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A computer PREX-program was written on the IBM-1620 to determine I-135 and
I8-135 concenirations and negative reactivities associated with the buildup
of Xe~l35 under various operating conditions of a nucleir reactor, The one
velocity point reactor model was used. The progran provides operating options
for: (a) continuous operation, {b) eight hours a day and (c¢) 16 hours a day.
The results are presented graphically in such a way that negative reactiv-
ities due to Xe-135 btuildup in operations of the scme time-pattern but
various power levels can be compared, Negative reactivity values duve to

xenon bubidup computed by the program for the PRANC research resactor agree with
measured values within .1 of X,
K

The problem of ainimizing the after shutdown xenon pesk with respect to the
pattern of shutdown iz trested using a method described by Ash, In this
method a finite number of flux changes are allowed prior to complete shut-
down. The sequence of flux steps within a certain "conmtrol period" is de-
teruzined in such 3 way that the resulting after shuldoun xenon peak should
be minimum. A computer program -- MINEX - has been written on the IBM-1620
computer to perform this cptimization.

Minimizing the efter shutdown xenon peak, with the aid of the MINEX code
has been carried out for a number of operating fluxes, control times and

stepsizes, The resulis are presented in tabular and graphical form.

MINEY~computed flux values seem to be corroborated by results obtained by




other investigators using the Pontryagin Maximm Principle.

An important advantage of the MINEX method is its versatility, which per-

mits extension of its use to a rather broad class of optimivation problems
with only minor modifications.
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1, INTRODUCTION

J-a, Basic Equations of Yenon Buildup

The operation of thermal reactors is unavoidably accompanied by the pro-
duction of various fission frasments. Among these fission fragments
xenon-135 has a special significance, bscause of its enormous thermal
absorption cross section (about 3 x 100 barns). Due to this huge ther~
mal absorption cross section, xenon-135 unavoidably produced during oper-
ation, tends to shut down the reactor and, as will be seen later, leads

to a number of problems closely related to the operability of the system,

In order to gain some insight into these problems one has to consider
the mechanisms by which xenon-135 is produced in the operating core, as

well as those by which it is removed from there.

Some of the xenon-135 is produced directly in fission but the major part
of it, some 95%, is created as a decay product in the following radio-
active chain:

16195 5 29, 16135 5 ool s Bal3

The mechanisms of removal are: radicactive decay and formation of X9136

by neutron absorption (xenon burn out).

Using the one velocity, point reactor model, the dynamic equations des-
cribing the time behavior of xenon-135 and iodine-135 concentratlon are

given as:




where

%= Y Ze® + NpI - VX0 - X (1)

I =
dt

Y120 - NI - Wl (2)

is the nmumber density of xenon~135

is the mmber density of iodine-135

is the macroscopic fission cross section of the
reactor under consideration

is the fractional yield of xenon-135%

is the fractional yield of iodine~135

is the decay constant of xenon-135 L

is the decay constant of iodine-135

is the microscopic absorption cross section of xenon-135
1s the microscopic cross section of iodine-135

1s the neutron flux which, in the case of the one velo-
eity point reactor model, is given as the function

of time,

The above system of differential equatlons determines X(t) and I(t) i. e.

the xenon and iodine number density as a functicn of time, provided that

the time pattern of the flux, O(t) and a set of initial conditions X(o)

and I(c) are given.

The analytic expression of the general solution is given by: (See Ref, 11)




t '
1) = eloLe)defy (5 (e)p(e) /oL g . T(o)] ()

t ' )
x(t) = eloMOIderth, 10) 1 v 1d0) plaleloMO g i}  (5)

where
L(t) = Ny + Ty (1) (6)
M(t) = Ay + Vg (1) (7)

The negative reactivity associated with the presence of the xenon-135

is given by
W -!IJ_Z (8)
1+Z
where
lu ™ ZOPS X(f)Tax (9)
Iof I f

is called "the polsconing' and Z is a parameter given by
Z=3f/EM (10)

o) Laof and ZMbeing the macroscopic absorption cross sections of
the poison, fuel and moderator respectively. The value of negative
reactivity due to the presence of xenon-135 is an important plece of

information for the reactor operator, since adequate amounts of excess
reactivity to compensate for xenon poisoning have to be included in the




reactivity inventory -~ if the reactor 1s to be operated for any appre-

ciable length of time,

1-b, Equilibrium Xenon Poisoning

If a reactor is operated for a long enough time at a constant power level
{(as is normally the case with power reactors), the xenon bulldup reaches
equilibrium i, e, a point when the rate of ;enon-production from direct
fissioning and from the decay of iodine exactly matches the rate of des-
truction by cecay ard by neutron capturs. This value, the equilibrium
xenon cencentration, can be computed at once from equations (1) and (2)
by setting

d¥ = 0 and dI = O
at &t

resulting in

Ie = ¥Z£ M (a1)
)\I 1'\6;'_&)
and
x, = ATo+ %o (12)

kx * Tgx%

This "equilibriuvm xenon poisoning" is a signiiicant figure that has to
be included irto the inventory of the excess reactivity required for the
continuous operation of the reactor. 4s can be seen from equation (12)
the equilibrium xenon poisoning depends upon the value of the constant

operating flux; it increases as flux increases to a limiting value of

Py = 5% (13)




If the reactor has to be operated on a continuous time schedule appro-
priate compensation in terms of excess reactivity has to be made in order

to overcome equilibrium poisoning.

l-c. After Shutdown Xenon Buildup

While the value of the egquilibrium xenon poisoning is limited to 5% AK,
K

the xenon buildup after shutdown may be one or more orders of magnitude

greater - and the problems associated with overriding it may become very

severe, if not unsurmountable,

Shutting down the reactor i.e. dropping its operating flux instantly from
the constant operating value to sssentially zero, causes a siznificant
acceleration in xenon production due to the vanishing of the large flux
dependent negative term Tcxxtb in equation 1. Thus the xenon concen-
tration begine to build up swiftly after shutdown, and it comes to a
peak value where xenon production is exactly compensated by xenon decay.
Since in the shutdown condition the iodine supply is not replenished,
further decay of iocdine into xenon reduces xencn production balow xenon
destruction and a slow decay of xenon sets in that is completed within
40=50 hours after shutdown. The value of the after shutdown xenon peak
is sensitively dependent upon the operating flux prior to shutdown. Its

value may be computed from equations (1) and (2) as:

DX
Ipax = {Tg + (1 -2X)Xo} 42X « (1-2%)Ax  XolAr-x (14)
Lo A1 o}[xx_’ XA
where I and X are the terminal iodine and xenon number density, which

are dependent upon the cperating flux 4) as can be seen from equations

(11) and (12): so that Ynax is also dependent upon the operating flux,




prior to shutdown., A family of curves representing after shnutdown xenon
poisoning as a function of time for various operating fluxes (Fig. 1)
gives an idea about the magnitude of negative reactivities involved. The
fact that there are a number of high flux reactors operating at a flux
level d>= 1014 nv and hisher makes the optimization of the after shutdown

xenon peak an actual problem.
l-d. Scope

The numerical value of the negative reactivity duve to the presence of
xenon=-135 in the core is an important piece of data. It indicates the
amount of excess reactivity that has to be included into the reactivity
inventory in order to compensate for xenon buildup. Fer equilibrium
conditions this value can.be computued simply froum equatlons (8) and
(12); for time variable flux patterrs ons has to integrate equations
{4) and (5). A computsr program, TR.d, to perform this integration has
been written for the IBM-1620 computer, using Lhe FORTRAN coxputer-

langzuage,

In an attempt to test the validity of these cemputatlons, a 52 hour long
xenon buildup experiment was performed on the PRNC research reactor, and
the measured negative reactivitiqs due to xenon bulldup were compared with
the values computed with the aid of the PREX program. The agreement is
very satisfactory, the deviation being within .1% %}5 (Fig. 2)




-1

After the validity of the PREX program was thus tested, PREX was used L¢
compute negative reactivities due to xenon buildup during operation and
after shutdown, for a variety of operating sehedules and power levels of

practical interest.

The second part of the work is devoted to the optimization of the after
shutdown xenon peak. As stated in Section l-c the after shutdown xenocn

poisoning may reach several hundred dollars.

Restartinz such a reactor arny time after shutdown may be very difficult
—- if not impossible. Loading the required amounts of excess reactivity
in the form of additional fuel may be unsafe or at least very disadvan-

tageous from the point of view of neutron economy, cost, ete.

In order t¢ overcome the above described difficulties it has been pro-
posed by several authors to minimize the after shutdown xenon peak, by
allowine a certain time interval, called "control pericd”, between the
termination of full power operation and the time of complete shutdown.
During this control period the flux should te varied in such a way that
it showld result in a minimized peak after complete shutdown. The pro-
blem then consists in optimizing the flux in the control period with the
minimal after shutdown peak as a performance index i. e. determining the
flux pattern during the prescribed control period in such a fashion that

it should lead to a minimized xenon peak after complete shutdown.

In an attenpt to solve this problem a FORTRAY-program WINEL was written

{Appendix 2)




on the IBM-1620, using the basic principles described in a paper of Ash,

Bellmann and Kalaba (Ref. 9). As will be ssen, further, MINEX not only
furnishes a numerical solution to the minimizing of the after shutdown
xenon peak, but with very slight modifications can also be used to solve

a number of related problems such as minimizing the xenon polisoning at a
given time after complete shutdown or minimizing the control period nec-
cessary to reach a certain given minimum peak, etc. DBesides its flexibil-
ity and versatility this solution has the advantage of supplying an actual
optimal shutdown program, using not all too long computing times on the
IBM-1620 -- which is the only readily available computing facility for
students or for PRNC staff., It is estimated that the running tims of this

program on an 1EM-7090, or a similar size computer, would not exceed a
few minutes,
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2. SURVEY CF THE HELEVANT LITERATURE

The problem of optimizing or at least reducing the after shutdown xenon
peak by means of varying the preshutdown operating flux in a suitable
manner has been the object of many investizations. In order to gain a
better understanding of the backeround of our optimization golution, a
brief survey of the relevant literature is included herewith:

Fresdall and Babb (See Ref. 4) proposed various time varying shutdown

methods to improve the after shuldown xenon situation —- without ob-
taining an optimum sclution.

Rosztéezy and Weaver (See Ref. 1) cptimized the after shutdown xenon peak

using the Pontryagin maximwa principle. The Pontryagin maximum principle
is cutlined in Appendix 3 of this report. 3ince the Ramiltonian of the
system contains the control flux as a linear variable, it follows that
optimun control leading to the minimization of the after shutdown xenon
peak consists of a number of switchings of the flux between zero and 1ts
maxirmm value, Q)o, i, e. the type of control referred to as a pulsed
control or "bang-bang' centrol. To determine the optimun number switch-
ings the authors used a trial and error method,

Kohei Sato (See Ref., 3) considered the problem of optimization xenon
buildup after shutdown as well as after power reduction, assuming that
the power level after reduction will remain constant, His treatment is
also based on the Pontryagin meximum principle., iHe obtalined solutions
for six problems; using the fluxrate and the inverse period as control

variables and the after shutdown xenon peak and a minimum xenon value
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at a given time as performance indices., The flux after reduction was
kept steady in four cases, in the remainine two cases flux reduction

amounted to complete shutdown.

In a later paper Ash (See Ref., 12) presented a method to solve the min-
imization of xenon poisoning at a given time using the methods of dynamic
programming, The results of his computations -~ carried out on a Philco-
2000 computer with an ALTAC-ccde called DYNPROG — verify the results
obtained with the Pontryagin maximum principle, namely, that the optimal
flux pattern for a minimum after shutdown xenon pezk consists of pulse or
"bang-bang' control., An empiriecal formula correlating the magnitude of
the control pericd to the magnitude of the after shutdown xenon peak is
given. In this paper (See Ref. 12) Ash points out that dynamic program-
ming and the Pontryagin maximum principle are complementary methods of
investigating optimally controlled processes. The DYNPROG program is

described in detail in a report of Ash (3ee Ref, 16).




3. PREX, A DIGITAL METHOD TO COMPUTE NEGATIVE REACTIVITIES DUE TO XENON

BUILDUP UNDER GIVEN OPERATING CONDITIONS

3-a. Mathematical Model of the FREX Code

Numnerical integration of equations (1) and (2), furnishing the iodine and
xenon concentration as functions of time, were performed with the aid of
the PREX ccde, written in the FORTRAN language for the IBM=1620 computer.
In order to make the problem amenable to digital solution, a suitably

small time interval At is chosen and the differential equations (1) and

(2) are converted into difference equations as follows:

A1 [V Itd - NI -FIO)at (15)
B « [%E0 « NI - MX - G EXO]AL (16)

The numberdensities at time t+ A t are determined as:
Tt s At) = I(t) ¢+ AI (17
te At) = 2(t) « AX (18)

Using this step by step approximation PREX permits evaluating the values
of the iodine and xenon numberdensities as well as the negative react-
ivities associated with xenon-135 as functions of time, for any given
O = ®(t) fluxpattern and for a given set of initial conditions XoX(0}

- JouI(0). The flow diagram of PREX as well as a listing of the program
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are given in Appendix 1 of this paper. (See also Ref. 10,)

3=b, Comparison with the Experiment

As mentioned before, the validity and the accuracy of calculations, per-
formed with the aid of PREX, were tested against experimental data. The
testing experiment was performed at the Puerto Rico Huclear Center Re-
search Reactor with the participation of the 1964 Advanced Reactor Lab-
oratory Class under the supervision of Dr, A. Glleadi., Reactivities in
this experiment were measured with the aid of a calibrated regulating
rod. The resulating rod was calibrated with the stable period method
immediately before the performance of the 52 hour long experiment. No
chanres were made in the core confiruration after the calibration was

completed, At the beginnine of the experiment the sore was xenon-free,

After the control rod had been calibrated, the reactor was brought to
high power, about 1 MW, and was put in automatic mode, The rod positions
were recorded at regular time intervals and with the aid of the cali-
bration curve the reactivity chanses were evaluated and plotted. After
42 hours of high power operation the reactor was shut down and immedi-
ately after that brought to a very low power level of about 30 watts,
This power level, being several orders of magnitude smaller than the
operating power, corresponds to zero power from the point of view of
xenon-135 production or burn ocut. The bulldup of the after shutdown
xenon peak was observed and followed through several hours after the

peak was reached. Simultaneously the xenon-135-caused negative re-




activities were computed with the aid of the PREX code using parameters
appropriate to the materialg! composition of the Puerto Rico Huclear
Center Research Reactor. Measured and FREX-computed values are com-
pared in Table 1 and represented graphically in Figure 2. As can be seen
from the table, as well as from the diagram, the agreement is within it 4
of DK.

K
It may be concluded from here, then, that the PREX-computed values of the
negative reactivities due to xenon buildup can be reasonably trusted, and
that PREX-computed values have a good enough accuracy to determine xenon-
caused reactivity requirements to be included into the reactivity invent-

ory of a reactor. This establishes the value of PREX as a design tocl.

3-¢, Xenon Associated Reactivity Requirements in Various Qperating Modes

Computed with the Aid of PREX

PREX was used to determine xenon associated reactivity requirements
under various operating modes., The operating modes considered were
chosen with actual operating schedules and power levels in rind, including:
1. Steady-ctate operation, at 1 MW
2, Steady-state operation, at 2 W
3. Steady-state operation, at 5 MW
4, Cne-shift operation, at 1 MW
5. One-shift operation, at 2 MW
6. One-shift operatiocn, at 5 MW

7. Two-shift operation, at 1 Mw




£. Two-shift operation, at 2 MW

9. Two-shift operation, at 5 MW
Negative reactivity due to Xz-135 buildup, as a function of cperating
time, under the atove nentioned operating conditions, is presented
graphically in such a way that negative reactivities due to xenon build-
up in operations of the same type, but at various power levels, can be
compared, (See Figures 3 through 5). Tables 2 through 10 contain the
computed concentrations of I-135 and {e-135, as well as the negative
reactivity due to the buildup of Ze~135. The xenon concentrations are
given at each hour, tut the computation is carried out with At o § min, ,
in order to minimize the error due to replacing differential equations

with difference equaticns.

From the above diegrams and data one can see that the negative reactiv-
ity due to the xenon buildup will remain well under B%ZKK/k only if the
power level coes not exceed two merawatts, For five-megawatt operation

a roactivity ullcwance of about 5%[3K/k has to be made,
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4. THE SOLUTION OF THE CPTIMAL SHUTDOWN PROBLEM

b=a, Method of Solution

The problem of minimizing the after shutdown xenon peak is treated in

this report with the aid of the coneepts developed by Ash, Bellmann and

Kalaba. {See Ref. 9) First, the problem is reformulated in a somewhat

more explicit manner, as follows:

It is assumed that a high flux reactor is operated for a long enough
time, so that xenon and iodine are present in equilibrium concentration
(given by equations 4 and 5), At a certain time it is decided to shut
down the reactor, liowever, instead of shutting it down by reducing the
value of flux from (b to zero in one step, a certain time interval, the
control pericd b, is allowed between terminetion of the operation and
complete shutdown and in this control period the fiux will be varied in
such a way as to result in a minimum xenon peak, after complete shutdown.
The problem is to determine the flux as a function of time in the control
period in such a way, that the after shutdown xenon peak —- which is ob-
viously dependent upon the operating history in the control period —-
should be minimum with respect to the choice of P (t) in b, In order to
determine the optimal flux pattern in the control pericd, let us note that
the magnitude (and also time of ccecurrence) of the after shutdown xenon
peak is determined by X, L., the terminal values of xenon and iodine

numberdensities at the moment of complete shutdown. Further, the values
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of Xp and Ig are determined by the flux pattern in the control period,

b, and by the initial values Xo, Io and (QJo; in other words

Knax = max (¥ps Ig)
Xpax = Xmax‘{x.f(xo,lo, $o); 1f(%o,Io, ¢o)}

The after shutdown xenon peak value X, .- is a functional of the flux
pattern in the control period, b, Our purpose is to determine ¢ (t) in
b in such a way that it should minimize me*. This we shall do by using
an approximation that makes our method amenable for digital computation.
To achieve this we shall divide the time interval b into n subintervals
each At long, so that

nXxAtzb
and then we shall determine the value of ¢(t) in each of these subinter-
vals, considering P(t) constant in each subinterval. This step digital-
izes the problem: instead of having to determine ¢(t) in b, it is suf-
ficient to determine (Dl, ¢2.... ¢n a set of constant flux values in each
At times interval. By making At small enough the®,, ¢,..... On se-
quence thus determined will approximate the optimal ¢(t) in b, Beside
the parameters b, At, ¢, Xp and Iy the value of X .. is dependent upon
the choice of the (bl, ¢ sese ¢n sequence; therefore, to each choice
of the set ¢1, ¢2“" ¢n, cne can calculate the suitable X ,, value

6. g, by making use of the PREX computer code described in Chapter 3
of this paper.

with this in mind, our problem of finding the optimal ¢ ¢ ceve

sequence is reduced to the following steps:




[
-~}

a, Lnumerate all the possible choices of set ¢l’ ¢2.... Q)n
under a given b, Ot, Qo.

b, Tc each admissible set ofq} s ¢2....¢n calculate I{max
( Q)l, 02.... {n) using the PREX code,

c. Among all Xpax~®3 thus calculated, choose the smallest.
The ¢ 3 ¢2, ¢n set leading to this minimal X value is

the optimal flux pattern we werce seeking.

Step (a), the process of enumerating all the admissible sets of ¢l’ ¢2
N— ¢n can be significantly simplified by observing that since the
Hamiltonian of the system contains the control flux at the {irst degree
only, the optimal flux pattern -- according to the Pontryagin Haximum
Principle -~ can only take on one of two values: zero and ¢M —

a maximum value; i. e, the optimizing flux pattern consists of a switching
back and forth between O and q)ma.x' The value of ¢max may be equal to
the oi:ex-at.ing flux ¢o or, in certain cases, may be greater than (bo.

Thias type of control is referred to as pulse control, or "bang-bang”
contrel. Since in each subinterval there are only iwo adimissible choices

of the flux value, namely, O and the total number of admissiblé

max?
gets isg 2n, n being the number of subintervals. Thus our method of op-
timization can be further reduced to the following steps:
a, Enumerste all admissible choices of the set ¢ » ¢ seae
¢n - 2" in number,
b. Using the PREX code compute X .., pertaining to the first
admissible choice of ¢l.... ¢n and store.

c. Repeat step (b), with the next admissible cholce, compare




the two values of Xpay, discard the bigger, store the

smaller of the two, also store the pertaining (bl’ ¢2

c-¢o¢n set,

d. Repeat step (¢) -- until all the admissible cholces are
uged up and the last set of d)l“" (bn stored is the required

optimizing flux pattern, with a given b, At and Qo.

A computer code =- MINEX -- that will execute the above outlined optime-
jzation has been written in FORTRAN on the IBM-1620, The program listing

and the flow chart are given in Appendix 2.

4=b, Numerical Results Obtained with the Aid of the MINEX Code

Optimization calculations using the MINEX code were performed on the
IBM=1620 computer at the Mayaguez campus of the University of Puerto Rico
for a large number of cases, The operating fluxes used varied from
3x 1012 nv to :I.Ol6 nv, control periods ran from .5 hour te 8 hours,
sizes of the subintervals varied between .5 hour and 1 howr, In certain
problems the control flux was raised to twice as high as the steady op-
erating flux, under the assumption that operating the reactor at this
higher power-level will not be a safety hazard if continued for a short
time-interval only. Our results indicate that using 2 Qo instead of
o (for ¢max) does not improve optimization results sigpificantly.
Characteristics of the problems solved with the aid of the MINEX code,
together with the resulting control fiux sequences, are presented in
Table 11.




Figure 6 shows the ratio of the optimized after shutdown xenon peak to
the untreated xenon peak vs the magnitude of the control interval b for
various fluxes, As can be seen, the results improve as the operating
flux increases; with an € hour control interval we get a peak reduction

to 80% at 3 x 1003 flux but 54% with a 10%5 flux. The subinterval

Figure 7 shows the same values for At - .5 hour.

Figure & shows £ (b}/A (o) vs. steady state operating flux, for various
control periods ~- this family of curves alsoc shows a very definite ime
provement in optimization with the increase of the operating flux as well

as with the increase of control time.

Figures 9 through 22 show the diagrams of MINEX optimized after shutdown
xenon buildups compared to the xenon buildup for the same operating flux
following a shutdown in a single step. The optimizing control flux pat.

tern is also ineluded,

4-¢. Application of the MINEX lethod to other Optimization Problems

It can be shown that with very slight medifications the MINEX method can
be applied to perform other optimizations besides the minimization of the
after shutdown xenon peak, described in the previous sections. Optim-
ization problems that can be solved with the MINEX method include the

so-called xenon minimwn and the xenon time optimal problem. The xenon




minimum problem can be formulated as follows:
A reactor is operated at rated power level for a long enough time to per-
mit the development of equilibrium xenon concentration. It is decided to
shut down the reactor, allowing a certain given control peried b, The
xenon minimum problem consists in determining the control flux pattern
in the control period that will lead to a minimum xenon concentration at
a given time T Sb. Using the same argument as in Section 4-a,
page 17, the optimal Vcontrol pattern will be of the "bang-bang" type and
the steps of optimization will be the following:
3. Emmerate all admissible choices of the control flux set
Q)l, ¢2 On, all together 2" in number.
b. Using the PREX code compute X(T) pertaining to the first
admissible set and store.
¢. Repeat step (b) with the next admissible choice, compare
the two values of X(T), discard the bigger, store the
smaller of the two and also store the pertaining ¢1, ¢2
cens Q)n set,
d. Repeat step (c¢) — until all the admissible choices are
used up and the last set of ¢1, ¢2.... @n stored is the
required optimizing flux pattern for a given b, At and Qo.

As can be seen, the only modification consists in using X(T) instead of
X ax 82 3 performance index. A sample problem for minimizing X(T) with
the above described modification of MINEX has been run for an operating
flux of Po 210" v, b g 4 hours and T & 6 hours, and the optimization

results in a reduction of xenon-caused negative reactivity to 52% of its




uncptimized value. The detailed results of this run are included in

Table 11 and represented in praphical form in Figure 23,

The time optimal xenon problem consists in determinine the rwininal control
time necessary to reduce the after shutdown xenon peak below_a

given value. The solution of this problem requires the following modifi~
cation:

a., Run a MINEX problem with b = o and compare the resulting
after shutdown xenon peak X,.. with the given value of the problem., If
its X gy is smaller than the given value, we have the sclution; if not,
go to step b.

b. Increase b by At and repeat step a.

The required minimal b is the first b which will lead to a smaller after

shutdown xenon peak than the value specified in the problem.

This problem has not been run on the IBM-1620 because it would require too
much time; however, it can be run with no difficulty on a bigger and guicker

computer e, g. the IBM-7C90 or IRM-70%L.




5. SUMMARY AND CONCLUSIORS

5-a., A computer code —- PREX ~- has been written for the TBM=-1620 in the
FOHTRAN language that will furnish numerlical values of xenon~135 and iodine-
135 numberdensities, and of negative reactivities tied up in xenon~135

for any riven operating flux and schedule.

5-b. FPREX has been used to compute xenon-135 agsociated reactivities in
the Puertc Rico Nuclear Center Research Reactor for several actual oper-
ating modes and power levels, thus determining reactivity requirements
for 1, 2 and 5 megawatt operations in 1, 2 and 3 shifts. Among cther
things, it has been determined that the present fuel loading in the

PRNC Research Reactor is insufficient for 5 megawatt operation.

5-c, The validity and accuracy of PREX has been checked against measured
values in the PRNC Research Reactor, and the agreement has been found to he

within .1% of AK/K for the case considered.

5-d, A computer code MINEX has been written for the IEBM~1620 in the FCR-
TRAN language to perform the optimization of the after shutdown xenon peak.,
ihis computer code is very versatile and flexible and with minor modifi-
cations it can also sclve the xenon minimum and the time optimal xenon
problem. A further advantage of this method consists in the fact that its
output supplies the actual operating data for the control flux program

leading to the prescribed value of the performance index.,
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5-e. After running a large number of MINEX problems, it can be con-
cluded that the optimization of the after shutdown xenon peak leads to
increasingly better results as the operating flux and the control period
increase (See Figures 6, 7 and 8) However, the increase of the control

flux from@o to 2 d)o does not seem to affect the Xj,, values signifi-
cantly (See Figure 22).
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COMPARISON OF PREX COMPUTED AND MEASURED REACTIVITY VALUES IN

THE PUERTO RICO NUCLEAR CENTER RESEARCH REACTOR

¢

«38455746E+13
+38455746E+13
« 38455746E+13
+38455746E+13
«38455746E+13
«38455746E+13
- 38455746E413
«3B4553746E+13
«38455746E+13
- 38455746E+13
< 38455746E+13
+ 38455746E+13
. 38455746E+13
»38455746E+13
«38455746E+13
«3B455746E413
+ 384557468413
+38455746E+13
. 38455746E+13
+38455746E+13
.38455746E+13
« 3B455746E413
»38455746B+11
+3B455746E+13
« 38455746E+13
-3B4557468413
«38455746E+13
+38455746E+13

L47921776E+13
.47921776E+13
479217765413
+47921776E+13
A7921776E+13
«47921776E+13
«47921776E+13
«47921776E+13
+47921776E+13
L47921776E+13
<47921776E+13
«47921776E+13
+47921776E+13
47921776E413
<47921776E+13

X

.39107503E413
«107236058+14
.19763787E414
«30468938E+14
42372607E+14
«55090038E+14
.68305897E+14
.B1763714E+14
«95256795E+14
. 10862040F+15
«12172515E4+15
<13447119E+15
«14678334F+15
.158606935415
-16990417E+15
«18065119E+15
+19083539E+15
.20045339E+15
- 20950906E+15
.21801206E+15
+22597651E+15
.23341993E4+15
.24036231E+15
. 24682541E+15
«25283211E+15

 .25840591E+15

«26357057E+15
«26834972FE+15

270692888415
«27373663E415
.27729185E+15

. +28120355E+15

» 28534540E+15
.28961532E+15
«29393148E+15
«29822907E+15
«30245735E+15
- 30657 744E+15
+31056012E+15
«31438419E+15
+31803505E+15
«32150344E4-15
.3247843BE+15

AK
K

COMPUTED

014
040
.075
116
.161
.210
. 260
«311
.363
414
464
512
559
. 605
648
.689
727
. 764
.799
.831
.862
.890
.916
. 941
964
« 985
1.005
1.023

1.032
1.044
1.057
1.072
1.088
1.104
1.121
1.137
1.153
1.169
1.184
1.199
1.213
1.226
1.238

Ax
%

MEASURED

.006
040
.068
114
171
.206
.264
.327
.379
.429
.482
V547
.592
.634
.680
L] 728
.770
.807
.837
. 882
.929
953
.986

1.000

1.000

1.018

1.034

1.034

1.070
1.080
1.095
1.108
1.123
1.135
1.145
1.161
1.175
1,183
1.192
1.200
1.215
1.226
1.240




44,00
45.00
46.00
47.00
48.00
49,00
50.00
51.00
52.00

TABLE 1 (Continued)

¢

+47921776E+10
.47921776E+10
+47921776E+10
.47921776E+10
67921776E+10
.47921776E+10
+47921776E+10
.47921776E410
47921776E+10

X

»34192859E+15

- »35375471E+15

.36105615E+15
.36452794E+15
+36477817E+15
.36233775E+15
.35766933E+15
«35117530E+15
+34320476E+15

LK o
COMPUTED

1.304
1.349
1,377
1.390
1.391
- 1.382
1.364
1.339
1.309

25

MEASURED

1.316
1.372
1.424
1.468
1.469
1.462
1.452
1.420
1.397
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PABIE 2. THERMAL FLUX (), IODINE NUMBER DENSITY (I), XENON NUMBER

R1.00
"2.00
R3.00
R&, 00
AS.00
fRe.00
AT.00
18.00
K9.00
f/10.00
A11.00
"12.00
ni3. 00
R14.00
ri5.00
n1é6.00
Al7.00
%1800
R19.00
A20.00
A21.00
N22.00
K23.00
R24.00
n25.00
R26.00
A2T7.00
N28.00
R29.00
A30.00
R31.00
R32.00
R33.00
NI4.00
R35.00
n3I6.00
R3T7.00
R"38.00
R39.00
R40,00
R4%1.00
R42.00
43,00
R4 .00
NAS.00
AL 00
A4T.00
49,00
R4%.00
"30.00

NOTE

CENSITY (X) AND NEGATIVE REACTIVITY DUE T0 IENON BUILDUP VS.

