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ORIGEN — THE ORNL IBSOTOPE GENERATION AND DEPLETION CODE

M. J. Bell

ABSTRACT

ORIGEN is a versatlile point depletion code which solves the
equations of radloactive growth and decay for large numbers of
isotopes with arbitrary coupling. The code uses the matrix
exponential method to solve a large system of coupled, linesr,
first-order ordinary differential eguations with constant coef-
ficients. The general nature of the matrix exponential method
permits the treatment of complex decay and transmutation schemes.
An extensive library of nuclear data has been compiled, including
half-lives and decay schemes, neutron absorption cross sections,
fission yields, disintegration energies, and multigroup photon
release data. ORIGEN has been used to compute the compositions
and radicactivity of fission products, cladding materials, and
fuel materials dn LWRs, LMFBRs, MSBRs, and HTGRs. The applica-
tions are illustrated with calculated inventories and radiation
levels for spent fuel irradiated to 2 burnup of 33,000 MWd/metric
ton in a PWR spectrum.

1. INTRODUCTION

One of the problems commonly encountered in the field of nuclear
energy 1is the solution of equations involving nuclear transmatation and
decay. To a good approximation, these nuclide chain equations can be
represented as a simultaneouz system of linear, homogeneous, Tirst-order
ordinary differential equations with constant coefficients. In many
instances, the matrix of nuclear transmutation coefficients is triangular
and the system of equations can be szolved using the method of Bateman,l
which has been employed in a number of computer codes.2‘5 However, each
of these codes has generally suffered from an inability to treat more than
a few specific types of transmutations and from difficuliies encountered

- ':(— » .
in treating "feedback,” despite some progress in these areas.

TPeedback” is a term used to describe a reaction in which an isotope
decays to produce one of its precursors, as is encountered in alpha
decay of the actinides, Mathematically, the appearance of such terms
results in a transition matrix that is not triangular.
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An alternative approach to solving the same system of equations
P

utilizes the matrix exponential method, which has been employed by Pease”

and others.7"lo

Although completely general, this method has been limited
in the past by the storage that is required to generate the matrix expo-
nential series and by computational inaccuracies., Computational difficul-
ties arise becausgse the nuclide chain equationsg constitute a classic example
of a set of "stiff" ordinary differential equations, that is, one in which
the eigenvalues of the characteristic equation for the system are widely
separated.ll The matrix exponential method has been employed in the
ORIGEN code in order to exploll its extreme generality. The limitation

on the number of nuclides that can be treated, which results from the
necessity to store large arrays, has been overcome by two devices:

(1) ORIGEN stores only the ncnzero elements of the normally sparse tran-
sition matrix and two vectors that are used to locate them; and (2) the
expansion of the matrix exponential function is performed using a recursion
relation which requires storage of only one vector in addition to the
solution. Computational difficulties arising from eigenfunctions with
very large eigenvalues (corresponding to nuclides with very short half-

lives) are avoided by using asymptotic solutions of the nuclide chain

equations for the conditicns of secular and transient equilibrium.

The ORIGEN code has been designed to be extremely versatile in its
applications. It is capable of computing isotopic compositions of fuel,
fission products, and cladding in both fixed and fluld fuel reactors.
The library of nuclear data that has been compiled for use with the code
235U 239Pu fuels in both fast and

is sufficiently extensive to treat and

233

thermal spectra, and fission of U in thermal spectra. The library also
contains multigroup photon release rates for the fission products and the
heavy metals, which permits the calculation of gamma-ray spectra in spent
and refabricated fuels. One other important feature of the code is that
the matrix exponential technigue has been developed to sclve a nonhomo-
geneous system of equations. This fealture makes it possible for ORIGEN

to be employed in calculating the accumulation of activity in processing

plants, in waste disposal operations, and in the environment,



The remainder of this report consists of three major sections., Section

2 develops the mathematicsl techniques used in the ORIGEN cowputations.
Section 3 summarizes the information that is contained in the library of
nuclear data. Section 4 examines the function of each subroutine in the
program, discusses programming considerations, describes the input for

the code, and gives input for a sample problem. Output for a sample
calculation is included in the Appendix. The individual sections are
intended to be independent, so that Section L4 can be employed as a user's

manual without reference to preceding sections.

A complete code package has been deposited with the Radiation Shielding
Information Center. Ingquirieg or requests for the code may be mailed to:
Codes Coordinator
Radiation Shielding Information Center
Cak Ridge National Laboratory ;
Oak Ridge, Tennessee 37830 ¢c)¢qa Tl
or telephoned to:

Area code 615, U83-8611, ext. 3-6944, or
FTS XX - 615-L83-60LL,
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2. DESCRIPTION OF MATHEMATICAL MHETHOD

A general expression for the formation and disappesrance of a auclide

by nuclear transmutation and radiocactive decay may be written as follows:

N N
ot - RN Z o - (0 + Bo )%, (1= 1,0, (1)
3=1 =1

where Xi is the atom density of nuclide 1, ki is the radiocactive disinte-
gration constant for nuclide i, o, is the spectrum-averaged neutron
absorption cross section of nuclide i, and {ij and fik are the fractions
of radicactive disintegration and neubtron absorption by other nuclides
which lead to the formation of species i. Also in Hg. (1), ¢ is the
position- and energy-averaged neutron flux, which is also assumed to be
constant over short intervals of time, Rigorously, the system of equations
described by Eq. (1) is nonlinear since the neutron flux will vary with
changes in the composition of the fuel. However, the varlation with time
is slow and, if the neutron flux is considered to be constant over short
time intervals, the system of Eg. (1) is a2 homcgeneous set of simultaneous
Tirst-order ordinary differential equations with constant coefficients,

which may be written in matrix notation:

K=4x. 2)
Fauation (2) has the known solution
X = exp (&%) X(0) , (3)

where X(0) is a vector of initial atom densities and A 1s a trensition
matrix containing the rate coefficlients for radicactive decay and neutron
capture. The function exp (At) in Eg. (3) is the matrix exponential

tavd

2
function, a matrix of dimension N7, which dis defined as

(at)° o (at)®
exp (éﬁ) = L+ Qt + “;T‘”'+ e, = §: T (M)



IT one can generate this function accurately from the transition matrix,

then the solution of the nuclide chain equations is readily cobtained,

2.1 Computation of the Matrix Exponential Series

Two principal difficulties are encountered in employing the matrix
exponential technique to solve large systems of equations: (1) a large
amount of memory is required to store the transition matrix and the
matrix exponential function, and (2) computational problems are encoun-
tered in applying the matrix exponential method to systems of equations
with widely separated elgenvalues. The generation and storage of the
transition matrix are explained in Sect. 2.5. The computation and storage
of the matrix exponential function have been facilitated by developing a
recursion relation for this function which does not require storage of
the entire matrix, Thus it is possible to derive an expression for one
nuclide in Eq. (3) which is given by

[s2]

x, (t) = ) c? , (5)

)

n=0

0. . .
where Ci is generated by use of a recursion relation

cg = x,(0) , (6a)

nt 1 t

n 7
i =7 a,.C. . (6b)

1373

J, 0=

Here, aij is an element in the transition matrix that is the first-order

rate constant for the formstion of species i1 from species j. ‘'This algorithm
. . n . s N .

requires storage of only one vector C° in addition to the current value

of the solution.

In performing the summation indicated by Eq. (5) it is necessary to
ensure that precision in the answer will not be lost due to the addition

and subtraction of nearly equal large numbers. In the past, this objective



has been accomplished by scaling the time step by repeatedly dividing
by 2 until the ncorm of the matrix is less than some acceptable small
value, computing the matrix exponential functicn for the reduced time
step, and repeatedly squaring the resulting matrix to obtain the desired

time step.” ~ Such a procedure would be impractical for a camputatbtion
involving large numbers of nuclides (many of which have short half-lives)
corresponding to large norms of the é; matrix. However, it is Jjust for
these short-lived isctopes that the conditions of secular and transient
equilibrium are known to apply. Thus, in the computations performed by
ORIGEN, only the compositions of those nuclides whose diagonal matrix
elements are less than a predetermined value are computed by the matrix
exponential method. The concentrations of the isotopes with large diagonal
matrix elements are computed using an analytical expression for the condi-

tions of secular or transient eguilibrium, as described in Sect. 2.Z2.

Lapidus and Luu53 have shown that the accuracy of the computed mabrix
exponential function can be maintained at any desired value by controlling
the time step such that the norm of the matrix At is less than a predeter-
mined value which is fixed by the word length of the digital computer
used in the calculations. They define a norm of the matrix é, denoted

by [A], which is given by the smaller of the maximum-row sbsolute sum

, max }:
17
J

and the maximum~column absolute sum:

[A] = min {max Z ‘a .
. ij
g

aijl} ’ (7)

where Iaijl denotes the absolute value of the element ajj' They show that
the maximum term in the summation for any element in the matrix exponential

n
o . n . ,
function cannot exceed 5T where n is the largest integer not larger than

[AJt. Consideration of the word length of the computer used to perform
the calculations will indicatbte the maximum value of n that can be used
while obtaining a desired degree of significance in the results. Using
double precision arithmetic, the IBM 360 operating system can perform
operations retaining 16 significant decimal figures. 1In the ORIGEN code,
the norm of the transition matrix is restricted to be less than

[A] < -2 1n 0.001 = 13.8155, so that the maximum term that will be



calculated will be approximately 49,000, Thus, a value as small as

exp (-13.8155) = lOM6 can be computed, while retaining five significant
figures. A sufficient number of terms must be added to the infinite
summation given by Eqg. (5) to ensure that the serles has converged. The

(4] is equal to [v]m
([A] e> (2mr l/q

mth term in the series for e , which, for large values

of m, can be approximated by using Stirling's approxi-

mation. The value of the norm, [A], is calculated by the code; and m is

set equal to the largest integer in % [A] + 5, which has been determined

as a "rule of thumb" for the number of terms necessary to limit the error
to <0.1%. Thus, for [A] equal 13.8155, 53 terms will be required in the

summation. The absolute value of the last term added to the summation

in this case will be less than 6.4 x 10'10, which is sufficiently small

compared with 10'6. It has been observed that the norm is usually less
than its maximum value and, in most cases, 30 or fewer terms are required

to evaluate the series.

It has been mentioned that, in previous applicationsof the matrix
exponential method, the restriction of the size of the norm of the
transition matrix necessary to treat nuclides with large eigenvalues
was accomplished by repeatedly dividing the matrix by 2, and the final
value of the matrix exponential function was obtained by repeatedly
squaring the resulting intermediate matrix exponential function. In
the present application, the suggestion of Ball and Adamsu that the
transitions involving isotopes with large decay constants be considered
"instantaneous'" was adopted; that is, if A » B - C and if the decay
constant for B is large, the matrix is reformulated as if C were formed
from A directly, and the concentration of B is obtained by an alternative
technique. Similarly, if the time constant for A is very large, the
transition matrix is rewritten as if the amount of isotope B initially
present were equal to A + B, and only the transition B - C is obtalned
by the matrix exponential technique. This reduction of the transition
matrix and the generation of the scolution by the matrix exponential

method are performed by the subroutine TERM (see Sect. 4.,1).



2.2 Use of Asymptotic Solutions of the Nuclide Chain
Equations for Short-Lived Isotopes

The numerical technigues described in Sect. 2.1 are applied only
to obtain the solutions for isobopes that are sufficiently long-lived
to satisfy the criterion that the norm of the transition matrix be less
than 2 In 1000. Short-lived isotopes are treated by using linear combi-
nations of the homogeneous and particulayr solutions of the nuclide chain
equations that are computed using alternative procedures, The quantity
of a short-lived nuclide (originally present at the begimning of an
interval) that remains at the end of the interval is computed in subrou-
tine DECAY using a generalized form of the Bateman equations which treats
an arbitrary forward-branching chain. The generalized treatment is
achieved by searching thréugh the transition matrix and forming a queue
of all short-~lived precurscrs of an isotope. The Babeman equation solution
is then applied to this queue. The gueue is terminated when an isotope
having no short-lived precursors ig encountered. The algorithm also has
provisions for treating two isotopes with equal eigenvalues and for

treating cyclic chains.

Bateman's solution for the ith member in =z chain at time t may be

written in the form:5
oAyt

Ni(t) = Ni(O)e

i-1 io1 ) 7

" z N, (0) > o ) - o () o miLn (8)
k . (44 - ds) T3rl,3 L dp - dyg |7
ke Tk 1 J n=k 1 J
J n#j

where Nj(O) is the amount of isotope J initially present and the members

of the chain are numbered consecutively Tor simplicity. This method of
i-1

solution used the conventicn that 1 =a
n=K

and that the empty product (k 2= i) is equal

n+1l,n is equal to the product

"ktl,k, Tk+2,k+10 4,117

to unity. The notation a; . Tor the first-order rate constant is the
-2
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same as that described in Sect., 2.1, and di

il
]
&

In the present

application, Eq. (8) is recast in the form

—dit
Ni(t) = Ni(O)e
i-1 . i-1 .
= b ’ exp <"djt> - exp (-d;t) i-1 dp
+ ZJ Nk(O) 1 ~—5—A~ E; a. R I 53
ol n=k n . J i J n=k n J
= | I n#j
i~-1
by multiplication and division by 1 d . The first product in Eg. (9)
n=k

has significance because it is the fraction of atoms of isotope k that
follow a particular sequence of decays and captures. If this product
becomes less than 10'6, contributions from nuclide k and its precursors
to the concentration of nuclide i are neglected. The inner summation in
Eq. (9) is performed in double precision arithmetic to preserve accuracy.
This procedure is unnecessary for evaluating the cuter summation because
all the terms in this sum are known to be positive. The difficulties
described by Vondy in applying the Bateman equationg for small values of
dit do not occur in the present application since, when this condition
occurs, the matrix exponential solution is employed. The matrix exponen-
tial method and the Bateman equations complement each other; that is, the
former method is quite accurate when the magnitude of the characteristic
values of the equations to be solved is small, whereas the Bateman
solution encounters numerical problems in this range. For the case
where two isotopes have equal removal constants (d; = dj), the second

summation in Eq. (9) becomes:

i-~1 .
: -4yt i-1 d,
Z djt e 11 T, (10)
ol n=k 1 J
J= n#J
An analogous expression is derived for the case when d, = dj. These forms

of the Bateman equations are applied when two isctopes in a chain have
the same diagonal element or when a cyclic chain is encountered, in which

case g nuclide is considered to be its own precursor.
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In the situation where a short-lived nuclide has a long-lived
precursor, a second alternative solution is employed. 1In this instance,
the short-lived daughter is assumed to be in secular equilibrium with
its parent at the end of any time interval. The concentration of the
parent 1s obtalned from subroutine TERM, and the concentration of the
daughter is calculated in a subroutine named EQUIL (see Sect. 4.1) by

setting Fq. (3) equal to zero:

it
~—

N
X, =0 = E: a.. X. . (12
i i3 73
J=1

Fguation (11), which is a set of linear algebraic equations Tor the
concentrations of the short-lived isotopes, is readily solved by the
Gauss-Seidel iterative technique.  The coefficients in Eq. (11) have
the property that all the diagonal elements of the matrix are negative
and all off-diagonal elements are positive. The algorithm involves
inverting Tq. (11) and using agsumed or previcously calculated wvalues

for the unknown concentrations to estimate an improved wvalue, that is,

N
x5+1 = - ¢£—~>J ae . X . (12)
1 t:tii l;l J

31

JA

The iterative procedure has been found to converge very rapidly since,
for these short-lived isotopes, cyclic chains are not usually encountered

and the procedure reduces to a direct solution.



2.3 Application of the Matrix Exponential Method
for Nonhomogeneous Systems

Certain problems that involve the accumulation of radicactive
materials at a constant rate and are of engineering interest require
the solution of a nonhomogeneous system of first-order linear, ordinary
differential equations. In matrix notation, one writes

X=AX+B. (13)

=

This set of equations has the particular solution

=

x(t) = [exp (86) - DA™ B, (14)

o ~

provided that é—l exists. Substituting the infinite series representation

for the matrix exponential function, one obtains

At (an)°
o) =[L+ror+—=r—+...] Bt (152)
AN |
() wor ) B - (5)
m=0

The particular solution may also be expressed as the sum of an infinite

series:
1

x,(t) = E: Do, (16)
n=1

whose terms are generated by use of a recursion relation

1
Dy =Dt , (17a)
N
n+l  t E: -
byt mT 855 Py - (A7)
Jj=1



Once again, the algorithm is applied only to long-lived nuclides, and the
concentrations of the short-lived nuclides are obtained by an alternative

technique. In this situation, Eq. (11) is modified to the form

N
¥, = 0= ZJ Bgy Xyt b, (18)
J=1

and is solved by the Gauss-Seidel method. After the homogenecus and
particular solutions have been obtalned, they are added to obtain the

complete solution of the system of equations.

2.4 Computation of Neutron Flux and Specific Power

In order to compute changes in fuel composition during irradiation
at constant power, it is necessary to take into account changes in the
neutron flux with time as the fuel is depleted. At the start of the
computation, the known parameters are the initial fuel composition and
the constant specific power that the fuel must produce during a time
interval. The instantaneocus neubron flux may be related to the fuel
composition at a fixed time by the equation

P = 3.20 x 107/ S0 (19)

where P is the specific power, in MW per unit of fuel; ¥ is the macroscopic
fission cross section, in cm2 per unit of fuel; and ¢ is the instantaneous
neutron flux, in neutrons per cm2~sec. The consbant in Fg. (19) is derived
by agsuming a value of 200 MeV per fission. An approximate expression for
the value of the neutron flux as a function of time is obtained by expansion

in a Taylor series about the start of the interval:

o(t) = 3225 x 10 » [0y - v O, £ (2O - 5oy Ho)y, 7,
| | Z(O)a 2 Z(O)j n
or
s \ 2 os D S
¢(t) = ¢(0) [1 -t “z‘%‘% . :§- <¢.Z(O) - 22(0)) . -l ‘ (200)

5(0)? -
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The average neutron flux during the interval is obtained by integrating

over the interval and dividing by t:

™~

7
oo et

2
1l - 355 t ez

= _ 0)

e

5 .o
82 t (22(0) -z(o)z(o)>+ ] (21)

Here, the notation £(0) is used for the macroscopic fission cross section
at the start of the time interval, and i(O) and i(O) are the first and
second time derivatives evaluated at the start of the interval. The
values of i(O) and £(0) can be evaluated since Z(O) = A X(0) and

X(O) = A %(O) = é? %(0). Fquation (10) is used in the computer program
in subroutine FLUXC to estimate the average flux during an interval,
based on conditions at the start of the interval. The term involving

the second derivative is only employed for the first time interval where,
for some isotopes, k(O) is zero but %(O) is nonzero. The average power
produced during a time interval for a fuel in a fixed neutron flux is
estinmated from the initial composition using a similarly derived equation:

. . 2
P =3.20x 10717 ¢x(0) [1 + 5(0) ;}, 2(0) —g— + ] (22)

In order for the above procedures to estimate the average neutron flux

or average specific power correctly, the changes in neutron flux during
the interval must be relatively small. If the average value of either

of these quantities differs from the initial value by more than 209, a

message will be printed out advising the user to employ smaller time

increments.

2.5 Construction of the Transition Matrix

An extensive library of nuclear properties of radioactive isotopes
has been compiled for use with the ORIGEN code. (See Sect. 3 for details.)
The data are in the form of half-lives, fractions of transitions that
produce a given nuclear particle, cross sections, and fractions of

absorptions that yield certain particles. These data are read from
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the library tape and processed into a Torm for use by the mathematics

routines in subroutine NUDATA (see Sect. 4.1 for description of NUDATA).

It is possible to compute the concentrations of as many as 800
nuclides using the present code. However, straightforward construction
of a generalized transition matrix would require the storage of an
800 x 800 array, which would tax the storage capacity of the largest
computers avallable today. On the other hand, the transition matrix is
normally very sparse, and storage requlrements can be reduced substantially
by storing only the nonzero elements of the matriz and two relatively
small vectors that are used to locate the elements. Subroutine WUDATA
is also used to generate the compacted transition mabtrix and the two

storage vectors.

Subroutine NUDATA processes the library tape by reading a six~digit
identifying number, NUCL(I), for each nuclide, Tollowed by the half-life
and the fraction of each decay that occurs by several competing processes.
A second card, which contains neutron absorption cross sections for (n,7),
(n,a), n,p), (n,2n), (n,3n), and (n,fission) reactions for one of four
reactor spectra, is then read. The six-digit identifying number is equal
to 72 * 10,000 + W * 10 + IS5, where 7 is the atomlc number, W is the atomic
welght (in integral atomic mass units), and I8 is either O or 1 to indi-
cate a ground state or a metastable state, respectively. Thiz information
is processed into a compacted transition matrix, as described below.

e

first, the half-life is used to calculate the radioactive disintegra-

ot

ion constant, A. First-order rate constants Tor various competing decay

rocesses are calculabted by multiplying A by the fraction of transitions

b

to that final state. The product nuclide resulting from each nuclear
transition is next identified by addition of a suitable constant to the
six-digit identificstion number for the parent nuclide. (For example,
for a B decay, 10,000 is added to the parent identifier; for neutron
capture, 10 is added; or for isomeric transition, the quantity -1 is
added.) Two arrays are constructed: the first, NPROD(J,M), contains
all the products which can be directly formed from any nuclide J by the
transitions considered in the library; and the second, COEFF(J,M), con-

tains the first-order rate constants for the corresponding transitions.
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When these arrays have been constructed, a search of the NPROD array is
conducted to identify all the parents of a given nuclide I. [Nuclide J

is a parent of I if NPROD(J,M) equals NUCL(I) for any reaction of type M.]
When a parent of nuclide I has been located, the value of the correspond-
ing coefficient 2 5 in the transition matrix is equal to COEFF(J,M).
However, direct storage of aij in a square array would require an exces-
sive amount of storage. Hence, this procedure is avoided by incrementing
an index, N, each time a coefficient is identified. The coefficlents

are stored sequentially in a one-dimensional array, A(N); the value of

J is stored in another one-dimensional array, LOC(N); and the total number
of coefficients for production of nuclide I are stored in a third asrray,
NANC(I). TWhen all of the coefficients for every nuclide have been stored,
the N¢NO(I) array is converted to indicate the cumulative number of matrix
coefficients for all the isotopes up to and including L [i.e., NENO(T + 1)
= NPNO(I) + NgNO(L + 1) for all I greater than 1]. After this procedure
has been executed, the N¢NO array is a monotonically increasing list of
integers whose final value is the number of nonzero, off-diagonal matrix
elements in the transition matrix., This final value is preserved separ-
ately as the variable NON., For computational convenience, the values of
the diagonal matrix elements are stored in a separate vector, D(I). To

perform the multiplication of the transition matrix by a vector (e.g.,
N

ki = % aijxj), as is required to execute the algorithm described in
h J=1

Sect. 2.1, the operations described in the flow chart given in Fig. 2.1

are employed.

Two types of data in the nuclear library require a departure from
the procedure Jjust describved. In the case of neutron-induced reactions,
1t is necessary to specify the neutron flux before first-order rate
coefficlients can be calculated as products of flux and cross sections.
At the time the matrix is generated, the neutron flux is unknown. Also,
to perform a fuel depletion calculation, the flux must be permitted to
vary with time. Thus, when the nonzero, off-diagonal matrix elements
for isotope I are stored, all those for formation by radiocactive decay

are grouped first and are followed by those for formation of T by neutron
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capture. Another vector, KD(1), is also generated and used in a manner
analogous to N@NC(T). Tt initially is the number of radicactive parents
of isotope I, and the difference NENO(I) - KD(T) represents the number of
coefficients for formation of I by neutron capture. The variables A,
L¢C, NﬁNO, and KD are all generated in subroutine NUDATA and are stored
in labeled common /MATRIX/. They are used to perform calculations in
subroutines FLUXO, DECAY, TERM, and EQUTL (see Sect. 4.1 for description

of subroutines).

The second exception to the standard procedure for comstructing the
transition matrix involves the coefficients corresponding to the fission
product yields. The nuclear data library contains direct fission yields
for the formation of fission product isotopes from several fissionable
nuclides. When these yields are multiplied by the fission cross section
for the fissile nuclide and the neutron flux, the result is a first-order
rate constant for production of fission product isotope I by fission of
nuclide J. Hence, for these data, the construction of the arrays NPROD
and COEFF and the subsequent search procedure are not reguired. The
coefficients are entered directly into the A vector, and the correspond-
ing value of J that identifies the fissioning nucleus is recorded in the

L¢C array.

I
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3. DESCRIPTION OF NUCLEAR DATA LIBRARY

An extensive library of nuclear data has been compiled and recorded
on magnetic tape for use with the ORIGEN code. The tape consists of six
data files; three of these contain information on the decay schemes and
neutron absorption cross sections for the_813 isotopes now included in
the library, and the other three contain multigroup photon production
rates that result from radiocactive decay of these nuclides. The first
data file catalogs the properties associated with the cladding and
structural materials; the second is comprised of nuclear data for the
heavy metals in the fuel; and the third file describes the nuclear
properties of the fission products. Data files 4, 5, and 6 contain
photon yilelds per disintegration for the éladding, fuel, and fission
product nuclides, respectively. The following sections describe in
detall the type of data recorded on the tape and the Tormat used, and

document the sources of the data.

3.1 DNuclear Properties of Cladding and Structural Materials

The nuclear properties for the individual isotopes in each of the
first three data files are recorded on five card-image records. The
Tirst card image contains information that is independent of the reactor
spectrﬁm (e.g., half-life, disintegration energy, ete.). The subsequent
four card images contaln neutron capture data for four reference reactor

spectra.
The first card image is read in the form:
60 READ(7,9034,END=260) NUCL(I), DLAM, IU, ¥FB1l, iP, FPL,
FT, FA, FSF, q(1), Fu(1), ABUND(I), wMpC(I), AMPC(I)

903k FYRMAT(IT, F9.3, 11, SF5.3, 1PE9.2, OP2F5.3, F7.3, 286.0)
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n this instruction, NUCL(I) is a six-digit identification number for

isotope I. The variable NUCL(T) is equal to:
Z ¥ 10,000 + W * 10 + IS,

where 7 is the atomic number, W is the atomic weight, and IS is equal to
0 or 1 for a ground state or metastable state, respectively. The variable
DLAM is the physical half-life of the radicactive nuclide in units desig-
nated by the key, TU, according to Table 3.1. The definitions of the

next six variables are given in Table 3.2. The fraction of disintegra-

tions which are negatron emissions 1s obtained by difference:
FB = 1.0 - ¥P - FA - FT - FSF.

1 . , L . .
The tables of Lederer et al, constitute the principal source of information

on half-lives and decay schemes of the isotopes.

The variable Q(I) is the total amount of energy released by radio-
active decay as recoverable heat, in MeV per disintegration. It does not
include the energy of the neutrinos released in beta decay transitions.
The variable FG(I) is the fraction of the total energy that is associated
with gamma radiation. Only photons of energy greater than 200 keV are
considered Lo contribute to the fraction of gamma energy; lower-energy
photons are included in the total energy, however. The energy per dis-
integration associated with alpha decay and photon emission i1s obtained
directly from the decay schemes given in ref. 1. The amount of energy
released in a beta decay event is calculated from the shundance and
maximum beta energies given in ref. 1 by using the results of the SPECTRA
code of Arnold.2 This code computes the average beta energy based on the
maximum negatron or positron energy and the degree of forbiddenness of
the transition, using the Fermi theory of beta decay. Also included in
the fraction of gamma-ray energy is the contribution from bremsstrahlung
radiation. This quantity is calculated, again using the SPECTRA code,

for beta decay taking place in a uranium dioxide matrix.

The variable ABUND(1), the percent abundance of naturally occurring
isotopes, is obtained from ref. 1. The variables WMPC(I) and AMPC(I) are
the radioactivity concentration guides (RCGs) for continuous ingestion in

unrestricted areas as given in Table IT, columns I and II, of Part 20 of
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Table 3.1. Key to Use of Variable TU to Indicate
Units of Half-Life in Nuclear Data Library

Iy Units

hr

days
years
stable
103 years

P
O
107 years

O w < O ow

109 years

Table 3.2. Definitions of Variable Wames Used in MNuclear Data Library
Name of
Variable Definition
FB1 Fraction of beta decay transitions that result in a
product nuclide in an excited nuclear state
P Fraction of transitions that take place by positron
emission
FPL Fraction of positron emissions that result in a
product nuclide in an excited nuclear state
FA Fraction of transitions that take place by alpha
particle emlission
FT Fraction of disintegrations from an excited nuclear
state to the ground state
I'sF Fraction of disintegrations that take place by

spontaneous fission
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Title 10 of the Code of Federal Regulations3 (10 CFR 20). The values
included in the library are the lower of the values given for soluble

and insoluble compounds of the nuclides. Several heavy metal isotopes
not listed in the tables are of sufficient importance in radioactive
waste disposal that values for their RCGs have been estimatedh by using
the methods given in ICRP Publication 2 (ref. 5) for occupational workers
and dividing the results by 10. The RCGs for all other isotopes not
listed in the tables are set equal to unity, which is equivalent to

excluding these isotopes from the calculations.

A second card image, which contains data Tor neutron-induced reactions
for one of four reactor spectra, is now read. The form of the READ state-

ment is:

READ(7, 9035) SIGTH, FNG1, FNA, ¥NP, RITH, FINA, FINP, SIGMEV, FN2NL,
FFNA, FFNP, IT.

9035 F@RMAT(T7X, F9.2, 3F5.3, F9.2, 2F5.3, F9.2, 3F5.3, T80, IL)

The notation used in this instruction is described in Table 3.3 for the
case of a thermal reactor. In the thermal reactor libraries the 2200-m/sec
cross sections are taken from the compilation of Stehn et al.,” the infi-
nite dilution resonance integrals from Stehn gz_g},6 and Drake,7 and the
fission-spectrum-averaged cross sections for (n,&) and (n,p) reactions

from Alter and Wéber,8 Fission-spectrum-averaged cross sections for

9

(n,2n) reactions are obtained from Pearlstein,”’ or by integrating the
energy-dependent cross sections given in ref. 6 over a Cranberg fission
spectrum. For thermal reactors, effective thermal neutron cross sections
are obtained by weighting these three energy-group cross sections with
spectral indices. For example, the total neutron absorption cross section

is calculated as:
TﬁCAP = SIGTH * THERM + RITH ¥ RRES + SIGMEV ¥ FAST.
Here, THERM, RES, and FAST are defined as follows:

1 .
THERM = ratioc of the neutron reaction rate for a ; absorber with

a population of neutrons that has a Maxwell-Boltzmann
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Names of Variables Used in Reading Spectrum-Dependent

Data for Cladding and Structural Materialg Iin Thermal Reactors

Name of
Variable Description

SIGTH Total 2200~m/sec neutron abgorption cross
section, barns

FNGL Fraction of thermal neutron captures that
produce a product nuclide in an excited
nuclear state

FNA Fraction of thermal neutron absorptions that
are (n,a) reactions

FNP Fraction of thermal neutron absorptions that
are (n,p) reactions

RITH Resonance integral (above 0.5 eV) for all
epithermal neutron absorption,

fee)
f 1 BN
J T GT(E) dE, barns
0.5

FINA Fraction of rescnance absorptions that are (n,x)
reactions

FINP Fraction of resonance absorptions that are (n,p)
reactions

STGMEV Figsion-spectrum~averaged cross section for all
reactions with a threshceld above 1 MeV, barns

FN2NL Fraction of (n,2n) reactions that result in an
excited isomeric state of the product nuclide

FENA Fraction of high-energy reactions that are of
(n,a) type

FENP Fraction of high-energy reactions that are of

N

(n;p/ type

IT An index indicating the reactor spectrum over

which cross secticng have been averaged
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distribution of energles at absolute temperature, T, to

the reaction rate with 2200-m/sec neutrons

[ T
(: {;%9- , T, = °93.16°K> )

RES = ratio of the resonance flux per unit lethargy to the

thermal neutron flux.

FAST = 1.L45 times the ratio of flux above 1 MeV to the thermal

neutron Tlux.

These definitions arise from three assumptions: (1) for thermal neutron
energies, the absorption cross section for an isotope varies with the
reciprocal of the neutron speed; (2) Tor the resonance region, the
neutron flux varies as the reciprocal of the neutron energy; and (3) in
the region above 1 MeV, the neutron spectrum has the same energy depend-
ence as the fission spectrum., Tt is pointed out that the high-energy
group includes only reactions with thresholds above 1 MeV. Reactions
with components at lower energies are included in the thermal and
resonance group. When the average cross section is defined in the

manner described above, the appropriate flux to be used for calculating
neutron reaction rates is the total thermal flux. The total thermal flux
is the value calculated and printed out by the program when initial com-
pogitions, specific power, and spectral indices are specified and the
flux is computed by the code., The variable IT distinguishes between
reactor spectra and has a value of zero, or 1 through 4. The numbers

1 through U4 indicate that the data are for a particular spectrum, as
designated in Table 3.4. A wvalue of zero for iT indicates that the nuclide

is not included in the library for a given reactor type.

For the IMFBR library, IT is equal to 3 and the variables in Table
3.3 have a somewhat different meaning. In this instance, SIGTH is the
spectrum-averaged (n,y) cross section; the varisble RITH is not used;
and the variable SIGMEV is the sum of the (n,2n), (n,x), and (n,p) cross
sections, averaged over a Tast reactor spectrum. The spectral indices
have no meaning in this case and are equal to 1.0 (the reference flux

is then the total neutron flux). The spectrum-averaged neutron capture
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Table 3.4. Value of the Variable IT Corresponding
to Each Reactor Type

iT Reactor Type
1 HTGR

2 LWR

3 IMEBR

L MSBR

cross sections that are given in the library for isotopes with atomic
numbers lesg than 22 were computed by integrating numerically the data
of ref. 6 over the fast reactor spectrum of Kusters and Metzenroth.lo
Spectrum~-averaged neutron capture cross sections for isotopes with atomic
numbers greater than 21 were estimated by Arnold,ll who used correlations

developed by Macklin and Gib’bonslz’l3

to extrapolate cross-section data
over the energy range of interes?t and then integrated the data over an
approximation to the spectrum of Kusters and Metzenroth, which was con-
structed from the sum of eight Maxwellian functions of different average
energies. The spectrum-averaged cross sections for (n,2n), (n,®), and
(n,p) reactions were obtained either by integrating numerically the
energy-dependent cross sections (if given in ref. 6) or by assuming that
the high-energy portion of the neutron spectrum had the same energy
dependence as the fission spectrum and weighting the fission-~-spectrum-

. . . 8
averaged cross sections of Pearlste1n9 and Alter and Weber.

Two steps are used in reading the nuclear data; first, a card image
containing the permanent information is read and, then, a second-card
image that contains spectrum-dependent information is read, depending
on the value of an input variable, NLIBE. If the value of the variable
IT on the second-card image is equal to NLIBE, the data on both cards

are procegsed in the manner described in Sect. 2.5, If IT is equal to
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zero, the nuclide is ignored and data are read for the next nuclide on
the tape. This procedure is repeated until an end-of-file (EOF) mark
is encountered, at which time contrel is transferred to another part of

the program.

3.2 DNuclear Properties of the Isotopes of the
Actinide Elements and Their Daughters

The nuclear properties of the isotopes of the actinide elements are
read in a manner similar to that described above for the light elements.
First, permanent data are read from a card image in the previously
described format (Sect. 3.1), using the same variable names. However,
for the heavy metals, the field containing the isctoplc abundances is
ignored. Neutron absorption cross sections are read from one of four
card images, depending on the reactor type. The instruction used to

read these data is:
READ(7,9037 )SIGNG, RING, FNGl, SIGF, RIF, SIGFF, SIGNZN, ¥N2N1, SIGN3N, IT
9037 FORMAT(7X, 2F9.2, F5.3, LFg.2, FL4.3, F9.2, T8O, I11)

The names of the variables used in this instruction are defined in
Table 3.5 for the case of a thermal reactor. The variable IT has a
value of zero or of 1 through U, depending on the type of reactor, and

is used as described above.

