This document was prepared in conjunction with work accomplished under Contract No.
DE-AC09-96SR18500 with the U.S. Department of Energy.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercia product,
process or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency
thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

This report has been reproduced directl y from the best available copy.

Available for sale to the public, in paper, from: U.S. Department of Commerce, National Technical
Information Service, 5285 Port Royal Road, Springfield, VA 22161, phone: (800)

553-6847, fax: (703)  605-6900, email: orders@ntis.fedworld.gov  online  ordering:
http://www.ntis.gov/ordering.htm

Available electronically at http://www.doe.gov/bridge

Available for a processing fee to U.S. Department of Energy and its contractors, in paper, from: U.S.
Department of Energy, Office of Scientific and Technical Information, P.O. Box 62, Oak Ridge, TN
37831-0062, phone: (865 ) 576-8401, fax: (865) 576-5728, email: reports@adonis.osti.gov



W SRC-TR-2001-00375
Revision O
August 14, 2001

Radionuclide Releases
During Normal Operations
for
Ventilated Tanks



WSRC-TR-2001-00375 Page 2
Revision 0

Ventilated Tank
Source Term Determination

Purpose

This caculaion estimates the design emissons of radionuclides from Ventilated Tanks used by
variousfadlities The cdculation includes emissons due to processing and storage of radionuclide
materid.

Background

Various operations with radionuclide containing materia involves the use of tanks with active
ventilation systems. The tanks addressed by this calculation are fixed roof and horizonta type
tanks. The non-ventilated versions of these type of tanks are addressed in “ Compilation of Air
Pollutant Emission Factors, AP42” published by the Environmental Protection Agency (EPA).
AP42 uses the vapor pressure of the materia in the tank to estimate emissions. Because the tanks
in AP42 are not ventilated, the passve losses must be estimated by factors affecting breathing loss
and fill rate. For the ventilated tanks the losses are not passive, but active and are determined by
the ventilation flow rete.

Thefollowing caculation is Smilar to the EPA AP42 method with the exceptions noted above. This
caculation uses the Vapor Pressure of the materid in the tank and the ventilation flow rate to
determine estimated releases.

In some tanks there maybe a hundred different chemicals. For these cases, as shown in the
Example Caculation, Appendix D of 40 CFR 61 is used as a screening tool to reduce the number
of detailed caculations required. This graded approach to determining the emissionsis
conservative, in that the estimated emissions from Appendix D for those radionuclides not included
in the detailed vapor pressure caculation is added to the emissions from those radionuclides
determined by the Vapor Pressure Calculation.

M ethodology Description

The radionuclide source term from a ventilated tank is composed of the releases from the vapor
gpace in the tank. In some cases the tank may have extreme agitation that produces an entrained
liquid droplet stream. For tanks with entrained droplet, some form of product recovery system,
such asademigter isemployed. In this case the vapor pressure at the exit of the demister would be
used to estimate the source term.
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Demister

Vpt

Figure 1: Tank Schematic

Referencing Figure 1 the tank emissions would be estimated at Vp; when a demister is not present
and at Vp, when ademigter is present. Thefirst step in the processisto perform a screening
emisson estimate with Appendix D to 40 CFR 61. Emission from any radionuclide that contributes
sgnificantly based on the Appendix D evauation would be evaluated based on the following
methods. These radionuclides are termed Leve |1 radionuclides. The estimated emissonsfor the
tank would then be the sum of emissons based on Appendix D without the Leve |1 radionuclides
and the estimates of emission for the Levd |1 radionuclides based on the following method

Levd Il Radionudlide Evaluation

An estimate of the partid pressure of component i above the solution or at the demister exhaust can
be found usng Raoult’s Law.

p = XP’ (1)
where.  p = partia pressure of component i, atm
Xi = Molefraction of component i in tank solution, dimensionless
P = Vapor pressure of pure component i, atm

The number of moles of each component is caculated and divided by the total number of moles
resulting in the mole fraction for each component.
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7 = Weight Percent

Mi
)
% = Zi
T é Z
where  Z = Moalesof component i, g-mole

M; Molecular Weight of component i, g/g-mole

Then by Dalton’s Law the tota vapor pressure of the solution or the demister exhaust gasis Smply
the sum of the individud partid pressures.

P=a pi (3)

where P, = Tota vapor pressure, atm

The mole fraction of each component in the vapor is now found by following through with Raoult’'s
Law.

=P
Y=+ (4)
where: = Vapor molefraction of component i, dimensonless

The molecular weight of the vapor can now be found
[o]
Mv=a yM (5)
where M, = Molecular weight of vapor mixture, g/g-mole

The dengdty of the vapor at the exhaust temperature is then found using the ided gaslaw. Asthe
vapor pressures are very smdl, it can be assumed that the vapors are acting much like an ided gas.
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MVPy
_ 6
RT ©
where r, = Density of vapor, g/cc
R, = Universd gascondant, 82.05 e
T = Temperature, °K

The emissons are then found as the product of the density of the vapor, the flow rate out of the tank
or demigter, the length of time the materid isin the tank, and the vapor mass fraction of each
component.

W = 1 oFgtXu(1440min/ day) 7)
where: W, = Massemissons, g/yr
Fy = Tank ventilation rate, cc/min
t = Annua time of operation, day/yr
Xyi = Massfraction of component i in vapor, dimengonless

The vapor mass fraction can be found as

_ YM

Xi = (8)

\

The curies released due to the Leve 11 radionuclides can now be found from the specific activity
and the mass fraction for the isotope of concern.

Eci =WSCit 9
where:  Eg = Emisson of radionuclidei, d/yr
S = Specific activity of isotopei, ci/g

Cs Control factor for each control device type,

dimendonless
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Example Calculation

Caudtic Side Solvent Extraction (CSSX) Pilot Plant

Given: 1) Inorganic compound vapor pressures. See Attachment A
2) PuO, vapor pressure = 1.12E-09 atm at 1450 °C (Wick, 1980, p.341)
4) AmO, vapor pressure = 4.145E-11 atm at 1327 °C (Schultz, 1976, p.153)
5) H,O vapor pressure = 5.549E-2 atm at 35 °C (Dean, 1992, p 5.28)
6) HNO; vapor pressure = 7.890E-02 atm at 35 °C (Weast, 1972, p D-177)
7) Fadlity will have HEPA filters on the effluent.
8) Control Factor for HEPA per 40 CFR 61 Appendix D = 0.01

Assumptions: 1. For EPA Appendix D assume 100,000 gallons feed per year
2. Tank ventilation flow rate (Fg) = 10 cfm (283,168 cc/min)
3. Tank Temperature (T) =35 °C
4. Facility has multiple tanks, see Figure 2 below.

