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The PREMOR computer code was written to exploit a simple, tuo-grbup
point nuclear reactor power plant model for suvrvey amalysis. Up to

thirteen actinides, fonrteen fission products, and one lumped absorber

'_'k-nuclide denoiries are folloued over a reactor history. Successive feed
' batches are accounted for with provision for from one to twenty batches

resident. The ‘effect or exposure of each of the batches to the same

neutrcn flux is deternined

The requirements for a critic&l system and desired power level are
satisfied’bj 2 direct irération nrocedure that adjusts the actinide feed
compbsiti&n as necessary. Elaborate edits reporr such resuits as the
neutron absorption distribution, nuclide councentrations, fuel cost and
ore requirements, and such integral information as the simple fuel con-
version ratio and doubling tiﬁe, fuel consumption rate, effective neutron
production peryébsorption and reactivity importance of the nuclides, at
selected points in the history. Only the essential amount of calculation
is done to produce adeguate relets for parameter studies at a low cost
of computation. Iteration may be done to an optimum fuel cost, or suc-
ceeding prohlems aolved to vary the neutron loss fraction. Locally a
load module is available for application which was generated from the
Fortran source program., The code has been used extensively Jor analysis
of the graphite moderated, gas cooled reactor concept. This report

documents the equations programmed and Jiscusses application.

o
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Computer Code PR*MOR Abstract ’ =

1. Program Identification: PREYOR, a point, tuo-gro;p reactor e;:posure -
model computer code. | B ) k

2. Function: Survey analysis of reactor- performance in a power plant

- with emphasis on quick s&lutions,‘ and de-emphasis of the neutro_nicsc, -

L , T eigenvalué problem. ’ ‘ , _

"».:,:'-: ST / 3. ‘Het’hod of solution: Nested locps are usel'..to follow the rea'ctor'y.

; ‘A history with delayed recycle and direct iteration to /r‘équireq feed

conditions to satisfy the critical state. NSRS |

Related Haterial: (Two group microscopic cross vsectic;ns', énd cor—

‘relation data, must be supplied.)

. Restrictions: Ko sever.: omes.
Computer: IBM 360‘serie37., ,
7 - Running Time: Reactor histories are done in seconds of “::‘IBH‘ 360/91
computer time. < i
Programming Languages: FORTRAN.

. _ | Operating System: IBM 0S-360 under HASP with FORTRAN IV, H level
“ , g compiler versioun 21.8.

RS Machine Requirements: 68,000 short word memory needed for the

“ : corpile step, no auxiliary data fnput/sutput.

| ' ~. 11. Author: D. R, Vonly, ORNL, Box X, Oak Bidge, Tennessee.

"~ 12. Reference: D. R. Vondy, "PREHbR: A Poi_l/nt Reactor Exposu:re Model
o ' o romputer Code for Survey Analysis of Power Plant Performance,”

ﬂ | DOE Report,. ORNL-6229 (1979), this report. ’

*3. Material Avaflable: Source Deck.
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INTRODUCTION

- o The p~ed to apply a simnple rea-teor model arﬁse in the local effert

: on assessﬁent of nuclear reactor never plant rerfeormance.  Attention”

can be paid to many aséects with a simple model which lie outside our
capability for analysis with the major neutronics codes . -ich consider
one or more spuace coordinates and exposure. A simple model is especially
useful for paramete: studies cunsideri;g the much higher cowputation '
cos: when an elaborate model is treated. Typically the 24 nuclide
densities of 2 point model become 360 in one dimension,’ﬁ,ﬁoo in two,

and 36,090 in three diwensions, or more, and calculation cost is

proportionally higher, or even more, to account for spacial variation.

The original effort was directed at satisfying relativély simple

requirements in a specific application, specifically the behavier in
a nevrronics and fissile mass balance sense of successive batches of
feed waterial. The author was also interested in testing certain

; ' methods of calculation including the iterative prucedure for establish-
- ing the féed comprsition to satisfy the reactivity requifoment, due to
‘applicability in cur wore scphisticated codes. An average generation
rate, difierence me-hz2 jor sulutien of the chain equations was suspeci
from *he first applicétfon, s0 a parallel ekplicit solution was added,

and then this was adopted as the default procedare.

Given useful results, the need for more flexibility and additional
aaxiliary information svems to never ead. Thus the capability to
calculate tue fast~to-thermal flux ratio, nuclide importance, costs,
and earichment nnit cost, and the provisions for {lexible recycle were
added. A ma’oi extension was the capability to consider more than one
successive feed batch resident. This latter was added In a way to
prod e reasonable results adequate for survey analysis but at a low

cost of compucation,

The author has relicd on a background of experience and years of
arcess to published material on the subject, Much of the ealculational
procedure resembles that in the TONG computer ‘adet written at ORNL

over a decade ago, and similarly rather ancient experience with economic
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analysis.z The efforts of others have been drawn upon, but acknowledg-

’~1 went of any major influences is not simple to do.

-

The effort expended in producing this formal documentation has been
fownd to be justified. Careful examination of the actual equations pro-
grammed aﬁd the procedures showed both errors and inconsistencies which
were re-nved During this process of fotlalizatiun, input data checking
and error tests were added uhicl have proven quite valuable in applica-
tion by the author. T

T supplied externally, these uuuld not be si-ple changes, hut the code pte-

sente a basic structure and logic which w~u1d allow sueb extensions to
the simple model. = Also it should be telatively simple to make changes
to the program to treat special situations mnot covered by the models im-

plemented. - ] : . :

At the time this is written, a scheme is just being incorporated to

account for cross section changes with ekposute to allow treating the

i plutoniu- isotopes realistically, so the descriytion of the formulation

" and final procedure to be adopted may be incomplete.

Iﬁe Model )
Shown Iin Fig. 1 is a diagram of the physical models. Successive
" batches of fuel are treated for exposur~ to the neutron flux calculated
for the conditions at a reference point in time. The feed is adjusted
to satisfy the reactivity requiremen:s at the reference point in an
iteration loop. Withou- subzones,a the reference selected is half the
core residence time. Given the fast-to-thermal flux ratio needed to
satisfy a neutron balance, and the flux level required for the desired

power level, the feed material is exposed to the reference point in

- time. After a converged solution is obtained from the iterative process,

the actinide nuclide concentrations are treated for ¢xpogure from the
reference point to the full residence time. The initial loading is
specified and make~up feed matcrial may have the same composition as
the initial loading, or may be different. Previously discharged

aBy subzone 18 meant multiple batches resident.

i
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Fig. 1. The Point Reactor Model

material 1is recycled, with delay if desired, and the feed composition
can be only rucycle material or make-up feed added, or the make-up
compogsition may depend on the breeding performance of the nrevious

cycle, on option. A shut down period may be considered for the last
batch exposed.

When subzones are considered, the initial loading nay be uniform

or the nuclide concentrations subzone dependent. The volume of the

Y




reactor is considered to be divided into a specified number of equal

subvolumes. These subzones are refueled in sequential order (repeating),
_ and at any reference point in time, the loaded material in each of the

differeﬁi’subzones will have been exposed over the time associated with
its residénce in the reactor. The adjustments made to the initial load-
ing are'uéﬁally uniform over the subzones; subzome nuclide concentrationms
are adjusted proportionally. - Exposure of the first subzome is for a
period of the reference resideace time divided by the pumber of
fsubzgﬁes, this subzohg is 6Lséha1ged, and. then it is refueled with the

egdwconposition‘adjusted to satisfy reactivity requirements gt«;hg_
,ftefetence poiﬁt for the second exposure period. The chlcdlation‘égh-
' tinues with the exposed material in each subzone further exposed for
the length of time between fuelings. Vhen the number of exposure
periods cumulates to the number of subzones, the material discharged
~will have been exposed for the reference core residence time, and this

state coutinues over the reactor history.

It should be ncted that thnﬁsinple batch model (without subzones)
assumes that control rods are not needed. With one subzone, satisfy-
4 ing reactivity requirements at the end of exposure allows for control

iosses, while satisfying it midway between refuelings does not.

1t was found necessary to use the subzone (multibatch) option to
treat the continuously fueled reactor realistically due to the non-
linearity of fuel density over a long exposure. By option, the
critical condition is satisfied at the end of eprsure (allows control

loss for fixed fuel) or at the mid point (approximates continuous
fueling).

9]
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The Nuclide Chains o g
2 The actinide and fission product nuclide chains are shown below
- with refcrence nuclide order numbers: ' :
C —_— o © fissiom . |
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S N : foteé tiat iwo lumped fissicn products are treated (Li, L2), a
: slowly aaturating‘one which adds to the rate of generation of the

nonsaturatlng one by neatron capture. The key intermediate nuclides

'f5'>1n che act1n1de caains are included to account for loss in the

';; ‘product1on of fuel from thg fertvle ‘nuclides. The nuclides I'3° and

| Pm‘"s which effeﬂt no. signif1cant neutron absorptiun losses, -are
treated to allow the apﬁllcation to spec1a1 situations (short exposure)
to account for hola-up. The Cross s 't1on data absorption, ¢ p-ure,

‘ fission and: v, allow pcoper accoun:ing of total Ioss rate and lower . -

iQcapture rate in produtlng the prcduct

Note that st schy refinements as follrwing (n, Zn) *eactions,
i~fhp *PcycLe of higher act1nides, and estzmating decay h-ating and -

proce551vg hazazds are not inc‘uded in the treatmen..

“ e - 'f, . L=

-Solution of the Chain Equations o

s The actinide chains are;treated with‘ah eiplicit chain solution as
B . the default option for treating suozones. Por th » first nuclide in a

T chain, the concentration after some exposure tiwe T I:as a value

-anT
Nn(T) = Nn(O)e . l .

> - 2% ' . 1 -
wher:2 a =8 + 107 E ¢m oa n,m’ 8, is th. decay constant (sec™*),

4 1¢ the flux in group m (fixed), and Ga a.m i{s the absorption cross

[T y ’

- : section fur nuclide n in group m (fixzed).

For nuclides down the chain, the equation

dNn(t)

B} ' B AN
. 3t adﬂn.t) + bm+n Nm(t)

is solved explicitly with bm*r being the specific generation rate

coefficient, decay or capture, with provision for two routes of

generation of U2% and Pu?*®, The equations are cast in such a way as

to account for the end-period eqtilibrium concentration of a nuclide

239 233)'

having a large specific loss coefficient (Np and Pa

,( "\‘A";‘




The average generation rate solution procedure is used as rhe default

for batch calculations (no subzones). The equation solved is

where the generation rate gn_calculated from the precursor nuclide

concentrations,
g = by [N (-1 + (- 0N ®]

and o may bevspecified to overfide the default value of 0.45.

To treat\an exposure period T, the ahove equation: are solved L times
over short intervals A such that AL = T. A reasonable treatment for the
whole piriod of exposure is L = 100, 50 steps tc the midexposure point,
and thenm 50 steps to end exposure, but more steps may be necessary for
high accuracy than thic default.

When the average\generation rate method is used, a linear average
of the power level is taken over the steps. When the explicit solution
is used, the exposure period is treated in two -ceps and a weighted
average between the three points (initial half and full exposure) is made
on the power level. Since the fuel nuclide concentrations vary consider-
ably ovcr the exposure period, especially when there is conversion from
~ one mixture to another (e.g., y23s feed, Pu generation) and the exposure
time is long, then the treatment of flux normalization to an average power
level in the average generation rate scieme may cause it to produce more
representative results than the default explicit solution scheme.

The actinide exposu:e¢ calculations are done in IBM double precision.

The method of solution of the fission product chains involves the
use of an estimate of the average actinide concentrations from available

data for the period from the start to the reference point, to establish
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fission vield rates, except reference point values are used for yield of
1'?5 and Xe*?%. Then explicit solution of the coupling chain equations
are used for Nd'*? and Pm'*’ aud for the lumped fission products Ll and
LZ. Equilibrium loss rates are obtained for 1135, Xelab, Enl“a, ?ml~°m,

Pml“?.and sm'*?.

A caution is in order régarding the selection of reliable data for
the fission products. Kéy nuclides have been extracted from the set tc
account for specific aspects. The explicit treatment of the primary
Pz, Sm chain admits cozrse study of the effect of fission ptoduct
recycle (and Sm'*® poisoning). The data which is required must be
_ tailorud to tie scheme adopted with care to establish the properties
s;‘of lumped fission products (yield and-cross seétions) which adequately

represent the nuclides not treated explicitly. The objective is
accurate representation cf the loss of neutromns through absorption by

the fission products collectively in the model. Clearly data should

be tested by application with the model and results compared with those
from a more reliable treatment. The lumped fission products in this
re'vesentation are not the same as for other representations. nEither
their yield fractions or cross sections or both must be larger than
when more nuclides are treated explicitly or smaller than when fewer 7

are treated expliciti;.

The Criticality Search
The desired multiplication ratio to be satisfied is

k-i%-fﬂ')
e A ’

where ke is the wultiplication factor, unity unless 8pecified’
B 1is the neutron generation rate,
A 1s the neutron absorption rate,

fQ is the specified fraction uncounted for losses of the total.

[
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Thus either a value of k > 1 or fi > 0, or both may be used to take into
account neutron lesses not accounted for in the point model. These

include leakage, absorption by other nuclides not accounted for, control
losses as for trim or oscillation stabilization, and possibly a normal-

ization to effect agreement with results from the use of more sophisti-

_ cated methods. It should be noted that an automated procedure in the

cod: causes a series of cases to be treated with fz varied over a range
of values as a parameter study. It is asual in even a large, reflected
thermal reactor without blankets for the leakage from the ccre to be as
high as 0.04 fraction of total losses.

The components of the above equation are calculated for.the

referen . conditions using microscopic production and absorption cross

sections as

B=¢ E c [wf’n'z + x "of,n,ll , and

+Xo0

a,n,2 a,n,ll»'

A=¢)cC [o
n
n
where ¢ 1is the reference thermal flux,

Cn is the concentration of nuclide n, and

X 1is the fast-to—thei’mal flux ratio.

Given the macroscopic downscatter cross section I » the flux
- 142
ratio is calculated as

if 21+2 is not provided, the flux ratio specified will be used even if
zero.
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The normalization is such as to produce the desired power level
estimated by one of the methods on the average. At some point in time

the power level is

P=¢»{cni-:n [of’n’2+xo
n

f,n,ll

were P is the thernal power level, anc

En is the energy produced per fission for nuclide n in the -

data set.

Note that En values should be degraded from ideal to allow for unrecover-
able energy. Also, it may be desirable to include the (n, 2n) reaction
cross section in Ga and in Of and weight in an associated value of v of

2 in the data to take into account the gain frowm the (n, 2u) reaction.
Then the effective value of En must be less to be consistent. (It may
well be as attractive to simply decrease the value of f, or ké' Lo

L,

arcount for the (n, 2n), well within the accuracv of the model.)

The feed composition is adjusted to satisfy the desired multipli-
cation. Several options are available. The procedure in use is rather
involved and is yet under modification at the time this is written,

experimentatfon continuing., Basic aspects are discussed here.

The reactivity importance of a nuclide, for which the feed concen-
tration is to be altered, may be available from a forward, adjoint flux

weighting, or simply the net neutron balance contribution:
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Given relative weights vy seirect nuclides hn’ +nd a reference ch nge

in concentration or eigenvalue of the problem A\, a neutron accounting

is given by
L2 @a-€)-1=2Yn 1 ,o0r
k A L n’ ¢
e n
B(1 - fl) .
k_A
A= — -
Yn o1
n n
n

Note rhat the values of B and A are determined for the nuclide
concentrations at the refvrence point while the ~uncentrations used to
determine the importance values are feed values. This is the dircct
criticality search approach.

Tne value of A is used directly to adjust the feed mixture, for

iteration i (see constraints below):

= Cn.i-l + xi xn '

cn,i
where xn is selected from the options on cloice of nuclide(s) and the
make up or recy. le streams, and the iteratfive process continues. There
are nonlinear contributions from simultaneous calculation of the flux
ratio, the power level, exposure to the reference point, and difference
between actualvfbportance and that estimated. After thr2e iLerations
in the early history, or after the first fteration the next perind
after the start of recycle, a linear interpolation scheme with
acCéleration is used. Given successive estimates, the new estimate Is

A= (k= k)

1-17P5-1
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vhere the derivative i, estimated a;

wvhere N refers to the concentration of a reference nuclide in the search
group, but significance of both the numerator and the denominator is
required. To stabilize the effects of nonlinearities, dampening is

done in the form

[N

. ) *
Di = max(0.95 Di—l' min(l.25 Di-l’ Di)) s
% . :
where Di refers to the newly calculated va2lu>, but this equation must
be altered when the derivative is negative.
At iterations where I - 1 is divisible by ten, if three successive

iterate values of ki are monoton.c, D, is multiplied by 1.5, provided

the difference between the current es:imate of k and the desired value
exceeds five times the most recent iterate change in k. If the three
successive iterate values of k are not monotonic, then prior to
continuing iterationc, D, is multiplied by 0.75,

Each iteration evegly divisible by 5, an attempt at acceleration

is made bv applying a quadratic fit of the form

and the new value of X estimated from che data for three successive
fterations. This procedure {s 'tsed only if the values of (Ak/AN) are
monotonic and display the expected sign; significance is required in the
calculated coefficients. Default 1s use of the linear change applying

the estimate of the derivative, excepc each iteration evenly divisible
by 10, default is to use of importance data.
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Acceleration is dome when the value of X is estimated from tﬁé
nuclide importance data in the form

x? = x: + a(x: -a P
where l:* is the accelerated valve and X: the calculated value. A default
vclue of 0.05 is used for a, rather small.

In additiom, a conétraint is applied i the concentratrion changes,
for one reason to aVoid}pégative values avnJd for another to avoid moving
the solution over a dip %nto riie swvampy, unonthermal region. Lecting i
be the iteraticm, J the number of subz.mes, and L the cycle count, the
search eigénvalue is resérained to

. 1<10,A=25 ¢ -
10 < £ < 25, A = 1.25
i1>25, A= .3125
B = cax (1./J, .25)

c=)A 2=1,0r
* T )A/B, 2> 1,

) ={-ax .01, min {—} L Suibg - Kyl EAE];

Cléarly if conditions are far from cricical, th.se constraints may

prevent effecting a critical system, and either the conditions must be

changed or the coding (supply nuclide concentrations mire representacive).
After the second period beyond the start of recycle, this procedure

is changed provided the source of makeup material has not changed this

iteration. The cumulative change in the search eigenvalue for exposure
period j 1is determined as

143
{

i if material is added, or

n{as+ Xi) if existing material 18 adjusted
i
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and Xl = Zj - 1 is used feor the first :iteration ot the next exposure
period. Furthermore, the last estimate ot AX/Ak is saved and used in
the early iterative history.

Not only are the flux ratio and flux level saved for use the first
iteration of a successive exposure period, but this data is also saved
forruse the f°-st iteration of the first exposure period for succeeding
histories (2s during optimization), and initial concentrations are
modified fur succeeding histories (which also affects succeeding cases).

Iteration limits adopted are as follows where the reference value

is for exposure periods > 2:

Perivds >2, 21, +5 for Pu, +5 for subzones,
Period 2, three-halfs the reference,c

Period 1, twice the reference

The allowed number of iterations is increased by three each successive
pass when convergence is not satisfied to a2 maximum twice the reference
value.

Requiring significance is mentioned above. With hexadecimal
roundoff on the losal IBM machines, significance is 6+ decimal digits.
Significance requir~d in these calculations has been tested over
reasonable conditions_and has been set in the range of 2 x 10"% to
3 x 107" depending on the situation and experience from testing.

Convergence of the iterative procedure is judged adequate {f
Ik£ - kdl <2 x 107",
where kd is the desired value (often unity), and if

|F, - 1] <107,

where Fi is the multiplier used this iteration on the flux level to
effect a desired power level at the reference condition, and F{ iz

given by



P
i" >
Pi---l
where P refers to the power level the previous iteration and P, is

i-1 d
the cesired power level. Note that not only may the flux level be

changing each iteration but also the fast to thermal flux ratio.

Recovery from a failure of any of the procedures to produce a
significant result any iteration - is provided by use of one of the
other procedures. Thus if use of worths fails, an attempt is made
to use the derivative of search eigenvalue with respect to k, or the
reverse. Total failure causes termination, and failure to converge
the first exposure step causes termination. As the limiting nuwber of
iterations is approached, key results are edited which can be identified
in the program, and failure to converge when the limiting number of
iterations is reached is reported in 2 special edit. Three successive
iterations which fail to adjust the feed, or the value of the
multiplication factor differidg from the desired value by more than
0.01 are fatal errors. Any tendency to cause the search nuclide
concentrations to become negative is dampened for a few ireratioms,
and any negative nuclide density is a fatal error.

Reduction in computation time was found for manv problexas by repeat-
ing the ekposure calculation after adjusting the flux level to effect
the desired power level. This is repeated for at most 4 sweeps, or only
2 if the last change is less than 5 percent, or until the last change
is less than 0.5 percent, with a restriction of 50 percent change each
sweep, and driving the flux in the direction of change by 10 percent.
The flux ratio is also adjusted each sweep, but the change is limited
to 10 percent. The inner iteration is discontinued after five cycles.

Special action is taken in certain situati ns. When subzones are
treated, concentrations of the nuclides to be adjusted are changed in
al1 subzones the first exposure period (initial feed), but after that
only the concentrations in that zone refueled are adjusted. Make up
feed may be specified, or it may simply be assumed to have the same

relative densities (of the search nuclides) as the inftial fuel.
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Aftcr recycle starts (it may be delayed), there may be inadequate fuel
available (conversion ratio less than unity), requiring extermal feed

or supplemental recycle material, or only a fracticn of the available
recycle fuei is required (breeding ratio greater than unity).
Flexibility in selection of recycle and make up material and of specific
nuclides is provided.

Generally the primary fertile material Th2?2, 12?% or a combination
is reinmitialized at rhe start of the iteration procedure each exposure
period. Note that if the total heavy metal is fixed, the concentration(s)
of the pri-hry,fertile material will change. Recycle content is not
1sed, as continued exposure would severely deplete this material.

A special case is made of highly enriched uranium. ¥£ the U23¥®
concentration exceeds 0.1 times that of the Th232 or if the U2?°
concentrafiqn is less than 0.1 times that of the U?®®, the y?3®
concgntration is adjusted in proportion to its search feed composition.

233 238 235 236
» UT7, U u

For a uranium search, U concentrations are

and
altered by a common factor. To hold the heavy metal constant,
adjustments are made such that the sum of the atom densities is fixed

as added from the search feed composition, generally causing decrease

in U?3® or Th??*? concentration with increase in fuel concentration.

Note the special treatment of U?3? discussed above and the possible
conflict in defaults and options. The user should study calculations
carefully to make sure the results are acceptahle considering both
physical reality and the desired application of the model,

The user is cautioned about the general difficulty faced in
satisfying critical conditions. Reasonable results may often be effected
by simple procedures. Still there are many situations where simple
rules do not lead to either mathematical solutions or conditions which
can have physical reality. A mixture of nucrlides presents the mocst
serious rhallenge, as when plutonium is to he recycled. The general
dependence of the multiplication factor on the search eigenvalue
(reference nuclide concentratfon) is illustrated on the next page,

the troublesome range magnified.
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One usually tries to operate on the left of the crest. But the peak
value of k may beeless than desired. The condition to the far right
is typical of a,féfy fast neutron spectrum and often involves nuclide
densities that e;ceed physical reality. Hopefully the reader recognizes
that there are difficulties not easilv surmounted by a calculational
procedure; generally there is inadequate information available to take
the specific action desired by the analyst to solve the difficulty,
especially considering the large number of possibilities. Note
furthermore that a mixture of nuclides may have a net neutron worth

of zero, or nearly zero. It is assuﬁed in this program that simple
fuel searches treat situations for which the search composition has a
positive reactivity worth: adding fuel increas.s the multiplication
factor even after accounting for increase in the fast to thermal flux
ratio and exposure effects.

It may be of interest that the usual search problem is often
difficult to solve., Not only do the nonlinearities impact calculation,
but also rhe low precision of IBM single precision. The actual cause
of slow ¢ nvergence was often very difficult to identify. Such a large
number of input options and logic decisions are incorporated that
revealing testing is difficult and improvement slow. And then the wide
variety of conditions to be treated could but be casually sampled.

In retrospect it is the opinion of the author that the calculatfions

should have been done in IBM double precision (long word) to remove
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lack of significance as a coatamination aund source of confusion. It
appears that when a program is written in IBM single precision, results
generally contain such contamination from lack of significance that
sound prograsming decisions can not be made on the basis of application
teéting, and that the developer may not be able to provide adequate
assurance of reliability {n application to qualify the program for

serious use.

The Effect of Exposure on Cross Sections

A simple scheme was des;red to take into account the effect of
exposure on reaction rates. The formulation which was adopted considers
a coattibution from the density of the nu~lide involved and a linear
" contribution from the total absorption cross section. As inplelented a
single value of the crocs section in eaéh group each exposure step between
fuelings is used for exposure for each nuclide, an effective valve. They
are recalculated for the reference conditions, e.g. the end of exposure
step when subzones are treated. When subzoneérare treated and exposure
of individual batches is followed, the correlation is applied each inter-
val of exposure time by subzone; thus the cross sections do vary with
exposure for each batch. Also with subzones, the local fast to thermal
flux ratio in the batch is calculated and used when the correlation is
applied in a way which allows the thermal flux to be subzone dependent,
unless the default procedure is overridden.

The correlation applied to the microscopic cross sections for
nuclide n in group g yields a relative absorption cross section,

- “a,g,n,x - 1 8

R ’
n,8,X% aa.s.n.o [1 + 08 n Za g Y] [1 + Cn g’“]
’ *8 ’

where x refers to the conditions under study,

Zq g,y is the macroscopic absorption cross section calculated from
1 4

nuclide concentrations and unadjusted microscopic cross -

sections,
oq,g,n,o is the unadjusted microscopic cross section for nuclide n,
group g,
Cn,x is the nuclide concentration under consideration, and

o _ and B are the correlating parameters.
8,0 8.0 LR



Given values of the relative absorption cross secticm, the adjusted

cross sections are

]

R a
- (;389'!’* n,g,x a,g,n,0 ’ -

) R o R
Cygy,X n,g,x C,g,n,o0

c = ¢
f,gn,x R“DG:X f,g,n,0 °

and the v8 value is not changed.

Care must be taken in apolying such a corrcelation. Not only must

the range of application be adequately covered, but also the reference

2 : condition for which the unadjusted cross sections are selected must be
consistent with the application. Note that typical values are d =1,

= 0.5. " £f € i ithker ¢ _ or 8 is reducin
Bg,n 5. The effect ¢f increasing ei .0 - g

»
Rh x in tke usual range of application. Values of Bg n = 0 are not used.

. . :
The procedure of calculation implemented is the calculation of ad- -
justed ¢ross sections for the auclide concentrations at the start of
an exposure step, calculation of the concentrations at the reference
point after exposure, and then recalculation of the effect of exposure
using the average of the nuclide corcentrations at start and end(or
weighted start, mid-exposure and end when applicable, and when avuilable
for recalculation of the cross scctions). Thus effective cross sections
for the exposure period are estimated by a simple scheme without
iteration on the problem or accouating for the changes over the exposure
period. The calculation is most realistic when the reactor is partially
refueled and the subzone scheme 1s used to follow individual batches;
this breaks the total residence time into shorter steps and effective
cross sections are reevaluated for each of these steps. It may be
necessary o consider the actual approximaticn used when the correlating
parameters are generated. The use of the macroscopic absorption cross
section in the correlation presents some difficulty in generating the
correlating parameters; not only must this be consideres put also the
likelihood that a set of parameters can only apply over a very specific
range for application which may indeed be quite l.mited. Note also
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that correlation on both the macroécopic cross section and the nuclide

concentration need not te used, rather onlv one of these when apnropriate.

Egggrdigkfthe Subzone Treatment
 With the default procedure, the following conditions are set:
1) The flux level is established as necessary to effect the
v Fi desired puwer level over the exposure interval (estimated for
&° average condition), and . i
2) The rultiplication factor is sarisfied for the end of exposure
conditions, or at the midpoint on option. )
The effective fas- and thermal flux levels are estimated in each sub-
zone for the average conditions and for the conditions at the =nd of

'each exposure step. If the cross section correlation is applied, two

passes are male through the exposure calculation, with cross sections
. recalculated each pass in each subzone, and then they are recalculated
for the eni of exposure condition. One value of the override option‘on
floating the flux leval causes a single reference condition to be used,
that at tho end of exposure, and only cone set of flux values are used,
but the flux level is set as necessary to'effcct the desired power level
over the iotervél; the fast to theimal flux level is fixed at end of
exposure ccrditions. With another value of the override option, fast-
to-thermal tlux ratios are determined for both the exposure period nd
the end of the exposure period. Treating the zone dependence and
exposure dependence of the flux levels adds nonlinearities to the
problem which can be expected to decrease the rate of convergence of
the iterative process. Also, e;.ra calculation is not done to accel-
erate the procedure in the early iterative history; rather, use is
m:ide of information readily available and the procedures used to
drive the results toward a proper solution.

Subzone Flux Level
Individual ba.ches of fuel are treated as subzones. If the size

o“ a batch is large, then the larger the thermal macroscopic cross -
section the lower the thermal flux level in the batch. The default
procedure attempts to uccount for the effect of variation in the
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macroscoplic cross section as follows. Given the thermal absorption

cross section in subzone i of Za i’ the core average is approximated
?

The two group flux values are related through the fast flux removal

"‘”trossrsecgiggﬁgxg fixed, and fixed fast group flux,

¢1Zt =‘$i E; 3 o —
- ——— ) \\\
¢1 z:a .
Tz zr

With full isolation given the fast £flux level,

_¢1zr N ’Z za - ’2,1 za,i ;
L
T

2,17 4

™
°

a,i

Since only the thermal flux and the flux ratio values are carried, the
thermal flux would be given as

- (5 (%
9,10 " 2\ ]\ .
4 a,i

However, only half the indicated change i8 used, and used only if the
default option is not overridden,

wae® [3(@2) ()]

and the fast flux 1is obtained as

) T
1,1 " 43,1 ( r )
T
a,i
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Remarks About Special Fuel Management Options

Typically in a calculation done to treat mulriple fuel batches
(subzones), the search nuclide concentrations in all the batches are
initially adjusted proportionally to initial values. The first subzone
is then discharged and refueled, and then initial comcentrations in
this reloaded subzone (the feed) determined which satizfy the reéctivity
requirements for the second exposure period. The calculation continues
over the history. Thus for three subzones, successive exposure periods

may be pictured as follows:

Period State Remarks

11213 adjust concentrations in all

L_* subzones

2 X first subzone refueled

+ )
) 3 fg- J second subzone refueled
-3
4 X third subzone refueled
1
S X first subzone refueled
e

Note that the discharged material may be selectively recycled with
delay, and separate makeup feed may be specified.

On option, the nuclide densities in only the first subzone may be
adjusted at the start of the history,

The following schemes for special treatment are yet under development.
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A “"once-thru single subzone" option is available which ccmplicates
matters. When this option is exercised, the last subzone is treated in
a special way while the others have the usual treatment. A separate
and special feed stream is used for this last subzone, and the material
discharged is not used for recycle. The option specifies the number of
exposure periods the material is resident in this last subzone. To make
the residence times the same, the value should be one less than the
number of subzones because the other sibzones reside one less than the
number of subzones exposure neriods.

Consider the example shown on the previous page with the addition
of another subzone, total four subzones. Under the "once-thru single
subzone” option with a residence of two exposure periods, the early
history may be pictured as:

Period State Remarks
v 4 4 ¢ Fixed A
1 1] 2 34k:) Adjust concentrations in

subzones 1-3

2 X K& Discharge once~through subzone
L— L—
N S |

T Refuel once-through subzone

4 T [ Discharge once-through subzone

Note that the last subzone is discharged and then refueled every
other exposure period. Refueling is based on the initial nuclide densi-
ties in this last subzone.

