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Abstract

Nuclear Process Theory (NPT) models nuclear physics processes using a formal grammar. This, in
turn, allows one to write computer programs which simulate nuclear process interactions. Knowledge
of the nuclear physics process is expressed in terms of a basic nuclear physics model and an aggregate
effects model. The basic nuclear physics model has the capability of ezpressing knowledge of nuclear
physics process for different types of reactions. The products of reactions can be expressed in terms
of either deterministic or probabilistic values. The aggregate effects model is used to simulate nuclear
physics processes.

1 Background and Motivation

Several attempts and approaches have been made to enable symbolic computer representation of
physical systems [1, 2, 3,10, 11, 15, 16, 17]. Kleer and Brown [2] describe the behavior of a composite
device from the generic behavior of its components. They provide a framework for modeling the
generic behavior of individual components of a device based on the notions of qualitative differential
equations and qualitative states. Kuipers[10, 11] derives qualitative behavior of a physical system
directly from a set of constraints abstracted from differential equations. Bhaskar and Nigam [1]
determine the behavior of physical systems using dimensional analysis, without explicit knowledge
of physical laws that govern the operation of such a device. The three approaches mentioned above
do not incorporate notions of physical processes and are purely qualitative approaches. Forbus and
Woods [3, 15, 16, 17] incorporate the notions of physical processes for describing the bhehavior of
a physical system. They provide a way of specifying processes and their effects that allows both
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Figure 1: Model Hierarchy in NPT

deduction on what processes occur and how they might change. Forbus’ approach is a purely
qualitative approach.

By choosing a purely qualitative approach, many researchers have disqualified their meth-
ods from a vast number of application areas in engineering and science. Woods [17] introduced a
combined qualitative and quantitative approach that can have a quantitative interpretation. His
approach introduces parametric state space models which can represent parameters that physicists
and engineers normally use. This enables a more direct use of the theory for scientific and engi-
neering purposes. The common achievement of all of these different methods is the capability to
explain how the physical systems work and follow the underlying physical laws that govern them.
Physical system reasoners usually require a representational apparatus that deals with the vast
amount of physical knowledge that is used in reasoning tasks. There are two kinds of knowledge
required. First is knowledge about properties of different types of components of physical systems.
Second is knowledge about physical interactions that follow the underlying physical laws. All of the
methods have been developed to reason about different types of physical systems. None of these
approaches has been developed to reason about nuelear physics processes [5].

This report introduces a method, called Nuclear Process Theory, for reasoning about nuclear
physics processes. NPT formalizes how to structure parts of the available knowledge on nuclear
physics processes to enable a computer program, taking a description of the topology of a nuclear
physics process as its input, to derive conceivable dynamic interactions in the system. Both a
quantitative state space model and a probabilistic space model of the system are incorporated. NPT
integrates a symbolic, qualitative description of structural aspects of the process with a quantitative
state space and probabilistic space model. Part of NPT’s formal description is contained in a context
free grammar. Knowledge on nuclear physics processes is expressed in descriptions of basic nuclear
physics and aggregate effects models. NPT uses a novel approach to formalize the relationships
between mathematical and probabilistic models of nuclear physics processes. NPT can be used to
reason about nuclear physics processes such as fission reactions with different types of nuclides.




2 Modeling Assumptions

NPT extends the Hybrid Phenomena Theory (HPT), a framework for formalizing dynamic state
space models for physical systems [17]. Besides allowing us to formalize the subset of the assump-
tions underlying a mathematical model, it also allows us to formalize non-deterministic actions
which can possibly oceur in a process being modeled, especially for nuclear physics reactions. NPT
allows the explicit representation of knowledge of nuclear physics interactions, and formalize how
these affect the structure and parameters of the model. The effects on the model are encoded in
a symbolic structure. NPT has three different levels. These are shown in Fig. 1. Each of them is
described separately.

2.1 Knowledge level

General descriptions of reaction components, materials and nuclear interactions are incorporated
in the knowledge level. Knowledge describing the properties of various types of material substances
is encoded in class descriptions. Knowledge on nuclear interactions is expressed by definitions in
the basic nuclear physics model and the aggregate effect model.

2.1.1 Basic nuclear physics model

A basic nuclear physics model consists of descriptions of the underlying nuclear process being
modeled. It contains conditions for when a process will occur, intermediate statesin which a process
will participate, and the products of a process. It is characterized by five fields: reactants, activity
conditions, parametric.equation, intermediate_state, and products. Examples of such definitions
are shown in Fig. 2.

Reactants describe what reagents are being used in the reaction being modelled, and relations
between reagents which are necessary for the reaction to occur. In our example, objl and obj2 are
the reagents, which their types are NUCLIDE and PARTICLE. These types are encoded in classes
NUCLIDE and PARTICLE. The reaction occurs when objl and obj2 collide.

Activityconditions describe conditions which are necessary for processes to be active. Whenever
the conditions are viclated, the model is no longer an adequate description of the process. These
conditions depend on the state on the system. This field limits the values of variables. It specifies
either absolute limits on one variables, or limits relative to two variables.

Parametric_reactions field describes a set of parameters which are necessary for a system being
modelled.

Intermediate state field describes actions which occur before the reaction generates a set of
products, The descriptions include a set of parameters which come into being as a consequence of
the actions. For example, the intermediate_state of a fission reaction is a state where the projectile
particle and the target nucleus form a compound nucleus. As a consequence, an atomic mass
number of the compound nucleus, Ac and atomic number Zc exist.

Products describes a set of products generated as a consequence of an active reaction. The




basic_nuclear physics.model bf is fission {0bjl, 0bj2)

{

reactants {

}

objl is NUCLIDE
obj2 is PARTICLE
COLLIDE(obj1, obj2}

activityconditions { obj7.Tf> 0}
intermediate_state {

compound_nucleus |
def_parameter Ac (value: objl.A + obj2.A )
def.parameter Zc (valve: objl.Z + o0bj2.Z }

parametric.reaction { def_parameter nufvalue: £.43) }
products {

Neutron.emount is PROBABILISTIC ( Poisson(2.48, 2.43, 0 to 7},
def_vector pdf_neutron{7] (indes: neutron_produced,
value: decomposition(Poisson(2.43,2.43,0,7}) })
F1.A1 is PROBABILISTIC { mass_yieldl{obj1},
defvector pdf A1 [{4] (index: A1, value: look.up_iablefmass_yield1{obj1)}})
F2.42 is PROBABILISTIC { muass_ yield2{obj1},
define-vector pdf A2 [14] (index: A2, value: look_up_table(mass_yield2{0bi1))))
deltaZ is PROBABILISTIC {Gaussian(0, 7,-42 to {2},
def_vector pdf_deltaZ [84] (index: deltaZ,value: decomposttion{Gaussian(0,1,-42,42)} }))
Energy _Neutron .emount is PROBABILISTIC (prompt.neutron_spectrum(objl)},
defivector pdf_E_neutron[7] (indez: E_neutron,
value: look_up_table(prompi_neutron.spectrum{objl} )
Energy_Gamma.aemount is PROBABILISTIC (prompt_gamma_spectrum{obil)},
def_vector pdf-E_gammaf7]{index: E_gamma ,
value: look_up_table(prompt_gamma_spectrum{objl)} -
Energy F1 .amouni is PROBABILISTIC (energy_distribuitonsi{obji},
def.vector pdf _E_F1{{4}] (index: Al, value: look_up_tablef{energy.distributionsi{objl) } } }
Energy F2 .amount is PROBABILISTIC {energy_distributions8{objl},
defvector pdf-E_F2{{4] (index: A2, value: look_up_table(energy_disiributions2(objl) ) ) )

Figure 2: Basic nuclear physics model for fission.




descriptions of products are characterized by types of particles or nuclides being produced along
with the deseriptions of the quantities which characterize them. The values of the quantities may
be probabilistic or deterministic; depends on the type of reaction itself. If the value of guantity
is PROBABILISTIC, the distribution along with its parameters must be defined in the model. It
is also required to define a vector whose indices represent range values of the distribution. The
element of the vector represents either a probability of a parameter being in a certain interval or
probability of a parameter having a certain value.

The probability of x being in interval (&1, 22) is defined by

-

Hm(x(wﬁ=/2ﬂﬂdx : (1)
Tl

where f(x) represents the probability density functions (pdf) [8]. The probability of x having certain

value is mapped by a probability measurement value (pmf) which is defined by [8]

P(X =)= f(z) (2)

In the case that the value of a quantity is PROBABILISTIC, its distribution is specified by
a specific curve distribution and its range is known. The vector représenting the curve must be
defined and the vector values must represent the y axis values of the curve. In our example, when
ohjli represents U235, and obj2 represents a neutron, the nuclear reaction for fission resuiting from
absorption in U235 splits into two fragments as follows

ggsU-l-én—>1§:F1+1§;F2+V(1)R+Energy ®

where F) and F; indicate the products of fission fragments, Ay and A, represent mass numbers of
Fy and F;, respectively, and Z7 and Z; represent atomic numbers of Fy and F3 respectively. The
splitting of a fissioning nucleus does not always produce equal mass number. Mass numbers of
fission fragments ranging from 72-163, with the most probable at range roughly 90-100 and 135-140
[9]. Symmetric fission, a fission producing equal mass numbers, is relatively uncommon occuring
in only about 0.01 % of the fissions. This means that the symmetric filssion occurs only once in
20,000 events [13].

Since NPT is used for reasoning about nuclear physics processes, the probabilities per unit
mass of different fissionable nuclei must be provided either by the developer or by the system. In
either case, a vector with indices representing the range of values of the mass distribution must be
provided. The values of vector elements are the probability of a fragment having a certain mass
number. For example, if the target of fission is U235, the probability of having a fission fragment
with a2 mass 73,74,75 ... are 0.0001, 0.0003, 0.0010 and ... respectively. For each target, there will
be a set pairs of mass number and the probability value of producing a fission fragment with that
number. These pairs are provided as a look-up table (e.g. mass.yield}.

2.1.2 Aggregate effects model

An aggregate effects model is used to simulate nuclear physics processes. It consists of conditions
for when a simulation occurs, and the effects of this on both a state space and a probabilistic space
model describing the process. In addition, the aggregate model can aggregate a set of products as




aggregate_effects_model fission (0f, RC,HWm, Huw) {
material { objI }
equipment { RC is REACTOR, HWm is MODERATOR, HWcl is CLADDING }
preconditions { RC.power is ON }
activityconditions { RC. fuel.amount > 0 or Rs>0}
parametric.reaction {
def_constant NA (velue: 6.02217 123, unit:” *) /* ”Avogadro number */
def_constant off_deltaZ (value: -20, unit:” ¥} /* an offset of deltaZ */
def_constant off. A {value: 72, unit:” *) /* an offsel of A2 */
def_constant off A2 (value: 117, unil:” *} /* an offsel of A1 */
def_constant ei (value: I, unit:*MeV *) /* energy interval ¥/
def_parameter k (value: RC.ceta * RC.epsilon * RC.p ¥ f * ¥ RC.PNLf * RC.PNLih )
def_variable Rc ( value : k/nu * obj2.amount)
unit: “fissions "} /* fissions per cycle */
def_variable Rs { unit: "fissions *) /* fissions per second */
def_variable C (unit: "gr / sec”} /* fuel consumed per second */
def_parameter f (value: objl.sigmaf *
obj1.N f(ob)1.sigma_f * objl.N + HWm.sigma.a * HWcl. N + HWm.sigma_a * HWcl.N)
def_parameter nc (value: tr/lp)
def_variable pn (value: 0bj2 amount)
def_vector distrneutron{9] (indez:neutrons_produced)
def_vector distr_A1{44] (index: A1)
def.array distr.F1{169,109](x_indez: N, y.indez: Z)
def_vector distr_A2[45] {index: A2)
def array distr.F2[{169,109](x_indez:N , y_index: Z}
def_vector distr_E_neuiron{9] (index:energy-neutrons /* produced per fission */ )
def_vector distr_E_gamma/9] (indez:energy_gamma /* produced per fission */ )
def_array distr_E_F1{89](index:energy_I1)
def_vector distr E_F2{89](indes:energy_F2) _
def_vector nuclides F1{169,108](z_index: neutrons per nuclide,y_indes:Z)
def_vector nuclides_F2[169,109](z_indez: neuirons per nuclide,y_indes:Z)
}
relations {
cycdnil { (Re,Rs,pn, distr_neutron)(k, nu,pdf.neutron)
{ (Re = (k/nu) * pr;
(distrneutronfj] = Rec * pdf_neutronfj]) j = 0..8)
(pn = (sum(j * distr_neutronfjj}) j = 0..8)
Rs = Bs + Re;
Ji=1. ne}
dyn.inft { (B)(Rs,obji. A}{B = Rs *objl.A / NA} }
dyndinfl { (C){obji.sigma_f, objl.sigma_g,B)
( C = { {{objl.sigma.f + objl.sigma_g) /objl.sigma.f) * B) }
dyndnfl {{RC fuelLamount){C) ( RC.fuel amountl = RC fuel.amount! - C) }
aggrinfl { (distr_neutron)(Rs)} { (distrneutronfi] = Rs * pdfneutronfi]) i = 0..8 } }
aggr-infl { (distr A1)(Rs) { ( distr_A1fi] = Rs *pdf A1 [i])i=0.44)}
aggr.nfl { (distr A2)(Rs) { ( distr_A2fi] = Rs * pdf A2fi]}i = 0..44 )}
cumdnfl { (pu){distr.neutron) ( (pn = sum(i * distr_neutronfif} ) i = 0..8 ) }
aggr.infl { (distr_E_neutron)(pn,pdf_-E_neiron)
{ {(distr.E_neutronft] = pn * pdf_E_neuiron [i]} i = 0.8 } }
aggrinfl { (distr.E.gamma) (Rs} ( (distr.E_gammafi] = Rs * pdf-E_gamma fi]} i = 0..8 } }

Figure 3: Aggregate effects model for fission.




}

distrinfl { (nuclides. Fi}{distr A1, pdf.deltaZ) { ( nuclides.F1
[(Zc / (Ac - nu}) * (of L AL+ i) + off_deltaZ + j,
offl Al + i- [(Ze / (Ac - nu)) * (off. A2+ i) + off.dellaZ + j]
distr A1fi] )i = 0.44, j = 0..13) }

distrdinfl { (nuclkides.F2){distr.A2, pdf-deltaZ) ( ( nuclides_F2
[{(Ze / (Ac - nu}) * (of A2+ i) + off delteZ + ],
of LAL + i - [{Zc / (Ac - nu)) * (off.A2+ 1} + off.deliaZ + j]
distr A2fi] )i = 0..44,§ = 0..13) }

aggr infl { (distr E_FI1}{Rs} { (distr.E_F1 fif = Rs * pdf_E_FI [i]}i = 0.

aggr infl { (disir E_F2)(Rs} { (distr_.E_F2 [2] = Rs * pdf E_F2 [i]) i = 0.

products {

def.object PARTICLE Neuiron {

cum.infl { (Neuwtron.amount} {disirneuvtron)

{ (sum(i * distr_neutronft]}} i = 0.8 } } }
def_obhject ENERGY Energy_Neutron {

cum.infl { (Energy_Neutron.amount){distr_E_neutron}

{ (sum({ (i + ei/2} * distr E_neutronfi]}} i = 0.8 } } }
def_object ENERGY Energy_Gamma {

cumdinfl { (Energy_Gamma.amount}

{ (sum( (i + ei/2 ) * distr.E gammafi]})) i = 0.8 )} }
def_cbject PRODUCT_NUCLIDES Fi {

parinfl { (Fi.products)(nuclides.F1}

{ (F1.productsfi,j] = nuclides F1fij]) i = 0..169, j = 0..108} } }
def_object PRODUCT.NUCLIDES F2 {

par_infl { (F2.producis)(nuclides_F2)

({ F2.productsfi,j] = nuclides_F2[i,j]} i = 0..169, j = §..108) } }
def object ENERGY Energy F1 { :

caminfl { (Energy_Fi.amouni)} (distr.E.F1}

{ (sum{ (i + ei/2 ) * distr E_FIfi]) }i = 0.90}}}
def_object ENERGY Energy_F2 {

cuminfl { (Energy.F2.amount} (disir E_F2}

{ (sum{ (i + ei/2 ) * distr B_F2fi]) ) i = 0..90) } }

99 )}
90 )}

Figure 4: Continuation of aggregate effects model for fission.




a consequence of an active simulation of an active process. The aggregate effects model describes
nuclear process interactions which incorporate dynamics, including any descriptions of influences
which affect parameters of the system per over time (e.g once per second). It is characterized
by fields material, equipments, preconditions, activityconditions, relations, and products such as
shown in Fig.3.