EPA Appendix D Screening Andlyss

The detailed Appendix D evauation for the example facility is contained in Attachment B. Based on
this evauation Cesum, Strontium, Plutonium and Americium will be carried through as Leve |1
radionuclides.

Leve Il Evaudion

The hdf life of the Leve 11 isotopes can be found in many texts, such as Handbook of Health
Physics and Radiological Health, edited by Bernard Shleien, 3rd edition, Williams & Wilkins,
Bdtimore. The resulting specific activities are presented below in Table 1.

Table 1. Specific Activities

| sotope Hdf-life Atomic Weight Specific Activity
yn (Cilg)

BiCs 2.062 134 1.295E+03
¥Cs 2300000 135 1.152E-03
Bics 30.17 137 8.657E+01
Ogr 28.6 90 1.390E+02
28py 87.75 238 1.713E+01
29py 24131 239 6.204E-02
20py 6569 240 2.269E-01
241py 14.4 241 1.031E+02
22py 375800 242 3.934E-03
2MAm 432.2 241 3.435E+00

2420 Am 152 242 9.727E+00
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There are five basic reease pathways for thisexample. Each isviaaventilated tank. Figure 2 gives
atypicd flow plan for the example facility.

To HVAC — — — — — -
' ToHVAC— — — — — —-
Feed |
Stream |
! |
| L
Alpha Filter Feed H\{AC
®  Sorption > Tank
Tank |
MST — |
. |
To HVAC Eilt , Sludge
| et Sr, Pu, A Receipt Tank DWPF
|
|
I
| Salt Solution [
Feed Tank Cs
|
| \ﬁ Nitric Acid
|
|
HVAC Counter FlowExtraction
|
| ToHVAC— — — —*
| |
| —‘ '
| DWPF Salt
Feed Tank
| _| Solvent Hold
Tank
ToHVAC — — — —™
|
Decontaminated
Salt Solution Hold
Tank (DSS)

Figure2: Typical Flow Plan
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For each of the five tanks the Mole Fraction of the components of each compound is found with
Equation (2). The chemica composition for each tank is based on the process flow documents a
the time this example was prepared.

Mi

= Weight Percent

The results for are tabulated in Tables 1 - 5 below.

Table 1. Alpha Sorption Tank

Molecular (Eq. 2)
Compound | Grams/hr |Weight Moles X

(g-gmole)
NaNO, 7.541E+03 69.00 1.093E+02 | 5.758E-02
NaNO; 1.175E+04 84.99 1.383E+02 | 7.287E-02
NaOH 2.084E+04 40.00 5.210E+02 | 2.745E-01
CsOH 1.450E+00 149.90 9.671E-03 | 5.095E-06
Sr(OH), 1.465E-02 121.64 1.204E-04 | 6.344E-08
PuO, 2.983E-01 271.05 1.101E-03 | 5.799E-07
AmO, 4.729E-02 275.13 1.719E-04 | 9.057E-08
Water 2.035E+04 18.02 1.129E+03 | 5.950E-01

Table 2: Filter Feed Tank
Molecular (Eq. 2)
Compound | Grams/hr |Weight Moles X

(9-gmole)
NaNO, 4.412E+03 69.00 6.395E+01 | 3.157E-02
NaNO; 6.877E+03 84.99 8.092E+01 | 3.995E-02
NaOH 1.222E+04 40.00 3.055E+02 | 1.508E-01
CsOH 1.527E+00 149.90 1.018E-02 | 5.027E-06
Sr(OH), 1.024E+00 121.64 8.420E-03 | 4.157E-06
PuO, 2.086E+01 271.05 7.696E-02 | 3.799E-05
AmO, 3.307E+00 275.13 1.202E-02 | 5.934E-06
Water 2.838E+04 18.02 1.575E+03 | 7.776E-01
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Table 3: Decontaminated Salt Solution
Molecular (Eq. 2)
Compound | Grams/hr [Weight Moles Xi
(g-gmole)
NaNO, 4.412E+03 69.00 6.395E+01 | 3.157E-02
NaNO; 6.877E+03 84.99 8.092E+01 | 3.995E-02
NaOH 1.222E+04 40.00 3.055E+02 | 1.508E-01
CsOH 2.328E-05 149.90 1.553E-07 | 7.666E-11
Sr(OH), 1.586E-05 121.64 1.304E-07 | 6.437E-11
PuO, 3.267E-04 271.05 1.205E-06 | 5.950E-10
AmO, 5.283E-05 275.13 1.920E-07 | 9.479E-11
Water 2.838E+04 18.02 1.575E+03 | 7.776E-01
Table 4: Salt Solution Feed
Molecular (Eq. 2)
Compound | Grams/hr |Weight Moles X
(g-gmole)
NaNO, 4.412E+03 69.00 6.395E+01 | 3.157E-02
NaNO; 6.877E+03 84.99 8.092E+01 | 3.994E-02
NaOH 1.222E+04 40.00 3.055E+02 | 1.508E-01
CsOH 2.206E+01 149.90 1.472E-01 | 7.265E-05
Sr(OH), 1.586E-05 121.64 1.304E-07 | 6.436E-11
PuO, 3.267E-04 271.05 1.205E-06 | 5.950E-10
AmO, 5.283E-05 275.13 1.920E-07 | 9.479E-11
Water 2.838E+04 18.02 1.575E+03 | 7.776E-01
Table5: DWPF Salt Feed
Molecular (Eq. 2)
Compound | Grams/hr [Weight Moles Xi
(g-gmole)
HNO; 1.252E+00 63.01 1.987E-02 | 9.010E-06
CsNOs 2.869E+01 194.91 1.472E-01 | 6.674E-05
Sr(NO3), 6.898E-07 211.65 3.259E-09 | 1.478E-12
PuO, 1.222E-02 271.05 4.507E-05 | 2.044E-08
AmO, 1.770E-05 275.13 6.432E-08 | 2.916E-11
Water 3.974E+04 18.02 2.205E+03 | 9.999E-01

Page 9
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An estimate of the partid pressure of each component in the vapor is found with Equation (1). The
Totd Vapor Pressure is then found as the sum of the individua partia pressures (Equation 3). With
these vaues and Equation (4) the mole fraction of each vapor component is determined. Then using
Equation (5) the molecular weight of the vapor isfound. And findly, the vapor mass fraction of each
oxide component is found with Equation (8). Each equation is reproduced below and results of
these calculations are presented in Tables 6-10.

pi = XPR’ D
y=t @
y = YM ©)

\"