TIME UNDER ) MEGAWATT STEADY STATE OPERATION, AND AFTER SHUT-

DOWN

¢

R.59100Q0CER]D
R.591080C00ER]1D
R.5910GU00ERLD
A.59100000EE1D
A.5910CD0LERLS
R.99100GS0ERLS
R.591000C0ERTD
R.591000005F 13
A.3591CC000ERLS
R.59100000ER1D
R.539100C00ERLA
R.5391000C0ERLD
A.591000C0ERL3
R.5910C00CERL3
8.59100000ER13
N.5910CO00ERLS
R.591000C0ER]3
R.59100000ER]2D
R.59100000ER13
A.5910CO00ERL3
R.5%100000ERY3

R.591000005013 "

A.5910C000ERTD
®.5910C000ENLD
f,59100000ER1I
R.59100000ER1D
R.59100000ERTD
N.59L00000ER13
R.59100000ER13
f.59100000£013
f.59100000ER1L3
R. 59 00N00ERLY
R+5910C000ERTD
R+ 591C000Q0ERL3
R.5910000CER]3
N.5910000CERLD
R.59100000EK13
R.55100000ERL3
Re59100040£313
R.59100000ER LD
R.59100000ER13
N.5910G000ERLD
R.59100G0O0ER13
N.59100900ER1D
R.5910000L 7w 13
R.E810C6LNERLS
Ke39100 4 WERIS
#,592003HCLAL2
R.59100000ER13
R.59100066ER13

T

R..3473159ERLA
M.31¥12550ER1S
R.E5852544ERIS
%.20122775:2R015
K.23066935ER15
R.2TAZBALTLIRIS
F.20%65322ER15
R 33351949ER1S
R.35BT91B4ER1S
Fia S8154844ERLS
B k0203958ER1S
A.A2049108ERLS
R HITLOSTOER]LS
Ry 45208663%ER]1S
f.6S53TROER]LS
R4 T766018ERLS
Ra48859103ER1S
F.VSB4Z4L%53ERLS
Ra50T728293ER1S
R, 51528TT1ERLS
R.52243043ERLS
Re52E90ATIERLS
R 334T2TLLIERLS
R 53996992ERLS
A 544569083ERLS
R. 548941 7T9ERLS
FeI52T7695TER]S
R.45621632ER1S
R.15931996ERLS
RuG6211401ER15
R.G64&3L10ENLS
R.O6609TOTERLS
A 6893 T45ER]LS
R UTOTTATISERLS
Ke7{242915ERLS
Wi T391084ERLS
R.UT528024EK15
P TEHEBLILERLS
E.STI555THERALS
ELUTE5IS11ERES
f. T4 169BERLS
R HOGVZILOGERIS
R’ 2032609ER1S
R0 56FTHERLS
A, A 21H9TLERLS
8.0 u26TITAERLS
R.7 33541835015
i, 4E8358511ER1D
6.52394625ER15
ReIBA2EFATERLS

X

R.6273TEILERLS
R.17C39013ERLIA
R.31)125032ER14
R-4T580063ERLA
R.65634929ER1S
E.84£T244TERLA
R.10420162ER1S
R.12383594ER1S
R.14327516ERLS
R.16228985ERLS
R.18CTOB&LLERLS
R.19640746ERLS
R.21530046ERLD
R.23133265ER1S
R.2464T363ERLS
R.260T124LERLS
R.27405338ER15
R.Z0E51229ERLS
R.29¢11389ERLS
R.I0B889ALERLS
R.3188T454ERLS
R.32E10806ER1S
R.334463051ERLS
R.34448323ER15
R.A51T0T65ERLS
Re358344%38ERLS
R.364AIIGLERLS
R.ATCOL4L5ERLS
R.3T512225ER15
Ra 379 7T9ISLERLS
N.38406101LER15
F.38T95656E015
K.39150958ER15
R.394TATBZERLS
Ra39T69TXCERLS
R.400IBLASERLS
R.402ZB2319ERLS
$.40504299ERLS
f.407T05996ERLS
R.4Q8BILTIERLS
R.41C55453ER1L5
R.41206329ER15
f.413433TIERLS
Ro#146T23TERLS
R.415TI96BOERLS
R.416B1553E815
F.A177382CERLS
R.4185T362ER]1S5
R.41932903ER15S
R.42001415ER15

AK/K

ReZ1T0H040E~CL
R.58951534€-C}
F.10T6B6I0E~VO

R.164461T738E-CO -

R.22T0835TE-CC
".29294953E~00
R.36051650E~00
R.A284472TE~CO
R.495710305€-00
f.56149003E~00
R.462521537E-00
R, 08644965€--00
. T4489601E-00
R.800354 19600
R. 052 T4087TE~00
R.90261233£-00
R.94816921£-00
N.99127454E-00
R.103141346ERCL
f1.1068569408ER01
R.110324126R01
R.113S518TAERCL
A.11646T33ERN0]L
R.11518422ER01
R.12168272ER02
R.12397996ERC])
R. 126086 7SERC)
R.128C1740ER01
Fal2978469ERC0]
R.13140003£A01
R.13281733ER0L
A.13422511ERC]
R.13545438ERC]
R.1365T4TSERCL
R.13759514ERCL
R.13E5238TERQ]Y
R.13936806TERC]
R.14C1366TERCL
R.1A0B8345CERQL
R.IA1456826ERCL
Re14204355ERC]
8.14256555ER01
N.I4303899ERC1
R.14346824ERCL
R.14365727ERCY
R.14420973ERCL
N.18452895ER01
R.1A44B1T99ERD]L
R.1A507943ERQL
fR.14531639ER01

The # sipn in thz above data should be read as a + sign

aos
006
ao?
cos

oo
011
2
013
014
015
o146
€17
cls
c19
620
o2l
022
023
024
02%
026
027
oz2e
029
030
031
c3az
033
ca4
Q35
¢3é
a7
Q3s
039
CAD
0al
042
C43
Cas
Cas
c4b
AT
Cag
C49
c50
051
o52
37
054




t

R51.00
152,00
R53.00
A54.00
R55.00

81.00
R2,00
f3.00
R4.00
R3.00
R6.00

R1l.00

R2.00

R3.00

R4.00

R%.00

R6.00

f7.00

A8.00

R9.00
R10.00
A11.00
R12.00
K13.00
R14,00
R15.00
Als.00
R17.0C
Aig.0¢C
£19.00
R20.00
AZ2l.00
R22.00
R23.00
AZ24,00
R235.00
N26.060
A27.00
R28.00
AZ9.00
30,00
n31.00

A33,00
34,00
a35.00
A36.00
R37.00
#35.00
A39.00
k40,00

¢

R.591C0CO00ERYI
R.59100C00EN]132
R.59100000ER13
R+5910000CERLD
A.5910C000ERL3

R.C000COCOE~9Y
R.CO0Q0COOE~S9
R.0000Q0OCE~-99
R.0000C000E-99

R.00000000E-99

R.Q0000000E-99

R+00000000E~99
K. 000000C0E~99
R.00000000E-99
#.00000000E~-99
R 000C0O00E-99
R.000C0CO0E~99
R. 000000 00E-99
R.00C00000E~-99
R.00000C00E~99
R.00000000E~99
R.00000000E~79
R+ 0000000Q0E~99
R«00000000E~9%
#.00000000E~99
R.00000000E-99
R.00060000E~99
A, 00000000E~99
R.00000000E~99
R.00000D00E~99
R.00000000E~99
R 0000000E~99
R+ 00000000E~99
R 00000000599
R.000000U0E=99
R+ 0000000C0E~99
R.00000000E~99
R . 000008 00E-99
R.00C000C0E-99
R,00000000E~99
R.00000000E~99
R.00000000E~99
R.C0000000E-99
R,00000CC0E~T9
#.+00000000E-99
#.00000000E-99
R, C000C0Q0E~99
A.00000000E-99
R.00000000E~99
R.C0000000E~99
R.00000000€~-99

XENON BUILDUP, )} MW, STEADY OPERATION,

1

R.58459851ERLS
R.5848TOROERLS
R.5851273T7ERLS
K+585353C1EK15
R.58555619ERL5

Ra52T20616ERLS
RATATTETOER]LS
R.4275161TERLS
R.IBAGSHATERLS
Fa34863T23ERL5
R.3121307TYERLS

R.20105927ER1S
R.25308085ER15
R.2278BTSBER]S
R.20520221ER15
f. 184 TTSO9ERLS
R.16638142E615
A.1498187TBERLS
£.13490489ER15
P.1Z14TSESERALS
R.10938323ER15
R.9849455TEL14
R.88689770ER14
K.7986101TERLA
R 7191113SERIS
Re 6ATS263TERLA
A.58306TA2ER 14
R.52302514ER14
R.4T2TL0TTERYS
R.AZ56S91AER L4
£.38332232€ER14
R.3451639TERLA
K.31080414ER14
R.27T9864TIERTA
R.2%200520ER1LS
Ra22691901ER14
Re20433007ER14
M. 18398978ERLA
Re1656T429ERT 4
£.14918206ER024
#.13433155ER14
R.12095937ER14
R.10891835ER14
R.98075948€E/12
K.88312034ER13
N.T9IS21604ERL3
. 7h605510ER12
R. 644 TTAISENLD
R.58058937EA13
R.52279376ER13
N.ATOI5153ER13

X

Re42Z06332TERLS
R.42119325EH1S
R.42]159964ER15
R.A2Z1STHTERLES
R+4225T130EALS

R84 T49440ER15
R.46504400FER)5
R4TE31143EALS
R.A82253265R1G
RLAB3TOGTZERLS
RABLLOAZOERLS

M. 47T 5806BEALS
R.46799295ER15
R.45792506ERLS
Fa44E1914CERLS
ReA31T5I4TERLT
K.419521TCERLS
R.4D436235ER1S
R.389103055R15
R.37353TIGERLS
R.3A5TB2915LR15
R.34211613ER15
Ku32651336ER1S
R.31)11602ER1S
R.29600Z)0ERLS
R.28123466ER1S
R.26686376EA15
A.25232835ER1S
R.23945TT3ERLS
R.2264T302ERLS
R.2139B829ERLS
E.Z2020118TER1S
R.19C54622EA15
R.17959080EA15
Re162140TLERLS
R.1591B8851EQ1S
R, 143 T72413EH1S
R.i&CT35TSENLE
R.13223007£A15
R.12413257ER1%
Rel11648T82ENL5
R.10928003E/15
R.10243270ERLS
R.9S59092ITERLA
R.09913060EALS
R.BALBTOMAERLA
R.TET94662BERLA
R, T372392TER1A
R.68953600ERLS
M. 644 TOFIOGERLS
R.E60260363ER1L4

l&iﬁ/K

R.14553059ERC1
f.14572433ER01]
R.145899%3FERCY
R.14505793ERC]L
Re14620111ERCL

R.15482399ER01
Ra1860895B0ERCL
R.16479411ERO1
R.16684984ERC]L
R.167352T3EROL
K- 166555T9ERCL

R.16467968ER01
R.161918642ER0]
R.150843280DERC]
£.15437319ER01
R.14986232ERQL
R.14500762ERCL
R.13990118ER01
F.134621TTERC]
R.12923636ER01
R.12380163ERC1
F.11236524ER01
R.112967C1EROL
Re10T6398AERCL
F.1024107T3ERQL
R.9TI01498E~00
R.92329458E~C0
fR.8T7508088E~CO
R.B284T7527E~CO
Ra78355080€~v0
Ra.T4C35615E~C0
R.6989194TE-CO
A 65925134E-00
F.862134782E=C0
f.58%19270€E~C0
R.55076002E~00
R«51801517E~00
F.48691T24E-00
K.45742000E~00
A.42964T355E-00
R.40202448E~-00
R.3TBOLTSTE=CO
R.35439639E~00
R.33210331E-00
R.31108C98E~CO
R.29127219E~00
Re27262037E~CO
R.25%506985E~CO
R.23856618E~00
F.223054629E~C0
R 2084C866E-C0

¢85
056
csT
058
059
os0
osl
ce2
063
Co4
085
vl 1)
co7
0s8
069
oTo
071
cr2
o713
074
cr5
oTé
oT7
o78
ore
080
081
082
083
oos
oas
usd
cs7
ose
089
090
091

093
094
c95
96
w97
o9
c99
100
101
102
103
104
105
104
1wt
108




TABLE 3. THERMAL FLUX (Q)), IODINE NUMBER DENSTTY (I), XENON NUMEER
DENSITY (X) AND NECATIVE REACTIVITY DUE TO XENON BUILDUP VS.

t

f1.00

82.00

A3.00

R4,00

R5,00

N4.00

A7.00

A8.00

Re.00
R10.00C
R1l.00
%12.00
13,00
Gl4.00
K15.00
Rl6.00
R17.00
R18.00
K19.00
R20.00
821.00
R22.00
RZ23.00
R24,00
R25,00
RZ26.00
R27.50
R28.00
§29.00
R30.00
R31.00
R32.00
RA33.00
R34 .00
435.00
R38.00
H3T.00
f38.00
£39.00
K40, 00
fAl.00
542,00
43,00
Ra&.CO
R45.00
R4 00
MMT.00
RAR.0C
£49,00
AS0.00

TIME UNDER 2 MEGAWATT STEADY STATE OPERATION, AND AFTER SHUTDOWN

R.1120C000ER14
Ra1180COCOERTA
R.11800000£K14
R.11800000ER14
£.118000000ER14
R.118000C0ERL4
R:11800000ER 14
R«11B0COCOERLS
R.1180CO0DERLA
R.118000COERLA
R<11800000ER1A
R.1180CO0CERTA
Re1180CC00ENL4A
R.11800000ER4
R.11800000ER14
R.11800000ERL4
R.11800000ER14
A.11800000ERY4
R«11800000ER14
R.1180CCCOERNLS
R+11800000FR14
R.1180CO00ER14
R+1180CO00ERLA
R+1180CO0CERTA
R.118CCO0COERLA
R.118CCOO0ENTA
Ka11800C0CUERLS
R+11B0COCOER]S
R.118000000ERN14
£.1180C0C0ERTS
R.1180C0C0ER1S
R« 1180CUQ0ERYA
k.1180CO0C0ERLA
R.118000COER14A
A.1E000000ER4
R=118C000C0ERTA
R.11B0COGCOERL4
R.118CCOCOERYA
R.11B0C000ERL4
R.1180C000ER14
R.11800000EK14
R.11800000ER1A
R.11800000CER14
R.118000C0ER14
f.1180C000ER1A
R.118000C0DERLA
R.1180C000ERLS
R.1XB0COCOERTA
f.1EiB80C000ELLA
R+ 11800000EALA

1

R.11674843ER1S
R.2218T4BSERLS
FeI1652635ER15
L AQLITTASTERLS
KF.ATB52759€EKR1S
K.54764010EK15
Fe6Q587268ERLES
Fa66591021EF15
$.TE6IHIIIERLS
R.TE1B05S1ERLS
FeB02T1BLIENRLS
R, 83955895ER1S
R.BT273194ER1S5
R.9026C268BER)S
Fe9294998TERLS
K.95371953ER15
R.9T552821ER1S
Ra9951659CER1S
K10128483ER16
£.10207703£K16
R.10431074EK16
£.1056C172ER16
R.106THA22ERLS
R.I0TE10S8ERLS
K.10875354ER16
K.10960228ER16
RelXC36651ERLS
R.11105466EK1s
K.11167431ER16
R.11223227ER16
R.11273470ER1S
E.11318712ERLE
F.11259448ER16
£.113956130ER16
Rell4Z91eGERLS
R.114589C2ER LG
R.11485885EK16
Fa115098CCER]1S
R.11531516EFR16
K=11551071ER16
R« L15686TTER LG
R.11584533ER16
K.11598B08EK18
R.11611662€516
£.11623237EK)¢&
Re11633659ER16
R.11643044EK16
R.11650496ERLS
Ko11659106ER16
R.1166595TERLS

X

£.12176825ER14
Re3223104A4ER14
£.5T515332ER1S
R.06C20497ERTS
R.11627096EK1S
Fa1A4T13454ER15
K.17TT81310ERLS
R.20T7332TERLS
R.2345G0C3ER1S
Fa26385430ER15
f.289639CEERLS
f.312T7TT425ERLS
R.33E23604ERLS
Fe35704158ERLS
F.3T7T¢23692ER15
Ra39288787TERLS
K.41COTIVIERLS
R.42487876ER1S
Ro43EI9469ERLS
F.A5CTL1152ER1S
F.461918064ERLS
F.4TZ10263ERLS
R.4B134641ERLS
K.489T72850ERLS
R.49132268ER15
F.50419TB6ERLS
Ro51C418CAFRLS
R 51LCA23I6ERLS
F.52112537ERLS
R.525T71T15ERLS
F.525B&6355ER1S
R.5336C654ERLS
R.53698434ER15
RaS4CC3181ERLS
F.542TOOS9ERLS
K.54525945ER1%
K.S&T4G454EKLS
RaS&4950949ERLS
F.55132571ER15
F.55296265ER15
Fa55443TB2ERLS
e S55T76TI10ERLS
F.55£S6481ER15
K.55E0438TER]LS
K.559C159T7ERLS
KR+5558916BERLS
F56CO0049ERLS
K.56139104ER15
Fa562031C5ERLS
K.562¢0749ER15

Aly}(

Re®2129349F-C1
F.11151288F-C0
Fe198952C9~CQ
Ra29T£411T7E~-CO
R.AQ227358E=-00
R.50805572E-C0
Fe61519733E-C0
RaTIETISCAF=C0
ReBLE24244E~-CO
R.91288248E~CO
R.10C20975ERC]
R.LI0B55953ERC]
R.11633CA5FKRCY
R.12352916ERC]
F33L17CIGERCYL
R.1342TT2ZERCE
R.1418T78968ERC]L
Ra14699944ERC)
R.15167568ERC1
R.15593706LRC1
R 15981449ERC
Fal6333T95ERC]
Ra16653412ERC]
F.165436141RC1
Ral1T2CEISTERCL
R1T444225FRC1
Ra1765943CERC]
F.LTRS4020ERC]
Ra18029883ERC)
Ral18128T48LRC1
Re183322C6FRC1
R.1848617C5IRC1
R.185TE5T0ERC]
F-18&684CCTERCY
R.187791C9FKCY
R.188640731RC1L
F.186422C2EFCY
K.19C11915tKC1
Rel9CT4753E5C]
K.1913123¢7HRCL
R.19187425ERC1
R.19228416ERC1
K.192658558¢RC1
R 19307188ERCE
R1934LH21LRCE
R.1937T1118LKC1
F.193984C9%ERL)
R.19422%93¢KC1
R.19445136L8C1
Re194E5CT9HRC)

554
554
56
557
558
$%9
La0
581
t62
“8)
564
56%
544
S67
568
269
570
571
572
573
574
575
5764
517
578
579
580
541
582
587
584
LS8
586
587
a8
589
590
591

593
594
544
596
597
498
394
sce
&cy
ec2
TE




t

f51.00

fRl.00
A2.00
%31,00
R4, 00
R5.00
ns.00
R7.00
RE. 00

®1.00¢

R2.00

R3.00

4 .00

RS. 00

R&.00

AT.00

RE.C0

N%.00
Ri0.00
R11.00
Ri12.00
RY3.00
Ri4.00
R15.00
R16.00
Ri7.09
R18.00
R19.00
Ri0.00
R2t.0C
R22.00
N23.00
£24,00
R2%.00
R26,.00
®27.00
R20.,00
n29.00
R30.00
f31.00
A32,.00
R33.00
Ri4.00
R35,.00
A36.00
37,00
R38.00
R39.00
R40.00

¢

K.1120000CER 74

A.CBOOCECOE—9S
R.CDC00GLOE-G9
R.0000C000E-99
R.OVECOOCOHE—99
R, BO0000GCAE-9Y
R.000CCC0RE~99
R.0G0OCOCOE~T9
R2C0Q00LCOT ~4Yy

HeQOOOCOODE~9Y
R.O00CU0G0E-99
A.000000C0E-99
fi. COO000GOE~99
R, O0COCQOC0E~99
R.ORGQOSL0E~5Y
R.CICOQUDOIE-99
R.C0DOQOOUE~9S
RaCOLO0DO0E-9¢
R.0QQ000C9E~99
R.000CCHO0E-99
R QUCCCOCDE~99
8.,00000000E-%9
R G00CCQO0E~G9
R+ 00000000E~99
F.09000000E~99
R.0000LD00E~90
HeOCODOCO0E~TY
RL.0Q0U0CB00E-99
R 80Q0CLH0E—99
K+0GR00000E~99
R.L0G0OD00E~59
R.CO00DN00E-g0
R.€00000GC0E~TS
R.L60CCLODE~%g
R QUOOORNOE-N0D
R.00G000C0E~-u%
R.000000C0E~99
R OO OODOOE~99
R+Q0000UCCE~99
R 000O0OOTE-99
R.00C05000E-99
8.00060C00E~29
R 00UDGOOOE-DY
R 000CCO00E~99
R O000CEBCOE~59
AL COVOLNO0E~9Y
R.0000G2C0E~-93
R+ 0CO000000E-99
R.CO00GO0Q0E~9Y

®.59000000ERY3

Ral11672127EK)G

Fel051021ZER1S
K. 94L195%9ER 1S
R.B521856CEKRLS
F.T6735353ER15
R.69096620EK15
Ro622IB29TERIS
RaSHCRA6HBEKLS
RoH0A4TGIIERTS

F.A54285152ER3S
R 40903 TRLERLS
K.3683195T7ERLS
E.33165449ER15
R 2986398765115
R.26091118ER)S
E.24214208EK15
ReZ1BU3TTIER]LS
fal1063329CELLS
R.LTSTHBEYENLS
M. 159190045K15
R.14334337ER1S
R.E2907400EK)S
Rell622520ER15
R IO4E5544ERTS
R+GAZITIABTER L4
R.O4B5HIBTER LA
R TO408235EK 14
R.6EBC296RERL4
Rt 19538 T6ERL4
B.55786590EK 14
F.50233234EKR 14
R.45232695ER)4
et QTZ9944ER 1 4
B.368T5424ER 14
K.33C245100R14
Re29I3TONALR LA
R.26TTEBIKER]A
B.24111300ER14
Ka237111C9ER 14
R.19549R49ER 14
Ro L76Q3TI4ER 1A
Fai5851349ER14
Fo1A2T341CER 14
R l2E85254TERLA
B.115731256K 14
Fel0421C56ER1A
F-93834872E513
S B4455742€R13
K. T6C8449CER)3

f.11093953ER16

XENON BUHLOUP, 2 MW, STEADY OPERATION.

F.56212666ER15

F.633193836ER1S
R.&68708292ERL%
RoT2TCHAGBENES
F.T5515059ERALS
. 1T3L10355ER1%
K. TBIA6TSBER]LS
K. TB4595455ER1%
R.TBC6HT2AERLS

R.IT17E262ERLS
K. T5B62T68ERLS
R« TAZ1IS0IIFRLS
Re72307429EA1%
K.70186132ER15
Ra6TS5C5239ERLS
Ra6550TTCLERLS
R.63C30242ER15S
F.OGO05040B4ERLS
R.5T955642ER1S
R.5540T128ER)S
Re52BTT084ER1S
R.50380849ERLS
R4 T930984ERLS
R.455376355R15
K.43Z08859ERLS
Fa40950913E815S
F+387685G3ERLS
K.366€65010ERLS
R.IHELZ6BOERLS
K.327C2799ERLS
Fe30E45B41FR]5
R.29CT71598ER15
R.27379296ER15
Ke2576T694ERLS
Re.2423516BEK)5
B.Z2TISTBIERLS
R.21399300ER)S
R.20C91890ERLS
K. 18E53920ER15
R.17¢837TTTERLS
K.165TBSC3IER]S
Fal55358412ERLS
Fel4S52808ERLS
K. 13&250C8ERLS
£.12752360ER15
£.1193125%6m15
R.11159147ER]S
K-104323546ER15
K.97520379ER14

R.39718569ERLS

Ak
/k

F.18483C42:5C1

R.219CT3IRLERCT
ReZ23T716TTERCL
K.25158957ERC]
Fa2612¢621FRC]
RaZ6T4TB15FREY
R.2T7CTIBCOERCY
B.2T145416EK0)
Fu2TCCG5CAERCY

R.2669%694tRCL
Ra267569820K01
R.25¢TB2BOERCY
Ra?50169CSERCY
Ke282879T8CRC)
R.23492837LRC1
R.22¢6433IBLRCT
Ro21ECTIBTLALT
Ka20%331BERCL
R.200514795RC]
Re19169744ERCY
R.1B2944G00RCL
R ATHI0TSIEROL
R.1858315CHR01
Fal5755C99LREY
R.14965390LRGC1
R.14168186ERCE
R.134131)6FRCT
R.126085351ER0)
F.11SE%665ER01
R.11314506ERCL
£.10672C16ERCE
A, 10C581 83 BeY
K.94726821F-C0
F.8915100%E~CO
R.EILLBTTSE=-CO
R.1E812453F-C0
RaT4C37523E-00
K.695128356-00
R.652307460-C0O
Re6116228TE~CO
F.57358263t-C0
£.5374$379E~CO
R.S034EIUBE~CO
f.47139768E-C0
Re44120%84L~CO0
R.41279730c-C0
F.3B608IBIE~C0
K.36C97958E-C0
£.3374CCT16E~CO

R.20661415LRCY

€04
&05
¢u6
ent
évs
£09
¢10
(39
€12
613
€14
615
£16
&7
(3]
619
€20
é21
622
623
€24
625
626
627
628
629
£30
631
632
833
€34
435
€36
£37
£38
£39
&40
t%]
&4
643
LT
64%
€46
&4
E48
£49
€50
£513
6h2
653
LS54
€55
£58
&57

<9




TABLE L. THERMAL FLUX ({D), IODINE NUMBER IENSITY (I), XENON NUMBER
DENSITY (X) AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS.

t

R1i.00
RZ.00

R3.00

4,00

R5.00

Ra.CO
AT.00
N840
K9, 00
R10.00
R1Ll.GO
Ri2.00
f13.00
R14.00
R15.00
R16.,00
A17,00
18,00
R19.00
£20.00
821,00
R22.00
R23,00
R24.00
R2%.00
82600
A2T.00
R29.00
R29,00
A356,00
31,00
R32.00
R33,00
N34,00
R35.00
#3606
R37.00
R39. 00
R39.00
R40.60
#41.00
e 90
R43.00
M4 00
R4S, 00
[ TV ]
R47.00

Al.00
N2.00

TIME UNDER 5 MEGAWATT STEADY STATE OPERATION, AND AFTER

SHUTDOWN

T

¢

R.296000C0F6K 14
R.296CCC0DFRYS
R.29¢0C0CCERLA
R2940CO00ERT 4
R.2940GCCDER]A
R.294CONCOERYA
R.296CCOC0ERT4
Hu2960CH00CERTA
Ro29600000EK 14
R.2960COUOFER 14
R.29600C00ERYA
Re296008C0ER1A
R.29400GCRERTA
R I9600G0DER 1A
R.29600000EK 14
R, 296000 GOERLA
R.I9600000DERTA
R.25600000ER14
R.29600000ER 14
8.294600000ER14
F.294000DC0OER 14
R.2960080C0ERYA
R, 2S600000ER LA
8. 29400600ER 14
R.29600000ERT 4
Re29600000ERTA
R.29600000ER1 4
R.29600000ER1 4
Re296C000UERLS
. 294008006814
R.29400000ER1S
R.29600000ER LA
R.2940000CER)4
R.29600000ER14
A. 294000 00ER14
R.294008C0ERIS
R+ 29600000EKR1S
#. 29600000/ 4
M. 29800G0CERLS
f.796000005014
A.29600000ER1A
R 206D 00ER TS
R.294600D00EALA
#.29400000ER 1A
R-29600000ER14

R 296 00000ER1A -

1. 29600C00ERTS

. 00000000E~-99
R GHBLONBOE~29

I

Ra2%2860395EK)5
F.55656T3I5ER]%
8. 794023C5¢R1S
Ra JONTR4ACIIRLS
RoIZ2OCATZTERLS
€. 1373F350ER]LD
BLIS29R84TCEE 1A
Euwlb6TOA14%ER1G
R.1T969A9TERLS
E. 19109442418
#.20135930ER18
Re?21G600S3EL1L
R.2Z18921E3ERLSL
Pe2Z26418T7TERLS
K.23316182ER1e
R.23923723EK1s
R.2Z44TOTB3ER LG
AnZ24963386ER1S
BL25406951ERLG
RL25P06361ENTS
N.26186010EK16
K. 264B905TERLS
R.26TBL&ELERLS
Py 2TOA4DAGER LS
P 2T72B0ABGEN LS
Pe2T493392ER1G
M.27685104ER1G
R.2TBSTTILERLE
NL2B01 3L TIERLE
AL2B153141ERLS
R 282791 T4LR1S
P 283926462ER16
R.28494852ERTS
Be28506070ER LS
R.28L69T29ERLS
RO2D 144 I40ER 1S
M.IBBL1SZAERLS
R.20B72014ER1&
R. 2B 26ARGERLS
Wy 2897553 TER LS
K.25019T0ZERYE
Ru29059471IER1LS
M.29095285ER16
R 2912T530ERLS
M 2915656T7ERLE
Re29182712EMLS
R 29206236EN16

Ru28298801ER18
RL23680923ER16

X

F.2B08TOTIENLS
R.69204690ER1 4
R.11&ITIIHERLS
Ra16471392ERLS
R.21238832€R1%
R.25TTOTINERLS
L.30010074ER15
Re33924771ERLS
R.3T51G951ER15
R+40778579ER1S
R.43T45076ER15
R.46ASIAAEERLS
B .48059921ERLS
R«51052643ER1S
R.53C30850ER15
R.54814501ERL5
R.56422080ER1S
R.578T05636R15
R.5917544A0ERLS
Ke60350707ERLS
R.614093656ERLS
Re&2I62TL2EALS
RL.63221246ER]LS
R.53954371€R15%
R.6469G569ER15
R 6531 7486ERYS
R.805B82011ER)S
R 66390350ER1S
H.b6B4BOY2ERLS
Re$T7260269ER1S
R 6TEI14ITERLS
R.07965618ERLS
R.LB266551ERLS
Ra6853T527ERLS
R.68781529ERLS
Ru&FHOL244ERLS
Re89199084ERLS
R.693T7232€ERL5
R.L9%3T764IERLS
R.69008200TERLS
H.69812151ERLS
B 49529268ERLS
R.TO0I4TZBERLS
R.T7012968TERLS
R.TO215195ER1S
R 70292188ERL5
R.703861519ER1S

R.93C4TRTGERLS
R.11230631ERLG

AK
/k

R.9T7T17558%5€E~C1
R.23%43421€~-00
L.401935818-C0
R.369BT699E~ GO
R.T3468221E~00
R.8%161522~-00
R.103828T7ERC]
R.11737284ER0}
R.IZ9TBC29E R0
R.14108562ERC]
R.15134910FRQL
R 16064338ER0])
R.16904543ER01
R.17663181ERD]
R.18347500ERQ1
R 18964 70TERD]
R l952089TERQ]
0.20022042ER02
R.20473504ERQL
R.Z0080150ER01
R.21246397ERCL
R.215T6236ER0L
R.21873270ER0OY
R.2214075TERGY
N.22381626ER01
R.Z22598529ER0L
Ro22793842E802
Re22969T1TEROY
R.23128088ERDL
R.2327069%ER01
R23399101EROYL
R.235)4TZ2HERDY
R.23618845EA02
R.23712597€ERGCL
Q9.2379T018ERCL
RaZIBTIOIBENOL
R.23941482ER01L
Re240031 1 9ENOY
R.240586 16ERD)
R,24108591ER01
R.24153590ERC]
R.24194111E001
R.24230597ERQY
Ra24263458FER01
R.24293036€ERC)
R 243196 13ER0L
R.24343661ER0C

R+32192473ER01
R.38508T729ERCT

12¢9
130
13}
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
i50
151
152
153
154
165
156
157
i58
159
160
161
162
163
164
185
140
167
188
169
170
171
172
173
174
175
176
177
*78

30




3. 00
A4.00
R5.00
.00
A7.00
R8.00
9,00
#10.00

f1.00
2,00
00
84,00
5,00
.00
AT.00
ns.00
A3.00
#10.00
#11,00
Al2.00
F13.00
R14.00
Ai3.00
RL16400
AT.00
Ri0.00
nle.00
R"20.00
a21.00
R22.00
#23.00

23200
26,00
27,00
A28.00
29,00
A30.00
A3l.00
R32.00
f33.00
134,00
n15.80
R3&:00
AT
AB.00
838,00

840,68

¢

1.C0000000E-99
R.00000000€~-99
R.0J00MCGE~99
R.C0000800£~99
R.00000000£~99
#,02000800F~99
R.00000000E~99
R.S0000000E-25

R 0230300 E~S
K.00000002E~-99

A0 9Y
. 9000 COE~92
R. 008 N0E00E-99
0. 000000¢VE-T9

R.00000000E~-99
R CHO00OCOE-T9
R.00000800E~-99
A . QY0000 OE~99
A. 00000000~ 99
R, GDEOROBE+9Y
f.C000080E~99
1. COOOOZ0UE~32
R 000005 00E~-99
B ODJ00BO0E=-2S
%.00000200C-99
R OOTOVONEFSY
A. 00800000599
A ENOCTLCLE~YY
R DICECROTE-TY

R.000020005-99
AJO0000TO0E-99
RE0000062E-99
H.0200000CE~-29
B 28025006029
R.00GQCOGLE~99
A EA02O0E-99
B.00000903Z~99

1

ReZ13235TEER]S
f.19200094EA18
M 13299518ERL6
R.13568414ER18
Kel4018639ER16
R.12623137ER16
R, 113663546016
N 10235058ER16

Rs92161947£A1%
AuBZ98TSATERLS
R 7AT264A3IENLS
R.4T28T63NEALS
2.40589421EA15
R3455T7T963ER1S
BA4912691 3RS
A 4423450TER1S
B.39832923ER15
R.35046TH99ERLS
Bu3IR29T7A9FERLS
Fle.Z9002150ER1S
2410710328525
k233002 79ER1S
212329508815
A.19119209ERLS

‘Ps1T21S035ERLS

B.13502244ER15
i 13959056ER15
R 1D969403ER) 5
Agi1310241CALS
R10191555ERLS
EROUTTO2238014
£ B2635822E0 14
BETAL0RC 16ER 14
S 6T001282ER 14
P03 1902EN14
Ra34I240TLEO LS
SRA8918111ER]1A
5 L4CABLARERLA
FuI%G0I621ERLS
fA35715251EA14
Re32199920ERLA
R.28956524ER014
M. 260738095014
Fe2340009DENTA
2L 142705EQ L4
e 1902802T7ER 14
Re A 71420642014
P 1343635¢ER14

XENON BUILDUP, 5 MW, STEADY OPERATION.