Material field describes material being used in a reaction being modelled; it may be the same as
one of the reactants in the basic model.

Equipments field specifies a place where a reaction is to be considered, along with its components,

Preconditions describes conditions which may depend on external actions. Turning a power
switch on or off is an example. No reaction occurs unless the power is turned on, but, once on, the
power is toggled depending on the state of the system.

Relations field specifies relationships to be associated with each instance of the definitions. The
relationships are expressed as many influences, such as aggregate influences, cumulative influences,
distribution influences, and parametric influences.

Products field specifies the creation of ob jects which come into being as a consequence of an active
aggregate effects model. The aggregate effects model becomes active if the associated basic nuclear
physics model is active. This causes a set of new objects to be created as a set of products. These
created objects are products which are stated in the basic nuclear physics model.

The products field in the basic nuclear physics model gives any amount specifications of
products being generated in a reaction. If the hasic nuclear physics model of a specified reaction is
active, the basic nuclear physics model generates a set of products symbolically, and their amounts
are specified by either PROBABILISTIC or DETERMINISTIC values. The PROBABILISTIC
values are represented in a vector, while the deterministic values are represented by either integer
or real values.

A statement in the product field in the aggregate effects model does one of the following tasks:

1. Create an object which comes into being as a consequence of the instance becoming active.
Each attribute of the object is obtained by any influence specified in the field.

2. Create a set of ob Jects which come into being as a consequence of the instance becoming

active. Each of the set of objects has attributes which are obtained by any influence specified
in the field. :

2.1.3 Neutron cycle in NPT

This section discusses a neutron cycle for thermal reactors. In a thermal reactor fast neutrons are
born of fissions. The possibility of a chain reaction was recognized as soon as it was known that
neutrons are released in a fission. Neutrons emitted by fissioning nuclei induce fissions on other
fissile or fissionable nuclei. Neutrons generated by these induced fissions, cause fissions in other
fissile or fissionable nuclei; and so on. Such a chain reaction can be described quantitatively in terms
of multiplication factor, £ [12]. The multiplication factor is defined as the ratio of the number of




neutrons in the current generation, n;y1, to the number of neutrons in the previous generation, n;.

ng
ko= DL
o _ (4)

This factor can also be expressed in terms of four-factor formula [11] as follows

k=nXexpx fxPyrsX Pyviw (5)

where 7 is defined as the average neutrons emitted per neutron absorbed in fuel {11}, In the form
of equation this is
n= ﬂ X v (6)

14

where v the average number of neutrons released per fission.

The description of a neutron cycle for a thermal reactor in NPT model is expressed in terms
of reactor parameters [4], see Fig.5.

The set of reactor parameters are [4] fast fission factor, €, which is defined as the ratio of the
total number of fast neutrons after fast fissions to the number of fast neutrons produced by thermal
fissions; fast nonleakage probability, Py s, which is defined as the probability of neutorns remaining
in the reactor core during slowing down; resonance escape probability, p, which is defined as the
ratio of the number of neutrons thermalized to the total fast neutrons after allowing fast leakage;
thermal nonleakage probability, P, which is defined as the probability of neutrons remaining
in the reactor core during diffusion at thermal energy; and thermal utilization factor, f, which is
defined as the ratio of the number of neutrons ahsorbed in the reactor fuel to the total number of
absorptions in fuel, moderator, and cladding.

In NPT, a fission chain is initialized by a number of neutrons, n; = n,. The number of neutrons
in the reactor core increases slightly after some of the neutrons involve in fast fissions resulting in a
total number of fast neutrons of »; X ¢, see Fig. 5. Each fast neutron has a probability of remaining
in the core reactor of Pyry leaving n; X € X Pyry neutrons remain in the core after allowing
fast leakage. These fast neutrons scatter and slow down. A (1 — p) fraction of the remaining
neutrons are captured in a resonance capture process. The remaining n; X € X Pyry X p escape from
resonance capture during slowing down and thermalized. A fraction of the thermalized neutrons,
n; X € X Pypi X p X Pyry, remains in the core after diffusion at thermal energy. A fraction of
these neutrons are absorbed in non fuel material leaving n; X € X Pyrw X »p X Py, 7 X [ neutrons
absorbed in fuel. Only %-:— of the neutrons absorbed in fuel cause fissions and will produce a new
number of neutrons.

These neutrons which cause fissions are denoted as the number fissions at the next cycle, R,

€i411
computed as
o
Rqﬂ=R5X€XPNLprXPNLgthX-—f-. (M
Subtituting equation (5) into the above equation will result in
| k
RCB'-[-E. = ; ® n.; (8)

The factor n; represents the number of fission neutrons in the previous generation.
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Figure 5: Neutron cycle in NPT.
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Each cycle of Fig. 5 represents a generation of prompt neutrons, from their emmission until
their absorption in fuel. The average time that the neutrons spend from their emmissiom until
their absorption is called [11] the prompt neutron lifetime and is denoted as Ly

Assuming that the value of & is constant for every cycle, and average time consumed every
cycle is I,. Assuming that the reports of simulation will be taken every period of time t.. The

number of cycles in a report period is
A
ne = == 9
te

Furthermore, the number of fissions per report period is accumulated such as

Ro=3 Ry, (10)

i=0

To convert R, into gram fissioned , it merely necessary to divide by Avogadro’s number,
N4 = 6.02217¢23, and multiply by the mass number of target nucleus, 4 [11]. Since the fissile
nucleus are consumed both in fission and in radiactive capture, and since the total absorption rate
z%;';, where 0, @ are the cross section absorption and cross section fission respectively. Therefore
the target is consumed in the next period is

R, g,
= A X — 11
C 7, X A X 5 (11)

The value of % indicates the criticality of a reactor. If £ > 1 the number of fissions increases
from generation to generation. The reactor is said to be supercritical and the power it generates
rises exponentially. On the other hand, if £ < 1 the reactor is said to be subcritical and the power
it produces decreases from time to time. If &k = 1 the reactor produces constant energy and the
reactor is said to be in its critical stage.

2.2 'The Symbolic level

The symbolic level consists of objects, relations and properties for these ob Jects which are defined in
the input description such as shown in Fig.6. The symbolic level also consists of objects representing
instances of basic nuclear physics definitions and aggregate effects definitions.

The system identifies every set of objects which when assigned to reactants of the basic nu-
clear physics model, satisfy the reactant conditions. The system also identifies every basic nuclear
physics model which when assigned to the aggregate effects model, satisfies the aggregate effects
model conditions. For each set of objects which is bound to the reactants of the of basic nuclear
physics models, instances of the basic nuclear physics model are created. Some of these instances
are then bound to the aggregate effects models which in turn instantiates the aggregate effects
models. For example, consider a set of objects defined in the input descriptions which are shown
in Fig. 6. These objects are considered to be active. The subset of instantiations of these objects,
U235 and Neutron are bound to reactants of the basic nuclear physics model of fisston and radioac-
tive capture. The relation COLLIDE (U285, Neutron) matches the reactants condition specified
at the reactant fields of the basic nuclear physics model fission and radicactive capture. This causes

11




U235 NUCLIDE Newtron PARTICLE

{ {
z 92 Z 0
A 235 A 1
N 10e81 /* atoms per em3 */ amount  Je20
sigma.f 585 /* barn */ }
sigma_g 99 /* barn */
}
HWm Moderator HWel Cladding
{ {
stgma. a 0.888 /* barn */ stgma-¢  0.66 /% barn */
N 3.678e22 /* atoms per cm8 */ N 2.013¢23 /7 atoms per cm3 */
} }
RC REACTOR {
core homogeneous
efa 2.22 /¥ thermal fission factor */
epsilon 1.03 /* fast fission factor */
P 0.667 /* resonance escape probabilily */
Suel 7235
fuel_amount 100 /* gr */
PNLth 4.833
PNIf 0.865
}

COLLIDE (Uranium, Neutron)

Figure 6: Input descriptions of NPT,
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BNPM fission (U235, Neutron)

BNPM radioactive_capture (U235, Neulron)

AEM (BNPM fission (U295, Neutron), RC,HWm, HWcl)

AEM ( BNPM radicactive_capture( U235, Neuiron), RC, HWm,HWecl)

Figure 7: Symbolic instances of basic nuclear and aggregate effects models.

the instances of the basic nuclear physics models, bnpm fission (U235, Neutron) and bnpm radioac-
tive capture (U235, Neutron), to be created. These instantiations along with some instantiations
of basic objects RC,HWm,Hw are bound to the aggregate effects models of fission and radioac-
tive capture. This causes the instanstiation of the aggregate effects models,AEM (BNPM fission
(U285, Neutron ), RC,HW, Hw) and EM ( BNPM radicactive_capture(U285, Neutron),RC,HW,Hw).

Fig.7 shows a subset of objects which are bound to the reactants of a basic nuclear physics
models which causes them to be bound to the aggregate effects models for a set of reactions. This
figure also shows a subset of instances of the basic nuclear physics model and aggregates effects
model.

2.3 Quantitative level

An instance of the basic nuclear physics model and aggregate effects model does not cause any
analysis of the system. Only active instances can cause the analysis. The active instances are
obtained when the objects are bound to the reactants and the basic nuclear model is bound to
the aggregate effects model, and objects satisfy the preconditions and quantity conditions for both
basic nuclear physics and aggregate effects models. After instantiation of basic nuclear and aggregate
effects models, the next step of reasoning is to identify the active instances. The basic objects are
always considered active, e.g. U235, Neutron,RC, HWm,HWel. The set of active basic nuclear
physics aggregate effect models are set to follow phenomena reaction in the current state. For
example, we have specified the fuel amount ofreactor (RC. fuel_amount) is greater than 0 and
‘Uranium_U235 cross section fission (0bj1.Tf) is greater than 0. This causes only BNPM fission
and AEM fission to be active. Since the aggregate effects model describes nuclear interactions
every second, then by combining all the influences defined by these instances, the system generates
objects describing the system state model every second. Fig. 8 shows a state space model and
probabilistic space model as consequence of the basic nuclear physics and aggregate effects models
being actives.

The state space model consists of equations which are considered to consists of terms. Each
instantiation of the basic nuclear physics model and the aggregate effects model comprises a set of
equations which has a potential description of how a nuclear process understanding relates to the
equations.

This state space model is used to answer questions, such as how will the state of the system
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Neutron.amount is PROBARILISTIC pdf_neutron

F1.A1 is PROBABILISTIC pdf Al
delta.Z is PROBABILISTIC pdf_deltaZ
F2.A2 is PROBABILISTIC pdf_A2

Energy_Gamma.amount is PROBABILISTIC  pdf-F_gamme
Energy_Neutron.emount is PROBABILISTIC  pdf E_neutron
Energy_F1 is PROBABILISTIC pdf_F1
Energy_F2 is PROBABILISTIC pdf_F2

k = RC.eta * RC.epsilon * RC.p * f * objl.a; / (objl.sigmaf + objf sigma_g
(Re(i+1} = k / nu * Neutron.amount(i),

Rs = Rs + Refi+1)), 1 = 1..nc

B=(R/NA)}*Rs

C = ((0bj1.Tf + obj1.Tg) / 0bj1.Tf) * B

RC fuel_amount = RC fuel_amount - C

distr.neuiron distr_gamma

distr. A1 desir F1

distr A2 distr_F2

distr_E_neuiron distr_E_gamma

distr_E_F1 ' distr_E_F2

produce Neutron Neutron. amount = sum(i * distr_nevtronfi])} i = 0..8
produce Energy.Neulron (sum{ (i + ei/2) * distr_E_neutronfi])} i = 0..8 )
produce Energy.Gamma (sum{ (i + ei/2 } * distr_E_gammafi]}} i = 0..8 )
produce Fi

Fl. productsfy,jl =

nuclides . F1fijl}i = 0..169, 7 = 0..108
produce F2 '

F2.productfi,j] =

nuclides F2[ijl) ¢ = 0..169, j = 0..108
produce Energy_F1

Energy_FI.amount =

(sum{ (i + ei/2 ) * distr_E_F1fi]} ) i = 0..90
produce Energy_F2

Frergy_F2.amount =

(sum{ (i + ei/8 ) * distr_E_F2fi]} ) i = 0..90

Figure 8: State space and probabilistic space models of NPT.
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elvolve over the next report period given the current initial state? For example, the number
of reactions over period of time (R,) is dependent upon the number of neutrons absorbed in
fuel material which yields fissions. The fuel amount consumed is dependent upon the number of
reactions R,. Every report period the amount of reactor fuel decreases as much as firel consumed.

The probabilistic space model consists of different types of distributions which govern the
process. Each instantiation of the basic nuclear physics model and the aggregate effects model
comprises a set of parameters which are considered to have non-deterministic values along with
their distributions. These distributions constitute a sufficient conceptual basis for obtaining non-
deterministic values from the process being modeled. The probabilistic space model is used to
answer questions, such as what is the distribution of products (e.g. neutrons or fission fragments)
in the current state? For example, the number of neutrons produced for each non-deterministic
fission ranges from 0 to 8. The probability of producing 0 - 8 neutrons for each fission is controlled by
Poisson distribution. This distribution is represented as pdf neutron {see Fig. 8). The distribution
of neutrons produced for a number of fissions is dependent on the number of reactions R, and the
pdf neutron. The distribution of neutron products is represented by distr_neutron. If each state of
the system changes R,, it causes the distribution of neutrons preduced, distr_neutron, to change.

Each distribution of products shown above changes every report period; this is dependent on
the number of reactions. If the rate of reactions becomes less than or equal {0 zero, then the process
is no longer active.