Table 6. Alpha Sorption Tank (1,4 & 8)

c . P’ (Eg. 1) (Eq. 4) " (Eq. 8)
ompoun i Vi X M}
@ | (am) v l@gmoe)| X

NaNO, 1.97E-03 1.13E-04 3.42E-03 | 2.36E-01 1.30E-02
NaNO; 1.20E-05 8.76E-07 2.64E-05 | 2.25E-03 1.23E-04
NaOH 1.86E-13 5.12E-14 155E-12 | 6.18E-11 3.40E-12
CsOH 1.13E-11 5.75E-17 1.74E-15 | 2.60E-13 1.43E-14
Sr(OH), 1.20E-08 7.60E-16 2.29E-14 | 2.79E-12 1.53E-13
PuO, 1.12E-09 6.49E-16 1.96E-14 | 5.31E-12 2.92E-13
AmO, 4.15E-11 3.76E-18 1.13E-16 | 3.12E-14 1.72E-15
Water 5.55E-02 3.30E-02 9.97E-01 | 1.80E+01 9.87E-01

where

Papra = & P = 3.313E - 02atm

Muaipha = é y|M| =1829/g - mole
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Table 7: Filter Feed Tank (1,4 & 8)
. P’ (Eq. 1) (Eq. 4) (Eq. 8)
Compoun P; yi X M
@ | @m v |@gmoe)| X
NaNO, 1.97E-03 6.21E-05 1.44E-03 | 9.92E-02 5.48E-03
NaNOs 1.20E-05 4.80E-07 1.11E-05 | 9.44E-04 5.22E-05
NaOH 1.86E-13 2.81E-14 6.51E-13 | 2.60E-11 1.44E-12
CsOH 1.13E-11 5.67E-17 1.31E-15 | 1.97E-13 1.09E-14
Sr(OH), 1.20E-08 4.98E-14 1.15E-12 | 1.40E-10 7.75E-12
PuO, 1.12E-09 4.26E-14 9.85E-13 | 2.67E-10 1.48E-11
AmO, 4.15E-11 2.46E-16 5.70E-15 | 1.57E-12 8.66E-14
Water 5.55E-02 4.31E-02 9.99E-01 | 1.80E+01 9.94E-01
where
Puriter = & pi = 4.321E - 02atm
and
MvFilter = é yiMi =18.1g/ g - mole
Table 8: Decontaminated Salt Solution (1, 4 & 8)
. P’ (Eq. 1) (Eq. 4) (Eq. 8)
Compoun P; Vi X My
@ | (am) v |(@gmole)|  x,
NaNO, 1.97E-03 6.21E-05 1.44E-03 | 9.92E-02 5.48E-03
NaNO; 1.20E-05 4.80E-07 1.11E-05 | 9.44E-04 5.22E-05
NaOH 1.86E-13 2.81E-14 6.51E-13 | 2.60E-11 1.44E-12
CsOH 1.13E-11 8.65E-22 2.00E-20 | 3.00E-18 1.66E-19
Sr(OH), 1.20E-08 7.71E-19 1.78E-17 | 2.17E-15 1.20E-16
PuO, 1.12E-09 6.66E-19 1.54E-17 | 4.18E-15 2.31E-16
AmO, 4.15E-11 3.93E-21 9.10E-20 | 2.50E-17 1.38E-18
Water 5.55E-02 4.32E-02 9.99E-01 | 1.80E+01 9.94E-01
where
Pwss=g p = 4.321E - 02atm
and

Mwoss = g yMi =18.1g/g - mole
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Table 9: Salt Solution Feed (1,4 & 8)
P’ (Eg. 1) (Eg. 4) (Eg. 8)
Compound (am) Pi Yi X M
(atm) Yi (9/g-mole) Xi
NaNO, 1.97E-03 6.21E-05 1.44E-03 | 9.92E-02 5.48E-03
NaNO, 1.20E-05 4.80E-07 1.11E-05 | 9.44E-04 5.22E-05
NaOH 1.86E-13 2.81E-14 6.51E-13 | 2.60E-11 1.44E-12
CsOH 1.13E-11 8.20E-16 1.90E-14 | 2.84E-12 1.57E-13
Sr(OH), 1.20E-08 7.71E-19 1.78E-17 | 2.17E-15 1.20E-16
PuO, 1.12E-09 6.66E-19 1.54E-17 | 4.18E-15 2.31E-16
AmO, 4.15E-11 3.93E-21 9.10E-20 | 2.50E-17 1.38E-18
Water 5.55E-02 4.31E-02 9.99E-01 | 1.80E+01 9.94E-01
where
Puss=Q p = 4.321E-02atm
ad
Mwss =g yiMi =18.1g/g- mole
Table 10: DWPF Salt Feed (1,4 & 8)
. P’ (Eq. 1) (Eq. 4) (Eq. 8)
Compoun P; Vi X My
(am) (atm) v l(ggmole)| %,
HNO, 7.89E-02 7.11E-07 1.28E-05 | 8.07E-04 4.48E-05
CsNO, 6.12E-10 4.09E-14 7.36E-13 | 1.44E-10 7.97E-12
Sr(NO3), 5.01E-13 7.40E-25 1.33E-23 | 2.82E-21 1.57E-22
PuO, 1.12E-09 2.29E-17 4.13E-16 | 1.12E-13 6.20E-15
AmO, 4.15E-11 1.21E-21 2.18E-20 | 6.00E-18 3.33E-19
Water 5.55E-02 5.55E-02 1.00E+00 | 1.80E+01 1.00E+00
where
Puower = & pi = 5.549E - 02atm
ad

Mvower = é_ yiMi =18.0g/ g - mole
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The density of the tank vapor at the elevated temperature can now be found with Equation (6).

_ MWP.
TRT

Then for the Alpha Sorption Tank

(18.2g/g - mole)(3.313E - 02atm)

?2.05&:(30@ )

g- moleXK g

=2.386E-05g/cc

I Alpha =

and for the Filter Feed tank

(18.1g/ g - mole)(4.321E - 02atm)

2.05— @M _Jangei )
g- molexXK g

=3.094E-059g/cc

I Filter =

and for the Decontaminated Sat Solution tank
_ (18.1g/ g - mole)(4.321E - 02atm)

ccxatm G oK
gézo - I><°K:( 08°K )

=3.094E-05g/cc

and for the St Solution Feed tank

_ (18.1g/g- mole)(4.321E - 02atm)

gﬁz.osm—’f‘”“';(sow )

g- molexXK g

=3.094E-05¢g/cc

and for the DWPF Sdat Solution Tank

(18.0g/ g - mole)(5.549E - 02atm)

E%z 05— ’q’l‘”?@ .:(308° K)

I' bwpF =

=3.957E-05g/cc
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The estimated emissions from the tanks for each compound are now found using Equations (7).
Let, t =365 days. The results of this calculation are contained in Table 11.