This option has limited utility for representing a blanket. Such
modeling must be done under the constraints of no provision to disad-
vantage the microscopic cross sections and the subzoﬁes are assumed to
have equal volumes, a space point equally subdivided. There is provision
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to specify a fast to thermal flux ratio, a relative flux level and a
relative importance to make such treatment realistic given such infor-
mation. The approximation is coarse at best.

This option may also be used to adjust the feed composition to the
last “once-thru" zone instead of the other feed zone, and this other
feed zone would have fixed feed. This model is useful for study of
recycle of fertile particles to a core, and other complexities.

Under all options, the subzones are assumed Eo have equal volumes
and mass balances are weighted equally. A degree of freedom is allowed
because the nuclide concentrations may be varied to approximate special
situations. However, solutions which represent realistic situations
regarding theé satisfaction of a critical reactor considering the modei-
ing and simple weighting of neutron reaction rates, may or may ﬁot be
obtained.

fuxiliary Results

Nuclide reactivity importance is constdered for fission source

neutrons only in the first group and ignoring transpcrt and scattering
contributions, giving

* *
2k E ¢m[¢1vof,n,m - ¢moa,n,m
I = = - -
n k3C * e
n ¢1 E cn E ¢mv°f,n,m

where 0; is the adjoint flux in group m., The relative importance of
equal concentrations of two nuclides is given by the ratio IIIIZ' Total
wortn (or the estimate of the effect of a 100 percent increase in the
concentration) of a nuclide is given by CnIn'

Conversion (breeding) ratio at a reference s .~e is calculated by
the simple formula ‘

H-B
CR ny
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where H is the rate of capture by the fertile nuclides (Th?3?, Uzaa'

2136 2590 . . . . . -
v » Pu” "), B is the absorption r.te in the intermediate nuclides

(Pazaa’ sz:g)’ and A is the absorption rate in the fissile nuclides
(1237, y235 ) py239 . py2tly,
An effective conversion ratio is also calculated from fissile

mass balances as

2 F
daF ’
E3E

CR=1+

where FZ is the amount of fissile discharge,
Fl is the amount of fissile feed,
E is the thermal energy produced over the period of interest,
«nd 7
dF/dE is the rate of fissile consumption per unit energy production.
Fissile inventory doubling time is calculated in the simple sense
lacking data on out-of-core requirements. Actually the reciprocal of

the douBling time is reported, a continuous funcrionm,

1 _ K(E_> (R - 1) dF
Td 1 ne de

where P is the power level, I is the fissile loading, u is the plant
load factor, and ne is the energy conversion efficiency. Note that
tle conversion ratio may be the instantaneous valve from reaction rates
or that obtained from mass balances. The simple reciprocal doubling time
is obtained from mass balances to produce information about each exposure
period and to show an effective value for the reactor history. However,
the fissile inventory used is the averaze of that associated with the
current figsile feed and the amont in the reactor at the reference
point in time.

Reference values of the rate of fissile consumption per unit energy
generation are printed for each of the nuclides, an effective value is
weighted over the fissile nuclides at each reference point, and the

average taken over the reactor history for the history summary.
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Summary results are reported for the reactor history. The simple
approximation for a delay in recycle of one year real time for the batch
feed calculation (no subzones) is made by extending the length of tipe
the batch data applies one year, and these results are rersrted. This
alters the history, jecause now fewer cycles are required for the plant
life.

Furl Cost

The costs associated with producing electrical energy between
successive fuelings are allocated to that energy. The direct costs
associated with the purchase and sale of fuel are calculated directly
from unit values,~}or example

Xe(n) = (Ts‘@:'ﬁ) ANV _W(n)

where xf(n) is the cost of nuclide n in the feed,
A(n) 1is the atomic weight,
N(n) is the nuclide feed concentration (atoms/bn-cn),
v, is the core volume (cc), and

W(n) 1is the unit value.

Given unit costs for fabrication of the feed and processing cost
for the discharge, the direct cost is given by the difference between

_the feed cost,

L
Ce = gt [E Xg(n) + Gfo] (=) -

and the value of the recovered material

L
z .
C, = 3T [(1 - 8) ‘Z‘ X, () - opop] ,

allocated to the amount of energy, and

Cd - Cf -C

P ’
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where subscripts f, p and d refer to feed, discharged product, and

direct cost respectively, and

is the unit cost of fabrication *hicik nay bte higher for recycle feed,

(2 I
o]

is the unit cost of processing,
is the fabrication loss fraction,

is the processing loss fraction,

L | m

£ is the amount of fabricated feed material,

s the amount of discharge material processed,

QP
P .s the reactor power level, thermal,
q .s the energy conversinn, thermal te electrical,
T is the core residence time, and

L

-, is the number of subzones. ] C
Indirect costs are calculated by the simple interest charge method.

Given a -plant load factor of %, lead time of ts lag time of t, , the

b
indfrect cost referenced to the midroint of the exposure period, half

exposure time of L = T/ZQL:, is

ct = Cf[l + 1 (t_” ’ ta)]- CP{I -1 (tx + tb)] ’
where i is the interest charge rate (fraction) arAd 3t>is the total cost.
"Note that positive indirect contributions are associated with feed,
fabrication and discharge (recovery), but a negative contribution from
deferred processing.

Although the default value of the plant load factor is used as a
constant, there is a user option to apply a declining value. Given
initial and final load factors 20 énd Qf, the variation is assumed

to depend on the square of the relative history time,

Me) =2 - (2 - L) (e/D?

where t is a midcycle reference and T is the real length of the history.

The average load factor is approximated as a simple integral,
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T
"=%[ L(ode = 328 + L) ,

Qv

and this value is used o predict the real lengthk of the history when
the nwmber of exposure periods is given.

Discrete values of thet}oad factor are selected for each exposure
period based on a tunning account of the real tir2 and an estimate of
the real time for the midcycle point of the current exposure period.
The last period may well exceed the desired exposure time due to
discretization into explicit exposure periods. Thus the loaé factor
is varied, decreased with time, in an approximate mamner to simulate
real plant opéfation. The actualrvﬁlues employed shouid be studied.

The fuel cost for the reactor history is calculated by the discount
method in a levelizing sense. Discounting to a reference point yields

an effective cost C by the present value formulation for M periods of

L M (1-m) 2t
B ¢ ) X
C = m=1 ’
H (1-m) 2t ’
] a+n x
m=1

where j is the discount factor (fraction) and the index m on exposure
has been incorporated. (Actually the individual cost components are

levelized by the discount method, the same equation as for the total,
and reported.) The result is independent of the reference point 4

selected for discounting — present and future value come out the same
since both the numerator and denominator are discounted. \

Units have been ignored above. They must be consistent. Thus to
use a8 fabrication unit cost in $/kgm, the amount of material fabricated
is in Kgm, For unit nuclide costs in $/gm, amounts are in grams.

Fuel costs are reported in mil/Kwe-hr which equals s/Mwe-hr.
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For the subzomne, multi-batch treatment, effective residence inter-
vals are determined for charging indirect costs at a simple interest
rate, and reference points in the history are estimated for the multi-
fueling history. The calculation has significance only if the number
cf exposure periods is sufficient to effect a true quasi-coﬁtinuous
fueling, discharge condition. Let 'l'n be the mid-exposure reference
time for exposure step n, and the exposure time each step at the
applicchble load factor be A. The following equations are applied to
vetermine the effective displacement from the reference loading vr
disloading point in the history, Ti’ and the reference point for
discounting, Tr' given J subzones and N total exposure steps.

Recovery (reprocessing, fuel sale):

r.nA’n<J;

2 : -

T, = 4 %?, J<n<N ,

In the above equation,

J

A

2 = gl i
i=1

Purchase (fabrication, fueling cost):

ZQA, n=1;

-(3 “J41
T, 3 " 1 <n<N-JH1

(N-n+1) % , n > N=J+1,



'l'n - %-+ Z, n=1;
T =
¢ A
'l'n -2 + Ti' n>1.

It is noted that straight discounting could be done and it would
be wore straightforward. The above carries through the strategy of
using one simple interest rate while discounting at another. There
is no simple resolution of the differences between this and discounting
at an effective discount factor because a unique equivalent value is
not available. The indirect charges so determined may be realistic of
a fabricated fue) rental situatiom.

Note that the whole reactor is fueled, J batches, at n = 1, and J
batches are discharged at n = N, compared with one batch at other times.
The differences among ihese batchesrare not accounted for in the cost
model in this code. If such differences were taken into account, the
applicable equations would be somewhat different than shown here.

When the calculation approximates a reactor which is continuously
fueled, there is additional indirect cost compared to the batch fueling
calculation. For the one subzone calculation, the model in effect
applies a costing scheme by following a fuel element through its
history of fabrication, exposure and energy generation, and reprocess-
ing and sale. However, the reactor would have to be loaded initially
which is assumed to add direct fabrication cost and indirect fabrication
and fuel cost. (Effects at the end of the history are ignored.) When
a summary of the calculation is requested, an estimate of the extra
charges for continuous fueling are reported. This calculation approxi-
mates the effect of the initial purchase of fabricated fuel at the start
of the history by discounting.

Since the neutronics calculation of the multi-fueling history and
the fuel cost calculation are done independently, certain inconsistencies
may result. These include differences in the recycle delay, and in the
fabrication and processing losses between the two calculations. Con-
sistency is desirable but often cannot be effected precisely. ‘he plant
load factor is involved, and there is no provision to admit consistency
when this factor is decreased with time.
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Enrichment Unit Value

On option, the optimum tails enrichment of U2?® in y?3® jis

determined for the specified feed and separative work unit values?®
(otherwise the reference data is used). The equation solved by simple
iteration for no value of the tails, is

X X,
=%, - DT ) - T T
o t

X -X
1 (1] t
+—x (1-x) (1 th),

t t

©nio

where S 1is the separative work cost, ’
0 is the ore cost,
XB is the ore enrichment, and
Xt is the tails enrichment.

Given the optimum tails errichment, the unit value of uranium
enriched to a value of xp is given by

X - X X
= [(0:001 P 't - —r

P P

X -X X
L2__° - L4
* (xo - xt:)(zxt Din (1 - xt’.)

X - X, [ X,
- —L-—"'x m_— (Zxo - 1)in \1—-_-—)?- +R]}] .
o [+

Note the inclusion of a charge R for chemical processing. Of

special interest is the value of fully enriched material, WP is
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determined for XP = (.25, and the reference nuclide values are

proportioned to this recalculated value, and the multiplier applied to

232

nuclide worths other -thas Th , U3% and the lumped absorber is

¥ =.95, new

W =.95, old

Also, thke amount of ore required to supply a given amount of fissile

material requires a reference factor,

- X
F o= 2001 (x” ‘) (1.1793),

o XP X -X

o t

where Fo is the Mgm ore per Kgm fissile v23s,
& special calculational problem is presented by the addition of
make-up to recycle feed when the enrichment is adjusted to satisfy a

critical condition. The technique used is to keep a record of the

r23s EEL

amounts cf and recycled, and determine make-up quantity and

enrichment from the data for the actual feed.

Given A; amount of y?3s

and A, amount of U??® in the mixture, B,
and B, respective amounts in the recycle stream, the make-up amount

of U?3% jis A, -~ B;, and the enrichment is

y?3s Ag - B,
u2?> 4 y23e A, - Bg + Ay - By’
makeup

However, for cost accounting, a charge is made directly for the
total feed and its enrichments ai each refueling.

There is the likelihood that situations will arise where the
accommtine 18 inaccurate. Note that the amount of make up fuel may
be negative, so the reported results should be carefully examined for
reliability,



Fuel Cost Optimization

On option, the exposure time orf feeC batches is adjusted to seek a
minimum fuel cost. After an initial history has been followed, the
exposure time is increased by one year and the history recalculated.

Then a thiid history is followed with the exposure time again increased
by one year (unless it needs to be reduced or interpolation is indicated).

Given thre: points, a quadratic fit is made to predict an optimum,

X(t) = a+ bt + ct?

ax(e) _ o -

dc =0=>0b + tho .
b <

to——"z—c if ¢>0,

where X is the fuel cost and t is the exposure time, t, being the
apparent optimum.

Even retaining the data for the lowest values of the fuel cost
during an iterative process, a quadratic fit to three points was found
to be quite inadequiate in many sictuations. Given four or more data
sets, a least squares quadratic fit is used to predict the optimum.

This has generally produced good results. However, the predicted valaue
of the fuel cost at the apparent optimum exposure time may be
significantly different from what is calculated using that value. Also
the nonlinearities associated with discrete step and the history time
varying, the load factor changing, etv., it has been found that only if
continued addition of points concentrates them near (closer and closer
to) the minimum will the global minimum be found. Thus in the extreme,
concentrating points near a local minima emphasizes it with the procedure
and the global minima will not be found. Thus some caution is in order’
in application: start near r..e true minimum fuel cost condition. The
difficulty is most extreme when very few cycles are required to span

the history, and the total history time is varied as the exposure time

is changed Lo account for the history with discrete exposure steps.
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the least squires fit to a quaaratic invoives determining the
coefficients a, b ard ¢ for the above quadratic fit. Given calculated

values or the cost Y given tn we desire

. 2
min E (Xn - Yn) .

]
5;'2 (Yn -—»xn)2 0, where z = a, b and c;
- ‘

) Y =aN+b ) e, te ) t; ,

n n n

fve =aJe +pfe2+e]cel,
n n n n

) Y e2=a Le2+b] £+ c v e,
n : n n

where the index n is over the number of sets of data N. This leads to
three equations in the unknown parameters a, b and ¢ which are determined
directly, the optimum exposure time is estimacred, and the associated

fuel cost predicted. A small improvemeht in application testing was -

found by correlating cost with reciprocal time.

Criteria are used to reject an apparent solution, to disregard the
application of the procedure (use simple extropolation), and to estimate

that the history calculated is near to the optimum.

Users Flow Chart

Shown in Fig, 2 is a chart of the flow of a calculation. An inner
iteration procedure is used to effect the desired crirical state. This
Involves adjusting the feed composition, performing exposure for the
period of interest and measuring the multiplication factor at the reference
time along with adjusting the fast to thermal flux ratio and the flux level
to effect the desired power level on the average, After the iterative

problem is solved, exposure to end of residence time is done, and key
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Start ’ x

}
»;——4"////// Process input data, optimization procedures

+ .;Ehd

l
Adjust feed composition

4
flux >
adjustment Exposure calculation

loop

feed adjustment 1002*i'(completion of inner iteration)

Exposure to end of cycleAJ
T

1

Edit nuclear results
Fuel cost calculation and edit
]

l

Selective recycle

Exposure periced locp

}(completion of history)

Shutdown calculation

Summarize history

New history loop

Fig. 2. PREMOR Point Model Code Users Flow Charr
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results are printed on selected cvcles. The fuel cost for that cycle
(exposuie period) is determined, and then the nuclide concentrations
are adjusted to account for delayed recycle and start of the next expo-
sure period. At the completion of the calculation, key results are
edited to summarize the performance.

There is provision for repeating the history to adjust the fraction

losses cver a set range, or to seek the economic optimum fuel cost.

Program Information

The main program consists primarily of comment cards which describe
the input data requirements. A BLOCK DATA subprogram contains the '
nuclear and economics data required. Since special data must be supplied
for cach specific situation, it is recommended that these two routines
be regularly compiled at run time and the program assembled for execution.
A table of the voutines follows with the calling routine given and the

pcimary function of each described briefly:

Routine Called by Primary role

MAIN — Drives calculations through multiple histories,
recovers data, processes input

BLOCK DATA - Supplies reference data, comments input require-
ments

RATE MAIN Drives the iteration procedure through succes-
sive exposures

OPTI PREX Adjusts the exposure time

LSQF OPTI Applies a least squares fit to a quadratic

FEED RATE Adjusts the search nuclide feed

EXPO RATE Treats exposure

EDIT RATE Edits key results

COST RATE Calculates fuel costs

WRTH COST Applies the diffusion plant equations

RCYC RATE Accounts for feed material with recycle

WRUP RATE Generates supplemental results for the history

SIGC EXPO Corirelates cross sections, adjusts subzone

flux level
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The programming is basically Fortran II with a few extensions
including mixed mode arithmetic. Only standard IBM library routines
are used. The source deck has about 2,400 cards, <10 percent comments.
As used, the program with system routines requires 25,000 short worcd.
computer memory (but 270K bytes are recommended locally for a compile
step).

Locally the ICLOCK(o) function is used to obtain a reference couut

on processor time in 102 sec.

Results

A few results from application testing are presented. Shown in
Table 1 are the results obtained in a survey assessment of a partially
refueled graphite moderated reactor showing the effect of exposure time
and fraction of the reactor refueled. Shown in Fig. 3 is the dependence
of the conversion (breeding) ratio of this partially refueled reactor on
the core residence time through operating histories with U2?3 fuel feed
and delayed recycle,

The edit from a computer run is shown in Appendix A, which documents
the Job Control Instructions, the user input data instructions, the
data used for the sample problems, and the sample problems with input

data and results are hopefully self explamatory.



Table 1. Point Model Results for Fully Enriched U235 Feed
To a Partially Refueled Reactor, Recycle Delayed One Cycle
(1,200 Mw, Plant at 0.75 Load Factor, § Nth/CC)

Residence Time Fraction Exposure 235 Fissile Loading Ore Fuel Cost (Mil/Kw, Hr)
(Yrs at Core (m,ml)/ U(xgm%‘)&d end-of-cycle c°:::'1':1°" Consumption 1%
full power) Refueled Kgm/HM) (Kgm) (Kgm/Mwe Yr) Cycle Year

C/HN 250, 0.05 fraction core neutron leakage

3 1/3 na 1.1540 1,425 . 646 9.5 5.20 5.059
2 1/4 48.2 . 3428 1,329 15 73.5 . 5,50 5.480
3 174 7.2 1.0898 1,425 .666 86.3 5.0 4,911
4q 174 93.7 1.2121 1,515 . 628 97.) 5.01 4,774
S 174 114.9 1.3248 1,612 591 106.2 5.18 4.800
3 1/6 n.s 1.0185 1,41 .688 80.6 4.84 {'4'758
k] /8 7.6 .9812 1,404 699 77.7 4,74 ‘4.680
4 /8 94.0 1.0854 1.49 .666 86.5 4,65 4,461
4 12 94.3 1.0376 1,475 .68 82.7 4,51 4,353

C/HN 400, 0.075 fraction core neutron leakage

3 /3 101.3 1,5353 1,098 ,496 130.0 5.95 5.7
3 174 103.2 1.4622 1,097 .520 124.8 5,73 5,570
3 1/6 102.2 1.3768 1,083 . 548 17.5 5.49 5,350
3 1/8 102.6 1,3295 1.075 .563 113.5 5.37 5,232
4 1/8 132.8 1.4254 1,159 .534 121.6 5.36 5.036
3 171 102.9 1,2785 1,067 .580 109.1 5,23 5.106

8¢
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APPENDIX A: EXCERPTS FROM A COMPUTER RUN SHOWENG IXPUT DATA
REQUIREMENTS AND TEST PROBLEM INPUT AND OUTPUT

//DRYY JOR (eesee) *3LD5 £325 DAVI WINDYS,

/7 COBD=(5,L7) ’

//*CLASS CPUS1=280S, T)=005, F2GIMN=2T7)K,LI¥IT=238, 235 =2
// EXEC FORTHCLG,

// PARA.PORT="NOJECK, N0 I35 ,1D,O0FC3, X3T2, MRE*,

// "EGIO0¥.G0=270%

//F0ORT,SYSIN DD

COATA BLOCE FPOR PRINASY -~ °2 orra 1)
C mry 1)
PLOCK DATA 11 Taal WK 15
mTL 8l

THE POLLOWIESS DICUMEETING CIBYUSYT TREDS mAY B2 RABFOVED 3IY ~9¢ DATA 5)
REGJLAR OUSEP APTEF A LISTING ¥YS AVATLARLE FOR SEPERENCP DATA A2
para 12

TRE POJRTESHETH SOTLIDE ¥S TNACTIWE - 5C% OF ALL ISRCTIVE SACLIDES CATR 40
SUCH AS HBODEERATOR, COOLANT, STIOCTOIAL, ETC. nETA 99
naea 133

pRTR 11)

T¥POT DRATA PORE EACH CASE DATA 123

cwees sves mae wme- cooo DATE 13C

DATA 18)

PIRST CABD, TITLE (19AQ) MR 15)
SECOVD TARD CORTRUL ISSTRICTIOINS (2e1)) DATR 160
) § CONTRL. 0°PTIONS () DATY 17
(Q)] GENERAL CONTROL OF ?RJ9L2Y TYPE BATA 193}

Y- TESBISATES COYPITER 0N n-Ta 13)

1- OSZ D2USITIES SIPPLYED FOF REPTRENCE CISDYITIINS DATE 200

THE CALCILATION INVILSES %3 ITEFATION DRTR 210

2- ACTIDINE TXPISU9E TC F2FEYEEZ2 POLXT AYD =XD DRTR 22)

-3T.2 SEEK COST OPTINUM SYPOSORE TINF®, 8Y ITZFATION ORPA 23)
OWZP SO CEZ55IVI RISTOFRYIES, IHIS IS “HZ JANTINONOARTR 280
SOMPER JF ITERATIIRS (LITS JIP CALZCLATIONY ANTDATA 257

TS FPIX LIPZ, ¥I(S) MOUST BE YEGATIVC DAPA 25)
NORBALLY ROST 3P 2 (OR AMCRE) Lara 273

2 1¥°g” OPTION OF EICLIDE DEWSTPICS DATR 287
IF .G?.C, DI ¥)7 STPPLY IXITIAL ZO%F OEYSITIES DATA 290

1- OSE DISCHAIGE AZTINIDES PRON PREVIONS CASF pPATR 32}

(T, 7-233 RESTORZD, A, NP DECAYSD ™) PIPL) DAZR 1)

2- USE ISITIAL COSCESIRATIONS PRO® .EPIDIS CAST MATS 320

(RS ADJOUSTED PIR ITS INITIAL >ONDMITIONS) oAIA 330

o PEED YICLIDE DENSITY ADJOSTYEST OPTIOK pRTA 3B)
0~ CALZOLATZ NULTIPLICATION, ITESATF IP KECESSASYV DETR 15)

(FENPRALLY THIS 4%3 R SESATIVS COST BPYEPIY) DATA 3R2

1- 7-233, 0-23a, 7-235, 00-236 DENSITIFS RNJUSTEN "MTh 370

(ALSD 7-229 IP 238 LT ,710232 AN) 225 37 ,1#233) DATA 13)

2- TR, 0-238 DATR 33)

OFLY TH=Z32 If 239 .v7, .19232 "My 1Y)

3- PO DATR a10

8- TH, 0-239 -] -~ FIX TOTAL AZIINIDES NATA 427

S+ TH, U-238 =~ OC -- PIX TOTRL \ZTINIDES DT 31)

9 OFF10N TO CALCOLATE PUEL CI3T PETR 440
«1 DO NOT CALZULATE DATR 35)

0,7- DSE PIXED OYIT VALNES DAPA 135)

(U3ZS DATA POR 7-235 COSP AYD JRF, .95 ZY¥RITHTD) DATA 470

2~ CALCULATE ENRITHMFNT WORTH (3-238 INVOLVED) TATE 4RO

3- SASE AS 2 BXZE2T PIRST DETERMINE OPTIRMUA TAILS DRATR 49)

ANIT VALDES PROPORTIONED TO N-235 REPERENCE DETR 3))

MWD USED IN SIBSEQTEYT CASFS NATA 510

(ZYALTATION DINE INLY THE FIRST TIME HBSEDPD) PATA 520

G- SANZ AS 3 BUT OYIT FALT®S OF AZTINIDES AR® NOT OATR 51)
PROPORTIINED BUT RPTAINED (NOT n-235) PATA 58)

(5 PONBER OP EXPOSORE PERINDS (TOTAL PIELINGS) DATA 550

BUST BZ 2 OR SJRR TP NI(9) EXTE2DS O (POR SUPLINES) NATA 9560
IP NEGATIVE, REAL TIME IN YEARS POP HISTORY DATA S7)

AaaAAGANAANNAQ NNANNAAARNANANAANANANNANAAANANNANANNAAANANTG
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C 113] GPTIOX OB PEED ADIUSTHASNT DATR 59)
C 0- ADJUSTS TRE TEED NMIXTUSE PRESSSTED DATR 590
c (DEPAULTED T0 1 IP AAKE-OP RIXTIBE IS INPUY) DATA €00
C T=- ADJUSTS JAKEU2 PEED (EOT REZYZLED) DAYA 51D
C 2= ADJUSTS IETYCLE PEED DATA $52)
c 3~ ADJOSTS RECYCLE OF HAKEOP PZED BASED OF BREEDISG DATA €30
C BAKE NEGATIVE TD ADJOUST OSLY IRE ZOKEBTRATIOBS IF DATA €80
C THE FIRST ZIYE F)R THE PIRKST EXPISURE PERIOD DATA $5)
C ({THZ 20BE TO BE REPUPLED APTER TAE FPIPST EXPISURE), DRIA 55)
C OTEERWISE ADJUSTHENSTTS APE MADE IF RLL TIBZIBES DATL E7C
C (4] BECYCLE ACTINSIDE SELETTIONS DATA 680
C 3- ALL DATA 59)
C 1- URRBIUA, SOT 3t DAZA T])
c 2- 20, WOT J®RANINA DRATA 710
C «OPTIOE AAY CHABGE SZARCH JPTION JPOS EETITLE) DATA 72C
C ({]] OFPION TC PRIDUCE AUXILIARY REZSOULTS AT 23D OF CASE DATA 73)
C (RISAE® LEVEL OF EDIT™ IP AMADE 2) DRTYA 78)
o (&) BONBER OP SUBZOVBES DR RESIDEST BATCHES (.L%.20) DATA TS0
o PEYSSETLY 3 ARE BEYSS USED POR CONTINOOUS PHELING DATR 760
C VHILE POR BATCH FUELINS THIS IS THE RECIPROCAL DAYN 763
C OF THEZ PERACTION JF THE BEACYOR RTFURLED EACA TI®E -DATA 765
C BOTE THAT Y BAY 3B OSED FOE BAICE TPERINEWT AND DATA 768
C 2PPECT END EXPISORE CRITICAL STATE (AILOSS COSI®ILIDATA 770
C (THE PEIFDRYANCZ ASD ETONOALIZS APE SENSITIVE 1D TEEDRTA 78)
c INITIAL DYSTPIBOIIOSS OF FOEL ESRICHRENYS JVER THE DATA 73)
C SUBZOSES - YBCREASE EFRICHEANT JITR RESYDESCE T71% ORTR AOC
c 52 THAY THE PISSILE DISCHABGE I3 LOW POR L% DATR 810
o SYP)SUKE, FITHIV PITER DEWSITY PEAKIN: LINITS) DATA 32)
c AAKE WZGATIVE IP SUBZINE DESESITIYS AFfE TO PF IYPOT DATA 37)
c (ARD DO %OT SUPPLY Z0WE DENSITIES) J8TR 933)
c (10) ON>S-T420 SYBSLE SUIZOSE OPTION, SPECIFYES THEP ¥7IPEP JP JATR 850
C FESIDENCE EXP)SOURE PEPIODS - PRIS IS IHE SPETYAL MATR B6(
C OPTION TD TREAT N-1 SATTHES BOIRAALLY BYWT THE DA™ 352
c N°TH ONE DIPPSRENTLY WITH FHIS RANY SERIIDS DRTA 353
c PESIDESCE 3EPIKEZ PEPUELING DETA 866
c MAKE SPGITIVE T) ADJUST PEED IY TAIS SUBZONE (THT LASTIDMATE S7C
Cossoostoceneesstes TOTIIN ABIVE 10T IAPLZMSETED I8 THIS VERSION seseeee

C (') DELBY ZYCLES POR RECYCLE .LE.6, TP BI{5).GT.V 22 LT.J (J) "MTh 33)
C P L”.", 8O B2CYTLEZ -~ STB7ONES CASES OSLY SATE 39)
c (12) EXPOSURE OPTIOFNS WHEW PUERE ARE SUBZONES DAL 3))
C - REPERENCE POINY END STEP (ALLI@S COYTFOL LDSSY DATE 910
o POVWER LEVEL ESTINATED FPOR AVERAGE CONDITIONS NATA 920
C 1- RcPEZRENCE POTST MID STEP, ALLOWS 3O ZONTRGL LISS,DATR 33)
C BASICALLY A CTONTYINTOUS PIE.ING RMODEL DATA 332
C 2~ SANE AS ) EXCEP? POR POVWER LEVEL PUSTINATE DATA 980
C (LESS CALCULATIIY, L2SS ACIORATP) DRTA 950
C (13) OPTION OF NAKE-UP SUCLIDE "ZBESITIES DATA 35)
C =1 USE HMAK? 9P PEED CORPOSYTION PFORM PREVIDUS CASE OATA 37)
(o (TAIS IS Y0~ DISCHAPGE HNATERIAL) DATR 380
c J- UST INITIAL VALDES (IN HISHESY SOBZIONE WOUYBE? DATA 990
o IP NI(9N.GT.0 ASD NI(F).%E.0) DATAY)I)
C V- INPUT VALUES AT EFD OF CASE DATA, 3 CARDS (D) DATETIV)
< SOT APPLY TO ADJISTHENT OPF INXTIAL DEWSITIES) DATA102)
o 2- INPOT™ VALUES AT ESD OP CASE OATA, 3 CARDS PATA 1030
C SPECIPI¥YS J¥LY TAOSE 7O BZ \DJUSTED DATAT)S)
c (PIRST 13 ¥WICLIDES MAY BE INCLUDED HTRE) DATATIS)
< SORMALLY EXCLUDE PRINARY PERTTILE SATERIAL DATA 1060
ol JVERRIDES SEAPCR OPTIOYS POR REPUELIYS PATATOTC
c (16) PLABT LOAD PACTOR IPTIDY DATAT1IS)
c O~ PIXED VALUE OVER LIPE DAFA129)
< T- APPLIES EXPONEZETIAL POWCTION JVER LIPE DATA1100
< (15) LOSG TINE SHUTDORN AT 2ND Jf CASE DATAT110
< SUNRER OP WONTHS, 12/YR, SI¥SLE STPP DAPATI2)
< (16) OPTTOF TO CORRELATE ABSORPPION CROSS SPCY IONS DATAT13)
L (17)  OPTICY OF FLOX WITH SUBZONLS DATATIGY)
e - PLIAT THERNAL PLOX, ATCOUNT POP PLIX RATIO CRAFGE DATAT150
c 1~ 0SZ & SINGLE SET JDF PLUX TALPES EAZ1 EXPOSURE STEP DATAT16)
c 2« ONLY AZTOTNT POR FLOX PATIO CHANGE OVER EXPOSOURE DAPATITI
it (18) QPTINKS 9% THE SEARCH PROCPDURP? ) DATA 1180
C 1- OVERRIDE OSZ JF INPIRTANCE DATA DATAT1182
o4 2= OVEPRIDE JSE JF DERTVATIVES DATAT180
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(19) DESOG ZIIT LEVIL (N DATATIYI)
1~ X002ST LEVEL JP EDIT DIFIBG ITEEATIOS DR TA 1200
2~ HIGH LEVEL CF ZDIT DIRLING ITZ2ATICN BATAI20E

(2C) OPTIOB TC SXIP EDITS TRIS 9ABY TOBTI®0DIS TYIZLES DATAYI22)