For the thermal reactor libraries, fission and capture cross sections
for 2200~m/sec neutrons were obtained from the compilation of Stehn et al.,
and infinite dilution rescnance integrals were taken from the latter and

230
from Drake.7 The 2200-m/sec cross sections for the isotopes 235U, 83/‘Pu

2h2 237Np 241 ad 243

through Pu, 5 Am, an Am were corrected for nonml/v behavior

using the tabhulation of Wéscott,lu and the infinite dilution resonance

5 !
235 238U’ 2395, 210

integrals for the isotopes and Pu were corrected

for self-shielding using the data of Hansen and Roach.15 In the HTGR

2732 236

library, these parameters for the isotopes Th through U have also

been modified to obtain agreement with reactor mass halances for an

6 . _
1160-MW(e) HTGR.l For the PWR, the cross sections and resonance inte-
17

grals have been adjusted to obtain agreement with fuel mass balances;



Table 3.5.

of Variables Used to Read Spectrum-Dependent Data

for Isotopes of Actinide Elements in Thermal Reactor Libraries

Name of
Variable

Definition

3 LGNG
RING

FNGL

FNzZN1

SIGN3N

Thermal neutron (n,7) cross section, barns
Resonance integral for (n,7) reactions, barns

Fraction of (n,y) absorptions that result in an
excited nuclear state of the product nuclide

Thermal neutron (n,fission) cross section, barns

Resonance integral for (n,fission) reactions,
barns

fission) cross sec-
zy thresghold

Fissicn-spectrum-averaged (n,fis
tion for isotope having a high-ene
for fission reaction, barns

Fission-spectrum-averaged (n,2n) cross section,
barns

Fraction of (n,2n) reactions that result in the
formation of a product nuclide in an excited
nuclear state

Fission-spectrum-averaged (n,3n) cross section,
barns
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and the data in the MSBR library have been adjusted to agree with reaction
rates calculated by Baumann for the reference 1000-MW(e) MSBR.18 Fission-
spectrum~averaged cross sections for nuclides having a high-energy thresh-
old (¥ > 1 MeV) for the fission reaction were cobtained by integrating
numerically the differential cross sections given in ref. 6. Cross
sections for (n,2n) and (n,3n) reactions were obtained from Pearlstein.
Reactor-spectrum~averaged cross sections were obtained by assuming that
the reactor spectrum for neutron energies greater than 1 MeV had the same
energy dependence as the fission spectrum, and by multiplying the fission-
spectrum-averaged cross sections by the ratio of the fraction of the
neutron flux asbove 1 MeV for the two spectra. (This ratio is contained

in the parameter FAST that was defined in Sect. 3.0.)

The variables RING, RIF, and SIGFF are not employed for the LMFBR
library. Reactor-spectrum-averaged capture, fission, and (n,2n) cross
sections were generated by averaging the 18-energy-group AI/ENDF CTross
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sections™ over the spectrum of ref. 10, Cross sections for (n,3n)
reactions were estimated by ratioing the values given in ref. 9. The
procedure for reading this information from the tape for the actinides
1s identical to that described for the cladding and structural materials

in Sect. 3.1.

3.3 Nuclear Properties of the Fission Products

The nuclear properties of each fission product isolope are contained
in five card-image records. The first card contains data of a permanent
nature in the format described previously, again with the exception that
the field containing the isotopic abundances is ignored. The remaining
four cards consist of neutron absorption and fission product yield data
for the four reactor types described above. The form of the instruction

used to read these data is:
READ(7,9038)8I1GNG, RING, FNG1, Y, IT
9038 FORMAT(7X, 2F9.2, ¥F5.3, 5F9.2, T80, I1)

All of the wvariables in this instruction except Y have the definitions

given in Sect. 3.2. Radiative capfture is the only neutron absorption



avent that is treated for the fission products. The 2200- m/oec Cross
sectlons and infinite dilution resonance integrals for the thermal

€ o

. .6 ,
eactors were obtained from Stehn et al.,” and from.Drake;7 those for
S . 1l .y ; .
the LMFBR were estimated by Arncld, The varilable RING is not employed
in the fast reactor library, and the variable SIGNG ig a spectrum-averaged

value in this instence. The variable Y is an array of dimension "5"

and
contains energy-dependent direct fission product yields for a number of
fissionable isotopes. Table 3.5 describes the information contained in
the Y array for each of the resctor spectra. Thermal fission yields and
232

fission ylelds for fast-neutron-induced fission of “Th were generated

i«

. . . . 20 .
from the compilation of Katcoff by conservatively assuming that all of

the direct yield was to the first member of a chain when experimental

o

data were not avallable. Uirect fission yields for fast-neutron-induced

235. 233 235 s .
figssion of a“)U, 3 U, and PQ)Pu~were obtained from Meek and R1der

‘,.

The data of Meek and Rider for thermal-neutron fission yields mf i)
and 2390u were tested against the values in the ORIGEN library by com-
paring the calculated postirradiation properties of the fission products
computed using the two sebs of ylelds with the afterheat values of Shure.
For postirradiation times less than 300 sec, use of the yields in the

ORIGEN library results in betbter agreement with Shure's afterheat curves

Table 3.6. Fissionable Isotopes for Which Direct Fission Yield Date
Are Includeq in the ORIGEN Library for Various Reactor Spectra

. -
Reactor ¥(1)* v(2)?:0 7(3)° v()P 7(5)%7°
ooy RE
HIGR 2335, 2300t 232 ¢ 238y ¢ 239py 4
~ I'e o -
LWk 2334 23504 238 ¢ “ 3yt
235 > 239,
LMFBR 235, ¢ 238,_¢ Fpu-r
_ ; . , .
MSER 2331 230y 2320, ¢ 238y_¢ 239t

%4 indicates that the yvield is for thermal-neutron~induced f£i

]
9]
=ts
o
i
.

b, . .. . . . e
T indicates that the yield is for fission-spectrum-energy neutrons.
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than does use of Meek and Rider's yield data. Hence, the present set of
fission product yields has been retained since, for the fission product
isotopes and properties in the ORIGEN library, they result in calculated
postirradiation properties that agree more closely with accepted values,
The disagreement is on the low side; and there is speculation that the
data of Shure may underpredict actual afterheats, which would aggravate
the disagreement. A later and more extensive compllation of fission

3

2 .
product ylelds by Meek and Rider ™~ could not be considered at the present

writing, but may result in better agreement of the afterheat values.

In a light water reactor fueled with low-enrichment uranium, a few

s . s 241 .
percent of the fissions will occur in the isotope Pu; in sn LMFBR,

fission will take place in both ZMOPu and ZulPu, Hence, estimates of
direct fission yields for fission of these isotopes are required to

treat such fuels. Extensive measurements of direct fission yields for
these isotopes have not been made, and calculations that have been made2
involve arbitrary correction factors which have not been verified experi-
mentally and have been the subject of criticism by Wahl.25 Therefore,

in the present ORIGEN code, the direct fission yields for these isotopes

239

are taken to be equal to those for Pu., Although this approximation is
believed to be sufficiently accurate for computing properties of mixed
fission products, it may introduce substantial errors in estimates of
concentrations of individual isotopes, particularly for chains whose

yields fall on the edges of the low mass peak.

3.4 Photon Yield Library

Data files 4, 5, and 6 contain multigroup photon production data
for the cladding and structural materials, heavy metal isotopes, and
fission product isotopes, respectively. Both files L and & contain 12
energy groups, in the PHOEBE group structure426 The lower energy bound
and average energy in each of these groups are given in Table 3,7. For
the isotopes of the actinide elements, the lowest energy group has been
divided into seven smaller groups with energies down to 20 keV, resulting

in an 18-~energy-group structure. This modiTication was made in order to
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Table 3.7. Lower Fnergy Bounds and Average Group Energies for
12 Photon Energy Groups in the ORIGEN Library

Lower Energy Mean Energy
Group (MeV) (MeV)
1 0.2 0.3
2 O.h 0.63
3 0.9 : 1.10
N 1.35 1.55
5 1.8 1.99
6 2.2 2.38
7 2.6 2.75
3 3.0 3.2
9 3.5 3.7
10 4.0 .22
11 .5 k.70

12 5.0 5.25
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enable the user to compute the x-ray source strength in refabricated
fuels. The bounds and average energies for these low-energy groups are
given in Table 3.8. TFor the isobopes of the actinide elements, groups
8 through 18 have the same energy bounds and average energies as groups

2 through 12 for the fission products.

The photon abundances and energies accompanying a disintegration
event are based entirely on the tables of Lederer Eﬁméinl Arnold has
used the SPECTRA code2 to calculate the contribution to the gamma-ray
source from brebmsstrahlung radiation produced by beta decay in a uranium
dioxide matrix. His results for several of the more important fission
products are given in Table 3.9. These valueg have been added to the
photon yields in the nuclear data library, which are recorded in the
form of an equivalent number of photons per disintegration having the

average energy of a given group.

Table 3.8. Lower Energy Bounds and Average Group Energies
for X-Ray Groups in Actinide Photon Library

Lower Energy Average Energy

Group (MeV) (MeV)

L 0.0z 0.03

2 0.035 0.0k

3 0.050 0.06

h 0.075 0.1

5 0.125 0.15

6 0.175 0.2

i 0.25 0.3
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Table 3.9. Estimates of Bremsstrahlung Photons Resulting from Beta
Decay of Several Fission Products in a Uranium Dioxide Matrix

Photon Energy Photons per Beta
Tsotope Group Disintegration
5y or 30g 1 1.01 x 1072
2 L.2k x 1077
Pg 1 4.69 x 10"2
2 h.39 x 107
90y 1 b,k x 1072
2 1.62 x 1077
3 2.48 x lO—L
i 2.48 x 1077
5 1.36 x 1072
_
100z 1 1.529 x 107F
2 6,452 x 1072
3 1.617 x 1072
i 3.886 x 1073
5 1.231 x 10‘2
6 3.687 = 1077
7 3.401 % 1072
8 ly.2h8 x 1077
Wb, 1 7.528 x 1077
2 2.55 x 1074
3 8.672 x 1073
L 1.236 x lO‘)
5 2.770 x 107"
6 3.962 x 1079
7 4,00 x 10™
F -
Wop, 1 7.583 x 1072
2 9.722 x 1077
W 1 6.733 x 107%
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In computing the x-ray source strength in refabricated plutonium

fuels, one source of photon radiation that is to be considered is (a,y)

radiation originating from the reaction lBO(a,n)ZlN in oxide fuels.

238

Since Pu is the plutonium isotope of highest specific alpha activity
that is present in dquantity in recycle plutonium fuels, the photon pro-

duction from this source has been included in the photon production data
238
for

of 238

Pu, The spectrum of photon radiation resulting from alpha decay
Pu in an oxide matrix was obtained from the compilation of Stoddard

a7

and Albenesius.’

3.5 Miscellansous Nuclear Properties

The ORIGEN code treats several other sources of radiation that are
not included in the nuclear data library but, instead, are programmed
into the code. Specifically, these are photon and neutron production
from spontaneous fission of the transplutonium isotopes, and neutron
production by (&,n) reactions of alpha particles with 7o ana l80 in
oxide Tuels. The spontaneous fission photon spectrum was taken to be
the sum of the prompt gamma-ray photon spectrum of 235U‘given by Peele
and Maienschein28 and the equilibrium fisslon product photon spectrum
used by Stoddard.29 These data were converted to the 18-energy-group
structure shown in Table 3.10, using flat weighting within energy groups.
This information, which is stored in the array SFGAMA (defined in sub-
routine GAMMA), is employed to compute the photon spectrum resulting

from radioactive decay of the isotopes of the actinide elements.

Spontaneous Tission of isotopes of the actinide elements is accom-
panied by the release of neutrons, which present an additional source of
penetrating radiation. The average number of neutrons released, v, in
the spontaneous fission of a number of isotopes has been summarized by
Arnold. 0 The values of v for isotopes of mass 238 through 244 increase
approximately linearly with increasing atomic weight, A, and, within the

scatter of the data, are well represented by the eqguation

v = 2,84 + 0.1225 (A - 244) . (1)



Table 3.10. Photon Yields per 235y Fission for 18-Fnergy-Group
Structure Employed in ORIGEN Library

Prompt plus equilibrium fission product x- and y-rays

Average Inergy

Group (MeV) Photons/Fission MeV/Fission
1 0.03 0. 084 0,00252
2 0.04 0,084 0.00336
3 0.06 0.1k4 0. 008k
b 0.1 0.h46 0.046
5 0.15 0.64 0.096
6 0.2 0.99 0.198
7 0.3 2.01 0.603
8 0.63 9.15 5.76
9 1.10 1.87 2.06

10 1.55 1.27 1.97
11 1.99 0.67 1,34
12 2.38 0.3h 0.80
13 2.75 0.16 0.43
1k 3.2 0.097 0.31
15 3.7 0.062 0.23
16 L 22 0.039 0.16
17 L. 70 0.019 0.087
18 5.25 0,012 0,061

Sum , 18,09 14,17
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This function is used in subroutine GAMMA to compute the specific neutron
generation rates in spent fuels. The ORIGEN code calculates only the
total neutron production rates; however, the energy dependence of the

spontaneous fission neutron spectrum for several isolopes has been found

5 9
to be similar to that of 270,27

In some applications, neutrons produced by (&,n) reactions of high-

energy alovha particles with light elements constitute an important source

27,29,30

of penetrating radiation. Theoretical estimates have been made
1Y g

of the quantity and spectra of neutrons produced by reactions of alpha

>
particles from 238Pu, Zu“Cm, and 2l

238

PuO,, have been found to exceed experimental values

Cm with oxygen atoms in oxide fuels
and, in the case of
by a factor of 2. In the ORIGEN code, the number of neutrons produced

per alpha disintegration in UO2 fuel is calculated from the relationship:

neutrons N -10 _3.65
alpha disintegration +.0x 10 iy ? (2)

where Ea.is the alpha particle energy in MeV. This expression results

in source strengths that are approximately 50% of theoretical, in agree-

ment with the experimental results for 238Pu. Equation (2) is employed

to compute neutron production by all alpha emitters, including those Tor

which data have not previously been available.
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4, USER'S MANUAL ¥FOR THE ORIGEN CODE

The ORIGEN computer code is a collection of programs that: (1) proc-
esses a library of nuclear properties to construct a set of first-order,
linear, ordinary differential equations describing the rates of formation
and destruction of the nuclides contained in the library; (2) solves the
resulting set of equations, for a given set of initial conditions and
irradiation history, to obtain the isotopic compositions of the discharged
fuel components as a function of postirradiation time; and (3) uses the
isotopic compositions and nuclear properties of individual nuclides to
construct tables describing the radicactivities, thermal power, potential
inhalation and ingestion hazards, and photon and neutron production rates
in the discharged fuel. At present, the nuclides in the library are
divided into three classes: (1) cladding and structural materials;

(2) isotopes of actinide elements and their radicactive decay products;

and (3) fission products. In the output tables, the three classes of
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materials are presented separately; as a result, certain Isotopes are
repeated. Thus, tritium and helium that are formed from spallation
reactions of the light elements are distinguished from fisgsion product
tritium or from helium produced in alpha decay. Also, ischtopes of
several elements, notably zirconium, are considered both with the
cladding and structural materials and as fission products. This dis-
tinction between the sources of the isotopes enables the user to treat
problems such as the effects of exposure on cladding embrittlement and

on changes in the isotopic composition of structural materials.

The first output that the program produces consists of a summary of
the nuclear data library. A dictionary that explaing the abbreviations
used in the columm headings in the library is included at the beginning
of the library. The code then prints a table containing the isotopic
composition of the fuel as a function of exposure time. The compositions
will be given in units of g-atoms per unit of fuel charged to the reactor.
The unit of fuel considered i1s an input variable and may be any consistent
quantity (e.g., a metric ton of uranium, an entire fuel assenbly, or

235
100 atoms of ‘35u).

The code next prints tables showing the properties of the discharged
fuel. The following properties are computed for the unit of fuel that
wag specified to be charged to the reactor:

(1) g-atoms,

(2) grams,

(3) curies,

(4) total B+y watts,

(5) 7y watts,

(6) cubic meters of air required to dilute the radicactivity to

RCG,, and
(7) cubic meters of water required to dilute the radiocactivity to
RCGW.
All seven types of information are first computed for the cladding and
structural materials, then for the heavy metal isctopes, and finally for
the fission products., TFour tables are printed Tor each property; the

T
first gives the properties of every individual isoctope comsidered in the
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library, the second gives the properties as a function of each chemical
element, the third summarizes the propertiles for only the most important
individual isotopes and is designed to fit on an 8-1/2 x 11 in. page,

and the fourth summarizes the properties of the chemical elements. Thus,
84 tables can be printed — four tables for seven properties of three
classes of isotopes. By proper selection of input variables, it is

possible to eliminate certain of these tables as described in Sect. L2,

Following the tables of the properties of the isotopes and elements,
tables of the penetrating radiations emanating from the spent fuel are
printed out. The first table gives, as a function of postirradiation
time, a lZ-energy-group spectrum of gamma radiation emitted from the
fuel as the result of the activity induced in the cladding and structural
materi als. The data are presented as the number of photons of a given
average energy which are produced per second per unit of fuel as charged
to the reactor. A second table is also printed that gives, as a function
of postirradiation time, the number of megavolts per second per watt of
average power produced in a unit of fuel which are released as photons
into the 12 energy groups. Subsequently, two tables thal provide the
same information for the fission products are printed out. Following
the tables of vhoton release rates for the fisslon products is a table
summarizing the most iwmportant contributors to the photon production

rate in each of the 12 energy groups.

The final tables contain information generated concerning the pene-
trating radiations produced in the isotopes of the acltinide elements and
their radiocactive decay daughters. First, a table is printed that gives,
for each alpha radiocactive isotope as a function of postirradiation time,
estimates of the number of neutrons released per second from a unit of
fuel as the result of (Q,n) reactions. This is followed by a table which
gives estimates of the number of neutrons released per second from a unit
of fuel by isotopes that undergo spontaneous fission. In each of these
tables, only the total number of neutrons of all energies released at a
given time is calculated. However, the energy spectrum of neutrons

emitted in spontaneocus fission of several nuclides has been found to be
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. 235, 1 . oL .
similar to that for U,” and estimates of the spectrum of neutron
energies arising from (a,n) reactions have been made for several of the

. 1,2
more important (u,n) sources. ’

The final table that is printed containg estimates, vsing an 18~energy-
group structure, of the spectrum of photons produced by decay of isohopes
of the actinide elements and their radicactive daughters, as a function
of postirradiation time. The data in this table also include the contri-
butions from the prompt gamma rays accompanying spontaneous fission and
from the gamma rays released by the equilibrium fission products that are
formed in spontaneous fission. Every table in the output is concluded by
a row of totals representing the sum of the properties for the isotopes
in that table. To cbtain the total contribution from all isotopes (clad-
ding, fuel, and fission products), it is necessary to add the contributions

from the separate tables.

4.1 Description of ORIGEN Code Programs

The names of the various subroutines, their major functions, and the
important variable names in each routine are described below in the order

in which they are employed in the code.

MAIN. - This is the program that supervises the execution of tasks by
the other routines. With the exception of the nuclear data, all input is
read by the MATIN program from the card reader (Unit 50). The code solves
the set of first-order, linear, ordinary differential equations

X =A X+ B, given X(0) , (1)

(A a

where X(0) is a set of initial concentrations, %(t) is the time-dependent
solution that is desired, é 1z a matrix of first-order rate coefficients,
and B 1s a forcing vector. The solution X(t) is obtained at intervals
tl’tz"'tk’ and it is required that é and B be constant between intervals.
The construction of the matrix:é is performed by other subroutines that
are described below. The vectors A and B are assigned values in the pro-
gram MATN either by reading data from cards or by manipulation of data

generated in a previous calculation that is stored in an array. In the
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code, the variables A and B have the names A and B, the variable g(o) has
the name XZER¢, and the solution has the name XNEW. These variables are
stored in labeled common blocks /MATRIX/ and /EQ/.

NUDATA. - Subroutine NUDATA processes the nuclear data Trom the
library tape and constructs part of the transition matrix é. It reads
two cards from the card reader. The first cne contains a title for the
library that will be printed with the output, as well as an integer,
NLIBE (in column 75), that designates the reactor spectrum over which
the cross sections are to be averaged. The second one contains weighting
factors for the reactor spectrum, a field for the date, and switches to
suppress part of the output. The subroutine reads the data from the
library tape and prints out the library of data to be used in the calcu-
lations. The nonzero, off-dlagonal terms of the matrix é,are stored in
the variable A. Three integer vectors, L¢C, N¢NO, and KD, are also
constructed to be used to locate the matrix elements. These variables
are stored in labeled common block /MATRIX/. Table 4.1 lists other data
(from the nuclear library) that are stored by subroutine NUDATA and will

be required in subsequent calculations.

HALF. ~ This subroutine computes the radicactive decay constant in

units of sec"l, when the half-life of the radionuclide is given in units

designated by the variable IU (see Sect. 3.1).

EQ&E. - This subroutine constructs a three-word alphameric symbol for
an isotope from its six-digit identifying number. The three words consist
of the symbol for the chemical element, the atomic weight, and either a
blank or an "M" to designate a ground or metastable state, respectively.

These symbols are used only when printing output tables.

BLQCK DATA. - A BL@CK DATA subroutine is used to initialize the
variables in labeled common block /IABEL/. These variables consist of
an array of chemical symbols, ELE, and a variable to designate the isomeric
state of a nuclide, STA. These arrays are used in conjunction with sub-

roubine N@AM.

b
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Table 4.1. Definitions and Storage Locations of Important
Variables Assigned Values in Subroutine NUDATA

Variable Common Block Definition

ABUND /¢UT/ Isotopic abundances of the cladding
and structural materials, at. %

ATPHAN Jgut/ Number of neutrons produced per
alpha disintegration by heavy metal
isotopes

AMPC /MPC/ Radicactivity concentration guide for

continuous inhalation in unrestricted
areas, pCi/em

DIS /FLUXN/ Radioactive decay constant, sec"l

FG /¢UT/ Fraction of radiocactive decay energy
that results from photons of energies
above 200 keV

FISS8 /FLUXN/ Spectyrum-averaged fission cross
section, barns

NUCL /¢UT/ Six-digit integer constant used to
identify isotopes

Q Jgur/ Radioactive decay energy released as
recoverable heat, MeV/disintegration

SPENF /¢UT/ Spontaneous fission rate for heavy
metal isotopes, fissions/sec—atom

T¢CAP /FLUXN/ Total spectrum-averaged neutron
absorption cross section, barns

WMPC Mec / Radioactivity concentration guide for
continuous ingestion in unrestricted
areas, uCi/em
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PHOLIB. - PHﬁLIB reads the multigroup photon production data from
the nuclear library tape and stores the information in the arrays GAMGRP
and ACTGRP. The array GAMGRP contains 1Z2-energy-group photon production
data for the isotopes of the cladding and structural materials and of the
fission products, while the array ACTGRP contains 18-energy-group data
for isotopes of the actinide elements and their radiocactive decay daughters.

This subroutine also prints a table containing the data in the library.

FLUXY. -~ This subroutine uses a Taylor series expansion about the
start of a computational interval to estimate: (1) the average flux
during the interval, when the reactor power is given; or (2) the average
power generated by the fuel during the interval, when the neutron flux is
given. Once the flux has been obtained, it is multiplied by the cross
sections to generate first-order rate constants for production and destruc-
tion of nuclides by neutron-induced reactions. The subroutine also con-
structs the disgonal matrix element for each isotope from the negative of
the sum of the disintegration constant, the product of the spectrum-
averaged total absorption cross section times the flux, and the rate
coefficient for other removal processes that are proportional to the
instantaneous concentration (e.g., leakage or first-order chemical
reaction). The diagonal matrix elements are stored in the array D in

labeled common block /EQ/.

DECAY. - This subroutine solves the Bateman equations for nuclides
that occur at the beginning of decay chains and have half-lives that are
short with respect to the time interval for the calculation (time interval
greater than 10 half-lives). The concentrations of the short-lived
nuclides at the end of the interval are contained in the array XNEW,
and the concentrations of any long-lived or stable daughters at the start
of the interval are augmented by the amount that the short-lived precursor
has decayed. The variable XTEMP is used to contain the adjusted initial
concentrations of the long-lived and stable materials. The variables are

stored in labeled common block /3Q/.



TERM. - The subroutine TERM has two principal functions. It con-
structs a reduced coefficient matrix that involves transitions between
only long-lived or stable nuclides. By way of explanation, if a chain
A~ B = C exists, and if isotope B is short-lived while isctopes A and C
are long-lived, a matrix element is cresated for the event A -» C directly
and is entered intc the array AP. The array AP is a local wvariable that
is used in subroutine TERM. The second function of subroutine TERM is to
solve the reduced system of equations that results when the short-lived
nuclides are excluded. The equations are solved by the matrix exponential
method, using an algorithm which involves use of a recursion relation to
generate the matrix exponential function, ag described in Sect. 2.1. The
solution that is obtained for the concentrations of the long-lived and
stable nuclides at the end of the time interval is contained in the array

XIEW,

FQUIL. - Subroutine EQUIL is wused to place short~lived daughters in
secular equilibrium with long-lived parents. The subroutine uses the
Gauss~Seidel succesgive subsgtitution algorithm to solve a set of linear
algebralc equations. The resulting concentrations are contained in the

array XUEW.

@UTPUT. ~ As 1ts name indicates, this subroutine produces tables of
output containing the properties of irradiated materials. ﬁUTPUT has
available to it the array XUEW, which contains the concentrations of the
el as a function of time, and other arrays containing the radiocactive
decay constant, the heat per disintegration, etc. From these, it computes
inventories, radiocactlivities, thermal powers, and other properties of
interest. It prints tables of properties of individual isotopes and of
chemical elements, and prepares summary btables of the most important

contributors.

GAMMA. - This subroutine prepares tables of penetrating radiation
sources in spent fuels, Using the isotopic compositions in the XNEW array,
the photon release data in labeled common block /PHATEN/ , and the neutron
production data in labeled common block /PUT/, GAMMA compiles tables of
multigroup photon release rates and neutron production rates as a function

of time.
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L.2 Description of Card Input to the ORIGEN Program

The first two input cards are read by the subroutine NUDATA. fThese

cards furnish a title for the library of nuclear data, identify the nuclear

data library that is to be read from the tape, provide spectral indices

for the reactor, and select certain options.

A. READ (50, 9011, END = 920) (TiTLE(I), T = 1, 18), NLIBE
9011 FPRMAT (18Ak, 13)

TITLE is a 72-character alphameric title which will be printed as

the heading on the printout of the nuclear library.

NLIBE is an integer that identifies the library to be read from
the tape.
= 1 for HTGR
= 2 for LWR
3 for LMFER
= L for MSBR

B. READ (50, 9001) THERM, RES, ¥AST, ERR, NM@, NDAY, NYR, MPCTAB, INPT,

9001. FHRMAT (LF10.5, 612)

NN - , N . 1 .

THERM® = ratio of the neutron reaction rate for a 7 absorber with
a population of neutrons having a Maxwell-Boltzmann
distribution of energies at absolute temperature, T, to

the reaction rate with ZZOO—m/sec neutrons

T[TO

=/rT I, = 293.16°K

RES = ratio of the resonance flux per unit lethargy to the

thermal neutron flux.

%

THERM, RES, and FAST have meaning only for thermal reactors. For the
IMFBR, the cross sections on the tape are already spectrum averaged,
and THERM, RES, and FAST are equal to 1.0.

IR
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FAST = ratio of flux above 1 MeV to the fraction of the figsion

spectrum above 1 MeV, divided by the thermal neutron flux.
ERR = a truncation error limit which will be considered to be
zero by the code (10’2) recommended ).

WM, NDAY, = month, day, and year when case is run, to help in

NYR identifying output.

MPCTAB = an output option., If MPCTAB = O, the output tables will
include the quantities of alr and water that could be
contamninated to the radicactivity concentration guide
(RCG) values for inhalation and ingestion by each of the

radionuclideg. Otherwise, the tables are omitted.

TNPT = an input option. If INPT = O, the entire nuclear data

library will be read from tape on data set reference No. 7.
If INPT % O, the photon library is read from cazrds on data
set reference No. 50, DNote that the three groups of iso-
topes in the photon library must be separated by blank cards.
(See the FORTRAN listing of subroutine PHOLIB for details.)

IR = an output option. If IR % 0, the code will write out all
the elements of the transition matrix that it constructs
from the nuclear data library. This is a debugging tool,

and IR is usually equal to zero.

\ L.
C. 70 READ (50, 9008, END = 590), MMN, MPUT, N@BLND, INDEX, NTABLE,
MSTAR, NG@, MPRPS, MFEED

9008 FPRMAT (1615)

MMN = number of time intervals during irradiation period =10.

MPAUT = total number of time intervals for irradiation and post-

irradiation periods <10.

NFBLND = number of materials to be blended <10. BEnter O or 1 if

no blending is to be done.
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INDEX = an input indicator. If INDEX = O, PPWER(M) will be read on
a subsequent card. If INDEX = 1, FLUX(M) will be read. If
MMN = O, TNDEX is not used by the code in this step.

NTABRLE = an output indicator. If NTABLE = O, all iscotopes and all times

i

will be given in the output. If NTABLE = 1, only summaries of

most important isotopes will be given.

MSTAR = another output indicator. When summarizing the most important
isotopes, the code eliminates the isotopes whose values are

below some threshold (see card type I) in time period M = MSTAR.

NG@ = an indicator which tells the code whether the calculation will
be continued in a subsequent set of times, or whether a new
calculation will be done. NG < O indicates a new calculation
with new initial conditions using the same nuclear data. A
card of type C will be expected following card K or N. HNCGH = O
indicates a new calculation with a new set of nuclear data.

A card of type A will be expected following card K or N.
NG¢ > 0 indicates the present calculation will be continued.

A card of type ¢, following card X or N, will be expected.
MPR¢S = an indicator for continuous chemical processing option.

MPRES

MPR@S

number of groups of chemical elements processed.

I

1l

O for no chemical processing.

MFEED = continuous feed cption for fluid fuel reactor. MFEED = O for

no continuous feed; >0 for continuoug feed.

D. READ (50, 900k) TITLE
o004 FPRMAT (20AL)

TITLE = a title for the calculation containing up to 80 alphameric

characters.
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Cards of type E or F are included only if MMN is greater than zero.

F
Ma

G.

H.

IF (INDEX,.%Q.0) RFAD (50, 9005) (PYwWeR(M), M = 1, MMN)

9005 FERMAT (10E8.2)

P¢WER(M) = gpecific thermal power of fuel in irradiation periocd M

(MW/unit of fuel). There may be periods of zero power;
however , there may not be two consecutive zero-power
intervals, and the final irradiastion period may not have

Zer0 power.

17 (INDEX.EQ.1) READ (50, 9005) (FLUX(M), M = 1, MMN)

FLUX(M) = thermal-neutron flux in irradiation period M

(neutrons/cmg-sec), or the total neutron flux for a
fast reactor. There may be periods when the flux is
zero during the irradiation period; however, there may
not be two consecutive periods of zero flux, and the

final irradiation period may not have zero flux.

READ (50, 9005) (T(M), M = 1, MpUT)

T(M) = elapsed time since the beginning of the caleculation

(neasured in terms of TUNIT).

READ (50, 9013) BASIS, TCONST, TUNIT

9013 FPRMAT (10AL, F7.0, A3, ¥10.3)

BASIS

TCONST

TUONIT

il

i

I

a UO-character alphameric title that is the unit of fuel
on which the calculation 1is based and that will be printed
out as the basis for the calculation (e.g., "Metric Ton

of Fuel Charged to Reactor™).

a factor to convert the input values of T(M) into seconds
(e.g., TCONST = 3.155E7 if values of T(M) are input in

terms of years).

an alphameric designation for the input units of T(M)

(e.g., "D" for days).
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I. READ (50, 9006) CUTQFF

9006 FERMAT (8E1LO.3)

CUTPFF (MS)

a threshold value for output summary tables. Any isctope
whose value in the time period MSTAR is less than
CUTPFF(MS) will be omitted from the summary table of
property M3.

MS =

1 - g-atom table
2 - gram table
3 - curie table
4 - B+y power table
5 - 7 power table
6 - relative inhalation hazard
7 - relative ingestion hazard
A value of 0.001l is recommended for Tables 1 to 5, and

a value of 1.0 is recommended for Tables 6 and 7.

J. TIF (NPBLND.GT.1) READ (50, 9006) (FACT(N), N = 1, N@BLND)

9006 FYRMAT (8E10.3)

FACT(N) = atom fraction of each material in a calculation for

a blended fuel.

K. 110 READ (50, 9007, END = 200) (INUCL(T), XC¢mp(I), T = 1, 5), NEXT

9007 FPRMAT (5(T6, E9.2), I5)

INUCL

XCPMP

NEXT

nuclide identifier for an isotope in fresh fuel,

= ATOMIC NO. * 10000 + ATOMIC WI * 10 + 15, where IS =0

I

il

I

for ground state, = 1 for excited state.

concentration of nuclide INUCIL in fresh fuel (expressed

as g-atoms per unit of BASIS).

an indicator giving the type of the five isotopes on
the card. Thus all five must be of one type.

1 for isotopes of cladding and structural materials
2 Tor heavy metal isotopes

3 for fission product isotopes

L for elements of cladding and structural materials
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All cards of this type should be followed by a single
blank card. When the program encounters the blank card,
it continues to the next part of the input. If it
encounters a blank INUCL field, it skips the rest of

the information on that card and returns to statement
110.

v
o

The following cards (L and M) are read only if MPR¢S
READ (50, 9011) (PRATE(M), NPPRAS(M), M = 1, MPRES)
9011 FPRMAT (8 (E8.2, 12))

PRATE(M) is a Tirst-order removal constant for chemical processing

. -1
by processing stream M, sec .

N¢PR¢S(M) is the number of elements removed by stream M,

READ (50, 9012) ((NZPRAS(M,N), N = 1, NPPRAS (M)), M = 1, MPRAS)
9012 FPRMAT (201h)

NZPRﬁS(M,N) = gtomic number of element N in processing stream M.

The following card (N) is read only if MFEED > O.
READ (50, 9007, END = 330) (INUCL(I), xC¢MP(I1), T =1, 5), NEXT

XCPMP is the continuous feed rate of isotope INUCL (in g-atoms
per second ver unit of fuel). The unit of fuel is

given by the vdriable BASIS.

INUCTL and NEXT follow the same conventions as described for

cards of type XK.

END OF INITIAL INPUT
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The program will now calculate the isotopic compositions for all
MOUT time periods and write output. After writing output, the program
will either be ready to start a new problem (if NG¢ < 0) or continue the
vresent one (NG¢ > O). In the latter case, the input for the continuation

of the calculation has the form:

0. READ (50, 9008) MMN, MAUT, N@BLND, INDEX, MSUB, MSTAR, NG,
MPRPS, MFEED

MSUB = the time period in the last calculation considered as the
start of the new calculation; alsgo used to indicate that

batch chemical processing occurs if the value is negative.

MFEED = an input indicator for continuocus feed.
= 0, no feed
= >0, continuous feed at the same rate as for the previous

calculation.

All other variables have their former meanings.

This card is followed by cards of type D, E, F, G, and H or H’
(see below) to complete the input for the continued calculation.
This procedure may be repeated as desired. The calculation will

stop whern a blank card is read in place of a card of type C.

When continuing a calculation that was started in a previous set
of time periods, a card of type H may be modified to include cne

additional piece of information.

H’. READ (50, 9013) BASIS, C@NST, TUNIT, TMP

The first three variables have thelr previous meaning, while
the varisble TM@ is the time to which the times read on card type
G are referenced. Thus it is possible to calculate the postirra-
diation properties of a fuel, say, for ten years after discharge
in ten time periods, and then to calculate the properties for ten

subsequent time periods by setting MSUB equal to 10 and TMP equal
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to ten years. The array TIME will have the wvalues 11 through 20,
and the code will calculate the properties for the elapsed time
since the tenth year. Postirradiation properties are calculated

with respect to the time of discharge if TMJ is not given a value.

A negative value for the variasble MSUB indicates that batch
chemical processing is assumed to occur at time T(-MSUB), and that
data giving processing information are reguired to be read. When
MSUE has a negative wvalue, cards of the type P are expected to

follow card H’.

P. 500 RFAD (50, 9003) LEMENT, FREPR{(LEMENT)
9003 FPRMAT (16, LX, £10.3)

The variable LEMENT is the atomic number of a certain chemical
element to be removed, and FREPR¢(LEMENT> is the fraction of the
material that remains after processing. The array FREPRY is ini-
tially set equal to 1.0; thus, if no data are read for an element,
processing does not affect its concentration., Cards of type P are

expected to be read until a blank card is encountered.

This 1s all of the card input that is required to perform a variety
of calculatlons with the ORIGEN ccde. An example of the card input for
a sample case that illustrates many of the features of the code 1s given

below.