X

R.1237376TERLE
R.13480923EML16
R.145186553ERLS
R, 151034%4EM16
R.154824602ERL G
R.15680303ER1G
R.157A5105CA16
R, 156TBOSHENLS

R.15508106ER16
E.15253501ER16
R.14930089ER16
R.14551592ER16
A.14129671ER16
R.13675139EAL6
#.13196157ERLG
R.12700414ER16
R.12194290ER16
R.11683176ERLE
R.111716156R16
#.10663398ER16
R.10161667E816
R.946B99TIERLS
N.91874738E015
R.87107549ERLS
R.32641320E515
R.T70245802ERLS
A.74002023ERLS
R.89932759ER1S
Re56022733€A15
A.62279069ERLS
R.58701485ERLS
0.55288534ER1S
R.52097315ER15
N.48946142E015
#.46009701EA15
R.A3224178ERLS
N.405848TIENLS
f.38004319ERLS
A,.33724811ERLS
R.33493538ER1S
R.31367609ERLS
A.29401616ERLS
R.27530171ENLS
N.25767939ER1S
N.24109682ER15
A.22550268ER1S
. 21034896ERLS
#.19708105EA815

t&h;{;

R.43502688ERC)
R.4T353902ERC1
R.50224334AER01
R.52255032ER01
R»33570128ERCL
R.54278353ERCL
N 544 TARTSERC])
R 54242900£0901

R.53654908ER02
R.352TT4024ER01
R.31455085ER01
R.50345561£R01
R.AS886493ER0)
N.47313210EROL
R.458656030ER0L
R.43940861EROL
R.A218%TT15EROR
R.40421423ERQY
A.38651524ER01
R.26893198ER01
R.351573106R01
R.33452775ERQOL
R.ILTELTIREROL
N.30165125E001
R.28592223€ER01
R 2TOTI462ER0L
RA.25405281E00}L
R«24193310ER0Y
R.22042528ER01
R.2154729TERC]
Ra20309525ER01
R.19128T13EACQ]
M+ 18004030ER0L
R« 18934374ER01
A.15918426ER0)
Ra14954690ER01
R« 14041546ER02
R.R3177262ER01
R 12360061ER01
R.115800858ER01
Ha10859477ERO]L
N10172263ER02

-Me95248819E-00

R.89151854E-00
R 83414619E-00
R.78019362E~00
R.T2948780E~00
R«481860354E~00

e
217
218
219
220
211
222
223
224
22%
226
227

3l
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TABLE 5. THERMAL FLUX (), IODINE NUMBER DENSITY (I), XENON NUMEER
DENSITY (X) AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS.

t

&1.00
R2.00
R3.00
R3.00
R6.00
RT.00
RB.00

R/1,00
R2.00
R3,.00
R4, 00
R5,00
Ré.00
RT7.00
R3, 00
RY.00
R10.00
R1l.00
Rt2.00
f13.00
%14.00
"M5.00
Nlé.CO

R1l.00
N2.00
A3.00
4,00
AS.00
N&.00
. #T.00
Ra. 00

fl.00
R2.00
f3.00
R4.G0
#5.00
f6.00
Nl.00
Na.00
R9.00
R10.00
fl11.00
R12.00
ni3i.00
Al4.00
K15.00

TIME UNDER 1 MEGAWATT 8 HOURS ON —- 16 HOURS OFF OPERATION DURING

A 5 DAY WEEK AND AFTER TERMINAL SHUTDOWN

¢

R.5910C000ER12
R.5910CQ00VERYS
R.59100000ER013
R.59100000ERLD
R.52100000ER12
N.591C00C00ERY 3
R.5910000CENRLS
R.591CCO00ER] >

R .00000000E~99
R.00000006E~-y9
K+ 000C0000E-99
A.00000000E~-99
8. 00000000529
R.00000000E-94g
R.C00000000E~99
R.00C00000E~99
K. 00000000£-99
R.00000D000E-99
R.00000000E~-99
R.00000000E~99
R.00000000E-99
R.00000000£€~99
. 00006E00E—99
K. 00000000E~99

K.59200000ER13
R<5910000CERYD
R.59100000ER13
N.59100000£K13
R.59100000ER13
R.59100000ER13
R.5910C000ER13
N.59100000ER13

A . 0000 0000E=99
R.00000000E-99
A.00000000E-99
f.C0000000E-99
R.00000020E-99
R.00000000£~99
. 80000000c—99
R.00000000E~99
R.00000C00E~99
R.000000G00E~99
A.00000000€-99
R.00000000£~-99
R, 00CO0000E-99

‘R 0OO0D0000E-99

R.000006C0E-99

I

R.S84731%9ER]14
R.111125%0e815%
KLlSBS36A4ERLS
R.20272T15ERLS
Ro2396693%ERLS
B.2T428417ER1S
Fe30545322ER1S
K.33351949ER15

B.30031863ER1S
R 2T0A2321ERNLS
R, 243503505015
Re21926370ER1S
Re19743682ERLS
F.1TTTB272ER1S
K.16008512ER1S
Rel4414925E0]15%
R, 1297997SERLS
R.11687869ER1S
R.1052438BERLS
Re9476TZ4TER LA
R.85333501EN014
R.T6830853ERYS
R.09189818ER14
Ru623022)16ER14

Rell1457338ERES5
R.16164108ER1S
K.20402337EA1S
& 242186656015
R.2T655090ERLS
R.ADT49430ERLS
E.33535730ERLS
R.360440676ER15

FL32456550ER15
Ral29225624ER15
Ru263I16320ERLS
R.Z369662B8ER1S
RZ133T7T716EAQ1S
RelBS213624ER]S
R, 173Q0980ER15
Re15578734ER1S
Bul14027931ER15
R.12631505ER1S
R.ILIATA0ET7ERLS
Re10241841EF15
Re92223029E814
F.83042553ER14
R.T4TTS960ER 14

X

FebZ7378S15RED
Fa17C39C13t K14
Fe311250326K1%
K ATSR0063E R4
F.65L34929FR14
R.BALIZ44TERLS
K. 104201862ER1S
Re123P3I594ENLS

R 14¢586571ERLS
Ra 164 47244ER1S
R.1TB22322ERLS
K. 1BBAQS09EHLS
B,19553401ER15
R.Z20C06286ERLS
R.20238851FR15
Re20285829ERLS
R.20177566ERLS
R.19540502€R1S
Ru19597655ER1S
R.19169002ERLS
R.184671848EALS
R.18121127ER1S
N, 1T7529700EALS
R.16908596ER15

N.1571774BERLS
R.15]1 T6140ER1S
R-15144085ER15
R. 155064 14ERLS
F.l6168550ER1S
R.1TOSIRAGENLS
R.18C972726R1S
R. 192500336815

R 212TBOSTERLS
F.22816128ER1S
%e23934059ERLS
R.240693176ERLS
R.Z5147272ER]LS
Ro25343473ER15
R.25327989EA15
F25121T91ERLS
R 287712106015
Re2429848BERLS
R.Z312T255ER1S
Be23CTTI49ERLS
R.2236B196ER1S
FuZl613149ER]S
M. 20825TB6EN]S

£\5/r
K

£.21T706040E~C)
R.SB951534E~C}
£.1074686301 -00
R.lé4é1738E-CO
H.2270835Tk-~C0
Re 29294953800
R.36051850E~C0
R.42684472T€~ 00

R.50T0876 TE~CO
R.569041356~00
R.61661625E~00
R.65184345E~-C0
R.67650809E-00
R.69217TT00E~-00
8.70022327€~00
R.T01848462¢-00
R.69810294E—00
R.68990100E~-00
8.6T803919E~00
R.66220865E~00
R.64600814E-00
8.626954308-00
R.606492126~00
R.58500319E-00

R.543080224¢-00
H.525063726~00
R.52395467E~00
R.53649052¢~00
R.35939908E~C0
R.59000431E-00
R.62612898E-00
R.&6£01216E~00D

R.736177706~00
RNe 789391 B4E~C0O
f.82807000E~00
R.85433390E~00
R.27004489€~00
R.8T883286E-00
R.8T612415€~00
R.86916311E~-00
R.85T03371E~00
R.8404T7850E~CO
R.B2091499€~-00
o T9845033E~-C0
HaTTI89431E~CO
R.I41TTIR19E-CO
R.T2053003E~C0

719
120
121
722
721
724
125
726
127
728
729
130
731
732
133
734
135
136
137
138
739
140
741
742
743
T44
745
146
747
748
749
150
751
152
153
754
755
158
751
758
159
760
761
762
163
764
76%
766
TaT
768




t

814.00

n.00
%2.00
A3.00
R4 L OO
A5,00
R6.00
AT.00
%8.00

f1.00
K2.00
"3,00
B4 L 00
A%.00
R&.00
AT.00
A8.00
"9.00
A10.00
Al11.00
Ri2.00
R13.00
AL4.00
A15.00
R16.00

f1.00
R2.00
R3.00
"4 .00
R5.00
A6.00
R7.00
Re.00

Ri1.CQ
R2.00
W3.00
R4,00
R5.00
Rs.00
AT.00
2,00
R9.00
A10.00
f11.00
Ai2.00
f13.00
R14,00
A15.00
nL6.00

9

M. Q000000 0E~99

B.59100000ERYA
R.59100C00ERY3
R.39100000ERTA
R.591000CDERYD
A.5910C0C0ERID
RA.591000C0ERTS
R.5910CO00ERY
R.59100000E822

R.COCCCOCGE~S9
#.,00000000E-99
R.00000000E~99
R.00000800E~-99
R.00000000E-59
R.0000CU00E-9T
R.00000000E-99
R+CO00CO00E-99
R.00COCO0OE-S9
R.0CO0QOO00E~9Y
R. 000CQDOOE-9Y
£.0000C000E~99
R.COQQQOCOE-99
R.GO0CODPOQE~99
R.0000Q000E-39
A.C0000000E~99

R.53100000ERL2
R.59100000ERY3
R.%9100600ER13
R.5%91000C0ERLY
R.59100000ER1D
R.59160000ERLY
R.5910C0C0ERL3
A.59100000ER1A

R.0Q0JC000E~92
K.00000DQVE~IY
A.0000U000E~Y9
R.000000Q0E-99
R.Q0000CADE~ST
#.00000000E-99
®.000000C0E-99
A,0000C0O00KE-99
R.00000000E~99
R.00000000E~99
R.00000000E~99
R.Q0000000E-99
R.000000C00E-T9
R.00000000E~99
RA.00000000€E~99
R/.C000D0000E-99

33

XENON BUILDUP, | MW, BHRS, ON-16 HRS. OFF.

1

R.6T3IB22TBERLS

£.1191C272€ERLS
R.I65TISSSERLS
£.20T69593ER15
A.Z45493%1ER]1S
£.2795285TER1S
£.31017552EK]LS
R.33TTTIGBERLE
R.36262015ERLS

K.328523186EK15
R.29A01895ERLS
K. 264T5044EK15
R.23839551ER]S
R.21456412ERLS
Ra19329513E815
R lTAQ5334ER]S
8.156T2699ER1S
K.14112542ER1S
Fe1ZTOT492ERLES
K.11442691ER}S
Fa1030361TERLY
R.92T7T9296ER1S
F.835434A&ERLA
R.T5226990ERLS
R.6TT3841CER1A

Fell946B42ERLS
N.16604805ER]15
R.20T99236ERLS
R.245TGOS2EN1S
R+ 2TSTGROTER]S
H.31039201ERLS
K+33796604ER 15
R.362T7T9LZ9ERLD

B.32668123ER15
ReZ9416130ER]S
R.26A8T8&3ERLS
R.23851094ER1S
R.Z1IATOBQSERLS
R.193388TOER1E
K.1T413T7SBERLS
F.156B0ZBGERLS
K. 143193 TAER]LS
KE.12T13844ER1S
R.11448230£ER15
R.10308685ER1S
R.920242]14ER]4
R.835B38B93IEK 1A
R.T15263412E5 14
Fa6T7TT1206ERLS

F.20C171TOERLS

R.10432959£R15
R.17549014ERLS
R.1T21BB91ERLS
R.IT32I5TIERLS
A.1775T413ERLS
R.1B444692ERLS
R.19316681ER1S
R.20319192ER15

f.22289BA2ERLS
K«23172666ERLS
R.ZAB3TS29ERLS
£.25545FB0ERLS
F.25S51224ER13
F.261009TOERLS
R.26C36208ERLS
F.25T92B6LERLS
R.25402220ER]S5
R.ZAB914TAERLS
R.ZA284190ER1S
F.23500TALER]LS
R.2285B693ERLS
R+22073123ER15
R.2125693TEALS
R.20421131ER1S

R.1878352%5CER1S
R.1T853365ERLS
R.IT4A83228ERALS
K.1755L25%ERLS
R-1T95TOT1ERLS
R.186£1B325ER1YD
R.A946TTHEERLS
R.20450687ERLS

K.22413405ER1S
£,23688711ERLS
E.249464%54EK15
R.2564TIT2ERLS
R.Z6CATOS2ERLS
R.261907BBERLS
R.24120356ER15
R.258T166TERLS
R,.25475994ER1S
fi.24960510ERLS
R.242487712ERLS
K.23¢51139ERL1S
R.22915154ERAL15
R.22125889ER1S
R.21306236EMLS
£.204671TTENRLS

AK/K

R.6925535TE-CO

R.E£3TTAICSE~CO
R.60T1603TE~-CO
R.59973876E-CC
R.5992%9129€E~C0

R.5143T053E~CC

R 638149C0E~CC
R.O6831EQ5E~CO
R.703C0290f-CO

£.77118340L~C0C
R.B2248611E~C0
R.55932623E-C0
R.88363228E-C0
A.89785981E-CO
R.903204072r~CC
R.50C800C9¢~CO
F.89238078E-CO
R.ETEB65IQE~CO
RaB61194625-C0O
R.840L8381E-CO
8.B1653798E~LC
R.79086A4A9E-CO
R.763685346L-00
A.T3564698E~CO
R.T70652979E-00

R.64987193E-C0
R+ 61T69029E-CO
fi.50488430E-00
R.60723789E~00
Ra56212T7830£-00
R.84415634E~CO
R.6T354486TE~CO
R+ 707552 38E~C0

R.T7545B45E~CO
R.B2650104K~00
K.863096B1E-CO
Re88736791E~C0
R.90Y21527E~CO
R.90414825r=~C0
R.903T7L144E~-CO
R.89%10731£-0C
R.88141782£-00
Kk.86358311F~00
R.BAZ41823E-CT
R.01862732¢~C0O
R. 79281 T95E~CO
R.76551098E-C0
R, 73715263E~CO
R.T70812289¢-0C

169
1Tc
111
e
113
174
s
T16
1177
Tre
e
780
181
™2
783
T84
8%
™6
187
768
789
790
1
792
793
794
79%
T96
197
TN
199
800
a0?
802
203
BO4
80"
804
BO7T
808
809
410
&1
[ 4 ¥4
813
Pla
815
816
8y 7
ElH
819
P20
821
r22




t

Rl.00
#2.00
%3.00
R4, 00
15.00
Ré.00
87.00
.00

Al.00
n2.060
3,00
R4 .00
A%.00
R&.00
n7.00
R3.00
f9.00
#10.00
Ri1.00
R12.00
#13.00
Ris.00
N15.00
R16.00

R1.60
R2.00
R3.00
N4.00
R5.00
R&. 00
R7.00
R8.00
R9.00
R10.00
Ril.00
N1z2.00
A13.00
14,00
fA15.00
Ale.00
fAl17.00
R18.00
R19.00
N20.00
R21.00
R22.00
A23.00
N24.00
R2%3.00

R26.00

R27.00
828.00

b

Re5910C00CERY
R.59100000ERY3
R.59100CCLEALS
A, 39100000ERL2
R.59100060ER13
R.59100000EK13
R.591000Q00ERT2
R, 59100C0C0ER1A

R.000000COE~-39
R.0Q000000CE-99
8000000005 ~99
R.00000000E-99
K, 00000000E~99
H.0C000000E-99
M. 00000000E~99
A, 000CONGOF~99
R.00000000E~99
R.00000000E~-9T
N, 0000C000E~99
R.0000C000E-99
R.00000000E-99
8.C0000000E~99
f.0Q000000E~-99
R.00000000E~99

R.00000000E—~99
R.0COO0000E~99
R.G0000060E-9Y
fA.Q0000000E~99
R.0GO00CO0E-99
N.000CO0C0E~99
R.0000C000E-99
%.00000000E-99
R.00000000E-99
A.00000000F ~99
R.00C0C00UE-99
A.00000000E-99
R.000DGO00E-9Y
N .000000COE~99
#.000000G0E~99
R.000060005-59
R.000000C0E-99
®.CO0CO00CE~9
£.000G0000E-9¢
®.00000000E~29
A.00000000E~99
A.00000000E~99
R.00000000E-99
R+ 00C000COE~SY
R.00000COUVE~99
8.00000000E-99
H.00000000E-99
R.000COUCCE~99

XENCN BUILDUP, | MW, 8 MRS, ON-16 MRS, OFF.

I

R.11S4%T7T95ER1S
R 1&6460754%ER1S
K 20B01631ER1LS
R.Z24ASTAZCIERLS
K.27978835L6]S
R.31CAO0R4QENLS
F+33798238ER]S
Ra36ZBLOABERLS

R.22669402ERLS
R.29417282E815
R.264B88899EKLS
K,.23852028BEK]S
FWZia7THATERLS
F.19329620EFK15
Re LT41AH43ER]S
K.15680902ER1%
K.14119929EK15
Re 1271434 TERLS
R.114484R4ERLS
£.10309013ER15
L. 9282T88TERLA
R.83587199EK14
R.T5266389ER14
R.6TTTIEBTERLS

Ra6102T7239ER LS
R,5495219TERLS
Ke4G481903ER]S
R.44556158ER 14
R.A40170754ER14
P.361268TIERLA
R.32530581ER 14
R.29292280ENLS
Fe263THIAACER]S
RL.2ITEUQHTI2EN LS
Ra2lIBLHABLIERLS
L. 1925T44TERLA
R.1I73A804A0ERIS
N.158614265ER]4
F.L4059924ER14
R.I2H60312ER14
RE.11400028ER14
K. 10265199ER14
B.92433350ER13
R.5223193TER}3
R.T49464F1ER]IB
R.67485833EK13
R.60T767B5SEK13
A, 547T18634ER]13
F+49271589ERL2
K. A436ATBIERID
k.39950228ER]13
K.35973327ER13

X

K. 1BEZ233I59CRES
F.1TBETBIBERLS
Rol75130670E8ES
R.1TS5TICSSERYS
Ka179T7944%5ER1S
R.2B£ITTZ1IERLS
Fe l94B&4544ER]Y
Ka204852T72ERLS

R.22427086LERLS
Ra23%01492ERLYS
R.245224126R15
F.25659154ER15
R.26L5750TERLS
K.26200558ER15
R.26129485ERLS
R.25¢B0134ERLS
R.25483956ER15
F.25496T7943ERLS
R.24355T11ERLES
R.2366T7611ER1S
R.225921190FER1S
K.22131519ERLS
R.2131148B4ER1S
K. 208 72068ERLS

Ra1S&22581ERLS
R.187T7T0860ERLS
FRalTS23446TERLS
R.1TCBSHA9ERLS
R.162624T8ER]S
R.1545698TERLS
R.146722T4ERLS
K.139106311ER15
F.13173724ERLS
R.124620TTERALS
K. 12778930815
R.IL1Z2241Z2ERLS
R.10493560ERLS
F.98922720FR14
K.Q3186422ER]1 4
R.B7T20064ERLA
R.B2519600ERL4
R.TTSTEBOBSERLA
F.72890899€ER1%
R 6BA4TIHEEALSH
R.64241B21ERLS
K.60263955ER14
K.56505533ER14
R.5295TH05SERL4
R.496111¢9ERL4A
R.AG45T245ER14
Re43486939ER1A
R.ADE91492ER14

ﬂd?%

Fa65129CI0F-C0
R.61288292 ~CC
F.80591675E~CO
R.ECE131915=CO
R.622C5274E-CC
R.E4482T4YE~CO
Ke67412648F~00
R.T0E05698E-C0

R, T77593091E-C0
R.B82694322€-C0
R.86351054E~00
R, 087154 T8F-GO0
R.90153699E~C0
R.90648628F-C0
R.%0402T129E~C0O
R.89540233E~Cd
R.B8149329E~CC
F.846384028L-C0
R.BAZAH5831E-CO
K.81885143E-C0
F.T79302678E=C0
HeTH5TGCSTHEF-CO
R.73733419E-00
F.708292)1E-00

RaET789CL58E-CO
R.049433750-00
R. 0201156 TE-CO
R.59113579L~-00
R.562764880E-00
R.53478045:~-C0
A.507630961-CC
R.48127897¢-~00
Ra%55704166-00
R.43119030E-00
Ra®0752712E-00
R.3848]1293E-00
R.36305592E-C0
R.34225604E-C0
R.3224G614FE-CO
Mo 30349364E-CO
R.28550109F~00
R,2884C723E~-CO
Re25218TT3E-CO
R.236B1603E~00
R.22226369LE~CO
k.2085C10BE-CO
R.195497TT0E~CC
Fa18322259E~C0
f.1TLEAK60E--COQ
R.160T3288t~C0
R.150456C0F-C0O
KN,14078432t=CC

t23
HZ4
BZ%
L¥d
227
828
829
®*30
431
e3z2
£33
B34
835
236
837
LEL)
839
8B40
E41
842
R4l
H44
845
Baé
847
.1Y.]
B4y
690
B51
ns?
453
a54
a55
856
a57
458
859
860
.13
842

as3.

Bo4
g6%
.11
867
.1.1.]
869
870
871
£z
873
BT4
B7%
eTh

34




A29.00
A30.00
"31.00
A32.00
133,00
834,00
A3%.00
n36.00
A37.00
f38.00
n39.00
R40.00
R41.00
42,00
A43.00
4,00
A%3,00
R46.00
A47.00
nN48,.00

¢

#.00000000E~99
8.0000C0Q0E~-99
®,00000000E~99
A.00000Q0CE~99
R.00000000E-99
N 00000000E~99
X.00000000E~99
”.00000000E~99

.00000000E~99

N.CO0000000E-99
f.00000000E~99
£.00000000E-99
A. 0000000099
R.000Q00C0E-99
N.0C000000E-99
R.000000COE~T9
R4 00000000E~9%
A .00000000E~99
R.000000C0E-99
A, 00000000€-99

XENON BUILDUP, | MW,

1

R,32392313ER13
R.2916TTTIER]LD
R.26264231EK13
£.23649T724ERID
Re21295482ER13
R.19175598ER]D
R 1T266TIFERLD
R, 15547902€R13
R.I40002T0ERYD
%<12606%0TER13
Ax113513580£K13
8.10221576ERLD
R.92040549ER12
R.02878236EK12
R.TA628002ER)12
R.67199050ER12
R.60509623ER12
K.54486107ER12
R.49062209ER)2
M. 441 TBZAZER]2

X

R.38CH2I22ERLS
f,.35591058ERLA
F.33269540ER14
R.31CR9950ERYS
R.29C44618ERLS
Re2T1286241ER1S
Re2522TTTAERLA
R+230424T3ERLA
KR.22CH3B83ER1A
f.20585839EN14
R.192024566ERLA
K.179081T0ERLS
F.16249T63TERLA
R.15565022ER14
R 14507T939ERLSA
R.13519462ER14
R.12596098ER14
K.11733799ERLSA
R.10928739ER14
R1C1TTIOPERLA

8 HRS. ON- 16 HRS. OFF.

l!ﬁ4‘

R.13168792t-C0
f.12313785E-C0
£.1151C593L-C0
K.10756492E-CO
R.10C40049E-C0
K.93851304E-C)
%.07620971e=01
R.01798172E~C1
R.76336568E-C1
R.T1222836E~01
R.6643E646E-C1
k.61958641E-C1
K. 5TTTCALGE-C1
Re53854593E~C1
R.50194532E~01
£.46TT8601E~01
R.43579948E-C1
R.40596567€~C1
R.37€11223E~G1
£.3%5211429€+~C1

a7
arn
ere
esn
(.1} ]
ap?
88)
ens
8s
1.1
807
a9s
e89
290
a9l
892
893

L ]
29

35




36

TABLE 6, THERMAL FLUX (), IODINE NUMBER DENSITY (I), XENON NUMBER

t

Ria 00
"2,00
03.00
88,00
8%.00
n6.00
R7,00
AR50

Al.00
A2.00
R3I. 00
N4, CO
&5.00
R6.00
A7.00
Al 00
R9.00
R10.00
®%11.00
RlL2.00
®13.00
R14,00
N15%,.00
R16.00

R}.00
AZ2.00
R3. 00
R3.00
6. 00
R1.00
f8.00

R1.60
A2.00
R3.00
R4. 00
R%.00
/e .00
R7.00
88,00
19,00

R10.00

A11.00

A12.00

R13.00

R14.00

DERSITY (X) AND NEGATIVE REACTIVITY DUE TO XENOK BUILIUP VS.

TIME UNDER 2 MEGAWATT & HOURS ON —- 16 HOURS OFF OPERATION

DURING A 5 IAY WEEK AND AFTER TERMINAL SHUTDOWN

¢

R,11800000CR 1S
R, 118000006R14
N, 118000CO0ERLA
R, 11800000: K14
K. 11800000tR14
R.11800000ER1S
R.11800000ERLS
R.11800000ER14

R 00GOQUROE~2Y
A, 030300006~ 39
R.00000000E - 9%
A, 00000000E~99
R, CO000QC0E~99
R.DOOQGOOCE~99
. 00000000E~99
R, 00G00000E ~99
R.L0000000E-99
. 00000000E~ 39
R.O0000000CE~99
A,00000000E-99
R. Q0000000E~-99
R, 00000000F -9
fi.00000000E ~99
R, 00000000E~-99

R.11800000ERLA
Fa11800000ER1A
R. 1180C000ER 1A
R.1:80C000ER14
R, 11 800000LALS
. [1800Q00ER]L S
A.11800000FALA
R.11B000GOERLS

R.0Q000000E-99
R.00000000E~99
A, 00C00000E~-99
R, Q0Q00000L 99
A, 000000C0E-99
R.00000000E-99
R.00000000E~99
R, 00300000E~99
R.00000C000E-99
R, 0000000099
R, 0G000000E~-2%
R, 0000QC00L~39
R.0000C000E~-99
R. 00000000 -99

I

ReALGTHESDERLD
N.22187409ER13
f.11653635ERLS
R AQLTTASTERLS
R_ATEB2TSVERLS
R34 T&40L0ERLS
R.809BTIO0ERLS
M. 6659L022EMLS

R. 599621 21ERLS
R.T3993L07ERLS
R, ABL]B2ESERLS
Re43TTO%0BEN]5
R.IFMZO5LAFRLS
A, 15496348ERLS
A.31942814ERLY
R.ZATH1033ERLS
R.25915985EN1S
Re23336145ERLY
R.210)13118ERLS
A.18921340ERLS
H.1TOATTD2ERLS
R. 15341 TASERLS
R.13814%534E015
R.12439351EK15

R.22874891ERLS
Ra322¥3508ERLS
fi.40T735624ER15
H.ABAS5361ERLS
R.U52L46STYERLS
R.&1394TBSERLS
R. 6695 TITOERLS
R.T196T35PLERALS

R.EABDBZHAERLS
R.1B352328BERLS

4 52543562ER1S
R.47313040ERYS
R.4260319TEALS
R.18362203ER15
R, 454 3385ER15
R, LL104TLE6ERLS
R.:8008256ERLS
R, 5220228ER81%
N.32T0946A8ERLS
Re s O%eBYBLERLS
Ra. 1 B841L334AERLS
R ] 6580384ER) 5

X

B 122 TOBZSEREY
R.3IZZILOGAELALS
A, 5735155326 RA14
R,BG02B49TERLS
f.1162T09BERLS
R.14713454ERLS
R.17781310E015
R.20TT332TERLS

R,2560022TERLS
R.29443066ERLS
M. 3263465B0ER15
R, 3I4499408ER)S
R, 34335090EH1S
R.ITAITHLIERLS
R.3808312TERES
R.38348839ER)S
N.382B9028ER15
R,ITIE2IABERLS
R.ATAL1I00LERLE
R.366B2464ER1%
R.358086000ER1S
A.34814105ER15
R.33733071ERLS
R.32585493£R15

R.28229828ER15
A, 256941 TOER)LS
RB.24513190ER1S
R.Z432611TERLS
R.24854393ERLS
R.25BB80LMERLS
R.27251543ERL1%
R.288330TEERLES

N, 3358353TERLYS
R.37304529ERLS
F.401391B4tR15
R, 4221341 4ER15
fi, 6363TRALERLS
R.44509538EALS
R, 4491 3532ER]S

R 4h924209ER)S

R. 44460651 2L RS
R.A4Q1T030LRALS
R.4320497BKR1S5
fl.42213054ER]15
R.41078203ER15
R.3I9837I0AERLS

lliafk

R425i29349E-01
R.111%1288E-00
N.19899209c~00
R.297T6411TE~0Q0
R.A022T7398:-00
R.30905572E~00
B.4L519T330-00
H. 7187150500

R .885T1502E£~00
R.10186TOAER0L
A.11222399EROL
R,12005%292EROL
R 125TIAB2EROL
R.129526THERQ]
R.131TE602ERDI
R 1326 TESHEROL
F. 1324 T304EROL
A.13134202ERQL
A. 12944142 EAGL
R.12691389ERDL
A.12388150ERCL
R.1Z2044973ERQ)
R, 116TO9S9ERDL
R.112T3920€R0)

R.37669491£-00
A. 80094462 8E~00
R.348106T3E~-Q0
R.84163841E-00
R.85%991169t-00
H. 8955344 96-00
R.94284823E-00
R.99T56610E-0D

Re11619223ER01
R.129086]11EROL
R 13387344LR01
H.146049B86EA0L
R.1509T7810:A01
R.15399398ERCL
R.155391T7T2¢ROL
Re 1554 206TERDL
. 15432950001
Re15229000:R01
Rel14948047:R01
R.14604861ERQL
R.142122261:R01
R.13781170uRO)

005
oGb
Qo7
008
009
ol0
01l
ol2
o113
ol4
oL%
als
or
018
o119
020
oz}
Q22
023
024
a25
02e
o2t
oz8
029,
030
031
032
033
034
035,

" To3e

037
038
039
040
O8]
042
043
0%
045
04
0aT
048
049
030
o5t
052
053




t

Al15.00
Al14.00

R1.00
Az, 00
a3, 00
fie, 00
A%, 00
Ré6.00
RY,00
Re8.00

K1.00
a2,00
R3,00
Aa 00
A%, 00
Ra. 00
AT.00
RE.00
A9.00
"0, 00
Rt 00
ni2.00
£13.00
R14.00
A1%,00
Ale.00

Al .00
R2.00
"3, 00
a4, 00
"3, 00
fb.00
AT.00
e, 00

Ri.00
A2.00
A, 00
A%, 00
"%, 00
Ra. 00
A7.00
AR. 00
R%.00
"0, 00
Al1.00
a12.00
13,00
R18,00
Al3.00

¢

#.00000000t - 79
R, C0000000E - 99

A, 11 800Q00F A1
R, 11800000t A1
R. 11800000t RLA
R, L800000ER]S
R.118000001 R14
Rel1800000CRL4
H. 1 1AG0G00LNT &

A, 1180000GtRLA

fi, 0B00GOO0L 99
R.0000Q0001 - 99
A, 00000000t - 99
&, QOO00000 =99
R, 00000000t -99
#, 00000000t 99
R, 000000001 ~99
K « 80000000k ~ 99
R, G0000000L ~99
R, 00000000 -39
%, 00000000 - 99
K. 00000000 ~99
R, 00000000t -99
R.00000G006t ~99
R. 00000000t~ 99
A, 00000 000E 99

R, 11800000¢ KLY
R, 118600000+ R14
A, 11800000l RLA
A,11800000t814
A, 11800000014
R, ILB00000LRLA
f,.131800000+ ALA
0, 11800000t ALA

f,00000Q001 - 9%
R, 000000008 -99
R, 00000000 ~-99
R, 00000000 ~99
R ¢ 0Q0V0V000E~-99
A, 00000000 ~99
R, 00000000€ ~-99
f. 00000000t -99
R 00Q00GO0L ~99
H. 00000000 ~99
M. 00000000t ~99
®, 000000008 ~99
R, 000000Q0E -9
A, 00000000E~99
8, 00000000E~99

XENGN BUILDUP, 2 MW, B HRS. ON-16 HRS. OFF.