DEPATGLIED TO ¥I(5)75 XFP O ASD BI(S) .GI.S OTR23)
OR BI(5) 72 wats OPTINIZAZIOR IS DOBE AYD THEY DATAI2%)
BALYED PIR THZ LAST PASS BOREALLY IP INPOT O DATAY25Y
(BAKE SEGATIVE P)3 A EDIT EACE CYCLE) DATAI26)

(21} WJI* SEARCH RIGTEWALUE AZTELERATION PAZTOR (5) DATR127)

" 100¢ SESERATION RATE WEIGHTING (80) DATR129)

(23) STEPS PFPOR EXPOSURE CALISLATYION SATA129C

DEPADLT ASSISERENTS ECDIUMESDED DATA 1320
(7SES AE ZXPLIZI® CHAIY SOLUTIOY IP 2) DATRA131)

(28) OPTIOF O ALLOS ADDITII)NSAL DATA TO BE IEPUT DATAI3I2D
1~ OBE WORE CTAPD OF STPPLIBRSTAL PARAREIEPS DATA13Y)
2- ALSO A3 ADDITIOBAL CA3RD CF BICLYIDE DESSITIES ATR 1380

PRTR 1350

THEIRD CASD DATA (1226.3) DATA 1360
DATA1370

vC CORE VILU%E, CZ (W DATA138)
™ OPPER LINIT O EXPOSURZ TIAE WHEN OPTIRIZATIONF IS DBE DATR133)
EL? PLAST LOAD PACTOR (OVEIRIDES DATA PLOCK DATA) DRTA 1800
START OF LIPS IF¥ POSITIVE DATAIST0

PED OF LIPE IP YEGATIVE DATATR2)

os TOTAL PRACTIOFN LOSS OF RECYCLE AATERIAL DATR183)
(ZEROS PISSIOF PBIDUCIS, AOLDS TR-232,7-238 AT JRIGIYAL) DATAaRD

T. ~Q% PRACTION PRIDUCT RECYCLED CATA 1850

AND THES ADJUSTAESIS A2 WADE ATCORDIYS TO [NSTRUCTIISS DATAIRE)

7O SATISPY CRITICALITY REQJIRPRESNT DATATRTD

™ TOBE 9SBSIDENCE TINE, TR (2) DATA 1880
4] BACRO SCATTERISG G*IOP 1 P) 2, OVERRIPES PLUX RATID (D DATA 1890
IRT PAST T3 THERAAL FLOX NTIY (0) DATAISD)
rnx THERMAL PLUX, S/CW*CA-SEC, FPYIXED TF PO¥ = 0 (5.E+12) DRPAIS1)
repa TREPMAL ZPPICIZECY (1.) DATR 1520
Pow POWER LEVEL, NORRALLY W ELECTRTCAL, PER ZC IP VZ IS 0 (M DATAISIO
PL PRACTIDY OTHAER NEUTIOS LISS (0) DATAYSS)
IPF .L7T.0, DOES SESRIES OF 5 CASES VWIFR LOSS FPPACTION DATA 1352

X, 0,cccccvence..~31, WAERE X=FL (5 TASES) DA TA 1560

ZXCE>T VALOE OSED IP OPPIAIZATION IS DONE DATA 157C

EK DESIRED MOULTIPLICATIOY (1V.) CATATSR)
DATATSI)

EXTRA DATA CARD (V22€.3) TP ¥I(28) .GI.0 DATH 1600
PATA 1610

cp EWD OF LIPZ PLART LIAD PACTIR DATAISY)
rc RESEPYE)D DATATS53)

| 4 RZSERVZD DRTA 1600
DLTY PLIX RATID IS THE LAST 5UBZ)YNE, YI('0).¥2.9D DATA 165C
DTY RELATYIVE PLOL LEVZL I8 THE CLAST SUBLOINY NI{(10).9E.7 DATATHRD
PRY REAZTIVITY DASADVAVYTAGE IY¥ TAZ LAST SUBZO¥P NY (10).%E.) DATATET)
rnx REACTIVITY DISADVANTAGE IN THE LAST SOBZOKE SI'10) . %E.° DATA159)
(OTRERS RESERVED) DATA 1690
mTaV7Ce

POURTH THRO SIXTR CA3DS YOCLIDE DENSITIZS, ATINS/3AFN-C% (5212.%) DATAYI 1)
TH, PA,3-233,0,7-235,0,7-238, 9,29-239,20, PU,PN,4N,C DATAY72)

FIPTR CARD PLUS -- SOB-ZON2 DENSITI®S IF NI(9) .LT.8 DATRT73)
TRE PIRST SNWBZOYE WTLL 92 DISCHARGEL AFD REPJEBLEC PINST “RTE VT80

(SOBZONE DENSITIES ART SAVED AND HMAY 52 32D FOR A SUBSEJQUESTMATA 17SC
CASE IF 1T RAS THE SAYE N¥J4829 OR LPSS SO3IZ0WES, DA™A 7SED DATRTITS)

TH ORDPR PROS THS PIRST -- OTAZPWICE 70MZ2 DEWSITIES A% DATAT?TY
BEZOVEPFD AWD DTRIBOTSD NYIPORALY IF KI(9) .GT. J) DATA 1780

DATE V79

COYRON/ DAL A/ TSCT (%, 260) ,CSTP(N, 20) , DY (28) ,TILD(1B,10) ,ATR(26), PATATR))

® DL(19),7L(18),2PP(28),KT(28),VC,¥S,0P, 2P, "2 X2, XRT,PLY,PHPH, PCU, DATATIT)
* PL,2K,ZP,PT,P3,0LT,0TT, PR, DNDK,3%1 ,BN2, BN), 884, BN5, XL, T ,AY1, DAT&132)

® AN2,AN3,AT4 ,ANS AN, AYT 498 A4),CY12,C1),272,CP 7, C5R, COR, 2% nNETa 1430
CORNON/CORD /AT 31 (29),7ST31 (29) ,AS232(28),R5032(20),2X2T(6, 2%,  OATATI4)
* CXCP(®,28),XPP (26),KTF(20) NATAT3S)
CONMON/DXTY /287 (28) ,TW0(23) ,C¥5(74) , CNT (24),0P35(26),6PS (20), nATR13%)

® TEN(28),TRE(24) , 7N (25) , TR (24),0PD(24),THE(20) , TRF(26),TP5(20) DATATRTID
COMMON/COSTD/4 (18), PLP, TLED, TLA 3, DTNT, PASC,OX=F, PRCT,UPAC,¥DC, HOR,

* PLO,PLO,DISP, CX (M, 5), Y (8,5),F, ", T®T, EFLT, )7 "R NT,NT"

COYMON /WANS / THA Y2 NATATI)
SORMON/®ERY/ 21,92,%3,70, 70, BA, 77,54 PO, F1Y, 81, L 42, L0, 07, 1% NATR191C

MR TAI92)
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REAL®S TEAYE (28) DATA 1936
c DR 1980
DATA *SANE /68”R-232, 6RPA-233, 64 U-233,6® U-23%,68 U-235,64 U-236,DATA1IS)

* &R 7-238,6H8°-239,6920-239 ,6HP0-200,€ADU-281, 6EPT-282,50A9-23), DATAVI6)

* €8 PIIZD,6H I-135,64X5-135,6421-1a7,6H0R-1a8, SEPR1s8A, GHPT-189, DATA1970

* GHSH-189,6HED-183, 60 PPV 68 FP2 / DA TA 1980

DATA AD#/ 232.1, 233.9, 233.1, 23e.1, 235.1, 236.1, 23e.1, 233.1, DATAIII)

s 239.1, 2an_1, 281.1, 282.1, 233.%, 12., 135., 13S., 187., 183., DATA2)I)

¢ 188., 189., 189., 183., 117, V177 DATA 2016

c ESERGY PBE PISSIOY (TOTAL RECIVEZABLE), WA®T-S2>/FISS DAPA2)2)
DATA SPP/3.9 E-11,3.132-11,3.13B-17,3. 15E-11, 3. 172-11,3.165-11,  DATA203)

* 3.24E-11,3.208-11,3.27E-11,3.23E-11,3.30-11, 3. 31E-11, 3.322-11, DATA208C

¢ 0,0,0,9,9,0,9,0.0,0,0/ ™M TR 2050

€ DECAY COEFPPICIPETS, SEC-1 DATA2)€)
DATA DCYZ/3,2.93E-7,0,7,0,7,0,3.812-6,0,7,1.68E-9,0,0,7,2.87E-5, DATA2)T)

* 2.092-5,8.292-9,1.898-6,1.982-7,3.63E-6,C,0,3,T/ DATA 2080

C THIS DICURERTING TITLE CAOSES A BO¥Y-PATAL DIASSEOISTIZ OF LOCAL IB3 DATA2090
DATA DL/ DATA21))

*72R PEBBLZ BED BEACTOR DATA, C/8% 250, SIG(1,2) .001768s DAZA211)

* LATE *T/ DATA2120

C PAST CROSS SECrIoss, SIGA, SISC, SIsP, ¥U ~-THO BICLIDES PER LINP MTA2130
DATA CSCP/ 2.825, 2.818, .0108, 2.3818, 20.57, 20.82, .189, 2.715,DATA278)

* 30.2), 5.36, 28.987, 2.505, 33.12, 32.088, .28, 2.607, DATA215)
* 19,51, 7.839, 12,07, 2.8457, 13.32, 16.23, .29, 2.671¢, DATA 2160
* 6,275, 6.23,, .0307, 2.715, 25.72, 25.85, .26, 2.687, DAZA217)
* 22,72, 9.286, 12.869, 2.89), I.808, 9.02s, .33, 3.001, DATA218)
* 35,21, 6.282, 208.97, 2.935, 53.30, S8.07, .23, 3.0602, DATA 2190
* 16.22, 16.05, .17, 3.303%, 9.1e2-5, 9.1se-5, 0,0, DRTAR22I)
* 0,0,90,0, 11.75, 11.75,0,0, DATR221Y)
* 11s., 1ta., 9,0, 2.76E¢3, 2.75E+3,),), DRTA2220
* 1,65B+3, 1.66E+3,0,0,0,0,9,0, DATA2222
* 89,9, 89.3, 0,0, 3.9%16, 3.916, 0,0, DATA222%
* 3,982, 3.982, 0,0, .836, .336, J,)¥/ DATA222S
C THERMAL ZROSS SECTIOYS, SIGA, SIST, SIGP, U0 -P3D PUCLIDES PPP LINEDATA2230
DATA CSCY/ 2.981, 2.981, 0,J), 53.86, S58.86, 0,9, DATA 2240
* 2€6.9, 28.7), 262.1, 2.593, 35.16, 35.16, 0,0, DATA226)
s 2%6.8, 80.87, 215.9, 2.830, 2.688, 2.688, 93,9, DATA227)
* 1,182, 1.182, 0,0, 22.90, 22.32,9,), DATA2280
* 600, e 226, , 8. , 2.873, 6°8,, K97.81,.19, 2.87,
* 750. , 199., 551., 2.932, 8.6, 8.1¢, 0,3, DATA23))
* 126.9, 126.9, 0,9, 2.0E-3, 2.)BE-3, O 0, DATA2310
*0,0,0,0, V.088sK, 1,08Ee6, C,), DATA2312
* 100.,100.,0 ¢, 630., 636., 0,0, DATA231a
* 1,182¢8, 7,188, 0,0,0,0,),), DATA 2315
* 3_88B¢8, 3.08%¢8, 0,0,1931.7,131.1,3,), DATAZ318
* 6. , 6.7 , 0,0, .87Y, 871, 0,%/ DATA2319
C TRO-GROOP ABSORPTION CORRELATION DATA (PAKEZD HERE) DATA232)
DATA ASI31/.5,V.,1.,1.,%.,1.,.5,%.,1.,%.,.8,.6,.8,1.0,1.0,1.0,1.0,DATA233)
s 1.0,1.0,1.0,1.0,'.0,1.0,1.0/ DATA 2389
DATA BSI61/.99.55-8,05, - 7006,06,06,.5,.5,050:5¢05,0,-94:94.%.-3, DAra23s)
* .9%.9..9,.9,.9,.9/ DATA236)
DATA ASI32/.5,1.,.00.00e,0,.5,.,.9,.9%,.8,.6,.8,.9,.8,.8,.8, .8,DATA237
s .8,.8,.8,.8,.8,.8/ DATA 2380
b.r‘ BSIGZ/- 5'. 3'.3.-3'.3'-,.-5'-“'02'02.02'-2,.2.0.0“,-',"'0‘. DI?I?J’)
* .8,.8,.8,.8,.8,.8/ DAPA28D)
c FIRST 8 WOTLIDES FISSION YIELD TO BACH O!" 10 PRODUCY BOCLIDES DATA 2810
DATA YLD/ .0539,.058,.0563,,055,.0617,.059,.0578,.063,.0639,.953, DAPA232)
* ,063,0,0,0,.002%,.002,.0222,.)322,.0)28,.0022,,.0022,.002,.,0027, DATA2830
LJ -0025..0025,01010- .°382' 003500\"93' -025,.0236,.03,.023.-025,-321,0![!2")
s .021,.022,0,0,0, 0,0,6,0,3,9,3,9,3,%,0,0,9,9, 0,0,0,0,9,0,0,0,3,0ATA285)
s 0,0,0,0,0, .0095,.012,.0077,.316,,0113,,017,.321,.012,.013,.C12,DATA 2360
¢ .0%2,0,0,0, 0,0,0,9,0,0,0,0,)3,0,3,0,0,0, .08, .07, ,059, .065, DATA2470
* ,060,.355,.088,.086,,086,,.050,.056,0,0,0,1.06,1.03,1,02,1.06, DATA218)
¢ 7.08 ,1.%,1.14,1.18,1,2,1.2,1.2 ,3,0,0,3,1,3.2,3.1,3.2,3.3,3.3, DATA289)
* 3.5,3.6 ,3.8,3.8, 3.6,0,0,0/ DATA2500
c UNIT WOCLIDE VALOES DATR 2510

DATA '/.029,56-25.56.25.‘7.5.“5., '15.,0,,00.33-.0'301' a.;o,.:"/
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c DATR253)
c PUZL COST DARANETERS DATA 258D
c rL? ISITIAL PLANT LOAD PACTIB DATA 2553
c TLED  LEAD TINE POR "UBL PURCHBASE (Y5S) DATA25E)
c *AG LA TIBE PO RECOVERED PUEL SALT (YES) DATR257)
c TIST  INTFREST SATE POP INDISECT COST CHARGES (PPACTION) DATR 2580
c PABC PABEICATION COST WITH SRIPPING (S/X31%) nNTA2590
c PXCF  BEPABRICATION COST ¥Ird SHIPPING (5/K37) DATA252)
c PRCC  REPROCESSINS COST WITH SHI?PING, WASTE DISPOSAL (5/%XGA)  DATA2%1)
c wPRC TOTAL TAROBARAY (FASTEY CO5T ($/%GM)
- wpe RESERYED
C s RESERVED
c rLY PABRICATIOS LOSS (PBACTION DATA252)
c PL) REPROCESSI NS LOSS (PRASTION) , DA™Y 2630
c DISF DISCOOBT PACTO: FI° RULTI-CYCLE WEICHEIING (PRACTION) DATA2630
c RELI BELATIVE ISVENTOPY FOB CISTLNS (PPATTION .3E.1) DATA255)
c QDPTR  PIFAL PLANT LOAD PAZTI3, IP COERELATED (PRACTIOF) DATA236)
DATA PLF,TLED,TLAS,TIN™,PARC,2XCP,RCC, YORC, # P, TPS,
* PLQ, PL, DISP, RELL, QDFTE/
s .75,0.50,1.00, 0. 100, 298.,517.,672., 185.,0,¢,.305,.610,.C7,1.,%.57
c DATA2593
c ECINONIZ PAGARETERS ASSOCIATED FITH ORE PATA2700
c 3] PEED COST ($/55n) DATR271C
c B2 SEPARATIVZ §28K, SOUIVALEE™ ($/%X5M) DATA272)
c E3 PRUDUCT TREATAEET ($/X39) DATR2733
c 7o PEED ENRICHAEBT (PRACTION) DRTA2783
c S TAILS EFRICEAEST, IP BZEDED (PPACT 10W) DATA2750
c %6 RESERVED DATA 276G
c &7 ORE POR .95 ENQICAED U-235 (ASK "I08/K3% G235 DATA277)
c BE8-E13 RESERVED DATA273)
c 1E OPTION 0¥ SEPARATION TREATHENT Dr*A2790
c J- DETERATISE OPTIYTON TALLS DA TA 280(
c 1- USE SPBCIPIED TAILS ENRITHAEST PRATA23Y3
DAT™A E1,E2,E3,EN,25,B€,E7,23,E9,81),E0,812,E37, TE,JE /120., 32., DATAZ3)
* 3.5, .007115, .002, ¢,.2377 ,3,0,,0,2,0,9,0 7 JATA2930
z D NSIPLTY

¢ee FORTBAY DECKS PIETEP) PHIS TARD

//LXED.PREROR oD N¥IT=3330,VOLTAR=5ER=2X1111,DISP=34R,
// DSEANE=X,DRY 16856, PRENORES, CODNET1973
//LKED.SYSIN DD *

INCLODE PRENOR
VAd
//GO0.PTI6F001 DD SYSOOT=(J,, 1101)
//69.FT05P001 DD +»

TH LXPOSTRE, %0 FPOBL .S YK

2 -1

- 5 5.81 2.9¢13
S. -3
.3.
TH EXPOSORE, NO POEL 1. YR
1 -9
1. 3.0 &4, +12
50 '.
',.
TR EXPOSOURE, FNO POSL 1, YR IN TWO STE?S (RECYCLE)
1 2 -1 2
-5 3.0 &, 13
TR EXPOSORE, WO PUEL 1. YR IN POOR STE?S WITH 2 SOSZOKPS (RETICLE)
1 2 -1 & 2
5 3.0 4, ¢13
TR EXPOSOURS, SANE AS PREVIOOS CASE WIrH DELAYED REZYCLE
1 2 -1 & 2 1
5 3,97 a, ¢«1}
CHECKOOT CASE, U~-233, PLUX RATI) S2T7, LOW POWER v
2 0 v 12 2

2.5 2.¢12 .8 1.25%
2,5 -0 1.5 =S
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CRECKOOT CASE, 9-233, FLOX RATI) SET, LJIW POWPK, CALCULMTE KEPP
2 2 06 v 5

1.+9 2.5 2.+12 .8 1.25+9
0-23%5 PEED, & SUBZONES, 3 YR 2ESYDEBSCE, DELAYRD RECYCLE
2 0 1 1-30 1 1-08 1 12
«6 9 8, 1.75-3 5. 2.412 .8 1.2¢9 .05
2.5 -& 1.5 ~5
1. 188 -6
- _05
2.5 -s 1.75-5
1.3i6 -6
.35
2.5 -8 2. -5
1.8a7 -6
. T .95 .
2.5 -8 2.25-%
1.579 -6
.CS
0-~235 PPED, 3 SOBZONE, CONTINGOUS PUBLING THROWAWAY, & YR
2 2 1 1-12 1 1 3 -1 1 2
.3 #9 8. 1.75-3 S. - 2.+12 .8 .6 ¢9 .05
0-233 PEED WITH & SUBZOMES
2 0 v 1-15 1 2 8 L
.6 »9 2. 1.75-3 5. 2.¢412 .8 1.2¢9 025
1.827-8 0.5 -5
.Na7a

CASE T CHEZK -ERTALS OPTIONS
2 0 v 2 S

1. S. 2.+412 .8 2.5
1. -8 1 -5
5. -5
.04
0-235, 0-238 PRED, PIT TOTAL HEAVY NETAL
2 0 & o100 1 2
.5 %.6 -3 5. 2.+12 .38 2.5 .08
1. -5
L -8
«95
U-235, 0-238 PEED, PIX TOTAL HEAVY ABTAL
2 2 & 4-1 1 2

1
.5 1.6 -3 5, 2,412 .8 2.5 .08
PLOYONIUY, ORANIUM SYSTEM WITH DELAYED RECYCLE
2 0 5 1 5 1 1 0 1 2

LS 1.6 -3 S, 2.412 .8 2.5 .03

1. -8 «125 -4 .05 -a «325 -3 <N
.00

1. -4 .05 -4 .22 -4 «1 -4 .004

PLOTONTOA, OPANIUN SYSTEH WITH DELAYED RECYCLP
2 2 5 1 5 -1 L |

1
«5 1.k -3 5. 2.472 .8 2.5 03

/®
7/



PCINT REACTOR EXPOSURE RODEL CALCULATION (2- GROUP)

BASE DATA

POR NUCLIDES

CODE PRENOP, ORNL VERSION I, 3/78

PEBBLE BED REACTOR DATA, C/HM 250, SIG/1,2) .0017684 LATE 77
XUCLIDER A DECAY w/PISs PAST SI5-A ALPHA ETA THERMAL SIG=A A PHA
1 TH-232 232.1 0.0 3.120008-11 2.82%00 223.5188% 0.01043 2.98100 0.0
2 PA=233 233.1 2.93000E-07 3.13000B-11 20.569%y  (37.04697 0.01967 50.85999 0.0
3 0-233 233.1 C.0 3. 13000B-11 30.23000 0. 21552 2.06088 266,89990 0.10240
[} 0-234 23%.1 0.0 3.15000¢-11 33.12000 136.99998 0.01947 39. 15999 0.0
S 1n-23%5 235.% 0.0 3.17000E-11 19.50999 0.61632 1. 51308 2%6,39990 0.1874%
6 0-23§ 236.1 0.0 3.140008-11 16.131999 190.3333) 0.01473 2.60800 0.v
7 U©-238 238.1 0.0 3.24000E~-1) 6.27500 153.16951 0.01761 1. 18200 0.0
8 X2-239 239.1 3.810008-06 3.20000E-11 25.71999 97.85460 0.02716 22.89999 3.0
9 PU-239 239.1 0.0 3.270008=-11 22.12000 0.718497 1.68113% 600.,00000 0., 60~.8
10 BU-240 280.10.0 3.290008-11 9.40400 23.74736 0.12288 698.00000+ l672,68311
1 pu-28% 281,171 1,68000-09 3.30000%-11 35. 20999 0.21546 2.81485 750. 0000¢ 0,616
12 pp-282 282.1 dLo 3.31000E-11 24.29999 215.00696 0.01296 14, 16 00¢ ' 0.0
13 An-283 2a3.1 0.0 3. 320002-11 16.21999 PR AREA] 0.03462 126.8999) 0.0
1" FIXED 12.0 0.0 0.0 0.00009 2.0 0.0 J.00230 0.0
FISSION PRODUCTS FRACTION YIZLD PROM 10-23)
15 1-135  13S5.0 2.87000E-0S 0.0 3.0 3.0 0.0 0.9 0,0%€10
16 X®-135 135.0 2.09000E2-05 0.0 1.7%030 Ve 0.0 1080001, 90000 0.00220
17 29-147 147.0 8,29000R-09 0.0 1148,00000 0.0 0.0 100.00000 0.01930
18 PN-148 148.0 1.49000®-06 2.0 2760, 00000 V.0 0.0 636.07000 0.0
19 pmese  148.0 1,980002-07 0.0 1660,00070 0.0 0.0 11800,04000 0.2
20 PN-129 149.0 3.63000E-06 0.0 0.0 0.0 0.0 0.0 J.00770
<l SmM=149 149.0 0,0 .0 49.89999 0.0 ¢.0 Juy 00, 00000 0.0
22 wp-1a3 143.0 0.0 0.0 3.91600 0.0 0.0 101, 09999 0,0%990
23 Py 117.90 0.0 Ca® 3.98200 J.0 0.0 6. 10000 1.02000
<A FO2 17,0 0.0 0.9 0.43600 A0 0.0 0.47100 3. 10000
COST DATA, -~ LEBAD TINE, LAG TINE, INTERREST, PABRICATION, RECYCLPY PAR, PROCESSING
EXTRA (2), P?B LOSS, PROC LOSS, DISCOUNT P.CTOR
0.59000 1.00000 0. 10000 238.00000 S17.00300 572,.00000 18%.,00000 0.0 0.0 0.00400Q
RELATIVE INVENTORY 1.0000 START AND END LOAD FACTORS 0.7500 0.5000
ENRICHRENT DATA 120.00000 80.90000 3.50000 9.03711 ¢.00200 0.0 0.23070

TH RXPOSONE, RO PORL .S YR

-1 o 0 ¢ 0 0 0 b 0 0 o 0 0 0 0 0 0

CORTIOL OPTIONS 2 9 o 0
0.0 $.000R-01 0,0 6.810F 00 2.900R 13 1,000E 00 0.0

DATA 1,000 00 0.0 0.0

IRITIAL CORCEMTRATIONS $5.00008-04 0,0 0.0 0.0 0.0 0.0 0.0
e.0 0.0 0.0 0.0 0.0 ¢,0000E-02 0.0 0.0 0.0
DISCHARGE CONCENTRATIONS

8,956 8-08 9.2784E-07 3. 1384E~-06 1.0078-07 ¢.328E-09 4.926E-11 0.0 9.0 0.0

¢.0

REFZR ENCE CCRDITIONS POR THE EXPOSORE PERIOD (YRS)
(INITIAL CONCENTRATIONS USED) PISSILZ PEED (KGH)

0,500 NORMALLY ELECTRICAL POWER DASIS,
n.0

oy

0.0
o'o

0.0

n-238%
0.06170
8, 00240
0.02360
9.0
.0
0,.1130
g.0
0.36000
1. 08000
3.30000

. THROWAWAY

8.01000

0 0 0

0.0

9.0 2.0
8.000E=02 7.508E-11 8,.310:-11 4,.5262-09 2.969E-11 6,3128~11 5,508E=11 1,983E~10 1,660E-08 2,8982-07 8,8692~-07

ITERATIONS 1

ssan
3.0290
86,2300
%6.2%00
-7.%000
48,0000
-15.,0000
2.0
30,0000
30,0000
0.0
33.0000
’.o

t.2000
3.8000

0.07000

1. 0002

00

Y

7
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pR-147 3.2583E-10 7.9538E-08 0.000027 ©6.000027 0.0 0.0 0.0 -1.61228-09  0.00001 0.0
PA-188 1.65388=12 §.06382-10 0.000003 0.000003 0.0 0.0 0.0 -3.90332-08  0.00001 0.0
pAYABA 3.1734E-12 7.79918-10 0.0000%0 9.000010 0.0 0.0 0.0 -2,34772-08  0.00000 0.0
PR-189  2.84717B-12 6.11568-10 0.0 0.0 0.0 0.0 0.0 0.0 0.00004 0.0
SR-149 6.89222-12 1,6063E-09 0.000082 0.000042 0.0 0.0 0.0 -7.08712=10 0.0 0.0
WC-183  7.9862E-10 1.88698-07 0.000021 0.00002Y 0.0 0.0 0.0 -$.53828-11 0.0 0.0

3] 1.09682-08 2.1309E-06 0.000037 0.000037 0.0 0.0 0.0 -5.6316F=11 0.0 0.0

re2 3.23002-08 6.27542-06 0.000011 0.000011 0.0 0.0 0.0 -6, 1661E=12 0.0 0.0

crare 0.0 ,
son 9.9006E-01 1,000001 0.003113 6.007311 0.0 FISSILE 0.0

PLUX, LOSS®S. SIGA2, PLUX RATIO ([2), SUM IRPORTANCE®N, AULTIPLICATION, RECIPROCAL DOUBLING TINE (YR-1), CONVERSINN RATIO {2)
4,.0000R 13 2,.12138 11 1.61208-03 3.00000 1.00000 -0.02000 0.00731 0.0 0.0 0.0
CICLE, IY, K, PISS PRED, EYIT, POWER, CR, YRS, COST 1 1 0.007} 0.0 2.0%80E-06 0.0 0.0 0.6667 0.0

SORNED FERTILE PERD, DISCHARGE, NET USAGE {XGY) 1.927108=-04  1.90°IIB-04  2.47674E-06

SORAERD FISSIL® PRED, NAKEUP, DISCRARGE, NET PRODUCTION (KGN) 0.0 0.0 2.05796E-06 2.05796E-0€
PISSILE (KGA/RWE-TR), CONVERSION, AND RECIPROCAL DOUBLING TINE (YRS-1) 0.0 0.0 1.50000

CASE TND NORRAL, TH BXPOSORE, NO PUEL 1. YR ¢« PROCESSOR (SEC) 0.07
TR EXPOSURE, NO PUEL 1. YR IN THO STEPS {RECYCLR)

CONTROL OPTIONS T 2 0 -1 2 e 0 0 0 0 o0 o nov o 0 0o 0 0 0 0 o 0 o

DATA 1.000R 00 0.0 0.0 Q.0 5.0002-0Y 0.0 3.000® 00 4,000F 13 1.000E 00 0.0 0.0 1. 0002 00
INITIAL CORCENTRATIORS 5.0000E-0%8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 4.00002-02 0.0 0.0 0.0 0.0
DISCHRARGE ACTIRIDE CORCEWTRATIONS, STEPS 100
8.9688-04 6.768E-07 2.2758-06 6.836E-08 1.930E-09 2 0932-11 0.0 0.0 0.0 0.0 0.0 0.0
0.0 §4.0002-02
HEPEREN-" CORWDITIONS POR THEX EXPOSURE PERIOD (YRS) 0.500 NORMALLY PLECTRICAL POVWER BASIS, ITERATIONS
(INITIAL CORCENTRATIONS USED) PISSILE PEED (XGY) 0.0
RUCLIDE DEUSITY GRANS ABDSORPTION CAPTIRE PISSION PRODUCTION ETA INPORTARCE DECAY KGN/NNE~YR
T™R-232 $.00008-08 1.92712-01 0.967027 0.963915S 0.0030%5 0.0071%58 0.007398 =3,3940E~-11 0.0 123.31607
PA-233 6.86512-07 2.6574R-008 0.015609 0.0 5551 0.000058 0.0001%7 0.010069 ~2.85202~10 0.948317 105, 19502
IXED §.00002-02 7.9708E-01 0.017155 0.017155 0.0 0.0 0.0 -1.29278-1% 0.0 0.0
I-13S 1.28012-12 2,78002-10 0.0 0.0 0.0 0.0 0.0 0.0 0.,00017 0.0
XE-13S 5.76838-13 1.29312-10 0.0001%7 0.000%17 0.0 0.0 0.0 -1.66188=10 0.00006 C.0
PR-1847 1.795ae-10 #,33268-08 0.00001S 0.00001S 0.0 0.0 0.0 -1.6123E-08 0.00001 0.0
PH-108 9.1102%-13 2,.23902-10 0.000002 0.000002 0.0 0.0 0.0 -3.9036e-08 0.,00001 0.0
[ JALETL] 1.70868-12 §,.29742-10 0,.000095 0.000005 0.0 0.0 0.0 -2.34788-08 0.00000 0.0
rPE-189 2. 18168-12 S5,.29882-10 0.0 0.0 0.0 0.0 0.0 0.0 0.01 " 04 0.0
sSn-149 5.62518-12 1.39188-09 0.000037 0.000037 0.0 0.0 0.0 -7.05752=10 0.0 0.0
np-143 8.0626E-10 9.687228-08 0.00001%1 0.00001t 0.0 0.0 0.0 -9.5%38%e=-11 0.0 0.0
ey 5.49942-09 1.,08852-06 0.000019 0.000019 0.0 0.0 0.0 -5,.6319E-11 0.0 0.0
T2 1.61398-08 3.13568-06 0.000005 0.000005 0.0 0.0 0.0 -6.166%5B=12 0.0 0.0
CTHER 0.0
son 9.9006E~01 1,000001 0.003113 0.0073%t 0.0 PISSILE 0.0