W = 1 gFgtX(1440min day) 7

Table 11: Mass Emissions by Compound (grams/yr)

Alpha Filter Feed | Decontaminated Salt DWPF Salt
Compound Sorption Tank Salt Solution Solution Solution

Tank Feed Tank Tank
CsOH 5.08E-08 5.01E-08 7.64E-13 7.24E-07 -
Sr(OH), 5.45E-07 3.57E-05 5.52E-10 5.52E-10 -
CsNO; - - - - 4.69E-05
Sr(NO3), - - - - 9.22E-16
PuO, 1.04E-06 6.79E-05 1.06E-09 1.06E-09 3.65E-08
AmO, 6.09E-09 3.99E-07 6.37E-12 6.37E-12 1.96E-12

Equation (9) is used to determine the estimated releasesin curies. Since Equation (9) contains the
gpecific activity which in this case is based on the meta and not the compounds, Table 11 must first
be converted to Mass Emissions by Element. This has been done below as Table 11a

Table 11a: Mass Emissions by Element (gramsiyr

Alpha Filter Feed | Decontaminated Salt DWPF Salt
Element Sorption Tank Salt Solution Solution Solution

Tank Feed Tank Tank
Cs 4.50E-08 4.44E-08 6.77E-13 6.42E-07 3.20E-05
Sr 3.92E-07 2.57E-05 3.98E-10 3.98E-10 3.82E-16
Pu 9.26E-07 6.06E-05 9.50E-10 9.50E-10 3.26E-08
Am 5.38E-09 3.53E-07 5.63E-12 5.63E-12 1.73E-12

As each of the demental massesis composed of various isotopes. before Equation (9) can be used
the ratio of isotopes making up each eemental mass must be determined. The ratios can be
determined from the Ci/L data for the project. First the Ci/L datais converted to agram/L vaue by
multiplying by the specific activity (S;) for each isotope. The total mass of each isotope per liter is
then found. Theratio isthen found by dividing the isotopic gram/L vaue by the total eementa
mass. The result for each Tank is presented in Tables 12-16 below.
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Table 12: Alpha Sorption Tank

Ci/lL S; gram/L Ratio
Cs-134 4.260E-06 1.295E+03 | 3.290E-09 | 1.017E-07
Cs-135 7.230E-09 1.152E-03 | 6.276E-06 | 1.940E-04
Cs-137 2.800E+00 | 8.657E+01 | 3.234E-02 | 9.998E-01
Total 3.235E-02
Sr-90 3.690E-02 1.390E+02 | 2.655E-04 | 1.000E+00
Total 2.655E-04
Pu-238 1.180E-02 1.713E+01 | 6.888E-04 | 1.027E-01
Pu-239 3.430E-04 6.204E-02 | 5.529E-03 | 8.246E-01
Pu-240 7.990E-05 2.269E-01 | 3.521E-04 | 5.252E-02
Pu-241 2.540E-03 1.031E+02 | 2.464E-05 | 3.675E-03
Pu-242 4.330E-07 3.934E-03 | 1.101E-04 | 1.642E-02
Total 6.704E-03
Am-241 3.610E-03 3.435E+00 | 1.051E-03 | 9.995E-01
Am-242m 4.810E-06 9.727E+00 | 4.945E-07 | 4.703E-04
Total 1.051E-03
Table 13: Filter Feed Tank
Ci/lL S; gram/L Ratio
Cs-134 4.260E-06 1.295E+03 | 3.290E-09 | 9.652E-08
Cs-135 7.230E-09 1.152E-03 | 6.276E-06 | 1.841E-04
Cs-137 2.950E+00 | 8.657E+01 | 3.408E-02 | 9.998E-01
Total 3.408E-02
Sr-90 2.580E+00 | 1.390E+02 | 1.856E-02 | 1.000E+00
Total 1.856E-02
Pu-238 8.230E-01 1.713E+01 | 4.804E-02 | 1.025E-01
Pu-239 2.400E-02 6.204E-02 | 3.868E-01 | 8.250E-01
Pu-240 5.590E-03 2.269E-01 | 2.464E-02 | 5.254E-02
Pu-241 1.780E-01 1.031E+02 | 1.726E-03 | 3.682E-03
Pu-242 3.020E-05 3.934E-03 | 7.677E-03 | 1.637E-02
Total 4,689E-01
Am-241 2.530E-01 3.435E+00 | 7.365E-02 | 9.995E-01
Am-242m 3.360E-04 9.727E+00 | 3.454E-05 | 4.688E-04
Total 7.369E-02

Page 15
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Table 14: Decontaminated Salt Solution

Ci/lL S; gram/L Ratio
Cs-134 0.000E+00 | 1.295E+03 | 0.000E+00 | 0.000E+00
Cs-135 0.000E+00 1.152E-03 | 0.000E+00 | 0.000E+00
Cs-137 4.500E-05 8.657E+01 | 5.198E-07 | 1.000E+00
Total 5.198E-07
Sr-90 4,000E-05 1.390E+02 | 2.878E-07 | 1.000E+00
Total 2.878E-07
Pu-238 1.260E-05 1.713E+01 | 7.356E-07 | 1.001E-01
Pu-239 3.780E-07 6.204E-02 | 6.093E-06 | 8.293E-01
Pu-240 8.450E-08 2.269E-01 | 3.724E-07 | 5.069E-02
Pu-241 2.430E-06 1.031E+02 | 2.357E-08 | 3.208E-03
Pu-242 4.810E-10 3.934E-03 | 1.223E-07 | 1.664E-02
Total 7.347E-06
Am-241 4.040E-06 3.435E+00 | 1.176E-06 | 9.995E-01
Am-242m 5.410E-09 9.727E+00 | 5.562E-10 | 4.727E-04
Total 1.177E-06
Table 15: Salt Solution Feed
Ci/lL S; gram/L Ratio
Cs-134 0.000E+00 | 1.295E+03 | 0.000E+00 | 0.000E+00
Cs-135 0.000E+00 1.152E-03 | 0.000E+00 | 0.000E+00
Cs-137 2.800E+00 | 8.657E+01 | 3.234E-02 | 1.000E+00
Total 3.234E-02
Sr-90 4.000E-05 1.390E+02 | 2.878E-07 | 1.000E+00
Total 2.878E-07
Pu-238 1.260E-05 1.713E+01 | 7.356E-07 | 1.001E-01
Pu-239 3.780E-07 6.204E-02 | 6.093E-06 | 8.293E-01
Pu-240 8.450E-08 2.269E-01 | 3.724E-07 | 5.069E-02
Pu-241 2.430E-06 1.031E+02 | 2.357E-08 | 3.208E-03
Pu-242 4.810E-10 3.934E-03 | 1.223E-07 | 1.664E-02
Total 7.347E-06
Am-241 4,040E-06 3.435E+00 | 1.176E-06 | 9.995E-01
Am-242m 5.410E-09 9.727E+00 | 5.562E-10 | 4.727E-04
Total 1.177E-06

