MAR Y SYSTEMS LIBRARIES

LR,

3 445k 0385328 4

ORNL/TM-12746

implementation of CTRLPOS, A
VENTURE Module for Control Rod
Position Criticality Searches,
Control Rod Worth Curve
Calculations, and General
Criticality Searches

I.. A. Swuith
J-P. Renier




This report has - s
Available S B
Techrical inf i : fik ;
b b :
the etan Qe S e o o e

cor
disciosen

trade narne,
constiute or imp
United States Gow

authors expiass
s Goveidinent




ORNL/TM-12746

Engineering Physics and Mathematics Division

IMPLEMENTATION OF CTRLPOS, A VENTURE MODULE
FOR CONTROL ROD POSITION CRITICALITY SEARCHES,
CONTROL ROD WORTH CURVE CALCULATIONS,
AND GENERAL CRITICALITY SEARCHES

L. A. Smith and J-P. Renier

DATE PUBLISHED — June 1994

A RN
~ Research sponsored by the -
U.S. Department of Energy
.Applied Health Physics'Practicum

Prepared by the
OAK RIDGE NATIONAL LABORATORY
Oak Ridge, Tennessee 37831
managed by
MARTIN MARIETTA ENERGY SYSTEMS, INC.
for the
U.S. DEPARTMENT OF ENERGY
under contract DE-AC05-840R21400

AT

3 4yySkL 034853246 4



ii

TABLE OF CONTENTS

LiSt Of FlgUreS..ceeeeeteetsoaeouarensonseanseessassasasonnnnnnnns v
List of Tables..... ceeasens Ceessccsessenccoancnas setsen et aneeen ix
AcknowledgementS. . ocecvsceesencscsnccoancans ceveecesvsacas cedcerersana X
AbStract..ceceeireencsisanetascnnsconsonncnns cecracescacnaas . et
Chapter e
1. Introduction and BaCKgroUnd. ...ceeeeeeesacesonsennacacnnsanss 1
1.1 Reason for Development.....ccoreviveescescens cetecsareanas 1
1.2 oOther Control Rod PositioningCodes.......... ceecraeasaa 3
1.2.1 RODMOD. . ceeeecsocreocanscsanasanese ceceeccencnn 3

1.2.2 Control Rod Programming for Boiling
Water Reactors....eeceeeee cesenncnn ceeescncons 3
2. Methodology....ccu.... Sessesececncsenscesnrcane e )
2.1 Options...... Ceescccsenncaanssanas ceccsseane Ceacenssanne 5
2.2 Control Rod Banks, ROAS, @nd ZONeS . .« v e e eueeeeeeoeeeennens 7
2.3 Nuclides in Control Rod Zones .......................... 9
2.3.1 Starting Control Rod Comp051t10n. crecertrenees 9
2.3.2 Material Produced During Burnup........... «e.12
2.4 Positioning of Control ROAS. .. uueeeeereeeceeeoesneneenees 18
2.4.1 Initial PoSition....ieeeeieeneeennneeennaesnes 18
2.4.2 Iteration Procedure. ...ceeeeeeneenneeenneenns 19
2.4.3 Corrective Measures for Undesired Movement...21
2.5 Rod Worth Curve and 'Manual' Movement.....c.eeeeeeeneeen. 23
2.6 Restart Capabilities.......iieiieieeenennnnn Ceecssesacas 23
3. CTRLPOS Module Data....... St reeececessecetecetcesanteanneenn 25
3.1 CTRLCF, the CTRLPOS Control ReCOXA. v et eenreeoenennnnnns 25
3.2 CTRLIF, the CTRLPOS Interface File. o e eeemeeeeeeeseennn. 26



iii

TABLE OF CONTENTS (continued)