4.3 Tnput for Sample Problem

The use of the ORIGEN program is illustrated with the example of a
pressurized water reactor, in which fuel with an initial 235U enrichment
of 3.3 wt % was assumed to be exposed for a period of 1100 days at a
constant average specific power of 30 MW per metric ton of uranium
charged to the core at the start of an equilibrium cycle. The isotovpic
compositions of the Zircaloy cladding and Tnconel spacer grids were
computed, along with the composition of the heavy metal isotopes and

the fission products. The postirradiation properties of the spent fuel
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were calculated for decay times up to 10 years. These results were
followed by a calculation of the properties of the waste that was gen-~
erated when the fuel was reprocessed at a postirradiation time of 150
days and 100% of the Xe and Kr and 99,5% of the uranium and plutonium
were removed. The input required to perform these calculations is given
in Table 4.2. The letters typed in the leftmost column of Table 4.2
correspond to those given in the description of input in the previous

secticon and do not actually appear on the cards.

Card A contains a title for the Llibrary, and the numeral "2" in
column 75 indicates that the LWR library is to be used for the calcula-
tion. Card B does the following things: (1) gives the values 0.632,
0.333. and 2.0 for THERM, RES, and FAST, respectively; (2) indicates
that concentrations lessg than lO"25 g-atom per unit of fuel will be
neglected; (3) supplies the date; and (L) indicates that hazard tables
will be calculated, that the photon library will be read from tape, and
that the matrix that is constructed will not be written out. Card C
indicates that: (1) ten irradiation periods will be calculated, (2) there
will be no blending of fuels, (3) the specific power will be read on card
E, (4) full output tables will be written, (5) the sequence of calculations
will be continued (NGC = 1), and (6) there will be no feed or processing
of fuel. Card D is a title card for this part of the calculation. Card E
indicates that the specific power is constant at 30 MW per unit of fuel
throughout the ten irradiation steps. Card G giveg ten irradiation times
in equal increments of 110 days. Card I designates the unit of fuel as
a metric ton of heavy metal charged to the reactor and indicates that the
unit of time for this part of the calculation is days. Card T gives lower
limits for the summary tables that will be printed during the postirradia-
tion calculations, Cards of type K give the isotopic concentrations of

the cladding and fuel at the start of the irradiation period.

These are all the cards required to perform the first step in the
calculations. The code will compute the isotopic concentrations at the
ten times given on card G and will print tables containing this informa-
tion. When this task 1s completed, the code will read card ¢, which

indicates that: (1) the properties are desired at ten postirradiation
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NUCLEAR DATA LIBRARY FOR REFERENCE PWR 2
0.632 0.333 2,000 1.0E~25 32073 00 0
10 10 0 0 0 0 1 0 0 0
REFERENCE PWR EQUILIBRIUM FUEL CYCLE —~ 3.3 0/0 ENRICHED VU
30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0 30.0
110, 220, 330. L0, 550, 660, 770, 880. 990, 1100,
MT OF HEAVY METAL CHARGED TO REACTOR 86400, D
1.E~3 1.£-3 1.£-3 1.E-3 1.E-3 1.E6 1.E4L
60120 1.5 130270 4.0 140280 ,607 140290 ,034 220460 ,304 1
220470 ,277 220480 2,771 220490 ,204 220500 ,200 2L0500 5,040 1
240520 57,423 240530 6,415 240540 1,574 250550 327 260540 4,037 1
260560 61,018 260570 1.439 260580 ,310 270590 ,915 280580 111,862 1
280600 41,783 280610 1,869 280620 5,645 280640 1,609 400900 1421.,122 1
400910 306.725 400920 462.239 LOO9LO 460,074 400960 72.50 410930 10,258 1
420920 .957 420940 ,532 420950 ,926 420960 ,958 420970 546 1
420980 1,357 421000 ,540 501120 ,321 501140 ,219 501150 .113 1
501160 4,681 501170 2.470 50118 7.729 501190 2.739 501200 10,392 1
501220 1,467 50124 1.823 1
922350 1 LOLE 2922380 4, 062E 3922340 1,13 2
(Blank Card)}
0 10 0 0 10 6 1 0 0 0
REFERENCE PWR EQUILIBRIUM FUEL CYCLE == FUEL DECAY TIMES
10.0 30,0 60,0 90.0 120.0 160.,0 270.0 365.0 1096.0 3652.5
MT OF HEAVY METAL CHARGED TO REACTOR 86400, D
0 10 0 0 -6 L -1 0 0 0
REFERENCE PWR EQUILIBRIUM FUEL CYCLE =~ WASTE DECAY TIMES
1.0 3.0 10,0 30.0 100.0 300.0 1000.0 3000,0 1,0E & 1,0E 5
MT OF HEAVY METAL CHARGED TO REACTOR 3_156£7 Y
36
54
92 0.005
L 0,005
(Blank Card)



times, (2) the initial compositions for the decay calculation are the
discharge compositions from the vrevious calculation (MSUB = 10), (3) the
nuclides whose properties are below the cutoff values in the sixth decay
period will be omitted from the summary tables (MSTAR = 6), and (4) a
third sequence of calculations 1s required when the present set is com-
nleted (NGO = 1), Card D is a title for the postirradiation tables.

Card G contains the ten postirradiation times at which the properties

are desired. Card H gives the unit of Tuel, which must be the same as
designated previously, and the unit of time, which is permitted to change.
At this point, the postirradiation properties are computed and another

set of output tables is printed.

Another card of type ¢ is read, indicating that ten decay periods
will be trealed and that the initial composition for the calculation will
be fuel aged 150 days (after discharge) to which some batch chemical
vrocessing has been done (MSUB = 6). 'The value MSTAR = L indicates that
the summary tables will exclude isotopes whose properties are below the
CUTCOFFs at time period 4, and that, at the end of the present calculation,
a new calculation will be initiated using a different set of initial
compositions and exposure history. Card D is a title for the step in
the sequence of calculations. and card G gives postprocessing times at
which the properties of the remaining isotopes are desired. Card H gives
the wnit of fuel and the unit of time. Cards of type P indicate that all
of the xenon and krypton and 99.5% of the uranium and plutonium have been
removed from the fuel at the time of processing. Part of the output that

results from this set of input data is given in the Appendix.

b W Additional Programming Considerations

The ORIGEN code was designed for use on the IBM 360 Operating System.
It is written in IBM FORTRAN H and is usually compiled using full optimi-
zation on the H-level compiler. For convenience, it employs several IBM

features that are not standsrd,

The normal word length on the IBM 360 Operating System is four hexa-
decimal bytes. In order to decrease storage requirements, a number of

integer variables are defined as INTEGER*2 and several logical variables
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are defined as LﬁGICAL*l. In addition, to preserve accuracy in the
calculations, several variables in subroutines DECAY and TERM are
defined as REAL*8. In other computing systems with longer word lengths,
the lengths of these variables may be changed without affecting the
operation of the code or significantly affecting the accuracy of the
results. However, an increase in the amount of storage that is required

will result,

The numerical techniques that are employed in the code are designed
so that the maximum relative error in the concentration of any single
nuclide that results in one time interval will be less than 0.1%. Tt is
posgible that the relative error in the concentration of a given nuclide
could reach a few percent at the end of a long sequence of calculations
involving dozens of time intervals. However, in most applications, errors
of this magnitude are acceptable and are within the limitations of the
uncertainties in nuclear detz and in the neutron spectrum. In most cases,
the accuracy of the aggregate properties of a spent fuel, such ag the
totsl thermal power or activity level, is limited only by the accuracy
of the nuclear data itself. As more complete experimental information
on the Tission yields and decay schemes of the short-lived fission products
becomes avallable, the code should be able to represent quite accurately

the postirradiation properties of a variety of fuel types.

The magnetic tape supplied to users usually contains two complete
copieg of the FORTRAN listing of the ORIGEN code and of the nuclear data
libraries. The data are contained in 14 files; files 8-14 are duplicates
of files 1-7. The tape is written in card-image form, in EBCDIC, DCB =
(RECFM = FB,LRECL = 80, BLKSTIZE = 3200). Files 1 and 8 coantain the
FORTRAN listing of the code, and files 2-7 and 9-14 contain nuclear data

in the proper format for use by the code.

The code is programmed to read card input on data set reference No.
50, and tape input on No. 7. Output written on the printer refers to
dats set reference No. 51; punched output refers to No. 52. Instructions
built into the code call for it to punch a number of cards on data set
reference No. 52, and a data set definition card for this data =zet must

be included in the job control language. It should normally be dummied out.
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The code requires about 320 k bytes on the IBM/360 system without
OVERLAY. By use of the overlay attribunte of the IBM linkage editor, it
is possible to reduce the REGION used to less than 270 k. The overlay
structure is quite simple, using only one seguwent into which the sub-
routines NUDATA and HALF are placed first; next, PHOLIB, TERM, DECAY,
and EQUIL; and finally, OUTPUT and GAMMA. Normal running time on the

360/91 is about I min for the sample problem contained in the Appendix,

For a number of applications, the program does not have to be
executed with the entire library of light elements, actinides, and
fission products. If, Tor example, the isotopic composition of the
fuel material after a given irradiation history is desired, the light
elements and fission products need not be included in the calculation.
When the IBM/36O operating system is used, these may be omitted by
referencing DUMMY data sets for the first and third files read by
subroutine NUDATA. In this example, the fourth data set to be read

would then be the actinide photon library.

4,5 References Tor Section 4

2Ll

1. D. H. Stoddard, Radiation Properties of Cm Produced for Isotopic
Power Cenerators, DP-939 (1964).

. . 2
2. D. H. Stecddard and E. L. Albenesius, Radiation Properties of 38Pu

Produced for Isotopic Power Generators, DP-38h (19657,

5. GLOSSARY OF WARNTNG AND HRROR MESSAGES

Several potential problems have been anticipated, and the program
contains built-in tests for common errors. Some of the messages issued
by the code under conditions where an error may have occurred are dis-
cussed below. The anticipated error 1s described and, where possible,

remedies for the problem are suggested.

The program MAIN contains the two warning messages: '"MMN or MAUT
EXCEEDS DIMENSIONS," and "MMN SHOUTD NOT HXCXED MPUT." The variables
MMN and MUT have a maximum value of 10, and MPUT must be greater than

or egual to MMN.



The subroutine NUDATA will issue one of several errcr messages
hat are self-explanatory. For example, assume that the number of
isotopes of light elements, actinide elements, fission products, or
total number of isotopes exceeds a dimension, Tn the case of the light
elements, the dimension of the variable ABUND has been exceeded. For
the actinides, the dimensions of the variables FISS, SP¢NF, and ALPHAN
. have been exceeded. In the case of the fission products, only the
dimension of the variable YIELD has been exceeded, If the total number
of nuclides exceeds 800, the dimensions of a large number of arrays
throughout the program would be exceeded and extensive modifications
to the program would be required. One possibility in this case would
be to run the problem in two parts, obtaining the concentrations of the
actinides and fission products in the first calculation, and computing
the properties of the light elements in a second calculation by making
use of the fluxes obtained from the first calculation. It should be
noted that, to obtain concentrations of fission products being produced
from fissions, it is necessary to include both actinides and fission

products in the calculation.

Two additional messages are produced by subroutine NUDATA, These
are: "WARNING, M OUT OF RANGE IN NUDATA," and "N@N HAS EXCEEDED 2500,
EQUAL T0." Either of these messages indicates that, in making modifi-
cations to the library, the user has increased the number of reactions
to cause a dimension to be exceeded., Tn the first message, the subscript
M counts the number of transmutation products that can be produced through
all the competing channels for removal of a nuclide. These were not ex-
pected to exceed 7, and did not do so in the original library. TIf this
condition occurs, the dimensions of the varisbles C@EFF and NPRD will
be exceeded. If these dimensions are to be increased, the EQUIVALENCE
statement at the start of NUDATA must be altered. The alternative would

be to neglect some minor pathway.

The second message indicates that the dimensions of the variables A
and LOC in COMMAN /MATRIX/ have been exceeded. These may be increased,

or the problem may be partitioned as described above,
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Warning messages are also issued by subroutine PH¢L1B if an error is
encountered in the order of the photon release data., These messages are
most likely to be encountered when an addition or deletion is made to the
isotope library (files 1 through 3) without a corresponding change in the

photon library (files % through 6).

Subroutine ELUXﬁ will issue a warning message if the estimated
depletion of the fuel material during a time interval in an irradiation
calculation exceeds 20%. Corrective action is suggested in the message,
This message is frequently generated as the result of an input error in

the fuel compositions or in the time intervals,

Subroutines DECAY and TERM both employ the Bateman equations to
solve the chain equations for short-lived nuclideg, The algorithm that
is adopted anticipates both cyclic chains and the occurrence of two chain
members with nearly equal half-lives. If more than two chain members
have nearly equal half-lives, it is possible that the algorithm might
result in an erronecous negative concentration. A test is bullt into the
program to identify this condition and to provide information helpful
for correcting the problem. Subroutine TERM writes the message: '"BATE
IS NEGATIVE IN THERM. THERE ARE MORE THAN TWO SHORT-LIVED NUCLIDES IN A
CHATN WITH NEARLY EQUAL DIAGONAT ELEMENTS. T, IM, BATE, BATM =", where
L is the sequence number of the nuclide in error, IM is the number of
precursors in the chain in which the error occurred, BATE is the erron-
eous negative contribution that was calculated in the summation for
nuclide L, and BATM is the current value of the sum, The negative value

is not added to the summation, however.

If the problem occurs in subroutine DECAY, the message "L, I, BATE,
XTEM, XTEMP(JL1), AKDJQ =" is written along with the values of these
variasbles. In this instance, L is the sequence number of the nuclide
whose concentration is in error, I is the number of nuclides in the
chain in which the error occurred, the product XTEMP(J1)¥*AKDJQ¥BATE is
the erroneous negative contribution that was calculated in the summation
for nuclide 1L, and XTEM is the current value of the sum giving the con-
centration of nuclide L. Again, the negative contribution to the chain

is not added to the summation since it 1s known to be in error.



If this condition occurs, it is thus possible to identify the nuclide
in error and the chain in which the error occurred. A comparison of the
magnitude of the term in error to the calculated concentration indicates
the relative magnitude of the error involved in neglecting the conbribu-
tion from a particular chain. If the error appears appreciable, it may
be posgible to eliminate the error by changing the size of the time step
for the calculation or by altering the removal constants. This type of
error 1s most likely to occur in a calculation where rapid removal of
many materials at the same rate occurs as, for example, in the calcula-
tilon of the invertory remaining in a tank that is being decontaminated
by treatment in an external purificabtion system. 1f the time interval
for the calculation is large compared with the time required to process
one tank volume through the purification system, the problem may be

encountered. TFor certain problems of this type, the program may not

be suitable. Nevertheless, difficulties should not occur in normal

~

calculations of the properties of discharged solid fuels.

The subroutine EQUIL employs the Gauss~Seidel successgive iteration
technique to calculate the concentrations of short-lived nuclides with
long~lived precursors or with external sources. In calculations involving
isotope buildup and decay in fixed fueleg, this algorithm has been found
to converge very rapidly. However, in systems involving fluid fuels with
recycle, the methed converges slowly, if at all. There is a variable
in subroutine EQUIL that counts the number of iterations and, when 100
iterations are reached without convergence, causes the calculation to
be terminated and the following message to be printed: "GAUSS-SEIDEL
TTERATION DID NOT CONVERGE IN EQUIL.Y
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6. APPENDIX

The following tables show some of the information printed as output
by the ORIGEN code. For brevity, many of the longer tables have been

omitted, and only the summary tables have been included.






Taie A-1, HNucLear Data LiBRARY FOR Rererence PHR CaLcutaTion

FOCLFAR TRANSHUTRTION DATA PEVISED 3/20/773

NOUCL = NUCLIDE = 10000 * ATOMTC ¥C + 10 * MASS NO + ISOMTPTC STATE (0 OR 1) DLAM = DECRY CONSTANT (1/SEC),
PR, TP, Fi, P = FRACTIONAL TFCAY BY BETR, POSTITEON (OR FLRCTRON CADTUPE), ALPHA, TNTFPNAL "BANSI™ION, PB = t - PP - FR =~ PT
¥Bt, FPY, PNC1, FPN2X1 = FEACTIOR OF BETR, POSITRON, N-GAMME, N-2¥ TRANSTTTONS TO FXCTTED STLTT OF DRODUCT NUCLIDE
STGTH, SIG¥G, SIGF, SIGNR, STGNP = THERMAL CROSS SECTTIONS (BARNS) FO®R ABSOPPTTON, N-GAMMA, FTSSIOY, ¥-ALPHA, N-DPOTON,

STGNG = SIGTH * (1 - FNR -FNP), STIGNA = SIGTH * FHR, SIGND = STGTH * NP, TFNR, PND = FRACTIOY THERMAL W-~ALPHR, N-PPOTON,
RTTH, RTNG, ®IF¥, PTNR, PTNP = RPSONPWCE THTEGRAL FOR ABSORPTION, N<~GRMMA, PISSTON, N-AIDPHR, N-DFROTON,

PING = RITH * (1 ~ PINA = FT¥P), PINA = RITH * FTN3, RINP = PITH * PTNP, FINA, FTNP = FRACTTON TFSONANCE N-AITH}, N-DROTON,
SIGHEY, SIGF?, SICH2K, STGWAF, SIGNPF = ¥2ST CPOSS SPCTTONS (BARNS) FO® ABSOPP™TON, FTSSTON, N-2F, N-21PHE, N-DROTOW,

STGN2N = STGMEV % (1 -~ PPE: - FENP), STGNAF = SIGMEV # FFNA, STGNDF = SIGMRY * PFND, FFNR, FPNP = FPACTTON FAS™ N-RIDHR,
Y23, ¥25, Y02, Y28, Y49 = PISSTON YIFLD (PEPCENT) TROM 2339, 235-0, 232-7H, 238-U, 23%- DU,
Q = HELT PER DISINTRGRATION., TG = FRACTIOR OF HEAT™ TN GRMMAS OF ENERGY GREATE® THAN 0,2 MEV,

EFFRFCTIVE CROSS SECTTIONS FOR R VOLUME AVERAGED THEPHAL (LT 0,876 FV) FLUX 3R? 2S FOLLOWS.

¥-GAMMR - SIGNG * THER® + RING * RES,

FISSIOK - STGF * THERM + RIP * RFS + SIGFF * FAST, THERM = 1/V COPRECTIOF FTOP THEERMAL SPECTRUM RRD TEMPTPATUPE,
N=-2¥% ~ SIGNZ¥ * FAST. RES = RATTC OF RESOWANWCE PLTX PEP LETHARGY UNIT T0 THFRONAL
W~ALPHR - SIGNA * THERM + RINX * PRS + STIGNRF * FRST, FAST = 1,45 % FPATIO OF PAST {GT 1.0 MEV} TO THERMAL PIOX

N~PROTOHN - SIGHP * TEERK + ETINP * FFS + SIGNPF % FAST,

REFERENCES

HML® LIVES, DECAY SCHEMES, A¥D TRERKAL POWER
¥ LEDEREF, J M HOLLAWDER, AND T PERLMAN 'TABLF OF TSCTOPES - STXTR EDI'MTON' JCHY RILEY ARD SON¥S, THC (1967T)

S DZERLFPOV END 1 K PEKER 'DECRY SCHEMES OF PADICACTIVE NUCLET! PEPGAMMCR PPFSS (1961}
T GOLD®AN AND JAMES ® POSSER *'CEAPT OF THY NUCLIDESY NINTR EDITION GERERAL ELECTRIC CO {JULY 1965}
D RRNOLD !PROGRRAM SPECTRA! APPENDTX 2 OF ORNL-3576 (RPPIL 1964}
CP0SS SECTIONS AND FLUX SPECTPR

PPTNCE 'REUTRON PEACTION PATES TN THF WSRE SPECTPUMY OFNI-0119, PP 79-83 (JULY 1967)

PRINCE 'NEUTRON ENERGY SPECTFA THN MSPE BWD MSEPY OPRL-0191, PP 50-58 (DEC 1967)

GOLDBEPG ET A1 'NROTRON CROSS SECTIONSY BN1L-325, SPCCED %D, SUPP XO 2 (MEY 1964 - AUG 1966) LSO RAPLIE® EDITIONS
KFPR, UNPUBLISHED EPC COMPILATION (FEB 1968)

; DRAKE 'R COMPILATION OF RPSONANCE INTRGRALS' NUCLECNICS, VOL 24, %0 8, oP 10B-111 {RUG 1966)

BNWL STAFF 'INVESTIGATION OF X-2N CEOSS SRCTIORS' BWHC-9B8, PP 8U-98 (JUNE 1965)

fi ALTER 38D C E WFBTR 'PRODUCTIOX OF H EFD HE TN METALS DURING PRACTOPR TRRADIATION! J NUCL MATLS, VOL 16, PP 68-73 (1965)
1 L BERRETT ?'PERECOMMENDED FISSION PRODUCT CHRINS FOR USE IN FERCTOR EVALURTION STUDIES?! OPNL-TH-1658 (SEPT 1966)

FISSION PRODBCT YTIELDS

o0

s o
P N e

NeD

FLUX.

¥ F MEFK R¥D B P RYDEF, 'SUMMBRY OF PISSTON PRODOCT YIPLDS FOP B-235, U-238, PU-239, 2ND PU-281 2T THERMAL, FYSSINW SPFCTPUX AND

14 WEY KRUTRON ENERGTES' APED-5388~A(BEV.), {0CT. 1968)
S KATCOFF * PISSYION PRODUCTYIELDS FFON NPUTPOX TNDUCED FISSION! NUCLPONTICS, VOL 18, KO 11, (NOV 1960)
N D DUDEY ' PEVIEW OF LOW-MASS ATOM PRODUCTTON TN FAST REACTORS' ANL-7434, (ADRIL 1968)
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Tale A-1 (convINueD)

ACTIWIDES AND THEI® DAUGHTERS

NUTL DLAM FB1 Fp PP Y Fa FSF 746 SIGNG F¥G21 SIGF SIGH2WN SIGH3N o]
P3234  2.85F-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.533
7232 3.05E-10 0.0 0.0 0.0 0.0 1,000 0.0 1.437 02 0.0 1,55 02 5.20%-03 6.00F-05 5,414
T233 1.36F-13 0.0 0.0 0.0 0.0 1.000 0.0 7.99F 01 0.0 5.80F 02 6.608-03 1.26E-0% 14,910
9235 B8.89z-14 0.0 0.0 0.0 0,0 1.000 0.0 2,8%E 02 0.0 3.86F 00 1.,44E-02 E.807-05 L.8S6
U235 3.09%-17 0.0 0.0 0.0 0.2 1.000 0.0 1.0%F 02 0.0 5, 09F 02 3.00®-02 9.40%-05 04,6819
U236 9.19E-16 0.0 0.0 0.0 0.9 1.000 0,0 7.37¢2 0% 0.0 3.24E 00 %.30u-02 t.50%-0L 3,573
0237 1.19%-06 C.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3,76F 00 0.0 0.0 9, 112
U238 4,87F-18 0,0 0.0 0.0 0.0 1.000 0.0 B.35% 00 0.0 5. 98E~-01 3.00%-02 3,007-04 4,268
¥239 4.92E-0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,100
8240 1.37E-05 1,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 042711
¥P23€6 8.758-06 0.0 0.430 0.0 0.0 2.0 0.0 0.0 0.0 3.54F 00 0.0 0.0 0.4786
WP237 1.03F-14 0.0 0.0 0.0 0.0 1.000 0.0 3.59% 92 0.0 2.45F 00 2.60%-03 1,907-0% 4,956
%P238 3.82F-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.01F 03 0.0 0.0 0.839
¥2239 3.41F-9¢ 0.0 0.0 0.0 0.0 0.0 0.0 1.76F 02 0.0 0.0 0.0 0.0 0,228
KP240M 1,58E-03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1. 065
¥P240 1.83R-0% 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 280
PU236 7.718-09 0.0 0.0 0.0 0.0 1.000 0.0 0.0 0.0 1. 07F 02 0.0 0.0 £.870
PU238 2.47F-10 0.0 0.0 0.0 0.0 1.000 0.0 3.66F 02 0.0 1. 947 01 5,208-03 6,007-0% 65.587
PU239 9,00E-13 0.0 0.0 0.0 0.0 1.000 0.0 4,837 02 0.0 1.06F 03 1.00¥-02 1,16E-04 5,243
PU24C 3,2BE-12 0.0 0.0 0.0 0.0 1.000 0.0 8.97F 02 0.0 2.467 D0 7.00E-03 7.00¥-05 5.25%
pg24%  1,50F-09 0.0 0.0 0.0 0.0 0.000 0.0 3.94F 02 0.0 1, 11F 03 1.58E-02 1.58®%-04 0.007
PU242 5.8B0E-14 0.0 0.0 0.0 0.0 1.000 5.3 4.38F 02 0.0 2.22%-01 1.488-02 1.48P-04 8,980
PU243  3,87B-05 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.58F 00 0.0 0.0 0,239
PU244  2.65F-16 0.0 0.0 0.0 0.0 0.999 1260.0 1.07% 00 0.0 0.0 0.0 0.0 u,6890
PU245  1,82F-0%5 0.9 0.0 0.0 0.0 0.0 .0 1.75% 02 0.0 0.0 0.0 0.0 0. 4008
EM281 5,07E-%1% 0.0 0.0 0.0 0.0 1.000 0.0 1.30% 93 0.162 4,187 00 1.00F-03 1,00E-05 5.630
RM2U2M 1.452-10 0.0 0.0 0.0 1.000 0.0 0.0 1.26% 03 0.0 3.80F 03 3.70P-02 3.802-04 0,008
AM242 1.20F-05 0.9 0. 180 0.0 0.0 0.0 0.0 6.0 0.0 1.83% 03 3.,70¥-02 3.807-0& 0.225
AM243 2.87F-12 0.0 c.0 0.0 0.0 1.000 0.0 5.657 02 0.0 7.88F-01 0.0 0.0 6. 158
AM244  4,4uF-08 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.85% 03 0.0 0.0 1.25¢€
AmM245 9,30°7-05 0.0 0.0 0.0 0.0 e.0 0.9 0.0 0.0 0.0 0.0 0.0 0.313
CM2u2  4.92%-08 0.0 0.0 0.9 0.9 1.000 D.1 1,90 01 0.0 3.16F 00 0.0 0.0 6,217
CH243 6.86E-10 0.0 0.0 0.0 0.0 1.000 0.0 2.93F 02 0.0 9.95F 02 1.00E-02 31.00%"-04 £.201
CcM244  1,21E-09 0.0 .0 0.0 0.0 1.000 1.3 2,237 02 0.0 L,92E 00 0.0 0.0 5,902
Cr245 2,66E-12 0.0 0.0 0.0 G.0 1.000 0.0 2,57% 02 0.0 1,878 03 0.0 0.0 5. 295
CM246 4,66F-12 0.0 0,0 0.0 0.0 1.000 262,90 4,117 01 0.0 0.0 0.0 0.0 5.536
CK247 1, 34p-15 0.0 0.0 0.0 0.0 1.000 0.0 2,082 02 0.0 4,297 ¢2 0.0 0.0 5.390
CM248 6.2UF-16 0.0 0.0 0.¢ 0.0 0.917 83300.0 5.89F 01 0.0 0.0 0.0 0.¢C 21.51%0
CcHM249 1,80F-0u 0.0 0.0 0.0 0.0 0.0 0.0 1.77FE 00 0.0 3.16F 01 0.0 0.0 0,300
CH250 1.26F-12 0.0 0.0 0.0 0.0 0.0 100000,0 1.26F% 00 0.0 0.0 0.0 0.0 195.000
BK249 2.55%-08 0.0 0.0 0.0 0.0 0.000 0.0 1.33% 03 0.0 0.0 0.0 0.0 0.042
BK250 5,98E-05 0.0 0.0 0.0 0.0 0.0 0.0 2,2%F 02 0.0 1.90F 03 0.0 0.0 1. 507
CF289 6.24F-%1 0.0 0.0 0.0 0.0 1.000 0.0 2.85F 02 0.0 2.08% 03 0.0 0.0 6.637
CF250 1,68¥-09 0.0 0.0 0.0 0.0 0.992 793,0 5.06F 03 0.0 0.0 0.0 3.0 6.290
C¥F251 2,4LF-11 0.0 0.0 0.0 6.0 1. 000 0.0 2,33E 03 0.0 L. 178 93 0.0 0.0 6.039
CF252 8.30F-09 0.0 0.0 0.0 G.0 0.969 31000.0 2.72% 0% 0.0 5.,69F 01 0.0 0.0 12.260
CF253 &4,50F-07 0.0 0.0 0.0 0.0 0,003 0.0 7.96E 00 0.0 8.,22% 02 0.0 0.9 0,109
CF255 1.33B-07 0.0 0.0 0.0 0.0 0.003 996900.0 5.81F 02 0.0 t.0 0.0 0.0 194, 400
£5253 3,87%-07 0.0 0.0 0.0 0.0 1.000 0.0 2,18F 02 0.0 0.0 0.0 0.0 6,787
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Taste A-1 (conTINUED)

FISSTON PRODUCTS

¥ucL DLAY FB1 P P T STGNG FNG? Y23 125 Y02 Y28 Y49 Q
# 3 1,797-09 0.0 0.0 0.0 0.0 0.0 0.0 1.10P-02 1.30¥-62 8,00F-03 2,00%-02 2,50F7-02 0.006
Z¥ 72 4, 14F-0€ 0,0 .0 0.0 0.0 0.0 G.0 2.00E-04 1,60¥~05 3,30m-08 1,01%-05 1.20FE~-04L 0,225
GE 72 1.37E-05 0,0 0.0 0.0 0.0 0.0 0,0 0.0 2.0 8.0 0,0 0.0 3,601
GF 72 0.0 0.0 0.0 0.0 6.0 6.19% 00 0.0 0.0 0.0 0.0 6.0 e.0 6.0
GL 73 3.93E-05 0.0 0.¢ 0.0 0.0 0.0 0.0 6.00F=-Dl 1, 10F=-04 4,50F-04 5,05F-05 2,00F-04 1.006
GF 73 0.0 0.0 0.0 0.0 0.0 8,858 00 0.0 0.0 0.0 0.0 0.0 2.0 0.0
GR 74 1,U5F-03 0.0 0,0 0.0 0.0 0.0 0,0 1.00P~03 3.507-08 2,50E-03 1,01%-04 8,007-0u 2,010
GE ¢ 0,0 0.0 0.0 0.0 0.0 2,848-01 0,440 0.0 0.0 0.0 0.0 2.9 0.0
GR 75 5,78F-03 0.960 8.0 0.0 0.0 0,0 0.6 3.00F-03 8.00F-04 5.00F-03 3,03E-08 8,00F-04 1,472
GE 73X 1,44F=-02 0.0 0.9 G.0 1.060 0,0 G, C 0.0 0.0 0.0 t.0 6.0 0,120
GF 75 1,41F-04 0.0 9.0 0.0 0.0 2,88% 00 C.0C 0.0 0.0 0.0 0.0 0.0 C.468
A5 7% 0.0 0.0 0.0 0.0 2.0 1.82E 01 0.0 1.50¥-05 4.00F-06 2.50F-05 0.0 4,00F8-06 0.0
GE 76 2.17E-02 0.0 0,0 0.0 0.0 0.0 0.0 5,007-03 2,50%-03 1.30E~02 9,80®-04 3,008-03 3,289
GE 7¢ 0.C 0.0 0.0 0.0 0.0 2.778-01 0,100 0,0 0.0 Q.0 ¢.Q Q.0 0.0
2SS 7€ T.278-08 C.0 C.D 0,0 0.0 ¢.0 0.0 0.0 9.0 0.0 0.0 0.0 2.327
g 76 0.0 0.0 0.0 0.0 0.0 5,378 01 0,260 0.0 0.0 0.0 0,0 0.0 0.0
GE 774 1.28%-02 0.0 0.0 3.0 0,240 0.¢ 0.0 1.30F-02 6,70F-03 1,40E-02 3,94F-03 8,10F-03 1.09%
BE 77 1.707-05 0,0 0.9 0,0 0.0 0.0 0.0 8,0CE-03 1,60E-03 6£.007-03 1,01F-0% 1,907-03 1,724
28 77 4,98F-05 €,003 0.¢ 0.0 0.0 C.¢ ¢.500 0,0 G0 2.0 2.0 0.0 0.280
SE 778 3.967-02 C.0 .0 0.0 1.000 0.0 0.0 0.0 6.0 0.C 0.0 0.0 0.161
€2 77 0.0 .0 C.0 0.8 0.0 3,628 01 0,0 0.0 0.0 3.0 0.C 0.0 0.0
GE 78 1.31E-0& 0,0 0.0 8.2 0.0 ¢.0 6. G €. 00E-02 2.00F-02 1,00E~-01 1.31¥-02 2,507-02 ¢, 500
AS 78 1,93E-03 0,0 L. 0 0.0 1.000 0.0 G.C .0 0.0 0,0 .0 C.0 0.0
38 78 1,27F-04 0,0 0.0 0.0 0.0 0.0 0.C ¢.0 Q.0 0.0 1.01®=-03 0.0 2.343
SE 78 0.0 0.0 0.0 0.0 0.0 2,72%-01 0.880 0.0 0.0 0.0 0,0 0.0 0.0
33 79 1.28%-03 1,000 0.0 6.0 0.0 0.0 0.0 1.00E-01 5,60F-02 1,808-01 4, 12¥-02 L,00%-02 0.031
SE 794 2.96E-03 £.0 0.0 6.0 1,000 0.0 0.9 0.0 0.0 0.0 0.0 0.0 0.096
S® 79 3,328¥-13 0.0 0.0 6.0 0.0 3.05% £0 ¢.0 0.0 0.0 0.0 ¢.¢ G.C C.06%
B® 79 0,0 0.0 0.0 6.0 .0 STBR 01 0,288 2.008-08 5,00%-06 3,00%-05 0,0 4.007~06 C.0
25 80 4.53P-02 0,0 0.0 0.0 0.0 0.0 0.0 2,008-01 1,00P-01 3.30E-01 0.0 T.00F-GZ 2.332
SE 80 0.0 0.0 0.0 0,0 0.0 6.,62F-01 0,130 0.0 6.0 0.0 0.0 0.0 3.0
BP 804 &,40F-05 ¢.0 0.0 8.0 1. 200 0.0 0.0 3,907-04% 1.00BE-05 5,00%=-04 0.0 7.007-06 0,086
BP 80 6,56F-04 0.0 0.080 0.0 C.0 0.0 0.0 0.0 0.0 0.0 8,79P-02 ¢.0 0.837
KP 8C 0,0 0.0 0.0 ¢.0 0.0 3.328 02 0,580 0.0 0.0 0.0 .0 0.0 c. 0
X5 81 2,108-02 1.000 0.0 0.0 0.0 0.0 0.0 2.40E-02 8.80%-03 3,80%-02 1,62%-01 7,007-03 1,670
SF 81M 2,03E-0L4 0.0 6.0 0.9 1.000 0.¢C 0.0 0.0 0.0 0.0 0.0 2.0 0,403
SE 81 €.21F-0% 0,0 0.0 0.0 0.0 0.0 0.0 U, 00E-01 1.32E-01 S.60%=01 0.0 1. 10F=-01 0.552
BR 81 0.0 .0 0.0 0.0 0.0 2,23F 01 0.920 .0 0.0 3.0 0.0 0.0 9,0
KP B4 5.33E-02 0.0 0.0 0.0 1000 0.0 0.0 2.0 0.0 0.0 0.0 6.0 0.190
KP 81 0.0 0.0 0.0 0.0 0.0 0.0 t.0 0.0 8.0 Ga 0 .0 Ge 0.0
SE 82 (.0 0.0 0.0 0.0 ¢.0 1.268 00 0.930 6.90E-01 3.207-01 1,307 00 2,638-0%1 2.007-01 0.0
8% 82¥ 1,8%9F-03 0,0 .0 0.0 1. 000 0.0 0.0 1. 10F=03 8,00E-05 1.00F=-08 0,0 3,007-0% 0,047
BF 82 5.85P-06 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 9.0 2,777
KR 82 0.0 0.0 0.0 0.0 .0 3.378 01 0,067 0.0 0.0 2.0 0.0 ¢.0 0.0
SE 831 %.90E-03 0.0 0.0 0.0 0.0 0,0 0.0 5,00P-01 2,90F~01 1.08% 00 €.0 4.807-02 2.712
SF 83 L,B2F-0L 0.0 0.0 .0 0.0 0.0 0.0 3.70F-01 2.208-01 8.208~01 4,08%-01 3,60F-02 2,882
BF 83 7.992-05 1,000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 G.0 0.0 0.394
K® 83M 1,04F-08 0.0 0.0 .0 1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0L2
KP 83 0.0 6.0 0.0 Q.0 0.0 1927 02 0,0 3.00%~01 3.,40¥-02 9,00®-02 5.0 2.057=01 0.0
SE 8¢ 3.50%-03 0.0 0.0 0.0 0.0 0,0 0.0 1.79F 00 9.20%-01 3.36F 60 8,48F-01 4,30F-01 1,280
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Tapte A-1 (conTINUED)

FISSTON PRODUCTS
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TapLe A-1 (conTinuen?