1

Ral49298TOENLS
R, 1 3438585LAL S

R.ZITSOL27ERLS
R.3308T781TERLY
Rah14608TOERLS
B, 4301561 6EMLES
R.55811108ER]1S
R.O19ICLIVENLS
G, 6TAL 0024 R1S
R.TZ401424LR13

R 251945 Z1ER)S
R, 3BTOAZTOERLS
A.320004TTERLS
R.87%9840%-R1%
S8 ZBOCULIMERALS
A, 38593%80FA1%
R, IATIRTZTEARLD
R INLZ9231TERLS
R, 28LT7TT280FA13
G.2%372334LRLS
R,278%06]1 36015
R.205T23LTERLS
K, 18%244 1 9EALS
R.14080304LRLS
R.1ISO197104KLS
AL LISTATALERLS

R.238332P4ER%5
H.33153539LR1%
f.41573068£R1%
R, 4906 BFZ0LRLS
B.550%9106ER15
R.OL9T2331LALD
R 6T4TBO41ERLS
Re I1Z8IBALTILRED

R, 652756 TALALS
R.H8TI26FAERLS
#.5288860061ER15
R.4T621444ER15
K, 428B80902€R1S
H,I86127264ER1Y
R, AATLE552ERLD
R.3i3GT468ERLS
R.28190923LAL15
R,25384419:R1Y
N.2285T6TIERLS
R.205822T7TTERLS
f.18533389ER1S
R, 1604B0460ENLS
ML LS02TAARERL S

X

A.38302TTLERYY
R.3T731309€1 RS

R.IN91RTOTI RLS
R,28TOT341LRL5
M.26981143:R)3
R.28633BA01ER15
R, 26524838 ALS
R ZTZ64F151RLS
R.28396986i 815
Re2ITEBSBTLRLS

R MS508TRIEALS
ReIBLIINLZERLS
R.AL002240:11%
R.AI0AZILZIERLS
R, 4443401 1ER]LD
R. 45272596k %15
A, 45642902ER1S
R.A5620139ERLS
R.ASZ69%0TERLS
R AAEATHIGERLS
R.AIBOHKOTHERLS
R.4ZTBIAATERLS
N.4 616031 AYS
R.403421TELALS
R I89849I0ERLS
A.ITS6PL21ERLS

R.3ZZBBOTZERLY
R 2900THAGLALS
R.ZTIZ561BENLS
M. Z655I025:ALS
R, 25688287LALS
R, 273991 29ERLS
N.28507534ER1S
R.Z9BTTIITERLS

A,34590TT6LALS
P.3BZ84Q0%FRLS
A . ALUNI3SH3ERLY
R.A3121Z264ER1LYS
R.4A508TT2ER15
R.653433]15LA15
Ra*3TLHOZITENLS
R.A568ALTTENLS
R.4333029IERLS
B.24TOSIHIERLS
R.4305B584AER]15
M. 4203311 T7ERLS
Ra416656TAEALS
R.40388307ER1S
R 3P02RA04ERLS

AK
/K

R.13321179LR0L
R.12840330.R01

R 110432251001
R.993Z1588L~00
R, 9234929900
fB.911T7432L-00
8.91770570+~00
R.94331007L~00
R.98ZAT820L-00
N, R0IOSISSLADL

R, 11%32331RD1
A,13210223ER01
Ael&1853944LR0OL
R, 14892223+A01
Re153TITSLNQ)
A, 15663401ER0]
R 1579151 9cR01
#.15703651FA01L
Ry13662337ER0L
R. 135447199701
A.15153323:R01
R.14801514R01
R.14398580FR01
B, 1395 T%75ER0L
A.1348T996LR0)
f.12997982¢LR01L

#2121 TI019EROL
N.10036003£R01
N.9419512TE-00
ReF18LBL02E~0Q0
R.9231360T1E-00
N, 9ATI5440E-00
R.988630290E-00
A.10337161ERD]

R.119469T84ER0])
R, 1IZABA9LERD)L
R, 1421401LERDL
. 14719084LR0)
R, 15399134cR01
R.15687869ERQ]L
R.158148160LROL
A.15805800£R01
Re1H683IIOIER0L
R 1546 T144EROL
Re 151 74216LA0L
R.14819391ER0)
R=14415480ER01
f.139T3534tR01
R:13503058ER01

054
95
056
057
038
0%s9
R0
0%l
062
cal
06t
065
066
oLT
+1.1 ]
069
o7ro
071
072
Q73
i L2
ors
ove
orY
o7
oTe
080
08l
o8z
oa3
o8s
a85
o8
o087
088
ong
090
09
u92
093
094
95
096
097
096
099
100
10}
102
103

105
1046

37




t

Ris. 00

Al. 00
a2, 00
RI00
4. 00
3,00
5,00
At.00
il 00

A1.00
A2.00
R3,00
R4,00
A5, 00
fs,00
at.00
e, 00
A%. 00
#l0. 00
A11.00
A12.00
Ml3.00
Ais.00
A13.00
fLd.00

AL.00
f2.00
A3.00
R4.00
3,00
6. 00
AT00
R8.00
R9. 00
R10.00
fll.00
flz.00
A13.c0
Ri4. 00
A1%5. 00
R16.00
817.00
a1%.00

Al9:00

A20.00
#21.060
n22.00
AZ23.,00
R24.00
R25:00

¢

®, 00000000E - %9

. 1L 80G000E K14
B.118000C0€Rk~
M, 118000060t R4
R.11800000¢ RIS
R, 11000000 R1A
R.1FSO0000LRLA
®.11800000LR14
R.11800000t RIA

R, 00000000t 9%
N o 00000800 ~99
A, CQ000aN0E-99
AL GO000GO0E -39
A, 00000060 ~99
M, QQO0000Q0E -9
R, 5000G00GE~ 79
i, 00000000t ~99
K. 00000000k~ 99
. 80000000E~99
& . GOQ000O0E - 99
R, 00000000 -9
f.,00000000E~99
R.00000000E~99
f.00000000F ~99
A, 00000GO0E~S9

R CO00DGOCE~99
#,00000Q00E-T9
#.00000000E-99
M. 00000000 -99
£ 4 00Q000Q0E~99
., GO0C00N0E-99
R, 0000G000E-9¢
K. 00000000E-99
.,00000000E=99
R.000000C0E-9%
AL U000 0D00E-99
A.00000000F -9
A, 00000000E-99
K. 0Q000000E-99
R4 Q0000000E-99
R+ 00000000%-9F
n.00000000c-99
Ho00000000E-99
A, 00QQCQQOE~99
A, 00G00000E~99
R.000000C0E~9%
A, 000000DGE ~99
H.00000000E~99
f1.00000000E-99
Ra0QUOUQ00E-9%

XENQN BUILDUP, 2 MW, B HRS. ON~-16 HRS, OFF.

i

Ae139ML2IFOLRES

m.2INSGLIZERLS
B.131988FLIERLY
K,.AL1%3Z8%0EKLD
R.HFOTITISHARLS
", 588290 ERLS
R.61978839¢021 %
R, THA2Z0BMER]LD
K. 72439298815

R.6522B8224ER1LS
B.587T349B8ERLS
R.52880128ER13
R.4T762)304ER1 S
R.42882376ERL3
R,ISLLITEIERLS
fi. IATHIFORERL S
f.31308690ERLS
R.28)92024EA15
R.2538%13ERLS
R.228%85TOERLS
R,20583083ER1%
R.1853411BERLYS
A, 14689118ER1S
R.1302TITRERLS
B.13531821E6LS

R.12184TOLERLS
R.109TIBISERLS
n,.98TP0309ER]14
R.88961484ER14
R.AC1O05&82ER1 A
R.T21314456RY4%
R, 6495101 6EALA
R.5BABSAT2€NRLA
R.3Z663I6IENLS
R.4T420915EALA
. 42TODIIICRLS
R.3544966L9ER14
R,.34622143ER)L4
FL.31175634ER1Y
R.280T2212ERL4
R 2SZTTTZSERLA
. 22T01420ER) &
H.20495607ERLA
R ADBLS5IASERLA
R.1661HIBBERLSL
A, 14963908ERLS
K. 134 7AICBERLS
R.12132994ER14
A.10925202ERN1A
Re 303 TOMLAERLD

X

A.3160%6TLNS

4, 323212070513
B, 2FOIMALIEALS
R, ZTTHTI0LL RLS
N, 76%T0RAS 81Y
B, 26TOZBISERALY
#.274110A3L 01N
N, Z85) TILAERLS
R.I7085989(R]1Y

A, 34604310 R1S
R, 3829142Lk¢ RS
L. 4100045321813
N, 431280320015
Ra44513227ERLD
R, 4334745)ERLS
A, A5T1I60TCERLES
R.45689T1TERLS
H.43339543ERLS
N .A4TLO315ERLD
R.%38463386E817
R.42B83T756IEML5
R.A16698TTERLYS
B, 4039226TLRALY
q.3903219TERLS
A.3176131083:RL3

A.34195289ERLS
AL MAHTSSA0ERTS
A.3318830TERLS
Ko 31 70%040ERLS
R,3023T3&5ERLY
R.Z28TI2ZIHOERLS
R.2T3THA9PER)S
B.25996037ERLD
M, I46545614ERLS
B.233554698ERLD
R.2Z105TOMERLS
X.20094322E6R1Y
H.19734624ER1D
R.18623162LA15
.1 7560039ERLS
R.16544995ERLS
Bai 587 TAGOERLS
R, 1445661 7EALS
R, 13T8L4ALERLS
B.129%0TABFALS
A, 12163219815
A.114LTA49ERLS
M 10TLRF53ER1S
100452051819
R.94150410ER14

AK/K

f.13012183:RO1L

G,1L182%10:R01
", 10043322+ A0}
N, 94210639 - 00
R.919297%9 00
R, 92304415 -00
Fi. 94838460 - 00
A, FR&6AL 29 -00
f.103399A46: RO

2. 119T724%9: A0)
A, 13248056 BOL
R, L4 214404 RO
R.14921A28LRC)
R.1%401365cR01
R, 156099921 RO
A 1581 6834LR0L
R. 1580771 TeROL
R 196851 TS ROL
f.15446880641R01
R 15175843 R0OL
. 14820929cR01
N. i A416974cR0)
R.139T4906LR0Y
M. 13504349 R01
f. 1301 3399:R0L

f.12%089971 RO
f.11997034. ROL
A.11482407t ADY
R, 10969508, RO1
R, 10646158301
A.9961 %668t~ 00
R T1 7835600
N.099410256L-00
n.85299980:-00
R, 80805398700
A, 7646714216~00
R, T2290128E-0Q0
R.6AZTT80IE~00
£.6043237T0E~00
R.6CT34181E~-00
0.97262332:~00
A.53896858:~00
R.SOTGR9ZTE~0Q
f.4T680995E~00
R 44806959:~00
R AZ0OB22T75:-00
fR.39502060L-00
R.37061189 00
Re 3*1 5*’7, -'00
ReI?5T6210r-00

101?
108
10v
100
133
112
113
1ls
(1
11l
L7
118
3y
12v
121
122
123
124
| &
120
121
128
129
130
13t
132
133
134
13%
136
137
138
139
140
141
142
143
144
145
146
147
121 }
149
150
151
152
153
LS54
155
156
157
158
159

38




T

R26.00
R27.00
R28.00C
A29.00
R30.00
R31.00
R32.00
R33.00
R34.00
£35.00
R36.00
R3T.00
F38.00
R39.00
R40.00
fi41.00
R42.00
44,00
R&5.00
R&6.,00
R47.00

¢

R.00000000F - 99
fA,000000G0 -99
A.00000000t - 99
#, 000000008 -99
R. 00000000 -99
R.00000000E~-99
R.C0000000t -99
R.00000000E -9%
8, 00000000€-99
. 00000000 ~ 5%
R, 00000000E-99
A. 000000001 ~99
R, 00000000 -99
R. 00000000 ~ 39
R.00000000t ~99
Ra 0000000099
R. 00000000t ~99
R.00000800E~99
K. 00000000t ~99
R« 00006000599
R.0Q0CO000E-99
R.GO00C0D0E—99

39

XENON BUILDUP, 2 MW, 8 HRS. ON- 16 HRS. OFF.

R.87503389(R13
R.TITH5226FR1)
R,TISZABT9ERLS
R.6487496TCRLY
R.54236803FERL)
R.%2439536LK1)
R.AT219369FAL3
R.42318485%1FR1Y
R,IRZB&25CR]D
N, I8AT4LIIERL )
A.310411 348013
R.72T952904ER] 3
R.25LT7TL29%HR13
R.27664%8683[R1)
R.70408%00+A12
R.I837691CER1 3
R.1654T558ER))
R. 149003131813
B.1341TOMBERLD
R.12081429ER]1)
R.108TATTIERLD
R.9793%83)12ERL2

X

R.08218954E0216
R.87261 7991t RS
R.TTINIFIM RIS
N.7227941BLR1S
A.677p936TI ALA
R.IVI90%TIRYS
R.391941631 814
R,.9%3120796i K14
H.316B3%3IBLEALA
A .ABZT73%45THARLA
R.AS0TRIZ22LR1S
R.A20B) 6061 RALS
R.19274499:R16
A.356645900. Q1%
G.34185%8071 AN
R.318831211K1s
R.29729629% Rl
A.ZTTLS9TERLA
0.2583137191A14
R.ZAOT4 TSB! K14
R_.2243159%t A1
R.20898%921L 814

liﬁé(

®,30%21280t -00
N 28304L15%L: -00
R, 26T739434-00
N.2%041811: ~00
B.73426070¢ ~-00
m. /1907182 ~00
R 0MTIIN2: 00
R_19139875%. 00
R.17887149%: -0u
AL LATO2330H ~00L
GL1%%96117: -00
R.14%99384 -0V
R,.1358618k: -0V
R.IZ26TT39: -00
R.118274%8: -00
f%.110%0%1 % 00
R.1G28584% -00
R 9509 LTLD -0}
R.893179419: ~01
R.83293893. -01
n. 17608719} -01
N.T22992%% -01

1e0
181

162
1}
[FYY
L6
166
in?
ia8
189
iTU
174

112
11
17a
L
(31"
11!
17e
179
80
181




LO

TABLE 7, THERMAL FLUX ({), IODINE NUMBER DENSITY (I), XENON NUMBER

t

Al.00
R2.00
R3.00
A%4.00
R5.00
R7.00
R8.00

fl.00
RZ.00
R3.00
R4&.00
R5.00
R6,.00
R7.00
RO.00
A9.00
R1C.00
All.00
R12.00
R13.00
Al4,.00
A15%.00
AL&. 00

fAl.00
N2.00
A3,00
4,00
A%, 00
R6.00
AT.00
f8.00

R1.00
A2.00
3. 00
4,00
A5,.00
Ré.00
R7.00
R8.00
A9, 00
Ri0.00
Akl.00
f12.00

f13.00

R14,00

DENSITY (X) AND NEGATIVE REACTIVITY IUE TO XENON BUILDUP VS,

TIME UNDER 5 MEGAWATT & HOURS ON -~ 16 HOURS OFF OPERATION

DURING A 5 DAY WEEK AND AFTER TERMINAL SHUTDOWN

¢

R, 29600000ERL4
R.29600000ER14
R.29600000ERLS
A 29600000ER14
R.296000C00%R14
R. 29600000ERL 4
R 29600000ERL4S
fA.29600000ER14

R.00C00000E-99
. 00000Q00E~99
R.00000000E-99
R.00000000E-99
R.00000000E-9%
R.00000000E~-99
R« 0C000000E-99
A.00000000E-99
A. 00000000E~9Y
8.00000000E-99
R.00000000K-99
8., 00000000E~99
R.00000000E~99
R. 00000000599
R.0000C000E~99
R, 00000000E~99

. 29600000ER14
R.294600000ER1A
R.29600000ER14
R.2960C0000ER14

. o Z9800000ERLA

R 29600000ERL4
Re 29EQ000CERL4
R.29600000ERLA

R, 00000000E~-99
. 00000000E~9%
R. 0000G000E-99
R.00000000E-99
4+ 00000000E~99
R+ 000Q0000E~9Y
KA. 00000D00E-99
Re 90000000CE ~99
R+ 00Q00000E~99
R, 00000000E~99
R, 0000C000E~99
f.00000000E~99
R.00000000E~99
A, 00000B00E~99

1

R.29286039ERLS
R.5%654735ERLS
R.79402305ERLS
H.10078407ERLG
R.12003727ERLS
R.1373T390ERLG
A. 152384 TOERALGL
R.16TO4149ERLS

R.150413X4ERLS
Fa13544008ER16
R.12195754ER1 6
R.10981713ERLG
R.98085298ER15
R.99C41616ER1S
R.B0LTTBATERLS
R TZ196416ERL5
R.65009510ERLS
R.58538052E015
R.527107T96EALS
R, 4T463625ERLS
R.42738T93ERLS
Re38484301ERLS
R I44653328ER15
Re31203T1TERLS,

A.57383515ERN]LS
R.80957187ERLS
R.10218414E016
R.12129801ER14
R.13850913€ERLS.
K. I5400694ERLG
ReL16T9619TERLL
R.18052782ERLE

R.16255696ER16&
R, 1463TS04ERLS
R.13180395ER16
R.11B568339EA1b
R.10606893ERLS
R.96230535ERLS
R.B56651125ER1S

RaTB0Z5311ERLS |

R.T0Z25816TERLS
R.632864215€EA15
R.5696648TERLS
R.512956T5EALS
A.4618937TAERLS
ReAL59LI89ENLS

aly

X K

R.200BTOTIERL4 R,97173583¢-0L
R.69204490ER1A R.23943421E-00
A.11617316ERIS R.40193561:~00
f.164T139TERLS M.56987698E~-00
R21234832ERLS R.T34602216-00
R.25TT0TI4HERLS R.891419296-00
A.300L00T4ERLS  R.L03828TTEROL
R.33924TI1ERLS N.ll?STZB&ERQ}

R.473510DTERLS R.l63835949EROL
Q. 582ILTH0ERLS N.2014TOLOEROL
f.66882098E815 R.23139851ERGL
Re7I6161F1ERALS  RZ5469T09EROL
R.TATOLBSAENALS RN.2T229ZA8ERCL
R.B23TA4ALGEALS A,.2B8499949ERDL
R.B84841337EALS R.29353383ERQL
R.86283455EA15 R.29852327EAQL
N.86859864ER15 R.I0031752ER01

R.86709493ER15 R.27°999728ER0])

A.85953575ERLS R.29TABL9TERDL
R.B269TTOTER]1S R.29303691ER0L
R.83033668ER15 R.2OTZTISBEROL
R.81041030ER13 R.Z3038556ER0L
R, TETBBG0ZERLS R.2TZ59259EROL
R, T6335TOSENLS  R,26410407ERDL

N,.532T2102ER815 RA.18431068ER01
R.40ATY027TERLS R.14143316ER01
R.3498)151%EALS R,1210289TEROL
R.329TTI93ENLS  R11409441E800

ReI324964TEN15__R.11503TOAERQL

Ra34800149EA15 R 12040146ER0L
R.37016360ER15 H.12B806911EROL
A.39527205ER1S R.1348T5612ER0L

8,53039103FA1S R.185627240:R01
R.565393454ER15  R.22624883ER01
R.T4562T00EALS R.25T9TLI83ERC]
R.B1673903ERLS H.28257516ER0L
H.87015T34ERLS R.30105689ERDL
R.90841908ERLS R.31429461ERDL
fl.93373105EA1S R.32305895ER01
R.94810667ERLS . Re32802569ER01
R.95319603ER15 R,I29T0634ER01
R.95051418ER1S R.32885865ER0L
R.94136510ER15 R, 32569326ER01
R.92680440ER1S R.32048323ER01
R.908G587TERLS R.31416994ER801
M.PB5TAIIIEALS N I064AT26£R01

369
376
371
3712
LY E
3TH
273
ats
317
are
379
aso
3ol
382
383
34
385
386
a7
388
389
3920
EL )
392
293
3%4
35
396
97
398
299
400
401

403,
404
A05
406
407

" 408

409
410
411
412
413
414
415
416
417




L &

Al5.00
A16.00

Rl.00
RZ.00
R3.00
R4, 00
A5.00
R6.00
A7.00
RB.00

R1.00
RZ.00
R3.00
A4.00
£5.00
Rba 00
A71.00
A3.00
R9.00
B10.00
A11.00
A12.00
f13,00
f14.00
R15.00
R16.00

Rl.00
R2.00
R3.00
R4. 00
R5.00
6,00
RT.00
R8.00

f1l.00
R2.00
R3.00
A&%.00
fA5.00
Rée 00
RT.00
R8. 00
R9.00
R10.00
Ril.00
R12.00
R13.00
R14.00
R15.00

¢

R, 00000000£-99
RA. 00000000 ~99

Re2960G000ERLA
R.29600000ER] &
R, 29600000ERL4
R.29600000ERL4
N.29600000rR14
R«29600000ER1S
R 29600000ERLA
R.29600000tR14

R.00000000E—99
N, 00000000E~99
K. 00000000E~99
Ra 00000000 ~99
A, 00000000E-99
R, 00000000E~99
R.00000000~-99
R.0CCO0OCO0E~939
R.C0000000E~99
R. 0000000099
A.00000000E-99
R.00000000E-99
R.00000000E~99
f.00000000E~99
R.0000000CGE~99
R.00008000E-99

Re.29400000ERALA
A.29600000 /14
A.29600000ER 14
R.29500000ERL4
R.29600000ER14A
R 29600000ER1A
Re 29600G00ERLS
f.29600000EREA

R.40000000E~99
R.000000C0E~99
R4 00000000€-9%
R.0000G000E~99
R.00G0000ODE~-S9
R.00000000E~99
. 00GO0000E~99
H. 00000000E-99
R, 00000000E~-99
R« 000000G00E-99
R.40000000E~99
R. 00000000E~-99
A.00C00000E-99
&, 000Q0000E~-99
. 00000000E~99

XENON BUILDUP, 5 MW, B HRS. ON - 16 HRS, OFF

1

R.3745L1)6ERLS
R.33722993ERLS

R.59652004ER15
R.82999856ER13D
A.10402349ER1S
R.12295423ERL6
R.14000048ER16
R.15534984ER16
R.1691T7T1Z1ERLS
R.18141670ERLS

R.16353T45ER1G
R.14T25T92ERLS
R.13259898BER14
R.11939926ERLS
R.LOTS51355ER16
A.36810993ERLS
R.8T173T99ERLS
R. T8495954ERLS
R 7T0681959ERLS
R.63645B20ERYS
R, 573]10105ERLD
R.5160508TERLS
K. 4646 T9B4ERLS
R.41842263ERLS
R.37T6TTOIBERLS
R.33926404LEA15

R.59835168ERLS
A.83164785ERLS
R.10417199ER1G
H.12308796ER LS
R.14012089ER16
R.15545827€RL16
R«16926882ERLS
R.18170458ERLS

R.16361658ERLE
Ha 1473291 46ERLS
R.13266312ER14
R.I1945704ERLE
R.LO073655TERL1G
R.3685TBI9ERLS
R.B7Z15982ERLS
R.T8533939ERLS
R, TOTL161463ERLS
R.63676619€ERLS
R.573370839ERLS
R.5L630061ER1S
R, 454904 T3ERLS
R.41862513ERLS
R.37695250ERLS

X

R.86067TT22¢A15
R.8334973I9EALS

R.57881005CR1L5
Ra43950656ERL15
R.ITOT8936ERLS
R 34A42432€R15
R+ 3430301 CERLS
R.35581510ER1S
R.37614921ERLS
N+ 40000199ERLS

H.S543812B86ERLS
R.65989660:A15
R.75199281ER15
R.B823397331LR15
R,8TTOL1S5ERLS
R.91538663ENLS
R.940762T73LR1S
R.95510422ER15
fl. 3601 3096ER15
R.95734633ER1S
R, 94806180ERLS
R.93341941ER15
R.9144112TERLS
R.B89189730ERLS
. 866620TAER]LS
A.83922204ERLS

N.%58256994EA15
R.44207STAERLS
R.3T249808ER15
R I4561694ERLS
R.34388660ERL5
R.358449T4ERLS
R.37653484ERLS
R.40038536ERLS

Re56425195ER15
R+ 6603T890EALS
R.75250781ERLS
R.B2393582ER15
R.87756576ERLS
R.91594992ER1S
Re94132953ERLS
R.95566981ER15
R.96069)42ER15
R.95TBIB44ENLS
K.94860295E81S
R.93394T43ER15
R.91492451ER15
N.8923944TERLS
R 86 T10D88ENLS

Zlk&q(

R.2977T7T689LR01
A.28837322¢cR01

R.20025655:-RO1
A, 152081121R01
R.12828560:R01
R.11916384LR01
R.11868146:-ROL
R.12310482x-A01
R.13014001CR0)
R.13839259.R01

R.18814824tR01
R,22831086cR01
R. 2601 T423EROL
fl.2848TBTIERO]L
R,30342822E001
R.ILETOSZAEROL
R, 325484B4ALR0L
R.3304456T2EAQL
R.3321858TEROL
Ra33122245ER01
Re32601018ER0L
R.3229441 9801
R.31636TTTEROL
R.3085T7841ENOL
f.29983322E001
R.29035383ER0L

R.20155TA0EROL
R 15294925801
fl.128876TSENOL
R.11957645ER01
R.11897TTTI9ERG)
R.12332439ER01
R.13030803EROL
FA.13852522ER01

F.18830015E£R01
R 2284TTT6ERDL
R.206035245ER01
F.28%06510EROL
R.30361998ER0L
1.316900136R01
R.32568095ER0]
R.33064241EA01

.Re3323T9THEROL

R.33141346ER01
A.328197416R01
#.32312689ER01
R, 316545356001
R.30875042EROL

. Re29999924ER01

4)8
419
420
a2
422
423
24
2%
26
%271
428
29
430
431
32
433
434
%35
436
437
438
439
440
a4l
42
443
444
445
446
44T
448
449
450
45)
%52
453
454
455
456
457
458
459
460
asl
862
463
L
46%
466
467
468
469
470




t

’16.00

R1.00
R2.00
R3.00
14.00
R5.00
R6.00
R7.00
NB.00

R1.00
RZ.00
R3.00
4. 00
A5.00
Rb.00
A7.00
fAg.00
R9.00
N10.00
R11.00
ni2,.00
Al3.00
Ri4.00
®1i5.00
Ris6.00

R1.00
R2.00
R3.00
R4.00
R5.00
R6.00
RT.00
f8.00
R3.00
A10.00
All.00
Rl12,00
Ri3.00
Ri4.00
A15.00
R16.00
R17.00
A18.00
R19.00
R20.00
A21.00
R22.00
R23.00

826.00

R25.00

¢

F.00000000£-99

R, 29600000ER1 4
R, 29600000ER14
R.29600000ER14
R 296000000814
e 296000Q0ER14
R.29600000ER1A
R.29600000ER14
R, 29500000ERLS

A. DOGO0000E-99
f.00000Q00E~99
R. 000Q00G0F-99
R.0000C000E~99
R.00000000E-99
R.000Q0000E~-99
R« 00000 G00E~99
R 00000000E~59
#.HD0000000E~99
A.00000000E-99
R.00000Q0COE~99
A.00000000E~99
A.00000000E-99
A+00000000E~99
R.00000000E~-99
. 0O000000E-99

A, 00000000 ~99
R. 00000000E-99
R.00000000E-99
R+ 00B0CQ00E~99
R, 00000000E~99
R.00000000F~99
R.0COO000CO0E 99
A. 000000008« 99
R. 000000007 ~-9%
R. 00000000t ~99
. 00000000 ~-99
H.00CQGO00E-99
R. 000000008 -99
]R.00000000¢-99
R 000CGOCO0E~-99
R. 0Q000000E~99
R 00000000E-99
8. 00000000E~-99
R 00000000E~99
R.00000000E~99
RL.O000000008~99
R+ DOOCO00Q0OE ~39
R. 00000000t ~99
R.Q0000000E~-99
R, 00000000E~-99

XENON BUILDUP, 5 MW, 8 HRS. ON ~ 6 HRS. OFF.

1

R.3I3942824ER0L5

R.59849950ERL5
R.8317809TERLS
A. 1041 8399ER] 6
R.12309BTHERLG
1. 14013060EALS
R.1554669TERLG
R.16927668ER16
R.1B1T1166ERLL

R.L6362295ER16
R.14733493cRA16
R.13ZH6B21ERLSL
. 119461 70ERLS
B.10T5697T%ERLG
R.96861599ER)5
R.87219369ER1S
R.78536990ER1S
R.TOTLR9OVER]LS
R.653679093ER/LS
R.57340066EA015
f1.51632065ERLS
Fe.46492280ER1LS
R.41864141ERLS
R.3T6S6TILERLS
R.33944145EHL5

K. 35651 28ERLS
R.27522482ER1S
R.24TBZT20ERLS
R.223L5692EH15
fi,200942&48E 815
Ra18093941ERLS
R.1629271S8ERLS
R.146TOBTBERLS
R.1321044TENYS
R.11895393£A15
R.10T11260LR1S
FaW6449951ER1 S
R.B6B48HLIIEALS
N.7BZ0321TERLS
N.TOR1E364CR1A
A.634NBAK65ER)4
A.5TOF6ATTERLS
Ha514L2635ER14
R 40294692ERLA
R.416806223ERLS
R.3T7T536511ER14
R<33T998ATERLS
f.30435230ER14
R.274055)16ER1A
ReZ46TTIFITERT S

X

R.83968A4TERLS

R.5820T366ERL5
Re4b22T842CRL5
A.37263611ERLS
R.345T1328FALS
f.343995THERLS
R.35650095ER15
R.3T66TAOLERLS
R.40041625ER15

R.5442873AERLS
R.66043 TBSERLS
R.T5254940ER]S
R,B229T931ERLS
R.BTIH105ZERLS
R.91599541c815
A.9413T526ER1S
R.955TL542ER15
R.I6ITISSIERLS
R.95T94294ER1S
R.94B64655EA15
fl. 93398996ER15
A.91496583ER15
N.89243451ER15
R.B6T13954ERLS
R.83972171ERLS

R.8LOT3I132ENLS
A.78063%305€ER15
R.74984582ER15
A. 718691 44ER1S
R.68TAL208BER15
R.65639T20€ERLS
],62569545LRL5
R.59552003EA15
R.56600330£R1%
R.53725098ERLS
Ve 50FIHSTIERLS
R.48235045ER15
R 45631092t 915
R.43125846ER15
R.4072:1205ER15
R.384180225R15
Ra3621626TEAL5
R.34115183ER15
Re3Z1L3402LN15
f.30209060ERL5
R.28399899: /15
R,2668333&4ER15
R.25056540ERAL15
R.23516502LRA15
R, 22060077ERLS

AK
7k
R.29051381ER0G1

R. 20166249801
R.15301938LR801
f.12892454LN01
He119609T9ERQL
R.11900172€£R01
R.12334210LR01
H.13022L57cRO1
R.13853591LA01

R.18831239:R0L
Ry 22849122cR01
R, 260366845801
Ra285080156LR01
R.30363547TERO1L
Re31691586ER01
A, 32%496T7T8ERDY
R, 330465619EROL
R.33239540:001
R.331428085ER0L
R.3ZB21248ER0L
Re32314161ERQL
Re31655965ER01
R308T8426ER01
R.30001272ER01
He290526T1ERGL

R.2B0A9663.801
R.2T008530EROD]
R.2594314TEROL
f.24565268:R01
R.23T84796LR0Y
0.22710014:A0L
R.21647795ER0]
R-2060378TLROL
R.19582568LR0]
R. 18587796 ROL
A.17622331cA0L
R.16686349.:A01
B-157874331 RO1
R. 1492064691 ROL
#.1408BT1 ZLA0)
R.13291857:RO}
R.12530095.R01
A.11803162 R0}
R.11110587LAOL
2.,104517221.801
R.9825TB94r~00
A.92318933.~00
R. 66690556+ ~00
AeB81362335, 00
Ae16323401.-00

AT1
472
473
T4
4T
476

&78
479
480
&8l
482
«83
484
48%
486
487
488
489
490
491
492
493
494
495
496
«97
498
499
500
501
207
503
504
505
506
507
508
509
S10
511
512
513

‘Sle

245
316
517
518
1Y
320
321
822
423




t

A26.00
A27.00
R28.00
R29.00

830,00

R31.00
R32.00
R33.00
R34.00
R35,00
R36.00
R3T.00
R38.00
N39.00
840.00
R41.00
R42,00
A43,00
R44,00
R43.00
R44,00
fiAT.00
R48.00

o

Re 0000000C0E~99
R.00000000E-99
R.0000C000E-99
R, 00000000E-99
R.00000000E~99
R. 0CD00000E=~99
R.00000000E-99
®.0000G000E-99
R.000000C0E~99
R.00000000E~99
R. 00000000E ~99
A, 00000000E~99
A.00000000E~99
R. 00000000 ~99
1. 00000000E=99
A, 00000000E~99
A, 00000000E-99
R, 00CO0000E~99
R. 0000D0000E~99
R+ 00C00000E ~99
A.00000000E~99
1. 00000000E~99
A. 00G00000E-99

XENON BUILDU®, 5 MW, B HRS. ON- 16 HRS. QFF.

L

R.222208549ERLA
R, 20008P50ERL4
R. 1801 TOASERLS
R.I622351TERL4
R, [4608529ERL4
R.13154306ERLA
R.11B44846ERLS
R, LO&65TA0ERLS
R. 9604006 )ERLD
R.A64TFL12ERLD
R.T78TOBTIERNLS
R.T0119104ER]D
R.631389986ERL3
R.56853734ERL3
R.51194148ERL3
R.A4609T954ERL3
R.41509067ERL3
R.3T3T6990ERLD
Re336562446ER.D
R.30305889ERL13
R.27289048ER1 3
R.245T7T2523ER13
R.22126420ER)3

X

R+ 20684031ER15
R.19385081LR015
R.18]159925ER]S
R.1T005273ERLS

R R391THLAEALS |

R.14B8944B9EA15
R.13932001ER/15
R.13027332ER15
R 121TTSQZERLS
Re11379624ER15

R.10630912ER15

R.992B6TTIERLS
R.92T03423ER14
R.B6534383ER14
R.B0TSH016ERNLS
R.T53457S52ERL4
R.T70282076ER)A
R.O5544504ER1S
R.GALLISTHERLS
H.569T0808ERL4
R.53098690ERL4
R.49480630ER14

R.45100934ER14

AK
/x

R.T1562561E-00
R.6T70684565~00
A.62829665:-00
R+ 58034801E~=00
R 550T2586E-00
R.51531916£-00
R.48201902E~00
R.45071929:-00
R.421316915~00
R.39371195E~00

_R.36780801E~00
Ra34351214£-00
§.3207350%£-00
R.29939142E-00
R.27939945E-0C
P.26068104E-00

. Re283161T75F~00

Ra226TTCTLE-0O
R 215 44059E~-00
R 19710T46E~00
N.18371071E-00
R.17119294E-00
R4 15949989E-00

324
52%
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
561
542
543
544
545
S46

43




TAELE 8, THERMAL FLUX (( ), IODINE NUMBER DENSITY (I), XENON NUMBER

t

"1.00
n2.00
R3,00
A4.00
S, 00
e 00
R7.00
ne8.00
29.00
#10.00
fli.0e
"12.00
A13.80
Ala.00
A15.00
Ri6.00

81.00
NZ2.00
£3.00
R4 .00
As.00
o600
A71.00
A, 00

1. 00
A2.00
A3x00-
4,00
n5.00
R46.00
1,00

DENSITY (X) AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS.