PLOY, LOSSES, SIGA2, PLUX RATIO (2), SUN INPORTANCE®N, WULTIPLICATION, RECIPROCAL DOUBLING TIMNE (YR-1), CONV!‘SION RATIO (2)
4.00008 12 2,.1211E 11 1,61198-03 3.00000 31.00000 =0.00000 0.00721 0.0 0.0 0.

cycLe, IT, X, PISS PEED, EXIT, POWERR, CR, YRS, COSY 1 1 0.0073 0.0 1. 10318~-06 0.0 0,0 0.3333 0.0
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REPERENCE CONDITIONS POR TRE EXPOSURE PBRIOD (YRS)

0,250 MORMALLY ELECTRICAL POWER DASIS, LTERATIONS

1

11-¥

(INITIAL CONCENTRATIONS USED) PISSILE PERD (RGH) 0.0
XucLIDE DERSITY GRANS ABSORPTION CAPTORE PISSION PRODUCTION ETA IMPORTANCE DECAY RGH/FRE=-YR
TH-2R 4.98388-08 1.9209B-01 0.963906 0.960808 0.003045 0.00713% 0,007398 -1.02592 04 0.0 123.31697
PA-213 6.19558-07 2.39828-04 0.018087 0.018038 0.000052 0,000182 0.010069 -9.76378 04 0.85981 105.19479
23 9.32512-07 3.6093E-08 0.0628382 0.007187 0.055694 0,139427 2.217272 6.1217% 0% 0.0 0.848034
9-234 2,03712-080 7.9192e-06 0.000517 0.000%14 0.000003 0.000007 0.018382 -1,3704e 0% n.o 72.71281)
o-235 3.04472-10 1.18872-07 0.000018 0.000006 0.0000% 0,000035 1.,947087 6.2614F 05 0.0 0.38516
0-236 1.5958R-12 6.25662-10 0.070000 0.000000 0.000000 0,000000 0.013977 -6.2886% OO 0.0 74,3169)
FIXED N.00002-02 7.970%E-01 0.017155 0.017155% 0.0 0.0 0.0 =1.02813F 00 0.0 0,0
1-135 2.88162-11 S, 47342-09 0.0 0.0 0.0 0.0 0.0 9.0 0.00330 0.0
1¥-13% 1.1359R=-11 2.5468R8-09 0.002313 0.002313 0.0 0.0 0.0 -3.6%07r 08 0.00V12 0.0
pn-1a7 8.6300R-10 2. 1066E-07 0.000072 0.000072 0.0 0.0 0.0 -4.7330% 0% 0.00001 9.0
PR-148 8.37918=-12 1,07628-09 0.000007 0.000007? 0.0 0.0 0.0 -1.0854¢ 07 0.00003 . 0.0
L2 ALY 8.%0518=12 2,0657®-09 0.000026 0,000026 0.0 0.0 0.0 =1.02%)3e 07 0.00001 0.0
PR-189 1.8226K-11 3,51988-09 0.0 0.0 0.0 0.0 0.0 0.0 0.00024 0.0
SA-18 3.7366R-11 9.2453E-09 0.000283 0,000283 0.0 0.0 0.0 =1.1819% 07 0.0 0.0
ND- 183 2.6672R-09 6.33368-07 0.000072 0,000072 0.0 0.0 0.0 =%5.9u072 Ou 0.0 0.0
rp? 3,53712-08 8.8150B-06 0.000154 9.000154 0.0 0.0 0.0 -1, TU13E 04 0.0 0.0
re2 1.377158-07 2.6763E-05 0.000006 D,.000046 0.0 0.0 2.0 -1.8401e 01 0.0 0.0
CIRER 0.0
SOA 9.8981E-0% 1,0614N 0.058808 0,1467a3 2,217195 PISSILE Q.41721
PLDX, LOSSES, SIGA2, PLUX RATIO {2), SUN INPORTANCReY, NULTIPLICATION, RPCIPROCAL DOUBLING TIME (YR-1), CONVERSION R110 (2)
. 0000F 13 2.1211E 11 1.61192-01] 1.00300 3.00000 -4.46619 0.007231 19.97006 2A0,6396% 15,0592
cycre, Iv, X, PISS PRED, BIIT, POWER, CR, YRS, COST 1 1 2,007 0.0 3.0044E-07 2,0602P~02283.A396 0.16A7 0.0
CONTINOING WITH RECYCLE, CYCLE COUNT, NIDCYCLE TINE {PULL POWER YBARS) 4 0.878
DISCHARGY CONCERRTRATIONS
9,952E-08 1.296E-06 9.302E-06 3,713E-07 2.152E-08 8.7532-10 0.0 0.0 0.0 0.2

0.9 8.0008-02 2.3412-10 1.089B-10 1.979B~08 1,004B-10 1.9208E-10 2.758!-10 T.204B=10 6 751!-05 Y. 198E=06 3,6608-06

0.250 YORMALLY ELECTRICAL ITRKATIONS Y

8. 1169E-07

YEPERENCE CCNDITIONS POR THE SXPOSURE PERYOD (YRS)
(INITIAL CORCENTRATIONS USED) PISSILR PRED (RGH)

POWER DASIS,

NOCLIDE

TH-232

oaA-27
7-233
0-238
9-21%
0-226
§IXSD

DENSITY
8, 97588-04
6,.48158-07
8,6512%8-06
1.95613£-07
1.0758%8-08
2.37632-10
8,20002-02

GRANS
1.9179E-01
2.5n89E-04
1.8004E-03
7.2164R-05
1. 19992-06
9.3167F-08
7.97088-01

ARSQRPTION

0. 792459
0.011521
0,.245240
0.003692
0.020500
7. 000002
0.013a13

CAPTURP
0.750037
0.011480
0.028029
0.003662
0.000100
0.000002
0.012a1.

*ISSION
0.002177
0.0094041
0.2172048
0.00002)
0,030 90
3.000000
0.0

PRCDUCTION
0.005567
0.000116
0.543764
0.300053
0.000973
0.000000
0.0

ETA

INPORTANCY
0.007398 -2.55018 ¢3
0.,010069 -2,84A2% 0U

2.217272 1, 3242E 0S
0.014382 ~3,3410F 04
1.%347086 9.%051% 04

0,013977 ~1.34738 04
~8.90628-01

0.0

KGH /HWE=-YR

123, 31609

105, 19991
O, 44034
77.71284
0.u48%16
T4.31689
dg.0



I-13%
XF-135
’n-14?
PY-188
putasn
PA-189
SXA-183
ND- 18]

el
re2

CTHER

S0

PLUX, LOSS?®S, SIGA2, FLUX RATIO (2), SUM IMPORTANCESN,

CICLE, 1T,

1,17062-10
S.38618-11
9.8957E-09
S.021e2-11
.,63778-11
1. 3792g-10
3.6220E-10
3.37648-08
$.9918E8-07
1.83002-00

SUNNED PERTILE FRID,
STHYED FISSILE PEED,

CASE END XNORWAL,

CCNTROL OPTIONS 1
~ATA 1.000R 00 0.0

0.0

0.0

NUCLIDE

TH-232

fa-213
0-233
-2
0-235
D-236
FIXED
I-13%

2.6243E-08
1.2209%-08
2.8156%-06
1.2341p-908
2-36868-CP
3.4119p-08
8.95618E~08
8.01782-06
1.16412~-08
3.5554r-04

9.9186E-01

2.0
).008673
7.000645
0.020066
9.000233
0.6

9.00188°
2.0007M
0.001594
0.000480
0.0

1.041059

d.0

0.008673
0.00064%
3. 000066
0.0002
0.0

0,001845
0.0007 11
0.001%94
0.000480

J. 0 .0 040 0.0 N,01223R 0,0
ded 0.9 .0 ~2.2528% 08 0.00420 0.0
0.0 0.0 0.0 -1, 12478 0% 3,00030 0,0
0.0 0.0 0.0 - 2, 15058 06 0.00028 0.0
0.0 0.0 0.0 =1, 71188 06 0.00007 0.0
0.0 0.0 0.0 0.0 0.00185 0.0
v.0 0.0 0.0 =7.215u"® 06 0.0 0.0
J.0 0.0 0.0 -3.0492F 04 0.0 0.0
0.0 0.0 Ja 0 “4.,4722r 03 0.0 0.0
0.0 0.0 0.0 -4,88608 02 0.0 0.0
0,22)043 D0.550472 2.216722 PISSILY 0,4355%

NOLTIPLICATION, R®CIPROCAL DOUBLING TINE (YR-1), CONVFRSION RATIO (2)

4.0000F 13 2.7128% 11 2,7200E-01 3.00000 3. 09900 ~0.71728 0.45961 1. 22183 3.35845 31,0201
K, PISS PRED, EXIT, POWER, CR, YRS, CNST 4 1 0.4596 8,1169E=07 2,0555E~06 1,5602F 00 23,3585 1, UAT? 0,0
DISCHARGE, NET USAGE {KGY) q.817748-04 4,.792R8E-Q4 2.43617p-06
YAKROP, DYISCHARGE, NET PRODUCTION (KGN) 1.68348E-06 0.0 3.73098F-06 2.05547P-0F
PISSILE (KGHN/UWE-YR), CONVERSION, AND RECIPROCAL DOUBLING TINE (YRS-1) 0.42936 4,06936 1. 42151
ORY ("-235 PED) INITIAL, FEED, DISCHARGE, NBT (NGN) 0.0 3.3038358-10 8,625761P=-07 ~8.6224%77-07
TH EXPOSORE, NO PUEL ?. YR IN POUR STEPS WITH 2 SUBZONES (RBCYCLE) , PROCPSISOR (SEC) Y. 21 )
TH FXPOSORE, SAME AS PRRVIOUR CASE WITH DELAYED RECYCLE 0
THIS CALCILATICN TREATS SOB2OWRS, RUMBER 2 ot
2 0 - 8 0 0 0 ] 1 0 0 0 0 0 0 0 0 0 0 0 0 ]
0.0 0.0 $.000®-01 0.0 3.0002 00 4,000E 13 1.000E 00 0.0 0.0 1. 0008 00
TRITIAL CORCENTRATIONS 5.00002-04 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 Q9.0 0.0 4,00002-02 0.0 0.0 0.0 0.0
DISCHARGE ACTIRIDR CONCERTRATIONS, STEPS 2
4,988 E-08 6. .952-07 9,3252-07 2.01372-08 3.04%E-~10 1.35962~12 0.0 0.0 0.0 0.0 0.0 2.0
4.0002-02
REPEZNENCE COMRDITIONS FOR THE RIPOSORE PRRIOD (TRS) 0.250 NORNALLY BLECTRICAL POWER BASIS, ITERATICNG 1
(INITIAL CCNCENTRATIONS USED) PISSILE PRED (KGH) 8.0
DRESITY GRARS ABSORPTION CAPTORE PISSION PRODUCTION ETA IFPORTANCE DECAY KGH/RVE=-TR
8.98392-08 1,92092-01 0.963906 0.960808 0.003045 0.00713) 0.007398 -1.02%98 04 0.0 123.31607
6.19852-07 2,3982E-08 0.018087 0.018034 0.000052 0.000182 0.010069 -9.76372 04 0.85%81 10%,.19499
9.3251e~-07 31.60958~08 0.062882 0,007187 0.055694 0.1390827 2.217272 4.'417% 0% 0.0 0.484034
2.03712-0R 7.9192B-06 0.000517 0.0005%% 0.000003 0.000007 0.018382 ~-1.3708% 08 0.0 72.71283
3.08487e-10 1.18872-07 0.000018 0.000004 0.0000% 0,000035 1,947087 6..6t42 0% 0.0 0.48816
1.59588-12 6,2566E-10 0.000000 0.000000 0.000000 0.000000 0.013977 -6,2886R 04 0.0 74.1169)
8.00008-02 7.9708B-01 0.01718S 0.0V7%8S 0.0 0.0 0.0 =-1.02818 00 0.0 0.0
2.88162-11 5.4734E-09 0.0 0.0 0.0 0.0 0.0 0.0 0.00330 0.0
1.13598-11 2.5464%8-09 0.002313 0.002313 0.0 0.0 0.0 -3.6507e 08 0.,001%2 0.0

XE-13S



PA~-147
PN~ 148
PRIABN
PR-149
SA- 149
XD- 143
et
P2
CINER
son

rLOX, LOSSES,
N, 0000” 13

*.«63008~-10
8.3791B-12
8.840518-12
1.8226B-11
3. 7366E-11
2.66722-09
8§.5371E-08
1.37758-07

SIGA2,

2. 0862~ 07
1.07628-09
2. 06571~ 09
3.s1rge~-09
9.20532-09
6.3336B-07
8.81508-06
2.67638-05

9.89%812-01
PFLUX RATIO

2,121 11 1,61198-03

0.000072
0.000007
0.000026
o.
0.000243
0.000072
0.00015%
0.0000u86
0.0

1. 061491

{2) , SUN INPORTANCE®N, WULTIPLICATION, RECIPROCAL DOUBLING TIME (YR-1), CONVERSION RATIO (2)
19.97006 280,63969
3.00a48-07 2.06027~02200.6396 0.1667 0,0

3.00000

0.000072
0.000007
0.000026
0.0

0.000243
0.000072
0.000158
J.000046

cycie, 1Iv, K, PISS reeD, EXIT, POWER, CR, YRS, COST

3.02000

0.0 0.0
0.0 0.0
2.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0

-H, 06619

1t 0.0073 Q.0

0.00731

[-X-X-¥-X-X-F-1-)
R EEERE
20000000

CCRTINOING WITH RECYCLE, CYCLE COUNT, NIDCYCLE TINE (FULL POVER YEARS) q 0.87%

DISCHARGE CCNCERTRATIONS

9.952E8-08 1.2968-06 7.080B-06 2.3852-07 1,042E-08 1. 7\8!-10 0.0 0.0 0. 0.0 ' Q.0

0.0 4.0002-02 1.7878-10 8.311E-11 1.3792-08 6.998E-11 1,343v-10 1.9587¢-10 5.220!'10 4.n632-08 B8.247R-07 2 510?-06

FEPERENCE CONDITIONS POR THE EXPOSURE PERIOD (YRS)

(IRITIAL CCRNCERTRATIONS OSRD) PISSILE PEERD (KGH) S. 7134807
VOCLIDE DERSITY GRARS ADSORPTION CAPTORE PISSION pRODUCTION ETA
TH-232 8,97592-08 1.91788-01 0.809863 0.807257 0.0025%58 0,0099917 0,007390
24-203 6.8815E-07 2.5089e-04 0.012402 0.012356 0.000086 0,00012% 0,010069
-273 3.58008-06 1.37038-03 0.200891 0.022960 0.177925 0O,845431 2,21727*
u-238 1. 17238-07 &4.55738-05 0.002503 0.002a389 0.0000%3 0,000036 0,014382
n-235 $.2091E-09 2.03362-06 0.000260 0.000952 0.000208 0,000%07 1,947086
1-236 8.59198-11 3.3686E-08 0.00000% 0.00000% 0.000000 0,000000 0.013977
PIXED 8.00002-02 2.9708E-01 0.014436 0,014036 0.0 0.0 6.0
1-13S 8.9326E-11 2,0025%-08 0.0 0.0 0.0 0.0 0.0
X113 8. 18578=-11 9.31612-09 0,007123 0.007123 0.0 0.0 0.0
pa-187 6.8959E-09 1,6833E-06 0.00048a 0.000384 0.0 0.0 Q.0
Ph-148 3.89922-11 8,599%8e-0% 0.000050 0.0000%0 0.0 0.0 0.0
b3 RLT-L] 6.71612-11 1.65062-08 0,00017% 0.00M17% 0.0 0.0 0.0
an-1a9 9.9361B-11 2.a458%e-08 0.0 0.0 0.0 0.0 0.0
sSu-189 2.6099E~-10 6.4575E-08 0.001831 0,00%437 0,0 0.0 0.0
-8 2.33152-08 S.S)652-06 0.000529 0.000%529 0.0 0.0 0.0
L{4) 8,12357-07 8.01152-05 0.001181 0,00118Y 0.0 0.0 0.9
re2 1.25887-06 2.44562-08 9.000355 0,00075% 0.0 0.0 2.0
CTHER 0.0
SOY 9.9086E-01 1.051676 9.180.52 0.8%2090 2,21692)3
PLOX, LCSSES, SIGA2, PLUX RATIO (2), SUN [MPORTANCReN,

§.0000F% V3

CYCLE,

SORNED FERTILE PRRD,

soanrd

FISSILE PEED, MNAKEOP,
PISSILE (KGN/NWE-YR), CONVERSION,

2.5205® 11 2,362802-03
1T, X, PISS PRED, RXIT,

DISCHARGE,

POMNER, CR,

NBT '1SAGE
DISCHARGE, NET PRODICTION (XGN)
AND RECIPROCAL DOUDLING TINE (YRS=1)

JRE (N-235 FED) INITIAL, FRED, DISCHAKGE,

CASEZ END RORMAL,

3.090000

(KGN}

NET (NGN)

3.00000
YRS, COST

4 1

4.81774r-04

0.0

= 103445

0.3178u
0.3378 5.71342-07 1.£6232F-06 1.06%92 00

4.79288e-04 2.

f,717868-07 0.0

0.u2712

1,87706

-4.73308 0%
=1, 08542 07
-1.02%3e 07
=1.1819® 07
-%.94078 04
-1, 74138 04
~1.8401E 023

«058878 0.146743 2.217195 PISSILE

TNPORTANCE
=3, 2807E 02
=3.5%3249¢ 06

1,82602 0%
-4,261%¢% 02

1.33332 0%
- 1. 7367 04
=5.7098¢2-01

0.0
-2,%05%31F 08
=-1,4399% 0%
~3,0989¢ 06
-4,47692 06

0.0
-8,2867E 06
-3,5%0%E 0OU
-5.6%1%¢ 013
-8,71892 02

PISSILT

486407-06

3.76632P~06

R.02017

8, 73546

0,0000)
0,000013

0.250 NORMALLY ELECTRICAL POWER DASIS, ITERATIONS

2.089M

0.81721

18.09923

1

KGR/RUR-TR

123, 31609

105, 19504
0,4ku038

72.71284
0.48816

The 31690
0.0

e 8 ¢ & @ ¢ @ o & =
[~ A-R-X-R-J1-%-¥-3-%~ ]

COO0O0ODO0OO00OO

0.43ud}

NOLTIPLICATION, RECIPROCAL 0OQUSLING TIRE (YR=1), CONVERRION RATIO (2)
31.961390
4.73%5%

2. 19453P=06

1.007213E=10 7.0739978«07 ~7.072990F-07

T™H RXPOSURS, SAWE AS PREVIONS CASE WITH DELAYED RECYCLF

, PrOCPSSON

(SKC)

1.1667 0,0

J. 1)

£1-¥



v 0

0.0

0.0

NNCLID
TH-23
PA~-231)
9-233
-2
v-235
0-236
PIXED

CHFCKOUT CASE, N-221, FLOX RATIO ST, LOW POWER
i\
CONTROL OPTIONS 2 0 T 3 9 o O 0 O O O o0' 0O €6 O 0 9 2 .0 O
DATA V.000F 00 0.0 0.0 2.0 2.0008 00 0,0 2.500F. 00 2,0068 12 4,.000p-01 1,250
INITIAL CONCENTRATIONS 2,5000E-J04 0.0 1.5000R=-0% Q.0 0.0 0.9 o 0.0
9.0 0.0 0.0 0.0 4.09%02- 02 0.0 0.0 0.0
SPARCH IT 1 1.000000F 00 7?7.8633178 65 9.9 . 2.5000000 00 2.1842838 1) 2.783257%r
SEARCH IT 1 1,000000E 00 7.861)17® 65 0.0 . 2,8600002°00 2,488239% 13 31,0746 14e
YRACE 2 0 1 0 0 Vv 0 -2.0028-01 -6,2898-03" 0.0 2040 . " 6.988E-03 9.651:-03“
SEARCH IT 2 8,000000F-01 -2.oohaoon-ol 0.7 K /2,5000002" g 2.5290138 13’ 2.8609202"
SEARCH IT 2 8.QUOOOUE-0Y -2.00000R-0? 0.0 X 2,500000F.-0Q 3.141760E 13 J.101291r
TRACE 3 2 1 6 0 1 O -z.ooor 01 =5,0312+213 "V, 708%. 00 0.0 6,140 —oa 1 7692-01
SEARCH 1T 3 6.450000E-0V -2. 000900!-0! 1.798223? 00 ,.500000! no - 3.16578 . 137 2.%596874E
SEARCH IT 3 6,400000F-01 =2.0000008-01 1.704223IF 00 2,500000E 00 1,87.3985¢ 33, AICEN S
TRACE 4 6 VvV 0 O Vv 0 =2,000E-01 -u,9258-0) Y. ¥R oo O s, uovr-d% 6. 35!{-03
SEARCH IT 4 5.1206000B8-01 =2.000000B-01 ' 1,830%66E 00 2,500000E 00 ;.3.8E6a479F 2.64Y618E
SEARCHR IT & S, 120000%-01 -Z-OOOOQOE-OI 1.830966% 00 2,%00000P 00 .- 4.668720% 1) 1,1372%8F
TRACE S 0 1 2 0 1 0 =-1.4aSE<01 -4.0252-33 2.106% ON O. Q. 5,0532-031- 9.362r-02)
SEARCH IT S 4.3803298-M1 -1 4UGAESE-01 ' 2.106208F 00 2.900000F 00 «,650S4UZ ¥3 2,.81438K
SEARCH 1T & 9.380229B-91 ~1.4840GSE-01 (3, 1065038 0O 2,500000B 00~ $,21%127% 131  3.146091L
TRACE 6 O 1 1 0 1 ) =-1,499P~02 -4.025%-03 2,527E 0N . 0.9 /" Q. 817P=01" 4, B84dR~03
SEARCH IT -6 4.314%69B-01 -1,4990058-92 2.527439% 0N 2.500000F 00 5.18018SE 13  1,094201P
SETARCH XT 6 3.314%69%-01 -1.499005E-32 2,52744IE 00 2,500000% 00 5,233163% 13 3,1271138
TRACE 7 0 YV % 1T 0 -6.2922-03 -4.,045B=03 3.0%3B 00 0.0 W, 8. TRTE=01 647738202
SSARCH IT 7 8.296009P-0V -&.2923698-03 3.032937E 00. 2.500000: oo 8. 2296 $E 13 1, 1167960,
TRACE 8 0 % 1 0 1 @ »8,035P~-08.-4,02%8-03 J.601B 00 0,0 . Ue THYE=03 4, MUUF=D,
SEAPCH IT 8 8,2925072-0% -8.03%311P-04 3.530699% 00 2, sooooo% ao s.euu927t 173, \2voo r
TRACE 9 0 1 1 0 1 O 5,348p-0N ~4.0252-03 13,621% 00 0,0 ' e 7SSE~0Y .4, r.ar~o?
SEARCH IT 9 4, 294B892-R1 S.3Iu7966E-04 13.420664E 00 . 2, 900000E 00 S. &uaouv: 17 73, 126121F
TRACE 10 0 1 9 0 1 O =, 100B-H5%.-2,7098-03 J. 984E 00 0.0 ¢ 1;759r-u3 4. 998=08
SEARCH IT 310 Q.2938a1E-01 ~1.09%986UE-05 3.398191% 00 ..5ooooor do. s. zwls71t a3 '3.12uaao$
ACONITED IYITIAL CONCRHTRATIONS (SEAPCH BTGRENVALNE 1.00009 0.829808) o ke
2.500E-0& 0.0 4.9828-0& 0.0 2.0 3. 0.0 0.0 9.0 v oao o
8,0008-02 0.0 0.0 0.0 0.b ‘ o.o' ‘0.0 N, 0 0.f
DISCHARGE ACTINIDE CORNCENTRATIONS, STEPS 100 o B g "
2.%4262-90 3 BU6E-07 6.208B-06 7.609E-07 1, 115!-0? 1,9148- 09 0.0 0.0 n.0. ;v'-oaokn"*ﬁ
3.0008-02 o R RO oo
[ \‘\ .“ . ‘
REP ZRENCE COMDITIONS POR THE EXPUSURE PERIOD (rns) 2,000 NORAALLY ELECTRICAL POVWER DASIS, ITRP.
PISSILE LCADING (KGN) 2,.41198-03) PISSILP *PED 2.4937E-06 MAX pouza DENSITY 1.1*n9z 03
E DRNSITY GRARS  ABSORPTION CAPTURE PISSION PRODUCTION.  ETA xnronrnucr naca
2.46292-08 $.4924E-02 0.468237 J.466813 0.001398 0.003274 3.006942 -1.3937: 03 20
3.90362-07 1.S110E-00 0.009050 0,009020 0.000031 0,000083 0,008174 «2,3077¢ C4 0.0
6.19592-06 2.3983E-C3 0.48608) 0.089743 0.396126 0.992166 -2,220196 @A.T7652F 04 0.0
3. 12S4E-07 1,6037E-04 0.010230 0.010128 0.0032052 0,000140 wo.013607 =-2,9%22F 04 0.0
2.026E-08 1,35738-05 0.002230 0.0308312 J.001793 0,00437% 1,960%%9 6,11862 0" 0.0
1.17C2E-09 &.5881R=-07 0.000011 0,000011 0.030000 . 0.,000000 0.01383% -9.0120F% 03 0.0
4,0000E8-02 7.97082-01 0.018739 13.018739 0.0 0.0 0,0 -4,72080-01 0.0

0o 0 0

* .00 0.0 1.2008 00
0.0
0.0

00 0.U.

00 .1.396749e 07

8, 1370=03 1, 141P=02
00 1.302823¢ 00

00 1,2R88812 00
u.itou-oa Y, 1417=01
05 143856428 0)

90 1 1761212 02

Y, zasx-or 7.313p-03
09’ Yy 1561862 00

00 .qrsvaur 00
1-nﬂBP'QJ 7.311P=-0)

A, 06'12297.:09

oo 1,0141292 00

1. zqqa 01,7, ¥11g-07
00 .001911- 03

00 '¥i0018%3e 00
3.2804°0% 2i311g-M
00 1.00181%2 00

3\2393-01 7.3138-0%
g0 1.0n2223r 00
7882-03 7,111£-0)
001 -9, 9¢74378-01
2,206R=01 4,907p-0?
)oo - 919.7qs 0

71-¥

450 'n\ 0.0
2.0 0.0
0.0 - 0,)
xrxonq 10
Y ; KGM/ANE=-YR'
326.2114)
S840 298,6641%
1409740
197,28449
1. 20415
. 187,69884
0.0
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REPER ENCE CONDITIONS POR TRP PXPOSURE PERIOD (¥RS)
PISSILT LOADING (FGN) 2.50118-03 PISSILE P®ED

2.900 RCAMALLY PLPCTRICAL POVWER BASIS, ITPRATIOHA A
2.5744r-06 MAX POWER DENSITY T, 129%1F 00

NUCLIDE CENSITY GRANS  ABSORPTION CAPTNRE PISSION PRODUCTION ETA INPORTANCP  DECATY KGM/NWE-YR
TR=-232 2.864802-08 9.49682-02 0.850270 0.u52889 0.0013% 0,003176 0.00f992 -1,8372¢ 03 0.0 126, 21118
2A-23) 3.78822-07 1.86638-08 0.0085%17 0.008u88 0.000029 0.060078 0.009174 =2.2404E OU 0.44%09% 20A.66u8%

°-233 6€.,25702-06 2.8220E-0) 0,836839 0.088718 0.38812) 0.971630 2,2.417% 8,.4901F 04 0.0 1,09740

o°-238 1.02878=-06 3.98338-08 0.024681 0.024%16¢ 90.00012% 0,.000337 9.013667 -2.379%F O4 0.0 191.20669%

9-235 2.0267B-07 7.91248~-05 0.012609 0.00248% 0.010167 0.024726 1.9609%9 S.9240F 04 0.0 1.2041%

u-236 2.16652-08 0.89828-064 0,000192 0.000191 0.(0000Y 0,00n000) 0,01383% «8,74092 01 0.0 187.69891

PIXRD §,.00008-02 7.97082-01 0.018172 0.01°!7. 0.0 0.0 0.0 -4, 58600-01 0.0 0.0

1-11S 1.960%8=-10 8.139%1E-08 0.0 0.9 u 0 0.0 0.0 0.0 0.022%6 0.0
XE-135 T 71172=10 1,72882-0R 0.016979 (.016979 0O, 0.0 0.0 -2.22%0°® OA 0.008648 0.0
A=-147 9,0778%2-08 9.95818-06 0.,00320V (.00320Y 0.0 0.0 0.0 =7,8704F 04 8.00136 0.0
PA-188 2.2%062=-10 S5.%%0882-08 0.000387 9.000387 0,0 0.0 0.0 «1,5%3778 Of 0.0013% 0.0
ER AL LS ] 3. 79482-10 9.32642-08 0.001203 0.901203 0.0 0.0 0.0 =3, 1946 04 0,00030 0.0
pu-149 3,20612-10 7.9326®-08 0.0 0.0 0.0 0.0 0.0 0.0 0.00u87 0.0
su-189 6,62988-10 1,.6304%-07 0.000666 O0.00u4666 0.0 0.0 0.0 =7. 11212 06 0.0 0.0
-1} 1.6666%=07 3. 95742-05 0.004787 0.004787 0.0 0.0 0.0 =2.9004E 08 0.0 0.0

ret 3. 1769E-06 6.1722E-08 0.010398 0.010398 0.0 0.0 0.0 =3,20622 01 3.0 0.0

rp2 9.350858-06 1.9057E-03 0.003121 0.00312%t 0.0 0.0 0.0 -3, 19248 02 0.0 0.0

CTHER 0.0

soy 8.97672-01 0.9999%2 0.399801 0.999949 2.216792 PISSIL® 1.09631

PLOX, LOSSES, SIGA2, PLUX RATIO (2), SOUN INPORTANCESN, MNOLTIPLICATTION, RECIPROCAL DOURLING TIMNPR (YA=1), CONVRRSICN MATIO (2)

©.086822 13 2.49%0F 11 2.795a82-03

2.50000

2.%9000

=0.00%89

1.00000

0.0V741 1.041312

1.0043213

91-v

POEL CYCLE BCORONICS =---= POWER, YOLUAE, TINE, LOAD PACTOR, INTEREST, PEPRD (KGN), DISCHAPGY, NWT=D/KGY
1.2500%F 00 1.00000F 00 2,09Q00F 00 7.50000F-0V 1.20000R-01 9,.97060E~0% 9,5M165%2=-0% 2.28807F 01
cosT RETURN DIRRCT INDIRPCT TOTAT MILL/RW=HR PE1, MIDCYCL® REAL YRS 3.999999

PAPRICATION 1317738 0.0 1. 1177136 0.281%8) 1.959317

PROCESSING 0.9 =-2,91059% 2.910%9% «0.679139  2.2)14%

roeL 6.647883 6.733267 -0.085784 2.789792 2.704009

SO 1.965217 3.,82272 b, 192548 2,3%22)7 6.098781, PNRRGY (MWE=YR), SO8 2,%00112<0f 9.00001P-06

cycL®, 1T, K, PISS PPED, EXIT, POFER, CR, YRS, COST 2 8 1,0000 2,5744R<~0€ 2,69318=06 1,2%901R 00 11,0033 &,0000 6,udup

CCRUINUING WITH RBCYCLE, CYCLE COURNY, MIDCYCLE TINE (PULL POWER YEARY) k| «000
TRACE v 0 2 V.o =1,8298-02 =2.7568-03 3,.213e 00 0.0 S.084E=20 &,905R-03 4%,0082-01 11,0638 00
SEARCH IT 1 9.8%57893r-01 -1,8250708-02 3.2127172 00 2.900000% 00 S.08822%F 1) 1,2023738 00 0.0
SEBARCR IT 1 9.8574938-01 =1,425070R-02 3.212717R 00 2.800000F 00 4,961383® 11 1,128877¢ 00 1,0000872 00
TRACE 2 0 0 0 0 v O -1.0202-0) -2.7392-0) 3,212p 00 0.0 $,0208=-0) S,029R=-0) S3,107E«01 1,0%%¢ 00
SEARCH IT 2 9.8276828-01 -3,020270B-03 3.212717¢ 00 2.5000008 00 &,.958806R 11 3, 118062F 00 1,001647% 00
TRACE 3 0 0 V 0 YV 0 =3.,0928-03 =-2.739®-03 1.713¢ 00 0,0 $,0012=-03 9,0092-01 9.1072-0V 1,0%¢ 0O
SEARCH IT 3 9.797299¥-01 =3.0915548-03 3,.7133228 00 2.5000008 00 nu,969139R Y3 I, 119141 00 1,000833r 00
TRACE & 0 0 1 0 1 O &.,3162-04 -2,73%2=-0) 3,.%282 00 0,0 8.9978-03 4.996R=0) 5,107%-01 1,085 00
SEARCR IT & 9.8017182-01 a&,5160818-084 ),.92769%5F 00 2.%000002 00 4.979394F 13 3, 126357¢ 00 9.998720P-01
TRACE S 0 0 O O 1 0 1.527k-08 -2,.7182-0) ).9%28® 00 0.0 $,010%-03 S,0%0R-0) 9,078E=-01 11,0892 00
SPARCHE IT S 9.,803213e-01 1,5265432-04 ).327695E 00 2.%00000R 00 ©.977013F 13 ),12%52098 00 9.99902%2-01
TACe 6 0 0 VY O VvV 9 1,150B-04 -2.714E-0) 3.%28% 00 0.0 $,0008-0) 85.008R=0) 9S.078E=01 1.0492 OV
SEARGE IT 6 9.8083353-01 1,15001478-0Q  3.9276949F 00 2.900000% 00 4.97689€4R 13 3,13%219% 00 9,99967u2-01
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CCST LEVRLIZED OVER 1 rgeL CYCLES AT DYSCANNT PACTOR 37700 , REAL YEART 7. 000

PABRICATION  1.317281 0.0 10317281 0.292645  1,60992%

#ROCESS ING 0.0 -2.909552  2.9095%2 -0.60572) 2,103828

rorL 6.639896 6,721567 -0.Q81471 <. 872148 2.790724

son 7.957177 3.812016 4. 145162 2.5%9316 6.700477, ENPRIY (MNE-YR), S0UF 7.90018®-~0h
CCST BY DISCOONTING ONLY AT REPERENC® RATE 0,07000

PABRICATION  1,3172817 0.0 1.317201  0.222891 1,940172

PROCESSI%G 0.0 -2.909852  2.909552 -0.383404  2.56614A

POEL 2.113009 2.264%56 -0, 151584  1.862733 v.ine?