3 Influences in NPT

In general, influences express how one or a set of variables influence another variable or another
set of variables. There are several types of influences in NPT. Two of them, dynamic and algebraic
influences, are similar to HPT influences. Their syntax specifications are described in [14, 15, 16]
and other influences, unique to NPT, are described in the following:

Cumulative influences specify how a set of elements of a vector variable cumulatively influences
the influenced variable. The syntax for cumulative influence is as follows:

cuminfl { (< influenced_variable >)
(< influencing_vector_variable >}
(< function. spec >)

< function_spec >: < sum (vector_expression) >}

As an example, consider neutron products generated by a fission reaction. The amount of
neutrons is dependent on the neutron spectrum which is represented by a particular vector. The
total number of neutrons is accumulated over the distribution values. These values are represented
as values of the vector elements. Aggregate influences specify how a variable affects a set of vector
values. The syntax of these influences are as follows:

aggranfl { (< influenced_vector_variable >)
(< influencing_variable >)
(< funci_spec >)

< funct_spec >: < expression >}
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A fission reaction with a rate of R fissions per second will generate fission fragments Fy and F.
Each fragment has a mass distribution which is represented by a vector. Element values represent
the probability densities. The actual mass values of Fy and F3, for fission reactions with a rate R,
are distributed with probability values as a function of R. '

Distribution influences specify how two sets of distribution values affect another set of values
for performing certain operation.

distrin fl { (< influenced set_of walues >)
(< two.sets_of in fluencing_values >)
(< fune_spec >)

< funet_spec >: < expression >}

Parametric influences describe how a variable or parameter of element of a vector variable
affects another variable directly without any functions describing their relationships. The syntax
for these influences are as follows:

pardnfl { (< influenced.variable >)
(< influencing.variable >)
(< influencing_variable >)} -

Cycle influences describe how parameters and results of a current cycle process affect a set of
influenced variables in the next cycle repeatly. The syntax for these influences are as follows:

cyeinfl { (< influenced_variable >)
(< influencing_variables >)
(< func_spec >)
< funct_spee >: < (set.of expressions)i = range >}

4 Example

This section illustrates how NPT works. Nuclear reactions under consideration are fission reactions.
The basic nuclear physics model and the aggregate effects model definitions are given in Fig. 2 and
Fig. 3. The input descriptions to NPT program is shown in Fig.6. Part of the input values are
taken from [8]. The define-object statement takes two required arguments; the name identifying
object and the name of the class to be instantiated to describe the object. The rest of the arguments
are optional and specify the initial values and parameters defined for the class being considered.
The relationships between objects is shown as well.

Assuming that all relevant basic nuclear physics and aggregate effects models are included in
the system, NPT will identify all possible instantiations of the basic nuclear physics and aggregate
effects models. This task is accomplished when a set of existing objects match the requirements for
the reactants and the material as stated in the basic nuclear physics and aggregate effects models.

The instantiation of a number of reaction definitions are considered as conceivable nuclear

reactions. These may cause generating a set of products symbolically. The instances of objects,
basic nuclear physics and aggregate effects models of a fission reaction are shown in Fig.9.
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17235

Neutron

RC

HWm

HWel

BNPM fission (U235, Neutron)

AEM (BNPM fission (U235, Neutron), RC,HWm,HWcl)

Figure 9: Instances of basic nuclear physics and aggregate effects models for fission,

When all possible nuclear reactions have been created, the program proceeds to test the
validity of the activity conditions for each instance. This required that the initial values for at least
a subset of parameters and variables have been specified. The result of this process is a set of active
processes, which is a subset of conceivable nuclear reactions. The instantiations of active processes
will generate a set of products which is expressed either in deterministic values or probabilistic
values

The state space and probabilistic models always follow directly from the set of active processes.
These are the consequences of a number of influences defined by these instances. The set of
instantiations of active processes along with state space and probabilistic models is shown in Fig.8.
If the complete initial state is known, then both state space and probabilistic models can be used
to determine the behavior of the system.

An example is to use a set of objects and their relationships as shown in Fig. 6, and a reactor
with parameters as given in the figure. The number of neutrons is initialized as 3e20. Only part
of these neutrons are absorbed in fuel material which is dependent upon the parameters of the
reactor. From a state space model, and the given parameters of a reactor such as shown in Fig. 6,
R, will have a value of 1.006132e4023 at the 10th cycle.

The number of neutrons produced for each fission has a non-deterministic value, ranging
between 0 and 8. The probability of producing 0 to 8 neutrons per fission is controlled by Poisson
distribution. For example, the probability values of producing a particular number of neutrons are
tabularized as shown in Fig. 10. The pdf_neutron in the probability space model will consists of
the probability values of the figure. Since R, describes the number of fissions occuring per report
period, then the number of neutrons produced for that particular R, can be computed. In our
example, R, is 1.006132e+023, and the neutron products have a distribution as shown in Fig. 11.
The distr_neutron in the probability space model consists of values of the distribution of neutron
products, the second column of the Fig. 11. The total number of neutrons prodiced is accumulated

as follows:
8

> i+ distr_neutron; (12)
=0
where { is the number of neutron products produced by a particular number of fissions distr_neutron;.
In our example, the neutron products produced by R, = 1.006132e+-023 fissions is 2.433833e+23.

The prompt neutrons per fissions are emitted with continuous distribution of energies which is
called prompt-neutron-spectrum [12]. Equation (13) gives the distribution of this prompt-neutron-
spectrum [11].

X(E) = 0.453¢"%%F sinh/2.29F (13)
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neulrons | probability
produced | of producing
neutrons
index pdf_neuirons
0.089
0.215
0.260
0.211
0.126
0.062
0.025
0.008
0.003

e o JE e JR G I L N

Figure 10: Probability per unit neutron products.

#neulrons #Hfissions fraction
produced producing
neulrons :
0 8.954574e+021 | 0.089
1 2.163184e+4022 | 0.215
2 2.615943e+022 | - 0.260
3 2.122038e+022 | 0.211
4 1.267726e+022 | 0.126
5 §.238017e4+021 | 0.062
6 2.515330e+021 | 0,025
7 9.055186e+020 | 0.008
8 3.018396e+020 | 0.003

Figure 11: Distribution of neutron products for a certain number of fissions.
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neutron | probabilily of
energy producing
En (MeV){ En (MeV)
(0-1) 0.3101635382
{1-2) 0.2965603757
(2-3) | 0.1858727779
(34) 0.1033541111
(4-5) 0.0538716708
(5-6) 0.0269146713
(6-7) 0.0130406600
(7-8) 0.0061712412
(89) 0.0028658063

Figure 12: Probability per unit interval of energy of neutron products calculated from [12].

The probability of having an energy in a certain interval (e; — e2) is obtained by calculating
part of an area under prompt-neutron-spectrum which bounded by (e1 — ez). For example, the
probabifities of a neutron having an energy in a certain interval are tabularized such as shown in
Fig. 12. The pdf_E_neutrons in probabilistic space model consists of probability values of the
figure. :

The total energy of neutron products for a number of occurred fissions is accumulated such
as follows

8

> (i +0.5) « distr_neutron; (14)

. i=0 )

where ¢ + 0.5 is the average energy of the ith energy interval of neutrons products by a par-

ticular number of fissions distr.neutrons(i]. In our example, the energy of neutron products

Is 2.456551e+023 Mev. This energy is produced by 2.433833e+023 neutrons which comes from
1.006132e+023 fissions.

The fission gamma are emitted with continuous distribution of energies which is called prompit-
gamma-spectrum [12]. Equation 15 gives the distribution of this prompi-gamma-spectrum.

N(E) = 108 (15)

The probability of having an energy in a certain interval (e; — ;) is obtained by calculating
part of an area under prompt-gamma-spectrum which bounded by (e1 — e2). For example, the
probabilities of fission fragments gamma having an energy in a certain interval are tabularized such
as shown in Fig. 13. The pdf_E_gamma in the probabilistic model consists of the probability values
of the figure.

The total energy of gamma products for a number of occurred fissions is accumulated in the
same manner of calculating the energy of neuron products.

In a fission, the two fragments F1 and F2 do not have unique values of mass A, and atomic
number Z. Mass number ranging from 72 to 162 are observed [12). The yields of fission products
are observed as a function of mass number.
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gamma | probability of
energy producing
Eg (MeV) | Eg (MeV)
(0-1) 0.666481
(1-2) 0.221880
(2-3) 0.077200
{34) 0.022369
(4-5) 0.007446
(58) 0.002479
(6-7) 0.000825
(7-8) 0.000275
(89) 0.000091
( 9-10) 0.000030

Figure 13: Probability per unit interval of energy of gamma products.

The probability of a fission fragment having a given mass number is controiled by mass-yield
curve. The mass-yield is typical from fission to fission which depend upon target nucleus, and the
type of reactor.

For exé,mp]e, the probabilities of fission fragments F1 (light nucleus) having a certain mass
number, and F2 (heavy nucleus) having a certain mass number are tabularized such as shown in
Fig. 14.

These values appears as in the pdf_Al and pdf_A2 at the probabilistic space model. The
distributions of fission fragments F1 and F2 for a particular number of fissions occurred (e.g.
1.006132e+-023 fissions) are shown in the Appendix.

The major fraction of the energy released in fission appears as kinetic energy of the fission
fragments. The distribution in kinetic energy of the fission fragments appears as energy-yield curve,

The probability of a fission fragment having a specific energy is controlled by energy-yield
curve. For example, the probabilities of fission fragments having certain energy for fission of U235
are tabularized such as shown in Fig. 15.

The distribution of energy of fission fragments for a particular number of fissions occurred
fissions occurred (e.g. 1.006132e+-20 fissions) are shown in the Appendix.

The total energy of fission fragments are computed in a similar manner as for computing total
energy of neutron products. This is accomplished by taking an energy average of each interval,
then multiplying it by the number of fission fragments producing that energy in the interval.

Having done all computations explained above, the distribution of fission fragments, the num-
ber of both neutrons and gamma produced, the energy of neutron products, the energy of gamma
products along with the energy of fission fragments are obtained (see the Appendix). Having known
distribution of mass numbers of the fission fragments is not adequate to explain about the products
of the process being modelled. It is required to know about what the real byproducts are, since only
knowing mass number can represent different types of nuclides. Some of them may cause another
process such as decay process.
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Al ] Zyield | AT % yield || A2 | % gield | A2 | % yield

pdfAl pdf Al pdf A2 pdf A2
72 | 6.000026 | 95 | 6.50 118 [ 0.013 [ 142 | 6.21
7% | 0.0001 96 | 6.50 119 [ 0.012 | 143 | 6.58
74 | 0.0003 97 | 6.3 120 | 0.013 | 144 | 6.584
75 | 0.001 98 | 5.98 121 1 0.013 | 145 | 6.595
76 | 0.003 99 | 5.78 128 | 0.013 | 146 | 5.50
77 | 0.008 100 | 6.1 124 [ 0.016 {147 |-3.93
78 | 0.021 101 | 6.28 125 | 0.0159 | 148 { 3.00
79 | 0.044 102 | 5.18 126 | 0.027 | 149 | 2.25
80 | 0.13 103 | 4.29 127 | 0.031 | 150 | 1.67
81 | 0.13 104 | 3.08 128 [ 0.059 | 151 | 1.08
82 | 0.19 105 | 1.88 129 0.126 | 152 | 0.653
83 | 0.32 106 | 0.96 130 | 0.35 153 | 0.417
84 | 0.535 107 | 0.41 131 | 0.75 154 | 0.268
85 | 1.00 108 | 0.145 132 | 1.81 155 | 0.158
86 | 1.317 109 | 0.054 133 | 2.89 156 | 0.074
87 | 1.96 110 § 0.031 134 | 4.31 157 | 0.032
88 | 2.55 111 | 0.025 135 { 6.69 158 | 0.0149
89 | 3.57 112 | 0.019 136 | 7.87 159 | 0.0062
90 | 4.76 113 | 0.013 137 | 6.54 160 | 0.0033
91 | 5.8 114 | 0.015 138 | 6.32 161 | 0.0010
92 | 5.84 115 | 0.013 139 | 6.19 162 | 0.0003
93 16.03 119 | 0.0096 if 140 | 6.71° 163 | 0.0085
94 | 6.37 117 | 0.016 141 | 6.4

Figure 14: Probability of fission fragments having a certain mass number.
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energy | probability energy | probability
Fi1 of having F2 | of having
(E_F1} | E_F1 (E_F2) | E_F2
( 51-52) | 0.000021 ( 84-85 ) | 0.060360
( 52-53) | 0.000007 ( 85-86) 1 0.000229
{ 53-54 ) | 0.600000 ( 86-87) | 0.000222
( 54-55) | 0.000025 { 87-88 } | 0.000229
( 55-56 } | 0.000158 ( 88-89) | 0.000251
( 56-57 ) | 0.000634 ( 89-80) | 0.000511
(57-58 ) 1 0.001763 ( 90-91) | 0.001572
( 58-59) | 0.008152 { 91-92 } | 0.005581
( 59-60 ) | 0.006337 (92-93) [ 0.013204
(60-61) | 0.013358 (93-94) 1 0.032126
(61-62) { 0.023160 (94-95) | 0.056033
(62-63) | 0.037102 { 95-96 ) | 0.076542
( 63-64 ) | 0.054187 ( 96-97 ) | 0.086469
( 64-65) | 0.072399 ( 97-98 ) [ 0.081042
{ 65-66 ) | 0.080046 {98-99 ) | 0.082919
( 66-67 ) | 0.087555 ( 99-100) | 0.089334
( 67-68) [ 0.093530 | ( 100-101) { 0.093530
(68-69) | 0.089333 | (101-102) | 0.087555
{69-70) | 0.082740 ; ( 102-103 } | 6.080046
(70-71) | 0.081222 | ( 103-104) | 0.070242
(71-72) | 0.082787 | ( 164-105) | 0.053107
(72-73) 1 0.080224 | ( 105-106 ) | 0.040337
(73-74) | 0.056033 | ( 106-107 ) | 0.023163
( 74-75) | 0.032126 | ( 107-108) | 0.013358
(75-76) | 0.013204 | ( 108-109) | 0.006337
{ 76-77 ) | 0.005581 ( 109-110) |-0.003152
(77-78 ) | 0.001571 | ( 110-111) | 6.001763
( 78-79) | 0.000512 [ ( 111-112) | 0.000572
(79-80) | 0.000231 | ( 112-113) | 0.000215
(80-81) { 0.000249 ) ( 113-114) | 0.000025
( 81-82) [ 0.000222 | ( 114-115) | 0.060000
( 82-83) | 0.000228 | ( 115-116) | 0.000007
(83-84) | 0.000248 [ ( 116-117) | 0.000021

Figure 15: Probability per unit interval of energy of fission fragments.
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deftaZ | probability

of deltaZ

-11 0.00603
-10 0.00018
-9 0.00075
-8 0. 00270
-7 0.00761
-6 0.01843
-5 0.038754
-4 0.06495
-3 0.05798
-2 0.12774
-1 0.14594
0 0.14510
1 0.12707
2 0.09602
3 0.06330
4 0.03628
5 0.61777
6 0.00723
7 0.00254
8 0.00068
9 0.00013
10 0.00003
11 0.00600

Figure 16: Probability of deltaZ having certain values.

To know a particular nuclide, we must know its mass number A and Z. From the obtained
distribution of mass number of fission fragments, we get a set of mass numbers A, A;.....4,. For
each A, there is an associated Z. This value is approximated by proton-neutron ratio [11], which

is defined as follows:
Z; = (Zef(Ac— nu)) x A; 4 deltaZ (16)

with uncertainty deltaZ has non-deterministic value. It is.controlled by Gaussian distribution.
This deltaZ represents deviation of the product nuclide (Z;, A;) from stable zone of nuclides, and
nu is the average of product neutrons per fission. The probability of delieZ having a certain value
is computed by decomposing the area under the Gaussian distribution curve. For example, the
probability of deltaZ having certain values is tabularized such as shown in Fig. 16. Once the
number of fission fragments (product nuclei) having a particular mass number is known, then its
isotopes along with its distributions are obiained easily. For example, the number of product nuclei
having mass number A = 72 is 2.615943e+4016. The distribution of isotopes is generated and shown
in Fig. 17, where the associated Z for each isotope is computed using formula (16). The result of
running a simulation after 10 seconds is shown in the Appendix. This result includes distribution
of neutron products, distribution of gamma products, distribution of energy of neutron products,
energy of gamma products, distribution of mass number of fission fragments for light nuclei {A1),
and heavy nuclei (A2), the distribution of fission fragments for light nuclei (A1), and heavy nuclei
(A2) along with the distribution of isotopes, the total energy of fission fragments, energy of neutron
products, energy of gamma products, and total energy produced by fissions.