TIME UNDER 1 MEGAWATT 16 HOURS ON -~ B HOURS OFF OPERATION
DAY WEEK AND AFTER TERMINAL SHUTDOWN

DURING A §

¢

R.IP100000ER1D
R.39100000ER13
A, #9100000ENT2
R.50100000ERL
R.39100000ERLD
R, 59200000€A13 .
R.59100000ERT3
R.39100000ENTS
. 99100000ER13
R.39100000£R13
#.59100006EAL3
A.59100000EM13
R.59100000EM13
®.39100000EN13
R.59100000E013
R. 391 00000ERL3

A, G00GOD00E-9Y
#0000 0NE-9Y
R.000000 0099
A 0000000099
f,00000000E~99
s

R.00000000£~99
i, o000 00E~99

R.59100000ERLD
R.39100000ER13

Re5P1O0MB00ERLI

£.59100000ER)3
R.592G0000EA]LS
R.59100000EN13
R.59100060ER13
R.89100000ER13

- Mx39X00000£A13

R SPR00000ENIS
#.59200000EQ13
R.59100D0CERL2
A 591 0MD00ENL S
R.39100000ER13

w31 00000ERLY
R.59100DOOER]S

A.00000000E-99
R, 60000DO0OE~99
A.00000000E~99

M 00—, 20000000E~99

H.00000000E-99
R+ 00000000E~-99

I

LA TILSIENLS
B, 112550ERLS
R 15B5D6A4ENLS
R.20122TT19ERLS
R 239446235 ERLS
Ra2TA2BALTERLS
R, 30545322ER15
R33351949ERLS
R.35879104ERLS
R.3B154844ERK15
R.H0203I96BERES
R A2049108ER15
#.43710570ER1S
R. 45 205639ER1S
B.A6553T80ER1S
R.4TT68818ERLS

R.43011803EN1S
R.387IGYISENLS
K. 348 T46I0ERLS
N, 31403040ER15
R.282T6903ER]S
M. 2544621 14ERLS
B 2292TASSERLS
oy 2046451 13ER15

R 2443T2TLERALS
B, 27851934ERL5
Re 309264 TOERLS
R 33695343EMLS
RI6108I9TERLS
R.IB43IZ2TAENLS
B.ADA54681ER]S
R.4AR2T4843ERLS
Fa43913850EN1L5
8.45389682ERLS
BuAbTI8603ENLS
RAT91IS233ERLS
R ABIFETAZERLS
R.49942989ER1S
s 30036651 ERLS
MBS 2623343ER1S

B, 464844232015
M 4L0STOSGER]LS
RITEI0IATERLS
ReIINFISAON9ERLS
A, 30559964ER15
B 2751 TANIENLS

X

N, 062737891ERLS
N.1T7039013ER1A
R.51125032ER14
R.4T580063ERLA
K. 63434929ER]LA
R.B46TZAATERIS
R.10A20162ER15
A.12383594EN15
8. 14322751 6ERLS
R.16228985EA15
R.1BGTO86L6ERNLS
M. 19840TAGERNLS
8.215300446ERL5
R.23133265ER15
R.2464TI6IERLS
R.260T1246ERLS

R.2BT1T846ENLS
R.30T18146ER]S
N.32164442ER1S
R.3913ITBOSERLS
R.33709335ER15
R.33941306ER15
F.3388B8171ER1S
R.335974A50ER1S

R.31372325ER15
R.Z9810720ER1S
R.2BTO40T0ERLS
R.2B185448ER15
Ra2T792616TERES
R.27932875ERLS
&. 281451 25ER1S
R,28513300EA1S
R.Z285946836ERLS
R.Z9562T52ERLS
R.30104388ERLS
R.30840352ER15
R,I15136LBENLS
f.32190703ER1S
R.AZBLIAZBERLS
Re3351T589ERLS

R.3598TTSSERLS
H.3TTE7933ERLS
R.3%0157T90ERLS
R.3975T010ERLS
R.40CBL451ERLS
R.40070362ERLS

AK
Y

R.21T0604pE~0)
R.50951538€-01
R.10768630E~00
A.164617T20E-CO
H.22T0835TE~00
R.29294953£-00
R.360516506-00
R 42844 T2TE- 00
R.495TO30SE~-00
R.536149C03E-00
H.625215376-00
R.68644966E~-00
R T4489601E-00
R.080036413E~-00
R.8352T7488TC~00
R.90201233E-00

R.99357928E~00
R.10627858EROL
Ra11128245ER0)
R+ 11445000ERD]
R.11662T48ERCY

R.11743004ER0L -

R.11724621ER0O]
R.1162403TENQL

R.10854189E0C]
R.10313905ERD1
R+ 99587056600
R.ST515945€E~0D
R.9661208056-00
F.96642092E-00
R.9T3T6420€E~00
Re9B650244E-00
R.100323)7EROY
N.10228113ERD1
A.104423]187ER0L
R.1G6£TO13TERQL
R« 1090307T3EROL
R« 11Y3T358ENL]L
R.11369300E801
R.115986406EROL

N.12451034ER0)
R.130T7TI859ER01
Re13498673ER01L
R.13755119ERO)
R.138691569ER0]
R.13863534ER01

901
902
903
904

906
07
S08
509
910
11
912
913
914
915
a6
917
e
909
920
921
922
23
924
925
926
927
9248
99
930
931
932
233
934
935
936
937
938
939
$40
941
942
43

945
946
947
948
949




t

R .00
2R .60

NZ.00
R3.00
4,00
RE. 00
R6.00
RT.00
L1
L0 4]
Ri0.04
Rii.c0
R12.00
RiX.D0
R14.0G
F15.06C
Ni6, 00

Rl.00
RE.O0
RL.00
R&, 00
RO.G00
Ré.00
HAT.Q0
g, o0

Ri.04
82,9¢C
RA, &G
4,00
AS5.cu
e, 08
N7.60
Moo
He.00
R10.00
Rii.nm
R12.00
Ri3.00
Nl4.00
R15.00
16,00

Rl.04
R2.00
R3.00
R4 . 00
AS5.00
R&.00
A7.00
fas.00

¢

E. QOB COE~ ¥
Ha DCOSUD U040

E.59 000008
R.EGIUOGO0FELS
R.ESIO0GUROOAHL T
M EGIQUCOOFRYZ
R AS1NQLHEFRLA
R.&BICLOGHES 2
B ESLINOGERER
R.59ICNO0ERYS
R.E9IQDVCOERYY
R.B5C10N00CHT3
KA A0UCH00ERTS
A.A9D0000ERTS
B.59100C00F R
R B9IQCTUONERLS
RuS9100BC0ERLS
R H9L00RGOERY D

e COOCOUGLE~95
B. QCCOMICUTE -
Fe OOCLO00E—99
R QUGOIRD0L - 9%
Bl GOGQUQCOE~99
R.GUGOODONOE-99
RFOO0UROOE~93
B, E000C000%~0

R.39L0000CEREZ
R A0 GO00OERTYS
B 2MIODOTNEAT R
N 59LOCHORERT
K. ILOGHOBERTS
RuS9100RGDERYS
RBYOOGOGERY 3
B.A950C000FR13
R 59i00000CM1Y
K B9LGRR00ERY Y
A 3WUOOITRERTY
B.S9Y00Q00FRYS
RS I0C0ODERT S
R.3IPLU00O0EBYLS
R.E9L00000CMHT 2
F.39100000£K1 3

R.Q0BOCRCOE~9Y
R, QCU0OV0GE-99
R, OCEGLO000E-%9
R.00CHCOI0E-9G
R.00Q00CODE~99
R 00GO000DE ~92
A.00000000E-99
R.O0CO0COCOOF~99

XENGN BRi TUPR,

R, 3475114 4(33“
B ZTTLINITIERTNS
B 39%2 FeSER1S
Wk L DERTISER LY
RaH BRI HHTRIS
RoLaheba0re s
FadSO7RBOCERI Y
Heh 72485 72ER1S
B 4B2RABAIERYE
RLE04YRPORERLS
Ru 50344959 ER1S
R BYIBPH3EEGSS
R SE934TOHEERIS

BakGTGATIZERLS
R k2 IDISINER TS
R3T791T6&TLERIS
B NG JAIACHERLS
Re 301442 EEERLS
R.2HBABOAERLS
R.ZAGITIBAERLS
R.2Z2EKA49458,5

B, 26059332IRLS
RaZ9APTE2ILRLS
R 3228 VHFOEL LS
Re348T951GFRLS
R .3T25%47T7I0RYS
RaXFT9I4GFERLY
Bu%idl9532e %1y
KahIONAS2IEELY
Bu2GbIANYIORRLS
R AGCZQGHSERLS
F.n I2ATGAGERLS
R 4B TOEOFRYLS
R, A945363IFE LS
ReBO3IROQAERLS
R.312103546125
FaB15%9BALFKRIS

F.4O7BTA29RRLS
R.AZI1IGIUIENLS
Fe3T191602TER1S
HeB4159632E015
K.30759144ER%
F.ZTHRTZ0AFR]S
K. 2494 0049E115
FL22457380EKR1S

x

FodsTnoas VRS
R.OAGT:IBEIBERLY

FBaB3b354naFN1%
Bo Ay E g PAERTY
KL IZECOKG4ERTY
RL3TERTENAERES
R.ALCOT59701%
B AR TUADNERLY
LAGETERSTELLS
HLAOE YR 4GENLS
RH.A0G9 9282581
K382 730TERLS
HaB21T106553F3L5
Ba3Z19%e22ERLS
R PEOTRIAEALS

«IATEHASTIERES
RL.338720291ERLY
.34 TIES2ERLS

H.368:00345R%5%
M.INETERGTERLS
RaZe¥71196ERLE
a4 TBREEEALS
H.ALITN290FALY
Ro4DT2H6Z68ERLS
R H0389259E /1S
R.AIBI4FP0EHYS

R IEBTHINKIERLS
R.3ROBL951IERLS
ReFBLOAIOTERYS
Ko 32016860901 S
R XY AZZRAIERLS
R BO094TIIOLRLS
R ZU821%MTS9ERLS
F.20890T4BERLS

FLV0965847R1S

144 2THERLS
R ATELMIDBERALS
R,I2IZTIAEFALS
R.IZEIVIONERLS
F.32369R6IERLS
R.I3Q1IT759ERLS
R.344853T52ERLS

L.36BUTOO6ERALS
H.3BA5093)ERLY
F.398461 75458115
R.40540056E015
R AGE3AYEABERYS
K.40786B7TERLS
R 404 4671TERLS
A.I9BEBTIVERLS

i MW,

AK
/

R EATSEONIOT QGL
M. L2%69S50:00)

Ko b28T79% 36 R01
ELlTEAIGAGRG]
H.113133497 K¢
BL U924 20£R0)
R I0TIB6IER0L
R.ICHLI&EBIERDY
R IOSTYZIIERDE
Fla LO&1I04IERTL
RulIO6I245AGERDE
R, ICBLYBASERGL
R.0962824ERCE
RoRl1E39033ERCT
fa 1132072088802
H.11509518ER0L
R.117CI135EN0)
R.118922415R01

R.AIZ2TISBZEERCL

1334681 5EH01
R 3760014E80)
N, 14004ABR8ERCY
R 14T0T475ERCY
Hol14090463ERCL
E.13973E6BERCY
K. 13T TAGLAFROY

BalZTHSR2DIRERNOL
Re 12UUNTSOERDE
Re134S3CTRERGY
AL RL0T6ATRERGE
R,10837086FROY
R.10TQ7242ERCE
R.108634641FKOY
HL1QE8TYE0ERDE
ROIOF6AIDIOFRCT
RLIDETRBOMERG]
R.1li021291ER0)
R.21LIBASTIERCY
RNall3G104IdERCE
R 115452285801
R, 1L T32TH2ES0)
R.2192030CERQL

R 2T62I64TRGE
Ha13372439ER02
R.13784439ERAC1L
H.180281 14ERCH
ReE412951TERADE
F.14111433E6R01
Re13993745€ER0L
R.137937T73EROL

16 HRS. ON- 3 HRS, OFF

950
bt
442
w53
9h4
455
95§
95 ¥
SLE
i

co3




t

Nl .00
.00
A3, 00
4,00
As.00
Ré6.00
AT.00
N800
A%.00
N10.00
#11.00
R12.00
R13,.00
Nli4.00
Al1%5.00
R1&.00

R1.00
R2.00
R3.00
14,00
15,00
R6.00
RT.00
AB. 00

al.o0
R2.00
13.00
.00
RS.00
Ns8.00
A7.00
Re.Q0
.09
R10.00
fall.00
R12.00
N13.00
R14.,00
f15.00
R16.00
A17.00
A18.00

niv.00

720,00
fZ1l.00
R22.00
n23.00
R24.00

¢

K.391C0Q000ENL3
R.391040C0ERYS
R.39200000ERTD
R.59100000ER1D
R.39200000ER12
R.5%100000ER]3
R.39100000ENLS
R.9%10QCQRER23
N.I9100000E813
H.59100C00ERL3
R.59100000£813
R4 39100000ERLD
R.591000C0ERY3
R.39100C00ER]T2
R, 59100000ER1D
H.59100000ENL3

R.00000000E-99
. 00000000E-99
R.00000C0CE—99
R.CO00CO00E-99
. 0000000DE-99
R.00000000E~99
H.00000000E-99
R.00CO0C00E~99

K. 000000 00E~99
R.Q0C00000E~99
R.00008000E~9%
R.00000C00E~99
R.000Q0000E~99
R+ C0000CCOGOE~99
R.COOOODOOE~TY
R.00000000E~95
R.O0COCOTOOE+SY
#.00000000E-99
A,0000000CE~Y9
8.00000000E~-99
R, 0O000000E~2T
R.00C00D00E~99
f.00000000E-5Y
R+ 00000000E~99
R.O0CCODCOE-9Y
£.00000V00E~S9
RLOVCOCUOCE~TY
R.00D00D00E~99
R.000COL0DE~5Y
f.000000006~99
R.0000000CE-99
A+ 0000000CE-99

125,00 #.000C0000C~99
826.00 #.00000000E~99

R27.00

N, CCOOONO0E-T9

XENON BUILDUP, | MW, 16 HRS. ON-8 HRS, OFF,

1

R. 2460691 15ERLS
RL.29321333EA 15
BL32249802ER15
B.348867354ER]LS
R.3T261205ER015
P.2939928TERLS
R.41324531ER]15
R.43058123ER15
Ra&4%41914LERLS
R ALD2ATEGERLS
R 4T2904A64ER]LS
K. 4B430169ERLS
. A9456419ERLS
R.503805CBERLS
AL 51212609ERLS
RL51961876ERLS

P 4676925TERLS
R.42131554ER15
R.3T7937510EX]S
R34 16094 SERDS
RuI0T603LBERLS
R.216982B6ERLS
BN.24941022EK15
®,.22458236ER1S

Ra20222604ER15
R.1B209520ER15
R,1E6396831ER15
R.I&TEASHBERLS
Ra13294830ER1S
RLE19T13TSER]LS
RL10TT96TSENMLS
R TOLELEO0SERLA
R.BTAQI4ABIERYS
R.IBTOZT2TERLS
R.TOB6BL50ERLS
R.6381234TRERLA
R.5TALI0TUER]TA
R S1T41028ERYA
R.46590393EN14
P.41952488BER 14
R 3TITE2TAERYS
R.340157T81ER]A
P.30629633¢ER14
=2 T580565ERLS
fM.24835023ER14
R.22362TB9ERLS
N.20136656ER14
B 18132129EK14
W EOIZTIAALRLA
R.14TO1R39ERLSA
R13238328ER14

X

R.3692I2BIENLS
R,347268)19ERLS
R.33)140045ENLS
R.32047102ER1S
K.313512T4ERLS
R.3097122T0ERLS

A,.30843540ER15

R.3091C103ERLS
N.311246T19ERLS
N.31456290€ER15
R.B1868B49ERLS
Re32338932ERLS
RI2BATLZSERLS
R.333TBTTTERLS
R.IB919812ERLS
R.34460872ER1S

R.3G8G439TERLS
A.3865T398ER1S
R.39847T904ERLS
R, A40551899ERLS
R.40844689ER15
R.A40792131ERLS
R.404516%3ER15
R.39873436EA15

R.I91008TBERLS
R.3817T1T58ER1S
R.ATIIBTOYERLS
R.35969878ERLS
R I&TA9445ERLS
R<334T78Y22ERLS
N.32172568ERLS
R.IVBSGTSIERLS
RL.29522320ERLS
R.2819886%9ERLS
R.Z208091TAERLS
R.25600494ERLS
R 2433RT22ERLS
R.2I108583ERLS
£.21913T792EALS
RL.2075T196ERLS
R 196 40884ERLS
F.1856631TERLS
WL ETSI44U4ERYS
R.16545596ER15
fi. 15599956ER15
R 146972 24ERLS
R 13B36871ENLS
A.13018146ERL5
8. 122401 20ER15
R.11501720ER1S
R. 10801 THAERLS

ll%/
K

R IZTTATAZENQY
R 12014TI5ER02
R.114485791ERDX
R, 1100764BERD]
R.1C244505FER0]
R 107)5TTBEROL
R.106T1240ER01
R.104694269ER01
R.10769214ER01
R.10883239ER01
R.110258T2EROL
H.311886i5ER02
Re+11364613FA0L
F.11548381ER01
R 72556 TEROL
R.11922764AEROL

R.12764714ERCL
R.1323TALTAERD)Y
Re137T86568ERDL
#.14030134ER01}
R.14131435ER01
R.14113251ER0L
R.1399546TERQ)
R.13795401EROL

Ra13528111ER01
Re13206658E801
R.12842321EROL
R 12444 840ERDY
Ra.12022604ER01
Ra11582752ERD1
R.11131402E000L
R.1067T3738ER0)L
F.10214128ERD]
R.97562378E~-00
R.930311006-00
R.26572526E~00
R.85207051E~CC
R.79951020E~00
R.T581T288E=00
R.T1815695E-00
R 6TI3IAS0VE-0D
R. 642356 98E~00
N. 406 H548BE~00
R.51244412¢-00
R.53972688€~00D
K, 50849420E-00
R ATBT2TISE~CO
Re45040148E-~00
N.4234833TE~0C0
R.39793622E-00
M.ATITRILGE~CO

00t
001
00t

o
01)
01¢
012
a1+
17 3
01¢
o011
01&
ols
02¢
021
022
023
024
023
0248
027
o2a
G229
930
a5l
032
033
034
935
034
o7
ods
o8
040
il ]
042
043

048
0ad
o4Y
oas
049
0sC
051
052
053
054
05
056
05T

46




t

R28.00
N2y, 00
#30.00
A3i.co
#32.00
R33.00
f34.00
A35.00
R3&.00
R37.00
R38.00
R39.00
RAQ.00
R41.00
R Z.00
R43,00
R44,00
R43.00
R46.00
R4T.00
A48.00

¢

A.000000C0E~99
R.00000000E-99
R, 000000 00E~29
R.00GOODOOE~99
R.00000000E~-9Y
RQ0000000E~99
R+ 00000000E~99
R.00000000E~94
#.00000860E-99
R.00000000E-~99
R.00000000E~99
R.C0000GOCE-9%
R.00000000E-99
A.00000600E~-99
R« 000000005~-99
R.00G00000E-99
R.00CO0000E-99
A.QU000000E~99
R.00000000£~99
R.00000000E~-99
R.000D0CDO0E~%2

XENON BUILDUP, | MW,

I

Re11920505ER14
R 10733865ER14
R.96653505E013
F.870329Y1£R13
R T8368284ER13
R.TO5659BCERE3
R.63%42287ER13
ES572168T8ER]D
R.5152K141€ER13
ReA6392395ER1S
Rud L774199ER1)D
R.37615727ER]3
Ra33671218ER13
R« 304994460ER1D
Re27463350ER13
R.24TZ94TAER]LS
Ru2226TTAGERLZ
R.20051073ER1S
k< 180550655%13
R.1625TTS1ER]Y
R.14639254ER1D

X

R.101389RBERIS
R.951205TSERLAL
R.89196086ERL4
R.83602492ERL 4
F.TB3I25TH1ERLA
R.733518T6ERT4
R.68666935ERL14
R.6425T236ERLS
ReH0109334ER14
R.56210111ER14
R52546806ENLH
H.49107051ER 4
R.ASETB8901ERL A
R.42850844ER14
K.40011819€R14
R.37351216ER14
R.3485B88835R14
R.32525123ER14
Ka30340692ER14
R.20296783ERL4
R.26385029ER0) 4

f6 HRS. ON~ 8 HRS. OFF,

AK/K

R.350788A8E-00
R.325909792¢€-¢o
R.J0860040E~00
H.28924T68E~C0
F.27099127€-00
Re25378263E-00
8+23757369E~G0
Re22231703E-00
R.20796613E-0D
R.I9447559E=-00
R.1813801306-00
R.16930048E-00
R.15873171E~Q0
R.14825%24E-00
R+13843279E~00
Ra12922T64E-00
R.12060447E-00
.11253034E~00
R 10A9T264E~-00
R«97901139€-01
R.S1206859E~01

ass
059

cel
062
Cé3
064
065
06t
067
068
069
aro
071
or2
or3
04
or5
o7e
07
ors

47




TABLE 9. THERMAL FLUX ( (), IODINE NUMBER DENSITY (I), XENON NUMBER

t

f1.00
R2.00
K3.00
R4, 00
185.00
F&6.00
7,00
£8.00
89.00
A10.00
R11.00
Al12.00
R13.00
£14,.00
A15.00
Ri&.00

R1.00
/2.00
R3.00
R4.,00
A5.00
R6.00
a87.00
RB6.00

Rl.00
R2.00
A3.00
4,00
A5.00
R6,00
RT.00
R8.00
09.90
R10.00
All.00
Ri2.00
R13.00
R14,00
R15.00
R16.00

R1i.00
H2.00
R3.00
14,00
}3.00
86,00

DENSITY (X) AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS,

TIME UNDER 2 MEGAWATT 16 HOURS ON -- 8 HOURS OFF OPERATION

DURING A 5 DAY WEEK, AND AFTER TERMINAL SHUTDOWN

9

A.11ECOD00ERLS
R.{1800000cR1S
R 11B800000LR LA
R+ 11600000t R1A
R.11B00000ERL &
R.11800000EAL4
A.11800000FERL4
R.11B00000ERLE
A, 1180Q0000EKRL4
R, 1180C000ENLA
R. 11803000ER14
R.11600000ER LA
R.11800000ERLA
R+ 11800000ERL4A
R.11800000LR)4
R.1180C000ERLA

R.00000000E~93
8, 00000000E-99
R+ 000C0000E~-99
R.O00000000E-99
R. 0000J000E-99
R+ 00COO0000E-SS
£. 00000000 ~99
R.00GGO0Q0E-99

R.118000G00ERL A
F.11800000ER1L4
R.1X800000ERLSE
8. L1600000ER1S
R, 11200000ER1S
R.1iBO0000ERLA
R.11B800000ERLA
R+ 11200000ERLS
R.11800000ER1S
R.11800000ER14
R«11800000ER14
R.11500000ERLA
Re 118G0DU0ERLS
R.11800000ERLS
R.1180G0000ERL4
R.11B00000ERLA

R.GO0G0CO00E~99
R. 00000000E~-99
A. 0000000D0E-9%
R. 000QCQQOE-99
R. 00000000€-99
A.00D00Q0DE-9

I

R. 116 T4842ER]5
R.22187489ERLS
R.31653635ERLS
R.5017T45TEALY
R.4TBS2759ERLS
Q. 54 THSO)IDERLS
R. 6098 T24BERLS
R.66591021ER15
A, T1636939ERLS
R.T6180551ERLS
R.BO2TIBGIENLS
N.83955895ERLS
R.O8TZTINDAERLS
R.9026026BERLS
R.52949987CER15
R.953TL953ERLS

R.B58TROLIER]LS
R.77329160ER1S
R.69631318ERLS
R.62699T65ERLS
R.56456226ERLS
R.50838010ERLS
R 45TTTZHBERLS
R«41220306ERLS

R.4B87T917T95ERLS
R 55609565ER2S
R, 61 748450ERLS
R.6T2T6S509ERALS
A.TRZ542TBERLS
A.T6T3643TERLS
R.B0TT2411ER]1S
N, 8440661 8EALS
R BTHTI0ABERLS
R.90625TIFENLS
R.932T9059ERALS
R.956460269ER15
R.3T819641ERLS
R.99756049ERLS
R.10150117ERLS
R.LO0307185ER18

R.92811420ER15
R.B35T23TOEALS
R.T5253035€ER15
R.6TT61B02ERLS
R.61016409ER15
R.54942442ER15

X

R,12176825cR14
Ra322310441Ri4
R.57515532ER14
R.E60L2849TERLS
H.11827096ERLS
A.14713454ER]5
R,LTTE131QERLS
H.207733276R15
R.23650009ER1LS
R.26385%30LR15
R.Z2B963908LRLES
K313 TTAZSERLS
R.33623604LR15
Na.35704158€E015
F.37623692LR15
R.32IBBTHTERLS

R, 4559B051ERLS
R.504493431LR15
R.54131878HR1S
R.56822093:R15
R.50636196L A15
R 5973244 TER)LS
R.60213202ERLS
R.60176718LALS

R.SZT2I250ERLS
R.4T&4TOL61ERLS
R.A3B8994T4HERLS
H.416060080ERLS
R.402T3IBIZERLS
R 3965TOOIERLS
R.39564T9TENLS
R.IFBS500T5EALS
R.403997B2LRLS
R, ALIZ2TSTTERLS
Re419680)9ERLS
R.A2BTIFSTERLS
Ha43802909ERLS
R A4TIHZOTER]S
R.4SLM6TAIERLS
R.4652T243ERLS

R.852948T16ER1S
R, 57923695ER15
R.614655130EM1LS
R, 04321465ER15
R.&660T9385ER15
R.OTHOSH2BZ2ENLS

AK /K

A.42129349-01
R.11151288¢-00
R 19899209 -00
K.29T&4LL1TL~00
N, 40227398+ 00
R.50905572r~Q0
K.61519733.-00
R.7i&71505:-00
FeBl824244.-00
R.912882487-00
R 10020925, RC1
R.10655953LR01
N LA633085:R01
Re1 23529161 R0L
A.1301T7035+-R01L
R. 136277221701

R.157760021 R01
R. 17454450, R0
R.18728533+-A0)
H.19655833LR01
R,202869361LR01
R.20665621T-RO1
R 20832548.:R01
F.20819926CR01

R.18241180:R0O1
Fe 16423714 ROL
Fe15188328:-R0)
H.143948611R01
R.139339510LR0L
N.137205221 ROL
Re13688610:R01
R.13787219 ROL
R 139775061 R0
Ra14229309 ROL
K. 14520085cR01
R.148372828:R0L
Ra15154919:R01
Ral54TT129LR01
Ra 15792851 A01
R. 10097483 RO

R.18319183:ROL
R. 20040425 RO}
A.213314260R0L
R,22253924. RO1
R.22862129 Ra1l
6,23203575: A0L

187
186
189
190
191
192
193
194
195
196
197
1958
199
20u
201
202
203
204
205
206
207
208
204
210
2ki
212
213
214
215
21s
217
218
219
220
221
222
223

224

25
226
227
z28
229
230
231
232
233
234
235




t

RT.00
R8,.00

R1.00
R2.00
R3.00
R4.00
RS.00
Ré.00
R7.00
88.00
A%.00
R10.00
f11.00
R12.00
f13.00
R14.00
N15.00
fl16.00

Rl.00
R2.00
Ri. 00
R4 . 00
R5.00
Ré. 00
#8.00

8l.00
R2.Q0
f3.00
R4.00
R5.00
R6.00
AT.00
RB. 0O
R9.00
R1C.00
Rll.00
Rlz.00
R13.00
R14.00
®15.00
R16.00

SRl.00

R2.00
53,00
R4.00
f5.00
Rb, 00
RT.00

¢

R.000002000E-99
R, 000000008 -99

R.11800000ER]4
R.11800000FALS
R.i1B000COERLS
R.11800000ERYS
R.11800000ER}A
R.11800000EM 14
R. L1BDCO00ERTA
A.11680000QER14
R.11800000ER14
R« 11 800000ER14
R.11800000ER14
R.11800000ERL4
R.118600000ERL4
Ry 11B00000CR]S
R.11800000ER14
R.L1800000ER1A

R.000D0000E~S9
R.(CCO00000E~99
R.00000000E~-99
R.00000000E~99
R+ 000000C0E~99
R« GUGOO000E~99
R 0000COQ00E~99
R.00000000E~-99

R.11800000ERLA
R.L1B00000£R14
R<1180C000ERLS
R.11800000ER14
£.11800000ER14

R.11800000ER]LS

R.LEBO00DDERLA
Ra11800000ERLS
R.110800000ER1S
R.11800000ER14
R.11800000ER14

. Re 11 B000CGOER] S

R.11800000ER14
R+11800000ER14
R.11800000ER14
R« 11800000ERL4

H,00000000E-99

.00000000E-99
R, 00000000E-99
R, 00000000E~59
Ry GO0QQOU0E-99
R.00000000E-99
R« Q00000Q0E~99

XENON BUILDUP, 2 Mw,

I

R.43473518BERLS
R.4A54824ERLS

R.5)1788451ERLS
R.5830791 4ERLS
R 6&%LTEIBTERLS
R.694544T3ERLS
RaT422434TERLS
A.T78510392ERLS
RaB823637TAERLS
R. 85844986 TERLS
R.BB9T4216ERLS
R.O1T9IGS0ERLS
R.94329203ER1S
R.9464138TS5ERLS
R.986T1113ERLS
R.10052355ERLG
R.10219154ER16
R. 10369349ERLG

R.933T11R86ERN15
R. 8407641 1ERYS
R.75TOL9CLERLS
Ra 681 T0548ERLS
H.61304411ERLS
R.55273812ER1S
R.A9TTISGLERLS
R.44816926ERLS

R.32G30384ERLS
R.58525T66CALS
R+ 64374552ER1S
Ae6964111L1ER1S
R.743B3402ERA1S
R. TH653612ERLS
R.B82498T3IBERLS
R.85961093ER1S
R.890T8782ERIS
R.91884114ERLS
R.94413987ERLS
R, 9669021 8EALS
R.98T739856ER1S
R. 10058545ERL6
R.1022Z4T28ERLE
R.10374368ER16

R 9341 63094ERL S

ReB4117114ER15
R 75T4I552ERLS
R.68203549ER]15
Re6141412TERLS
R.55300571ERLS
R 49TSSS9RENLS

X

e 67T4UTHIBERLS
R.6F19299TERLS

R.5859T196ER1S
R+52006453EAL5
A.4BO63TI2ERLS
R.A5E32TTBERLS
R.43272162ER15
Re42215806ER1S
R.417S56774LALS
R.&41T734723ERALS
R.4202595TERLS
R.42535538ER1%
R.4$3191029ER15
R.43937410ER]S
A.447341 6BERLS

‘3"31<

ReZ23196T8:R01
R.23247T4] 4RO}

H.20273444LQ01
Re.18131572LROL
R 16429098 R0)
. 15861502TERG]
R.i49T1291-R0O1
R. 1460581 3¢ ROL
Ko 1444 69985R01
Ra14439368:001
Re 143401 29EROL
We 14716433801
f.14943221R01
R 15201523ER0L
Re154TTLLELROL

Ha45530251ER15 R, 15T759464ER01

A.¢6363660ER1S
H.ATL58859ERLS

R.53593149ERLES
R.585T74391CR15
Re62306322ERL5
R.6A96B3IEERLS
R.66TLTOATERLS
R.6T693265ER15
R.68015200£N1S
R.6TTA9431ERLS
R.59095243ER15
N.52823933ER15
H.48415083ER15
R.456429483ER1S
RN.43523750ERLS
R 42429962EA 1%
R.41939T7T61ERLS
R.41891664ERL1S
R.AZ161049ERLS
R.42652230ER1%
R.432921T3ER1S
R+ 44025559E815
R.AABLO8TSERLS
R.ASLLTIASEA)LS
Ra®0422304ERLS
R.4T210294ERL5

Re33645886ERLS
R.53862T582ERLS
R 6233950TERLS
R.65021129ERLS
R. 66 7TO030ERLS
R 6TTASITSERLS
B 680651 26E815

R.16040888ER01L
Re16315906LR01

R 18542144£R01
R, 20265553ER0)
ReZ1556723ER0)
Ru2264TTTZ9ERDL
R.23083059ER01
R. 23420499801
R.2353148826R01
R.234%37TLEROL

R.20445TSAERD]L
R.)1827T6011ER0]
R.A6TS063XERD)
H.1571T681ERO]L
R.15058336ERD)
8, LAATIS0TERDYL
R.1 030TEROL
Fel4493667EROL
R.14586B49ER01
R.14756808ER0]
R 142TB21 46801
R, 15231952E00]
R« 155034655ER01
A. 157826 TBEROL
H.I60A1244ER0]L
Re 16333806EROL

Re18560390CR01
R, 202039586ER0)

R, 21575126ERD]
R 2249 9994ER0L
Na23R01079EROL
R.23438181ER01
Ba2i549135EMAL

6 HR3. ON-B HRS. OFF.

236
237
238
239
240
241
242
243
284
245
246
247
248
249
250
251
252
253
254
255
256
257

259

260
261
262
263

265
286
267
2068
269
210
7
212
213
274
273
27¢
ary
278
2719
280
281

282

13
284
283

287

L9




t
8.00

Ri.00
R2.00
R3.00
R4.00
R5. 00
R6. 70
R7.00
RB.00

R, 00

R10.00
All.00
812.00
R13.00
Rl4.00

15,01
R16.00
Al.00

R2.00
R3.00

¢

R.00000000E-99

R.11800000ER]L4
R.11000000ERL4
Re11800Q00ER14
N.11800000ERLA
R.11800000ERL4
A.118C00000ERLA
A+ 11800000ER1S
R.1180G000ER]S
R.11800000ER]4
R.11800G00ER14
R.11000000ERLA
R.11800000ER14
R.11800000ER14
R.11800000ERL4

R.11800000ENL4
R. GOU0Q000E~99

R« 00000000E~99
R.00000000E~-99

XENON BUILDUP, 2 MW, 16 HRS. ON-B HRS. OFF.

i

R.44838625ENLS

R.52049923ERLS
R. 50543359ER1S
8, 64390394ER15
R.636%53TEENLS
B.7439624TERLS
R.T84&651TBERLS
R.B2Z50915LERLS
R.859T04TLERLS
R.BS0BTZ2TERLS
R.91893720ERLS
Re 344 20835ERLS
R.96696384EA15
R. 98T45409ERLS
R.10059044ER14

Q _R«11800000ER14 R.10225178ERLG .