S9% 3.330290 -0.684996 a.075286  1,342220 5.417%06, ENPRAY (MVE-TYR), SOM 7,5%001AR-08
CCSY ESTINATEZ WITH DISCOUNTING ONLY AT TWICE THR RATE 6. 81764

THROWAWAY COST ESTINATE, DIRPCT, TOTAL, AND WITH GNLY DISCOUNTING 8. 79816 10, 38177 10,00294

cYCLE, IT, K, PISS rEED, EXIT, POWRR, CR, YRS, COST 3 6 11,0000 2,640UE-06 2,7521P-06 1,230VF 00 1.0u07 ¢.6567t 5299

¢

SONYED FERTILY PEED, DISCHARGE, NET ISAGE xam 2.95%65%=-04 2.80775E~04 B,.28970F-06
SONNED PISSILE PPED, MAKEDP, DISCHARSE, NET PRODUCTION (KGN) 7. 70886806 0,0 8,0%918<06 3,883512-07
PISSILY ({XGN/MUE-YR), CONVERSION, AND RECIPROCAL DOURLING TINP (YRS-1) 1.09601 1.04217 0.016%7
“Re (W=-23S PEFD) INITIAL, PEED, DISCHARGE, NET (MGN) 2.0 4,613999E-01 1.8587298-06 4.51)9a0r-01 >
CASZ BND NOEFNAL, CHECKOUT CASE, 0-233, PLUX RATIO SET, LOM POVER + PROCESSON (SEC) 0,69 -

CHECKONT CASE, U-233, PLUX RATIO SBT, LOW POWER, CALCOLATE REPY
CCRTROL OPTIONS 2 2 0 t 5 9 ¢ 0 o o o0 9o 0 O o 2 0 o0 o o o0 0 O

BATA 1.,0002 09 0.0 0.0 0.0 2.0002 00 0.0 2.800E 00 2.000F 12 &,000E-01 1,2%0E2 09 0.0 1. 0008 00
IRITIAL CONCENTRATIONS 2.5000B-04 0.0 6.84232-06 0.0 0.0 0.0 0.0 0,0

0.0 0.0 0.0 0.0 0.0 4.0000®-02 0.0 0.0 0.0 0.0

JISCHARGE ACTIRIDE CONCRNTRATIONS, STEPS 100

2.826 =04 3,.8062-07 6,.2082-06 7.€092-07 1.VISE=07 7.914R8=09 0.0 . 0 0.0 0.0 0.0 0.0

0.0 4,0008~02

REPERENCE CORDITIONS POR THE EXPOSURE PERIOD {YRS) 2.000 NORMNALLY ELECTRICAL POVER BASIS, ITERATIONS )

(IRITTAL COWNCENTRATIONS TSED) PISSILE PEED (KGHN) 2.8937e 03

CLIDZ DENSITY GRANS  ABSORPTION CAPTURE PISSION PRODNCTION BETA TMPORTANCE  DECAY KGR/NNE=-YR
Th-232 2.8629E-08 9.84924F 07 0.068228 0,06680% 0.00%398 0,.003274 0,.006992 =1.89122 01} 0.0 326.2114)
PA-223 3.9036%-07 1.5110F 05 0.0090%0 0.00501%9 0.070031 0.00008) 0,.00917¢ =2.30772 OX 0.45088 280.66479

0-213 6.1950%8-06 2.3983F 06 O0.846070 0.049702 0,.396319 J.992139 2.22617% 8.76%3F 0% 0.0 1.09740

-2 4,12%52-07 1.6038% 0% 0.010230 0.010178 0.000052 0.0001a0 0.013687 =-2.4%228 N4 0.0 191.28456

0-235 3.47688-09 1.3573% 08 0.002230 0.000432 0.001799 0,0008378 1,9609%9 6,11862 04 0.0 1.20419%

0-23% 1.17032-09 &.58842 02 00,0000Vt 0.000077 0.000000 0,000000 0.01383% =-9,0120PF 01 0.0 187.69884

FIXED 4.00002-02 7.9708E 08 0.018739 0.0t8739 0.0 0.0 0.0 -4,72088-01 0.0 0.0

1-13% 1.95628-10 &.3854F 0V 0.0 0.0 0.0 0.0 0. 0.9 0.022%0 0.0
xe-13S 7.52308-11 1,686%2 01 0.0'7081 0.017081 0.0 0.0 0.0 =-2,20992 08 0.00830 2.0
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FLOY, L, SLEAS, FLUT RATIO (?), SIM I“POKTANCReN, YILTIPLICATION, RSCIPROCAL DOMBLING TIME (YR-1), CONVERSION RATIC ()

fad Ay VY 2 aRATE 1N 2.727222-03 2.53000 2.5)000 -J.30107 1.00451 0.,013¢61 1. 01410 1. 06
FUFL CYCLE BECOMORIUN  -=-- POWER, "OLUNY, TLINE, LOAD PACTOR, LNTERPST, PRED(KGY), DITCHARGE, NWT-D/KiY

< JH00HY 09 YV, 00000F 09 2,00000F 00 7.5)J09%=01 1.9000J9%2-01 9.97¢77F Q4 9.5B576E 04 2,2a701F 01

CoSsT RETNRN DIRRCT INDIRECT TAOTAL MYILI/XU=HR PL, MIDCYCLPE REAL YRS 1.999999

FALRICATION 1. 318307 0.0 1.319307 0, 24V638 1.559996
PROCESSING 0.0 -2.911892 2.611892 -0.67944 2.232450
PNEL 6. 781\ 845 6.763760 -J.0219% 2.814208 2.792294
sny 8.060152 31.951868 4, 208284 2.376054 6.5RU739, PENERTY (MVE-YR), SOM 2,%0006F 0) &,00002F O

CYICLE, IT, X, PISS ®EPD, =XIT, POWER, CR, YRS, COST 2 3 1,004S 2,6117F 03 2.7057F 01 1,2%00P 09 11,0343 44,0000 €,%847
CYCLE, IT, K, FISS FPED, EXIT, POWER, CR, Y®3, COST 3 3 1.0076 2,70S57% 03 2.7771F 01 1,2R00P 09 1,3256 A,6fR7 6,632°

CCNTINUING WITH RECYCLE, CYCLY® COUNT, WINCYCLE TINE (POULL POWER YEARS) ) 9,000
DYSCRARGE CONCEATRATIONS
2.8335-084 3, 886E-07 6.362R-06 2.0012-06 6,.9198=-07 2,.631E-07 0.0 0.0 0.0 0.0 0.0 0.9
0.0 4,000B-02 1.97SE~10 S, 1782-11 6. 074E=-08 3, 17SE-10 S.5692-10 3.654P=10 A, 120E~10 J1.06BE=07 6.356E-06 1.990e~-0%
REFFRENCE CONDITIONS POR THE BXPOSURR PERIOD (YRS) 2.000 NCRNALLY PLECTRICAL POWER BASIS, ITEBRATIONS 21
(INITIAL CONCENTRATIONS "5ED) PISSILE FRED (KGN) 2.8272¢ 03
NICLIDE DENSITY SRANS ABSORPTION CAPTORE FISSION PRODUCTION 2TA IMPORTANCY DECAY KGN/MWE~YR f
TH-272 2.496652-08 9.5063E 07 0.428347 0.427543 0Q.001280 0.002998 O.006992 -1 TY98E 03 0.0 326,2110) !5
2A-233 3.5329%-07 1,367SE 05 0.007491 9.007465 J,00002% 0.000069 0.009174 =-2,1017E 04 0.42063 2u8.,66u88
0-233 6.3758k-06 2.4679% 06 0.419803 0.046813 0.372979 J3.933719 2.224175 1.8671! ou 0.0 1.09740
r-238 1.92682- yo 7.46872 05 O0.04368% 0.043466 0,000222 0,000597 (.013667 =2,2268F 04 0.0 191,28450
1-23S 6.3867R-07 2.493at 05 0.03747) 0.0072%3 0.030218 0,073482 1.9609%8 5,87%73e 04 0.0 1.20418
u-236 2.20498-07 8.6a84F 08 0.021AG2 0.001832 0.000010 0.00002% 0.013835 =-3,1%9%E 03 0.0 187.69897
PLIXED 4.00002-02 7.9708E 08 0,0172138 D0,017138 0.0 0.0 0.0 -4,3130B~01 0.0 0.0
1-13% 1.96768-10 4.8108E 0% 0.0 0.0 0.0 0.0 0.0 0.0 0.02295 0.0
XE-13S 8.18932-11 1,82692 01 0.016922 0,016922 0.0 0.0 2.0 =-2.0971® 08 0.00692 0,0
pa-147 §,22388-08 1.03V1E 04 0.003126 2.003126 0.0 9.0 0.0 ~7.3621E O4 0.00142 0.0
>n-148 2.20832-10 S.4273F 01 0.000320 0.000320 0.0 Q.0 0.0 -1.43582 06 0.00134 0.0
LARLEE] 3.,97282-10 9.51812 0V 0.001158 0.001158 0.0 9.0 0.0 =3.00298 06 0.00031 0.4
PA-149 3.20692-10 7.9346% 0V 0.0 0.0 0.0 0.0 0.0 0.0 0.00873 0.0
sSn-14a9 7.1265%-10 1.76332 02 0.004730 0,.,004730 0.0 0.0 0.0 ~6.70328 J6 0.0 0.0
NP-183 1.69C0E-07 4.01312 04 0.004578 0.00a4578 0.0 3.0 0.0 -2.7318e 04 0.0 0.0
FP1 3.20738-06 6.2313¢ 05 0.009900 0.009%00 9.0 0.0 0.0 -3.07782 023 0.0 0.0
FP2 9.89458-06 1.92242 06 0.002970 0.002970 Q.0 3.0 0.0 «2.98768 02 0.0 .0
CTHER 0.0
So% 8.9843% 08 0.999986 0.404732 1.010890 2,202606 PISSILE 1.1013%

PLOX, LOSSES, SIGA2, PLUX RATIO (2), SUR IMPORTANCESN, MOLTIPLICATION, RECIPROCAL DOUBLIRG TIM® (YR-1), CONVERASION RATIO (2)
W.FIV2E 13 2.46092 11 2.9375E-03 2.90000 2.50000 =-0.00091 1.01091 0.00491 1.01330 1.0136%

FOEL CYCLE BECONONICS ~--- POWER, VOLUAR, TINE, LOAD PACTOR, INTERRST, FEED (KGM), DISCHAPGE, ®MWT=-D/KGN
1.25002% 09 1.00000F 09 2.00000E 00 7.50000E-01 V1.00000E-0V 1.00854R 05 9.6%43%E 04 2,27098%F 01



cosT RETOURN DIRECT INDIRECT TOTAL MILL/KW=-HR EL, MIDCYCLE REAL YRS 11,999997

FABRICATION 1.32765% 0.0 1. 327654 0.283402 1.571055

FROCBSSING 0.0 =2.9132762 2.932762 -0.684311 - 2.208451

FORL 7.011959 6§.93%87¢6 0.076982 2. 90]638 2. °a0620

son 8.339513 R.0021%4 R.337399 2.ﬂ62729 6. 800127. ENERGY (MVE=YR), SUR 2.%0003% 03 1,2%002r O«
CYCLE THPOMANWAY COST ESTINATS, DIRECT, TOTAL §.10689 10. 48741

COST LEVELYZED OVER S PUEL CYCLES AT DISCOUNT FACTOR 0.0700 , REAL YEBARS 13.333

FABRICATION 1.321301 0.0 1. 321301 0.2925%30 1.613832

PROCESSING 0.0 -2.918567 2.918567 -0.609060 2.309506

FOUEL 6.829015 6.817882 0.011172 2.909432 2.520608

son 8,150316 3.899276 4. 251000 2,.592992 6.843943, FNERIY (MWE=YR}, SUM 1,25%002E 04
CCST 3Y DISCOUNTING ONLY AT REFERENCE RATE 0.07000

FABRICATION 1.32130n 0.0 1.321300 0.222608 1.543909

PRCCESSING 0.9 -2.918567 2.918567 =0.336094 2.5724M)

e 1.312887 L 36697! -0.07“087 1. 381000 1.306912

SO 2.638139 -1, 531592 0.165781 1.2575!3 5.423294, ENERGY (MWE-YR), SOM 1.,25002® Ou
CCST PSTIVATE WITH DISCCUNTING ONLY AT TWICE THE RATPE f. 75110

THROVAWAY COST BSTINATE, DIRECT, TOTAL, AND WITH ONLY DISCOUNTING 8.98379 10, 549%S 10. 19241

CYCLE, Iv, X, PISS PEED, EXIT, ROMEBR, CR, YRS, COST 5 31,0109 2.82728 93 2.66139F 01 1,2%00F 09 11,0133 12.6700 ¢,8001

SUNNED FERTILY PERD, DISCHARGE, NET USAGE (K3Y) 4.817758 05 4.68389% 0% 1,33863E 04
STNNED PISSYLE PERD, NAKEOP, DISCHARGE, NPET PRODICTION (KGY) 1.3a14a3e o4 0.0 1.3784%2 04 3,7018RE O2
FISSIL? (KGH/AK2-YR), CONVERSION, AND RECTPROCAL DOTRLING TINE (YRS-1) 1.09790 1.02697 0.01021

ORE ("-235 FEC) INITIAL, PRED, DISCHARGE, NBT (M3w) 9.3 9.227998e~-01 3,.180076F 03 =3,1791%3® 03

CASE END NORWAL, CHECKOUT CASE, U-233, PLOX RATIO SBT, LOW POWER, CALCULATE KEPP , PROCESSOR (SEC) 0.47

n-235 ¥RERD, & SUMNZONES, &4 YR RESIDENC®, DELAY®D RECYCLE
THIS TALCOLATICN TREATS SUBZONES, NUMBER L)

CCNTROL OPTIONS 2 o 1 1 =30 1 0 T -y 0 1 0 o 0 12 0 0 o o 0 0 0 0o o

DATA 6.000F O%® 0.0 0.0 0.0 4.000% 00 ,7S0E-03 %,000F 0O 2.000! 12 4.0002=-01 ¢, 200! 09 %.0002-02 1,000% 00

SUBZON 3 t 2.5000E-04 0.0 0.0 0.0 1. 50008-05 0.0 1840B-0¢ 0.0 0.0 0.0
0.0 a.0 9.9 $.00002-02 0.0 0.0 0.0 o 0

SUBRONE 2 2.5000E-0% 0.0 0.0 0.0 | 1500?-05 0.0 1.31602-06 0.0 0.0 0.0
0.0 0.0 0.0 5.00008-02 0.0 0.0 0.0

SUPTONE 1 2,50008-04 0.0 0.2 0.0 2 0000:-05 o.o 1, 44702-06 0,0 0,0 0.3
0.9 0.0 0.0 $.00008~02 0.9 0.0 0.0 0.0

SORZONYE & 2,5000%-0a 0,0 0.0 0.0 2.25007=0%5 0.0 1.%7908-06 0," 0.0 0.0
0.0 0.0C 0.0 $.30002-02 0.0 0.0 0.0 0.0

INITIAL CONCENTRATICNS 2.5000E-04 0.0 0.9 0.0 1.87%0%-0% 0.0 1. 38188-06 0,0

0.0 0.0 J.0 0.0 0.9 5.00002-02 0.0 0.0 0.0 0.0
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CYCLF, 17, X, PISS PEED, EXIT, PGVNER, CR, YRS, COST 3 12 1.0000 B.2482F 02 3,RS)I0F 02 1.1999F 04 19,7005 3,333 &,2945
CYCLF, IT, X, PISS FEED, EXIT, POMER, CR, YRS, COST 4 10 3V,.0000 8.0936% 02 3,7I88F 02 1,1969% 09 0,7000 U4.6667 ©,1100

CCNTINUING WITH RECYCLE, CYCLE COUNT, NIPCYCLY TINE (PULL POWER YEARS) 21 27,500

ALJOSTED INITIAL CONCENTRATIONS (SEBARCH EIGENVALUYS 0.59142 0.59434)
2.500®-04 0.0 6,091E-06 2.2732-06 3.701E-06 %.066E-06 2,38RE-06 0.0 4, 1698-08 1, u94E-08 1.324P-08 1,849R-08
1.1932-08 5.000E-C2 0.0 0.0 Q.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0

DISCHARGE CONCERTRATIONS
9.6272~04 V,S80B-06 2,3838-05 9.153B~(6 1.334E-05 1.757E-0% B.SO0M1R-06 2. 154P~09 1.997E-07 6.743p-08 5,%722-08 7.4 1uf-08

5.1608-08 2.000%-01 1,195E~09 4.370F~10 I.970E~07 2.264E-09 I.569F=09 2.667P=09 4,991E-09 2.199E~06 5.3178~-05 1,705R-04

KEPERENCE COMNDITIONRS POR THE BXPOSURE PERIOD ({YPS) 1.000 YORNALLY ELECTRICAL POWER DASIS, ITERATIONS &6
PISSIL® LOADIRG (XGH) 2.67152 06 PISSILE PERED 8. 66SDE 02 MAX POWER DENSITY 5. 97418 00 -
NUCLIDE LENSITY GRANS ABSORPTION CAPTORE PISSION PRODUCTION PTA IAPORTANCE DECAY KGM/HVE-YR
TH-232 2.0068%-08 5.S658F 07 0.305752 0.304872 0.000869 0.002034 0,006652 -1.2%33F 01 0.0 342,84819
PA-233 3.85012-07 8,987 04 0.0061434 0.006124 0,000019 0.0000%52 0.008474 -1,5654E 04 0.30833 312.5017
n-233 $.9588E~06 1.3838F 06 0,.30%623 0.033468 Q.2721a6 0.6R1280 2,2291%3 6.3807F 08 0.0 1.09493
0-224 2.2883%~06 $.3373¢ 05 0.0372741 0.037557 0,000184 0.000893 D.01306% ~-1.6177F 04 0.0 200, 10632
n-235 31.3351E-96 7.8121F 05 0.15371% Q,029120 0.124577 0.302933 1,970761 4.8473® 04 0.0 1.1980%
=236 84,39262-06 1.,0333F 06 0.02S748 0.025616 0,.000132 0.000353 0.013706 -5%5.7739F 02 0.0 189.468923
0-233 2.12528-06 S, 0416F 0% 0.004844 90,0088 0,000929 0.000078 0.016200 =-2.23838% 013 0.0 161,23906
NP-239 5.38612-10 1.2831F 02 0.000007 0.0000Ct 0.020000 0.000000 0.019247 =1,1829E 04 0.00502 136,%6381
PpPD-239 2.99152-08 1,189t O4 0.00499) 0.001895% 0.003096 0.008898 1,762783 7.9978F 04 0.0 1.5 3y
PN-24% 1.59572-08 4.0326E 03 0.001869 2.001866 0.000093 0.000008 0.008282 -1.0841P 05 0.0 677.7.5462
-2 1. 3929E-08 3.3460R 03 0.001776 0.000457 0.001319 0.003869 2.178104 1.5236E 05 0.00906 1.28771
>e-2482 1.85362-08 &4.4711E 03 0.000377 0.000375 0.00000Y D.000008 0.011%69 -2.0051E 04 0.¢ 253.300%2
A%=233 1.2899%-08 3.1283F 03 0.000323 0.000322 0.000001 0.000002 0.007504 =-2.4as%SE 04 0.0 421.98877
FIXED 5.00002-02 S.97812 0/ G.01636) 3.016960 0.0 0.0 0.0 ~3.33518-01 0.0 0.0
1-13% 2.9869e-10 &4,01762 2V 0.0 0.0 0.0 0.0 1.0 0.0 0.023u43 0.0
XE-135 1.09252-10 1.869SE 0Y 0,0182V0 0.018210 4.0 0.0 3.0 -1.6361% 08 0.00824 G.0
29-137 9,9255E-08 Y,4537¢ Ov 0.00531'3 0.0053t11 0.0 0.0 0.0 -5, 32408 04 0.0022% 0.0
Pa-148 5.65908~-10 B8.3448Rk 01 0.000577 0.000577 0.0 0.0 0.0 -1.0186F 06 0.00210 0.0
PMIABY 8,92172-10 1, 3156F 02 0..002065 0.00206S 0.0 0.0 0.0 =2.2816E 0F 0.00048 0.0
PE-149 6€.,66808~-10 9.89908 01 0.0 0.0 0.0 0.0 0.0 0.0 0.CNBE2 0.0
SA-149 1.28778-09 1.85222 02 0.006685 0,00668% 0.0 0.0 0.0 -8.2277r 06 0.0 0.0
NL-183 S.89638-07 7.3309F 0% 0.011840 0.011840 0,0 0.0 - 040 -2.1168¢ 04 0.0 0.0
b4 Al 1.32928-05 1.5495: % 0.030199 0.030199 0.0 0.0 0.0 -2.28468 03 0.0 0.0
PP2 4.26162-05 §.96792 Ob 0.009306 0.009306 0.0 0.0 0.0 -2.1703e 02 0.0 0.0
CTHER 0.9050000
SIY 6.6383F 08 1.000021 U.402375 1,000006¢ 2, 138965 FISSILF 1.12002

P1OX, LOSSES, SI3A2, PFLOX RATIO (2), STY IMPORTARCE®Y, MULTIPLICATION, RECIPRUCAL DOMDLING TIME (YR-1), CONVERSION RATIN (2)
£.686SE 1) 3.6586F 11 3,78822-03 2.2701? 2.16502 0.06078 0.99999 “0.25211 0.70326 0.73%79

PDEL CYCL® ECONONICS ~—-~- POWER, YOLUNE, TINF, LOAD FACTOR, INTER®ST, FPRTD(KGH}, NISCHARGE, HWT-D/KGH
1.199992 09 6.000008 08 1.000008 0Q 7.50000®-0V 3.00000E-01 1.591V26P 04 S,9u0t1r 04 6.,88126% O

COST AETORN DIRECT INDIRECT TOTAL SILL/X¥-HR %L, MIDCYCLE RPAL YRS 29,999771
FABRICATION 0. 786552 0.0 0. 786582 0.091764 0.078131%5
PFOCESSING 0.0 -3.759380 3.759330 -1,127813 2.611567
FOEL 3.705001 9.872585 -5,767%544 3,274008 -7,%913536

b e enwne CeeECeTEET CTEETRoeECa® GReem e vre wemamwaew - -

son ¢ o a91532 S.713168  -1,221612 2.2379%9 1.016346, PNERGY (MFE-YR), SON 1.19999¢ 0} 2,79995F 04

-V



CYCLY THROWAWAY CCST ESTINATE, OIRECT, TOTAL 4.75029 €. 077724

CYCLE, IT, Kk, PISS pEED, EXIT, POVWER, CR, YRS, CNST ) 6 11,0007 8,6650F 02 2.2698F 0) 1.2000F 09 0.7033 29,9998 11,0143
SORAED FERTIIE PBED, DISCHARGE, NET USAGE (KGY) 3.791938 05 3.575118 09 2.06803F 04

SUNED FISSILE PUP), NAKEQP, niscunau:,'ssr PRODUCTION (KGN) 2.06670PF 04 1.7B030F 04 1, 15861P 04 -3,0768HF N

FISSILE (KGN/RWE-YR), CONVERSION, AND RPCYPROCAL DOTALIN; TIMP (YRS-1) 1.12666 0,70R10 -0,09311

SUEBZCRE FPLOX RATIOS 2.3553% 2.5298) 1.96A92 2. 12f02

SUBZONE PLUX LEVELS S.54262 13 S5.2321R 13 6.0507® 13 S5,8283% 13

AFTER SHOTDCWN DERSITIES (TIMNE, YR 1.00000) 9.627E~04 1.395F=10 2,537B-0% 9.153E=06 1,334E-0%5 1,7578~08 B,5012-06
0.0 2.0188-07 6.7838-08 5,204%-08 7.814E-08 S.160R-08 2,.000®-01 0.0 0.0 0.0 0,0 0,0

0.0 7.6588-09 2.199E-0’. S.3IV7E-0S 1.705E8-04

ORE {7-235 PED) INITIAL, FRED, DISCHARGE, NET (MGNM) S.131S19E 02 2,727812F 03 2,672925F 03 S,u4B88672F 01
NAKE~OP PISSILE ASSOCIATED WITH ORE AND ORE 1.180304E 04 2.722967F 03

PUEL COST ANALYSIS

COST LEVELIZED OVER 23 PUEL CYCLES AT DISCOUNT FPACTOR 0.0700 , RPAL YPARS 10.666 ENERGY (4WE-YR) 2.7%99%® o4
cosY RETORN DIRECT INDIRECT TOTAL MILL/K¥~HR BLECTRIC
FABRICATION  0.80089% 0.0 0.80089a  0.185174  0,.986068 '
PRFOCESSING 0.9 -1.025655%  1,025655 -0.299866 0.725789
FOTL 3.951650  2.201978  1.,749672  1,833465  3.583137
son 4.752543 2. 176323 3,576221  1.718772  5.294992
TOTAL WITH QTARTERLY ENERGY ACCCUNTING S.25586

COST 3T DISCODNTING ONLY AT REFRRENCE RATE 0.07000

PABRICATION 0.8008%% 0.0 0.800894% 0.128876 0.929770
PROCESSIRG 0.0 -1. 025655 1.02565S -0.158518 0,667137
PORL 2.216237 0.89as81 1. 721656 1.229032 2.9%0687
son 3.0 3 -0,531074 3.588204 1.199389 4.747594

CCST ONLY DISCOUNTING WITH QUARTERLY ENERGY ACCOUNTING 4.71251, AND AT TWICE THE RATE £,048%34
THROWAWNAY COSY ESTIMATE, DIRECT, TOTAL 5.0314%0 6.28751 TOTAL AHNTAL AWD QOUARTERLY ONLY DISCOUNTING, 5.9796% $.913846
THE CRANGE AND TOTAL COST FOR FIPTY PERCENT INCREASE IN UNIT COSTS

FABRICATION 0.49303) 5.78802%

PROCESSING 0.36289% 5.657886
rORL 1.791568 7.086560
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U-235 PEED, 3 SUBRONE, CONTINUOUS PUELING THROWAWAY, 4 YR
THIS CALCULATICN TREATS SUBZONES, NOUNBER k]
CC¥TROL OPTIONS 2 2 1 1 -12 1 0 1 0 -1 1 0 o 0 2 0 0 0 0 0o 0
DATA 1.000® 08 0.0 ¢.0 0.0 4.000® 00 1.,75%50E-03 5.000T 00 2.000F 12 4.0002=-0% 6€.000F 08 %,.000P-02 1,000 OO
INITIAL CONCERTRATIORS 2.84999B-04 0.0 0.0 0.0 9.20832-06 0.0 6.9228E-07 0.0
0.0 0.0 0.0 0.0 0.0 5.00002~02 0.0 0.0 0.0 0.0
ACJUSTED INITIAL CONCENTRATIONS (SEARCH BIGRNVALUZR 1.00000 1.03532)
2.500Rk-08 0.0 0 9.51up-06 0.0 7.1678=07 0.0 0.0 0. 0. 0.0
0.0 5 000!-02 °-° 0.0 0.:‘ 0-0 °.° 0.0 0-0 o- 0-0 0-0

DISCHARGE ACTIRIDE CONCENTRATIONS,
2. 840E-08 8.68)3E-07 3.389E-06 3.051B-07 3. \57!-06 8.7T7E=07 6,193E=07 1,7428=10 1.05¢E-08 2,696R-29 1.5168-09 3.u%68-10

2.9V7e-11 5.0008-02

STEPS

REPERENCE COMDITIONS FOR TRE EXPOSURE PERIOD (YAS)

1,333 NCRMALLY ELECTRICAL POWBR PASIS, ITERATIONS 10

FISSILRE LOADING (RGNW) 9.20408E 05 PISSILE PEED 1. 1166E 03 MAX POVWER DENSITY %.52782 00

NOCLIDE DERSITY GRAUS ABSORPTION CAPTURE PISSION PROJUCTION ETA IMPORTANCE DECAY KGA/NVWE-TR
TH-23 2.8700E-08 2.85602 07 0.372295 0.371297 0.000960 0.00229% 0.006165 ~1,42668 01 0.0 169.9%92)
PA-233 4.6907E-07 5.8470F 08 0.009253 0,009227 0.000026 0.000070 9Q.007%37 -1.8169% 04 0,3620R8 351,34uu8

t-21] 1.96318-06 2.2796F 05 0.130126 0,013927 0.116195 0.290872 2,23%31Y B.8280F OU 0.0 1,09189

0-234 1.08032-07 1.25992 04 (0.002100 ©0.002090 0.0000%, 0.000026 0.012189 -1.83%98 04 0.0 214.088131