23




Al | Isotopes # nuclides

72 17 7.847829e+011
72 18 4.708697e-+012
T 19 1.961957e+013
72 20 7.063046e+-013
T2 21 1.990733e+014
T2 22 4.821183e+014
T2 23 9.820250e+4014
T2 24 1.699055e-+015
T2 25 2.5631C01e+4015
72 26 3.341605e+015
72 27 3.817707e+015
72 28 3.795733e4+015
72 29 3.324079e4+015
72 30 2.511828e+015
72 31 1.655892e4-015
72 32 9.450641e+014
72 33 4.648531e+014
72 34 1.891327e4014
72 35 6.644495e4-013
72 36 1.778841e+013
72 37 3.400726e+012
72 38 7.847829e¢+011
T2 39 0.000000e+000

Figure 17: Isotopes of a nuclide with A = 72.
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5 Concluding rei’narks

This report describes a formal knowledge representation system for nuclear physics processes. The
real challenges ahead lie in developing a set of basic nuclear physics and aggregate eflects models
which are as universal as possible. It remains to implement a complete set of computer-based tools
which can perform a simulation based on NPT models. The current quantitative model assumes a
one millisecond cycle, and reports overall products every two cycles.
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Appendix
This section shows the results of running a simulation after 10 seconds (10 cycles of Fig. 5}. The
number of fissions, cycle are computed using equations {10) and (11)."

The total number of prompt neutrons is obtained using equation (12), and the total prompt
gamma is obtained in a similar manner.

The total energy of prompt neutrons is obtained using equation (14), and the same calculation
is applied to obtain the total energy of prompt gamma.

The distribution of neutron products, distribution of gamma products, distributions of Al,
A2, and the distribution of fission fragments F'1 and #2 are the results of NPT influences (see Fig.
3). These distributions are shown in the next p ages.
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0.012 seconds

: 6.902193e+4021
H 2.148214e4+000
H 2.366550e+4+0C1

; not |listed
: 1.669640e+022

H 1.1566383e+024 Mev
H 3.292873e+022 Mav
: £.851738+021 Meav

1.19541404024 Meavy

0.014 seconds

: 1.348665e4022
6.153457e+000
H 8.751205e+001

: not, {isted
: 3.262420e+022

Meav
Mev
Me
Mov

2.265884e+024
: 5.434161e+022
H 1.338806e+022
: 2.343613e+024
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i Report# : 8
: Time t 0.016 seconds
Number of fissions : 2.635245e4+022
Burn-up gr) : 1.028338e4001
Fuel consumptiens {(gr) : 1,202364e+001
Fuel left ar) 7. 548840e+001
Products;
Particle/Nuciide:
‘Fragments H not |istad
Prompt neutrons : &.374658e4022
Energy:
Fragments : 4.427459a+024 Mev
Prompt neutrons : 1.258721i3e+4023 Mev
Prompt gemma ray H 2.615881e+022 Mev
Tota l : 4.5B79340e+024 Mev
; Reportfg 9
Time : 0.018 seconds
Number of fissions : 5.149179e+022
Fuel consumptions sgpg : 2.349379e4001
Fuel Jeft ar) i 5.199461e4+001
Produacts:
Particle/Nuclide:
" Fragments H not listed
Prompt neutrons H 1.245586e+023
Energy: :
Fragments : 8.865110401+024 Mev
Prompt neutrons : 2.456551a4022 Mev
Prompt gamma ray i 5.111528e+022 Mav
Total i : 8.9478T4e+024 Mev
Report# : 10
Time . H 2.020 seconds

Number of fissions
; : Fuel consumpticns grg
: . Fuel left

1.006132e+023
4.690606e+001

[T

gr 5.088556e+000
Proeducts:
Particle/Nuclide:
Fragments H |l isted
Prompt neutrons : 2.433833e+023
Energy:
Fragments : 1.690296e+025 Mev
Prompt neutrons : 4.800017e+023 Mav
Prompt gamma ray : 9.987770a+022 Mev
Total oo 1.748384e+025 Mav
#neutron produced #fisslions fraction
v} 8.9548574e+02] 0.089000
1 2.163184e4+022 0.215000
2 2.615942e4022 0.260000
3 2.1229386+022 . 0.211000
4 1.267726e4022 : 0.126000
5 6.238017e+021 ¢.062000
& 2.515330e+4021 ©.025000 -
7 9.055186e4+020 0.0080G0
8 3.018398a+020 0.003000
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Al
72
73
74
75
76
Xed
78

79

80
81
a2
83
84
85
86
87
88
89
90
91
92
93
94
98
96
97
98
99
100
101
102
103
104
105
108
107
108
109
110
111
112
113
114
115
116

A2
117
118
119
120
121
122
123
124
128
126
127
128
129
130
131
132
133

#fragments
2.615943e+016
1.006132e+017
3.018396e+017
1.006132e+4018
3.018396e4018
8.049055e+018
2.112877e4+019
4.426980e4019
1.307971e4020
1.911651e4020
8.219622e4020
5.382806e4020
1.006132e4+021
1.325076e+021
1.972018e+021
2.565636e4.021
3.591891e+021
4,789188e+021
5.835565e+4021
5.8756810e+021
6.066975ae4021
6.409080e4021
6,539857a4021
5.539857e+021
£.338631e4021
65.016668e+021
5.815442e+021
§.137404e+021
6.318508e+021
5.211763e4021
A4.3186306e4021
3.048580e4021
1.891528e+4021
9.658866e4020

C4.12814104020

1.458891a4+020
5.433112e4+01%
3.119008e+1+018
2.515330e4019
1.911651e40189

1.807971e4019

1.50919864+0189
1.307971a+019
g .66B856e+012
1.609811e+019

#fragments
1.307971e4.019
1.106745e4019
1.307971e4+019
1.307971e4019
1.8307971a4019
1.609811e4019
1.599750e4019
2.716556e+019
3.11900%e+019
5.836178e4+019
1.267726e+020
3.521462e4020
7. 545989e4+020
1.82105%%9e4+021
2.907721e4+021
4.336428e+021
6.731022e4021

OCODOOCOCCOoOOROLOVCLO0CDO0o0C00O00OQODOOORDOC00

Ffraction
0.0000Q0
0.000001
0.000002
.000010
. Q00030
. 000080
.Q00210
. 000440
001300
.001800
003200
.O0B350
.G1LO000
.013170
.019600
L.Q28500
.038700
.C47800
.088000
. Q58400
.0B0300
.OB37YQ0
.Q65000
- 065000
.QB3000
.059800
057800
. 061000
. Q82800
L051800
.042900
.G30300
. 318800
.Q098600
Q04100
.Q01450
.000540
.Q00310
000250
.000190
.000130
.000150
.000130
L. QL0096
MelelehN:1s)

'fractlon

G.000130
0.000110
0.000130

0.000130

0.000130
0.000160
0.00015%
0.000270
0.000310
0.000590
0.001260
0.003500

- 0.007500

Q.018100
Q.028900
0.045100
Q.0B69GO
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134 7.918258e+02] 0.078700
135 6,580102e4021 0 .065400
136 6.35875364021 0.Q63200
137 6.227956e+021 0.061900
1238 6.751145e4021 0.0671C0
139 6.43924404021 0.084000
140 6.248079e+021 0.082100
141 6.620348e4 021 0.06E800
142 6.624372e+021 0.085840
143 6.638440e+021 0.0858950
144 5.533725e+021 0.05B000
145 3.954098e+021 0.089300
146 3.018398e+4+021 0 .030000
147 2.263797e+021 0.022500
148 1.680240e+021 0.016700
149 1.088622e4021 0.0L0800
180 6,570041e4020 0.C06530
161 4.195570e4020 Q0.004170
162 2.596433e+020 0.002880
153 1.589688e4020 0.001580
154 7.445376e4019 0.000740
1556 3.21962204019 0.000320
156 1.4595136e+4019 0.000149
1867 6.228018e+018 0.000062
158 ) 3.320235e+018 0.000033
159 1.006132e+018 0.000010
160 3.018356e+017 . 0.000003
161 &.552121e+0186 G.000001

ek 1 fission fragments gk

Al Isetopes # nuelides
2 17 7.84782%9e+011
T2 18 4.708697e+012
72 18 1.961957e+013
72 ‘ 20 7.063046e4+013
72 21 1.890732e4+014
e 22 4.821183e4+014
T2 23 g.820250e4+014
T2 24 1.699055¢+4015
72 285 2.5663101e4015
72 26 2.341605e4+015
T2 27 2.817707e+015
T2 28 3.795733e+015
72 29 3.32407%9e4+015
72 30 2.511828e+015
72 21 1.655892e+015
72 32 9.490641e+014
7z . 38 4.648531e+014
T2 34 1.891827e4014
T2 35 6.644495e+013
T2 - { 1.778841e+013
72 3T | 3.400728e+012
T2 38 7.847829e4011
72 38 0.000000e+000
72 : 17 3.0183598e+012
75 ie 1.811037e4+013
73, 18 7.54598%9e+013
73 R0 2.716556e4014
T3 21 7.656664e4014
T3 22 1.854301e4015
T3 23 3.777012e+015
72 24 6.534828e+015
73 25 9.858080e+015
73 26 1.285233e+016
73 27 1

.468345%e+016
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73
73
78
73
73
73
73
73
73
73
73
75
74
74
74
74
74
74
T4

74

74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75

75,

76

76

76
76
75
76
76
76

28
29
30
31
32
33
34
35
26
37
38
39
18
19
20
21
22
23
24
25
28
27
28
29
20
a1
32
as
34
35
36
a7
38
20
40
18
19
20
21
22
23
24
25

26

27
28
29
30
31
32
332
34
25
36
37
38
38
40
18
18
20
21
22
23
24
25

ORNONOROEFRDINNPONCRP PR ORRENNNPROORNNNDSHEFRNORABRONHONDINIOOR R, AN~ ROG R

.45989T7e+018
. 2784924018
.660878e+015
. 368815e4015
.650246e4015
.787896e4015
.274334e4014
.585575e+014
.B41697e+013
.307971e4+013
. 01853964012
. 000000e +000
L.055187Te+012
.433112e4013
. 263797e4+014
. 1496698014
. 296999e+015
.56629032e+015
.133108e4016
. 980448e4016
L95T424e+016
.85569%e4+016
. 405047e+0Q16
LB796592e+018
.B38475e+016
.BS82564¢+016
.910644e4015
.095074e4016
.363689e4015
. 18230Ce+015
.666725e+014
.05250%9e4014
L9239814e40132
.0585187e+012
.000000e+00Q0
.018395e+013
.B811037e4+014
.54508%e+014
. 7165584015
.G56664e+015
.854301e4016
T77019e+0186
.5348266¢4+016
.858080e4+016
.285233e4+017
.468349e+017
459897 e+017
. 2784924017
.660878e+0186
. 368814e+4016
B50246e-+016
. 7T87896e+0186
.274333e4015
.555575e4015
.841697e+014
.307971e+014
.018395e40153
L0C0000e+Q00
.0E5186e+013
LA38112e4014
L\ 263797e4015
.1496568e4015
.295999e+016
.562902e4+018
1.133108e4017
1.960448e4017

£




76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
7T
77
77
77
77
7
T
77
77
TT
77
77
7
7T
77
T7
77
e
7
77
77
77
77
e
8
78
78
78
78
78
78
T8
78
Ng-]
T8
T8
e
78
78
78
78
7a

78

8
78
78
79
79
79
79
79

26
27
28
29
30
31
32
a3
34
35
36
37
38
39
40
19
20
21
22
23
24
25
26
27
28
29
20
31
32
33
34
35
36
37

38

39
40
41
19
20
21
22
23
24
28
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
20
21
22
23
24

DRONFODORNFPFORONFRONDONNR, SR AR RAONN AN PN NS RENOOROINARROCORDN NN, ADN

.987424e4+017
.B55698e+017
LAQ8047 e Q17
.379632e+017
.835475e+017
L 8598263e+017
. 91064404017
.088074e4017
.36368%8e+016
.182300e40186
B66725e+015
0526084015
.923914e4014
.055185e4013
L0000G00e+ 000
.414718e4014
.448830e4015
O036791e4015
17324540186
.1253831e4018
.A4B83441e4017
. 021615e4017
227861e+017
. 88646401017
. 028186e4018
.17467%e4018
.1687918e4+018
0227934018
L 7T28702e4017
.095052e4017
.920197e4+017
. 430317e+017
.819467e+016
.0444860e+016
LAT32357e40156
04637 7e+0158
.414716e+014
.00000Ce+Q00
.338631e4+014
.BO3178e+015
. 58465840185
L T04T68e4015
.E0789%e4+017
.894032e4017
.93174Ce+017
.372313e+4018
QO70197e4018
. 698989e+018
.0B3532e+018
.0B5784e4018
.684833e+018
. Q028784e4+018
.337451e4018
.665517e4017
.7T54582e4+017
.527610e+017
.366707e+0185
.436758e40156
. T46740e+015
.3386381e4014
. 000000 e+000
.328094e4015
.968665e4015
32023564016
.195285e4+017
.368932e4+017
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79
78
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
80
80
80
80
80
86
80
a0
80
80
80
80
80
80
80
80
80
a0
&80
80
80
80
80
a1
a1
a1
81
81
a1
81
a1
a1
a1
a1
a1l
a1
a1

831

81
a1
81
8t
81
a1

81

81
82
82

25
26
27
28
29
30
31
32
33
34
35
36
37
a8
39
40
41
42
20
21
22
23
24
25
26
=27
2g
29
30
21
32
a3
34
35
36
37
28
29
40
41
42
20
21

22

23
24
25
26
27
28
29
20
a1
32
33
24
35
26
a7
38
39
40
41
42
21
22

FARRROEEERNNNN NSO RDRONF OO AP R R RO ANOCRNONEO R R,R~NHRO AN B N D

.158925e+017
.6561888e4+018
.8T75324e4018
. 3B7558e+018
658502484018
.A60735e4018
.423548e4018
.628364e4018
. 2BDT88e4018
L 8B02278e4018
.G06108e4018
. BE6744e4+017
L20070T7e+017
.124453e4017
.010347e+016
L 7TBB5074e+015
.328094e+015
.000000e+ Q00
.923914e4015
.354349e+018
.B09786e10186
. 5315623e4017
. 9536682e4017
.410691e4018
. 8910125e4018
49527464018
.281550e40Q18
.670803e+019
. 9088854e4+018
.88786Te4019
,66203%e4+019
. 285914e4019
27945894018
. 745320e4+018
. 324265e4018
. 456634e4017
322247 e4017
.894206e4016
L TOO363e+016
.923914e+015
. 00000Qe+ 000
. 7T34952e4+015
.440971e+016
.433738e+017
. 1614574017
. 454766e4018
. B523172e4018
. 176336e+018
.241617e4018
.873035e4019
A441942e+019
. 789863e+018
JT73805e+019
.429134e+019
.B835567e+019
2100754019
,935468e4018
.397003e+018
.8821232e4018
.858593e+017
L.289922e4017
2.485146e+016
5.734952e+018
0.0000G0Ce+0Q00
9.658865e4015
5.795320e+016
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8z
a2
82
82
82
82
az
a2
82
8z
a2
az
a2
82
az
82
82
82
a2
82
82
83
83
83
83
83
a3
83
83
a3
az
83
83
83
83
83
83
83
83
az
a3
as
az
ez
84
84
84
84
B4
84
84