R.103T4772ERL6

Ra93420016ER1S
R.84120382ER1S
Ra TSTALAVREN]LS

P4,00 N,00000000E-99 R.68206199ERL5

R5.00
R&6.,00
A3, 00

—A1:00 K.00000000E~99 _H.A0I766TIEALS

R2.00
R3.00
R&. 00
A5.00
Ré, 00

R.0C000000E~99
R+ 000000008 ~99
R.Q0000000E-99
R.00000000E-99

R.00000000E~99
H.00000000E~-99
R.00000000E-99
8. 00000000E~99
. 00G00000E~99

AR.61416516ER1S
R.55302T22ERLS
R.49797534ER1S
R. 4484 0369ERLS

R.346357310ER15
R.32T73G6080ERLY
R.2947T9123ERLS
R 26544383ER1%
FeZ3902168E£015

87,00 R.00000000€-99 R,21522796ENLS

R8.00

A%, 00
R10.00
#1i.00
R12.00
Bi3.00
Al4.00
715,00
R16.00
R17.00
R18.00

F19:00
R29.00

R21.00
n22.00
n23,00
R24.00

225,00

R« 00000000E-99
R+ 00000000E~99
R« G0000000E-99
R.00000000E-9%
A, 00000000E-99

-Be00000000€~99 R, LR472TATERLS

R. 00000000E-99
R.GOCOOGOOE-99
R.00000C00E~99
R.00Q00000¢~9%
R.0C000000E-39
R, 00000000E-99

“H.00000000E-99

R. 000000006 ~99
A.00000000F~-99
®, 00G00G00E -9y
H.00000000E-99

8.00000000¢~99

R.193002826R18
R.1T45104BERLS
R.15713863ER1S
Re14149408BERLS
R.12T41049ERLS

M. 10320682ER153
R.93023010ERL4
R.83762099ERLS
N, T5424599E014
R.6T916349ERLS
Ba61153319ERLS
8.55067T7T05£R14
R 4958591 0ERL4
R.446498L1ERLA
R, AQ2035082ERL 4
R.36202809ENLS

R 22598953ER 14

X
A.4TB3800TERLS

R.A9135812LNL5
R.3285T906ERLS
R+ 48443637ERL5
R.45453408ER1%
R.43544197ER]LS
R.4Z44T358ERLS
R.A19546205R)5
R.41904M03ERLS
A, 42LT2011ERLS
R.42661697ERLS
R.4330037%ER15
R. 440326 86ERLS
R. A48 TOBIERLS
R.45622TT19ERLS

BeABS2T26TERLS |

R.4721848)EK15

f. 536501 54ER1S
R.586318B4£R15
R.62363B0LEMLS
Re65025192E015
R.66TT4232ERLS
R.&TT4B49BER]LS
R.6B069152ERLS
R.6T841924ER]15

A.47139026ERLS
R.66100749ERLS
R GATIGBLAERLS
R.631ZTTA9ERLS
R.61325693€EM1%
A 592756 TTERLS

Re873L6241ERLS

R.S55180725E015
R.52996968ERL5
R.50TRRS04ENLS
Re483T660BERLS
R.A63T6E59ERLS
B, 4420357TERLS
R.420681 89ER1S
R.39979953ERLS
R.3T946259ERLS
R.A5972876EALS
A.340641TTERLS
Bad2223350ER15
R.30452358E015
Ry 28T53096ERLS
R.27L25529EAL5
R 28569806ER15
W, 14085361 ERLS

R 22671201ERLY

ilf&/
K

B, 234T05TTEROL

R+ 20459793EROL
R.IB287765ER0)
. 1676881 7TERDL
R.15728028ER0L
Ko 15065410ER01
R.1468%926ER01
R.14%]15458EROL
H. 1 44980TSERQL
R. 140390661ER0]
R.14760C83EROL
R, 14251052E£R80)
R A523441 TERQ)
e 15505805£R01
H.15T84558ER01

B L60628694ER0)

f.16335254ER01

K.1856186TERQ]
R.20285445ER01
F.21576614E801
Re2249T449EAQ]
R.23102532ER01
R.23439609ER0)
R.23550548ER01
R.23471931ER01L

Re23235663ER0)
R.22869%521ERC]
R.2239763TERQY
R.21B40923:R01
R.21Z1T744BEROL
H.20542701 EROL
R.19830293ER0)
M. 19091 414ER0L
R.182358TAERDL
R.175T71932€R01L
R, L6806522ERDL
Ra 1604 5454ERQL
A8,15293542ER001
Re 14554741 EROL
R.13832253ER01
N.13128463TEROL
R. 24458868 RO
R-1178551SEH0L
Aal1I48426ER01
R.10535968ERD]
R.99479885E—00
R.93048838E-00
R, 884466352E-00
R.833304T4L-00
RaT8437766E-00

289
290
91
292
293
294
295
296
297
298
299
300
3ol
302
302
304
305
306
ot
308
309
310
311
3z
313
314
315
3le
7
E3 Y ]
319
320
32t
22
323
324
325
326
k4
328
329
330
331
332
333
334
333
336
kX1
338
339
340
34

50




¥

026,00
R27.00
RZ2B.0D
RZ29.00
R30.00
R31.00
R32.00
R33.00
R34,.00
R35.00
R36.00
R3T.00
R3IB.00
R39.00
RACG.OD
R&l.a0
K42 .00
R43.60
R44.00
R45.00
R46.00
047,00
R48.00

R. 20000000E-9%
&. 0000000049
R, Q0000000E-99
R.00000000E~99
R.00000000E~99
R. QCOQDUOOE~99
R, 000000059
H,00000D00E~99
H.00000000€E~-59
R.000CO0DOE~9%
R.QCO00000E~99
R.0000Q0000E -99
R.00000000E~99
R 0GOO0000E--99
R. 00000000E~-%9
R. 000000Q0E~99
8.000000008~99
R.00000000E—-99
R.0CO00000E-99
R.00C00000E-99
R.0C000000E-99
8. 00000000€E ~99
N.Q0000000E-99

XENON BUILDUP, 2 MW, 16 HRS. ON -8 HRS. OFF.

1

Rad9353847ER14
R.2643L27T8ERT A
R.23800594ER14
R.21431335CRL S
Re19297926E014
R.IT3T68A89ERLS
Re 1564 TOOSERL 4
Ra140824TTERLA
R.12686924ER14
R E1423992ER14
S.10284779ERLS
R.9262T604ERYD
R.8340469246£R13
R. 151 040460ERI 3
R.467621718BER)3
N.60895619ERL3
R.5483367CERLS
R.49375182ERL3
R.44460059ERL3
R.40034220ER) 3
R 36043957ERL3
R.3246041 48013
Ra.29229099ERLS

X

R.2132599GEALS
R.200482101LRL5
R, 108I5T21ERYS
Re LTHBG6BE3LRES
He 16599284ER]5
R.L55TOTT9ERYS
R.14599126ER15
. 13681958EN15
R.IZB14936ER15
R.1200172TERLS
Ra1123402BE/]LS
R.10511562ERL5
R.98321028ER14
R.91934798ERLA
FeB5515884CR14S
R.B80303875ERL1S
R, T5019060£R14
R.TO062469ER14
e 65&615876ER1A
R.61061820ER14
R.56983596ER14
R.A316525TENLA
R.&)59160LERLSA

&K/K

Re737T33608t~00
Ra89362403:-00
A. 6516778200
R.61192793c-00
R.57430023.-00
R.53571T43L-00
R+ 505]10020:~-00
R.47336803%:.-00
Ra.44344003i:~00
Ra415235441:-00
R, 3I8B6ETAL2E-00
R.3636T8T7E-00
R.34017084L~00
Re318075TTE-DO
R.29732074E~-00
R.277T83514-00
Re25955075C-00
Re24240L94E~00
Ru22632348E~00
H.21126154E-00
Re19T151TOE-00
As1835941026~00
R, 1T157690E~-00

382
343

345
346
aaT
348
349
iso
351
352
353
254
355
356
357
3ass
359
360
381
362
3a3
364

51




52

TARLE 10. THERMAL FLUX ({)), IODINE NUMEER DENSITY (I), XENON NUMBER

t

R}.00
A2.00
R3.00
R4, 00
RS, 00
Ré6.00
R7.00
R8.00
A9, 00
R1Q.00
R11.00
R12.00
A13.00
Al14.00
R15.00
Rl6.00

Rl.00
R2.00
R3,00
4,00
R5.00
R6. 00
R7.00
R8.00

R1.00
RZ2.00
R3.00
R4 . 00
R5,00
R&.00
R7.00
Ra,00
N9, 00
R10.00
RNll.00
Al12.00
R13.00
R14,00
R15.00
R16.00

Al.00

R2.00
R3.00
R4,00
R3.00"
As.00

DENSITY (X) AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS,

TIME UNDER 5 MEGAWATT 16 HOURS ON -~ & HOURS OFF OPERATION

DURING A 5 DAY WEEK AND AFTER TERMINAL SHUTDOWN

¢

R.29690000ER L4
R.29600000ER]4
R, 29600000ER14
Re 29600G00ERLS
R, 29600000ER]L~
R.219600000ERL4
R 29600000ER )&
R.2960U000ERLS
R.295000G0ERLS
R.29600000ER14
R.292600000ERT14
R.296G0000ER4
R.29600000ERLA
R 29600000ER14
R.Z960000GERL4
R.29600000ERLA

R.Q0000000E-99
1, 00000000£--99
R, G0000V0O0E-99
§.00000000E~-99
R+ 00000000E~99
R. 000GO0000E—99
Re 00000 000E~99
R. 000000C00E-99

R.29600000ER 14
R.295G0000ER14
R.29600000EN14
R.29600000ER1L%
1.296C000CER]L4
R.29600000ER14
Ra29600000ER14
R.29400000ERL4
R, 29600000ERL 4
", 298CO000ERLA
R.29500000ER 14
R.29600000EN14
R.29500000ERL S
R.29600000ER14
R.29600000EN14
R.29600000ERT 4
A.00000000E~99
A, 000000007 -99
. 00000000E~99
A, 00000000E~99
R.00000000E~99

Ry 00Q0000OE~-99

1

R, 22286039ERLS
A.556%6T35ER1S
R T94023G5ER15
fil. 1OQTH4OTER] G
R. i ZO03T2TERLS
R.13737390EAL6
R 152984 70ERY S
H.lb6T08)A9EH]LS
Ra 1 TIASBFTERLS
Fe19109642€810
R 208 33930ER1 6
R 21060053ERLS
R.21892]183€EN1s
R. 2258414 TTERY A
R.2330i6182ERLG
H.23923723ERLS

Fs 21542204EN16
R.1939TT5TERLG
R.17466TBZERLG
R.15T28029ERLG
R 14162364516
Ret2T52555ER1 &
R.1148308TERLS

Re i0339990ERL S

R.12239272ER16
N, 1394 5485ER16
R. 154B89453ER1 6
Re 168741 20ER10
N. 1Bl 24T50ER e
A 19249081E814
fle 20261489616
R.21173113ER1s
A.219%3990ERLS
Re 22T33150ER16
R.23398T2RERLS
R.23998049ER16
8,2453TT08ERLSG
H.25Q23649ERLY
R 254561213ER1 S
R.25855224E816

R.2326)X430CER16
R, 2094638%1ERLS
R.1B88TLYTHERLS
R. 16997648ERLS
R, 153087 T6ERLE
R 13TB2L46ERLH

X

R 28087073014
Re.8920449CER14
Re 1261 T316ERLS
R.1647i397ERLS
R.21234832E415
R.25TT0T34ERLS
Re 300} 0QTEERLS
R.32924TTLEALS
A.3T530951ERLS
R.ADTTASTIERLS
R.43T450T6ERLS
Ke#6431441ERLS

R+ABBS9921ERLS

Aa.510528643ERL5
R.530308506R15
R.54814501k815

R, 73603097 ERLS
H.B38T306LLRER]LS
Ra LOOTAUBACRLE
R.11003)itEALS
R.1162TA93ENLE
R. 12192 TT4ERLS
R.12517192ERLG

R.12696990ERLE

R.308T212ENLS
Ra 6971 3494ER1S
R.5TT89053ERLS
RS1532225E815

R ARTLLITHI9ERLS

N.47940306EA15
R.AB356629ERLS
R 494 29563ERLS
H.5053423?Eﬂ15
Ru5237T4754EQ1LS
A,S53935018ERLS
R.554487S2ERNLS
R.5688C157ERLS
R.58212008ER15
0.5943827T0:R1S
R 6055941 TERLS

R.BOTSES6EMIS

A.9TOAFTOAEALS
B.10993376EA16
F.l1988836%LR16
M. 12T32622ERLEG

Fel3260874FR)S

Z!H;;K

R.971 7558560}
He23943421E-00
Rad0193561E-00
R.3698T6S8E-00
H.T2458221E~G0
K. 89161523600
R 1038 28TTEROL
R.11T37284ER0L
R.129T8029EROL
R.141085562E901
R.15134910R01
R.160643ABEROL
Rej6904543ER0%
R 17663181£R01
R.18347600EROL
He 1E964TOTEROL

R. 254631 81ER0}

e J0FOSILTERC]Y

R. 3485TOSHERG)L
R.38068535ER0]
R 404 T2342E6R01
R.42]184529CN0Y
Re433069T3EAN]
R.43929015ER0)

N.31439911ER01
R.2411945TEACQY
R 19994112ER0]
R.1TBZ9108cNDL
R, 168532855801
R.165386375LA01
R. 1573041 4EAOL
R iTIO142TEAOL
AL T58T433ER01
. 18L1Z20605ER0L
R ABGE042SENN]
R.191841458ER0L
B. 196 7938LERO])
R,2Q1401THEROY
R. 2056843 7ER0L
Ra20952332ER01

Ra2T9442B6ERGY
H,3357TT233ER0])
R.380I4854ER0)
Aa 424 TI059:AG1
R 440523290801
A A5BTS93RI:R01

351
552
553
554
535
356
=14
538
559
560
561
562
563
564
565
566
567
568

549

570
571
572
573
574
574
576
5T7
578
579
580
581
582
583
584
585
506
87
588
89
590
441
592
393
594
595
596
397
598
599




t

XENON BUILDUP, 5 MW, 16 HRS. ON-B HRS. OFF,

¢ I

AT.00 A.LQ000030DGE-99
RE8.00 R.Q0000000DE~99

N1.00 R.29600000ER14

.. R2.00 R.296000COERL4

N3,00 R.Z9600000ER14
R4.00 R.29600000ERL4
A5.00 K.294600000EA14
R6.00 R.296000HCOERLA
AT.00 R.256000CIOERLS
— 88,00 N,29600000ER14
R9.00 R,Z29600000ERLS
Rl0.00 R.29600000ERIS
A11.00 R.29600C00EAL4
R12.00 R.29600G00ERL+
M13.00 R.20600000ERL4H

A14:00 R.29L90000ER14

R15.00 R.ZF4000CTERLA
R16.00 R.Z960000DERLS

81.00 R.0QCOGCDOE-99
R2.00 R.LOIQ0DOOE~99

N.12410]185ER16
R.11174800ERL S

R.12920C80ERALS
H.14626364£R816
R.160978050ERKLS
H.1T424945ER1 %
. 1861 B942ERLS
R.196940T9ERL G
8.20662168ER16
_Ra2153392TERALS
R.22318304ER)LS
R.23025700ERLS
A.23066215TERLS
R.24235257ERL G
A.24T51306E016
L R.25215933ERL 6
fla25034403ERAYG
R.260111TOERLS

R.23421852ER1 6

F3.00 R.OMICO07 309

R4.00
R5. 00
Ré6.00
AT,00
n8.00

R«Z1090293ER16
=99 _N.1679N832ER16
R+ 0000 CLOJE-99 R.171003866ERLSE
R.COCDODI0E~CT NR.153980C9ERLS
NLCI00LI00E~9F A.138552T0ERLG
R.00000C00E~99 .12485036ERLE
R.COROCOOCE~99 R.11242200ER1E

Al.00
R2.00
R3.00
R4,00
R3.00

Ao 2505 000ER14 R 130516 TOERLS

Ra2NCIDLOERTS  H.LAH8L014ENLS
Re29607020CEALS  P.LOLALLG1ERNTS
A.29L0NC0UERYG RATHOIZSSHERLS
R.2¢40C00CEA14 N 1B4L3803TERLS

_Rt.00 R,ITIO0000EALA £.19730004ERLE

A7.00
As,00
R9.00
R10.00
R11.00

Re 2 #40CH20ENIA  R.20594525ER14
A, Z2L09C00ENLS  N.215063051ERLG
Rai F6LCRCIERLS NM22345109E714
A, 29L0Q000CERNIA  R.2204931GERYO
Re2210GD3JENLE Ml Z24683420ERLS

BL220C R 2T GOCNVERLA M- E54502ERLSG

R13.00
A14.00
f15.00
R16.00

Mla00 B 00NCO000L-9%  Ra2343ILGTERLS

fAZ2.00
3,00
A4..00
N300
N 00

A.296002CGOERLA  H.2475R54%NER1S
R.2940000L 014 H.25231504ER16
A 250000T0EA4 F.25645370EN16
R2SLICUTTERLSY  RL28023754TA16

N.000043C0E-99 R.211G050CERLS
ReOO2N0G02E~99 Re1200C022ENALS
R.CO000CCRE-99 R.17108843ER1S
R QOCONICOE~2Y M. L5405541EMLS
A, TOTNOO0E~99 M. 129T7T19TUERLS

_Ala00  R.000C0Q0000E-79_ H.124F10TTERLE

AK
X /K

R.13605379ERLS
K. 1379401 7TERLS

R.ATOT1B5TcROL
R.4T724506LER01

A.9P433900EALS R.34G56135cR01
R.750670H9ER1S  R.25971692R01
R.61696042ERES  R.21345582EA01
Al 544TAQASERLS R 1B84TZ42EROL
A.510005T9ERLS  R.1T64516TEROL
R.43TTA443EALS  Ra1T220949ER0)
R.4954566BERL5 R.17252511ER01
A50698B35ERLS R, 175407TTOQLROL
F.51920048ER15  Re1T963597EROL
R.$33L7B3TENLS  R.18446909ER0]
R.54762054ERLS f.18946562ER0L
R.56179507ER15 R.i98369TLLRO0L
R.5T829398EN1S . 1990400TEROL

_B,58TONLLBERLS  R.20340536EA01
Fa59956271ERLS  Ra207434656ER01
R.61G236TTERLS F.21112954ER0%

AeBL1IATABAEALS RaZBLAMS8Z2ER0L
R.9TT20123ER1S H.33809184ER01
_R.1L36T563ERLE _ R.38291545ERG1
lie120684B7TERYLEG RJ4LT5A520ER0)
N.XZ2BL6203EALE R.AH3I4146TEADL
R.133ATLIASERLS R.461T7834SEROL
AL13893260ER16 R,ATITSY90TERD]Y
RL13822612EA15 R.A480310Z2TEROY

R 99044600ERLS R 3426T426ER01
R.T5499A35ER1S R.26121275ER0L
N.+62011430ERLS  R.214%54T719cR01
{iaBATI2620ER1S R.18929461ER01
Ra51105400ERLS H1TTO9IL12ERC]
_Pa49922543EA15 R, 1T72T2188ERDL
R.ASORTSI2ERLS R.1T29464TEROL
B.50801310ER15 R.1T57T6227ERD]
R S200PLTSERLE R 17993%48ERD)
R.53374025ER15 RL,1847325LERDL
R.545828817ERLS R.18969661ERQL
_Aa56230494ERL5 . R, 1945 TIBQERDL
R.57581B0AEALS R.1992213BEROL
N.5383T7061£NRL5 R.20356T09ERO]L
F.S9CO20TBERLS R.20TSA8119ERCL
R.6L051144ERLS FR.21125919ER01

_RaBL394204ERL5  F.206160TASEROL

ReITTTAZILERLS R.IIBZTIOIEROL
He110T3%56ERL6 R.38312240ER01
R.120T4913ERL6 NR.417T6T61EROL
R120229F1ERLE  No44264813ER0]
R.13354109ER1L R.A46202482ER01
_Ral3TO0ASHEALL _R.47400450ER01L

600
601
602
603
804
605
&06
627
&08
409
8]0
611
412
613
614
615
a16
617
&18
619
620
621
62:
623
624
625
624
627
628
629
430
431
632
633
&34
435
636
637
638
&39
540
641
&42
643
44
645
Ll
o7
40
649
650
651
652

53




__RT.00 A,00000000E-9¢

t o

/8,00 NX.000009000L~99

Ri+00 FR,29600000ERLA
R2.00 R.29600000EH14
N3.00 Ry29690000ERLA
R4, 00 R.2960000GERLS
R5.00 R.294000C0ESRLS
R&.00 F.29600000EALA
RT.00 R 29400000ERLA
AB. 00 R.29500000ERLA
_A2.00 R, 29600G0QERLA
R10.00 R.296C0000ERLA
ALl.00 R.29600000EQLS
12,00 HR.29400000ER1S
RA13,00 R.2960Q000ERLS
A14.00 R.2960G000ER14

R15.00 R.Z9600000EK14

Al6.00 R[.25500000ER14

R1.00 R.0OGGO00DE-99
82.00 R.000000005~99
H3.00 A.000000006-99
_R4.00  f,0000GCU0E-99
R5.00 B.00007000E-9%
R6.00  R.00%0000SE-99
R7.00 ROCO0D000E-99
AB.00 R.COODOOODE-99

R2.00 A.OCLU0OGCOE-99
R3.00 R.0C000DOE-99
R4,00 R.OGOOOODCE-99
5,00 R.O0COCO0COE~99
A6.00 H.OG0000008E-99

RE.00 #.00000G00%~09

R9.00 R.0I000000L~99
10,00 R.00000000E-99
f11.00 ®.000D0HO0S-99
R12.00 R.CO00GCANE-99
13,00 R.00000002:-99
R14.,00 F.00000000E-99
A15.00 R.C00CO000E-99
R18,.00 K.COO0DOBOE~99
Al7.00 #.000000005-99
R18.00 R.000CUOO0E~SY

_R19.90 _R.00000000E-9%

R20.00
R21.80
R22.00

M. 000L0000E~99
A.QQ000C000E-~99
f, 00000000E~-99
A23,00 R,G000000CE-99
N24.00 R.00000030E-99
A25.90 _R.000Q00"0€E-99

XENON BUILDUP, 5 MW, i6 HRS. ON-8 HRS. OFF,

1

Fa 1k 24 TH80ER1LS

R.130%0568ERLG
R.14685423ER14
ReL6L52129CHR1L
R,1T4T2830EMALL
R. 846 ZO5BERLS
R.19732903ER16
R.2069TLATERLS
R.21565403ER1S
R,2Z236T229E016
R.23051223ER16
A.23685140ERLG
R, 2425%5953ER16
H.24T69940ERLE
R.25232T62ERLG
Fe25049510ER16
R.26024742EAL16

F.23434103ER16
R.21001323E816
A.1900076TERLSL
A1 TIO09313ERL G
Ro15406144ER1 6
R.138T25Z2ERLS
R, 12491565ER16
R.11248080CRLS

R.10128370ERL6
R.9120L346ERLS
A.B82122574EH15
B.T394T562ER]S
N.E66586343EA15
R. 5395 TR08ERLS
£.539092}35R15
R.4061 48349ERLS
Re43TT5432ERLS
R.23941 TTABERLS
Fe35493050ER1D
F.3196056B8ERLS
R.2BTTI0LIEALS
F.2591416TERLS
R.2333A50TERLS
R.21011643ERLS
Be 1392001 1ERLS
R 17036593ERL5
A+ 1534046564ERL5
R.13813562ERL5
fi. 124384 75ERLY
R 1120027T4ERLS
f. LO085331ERLS
R+ 9081 3720ERL&
R, B1T73535ERL4

X

N, 13889762ERLG

R34 3BTOERLS
A.75534320ERLS
A,52Z02693BERLS
R.54T3LT9TERLS
H.5L200308EALS
R.499234492ER15
R,4999TI43ERLS
A.5080958B6ER1S
R, 52015TS9ERLS
R.534001T6ERLS
R, 548242)3ERLS
R.56245264ER15
Ra575856042E01%
A.58841642ERES
R 6000146 2ERLS
A, 610641 TBERLS

R.B13979BEERALS
R.977TR610ERLS
. 1107404 0ERLS
A, 12075435%5ER16
A.12B234G56ERLS
RAa 13354664ER16
A, 1370092%ERLE
R.1I890343EA1G

R,1394T7456ERLE
R.13B93T3I9ERLG
K. 1374 THABERLS
H.13526195ER16
R.1324281 26016
A.1290999TERLL

 RL.12538340ERLE

R.12136963EA16
R.117T13699ERLG
Fi. 1127524 4ER]1S
A.1082729TERLE
R.LO3T46BAERLS

R.99Z1461 LERLS

R 9ATAOZ6IERLS
R.O0ZELIBBERLS
RaB589217T2cA15
R.B1621IF0ERLE
R.TT462700ER1S
R. 724283046015
Re.869526992FR15
Re 65 THS5124ERLS
A 62L4TOO0ERLY
R.58675160ERLS
R.55350665ER15
RB52Z1T33268ER10

ElK&ﬁ(

A 48B055TG4ER0L

Ra. 428447 EADL
Fe26133344EA00
Re2146235Z4EROL
A.18936093E801
R LTTLA249ER0L
Ha172T86323ER0)
R, 1 7298068001
R, 1T5TI0ABERDS
R, L T996399ER0L
R.184TS3T9EROL
A,.18971527ER0]L
H.19453030ER0]
Re199235604ER01
R.Z2035801 TERG]
R, 20759291ER0L
R, 2L L26969EA0]L

R.Z0162054FR01
R.3382941TEAQL
R.38313935ER01
R.41TTR559EA0L
R.&436669BER0OL
R.46204433EA01
1. AT402440£R01
R.40805TTTILEA0L

A.482553T4CR01
Fl.AB0G9525LA0]
Re47544910ERDL
R.46TSTAISEROL
A.4581 T448LA0]L
R.A466597TH:R0L
Re %3ABDILIBCROL
R.#19591433ER01
R 4032T702TLROL
FA.39010062cR0L
R.3T480255ER01
R.35894306LR0L
Re3432624TERQ)
fl.327678233:R01
Q.31228809:R01
Ae2971T1IS9ERODL
A 28229346ER0)
R 26B005206ER01
H.25404TOAERGOL
R.24054931:R01
Ke22753401CR0OL
8.21501603:R0L
Ra20300417:R01
R.191502G9. R0Y
R+180509140L701

453
654
855
656
657
658
459
860
661
662
663
864
665
866
667
668
669
670
T
672
613
674
575
676
&T7
678
679
680
681
682
683
684
685
P
onT
608
689
€90
691
92
693
694
695
696
497
698
899
700
701
702
703
104
705

54




t ¢

R26.00 R.C00UCO00OE~29
A27.00 R.O0000000CE-99
R28.00 R.0G0000000E-99
A29.00 #R.00000000E-99
_R30.00_ R.00000000E~99
R31.00 R.00000000E-9%
R32.00 R.00D0G0O0E-~99
R33.00 R.006GO0000E~-99
R34,00 R.000COCUOE~9Y
R35.00 R.00000000E-99
R36,00  R.00000000E~99
R37.00 K.0000Q000E—99
A38.00 R.00000000£-99
R39.00 R.0000000QQE~59
R40.00 R.00000000E-99
A41.00 R.00000DQ0E-99
_P42.00 _R,00000000E-99
f43,.00 R.00000000E~-99
R44,00 R.0000GOQ0E-99
R45.00 RA.D0000000£-99
R46,00 R.00000000E-99
R47.00 R.0000Q0000E~99
RA8.00 8,00000000E-99
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XENON BUILDUP,5 MW, 16 HRS. ON-8 HRS. OFF.

1

R.T3633268ERLA
K.66303337ERL14
Ha59TDIGTSERLY
f.53759844ER1 4
R.40408244ERL 4
. 435893 79ERL4
R.39250215ERL4
R. 3534 299BER14
R.31824TZIEALS
R.2846566%2ER1 4%
R.25804023ER1A
F.23235329ER14
R.2092233BERLA
R.18839599ERLA
Ra 16964189ERLA
A, 15275469€E0L14
R.13754B55ERL A
H,12385612ER14
Re111526T4ERLS
R. 10042646 8ER14
R.90427760ERLD
A.81425995ER13

_R.T3320323ER13

X

R 4F1LALTIZZERLS
R.46254360ER15
Re435QTA52LBLS
H.40899068LR1L5
Rs 3B4Z4LILERLS
R.380T7T9080ER1S
R,33B593I4ERLS
R.21T40368LR15
R.29TTT4TSERLS
R.2TSO5BBAERLS
R.261480802cA15
R.244TT456ER15
Ra.2291111BERLS
R2143T143ER1S
R, 200509T5LRALS
R.18T7T48180LRLS
R b T524846ERLS
R.163T5801ER1S
R.1529T616ER15
R. 1428651 TERLS
R.1333868TAERLS
R.12450833ERLS
R.116190T1ERLS

5K/K

R-1TOD2109.R0OL
e 16003071 :R0)
. 1506528380001
R, 14150249801
Ra13293992cROL
Ral2482631cRO1
Rel1714643cR01
. 10958444001
R.10202403:R01
R.9654 871 0~00
Re 0441 884E~00
R.8468T043c—-00
R.79267830.-00
R.74168175E~00
R.69372315L-00
R.5AB5490TE-00
R.60831034E£-00
R.56656263c-00
A.52926654E~00
N.49428802E~00
R.46149018E-00
R« 43077359E-00
R.40199633¢-00

706
T07
108
709
710
TiL
Ti2
713
T4
115
7o
77
718
719
720
721
v22
723
T24
725
726
127
129




TABLE 11
A SUMMARY CF MINEX-RUNS:
CHARACTERISTIC PARAMETERS AND
RESULTS OF THE PRCBLEMS SCLVED

WITH THE «INEX CODS
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TABLE 1z2.

t

S
-
_'?_-]
+1
+2.
5
+3.

+3 .

.|..l+

+7
+8

.’.9

+9.
+10.
+10.

-+

12,
+130
1k,
+15.

+16

+21

+25.
+26.
+27.

+28.
. *29.
+30.

0

.50

00
RT3

G0

50

0o

50
00
"'i;f'.
.;.5:
+5,
+6.
“+6.
+7.
. 50
00
B TN
L00

50
00

o

0O
50
06

56
50

00
50

. 50
55'"

50
50
50

.50
+17.
“+18,
+19.
+20.

