of this email, we will consider your application as having been abandoned
by you.  This is without prejudice to the submission of a complete response.
 
In accordance with 10 CFR 2.390 of NRC’s “Rules of Practice,” a copy of this
email will be available electronically for public inspection in NRC’s Public
Document Room or from the Publicly Available Records (PARS) component of
NRC’s document system (ADAMS).  ADAMS is accessible from the NRC web
site at http://www.nrc.gov/NRC/ADAMS/index.html (the Public Electronic
Reading Room).
 
Any correspondence regarding your amendment application should reference
the control number 579632.
 
 
Thank you,
 
Richard K. Struckmeyer
Division of Materials Safety and State Agreements
Office of Federal and State Materials and Environmental Management
Programs
U.S. Nuclear Regulatory Commission
301-415-5477
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