0-23S S.9034E-06 6.9141E 05 0 355256 0,065529 0.299448 0.704353 1,982668 6,.9277F 04 0.0 1.19072

0-236 €.52218~07 7.67122 Q4 0.004268 0,004246 0.000022 0.000058 0,013%00 -6.191%E 023 0.0 192.3%304

U-218 7.02312-07 8,J3304E 64 0.001791 J3,001780 0,0000%1 0.,000029 0,015922 ~2.4810E 01 n.0 164,05719
np-239 1.97592-10 2.3535® 01 0.000003 0.000003 0.000000 0.000000 O.018096 ~-1.33800 04 0.00178  14%,2%273
pn-219 8.8380E-09 1.0527® 03 0.001163 0.00044x 0.000725 0.002084 1,784102 1,.1801% 0% 0.0 1,54206
P0O-280 1.8276E-09 1.70752 02 0,.000211 0,000211 0,.000000 0.000001 0,003636 -1,3052F 0% 0.0 789.18970
£D-241 a,7809%~10 5.7423E 01 0.000080 0.00002Y 0.000060 0.000175 2. 174124 2,1%22F 05 0,00000 1.29005
pn-242 Q.738SE~11 S5.7826k 90 0,00000% 0,090301 0.000000 0.000000 0.011303 -2,2280F OU 0.0 259,2u661
A®-243 1.89562+-12 2.2956E-0% 0.000000 0,.000000 0.000000 0.000000 92,006408 -2,9952F N4 0.0 494, 15601

FIXED S.00002-02 2.9A90& 08 0.022358 9.0221% Q.0 2.0 0.0 =3.9920E-01 2.0 0.0

-3 3.2033%-10 2. 1912E Ot 0.0 0.0 0.0 0.0 2.0 0.0 0.024%2 0.0
XE-13S 9, 15292-11 6.15572 (0 0.020433 0.020438 0.0 0.0 0.0 =1.9744F 08 0,00504 0.0
PR-147 5.86923-08 4.29812 J3 0.003672 0.003672 0.0 0.0 0.0 -6,01652 0O 0.00128 0.0
om-1348 3.93758-10 2.8298F% Q01 0.000440 J.000v40 (.0 0.0 0.0 =1.13013% 06 0.00151 0.0
[ AL LR ] 8.9%668~10 3,6472® 01 0.001463 0.00146R 0.0 2.0 0.0 =2,6940F 0A 0.00026 0.0
PY-14Y 6.953QE-10 S5.16%P 01 0.0 0.0 0.0 9.0 J.0 0.0 0.0066% 0.0
S%- V49 9.3255%-10 €.92218 0Y 0.0066%0 0.006565%0 0.0 0.0 0.0 -6,3071F 06 0,0 0.0
ve-14t 1.87362-07 1.334TE G4 J.005348 2,.005%aR 0.0 0.0 0.0 - 2. “40SE 04 9.0 0.0

FPY 3.7093E-06 2.1620F 35 0.010105 0.01010% 0.0 0.9 0.0 -2, 57028 03 0.0 0.0

el 1.14782-05 6.6901% 0S5 0.0029% 0.0029% 0.0 2.0 0.0 «2. 46308 02 9.0 0.0
CTHYP 0.050000

SNy 3.29518 08  0,999980 J.80771%  D.999961  T,049778 PISSITT 1. 16045

{YP=1), CONVFRSION RATIN (1)

MILTIPLICATION, RECIPROCAL DONRLING TIME
0.75234

FL"X, ersv°
12445 0.99999 -0, 1247 0, 74095

7.8376F 12}

SIGA2, PLOX RATIO (J),
7957% 11 3.1099°-))

S0N THPORTANCER®Y,
1.772702 1.77702 0.
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FLUX, LOSSES, SIGA2, PLOX RATIO (2), SUY INPORTANCReN, NULTIPLICATION, RECIPROCAL DOUBLING TINE (YR«1), CONVERSTON RATIO (2)
7. W8 SE 13 3.86202 1t 3,35958E-03 1.91973 1.91973 0.10187 0.9999% =0,22909 0.71669 0.72384

FPOEL CYCLE BRCONOMICS =~~--~ POWER, VOLUNE, TINE, LOAD PACTOR, INTEREST, PEED(KGN), DISCHARGE, AWT=D/KGN
€.00023® 08 3.000002 08 1.33333E 00 7.50000%-01 1,01000%-01 1, 020418 04 2.842602 04 7.12632F 01

COSsT RETIRN OIRECT INDIRECT TOTAL NILL/RV=HR "L, MIDCYCL® REAL YRS 11.9%%%u9
FIBPICATION 0.823089 0.0 9,6423009 9.0%8%62 J.4818%Y
PROCESSING 0.0 -2.717407 2. 712407 -0.835351t 1.882056
FoRL 3. 302892 6.332391  -2.929499 2.4192a6 - 0.5102%]
som 3.8259 3.614934 2.213998 1. 6862656 1.0936%4, ENERGY (YWE-YR), SOMm 8,00030% 02 4,%9%87¢ O1
CYCLT THROWAWAY COST ESTIMATFE, DIRECT, TOTAL 4.07535 S, 19547

CYCLE, IY, X, PISS FEED, EYXIT, POWER, CR, YRS, CusT T 5 1,0000 S,2119% 02 9,1918% 02 £,0002F 0B 0.7167 11,5556 1,84)7

SDANED PERYIT? PEED, DISCHARGE, NPT 1SAGE (XGy) 8.70121FE 04  8,24467F D4 4. .%8%u" M)
SORARED FISSILE PRED, NAKEOP, DISCHARGE, ¥2T PRODNCTION (KiN) 4.26241E D7 4,26241F 03 2,4903A8% 0Y ~1,77203F M
FISSILE (KGA/NW®-YR), CONVERSION, AND RECIPHOCAL DOJIBALING TI™E (YRS=1) 1.14509 N,7338% J.19022

ORP (M-235 PED)} INITIAL, FEED, DISCHARGY, NET (AGN) 2.57594SP 02 9.8333GUE 02 5.7u%299% 02 4,.088066F 02
AAKE-0P PISSILE ASSOCIATED WITH ORE AND ORE 8.2862006E 03 9.83336ur 02
PUEL COST ARALYSIS

COS™T LEVELIZED OVER 7 RURL CYCL®S AT DISCOUNT PACTOR 0.0700 , REAL YEARS 12,344 ENEPGY (NWE=TR) 8.59987F 03
cosT RETIRN DIRECT INDIRECT TOTAL FILL/X8=RR ELECTRIC

FABRICATION 0.581291 0.0 0.5a1291 0. 164721 0.7060113

PROCESSI¥G 0.0 -1, 151844 1. 151484848 -0.325212 0.326632

POEL 1.980537 2.8491064 1.498948)3 1.789421 3.278904

son §.521837 1.33%220 3. 192617 1.623930 4.811548

TOTAL WITH QUARTERLY ENERGY ACCOUNTING 4,.734894

COST 3Y DISCOURTING ONLY AT REPERERCE RATE 0.07000

FABRICATION 0. 581291 0.0 0,.541291 0.126166 0.6676%7

PROCESSING 0.0 -1, 151304 1.151848  -0.178642 0,.973202

FORL 3.990547 2.8910868 1.489483 1.201384 2.6908¢66

SOR §,521837 1.3239220 3. 182617 1. 149107 qQ.,3131724%

1e-v



(s
CCST COYLY DISCOUNTING NITH QUARTERLY RNERGY ACCOUNTING 4.2627€, AND AT TWICE THE RATE $.%4170
THROWAWAY COST ESTIMATE, DIRECT, TOTAL 4.931894 5.98216 TOTAL ANNUAL AND QUARTERLY ONLY DISCOONTING, 5,70917 5.61827
THE CHANGE AND TOTAL COST POR PIPTY PERCINT I[UCREASE IN ONIT COSTS
PARRICATION 0.353008 S. 164554
PROCESSING 0.813018 5.,224861
raret 1.639a%2 6.251000

DISTRIBITION OF THE COSTS APTRR THE INCREASE BY PIPTY PRRCENT

cosT RETORN DIREBCT INDIRECT TOTAL BILL/KW=-HR ELECTRIC
FABRICATIO®  0.811937 0.0 0.811937  0.2870.2 1.059018 o
PROCESSING 9.0 -1,727766 1.727766  =0.487618 1.239947 :
rorL $.970820  3.716596 2.234224 2.688132 2,.9181315%6
508 6€.782757  2.008830 4.773927  2.843396 7.217)22

ACDITIONAL CCNTINUOUS POBLING CRARGES - PABRTCATION DIRECT, INCIRECT, PUZL IWDIRECT, TOTAL
ONE CYCLY? 0.1785%¢ 0.10837 0.3176, 0.60a50
HISTORY 0.05950 0.01612 0.10543 0.20150

CCSYT DEPPNDENCE OW INDIREBCT CHARGES

INTEREST RATE 0.0500 0.0750 0.1000 0. 1250 0.1500
TCTAL PUEL COST 3,99708 8.80831 4.81158% $.21878 %.62601
SDNNARY OP REACTO® HISTORY, ENERGY (4WE-YR) 5.599872 03
PERIOD TINT (YR) LOAD PACTOR PISSILE WAKEUP AND PERD AND DISCHRARGE COnvRRIION PORER cos?T
1 0.88889 0,7S000 1.116S5388 03 1.116S8E 03 2.72894E 02 0.7830% €.00018% 08 9.96408
2 2.66667 0.75000 5. 178152 02 5.1741SE 02 2,604a38® 02 0,73642 6.00036% 08 4, 30901
3 (IS L) 0.75000 S.432992 02 $5.43299E 02 2.%11%3e 02 0.72066 %.999a9® 08 4,.64612
L) 624222 0.75000 5.234658 02 5.23885r 02 2.60369E 02 0.71489 95.999%2°P 08 4.49771
S 8.00600 0.7%000 5.205612 U2 S.20%B%1E 02 2.63836F 02 0.718506 S5.99952R 08 4. 426487
6 9.7 T 0.750a0 S5.19897F 02 S.19R97E 02 2.62%09% 02 0.7165%% 5.99980F 08 4.0808%
? 11.5%855S 0.75000 S5.211922 02 S.21192E 02 9,19179E 02 0.71669 6,00023% 08 1.8%36%
CYERALL 12, 04800 0.75000 4.26281F 03 W.2623%E 03 2.49038E 03 0.72361 5,99987% 08 $.436825
CCST ESTINATE DISCOURTING ENERGY ON THE BASIS OF ONE- QUARTER YEBARS %.35168
CCST ESTINATE OYSCOUNTING ENERGY PROM NID-CYCLE EXPOSURE POIMTS (NOT A BETTER ESTIRATE) 5.2599%1
st
A BIVECT ACCOUNTING OF THY® TINR OCCTIRANCE OF COSTS YLELDS A PURL COST OF (SEEZ SUNMARY AROVE) 4.8115%

CASE END NORRAL, 9-235 PRED, 3 SURZONE, CONTINUOTS POELING THROWAWAY, 4 Y@ PROCESSOPR (SEC) 1.2

i

eV



0-233 PERD WITH ¢ SOBTONES
TRIS CALCULATICW TREATS SUBZIONES, NUMBER 4

CONTROL OPTIONS 2 0 1 1 =% 1 0 2 [} 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0
DATA 6.COOE 08 0.0 0.0 0.0 2.0008 00 1.7%0E-03 5,000 00 2.000E 12 a,000E-0V 1,200® 09 2,500P-02 1,000 00
INITIAL CORCERTRATIONS 1.8270R-04 0.0 %.00008-06 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 4.7400B-02 O, 0.0 0.0 0.0
ADJOSTED INITIAL CONCERYFATIONS (SBARCR EIGENVALUE 1.00000 0.88207)
1.827e-08 Q.0 4.%102-06 0.0 0.0 0.0 0.0 0.0 o.o 0.0 0.0
0.0 &, 7402-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DISCHARGE ACTINIDE CONCENTRATIONS, STEPS 2
1.8032-084 &.9548-07 3,.501E-06 3,.2898-07 2.272®~-08 9.3572-10 Q.0 0.0 0.0 g.0 0.0 0.0
0.0 V. 740802
BEPERENCE CONDITIOWS POR TRE EXPOSURE PERIOD (YRS) 0.500 NCRMALLY PLECTRICAL POWER BASIS, ITERATIONS 12
PISSILE LCOADING (KGH) 1.02432 06 PISSILE PEED 1.0243E 03 MAX POWER DENSITY $.0002% 00
NOCLIDE DEMSITY GRAWS  ABSORPTION CAPTORE PISSION PRODUCTION °TA INPORTANCE  DECAY KGM/NWE~TR
TH-232 1,80202-00 4.1690® 07 0.410697 0,409870 0.000812 0.001%01 0,004629 -1,7803F 03 0.0 492.70%32
e)-233 §.9536%-~07 1.150SE 05 0.016641 0.016610 0,000031 0.000084 0.005021 =-2.3603® ou 0.39611 S527,21069
0-21) 3.S0CEE-06 8.1301E 05 0.44122% 0.048707 0.396502 0.992518 2,249465 2,01142 0% 0.0 1.08497
0-234 3.28062-07 7.6706F 08 0.009456 0,009423 0,000031 0.000088 0,0093%1 ~2,27317E 04 0.0 279,.56547
v-235 2.27152-08 5.32092 03 0.002660 0.00046% 0.002199 02.00534S 2.009132 1,601'E 0% 0.0 1. 17474
n-2136 Q,35722-10 2,2012k G2 0.000007? 0.000007 0.000000 0.000000 0.012642 =-7,3974% 01 0.0 205. 411" 4
FIXED 8.74C0®-02 5.6672E 08 0.042098 0.042098 0.0 0.0 9.0 -5,61299-01 0.0 o.¢
1-13% 2,8811E-10 3.87S3F 01 0,0 0.0 0.0 0.0 0.0 0.0 0.022%7 0.0
X¥-135 §,.58378-11 6. 11168 00 0.020857 0.020857 0.0 0.2 0.V -2.8247E 08 0.002%9 0.0
sn-1a7 31.56898-08 5.22372% 03 2.003213 0.003213 0.0 0.0 0.0 -7, 3690% 04 0.00081 0.0
Pm-148 3.13208-10 3.67184% 01 0.070445 0.0008uS 0.C 0.0 0.0 -1.11728 06 0.00127 0.0
PHIABY 2.S147E-10 3.70B12 01 0.001392 0.)01392 0.0 0.0 0.0 «3,8710% 06 0.00014 0.0
PN-1a9 $.2639%~10 7.814SF 01 0.0 0.0 0.0 0.0 0.0 0.0 0.00821 0.0
SX-149% 3.56152-10 5,2873% 01 9.005215 0,005215 0.0 0.0 0.0 -9.0179E 06 0.0 0.0
NC-13) 1.2657E-07 1.8034® 04 0.007259 0.007259 2.0 0.0 0.0 «3,%921E OW 0.0 0.0
FPY 2.53802-06 2,9586% 05 0.010794 0.01079% 0.0 0.0 7.0 ~3,25%3¢2 03 0.0 0.0
FP2 7.332228-06 9.1302F 05 0.002992 0.002992 0.9 0.0 0.0 -31,0U99E 02 0.0 0.0
CTHER 9.025000
ST 6.1065E 08 0,999951 0.399577 0,999936 2,248025 PISSILP 1.08310

FLOX, 1OSS®S, SIuA2, FLUX RATIO
1.5573F 18 3,6642% 1) 1,71688-0)

{2) . SUNM IMPORTANCESN,
1,00982 0.93102

---- PCWER, VOLUNZ, TINE,

0.10569

FIB2L CYCL? FCCNONICS L.LOGAD FACTOR, INTERFST,

COSsT RETORN DI%ECT INDIRECT TOTAL
PARRICATION 2.394550 0.0 2.394550 Q.359181 2.7%3732
PROCESSING 3.0 -1.337%2403 1.337403 ~0.179321 1.159082
FIEL 11, 248927 2.498604 3.75031y 2.020482 10.770302
Ry} 13.633277 1,161204  12,482271 2.201343 14,0R 616, FENERSY

MILTIPLICATION, RETIPROCAL
0.99998

PEED (KGM) , DISCHARGE, MNT~D/KGY
L20006% )9 6,09000E 08 S$.00003E-01 7.50000B-0% Y.00000E~01Y 4.JURU2FE 04 1,0R666F 04 1.2%914% 01

-0.14018

YILL/KW-HR ®1, IDCYCLE REAL YRS

(MWE-YR) , S04

0.86011

6,0N)20P 02

DOURLING "IMF (YR-1), COMPVERSICN RATTC
0.907M

0.333331

6.,00029F 02

(e

Le-v
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STANED PERRTILE PEL™: DISCAARG™, ST MSAGE (K GY) 2.429358 05 2.3280%F 05 1.013013I% o4

SNIMED FISSYLE PEEN, WAKEOP, DISCHARGYF, NET PRODUCTION (Xa¥) 7.98A74F 07 31.59695F 21 O TAREME Q03 -2,20090F

PISSILE (XGSN/WYE-YR), CONVERSIOJ, AND RRCIPROCAL DOIBLING TINE (YRS-1) 1.09005% 0.NI175 -d. 1077
SOEICHE TLUX RATIOS 1170y 1.23403 < 12955 APRER LRI )
SOP2ONE PLRX LRY®LS 1, 28477 14 L2%598 YA 1.2131E @4 V. 3d46F W L j e
CK® ("-235 FPED) INITIAL, FEED, DISCHAPGE, NET (MGHM) 0.9 ‘ 4.152%04% 00  1,3I08560F 0 -1,321412F 01
POEL COS'® ANALYSIS
CCST LEVPLIZ®D OVER 20 PUEL CYCLES AT DYISCOUNT PACTOR 0.0700 , RPAL YEARS - 19,042 ENERGY (MIE-YR)
cosT RETURN DIRECT IYDIRErT TOTAL MILL ‘KR=HR PLECTRIC
EABRICATION 1. 135029 0.0 1.135029 0.231,52 V.366081
PROCESSINGR 0.0 -1.509146 1.509146 -0.266347 1.242799
FOEL 4,.17300% 2.867543 ‘« 305062 1.531945 2.837407
stn 5.309034 1.358397 2.9496136 1.4966351 5.446287
TOTAL WITHR QUARTERLY ENERGY ACCOUNTING 5.36798

COST BY DISCODNTIRG ONLY AT REPERRENC® RAT® 0.0700¢ , {i

FABRICATION  1.135029 0.0 1.135029  0.173423 1.307452
PRCCESSING 0.9 -1.509146 1.509146 -0.12'723 1.383423
FOEL 1.938653  0,6787%1  1.269913  0.925413  2.195126
SNk 3.003683 -0.830805 3. 9wo0ar 0.972114 %.886201

CCST ONLY DISCOUNTING WITH QUARTERLY ENEFRGY ACCOUNTING 4,81595, AND AT TWICE THY Rng‘ %.901139

o

1.2300uf 0Oy

THROWANAY COST RSTINATE, DIRECT, TCTAL 5.72349 6.878.1 TOTAL ANNUAL A¥D QUARTERLY ONLY DISCOUNTING, 6,63819 €,%u27%

TEE CHANGE AND TCTAL COST POR PIPTY PERCENT INCREASE IN UNIT COSTS
PABRICATION 0.683041 6.129328
PF "TESSING 0.621399 6.067686
PUEL 1.41870) 6.864790

DISTRIBUTION OF THR COSTS APTER THE YNCREASE RY PIPTY PERCENT

COST CETORN DIRECT INDIRRCT TOTAL MILL/XKV-IIR ELECTRIC
PABRICATION 1. 702543 0.v 1, 702543 0.346579 2.049122
FROCESSIRG 0.0 ~2.263719 2.263719 -0.399520 1.864198
TCEL 6.259507 4.30131% 1.958193 2.297917 8.256110

- - LA LR R Y i e e L e L]

som 7.962050 2.017596 5.920455 2.244975 8.169410

9f ~v



ACDITIONAL CCRTINOOUS PUBLING CHARGES - FABRICATION DIRECT,

INDIRFCT, PUFRL INDIRECT,

TOTAL

ONE CYCLE 0.11973 0.08756 0.20567 0.81295
RISTORY 0.02993 0.02169 0.05142 0.10326
CCST DEPEWDENCE ON INDIRECT CHARGES
INTEREST RATF 0.0500 0.0750 0.1000 0, 1250 0.1520
TCTAL FUEL COST '.69796 5.02212 5.44629 5,82045 6.19461
SUZAARY OF RCACTOR HISTORY, ENERGY (9WE-YR) 1.20004® 04 : ‘
PERIOD TIAE (YR) LOAD PACTOR PISSILE RAKENP AXD PEPD AND DISCHARGE  COWVERSTION POWER CoST
1 0.33343 0.75000 1.02429% 03 1.92829¢ 0} 2.33WIF 02 0.86010 1.20006F 09 14,6R162
2 1.00060 0.78866 3.73Vu2% 02 3,791628 02 2.23705F 02 0.84476 1,19997F 09  4,74072
3 1.669% 1 © 78653 1.30160® 02 3.63503E 02 2.192V1F 02 0.83036 1.20001® 09  5,.15908
a 2.36060 3.78339  1,.33646E 02 I.STISIE 02  2.170%2F 02 N.82295 1,19995E 09 5.10734
5 3.015%4 J.73923 Y,.32399% 02 3.51610E 92 2.34350F 02 0.82137  1,19999% 09 4 ,AB18)
& 3.6938¢ 0.73403 1.429178 02 13,599698 02 2.36180F 02 0.82503 1,19994® 09  4,97250
7 837797 0.72775 1.248439E 02 3.59198E 02 2.186B6E 02 0.82698 1,20004% 09  4,95027
8 5.06858 0.72336 1.2¢015e 02 1,601958 02 2.404%5F 02 0.82829 1.20010F 09  4,.94717
9 5.76681 0.7118%  1.22866% 02 3.61152F 02 2.43979F 02 0.82909 1.,2%010%® 09  4,.93219
10 6.8812 0.70205 1.221998 02 3.62654F 02 2.4S5299F 02 0.83003 1.20010F N9  4.9412)
CASE TO CHECK CERTAIN QPTIONS
CCATROL OPTIONS 2 0 1 5 o 0 9 o0 O o o0 o0 O 6 0 o0 o o o 0 o o0 o
DATA 1.000R 00 0.0 0.0 0.0 1.000F 00 0.0 $.0008 00 2,000B 12 4,0002-01 2.5002 00 0.0
IRITIAL CORCENTRATIONS 0.0 0.0 - 1.00002-08 1.0000E~0% 0.0 5.H0008~0% 0,0
0.0 0.0 0.0 0.0 0.0 4.0000B~02 0.0 0.0 0.0 0.0
ATJUSTED IRITIAL CONCENTRATIONS (SRARTH BIGENVALIE 1.00000 0.72850)
. - - 7.285E-09 7.2858-96 0,0 000!-05 0.0 0.0 0.0 0.0 0.0
0.0 8.0002-02 0.9 0.0 0.0 2.0 -0 0.0 0.0 0.0 0.0 0.0
DISCHARGE ACTINIDE CONCENTRATIONS, STEPS 100

0.0
1. 586E-08 8.000B-02

REPERENCE CONDITIONS FOR THE EYPOSURE PERRIOD (YRS)

PISSILE LOADIRE (RGN}

RUCLIDE

20
0-235
0-236
0-238
NE-239
PD-239
PU-240
PU-24a1
PU-242
AB-243
FIXED
I-135
XE-135%

DENSITY
5..c232-09
8.0524E~-06
6.5755R~-07
Q.7373e-05
8.7091e-08
1.S041B-06
2.7556E-07
9.3228e-08
9.7787R-09
V. 00662-09
8.0000%-02
R, 2467E-10
9.8273e-1Y

GRANS
2,03018-06
1.58212-03
2.57802-04
1.8730e-02
1.8697E-05
5.97202-00
1.09878-00
3.73258-05
3.93132-06
%.06358-07
1.97088-0Y
9.5202p-08
2. 11342-08

0.00021?
3.296397
J.011847
0.318705
0.00187%4
0.220865
0.082823
J.017840
0.000577
0.000043
0.0201399
0.0

0.0210u0

2.2166E-03 PISSILE PEED

ABSORPTION CAPTURE

34.00021S
0.0650137
J.0113886
0.316699
0.00 1461
0.084613
J.082108
2. 004835
0.000575%
0.090043
0.020309

0.0
0.0210490

1,000 HORMALLY ELECTRICAL PCWER DASIS, ITBRATIDHQ
2.8!!1!-06 HAX POWER DENSITY

PISSION

0.000001
0.231331
0.000061
0.001992
0.000013
0.136244
0.000%1$
0.013805
0.000002
0.000000

[~ ~N~]

-0
<0
.0

PRODOCTION ETA
0.000003 0.016061
0.562929 1,899218
0.000163 0,014270
0.0054G9 0.016970
0.000038 0,023057
0.391769 1.773794
0.000360 0,008487
0.039313 2,203625
0.000007 0,012320
0,000001" 0.013%498
0.0 0.0
0.0 0.0
0.0 0.0

6.2501

IMPOPTANCE
-4.2810F 04
5. 1260E 04
=-1.7311F 04
~6.680uF 01
-3.1881F 04
7.9666F 04
=1.921%F 0%
1.87888 05
~5.9104F 04
-4,9584Y 04
-6,20927=-01
0.0

. =2.%4328 08

v

3.7842-09 2.2558- 06 9.376E-07 4.48BE-05 4.462B~08 1,9032-06 5,5082-07 3,071E-07 6,97 )FP-08

3

KGM/MVE-TR
162,77692

1,24405
181.97908
153.9218)
113,99992

1.55184
340.58150

1.27294
217.86127
23u,%83 11

0.0

0.0

0.0

1, 0008 09

(W)

~1



rw-tal R.2¢20%-08 V1, 0408F-05 0.00%901 J,005921 0.2 0.0 .0 -1.4411F 0% 0.00069 c.0
PR-un £.29078-10 1,3003%-07 ©0.001>F3 D,.001%7” 0.0 0.n n.0 -1,0191% 06k 0.00155 0.0
PRIGAY 6.218a8-10 1,52838-G7 G.002531  3,.202%31 0.0 0.0 0.0 “4,7161F 04 0.90024 0.0
PN-tug 1.23398-09 1,0531%-07 0.0 .0 0.0 0.0 0,0 0.5 0. 00880 0.0
M- 149 1.2293F-09 1.0817%-07 0.008832 0.008402 Q.0 0.0 3.0 -9.1072E 06 0.0 0.0
ND-183 V.6299E-07 1,87052-05 2.00507% 2.00%77% Q.0 2.0 .0 =3.9687% O4 0.0 0.0

et 8B4V E-0F 6,7691F-08 0.018726 D.018726 0.0 0.0 0.0 «h, 72018 O3 8.0 0.0

Fe2 V.1C178-05 2.180598-03 0.006015 90,09605 4,0 0.0 0.0 “5,74478 N2 0.0 0.0

CTHTR 0.0
sty 8,2123%-01 0.999997 J.333169  9.3999HA 1.857609 PISSILE 1.34939

NILTIPLICATION, RYCIPROCAL DONBLING TIMFR (YR-1), CONVERSION RATIC (2)

¥19X, LOSS®S, SIGA2,
=0, 14414 1.00900 ~0. 297904 0.hRISK 0,668%5

LOSYSE 18 S.08B7% 11 2,5466E-013

PLUX RATIO {2), SUM [RPORTANCFReYM,
5.00900 5.00000

FOEL CYCLE ICONCNICS ---- POWER, VOLDNE, TINP, LOAD PACTOR, INTER®ST, FEEL (KGM), D  .J"'"GE, HWT-0/KGY
2.S0003F 00 1.00000% 00 1.00000F 00 7.50000R-01 1,000002-01 2.27259E8=0% 1.90407E~05 1.0.0382P 02

COST RETIRN DIRPCT IYDIRECT TOTAL MILL/ZKW~HF %1, MIDCYCLE RFAL YRS C.6666RT
FASKICATION C.300360 0.0 0, 1031360 0.035042 3.315401
2FOCESSING 0.0 -0.605752 J).605752 ~-0.102959 8.5047913
POEL 5.276879 2.%17901 2.853979 1.013€195 3.3775%0)
st $.577238 1.812143 1, 765089 0.952698 4. 717787, ENFRSY (MWE-YR), SUY 2.50001%96 2,50001F=08 !
=
cycL®, T, X, FIST FETED, ©-IT, POWER, CR, YRS, COST 15 Y. 0000 2.,8841T-06 1,T7766F=06 J.%000F U9 0,693 O,AE6T7 4, V7R
11 7.19201 0.6910V 1.19673% 02 3,.63653F 02 2.47333F 02 0.83063 1,22008® 09 U.94462
12 7.92220 0.67861 1.19661F D2 3,63960F 02 2,49160F 02 0.83108 1,20006F 09 4.9507Q
13 8.66668 V. 66476 1.17642F 082 J,649758 02 2.50735% 02 0.83138 1,20005F 09 4,96308
AL} 9.42777 0.64932 1,16786E 02 3I.65947E 02 2.52139F 02 0.83166 1,20008® 09 4.97970
15 10. 20825 0.63217 1,159498 02 13.66684E 02 2,52938% Q2 0.83185 11,2000 09 4.99911
16 11.01146 0.61312 1,.15296F 02 3JI.6743I6E 02 2.54102¢ 02 0.83192 1,20009® 09 S. 020436
17 *1.88155 0.59194 1, 14838E 02 3.67776= 02 2.55154¢ 02 0.83194¢ 1,20006F 09 &, 0%R4 1}
18 12.7037%6 0.56335 1, 14384QE 02 3.68486E 02 2.55992¢ 02 0.83198 1,20008T 09 4,98112
19 13.60432 0.58196 1,13973® 02 3.A91272 02 2.56784E 02 0.83191 1,2000,¢ 09 4.69826
20 10,554 22 0.51226 1,13648% (2 3,696319% 02 1,13925r 03 0.83186 1.,2n009¢ 09 0.99628
OVERALL 15.04227 0.67336 3.59695¢ 1 7.94674% 03 S5.7u4584E 03 0.83175 1,20004F 09 5,98647
CCSYT BSYINATE DISCOUNTING ENERGY ON THE BALLIS OP ONE- QUARTER YEARS 5.86097
CCST ESTIYATE DISCOUNTING ENERGY FROY NID-CYCLE EXPQSURE POINTS (NOT A BPTTEPR PSTINATE) 5.57679
A DIRECT ACCCUNTING OF THE TIA® OTCORANCE OPF COSTS YIELDS A FORL COST ©f (SEE SUMNARY ABOVE) S, 44629
CASE END RORNAL, U-233 PEED WITH 4. STRZONES PROCESSOR (SRC)Y 7.94



CCRIINNIAG WITH RECICLE, CYCLE COUNT, MIDCYCLER TIAR (PULL POVER YBARS)

SBARCR IT 19 6.8670S5F 00 9.266436E-03 5.000000® Q0

SEARCH IT 20 6.935720E 00 9.9999982-03 5.900000E 00

SBARCH IT 21 6.961503R 00 3.718212E-03) 3.750000E 00
*9%% CONVERGENCE MOY SATISPIED OW ITERATION CYCLE S KEPP

ACJUSTED INITIAL CORNCERTRATIONS (SBARCH BIGENVALDZ

0.0

0.0
2.745E-07 &4.000E-02 0.0

0.