84 .

a4
84
84
a4
a4
84
84
84
84
B4
a4
84
a4
84

23
24
25
26
27
28
29
30
21
a2
a3
24
35
36
27
38
39
40
41
42
43
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
27
38
39
40
41
a2
43
22
28
24
25
26
27
28
29
a0
31
32
33
34
25
36
37
a8
39
40
41
42
43

mwacnuﬂrﬂwtmwrathwtomtnw-4M-QH(nDramtnthmram{nmédﬂthm(nMtohrdasmr*otohbomh)mramtnhthﬁathH(nNtnm

414T16e4+D17
8929794017
.450132e4018
.933763e+018
L 208646e4019
.091144e4019
.154586e+4+018
,112745e+018
.698716e4+019
.671671e4019
.091173e+4+018
0914814019
. 038021e+019
. 18807%e4019
. T21268e4018
.327787Te4018
L 177840e4017
. 189343e4017
. 1855084016
.658865e+015
.000000e+000
.614842e4016
.689050e+018
0371044017
.453358e4+018
.086315e+018
. 920B11le+018
.D20705e4019
.498132e+019
. R27TA073e+019
.876996e4019
. 85566764019
.810451e+019
.8394931e+019
. 168670e4019
. 407316e+019
9528824018
.565248e4+018
BO1765e+018
.367233e+018
.660308e+017
.997647e+015
6148424018
L.000000e+000
.018395e+018
.8110637e4017
545989e4017
. 7166564018
.656664e4018
.854801e+019
HTT019e+01 8
.534826e+019
.858080e+019
. 2852334020
.468348e+020
. 459897e4+020
. 27849204020
.6608732e4+0189
.268B814e4019
.650246e4+019
. TBTH96e+019
.274333e4+018
.5565875e4018
.841657e4017
BOTOT1le+017
.Q18395e4016
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84
85
85
88
85
85
85
85
a5
85
85
85
85
85
85
85
85
85
88
85
85
85
85
85
86
86
86
86
86
86
a6
a6
a6
86
86
86
86
86
' 86
86
86
86
86
86
86
86
86
87
a7
a7
a7
a7
a7
a7
87
87
ar
a7
a7
87
87

a7

ay
a7
87
av

a4
22
23
24
25
26
27
28
29
20
31
32
33
34
25
26
a7
as
39
40
at
a2
43
44
22
23
24
25
26
27
28
29
30
31
32
as
34
35
36
a7
38
39
40
4t
a2
43
44
23
24
25
26
27
28
29
30
31
32
33
34
a5
36
37
38
39
40
a1

WRRENPOULCLARLA~NOUNFT RN RENONNPRPE~NGRO RO RR,ORER AN R ERDANRDONGO

L0C000Ce+000
. 975227e4+016
.385136e+4+017
L G328068e+017
STT704e4018
.008383e4019
.442115e4019
. 974334e4019
.606365e+019
,29B305e4+020
,B92652e4020
. 9338164020
.922685e4020
.683774e4020
L 2T2338e4020
.387729e4019
.BO7374e4018
,35465%9e+016
. 580297e+018
.365692e4+018
.010515e40147
.7T22598e4+017
L975227e+016
.QOQ000e+000
.916055e+0G15
.549633e4017
ATS014e4+018
.324450e4018
LE5007085e4019
. 634430e+4019
LAQ02957e+019
28082684020
. 9321844020
. 519056e+4020
BT7964e+020
.861399e+020
- 50584404020
.B893532e4020
,248288e4020
.154483e4+018
50427 7e4019
.A4258769e+018
.Q08927e4+018
.3408732e+018
,663624e+017
.9160655e4+016
.00000Q0e+Q00
.B8965908e+4+016
6181454017
.92422Te+018
.927218e4018
. 8952449e4+019
. T2B46884019
63139864019
.666381e4020
. 513810e4020
L 2T7T344e+020
.744290e+020
LT22732e4020
2601544020
2.463524e4+020
1.624048e+020
9.308128e401%9
4,.559136e+019
1.854958e+4+019
6.516716e+018
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a7
a7
a7
87
as
88
as
as
a8
a8
as

88

as
886
ag
as
838
és
88

‘a8

as
as
&8
a8
8g
=153
as
ag
as
ae
89
85
88
89
ag
85
885
89
85
89
a9
ag
8g
89
89
ag
ag
89
89
a9
g0
90
g0
20
80
80
g0

80

90
90
[0
a0
80
[0
90
aC

42
43
44
45
23
24
25

26

27
28
29
30
31
32

23

324
35
36
37
28
39
40
41
42

48

44
A5
24
25
26

.27
28

29
30
31
32
33
a4
35
36
37
as
39
40
a1
42
43
44
45
a6
24
25
26
27

28

28
320
31
32
33
34
35
36
37
3s
39

1.7446332e4018

. 8.335327e+017
7 .696908e+0186

0.,000000e4+000
1.077567e+017
6.465404e+017
2.593918e+018
9.6981058e+018
2.738429e4+018
6.619855e4+019
1.348396e+020
2,.332532e+020
3.519335e+020
4.588281e4020
£5.242008e+020
£5.211834e4+020
4.564216e4020
3.448934e4+020
2.27366Te+020
1.302138e+020
6.382790e+019
2.586937e+019
9.123403e4+018
2.442486e+018

- 4,669458e+017

1.07756T7e4+017
0.00000Ce+00Q0
1.436756e+017
8.620538e+017
3.591891e4018
1.293081e+4019
3.644572e+019
8.826473e+019
1.797861e+020
3.1105877e4020
4.6892446e+4+020
6.117708e+0Z0
6.989341e+020
6.949111e4+020
§.085621e4020
4 . 598578e+020
3.031586e4020
1.,737517e4020
8.510387e4019
3.462583e+015
1.216454e4019
3.25664804018
6.225944e4+017
1.436756e4017
0.Q00000e+000
1. 750669e4+017
1.0B0402e4018

 4.3768674e+018

1.5756Q3e+019

'4.440865e4019
- 1.075495e+020

2.1906871e4+020
3.79019%e+020
5.717685e+020
7.45435Ce+020
8.516423e+020
8.467404e4+020
T.415252e+1+020
5.603309e+020
3.693912e+020
2.117143e4+020
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80
80
90
90
90
90
90
91
91
91
91
91
91
91
91
91
91
91
g1
91
91
91
91
91
91
91
91
91
91
91
92
0z
92
g2
92
92
92
92
92
92
92
92
92
92
92
92
92
92
g2
92
92
92
92
a3
93
93
93
23

93

a3
93
93
93
93
83
a3

40
a1
42
43
a4
45
46
24
25
26
27
28
29
30
31
32
33
34
25
38
37
38
39
AD
41
42
43
a4
as
45
28
26
27
28
29
30
21
32
32
34
35
28
a7
38

-39

40
a1
42
43
44
45
45
A7
25
26
27
28
29
30

- 31

32

32

34
35
286
37

wtomtnbhnAhrah@aw(DH-Qbrdhrlmuamﬁﬂhm-ﬁm(nwrdhrﬂhrﬂHCDHAQerLrﬂmtnm-&mﬂ)ﬂounM»ﬂh+ﬂb»ﬂ40r44{nHJ>H

.036980e+020
2191134019
L AB82233e4+019
.568184e+018
5862344017
.T50688e4+017
LO00000e+0Q00
. T62T743e+4017
0BT7646e+018
L406868e4+018
.586469e+019
L AT71492e4019
.Q082912e4020
L 208779e4020
.816339%e4020
.7T57119e4+020
,B05760e+020
.575158e+020
.525801e+020
,A466392e+020
54195324020
.719388e+020
1317444020
.044131e+02Q
.248211e+019
49245654019
.995551e4018
.638553e4017
. 762743e4+017
.CO0000e+000
.820092e4017
.Q82056e4+018
.550231e+018
.8638083e+018
.6169685e4+019
.118144e+020
LRTTHEAZe+020
. 9405004020
. 9444224020
. T49954e4+020
8541444020
.803181e4020
.708305e+020
.825509e+020
.840395e+020
.201099e+020
.Q78101e4020
. 386542340148
.541012e4+019
.125543e+018
. 8B8T068e+017
.820093e4017
. 000000e+0GC0O
.922718e+4017
.153631e4018
LB06795e+0D18
L 720446e4019
BTT7295e4019

LA05961e4+020
. 162684e+020
.279597e+020
1869334020
. 3533824020
. 2995464020
8.143992e4020

. 181190e+02¢

37




23
93
93
93
93
93
93
93
93
93
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
24
94
94
94
84
94
94
95
95
96
a5

- 85

95
2153
85
1)
95
a5
215
213
95
98
a5
95
a8
a5
g5
95
a5
ab
g6
a6

96

9&
96
a6
a6
a6
a6
96

as
329
40
a1
42
43
a4
45
46
47
26
27
28
29
30
31
a2
33
34
as
36
37
38
a9
40
Al
a2
43
a4
45
46
a7
48
26
27
28
29
30
a1
32
23
24
a5
36
a7
28
39
40
a1
42
a3

44

45
a6
47
48
26
27
28
29
30
21
32
33
34
35

DOBANRDIM PR OROM = RENLPO OO BN AN AMR PO RARARN A O D ALNSCA LR, DDA AN MO

.153979e4020
.OBB835e4+020
3268207 e4+020
. 138890e4020

.633750e+4+019

,B627901e+01%
.3581861e4+018
.331778e401T
L9227 18e+017
L0G0000e+000
.O981957Te+017
LATT1IT7464018
. 9048934018
. 765761e+019
.9766831e+0Q19
20529684020
4550624020
2476376+ 020
LAO0TTH2e4020
.354013e4+020
.544268e+020
4893324020
. 310196e4020
27957 0e4+020
,139729e+020
3726604020
.182133e+020
L T28317e+018
6611244019
4471034018
.801814e4+0D17
.961957e+017
.000000e+000
.9681957e+4017
L177174e4018
9048934018
. T6BT7681e+ 019
.976831e4019
.2052985e+4020
L 4B5062e+020
. 247637 e+020
AOTTE2e4020
.354012e+020
.544268e+020
.489332e+020
.310196e4+020
L2T9ETQe4020
. 139729e+020
. 37268004020
1621334020
.728317e+019
661124e4019
44T7103e+018
.501814e4017
.961957e+017
. 000000e+000
.90158%e+017
. 140964e+018
. 7TE3873e4018
.T11430e4019
.8236498e4+0189
L168210e4020
37956224020
.116941e4020
.210691e+020
.086967e+020

38




:
:
]
]

a7

36
37
28
39
40
41
42
43
44
45
45
47
48
27
28
29
30
31
32
23
34
35
36
a7
as
39
40
41
42
43
44

45

46
AT
48
49
27
28
28
20
31

32

33
24
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
27
28
29

- 30

31
32
33

REAP AR RO ~SNORASNRDOINEONOAONR, AR, AR RO YA, NROOO NN LR HRORRASARRNERDOR

. 2505984020
L197382e4020
. 054498e4+020
DBE353e+020
. 012353e4020
. 2996554020
L126375e+4020
58283064019
. B10012e+019
. 31026%e4018
240220e4017
.90158%9e4017
L0000 e+QQ0
. 805001e4017
Q83000e4018
. 512501e4018
-624501e+019
.578685e4+019
.108872e4+020
2586574020
.907826e4020
.895132e4020
. 685692e4+020
. TROT26e4020
L 730186e4020
.645380e4+020
TT7205e+020
.808551e4+020
.182847e4020
.069162e+4+020
.350051e+019
5282344019
.091335e4+018
.B21669e+017
.805001e+017
,000000e+000
.744633e+017
.046780e+018
.3616582e+018
.8T70168e+01%
. 42855204019
LOTF17B6e4+020
.183117e+020

JTTT129e+020

.BIT9T0e+020
L A28645¢4+020
ABTOET e+ 020
.438206e4020
.389682e4020
. 5839874020
.681175e+020
. 109842e 4020
0334044020

. 204565e+019 -

LAT7T7i22e4019
. 9654501e4018
. B60075e+017
. 744633e+017
L000000e4+000
.B41221e4017
.104733e4018
,603053e+018
.65709%e+019
BT0LE65e+0Q1G
. 131124e+020

.303982e+020

39



29
89
99

a9

99
99
99
99
99
99
a9
99
99
99
99
99
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

100

100
100
100
101
101
101
101
101
101
101
101
101
101
101

101

i01
iol
iol
il
101
101

101

101
101
101
" 101
102
102
102
102

34
36
36
37
38
39
40
41

a2

43
a4
45
46
a7
48
a9
28
29
20
31
32
=23
24
35
36
a7
a8
39
40
A1
42
43
44
45
486
a7
48

49

50
28
29
30
31
32
33
34
35
36
37
as
39
40
41
42
a3
44
45
46
47
48
49
50
29
30
31
32

WNEPOR, LR RN N~ O RO ARRARENRGENOEROEN LR AR RO R AN ~NDE~OW

. 9862444020
.01342%e4+020
.839520e4020
,986928e4020
9053744020
. 799800e+0Q20
.8331385e4+020
.BB497T7e+020
. 226850e4020
09061764020
.A37344¢4019
. 5568801e40109
.173435e4018
9786264017
. B41221e40Q17
. 000000 e+000
.895652e4017
.137331e+018
.7328881e+018
70559 7e4018
.808385e41018
. 164501e+020
.371968e+020
.103871e40Q20
.190874e4+020
0712624020
2212314020
.168155e+020
. 028928e4020
LOB67031e4+020
.999615e4+020
. 28235504020
L122799e+020
.568281e+019
.604901e4019
.236588e+018
.21406Ce+017
.B95552e4017
L000000e4000
.563529e4017
.381174e+4+017
908822e4018
A40T176e+01%
. 9661524019
J605280e+Q19
. 956496e+020
L 385040e+020
.106488e+020
.657506€+020
LB0E04ABe4020
. BB2268e+020
62258704020
.004335e4020
.299046e4+020
. B90828e+020
.261303e+019
.7681Q5e+019
.323788e+019
.54399%e+018
LT7B292e4+017
.563529e4017
LO00000e+000
2948924017
. 7T569350e4017
. 237229e4018
1.165403e4+019

40



102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
102
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
108
103
103
103
103
103
103
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
104
105

33
24
35
26
27
28
29
A0
41
42
43
44
45
46
47
48
49
50
51
28
20
3t
32
35
34
35
36
37

- 38
39

40
41
42
43
44
A5
46
47
48
49
B0
51
29
20
31
32
33
34

35.