50

'éb'm

50
50

1.50

+22.

_+23.
+24L.

50
50

50

50
50
50
50

T-%+-;+ Fad &

EOM"

+'r+-i"-}-'r+5-r~rr+++'r~r1-r+-r

§OM'
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TODINE NUMEER DENSITY (I), XENON NUMBER DENSITY (X), CONTROL

PLUX ( (') AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS.

TIME UNDER THE FOLLOWINC CONDITIONS:

= 100, b =

¢

+.30000000E+1 46
+.284LG7670E+Y G
+,27013609E+16

+ 2T156763E+1 6

+.27292506E+16

+.25898565E+15

+, 2457 5727E+15

+.23320459E+16 G

+.22129306E+16

+.20998994E+15

. 19"26141 SE+16

L IBD08A/ZZEHRTE T

17)44315r71n
17026335616
L1531 56675E+16
L153314L3TEXS
L14548339E+16
.13
<13100108E+16
.124L30987E+16
1796044E+16
1193532E+16
UO79261E+16
0
1

"‘rﬂ'

-

T59066E+15
724321E+15
3568956E+15
6263437E+1 5
65)71 L7E+15
37274L95E+1 5
B379118E+18
35631 4L6E+15
922 591E+15
5321725E+15
F.31805575E+15
_28639#%7E+15
.2578B8BLG5E+{ 5
.23221347E415
209097&9E+15

18828260E+15
.16953977E+15
L1 5266272E+15
C13746E73ERTS

i
ot
.
T
.8
.7
.6
+ 59
.5
A
4
.3
<3

SOSZEBEﬁTB“"

2 HOURS, At =

T
-

.70000000E+1 5
L2235 840 UE 15
-“}‘“ A 354E "1 5
. l?"-r ;*3532\. =1 S
+. 828418 BiE 15

.335 )L} 51

4+

o

,3@279302E+1§
LA1121530E+10
118698 482E+14
1
1

3111187E+15
L14051986E+16

L14735036E+16
- Th091066E+16
15198152E+16
53576&2E+16
SL7L4165E+16

G552047E+16
599722E+16
526808E+16

5

2

5

GO96420E+16
L772L46E+16
L39462 5E+16
3
3
30
2
2
1
1

522429E+16

554736E+16
0528334LFE+16
545276E+15
03951 0E+16
05362 52E+16
0039598E+14h
JSBZOASME 15
007 5643LE+15
.85120127E+1 5
LB1624129E+1 5
.77277934E+15

.
1
1
.
N
iy
o
g
1
1
.1
o
.1
g
.1
1
o
=

{-+ AT f1~T F o .-+4 +1 +-T+VF+ o oE A *4~+-r+-H+~ﬁ1 4

|’

Exi5
l‘ 3

.12530990E+16
3

LT3R A3LAEFTS T

ALL23785ELTE

5551212E+16

35306LE+T5

97LBI1E+16

LI73088376E+15

S

N R o S e +*ﬂ

+

R

0.5 HOUR AND

OFERATING THERMAL FLUX

X

.C0D000CDE-99

LODGOCCODE-9y

.30000000E+14
.30000500E+1 L
. (D000000E -5

LAEETE+1E  +.0

.0GChO000E-Sg

.000000QUE-9E
.D0D0000GE=3g
LO0000000E-99
.00600000E--Ug

. 0000DUONE-9Y
.00D0DO00E=gS ™
. 00GOOOOUE~9Y
.00C0C00DE-4G
. 0000000 0E-99
.GO0C0000E~3g
. DU0D0OCOUE -9
. 00000000E=g8 ™
. GUOVVOODE -3y
. 0D000000E-9Y
. DDOVOOVOE-99
.00000000E=~9g
.000000G00E~9Y
. DOUDDCO0E=gg
. 0GGGO0CVE~9Y
.00000000E-9y
. G00000GCE-99
L000UGOGOE-99
L UUOUQ0D0E~SY
GOBCO00E g9

99
49

. CUOULO00E-99

LD00000B0E~99
.0000C000CE-3Y
. GU0OC0DOOE-99
.00000000E-99  +
.OCO0000BE-Sy
L0D00UGCU0VE=-99
.0000G000BE~9G
.GODODO0OE-99
. O0QUU000E-99
.O000U000E-99
LQO00000CE-9g ™

max =Qo

AK
K

+2.423
+2.850
_ *3.235
+3,028
+2 JBAT
+3.231
+3.558
+3.849
+br,-,,1,98
+4.337
+4,538
BEYWAE)
+h.861}"
C+4,992
+5.100
+5.189
+5.260
+5.316
+5.356
+5.383
+5,397
" +5.399 -
 +5.374
w53V
+5.225
+5.113
+4.982
+4 837
+4, 680

+4,8516
HhL3L5
+L 172
+3.996
+3,821
+3. 6h7m
+3. 475
+3.306
3,141
+2.981
+2.825
+2.674
+2.529




TABLE 13. IODINE NUMBER DENSITY (I), XENON NUMBER DENSITY (X), CONTRCL
FLUX AND NEGATIVE REACTIVITY DUE TC XENON BUILDUP VS. TIME
UNDER THE FOLLOWING CONDITIONS: OPERATING THERMAL FLUX -
10%3nv, b = 4 HOURS, At s 1 HOUR AND O = Qo
AK
t o) 1 X /&
+,00  +, 30000000E+16 +.70000000E+15 +.00000000E-99  +2.423
+1.00 +.27013609E+16 +.93L68354E+15 +,00000000E-99  +3.235
__#2.00 +,24324503E+16 +.11237755E+16  +,30000000E+14 +3.889
+3.00 +.2L87119LE+16  +,92507221E+15  +.30000000E+14  +3.202
+4, 006  +_253634R3E-15  +, boﬁzau O0E+15 +.00000000E-99  +2.787
5,00  +.228386256+16  +.988106A6E+415 +, GUO0GOGOE-99  +3.420
__#6,00  +,205065125E+i0 +.11335222E+16  +.000000D0E-5¢  +3,923
r7.00 +.185179L4E+16 +,12L66577E+16  +.00000000E-99  +4.315
_+3,00 +,1667h552ur16 C 4+.13320271E+16  +,00000Q00E-99  +4.610
9,00  +,15014663E+16  —,13935996E+16 +,00000000E~99 +4,823
_ 10,00+, 1352001]EP16“—L1%3h3616Er10 _+.00000000E-99  +h.966
+11.,00 + 12174146E+16  +.14588708E+16  +.00000000E-99 +5,049
-ﬂilzLuO”th1Q9§2257£f16_,f.1u6830395+1o _+.00000000E~-99  +5.082 -
+13.00 +.98710086E+15 -+.14655038E+16 +,.00000000£~-99  +5.072
#1400+, 888833L3E+15 r.14525L215116 +,00000000E-99  +5,027
+15.00 +.80035771E+15 +.14311079E+16 +,00000000E-99  +k,953
__;Lﬁhug_n_leog&B925115, +L14QzﬁilhitléﬁﬁtLDQQQQQQQE:&Q_.ﬁtkLSSS._
+17.00 -+, 64894328E+15 +.135690414E+16  +,00000000E-59  +4.738
._ilBJQQm&i;53434328E+13 +.13308789E+16  +,00000000E-99  +4,606
+1G.00 +.52617400E+15 +.12893442E+16  +.00000000E-99  +L4.4G3
_420.00 _ +,47379527E+15 - 12453107E+16  +.00000000E-99  +4,310
+21.00 +,42663065E+15 +.11994086E+16 +,00000000E-99 +4 . 152
L+22.00  +.38416109E+15  +.11525388E+16 +,000000006-99 _ +3,.989
+23.00 +.34591924E+15 +.11049627E+156  +,GUODOOCDE-99  +3.824
_420h.00 +.31148423E+15 *.105]21805 16 +.00000000E-929 = +3,0659
+25.00 +,280L47712E+15  + .10096798E+14  +,00000000E-99  +3.494
_#26,00 -+, 25255666E*15,,*”96%659}9£+15._+-OGDOOOOOEf99 +3.332
+27.00 +.22741657E+15 +.91641261E+15 +,00000000E-99  +3.,172
_428.00 - L+20411129E113,Wri8111%&%&EtlEWVtLQQQQQDQQﬁ:SS,WW+3_ULS.
+29.00 +.18439239E+15 --.82703347E+15 +.00000000E~-99 +2 . 862
B0.00  +.16603682E+15 +.78419832E+15 +,00000000E-99 = +2.714
¥31.00 +.1h49508B48E+15 +.7427L4290E+15 +,00000000E-99  +2.570
432,00 +,13462549E+15 +.70274052E+15 +.00000000E-99  +2.432
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IODINE NUMBER DENSITY {I), XENON NUMBER DENSITY {X), CONTRCL

FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS. TIME

UNDER THE FOLLOWING CONDITIONS:

Tm 11.--
1013m', =4
t 1
+,007 +, jODODO')OF-‘-ﬂS
) 50 e ‘_5)1-!»("\?670[:7'1 [a]
¥1.00 +.27013K09E+16
+1.50  r. 255336198+ F
+2.00 72632 4503E-16
+2 ‘.,‘570 i 230§ 20{:})5 ,-1 U o
#3,00 + ABHZGDSSE 15
r37. 50 3? 5211-3()(': +1 () _
4,00+, ZQOGZIGGE 16
+4.50 -+ 228?312&Er10
T 45,00 T¥“21?136F(7ﬂ?;1h
F5.50 . 20;b0175E 16
+6.00 +.19510011E+15
+6.50 . 18513487E+16
+7.00° ~,1756786LE+16
+7.50 +. 166"”)5%1571[:
¥B8.7007 +.V5819050E+156
+£ .50 . 15011032:+16
+9.00 . 1Lh2LL324E+16
+9.50 +.1351A760E+16
+10.00 4.12826358tr16
410,50 T_12171219E+16
TATI00 TF 11 5LSGREESTE
C+11.50  +.10959622E+16
+12.60 7 +.10399835E+16
+13.00 +,93645701E+15
+1L .00  +.BL323A03E+15
+15.00 +, 75 J29487E+15
F16.00  +.6837097RE+15
+17.00 +.61;6u887t*15
+18.00 +.55436322E+15
+19.00 +.49917834E+15
+20.00  +, L4OL36I3E+TS
_421.00  +,4O47H212E+15
+22.00 . 365&51;1E415
+23.00 -+, 32B817169E+15
+25.00  +.29550338E+15
425,00 + L26608709E+15
+26.006 +,23959910E+15
+#27.00 +.21574789E+15
TYRRLO0 T+ T9h2 7T00EFTS
. +29.00 17h93206£r15
+30.00 Y 5751825E+15
+31.00 ~ 1h 183792E+15
+322.00 - 12771 BLOE+15

OPERATING THERMAL FLUX =

HOURS, At = 0.5 HOUR AND @ . = Qo
LK
X ¢ 7
L TBOCUNNDE=TS <. 000CDO00E=99 "~ +2. k23
5. 82 3556580E+15  +.00C00000E-99  +2.850
;,. ()31;"){,3513t r1 £ o+ OL.)OUL')O JE- 5?3 ‘*'3 235
+,103u525 2,“-r1{ ¥ CL;OOOOUO‘“_-*39 _ _4_'_3__‘_)_89&"_
’42{??377Q5ET16' TeB000000E-Ya T 43,889
+.12031800E+16 -, 30000000E+i4 b 16
+.10691332E+16  + BJUOOOOOE%M +3.700
+, 6475421 E+T 5 -, 300C0500E+1 L +3,339
- B839L589E+15 +,00C000D0E~99  +3.059
. 07077u66cT1f . 00000C00E~-89 3, 360
T ij;‘%imo‘{T-r, A +-A GOOOO0CCE-9¢ +3 629
+.11174035E+15  +,0000G0000E-39  +3, 86%
-"t'i?o.;:’.ﬁ%?p-z-’e’)' +.0000C000E-99 +4,07
+.912316681E+16  +.GU000GO0E-9G  +4.263
+.127806%9965+16 +,000000060E-99  +L.L2k
+,13180906E+16 . OCOO0UO0E-99 mu+u 562
3 *§2f215’;10'"§"ﬁUGOUﬁOUE“§§ﬁ U8B0
+.13806kL27E 16 +.000GO000E-99 <k, 779
Y 1&0%0761 w16+, 00000000E-59 " +4.860
+,14228166E+15 +.00000000E~29  ~4.925
+. 153723396414 +.00000000E-99  +L.97h
4 144767L2£*1; . uoﬁuooeuﬁ -99  +5,011
- F‘1qrhuh11¥T16 ~+ ., 00000000E-99 +5.03h
+.14578974E+16  +.00000000E-39  +05. k6 _
+. 1L5B82662E+16  +.00000000E-99 $5.047
-~ 1&;()5’&12E+=n . 00000000E-99  +5.022
+. 143009556416 +. GOOOGCO0E-99 T +4,960
+.14096918E+156 -+, CUOLOVLOE - 39w 4 .8B79
3750733E416 + O000CO00E-95  +4.773
& 13u34;02&+1é ”+,QQQDQQQOE 99 +k,B650
+.130L62183E+16  +.0C0000G0OE~59 +i . 513
+,12615574E+1 5 +.\OUDDOOLE 3Gm",*“ 366
+.12170142E+16  +.C0000000E~2 +4 212
= 11709529E+16  +. GUOUBOGOE- 99 +4.053
S T1239928E+7106 Jr'""ﬁ‘JL}(}OOOOE -99 +3.,890
+. 1076bq40Ev}6 +.00C00C00E-S9  +3. 726
162925368 +15A  +.00000000E-65  +3.562
+~.95223981E+15 +VQOQOUDD)F g9 +3.400
+.935R52206+15  +,00000000E-99  +3.239
+.69032901E+15  +.00000000E-99  +3. 681
+.RLE85R3IE+1 5 +.0C000000E~99 +2.927
+.8025894CE+1 5 +,00000000£-99  +2.778
. 75063827E+15  +,00000000E-99 +2.632
+.72009199E+15 +.00000000E-99 =~ +2.432
+.63101376E+15 +.00000000E-3¢  +2.357




63

TAELE 15, IOCDINE NUMBER DENSITY (I), XENON NUMBER DENSITY (X},
CONTROL FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILD-
UP VS. TIME UNDER THE FOLLOWING CONDITIONS: OPERATING
THERMAL FLUX = 10Ymv, b - 2 HOURS, At = 0.5 HOUR AND
¢m = d)o
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TABLE 16. IODINE NUMBER DENSITY (I), XENON NUMBER DENSITY (X), CONTRCL
FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILDUP VS. TIME
UNDER THE FOLLOWING CONDITIONS: OPERATING THERMAL FLUX =
10y, b = 4 HOURS, At = 1 HouR ax0 . = o
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TABLE 17. IODINE NUMBER DENSITY (I), XENON NUMBER DENSITY (X),
CONTROL FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILD-
UP VS. TIME UNDER THE FOLLOWING CONDITIONS: OPERATING
THERMAL FLUX = 107%nv, b = 7 HOURS, At = 1 HOUR AND
q)max =(DC'
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TABLE 18. IODINE NUMBER DENSITY (I), XENON NUMBER DENSITY (x),

CONTROL FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILD-

UP VS. TIME UNDER THE FOLLOWING CONDITIONS:

OPERATING

THERMAL FLUX z 10Mnv, b x 8 HOURS, At 5 1 HOUR AND

¢m = ‘D"
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TABLE 19. IODINE NUMBER [ENSITY (I), XENON NUMEER DENSITY (X),

t

+. 00

e
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CONTROL FLUX ARD NEGATIVE REACTIVITY DUE TO XENON BUILD-

UP VS, TIME UNDER THE FOLLOWING CONDITIONS: OPERATING

THERMAL FLUX = 10%0nv, b = 2 HOURS, At = 0.5 HOUR AND

¢mm:' ¢°
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TAHLE 20,

t

IODINE NUMBER DENSITY (1), XENOM NUMBER DENSITY (X),

68

CONTROL FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILD-

UP V3. TIME UNDER THE FOLLOWING CONDITIONS:

OPERATING

THERMAL FLUX = 10%nv, b = 4 HOURS, At z 0,5 HOUR AND

q)max= Q)o
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TABLE 22,

TODINE NUMBER DENSITY (I), XENON NUMBER DENSITY (X),

70

CONTROL FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILD-

UP VS, TIME UNDER THE FOLLOWING CONDITIONS:

OPERATING

THERMAL FLUX = 10°nv, b = 6 HOURS, At = 1 HOUR AND

Q%mx =¢M
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TABIE 23. IODINE NUMBER IENSITY (1), XENON NUMBER DENSITY (X),
CONTROL FLUX AND NECATIVE REACTIVITY DUE TO XENON BUILD-
UP VS. TIME UNDER THE FOLLOWING CONDITIONS: OPERATING
THERMAL FLUX = 105nv, b = 7 HOURS, At = 1 HOUR AND

®mmx‘=¢°

% 1 X ¢ Aﬁ/K

3872872E+15 +.00C000000E~99 +2,903
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+13.00_ +.30R85048E+17 .21230585E+17 +,000000Q0E-99 +73.489
+14,00 +.27550515E+17 +.2260121OE+17 + . 00000000E-99 +78.233
+15.00  +.24817065E+17  +.235682513E+17_ +.00000000E-99 . +81.630
+16.00 +,22354311E+17 +.24231585F+17 +.00000000E~99 +53.877
17,00 +.20136860E+17 . +.24598501E+17 +.00000000E-99 +85.147
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+22 .00 +.119482542E+17 ~+.23555394E+17 +.00000000E~99 +81,538
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+38.00 -+ 224&0155Er16 . l178h147E+1? +.00000000E~-99 +L40.790
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TABLE 2. IODINE NUMBER DENSITY (I), XENON NUMBER DENSITY (X),
CONTROL FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILD-
UP VS. TIME UNCER THE FOLLOWING CONDITIONS: OPERATING
THERMAL FLUX = 100°nv, b = 8 HOURS, At = 1 HOUR AND
¢max=ﬁb°
A
t I X ¢ 'Vk
+.00  +.98L32474E+17 =.83872872E+15 -.00000000E- 99  +2.903
+1.00 ,,3%7113h3£ 17 +.101715463E+17  +.C0000000E-99 +35.209
42,00 +,79909712E+17 +.17892538E+17  +. 00000000E-99  -61.934L
~3.00 +.71981337E+17 -~.242)1402E+17 +.000C0000E-99 +B3.807
i, () +,6483959hE+17 +.29313568E+17 +.0G000000E-95 +101 . 468
~5,00 =, 53406h35E+17 -.33362766E+17 +.OOUOOOOOE—99 +115. L34
+5.00 +.52611552E+17 +.36503305E+17 +.00000C00E-39 +126. 355
f7.00  +.47391617E+17  +.38662270E+17  +.10000000E+16 +13h ., o
+6.00 o+, 525094988417  +. h6L977LIER S +,CU00000CE-99 1. 9
+9,00  +.07335712E+17 . 54436996E+1H  +.00000000E~99 18,843
+10.00 +.u2639232E+17 +~.85h623531E+16h +. DUUOV000E~9Y ~33 099
+11.00  +.38408722E+17 +.12932921E+17  +.00000000E-00 -+, 767
+12.00 +.34507653E+17 +.155654377E+17  +.0UOOCCOOE-99  +54,187
+13.00 +,31165273E+17 +.17314050E+17 +.00C00000E-39 +61,663
+14.,00 -+, 2807317;E+17 <. 159L85938E+17  +. 00000000E-Y9G  +67.450
#15.00 +,25287866E+17 +.207L06BLBE+1T7  +,C0000000E~98 +71 81h
+16,00  +,22778909E+17  +.21547427E+17  +.0C000GO0OE~-89 T7u 932
+17.00 +.20518663E+17  +.22243070E+17  +.00000000E~-99  +76.993
+13.00 +.18L33093E+17 +.22579734E+17 +.0U0COC0O0E-99 +78.159
+19,00 +,166LY283E+17  +.22697683E+17 LOUOVDO00E-Y9  +78.567
220,00 . 149974218417  +.22632162E+17  +~.00000000E~99 +78.340
+21.00  +.13509448E+17  -,22413854E+17 + gUOOUOODE~-99 +77.585
+22.00 +.121691108-17  -.220695Y5E17 +.0G0CO000E-59  +75.393
+23.00 +,10961755E-17 ~.21520412E+17  +,00000000E-99 74,845
+204.00  +.08741333F+16 +.21092715E+17 +.0000DQOCE~99 +73.012
+25.00  +, 88944993616 =, 20497866E+17 +,00000000E-99  +70,953
+26.00  +.60120163E+16  +.19852910E+17 +.0000O0000E-99 "+68.720
+27.00  +,72170903E+16  +.19170764E+17 +.U00U0O00VE~99 +66.359
+283.00 +.565010349F+14  +,108452493E+17  +.0000000VE-99  +63.907
+29.00  +.53560244E+1%  -.17737517E+17 +,00000000E-99  +61,398
+30.00  +.52750101E+1H  -.17003834E+17  +.00000000E-59 - 68,858
+31.00 . h7516420E416 . 16268186E+17 -+, 000CUUOLE-99 +56.312
+32.06 . L2902011E+16 -, 15536211E+17 = GOOOUODOE-99 " +53,778
+33.00  +.38655348E-16  +. 14812594E+17 - O000UC0CE-99 +51.273
+30,00  +.30730030E+15 -+ 1H101195E+17 -.00000000E-99  +43.811
+35,00  +,312042h5E+16  +.13405134E+17 +,0000C0D0E-99  +h6.401
+36.00 -+, 2B1803L5E+16 = 1272691LE+17 +.00000000E~09  +44,053
+37.00  +,2538L406E+16  +.12068503E+17  +.00000000E-99 +41.774
+38.00 +.22B65870E+16 ~.11431390E+17 +.00000000E-39° +39.569
+39.00  +.20597218E+15  +.10816673E--17 +.00000C00E-95 +37.4M1
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+1h.00

+,313553G6E+17

=, 29523618E+17

+. 05 000600E-59

TABLE 25. IODINS NUMBER DENSITY (I), XENON NUMBER IENSITY (X),
CONTROL FLUX AND NEGATIVE REACTIVITY DUE TO XENON BUILD-
UP VS. TIME UNDER THE FOLLOWING CONDITIONS: OPERATING
THERMAL FIUX = 10%°nv, b = 6 HOUES, At = 1 HOUR AND
¢mmca 24)0
t 1 X ¢ ‘AQ%
.0 +.58LB2KTGE-17  +.83072072E+15 <+, .D00000E-39  +2.903
TEYLOT wL BETTI3IA3ERT7 4 10171863E+17 THLOT0TO0T0E-99 +35.203
CH2.U =, 79909712E+17 ~.17892508E+17  +,0C000000E-99  +61,934
+3.00 71381337E+17 +.24211402E+17  -+.00N0300GE~-GS  +83,807
Sy Gy +,5a33959hﬁ+17 ~.29313566E+17 +.uuUuGuUuE~99 +101.,468
+=5.00 +, 5040643 5E+17  ~.333352756E+17 +.20000000E-+15 +115, 404
_ +h,uG +,72330754E+17  +.33485600E+15 . UOOGOUOOE-GI +1.153
F7.000 #UA5T5H336E+1T7 +.72099571E--15 -, D00C0CGOE-S9  +24L.957
+8.0u f_536899uhE+1? +.12899598E+17 +.OUUUUUUOE—99 +lt, 651
+9.00  +,323066933E+17  +.17550072E+17 +.00000000E-39 +60.776
+10.00  +.047621562E+17  +.21321634E+17  +.000000C0E-35  +73.0804
FT1.00  +.420398012E+17  +.24310775E+17  --.0G0G0000E-99  +E4,151
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Figure 1
Negative reactivity due to after
shutdown xenon buildup for various

operating fluxes
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Figure 8
Ratic of the optimized after
shutdwon xenon peak to the
peak obtained with immediate
shutdown versus steady state
cperating flux, for several

dif ferent control pericds (b}
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Fieure 9
HIIEX-optimized after shutdown
xenon buildup as compared to the
xenon buildup followins shutdown
in a sinrle step
Contrel parameters: (Do = 1013nv,

b = 2 hours, At = 0.5 hours,

¢max =®°
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Figure 10
HINEX~optimized after shutdewn
xonon: buildup as compared to the
xenon buildup following shutdown,
in & single step
Control parameters: ¢o = 10 0y 3

b = 4 bours, At = 1 hour, (Dmax = (I)o
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Firure 11

HIlEX-optimized aiter shutdown
xenon buildup as conpared Lo the
xenon buildup followine shutdown,
in a single step

n ; . O 1aLo
Control parameters: o = 107nv,

b = 4 hours, At = 0.5 hour, Orpay =Qo
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Fisure 12
HINEX~cptimized after shutdown
xenen tuildup as cowpared te the
xencn buildup followins shutdown,
in & sinsle step

19
Control parameters: (Do = 101w,

b = 2 hours, At = C.5 hour, cbm—:.x =¢)o

gl
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Firure 13

sliidd-optimiged after shutdown

xenor bulldup as compared to the

xznon tuildun followins shubtdeow

&
£

T,

1
Jontrael parameters: d)o = 107,

b = & hours, A =1 Reutb, Q)”M
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Figure 1
MINEX-optimized after shutdown
xenon buildup as compared to the
xenon buildup following shutdown,
in a single step
Control parameters: ¢o = lOll’nv,

b = 7 hours, At = 1 hour, (bmax - ¢O
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Figure 15
MINEX-optimized after shutdown

xenon buildup as compared to the
xenon buildup following shutdown,

in a single step

Control parameters: (o = 10l4nvy,

b = & hours, At = 1 hour, (Dm - $o
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Figuve 16

MINEX~optimized after shutdown
xenon buildup as compared to the
xenon buildup following shutdown,
in a single step

Control parameters: ¢o = 1015:11:,

b = 2 hours, At a 0.5 hour, Prayx = Po
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Figure 1
MINEX-optimized after shutdown
xenon builldup as compared to the
xenon buildup following shutdown,
in a single step
Control parameters: (I)o = 1050y s

b = 4 hours, At = 0.5 hour, ¢ma.x .¢o
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Firure 18

HINEL~cptimized after shutdewn
xenon buildup as compared to the
xenon buildup followin~ shutdown,

in a sincle step

Control poransters: ¢o = 1015nv,

b = /, hours, At = hour, ¢ma.x =

Po
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Figure 19
YINEX-optimized after shutdown
zenon bulldup as comparaed to the
xenon buildup followins shutdown,
in a sinrle step
Control parameters: ¢o = lolsnv,

b = 6 hours, it = 1 hour, ¢ma.7 ={o
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Fisgure 20
HINE~optimized after shutdown

xenon bulldup as compared to the
xenon buildup following shutdown,
in a single step

Control parameters: d)o = 1015mr,

b = 7 hours, Ot 2 1 hour, P =Po
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INEX-optimized after shutdown
xenon buildup as compared to the
xencn buildup following shutdown,
in a single step

Control paranmeters: (Do = 1015nv,

b a & hours, Ot =z 1 hour, q)max =¢o
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Fisure 22
HINEX-optimized after shutdown
xenon buildup as compared to the
xenon buildup following shutdown,
in a single step

Control parameters: Q)o = lolsuv,

b =z 6 hours, At = 1 hour, ¢max - 24)0
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Figure 2
MINEX-optimized xenon buildup for minimizing

the xenon concentration six hours after

completing full power operation
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APPENDIX 1
Flow chart and program listing for
PREX —~ a FORTRAN program, written for
the IBM-1620 computer, to determine the
xenon-135 and iodine-135 number densities
as a function of time, for arbitrary

operating fluxes
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Figure 24. Flow chart of PREX-progran
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1A
PREX flow chart (continued)
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PREX flow chart (continued)i
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Listing of the PREXZ-program

8300 € XEMOH CONCENT PROGRAM
%8300 € AMSDR
18300 €

88300 DiMENSION TEMP(IO}.GS(lO),GX(!U),TAC(‘O!,GSF(|U).FLUX(|0).IETA{103
B8300 1000 FORMAT(h 3 ]
p8L22 100% FORMAT(EVL.O,E14.8, E14.8,E14.8,E14.8)

D846k 1002 FORMAT(12,12,12,12,12}

DB506 1003 cormAT(12.E1h. 8 E1h 8, £14.8,E14.8,E14.8)

B3554 2000 FORMAT( SHTENP=, E14.,8, 1HK)

38232 2001 FORNAT(SHFLUXw, £V .B)

BBsL2 2002 FORMAT{ SH T_|lx,1ur,lax,1n|,1qx.xHx,16x,zuR0)

08856 2003 FORVAT(IH )

08382 2004 FORMAT{IL, 14)

88910 2005 ronHAT(ry.z,zx.Eln.B,zx.cth.8.zx,Elu.B,zx,£1u.8)

Jg 996 1 READ 1000

fgoz0 VF{SENSE SW1TCH 3)2,3

T90ho 2 PRINT 1000

05064 3 PUNCH 1300

Buois READ 1001,0CH, ACI, Y1

Byl 36 READ 1001, BCK,ACX, YX

U184 READ 1001, AP, SIGF

B9z20 READ IOOZ,KLSi,KLSB,NHON,HHOFF,NHF
fuz232 REAC 1002,KP1,KP2

69328 | Tw}

85352 k 1 Ta]l T4y

WEELY: READ 1003, LAST, ZETA(1Y)

B9uL8 READ 1003 LAST,TEHP(IT},GI(lT),GX(I?),TAC(IT),GSF(!Y)
09552 P F(LAST-1 Ji, 5,6

09720 5 1F=0

ga7hb 6 tFmiF+i

By780 READ 1003 ,LAST,FLUX(IF)

Bofio VF(LAST-135,7.6

DagoR 7 KTeD

83932 JF{SENSE SWiTCH1}90, 8

By952 3O READ 2004, KF KT

D88 GO 70 95

09996 £ KTwKT+1

10032 {F{SENSE SWITCH 3}9,100

10052 g FRINT 2000, TERP KT?

TE100 100 PUNCH 2000, TENP (KT

To148 Acuc—(ACi/l.128)"(293./TEHP(KT>)**.5*51(Kr}
Y0304 ACXC_CACX/1.1291(293. FTEMP (KT ) }<*, SrGX(KT)
You Ao sssrcs(SIGF;1.12&)*(293./TEMP{KT))*w.5wcsr(nr)
Yorlé SIGFCmStGF CAFH

TU()SZ KF =}

10676 10 AFwKF+1

Tar12 1F(SENSE SWITCH 3)11,12

Yor3z 11 PRINT 2001, FLUX{KF}

To780 1z PUNCH 200%,FLUX(KF)

Tos28 VE(SENSE SWETCH 350,51

ToBuB 50 PRINT 2002

Tod72 51 PUNCH 2062

Yodss TINEm. 0

Tou20 Cl =0, 0

Toubb CXxm0.0

Y0968 GG TO(34,13), 5LSE

Tiohukh 13 D0 H43Jai, KLS3

Tinse Doty J1ai, UHON

T1008 1h CXAeCX

Tio432 LOUTe1

T1114 FleuFLUX{RF)

T30 Go T0 70

vy Sy FY ot




1195
Tiz3z
71268
11660
) R 153
rﬂssz
Y ihzis
Yz
117788
T1dLb
11892
F19:8
Y1956
12032
12055
12080
Y2100
T2124
f2148

o

—
by

L‘EIQ)G

Listing of the PREX-program (continued)

DET=TINEI/ G0
TIHETINESDET

FOaCALXG L ETA( AT/ TAC(RT )= {1, +ZETA(KT; }]*100
VELSENST SWITCH 3315,164
FRINT 2665, TIRE, FLE, L, 0%, R0
OUNCH 2005, TIME,E1E, 41, CX,RO
u(' 70((2 3511) 7*» }Q?},KEL

Lo 10{%,, 3, LSt
itfcxn)ga 14,53
RAT!O-cx;ﬁxhﬂiﬂoc.
VRAF=RATIG
LPLERAT-1000)19,13, 14
CONTURUE
[ X4
GCf )

LFISENSE SWETCH 332G,2Y
SRINT 2003
PUNCH 2003

> KCONT=1
F;d&L«{H‘

500 TO[24,25,26,27,05, k4] KCONT
AR e

ELONT w2
t;O 30 28
il /2.