DISCHARGE CORCENTRATIONS

ERPEREBNWCE COWDITIONS
PISSILE LOADING

SICLIDE
0-23%
=235
0-236
0-238

NE-239

pm=239

21-249

pm-2al

2N-282

AN-243
FIXED
1-135

XE-313%

2%-147

PY-14a8

[ 2-RE R:-1]

Pu-149

Su-149

NT-183

P

rp2

THER
UL |

FLUX, LCSS

wneEl TYCLE

PARRICATIO
PROCTESSING
POEL

Inw

. 0.0 2.826B-07 6,.338E-05 2.365E~08 4.950B-05 4. 614F=-09 2,223E~06 8.013P2-07 S.8713E-07 3.9012-07
2.9038-07 §.0008-02 &.025B-10 3.809B-10 1.163E-07 2.887e-10 9.188E-10 £.783E-10 ?7,230B~09 3,.%589P-07 6.726E-06 2,071E-05
POR THE EXPOSURE PERIOD (IRS) 1.000 NORMALLY PLECTRICAL POVER FASTS, ITTERATIONS 21
(XGn) 2.7249R-02 PISSILE PEED 2.9723E-0% MAX POWER DENSITY £,2690F 00
DENSITY GRANS  ABSORPTION CAPTORE PISSION PRODUCTION ETA INPORTANCE  DECAY KGN /9UE-TR
2.9148E-07 1.1331P=-084 0.001182 0.,001174 0.000037 0.000019 0.016061 =4, I76UE 01 0.0 162,77695%
6.69308=05 2.6130E-02 0.478331 3,104957 0,3733127 0,.90846% 1,899237 13,7406F 07 0.0 1.24405
2.3877E-08 9.3612E-02 0.806164 J.403995 0,.002169 0.005796 0,014270 =1,711S% 01 0.0 181.97914
4,97482-0% 1,9A69E-02 0.032702 0.032497 0.000204¢ 0.000%5% O0.016970 -6.613VF 02 J.0 151,92166
8,.65332-09 1.8a/6E-06 0.0000%4 0.000018 0.000000 0.000000 0,023057 -3 2424E 0% 0.01259 113,99949
2.2792r-06 8.8118E-00 0.037842 ).012198 Q.019642 0.096491 1,773795 4,.8010F 03 0.0 1.55184
7.99872-07 3,19918-04 0.012032 9.011999 0.000034 0.000102 0,0Q08487 =2,23%7% O 0.0 N0,58350
£.956SE-07 2.3988B-0a 0.011138 5.002769 0.008369 0.024543 2,203624 1,4664E Ou 0.00206 1.27294
1,8619E-07 1.5S526B-00 0.002227 0.002219 J.000009 0.000027 9.012320 =5.9694F 01 n.0 237,£5127
2.82852-07 1.WO02E-08 0.001186 0,001191 0,00000% 0.000016 0,01349R =5,50192 01 0.0 234.5R118
Q,.00Q08~-02 7,97082~0V1 D,.02193% D0,00198a 0,0 c.0 0.0 -7.,0967202-02 0.0 0.0
a.2878%-10 9.52278-08 0.0 0.0 0.0 0.0 0.0 0,0 0.02%04 0.0
4. C188E-10 9.0004B-08 J.008755 0.098755 0.0 0.9 3.0 -3.13318¢2 07 0,01724 0.0
6.6769°-08 1.6299E-05 0.000903 0,.000903 0.0 0.0 0.0 ~1,4640%2 0% 0.001%4 0,0
1.83252-10 3.5206E-08 0.000042 2.000342 0.0 0.0 0.0 -2.9919F 05 0.00044 0.0
S$.2860E-10 1.2991P-07 0.000210 J.000210 5.9 2.0 7,0 -8, 19948 Q" 0.00021 0.0
€.71073-10 1.6604B-07 0.0 0.0 0.0 0.0 0.0 0.0 0.00501 0.0
T.12848-09 1.7637E-06 0.004987 0.004987 0.0 0.0 0.0 1,066 06 2.0 0.0
1.8677E-07 4.83S0B-05 0.000568 0.000%638 0.0 0.0 0.0 -4.4412% 01 0.0 0.0
3.4658E-06 6.7329E~34 0,.001820 03.001820 0.0 0.0 0.0 -5.,9180% 02 3.0 0.0
1.0645%-05 2.0681%-03 90.000570 0.003570 0.0 0.0 0.0 «5.87212 01 2.0 0.0
0.0
F.4112E~Q1  (0.996659 J.401766  0.996004¢ 1,898078 PISSIL®T 1.20258
o5, SIGA2, PLUX RATIG (2), SUN IMPORTANCE®Y, MILTIPLICATION, RECIPROCAL DOUDALIYG TIME (YR-1), CONVERSION RATIC (2)
€C.8296% 12 4.E692E 11 2,1062%~02 €.30000 3,00000 ~0.22342 0.97924 -0,97878 0.08%00 0.,0R754
PCONOYICS =--=-- POMER, VOLUME, TIAF, LOAD PACTOR, INTFREST, FRED (R3M), DISCHARGE, "WT-D/KGW
2.52762F 30 1.00000% 03 1.00000E 00 ?.500097-01 1.007005-01 1.44414%=0u I, 37432FE-04 1. %44u7F Q1
cost RETURW DIRECT IMDIRECT TCTAL MILIZKW=HR FL, YIDCYCLF REA1 YRS £, 996944
N 1.902884 0.0 1.902884 0.222001  2.124886
0.0 ~4.162200 4. 162200 -0.693707  31.ucBR5l4
9.7 0.0 9.9 0.0 0.3
1.9029984 -4, 92240  ¢.0R312%  -0.471705 S.593419, FYERGY (Y48E=YR), SUM 2, 80761%-0h 1, 28075P~(QN

0

0.0 3.0072-07 7.071E-05
0.0

§.57247
2.4
3.0

5.000000

5 “.500
E 30 9.9%59201EF 12 6.300617%
5.0000002 00 9.862509F 12 6,30%654uL

5.000000®2 00 9.829S8%59F 12

0.99934
6.9615

0)

t1e-0u 5.0002-05 0.0
0.0

0.0

6.269040F

2.218P~06 7.,985%8-07
0.0 0.0

00 9.986194E-~0"
00 9,.990085r-01
00 9.99342%5e-01

6,057®2-07 3,8172-07
0.0 0.0




CYCLY THRPOWAWAY COST SSTINATE, DIRECT, TOTAL 3.0u374% V.07%76

CCST LEBVELYZFD OYER S FURL CYCLPS AT DISCCUNT FACTNR Y. 0700 , RFAL YEAPS 6,667

FABRICATION 0.A9009¢ 0.0 J. 690094, 0.037949 0.72804S

PROCPSSING 0.9 -1, 46082¢ 1.4K0526  =2,315467 1.14%0%9

20FL 3.558623 1.24971}3 2.308390 0.857196 J. 166036

S0y R.248719 -0,21079) 4. 459512 0.579678 5.039189, LNER3Y (NMWR-YR), SOR 1,2507%P-0%
CCST BY DISCODNTING ONLY AT REPERENC? RATE 0.070%0

FABRICATION 0,69009¢ 0.9 0.690096 0.015435 0.705%511%

PFOCESSING 0.0 =1.460520 1.460526 ~0.232984% 1.227542

TNEL 2.364873 -2.632658 4.997531 -0.122022 4.875%09

S0y 3,054969 -4.0%13184 7. 948152 ~0,33957 6.808581, FYPRJY (MWE-YR), SUM 1,2%075F-0°
CCST TSTIMATE SITH DISCOONTING ONLY AT TWICE THE RATE 6. 71057

THROMAWAY CCSY ESTINATE, DIRECT, TOTAL, AND WITH ONLY DISCOUNTING 4, 65080 S« 39412 5,25996

CYCLE, 17, X, PISS PRED, BYIT, PDWER, CR, YRS, COST 5 21 0.999) 2.8728E-0% 2.5%63F-05 2. 5076F Q0 O0.08%0 6,0000 H.594

SUMNED TERTIIE PRED, DISCHARGE, NPT USAGE (KGY) 9.88853R=05% 9,27993E-05 6.Q06S8P-06
SOAY®D FPISSILE re®eD, MAKEOP, DISCHARGE, NET PRODUCTION (KGN) 4.596062-05 0.0 3. 71033705 -8,3%T729F-0¢
PISSILE {RGA/AWE-YR), CORYEBRSION, AND RECIPROCAL DOTBLING TINE (YRS-1) 1.3243¢8 0.466%8 LUPR TR )

ORE (7-235 PPRC) IVITIAL, PRED, DISCHARGE, NET (M34%) 6.561297E-07 S5.622001B-01 B.559726F=-06 #.62!915?—01
i

MARKE~0P FISSILE ASSOCIATED WITR ORE AND ORE 3.,47198592-05 B8.009B6KE=-06

CASE END NORRNAL, CASE TO CHECK CPRTAIN OPTIONS PPOCESSOR (S£C) 24 0%

0-235, U-238 PERD, PIX TOTAL HEAVY METAL

CCUTROL OPTIORS 2 0 L] 8 -1 1 Q 2 0 0 0 0 0 0 0 v 0 0 0 0 0 0 0 0
DATA 1.0002 00 0.0 0.0 0.0 5.000E-0Y 1,600E-03 $,000® 90 2.000F 12 4.000Z-01 2,500 00 4,000R-02 1.000F 00
INMITIAL CONCENTRATIONS 0.0 0.0 0.0 0.0 1.0000%-0% 0.0 1.00002-04 0,0
9.0 0.0 0.0 0.0 0.0 S.0000B-02 0.0 0.0 - 0.0 0.0
ALJOSTED INITIAL CONCENTRATIONS (SEARCH EIGENVALUR 1.00000 0.82929)
0.¢C 9.0 0.0 0.0 4,293E-06 0.0 1.0578-08 0.0 0.0 0.0 0.0 0.0
0.0 $.000=-02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

DISCRARGE ACTINIDE COWCENTRATIONS, STEPS 109
0.0 0.0 0.0 0.0 1.7532-06 4,257E-17 1.032P-04 4, 625E-08 |,071E=-0C 2,014F=-07 1.456B~07 I, 1R8R-0F

1.609E2-09 5.0008-02

O7=-Y


http://-1.ttf.0S2f

REPERBNCE COMNDITIONS POR THER EXPOSIRE PRRIOD (YRS) 0.500 NORMALLY BLECTRICAL POWEP BA3SIS, ITERATIONS 10
PISSILY? LOADING (KGH) 1.3950E-03 PISSILE PRED 1. 6760E=0f MAX POWER DENSITY 6. 2899F 00

NOCLIDE CERSTITY GRAlS ABSORPTION CAPTORE PISSION PRODDCTION ETA IMPORTANRCE DECAY RGH/AVE-TR
9-23S 2.70358-06 1.0771E-03 0.307421 0.053403 0.25398a 0.617392 2.008293 1.4121¢E 05 0.0 1.17524
0-236 2.68632-07 1.0375B-08 0.002087 3.002037 0.0000v 0.000026 0,.012685 -7,3837F M) 0.0 2064,71219
0-238 1.0843E-08 &,12902-02 0.317380 0.315733 0.001738 0.008708 0.014830 -2.0648F 01 0.0 176.13676

Np-239 4.60108-08 1.8586E-05 0.000926 0,.00092Y 0.000005 0.000013 0,0746402 ~-1,69813% 04 0.31498  182,901%9

PU-219 7.78558-07 31.0912e-04 0.196678 0,07a372 0,122308 0.351448 1,786924 2,6488% 0% 0.0 1.%39%40

PU-200 V. 13158-07 &4.71052-0S 0.033938 0,033906 0.000027 0,000082 0.002412 -2,0964P 05 0.0 1181,92651

PU-241 3.81568-08 1.52762-05 0.012166 90.003160 0.002987 0.026350 2.16579) 4.S431E 05 0,0001) 1.29496

PO-282 3.59698-09 1.44608-06 0.000100 0,000100 D.000000 0.00000v 0.,0V0292 ~-2,60%6F O 0.0 284,735

An-203 8.3601E-11 3,41528-08 0.000005 J.000005 G.000000 0.000000 0.003941 -4.39)0% O 0.0 03.%5278)
rIXED 5.0000E-02 9.9635E-01 0.042864 0.082064 0.0 0.0 0.0 ~-6,2896P-01 0.0 0.0
1-13% §.26562-10 9.5625k-08 0.0 9.0 8.0 0.0 0.0 0.0 0.0241%8 0.0

XP-135 5.2367B-11 1. 1740B-0F ,.022962 0.022962 0.0 0.0 0.0 -3, 1951F 08 0.00214 0.0

Pn-187 2.98608-08 7.20912-06 0.002601 0.002601 0.0 0.0 0.0 =7.609%F 04 0.00049 0.0

PR-148 3.18828-10 7,83558-78 0.0004%V 0,000%4V 0.0 0,0 0.0 =Y. 3420 06 0.00094 0.0

PRIASBA 2.14632-10 5.27482-08 0.00197¥9 0.001139 0.0 0.0 0.0 -4,.049R" 06 0.00008 0.0

BA-149 8.6076E-10 2,12972-07 0.0 0.0 0.0 2.0 0.0 2.9 0.00616 0.0

S*-189 R.20782-10 1.09068-07 0.006185 0,00616S 0.0 0.0 0.0 =1, 09978 07 0.0 0.0

Ne-143 8.13062-08 1.93072-05 0.004857 0.004457 0.0 2.0 0.0 ~4,0)22F 04 0.0 0.0

b4 ] 1.72C0E~-06 3.3417E-08 0.00705% J2.007054 0.0 0.0 0.0 =, 42922 01 0.0 0.0

¥e2 5.34658-06 1.0388%-03 0.001973 17,001973 0.0 0.0 6.0 -3,1722F 02 0.0 0.0
CTHER 9.040000

s™ 1.0806E 00 1.000012 0.387050 1.,000019 1.927671 PISS1L® 1.2900%

PLOX, LOSSES, SIGA2, FLUX RATIO (2), SUN IMPORTANCF®Y, NULTIPLICATION, RECIPROCA! DOUBIINA TIN® (YR=1), CONVERSTON PATIC (2)
2.0577F 1a 5.0683% V1 1.6079R-03 1.00496 1.00496 3.21712 1.70000 -2.45%7%1 N,69626 3.67%45

OPTINDN EXRICHNENT, IT, TAILS, .95 PRODOCT COST, ORE (KGY/GN) « 0.001855 0.0 0.210700

PIEL CYCLE PCOWNONICS ~---- POWER, VOLUNE, TINE, LOAD PACTOR, INTEREST, PLPD(VGW), DISCHAFGE, NWT=-D/KGN
2.89997F 0C 1.00000B 00 5.00000F-01 7.50000F-01 1.00000P-01 4.3EA20P=-05 4.1RJ29%-0% 2.A1116E O1

COST RETORN DIRECT INDIRECT TOTAL MILL/KW-HR PL, “IDCYCLE PEAI YRS 0,333
FABRICATION 1. 154684 0.0 1. 154684 0.006223 1.250907
PRCCESS IV 0.0 -2.54161% 2.50163% -0.338885 « 202754
°OEL 5. 823825 2.881%801 249542024 0.836137 3. 17860
30N 6.578109 0.33976; 6.233347 0.5913%4 6.1821, ENRRIY (MWE-YR), SUM « 2H998P-D¢ 1, 2U0GHP-NK

CYCLE, IT, K, PISS PEED, EXYT, POWBR, CR, YR3, COST- 1 10 1.0000 1,€760F=06 1, VR62F=0A >.5000F 00 ). 6064 0,1133 6, ny12

CCNTINUING WITH RECYCIE, CYCLE CONNT, HIDCYCL? TINR (PULL POWER YPARS) 15 1,250

ACJUSTED TNITIAL CORCERTRATIONS (SEARCH BIGENVALUE 0.16897 0.16921)
0.9 %.0 .0 0.0 5.49n02-06 3.033IP-06 9.652E=-00 0.0 2.690F=36 9,141%-07 7,479¥~-07 A, AV2R-07
€.0822-07 S.000E-02 0.0 J.0 0.0 Jd.9 J.0 0.0 0.0 0.0 0.0 0.0

JISCHARGE CONCENTRATIONS
0.0 0.0 0.0 deJ 3.8952~06 3.181E~06 9.4%1E-05 3, A63E-0B8 2.678P-26 9,285E=-07 7,522F-"" R 292007
6.890%-07 S.Q000B-02 3.952B-10 1,2172-10 S5.124E~-J3 3,974PR=-1D 5,3792=-10 9, 792F~10 YV, II2E-D9 1,S16E=0T7 V476206 1,0N942-0F
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PORL COST AMALYSIS

COST LEVELIZED OVER lSAPOEL CYCLES AT DISCOUNT PACTOR 0700 , REAL YPARS 10.000 TNFERGY (MWP-YR) 1.875052-05
cosTt RET/IRN DIRECT INDIRECT *OTN MILL/XV=-HR BLRCTRIC
EABRICATIOR 1. 160098 0.0 1.160099 Q. 139406 1.299499
PROCESSING 0.9 - 2.5533% 2.550176 -0.264572 2.2895804
roet 3.484300 S.684393 2.839981% 1.6259%) 3.36988Y
soN 9,648832 3.094017 6.550015 1.500772 8.051187
TCTIAL GITH CUARTERLY BRNRRGY ACCOONTING T.91043

COST BY DISCOUNTING ORLY AT REPERERCE RATL 0.07000

PABRICATION  1.160098 D.0 1.160099  0.109015  1.269114
PrOCES SING 0.0 -2.550376 2.550376 <-0.140422  2.40995%
POEL 3.236991 0.859839 2,777102  0.622647  3.3997%0
SN 8.397089 ~-2.090887 6.487576 0.591241 7.078817
CCST ONLY DISCCURTING WITH QUABTERLY ENBRGY ACCOURTING 6.95506, AND AT TWICE THE FATE  7.67257

THROWARAY COST ESTINATE, DIRECT, TOTAL 10.39658 11.26709 TCTAL ARNUAL AND QUARTERLT ONLY DISCOUNTING, 11.052%1 10.A%910 .
TPE CHANGE AND TOTAL COST POR PIFTY PERCENT IRCRZASE IN UNIT COSTS ' ‘
PAPRICATION 0.€4974%  8.700935 '

PROCESSING ' 1.142901  9.192088
POEL 2.232982 10.288128
DISTRIBOTION OP THE COSTS APTEP THE INCREAS® RY PIPTY PERCEN?
cosT RETCRN DIAECT  INDIRECT TOTAL YILL/KR-HR ELECTRIC
PABRICATION  1.740187 0.0 1.740147  0.209101  1.939247
PROCESSING 0.0 -3.825563 - 3.825563 =0.396858  3.22870%
rOEL 12.726501  B.%66539 4.259912  2.838918  6.698826
son 1N N6€697  §.601026 9.825622 2.251157 12.076778

'

ADDITIONAL CCATINUOCS PUBLIMG CHARGES - PABRICATION DIRPCT, INDIRECT, PUEL INDIRECT, TOTAL
qISTORY 0.07698 0.036810 0.78948 . 0,2048%6

CCST DEPERDENCE ON INDIRECT CRARGES

TETEREST RATE 0.0500 09,0750 0.1000 2.1250 0, 1500
TCTAL FOEL COST 7. 30080 7.67599 8.05119 8.426134 4.80157

¢ oy
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"w PIXED
15 1-13S
% Ye-133%
17 pu-187
8 Pr-148
19 pavwen
20 PH-V9
21 sr-1e9
22 %p-'W)
23 [ 4-3]

i FP2

CONTROL OPTICNS 2
DATA 11,0007 00 0.0

1. 00000
1.00000
1.00000
1.00000
1.00000
1.00000
1. 00000
1. 00000
1. 00000
1.00000
1.00000

2 )
0.0

INITIAL CONCENTRATIONS 0.0

0.0 0.0

0.0 $.000%-02

o.o

o.

0.0

0.90000
0.90000
0.90000
0.90000
0.90000
0.90C00
0.90000
0.90000
0.90000
0.90000

8 -0 1

0.0
0.0
0.0

0.0

DISCHARGE ACYINIDE CONCI!TRITIO%S. syees
2.0 0

0.0
1.534e-09 S.0002-02

0.80000
0.83000
0.80000
2.80000
0.80090
0.80009
0.80000
0.80000
2.80200
2.80000
0.83000

0 2

0.0
0.0

ATJUSTRD Ilgf!ll CC'C!I:RITIOISQ(S!ARCH SIGENVAL"E
0 0

0 9
3.0

0.0

0.40000
0.40000
0.00000
0.40000
0, 40000
0. 40000
0.40000
0.40000
0. 40000
0.40000

0 0

5.0000E-02 0.0

1.30000

332!~06 0.9

130
1.7672-06 4,.297B-07 1.031E~04 4.606E-0B 1.089E-06 2,592P-07 1,4218-07 3,060E-08

FEPERENCE CONDITIONS POR THE EXPOSURE PSRIOD (YRS)

PISSILE LCADING (KGYW)

ROCLIDP CRNSITY
©-235 2.76702-06
0-236 2.67012-07
0-238 1. 0800E- 08

WF-239 4,6621E-08

PT-239 7.94002-07

?U~-249 1.1589:-0Y

PU-24a1l 3.69952-n8

pO-282 3.8730E-09

An-233 8. 1496E~11
FIXFD %.0000®-02
1-135 §8,26032-10

TE-135 S.1177E-1

pr-147 2.9936e-0¢8

PE-188 3.2235e-10

PR148Y 2,13082-10

Po-149 8.6539®-10

sh-189 §,.32802-10

NC-143 £.1291t-08

ren 1.72092-06

FP2 5.3615E-06
CTRER

son

GRANS
1.03062-03
1.03692-04
a.12770-02
1.85112-05
3.11282-00
.. 6205P-0%
1.48128-05
1.39622- 06
3.28992-08
9.963SE-01
9.55062-08
1. 18732-08
7.30762-08
7.9222e-08
5.23612-08
2.1312e-07
1.07092-07
1.93512-05
3.35132-08
1.08172-03

1. 04062 00

ARSORPTION

0. 312551
0.022069
0.3 M
0.000938
0.1914a56
0.032682
0.011633
2.000097
0. 000005
0.043584
0.0

0.023058
2..002640
0.0%0849
0.001157
0.0

0..006219
2..004579
0.00716S
0..001997
0.080000
03.999607

1. 4067E-03 PISSILE PEED

CAPTURE
0.054257
0.002060
0.315631
0.030929
3,072:07
0.032615
0.003080
0,.020097
9.00020%
0,043584
0.0
0.023058
0.002640
J3.000449
0.001157
J.0
0.006219
0.000579
2.00716%
0.001997

0.0

0.50
1.6911
PISSION
).2582%9
2.020010
0.00172%
0.000005
0.119047
3.000027
0.028593
0.000009
2.2%00000
0.0

OO0 OUOoOVOO
s 4 & & o @

CO0VO0 OCOoO0vCLCO

2.387669

1,00909%)
1.057e-04 0.0

0.0

PRCDUCTION

0.627783
2.000026
0.004691
0.000013
0.342093
0.000080
0.025197

QoOoCcCoO OOUOOOO

™

1,0%71e-04 0.0

0.0

0.0 c.0
0.0 0.0

0 NCRMNALLY ELECTRICAL POVER BASIS,
E-0¢€ MAX POWER DEWSITY

IRPORTANCE
1. 43552 0S
=T7. 3517 01
-2.857%E 03
=1.7059% O
2.5859¢% 08
-2.0253E 0%
4.51858 05
=-2.%991F 04
-4,3742E 04
=-6.36092~01

0.0
=-3.,2334P 08
-7.6435¢ 04
=1.3169E¢ 06
-4,.09028 06

0.9
-1.0318¢ 07
-4,0780% OW
~3.43992 03
=1, 1754E 02

PISSTL®

oo
oo

ITERATIONS 1
6.2%03F 00

n

CODOODOWODO»
-

-
&
@
&

OCOCODO0O0O0OOUOmM
(=3
9
-
N

U 0 0 0 0 0 0
$.0002-01 Y. 650P-03 55,0002 00 2.000E 12 8,000®2~-01 2.500P 00 4.000E-02 1,000f 09
4.29292-06 0.0

oo
LY
(=X -]

cy-Y

KGH/HNE~-TR
1.17%07
20%.13371)
176.72809
184.715%0
1.%3953
1166.83667
1, 29487
204.%1341
810.494014

0000 OCOO0ODO0O0O
«a 4 & & 8 s &

0000 OO0 O0O0CO

1.28661
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*1nX, LOSSES, SIGA2, PLOX RATIO (2), SON INPORTANCEReN, MOLTIPLICATION, RECIPROCAL DOUBLING TINE (YR-1), CONVERSIGN RATIO (2)

1.85%60F 14 S,1395% 11 2,.2818¢®-01 1.42615 1.42615 3.139137 0.99999 -%.37%94 Q,69426 Q.68918
PPPL CYCLY ECONONICS <<~-- POWER, VOLUNE, TINE, LOAD PACTOR, INTEREST, PESD(XGN), DISCHA®GE, MUT-D/RGH

2.53303% 00 1.03000% 00 5.000005-01 7.50000%-01 1.200002-3% 4,369T2E<05 4, 18404E=0% 2,610322 01

cesTY RETURY DIRECT INDIRECT TOTAL *ILL/KW=-HR FL, YIOCYCLE REAL YRS 1.000000

PABRICATION 1.15505S 3.0 1, 155955 0.096251 1.25%1308
PRCCESSING J.9 -2.582001 2.5u2031 ~0.333938 2.203094
FIFL 6.339235 3. 993603 « 345633 1.060747 3,406380
30% 7. a9u29o 1. n5157| 6, 042719 9.818063 6.9€0792, PBNEPiIY (MWE-YP), SOM 1,25001%-06 2,.50008F-u6
CYCLF, IT, %, PISS ®T*ED, BRIT, POUTR, CR, YRS, CNST 215 1.0709 2.1136F-06 1.60513E-06 2,%000F 00 1.6943 11,0000 ¢.8508
TYycry, 1v, X, PISS PRED, PXIT, POWER, CR, YRS, COST J 11,0900 2.,3520R-06 1,837€F=-06 2,4999F 30 17,6918 1,hF67 6.9721
CCNTINJIING RITH RECYCLE, CYCLP COTNT, NIDCYCLE TINE (FOLL POWER YEARS) 12 €. 750
ACJOSTED INITIAL CCRCENTRHATIONS (SEARCH BIGERVALUE 0.39261 0.39322)

0.0 0.0 0.0 0.9 $S.137E-06 2.572E-06 9.7562-0S 0.0 2.6612-06 B8,RI9R=-07 7,.189E-07 7.7452-07

8, €19E-0? S.000%-02 0,0 0.0 9.9 0.9 J.0 0.0 0.0 0.0 9.0 0.0
J1SCHARGY ACTINRIDE CONCENTRATIONS, STEPS 100

0.0 0.0 0.0 0.0 3.557E-06 2.735E-06 9.552E-05 3.737P-08 2.663R-06 9.,008F-07 7.332E-07 B.,0728~07

S.1319-07 S.000%2-02

KRTPERENCE CONDITIONS FOR TH® PRPOSURE PERIOD (YRS) 0.500 NCRMALLY ELECTRICAL POWER BASIS, ITERATIONS 7

L9y

PISSILE LOALING (KGN) 3.0126E-03 PISSTLE PUED 3. 3501%-0€ MAX POWPR DENSITY 6.2503% 00
NICLID? LYRSITY GRAMS  ABSORPTION CAPTIRE PISSION PRODUCTION ETA I“PORTANCE  DECAY KGH/AWE~YR
71-3235 9.27542-06 1,66908-03 J.191510 J.03739€6 3.154094 Q,374760 1.956866 4.1%34E Od 0.0 1.20672
0-23¢ 2.668%2-06 1.04628-0) 0.01777% 0.01768%Y 0.020092 0.000247 0.073880 =-6.5789E 03 0.0 187,09666
n-238 9.65392-05 3.8169%-02 D,249072 0.247554 0.001506 0.006089 92.016418 -2.5028F 03 0.0 159,09792
NF-2319 3.77712-08 1,4997e-05 0.000502 0,.200498 0.000004 0.900010 0.020209 -1.31432 04 0.24714 130,06731
P9-239 1.05292-03 0,242536 2,092286 0.150245 0.431876 1.780666 6.B4UBE 04 2.0 1,545
2J-240 3.55972-08 3.090646 0,09049% D,00015% 0.000465 0.00%127 -1.0441E 05 0.0 561,72998
pr=261 2.9070E-08 0.086396 0,022058 0.064338 O0,188664 2,183707 1.37082 0S 0.00234 1. 28404
"-2Q2 3.18072-04 0.01809t 0.018021 9.020070 0.000214 9.011834 ~2,2656F 04 0.0 247.62650
An-293 1.9700B-04 J.0117338 J,011753 0.0092032 0,000105 0.008940 =2,4552F 04 0.0 354.19092
FIAED 2 9.96352-01 D.016652 0.016652 0.0 0.0 0.0 -3,43372-01 0.0 0.0
I-13S 9.86312-08 0.0 0.0 0.9 2.0 0.0 0.0 0.02325% 0.0
XE-13% 2.69848¥-08 0.019361 92,0196 0.0 ¢.0 0.0 -1.664uf 08 0.0048)3 0.0
pw-1a? 7.42922-06 0.001786 0.021786 0.0 9.0 0.0 =5,9224E 08 0.00048 0.0
pE-10% 5.79462-08 J2.000273 0.020223 5.0 0.0 0.0 -1, 1592F 06 0.00067 0.0
¥N188Y 7.5%692-08 0,030722 0.099722 0.0 0.0 0.0 -2.3949E 06 2.00012 0.0
PN-149 2.9099%-07 0.0 0.0 0.0 0.0 3.0 0.0 0.00566 0.0
SN-189 2.7229%-07 0.005658 J.D05€58 0.2 0.0 2,0 ~5,319%E 06 0.0 0.0
NT-1423 1.9359e-05 0.0217212 3.00%17212 0,0 0.0 0.0 -2.16738 04 0.0 0.0
PV 3.5098%-08 J.008332 2.004392 9.0 0.9 0.0 -2.4650E 03 0.0 0.0
PP 1.1006E-03 0.001343 2,001343 0.0 0.0 7.9 =2,39488 02 9.0 0.0
CTHER J2.040000
sny 1.0809% 00 1.000209 0.3.3%53% 1.000427 1.912410 PISSIL® 1.3%326
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L] 0-234
S u-23S
[y 0-23¢
7 0-238
A Wp-219
S P0-239
10 PpO-240
" 29-2a1
12 en-242
1) AN-243]
11} rIxep
15 1-13%
16 P-1131S
17 ox-187
18 pu-1a8
19 PHwWwEn
20 Pu-149
21 SM-149
2 YI-w4)
23 FPl
28 rp2
ORIGINAL
KANP
1 TH=232
2 PA-21R
3 29-2133
L n-23a
S n=-2135S
€ 0-236
7 0-239
8 Wp-239
$ Pn-239
10 p0-240
11 po-231
12 pPU-282
13 An-283
1% FIYED

1< 1-13%
L & TT-13%

AR 3 DT N
8 PN-1a8
19 PYW3n

0 Pw-Nae
7Y SY-189

22 ND-1G}
23 TPY
24 P2

ACOTSTED INTTIAL

[\’
€,.3627-07

3. 3200 OO
1. 951008 0V
1.632008 01
6.271500% 00
2.57200t OV
2.212008 O
9.40400F 00
3.521002 01
5.43000F 01
1.62200F 01

2.32%00% Q0
2.357007 DV
3,023008 01
3.30200® 01
1.9510%e oW
1.63200¢ 01
6.27500P 00
2.572008 01
2.21200% 01
9.80800F 00
3.52100°% OO
$.430002 01V
1.622008 01t
9.18000%-05
0.9

1. 175008 01
1.18000F 02
2.76000% 03
1.65000F 01
0.0

4.99°00% 01
1.91600% 00
*.93207°F OO0
<. WG 000E-0N

3.308813r 01
1.94836F 01
1.62970E 01
6.24796E 00
2.56954P 01
2.206133F 01
9.)8617F 00
3.51537F 0%
$.%2198F 01
1.619538 Ot

2.423719°7 00
2.05%%¢F 01
3.02012E 01
3.y08852 O
1.948922 O
1.629707 01V
6.24813E 00
2.569552 01
2.20634¥ 01
9.386139® 00
3.51538e o1
S.42198E 01
1.619528 01
9.13131p-05
0.0

1.17398F O
1.13892% 02
2.75738F 01
1.658a2* 01
0.0

8.38525F 01
3.91223F 00
3.97821% on
8. 31558%8-01

RN
RIS

6.442630-01
2.94873E 01
2.80106E-01
1.12024%-01
6.97952¢-01
3, 70960F 01
L.15381E 09
8.48909% 01
7.02807F-01
S.60674%~-01

2.52798R-02
4.J4299F-01

6,2240'F N
6.44266F-00
2.94881% 01V
2.%0105e~-01
1.10027E-01
6.,37955%-01
3.70962% 09
1.15342® 00
8.48911FE 01
1.028068-01
5.60670E~01

Coa0O0wUO

0
0
0
t
9
0
0
0
0
0
D]

o}
0
3

CONCFENTRATTONS (SFEASCH RIGPNVAL'E
RESN A |
ML e J.J

L.eUSE-6
2.0

3.51600F 01
2.56400F 02
2,64 800E 00
1.18200F 00
2,29000F O
€.,N00003C 02
6.980008 02
7.50000E 02
1416077 O
1.2690)E 02

9.140002-05 9.13126%-05 0.0 2.00000E~03
0.0 0.0 0.0 0.9
1. 17500F 0V 1.17334% 01 0.9 1.08000E 0¢€
1. 1Q000E 02 1,13891% 02 0.0 1. 00000E 02
2.76000E 03 2,7573¢E 0} 0.0 6. 460008 02
1.66000E 03 1.6%8317 01 Q.0 1. 14000 € O
0.0 0.0 0.3 0.9
8.99000F 01 8,.94523E 01 0.0 A.440008 Ou
3.91600% 00 3.91226% 0% 0.0 L3100 02
3.98200% 00 3.97819F 00 0.0 6,.10000E 00
4,16000P-01 &_1553i"-01 0.0 4.710005-01

AND CORRELATED CKROSS SEBCTIONS, SUBZOUE 0

FAST ABSORPTION (2), PRODUCTION -- THFRYAL

2.98100E 00
S.43600% 01

2.66900E 02
3.51600r OO
2.56400F 292
2. 64 800F 00
1.18200% 00
29000F 0N
6.00000F 02
6.93000F 9
7.50000¢ 02
1.41600E OV
1.2690J% 02
2.00009R-03
0.0
1.08003F 0k
1.20000F 02
6.36000F 02
1. W00k QU
0.9
J.44000% ou
W3INIE 22
6. 1)000F 00
4.710002-09

0.3443.