FISSTON PRODUCTS

¥ucCL DLAM FB1 FP FP1 T ST FYG1 123 Y25 ¥02 Y28 yuo Q
SN131 3.40E-03 0.0 0.0 0.0 0.0 0.0 0.0 2.90% 00 2.93F 00 1.20E 00 1.92F 00 3.78F 00 2.000C
$SB131 5.02F-04 0.150 0.0 0.0 0.0 0.0 0.500 0.0 0.0 0.0 1. 117 0O 0.0 1.599
TE131m 6.82F-06 0.0 .0 0.0 0. 180 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,394
TP131 4.627-04 0,0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2,02%-01 0,0 1.277

T13t 9.978-07 0.008 0.0 0.0 0.0 3,11 00 0.0 0.0 0.0 0.0 0.0 0.0 . 589
XE131% 6.80F-07 0.0 0.0 8.0 1.000 0.0 ¢.0 0.0 0.0 0.0 0.0 2.0 0.328
¥E131 0.C 0.0 0.0 0.0 0.0 3,408 02 0.0 4,90E-01 0,0 4.20E~C1 0.0 0.0 0.0
$N132 5.25E-03 0.0 0.0 0.0 0.0 0.0 0.0 8,80% 00 4,247 00 2,772 00 2.42EF 00 5.10F 00 2.000
SBI32M 1.548-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3. 360
SB132 5.30E-03 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0 1.62E 00 0.0 3,360
TE132 2.47=-06 0.0 0.0 0.0 0.0 0.0 0.500 0.0 0.0 6.0 4,047-01 0,0 0.383

7132 8.37E-05 0.0 0.0 0.0 0.0 0,0 0.0 1, 407~01 1.408-01 1,00E-01 3.03F~01 1.60E-01 2.907
XE132 0.0 0.0 0.0 0.0 0.0 9, 46F-01 0.080 0.0 0.0 0.0 0.0 6.0 0.0
SE133 2.752-03 0.720 0.0 0.0 0.0 6.0 0.0 3,387 00 3,.87F 00 2.46E 00 &,54% 00 4,08F 00 2,760
TE133n 2,31F-084 0.0 0.0 €.0 0.130 0,0 0.0 1.96% 00 2.26F 00 1.42F 00 0.0 2.348F 00 3.038
TRP133  9.248-04 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1. 018 00 0.0 2. 738

7133 9.17r-06 0.02¢ 0.0 0.0 0.0 0.0 0.0 4,40F-01 5.008-01 3,20F-01 0.0 1.53F-01 t.177
XE133% 3.55F-06 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.466
XE133  1.527-06 (.0 0.0 0.0 0,0 1.51F 02 0.0 0.0 0.0 0.0 2.0 0.0 0,264
€s133 0.¢ 0.0 0.0 0.0 0.0 1.738 02 0.085 0.0 0.0 0.0 0,0 0.0 0.0
SB134 L4,62P-01 0.0 0.0 0.0 0.0 c.0 0.0 S.097 00 6,90% 00 4,60% 00 3,74F 00 6,397 00 3,878
TR138 2,75R-08 0.0 0.0 6.0 0.0 6.32F-02 0.0 ¢.¢C 0.0 0.0 2,427 00 0.0 2.80¢C

T138 2,.19E-04 0.0 0.0 0.0 t.0 0.0 0.0 6.608-01 5.00F~-01 6.,008-01 5.058~01 8,30E-01 3,161
XF138 0.0 0.0 0.0 6.0 0.0 7.27E-01 0,960 1.90E-01 2,60E-01 1,70F-01 0,0 2.80E~-01 0.0
CS134% 6.64%-05 0.0 0.0 0.0 0.990 1.64% 00 0.500 0.0 0.0 0.0 0.0 0.0 0.291
Cs13t 1.07F-08 0.0 0.0 0.0 0.0 1,678 02 0.500 C.0 0.0 0.0 0.0 0.0 1,787
BAI38 0.0 0.0 0.0 0.0 0.0 6.328-01 0.160 0.0 0,0 0.0 0.0 0.0 0.0
TE135 2.397-02 0.0 0.0 0.0 0.0 2.0 0.0 5,05% 00 6,097 00 4,50F 00 3.10% 00 5,.7C% 00 2.630

T135 2.,87E-05 0.300 0.0 6.0 0.0 0.0 0,0 0.0 6.0 0.0 1. 418 00 0.0 2, 112
XF13548 7.818-04 0.0 0.0 0.0 1.000 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.527
¥F13% 2,098-05 0.0 0.0 0.0 0.0 2,288 06 0.0 1. 117 00 3.208-01 1,00F 00 1.01E=-01 1,47F 00 0.567
CS135¥% 2. 18F~C4 0.0 0.0 0.0 1. 000 0,0 0.0 .0 0.0 0.0 0.0 ¢.0 1.621
€s135 7.32r-15 0.0 0.0 0.0 0.8 3.23% 01 0.0 0.0 0.0 0.0 0.0 0.0 0.082
BA135# 6.71R-06 C,0 0.0 0.0 1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.054
BE135 0.0 0.0 0.0 0.0 0.0 3.16E 00 0.0 g.¢ 0.0 0.0 0.0 0.0 .0

T136 8.35P-03 0.0 0.0 0.0 0.0 0.0 0.0 1,807 00 3.%0F 00 2,71F 00 0.0 2. 107 00 4,527
XE136 0.0 0.0 0.0 0.0 0.0 1.78E=01 0.0 4. B3E 00 3.36F 00 2,94%E 00 5.96F 00 b4,53F 00 0.0
C5136 6.17E-07 0.0 0.0 0.0 0.0 0.0 0.0 1.208-01 6.B80E-03 1,00P-01 3.33%-02 1.10F-01 2.317
B2136 0.0 0.0 0.0 0.0 0.0 4,582 00 0,050 0.0 0.0 0.0 0.0 0.0 0.0

T137 3,01B-02 0.0 0.0 0.0 0.0 0.0 0.0 6.L2F 00 6.,00% 00 6,18% 00 0.0 6.047% 00 0,178
XE137 2.96%-03 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 6.26% 00 0.0 2. 057
€S137 7.328-10 0.935 0.¢C 0.0 0.0 1.692-01 0.0 1,60E-01 1.50F-01 1,50E-01 1.01E-01 1,.60F-01 0.276
82137M 4,53E-03 0.0 0.0 0.0 1,000 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.663
B2137 0.0 0.0 0.0 0.0 c.0 3.89% 00 0.0 0.0 0.0 0.0 .0 0.0 G.0

T138 1.172-01 0.0 0.0 ¢.0 0.0 0.0 0.0 €.31F 00 5.74F% 00 €,60FE 00 0,0 €.317 00 4,319
XE138 6.B0E-03 0.0 .0 6.0 0.0 .0 C.0 0.0 0.0 0.0 S.56% 00 C.0 1,416
c8138 3.59E-04 0.0 0.0 .0 C.0 0.0 0.0 0.0 0.0 0.0 5.058-01 C.0 3.227
BR138 0.0 0.0 0.0 0.0 0.0 5,548-01 0.0 6.0 0.0 0,0 0.0 N.0 0.¢

T13% 3.479-01 0.0 0.0 0.0 0.0 0.0 0.0 5.32F% 00 5,40% 0C 5,69F 00 0.0 4.88F 00 2.000
XE139 1.61E-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.85% 00 0.0 2.730
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Tase A-3, 1s0ToPIc CONCENTRATIONS (G-ATOWMETRIC Ton OF U) OF CLADDING AND STRUCTURAL MATERIALS AS A FUNCTION OF

[RRADIATION T1ME (DAYS)

REPERENCE PWR FQUILIBPTUM FUEL CYCLE -- 3.3 0/0 FNRICHRD ¥

DOREP= 30.00%%, BURNUP= 33000.MWD, FLUX= 2,927 13N/CMe*2-SFC

PO SOV OMD AN W T WN -

i b b b o b w3
Bw e W =

[T N T o ]
PR N JVo JVo e . NS o e INE, |

WWWWWRRNRNNIONDRORONNDNRNR
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DDA LWNDIOE OO

NUCLTDE CONCENT®PRTTONS, GPAM ATOMS
BYEYS = MT OF BTEVY METAL CHARGED TO PFACTOR

110. D 220. D 330. D 540, D 550, D §60. D 770. D
7.189-03 4.43¥-02 2,16E-02 2,91%-02 3,69%-02 &4,49E-02 5,3U4F-02
2.32F=-07 9.30F-07 2,i2E-06 3.,85E-06 6.719F-06 9,21F-06 1,30F-05
5.54%-13 4,25F-12 1,L0B-%1 3,30%-1% €E,U45B-1% 1,12E-10 1.BO0F-10
2.11E~-33 2.97F-32 1.36%-31 3.937-3% B8,93F-3%1 1,78%-30 3.052-30
2.03E-15 2,72F-15 1,178-13 3.22F-33 £.90E-%3 4. 27F-12 Z,10E-1%2
S, L0R-04 1,08F-03 1.628-03 2,38F-03 2.76%-03 3,36E-03 3I,98F-33
2.49%-18 L4,99F-18 7.69F-18 §,07E-17 1.80E-%17 1.78E-17 2.20E-1%7
9,58P-12 3,63F-1% 7.85E-11 1,35F-10 2,06%-1C 2.90E-10 3.87P-10
8.09%-21 1,14¥-19 5,20E-19 1.51F-18 3,U3E-18 6.68F-18 11,1717
6.54F-33 9,96F-32 4,27E-3%1 1.28E-30 3.01®-30 £.09¥-30 1, 11E-29
1,89%-33 3,49F-33 4.918-33 §,82F-33 B8,96E-33 1, 14B-32 1,41E-32
3.391F-07 6.62F-07 1.008-06 1.35%-06 1.71P-06 2.08E-C6 2.LBF-06
1.792-42 7,96F-12 4.63F-11 2,97F-11 4,77®-11 7,10E-11 1, 00F-10
0.0 0.0 6.0 0.0 0.0 0.0 0.0
L, 178~20 2.85F~19 §£.,38E-19 4,74¥-18 3,03E-18 4,70E-18 6.77E-18
u,43F-28 7,69%-23 3.662-22 1,19P-2%1 3,02P-2% 6,55E-21 1,27E-20
1.057-38 1.68F-37 E.83F-37 2.96F-36 T.80E-36 1,76E-35 3.567-35
1.50F 00 1.50F 00 1.50F 00 ,50® 00 1.,S0F 00 1.50® ¢C 1,50E 00
1.03F=06 2,058-05 3,10%-06 &,18¥-06 S,30%-06 6.867-06 7,67F-06
7.458-14 2.86%-33 B6,53E-33 1.19E-12 1,91F-12 2.84E-12 U4,00F-12
0.0 0.0 0.0 0.0C 0.0 0.0 0.0

8.68E-99 6,95F-18 2.3€6F-%7 S5,66E~17 1.12®R-16 1,98F-16 3,22F-16
2.53F-24 4,05%~23 2,09¥-22 4,81E-22 1.73F-21 3,75%-21 7,2BF-2%
2.0¢P-35 3,35F-3% 1.78%-33 6.07P-3% 1,633-32 3,70E-32 7,76E-32
0.0 2.09%8-35 3.56%-34 2.14E-33 8,23F-33 2,45P-32 6.79E-32
9.0 1,06P-25 1.25B-24 4,539-24 1,2%E-23 2,70F-23 5.39F-23

2,978-%6 2,39%-15 B.24EB-15 2,02¥-1% 4, 91E-1L  7,L6F-14 1,25F-13
6.06F-29 3.26E-28 1,158-27 2.99%¥-27 6,12%-27 1.16%-26 2.02F-26
2.31F-24 3,70%-23 1.938-22 6,37F-22 1.€5%-2% 3,68E-21 7,25F-21
3.538-26 1.42F-25 3,30E-25 &.18F-25 1,03®-20 3.59F-24 2, 3UF-24
7.06%=27 6,656F-20 3.95E-19 4,77F-10 9,72%-19 1.76F-18 2.96F-18
5,6LF-13 1.86F-12 L,26E-12 T7,7uE=2 1,2LEB-17 1,85%-11  2,61E-11
9,18%-13 3.68F-12 8.398-32 1,52F-i1 2.45F-11 3,62¥-11 5,14F-17
B,96%-19 1,79¥-18 2,77E-16 3,84F-18 5,05F-18 6,4%E-18 7.93F-18
0.0 0.0 C.C C.0 0.9 0.0 0.0

7.85E-14 3,%4P-13 7F.17%-13 3,30E-12 2,097-12 3.12F-12 L,40F-12
1.08F-08 1.08F-908 1.97E-08 9¥,90E-08 %.33F-08 9, 18F-0€ 9,23F-08
1.96%-18 3,93F-18 6.06E-18 B.41E-18 1. 11F=-17 1,802-57 1,74%-17
1,26F=-06 2.547-06 3,BUE-06 5.17E-C6 6.56E~-06 B8,.00F-08 9.51F-06
2.20F-07 L.U1F-07 6.566E-07 8,97F-07 1,i4F~06 1.397-06 1.65F-06
1.07E-07 2.,13P-C7 3.228-07 4,35F-07 5.518-07 &,73F-07 7.99E-07
§,26E-10 5,27F-40 5.37P-10 5.58%-10 S.78®-30 5,97F-130 6,22F-10
4.00F 00 4.00F 00 &,00F 00 4,00 00 4,00® 00 4,00® D0 4,007 00
2,32%8-09 4.32¥-00 4,41E-09 4,548-09 0,71®-09 U,90¥-09 5,11F-09
2.71E-12 2.74F-12 2.77P-42 2,85F7-32 2.96P-12 3.08F-12 3.21E-12
6£.07F-01 6.07F-01 6.087-0% 6.08E-01 §6.08F-01 £,08E-01 6.08F-01
3,L07~02 3,40F=02 3.20%°-02 3,80E-02 3.30%-02 3.20E-02 3.u40®-02
1.487~06 2.,95F-06 4,u6FE-06 6.01E-06 7.62F-06 9.30P-06 1,10%-05
3,60R-14 7.29E-16  1.,11E-13 1.58¥-13 2.03%-13 2,58F-13 3,19F-13
1.26F=11 5.03F-117 1.15E-10 2,09E-10 3.35%-i0 4,99¥-10 7.087-10
6.057-17 2.9GF-16 7J.16E-16 1,38F-15 2.3tE-15 3,67F-15 5.8LF-15
0.0 0.0 0.0 0.0 0.0 0.0 7.0

880, D
6.219-02
1.767-05
2.737-10
L.97E~30
3.23E-12
L,62F-03
2,87F-37
4, 978-10C
1.91F-17
1.89F-29
1. 71R=32
2.88F-06
1. 368-10
0.7
9,20F7-18
24 29E-20
6.66F-33
1. 50E 090
B8.9L¥E-06%
5.63F-12
9.0
4.93E-16
.3%E-20
1, 49F-31
1.397-37
9,95r-23
1,97F-13
3.32F-28
1.338-20
3.39r-22
U, 67F-1R
3,53%~ 11
6.98F-11
9.63Fr-18
0.0
5, 967=-12
1 29F~08
2.118-17
1.117-08
1.92F-06
9.31E-07
6. 58F-10
5. 00F 00
5.32E-09
3. 3LF-12
6.09F-01
3.4%E-02
1.29E-0%
3.87F-13
G,35¥%-10
7. TUE-15
0.0

990, D
7.12%E-02
2.32E-05
3, 95%8-10
7.63%-30
4, 708-12
5.29%-03
3.%9%-17
6. 18%F= 10
2,93€-17
3.02%2-29
2.0uP-32
3.318-C6
Y. 79F- 10
0.0
1.218- 17
3.86%=-20
1. 1T7E=-30
1,507 00
1., 037-05
7. 15E-12
0.0
7,2%E=~15
2.218=-20
2. 697-39
1. 44%m-25
1.737=22
2.98F7-13
S.22%=26
2, 31%=20
L, 54g8-24
7.06%-18
e, ERP=- 11
9, 18F-11
1, 1BFE~17
0.0
7.858~12
1.34F-908
2.52F=17
1.27F-05
2.20F-06
1. 078-06
6, 76 =10
4,00F 20
5.54F-09
3.08%=-12
6.,09E~01
3.418=-02
1. UBE-0%
4.63F-13
1,26E=09
1.07F=-14
0.0

1100, D
8, 07E~02
2.98F7-05
5.51E-10
1.12F=29
6,5uF-12
5.987-03
3,77%-%7
7.517-10
8,30R-%7
4,62F=-29
2.847-32
3. 75F-06
2.30F-10
0.0
1. 54F-17
6.22E-20
1.96F-34
1.50% 00
1, 167-05
9,797~ 12
0,0
1.02F-15
3,557=-20
h,61%=31
L,)37~25
2.85F-22
u,3ar~143
7.91F-2¢€
3.81P=-20
6., 07F-20
1.03%7=17
B,97F~1%
f.187=-10
i.367-17
0.0
PoNIF-11
1.397-08
2.97E-1%7
1. 84%=-05
2.50F-06
1.217-06
7.03F-10
L, GOF 0O
2.,777-09
3.63F-12
6.09F-01
3.817-C2
1, 677-05
8. U6F~-13
1.62F-09
1. 43F-14
0.0

00t
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Tasie A-3 (CONTINLED)

REFFRENCE PWR EQUILTBRIUM FUEL CYCLE -- 3.3 0/0 ENRICHRD

POWER= 30.00MW, BURNDP=

HARGE 110. D
7.328-30
9.428~-17
0.0
9.73p~25

a
(=1

4E-22

E-25

0

1

0

0
61E-18
51

0

¢
118-22
56E~-23
«038-13

a4 4 4 % o e e e e

OCOUNBAOOD NN Qa0 OS

1.20E-08
8. 16E-08
2.588-12
0.0

0.0

2.,99E-09
1.26E=-06

6.848-09
1.238-10
7.69E- 14
CurE-01 3,04E-0%
«77E=01 2,77R-01
48 2,778 00 2,77% 00
49 2.08¥-01 2.078-01
50 2.00F-01 2.00E-01

51 0.0 2,31E-10
49 0.0 0.¢

50 0.0 €.22E-05
51 0.0 8.758-03
52 0.0 8.9€6E-10
53 c.0 S.688-12
sS4 0.0 2,61E=-14
0 £.,08% 60 5,032 00

1.34E~-07-

33000, ¥¥D, FLUX= 2,92F 13N/CH**2-SEC

220. D
5.87E-29
9.51E-16
0.0
1.56€-23
0,0
0.0
3.668-21
0.0
0.0
5.30F-17
1.218-2L
0.0
0.0
1,78E-21
7.98F~-22
8. 13E-13
2,578-17
0.0
0.0
2.57E-4
1.322-18
4,03¥-15
1. 18¥-17
0.0
0.0
1.38%=-16
1. 97E-07
1.49F-06
1.36F-08
1.658=-07
2.81E~-12
0.0
0.0
1, 04E=~08
1. 77E=-0€
1,35¥-07
6.,84F-09
1.25E-10
7.69E~- 14
3.02F-01
2.77E-01
2.76F 00
2. 11E-01
2. 00E~01
2.322-10
0.0
1,20E=-04
2, 17E~02
1.20F-09
5.67E-12
2.64F-12
5.,01F 00

BASTS

330. 1D
2,06E-28
3.56E-15

12=-23

2 s % 0 a4 & * € 5
SONDOIIOIUV OO O

[Ve Moo Weo I LYo Wi Wo-Ne o N N ]

°
™
()]
]
[]
LS
-

3,70r-21
1.86E-12
3,96%=17
1.8 98-24
0.0
5.86F- 14
2,67E-18
€,218-15
1.81E=-17
0.0
0.0
5,30p-16
2,98F-07
2,268-06
2,462-08
2.51E-07
3.11E-12
0.0
0.0
2,06E-08
2,00F-06
1,378=-07
6.97E-09
1.298~10
7.85E-14
3.048-01
2,77e~-01
2.76E 00
2, 14E-01
2.00E~01
2.368~-10
0.0
1.85E-0UL
3.518-02
1.548-09
5,788~ 12
«72E~14
5.008 00

YUCLIDE CONCENTRRTTONS, GRAM ATONS

= MT OF HEAVY MPTAL CHARGED
4430, D 550, D 660, D

5,21%-28 1, 10E=-27 2,0BE-27
9,108-15 1.90%-14 3,51E-14
0.0 0.0 0.0
2.68F-22 6.928-22 1,537-21
0.0 0.0 0.
0.0 0.0 0.0
1.60E-20 2.66%¥-20 4, 11r-20
0.0 0,0 0.0
0.0 0.0 0.0
4,47E-16 9,11E-16 1.65E-15
1,078-23 2,26F-23 &,27F-23
0.0 ¢.0 0.0
0.0 0.0 0.0
3,06F-20 7.,89¥-20 1.75E-19
1.098-20 2,.51%-20 4,95E-20
3,378-12 5,42%¥-12 B8,08E-12
S.508-17 7.23%=-17 9,188-17
6.758-28 2.01E-23 8,83e-23
0.0 0.0 €.0
1.07P-13  1.71%-13 2,5%E-13
4,388-18 6.447-18 8,84F-18
8,62F-15 1.13B-14 1, 44F=-18
2.,82E=-17  3,308-17 &4,197-17
.0 0.0 0.0
0.0 0.0 0.0
9.53%-16 1.76%-15 2.90E-15
4,028-07 5,09¥=-07 6,21E=07
3.042-06 3,856F-06 4,70E-06
2,818-08 3,07%-08 3,29®2-08
3,818«07 L£,36E-07 35,36F8-07
3,878-12 3,88F-12 4,35F=-12
0.0 .0 0.0
¢.0 .0 0.0
3.278-08 U.61%-08 6,06R-08
2.13E~06 2.23E-06 2,32BE-06
1. 41E-07 1,87¥-07 4.52FP-07
7.178=-09 7,437-0% 7,71E-09
1.358E=10 1,838=10 1.51E=-10
8,09%-14 8,39%-14 8,7UE-14
3.04F-01 3.08%-01 3,0LE-01
2.77%=-01 2.778-0%1 2,77E-01
2,7€® 00 +75% 00 2.75®8 00
2, 18E-01 2,21E-01 2,25R~01
2.008-01 2,00%-0%t 2,00B-01
2,44E-10 2,538-10 2.63E-10
C.0 0.0 0.0
2,48E-04 3,11E-04 3,77F-04
4,87%=02 6,29E=02 7,75E-02
1,928-09 2.35%-09 2,83%-09
5.948~-12 &,15E-12 6, 38E=12
2,84F-1  2,98%-14 3, 13E-14
8,99% G0 4.97% 00 4,9EF 0D

TO PPACTOR

770, D
3.62F=-27
5.95F- 14

15
t
1
[ 8]
—h

ur
g
]
N
<>

7E~ 15
§7-23

DD YN OOONDDO WO
QD EJOOOTOIAT

)

3. 47E-19
8.78E~20
1. 14E-11
1. 18F= 16
1.01F=-22
0,0

3.60F-13
1.168-17
1. 78E- 18
5. 19E- 17
0.0

0.0

4,u43F-15
7.38E-07
5. 598-0%
3.48r~08
6, 438-07
4,88F~12
0.0

0.0

7.59E-08
2, 42F-06
1. 5%8-07
8.03E~09
1. 60F=-10
9, 11B-14
3,0LF-01
2. 77E-01
2.75F 00
2,298-01
2, 01F-01
2, 74¥-10
0.0

4, 838-08
9, 268-02
3.,37F-09
6,604F-12
3.31E~-14
5,94E 00

880, D
8s 37F=-27
9,68F=-14
0.0
5.618-21
1.57E~25
0.0

1. L4B-19
1. 58F-11
1. 388~ 16
1, 898-22
0,0
%, 88E-13
1. 47F-17
Z. 16 P~ 1L
6.30%-17
c.0
0.¢
6,01E-15
2 S9E=-07
6. S1E- 06
3.66E-08
7. 558-07
S, 28%8-12
0.0
0.0
9,20%8-08
2.53E-06
1. 65F-07
B.38F-09
1. 70E-10
9,50%8-1L
3.0uE-01
2. 77E-01
2.74E 0C
2.338-01
2,018-01
2.86E-10
0.0
S. 12E-08
1.088-01
3. 36%~-09
6.91F-12
3. 49F=-14
4.93% 00

990, D
9,398-27
1. 848=-13
0.0
9. 7T1E-21
3. 22E-35
0.0
1.178-19
1. 368-25
0.0
6.€E0E-15
1. 938-22
0.0
0.0C
1. 11E~-18
2,23®-13
2.03%-11
1. 65E~16
3.30%-22
C. 0
6. #2E~-13
1. 828-17

« SBE=- 1L
7.538-17
0.0
0.0
B, B8E-15
9, REE=-07
7. 4EE-06
3.838-08

. 758-07
6, 138-12
0.0
0. 0
1.09E-07
2,63%-06
1. 728-07
8, 69E-09
1. 802-10
9, 90B-14
3.047-0%
2, 77E-01
2,788 00
2.388-01
2. 01E-01
2.988-10
0.0
5. 818-04
1.258-01
U, 628-09
7. 18R=-12
3.68E-18
4,912 00

1100, D
1.427-26
2. 117=-13
0.0
1.608-20
5.86%-25
0.0
1.578-19
5.27E-25
6.0
9.82¥~-15
2.93E-22
0.0
0.0
1.83F-18
3,298-19
2,612~ 11
1.95F-16
5, L2822
1. 80E-25
B.26E-13

9.032-09
1.91%-10
1.038-13
3.08%-01
2.76%-01
2,73% 00
2.427-01
2.01E-01
3. 117=-10
0.0
«52B-04
1. 428-01
5.338-09
T U5R=-12
3.88®-14
&,.89% 00

Lot



70
27y

PFFEPENCR PYR FQUILIBRYUM PUFL CYCLE -- 3.3 0/0 ENPICHED U
POWFE= 30,00M%, BURP¥YP= 33000.MWD, FLUX= 2,927 13N/C¥*%*2-SEC
NYCLIDF COXCENTPRTICMS,
BASTS =
CHARGE 110. D 220. D 330. D 440, D 550, D
51 0.0 4.52E-03 L,E1%-03 4,90E-03 S.04E-03 65,20%-03
52 S.74F 01 3.,74r 0% S5,.74F 01 S5,7¢T 01 S5.7LE 01 5.74%® 01
53 6.,%F 00 6.40% 00 6.39% OC 6.38F 00 6.37F 00 6.36F 00
5t 1,577 00 1.59% 00 4.61E OC 1.53F €0 1,657 00 11.67% 00
55 0.0 2.,99%-09 3,03F-09 3,12F-09 Z2,25%-09 3.41E-09
54 0.0 1.168-00 2,06F-0L 2,78F~-04 3,388-04 3.8%%E-04
5% 3,277-04 3,26B-01 3,25E-01 3.,25B-0% 3.28F-0% 3,2u%-01%
56 c.0 1.82E-06 1,82F-06 1.B85¥-06 1.90%-06 1,96E-05
57 0.0 4,46F-12 4,53¥-12 U,70%~12 4,92E-12 S, 18E-12
58 0.0 1.548-14  1.56F¥-14 1,62F-14 1, 69E-18 1,78E-14
54 4,08F D0 4,082 00 4,03% 00 4,03F 00 4.03% 00 4.03F 00
5% 0.0 1.758-03 3,37E-03 4.90F-03 5.37E~-03 7.79R-03
56 6.10% 01 6.19% 01 6.3C0E 03 5.%0F 01 6,09% 01 6,09% 01
57 1.8UF 00 1.46F 00 1.459F 00 1.59® OC 1,53% GC 1.56F OC
58 3,107-01 3,13®7-071 3,17F-0% 3.22E-0% 3,27E-C% 3.328B-01
59 0.0 4,21%-05 5,05¥-05 5.3%%v-05 S5,61E-05 5,91E-05
58M 0.0 0.0 0.0 0.0 0.0 0.0
58 0.0 3.237-03 3.,98y-03 0L,20®-03 L4,32E-03 U,43E-03
59 9.15F-01 9.05"-0% B.96F-01 8.87E-0% 8.77F-01 8.68%-01
50K 0.0 5,847-07 5,39F7-07 5,458-07 I.55E-07 35.69%-07
60 0.0 1,047~-02 2,03E-02 2.99%-02 3.93F-02 UL,BARE-02
61 0.C 1.028-08 1.85F-08 2.7%B-06 3,€28-08 L.61F-08
62 0.0 3.507=11  3,89F-11 3.56E-11 Z.€6€¥-11 3.787-13
56 1,128 02 1,72% 02 1.12E €2 1.92F 02 1.%27 02 1.31% 02
59 G.0 7,63P-02 1.537-0% 2.30E-0% 3.%0E-071 3.63%-0%
50 5,987 01 u4,18F 01 G4,18F 01 bL.17E 61 WL.37F 01 H.1TE 0%
53 1.87F Q0 1,.89% OC 1.60F 00 9.92F 00 1.94F 00 1.95F CO
52 5.BUF 00 5.£3% 20 5,62F 00 S5.61F 00 5.59% 00 S5.SBE Q0
63 0.0 1.398-02 2.61E-02 3,92EB-02 5,30®-02 6.70%-02
64 1.61F 00 1.618 00 1.8%F 00 1.61E 00 1.617 00 1.61% 40
6% c.0 %,238-0% 5,23F~07 S,30E-07 £,50%-G7 5.70E-07
62 [ 0.0 c.0 0.0 0.0 0.0
63 c.c 1.,4598-05 S5,93F-05 $.34E-0L  2,3%E-Cé  3J,T5R-04
61 0.0 1.16F=-10 54,692-10 1.0862-09 1,9L¥-09 3,16F-09
&3 0.0 2,73F-04  7,47F-08 §,13¥-03 1,52F-23 1.93¥-03
66 0.0 9,86F=12 1.98%-%1%1  3,04%-17 4.23F-91 5.55%-~1%
63 0.0 0.0 0.0 0.0 0.0 Q.0
64 0.0 2.09F~09  1,587F-0& %£,70E-08 1,3BE-07 2.77F-07
65 0,0 7.198-14  {,0BF=-12 5,34F-12 1.65E-11 L.03E-11
66 c.0 1. 06F=-07 #,25%=07 9.70E-07 1.76F-06 2.83%-06
57 0.0 0.0 0.0 0.0 0.0 0.0
68 0.0 0.0 0.0 0.0 0.0 0.0
s9m 0.0 0.0 0.0 0.0 0.0 0.0
69 0.0 g.0 0.0 0.0 0.0 2.0
7 0.0 0.0 0.0 .0 0.0 G0
7%M 0.0 0.0 0.6 0.0 0.0 0.9
71 0.0 0,0 6.0 0.0 0.0 0.0
69 0.0 0.0 0.0 0.0 6.¢C 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0 0.0 0.0 0.0 0.0 0.0 0.0
88 0.0 2,26E=04 UW,51F-03 6,81P-04 9,78%-08 1,16F-03

TaBLE A-3 (CONTINGED)

GPAM ATOMS
MT OF HEAVY MET™RL CHARGED

650, D
5.40E-03
5.78F 01
6,357 00
1,897 00
3. 59%8-09
4, 33E-04
3. 238-019
2, 0LE~06
R, ugF-12
1. 88E-14
5.02F 00
9.17F-03
6. 09F 01
1.58E 00
3.388-01
6, 24F=05
0.0
4,56%~03
8.59¥%-01
5.86E-07
5, 797-G2
5.68%-08
2, 927F-11
1112 02
4,79F~01
4,77F 0%
1978 00
5,57F 00
8., 15F=02
1.81F 00
5.93%-07
0.0
5, 427-04
4, 75F-09
2.35F-03
7.047-11
n.,0
4.9LE~07
B.427-13%
L, 217-06
0.0
C.0
(v}

<
(=)

DO O D DG
[ Ne Na e N Jo e §

o & a a & o s »

=

27=-03

TO PBACTOR

770. D
5.60P-03
S, 74F 0%
5.34F 00
1.717 00
3.79r7-09
4,73E-04
3.23E-01
2. 12F=-06
5.81F-12
1. 99E- 14
b, 028 00
1. 05F-02
6.097 01
1.61E GO
3.43P-01
5.,607-08
9.0
4. 69E-03
8.L9F-01
£,03F-07
Ee71E~02
6.837-08
u,08%=11
1. $18 02
5.89F-C1
U, 379 01
1. 997 00
5.5%F 00
9.66E~02
1.61F 00
6.182-07
0.0
7.483%-04
5, 80E-09
2. 79E-03
8.71F~11
0.0
B.%2E-07
1.88%8-10
5. 9UE-06
0.0

DDOO

N SITOODDIADO

w
v
)
(g
w

880. I
5,82E-03
5,74F 0%
6. 32F 00
1.737 00
%,007-09
5.3%02-04
3. 23®"-01
2. 207=-08
6. 16E-12
2. 11F- 14
u,02% 00
1.19%-02
6.087 01
1.650F 00
3.49F-01
7. 00E-05
0.0
b, 82F-02
8. 39F-01
€,22¥F-07
T.63E-02
8. 087-N8
G, 288-11
1. 117 02
6.637-01
4,167 01
2,017 00
5.5¢7 00
1. 12F-01
1.61E 00
5., 4UE=-07
0.7
9,797-04
9.34r-08
3.25P-03
1,06 E~ 10
0.0
1.26F-0¢
2,76 %=~ 10
R, 06F-06

€ ¢ ¢ = & & 4 4 e .
WO O22QC2030

WMDODIIODODO D

§7-03

990. D
5.052-03
5. 74F 01
6.3%F 350
1.758 00
1,228-09
5. 4un-0i
3.237-01
2. 297-0%
6.547-12
2.247°-14
L,02= €0
1.32E-02
6. 08" 01
1.678 00
3.558~-01
7, 818-08
0.¢
4.958-03
&, 29E-01
£ U0E-07
8.55E=~02
9.L1F-08
G.ou1e-91
1. 118 02
T.60R-01
G, 6% 01
2,037 00
5.5z% 00
1. 298-01
1. 617 00
6.707=~07
9.0
1. 25F-C3
t.2LE-08
3, 727-03
1.26%-10
0.0
1. B6E-06
4,83%-10
1. 06E-05

NCSCOODDOCIQOO IO
" 4 e 6 4« 2 s s 4.
NOODOOODDCO

1900. D
6.277~03
5,738 0%
5.29F 06
1,777 00
L, 357-039
2.77R-00
3.22¥-07
2.377-06
6.93%-12
2.377-14
4, n1% 00
f.ua5F=-02
5.08F 01
i, 707 00
3.61E-01
7.84F-05
0.0
5.087-013
8,187-01
€.57%-07
G, 47F=-02
1. 08F-07
L.57E-91
1.%97 02
B.617=01
u, 167 01
2.057 00
5.51% 00
1.457-01
1,607 00
6.977=-37
0.0
1.567-03
1.6%F-08
u,22r-03
1.49E-10
0.0
2.647-06
7.09F-30
T, 367=058

NOCODODTOODDOO QO

NSO DOD

401



Trete A-3 (CONTINUED)
REFERENCE PWR FQOILIBRPIUM FUFL CYCLE -~ 3.3 /0 ER®ICHED O
POWER= 30.00MW, BURNUP= 33000,MWD, FLUX= 2.92F 13N/CM**2-SEC