Page 16
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Table 16: DWPF Salt Feed

Ci/lL S; gram/L Ratio
Cs-134 6.480E-05 1.295E+03 | 5.004E-08 | 1.017E-07
Cs-135 1.100E-07 1.152E-03 | 9.549E-05 | 1.940E-04
Cs-137 4,260E+01 | 8.657E+01 | 4.921E-01 | 9.998E-01
Total 4.922E-01
Sr-90 1.000E-06 1.390E+02 | 7.194E-09 | 1.000E+00
Total 7.194E-09
Pu-238 1.000E-06 1.713E+01 | 5.838E-08 | 2.124E-04
Pu-239 1.000E-06 6.204E-02 | 1.612E-05 | 5.866E-02
Pu-240 1.000E-06 2.269E-01 | 4.407E-06 | 1.604E-02
Pu-241 1.000E-06 1.031E+02 | 9.699E-09 | 3.530E-05
Pu-242 1.000E-06 3.934E-03 | 2.542E-04 | 9.251E-01
Total 2.748E-04
Am-241 1.000E-06 3.435E+00 | 2.911E-07 | 7.390E-01
Am-242m 1.000E-06 9.727E+00 | 1.028E-07 | 2.610E-01
Total 3.939E-07

Page 17

The edtimated curie emisson levels can now be found using Equation (9) along with the isotopic
ratios from the appropriate table.

Ea = WSCt

The results for each Tank are presented below in Tables 17-21.

©)

Table 17: Alpha Sorption Tank Emissions

(C) (Eci)

Radionuclide S Isotope Estimated Control Estimated

Ratio Releases Factor Releases

(Grams/yr) (Cilyr)

Cs-134 1.295E+03 | 1.017E-07 4.577E-15 1.000E-02 | 5.928E-14
Cs-135 1.152E-03 | 1.940E-04 8.733E-12 1.000E-02 | 1.006E-16
Cs-137 8.657E+01 | 9.998E-01 4.500E-08 1.000E-02 | 3.896E-08
Sr-90 1.390E+02 | 1.000E+00 3.922E-07 1.000E-02 | 5.452E-07
Pu-238 1.713E+01 | 1.027E-01 9.511E-08 1.000E-02 | 1.629E-08
Pu-239 6.204E-02 | 8.246E-01 7.633E-07 1.000E-02 | 4.736E-10
Pu-240 2.269E-01 | 5.252E-02 4.862E-08 1.000E-02 | 1.103E-10
Pu-241 1.031E+02 | 3.675E-03 3.401E-09 1.000E-02 | 3.507E-09
Pu-242 3.934E-03 | 1.642E-02 1.520E-08 1.000E-02 | 5.978E-13
Am-241 3.435E+00 | 9.995E-01 5.379E-09 1.000E-02 | 1.848E-10
Am-242m 9.727E+00 | 4.703E-04 2.531E-12 1.000E-02 | 2.462E-13
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Table 18: Filter Feed Tank Emissions
(C) (Eci)

Radionuclide S Isotope Estimated Control Estimated

Ratio Releases Factor Releases

(Grams/yr) (Cilyr)
Cs-134 1.295E+03 | 9.652E-08 4.287E-15 1.000E-02 | 5.551E-14
Cs-135 1.152E-03 | 1.841E-04 8.178E-12 1.000E-02 | 9.421E-17
Cs-137 8.657E+01 | 9.998E-01 4.441E-08 1.000E-02 | 3.844E-08
Sr-90 1.390E+02 | 1.000E+00 2.570E-05 1.000E-02 | 3.572E-05
Pu-238 1.713E+01 | 1.025E-01 6.214E-06 1.000E-02 | 1.064E-06
Pu-239 6.204E-02 | 8.250E-01 5.003E-05 1.000E-02 | 3.104E-08
Pu-240 2.269E-01 | 5.254E-02 3.186E-06 1.000E-02 | 7.230E-09
Pu-241 1.031E+02 | 3.682E-03 2.233E-07 1.000E-02 | 2.302E-07
Pu-242 3.934E-03 | 1.637E-02 9.928E-07 1.000E-02 | 3.906E-11
Am-241 3.435E+00 | 9.995E-01 3.524E-07 1.000E-02 | 1.211E-08
Am-242m 9.727E+00 | 4.688E-04 1.653E-10 1.000E-02 | 1.608E-11
Table 19: Decontaminated Salt Solution Emissions
(C) (Eci)

Radionuclide S Isotope Estimated Control Estimated

Ratio Releases Factor Releases

(Grams/yr) (Cilyr)

Cs-134 1.295E+03 | 0.000E+00| 0.000E+Q0 1.000E-02 | 0.000E+00
Cs-135 1.152E-03 | 0.000E+00| 0.000E+Q0 1.000E-02 | 0.000E+00
Cs-137 8.657E+01 | 1.000E+00 6.772E-13 1.000E-02 | 5.863E-13
Sr-90 1.390E+02 | 1.000E+00 3.979E-10 1.000E-02 | 5.531E-10
Pu-238 1.713E+01 | 1.001E-01 9.509E-11 1.000E-02 | 1.629E-11
Pu-239 6.204E-02 | 8.293E-01 7.877E-10 1.000E-02 | 4.887E-13
Pu-240 2.269E-01 | 5.069E-02 4.815E-11 1.000E-02 | 1.092E-13
Pu-241 1.031E+02 | 3.208E-03 3.047E-12 1.000E-02 | 3.142E-12
Pu-242 3.934E-03 | 1.664E-02 1.581E-11 1.000E-02 | 6.219E-16
Am-241 3.435E+00 | 9.995E-01 5.630E-12 1.000E-02 | 1.934E-13
Am-242m 9.727E+00 | 4.727E-04 2.663E-15 1.000E-02 | 2.590E-16
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Table 20: Salt Solution Feed Emissions
() (Eci)