26
37
=8
39
40
a1
42
43
as
45
a6
a7
a8
49
50
51
20

NOORSAPODOIPFENRNNRPRPE NS00 YIRS, NOLERONFEF=ONDOINOOOL,ANRR~NPNNEODOREEN - ~R

,28470%e4019
.854981e+0196
.620341e4+020
.80344Q0e 4020
.229116e4020
.513649e+020
.298217e+020
L262959e+020
LAB4T2%e4020
144517 e+020
LT32221e4020
.565956e4+020
.870075e4+019
.12068%e+019
.096342e4019
. 935088e4+018
611197e4017
.294892e4017
L000000e+ 000
1457394016
LAB8T7443e4017
, 286435e4+018
.231165e4018
.319969e4+019
.618532e+019
+144437e+020
. 980052e+020
. 9B6998e4020
.B8942585e402Q
.4490978+020
42348964020
.873830e+020
L927246e4020
. 929751e4020
. 106025e4+020
.417326e4019
.204123e40189
. 743392e+018
.073034e+018
.963154e+017
+14573%e+016
.00000Ce+000
.674584e+0185
LACATEQe4 017
. 418648e4+018
V1071254018

. A39453e4019

.486086e+01%
.100796e+018
228547 e+020
.853319e4020
.415238e+020
7604984020
. T44807e+020
.403564e+020
.816245e+020
. 197337 e+020
.B62462e4019
.361245e+019
.367575e4018
.804481e+018
.28623%e4018
«458986e+017
.B74584e+016
.0C0C00e+000
.897660e+016

41



108
105
105
108
108
108
105
105
108
108
108
108
108
106
1085
108
108
105
105
108
108
108
106
106
106
106
106
106
106
106
106
106
106
106
1086
106
106
106
106
108
108
1086
106
108
108
107
107

107

107
107
107
107
107
107
107

107.

107
jor

107

107
107
107
107
107
107
107

31
a2
33
34
35
36
37
38
39
40
43
42
43
44
45
46
47
48
49
B0
51
52
30
31
32
as
34
35
36
37
38
39
40
41
42

43

44
45
46
47
48
49
50
51
52
31
a2
23
34
3B
36
37
38
29
40
41
42
43
44
45
48
47
48
49
50
51

WHRNOOR RN, REON RPN ACE RSN NFR OB SRR, O~NEFONFEFINO RO, R, E@W

1.7285%6e+017
T.244150e+017
2.6807894e+018
.350398e+018
.7TBD125e4019
.625938e4+019
.273433e+019
.46375T7e+019
.233824e4+0Q20
.A409615e4020
4015014020
2273524020
. 274442e4+019
. 11406240109
L504237e4+019
.716381e+4019
.983361e+018
.453352e+018
.56802%e+017
.255653e4+017
.B97660e4+016
000000 +000
23754240156
.A426253e+016
.093858e+017
. 113788e+018
.139232e4018
.602684e4+018
. 5485784019
BT79279e4+019
041813019
2694554018
.020231e+019
. 9885579e4019
.241816e40189
. 960960e+019
.611214e4019
.495601e+019
.330375e4018
.982477e+018
047 7B86e+018
.8050986e4017
.362683e4+016
. 237542e+016
LOD0000e+000
.BT7E673e+018
.626004e+016
.094168e+017
. 939008e+017
.110216e4018
.688736e4018
.47E6678e4+018
.475498e4018
.A429422e4019
. 8635884019
1291064019
.116851e4019
.853813e4019
. 400827 e4+019
.234781e4018
,202857e+018
. 592450e4018
L054778e4018
.705584e4017
9,920460e+016
1.8965685%e4+0186

42



107
107
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
108
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
108
109
109
108
109
109
108
110
110
110
110
110
110
110
110
110

110

110
110
110
110
110
110
110
110

52
53
31

32

a3
24
36
36
37
38
39
40
41
42
43
44
45
46
a7

48

49
BO
51
52
53
31
32
33
34
35
36

37

28
39
40
41
42
43
44
48
46
47
A48

49

50
51
52
&3

32

23
34
35
38
a7
38
29
40
41
42
43
44
45
485

a7

48
49

4,376673e+015
0.000000e4000
1.629934e4015
9.779602e+015
4.074834e+016
1.466940e4017
4,1324598e+017
1.001323e+018
2.039590e+018
3.528806e+018
§.32232363e+018
6.940257e+018
T.929084e4+018
7 .883445e+018
6.903855e+018
5.216874e4+018
3.4391860e4+018
1.971133e+018
9.654640e+017
3.928140e+017
1.380010e4017
3.694516e4016
7.063045e4015
1.629934e+4015
$.000000Qe4+000
9.3570286e4014
£.614216e+015
2,339257e4018
8.421324e+016
2.373566e4017
5.748333e+017
1.170876e+018
2.028796e4+018
2.058005e+4+018
B.984222e+018
4.581882e+018
4 .525682e4+018
3.963324e4018
2.8994872e+018
1.9743332e+018
1.131576e4+0Q18
5.542475e4+017
2.255043e4017
T .922282e40186
2.120926e+0186
4.0584711e4015
G.35T0268e4014
C.000000e+000
7.54598%e+014
4.5275694e4015
1.886497e+016
6.,.791391e+016
1.9141660+017

" 4.635753e+017

9.442548e+017
1.633707e+018
2.464520e+018
3.213082e+018
3.670872e4018
3.649743e+018
3.,196229e+018
2.4185220e+018
1.592204¢4018
9.125616e4017
4.469741e4+017
1.8186832e+017

43




110
110
110
110

110

111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111

111
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
113
113
113
113
113
113
113
113
118
113

1r3.

113
113
113
113

B0

51
B2
53
54
32
33
34
35
36
a7
38
39
40
41
42
a3
a4
48

46

47
AB
49
B0
B1
B2
53
54
33
34
35
36
37
38
39
40
41
A2
A5
44
45
as
a7
43
49
50

&1

52
53

54

585
23
24
35
36
37
28
39
40
4l
42
43
44
45
45
47

FORPRNECRONWOONEFAROR,ERNRNRO -~ 0= 000~

PRNHEROONFASNPOREOOONAD R

6.388038e4+016
1.710424e+016
3,26992%e+015
.545989e+014
. 000000 e+000
.734952e+014
44097 1e4015
. 4337384016
.161457e40186
.A454766e4017
5231 72e4017
176336e4017
24161 7e4+018
.873035e+018
.441942e4+018
. 7B9863e+018
L773BOBe+018
.429134e+018
.835567e+018
. 210075e+018
.935468e+017
.357002e4017
.382123e4017
. 855593e+016
29992240186
.485146e+015
. 734952e4014
.0C0000e+4+000
. 92391404014
.854349e+015
.809786e4015
.531523e4+0186
.953663e4016
.410591e+017
9101254017
A9B274e+ 017
. 281550e4+018
.670803e+018
.9ca8854e4+018
.897867e+018
.66203%e+018
.255914e+018
27945964017
. 745320e4017
L324265e4017
. 456634e+018
3222474016
.894206e4015
. 700363e+015
.923914e+014
.000000e+000
52759424014
.7T16558e4+015
.131898e4016
.074834e+016
.148500e4017
. 781A52e+017
LBE65529e4+017
.B802240e+017
.AT871204018
.927845e4+018
. R02523e4018
. 18984664018
.917738e4018
1.449132e4018
9.553222e4+017

44



113
113
113
113
113
113
113
113
114
114
114
114
114
i14
114
114
114
114
114
114
114
114
114
114
114
114

114 -

114
114
iia
114
116
118
115
115
118
118
118
115
118
115
115
118
1185

115

116
1186
116
115
11%
115
118
116

116

116
116
116

116

1186
116
116
116
1186
1i&
116
11&

48
49
50
51
B2

- 53

54
55
33
24
35
38
ar
38
29
40
41
42
43
a4
45
46
a7
a8
49
50
51
52
68
54
55
24
35
26
37
28
39
40
a1
a2
43
44
48
46
47
48
49
50
51
52
53

54

58
56
324
35
26
37
38
39
40
41
42
43
44
45

N~ FONHBENPONR~D

ATBE37Ce+017
.681845e4017
.091150e4017
.8333632e4016
.028255e4018
+961957e+015
527634 e+014
.0000C00e+000
.923914e4+014
.35434%e+0156
.809786e+015
.531523e40186
.953663e40156
.410591e4017
9101254017
.A495274e4017
,281550e4+018
.670803e+018
.908854e4+018
.89786Te4+018
.66203%9e+018
.255914e+018
.2T79455e+017
. 7AB320e4+017
.324265e4017
. 456684e4016
.32224T7 640186
.894206e4015
. 7003634015
,923914e4+014
.Q00000e+000
.897660e+014
.738586e4015
. 244150e+015
LEG0T894e4+018
. 350397610186
. 780129e4017
. 625938e4017
2734334017
LABRTS5Te+017
.233824e4018
. 40961524018
.401501e+018
2278352e+018
L274443e4Q17
. 114062e4017
.504287e4+017
. T16381e+4017
. 98883604016
.453352e4016
.568029e+015
.2556532e4+015
.BY7680e4+0Q14
L0G0000e+000
.829433e+014
.B9766Ce+015
20T7358e4+018
. 8346490e40186
.225066e+017
.966882e4+017
.043230e4+017
.046572e+0186
577293 e4018
LO0B6372e4018
2. 349358e4018
2.335836e4+018

NOERPRROFFPHOORR NN NN RFIRONAD PR R R ORNOOORNROM =@ N

45




116
116
li6
ii6
116
116
116
118
116
116
116

dok
A2
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117
117

F2

117 .

117
117
117
117
117
117
1i8
118
118
118
118
118
118
118
118
118
118
il8
118
118
lla
118
118
118
lig

1i8

1is8
1is8
1i8
118
119
119
118
1189

46
47
48
49
&O
51
52
B3
54
&6
BB

fission
Isotopes
35
26
a7
38
39
40
41
42
43
44
45
45
47
48
49
50
51
52
853
54
58
56
&7
25
36
37
28
39
40
41
42
43
44
45
46
47
48
49
50
61
52
53
54
56
56
BT
35
26
37
28
29

VWORNWORR NP, M mpaasANDOROD=0O W~

2.045587e+018
1.545740e+018
1.019010e4+018
5.840394e4017
2.860634e+017
1.163893e+017
4.088920e+016
1.094671e4+016
2.082754e4+015
4,.829433e+014
0.000000e+000

fragments sk
# nuclides
3.923914e4+014
2.354343e4015
9.809786e4015
3.531523e+016
9.953663e+016
2.410591e4017
.910125e4017
.A95274e4017
.281550e4+018
.B7T0803e4018
- 908854e4018
.B97867e4018
.G6682089e+018
,256914e4018
S 279459e4017
. 745320e+017
. B24265e+4017
,4B556634e+4016
. B22247e+016
. 894208e+015
.TO0363e+015
92391464014
.0000Q0e+000
.320235e+014
.992141e40186
.3008588e+015
. 98821 2e+016
.A42233Ce+016
.039731e4+017
1547214017
.188309e+017
.08438%e4018
.413756e4018°
6151844018
.805887e+018
.406341e4018
.062697e+018
.005696e+017
.015271e4017
. 966686e+017
L001767e+016
.811132e+0186
.5258656e+4015
.43876%e+015
. 32023564014
.000000e+000
.923914e4+014
.854345e+016
.809786e+015
.53215623e40186
. 853663e+0186

DWONADm R R REDM

40




119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121

121

121
121
121
121
121
121
122
122

40

41
a2
43
44
as
45
a7
48
49
50
51
52
53
54
85
56
57
a6
37
38
39
40
41
42z
43
44
45
A6
a7
a8
49
50
81
52
53
54
55
56
57
58
36
37
28
39
40
a1
a2
43
44
45
486
a7
a8
a9
50
51
B2
53
54
55
86
87
58
27
38

FEOWORNBERF R RE R

.410591e+017
.910125e+017
.A95274e+017
. 281550e4018

. 90885404018
. 897867 e4+018
.66203%e+018
.255914e+018
2794594017
. 745320e4017
. 324265e+4017
45663440186
. 322247e4018
. 894206e+015
L 7T00363e+015
.92391494e+014
. 00OC00e+000
.923914e+014
.3543459e+4015
.809786e+015
.531523e+016
.953662e+0186
.410691e+017
9101284017
AQ8274e40Q17
2815504018
.670803e4018
. 9088544018
.897867e4018
.662039e4018
.256914e+018
279459604017
7453204017
. 324265e4017
.456634e+016
.32224T7e+016
.894206e4015
.700863e+015
.923914e+014
.000000e4+0Q00
. 823914e4014
. 354324%e4015
.B09786e+015
.531523e+016
. 95366324018
.410591e4017
.910125e+017
AQE5274e4017
.281550e4018
.B870803e+018
,908854e4+018
.89786Te+018
.66203%e+018
. 2559144018
. 27945%e+017
. 745320e4017
L B24265e+017
.A56634e40186
.322247e4+016
. 894208e4+015
L. 7005363e4+015
3.923914e+014
Q.000000e4+000
4.,829433e4014
2.837660e+015

CWrRrBRMUNDMDEREREERDAN

HFOAMNORONONOLDFEOWUNBEDH P == 0N WMWY NK

.670803e+018

47




122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

123
123
123
123
123
123
123
124
124
124
124
124
124
124
124
124
124
124
124
124

124

124
124
124
124
124
124
124
124

39
40
41
4z
43
44
45
46
A7
48
49
5O
51
82
53
54
58
56
57
58
59
a7
38

39

40
41
A2
43
44
48
46
47
48
49
50
51
52
53
54
55
58
57

58

59
a7
=28
39
40
41
42
43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58

RO~ ORNRRNORN O SNNEAERO RN, AR NP RNRNNNNREREDRNR, AR N AR RN LN RENNNNSRON~

1.207358e4016
4,346490e+016
. 225066e+017
. 9668824017
.043230e+0Q17
.045872e+018
.877293e+018
.0B63272e+018
. 3493584018
.335836e4018
.04558T7e+018
. 545740e+018
L.01901Ge4+018
.B40394e4+017
.B60634e4017
. 16389364017
.088920e4+018
.094671e4016
.Q92T754e4+015
.B29433e4014
L00GQ000e+000
.799249e+014
.879550e+4+015
.1958812e+018
.319324e+0186
.217410e+017
. 94833%e4+017
L005460e+017
.039037e+018
.567435e+018
.043520e4018
. 334675e+018
. 321287e4018
.032802e4+018
.536080e4018
012842e4018
.803892e+017
.B42755e+017
.1E56619e4+017
.063364e+016
L087830e+018
.Q78675e4+015
. 79924%e+014
L000000e+0D00
. 149668e+014
.889801e4+015
0374174016
. 334701e4016
.O8729%e4+0D17
.O06613e+017
. 018798e4+018
. 764403e+4+018
. 661682e4+018
AT0128e4+018
.864542e4018
.941723e4018
.451927e4018
6084374018
. 71968Ce+018
.855665e+017
B2T7T320e4+017
.96407Ce+017
.900062e4016
. BA4T258e4016
.H31523e4+018
.149668e+014

48



124
125
125
125
125
128
125
125
125
128
126
126
125
125
125
1285
125
125
125
125
135
125
125
125
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
126
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127

59
as
39
40
41
a2
43
44
as
46
47
48
49
50
&1
52
53
54
55
56
57
58
55
60
38
39
40
41
42
43
44
45
46
a7
a8
49
50
51
52
53
54
65
56
BY
58
59
80
39
a0
a1

- a2

43
44
45
46
47
48
49

- BO
- 851

52

53

54
55
56
57

WENADPHRHEPES RO ARNROREONDORNAERARNRONDONO OSSR AR ROOBN NN HRGALODENFONENGOLO

LQD0000e+ 000
.3B7028e+014
6142164015
.33925Te+0186
. A421324e4016
. B735668e+017
. TAB333e4017
L170876e+018
.025796e+018
.0B6005e+018
9842224018
.551882e+018
. 525682e4018
. 95332464018
.994872e4018
. 9743334018
.131576e4018
.DA247%e4+017
.255043e4017
. 922282e+016
. 12092864016
.054711e+015
L3BBT026e+014
. 000000e+00G
. 7BO853e4015
.068512e+016
\452134e4+018
.602768e+017
.517432e+017
.094038e4018
228441e4+018
85554864018
. B15267e4018
.b82874e4+018
.66325%e4018
,613394e4+018
.543101e4018
.659912e4018
.TB76801e4+018
.153645e4018
.05485%e+018
. 2918574017
BOTT78Se4017
.036601e+018
L T17032e4015
.780853e4015
.Q00000e+00Q0
.803179%e+015
28190764016
.B0TB47e+016
 422861e+017
.6A7397e+017
.32641%e+018
. 7T58044e+018
.233881e+018
. 242118e4019
.619393e+019
.BEO120e+019
832947 1e4019
6109004019
\217271e40189
.024707e4018
.599311e4018
.252749e+018
, 165661e4+0Q17
L220028e+017

49



127
127
127
127
128
128
128
12a
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
130
130
130
130
130
130
130

130

130
130
130
130
130
130
130
13¢

58
59
60

61

39
40
41
42
a8
44
45
46
47
48
49
50
51
52
53
54
55
56

B7.