NUCLTDE CONCENTRATIONS, GERM RATOMS

BASTS = MT CF HEAVY WMETAL CHAPGED TO REACTOR

CHARGE 110. D 220. D 330. D Bug. D 550. D 660. D 770. D 880, D 990. D 1100, D
SR 8% 0.0 8.808-06 1.08E-05 1.158-05 1.19%-05 1.23%-05 1.298-05 1.34E-05 1.80®-05 1.46P-05 1,52%-05
S® 990 0.0 9.,818-10 3.33¥-09 6.,80E-0% 1,1BE-08 1,73E-08 2,4€E-08 3,35F~-08 U4,U42E-08 5,698E-08 7,16E=-08
SR 91 0.0 1,677=08 1,67E=08 .70%-08 1,76¥-0B 1,82FE-08 1,89®¥-08 1.978-08 2,06E-08 2,14%=-08 2,23F-08
Y 90k 0.0 0.0 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0 ¢.0
Y 9¢C 0.0 2,20E-05 2,20E-05 2,24E-05 2.31E-05 2,39E-05 2.49E-05 2.60E~05 2.71FP-05 2.82%-05 2.93F-05
Y otn 0.0 2.558-10 2.56F-10 2.61E-10 2.69F-10 2.79%-10 2.9%0®B-10 3.02P-10 3.15P-10 3,28%-10 3.42%-1C
Y 9% 0.0 2,53r-05 3,22F-0% 3,46B~05 3,60BE~-05 3,78¥-05 3.88E-05 4,04P~-05 L4,20R-05 4,37P-05 UL,55F7-05
R 90 1,827 03 1,82E 03 1,82% 03 1,428 03 1,427 03 1,428 03 1,42F 03 1.42F 03 1.42% 03 1,428 03 1,42% 03
¥ 91 3.07¢ 02 3.06E 02 3,06F 02 3.06% 02 3.06% €2 3.05% 02 3.05F 02 3.05¢ 02 3.04% 02 3,.0uF% 02 3.0L¥ 02
P 92 4,627 02 4,62% 02 4,63® 02 L,83F 02 4,63E 02 U4,64% 02 L4,E8E 02 4,.6UF 02 4,64FE 02 L4,65F 02 U4,B55E 02
Z® 93 0.0 3.863-02 7.72E-02 1.17B-01 1.572-01 1.99%92-01 2.42%-01 2.878-01 3.34°-01 3.828-01 54,342-09
Z® 98 4.60F 02 U.60% 02 4.60F 02 4.50E 02 6,607 02 6.60F 02 4.60% 02 4.60F 02 4.60% 02 U4.60% 02 4.60% 02
Z8 85 0.0 7.578-03 9.3%2E-03 1,088-02 1.13F-02 1,18B~02 1.22B-02 1.27B-02 1.33R-02 1,38%-02 1,447-02
ZE 96 7.258 01 7.25F 01 7.25% 01 T.235F 0% T7.2%E 01 7.25% 01 7,25F GY 7,25% 0%t 7.23F 01 7,25% 01 7,25% 01
WB 92 0.0 3,89F-07 3,9%0FE~-07 3.98F~-07 4,.10F-07 4,25F-D7 8,42p-07 L,E0E-07 4,30P-07 S5.00%-07 5,20F-07
¥B 93r 0.0 3.112-0%  1.24%-08 2,78¥-08 L4,93%-08 7,72%-08 1,11E=-07 1.52F-07 2,00B~07 2,E5E-07 3,16%-07
B 93 1.03% 0% f.03r 01 1,037 ¢t 1.03F 0t 1.03® 01 1,02F 01 1.02% 01 1.02® Ot 1.02® ¢t 1.028 0t 1.02F 01
¥E 9t 0.0 1. 758-03 3,49FE-03 5.27E~-03 7,09E-03 B,%8F~-03 1.09E-02 1,30F-02 1,512-02 1.738-02 1.987-02
NB 93 0.0 2.€7E-03 4,68%-03 S5.L98-03 5,86E-03 6.128-03 6.37F-03 6.632-03 6.%12-03 7T.21B~03 7.50%-03
¥B 96 0.0 2,72r-08 4,68%~08 5.5%£-08 ¢€.15E-0B 6.65%-08 7.20=-08 7.B80E-08 B8.87F-08 9,20E~08 9.96E~-08
¥B 97 00 2,29%-11 2,29F-11 2,33E-11 2,40E-11 2,49®-11 2,53%F-11 2,70BE-11 2,82%~-11 2,93%-11 3,08F-11
MO 92 9.,578-01 9.57%-0% 9,57E-01 9.57F-01 6.57E-C1 9,57E-01 9.57F-01 9,57%-0% 9.57E-01 9.578-01 9,56E-01
MO ©°3 0.0 4,u58-05 8,%0F-05 1,34E-08 1.,81P-Ct 2,30%-08 2,80%-04 3,33P-04 3,88E-08 4,058-08 5,0u4n~-00
MO 934 0.0 3,367-09 3.36E~-09 3.43P-09 3,53F-09 3.66%-09 3.81F-09% 3,97-09 4.13F-00 4,312-09 L4,0882=-09
Mo St 5.328-01 5,32%-01 5,32%-01 5,328-0% 5,32F-0? 5.32®-01 Z,328-0% 5,328~0%1 5,328-01 G5.328-01 5,32F-C1
N0 95 9.26¥-01 9,198-01 9,18E~01 S,18E-01 9. 21E~-01 92,28E-01 Q9,26E-01 9.298-01 .32E-01 9.38E-01 9.37E-01

®0 96 9.58F-01 9,.68E-01 9.778-01 98,87%-01 9,97E-01 1,01F 00 1,028 00 1,03F 00 1.04F 00 1.05B €0 1.077 DO
%0 97 5.,46F-01 S,46R-01 5,U6¥F~-01 S, HEF-DY S,U6FE~-071 S5.46%-01 S,46F~01 5,46F-01 5,88P-01 5,468-01 5, 46¥-03
%0 98 1.36E 00 1,36E 00 1.386% 00 1.36% 00 1,35F €0 1.35% 00 1.3%F 00 1.3%F 00 1.35% 00 1,35 00 1,357 OC
KO 99 0.0 2,83E=-05 2,83¥-05 2,89¢-05 2,98F-05 3,08%-05 3.21E-05 3.34®-05 3.48F-05 3,628-08 3,77E~05

#0100 5,40F=-01 &5,80B=-01 5,80F-01 5,3%F-01 5,39F-01 5,39®%-0% 5,39%-0%1 5,38F-01 5,38%-01 &,382-01 5,37#-01%
M0101 0.0 2.99E-08 2.998-08 3.0SE-08 3,142-08 3.25F-08 3.38E~-08 3.52E-08 3.87FE-08 3.828-08 3.988E-08
°C 994 0.0 2.21p-06 2.212-06 2.25%-06 2.32F-06 2.40B-06 2.50E-06 2.6CF-06 2.71P-06 2.82E-06 2.938-05
TC 9¢ 0,0 7.398-0% 1,50F-03 2,27F-03 3,.05F-(C3 3,B5E-03 4.67F-03 5.52F-03 6£.38P-03 7,28»-03 8,19¥-03
TC101 0.0 2.878-08 2,.87E~08 2,92F-08 3,01E-08 3,12®-08 3,.24E-08 3,38P-08 3.%52F-08 3,67F-08 3,81F-0F8
PUI0Y 0.0 2,2BF-04 4,47F-04 6,72R-080 S.028-00 1,14%-03 1,38E-03 1.,864E-03 1.90E-03 2,17F-03 2,45F-03
CD113% 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0 0.0 0.0 t.0

cD113 0.0 1.45E-09  1.,51E-09 1.518-09 1.518-09 «51E=089 1.518~-09 1.51E~09 1.50B-09 1,50%-09 1,507-09
cpiisn 0.0 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

cp11s 0.0 2.26E-%1 2,27®B-11  2,31E~11 2,.38B-1t 2,87E-11 2,57F~11 2,68F-11 2,80F-11 2,928-1%1 3,00%-11
cpiioK 0.0 0.0 0.0 0.0 0.0 0.0 0.0 g.C 0.0 2.0 (]

CD113 0.0 2,62B=-14  2,B2F-14 2,68F-18 2,76E-14 2,86R-14 2,97F-10 3,10B-14 3,238-14 3,36F-14 3.50F-1L
cD1zZi 0.0 2,85E-15 2,85F=15 2,%91E-15 3,008~15 3,118-15 3,23F-15 3,37F-15 3.51E-15 3,66E-15 3,81F=15
IN113 0.0 t.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

TRTI%H 0.0 4,72E-14 4,72B-14 4,82B-14 8,96F~-14 5,15%-14 S,35F-14 5,58B-14 5,81F-14 6,.06E-14 €,30B-14
I®¥119 0.0 S.148~13 5.14F-13 5.24F-13 5.39E~-13 5.58E-13 5.80F-13 6.04F-13 6.2%9E-13 6,50¥-13 6.,808-13
TNT21R 0.0 2.528-15 2.53P-15 2.5%8®E~-15 2.66E~-15 2,75F-15 2.86F-15 2.98B-15 3.11E-15 3,24¥-15 3,37E-15
INi21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0

sSH1tl 2,19¥-01 2,19E-01 2,19F=01 2.19E-01 2,19E-01 2,19¥-01 2,15P-01 2.19B-01 2.19F-01 2,198-01 2,19F-01
S¥115 1.13E-01 1.13E=-0%1 1,13¥-01 1,138-01 1,138=-01 1.13%-01 1,13F=-01 1,13P-01 1,13F-01 1.13F-01 1.13F-01
SN116 8,682 00 4.68E 00 4,67E 00 H8.66E 00 H.66F 00 U.65E 00 U,.65F 00 GL,.68F 00 H.63F 20 4,637 00 &8,62F 00
SN117¥ 0.0 9,78P-0% 9,82F-04 1.00E~-03 1.03E-03 1.07E-03 1.11¢-03 1.15E-03 1,20F7-03 1,25R-03 1.30E-03

£ol



POVWER=

SNt17
SN118
SN119M
S¥119
9N120
SN121M
EHAPA
SN122
SN123M
SN123
SNi28
SH125M
S¥125
SB121
sB123
SB12LM
SBi24
$8125
SRY126%
58126
TEY2L
TE12%4
TE125
TE128
TA8O
2181
TR1824
T2182
W1EOQ
181
w132
AR
9183
Wigl
w185H
9185
7186
w87
TOTALS

FLUX

PEFERENCE PWR EQUILIBRIUM FTUEL CYCIE ~-- 3.3 0/0 EWRICHED 7

CHAPGE

2,478
7.73%

(=]
.
>

2,74F 00

.
(=]
=

o

~3
t

N
=

e & & 3 8 & s 6 o & 8 & @ B e 8 a2 8 & & &4 6 2 & s a e s 8 4 6 & s
faf el Ro ke e RoRaleReRe e Ro No e No N Yoo R No R Re No RN o e N Jla NN 25 =i e

WOODODTLODODTIADDDSIOSTOTIOLOIDODOa OO

w

o
(=]
w

30.00M7, BURNUP=

110. D
2.478 00
7.73E 00
1.037-05
2,78F 00
1.0U8 01
6.398-05%
1.34F=-05
1.47F 00
1. UBE~-OE
1.538-07
1.82E 00
3.358-09
1.95E-07
8.897-08
U,0ur=-05
1. 1E-13
1.35E-07
3.80E-05
8.61E-13
1.528-09
£.988-08
3.90=-07
1.C9E~-06
L.87E-09

<
.

DO OO DDOODD DO

Traie -3 {CONTINUED)

33000, MWD, FLUX= 2.92F 13N/CM**2-STEC

220. D
2.47F G0
7,788 00
1.808-05
2.73% 00
1.06% 01
1.28E=-05
1. 34 E-05
1.U47E 00
1. 48E-08
2,378=-07
.82F 00
3.36E-09
1.958-07
1. 78F-03
8.0L¥-05
2.27E-13
3.238-07
7.37EF-05
1.87E=-12
3,2uF-09
3.63F=-07
1. 11E-0€
4.71E~0F€
2.55¥-08

WO DO OO DODAIODDO

e a &4 & 8 & & e & & = 3 a @

DOOQOOODOIIO OO

330. D
2, 47E 00
7.74% 00
2.3BE-05
2.738 00
1.048 0%
1.938-05
1.378-05
1.478 09
1.51E-08
2.85u-07
1.827 00
3.43F-09
1.998-07
2.68E-03
1.218-04
3.47E-13
S.18E-07
1.087-00
2,79%-12
4,997-09
9.012-07
1.89E-06
1.10R-05
6.80E-08
0.0

WOOD D020 O
e« e s s
(o No NoNeoNa Xo Ne No R o e Re R o)

8% 03

2,53E 13

WOOODDOODODCOODIO
DO OO0 C

550. D
2.47F 00
7,757 00
3.228-05
2.73F 00
1.00F 01
3.298-05
1. 45E=05
1.87% 00
1. 62F-08
3.39%-07
1.827% 00
3.66%-09
2.93%-07
4,53%-03
2.038~08
6.23E-13
9.3u%-07
1.78E-0U
4,797-12
8.767-09
2.757~06
3, U2E-06
3. 12E-05
2.48E-07

WO OO D OO0
OO DCOD22O OO

« & o 5 & s s & & 8 s & &

2.817% 13

CONCEXTPETIONS, GRAM RTONS
MT OF HERYY METRL

650. D
2. L8R 00
7.7€E 00
3.55E-05
2.72% 00O
1.02E 01
4, 00E-05
1. 52F-05
1.87¢ 00
1. 68E-08
3.58F-07
1.82F 00
3.81¥-09
2,217-07
S.49E=-03
2, 45F-08
7.8B4E-13
Y. 16¥-06
2. 06E-0L
5,92F=-12
1.09F-08
4, 09E-06
U, 178-06
4. 50F~05
4,08E-07

.
f=)

WOOIDDOU QDT
« % 2 s 6 a4 8 & 4 & & & & @

SO TDOTITOODIOO

o
et}
(=]
%)

2,93F 13

CHARGED

™0 RFACTOP

770. D
2, 48F 00
7.76F OC
3.8LF-05
2, 72F 00
1, 04F 0%
L, 75F-05
1.59F-05
1. 478 006
1. 7SE-08
3.76F-07
1. 82F 00
3,97%-009
2.317=-07
6. U7E-03
2, 897-0u
9,€2F=-13
1, UOE-06
2. 39F-04
Te WE-12
1. 327-08
5.737-C6
L.91F-06
6. 14F=~05
6. 16E=-07
0.0
5.0
0.9
0.0

880. D
2.U8F 00
7.77R 00
4, t1E-05
2,727 00
1.00% 01
5. 52E8-05
1.65R=-08%
1. U7F 00
1.83E-08
3.93E-07
1.82F 00
4, 13¥-09
2.407-07
7. 48E-03
3.337-01

6B 12
1. 6u¥F-06
2.71E-08
8.L58-12
1.56F-08
T.EEY-CF
S. 66F=-0¢
8.02¥-05
8.96E-07

[ e = e )
PP

Py
QOO OO OOD

WO TITOOIDIOIOC
.

w
251
(=)
W

o
.
ey
@
]
4
[

2.
7.
u,
2.
1.
6.
T,
t.
Te
L,
1.
4.
2.
8.
3.
1.
1.
3.
9.
T
9.
b,
N
iR

WD DDOODOIDP DO

“ s 4 0 8 & & & s = e 8 & o @

3.

990. D
5872 00
?7e 00
367-05
71% 00
oL® 01
33”=-08%
72%7-05
47F 00
90®-08
10T-07
82E 0C
317=-09
50E-07
527=-03
T9E-0U
37E~12
90€-06
04 E=-04
888-12
837-08
95R-08
41E~06
01E-QU
26%-06

DO IO

31F 13

1100, D
2.48% 00
7.78F GO
u,60°-0%
2.71E 00
1.00F 01
T.17E-05
1. 798-05
1.7 00
1.987-08
L,277-07
1.82% CC
2.LBRF-D9
2.63F=07
9,%56%-03
4,25%-04
1.60F-12
2.17E-08
3,37%-C2
1. 16F-11
2. 11E-08
1. 26E-0%
7.17F-06
1.25F-0L
1.71R-06

DO DO

DODIDIDDOIDOOOODIOPT

WO DODOO DO

20
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(=g
w
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w
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b
W
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PORE®R=

AE &4
1207
T1208
TL20S
FR206
PB207
PB208
®B209
PR210
PB211
PBZi2
B4
BT2C0
Br210
BT211
BTZ12
BY213
BT
po2i0
0211
P0212
PO213
PO2TH
PO215
PO216
P0218
RT217
‘RWZ1ig
BN220
BN222
FrR221
FR223
RRr223
RR224
RE225
PR2Z26
RR228
RC225
rC227
ac228
TH227
TH228
TH229
TH230
TH231
TH232
TH233
TH234
PR231
Pa232
PA233

-:)OOOOOO(JQO(DOOOOODOOOOOOOQ

@ ® ¢ ¥ v 4 & o a 8

DDV TADODIIRDIOAOOD

@ & @ 4 e »

SOOI DITC

OISO TO
T T N A N P ey
OODQOOOOOOOOQOOOOOOOOOOOOOO

SOOI AD

30.00M¥, BORNDD=

110, D
3,752-05
3,575-20
3.808-17
1.358-22
1.17%-20
1.97B-15
1.198-12
5.53E-19
5. 94E~-17
2.70E-19
2.17F- 18
3,782
8.89r-17
3.232-20
1.618-20
2.072-15
1.318- 19
277820
1,047~ 19
1,94%-25
1.098-25
1.918-28
4.69F=27
2.2648-25

. 52F-20
3,29E~21
1,5498-24
8,98%-22
3,188-17
7.748- 18
1.308-20
5,518-21
1.237-18
1.79F-13
5.958-17
1. 18%-12
7.667~20
4,028~ 17
2.038-13
7.798~24
2,798~ 16
3.827-11
5,888-12
8, 8UE-07
1,568~09
1.50%-08
2,808~ 14
5.68P=08
7. U2E~08
9.01%-11
1.13E-09

RFFERENCE PW® FQUILIBPTIUM FUFL CYCLR

33000, ¥¥D, FLUX=

220, D
1.728-08
2.83F-19
1.54E-16
6, 50F=-22
3.67E~18
3, 29F=-15
9.72F-12
2.66E=-18
3,877 16
2. 14 E~18
8, 79E~14
1.837-19
9.54%=-18
2,53E-1¢
1.287-1¢9
B.37%-15
6.318=-1¢
1.058~19
1.53%~18
1. 54F=-24
L, 42E-25
9.198-28
1.78%=-26
1.78E-24
3.458-19
1.63R-20
T 16R-24
3.96¥%-~21
1.29%=- 16
2.988~-17
6, 44E~-20
2,928-20
3. 74E=~16
T.20F=13
2.85e~16
4,50r-12
5.71E-19
1.938-16
1.08E-12
5,95F%-23
1.86E=15
1.39E-10
1. 78E~11
1.6LF-06
2,40EF-09
5.73E-08
9. 18E~14

5.91e-08

2.07E-07
2.52E-10
4.31E-09

NUCLIDE CONCENTRATYONS, GRAM LTOMS

BRSTS NT OF HFAVY MRTAL CHARGED

330. D
5.18%-04
9.00PF-19
3,658=-16
1.€3E-21
2.558-18
1. €1E=-14
3.398~11
6,678~18
1.27E=-15
6.80E~18
2.088~13
3.06E-19
3, E9F-15
8,27E~-19
4, 05E~-19
1.98F-128
1,588~-18
2.258=-19
€.90L7=-18
L.90F-28
1. 05824
2. 318-27
3.81E-26
5.,652~-24
€,18%-19
3,U98=-20
1.80E=-23
1.26%-20
3.068-16
6.,29E~17
1.628=-19
8,00p=~20
3.098-15
1.728-12
7.13E-16
9.62E-12
1.,84%-18
4,85E=-16
2.958-12
1.928=-22
S.53E-15
3.,28P-10
3.858-11
2.27R=06
3.16E-09
1.238-07
2,008-13
5,912~-08
3.86E-07
4,798=-10
9.,05E~-09

440. D

1. 37E-03
2.01B-18
7.06%=16
3.28R-21
9,758~ 18
4,84F~12
8. u67-11
1.337-17
2,80F=-15%
1. 82F=17
&, 02P=13
S5.17E-19
9. 728=15
1. 83F~18
2.,03F~19
3,838~ 1L
3. 15E=18
+80%-10
1.967-17
1.09g-23
2,02%=-24
4,5%8E=-27
€.43E~26
1.26F~23
1. 58¥~18
5.89%=20
3,57%-23
2.807-20
5,90E=-16
1.06E=-16
3.228-19
1. 65F=19
6.83F~15
3.31%-12
1. 428-15
1. 6278~ 11
4,18E-18
9.65%-16
6,0BE~-12
4,37E-22
1. 198~ 14
6,33E-10
6,85%- 11
2, 79E=-06
3.85E-09
2, 09E~-07

»518-13
5,89E-08
€.038=-07
7.72F=10
1.51E-08

2,92F 13N/CH**2~SFC

550, D
3. 24F~03
3.6%5-18
1.228-15
8,77 R=-21
Z.70E=17
1.138=13
1.772-10
2,36%m-17
5.858-15
2.79z2-17
€.37E-13
7.87E-19
2. 10E=-14

+ 56R-18
1.866E-18
6. E5%- 14
5.60E~18
3.64TF-18
k&, 28E-17
2, 018-23
3.51%-28
8. 16E-27
2.58R=-26
2.328-23
2,747-18
B.738-20
6.368-23
5.158-20
1,02%-15
1. 87E-16
5.728-19
2489%~19
1. 272- 10
5.75%~-12
2,52%-15
2. 41E-11
7.847-18
1.72E~15
1.07E-11
8. 18F-22
2, 16814
1.10%=09
1.09E~- 10
3.20E-06
L,47e-09
3. 12%8-07
S.83E-13
5.88%-08
8, 49R-07
1.132-09
2.238-08

860, D
6, 877-03
6.03%-18
1. 98E-1E

< 59E-21
6. 12%=17
2,237-13
3.30E-10
3.928-17
3,05E~15
i, 56717
1, 13p-12
1. 057-18
L, 0LR~1y
5.927=18
2,727-1R
1.08E-13
%.318=-18
7, 69%-19
7. 96817
3,28%-23
5, €68F=24
1.36E~-26
1.30F-25
3.79%-23
4, L r-18
1. 197~19
1.0ER=22
8, 827-20
1. 66F=15
2. 15%=15
9,518~ 19
4,578-18
2.07P-14
9,31E~12
%, 189~15
3, 29%-11
1.302-17
2.85E-15
1. 697-11
1. 369-21
3, ugE-14
1.78F=09
1.64E-10
3,52E~06
5.038~09
4,31E-07
7.79E-13
5.878=-08
1. 12E-05
1. S4E-09
3,038-08

TO REACTOPR

770. D
1. 328-02
9. 07F-18
3,05E-15
1. 52F- 20
1.21E- 16
3.96E-13
5,.72F-10
6. 22E~-17
1, 38F~ 14
6. 857-17
1.74P=-12
1. 35E-18
7.20F= 14
9, 028-18
4, 0BF-18
1. 668-13
1, U8E=- 17
9.92P-19
1. 338-16
4,947-23
&, T4E-24
2. 15F8-26
1. 68F-25
5,708-23
6. B3F-18
1.5LP- 19
1.68F=-22
1.27F- 19
2,558~ 158
2,.77%-16
1. 51F- 18
6.71E-19
3. 12F=-12
1.03P-11
6. 637~ 15
4, 207~ 11
1.98E-17
4, 53E-15
2, UT7E~ 11
2,07E-21
5. 18E~ 14
2. 74E-09
2,80F-10
3, 758-086
5.52E-09
5.62E=-07
1. 06F=-12
5. B5E-08
1. 39B-0€
2,01E-09
3. 91F-08

880, T
2. 31E-02
1.288=-17
4.51F-15
2, 33E-20
2, 158-16
6.L6F~13
3, 36~ 10
9.52P=-17
1. 98F=-14
S.,70F-17
2.57F~-12
1.67F-18
1.218-13
1 29817
5,77E-18
2,45%-13
2426P=97
t.238-18
2.04P=16
6,98P~-23
1.29¥-23
3. 29%=-26¢
2, 678-25
8.06P=-23
1.01E-17
1,30F= 19
2.56F-22
1. 798~ 19
3,77E-15
3.,42P-15
2.31r-18
9.31E~19
4. 81E- 18
2. 12E- 11
1.018=-14
5,238~ 11
2.808-17
6. 92E=-15
3. 43F~ 11
2.97E-21
7. 27E-18
4,08F-09
3. u28-10C
3.897-06
5.92E=-09
7.03E=-07
1. 38%-12
5.838-08
1. 68E-0€
2.518-09
4,85E-08

Tase A4, Isotoprc ConcENTRATIONS (G-ATOW/METRIC TON oF 1) of Actinizes AND THEIR DAUGHTERS S A FUNCTION OF
IrreziaTion Tive (mavs)
-= 3.3 0/0 ENDICHED DI

990. D
3,778-02
1.737-17
6., L3%~-15
3.458-20
3,568~ 16
9.918-13
1, 868-09
1. 418~ 16
2. 708~ 18
1. 318~ 16
3. 66E-12
1. 99%- 18
1,85%-13
1. 778~ 17
7, 79E- 18
3.839E-13
3. 35%=17
1. 47E-18
2,95F-16
9, 428~-23
1.84%-23
4,88%=26
2, 48%=25
1. 09%-22
1. 80%=17
2,278-19
3,808-22
2, 428-19
5.38E-15
4, 098-16
3. 428-18
1.28%-18
5, 95E~-14
3. 02E- 11
1. 50P-14
6. 26F~11
3. 898~-17
1.03%=-14
4.568=11
4.068-21
9,758~ 14
S. 762~ 09
4,.83F-10C
3. 96E=-06
6.28E-00
8.528-07
Te T4E-12
5.82E=-08
1. 957=-05
3. 058~ 09
5,817-08

1100,
£.78F-02
2.25E-17
8,898-15
4,967~20
S.BUFE-16
1.45%-12
2,21%=09
2.03%-18
3.55FE~14
1.70F~ 18
5.078-12
2, 32r-18
3,0uF-13
2,32F-17
1. 01E=-17
4,83F-13
B,828-17
1. TIE-18
4, 07r-16
1.22F-22
2.55E-23
7.028-26
2,898-25F
1.412-22
1.99E-17
2,687-19
5, 47822
3, 147-19
7L UHE-15
4,777-16
t.92F-18
1.59F-18
7.73E-18
4, 18F-11
2, 168~ 14
7.297=-11
5.12R=-17
1.48E~ 128
5.86F~11
5.358~21
1.26E~-13
7.97F=-09
6.76F=~10
3.97E-06
6. 87F-09
1.018-06
2. 157=-12
S.808-08
2.22E-06
3.61E~09
£.792-08
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POWEYP=

PA234
¥232
9233
U234
U235
U236
9237
U238
U239
210

NP23¢€

¥NP237

¥P238
¥P2329

Np2LOM

WP2490
PyY236
PU238

Lpu23e

PU24C
PU2L1Y
PU2LEZ
PU243
UL
PU245
ak2u1

AM2U2K

AN2U2
AM243
aM204
AK2LS
cHu2b2
cH2u43
cM2uu
cM2us8
TH2L6
cH207
cx2L8
cu2u9
CcM250
BK2u9
BK250
CP2LO
C¥250
C¥251
CF252
CF253
CF258L
FS253

TOTALS

FLOX
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DODDDDIIDBOOO
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e 6 s 2 8 s & 8 o » v
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s e e 8 o 8 & e & o a 2 e & @

]

Tapie A4 (CONTINGED)

PEFEPENCE PW® FQUILIBRIUM FOTL CYCLE -- 3.3 0/0 FNRICHED ©

30, 00MW, BURWNUP= 33000.M4D, FLUX= 2,92% 13N/CH**2-5EC

NUCLTDE CONCENTPRTTONS, GVRM RATOKS

TASTS = MNT OF HEAVY MATEL CH®TGED

110. D 220. D 330. D us0, D 550, D 660, D
8.30F-13 1.33¥-12 2.,0%®-12 3,03E-12 u,278-12 5,76%-12
2,508-08 5.53F-08 ©.74F-08 1.58E-07 2.428-07 2.58F~07
§.36%-06 1.12E-05 1,49%-05 1,76F-05 1.95%-0% 2.07F-05
1.05F 00 U.84E-01 9,17¥-01 B8.53=-01% 7.,91%-01 7.31E-01
1,247 02 1.09% 02 9.61E 01 €,02F 0% 7.35% 01 6.,3BE 0%
3,372 00 6.29% D0 &.8u8% 00 5.14F 01 1,318 N1 1.48% 0%
8.048-03 1.27E-02 4.72E-02 2,15E-02 2.57®7-02 2.98F-02
5,057 03 4,0LF 03 4,04 03 u,037 03 5,028 63 L,01F 03
1,784%-03 1,777-03 $,81E-03 1.858-03 1.628-03  1,997-03
1,22F-234% 2,06¥-31 1,58E-28 3,48E-28 3,87%-27  2.807-26
6.11F=10 1.23¥-09 2,40F7-09 3,94F-09 5,.84%-09 8, 12F9-09
5.37E-G2 1.608-01 3.072-0%1 t,88%-01 5.,99%-01 9.32E-01
1,298-04 3.85E-08 7.55E-04 1,208E-03 1,8UR-03 2,55F-03
2.56F-01 2.55E~01 2,60F~01 2.87%-01% 2.75%-01  2.88¥-01
1,058-36 1,77E-33 1.36E-31 3.50E-30 3,30®-29 2,L2E-28
6.33F-06 6.337-06 6,57E-06 6,96F-06 7.L6E-06 B8.06F-06
7.89F-09 4,.45F-08 1,25F-07 2.607-07 L,63E-07 7.44F-07
1,86%-03 1.07F-02 2.,998-02 §6,27E-02 1.128-01 $.81E-01
§.73% 00 1.15% 071 LBOR 571 1.73F 0% 1.89F 01 2,007 0%
3.69%-01 1,237 00 2.34p 00 3,532 &0 4,7%1® 00 5.82¢ 0D
2,617-02 1.658-01 LU, LB8F-01 &,85%-01 1.29% 09 1.98F 00
6.57P-04 8,427-03 3.55P-02 9.47E-Q2 $.,97%7-01 3,50F-01
1,92F-07 2,85F-06 1,06F-05 2.91E-05 €.287-05 %,16F-08
6,28E-24 4,06F~20 8,14F-19 1.798-17 2.00F-16 1, 84E-15
9.037-30 1,52%-26 1.19®-28 2.712-23 3,13F-22 2.35F=21
9.30F-05% 1. iLE-03 L,51E-03 1.312E-02 2. 16E-02 3,54F-02
8,.318-07 1.76F-0% 9.26%-05 2.76E-0U £,04%-0L %,08F-03
2.478-07 2.66F-086 1,07E8-05 2,75®B-05 5, 50F-0% 9.36F-05
1,858-05 3,73¥-00 2,39E-03 6,717-03 2,32F=-02 5.,07F-02
4,75F-10 §.23F-08 B.08F-08 3,017-C7 8.327-07 1.89%-06
5.65P-28 1,06F-20 7,93¥-23 1.728-23 1.898-20  1.38F-19
3,93F-06 9,237-05 5,37E-08 1.76F-03 4,227-03 §,29F-03
3.07F-09 1.83F-07 %.258-06 S.U89F-06 1.657-05 3.92F-0F
3.45F-07 1.80F-05 4,77E-04 B,B86%-04 3,058-03 8,28%-03
2.64F-00 2,66F-07 3,838-08 2.508-05 1. 06%-08  3,38E-08
2.158E-11 1&.407=-09 ©,77E-08 §.787=~07 4,317-06 1,937-05
2.,u4w-%% 9,97F-12 3,388-10 L4,05E-09 2.828-08 1,38F-07
1,26P-%6 1.08E-73 5.228-1%2 B,B2E-1% 7,490%~30 4,.79F-09
1,068-21 8.73E-19 4,57E-17  7.81F-16 7.25%-15 4,58E-14
0.0 7,12¥-23 5.69°-2%1 1,337-19 1,58E-14 1, 23E-17
1.6%97-19 2.56F-76 1,92%~-1% 0, YEE-13 4,58%-12  3.297-11
9,23P-23  1.47E-19 1,12E-17 2.51E-16 2,87%-15 2, 18E- U
3,20E-21 G.85F-18 1.062-15 2.92E-1% 3.827-13 3. 13P-12
4,09E-21 1.218-17 3,278-315 3.LBE-1B u,56%-13 3,75F-12
3.60%=22 1.94F-18 2,85E~16 G T1E-15 1.U9"-92  1,39F-12
4.51P=23 1.658-19 3,72E-17 1,73F-15 3.U42%-1L 3. 98F-13
0.0 9,6uF-23 2,79E-20 1.50E-18 3,bu%-37 L, U0F-16
0.0 0.0 8.867-20 6,29F-22 1.71E-20 2.55F-1°
0.0 3.72F-23 1.4508-20 9.CHE-19 2.208F-17 3,09F-16
4,198 03 t.17% 03 L,16E 03 L. THF 03 4.13% 03 ¢, 117 03

2.58% 13 2.58F 13 2,63F 13 2,717 13 2.81% 13 2.93F 13

580. D
9.49F-12
T.02E-07
2. 15F-05
6§.20E-01
4,797 01
1.75F 01
3.77E-02
3.98% 03
2.15%-03
B, 49T-2%
t. 37E-08
1., 45F 00
4, 30E-03
3.098-01
5.60E-27
9,U5F-0¢
1.57%-06
3.94E8-01
2.12% 01
7.69F 00
3,207 00
8. 15F-01%
2,9LR-0%
3.35P- 18
5.92F-20
6., 93E-02
2.497-03
1.99F-01
1. 65 F-01
6.69F-06
3.12F7-18
2. 19%-02
1. 39801
3.89F-02
2.05%-03
1. 70E-0¢L
1.697-0%
B.40%E-08
8,71%-13
3,387~ 16
7.55F-10
5. 3LF-13
A.588-11
1. 058-10
4, pur~-11
1.88% 11
2,477~
1. 857-17
1.939- 10
u,09% 03

3, 18F 13

990, D
1, 178- 11
G, 3R%-07
2. 12%=-05
5.f8%=-01
u, 018 04
1.85% 01
L, 137-02
3.97% 03
2.24E-03
2.36E-20
1. 69E=08
1,72% 00
5, 32¥9-03
3. 212-01%
2,04F=-26
1. 02F-05
2, 137=0%
5, 19E-0%
2,158 01
8. L2F 00
3,77F 00
1. 12% 00
L, 20E=-00
1.228-13
2.25€-19
8, 71F~02
3, 16E=-03
2.61%-04
2, 62F-01
1. 10P=-05
1.13F-17
3. 327=02
2, 24%=-014
7.21F-02
. 2%%-03
L 127-0n
£8%-05
"2®=07
L OuT-12
318=-15
TIE-09
018=-12
318-10
007~ 10
OBF-10
11P=-11
29%~-13
071E- %F
0uw-13
0"r 03

£ o o a D = EWNN AN EEE

3, 31% 13

1100, T
1. U0F-131
1.22%-06
2.067-05
5,19%7-01
3,407 01

“1.938 01

U,477-02
3,96F 03
2.32F-03
7.51p-24
2. 0uF-0R8
1,997 00
6.517-02
3.338-01
6.L8F-26
1.10F=0°%
2,797-06
£, 78E-01

2, 17E OF

9,02F 00
L, 207 00
1,067 00
5.71F-CU
3.87E-13
7T,82F=-10
1.007=-01
3,89r-03
3.247-00
3.88E=-01
1. 70E-0%
3.55F-17
4,172-02
J.32m-CL
1,207-01
7.89F7-03
9.01P-01
1.167=0°
7,78%-07
3.752-12
4, 59F=-15
R,E18-19
5,60F-12
1, 10F-09
1.37F-09
6.90F~10
3,738-10
5.638-133
5.11F-356
u,697-13
5,067 03

3,L5F 13

Q0L



POWER=

72

-

72

73

73

L U
T 7L

75

" 75%

® 75

75
76

2 786

76
76
774
2 17
77
774

784

798

80K

TapLe A5,

SDOATOOTAIINDSITTTTOOIITOOATTTCOITOSTAIAITHDIANDOIDDIIODDODO
DO ODDIIADOAOOTODOAQDDIDOIOODDODOIDOORDIDDTITIOODDAODOODN
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30.00HW, BUPNUP=

110. D
2.058-03
1.06E~07
3.208-08
3,198-06
4,688~08
1.66E-05
4.-18E-09
3.438-05
2, 10E=09
8,053E-10
8.508-08
1.158=-08
1.798-09
3.648-00
6.24E~-09
2. 118-07
2.178-05
2:31E-06
2.60E-0%
3.B80E-12
1.188-03
2.41P~046
0.0
2,297-06
2,9ER-03
6. 87E=-07
2.81F=07
8.02E-03
7.06E-07
3,17E-08
1.398~02
3.278=-0¢
8.,40E~-08
t£,638-00
1.07F-08
1.108-06
3. 46806
2.068-02
3,.728~11
1.%18=-05
4,57F=-02
€, QUE~TO
2,27E=-06
6.,02F=-05
3,%1E-07
6.21E~-06
8,858-05
6,838-05
7.518=02
3,818-06
1.418-07

Tive (oavs)