Radionuclide S Isotope Estimated Control Estimated

Ratio Releases Factor Releases

(Grams/yr) (Cilyr)
Cs-134 1.295E+03 | 0.000E+00| 0.000E+00 1.000E-02 | 0.000E+00
Cs-135 1.152E-03 | 0.000E+00| 0.000E+00 1.000E-02 | 0.000E+00
Cs-137 8.657E+01 | 1.000E+00 6.418E-07 1.000E-02 | 5.556E-07
Sr-90 1.390E+02 | 1.000E+00| 3.979E-10 1.000E-02 | 5.531E-10
Pu-238 1.713E+01 | 1.001E-01 9.509E-11 1.000E-02 | 1.629E-11
Pu-239 6.204E-02 | 8.293E-01 7.876E-10 1.000E-02 | 4.887E-13
Pu-240 2.269E-01 | 5.069E-02 4.814E-11 1.000E-02 | 1.092E-13
Pu-241 1.031E+02 | 3.208E-03 3.047E-12 1.000E-02 | 3.141E-12
Pu-242 3.934E-03 | 1.664E-02 1.581E-11 1.000E-02 | 6.218E-16
Am-241 3.435E+00 | 9.995E-01 5.630E-12 1.000E-02 | 1.934E-13
Am-242m 9.727E+00 | 4.727E-04 2.662E-15 1.000E-02 | 2.590E-16
Table 21: DWPF Salt Feed Emissions
(©) (Ec)

Radionuclide S Isotope Estimated Control Estimated

Ratio Releases Factor Releases

(Grams/yr) (Cilyr)

Cs-134 1.295E+03 | 1.017E-07 3.252E-12 1.000E-02 | 4.211E-11
Cs-135 1.152E-03 | 1.940E-04 6.205E-09 1.000E-02 | 7.148E-14
Cs-137 8.657E+01 | 9.998E-01 3.198E-05 1.000E-02 | 2.768E-05
Sr-90 1.390E+02 | 1.000E+00| 3.817E-16 1.000E-02 | 5.306E-16
Pu-238 1.713E+01 | 2.124E-04 6.930E-12 1.000E-02 | 1.187E-12
Pu-239 6.204E-02 | 5.866E-02 1.914E-09 1.000E-02 | 1.187E-12
Pu-240 2.269E-01 | 1.604E-02 5.232E-10 1.000E-02 | 1.187E-12
Pu-241 1.031E+02 | 3.530E-05 1.151E-12 1.000E-02 | 1.187E-12
Pu-242 3.934E-03 | 9.251E-01 3.018E-08 1.000E-02 | 1.187E-12
Am-241 3.435E+00 | 7.390E-01 1.281E-12 1.000E-02 | 4.399E-14
Am-242m 9.727E+00 | 2.610E-01 4.523E-13 1.000E-02 | 4.399E-14

Thetotd facility estimated emissons will be the sum of the individua Tank emissions plus the non-
Leve Il emissons from the Appendix D calculation. The sum of the tanks emissions are presented
below in Table 22.
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Table22: Total Leve 11 Radionuclide Releases (Cifyr)

Alpha [Filter Feed | Decontaminated Salt DWPF Salt
Radionuclide | Sorption Tank Salt Solution Solution | Solution Total

Tank Feed Feed
Cs-134 5.93E-14 | 5.55E-14 0.00E+00 0.00E+00 | 4.21E-11 | 4.22E-11
Cs-135 1.01E-16 9.42E-17 0.00E+00 0.00E+00 | 7.15E-14 | 7.17E-14
Cs-137 3.90E-08 | 3.84E-08 5.86E-13 5.56E-07 | 2.77E-05 | 2.83E-05
Sr-90 5.45E-07 3.57E-05 5.53E-10 5.53E-10 5.31E-16 | 3.63E-05
Pu-238 1.63E-08 1.06E-06 1.63E-11 1.63E-11 1.19E-12 | 1.08E-06
Pu-239 4.74E-10 3.10E-08 4.89E-13 4.89E-13 1.19E-12 | 3.15E-08
Pu-240 1.10E-10 7.23E-09 1.09E-13 1.09E-13 1.19E-12 | 7.34E-09
Pu-241 3.51E-09 2.30E-07 3.14E-12 3.14E-12 1.19E-12 | 2.34E-07
Pu-242 5.98E-13 | 3.91E-11 6.22E-16 6.22E-16 | 1.19E-12 | 4.08E-11
Am-241 1.85E-10 1.21E-08 1.93E-13 1.93E-13 4.40E-14 | 1.23E-08
Am-242m 2.46E-13 1.61E-11 2.59E-16 2.59E-16 4.40E-14 | 1.64E-11