“CONTw 3

GO TO 28
RleF L/3,
KLONT iz
a0 TO 2R
el
KLONT=G

o CXmGEX

The(Ed
% (L F I
TIMEa(). O
50 To(32,29),AL51
00 37 J3mi , NHOFF
L0 TO 70
KK M)
K K FCK T
KW
G0 YO 701, 689, TO3, Wl ) KKK
FI-.F‘; —R}
(7 (FE)33, 33, 3%
Flewi}, O
KEL«E
LOU T =2
F'1Cuaki
L0 TG 70

T

GO T0§}1},?12,713,?16,717),KK
L0 TOE 0L, 731, 73 ) KKK

#mi

A TR 7ot

KK 3

GO TO 3b

GO TG(th, 715}, KEKK

KK

60 TG th

G KKl

60070 34

% AKKEaZ

GO 10 702
KKm &




3@?’.!;
35"3'”
13417
T}’»-U

T374%
Yigzy
1an52
Y3s12
T3923¢
Tianp
Y3958
Y3392
T4o16
TLups2
ThnHs
Th2 68
Y4304
Tus32
ThshR
Tu 684
TL760
Y4784
Th752
TLE&0
Y4936
ThghQ
Yua68
Y5036
Toi1s
15176
15188
15212
Y5216
To2td
15268
Ts276
5312
15388
T 5h50
V5Ll
Y 500
Tssed
5574
15674
Y5612
T5662

Listing of the Pi%X-proeram {cortinued)

AR
T

410
35
91
!15,

Gy

Lz p

GO T3 70

CEPNES

G0 T %4

et

il TU 34 o
GO OTDL3, 37, AN
LN Tl HUE

Eiienil ¢

] "(”{?O’Z 4o, Al
PRTON CxminG, An, 3
EUTGENSE Sw T
P TOo03
003

Piim{:
Vit Mt

bl iy SN
';‘ngéﬁgr i 4N ERF L GG Ol -ACICRCE*FEC )

FR— TI
EEL%;:igé.w(fxi:-n”r*r!C+nct*c2‘Acxc*cxrr1c DCX*CK)
t‘(#\.‘{‘FDELT!
G TO{73,73,72. P3.F2,713,73,72,73,73,73),4H
oo 1ol73. 7k, e
K3
60 TD 63

PF{IH-6)76, 75, F1
GO To (76, 71V, NeT
¥ Ly
50 10 61
iFlia-12)71,78
G0 TO{BO, &1, s)€ .muuT

3 TIME-{0.0

B 997 JAMm}  HHE

i Te 3

Fiim), 0

LOOTe

Yhle5

L0 T M

R TIHUE

55 T0(00,95), 755

T (Y F‘}N Bl L4 2ANCRIS B ¥ ¥

%’!M&-HL—
?' fef LURLKR )

IO RTE TWET TR el G, a0
PREET 2003
PRINT 2003
eUNGH FO03
SUNCH 2003
rr\ TU -gj
!"fﬂﬁnsr Swifin
oiH 200k, KF, "'.'a'
GUOTG 47
i (EF-1F)I0. b 10
CFIRT-1TIB, 47,5
PALSE
LG

£l

iyl LeS

125




APPENDIX 2
Flow chart and program listing
for MINEX -- a FORTRAN program
written for the IBM.1620 computer
to minimize the after shutdown Xxenon
peak as a functional of the control

flux pattern




Figure 25.

( START )
\ rew
IDENTIFICA-
TION CARD
PRINT
IDENTIFICA -
TION CARD

h

READ XENON

Flow chart of MINEX-program

127

d o=+t

X

READ DGT(SH
7.8]

J2Joed

h

READ NF{)
(- 343)

PRINT
HEADING

X\
INITIALIZE:
I=1, TIME=O
LND=0
LCON = ¢

X
INITIALIZE:
FIRST DECISION
INDEX

Ki=0

BT = DGT{Y)

XL= XZ

YL= Y2

FL=F{Kt), KOUT=1

TO
COMPUTE
48




Flow chart of MINEX-prograam (continued)

X6t = XL
Y61 = YL

Y
INITIALIZE
SECOND DECISION|
INDEX

K2 = O
k]

K2z K2 +1

¥

OT = DT
XL=X61, YL=Y&
FL = F(K2)

KOUT = 2

XG2 = XL
¥G2 = YL

sz

>2

INITIALIZE
THIRD DECiSION
INDEX

K3=0

-

®

K3 = K3 +1

‘.

]

54

DT = DGT(3)
XLEXG2, YL = YG2
FL = F(K3) XG4 * XL
KOUT = 3 YG4 = YL
>4
INITIALIZE
FIFTH DECISION
X63 = XL oyl
YG3 = YL KS = O
¥
O =
w
>3 DT = DGT(S)
INITIALIZE XL*XG4, Yi*YG4
FOURTH DECISION FL» FKS)
INDEX KOUT = 5
K4 * 0 '
¥
Ké= Ké +1 @
Y
DT = DGT4)
XL = XG3, YL= Y63
FL = F(K3) XG5 = XL
XOUT = 4 Y65 = YL

o

128




YU = Y55, FL= FIKE!
KOUT = &

K& = (O
¥
K& - KB + l
L0T = DGTIG)
XLz XGE

XG6
Y66

K7 = O

¥
K7 = K7 + 1
DT = DGT(T)

XL XG6, YLTYGE
FlL. = FIK?]

KOUT « 7

TO
PUT

ok

23 i

w,/

XG7 = XL
Y7 = YL

>

28

&

P
» P \\ - Y/"“‘"
e >’k 138 )
. /
\._\\ //,a \__ et
\\\(’
i3 )?
i
| |
i ke = 0
{
i , |
s o oM
rﬁ" B = KB +1 —!
P oT = DGTE) i
{ Xt » XG7
L Ln YGT, FLEFIKBI
L kouT - 8

e —emg ]

XG8 = XL -
YGB = YL

K9 = K9 + i

DT = DETE)
Xi= XGB, YL = YG8
FL = F{K9}
KOUT = 9

/’gé
COM-
PUTE

vt of MINEY.program {nont tnued)

it
i8]
~L)

Pl
{ st
y, 2 7
o
/ Y o
i
i
l XOS o Ko
}i N ECE] nd

K10 =0

,};r_m

K10 = K0+ b
T = DGT0)

FL = F(N0)
'KOUT = 10

Xi = XGH, YI.: YGO

¥

T4
0M-
\PLTE

(I

XG1u: = XL

VRS YR




(=]
Lat
Q

7low chart of MINEY-prorcvan (continued)

) \

DT = DGTOS)
Ki= XGrs
Yio: Y6

FlL = F1e2
KOUT =

=
-
=
"

(8]
SRS
’

%

Pd
(o M
{\ 34 Wit = Kty

AN
| TSP | = <3 e
¥ 4 Vs
o7 = OGT) i\ 38 {144 NI
XL XGIG Mo #
Yi. ® YGIC B gl
B i FIRID . g
} COUT - 1t Hiep +
‘ Y612
s s Kigq o
si2 ~ ¥
~ 4 L 43 Kid - Kid 41
N e
l}l’
DT = DGT4)
KI3 - O Xl o= XitA
YL = YGIZ
j FL = i
¥ KOUT = 4
¥
(\ TON\
40 P K13 © K13+ [ com
; PUTE
N L3

¥

DT = DETAS)
XL * X612
YL = YG12
Fi = FIK13)
U:OUT = 13

i
(‘"\ (com--
37 b k12 s K124t AUTE




¥ldw chart of MINEY_program (continued)

44

X614 = XL
Y14

YL

ND

>14

Ki5 = O

A ——

Ki5 =

S

¥

DT = DETHS)
Xi.= XG4
YLz YGi4
FL = FKIB)
KOoUT = 15

COM-
PUTE,
f .

XG5 = XL
YGI% = YL
LAN = 14

tZ25

L

e

48
COMPUTE

DEI = LT (¥l

FLSC-FL- DI

Yio-ACT-YL FL}
¥

YL = Yhe« DEI

¥
BEX = CL-{YX-
ECSC - FL + DI

Y- XL-{DX +

ACX - FL)}
'
Xi = XL+ DEX
]
S

s N

Xt //
~

Pasiive

e

131




Flow shart of MINEi.prorrar (continued)

Pl

33
N
!

4

e
&

| }; (idl
1
LA ‘g tANE S LAN = B

©

\{/

I\

f

2
@

i1
@

LAN= 13

LAN = 2 LAN = & LAN = 10
39 143
LAN = 3 LAN= 7 LAN = 11
-
140 a4

is2
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Mow chart of MINEX~proerad {rentinued)

124

TPL = O

TTT =C

TYT = TTT +

DT}/ 3600

Bo
SATISFIED

TPL =
NTPL = TPI

YASINTPI) = YL
XKASINTPI; = XL

TPT +1

56
( TYT < TXV
\ v
STXV
PEAX = XL TTT = TTTt
DoeT{iB)/ 3600

DO J=1, NTPT

¥

XASG{J) = XASLH

¥aSG{J = YASLE

L.

)

uﬁ_‘\\zfnSF ED

T’ES

MFXT;
PAGE

133




Flow chart of MINEX-program {continued)

)

FLUXA = F(K1)

XENT = XZ& 55 D
YOD4 = Y2

FLAX2 = FiK2)

3

¥ >5 y =%
= 4 .
:(E}Nz P X FLUXE = F(KE} FLUXD = F(K10}
D2 = YGi . otk
YODE = YGS YODoO = Y62

=403
ND

Z& - >0

UX3 = FIK3
i;n’; i :é’;’ FLUX? = FIXT) FLUN = FOKID
y XENT = XG6 XENH = XGIO
003 = Y6z YOD7 = YGB YODt = YGIO
oy >
Frixg = Fika) FLUX8 = F(K8) FLUIZ = FIK12)
XENG = XG3 8 = XG7 XENI2 = XG
YoD4 = Y63 XENE = 26 -
YODB = Y67 YODIZ = YOI
54
>4
FIADES = P FLUX® = FIK9) 3 F{K3)
- =
KENe = XG4 o 8 ,:(Lmﬁ X .1<3
» ¢
VODE = o4 XENS : XG EN G
YODS® = YGB YODI3 = YGI3

“ e, |

&
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Fldw chart of MINEX-propram (continued)

FLUIA = F(K4)
XENI4 = X613
YOoid = YGI3
< |4
| >4
FLUIS = FIKIS5)
XENIS = XG4
YODIS = YGI4
|
3
76 LCON =1
1 2 3 4 5 &

HEEEEE

EOEOEOEHO




Flow chart of MINEX-program (continued)

2N§F

2 K3

2NF

<N
e K10

=
KT

A
=

§
g‘
I%
®

14
=
n

&

=
o-“ ° )

ZNF

z
eﬂ

oo

P
2

A
z
o-“

ENF

&

1856
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Flow chart of MINEX-program (continued)

¥

VX 3 XENI
VI = YODi

VF s FLUXI
KOUT = |

H s
>5

VX = XENG&
VI = YOD6
VF = FLUX6
VX = XEN2 KOUT = &
VI = YOD2
VF = FLUX2 @
KQUT = 2

(2

H s
>2

VX = XEN3
VI = YOD3
YF = FLUX3
KOUT = 3




Tlow ehart

VX = XENT

VI = YOU7

VF = FLUXT
KOUY =7

120

VX ¢ XENS
vI = YOD9
VF = FIUX9

KOUT = 9

YRR
=

e
—-f

:.

NO !2!

YX: XENOD
VI s YOUO
VF = FLUXO
KOUT =

ND

"
Yo

VX = XENIL
VI = YODH
VF = FLUIL
KOUT = ll

VX = XENI2
¥I= YODI2
VF = FLUNZ
KOUT = 12

120

158

X—prooran (continuss

VF = FLME
KQUT = 15

VX = XENI4
VI = yopia
VF = £ 314
KO i

A

f:z?)
AY

T

GD

x// 4
12t

\
\\‘ s _Jj
o,
\Hvﬁqa

VX = XEMIS
VI s YORIH
VF = FLUIE
KOUT = i5

-
S
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Flow chart of MINEX-proeram (continued)

LND = LND#1

RO =

Uvx-ACX - 2}/
(ACSF-({1-t Z))-100

3

PRINT
LND, TIME,
VL, VX, VF,
RO

TIME =

TIME + MT%&}R
00

SEEEEEEEEOOOOO




Flaw chart of MTHEY-prograes ! continued}

[

1

| ]
! Lz B
: i
L5 I o £ o -y

i AXASCL AL - EY
i e £ |
i AR I 0D
i {
H ' '

¥
PNt XASGLL

fl T YASG L)

i i
! e e 1
R A

; 7

: Y PRINT !
L LND, TIME
Y YASGLY, XASH(Y
\l’.‘f_»%_i‘f_j'

.~
LTIME = TIME ¢
| DOTUG)/BECO

o 0o .
NG 5 .
T saAn ISFIED 7~

\. /”'

-~ @
- VvES
. 0T = OGTI6)

P LooN ¢ 3

T
T
i

v

f
A
l/ 43 )

‘\J

HEESI IR
L]

R A S RSN A

S A——
g /
E PEINT ¢

) P

N, TIME, 3L

rat - -
AL, FL, RO S
i

I S

TiME +

TN
{ 125 \
E‘. & ]

"‘v\;.;w-

Y PRINT i
. MEBSAGE. [
. NTGATIVE  f
. XENON
Y WALUE
| —
l””I
/STaRT

s

L
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Listing of the MINEX-program

¢ bl M E X CODE
i € AMSDR

DIMERSTON F{R)Y, XAS(50), YAS 80 XASD {8y YASEL 505, 06T(14)

1 READ 131
PRINT {32

i

PEINT 13

READ 127%,D%, YX,ACY

READ 124,01, 71 AC!

READ 124,F08C,ACSE, 7

READ 125,72, 42, Y2

PEAD 127.50.NE,8,C1, TXY, TOT

00 2 g=1,10

2 READ 124,007T(4
DG 3 J=1,H4F
READ 126,F{J)

2 CONTIHUE
PREIMNT 1306

L f=i
TIME=iy,
D=0

LOON=1

A st
UT=DGT(1)
AL=XZ
Ya=Y?
Fl=F{41)
KOY Tl
GO 1O LE
v AGY=4L
Yii=YE
WALy
K2 #2 +}
DT=PGT(2)
HL=XG1
Yi=YG1
Fi=F{i2)
SR T=2

GO TO L
13 £ XG2=Yi

1 YGZ =YL

Ay

e

\

PELAY JFIND-23133,133,0
Goah 3 K=o

14 3:i3+]
DT=DGT(3)
XL=XG2
Y=Y(GZ
FL=F {13}
?(0“"{:;—3
GO TO LG

11 XG3=XL

YG3=Yi

IF{ND=-3)134,134,12

Kra()

K=+t

DT=DGT{4L)

AL=XG3

i et
Lo B




-

- ..A A & A A

adl

2 33 .A 3 _A A A .2 A2 A .4

ook
Yoool
Toos4
Yooic
Yoote
Yoi12
Toi34
Tozou
Yoz 0
To2 &4
Tozid
10312
T0334
Yo3¢i
Yoioh
Yokt
Tohip
Yoink
Yosa:
Tossa
Yo 2
Tos1+
Yo ng
Yosrsi
To71:
To7s -
Yo7t

Listing of the ¥INEX-program (continued)

YL=YG3
Fl=F(Kk)
KOUT=ly
GG TO 48

14 XGL=XL
Y(Gh='YL
PF{ND=4)135,135,15
16 K5eK541
DT=DGTI 5]
X=XCh
YL=YGL
Fl.=F (K5}
KA T=5
i TO L&
17 XGE=XL
YGE=YL
PF{ND-5)136,136,18
18 KH=0
19 Kisiid
DT=DLT{E}
Yil=XG5
YIi=Y05
FL=F{K&}
mOU T
0O TO L&
20 XGHE=XL
YG e
1F{ND~5)137,137,21
22 Ki=R7+i
UT=0GT(7)
Li=XGh
Y=Y
FlL=F{K7}
KOUT=7
GO TC 4y

23 XO7=XL
YGE7=YL
CVF(HR=73138, 138,24
2 R8=0
25 Hilmifet

DY=00TE)
XL=Xu7
YL=Yi7
SL=F{8)
U T =8
GO T 4B
256 Kiti=XlL
YL =Y
tF{ND-£3139,139,27
z 7 |<‘ff.’aﬁ
2h KGaitos]
DT=bGT )
XL=XGE
¥L=YGE
ROUT=G

142




g

Ti720
11728
Y1752
T1776
Ti8Ly
T18458
T1904
116928
Y1952
Ti974
T2024
T2 048
Y2054
Y2080
12104
T2172
Y2146
T2232
12256
Y2280
T2304
72352
T2376
Y2384
T2 Lo
Y2432
12 500
T2524
12550
12584
Y2608
Y2632
T2680
T2704
e
Y2760
Y2828
Y2852
Y2888
Y2912
72936
72960
Y3006
Y3032
Y3oho
13064
T3008
13156
13180
Y3216
Y3240
Y32 £l
13288

_ ;535&

‘73368

Y3392

Listing of the MINEX-program (continued)

GO TO 48
29 XG9=XL
YGO=YL,
| F(ND=9) 14D, 1#0 30
30 Ki10=0
31 K1o=KiQ+1
DT=DGT(10)
XL=XGY
YL=YGY
FL=F(K10)
KOUTw1 0
GO TO 48
32 XG10=XL
YG10=YL
lF(ND-lo)thl 141,33
33 Kil=Q
34 K11=K11+l
DT=DGT(11)
XL=XG10Q
YL=YG10
FL=F(Ki1)
KOUT=1%
GO TO 48
35 XG11=XL
YG1i=YL
IF(ND-11)142,142,36
36 Ki12=0
37 K12=K12+1
DT=DGT(12)
XL=XG11
Yi=YG11
FLaF(K12)
KOUT=12
GO TO 4B
38 XG12=XL
YG12=YL
FF(ND~-12)143,143, 39
39 Ki3=p
Lo Ki3=K13+1
DT=DGT(13)
XL=XG12
YL=YG12
FL=F(K13)
KOUT=13
GO TO h8

41 XG13=XL

YG13=YL
FF(ND=13) Thti, 144k, 42
b2 Kilep
43 K1h=K)4+1
DT=DGT(14)
XL=XG13
YiaYG13
FlaF (K1k)
KOUTml l4
GO TO 48
44 XGThe=XL
YGi4aYL




T3hk16
Y3484
73508
{35h4
T35RY
Y3502
136164
V13464
13888
13606
13720
73744
Ta7a8
Y3776
13600
13835
Thots
Thps2
L2kl
Th280
74336

Ll
Tabsih
TL612
Tih636
Thohs
Y4720
Th756
Th792
Thazg
T4E76
Thaal
Thald
Thu72
Y4980
Y5048
15006
Tsiok
15128
Y5204
15228
15236
753¢0h
{5328
15340
Tshiz
15520
15564

K592
15616
15564
75588
T5712
;5?3h

Ysus2
Ts&76

Listing of the MINEX-program {cont.inued)

IF(ND=-14)145, 145,45
45 K15=0
L5 K} 5=KY 5+1
DT=DGT{15)
Yi=XGTh
YL=YG1h
FL=F{X15)
KOUT=15
G0 TO L&
L7 XGYS=XI
¥YG15=YL
LAH#‘“
GO TO 124
48 T=0.

LG T=T+(1 )

DEI=CI+ (Y] sFCSC¥FL-Dt »YL~-ACI®YLFL}
Yil=YL+DE}
DEX=C) = { YX*rFCSCHF LD #YL~XL* {DX-+ACY*FL})
XL=XL+DEX
tF(XL)125, 50, 50

50 tF{T-DT)4o, 51 51

51 GO TO(%2 56 123) I.CON
52 GO TO(6,8.11,14,17,20,23,26,29,32,35,38,41,4k4,47), KOUT
Do Sh Jal, ND
TTT=TTT+DGT(J)/3400.
5l CONTI NUE
55 TPI=TPI+1.

NTP} =TP]
YAS({NTPI )=YL
XAS (HTPI }=XL
FL=Q.
LCON=2
GO TO 48

"85 FF(TTT~TXV)57,57, 58

57 TTT=TTT+-0DGT(16)/3600.
GO TO s5
58 PEAK=X!.
GO TO(52,50),1
5¢ =2
GO TO 41
60 | F(PEAK~PM)AY,H1,76
A1 PM=PEAK

DO 62 =1, HTPI

. XASG(J)=XAS(J)

62 YASG(.))=YAS(J)
FLUXY=F (K1)
XENY=XZ
YOD1=YZ

FLUX2=F(K2)
XENZ2=XG1
Y0D2=YG1
TPi2=TP]
IF(ND~2)75
63 FLéxsm 213)
XEH3=XG2
YOD3=YG2

76,63
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listing of the MINEX-program {continued)

1F{ND-3)74
Bl FLUX%uF(%&S
XEul=XG3
YODL=YG3
FFOHD-k )74 75, A5
65 FLUXS=F {15
XENHG=XGY
YO =Y Gk
L IF(HD=5)74,74, 66
66 FLUXG=F(15)
XE5=XG 5
YOD6=YG 5
IF(HB-6}76,76,67
67 FLUXZ=F(17)
XEd7=XGnH
YDD?:YG:S
1E(RD=7)74,75, 60
Bl FLMXE=F {48)
XEG=XG7
YOOE=YGY
IF{HD~-)75,76, 50
6 FLUX9=F(K9§
XElit=XGE
YODu=YGE
VE{ND=:)75,75,70
70 FLUXO=F{<1D)
XEHO=XG":
YODO=YG:
JF(HD-10)75 75,71
71 ELUTT=F{ <11}
XE11=XG1Q
YODT1=YG10
IF{ND~11178,75,72

76, 64

72 Fuil2=F(<1z)

XEH1 200611

YOD12=YG11

VF{ND~12}76,76,73
73 FLU 3=F{13)

XEMT 3=109

YODT 3=Y0)

VF{ND-13)
74 Fildta=fr{«
XENTL=X513
roq:n#vaza

FLHD-1LI7E. 73,75
FLH}EmF{ﬂ!SEI 7

KEHT 5=X51 4

YODT 5=Y0:74

75 Lcoua%

GO TO(ug,6:,66,87,84, 65,85 &3, 31,80,74, 7R !
77'{.’(!’\15._#“:‘:,“6’78’7?‘?' 5 3 3 82) ?r Ol! 178;77)1LA"‘
78 TF (K b=t 33, 70, 70
70 AF{ 13- } 1,0, 80,60
8O 1FIR12-iF 137,681,879
&1 IFEK11~NF334,82,82
82 1F(K1Q-KF)31,63.63
63 ngKQ—NF}zﬁ,Sk,SH
&4 IF Ki-iF 125,805,685

2
2
75,75,74
14}

b
i

145




1isting of the MINEX-program (continued)

To550 85 IF(K7-RF)I22,85,85
16628 84 iF{KB"JF_ﬂ‘ LE7,67
T6 405 & 7 FF{K5=HF 11 u,i‘B 88
TE"?G‘{{- &il i?‘(*\}-t""ﬂi ;13 fie )“

Teg32 gu IF(K3~qr)1o nn 40
15400 a0 lF{thﬂ%)/,’! ut
Til‘_eé& 33 FF {1 ~{F }5,:2,492
75036 a2 WE=XEd)

Topno Y1 =Y0D1
' V084 VF=FLUXT
To1o8 A0 T=1
Tu132 G0 TO 120
' To1ho 93 ViA=XEWZ
To11 64 V] =YODZ
Tor168 YF=FLUY
ll o212 KOU T
1234 GO T0 120
: Yol ab IF{HD~2)121,121,4¢5
1312 15 YX=XEH3
l T334 Y1=Y0OD3
T43h0 VFnF!”Xj
o T( 4&‘14 OuT =3
l Toho8 GO TO 120
: T=ki5 “hAF(HD-3)121,121,97
Tohéih G7 YX=XEND
74508 VI1=YODL
' 7532 VF=FLUXb
{554 AOUT=ly
1580 GO TO 120
l 1588 a8 1F(HD=4)121,121,9¢
Tv:n54 o YX=XENS
14860 Vi=Y0D5
: ' T704 VF=FLUXS
Toy28 KOUT=6
Tu7s2 GO TG 120
{750 100 IF(ND-5)121,121,101
' T:4628 101 VX=XENAS
Tefigz V=Y0ODA
_ Tag76 VF=FLUXS
Il Tos00 KOy T=5
: a2k GO TO 120
The32 102 1F(HD-5121,121,103
X 70000 103 Yi=XEN7
' 20024 V1 =Y0D7
Z00ohUE VF=F1LUX7
20072 KOUT=7
; l 20095 GO TO 120
. 70104 10k IF(HD-73121,121,105
- Z0172 105 VX=XEHS
' Zotub Y1 =YODS
; 70220 YR =FLIXE
| 20244 KOU T=f:
g 702463 GU TO 12¢
l 0276 105 JF(ND-H)121,121,107
L F0%uh 107 VX=XERC
L 0358 Vi=Y0Du
‘ ‘ 50342 VFaF LLUX
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Listing of the MINEX-program (continued)

KOUT=9
GO TO 120
|F{ND~)121,121,10%
04 VX=XENQ
VF=FLUX0
Vi=Y0DO
KOUT=10
GO TO 120
|F(HD-10)121,121,111
VX=XENT1
V1i=YOD11
YF=FLU1Y
KOUT=11
GO TO 120
FF(HD-11)121,121,113
VX=XEN12
V1=YOD12
VF=FLU12
KOUT=12
GO TO 120
IF(HD-12)121,121,115
VX=XEW13
Vi=YOD13
VF=FLU13
KOUT=13
GO TO 120
116 tF{ND-13)121,121,117
117 VX=XEH1kL
VlaYOD]h
VF=FLU1h
KOUT=14
GO TO 120
118 1F{RD-14)121,121,119
110 VX=XEN15
Vi=YOD15
VF=FLU15
KOUT=15
120 LKD=LND+1
RO={ (VX~ACX=Z)/(ACSF*(1.+Z)))*100.
PRINT 129, LND, TIME, V], VX, VF,RO
TIME=TIME+DGT{LND)/3600.
IF(KOUT=-15)145,121,121 i
146 GO T0(93,9h.96,98,100,102,10&,106,108,110,112,114,31b,118),KouT
- 121 NTPI=TPI2
LND=0
VF=(Q.
DO 122 =1,NTP|
RO={ { XASG(J)*ACX*Z}/(ACSF*{1.+Z)))*100.
XL=XASG{J)
Yi.=YASG(J)
PRINT 129, LND, TIME, YASG(J),XASG(J},VF,RO
TIME=TIME+DGT{15)/3600.
122 CONTINUE
DT=DGT(16)
LCON=3
FL=VF
GO TO 48
123 RO=( (XL*ACX*Z)/(ACSF*{1.+Z)))*100.

28
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Listing of the MINEX-program (continued)

22728 PRINT 124, LHD, TIME, YL, XL, FL,RO

72812 TIME=TIME+DT/3600.

22550 1F(TIME=-TCT )L, 48,1

Z2a28 124 TP =0.

22452 GO TO 53

72060 125 PRIHT 728

22484 G0 TO 1

F2002 124 FORMAT{EYS .0, 014.8,E95. .6, E14.6,£15.8)
¥3034 127 FORMAT{14, 14 Eth,6, 610 .6, E1h 6 E14.8)
73082 126 FORMAT(200WEGATIVE' REIGN VALUE )
Z3146 125 FORMATCTX, 13,5X,F6.2,2%,E14.8,2X, E14.8,2X, E14.56,1X,F8.2)

53252 130 FORMAT(RHDECTISIGN,2X, 5A4TIHE, 10X, THE, 14X, THX, 15X, 4HF LUK, 6X,24R0, /)
23500 131 FORMAT{LuN }

23422 132 FORMAT(1H ,///)

7366 133 LAN=)

736608 60 TO 124
23506 134 LA4=2
23720 GO TO 124
73728 135 LAN=3
23752 GO TO 124
73760 135 LAN=A4
23784 GO TO 124
Z3742 137 LAH=5
Z3816 GO TO 124
73624 138 LAl=S
Z304D GO OTO 124
23856 133 LAN=7
73880 GO OTO 125
23888 140 LA
3012 GO TO 12k
73520 1h1 LAHRG
Z3ouh LG TO 124
23452 142 LAN=1Q
23176 GOOTD 124
Tangh  1h3 Lid=11
Thoox GO YO 124
FLpls 1Ll Leti=12
ZL40 0 TO 124
ZLOWE  1hS LAN=1]
Zh072 GOOTO 124

ZHOt0 Enp




APPENDIX 3
The Pontryagin Maximum Principle
and ite application to the problem
of minimizing the after shutdown

xenon peak
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A statement of the Pontryagin meximum principle and its application to

minimizing the after shutdown xenon pesk is presented herewith.

In order to state the maximum principle in its simplest form, the system
is described by a set of state variables: Alr Xps ceey X, and & set of
control variables: W1y Yoy eesy W, Which satisfy a set of ordinary dif-

Terential equations and inifial conditions given in the following form:

dxl = f_}_(x‘l" 3(2, eesy xn; ul, 112, sveny um_;t) XI(O‘) - xlo,

dt

dx2 = fz(xl, X‘?', sssy )Cn: ul, u2, reay uln;t) xE(O) - xzo,
at

- fn(xl, X0y veay Xni s, Uss weey um;t) Xn(o) - Xho
dt

The state of the system then is determined by the state vector:

; = (x]_: xgy rswy xﬂ)

and by the control vector:

U= (), uy, e, u)

and the optimization problem may be stated as follows: It is required to
find a control policy, i. e., the vector T = wy, U, «e., W,) which will
transfer the above described system from its initial state (%30, *20s

oy x.no) into & final state, within a duration T in such a fashion that




t
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a certain criterion funeticnal

T

J @] :j; oy (xl, Xpseess Xni Uys oy sery um;’s) dt,

is minimized, with respect to the zhoice of 1.

Let us now define an additionsl state variable in the form of:

t

- aew H - see H1 dz
sl T f T (s % » X3 Ups Vg wees 4y32)
(o}

which satisfies the differential equation

R R UL DR TITIIL ML)
dt

the initial condition:

X +l(0) =0

and the final condition:
(1) =

n+l

Further, let us define a set of suxiliary variables of the systenx
Pys Pgs rees By wibh the aid of the following set of ordinary differen~

tial equations and final conditions:

- dpl = 9f| 9f2 afrn ! T =)
2 ax, b+ % =Pzt ... + 3%, Pasi P (T)

- dﬁ s gfg 9f2 afl"i-!-l T)=0
dtz axap, %, Pz t+ + " Pa+1 p2(T)

- dpn = .@.ﬁ pl+ _a.f_zpz + + afr“.lpn-!-l pn(T)=0

dt NXn
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"'dpn 1 0= afl 9f2 aan

- -é;(-n?l + axm‘pr - + > Pns+i; pml(T):'l

How define a fumction H as

H=pyfy 4 P2 fp4eee Poelfnes

H is called the Hamiltonian of the system. From the cefinition of H it
is evident that the state variables X;, X5, «.., > S and the auxiliary

variables pi, Poy eees P satisfy the following equations:

n+l
&xi = QK and
dt apl
%‘%i-_ et -a;{i fOI‘i:l, 2, seay n+1

These equations are called the Hamilton canonical equations of the system,

From the canonical equations it follows that Poal is constant in time

since H does not depend explicitly upon 41
With regard tc the control functions uy, U;, «e.s Yy the maximm principle
requires that they should be bounded, i. 2., ai =ul sbl for i =

1, 2, , m otherwise the optimization problem is meaningless,

With the above definitions and relationships in mind the maximum principle
may then be stated as follows: The requirsd optimal control vector u,
that will transfer the system from a given initial state (X109, Xynr «+»
xpo) to a final state, minimizing the eriterion functional J [u] , whils

satisfying the differential eguations of the system's stabe variables is
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the same control vector that will maximize the Hamiltonian of the system,

constructed as explained above. Thus U * satiafies the following squation:

mx v 7 (), x(0), W) =

i{p (), =), W ®}

H is constant in time as can be meen from differentiating it with respect
to time:

di =§l @hﬁ*@h*i

at

i+l ap. Sx;
and applying the canonical equations, leading to:
dH - n*l U I ] []
& ) {Xi Pi— X Pi}
i+l
i. e,

H z consl,




[T EEEEEEE RS EEE ==

- + ..._>_\_X.' >\
’ XB“[XI (l xl)xz}{ﬁ"‘“ )>\I X;

!
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In order to apply the Pontryagin maximum principle to the problem of

minimizing the after shutdown xenon peak, the muberdensities of xenon
and iodine (X and I) are considered as state variables, x; and X3

the flux during the control period b as control variable; the magnitude
of the after shutdown xenon peak Xpex 88 the criterion functional Xqs

Xax 18 computed from the terminal values of xenon and iodine number-
densities as given in equation (14), page 5 of this paper, so that using
X; for the iodine numberdensity and X for ths xenon numberdenaity one
gete for the criterion functional:

J’x‘frxx

X3 does not contain ¢ and t explicitly; it depends upen ¢ and t only
through x; and X5, therefore

f?_ 2 axax . axsxa_

av X X5

X | X
2. hZe® = XX+ 520650 + AXim MXo- 67 X,0)

is & linear function of ¢, therefore the Hamiltonian

H :plil + pziz * p31.(3
is also a linear function of ¢, so that it can be written aa:

QH =18 not dependent

o,
H'@@ Q +terms not dependent upon ¢, where 20

upon ¢.
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Since ¢ is bounded, 1. e.,

0s@= q’mox
the only two cholices that will maximize H will be:
$ =0 for g-g.go
o =0 Bax for % >0

Consequently, the control flux pattern that will minimige x, (which is
the same that will maximize H [0] ), is a switching function between the
two admissible extreme values of the fiux 0 and @ ..

For obvious reasons this type of control is referred to as pulse type
or "bang-bang" control.,