BFFERENCE PWR EQUILIBPIUM PUFL CYCLE -~ 3,3 0/0 RNPICHED U

33000, ¥WD, FIUX= 2,92F 13N/CH**2-SEC

220. D
4,259-03
1.80¥-07
4,23¥-08
8.07E-06
4,90E=-08
3,37€-05
4,568~-09
1.16E-08
2,072-09
7.96E~10
8.5%0F-08
2.30E~0%
1.808-0¢
7. 36E-00
1.25%=-08
8, 48E=-07
8.,23E-0%
2.93E=-06
2,628-0%
9.88%-12
2, 412-03
2, 542-08
6.0
2.52E-06
€.018-03
6.23F-07
2. 70E=07
1.588~02
1. 41F-06
3.0u=-08
2.TuE~02
3. 15E~-09
8,38E~08
8.902~-04
1. 058-08
1.098-0¢
3.37F8-06
4,06E8-02
7, 188=11
7.458-05
8.368-02
1. 16E-08
L.39E-0€
2.298-04
3.538-07
6.28%-06
8.012-05
6. 19%=05
1.537-01
3.57E-06
1. 328-07

NUCLIDE CONCENTRATTONS, GRAM RTOMS

EASTS = MT OF HFAVY METAL CHARGED

330. D
£.56%=-03
1.67E-07
5. 06E-08
1.82E-05
5,178=-08
5,38E~05
L, 878-09
1.629-00
2,068-09
T.92E-10
B, 45R-08
3,U5g-0u
1.828-09
1.118-03
1.91E-08
1.938-06
9.317-09
2.96E-06
2,648%-05
9.58%8-12
3.64%-03
2.46%-0€
0.0
2.558-06
9. 1LE-03
€.,06%-07
2.638-07
2,348-02
2,128-06
2.958-08
4,058-02
3.088-09
8.53¥-08
1.29F-03
1.05E-08
1.0%8E-C6
3, 32p-06
€. 038-02
1.06E-10
1. 65E~04
1.32%-01
1.758=-08
€,59%~-06
S.07E-04
3,24E-07
5.82E-06
7.38%~05
5.70E-05
2,05E~01
3,408~06
1.258-07

530, D
8.95%-03
1. 90807
5.772~08
2. 137=-05
5.37E-08
7.37E-0%
5. 1E8=09
2.53E-04
2.05E-09
7.89%-10
8, U2%-08
4,598=- 0k
t.837-09
1.50E-03
2, 61E2-08
3.478-06
8.38E=0%
2.98E-06
2,68E~-08
1, 01E=-11
4, 88E=-03
2, 49¥=-08
6. ¢
2.58%-06
1.23E-02
5,92%-07
2,57E=-G7
3.08E-02
2.838=-08
2,878-08
5,338~02
2,998-09
8.778-08
1. 678-03
1,05%-08
1.09E-06
3.278-06
7.978-02
L. 81E~-10
2,927-08
1. 732-01
2.378-08B
8,938-06
8,97e-04
3.00E-07
E.43E=-06
6.85r=-05
5.29%-05
2,618-01
3,26%-06
1.208=-07

550, D
1.14P-02
2.128-07
£, U2F=-08
2, ¢47=-05
5,.553-08
9,84 E-05
5,39%-09
3,28F-04
2.05%-06
7.86%E=10
B, 40ET-08
8. 72E-08
1,858-09
1.88%8-03
3,38%-08
5.50%-086
8,45%-0¢%
3.01E-086
2, 69808
1.,02%-11
€.13%~-03
2,528-08
0.5
2.601-06
1.56R=-02
5,80E-07
2,517=-07
3.80F~-02
3. 54806
2,80F-08
€.58%=-02
2.92E-09
8.07¥-08
2.028-03
1. 06E-08
1.10E-06
3.23%-06
9.,88%=-02
1.77%=10
4, 56F=08
2., 138-01
3, 08E-08
1.10E-05
1.80E=-03
2,782-07
5.09E8-06
6,38E~-05
4,93"~05
3.12%=01
3.13%8-06
1. 15E-07

660, D
1, 39F-02
2.318-07
7.017-08
3.82E-05
5,72F-08
1. 16F=-04
S.828=-09
4,07E=-00b
2,04E-09
T, BEF-10
8, 38E-08
6. 85R-04
1.86E-09
2.27E~03
4,212-08
B,06%-06
8,528-09
3, 03E-C6
2, 71E-05
1.039-11
7.36%-G3
2.58%=-06
0.0
2. 63E-06
1.89%-02
5, 69707
2, 878=07
£,52P-02
L 26B~06
2. 74R-08
7.81F-02
2,87E-09
3, u1r-08
2.36E-03
1, 07E-08
1. 118-06
3, 20F-06
1. 188-01
2.15%-10
6, 598-0u
2. 53F=-01
3, 75E=-08
1. 41E=-03
2.038-03
2. 57-07
4, 78E-06
5,958-0%
4,€0E-05
3. 57E-01
3.02E2-05%
1e 11E-07

™0 BEFRCTOR

770, D
1,65E-02
2.508-07
7, 58E-0B
4,78%-05
5, B8E-08
1. 38E~0B
5,B4E-09
4, 89E- 0L
2.0u8F-39
7.83E-10
8, 3€R-08
T.97F=-08
1. 6BE=-0°
2,67E-03
5, 10F-08
1. 12803
4,598~ 09
3.05r-06
2.73F-05
1. 0LE-11
8. 6CE-03
2.57E-06
0.0
2, E6E-C6
2,228-02
5.59E~-07
2. 42E=-07
5.22E-02
4, 97F-06
2. 69E-Q8
9. 01F=-02
2.82F=-09
9, 7BE-08
2, 68F=03
1. 09R~-08
1.138-06
3. 17E-06
1. 368-01
2,5%E~10
9, 02%-02
2,91E-01%
4.51E-08
1. 70F-05
2, 7%E-03
2. 39E-07
4, 49E-06
5.5€E=05
4, 29E-05
3.98E-01
2, 91E~-06
1,078-07

880. D
1.919-02
2,68€~07
8. 11F-08
5.82E~05
6.03F-08
1.60E-08
6.,05E8-09
5, 7Lr-04
2.0LE-00
7.82E-10
g.35E-08
2. 08F-04
1. 89E-09
3,067-03
6. G87=08
1, 48708
8.,6EF=0Y
3.07E-GE
2.758=-05
1.05E-11
3,83%-03
2. 53E~06
2.0
2,68F-06
2.56%-02
5.50F=-07
2,388=-067
5. 90E-02
5. 68E-06
2,638-08
1. 02E=-01
2,778-09
1.02%-07
2.98F-03
1. 117-08
1. 15E-0¢€
3, 158-06
1, B58E-01
2,95E-10
1,198-03
3,28P-01
5.33r-08
2,01e-05
3.68%-03
2. 21E-07
4,23%-05
5. 18E-05
4, 00 E~-G5
4,338-01
2.81E-06
1. 03E-07

SOTOPIC G RATIONS (G-ATOM/METRIC TON OF U/ OF MISSION ROBUCTS AS [ ION OF IR
I CONCENTRATIONS (G-ATOM/METRI ) oF Frssion Probucts as A FUNCTION OF IRRADIATION

990, D
2, 178-02
2. BUR=-07
8. 62==08
6.92E~-05
B, 18E~-08
1.838-04
6,25F=-09
6. E2R=-08
2,03%-09
7.818=-10
8, 3LE~-08
1. 028-03
1, 30¥-09
3, U46®=-03
7, 08%-08
1. 32805
§.73R=-09
3,108-08
2. 77E=-D5
1,078~ 11
1, 118-02
2, 62708
0.0
2. 7T1P= 08
2.91E-02
£,817-07
2,358E=07
6,588~02
5, 3IQE~DE
2, 5B¥=08
1. 13%-01
2,738-09
1, 0BF~07
3,26%-03
1, 12E-08
1, 17806
3, 12E-06
1, 728=-01
3.36E-10
1. E1E~-03
3.65E~01
6. 198=08
2. 33E=-05
4,70®=-03
2, 04F-07
3,878-06
4,83%-0%
3.738=0%5
§,Eur=G1
2,72F=-08
%, 91E-08

1100, D
2. L4P-02
3,00%-07
9,118~-08
8, 08E-05
6,327~08
2.07E~00
6.44%-09
7.53E~04
2.03E-CS
7, B80F-10
8,34R-08
1. 13703
1.927-08
3.87%-03
8, 1€F=~08
2. 42F~05%
8.79E~0D3%
3. 12%=086
2,79F=0F%
1.08r-11
1, 23F=02
2. E4P=08
0.0
2.73F=06
3. 26E=02
5,388-07
2433807
T, 2UF=02
7, 0%F~08

. SUF-08
1.258-01%
2.63R~-09
1. 10R=07
3.52F=03
1, 148-08
1, 18R-08
3, 10r=-08
1. 839-01
3,782-%0
1, 88P-03
4,01E=-01
7.09F-08
2.672=-0%
5.868-03
1,88r-07
3, 74r-086
L,507-0%
3.47F-05
2,918-01
2.638~06
9,587=-08

£0L



TaBLE A-5 (conTinueD)
PEFFRENCE TWR FQUILIBRIUM FUEL CYCLE ~- 3.3 0/0 EWRTCEED U
POWER= 30,00M¥, BURNCGP= 33000.MWD, FLTN= 2,92F $3N/CH**2-SEC

NUCLIDY CONCRNTPRTIONS, GRAM ATOMNS
RASTS = WT OF HPAVY METRL CHARGED TO PFACTOR

HIPGE 110, D 220. 1 330. D 4up, D SE0. D 660. D 770. D B8O. D 990. n 1100. D

qu
94

1. €47-07 1.55F-07 3,51E-07 1.48BF-07 9J,US5F-07 4,0U2%-07 1,40F~-07 1.38F-0" 1.3£%-07 $.35F-07
9.03%rP-06 B,74F-06 8,498-06 B8,29F-06 B8,t2F7-06 7.96E-06 7,.82F-08 7.597-06 7T,E7P-06 7, UEF-0F

C
8L 0.0 1.43P-01 2,82¥-01 L. 4VE-07 5.51P-01 6,83%-01 8. 13E-01 9,83P-0% 1.07F 00 1.207 00 1.33F QO
&5 0.0 3.807-07 &,207-07 7.76E-07 7.38%-07 7T,05¥-07 6,75E-07 6.47F-07 5,2iF~07 5,97E-07 &,74F-07
gs 0.9 4,07E-06 3,79¥-06 3.59B-06 3,%%E-056 3,28E-06 3.12F-06 3.00P-06 2.887-06 2,76F-06 2,68F-06
85® 0.0 4.03R-04 3,76F-04 3.568-08 3.38E-04 3,23®-04 3, 10F-04 2,97P-04 2,85°-0L 2,7UP-0u4 2,84F-0L
8e 0.0 4,71F=02 9,02F-02 1.30E-01 4.67E=-01 2.02%-0% 2.35B-01 2.64F-01 2,92F~01 3,16%-0% 3.42E-01
85 0.0 1.38%-01 2,60F-0% 3.81E~-01 4,96%-01 ©6.08B-01 7,15F-01 8.16¥-01 9.,20B-0% 1,02% 00 1,17F 0O
86 0.0 2.168-06 2.00¥-06 1.88%-06 1,78F-06 1.,69%-06 1.61F-06 1.53F-06 4. 45F-06 1.38BF-06 1,32F-06
86 ¢.0 2.82p-01 5.457-01 7.94E-01 1.03F 00 1.25% 00 1.477 00 1.68F 00 1.87F 00 Z2.06% 00 2.24F 00
8eM 0.0 5.78F=%1 7.53F-11 9.38FE-11 1,13E-10 1.33E-10 1.55B-10 1.77E-90 2.0%F~10 2,26F-10 2.53E-10
86 0.0 5.87B-0£ 1.20F-05 1.828-05 2.86F-05 3.13FP-05 3,.84P-05 04.59¥-05 5,38¥-0% 6,21E-05 7.06E-0°
86 0.0 . 188-05 4,80F-0%5 9.10F-04 9,98E-08 3, 13F-04 4,56F-08 $.30F-04 B8.36%P-00 1.07R-03 1.35E-03
87 0.0 2.718-06 2.519-08 2.36%-06 2.23F-06 2,11E-06 2,01E-0f 1.,9%%F-06 1.81F-0€ 1.73E-05 1.54F-0€
R 0.0 2,327-04  2,15%~-04 2.,0%7-08 1.92E-08 1.B3®-04 3,74F-0L 1.€6E-0L 3,59%~04 3,52F-0% 1.USF-DU
87 0.0 3.488E-01 6,71E-01 9.,77ET-01 1.27F 00 1.55F 00 1.87F 00  2.06E 0CG 2.30F 00 2.%3% DD 2,757 DD
87% 0.0 2,19E-12 9,20EB-12 2.15P-91 3,99%-11 £,50F-11 9,938-11 {,L3P-1) .98P~10 2.65R-1C 3,L5%-10
87 0.0 4.518-10 3.85E-09 1.35F-08 3.318-08 8.71%¥-08 1,20R-07 1,9%E-07 3,107-07 L.60B-07 6.59F-07
&8 0.0 1.14R-06 1.05%-06 9.94%w-07 9.U2F-C7 B,95E-07 8,53F-07 8,4UE-07 7T.76E~07 7,41%-07 7,08F-07
8d 0.0 7.35R-04 6.84F-04 6.048%-D4 6.13°-04 5,85E-04 S5.59F-04 5.358-04 S5,12F~04 L4.91F-04 Uu,71E-0L
88 o.C 7.798~-05 T7.25E-0%5 6,B4E-D5 6.50E-05 6.20F-05 5.92P~05 S.87F-0%5 5.43F-05 5,21E2-05 5,007-0%
88 0.0 4,978-01 9,6%E-01 31,408 00 4,€2F 00 2,22% 00 2.60® D0 2.97F 00 3,327 00 3,65F €0 3.97F 00
39 0.4 8,098-07 3,78F-07 3.54F-07 3,34F-07 3.168-07 3.00E-07 2.85F-07 2.71F~07 2.57F-07 2,45E-07
39 0.0 1.B0E-05 $.67F-05 1.57®-05 1.L48E-05 1,41¥-05 Y.34E-C5 1,28F-05 1.,22%-0f 3,17@-05 1,12F-05
849 0.0 5.67F-05 8.03F-05 7.558-05 7,35E-05 6,80®-05 &,L8F-CS 6, %BT-05 5,90F-05 3,583R-05 5.387-0%
89 0.0 3,48E-0% U4,03F-0% 3.97E~-01 3.E80®-07 3.62%-01 3,857-01 3.29P-0% 3.13F-0% 2.998-0% 2.86F-01
89 0.9 3.218-01 8.87E~-01 1.L48F 00 2.057 00 2.59% 00 2.117 90 3.61F 00 4,08% 00 4,S3F 00 4,96% OC
k1 0.0 3.377-06 3.74F-06 2.96E-06 2.81%-06 2.6BF-05 2.56¥-086 2,485%-06 2.35F7-06 2.25E-06 2.1£F-0€
0 0.0 1.78F-05 1.66%=05 1.56E~-05 1,49E-05 1,82%-C¢5 1,35F-05 1,30F-05 1.24®-06 %,19%E-05 1,9LF7-0%
90 0.0 7.99r-01  1.54F 00 2.23%E 00 2.88F G0 2,u49% N L,07F 00 2.62F 00 S5.14F 00 5.63% 00 6£.10% 00
90 0.0 1.458-40 U0.01E-10 6,82E-10 9.758~-10 1.28%-09 1,60F-09 1,93F-09 2.27F-09 2.632-09 3.00%-09
90 0.0 2.912-04 4,08F-04 E5.93E-04 7.68F-04 9,38%-04 1.09%-03 1,24P-03 1.38E-03 1,52%-03 3,65F-03
90 0.0 2.938~03 1.178-02 2,60B-02 L4.54%-02 6.97%-02 9.B86F-02 1,32F-071 1, 698-01 2.711E-01 2,58FE~01
91 9.0 7.24F«07 &,76E-07 6,407-07 6.%19F=-07 5.85P-07 5.862F-07 S5,40F-07 S5,20F-07 S5.01E-DT7T 4,.83F7~07
91 0.0 8.10P-05 7.55%8~06 7,15F~06 ©&.81F-0% 6,52%-06 6.257-06 6,00F-06 5.777-0f 5,585E-06 K.38F~0¢
91 0.0 4.%%8-03 3.90F-03 3,70F-03 3.%52¥-03 3,37%w-03 3,237-03 3,%0F-03 2,99%-03 2.87%-03 2,77F-33
91 0.2 2, %37=0L  4,98F-0C 1,BBE-08 1.79%-08  5,717-04 1. 6LF~0L  Y,88E-04  1,52F-04 1, LUEM-0U 3, U1F~DL
€1 0.0 b,537-01 5,U49¥-01 5,538-01 5.,2868-0%1 5.15P-0% 4.92F-071 4,75P-09 L,S56P-01 4,397-0% 4,22F~0%
91 0.0 3.67E-01 1.0LF 00 1.78% 00 2.50®F 00 3.19% 00 3.86F €00 4.%0F 00 S.92F OO0 B,72Z2% 00 K.29% DO
g2 0.0 1.22F=07  1,.16F~07 1.118-07 1.07F-07 1,03¥-07 1.COE~C7 .76E-08 9,%1E-08 9,27R-08 9,05%7-0%
92 0.0 5.898-07 5.56F~-07 5.31-07 5.11F=-07 &,93%-07 &.77E~07 4.627-07 4,48FP-07 4,35%-07 4,237~07
92 0.0 1.08E~-03 1.02%~03 9,79%-04 9.41%1g=08 9,09%-04 8.79F-0L 8,52P-04 8.26F-00 5,03%-04 7,80F~0u
92 0.0 1.608~03 1.,5%E~03 1,842-03 1.39F-03 94.35F-03 3.30E-03 1.25F-03 1,22%-03 4.18%-03 1.152~03
92 0.0 8.509-01 Y.66% OC 2,44F 00 3,38F €O 3.937% 00 L.81E 00 ©5.29F 00 5.95% 0C 6.597 00 7.22% OC
93 0.0 2.86E-08 2.37E~08 2,312-0& 2,26E-08 2.23¥-08 2.20F-038% . 18F~08 2,1fF-08 2,.9%P-08 2,137-C&
93 0.0 7,22%-27 5.88%¥~07 6.63-07 6.43P-07 6.257-07 6.097-07 S5,95F-07 S.B1E-07 5.68®B-07 5,567-07
92 D.0 £,2t8-05 5,91¥-05 5,708-05 5.337-0%5 5,.3%F-05 5.2LF-05 5,127-05 S5.00E-05 4,39F-05 L,79F-0%
93 0.0 L,7%E-03 4,527-03 H4,368-03 4,237-03 4,.11¥-03 4,0%E-03 3,99F-03 3.,82F-03 3.743-03 3,8686F-03
93 0.0 9.13E-01 1,79F D0 2,64F 00 3,46F 00 4,25% 00 S5.02F 00 S,.78F 00 6.57" 00 7.22% 00 7.99F 00
93 0.0 6.36F-08 2.50F-07 ©5.53P-07 9.678-07 1,497-06 2,10E-06 2.B2E-06 3,52F-06 U4,52F-06 5,50F-0¢
93 0.0 3.278-10 2.59%-09 B8.61F-09 2.01E-08 3.88F¥-08 6,62F-08% 1,048-07 1.,533E-07 2,16F-07 2,92F-07
QL 0.9 5,328-09 5,20%-09 5,16E-09 5.167-09 5,19%-09 5.23F-09 S5,28E~03 5,.,358-09 S5,U4297-09 &,u897-09

0.0

0.0

801



®U

POWER=

39
99%
99
29

¥B100
mo10c
TC100
RU10C
NB101
wO101
TC101
RU101
M0102
TCI02M
TC102
RU1C2
#0103
TC103
rU103
PH103IN
FHE103
o108
TC108
RU10L
RETOLN
RH10U
EDI10Y
K010%
105

C
0
0
0
0
0
0
0
0
0

o & 8% a2 & 4 8 s 6 a e a @ &

DR TCODOIOTDOTIORTC OO IDOTOADDIOOODDIIOOCITIIGIOSTTIATORD

“ ¢ % 8 s 8 a 4 0 8 & & & & 6 & & 4 B o 6 4 & & 8 B & u 4 & a8 0t e e e s

DO C OV OOVDIDOAPDODADDOIIIOOBODDIIIDIISTTODD

30.00¥W, BURNUP=

HAPGE

110. D
1.828=-004
9, 20E-01
9,10F-08
4,83E-06
8, 85E~05
5.298=01
6, 11E=014
1.21E-01
1,8%8=01
1.,91E-05
9,208-01
3.618-06
7. 75804
7.81R=07
7,97E~-03
7.50u=-06
5.637=-04
3, 7BE-01
7.70E-08
1.548-0%
5,328-0%
8.56E-01
1.96E~05
3.29%-02
2.56F~03
B.60E-01
4,237-07
2.588-05
S, 37E=-01
2,42%-08
L,698~03
€, 92E~06
1, 01E=02
9,72E-05
7.51E-01
€, 54F7=05
1. 34E-05
2,48F-07
6,38E~-01
4,77E=-06
3.85F~-0¢6
2, 18E-01
2.18E~04
2.568-01
4,.28R=-06
5.95E-08
3,29E-01
8,238-08
1.83F~07
1, 06E=-02
1.35E~-06
2.738-07

Tale A-5 (CONTINWED)
REFEPENCE PWP EQUTLIBEIUM FUERL CYCLRE -- 3,3 070 FNPICEED a

33000, ¥¥D, TIUX= 2,92F 13N/CH**2-STC

220. D
1.36E=01
1.81E 00
8.,86E=-08
L,69F=-06
8,53%%-05
€,818-01
7.97E~08
3.30E-01%
7,858-01%
1.86E8-05
1.82F 00
5,44E=-06
6.00%-03
7.68F-07
7,84E-03
7.378-06
5.537=-04
1.76% 00
7.62F-0¢
1.52E=C08
€,098~06
1.71E 00
1. 94E-05
3.25%-02
2,5UF=~03
1.758 00
1.72E-06
2.58E-05
1.88% 00
4,92F-08
1.91E=02
6.96E~06
1.02E-08
9. 77E=05
1.51% 00
6.718-05
1.37E=-05
2.58E=C7
1.31E 00
5,058~06
4,07%-06
2, 867E=01
2.67E-08
6.82E-01
4,87%-06
€.78E-05
7. 21F=-01
2. 20E=07
4.89%-07
6. 14E=-02
1.69%8~06
3,80%-07

YUCLTDE CONCEWTRATIONZ, GRAM ATOMS

BASTS = MT OF RFAVY MRTAL CHARGED

330.

1.33F~

2.68F

8,70E~

Jal
ou
00
08

4,60%1=-06
8,42%-05

7,198~

01

8.4 5E-04
3.777=01

1.5€8

1.82F=-

2.71%

€.37E~
1.90E~
7.608-
7, 76E~

00
a5
00
06
02
07
03

7:30E-08

5,477~

2.83E

- TR

i a

1. 51~

04
06
06
0%

6,72E~06

2.58®

1,938~
3,258~

00
05
02

2.53E~03

2,62F

00

3,B89%-06
2.59E-05

2. 8UF

00

7.552-08

P

4,368-02

7. 01F~
1,03E-

08
on

5,8BE-05

2.28%

00

6.88E-05
1,81B-05

2.561E~

2,018

07
00

5.298-06
4,27E~-06

2,88E~
2.88E-~

1.128

5.372-

7.47E-

1.168

01
o8
00
06
0%
0o

3,688-07

g, 19E=~
1.62E~
1.96E~
3.95E~

07
01
06
07

sed, »
1.29E-0b
3.58% 00
8.59E~08
4,53%-06
8, 28E-05
T.248E-01
g,51r=-08
3.83E-0
2.39% 00
1. 7%E-05
3,59 00
6.94¥%-086
4, 12E-02
7.548=07
T.70E=-03
T.24w-08
5. 43E-04
3.50E 60
7. 558~06
1.51%-05
7, 26%=06
3,487 00
1.93E-C5
3.24%¥-02
2,528-03
3.49% 00
€.91R-06
2, 60805
3.81F 00
1. QUE=-07
7.89E-02
7.07%-06
1. 04E-04
G, 94FE=-05
3,058 60
7. 0Ur=0S
1, LUE-05
2.66E8-07
2.73E €0
5,50E-06
4, L8E-06
3,038~-01
3,03E-04
1. 58% Q0
5, 80E-08
8.06F-05
1,658 00
5.21E-07
1. 16E~-06
3. 13E-01
2,20%8-06
4,42%-07

550, D
1.278=-08
b,38% 00
B.50E~-08
4,478-06
8. 178-05
7. 18E-01
&, 46 F-08
3.89e-01
3.22% 00
1. 7TTR-05
n,u5% 00
7.397-0¢6
7.38%-02
7.498-07
7.E5E-03
7.20%-05
5.020%-04
u,36% 00
7.53%-05
1.51%-05
7.758-08
L,31% Q0
1.93%-05
3,388=-02
2,52%=-03
L,358 00O
1. 08%~05
2.61E=05
4,78% 00
1. 34E-07
1.268=-01
7., 12E-06
1.048-00
1.C0E-0L
3,82% 00
7. 18%-05
1, 478-05
2.72E-07
3,48 00
5.,70E-06
4,608-06
3. 16E=-01
3.15%-04
1.93% 00
€.20%-06
8.61E-05
2.178 00
€.,78%=07
1.512-06
5,20%8-01
2.427-06
L,B858-07

660. D
1. 20F-04
5,218 Q0
8.,43r-08
4, B1E-06
8, 06E~0S
7. 12E-01
8,37F~-08
3,867-01
5,03F 00
1, 758=05
5.318 00
7.80E-06
1. 17E-01
T UEE-07
7.61F-03
7. 1€E-086
5.37F-04
5.21E 00
7,528-06
1. 8CE-05
8, 21E-06
5. 178 00
1.938-05
3, 24E~32
2. 52E-03
5. 207 00
1. 55F=-05
2.63%-05
5,76E 00
t.66E~-07
1, 858-01
7, 1BE~06
1. 05E=-04
1. 01E-0U
4, 80F 00
7,328-05
1. 80%=05
2.77E=-07
4,258 00
5, B89E-06
4,758-06
3. 27E-01
3.27E-04
2,29 00
6,57E~-06
9. 13E-05
2.72F 0C
8.37F-07
1.B6E-06
7.80E-01
2. 62B-06
5.26E-07

™0 PERCTCR

77C¢. D
1. 22E-04
6, 03E 00
8,37E-08
4,37F-086
7,97F-05
7.0UF=-01
8. 28¥~08
3,82F-01%
4,82F 00
1, 73¥~-05S
€, 167 00
8., 19F=-06
1. 738-01
7, 82F=-07
7.58E-03
7. 138-06
5.35F-08
€. 06F 00
7.51E-0¢€
1.508~-05
8, BUE=-05
6, 0uF 00
1.93E-05
3, 24E=-02
2,52F-03
6. 087 00
2, 10%-05
2. 64F=~05
8, 74F 00
2.018=07
2.57E-01
7. 23E-06
1.06F-04
1.02F-048
5.378 00
7, USF-05
1.52B-05
2. 827-07
5.08F 0O
6. 07F-06
4,90F-06
3, 39E-01
3,38F-05
2.62F 00
€. 92E-06
8., 61F=-05
3.3%F 00
9,97E-07
2.22¥-06
1.09% 00
2. 818-06
564807

880, D
1.20E=-04
6. 83E 00
8. 328-08
4,33P-06
7.89E-05
6.,97F-01
8. 13F=- 04
3. 78E~01
5.59% 00
1. 71E-05
7,008 00
B.SBE-C6
2, U0R-01
7.399-07
7.558-03
7. 10P-06
5.33F-08
6,91F C¢
T.BtF-06
1.5C¥=05
8, 057~-08
6,928 00
1. 93F-08%
3, 2uF-02
2.53E~-03
£€.,886% 00
2. 73E-05
2.56E-05
7.738 00
2.38E-07
3,u43%-01
7.29E=06
1, 078-08
1.C3E-08
6.15F €0
7.598-0%8
1, 55808
2.878-07
5.857 0OC
6. 24F=-06
5.0LE-06
3,498-01
3, 899~00
2.91F 00
7.26E-06
1.01E-04
3,92F 00
1. 16E-06
2,57F=-06
1. 46F OC
2.998-06
6.00E-07

990. D
1.188-00L
7,637 ¢
8, 27F=-08
4,29R-05
7. 81F-05
6.90%-01
8, 112~04
3., T4R-01
6.3LE 0C
1.70E-05
7. 88% 00
8, 96E-06
3.20R-01
7.378-07
7.52E-03
7., 08E8-06
5. 31F-04
7. 758 08
7.54%-086
1.80E~08
9, U4r=-06
7,798 00
1.938~05
3.25E-02
2.538-03
“.67F €0
3, 84E-35
2, E7R=05
8,73 00
2.788-07
b, 54P=-01
7. 34T~ 06
1. 08E8=-04
1., Q8R=-08
6. 922 00
7.71%=-05
1. 58E=-05
2.92%-07
€.68% 00
6, H1F=08
5. 178=06
3. €0E-01
3. 608-00
3,178 00
7. 58E-06
1.05%8=-04
4,578 00
1.318-06
2. 928-06
1.88% 00
3, 16¥=-086
6,388=-07

1100. D
1. 17E-08
g.42F 00
8,28F-08
&,257-0¢
T TUE=05
6.83F~-01
8.03F-00
3.702-01
7.07F OC
1.68E=-05
8.66% OO
9.32E-0¢
t, 14F-01
7.35E-07
7.50F~03
T.068-06
5.30F~-04
8.58% €0
7.5312-06
1. 50E-058
9,81E=-06
8, 67F 00
1,93E=-05
3.25%=02
2.5LE-03
&, 86F 00
4,23F-05
2.68E-05
©,72% 00
3,198-07
5.608-01
T.U0E=-06
1.098-04
1,05P-0¢
7459F 00
7.83%=05
1, 60F=05
2,97E-07
7.53E 00
6.57E-06
5.30F-06
3,89F-01
3.6%E=-0L
3.u907 00
7.882-06
1.108-04
5.28% 00
1. 4€E-06
3.25F-06
2.36F 00
3.32P-06
6.67R=07
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POWEP=

®7105
PHIOSH
PHI05
D105
TC106
PU106
PHI06K
RH106
PRI06
RULOT
vEY07
PDIOTR
p107
AG107
RU108
PH108
Ppi108
A5108
CcHioe
RH109
PDTO9M
PD109
AGI09NM
16109
cp109
RH110
PDY10
A3110HK
25110
D140
PD111M
P11
AGTHIE
AG11%
CD117M
CD111
PD112
16Y112
D112
D113
A2113N
3113
CD113M
cD113
TRY13
PDYIL
AGT140
¢DivL
TNYILE
TRINL
5¥19L
D115
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110, D
5.45E-08
1.58E-06
3438E-03
1.L08-01
8.10E-07
1. 00B-01
2,002-05
2.66F-07
5.L8F-02
2.55%-06
1.86E-05
6.218-08
6.58%-02
8,29E-10
2,298-06
1.84E-07
3.56E-02
9.928-17
1.33E-12
1.36E-07
8,63E-10
2.24%-014
1.85F=-07
1.778-02
u,E9F-16
9.188-09
B.13%-03
3.22B-0%
8.328-09
8,923-00
1. 64%=08
1.378-06
7.81E-08
6.84E-04
3.138-13
t,708-03
B.338-05
6.598-06
2.83E-03
6.91E-08
S.92E-09
1.43R=-05
1.332-06
1.59E-03
6.068-09
5.75E-08
2.00R-09
5.798-03
7.097=-11
2.70E-15
5, 4UF-9%
1.56E=-08

BUOBRNUP=

TaeLE A-5 (CONTINUED)
PPFERENCE PURP TQUYLIBRICM FUEL CYCLF -- 3,3 0/) TRRICHED U

33000. M¥D, PLUY= 2.92F 13N/CH*¥*2-S¥EC

229. ¥
6.80E-0L
1.92E-06
b, 17E-03
3.328-01
1.11E-0%
2.39E-01
2.49E-05
u,40E-07
1.537=-01
5.188-06
2, 7%E-05
9,07%E~-08
1.81F-C1%
,40°-09
3.57E-06
2.2518=07
1. 08F-01
5.26E~-16
9. 365-11
2.178-07
1 49F-09
3.52F-04
2.98EF-07
8.38¥r-02
9.09¥%-15
1.39E-08
2.36¥=-02

«T77E-08
2.53r-08
5.32E-03
1.728-06
$1.8YE-06
3,09E=-07
9.53F7-Ct
1.87E-10
1.31F-02
5.95¥%-0%
9.,06F~06
T.42F-03
T.4EE-08
6.,3%E-09
1.538-05
6,66¥=06
1.82E-93
5.74%E-08
6.84F=-08
2,37E-09
1.44F-02
1.062-09
3.19E-14
1.25E-09
1.82¥7-08

¥UCLIDE CONCENTRATIONS,

BASTS

330. D
7.90E~-04
2.23r-06
4.82r-03
5.62E-01
1.358-06
3.97E-01
2.94F-05
6.27E-07
2,992-01%
6. 49F-06
3.80%-05
1. 14E=-07
3.36E-01
1.,208-08
4,6 1e8-06
2.902-07
2,09F~01
1. UBE-15
5,582~ 11
2.81E-07
2.788-09
4.78E-001
3.95F-07
1.02F-01
5.L1E-18
1.767-08
4, 497-02
4, 70r-04
t,B8P-03
1.50F-02
1.82%-0%5
2,35%-06
1.348-07
1.17%-02
5,52F-10
2.L1E-02
7.258-05
1. 118-05
1.,38E-02
7.97E-08
5.83E-09
1.63¥%-05
T.778-05
1.92%-03
2.20E-07
7.738-08
2.68%-09
2.3€E-02
5, 138-09
1.408-13
8.1%18E-09
2.03P-08

= KT OF HFAVY METALT CEARGED

489, D
8. B6E-0U
2.U9%¥-06
5,357-03
8.212-01
1. 57E=-06
S5.63E=-01
3.37E-05
8,21E-07
4,93F-01
7.628-06
3,99F-035
1.34E-07
5.23¥-01
2, 47%7-08
5,50E-06
3.46E-07
3. 34F-01
3.%08-15
1.55%~-10
3.377=-07
4,57E-09
5.83F-04
4.80E-07
1. 572-01
1. 972=13
2,097-08
7.08E-02
9.37E-08
7.78E-08
3.268-02
1.93E-06
2,75E-06
1.558-07
1. 26F-03
1.217-09
3. 72%=-02
8.39%E-05
1.28P7-05
2.05E-02
8. 39E-08
7.19E-09
1.718-05
3.638-05
1.97E-03
5.78E-07
8.51E-08
2,95%-09
3, 38E-02
1. 578-08
4,10F-13
3,15E-08
2,228-08

550. D
9, 72%-08
2.74E-05
5.83F-03
1. 137 00
1.768-06
7.318-01
3.80%-05
1.02%7-06
7.378-01%
8.682-06
4.53%-05
1.52%-07
7. 38E-01
4,322-08
6.30F-06
3.,97%-07
4,78%E~01
5.63F-15
3.478-10
3.878-07
€,79%~09
§.827-00
5. 627=07
2. 18E-01
5. U8E-13
2.38%-08
1.0192-01
1.57%-03
1. 12%-07
5.90%-02
2.05p-04
3.39%-06

. 75E-07
1.537-03
2.26%-09
5.22%-02
9.428-05
1, 44E-05
2.86¥%-02
8. 77F-08
7.52%-0%
1.79E-05
6. 41E=-05
2.00%-03
1.237-06
9.,2%%=-08
3,20%-09
4,47R-02
3,76%-08
Q,.518-13
a,067-08
2.39%-08

880. D
1.208-03
2,397-06
5.99F7-03
2,087 00
2.26F-06
1.22E 00
5. 4®-05
41.608-06
1.77F 00
1.13E-05
5.94F-05
2,02¥7-07
1.53F 00
1. 41E-07
B, u27-06
5.30F-0"
1. 018 00
2.08F=~ 14
1.98F-09
5. 198-07
1.63F-08
9, T4¥-08
B8.027-07
4, 158-01
5.02F-12
3. 15BE-08
2,137-01
U, 47F=-03
2.01E-07
2, 04F-01
2,537-06
L,01%-08
2,28F-07
2,00F-03
8.827-09
1.088-01
1.218-01
1.85E-05%
5. 87F-02
9.827-08
B.412-009
2.017-05
2.22F-014
1.992-03
6.1LFE-06
1. 318-07
3, B%E-09
R.10E-02
2, U2F-C7
5.85F-12
8, 712-07
2,8u®-08