1.0UST-06 9 . h4bR-0%

3.9

ARSORPT ION

3.49997F 01
2.49000% 02
2,57849% 00
1. 16791E 00
2.27748P 01
S. 546988 02
6.547178 02
7.05154F 02
1. 330558 01
1. 19%48F 02
1. 99266F-01
0.0

1.07597F 06
9,9%462F 01V
6. 33611E 02
1139700 04
0.0

3.42682F 04
1. 30440 02
6.04787% 00
4, 65630F-01

2.97431P 00
., 05990P 01

2.65716R 02
31,5004 %E 01
2.U49360P 02
2. 57RA49E 00
1. 1680SE 00O
2.27754E
5. 54766F 02
€, 54744p 02
7.05w93e 02
1.33049E 01
1. 19S40F 02
1.992882-03
0.0

1.07609F 0Of
9.95280F 01
. 33656F 02
1. 13577 04
0.0

J.U42A97E 04
1.30%96F 02
6. CIN99R 00
4. v 4522ER-01

2.3949)

0.2
3.9 0.0

9495P 02

374 02
1486F-01
S1A97F 01

@ A 8 8 8 & @« 8 o 8 2 s & & a

.
H

OOOOOOOOOOOOOJJGOOOOO

COO0CO0OO0OOOOOOUTD=LNLODDOAD

(2), PRODUCTION

0.0
0.n

6.03289E 02
0.0
5.10231P 02

A494F 02
1507€=-01
1899 03

0.

0.
0.
9.
S
1.
J.
0.
0.
0.
0.
a.
0.
.
0.
0.
0.
0.
0.

OQDOQODOOOOOOUI-'@OOO

CeTHAF-N0O

.0

9,060 =0T T,0hat=0) Y 076V
Yo

N.0

1.0

A=V



DISCHARGE CORCENTRATIONS

0.

0 .
6.8758-07 S.0002-02

0.0

0.0

EEFERENCE CONCITIONRS POR ThE BIPISURE PEPIOD (YI8S)

PISSILE LCADING (XGR)

WocLIDE

o9-23%
0-236
9-238
Np-23
PD-239
PO-280
PO-281%
?9-2Q2
AR-24)
TIXED
1-13%
xe-135
pPR-147
PN-Y48
pawasgy
PY-189
S 19
LR L X]
FP1
Fp2
cTHTR
Sy

DERSIY!
L.S56962-06
3.1332E-0€
a.54892-05
3,6952e-C8
2.78752-06
9.3465%-07
7.61108-07
8.67a42-07
6.27273-07
5.0000&-02
§.2203r-70
1.2%782-10
31.08952-08

« 2262810
3. 1902810
8.0833e-10
1.1571E-09
8.18032-08
1. POI2E-06
5.65900-06

*LOX, LCSSES, SIGA2,

T.37108 13 S,.2073F 11 &.3230B-0)

GRANS
1.78802-03
1.2284%-03
3.7739%-02
1.86728-0S
1.0%9092-03
3.7265e-04
3. 04722~ 08
3.3873e-00
2.5322e- 04
9.96352-01
9.86132-08
2,.8197e-08
7.88398-06
S.7169e-08
7. 78468~ 08
2.0000e-07
2.8630r-07
1.94258-05
3.5038%-04
1.0995E-02

1.0810F 0D
TLOX RATIO

ABSORPTION

0.1953%3
0.020673
0243869
0.000u82
0.2389135%
0.089978
0.0%96205
0.0196 21
0.014499
0.0158%1
0.0

0.019160
0.021758
0.000266
0.000706
0.0

v.0056135
0.0016 132
0.004a2135
0.00131%
0.020000
1.0230223

3. 1795E-03 PISSILE PIED

CAPTURE
0.V iBaas
0.020565
0.282378
J.000078
0. 090957
0.099819
0.021972
9.019%45
0.014a%9
0.015891
0.0
0.019160
0.0017%8
0.000266
9.000706
000
2.009613%
0.001632
0.003285
0.00131%

{2) ¢ SU% IRPORTANCESN, MULTIPL JCATION, RRECIPROCAL
270193

2.70188

0.500 NCORMALLY BLECTRICAL POWER BASIS, ITERATIONS 6
3.5259E-06 RAX POWER DPENSITY 6.25013F 00

PISSIOCN PRODUCTION BTA INPORTANCE DECAY KGM/RUE=- YR
0.156887 - y,381%66 1.953216 J1.8979F 04 0.0 1.20901
0.000108 0.000288 0.013%18 -6,%213¢ 01 2.0 186.55080
0.001879 0.008017 0.016470 =2.%200F 09 0.0 1%8.59669
0.00000¢ 0.007010 0.02045) -1.2939R8 04 0.,24198 128.%51)99
0.187973 0,82%356 1,780210 6.7917E 04 0.0 1.59%70
0.0001%9 0.000480 0.005336 ~-1,0032P 0% 0.0 540, 1640013
0.068233 0.18u358 2,184999 1.2920F 0% 0,00206  1.2R3A9
0.00007¢ 0.000233 0.011883 =2.241%% 04 ~.0 . due . 60298
0.000041 0.00013% 0.009277 -2, 3732E 04 0.0 31, 33496
0.0 0.0 0.0 =3, 39 18-01 0.0 0.0

0.0 0.0 0.0 0.0 0.02327 0.0
0.0 0.0 0.0 -1.5983¢ 08 0.00%0% 0.0

0.0 0.0 0.0 -5,8327°€ 04 . 0.00049 0.0

0.0 0.9 0.0 -1.18822 06 3.0006 0.0

0.0 0.0 dg.0 -213209! 06 0¢0C012 0.0

0.0 0.0 0.0 0.0 0.00456) 0.0

0.0 0.0 0.0 ~5.1091F 06 0.0 0.0

0.0 0.0 0.0 =2.0863F 04 0.0 0.0

0.9 0.0 0.0 -2.4178F 01 0.0 0.0

0.0 0.0 0.0 =-2.35%1F 02 0.0 0.0
0.370960 1,000440 1.912186 PISSILE 1.36197

POUNLING TIRE (YR-1), CONVFRSI(N PATID ()
0.90976 0.99998 =0.2R802 0,616 36 0.:37 11

PORL CYCLER PCORONIZS ~--- COWER. YOLUME, TLYE, LOAD FACTOR, IHTE“EST; PRED (XGM) , DISCHARGE, NMUT=D/KGNR
%.500188 00 1.00000% 00 S.00uv0DE-O01 7,50000E-01 1.30000%-01 4.u0290E-05 4.2064BR~0% 2,%59076r 01

. 3.8342-06 3.192B-06 9.4458-05 3.657F-08 2.7%32=06 9,4008-07 7.6598~07 8,769E-07
3.9368-10 1, 177B-10 S.1162-08 1,902 1J 5.2862-10 8.82C8;10 1.2632-09 1.513P-07 [, 476¥-06 1.094%..0%

0s-v

COST PETORM DIRECT INODIRECT TOTAL MILL/KV=HR PL, MIDCYCLE Fh/L YIRS 9.66(&\&
FAERICATION 1. 163777 0.0 1. 63777 0.096931 1.2607%8
PROCES S ING 0.0 -2.5555%6 2.955%5%6 -0.3807¢1 2.214018 ’
roeL 9.8239109 6.9096 16 2.52949) 1. 707870 0.237364
son 10.6028%¢ 8, 354039 6,208827 1. 464110 7.712937, ENBRGY (WWE-YR), SUM 1.2%0078-086 1,87505E-0%
CYCLE TAROWARAY COST BSTIAATE, DIRECT, TOTAL 11,0642 12,09619

cxcrLe, Iv, K, PISS PERD, EXIT, PUVWER, CR, YKS, COST |s/ﬁo¢;1;opﬂo 3.52992-06 2.9113%~06 2.%001F 00 0.6364 9,6667 17,7129

SORAED FERTILR PRRD, DISCRARGE, WET USAGE (KGH) fg:926513-00 S.797982-00 1,288 - 0%
SOANED PISSILE PBED, NAKEUP, DISCHARGE, NET PRODICTION (KGN) 4,3674038-05 1.130.32'538 1.508132-0% -8.19298E-06
FISSILE (XGA/RAWE-YR), COWNVERSION, ARD RECIPROCAL DOTBLING TINE (YRS=1) 1.3466% 0,66762 =0.289%8




R R (A e

ORE (U-23S PED) IRITIAL, PERED, DISCRARGE, WET (NGN) 3.612911E-07 2.471852R 00 7.3779867-06 2,4715a4E 00
NARE-UP PISSILE ASSOCIATED WITH ORE AWD ORE 1,1308430B-05 2,826806E2-06

POEL COST AWALYSIS

CNST LEVELIZED OVER 13 PUEL CYCLES AT DISCOUNT PACTIOR 0.0700 , REAL YEARS 10,000 ENERGY (RWE-TYR) 1,87505E-0%
cosY RETURN DIRECT INDIRECT TOTAL MILL/K¥-HR ELECTRIC
“ADRICATIORN  1.160052 0.0 1.160052  0.139393  1.299485%
PROCESSING 0.0 -2.950265 2.5%50265 -0.268%66 2.283699
TORL 8.050849 5.665920  2.388925 1.501204 3.890128
son 9.218901 3.11%S9  6,099282  1.376030 7.078272
TCTAL VITR QUARTERLY BWERGY ACCOURTING 7.3840%9

COST BY DISCOURTING ONLY AT REPERENC2 RATR 0.07000

PABRICATION 1. 160082 0.9 1. 160082 0. 109009 1.269061
PROCESSING 0.0 -2.950265 2.5%026% -0,1304020 2.809808
POBRL 2.827910 0.86 06481 2.367269 0.509580 2.876948
son 3.987963 -2.00962) 6.077586 0.478269 6.5538%5

CCST ONLY DISCOUNTING WITR QUARTERLY ENERGY ACCOUNTING 6.44124, AND AT TVWICE THE RATP 7.03664
THROWAWAY COSY ESTINATE, DIRECT, TOTAL 9.91698 10.71162 TOTAL AMRUAL AND QUARTERLY OWNLY NISCOINTING, 10.31008 10.)2629
THAE CHANGE AWD TOTAL COST POR PIPTY PERCENT INCREASE IR UNIT COSTS

PABRICATION 0.649722 0,12499%

PUCCBSSING 1. 182849 8.6181°1

FORL 1.943068 9.820316

DISTRIBUOTION QF TAER COSTS AFTER THE INCREASE BY PIPTY PERCENT

COosST RETURY . DIRPCT INDIRECT TOTAI MYLL/KW=-HR PLECTRIC
FABRICATIOY 1. 700078 0.0 1.780078 0.209089 1.949167
PHOCESSING 0.0 =-3.825397 3.825397 -0.296850 3.4828548
PUEL 15.002273 8.898896 3.583386 2.25180% $.838192

so 13. 822351 8.673899 J. 148862 2.0640035 11,212907

ACDITIONAL CCNTINUOUS FURLING CHARGES - PABRICATION DIRECT, TYDITECT, PUEL IVDIRRCT, TNTAIL
HISTORY 0. 07697 0.03310 0.09043 0.205%90

16-¥



CCST DFPENDENCE ON INDIRECT CHARGES

INYEREST RATE 0. 0500 0.07%0 0. 1000 0. 1250 0.150)
TCTAL FUOPL CCST 6.73726 7.13126 7.87527 7.81928 8. 16329
SIARARY 7P REACTOR HISTORY, ENERGY (WWE-YR) 1. 97505R-05
PBR}OD TINE (YR} OAD FACTOR PISSILE MAKEUP AND PEED AND DISCHRARGE CONVERSION PONER
0,333 0,75000 1.691142-06 1.69114B-06 1.197%2%-06 0.69308 2.5001urp
N 1. 00000 3.75000 9.16090%-07 2.113618-06 1.60529P-06 0,69426 2.%0001¢
3 1. 66667 0.75000 7.46£90p-07 2.35194r-06 1.837622-06 0.69382 2.49986°?
3 2.333 0,75990 6.92385%-07 2.53000%-06 2.00710F-06 0.69018 2.4798%p
s 3,000 0.75090 6.72a462-07 2.67755@-06 2, 14441P2-06 0.68499 2.49991¢
6 3.66666 0,75300 6.636638-07 2,4905502-0¢ 2,262627-06 0.67929 2.853%0127
? §.2333)03 0.75000 6.573222-07 2.91994E-06 2.16695%-06 0.67343 2.80016¢F
8 5.00000 0, 75000 ©.56273%-07  1,02322p-06 2,U60%0%2-06 0.66769 2.%00%ur
9 5.66666 0,75000 6.563412-07 3,116€4%-06 2,544957-05 0.66222 2.%00167
10 6,333 0.75G00 o6.570A53R-07 3.20Q202P-06 2.621%4F=06 0.6%706 2.%001%F
" 6. 99999 0.75000 6.5279972-07 «273513E-06 2.69110F-0€ 0,6%22% 2.50012F%
L4 1.66666 0.75000 €.S9021%-07 3.3S012E=06 2,754 I4R=0F 0.6u779 2.50012¢
LB 2,333 0,75000 6.6C 'S®-07 3.418319F-C6 2.81182P-06 0.64367 2.5001\¢
a 2.99999 3,75000 6.€)161P-07 3.47269%-00 2,96390E-0k 0.63988 2.50014r
15 9.€6666 0.75000 «.61972%-07 3.52%87%-06 2.91113F-06 0.63636 2,50014F
CVYERALL 9.99999 . 75000 1.13043L-0S U4.34TIIE-05 3.50513E-0% 0.66773 2.57007®
COST ®STIMATY DISCCNNTING ZNERGY AN THE AASIS OF ONE- QUARTE® YR:RS
COST ESTIMATY JISCOTNTING PBNERGY FEON MID-CYCIE ®XPOSURE POINTS (+'OT A BETTER FITINATE) .
DELAYED RECYCLE HINTORY, ENERGY (MWE-YR) 1.87499P-0%
FERIND  TIWF (Y®) LOAD PACTOR PISSILZ AKEUP AND PEED AND DISCHARGE COU'VERSION POWER
1 1. 66667 V. 75090 ..-78«5 06 4,2278UE-06 1, 99YR0E~I6 0,69300 2.%00%u¢
2 .331n 3.75000 «290237-06 5.28401R-06 4,01123®-06 0.69426 2.90001F
k! 5.00000 J.75€90 \.50572!-06 S.AT696R=06 U4,5940u8=)6 L.A9382  2,099¢06¢
& 6,.66666 I, 75000 1.7309AE~-0€ 6.32501E-96 S.0177SE~06 0.69014 2,499e%r
S 3.3330 J. 75000 1.67611E-06 6.653872-06 5.36207%~06 0.68499 2.u9991¢
& 10,00030 J.75800 1.651678-06 7.21374B-06 5.656548~06 0.€7929 2.50012°
OVERALL 10.00000 0.75000 1.348357-09  3,%4294%-05 2.70374P~05 0.68926 2,4999R%

CCSY RSTINATE LISCCONTING ®NERGY

CCSY ®STINATY DISCOUNTINT

CASE END NORNAI,

n-238,

BNERGY

n-238

ON THE BASIS OF oONE-

QUARTER YPRARS

PROY ID=7TCLE RIXPOSURE POINTS (WIT A DETTER ESTIMATE)

FPRED,

PLUTORION, URANIUN SYSTEM WITH DELAYED RECYCLE
TREZ CROSS SPCTION CORRELATION IS APPLIED

COUTROL QPTICHS
DATA 1.000® 00 0.0
AAKP-UF CONCERTRATIORNS 0.0

0.
5.0000E-06 2.00002-06 1.00008-06 4, 00002 07 0.

2

9 S 1
0.0

INITIAL CORCERTRATYIONS 0.0

0.9
1.25902-05 $5.0000E-06 2.5000®-06 1.0C002-06 0 0

5 0 Q 0 0 0 0 10 1 0
0-0 S.000r-01 1, 600!-03 S 000! 00 2.000® 12 &,
0.0 0.0 0.0 0.0
a.o o.o o.o
0.0 0.¢ 0.0
¢.00008-02 0.0 0.0

PIL TOTAL HEAVY NSTAL

¢ PRNCPSSCE

00
00
09
on
00
[« 1]
00

cosT

o BENSS
6.86078
6.90227
6.9712%
7.05261
7. 13698
7.22179
7.3037"
7.37938
7.44947
7.%5M08
7.57221%
7.62456
7.67108R
7,71294
T.47529
7. %460
Ve 24518

cosT

6. 96505
6, 6071
6.90227
€.97124
7,05261
7. 13694
7.18323
7.05%77)
£, WHET

{3PCy

2 0o 0 0 0
onoe-01 2,%00F 00 u,000E-02
1.00008~04 0.0
e 0 0.0
1.00008-04 0.0
0. 0.0

1. 1Y

t, 0008 00

1

=\
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CCNTIINIING WITH 2BCYCLE, CYCLP COUNT, MIDCYCLE TINE (FOLL POWER YEARS)

ATICSTED INITIAL CCNCENTRATIONS (SPARCH EngHVALW!
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CYCLY THROVASAY COST ESTINATE, DIRECT, TOTAL 20,30 ¢F 21.919%7

COST LEVSLIZED OVER S POEL CYCLES AT DISCOONT FACTOR 0,0700 , RPAL YEARS 3,33

EAEBRITATION 1. 728388 0.0 1. 728389 0. 182332 1.906917

PROCESSING 9.0 =2.594874 2.5684574  -0,263026 2.121%48

rORL 17.305252 16.0140213 1.791229 3.817510 4.6087139

sSoN 19.5296331 13,0299 6.100187 3. 737016 9.817207, ENEPRIY (MWR=-YR), SUN 6.2%013R=06
TCST BY DISCODRTING ONLY lT RERFEZRENCE RATE 0.07000

TARRICATION 1. 7201288 0.0 1. 728384 %1« 137944 1.862329

PROCESSING 0.0 2. 9843 2.98487%  -0.13693% 2.407619

TORL 7.876317 6,.230124 1.682193 2.0042 3.65%019%

- - e M GNCOCRAVB U T ANAEVUVNVEE TAVAC DA Ew 1
sen 9.600701 3. 649550 5.9%1 1% 2.015011 7.966162, BUBRGY (NWE-TYR), SO 6,25013E=-0¢
CCST ESTINATE RITH DISCOP T -NG ONLY AT TWICPE THE RATR 9.970%)

TRROVAWAY COSY ESTINATE, DIRECT, TOTAL, AND WITH OWNLY OTCOMNTING 20. 24118 22,%51a2 22,07378

cycLe, 17, K, P1SS rERD, BXIT, POWEPR, CP, YRS, COST $ 16 11,0000 6,39368-06 3,4384E=08 2,49908¢ 00 0.8927 13,0000 9.73%4

SUNMED PERTILE PERD, DISCHARGE, NET '1SAGE (KG") 1.79635E=06 1.711848=04 J,450688=06 %
SUN1ED PISSILE PeBD, NAKEQ®, OISCHARGE, NET PRODUCTION (KaA)  1,2))828-08 0,0 2,992648=0% ~2,911842-06
PISSILE (RGH/URE-XIR), CORVERSION, AWND RECIPROCAL DOORLING TINE (TRS-1) 1. 49789 0-59131 -0, 13043 R
\PTER SHUTDOWM DENSITIES (TINE, YR 0.813113) 9.0 0.0 0.0 0.0 0.0 0.0 8.4188=-0%

3.7332-47 1.C942-08 5.6238-06 3.5752-06 1,468E-06 9.9108-07 4,0008-02 0.0 0.0 0.0 0.0 0.0

3.109!—5\ Q.4592-09 1.0432-07 3.%08082-06 1,1042-0%
CASE END ROFRNAL, PLOTONIUN, URARION SYSTEN WITH DELAYED RECYCLE + PROCESSOR (3PC) 7.07

PLOTONION, URARION SYSTEA WITR DELATED RECICLE
THE CROSS SECTIOW CORRLCLATION IS APPLIRD

CCRTROL OPTIONS 2 2 8 L) S ¢ 0 0 o0 O 1 0 -1 0 10 0 0 0 0o 0 06 0 o
DATA 1.0002 00 0.0 0.0 0.0 $.0002-01 1.6002-03 5,000E 00 2.000F 12 4.0008=01 2.800F 00 %.0002~02 1,000F 00
NARR-IP CONCERTRATIONS 0.0 0.0 0.0 0.0 0.0 0.0 1.00008-08 0.0
$.40002-06 2.00007-06 1.00008-06 6.0000!-01 0 0 0.0 0.0 0.0 0.0 0.0
IXITIAL CORCEWTRATIONS 0.0 0.0 «0 0.0 9.50482=-08 0.0
1.50072-08 6.17892-06 3.089%2-06 ‘ 2358!'06 0 0 4,00008-02 0 0 0.0 9.0 0.0
ADJOSTED INITIAL CCNCERTRATIONS (SBARCA BIGENYALDE 1.00000 1,00004)
0.0 0.0 0.0 0.0 0.0 0.0 9.5082-0% 0.0 1.9452=05 6,1792~06 3.090E=-08 1,23682-06
0.0 4.0002~02 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
DISCHARGE ACTINIDE CORCERRTRATIONS, STEPS 100
0 0.0 0.0 0.0 0.0 0.0 9.3248-05 3.3092-00 1, 688-05 6,0912-06 ), 377208 1,2828-08

2.0122-07 4.0002-02
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TR g

s

FPPERENCE CORDITIONS POR THP #RPOSTUKE PRAIOD (YRS) 0.500 NORMALLY PLRCTRI.'AL POWER BASIS, ITPRATIONS JU

FISSILZ LOADING (XGN) «7081P~03 FISSILE PEED 6.0192E-06 MAX POWER DERSITY 6, 2%03F 00

NUCLIDE CERSITY GRANS ABRSORPTION CARTURE PISSION PRODUCTLON ¥VTA IMPORTARCE  DECAY KGA/RUE=-TR
=23 8.6319F-05 3.81298-02 J3.202962 0.201668 0.001284 0.,0034B7 0.097180 =2.1164% 03 0.0 152.04%04
“¥-239 3.25708~09 1,2932p-05 0.000343 0.000360 0.000003 0.000008 0,028293 ~1,04248 04 0.20139 108, 19981
P0-239 . V16848~05 §4,.62308-03 0.403384 0.155832 0.2378%31 0.712080 1,76%28% 2.3087E 04 0.0 1.%6001
PU-280 2.9911E-06 1,9900E-03 0, 173699 0.172363 0.000737? 0.00223) 0.0720%3 =3.8373F 0V 0.0 49312408
20=241 2.71028-06 1,085%8-03 0.%127022 0.03062¢ 0.096397 V.20272) 2,22%785 8.0017® OV 0,00826 1.26030
?9-242 1.04638-06 &,.2068F-084 0,021502 0.02761%4 0.000088 0.000270 0.012%%Y -2.0360% 04 Q. 231.46996
AR-2%) 8.91012-08 3,5969E-0%5 0.001054 0.001053 0.000006 0.00001”R 0,017 ~1,204282 04 0.0 182, 69090

*IXED 4.00008-02 7.9708E-0V 0.005236 0.00%246 0.0 0.0 0.0 «“1.836%R=-01 0.0 0.0

I-13% 8, 22818=-10 9.469%E-08 0.0 0.0 0.0 0.0 0.0 0.0 0.02198 0.0
XE-13S 2.5270%-10 5.66512-08 0.013328 0.013328 0.0 0.0 0.0 -8,03478 07 0.00989 0.0
PA-147 2.85998-08 6.98122-06 0.001335 0.001338 0.0 0.0 0.0 -4, 72698 04 0.00043 0.0
PA-1R3 1.68932-10 4.64332-08 0,.000197 0.000197 0.0 0.0 0.0 “1. 04628 08 0.00081 0.0

| 4. ALY:E] 4, 11702-10 1,0118E-07 0.0008480 0.000u80 0.0 0.9 9.0 «“1.2360% 06 4.0001% 0.0
PR-149 7.85792=10 1,9443E-07 0.0 0.0 0.0 0.0 0.0 0.0 0.00917 0.0
s8-8 3,00852-09 2.5829E-07 0.005%78 0.0081784 0.0 0.0 0.0 «1.9124E 06 0.0 0.0
an—-114) 7.3275%=08 1.74002-05 0.000573 0.000%73 0.0 0.0 0.0 -8.,64322°0) 0.0 0.0

ey 1,83CSE=-0f 3.3565E-0a 0.0032%% ,,.0032%4 0.0 0.0 0.0 -|.195 03 0.0 0.0
| J $. 8249805 1,213E-01 0.001063 0.001063 0.0 0.0 0.0 -\.0502! 02 0.0 0.0
CTHER 3.040000 . ’
£ ] 8.40892-01 1,000878 2346046 1.,000826 1,.879%%66 PINSILE 1.46649

PLOR, LOSSES, SIGA2, PLUX RATYO (2), SUN INPORTANCES®N, NOLTIPLICATION, RECIPROCAL DOUBLING TINE (YR-V}, COIVIR!!OI RMTIO ({29

2. 7199 13 5.5147E 11 1,19088=02 T.40261 T.88261 -0.03%6% 0.99998 -0, 14309 Oebavdl 0. 70566

TOEL CYCLE PCCROMNICS ——--- POUERR,

VOLONE, "INE, LOAD FACTOR, INTEREST, P!!D(KGH), DISCHARGE, MWT<-D/RGN
2.500122 00 *.00000E 00 S, 000002-01 7.50000!-0\ 1.000008-01 4,312098-08% &

< 12718E=08 2,64%06R O

cost RETURYS DIRECT INDIRECY TOTAL NILL/KN=HR BL, NIDCYCLE REAL YRS 1.000000
PABRICATION  1.139889 0.0 1.1398689  0.094990  1,23487%
BIOCOSSING 0.0 -2.507393  2.80739) -0.33¢319  2,17307% .
PORL 16.570179  14.78S5493 1.784682 3.3%222¢ 8, 136909 .
soa 17.710052 12.278100 S.431963  3.112897  8.5u8861, ENERGY (MVE=YR)}, LJN 1.2%006R~06 2.906009P-06
CYCLE, IY, ¥, PISS PEED, EXIT, POVER, CR, YRS, COST 2 3¢ 1.0000 6.01922=06 5, '¢8E=08' 2,8001% 00 0,6908 1.0000 8,5449

CCONYINUDIRG WITH NECYCLB, CYCLE COUNY, NIDCYCLE TIMNE (FULL POVER YEARS) ) 2.250

ATJUSTED INITIAL COWCENTRA, IONS (Sll!CH RIGENVALOE 0.31779 0.25%04)
0.0 0.0 9.0 0.0 0.0 8.9%682-90% 0.0 1, 2U3R=-09 9,9998-06 ), 6a7%~C6 1,)092-06
3.9002-07 &4.000R-02 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0 0.0 0.0

D'SCII!GI CORCERTRATIONS
0.0 0.0 8.818E=0% 3.1008-08 1,091%-03

0.0 0.0 0.0 9.6238=06 3, 734R=-06 1,36088-06
5-9\0!-01 L} 000!—02 L 1 065!-\0 2.50!3-10 $.0012-08 3.2228-10 7-3!2!-10 8.3718=10 3, 062%-09 1

+A438=07 3.980%-06 t.%842=-0%
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rOBL 7.37%%M1 6.233028 1.642523 2.013980 3.6%6473

CEATARCNEEN GCITTUARUNTE ATV EVEE DO VE CTVCAVEAEWD WO W W wE S

son 9.959993% J.688833  5,951%02 2.01896%  7.966367, RNERGY (AWE-YR), SUN 6, 2900a%-06
CCST ESTINATE WITH DISCOUNTING OWLY AT TUICE THE RATR 9. 97079 -
THROWAWAY COST ESTINATE, DXRECT, TOTAL, AND WITH ORLY DISCOURTING 20.28080 22;5!070 22'°”°’a‘”

CYCLE, IT, K, PISS PEED, RXIT, POWER, CR, YRS, COST ' 5 20 1.0000 6.393ae-06 $.8382E=06 2.4998F 00 ' 0.6927 3.0000 9,7902
SONNED FERTILE PRBD, DISCRARGE, NET OSAGE (RGH) 1. 786378=00 1, 711872=04  31.480778-06

SUNAED FISSILE TRRED, HAKRUP, DISCHARGE, WET PRODUCTION (XGW) 3, 233668-0% 0.0 2. 99249E-0% ~-2.801166E~06
PISSILE (KGN/NWE~-YR), COWVERSION, AWD RECIPROCAL DOUALING TINE (TRS-1) 1.4978) 0.69139 =0, 1304
ATTEIR SRUTDOWN DEWSITIRS JINR, YR 0.831)3) 0.0 0.0 - 0.0 0.0 ) 0.0 8.018p-0%
3. T7IB-47 1.0948-0% S.623R-08 3.515!-06 1.4688-06 3.910%-07 l.DOQR-OI 0.0 0.0 9.0 0.0 0.0
3. 1098-51 §.499R-09 1,343R-07 3.5602-06 1.134R-0% . :
CASE EBND RORHAL, PLOTONIUN, URANIUN SYSTEN WITH ORLAYRD RECYCLE ¢ PROCRSSOR (SEC) 7.1
I18C0021 sTOP 0
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