58
&9
60
61
39
40
41
42
43
44
45
485
AT
A48
49
5O
51
52
63
54
55
BE&
BT
58
59
60
61
40
41
42
43
44
45
486
47
48
49
50
51
52
53
B4
55

FENNRBRNEHEFOWNS AR DRONOOFRNIENENORHENDNHANECENO=ANONOERNDAOOAON N ORNGRSOW - ®

.B20838e+401856
. 54804484018
.B0O817%e4+015
. 000000e+000
.056488e4016
. 338631e40186
.641096e+017
LBO794 7 e 017
.BT79832e4018
4300544018
.321957e+019
.28718%e+019
.ABQ528e4+019
.498318e+01%
L139221e4019
.109641e+019
AT4T21e4019
.381307e+4+019
L 22908854019
L 277586e4019
287637e4018
.546017e4+018
. 9445134017
.394594e4017
GB7T7900e4016
.056438e+016
.000000e+ 000
. 263797e40186
.358278e+017
.659492e4+017
.037417e+018
. T42498e41018
.390728e+4+019
.B32764e+4019
.901120e4019
., 393560e4+019
. 639248e+4+01 4
.101262e+020
0849224020
. HB8688e+019
,245688e+018
.776611e+019
.7T37685e4019
. 340922e+019
.455750e+018
.916681e+018
L 131272e4017
.809726e4+016
26379 7e+016
00000 e 000
.463296e4018
L RTTe78e+017
. 36582464018
.9186967e4+018
. 3858585e+019
.356285e4019
.836405e+019
. 18280404020
. 784313e4+ 020
L 3262724020
.BB7712e+020
6424144020
.314070e+020
. T48619e4020
. 1527564020
§.606948e4019

50



130
130
130
130
130
130
130
131
131
131
131
181
131
131
131
131
131
131
181
131
131
131
181
131
131
131
131
131
131
131
132
132
132
132
132
132
132
132
132
132
132
182
132
132
132
182
132
132
132
132

i3z

132
132
133
133
133
133

133

133
133
133
133
133
133
133
133

56
57
58
59
60
61
62
40
a1
42
43
a4
45
46
a7
48
49
BO
51
52
53
54
55
56
57
58
59
60
61
62
40
41
42
a3
a4
a5
46
47
a8
a9
5O
51
52

53

54
b5
56
BY
5a
B9
60
61
62
41
42
43
44
45
46

a7’

48
40
50
51
52
53

'-DD'mGl-bMHmHmHMOHmMHm“JHM#mDEO!(.TI-h!\}l—‘“\IIDH(JJ*J!-;DG(BH-“@MWHHMW'AJE'NMHHWM"-&I\JO‘I(DOO‘II\)HAP'

3.236092¢4+019
.316654e4+019
. 8625591e4018
L22BR4Te+018
\36T7428e4+017
.AB83296e40186
,Q000Q0e4+0CO
,723163e+016
.233898e4017
. 180791e4018

2127764019
.358830e+019
.0891558e4020
. B88568e4+020
.848985e+020
. 714323e+020
. 2435284020
. 219103e+020
.694841e+020
.791994e4020
.B40E8Te+020
054921e4020
L187020e4+019
L 102282e4019
. 38B611e4+018
LOFT280e4018
. TB0037e+017
.\ 723163e4018
. 000000e+000
L 300928e4+017
.806571e4017
.25232%1e4018
L170836e4+01%
.300022e4019
.952037e4019
.B627895e+020
.B816510e+020
. 248832e4+020
.539353e+020
.328584e+020
L282157e+020
.51029%e4020
.1638832e4+020
. 744953e+4020
BT3258e4020
. 705833e4019
. 135238e+4019
. 101453e40159
L9487 T71e4018
.BATRETe+017
L300928e4017
LQDODO0e4+ 000
.019307e+017
,211684e+018
.048267e+018
.817376e+019
. 122308e4+019

.526826e+020
-37179%e+020
. 595056e+40Q20
. 598207e4020
.B823254e4020
. TE6T13e4+020
8.553110e4020

.850847e+018

2405827e+020

51




133
133
133
133
133
133
133
133
133
133
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134

1385

13&
138
138
138
i3s
135
i35
138
135
135
138
138
13%
13&
135
188
135
135
135
138
135
136
136

136

136
136
136
136
138
136
138
136

54

58

1)
57

88 .

&9
60
61
62
63
41
42
43
a4
45
46
47
48
49
850
&1
52
B3
54
58
E8
B7
58
59
G0
61
62
63
42
43
44
45
48
47
48
49
&0
51

52

53
54
55
56
57
58
59
60
61
62
63
64
42
43
44
a5
48
47
48
49
50
51

BEHPORDARAHNDANDOEEO RN R ACSRON RPN NREFRERRNPNRFONIRRNONDOLRSARNLO

463127 e+020
260737 e+020
. A442018e+020

.866528e+019
. TO9680e+019
LBTT098e+018
. 750329e4017
.019307e4017
L Q00000e4000
B7547TTe+017
. A426286e+018
. 938693e4018
V1B37930e+019
.025794e4+01%
. 4E9335e4020
.9T72514e4020
.142908e+020
. 7T58308e+020
011478e+021
.155591e4021
. 1488394021
0061734021
.680311164020
012257e4+020
B72744e4+020
40707 4e4+020
7249004018
.0112837e+015
.384415e+018
02937464018
37847 Te+017
. 0000Q0e+0Q00D
.8974031e+017
.184418e4018
L938077e4018
. T76628e4019
007458e4019
.212713e4020
ATFO1LT70e+020
L2737 76e+020
.447184e+020
.A408422e4020
.B603001e+020
.547728e+020
.3613385e+020
.318214e+4020
165205e4+020
. 387261e4020
16928464020
. 757414e4018
,B6T7134Ee4+019
A4T446%e4018
.554133e+017
.974031e4017
L0Q0000e+0Q00
LG0T7626e4017
- 1445764018
L. TE9065e4+018
1L.716862e4+019
4,.839011e4018
1.171918e+020
2.387076e4020
4.130010e+020
B.230306e+020
8.122671e4+020

.186103e+020

52




136
136
i3s
136
136
136

136 .

136
136
136
136
136
136
1387
137
137
137
187
137
137
137
137
137
137
137
137
137
137
137
137
137
187
137
137
137
137
138
138
138
138
138
138
138
138
138
138
138
138
138
138
188
138
1388
138
138
138
138

138

138
139
139
139
139
139
139
139

52
53
54
55
66
57
58
89
60
61
62
63
64
42
43
44
45
46
47
48
49
50
51
52
58
54
55
&6
87
58
59
60
61
62
63
64
43
44

a5

46
47
48
49
50
51
52
53
54
58
58
57
58
59
60
61
62
63
64
65
43
44
A8
AS
47
a8
49

RSP PONRDA AN RPN RAR PRGNSR AENNINOONOANMA AL ORDA S~ RMODOD

.279965e+020
.228BE51e+020
.08006Te+ 020
. 108687 5e+020
.025091e+020
.306956e+020
. 129950e+020
. B59737%e+019
.615123e4019
. 32395Ze4018
. 266379e+017
.807626e4017
. 000000e4000
.B68387e4017
12103264018
B70967e4018
.681548e4019
.7T39475e+019
L147812e+020
L BET7975e4+020
Q45057 e4+020
L 102152e4020
. 958591e4020

. 088080e+020

0367854020
.913864e4+020
. 980084e+020
. 942296e+020
. 259502e4020
L1067 08e4020
50281364019
.581901e+019
,235010e+4018
.096343e+017
868387e4017
.000000e+0C0
L025344e4017
L 215206e4018
. 0B63355e4+018
LBR228059e+019
13762264019
.244236e+020
. 534380e4020
. 3848654020
.B14772e+020
.623913e4020
.BB2622e+020
. 7959124020
. 578680e4020
.482449e4Q20
. 2T34T75e4+020

.449315e+020 .

L199878e4 020
. 881078e+019
L1473 1e+019
.59077%e+018
.7 7648%9e4+017
.025344e+017
LOQ00C0Ce4+ 000
L831773e4+017
-15%064e+018
.829433e+018
. 738596e+019
9002654019
L 186752e4020
.41 T7292e+020

53



139
135
139
139
139
139
139
139
139
139
139
139
139
139
139
139
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
140
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
142
142
142
142

50
51
B2
53
54
55
56
57
58
59
&0
61
62
63
64
65
44
45
48
47
48
49
50
81
b2
b3
54
58
&6
57
58
58
60

61

62
63

- 64

65
66
44
45
46
a7
48
49
50
61

52

53
54
58
56
57
58

59

&0

&1

62
63
84
65
66
44
45
46
a7

. 18228%e+020
L309172e4020
L225490e4020
. 397433e4020
.343343e+020
18234764020
L182962e4+020
0760424020
.326158e+020
., 14425844020
.655574e+019
.635568e4+019
.378686e4+018
.371018e4017
83177364017
.000000e+000
.874424e4017
124654e4018
. 686089e+018
.686981e4019
.7E4788e+019
.151521e+020
.345529e4020
.058127e+020
. 121868e4020
.8981296e4+020
118447 e+ 020
0659624020
. 93239434 e4020
. 999405e4020
.855034e4+020
. 266803e+020
.110284e+020
LE517361e+01%9
.587012e+019
. 2486944018
L122502e4017
.874424e4+017
L. O0000Ce+ 000
.988104e4+017
.191663e4018
. 965261e+018
.787494e+019
.Q38085e+0189
. 220130e4+020
4852756 +020
. 29991664020
48661 7e+020
.456832e+020
L BB1736e4+020
.606125e4+020
. 412478e+020
.B56858e4+020
. 130680e4020
LAC1862e4020
. 176436e4020
. 7865124019
.681568e4019
.501837e4+018
.606453e4017
L. 986104e4017
0.0C0000e+000
1.987812e+017
1.192387e4+018
4.968279%e4+018
1.7886581e-+019

NROOA~NOONQABEN A _rRrORDARA=NNIMOIDOCOOOD

HFEARBENANDTOODRRBENEFORARP R ORDAR B

4




142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
143
142
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
148
144
144
144
144
144

144

144
144
144
144
144
144
144
144
144

144

144
144
144
144
144
144
144
145

48
49
50
81
62
63
54
55
56
&7
E8
59
60
61
62
63
64
65
66
45
46
47
48
45
50
51
B2
53

- B4

55
56
57
58
59
60
61
62
63
64
65
66
67
45
46
47
48
49
50
51

b2

53
54
55
56
57
58
59
&0
61

62

&3
64
&5
66
67
46

FOH~NROHRPONORNDOONAON A, RO OF DR ARNEIRO ORI DPANERR, AR OROM A NMONOGOODDE N

&

041147 e4+019
L 220872e+020
.ABET83e4+020
L B02529e4+020
. 480560e4+020
LA461973e+020
.667609e+020
6119644020
41758%e4020
3607224020
L 19322Te4020
.403822e+020
.177151e4020
. 7B9421e+019
.682591e4018
.B04573e4018
.5611684e+017
.987312e+017
. 000000e+Q00
.990632e4017
. 194379%e4+018
.976580e4018
.72158%e4019
.029570e+019
22291284020
. 490944 e4+020
3097 18e4020
.501404e+020
.A476110e4+020
6837614020
. 628023e+020
.431653e+4+020
.37134%e4+020
.200233e+020
LACT337e4020
1791184020
974234019
. 68540204019
. 51209%9e4018
.626071e+017
L990632e+017
.00000Q0e+000
.660118e4017
L 960706e+017
1502944018
-454106e+019
.211165e+019
. 019866e+020
LOTTR6EQe+020
. £594154e4020
4219444020
.OBB780e+020
.075919e4+020
. 0294354020
,031704e+020
. 3134834020
- 502848e+020
.007635e+020
.B33430e+019
. 000883e4019
. 405566e+019
\782933e4018
. 19384364017
.660118e+0Q17
.0Q0000e+000
.18622%e+017

5%




145
145
146
145
145
145
145
145
145
145
145
145
145
145
145
145
145
148
148
145
145
148
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
148
146
146
147
147
147
147
147
147
147
147
147
147
147
147

147,

147
147
147
147
147
147
147
147

47
48
49
50
51
852
b3
54
&5
56
57
58
59
60
61
62
63
64
65
56
&7
68
45
47
48
49
50
61
52
53
54
&b
&6
57

58

59
GO
61
62
63
&4
65
66
&7
€8
46
A7
48
49
&0
B1
52
53
54
55

. 56
57

B8
&9
60
61
62
63
64
65
GE

NMERPUOUHPAORPRONOWUNONOBRERASOCORMRN NN R~

7.1178377e+017
.965874e4018
087607 e4019
.009068%e+(1 G
L 287403e+019
.A84368e4+020

BT74228e4+020
.050965e4+020
LT70611e4020
. 7T37396e+020
Q244 72e4+020
L7956 T25e+020
.502944e4020
A34547e4 020
,026432e+018
.8588132e+01%
.004341e+019
.B6887TATe+018
. 140328e4+017
1862294017
. 0000006+000
.055186e40186
. A4233112e4017
.263T797e4+018
.149668e+018
. 29699%e4+019
. B562503e+019
.133106e4020
L 960448e+020
LO957424e4020
.855698e+4020
.405047e+0%20
.379692e+020
.B325475e4020
.8582632e+020
9106444020
L085074e+020
.38368%e+019
. 182300e+019
.B866725e+018
.05E25089e4018
9239144017
.055186e40186
.Q0000Q0e4+ 00O
.T91890e+016
.074834e+017
.697848e+018
1122524018
JT22749e4019
L 172178e+019
LA498292e+019
.ATOD336e4020
. 218068e+020
BY91774e4+020
.303785e4020
. 2B4765%e4+020
.B78606e+0Q20
. 173698e4020
L AZ22983e4020
. 213054604019
Q2276 7e4019
.636725e4019
.750044e4+018
.538382e4+018
.542936e4017

RNOBPBENRPPOANDNDNOORANERERN~NANROOOOERMNE RN

.568187e4020

56




147
147
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148

148

148
148
‘148
148
148
148
149
149
149
149
148
149
149
149
149
149
lag
149
145
148
149
149
149
149
149
149
149
149
14g
150
15¢C
150
150
150
160
1860
150
150
150
150
158G
150
150
150
i50
150
180