Thetotal Facility emissons are summarized in Table 23.
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Table 23: Total Estimated Facility Emission
Estimated
Estimated| Dose |Dose with
Isotope Feed CilYr Physical Control Release Factor Level Il
(Ci/lL) Processed State Factor (Cilyr) | (mremlyr) | (mrem/yr)
C-14 1.79E-09 | 6.78E-04 1.00E-03 | 1.00E-02 | 6.78E-09 | 1.01E-04 | 6.82E-13
Ni-59 1.03E-06 | 3.90E-01 | 1.00E-03 | 1.00E-02 | 3.90E-06 | 5.94E-05 | 2.32E-10
Ni-63 1.59E-09 | 6.02E-04 | 1.00E-03 | 1.00E-02 | 6.02E-09 | 4.55E-05 | 2.74E-13
Co-60 1.63E-04 | 6.17E+01 | 1.00E-03 | 1.00E-02 | 6.17E-04 | 5.84E-02 | 3.60E-05
Se-79 6.05E-07 | 2.29E-01 | 1.00E-03 | 1.00E-02 | 2.29E-06 [ 0.00E+00 | 0.00E+00
Tc-99 1.03E-05 | 3.90E+00 | 1.00E-03 | 1.00E-02 | 3.90E-05 | 1.71E-03 | 6.67E-08
Ru-106 3.80E-06 | 1.44E+00 | 1.00E-03 | 1.00E-02 | 1.44E-05 | 2.42E-02 | 3.48E-07
Rh-106 3.80E-06 | 1.44E+00 | 1.00E-03 | 1.00E-02 | 1.44E-05 | 0.00E+00 | 0.00E+00
Sh-125 9.73E-05 | 3.68E+01 | 1.00E-03 | 1.00E-02 | 3.68E-04 | 6.32E-03 | 2.33E-06
Sn-126 8.09E-07 | 3.06E-01 | 1.00E-03 | 1.00E-02 | 3.06E-06 | 2.89E-01 | 8.86E-07
I-129 9.47E-11 | 3.58E-05 1.00E-03 | 1.00E-02 | 3.58E-10 | 7.14E-02 | 2.56E-11
Cs-134 4.22E-11 | 2.02E-02 | 8.53E-13
Cs-135 7.17E-14 | 4.73E-04 | 3.39E-17
Cs-137 2.83E-05 | 6.38E-02 | 1.81E-06
Sr-90 3.63E-05 | 1.65E-02 | 5.97E-07
Ce-144 1.96E-06 | 7.42E-01 1.00E-03 | 1.00E-02 | 7.42E-06 | 5.52E-03 | 4.09E-08
Pr-144 1.96E-06 | 7.42E-01 1.00E-03 | 1.00E-02 | 7.42E-06 | 0.00E+00 | 0.00E+00
Pm-147 | 2.05E-03 | 7.76E+02 | 1.00E-03 | 1.00E-02 | 7.76E-03 | 2.12E-04 | 1.64E-06
Eu-154 4.00E-04 | 1.51E+02 | 1.00E-03 | 1.00E-02 | 1.51E-03 | 4.65E-02 | 7.05E-05
Th-232 1.71E-08 | 6.47E-03 1.00E-03 | 1.00E-02 | 6.47E-08 | 1.70E+00 | 1.10E-07
U-232 2.57E-08 | 9.73E-03 | 1.00E-03 | 1.00E-02 | 9.73E-08 | 3.28E+00 | 3.19E-07
U-233 2.63E-07 | 9.95E-02 1.00E-03 | 1.00E-02 | 9.95E-07 | 6.18E-01 | 6.15E-07
U-234 4.12E-07 | 1.56E-01 1.00E-03 | 1.00E-02 | 1.56E-06 | 6.09E-01 [ 9.50E-07
U-235 3.08E-08 | 1.17E-02 1.00E-03 | 1.00E-02 | 1.17E-07 | 5.85E-01 | 6.82E-08
U-236 6.27E-08 | 2.37E-02 1.00E-03 | 1.00E-02 | 2.37E-07 | 5.76E-01 | 1.37E-07
U-238 2.78E-06 | 1.05E+00 | 1.00E-03 | 1.00E-02 | 1.05E-05 [ 5.50E+01 | 5.79E-04
Np-237 2.30E-06 | 8.71E-01 | 1.00E-03 | 1.00E-02 | 8.71E-06 | 2.28E+00 | 1.98E-05
Pu-238 1.08E-06 | 1.52E+00 | 1.64E-06
Pu-239 3.15E-08 | 1.63E+00 | 5.15E-08
Pu-240 7.34E-09 | 1.64E+00 | 1.20E-08
Pu-241 2.34E-07 | 2.58E-02 | 6.02E-09
Pu-242 4.08E-11 | 1.56E+00 | 6.38E-11
Am-241 1.23E-08 | 2.52E+00 | 3.09E-08
Am-242m 1.64E-11 | 2.41E+00 | 3.95E-11
Cm-244 | 4.90E-04 | 1.85E+02 | 1.00E-03 | 1.00E-02 | 1.85E-03 | 1.33E+00 | 2.46E-03
Cm-245 | 3.66E-08 | 1.39E-02 | 1.00E-03 | 1.00E-02 | 1.39E-07 | 2.60E+00 | 3.60E-07
Total = 3.18E-03

The Totd Estimated Facility emissons are found to be 3.18E-03 mrem/yr.
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Attachement A

Vapor Pressures by the Clausius-Clapeyron Equation

Vapor Pressures for many compounds are not reedily avalable in the literature. The Clausius-
Clapeyron equation can be used to estimate vapor pressures for ether liquid-vapor or solid-vapor
phase changes. The Clausius-Clapeyron equation is presented below as Equation A-1.

d(inP) _ DH, AL
dT RT?
Integrating equation A-1 between the limits of T, and T, resultsin
P DH,eel 160
In—2%= Vg—-—i. A-2
Pl R Tl Tz (4]
where P, = Pressure at Temperature 2, atm
P, = Pressure at Temperature 1, atm
AH, = Enthapy of Vaporization, cal/mole
R = Gas Congant, 1.987 cal OK™* mole™
T, = Initid Temperature, LK
T, = Second Temperature, K

A typicad phase diagram isgiven as Figure A-1
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T >

Figure A-1: Typical Phase Diagram

At the bailing point the vapor pressure is by definition 1 aamosphere. An observation made as early
as 1884 is that the enthalpies of vaporization increase dmogt linearly with the boiling temperature.
This consstency has resulted in Trouton' s rule, which ates

DH v
Tb

@Qlca%< x¥mole

p

Using these two facts Equation A-2 can be used to estimate vapor pressures for any compound
givenit'sboailing point. For solids A-2 generates the dashed line in Figure A-1 which leadsto a
conservative vapor pressure, as the pressure is found be at a higher vaue than the true vaue. This
gpproach has been used for many of the compounds found in the example fecility.

Another conservative estimate has been incorporated into the vapor pressure caculations for
compounds that decompose instead of boiling. The assumption is made that the vapor pressure at
the temperature of decomposition is 1 atmosphere when in redlity it would beless. The affect isto
raise the phase diagram as shown in Figure A-2 by the dashed upper line.
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Liquid l

Assumed phase
diagram

Figure A-2: Phase Diagram with Decomposition Assumption

Bailing Points, Mdting Points and Temperature of decompodtion for the compounds used in the
example caculation are presented below in Table A-1.

Table A-1: Physical Data

Compound Méelting Point (°C) Boailing Point (OC)
CsOH 272 990

CsNO; 414 849 (d)

Sr(OH), 535 744 (-H,0)
Sr(NO3), 570 1100

NaNOs 308 500

NaNO, 271 320 (d)

Where (d) indicated the compound decomposes at that temperature.

As an example, determine the vapor pressure of CsOH at 100C1C with Equation A-2. First usng
Trouton's rule the Enthdpy of Vaporization isfound as
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DH,
Tb

@1ca%< xmole

P

cal
DH, @(21 U ol 990 +273.15K)

DH, @2.653E +04%3/

Now subdtituting into Equation A-2

_DH, el

1
REL T,

cal
p, 2653E+04%l/ oo

In

0|0
Q-0

In

1 0

InP, =-25.211

P, =1.129E - 11atm

tam  1oErCAly €(000+273.15K)  (100+ 273.15K) 5
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Using this technique vapor pressures for each compound can be determined at 100 COC. The

results are presented below as Table A-2.

Table A-2: Vapor Pressuresat 100 [1C

Compound Vapor Pressure (atm)
CsOH 1.129E-11
CsNOg 6.123E-10
Sr(OH), 1.198E-08
Sr(NO3), 5.006E-13
NaNO; 1.202E-05
NaNO, 1.967E-03
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EPA Appendix D Screen Evaluation

Attachment B

Page 27

The example facility is estimated to handle gpproximately 100,000 gallons of feed for purposes of
this evauaion. Based on these estimated emissons Cesum, Strontium, Plutonium and Americium
should be further refined with the Level 11 evauation technique.