1100. D
1.34%~03
3,77E-0%
7.60F-03
2.80F 00
2.56%-0¢8
1.53F 00
6., 06F=-05
1.975=-0¢
2.71E 0C
1.29®-0°%
6.777-0%
2.,328-07
2.16F 00
2, UBF-07
9,657=-06
6.08¥-07
1, 48% 00
3.977-14
G.64%-09
5.967-07
2.51F=-08
L1703
9,6UF-07
5.477-01
1. 497-11
3.617=-08
3, 04F-01
T.138-03
3.409-07
3.667-01
2.70F~08
4,567~06
2.560%-07
2.278-03
3. 72F-08
1.537=-01
1.378-08
2.098-0%
8.327-02
1,067-07
8.,95F=-09
2.13%-05
u,1te-05L
1.95%-03
1.,32%-05
1.22F=-07
4,237-09
1,08P=-03
R.93F=-07
T UIT-11
2,60F7-06
3. 11E-08
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POWEP=

2G115%
:G115
CD1154
Cp1tE
TNIT5H
IN115
S¥115
aG116
cp116
TH116H
IN116
S¥1t6
AG117
Coi117y
o1ty
TEIIM
TNTTT
SN
SN117
€nits
INT1ER
N1l
Swite
Co1isgH
CD11%
IR119NM
TH119
SN119n
SH1%9
€D120
IN120%
IN120
SN120
cD121
THN1Z21H
INt21
SN121H
sw121
sBi121
INt22
Sw122
SB122X
SB122
TF122
TH123K
IN123
SW123%
SW123
SB123
TE123n
TE123
IN128
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30,004%, BURNUP=

110, D
1.987-09
2. 99E-07
6.418-05
6.277=05
527806
1.588~03
9. 228-05
4,96B-0R
1.958=03
1.89%-07
2,178=10
2.698-00
2.262-08
5. 118-10
2.96B-08
2, 38806
8,25%-07
3.53p=08
2,€28-03
1.G1E-C6
8.70F=18
1.718=09
2.02F~03
2.957-08
1,069-07
3.93%-07
2.298-09
4,697-06
2. 167-03
2.298-08
5.128-10
8.802-09
2,308-03
8.908~08
7.888-08
2, 198-10
6.R1E~10
4.208-05
2,552-03
3.378-09
2.768-03
14 26E- 10
1.19F-06
1.46%-05
1.638-08
5.56%-10
1,338-07
2, 04E-03
9.858-04
6,36E-10
1.578-09
2,408-09

33000. ¥WD, FLOX= 2,92F 13N/CH**2-S®EC

220, D
2.26F=09
3.498-07
8,92E-05
7.34E-05
6. 18706
3.208-03
2.108=00
5. 745-08
4,327-03
3.84F~07
4, 41E=-10
9, 9%F-0U
2.50%-08
1, 13509
3,413-06
2, 742-06
4,908-07
1. 78E-07
4,462-03
1, 16 R-0F
1.00E=13
1.978~09
4. 48E=-03
3.378-08
1.258-07
8,497-07
2.627-09
5.07F-0¢
4, 742~03
2.59%-08
£,92F-10
9. 94E~09
5.01F-03
1.00%-07
8.878-08
2.18E~10
2.918~-09
4,72F-05
5. 55803
3.80E-09
5.96E-03
2.70E=1C
2.598-0¢
6.38¥~05
1.86F-08
6.258-10
1.50%-07
3.532-03
3.08E-03
4, 828-09
1.418-08
2.76%-09

NUCLTD® CONCENTPATYIONS, GRAM 2TOMS

BASTS ¥T OF HEAVY HMETRAL CHR2RGED

330, D
2.538-09
3.90%-07
1.05%-04
B.25E-05
6.9UE-06
4,707-03
3,467-0L
€,37%-08
7.038-03
5,75%-07
£.60T~10
2.25E-03
2.89E~08
1.888-09
3,78F=06
3,0LE-06
5. ULF-07
U, 28E-07
7. 26E-03
1.298-06
1, 11713
2.19R-08
7.288-03
3,727-08
1.388-07
4.$67-07
2,898-09
1,30E-05
7. 66703
2,8UF-08
7.%88-10
1.098-08
8. 05E~03
1.038-07
9.697~08
2,22F-10
7.00%-09
5. 15E~05
B.B6E-03
4, 14%-0%
9.51¥-03
5,308~ 19
4,218-06
1,53P-08
2. 04E-08
6.R5F~10
1,64P-07
L EOF-03
5.967-03
1,54F-08
5,22F-08
3.95F-09

TaBLe A-5 {conTINUED)

REFERENCE PWR EQUILTBRIUM FUFL CYCIF -- 3,3 0/0 ENRICH®WD U

Lao. D

2.76E-09
U,26%-07
1., 18%7=-04
9.05%-05
7.61E=-06
6.018-03
4,97%-04
6. 93808
1.008-02
7. 588-07
8,71%-10
4,008-03
3, 14E=-08
2.767-09
t, 11E-C86
3.31E~06
5,91F-07
8. 09E~-07
1, 03F~02
1.L0E-0€

27E-13

2, 3BE-0C
1. 04E~-02
4,02r-08
1.49E-07
5.36E-07
3,13%-09
1.658~05
1. 09%-02
3,06E-08
B, 15F- 10
1, 178-08
1. 14E~-02
1.17R=07
1.0LR=07
2.298-10
1.338-08
5,52F-05
1. 24F-02
4,44R-09
1. 34E-02
€.338-10
€.08E-06
2.908~08
2.20%=~08
T.39F-10
1. 778=-07
5., 50E-03
9., 438-03
3.53%-08
1. 34E-07
3.30%-09

660, D
3, 17e-09
4,83F-07
1. 40F-0L
1. 05E=-08
8.8L4E=-06
8.08%-03
8.81E=-04
7.91E-08
1.67E=-02
1. 10E-06
1e 26F-09
8.918-03
3.57E-08
L, 86E-09
B, 69E~-086
3. 7TTR-08
5. 748-07
2. 00E-08
1., 718=02
1. 55E-0€
1,578-13
2,71E-09
1,737-02
L. 568=-08
1.897-07
6, 07R-07
3,542-09
2, 25E-05
1. 8C8-02
3, u4®-08
9. 178~10
1. 32E=-08
1.87r-02
1.328~07
1. 172-07
2. U5F~10
3.378-08
6, 18E-05
2,01E~02
s 97E=09
2.18E-02
1. 11E-CS
1. 06E-05
7.328-04
2. 49E-08
8.37%=-10
2.018-07
6. 75F=-03
1.76E-02
1. 158-07
5.,28%8-07
3.747=-09

880, D
3.5uF-09
S5.46E-07
1 61F-GL
1. 198-08
9,99E-06
9. U8R~03
1.238-03
8., 73E~08
2.42F-02
1, 40F-0¢
1.618-09
1.558-02
3.37E-08
T.B0F-09
5.20%8=-06
L, 19F=06
7. LGF=-07
3.85E-0¢
2. 487-02
1. 777-0¢
1. 89R=-13
3. 01P-0¢
2.31F-02
5. 0LE-08
1.87F=-07
6. 728=-07
3.92r-09
2. 73E-05
2, 59E-02
3.78F-08
1. 01E-09
1, 85%-08
2.698-02
1. 84E-07
1. 28E-07
2,65F=~10
6, 73E-08
6,78E=-05
2.8LE-02
5.4LE-09
3.11F-02
1 70E~-09
1:63E=05
1. U45%=-03
2. T4E-08
9,28E~-10
2,238-07
7.707-03
2.68R7-02
2.738-07
1. bLr-06
2,13F-09

930, D
3.71E-09
5, 738=-07
1. 71m=-08
1. 25E-04
1. 06%®=05
9.98%~-03
1.L58-03
9, 20E-08
2,82%-02
1.54%8=-06
1. 76%=09
1.88F=02
4. 157-08
9., L97=09
5, 4858-0¢6
4, 38%-06
7. 84807
5, 03%8=08
2, 857=-02
1, 858-06
2, 06E=-13
3,158-09
2.038-C2
5. 26%-08
1.552-07
7, 028=-07
4, 09%-09
2. 94%=0%
3.02%-02
3.95R-03
1« 05B-09
1. 851B~-08
3. 13R-02
1. 50%-07
1, 33%7-07
2.75%=10
S.01E=-0Q8
7. 06E=05
3,278-02
5, 658~09
3,618=02
2,088-09
1.986%=-0%
1.932-03
2. B6P-08
9,717~ 10
2.348=-07
B, 11E-03
3.178-02
3.938-07
2. 188-05
t,31R-09

1100, D
3.887~09
5.98E-07
181908
1.32F-08
1. 118-05
1. 04F-02
1.68%-03
9.59%-08
3.2UE-02
1. 66E~-0€
1. 891F=-00
2.367~02
4,337-08
1.138-08
5.68E-08
4, 57E-08
8,17E-07
6. 3%E-06
3,332-02
1.923E-06
20237-13
3.28F-09
3.37%7=-02
5,48¥=-08
2.03F-07
7,30E-07
#,26E-09
3, 14F-05
3, 8867-02
4. 10R-08
1.09F=-09
1.57F-08
3.88r-02
1.56F=-07
1.38E-07
2.86%=-10
1. 17R=07
7.338-0%
3.718-02
5.86%-09
4,%38~02
2,417=-09
2. 31E=-05
2.50E-03
2.978-08
1.018-09
2, 489-07
8.,50E-03
3.68E-02
5. 46F=-07
3.197=-06
L. 4BY~09
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TrsiE A5 {coNTINUED)
REFEFRENCE PHR PQUILIBRIOM PUFL CYCLE -~ 3.3 0/0 ENPICEED U
POWFER= 30,00M%, BUPNUP= 33000. WD, FLUX= 2.92E %13N/CH*%2-SEC

FUCTIDE CONCENTRATTIONS, GPAM ATOHMS
BASTS = MT OF HEAVY METAT CHARGED TO RFACTOR

CHAPGE 110. D 220. D 330. D 446, D 550, D 660. D 770, D 880. » 990. D 7100, T
SN124 9.0 3.819~03 8,367-03 1,35%-02 1.99P-02 2.%19-02 3.15F-02 3.83FP-02 4.S54P-02 5.298-02 6,06%-02
sst24M 9.0 2,77E=-12  B.673=12 1.72F-11 2,80®-11 4,10%-11 S5,62FP-17 T.3€F-11 9.31F-1%1  1,.15%-10 1.38F-0
sBi2t 0.0 2.86F~06 1,13F-05 2,61%E-0% 4,0UF-05 5.96%-05 8,12F-05 1.0S57-00 1,31%-0L 1,58F-0k 1.B6F-0L
TE124 0.0 1.208~06 9,74F-06 3,20%-05 7.31F-05 1.378-08 2,27%-04 3,U6E-0L 4,97F-0U 6.82%-04 9,02Fr-08
ew125% 0.0 1.56¥=07 1.96F=07 2,28E-CG7 2,56¥-07 2.81F-07 3,058-07 3,277-07 3,48%¥-07 3,€67E-07 3,8E8-07
SN125 0.0 4,10F-08 5,05¥-0L 5,82F-04 6,50%-0 7,11E-04 7.68E-Q4 §,23F-08 B8,76FE-04 9,26F-0u 9,73P-0L
SB125 0.0 3.83F-03 9.06¢-03 1,50B-02 2,15%-02 2.83¥-02 3,54P-02 4,28F-02 5,03P-02 5,79%-02 5,577-02
TEI258 0.0 3.728-05 1.297«04 2,50%-08 3.89F-0L 5,39®%-0L 6.97E-04 8.62F-08 1,03F-03 1,24%F-02 1,38F¥-03
Te425 0.0 1,028-04 5.208~04 1,35F-03 2.6U4%-0Z L,83%-03 6.758-03 9,62%-03 1.31r-02 1,71F-02 2.16F-02
SR126 0.0 8,018=-93 9,84E-02 3.07FP-02 4.85F-02 5.978-02 7,612-02 9,377-02 1.128-01 1.32%-0% 1,53F-0%
SB126M 0.0 9,978-11 2.38F-10 3,99F-10 5,88%E-10 B8,n3%-9C 1.047-09 1.31P-09 1.61E-09 1.93%-09 2.28F-0C
SB126 c.2 1. 138-05% 1,38F-06 1,7C%-06 2,07%-06 2.50E-06 2,99F-N6 3,.53F-06 U, 12E-0€ &,767-05 5,457-0€
TF126 0.0 5,48F=-06 1.38F%-C5 2.538-05 U,.15E-05 6.40E-C5 9,U98-0% 1,36F-04 $,9tF-D0 2,608-08 3,49%-04
SNi278 0.0 1,82E-08 §,427«08 1,45F-08 $,09%-08 1,58B-08 1,60F-08 13,66F-08 1,73%-08 1,80F-02 1,87E-08
SN127 0.0 2,68P-05 3,04%-0% 3,38E-0% 3,60E-0F 3,83%-05 L,058-05 L,25F-05 O,45E-0% O8,64F-05 4,817-05
$3127 0.0 1,21F=-03 1.377-03 1,50%-03 1.62%-03 1,72¥-03 1,82F-03 1.91%7-03 2.00®-02 2.08F-03 2,1€F-03
™127% 0.0 3,30%=-03 S.67E-03 7,32F-03 8,%6E~-02 9,527-03 1,038-02 1.10FP-0z 1, %17E-02 1.23E-02 1,28T¥-02
TFI127 0.0 1.07g-08 1.28F-04 1,45F-04 1.58%-0t 1.69E-0C 1.80P-08 1.90E-0680 1.99E-0L 2,08®-08 2,18F-0L
I127 0.0 1,71F=02 L.00%-02 6,63F-02 9.52B-02 1.26¥-01 4,59E~-0Y 1,93F-01 2.28E-01 2,64F-0% 3.0%1%-01
S¥128 0.0 3.61E-05 5,08%-05 4,47F-05 L,BYF-05 5,12E-05 5,%9%-05 5.88F-05 5.9437-05 6,18E-05 5.425-C7
sgi28%x 0.0 §.52r-06 7,.38F~06 8,09B-06 B8,70®-05 9.25%-05 9.78R-05 1.03F-0% 1.07F-0% 3,.32E-0% i.16F-05
S5128 0.0 L, LTE-05 S.H2F~05 5,U8E-0% 5,87E-05 £.23%8-05 6,57E-05 6.89F-05 7,19B-0F 7, U8E-05  T,T6F-05
TFi28 0.0 €.70E-02 1.47E~0% 2.36F-371 3.34%9-01 &,38E-01 W 4BE-0%  6,6LF-01 T.86F-01 9,13R-01  1.03F 0D
1128 0.0 €.128-08 1,427-07 2,39E-07 3,538-07 U4,.858-C7 6,34¥-07 8.01F-07 9.87F-07 1.19¥-06 1.41F-06
Xz128 0.0 1.21E-04  5,43%-0L  1,348-03 2,58%-03 4,34r-03 45,69%-03 9¢,71P-03 9,3%E-02 1,80F-02 2.357-02
EN129¥ 0,0 £.537-05 8.94®-05% 9.,298-05 9,60F-05 9.BBF-05 1,01E-04 1.0LE-04 1,06F-CGU4 1,093-C4 1,117-00
SH12¢ o.n 1, TUR=0T7  1,TLE-0T7 4,77F-07 1.82E-07  1,88%-07  $,96E-0C7 2.03P-07 2.11E-07 2,20%-07 2.28%-07
SB129 0.0 3. T4P-0L  3,92F-04 4,07E~-O0M 4,20%-08 &,337-04 4,L5E-04 U, S56F-08 UH,87E-QL 4,77E-QU0 4,87E-0U
TE1298 0.0 9.897=03 1.36E-02 1,22%-02 1.27F-02 3,3%E-02 1.35%-02 1.397-02 1.437-02 1.46%-02 1.49F-02
TE129 0.3 9.30%-0% 9.858-05 1,03%-04 1,06E-0% 1,09F-04 9.72T-04 1,15F-04 3,98P-00 1,27W-0L4 1,237-04
Ti29 0.0 1.L27=01 3.03%-071 U4,728-0% £,L6%-01 &,25%-0% 1.0%F 00 t.19F OC 1.38F 0D 5,57% 00 1.76F 00
XF129M 0.0 2.968-09 13.332-08 3,33%-08B G.52E-0R 1.16¥-07 t.B5E-07 2.80F-07 U4.C5F-07 S5,.455%-07 7,66F-07
Xr129 0.0 5,8LE=-0% 1.20B-04 f.382~-04 2,50F-0L 3.18%¢-06 3,83F-00 L,52F-0L 5.38F-0L 6.18R-0L  T7,02¥-04
SN130 0.0 7.14B-06 T.25F-06 7,36%-06 7.46F-06 7.56%-06 7,65%-06 7,74F-06 T.83F-06 7,92%-06 B8,00F-05
521308 0.0 1.73¥-05 1,76F%-05 %,78E-0% 1,81F-05 1,83%¥-05 1.85F-05 1,&8¥-05 1.90F-05 1,92E-05 1.9uF-05
SB130 0.0 9,97F-06 1.017~05 4,03F-05 1.048F-05 1.06°-05 1,072-05 1.09¥9-05 1,408-0% 1,128-05 4.13F-05
TE130 0.0 2.998-01 6,08%-01 9.26E-0% 1,258 00 1.57F 00 1,90% 00 2,248F 00 2,587 00 2,938 00 3.,27® 00
TI308 0.0 6.B6F=-08 1,U8F-07 2,328-07 3,27F-07 U,33F~07 5,50FE-07 &,79F~07 8.20E-07 9.72®-07 1.13F-06
1130 0.0 3.,658~-06 3.797-05 2,61®-05 3,947-05 5,20¥-05 &4.60®-05 B8, 43F-05 9.8NE-05 1,16F-04 f,35F-ad
XF330 heD g£,48P-04 2,602-03 5,0%P-03 1,10B-02 1.79¥-02 2,.67F-02 3.78F-02 S.13FP-02 R, 73F-02 8.62P-02
S¥131% 0.0 1.37F-05  1.397~05% 4.L9F-05 1, u3F-0% §.447-05 1,L6E-05 3,U8F-05 1,49F-05 1.5%E-05 *+,52FP-03
58131 0.0 9,389-05 9,52F-05 9,668-0% 9,782-05 9,91%-05 1.00%3-0& 4,028-04 1,032-04 {,0U®E-0L 1,05F-01
TE1318 0.0 7.10%=-03 1,128-03 1,13F-03 1.159-03 1.16%=-03 1.1318%-03 1.197-03 1.217-03 1,22%¥-03 1.22r-03
TE131 0.0 8,¢78~05 9.10¥-05 ©,23F-05 O6.35F-05 9.48F-05 9.60E-0% 9,71E-05 O9.82FP-0% 9,94FE-05 1.00%-02
T131 0.0 L.TUR-02 4.817-02 4, 89AF-02 L,957-02 5.01¥-02 5,07%-02 S5.13FP-02 5.19F-02 &,25%-02 5,3%1F-02
XE13%4 0.0 4,97P-08 5,09F-08 S,18F-Nu RX,27E-0U 5.35¥-04 5,4Le-04 5,52F-0L S5,60E-0L 5,69F-0u 8,77r-00
X=313% c.0 3.80B-01 7.88E~0% 4.%7F 00 1,538 00 1.86% 00 2,167 (0 2,.43F 00 2.67F 0O 2.89% 00 3,07F 00
sNi32 0.0 1.28E=-05 1.279P-05 4,2B8E-05 9.298-0% 1.30%-05 1.318-05 9.32F-05 3.33F-05 1.3LE-05 1,357-0°
SBi32M 0.0 C.C 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
SB132 9.0 1.227-05 1.,23F-05 1.24%-0% 1,25E-05 1.26®-05 t,27F-05 4,29¢-0% 1,307-05 1.317-05 1.327-05
TE132 0.0 2.74F-02 2,76E-02 2.788-02 2,80%-02 2,83%~02 2.85F-02 2.867-02 2,90%-02 2,92R-02 2.95%8-02
T132 .0 8,35%"-08 3,u0F-04 B,u8"-0L 8,55F-04 B.62F-04 B,70E~D4 E,77E-0B B,88F~0L 8&,92F-04 B8,99F-0CL
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TapLe A-5 (conTinueD)
PFFERERCE P¥R FQUILIBRIUM FUPL CYCLE -~ 3.3 0/0 FRRICHED U
POWER= 30,00MW, BURYNUP= 33000.X¥D, PLUX= 2.82F% 13R/CH**2~-SEC

NUCLTDE CONCENTPATTONS, GPLM ATOMS

BASTIS = MT OF HEAVY ¥RTAL CHARGED TO REACTOR

CHARGE 110. D 220, D 330. v 840, D 550. D 660. D 770. D 880. D 990. D 1100, D

¥F132 0.0 6.L6E-01T 1,37 00 2,14F ¢C 2.95% 00 3,80% 00 4,70F 00 ©S.687 00 6.,63F 00 7.65% 00 8,72F 00
SB133 0.0 2.218=-05 2,20B-05 2,198-05 2,19F=05 2.19%-05 2,20B-05 2.20B~-05% 2.20F-05 2.21P-05 2,21r~05
TE133% 0.0 3.358=04 3,33F-04 3,32E-C4 3.318-04 3,31F-04 3,328~0L 3,32%-04 3,32P-04 3,338-04 3,337-00
TE133 0.0 3.008-05 2,98E-05 2,978-03 2.97F-05 2,98®-05 2.98E-05 2,998-05 3,00F-05 3.01E-05 3,02E-05
T133 0.0 1e11E-02 1,30%-02 1,09%-02 1.09P-02 1,08E~02 1.0BE-02 1,08F-02 1.08%-02 1.08E-02 1,082-02

X¥133r 0.0 6.,897-04 6,81E~-04 6.,77E-08 6.75%-04 6.74E-04 6.737-04 6.73FR-04 §£.73E-04 6.73F-04 6, 74P-0L
XE133 0.0 6.678-02 6,60E~-02 €,56F~02 6,B3F=-02 6,518-02 6.508~02 6.49F~02 6.43F-02 6.48%-02 6,U8E-02
€s133 0.0 8.72E=01 1,78F 00 2,65F 00 3.48F 00 4,27% 00 5,028 00 S5.718 00 6,38F D0 6.97% 00 7.52% 00
SB134 0.0 2.26E-07 2,22¥-07 2.198-07 2,17¥-07 2,16%-07 2.14%-07 2,13E-07 2,12E-07 2.118-07 2,10F7-07
TF134 0.0 3.84®-04 3,78E-04 3,7L6E-04 3,71E-04 3,68%-04 3,66R-08 3.65E-N8 3.63F-0% 3.62E-00 3,61E-04
T34 0.0 5.45%-04 35,36E-08 %5.308-084 5,26%-08 5,22%-04 5,19%-04 5,17P-04 5,158-04 5,13%-0L 5,12F-00

¥Ei3L 0.0 t.188 00 2,34F 00 3,50 00 Uu.66% 00 5.81% 00 6.95% 00 B.09F OO 3.23F 00 1.08® 01 1,157 01
cs13a8 0.0 t,99E-06 .027=-05 1,588-05 2,1097-05 2,672-05 3,268-05 3,88F-05 4.83E-05 5,128-0% 5,75F~05
€s134 0.0 1.788-02 7,07E-02 1,55F-0% 2,67E-01 4.08%-01 5,65E-01 7,50F-01 .54F-01  1.18%® 00 1,41F Q0
BAY3L 0.8 6,30B-00 1,958-03 1,63F-02 3.77¥=-C2 7,198-02 1,21E-01 1.89%-01 2.76E8-01 3.8UR-0%1 S.16F-01
T8135 00 3.85%-06 3,78F-06 3,74P-06 3.71¥-06 3.69%-06 3,67%-06 3,.E65E-08 3,58EB-06 3,62F-06 3,61F=~-06
r135 6.0 3.238-03 3,18F-03 3,15%-03 3.12¥-03 3,10E-03 3.098-03 3,07E~03 3,06%-03 3.057-03 3,04F~03

XE1358 0.0 3.786E~05 3,70F-053 3.67E-05 3.65F8-0%5 3.638-05 3.61%~-0% 3.60E-05 3,59E-05 3,58%-05 3,5BF-05
XF135 0.0 1.25E-63 1,25F-03 1,2483-03 1,22E-03 1,19%-03 1,16F-03 1.13%-03 14,10E-03 1,07®-03 ,04F-03
CS135M 6.0 1.138-07 &4,478-07 $.96F=-07 1,77E-06 2.79®-06 L4.06F~06 5,80F-06 7,02P-06 9,538-08 1,19E-05
€S135 9.0 2,458-01 4,94E-01 7.218-01 9.85E-01 1,238 60 1.46% 00 1,70F 00 4,93® 00 2.16% 00 2,80F ©O
B21358 0.0 2.458-1C 1,938-09 €,478-09 1,584%-08 3,05E~-08 5,36¥~CE B.E7F-08 1.322-07 1,922-07 2,68%-07
B2135 6.0 3.,328-08 &,21B-07 2,03F-06 6.33E-06 1,952-05 3,23%~05 €.04F-05 1.04F-08 1,70F-04 2,62F-04
1138 0.¢ 5.318-06 5,09%-06 4,92E~06 4,78E-06 U4,66F-06 4,55p-06 H4.L5F-06 H.36R-06 4,27°-06 G,18F-06

XF136 0.0 1,647 00 3,.30F OC 4,97F Q0 6,€5% 00 B.35E 00 1.012 01 1.18F 01 $.358 81 1.53% 01 1,702 0t
CS136 0.0 7.35%8-04  1,31E-03 1,86¥-03 2,40%-03 2,95%-03 3,51¢-03 4. 11E-03 4,738-03 5.388-03 6,057-03
BR136 0.0 2.358-03 8.42F-03 1,78BF-02 3.04E-02 L,62F~02 6,58¥-02 B,.B0E-02 1, 14E-01 t,88®-01 1,787-01
1137 0.0 3,008-0€6 2,98E-0€ 2,98%-08 2,98E-06 2,99%-06 2,99¥-06 2.998-06 3.00P-06 3.00E-05 3,01E-06

XF137 0.0 3,18F~0% 3,17E-05 3,177-05 3,18B-05 3.18%-05 3, 19%-05 3,208-035 3,21F-05 3.238-05 3,20E-(05
€137 0.0 9,068-01 1,82% 00 2,73E 00 3,64F 00 4,.55% 00 S5,u45¢ €O 6.35% D0 7,2%® 00 8,15FE 0 9,047 OO
B2137% 0.0 1.378=07  2.758~07 4,13P-07 5.%0F=-07 6,87F-07 B.28E~07 9,60F-07 1.¥0%-06 1,23F-05 1.378-06
B2137 0.0 3.168-03 1,27E=02 2,85%-02 5,07%=02 7,92%-02 1. 18B-01 1.55E-01 2.02B-01 2.5€F-01 3. 165-01
T138 0.0 7.378-07 7,36E-07 7T.36E-07 7,38E~07 7,39%-07 T7.41E-07 7.43E-07 T.U8FE-07 T, L6E-07 TF,4BR-07

XE138 0.0 1, 338-08  1,32E-04 1,33F-084 1.33¥-04 1,33%-06 1,30B=04 1.30F-04 1.35F-0L 1,35E-004 1,36®-DE
Cs138 0.¢ 2,528-08 2,51¥-04 2,52F-08 2,53F-04 2,54®-08 2,55%-04 2,%68-04 2,57E-04 2,58%-04 2,597-00
B2138 0.0 8,53F~-01 1,72F 00 2.5BE 00 3,46F 00 4.33® 00 5,23% 00 6,128 00 7.01% 00 7.91F 00 8.B1F 00
r139 8,0 24298-07 2,24E-07 2,218-07 2,19F-07 2.16%~07 2,158=07 2.13F~07 2.11F-07 2,108-07 2.98%¥-07

XE139 0.0 5.128-06 5,01E-06 4,95%-06 L.90F-06 UL,BEF-06 UL,B82F-06 4,79F-06 4,777-06 13,74E-086 4, 72F~06
€5139 0.0 8.13E-05 7.97E-05 7.B7E-05 7,79E-05 7,72%-05 .67F-05 7,62P-N5 7.58%-05 7.55F-05 7,317-05
BR139 0.0 7,198-08 7,03¥-04 6,95%-04 6.88%-04 6.83®-04 §,78E-0U 6,74F-04 6,71E-08 6,688-0L §,65F-08
121339 0.0 3.558=-0% 1.90F 00 2,83 00 3.76E 00 L.67% 00 5,%58% G0 6.48F 00 7.38F% 00 8,268 00 9,14F 00
XE140 0.0 1,348-06 1,31E-06 1,29F-06 1,28%-06 1,27E-05 1,26E-06 1,25E~06 1,2u4%-06 1,23®-06 1,23E-06
cs140 0.0 »738-06 B8,53%-06 8.418~-0€¢ £,318-06 8,23%-06 B8.17E~-06 8.11F-06 B8,068-06 §&,018-06 7,97F-08
BA1AO 6.0 1,558-01 1,32E=-01 1,50E-01 1,898~0%1 1,47%-01 1.46E~-01 1,85F-01 1,88F-01 1,838-01 1,42E-01
L2140 0.0 2,038-02 2,00E-02 1,988-02 1.96E-02 1.95®%-02 1,34p-02 1,93F-02 1.933E-02 1,93P-02 1,92F-02
CE140 0.0 7.86r-01 1,74F 00 2.68E 00 3.62F 00 4,55F 00 5,u8® 00 6.81F 00 7.33F 00 8.252 00 9,17F 00
XE141 0.0 6,088-08 5,95E-08 5.88B~-08 5,B82E-08 5,78®-08 5,75%-08 5.72E-08 5,70FP-08 5,€8%-08 5,678-08
cs141 0.0 2,412-06 2,33F-06 2.27%-06 2,23E-06 2.19E~06 2,16E-06 2.13Fr-06 2,10B-06 2.08E-06 2,05F-05
BA141 0.0 1.489-08  1,.40F-04 1.012-04  1,38F-08 1.36%-04 1,3tp-04 1,33E-08 1.31E-0% 1,30®E-04 1,29E-08
Tr341 0.0 1,958-03 1,80F-03 1.86E-03 1,83E~03 1.80E-03 1,778-03 1,75F-03 1,735-03 1,728-03 1.70F-03
CEYLY 0.0 3,56%-01 3,79E-0Y 3.73E-01 3,69E-07 3.64E-01 3,60B-01 3,56F-01 3,52E-C1 3,48F-01 3,857P-01
vt 0.0 5.698-01 1,45E 00 2.33R 00 3.21% 00 5.07% 00 4,.91F 00 S5.74E 00 6.56F 00 7.37® 00 8.16%E 00
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33000. ¥¥D, FLUX=

Tazte A-5 (CONTINUED)

2T TERENCE PWR EQUILIBRTIUX FGEL CYCLE -- 3.3 0/0 EWRTCHED U

2.92F 13N/CH*%2-SEC

NUCIYTFE CONCENTPATIONS,

BASTS

330. D
1.258-08
1.687=-07
7.87E-05
§.937-CL
2.58E 00
7.668-05
9.61F=03
1.54%-09
7.718-08
1.17BE=-086
9.90F-05
1. 4CF=-02
1.38%-01
2.10F 00
4,t98-07
1,607 00
6,838-05
9,29E-01
1. LBE-05
1.7T7E-02
1,6LE 00
5, 45F-05
9,35%=-0%
1,378 QC
3.30E-06
3.657-05
4,97%8-02
6,017-0"
7.55E=02
1.53E-06
4,57E-06
7.608-01%
©.528-03
5.398-C3
1. 572-0%
3,467-0%
1,777-01
7,91%8-03
3.95E-02
3.238-01
3. 4B~ 06
5.,31F-01
8,998-06
1.26%-03
1.40®-01
1.95E-08
3,10%-06
1.972-01
t.88E-07
1.30B-00
9,79E-05
1. 50E-06

uug, D
1, 24F-08
1.66E~07
7.78E-05
£,83E=~0U
3.4%% 20
1. 09F-04
1.85F=-02
1, 547=-09
7.56E-08
3. 147-05
9.73%~-0C5
1, 387-02
1. 35E-01
2.7LE 00
4,388-07
1. 872 00
7.997-0%
1. 58 00
1. U5F-05
1,747-03
2.15% 00
£,38F=-N5
9, 237=-05
1. 847 00
3. 25R~-06
3.628-05
u,94E-02
€,90F=01
1,20%=-01
T4 63E~05
4,557-0%
1. 0% 00
1.10F=-02
5.33%-03
2, 58E-01
3,UuET-06
1.79F-04
3,50%=-03
4, 13r=-02
L, 38R-01
3.U48E-08
€,972-01
G, 35F7=06
Y« 31E-03
1.71P-01
2.51%-04
Z.27E-06
2.71E=-01
6., UUE-0T
2.007=-00
1.82T-04
1. 597-C6

550. D
1,23%-08
1,642-07
7. 56E=N5
5.75%-04
4,207 00
1. 43F8-03
3.05%8-02
j.55%-09
T, Lur-08
1. 12%-06
9,58%~05
1.36R-02
1. 367R=-01
3.33% 00
4.267-07
2.07F 00
8.828-05
2.28% 00
1.43%-05
1.717=03
2.64% 00
5.32F-05
¢, 127-05
2.31® 00
3.23%=05
2.587-05
t,93%-C2
T.u2R-31
1.667-01
1., 637=-08
L, 55 F=08
1.27% 00
1. 19F-02
7.018-03
3,87w-01
3.50E-06
1.8%F-0L
8,G5E-03
4,22%-02
5.57%-01
3.B1E-06
1.17E 00
9.59n-06
%.36E-03
1.98%-01
2.92%-04
3.4%F-06
3,42%-01
7.,798-07
2,62%-04
2,867-04
1.678-06

GRANM ATOMS
= MNT AF YEAVY M®RTAL CHAWGED

660, D

1. 22%-08
1.62E-07
7.58E-05
6.58%-01
£.062 00
1.79E-004
4. 60E-02
1. 5L4E~0Y
7.337-08
1. 11E=-06
9,u45E-05
1. 34E-D2
1.322-01
3.86% 00
b, 207-07
2.21% 00
9. 4DE-C5
3.068 00
1.41E-05
1, 697~03
3.99% 00
5.27E-05
9.04E~08
2.80% 00
3,218-08
3.567-05
4,93%-02
7. 69F-01
2. %17-01
1. 632-06
4,557-06
1.52F 00
1. 25E-02
7. U8F-03
5.238-01
3,52%m-06
1. 83E-04
9, 33%-02
b, 247-02
L77R-01
4, 1WE-0€
1.458 00
1.00¥®-05
1. BOF-03
2,22%-01
3.237-08
3. 55°-0%
L,09F-0C1
8,97%-07
3, 12E-0L
4.058-08
1. 75E-06

880. D

1. 228-08
1.59E-07
7.UUE-05
6. 55E- 0L
6.68F% CO
2.60F-CU
B. T9E=-02
1.56F~-09
T.1642-08
1. 08F-06
§.23%-0%
1. 31F-02
1.297-01
u.78F 00
4, 06E-07
2,367 €O
1. 01E-04
t,88F 00
1.38%-05
1. 65T-03
3,237 N0
5.19E-0%
8, 89F-05
3.78% 00
< §7E-N6
3.51E-05
,95F=-02
7.75E-0%
2.91E-01
1. 638-06
4.8%5E-006
2.02F 00
4 28E-02
8,015-03
8.22%-0%
3.58F=-0¢F
1, 8988-04
1. 00E-02
4.198-02
0,257-01
4,79E-0€
2.02%7 00
T.05F-05
LEGE-03
2,85%-01
3, 64FE-08
3.81F-06
5.23F-01
1. $0F-06
3.817-00
A.B1E-00L
1. 90E~06

990. D
1. 21E-08
1.58%8-0"
~,38%-05
6, 50E=-0U
7,487 00
3, 04E-00
5. 157-01
1.578-09
7. 067-08
1. 06%~06
9. 138-05
1. 30F~-02
1.28%-01
5. 16E 00
3. 997-07
2.60% 00
1. 027-CH
5,872 00
1. 36R=05
1. 63E-03
L,u1% 00
5.158=-05
8, B3E=-05
4,29F 00
3. 168-06
3.50%=-05
5,978=-02
7. €657=01
3, 28H=-01
1. 63E=08
4,56%=-06
2.27% 0D
1. 27702
s, 187P-03
9,808-01
3,58%-06
1. 90°=-08
1. 037-02
i, 13%9=-02
1. 05% 00
5. 12%-08
2.29% 00
1.097=-05
1. €3E-03
2.845F=-01
3. 7TBE=- (U
3,947-06
5.B0E-01%
1. 197~ 06
4,03E=-04
§,317-04
1, 97%-06