67
68
47
48
49
50
51
B2
53
54
85
56
57
58
&9
60
61
62
G3
64
65
66
67
68
69
a7
48
49
50
51
52
63

54

65
66
57
&8
B9
60
61
62
658
64

65"

66
67
68
6%
48
49
50
81
52
58
64
65
2143
&7
5&

- B9

&0
61
62
63
64
65

hrﬂwismﬂnowlnthNrJ#r+bbnao(nH-4N~dth0H4HrAHrAH-thJmh:mhunocnwrdhraMcnwramh)mhawbdmthJhHUJm

6.791390e+016
0.Q000000e+000
.040720e+016

.260180e+018
.536645e+018
L R278663e+019
.096683e+019
. 3076224019
. 09131 6e4020
6462994020
.146339e+020
. A52143e4020
.A38028e+020
L 135081e4020
.6513367e+020
L063592e4+020
.085911e+019
.985787e+019
R14814e4+019
.267810e+018
. 1425634018
1843124017
LDA0T720e4016
Q000006+ 000
. 25986Te+0186
.955920e4+017
, 149668e+017
,8336881e4018
.269197e4018
.002645e4 019
079181le+019
OB7612e+019
.0B4673e+020
.388051e+020
. 5885817e+4Q20
. S5TE689e4+020
.880771e+020
.043375e4020
.878320e+019
.942266e+019
. 830928e4019
85628004018
.T60021e+018
.389033e+017
.412609e+017
. 259867 e 1016
.D0000Ce+QC0
971012e4018
. 182607e+017
92T7E31e4017
T73911e4018
. 9899801e+018
.210859e+019
.AGE63%92e4+019
267241e40Q19
LABTER26e+019
.392570e4019
.588318e+019
.533129e4019
.348551e4019
. 30855834019
.158836e4018
.383611e401%9
.167495e+019
.750140e4018

.0244832e¢+017
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{
]
i
4
3
§
1

150
150
180
150
150
151
151
161
151
151
181
151
151
151
151
151
151
151
161
151
151
151
161
151
151
151
151
151
162
152
152
152
152
1862
152
152

' 152

152
152
152
162
152
162
162
182
162
152
152
152
152
152
153
153
163
153
153
152
1563
153
153
158
153
153
153
163
153

66
67
68
69
70
48
a9
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

1.668790e4+018
4.467628e4017
8.541063e+018
1.971012e+4016
G.000000e+000
1.25B8671e4016
7.552026e+016
2. 146678e+017
.132804e4018
.192829e4018
. 7T32436e4+018
.575017e+019
7250234019
.11081%e+019
,859421e+018
.123015e4019
.087772e+019
.821311e4019
,0Z2858Ee+019
.685796e4019
.522153e4019
.455528e4018
.D33397e4018
OB5675e4+018
. 8529884017
.A454241e4016
. 258671e+016
.000000e+000
.CB9800e4+0156
.B53580e4018
.Q22325e+017
.280370e+017
.051986e+018
. 969527e4018
0122414019
. 7513334019
6419654019
L A44424e4019
. 9351754019
9125254019
L A268358e40109
.589115%e+019
.706842e4019
.782660e+018
. 791562e+018
,949521e4+018
.848941e+017
.B33575e4+017
.B05363e4+0186
.089300e40Q15
.00000Ce+000
. 7T69065e4+015
.861439e+40186
1922664017
. 282159e4017
.209752e4018
. 929736e+018
.9676906+018
0325034019
.887E77e4+019
.030668e+019
.319991e4019
. 30R638e4019
.C20017e4+D19
. 526419e4019
L008273e+019
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153
153
153
153
153
155
153
153
154
154
154
154
154
154
154
154
154
154
154
154
154
154
154
154
154
154
184
154
154
184
154
15%
1585
158
158
155
158
158
155
155
158
155
158
155
158
1585
18E
155
155
158
188
158
1585
1586
156
186
158
1586

166

1686
166
1566
156
166
166
156

64
65
66
67
68
69
70
71
49
50
51
52
53
54
55
56
57
58
59
60
61
62
€3
64
65
66
67
68
69
70
71
50
51
52
53
54
55
56

57

58
59
GO
61

62

63
64
65
66
67
68
69
TO
71
72
B0
81
52
53
54
55
856
57
58
59
60
61

NErRrOOINFRARLADUANOINOFRORAEERLARUNP,POENOINSOORNGCUORORPNAE~SNORPRPESENFOANERFRNOBN RO

.TE738%e4+018
.824876e4018
.149345e+018
.03780%9e4017
.0809588e+017
. 06659354016
.768065e+015
LOG0000e+Q00
. 233613e4+015
.340168e+0186
.584032e+0186
.010251e4017
.6656931e+017
.272183e+0182
. 7949944018
.83577T1e4018
.294079e+018
.510723e4018
.086578e+019
.080324e+4019
.460835e+018
. 1480504018
.7T12922e4018
.701182%2e4018
. 323043e4018
. 383007e+017
.891128e4+017
. 06285541016
. 6T7TB988e4+015
23361364015
. 000000e4+0Q0
.668865e+014
. 795320e4015
.414716e+016
. 692979e40186
.4501832e4017
. 933763e+017
L 208646e+018

.154586e+018
.112748e+018
.698716e+018
.671671e+018
.091173e+018
.091481e+018
.038021e+018
.16807%e+018
.721268e+017
.327787e+017

. 188343e4+016
.185508e40156
.658865e4+014
. 000000e+000
L A9740%e4014
. 5598446e+4015
.124352e+016
.04766%e4+0186
L 1408432e4+017
. 762908e+Q17
.B27758e4017
W I368%1e+017
.468854e+018
.914597e+018
. 187840e+018
2.178247e+018

.0891144e+018

17784004016

54




156
i5&
166
1566
156

. 156

1586
156
186
156
156
187
157
157
187
157
187
157
157
157

157
187
187
157
1567
167
157
157
157
167
1567
187
157
157
158
158
188
158
158
158
158
158
168
158
158
158
168
158
168
188
158
158
158
158
158
158
158
159

159

169
169
159
159
159
159
159

62
63
64
65
66
67
68
69
70
71
72
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
51
52
53
54
55
56
57
58
59

1.904982e4018
1.439471e4018
9.A489534e4017
§.438867e+017
2.863966e4+017
1.083876e4+017
3.80780T7e+016
1.019413e+018
1.948877e+015
4.497409e4014
0.000000e+4000
1.871405e4+014
1.122843e+015
4.678513e4+015
1.6842685e+0186
4.747131e+0186
1.14966T7e+0Q17
2.341752e+017
4.,.051592e+4017
6.112010e4017
7.968443e4017
9.103763e4017
9.051363e+4017
T.926649e4017
5.989744e4017
3.548665e4017
2.263153e+4017
1.108496e+017
4.510087e+016
l.584456e4016
4,241852e+015
8.,109423e4+014
1.871405e+014
0.000000e+000
9.960705e+013
5.976423e4014
2.490178e4015
8.954635e4015
2.526699e4+0186
§.119194e4016
1.246416e4017
2.156493e4017
3.253168e4+017
4.241268e+4+017
4.845551e+017
4. 817661e+017
4.219023e4+017
3.188090e4+0Q17
2.101708%e4+017
1.204581e+017
5.900058e+016
2.400530e4016
8.433397e4+015

C2.287760e+4015

4.3156306e4+014
9.960705e4013
Q.000000e4+00Q0
3.018395e+013
1.811037e+014
7.54598%e+014
2.716556e+015
T .656664e4+015
1.854301e4016
3.777019e4+016
6.534826e4016
9.868080e4016

©0




1
DWH~NO b

NG A D
1

Enar

I

CY NI
OO~ D WN G

Energy F]
| 40 4

| 41- 42
| 42- 43
| 43- 44
| 44—~ 45
| 45~ 46
[ 46 47
| 47— 48
[ 48~ 49
| 49~ 5O
| 50- 51
| 51- 52
| 52~ 53
| 53 54
| 54~ BB
55 66
i 56— 57
| 57 58
, 58- B9
| B9- &0
| 60~ &1
| 61- &2
| 62- 63
| 63~ &4
| 64— 65
| 65~ 66
| 66— 67
| 67— 68
| 68~ &£9
| 69— 70O
| 70- 71
| 71 72
| 72~ 73
| 73- 74
| 74—~ 75
[ 75~ 76
|| 76~ 77
| T7- 78
| 78~ 79
| 79— 80
| 80~ 81
| 81- 82
| 82- 83
| 83- 84
| 84- B85

=
3
2
©

2.5154664+022
1.211147e4+022
&.,.580681a+021
3.,173879e+021
1.501977e4+021
6.,8974894a+020

# gammas
6.7056769+4022
2.23240504022
7.767338e4+021
2.250610e+021
7.491629a+020
2.493747e+020
8,300962e+019
2.763150e+019
9.197727a+018

# nuciides
0.000000e+000
Q. 00C000a4+0C0
0.C0C000e4+000
0.000000e+000
0.000000e+000
0.000000e+000
0.000000e+000
0.000000e+000
0.000G00e+000
0.00000Q0Ge+0C00
0.000000e+000
2.112877=2+018
7.042928a4017
0.C0C000e+000
2.515330e4018
1,569566e+019
6.378876a+019
1.773811a4+020
3.171328e+020Q
6.375858e+020
1.34399)e4021
2.330201e+021
3,732980e4021
5.451927e+021
7.28429404021
#.053683e+021
8.809187e+021
9.410351e+021.

8.8988078e+021

8.,32473544021
8,172004a4+021
8.32946494021
8.071592e+021
5.68765%e+021
3,232298e+021
1.328497e¢+021
5.615222a+020
1.5806833e+020
5.151395e4+019
2.8324168504019
2.5052686+019
2,233613e4+019
2.304042e4019
2.495207e+019
3.622075e+019

1.0235418--001
5.3871670-002
2.6914679.-002
1.304066e-002
6.171241e-003
2,865806e--003

Traction
0.666481
0.221880
0.,077200
0.022869
GC.0074486
Q.002479
0.000825
0.000275 -
. 0.000091

fraction
0.000000
0.000000
G.000000
0.000000
2.000000
Q.000000
Q.0000C0
0.00C000
Q.000000
0.000000
0.000000
0.000021
0.000007
0.000000
©. 000028
Q.000158
G.000634
Q.001763
0.003152
0.006337
0.013358
0.023160
0.037102
0.054187
0.072399
$.080046
0.0876E5
0.093530
0.083333
0.082740
0.081222
0.082787
0.080224
0.0586033
¢.0321286
0.013204
Q.005581
Q.001871
0.0005612
0.0002231
0.000249
0.000222
0.000229
0.000248
G . 000380

bz




15¢ 60 1.285233e+017
159 61 1.46834%e+017
159 62 1.459897e+017
159 63 1.278492e4017
159 64 9.660878e+018
159 &5 6.36881464016
159 68 3.850246e+4016
158 67 1.787896e+0186
159 &8 7.274333e+015
155 &9 R2.565575e4015
159 70 6.841697e+014
159 71 1.2307871e4014
159 72 3.018395e+013
159 73 ¢.000000e4+000
160 B2 9.0551i87e+012
180C 53 5.433112e+013
180 &4 2.263797e+014
160 &5 8,1496569e+014
160 86 2.296999%e+015
150 57 5.562902e+015
160 58 1.132106e+016
160 59 1.960448e+016
160 60 2.957424e4+016
160 61 3.85669%9e4016
180 62 4.405047e4+016
160 63 4.379692e+016
180 G4 2.8358475e4016
1560 65 2.898264e+016
160 66 1.9106844e+016
180 67 1.095074e+016
1860 68 5.36368%e+015
160 &9 2.182300e+015
150 70 7 .666725e+014
160 : 71 2.052505e+014
160 72 3.923914e+4013
160 ' 73 9.068187e+012
160 T4 0.000000e+000
161 52 2.565636e4012
161 &3 1.539382e+013
1561 54 6.414091e1+013
161 BS 2.309072e4014
i61 &6 6.508164e+014
161 57 1.676156e+015
161 58 3.210466e+4015
161 59 5.554602e+015
161 60 8.379368e+4015
161 . 61 1.092448e+016
161 62 1.248097e+0186
161 63 1.240913e4016
161 64 1.086718e+016
161 65 B8.2117468e+0185
181 E6 5.413492e+015
161 687  3.102708%e+4015
161 &8 1.519712e+018
161 69 §.183183e+4+014
161 70 2.172239e+014
161 71 5.8154426+013
i6l 72 1.111776e4013
161 73 2.565636e+012
161 74 0.000000e+000
Enargy neutrons # neutrons Praction
0-1 7 .548862a+022 3.1016385e--001
1-2 T7.217784a4+022 2.9656040-001
2-3 4.523838e+022 1.858728e-001

61




&

Enafgy F2

# nuclides

fraction

| 85— 86] 2.804042e4+019 C.000229
| 86 87] 2,2336132+019 0.000222
| 87- 88] 2.,304042¢+019 0.000229
[ 88~ 89] 2.525391e+019 Q.000251
[ 89.. 90, 5.141334¢4019 0.000511
[ 90~ 91] 1.581639¢+020 0.001572
L 91— 92 5.615222e+020 0.005581
| 92— 93] 1.328497e+021 ©.013204
[ 93-- 94] 3.232299e4021 0.032126
L 94— 95] 5.6376509e+021 0.086033
| 95— 96] 7.7011340+021 0.076542
| 96~ 97] §.699922a+021 0.0864869
[ 97— 98] 8,1536894e+021 0.081042
[ 58— 99] 8.3427452+021 0.082919
[ 99-100] 8.988179e4021 0.08%334
[100.-101] 9.410351a4021 0.093530
[101-102] 8.809187e4021 0.087565
[102-108] 8.053683e+021 0.080046
(103104 7.067272a4021 0.070242
[104--105] 5.3434664+021 0.053109
[105-106] 4.058434e4021 0.040337
[106--107] 2.330201e+021 0.023160
1 107-108] 1.3243991e+021 0.013358
[108--109] 6.375858e4020 0.006337
109-110] 3.17132864020 0.003152
[110-111] 1.773811a+020 0.001763
[111-112] 5.785258e+019 0.0008575
(112-113] 2.163183¢+019 0.000218
(113114 2.6156330e+018 0.000025
[114--115] 0.000000e+000 0.000000
(116116 7.042923e+017 0. 000007
[116-117] 2.112877e+018 0.000021
1117-118] 0.000000e+000 0 .000000
[118-119] 0.000000e+000. 0.000000
[119-120] 0.0000004+000 0.000000
[120-121] 0.000000e+000 0.000000
[121-122] 0. 000000e +000 0.000000
[122.-123 0.000000e+000 0. 000000
(123124 Q.000000ae+0C0 0.000000
(124--125] 0.000000a+000 G . 000000
[ 1265--126)] 0.000000e+000 ©. 000000
126127 ] 0.000000a+000 0.000000
[127-128] 0.000000a+000 ©.000000
[128-129] 0.000C00e +000 0.000000
[129-130] 0.000000e+000 - 0.000000
Report# 11

Tima : 0.022 seconds

Number of fissions
Fuel consumptions (gr
Fuel left ‘Lar

1.965947e+023
8.969886e+001
~-8.361031e+001

.
H
]
H

AEM : Activity condition vielated.
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