Estimated
Estimated| Dose [Estimated Dose
Isotope Feed CilYr Physical Control Release Factor Dose without
(CilL) Processed State Factor (Cilyr) | (mremlyr) | (mrem/yr) | Level ll
(mrem/yr)
C-14 1.79E-09 | 6.78E-04 | 1.00E-03 | 1.00E-02 | 6.78E-09 | 1.01E-04 | 6.82E-13 | 6.82E-13
Ni-59 1.03E-06 | 3.90E-01 | 1.00E-03 | 1.00E-02 | 3.90E-06 | 5.94E-05 | 2.32E-10 | 2.32E-10
Ni-63 1.59E-09 | 6.02E-04 | 1.00E-03 | 1.00E-02 | 6.02E-09 | 4.55E-05 | 2.74E-13 | 2.74E-13
Co-60 1.63E-04 | 6.17E+01 | 1.00E-03 | 1.00E-02 | 6.17E-04 | 5.84E-02 | 3.60E-05 | 3.60E-05
Se-79 6.05E-07 | 2.29E-01 | 1.00E-03 [ 1.00E-02 | 2.29E-06 | 0.00E+00 | 0.00E+00 | 0.00E+00
Tc-99 1.03E-05 | 3.90E+00 | 1.00E-03 | 1.00E-02 | 3.90E-05 | 1.71E-03 | 6.67E-08 | 6.67E-08
Ru-106 3.80E-06 | 1.44E+00| 1.00E-03 | 1.00E-02 | 1.44E-05 | 2.42E-02 | 3.48E-07 | 3.48E-07
Rh-106 3.80E-06 | 1.44E+00 | 1.00E-03 | 1.00E-02 | 1.44E-05 | 0.00E+00 | 0.00E+00 | 0.00E+00
Sb-125 9.73E-05 | 3.68E+01 | 1.00E-03 | 1.00E-02 | 3.68E-04 | 6.32E-03 | 2.33E-06 | 2.33E-06
Sn-126 8.09E-07 | 3.06E-01 | 1.00E-03 | 1.00E-02 | 3.06E-06 | 2.89E-01 | 8.86E-07 | 8.86E-07
[-129 9.47E-11 | 3.58E-05 | 1.00E-03 | 1.00E-02 | 3.58E-10 | 7.14E-02 | 2.56E-11 | 2.56E-11
Cs-134 4.26E-06 | 1.61E+00 | 1.00E-03 | 1.00E-02 | 1.61E-05 | 2.02E-02 | 3.26E-07 -
Cs-135 7.23E-09 | 2.74E-03 | 1.00E-03 | 1.00E-02 | 2.74E-08 | 4.73E-04 | 1.29E-11 -
Cs-137 | 2.80E+00 | 1.06E+06 | 1.00E-03 | 1.00E-02 | 1.06E+01 | 6.38E-02 | 6.77E-01 -
Sr-90 3.69E-02 | 1.40E+04 | 1.00E-03 | 1.00E-02 | 1.40E-01 | 1.65E-02 | 2.30E-03 -
Ce-144 1.96E-06 | 7.42E-01 | 1.00E-03 | 1.00E-02 | 7.42E-06 | 5.52E-03 | 4.09E-08 | 4.09E-08
Pr-144 1.96E-06 | 7.42E-01 | 1.00E-03 | 1.00E-02 | 7.42E-06 | 0.00E+00 | 0.00E+00 | 0.00E+00
Pm-147 | 2.05E-03 | 7.76E+02 | 1.00E-03 | 1.00E-02 | 7.76E-03 | 2.12E-04 | 1.64E-06 | 1.64E-06
Eu-154 4.00E-04 | 1.51E+02 [ 1.00E-03 | 1.00E-02 | 1.51E-03 | 4.65E-02 | 7.05E-05 | 7.05E-05
Th-232 1.71E-08 | 6.47E-03 | 1.00E-03 | 1.00E-02 | 6.47E-08 | 1.70E+00 | 1.10E-07 | 1.10E-07
U-232 2.57E-08 | 9.73E-03 | 1.00E-03 | 1.00E-02 | 9.73E-08 | 3.28E+00 | 3.19E-07 | 3.19E-07
U-233 2.63E-07 | 9.95E-02 | 1.00E-03 | 1.00E-02 | 9.95E-07 | 6.18E-01 | 6.15E-07 | 6.15E-07
U-234 4.12E-07 | 1.56E-01 | 1.00E-03 | 1.00E-02 | 1.56E-06 | 6.09E-01 | 9.50E-07 | 9.50E-07
U-235 3.08E-08 | 1.17E-02 | 1.00E-03 | 1.00E-02 | 1.17E-07 | 5.85E-01 | 6.82E-08 | 6.82E-08
U-236 6.27E-08 | 2.37E-02 | 1.00E-03 | 1.00E-02 | 2.37E-07 | 5.76E-01 | 1.37E-07 | 1.37E-07
U-238 2.78E-06 | 1.05E+00 | 1.00E-03 [ 1.00E-02 | 1.05E-05 | 5.50E+01 | 5.79E-04 | 5.79E-04
Np-237 2.30E-06 | 8.71E-01 | 1.00E-03 [ 1.00E-02 | 8.71E-06 | 2.28E+00 | 1.98E-05 | 1.98E-05
Pu-238 1.18E-02 | 4.47E+03 | 1.00E-03 | 1.00E-02 | 4.47E-02 | 1.52E+00 | 6.79E-02 -
Pu-239 3.43E-04 | 1.30E+02 [ 1.00E-03 | 1.00E-02 | 1.30E-03 [ 1.63E+00 | 2.12E-03 -
Pu-240 7.99E-05 | 3.02E+01 | 1.00E-03 | 1.00E-02 | 3.02E-04 | 1.64E+00 | 4.96E-04 -
Pu-241 2.54E-03 | 9.61E+02 | 1.00E-03 | 1.00E-02 | 9.61E-03 | 2.58E-02 | 2.48E-04 -
Pu-242 4.33E-07 | 1.64E-01 | 1.00E-03 | 1.00E-02 | 1.64E-06 | 1.56E+00 | 2.56E-06 -
Am-241 | 3.61E-03 | 1.37E+03 | 1.00E-03 | 1.00E-02 | 1.37E-02 | 2.52E+00 | 3.44E-02 -
Am-242m | 4.81E-06 | 1.82E+00 | 1.00E-03 | 1.00E-02 | 1.82E-05 | 2.41E+00 | 4.39E-05 -
Cm-244 | 4.90E-04 | 1.85E+02 | 1.00E-03 | 1.00E-02 | 1.85E-03 [ 1.33E+00 | 2.46E-03 | 2.46E-03
Cm-245 | 3.66E-08 | 1.39E-02 [ 1.00E-03 | 1.00E-02 | 1.39E-07 | 2.60E+00 | 3.60E-07 | 3.60E-07
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