1100, D
1.21%-08
1. 57807
7,337-C%
£, 45704
B.27F 09
3.50F-04
1.L6F=-01
1.587-09
6,99F-0¢8
1,052-0€
9,04F-0%
1.28¥-02
1,267=-01
5,097 00
3,93F-07
2,427 00
1.03F-04
€,918 00
1,3%%-0>
3.62F=03
4.80F 0C
5.412%-0%
&, 77E-0°%

t,817 00

3.%827-01
1.63F-06
i, 56r=-05%
2,52¥ 00
1.258-02
8.218-3
1. 10F 9C
3,59F-06
1.92%-0L
1.057=-02
8,07F-02
$.48E 00C
5. 44F-0€
2.57% 00
1. 127=-05
1, 57F-03
3.038=-04
3,907-08
4,05%-06
§.28E-C1
1.278-0C
4,21E-0U1
9,8%7-0%
2.037-086

yLL



POWER=

SM1S3
U153
GD153
PHiSH
SMiSH
rU1S4
Gh15SH
S¥155
BU1SE
GD15%
SM156
PU1GE
GD1se
SIS
PUIST
GDY57
PU158
GD158
70159
GD159
TB159
T0160
GD160
TBi60
DY160
GD161
TB161
DYIST
GH162
TB162Y4
TB162
DYI62
TB163#
TB163
DY163
TB16U
DY16H
DY165H
DY1ES
HO16S
DY16E
HO16EX
0166
EP166
FR167
TOTALS

FLUX

30,00M%, BURNUP=

DO DOIOTIAITIASO
OO OIDIDOOON

DOV ATIITICTOTIDITISISOD

e % s 8 s 8 & & o 8

DD ODDIODOODIDD
DT OOIDDIDOOOODDID

DA ODIDD

e » ® 4 8 4 6 5 s 8 6 s e ¢ 8

33000, B¥D, FLUX= 2,92F 13N/CHE*2-SEC

220, D
1. 758=03
8.088~02
S, 36807
4,268-07
3, 18E=-02
5.31%-03
7.58F=0%
2, 438-06€
4,78 E=03
6.618-05
2.78E-05
3.172-03
1. 96F=02
1.61E-08
2.94%=05
3. 1€¥=-05
6.488-07
7.20E~03
1.338-07
8,20E~06
1.05€-03
8.01F=09
4, 498~08
2,99§8-0%
t1.97E=05
4,668=-09
1. 25805
1LU2E-08
6, 18F=09
B, U6F=-09
0.0
8,597-05
1.00E-09
4,88E~08
4,78E=05
1.24%-07
1.33E-08
9.64E-11
1.97F~00
8, 28E~06
9.31r-08
£€,258~09
4,08F-08
2,557-06
1.237-07
5.92E 01

2,58F% 13

NOCLIDE CONCENTRATIONS, GRAM 2TOMS

BASIS = MT OF REAVY

330. 0
2,37E-03
1, 88E-01
2,088=-06
4,78E-07
5.18R=02
2.268-032
2,68E-04
2.B7R-06
6.7LE~03
3.25E8-0%
3,25¥-05
4.35r-03
3,958-02
1.958-08
3,568-05
1, 10804
8,13Fr-07
1, 318-02
1.67F-07
1. 04E~05
1.93E~03
1. 028-08
8.59r~-04
6,78E-0%
6.€1E-05
6.00®-03
1.€1E8=-05
2. 608-04
8. 11E-09
5.85E-09
0.0
1,737-04
1.298-09
€.588=-08
1.078-08
1.62F=-07
2.928-05
1.752-10
B,41R-09
2, 148=05
1.25%8-07
2.388-08
6.688~08
5.87E~-0¢
4,108-07
B,88% 01

2.638 13

Tapte A-5 (cONTINUED)
REFERENCE PWR FPQUILIBRTUM FUFL CYCLE —-- 3.3 070 ENRICHED U

sug, p
3.02»-03
2,21E-01
5.03F=06
5. 18E~-07
7439802
4, 28E=-02
6., 60E-04
3,25%-06
9. 17E-03
1. 24E-0L
3.70E-05
5,828-03
6.638-02
2.24E-08
&, 09705
1. 25P-08
9.562-07
2,01R=-02
1.968-07
1.24R-0%
2.97E-03
1,22E~08
1. 36F-03
1. 20F-08
1. 53F-Ct
7.158-09
1.92e-0%
2, 91E-04
. 7T5¥~(9
7.,038~09
0.0
2,802-04
1. 53E-09
7.96F=08
1. 938-04
1, 95F-07
5.27E~05
2,887~ 10
€. 198~ 02
4,398-05
1.52E-07
€,43E-08
1, 088-07
1. 10F=05
S.88E=07
1. 18F 02

2.71F 13

METAL CHEARGED

TO PEACTOR

770. D
5.13-03
Se 13E-01
2. 56F-05
6.297-07
1. 50F=01
1.48E-01
3.80P~03
4, 257-06
2,05%-02
2, 64R-08
4, 82P-05
1.31P-02
2, 10E-01
2.95R-08
5, U5R=-05
1. 60E-08
1.328-06
&, TEE-D2
2, 70E-07
1.78F-05
6, 74R=-03
1.71E-08
3.35E-03
3. 55%-04
7.3€F-04
1. 01E-08
2, 71E-05
B.43E~0k
1. 397-08
1.00F-08
0.0
6.7TE- 04
2., 14F-09
1. 158-07
8. 108~ 04
2. 78E=07
1. 79E-08
9. 15E~- 10
3., 13E~08
2, 06E-08
2422807
5. 258=07
3.572-07
4,752-05
6, 4BF-06
2,078 02

3.057 13

880. b
5.85E-03
6.23E-01
3,67E-05
6.62E=-07
1.79E-01
1.93R-01
5.728-63
4.56R=-06
2,588-02
3. 248-00
5. 16E=05
1.675-02
2, 89E-01
3.218-08
2. BEE-05
1, 72E-0L
1. L2F-0€
5, 83¥-02
2,92F-C7
1. 96E=-0%
B, 162~03
1, 85F~-G8
4,16F=-03
U, BOR-04
1.05%-03
1, 12F-08
2, 957=-05
1.018=-03
1. 518=-08
1.0%9E~-08
0.0
8, 26E~-04
2.339-G9
1, 26F=07
8, 00R-OL
3.038-07
2.428-00
1.26F-00
4.419-08
3. 072-08
2,43g-07
2.038-07
5. 22807
7. 228-05
1, 08E=-05
2,378 Q2

3.18% 13

1100, D
7.29E-03
B.46E~01
6.58E-05
7.24F=07
2.40F-01
3,13F-01
1. 11F-02
S.tU48=-06
3,78%-02
L, 62R=-0U
5.78E~05
2.60P-02
Se12E~01
3,.62r-08
6.61E-05
1.99F=-01
1. 627=06
8,51F=-02
3.339-07
2,32F-05
1. 11P-02
2, 12P-08
5,958~03
7. 0BE-04
1.898=-03
1. 26%=-08
3.38BF-0F%
1. 4C0E~-03
1., TLE-08
1,26¥-08
0.0
1.15F=03
2.66F-09
T . 46Fr=07
1.25E-03
3.,48R-G7
3,99E-08
2,177~-09
7.88™-08
6. 09F=-0k
2.83E-07
2.32F-06
1. 08F-06
1.56F=-08
2,717=05
2.96% €2

3.45% 13

Gtl



Tasle A6, Suwiry TaBLE oF Isotopic AcTivities (Ci/METRIC TON OF U) oF CLADDING AND STRUCTURAL MATERIALS AS A
FINCTION OF POSTIRRADIATION TivE (DAYS)

NUCLIDES WHOSE CONTRIBUTION TO THE SPECIFIC ACTIVITY OF THE FUEL IS LESS THAN 0.001 Ci/meTric Ton oF U AT A
POSTIRRADIATION TIME OF 150 DAYS ARE EXCLUDED.

PEFEPENCE PY¥R EQUILTBRIUM FUEL CYCLE -- FUEL ERCAY TIMES
POWE®R= 30,00MW, BURNOP= 33000.¥%D, FLUX= 2.92F 13IR/CH**2-SEC

NUCLIDF RADIOACTIVITY, CURIES
BASTIS = WT OF HEAYY MFTAL CHARGFL TO REACTOR

HAPGE DISCHARGE 30. D 90. D 160. D 365. D 3653. D

C

ca 45 0.0 3,17F-02 2.79E-02 2.17F-02 1.62%-02 6,83E-03 6.87¥-09
sc 46 0.0 L.26F 00 3.33% 00 2.03E 00 1.18% 00 2.09E-01 3.35F-13
CR 51 0.0 2.95% 04 1.39E 0% 3,127 03 5,857 02 3,29F 00 0.0

AN 54 0,0 2,49% 02 2,32F 02 2,027 02 1.72F 02 1,08F 02 5.87%-02
¥E 55 0.0 2.00F 03 1.9%E 03 1,87F 03 1.78BF 03 1,53F 03 1.39F 02
2 59 0.0 2.28E 02 1.L3E 02 5.69F 01 1.94F 01 8,2u%=-01 8.39F-23
co 58 0.0 9,327 03 6.96F 03 3,89% 03 1.97F 03 2.68EF €2 3.538-12
co 60 0.0 6.04% 03 6.37E 03 6.23F 02 6,08%F 03 5,648 03 1.72F 03
¥T 59 0.0 3,852 00 3.8%F 00 3.85F 00 3.85F 00 3.8%5% 00 3,858 00
NT 63 0.0 5,652 02 5,6%5F 02 5.64F 02 5.63E 02 5.61F 02 5,247 02
sr 89 0.0 3,81F 071 2.56F 01 1,15F 0% 4.52% 00 2.94r-01 2.73F-20
7 91 0.0 1.01% 02 7.10% 01 3.50® 01 1,53F 01 1.37% 00 2.02®8=-17
Zr 93 0.0 1.03%¥-01 1.032-01 1.03®-01 1.03”-0%1 1.03E-01 1.038-01
ZR 95 0.0 2.89E 08 2, 10E 04 1.11F 08 5.25FE 03 5.90F 02 3.51F-13
NB 93M 0.0 §.328-03 B.79F-03 9,72E-03 1,08E-02 1.39E-02 S5.31E-02
¥B 95 0.0 2,807 Ot 2.62E Ok 1,79% 04 9,742 03 1,23F 93 7,u6%-13
70 93 0.0 2.008=02 2.00E-02 2.008-02 2,00E-02 2.00F-02 2.00F-02
Tc 99 0.0 1. 40E~02 1.408-02 1,840F-02 1,407-02 1,80E-02 1. 408-02
SN1t7M 0.0 1.21F O0u 2,742 03 1,U0F 02 #.39F 00 1,72Fr-04 0.0
SN119M 0.0 2,41F 01 2.21F 01 1.B87F 01 1.%ur €1 8,74F 00 S, 62E-0U
S¥121M 0.0 3.37P-01 3.37%-01 3.37E-01%1 3,36F-01 3.34F-01 3.08%-01
sS¥123 0.0 n,47E-03 3,78E-01 2, 71E-07 1.B4E-01 5.90E-02 7. 1WE-10
sB12¢ 0.0 4.73% 00 3.35F 00 1.67F 00 7.45E-01 6.98E-02 2,2u7-18
SB125 0.0 4,47E 01 4.38% 0% 4.20% 01 4.00E 01 3,46F 03 3,43F 00
TF125¢ 0.0 1,628 01 1.65% 07 1.66F 01 1.62F 01 1. 43% 01 7,42F 00
syeTOT 0.0 1.18% 05 B. 03 OU &.52F 04 2,62P 04 1,00F 04 2,307 03

TOTRLS 0.0 1.52F 05 8,03F 04 &,52F 0L 2.62F 04 1.00® 04 2.40F 03

oLL



Tapie A-7. Swmvery TapLe oF Isoropic ActiviTies (Ci/Metric Ton oF U) OF AcTiNiDES AND THEIR DAusHTERS As A FuNCTION
oF PosTIRrADIATION TIME (pAYS)

NUCLIDES WHOSE CONTRIBUTION TO THE SPECIFIC ACTIVITY OF THE FUEL IS Less THaN 0,001 Ci/meTric ToN oF U AT A
POSTIRRADIATION TIME OF 150 DAYS ARE EXCLUDED,

REFERENCE PWE EQUILTBRIUM FUEL CYCLE -- FURL DECRY TINES
POWFR= 30.0CM¥, BURNUD= 33000,MWD, PLUX= 2,92% 13N/CM**2~SEC

¥OCLIDE RALIOACTIVITY, CUPIES

BASTS = MT OF EERAVY METAL CH2PGED TO RFAICTOR

CHRERGE DISCHARGF 30. D 90. D 160, D 365. D 3653. D

PB212 0.0 1.50%-03 1.618-03 1,90E-03 2,29%-03 3,B0%-03 1.60F-02
Br2t2 0.0 1.508-03 1,618-03 1,908-03 2.29E~03 3.40F-03 1,60F-02
P0212 0.0 9,89E~-04 1,038=-03 1,21E-03 1, 46E~03 2, 17E-03 1,02%-(2
PO216 0.0 1.50%-03 1,617-03 1,908-03 2,298-03 3,80F~03 1.60F=-02
R¥220 0.0 1,508-03 1,61F-03 1,907~-03 2,297-03 3,40P-03 1.60F-02
RA224 0.0 1.508-03 1.61E-03 1,90¥~03 2,29F-03 3,480F-03 1,60E-02
TH228 0.0 1., 49%-03 1.63E-03 1,928~03 2,27E-03 3,38F-03 1,60F-02
TH231 0.0 7.93E-01 1,718~02 1. 718=-02 1. 7T1E-02 1, 71E~02 1, 71E=02
TH2306 0.0 3.16E-01 3.18¥-01 3, 14F=-01 3,14E-0Y 3, 14E-01 3, 18E~C1
PR233 0.0 3, 28E-01 3,318~01 3,38%-01 3,80E-01 3,40E~01 3,837-01
PR238M 0.0 3,218-01 3, 147-01 3, 14E-01 3,14F~01 3, 14E~D?Y 3, 14F-01
8232 0.0 6.078~03 6.36%-03 6.88E~-03 7,u46F-03 9, 01R=03 1,74E-02
9234 1.64F 00 7.51E-01 7.52F-01 7.538~01 7,55F~01 7.59F-01 8.30F-01
0235 7.07%-02 1.71E=-02 1.718~-02 1,71F~02 1,71F-02 1. 7T1E-02 1.71B~02
U236 0.0 2.88E-01 2,88BE~01 2.88E-01 2.88E-C1 2,88F-01 2,.88R-01
9237 0.0 8.65% 05 3.97EF 04 8,63F 01 2.S54F 00 2,41F 00 1,57® 00
9238 3,22B-071 3.14%E-01 3, 18E~01 3,14F~01 3,147-01 3, 18E-01 3, 14E-01
¥p237 0.0 3,338~01 3.40F-01 3.408-01 3.U40E~-01 3,40E~01 3,43F-01
¥P239 0.0 1,85% 07 2.70E 03 1.82% 01 1.82% 01 1.82F 01 1,82F% 01
pu23¢ 9.0 SQ0E~-01 3,488-01 3,318-01 3.16E-01 2.75E-01 3,08®-02
Py238 6.0 2,72F 03 2.77E 03 2.80F 03 2,82F 03 2,86E 03 2.70F 03
PU239 0.0 3.18E.02 3,23% 02 3,23 02 3:23F 02 3.23F 02 3,23% 02
PU240 0.0 4.77E 02 4,778 02 4.77F 02 4.77E 02 4,77F 02 &,79% 02
pO241 0.0 1.05E 05 1.05F 0% 1.04F 05 1.03F 05 1.00% 05 6.53F 04
Pp242 0,0 1. 38F 00 1.38E 00 1,38% 00 1.38E (0 1,3BF 00 1,38E 00
AM241 0.0 8,598 01 9.97F Ot 1.27F 02 1.59E 02 2,50F 02 1.41F 03
AM2428 0.0 9.16E% 00 9,16E G0 9.15% 00 S,14F 00 9,12F 00 8,75%F ¢0
am242 0.0 €.34F 04 9.16E 00 9.15E 00 9.18F 00 9,12F 00 8.75F G0
AM243 0.0 1.81F 01 1.82E 01 1.82% 01 1,82F 01 1,82F 01 1,82E 01
cm242 0.0 3.34% 0% 2,96F Ob 2,297 08 1.706F 04 7.12F 03 7, 182 00
cM223 0,0 3.71E 00 3,70F 00 3.69F 00 3.68FE 00 3.63F 00 2,99F% 00
cNzue 0.0 2,44 03 2,488.03 2,427 03 2.40E 03 2,358 03 1,67F 03
cEz245 0.0 3,41E-01 3,81E-01 3.81E-01 3.41E~01 3,81E-01 3,81E=-01
cHM246 0,0 6.,84F-02 6,.84E-02 6.84F~02 6,84¥-02 6,84F=-02 6,83%-02
BK249 0.0 3,58E-03 3.36E-03 2,94F~-03 2,%52E-03 1.60F-03 1.13E-06
SUBTOT 2.03% 00 1.,96® 07 1.B3E 05 1,33F 05 1,26F 05 1, 18E 05 7,.20E 04
TOTALS 2.03F 00 3.91F 07 1.B3E 05 1,33F 05 1.26F 05 1, 14E 05 7,207 0u

FAR



Taele M-8, Suwary Taste of Isotoric THERMAL Poner (WMETRIC Ton OF U) OF ACTINIDES AND THEIR DAUGHTERS AS A FUNCTION
oF PosTirrapiaTION TivE (DAYS)

NUCLIDES WHOSE CONTRIBUTION TO THE SPECIFIC POWER OF THE FLEL 1S LESS THan U,00L W/METRIC TON OF |/ AT A POSTIRRADIATION
iMe oF 150 DAYS ARE EXCLUDED.

REFEREXCE P¥R EQUILIBRIUE FUFL CYCLE -- FUZL TECAY TTHES
PONWER= 30,004%, BURWUP= 33000.M¥WD, FLUX= 2,922 138/CH*%*2~SEC

NUCLIDE THERMAL POWER, WATTS
BASYS = HT OF HPAVY METAL CHMRGED TO PEACTOR

CEARGE DISCHARGE 30. D 90. D 160. D 365, D 3653, D
Pa234y 0.C 1.657-03 1,628-03 3, 62E-03 1.628-03 9,62E-03 1. 628-03
9234 4,.71E-02 2,16F-02 2,16E-02 2.17F-02 2.17E-02 2. 19E-02 2.39€-02

0236 0.0 7.81E-03 7,81E-03 7.81E-03 7.81E-03 7,818-03 7.828-03

0237 0.0 5.74F 02 2.64% 0% 5.737-02 1.6BE8-03 1.608-03 1.047-03

U238 8.15P-03 7.95B-03 7.95E~03 7.95E-03 7.958-03 7.958-03 7.,95E-03
¥p237 0.0 9.77%=-03 9,98F-03 9.99E~03 9.99F-03 9,99%-03 1.018=-02
w2239 0.0 2.51E OU 3.65F 00 2,46F-02 2,86E-02 2,46E-02 2. 85%8-02
PU236 0.0 1.228-02 1.20¥-02 1,15F7=02 1.10€-02 9,587-03 1.07%-03
PU238 0.0 6.02F 01 9,178 01 9,27F 01 9,35% 01 9,478 01 8,9uU% 01
?G239 0.0 9.89% 00 1,00F 01 1.00E 01 1.00% 01 1.00E 01 1,00 01
PU2U0 0.0 3.49F 01 1,U9F 01 1.49F 01 1.49E 01 1,49% 01 1, 49F 01
py241 0.0 6.36F 00 4. 38F 0D U.31E 00 4,272 €0 u, 167 00 2.71FE 00
pU242 0.0 4,07E-02 4,07E-02 U, 07E~02 4.07E-02 4,07%-02 4, 97F-02
a2y 0.0 2.87F 00 3.33T 00 8,24F 0C 5.30% 00 8.33¢ 00 2.71F 01
AM242K8 0,0 2.617=03 2. 618-03 2,60F-03 2.60F-03 2.608-03 2.49E-03
am282 0.0 8. 467 01 1,22E-02 $.227-02 1.22E-02 1.22F-02 1. 17E=-02
ap233 0.0 B.62E-01 6, 63E~01 6.638=01 6.63E-01 €,63F-01 6.638-01
cH282 0.9 1.23F 03 1.09f 03 8,45F 02 6,278 02 2,62F 02 2.658-01
cn2483 0.0 1,36F-01 1.368~-07 1.36F-01 1.358-01 1,338-01 1. 107-01
cwM288 0.0 38.55F 01 8.52F 01 B.47F 01 B.#1E 01 8,23F 01 5.83F 01
cu245 0.0 1. 078-02 1.07B-02 1.07E-02 1.07E-02 1,07E-02 1.07E-02
cm246 0.0 2.20%=03 2,24F-03 2.247-03 2,24%-03 2,28F-03 2.24%-03
SUBTOT 5.52P-02 2.72F 04 1,33% 03 1.06E 03 8.407 02 4, 78% 02 2,2uF% 02

POTALS 5.728-02 T.46F 04 1,33E 03 1,06F 03 B.40F 02 4,78% 02 2,2u4F Q2
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TapLe A9, Suwiary Taeie oF Isortoric AcTiviTies (Ci/metric Ton oF U) oF Fission PRODUCTS AS A FUNCTION OF
PosTirraDIATION Tive (Davs)
NUCLIDES WHOSE CONTRIBUTION TO THE SPECIFIC ACTIVITY OF THE RUEL IS LESs THan 0,001 Ci/MeTric Ton oF U ar
A POSTIRRADIATION TIME OF 150 DAYS ARE EXCLUDED.
PFFEPENC® PWR FQUILTIBRIUM FURI CYCLE -~ FUFL TECAY TIMHES
POWEP= 30,00MW, BURNUP= 33000.MWD, FLUX= 2,92F 13N/CM**2-SEC

WUCLIDE RADICACTIVITY, CUPIES

BASTS = MT OF HEAVY METRL CHERGFD TO REACTOR
CHARGE DISCHARGE 30. 90. D 160. D 365. D 3653. D
B 3 0.0 7.098 02 7.0%E 02 6.99F 02 6,91E 02 6.70F 02 4.03F 02
SE 79 0.0 3.988-C1 3,987-01 3,98F-01 3,98E-01 3,98%-01 3,98F-01
KR 85 0.0 1.13% 08 1,13F 04 1, 11F 04 1,10% 04 1,06F 04 S,96F 03
RB 86 0.0 4,93F 02 1,628 02 1,767 0% 1.31E 00 6,57E-0¢ 0.0
Sk 89 0.0 7.18E 05 4,81F 05 2,16F 05 B.51% (4 5,538 03 5, 15R-16
SR 90 0.0 7.76E O4 7,758 0L 7,72E DG 7,.68% G4 7.,57F 04 6.07E 04
¥ 90 0.0 B.07E 04 7.75® 08 7.72F 04 7.68% 04 7,58F 04 6,077 04
Y 91 0.0 9.38F 05 6.63E 05 3.27F 05 1.43E 05 1.2B8F 04 1.89F-13
Z® 93 0.0 1.89F 00 1.89F 00 t.89F 00 1,898 00 1.89F 00 1.89F 00
¥B 934 0.0 1, 458-01 1.528-01 1,66F-01 1,83E~(01 2.31E-01 8,40F-01
ZR 95 0.0 1.378 06 9,978 05 5.26F 05 2,49F €5 2,80% 04 1.67E-11
¥B 93M 0.0 2.B0® 04 2,.11E O 1,12F 04 5.29F 03 5.94F 02 3.58F-13
¥B-95 0.0 1:38% 06 1.28E 06 B8.72% 05 #.73F 05 5,95% 04 3.618-11
TC 99 0.0 1.432 01 1.438 01 1.43F 01 1,438 01 1.432 01 1,43F 01
RU103 0.0 1.22E 06 7.21F 05 2,52% 0S5 7.81% 08 2,05E 03 2.09%-22
PH103M 0,0 1.22E 06 7,22E 05 2,52F 05 7,41F 04 2,05E 03 2,09E-22
RU106 0.0 5.45F 05 5,15 05 4.59F7 05 4,03 05 2,73E 05 5,50 02
RH10€ 0.0 7.80F 05 5,15 05 4,598 05 4,03® 05 2,73® 05 5.50F 02
#0107 0.0 1.10E~-01 1.10FE-01 1, 10F-01 1.10R-01 1.10F-01 1, t0F-01%
AG110K 0.0 3,68% 03 3,39F 03 2.887 03 2,37 03 1.35F 03 1.66FE-01
26110 0.0 1.59% 05 4,41E 02 3,74% 02 3,09E €2 1.76F 02 2, 16E-02
actit 0.0 3.96F 04 2.48F 03 9.70F 00 1.50¥-02 8.89%-11 0.0
€D113M 0.0 .05 01 1.058 Ot 1,048 01 1.038 01 9.99% 00 6. 40F 00
IR11484 0.0 1,558 00 1.02F 00 4.458-071 1.69E-01 9.84®-03 1.58F-22
IR 0.0 2,21F 00 9.87¢-01 4,30F~01 1.63R-01 9. 49E-03 1.538-22
cp11sSk 0,0 5.518 ©2 3,4C% 02 1,298 02 4,19F 0t 1,53F 00 1.48F-23
SKH117% 0.0 5.968 01 1.35E 01 6.92F-01 2,168~02 8,458E-07 0.0
SE119M 0,0 1.65F 01 t.518 01 1.28F 01 1.05F 01 5,96F 00 6.56E~-04
S¥123 0.0 8,88F 03 7.528 03 5.39% 03 3.66F 03 1.17¢ 03 1.42%-05
TR123% 0.0 6.108-01 5, 11E~-01 3.58E~0% 2,.36F~01 7,02BE-02 2,44E-10
§8128 0.0 4,068 €2 2.87E 02 t.44® 02 6.39F 1 5.99% 00 1.92R~-16
SN125 0.0 t.35E 04 1,u8F 03 t,77® 01 1.02E-01 2,77E-08 0,0
SB125 0.0 8.70% 03 8,64F 03 B.29E 03 7.89E 03 6.83% 03 6,78% 02
TE125M 0.0 3,11 03 3,20®F 03 3.25E 03 3.19% 03 2,83F 03 2.81F 02
5N126 0.0 5.46®~01 S,86E-01 5.46P-01 5,06E-01 5. 46E-01 5.46%8-01
SB126% 0.0 2,25% 01 5,46E-01 5.46%-01 5,46F-01 5.46E~01 5.86¥-01
SB126 0.0 S« 70F 01 1. 128 01 9.25p-0% 5,498-01 .5.81F-01 5.418-01
TE127M 0.0 1.54% €4 1,32E 04 9.00® 03 5.77E 03 t,57F 03 1,30E-06
TE127 0.0 7.20E 04 1,338 04 8,90F 03 S5,70R 03 1.55F 03 1,29®2-06
TRE129% 0.0 5.73F 04 3.13R Ot 9.20% 03 2,21¢ 03 3.38% 0t 0.0
TRE129 0.0 3,378 05 2.00% 04 5.907 03 1,428 03 2,177 0t 0.0
I129 0.0 3.718-02 3,73E-02 3,747-02 3,74E=-02 3, 74E-02 3, 7uB-02
131t 0.0 8.61E 05 6,71E 04 3,83F 02 9,23E-01 1,99F-08 0.0
XE13tM 0.0 6.39E 03 2,.56F 03 1,03% 02 1.78F 00 1.078-05 0.0
XP133 0.0 1.61F 06 3.B3F 04 1.83F 01 1.44F-03 2.B0E-15 0.0
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TasLe A-9 (CONTINUED)

PEFERPENCE PWR EQUIITBRIUX FURL CYCL® -- FUFRL LFCRY TTMES
PORFP=  30.00MH, BUANUP= 33000.MWD, FLURX= 2.92F I3W/CH**2-3EC

¥OCLIDE RATIQRCTIVITY, CURIES

BASTIS = MT OF HEAVY METAL CHAPGED TO RFACTOR

CHAPGR DISCHARGE 30. 1 90, D 160. D 365. D 3653. D
€sS134 0.0 2,846F 05 2,40% 05 2.27E 05 2.12F 05 4,76F 05 8,38% 03
€s135 0.0 2.,86E~01 2,86F-0% 2.86F-01 2,86%-01 2,88E-01 2,86E-01
cs136 0.0 6.08E 08 1,23F 0t S5.0%F 02 1.20% 01 2,16E-04 0.0
€s137 0.9 1. 087 0% 1.C8E 05 1,07E 05 1.07% 0% 1.0S¢ 05 &.56F O
521374 C.C 1. 09® 05 1,01F 0% 1.00E 05 9.98F 04 9.85F U4 8,00E 08
BAILD C.OC 1,458 06 2.86F 05 1,11F 08 2,5%F 02 3.797-03 0.0
La1s0 C.C 1.50F 06 3.30F ¢5 1.287 04 2,89% (2 &4,36E-03 0.0
CE149 C.0 1.39€ 06 7.35E 0S5 2,04F 05 4,56F 04 S.67®8 02 0.0
PRI43 0.0 1,208 06 2,94F 05 1,418 04 4,09® 02 1.297-02 0.0
CEt44 0,0 1,11 06 1.03E 06 8.92F 05 7.52EF 05 L.56F 05 1.51F 02
PRI44 0,0 1.12E 06 1.03F 06 B.93% 05 7.52E 05 4.56F 05 1.5%E 02
ND187 0.0 5.887 05 9.042 Qu 2,137 03 2.70E 01 7.39¥-05 0.0
PM1L7 0.0 1.02E 05 1.C6E 05 1,02F 05 9.73F 04 8,39E 04 7,75% 03
PM1UBM 0.0 3,88F 04 2,378 04 8,80F 03 2.77F 03 9,40F 01 2,57F-22
PXI48 0.0 1.99F 05 6.06F 03 7.09F 02 2.23F 02 7.55E 00 2.07E-23
s¥151 0.0 1.25E 03 1.25F 03 1.25F 03 1,252 ¢3 1.24% 03 t.16E 03
®0152 0.0 1.252 0% 1,25E 61 1.247 01 1.22E €1 1,187 C1 7.04% 00
GD153 0.0 3.55% 01 3,26F 01 2,75F 01 2.25E @1 1,258 01 1,02%-03
FU1S4 0.0 6.99F 03 6.97E 03 6.92F 03 §.86% 03 6.69F 03 4,53% 03
EUI55 0.0 7.48% 03 7.2%E 03 6.81F 03 6.33E 03 5.17F 03 1.63F 02
BU156 0.0 2,26F 05 5.66% 04 3,547 03 1,39% 02 1.078-02 0.0
TB160 0.0 1.28% 03 9,618 02 S.80F 62 2.75E 02 3,848 01 7,21%-13
SUBTOT 0.0 2, 10% 07 1.(88 07 6.19F 06 4,19% 06 2.22¢ 06 3,18EF 05
TOT2LS 0.0 1.38EF 08 1.08E 07 6.19F 06 UL.19F 06 2.22F 06 3.18% 05
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Tapee A-10, Thereal Power (d/meTric Ton oF U) oF Frssion Probuct ELements AS A FuNcTION OF PosTiRraDIATION TiMe (DAvs)

PEFRRENC® PH® EQUILIBRT UM FUEL CYCLE -- FUFL TFCRY TIMES
POWEP= 30.00H¥, BURNUP= 33000.HWD, FLUX= 2,92F 13N/CH*%*2-SEC

ELEMENT THFPHAL FOWER, WATTS

BASTS = MT OF HFAVY METAL CHARGED TO PEACTOR
CHRRGE DISCHARGE 10. D 30. D 60. D 90. D 120. D 160. D 270. D 365. D 1096, D 3653. D
i 0.0 2.52F-02 2.52F-02 2,51%-02 2.50F-02 2,49E-02 2,478-02 2,467-02 2,428-02 2,38%-C2 2,13F-02 1.438-02
k4 0.0 2.70F~02 7.55F=04 5,89%-07 1.29F-11 2.81%-156 §,12¢P-21 3,74F-27 3,03E-46 5,27®-59 0.0 0.0
GA 0.0 1,91 01 1.75F-02 1,378-05 2.997-10 6,.52F-15 1,42FE-19 B8,67F-26 7,04E-t3 1,22E-57 0.0 ]
GE 0.0 3,8%% 61 3.57F-06 ©5.83%-19 3,85p-38 2,56®-57 0,C 0.0 0.0 0.0 .0 0.0
AS 0.0 #,48% 02 5.09E-02 9.358-06 2.35%-11 £5,88%-17 1,uBF-22 5,038-30 1.,87F-50 0.0 0.0 0.0
SE 0.0 5.36% 03 2.53F-08 1,51E-08 1.51E-04 1.519-08 1,51E-04 1,518-04 1,51¥-08 1,517-04 91,51E-04 1.51E-04
BP 0.0 4,438 08 3.52F-01 2,84E-05 2,06®-11 1,89%-17 1,08B-23 7.02F-32 0.0 0.0 0.0 0.0
KR 0.0 5.19F 04 1.84® 01 1,83F 01 1.82F7 01 1,8t% 01 1.80% 01 L79E 01 1.75% 01 1,728 01 1,527 01 9,68% 00
PB 0.0 1.16F 05 1.61F 00 7.67E~01 2,52E-01 §,29¥-02 2.73¥-02 6,198-03 1,05E-04 3.12B-06 1,282-08 1.2BE-08
SF 0.0 £.62F 0f 2.36% 03 1.83F 03 1,26% 03 8.79% 02 6.237 02 4,07F 02 4. 71E ¢2 1.19% 02 9,8u4® 01 7,95% 01
Y c.0 1.06F 05 3.65% 03 2.98E 03 2,23F 03 1,70% 03 1,337 03 9,97% 02 B5.98% 02 4,95% 02 4.24% 02 3,57F 02
ZR 0.0 2.47% 08 6,46F 03 B,22F 03 3,79E 03 2.75% 03 2.00F 03 1.30F 03 4,0® 02 1.47E 02 6€,.05B-02 2,24F-08
%B 0.0 1.08% 05 €.62FE 03 6.20E 03 5.24% 03 4,21% 03 3,28% 03 2,29F N3 7.70F 02 2,87E 02 1.21P-0%1 1,49E-C4
KC C.C 5.95F 04 S5,18F 02 3.61F 00 2,10B-03 1,22%-06 7. 13E~10 3,46F-14 u,778-26 2,72E-36 0.0 0.0
el G.0 7.63% 04 1.03F 02 7.288-01 1.01%=02 9,69%=03 09,698-03 9,69%~03 9,69F-03 9,69¥-03 9,69E-03 9,69E-03
PO 0.0 1.66F 0% 3.80F 03 2.81® 03 1,238 €3 8,587 02 5,17% 02 2.68F 02 LS0R 01 2,29% 01 4,07F 00 3,26R-02
TR 0.0 2.81F 04 6,11E 03 5,758 93 5,31F 03 4,95F 03 4.53% 03 &,27F 03 3, 4e®R 03 2,87% 03 7,228 02 5,78 00
PD 0.0 1.30% 03 6B.00F-D3 S,16®-06 <,16E-06 G.,16F-06 9,162-06 9.16E-06 09.16E-CE 9,16%-06 9,16¥-06 9, 168-04
AG 0.0 2,34F 03 1.08F D2 6.68% 01 S,61F 01 5,137 01 4.,73F 01 &.24% 01 3,137 01 2,82% 01 3.26F 00 2.9€%-03
cD 0.0 2.04F 02 2.89F 00 1.26F 00 7T.30F-01 4,86E~01 3,05%-01 1.66F-01 3,33%-02 1,88E-02 1,207-02 B8,46F-03
b 0.0 1.20F 03 7,548E-0%1 7.26%E-03 3,80F-03 2,50F-03 1,65E-C3 Q.u9P-08 2,07B-C8 5.538-05 2,20F-09 B.92E-25
SK 0.0 45,178 08 7.10E 01 3.61F 0t 2,36FE 01 1,92% 01 1,627 81 1,30F Dt 7.08% 00 4,16% 00 7.35F-02 5,918-0L
SE 0.0 1,087 05 1.20F 02 58,138 01 3.72F 01 3,56% 01 3,83F 0t 3,298 01 2,%9F 01 L78% 01 1.66F 01 2.76R 0D
TE 0.0 9.0LF 08 5.85% 02 1.78F 02 1,02FE 62 £.46F% 0%t 4,307 01 2,74% 01 1.23F 01 B8,36% 00 2,958 00 4,83%-019
T 0.0 1.60F 05 3.81E 03 2.69% 02 1,78F 01 1.35% 60 1.,01R-01 3,258-03 2,49E-0% 2, 46F-05 2.4