Chapter He
4. Sample ProblemS. . .veeeesciesotocecasaanacasacsscasonnsosnennea 29
4.1 Monte Carlo CalculationsS....cieeeecencseersesesesaseensal?
4.2 Cross Section Processing.....cciiennevcsnacenes e eeeenn 30
4.3 Diffusion Theory Calculations....eveeeececvencessneeens 40
4.4 Sample Problem 1: Cylindrical Core Size Study.........41
4.4.1 Purpose of Sample Problem 1l......000veevueann 41
4.4.2 Brief Description of Sample
Problem 1. ...ceciteenescoseressncccacnassanoons 41
4.4.3 Results for Sample Probleml........... e 46
4.5 Sample Problem 2: One-Dimensional Reactor with a
Control Rod Ring..... tececscecasest et esssaseseenennnn 60
4.5.1 Purpose of Sample Problem2........ cessessssab0
4.5.2 Brief Description of Sample
Problem 2., .ceceeceacsocrsassosssnccsssaness.b60
4.5.3 Results for Sample Problem2.......... I 2 |
4.6 Sample Problem 3: Two-Dimensional Reactor with a
Control Rod Ring...... cetestseaananrsaenaaes P
4.6.1 Purpose of Sample Problem3........ seesasas .73
4.6.2 Brief Description of Sample
Problem 3....cieenetnecccesasscconcansss ceeesl3
4.6.3 Results for Sample Problem3...... cecssssenesld
5. Conclusion and RecommendationS........eveee.. cesenes sesssse.84
5.1 ConclusioN......seecoceccens ceeesessessenanans versesss.84
5.2 Recommendations....... s e seercanesoaanacaca Cedecsennenas 84
List of References. . ..v.veierrnencncnenenenns Ceeessesenanens cesaes 88



iv

TABLE OF CONTENTS (continued)

Appendices e
A. Calculation of Atom Densities in Tables 2-1 and 2-2......... 91
B. CTRLPOS Input Data and Interface File Format.............. . .95
C. DescriptionofNuclearCodes.....c.coceeeceens Cecasecosesnaave 109
C.1 VENTURE.....eoesoses seeecaneas heceecssescceressronoenen 109

C.2 MCNP....eoeeecons ceeesseneeaans Cececnsassraeeans ceseeas 109

C.3 SCALE...:ceevonsones Ceees st et et e eerecs e roes et aans 109

D. Sample Problem Input and Selected Output................... 111
D.1 Input and Output for Sample Problem l........... e 112
D.1.1 Sample 1 MCNP Input....... ceeceosssees cesenn 113

D.1.2 Sample 1 SCALE Input.....ccevevcccccccoccess 115

D.1.3 Sample 1, Method 1 VENTURE/CTRLPOS Input....117

D.1.4 Sample 1, Method 2 CTRLPOS Input............ 123

D.1.5 Sample 1, Method 3 CTRLPOS Input......cc000 127

D.1.6 Sample 1, Method 4 CTRLPOS Input............ 131

D.1.7 Sample 1, Method 1 CTRLPOS Output........... 135

D.2 Input and Output for Sample Problem 2.....c00ccccceenn 148
D.2.1 Sample 2 MCNP Input........ ceeseeasaenn ee...149

D.2.2 Sample 2 SCALE Input...... crecesescscessaans 150

D.2.3 Sample 2 VENTURE/CTRLPOS Input....ccoceceaen 152

D.2.4 Sample 2 CTRLPOS Output....ccceceveevscesesa157

D.3 Input and Output for Sample Problem 3....c.0..¢ seeess.168
D.3.1 Sample 3 MCNP Input.....ccceeeeeeeccoscasacns 169

D.3.2 Sample 3 SCALE Input....ccceeveeacns ceeenens 170

D.3.3 Sample 3 VENTURE/CTRLPOS Input.............. 172

D.3.4 Sample 3 CTRLPOS Output.....c.coveveeencaccn 179



LIST OF FIGURES

Figure Pizs =
2-1 A simple control rod zone model with a single control rod....8
2-2 The treatment of control rod material with control rod

MOVEMENE . coeoseuccsssscctsssancccoasovsonnss secee sttt anassnna 10
2-3 Control rod positioning illustrating the possibility of

incorrect control rodburnup.......... e e cecct et aceneann 15
2-4 The positioning of a control rod to correctly deplete

thecontrolrodtip...ceocen. Gt e reesreseseen s eaeeeas P
4-1 K behavior versus number of cycles for MCNP

caiculationsforSampleE&obleml. ........................... 32
4-2 K behavior versus number of cycles for MCNP

calculations for Sample Problem2......00cccvecene eeeseasesa33
4-3 K, behavior versus number of cycles for MCNP

ca{culations forSample Problem 3. ...cc.vceeeeccecennscannens 34
4-4 Flowchart of the calculational procedure used to generate

16 group neutron cross sections for CTRLPOS sample problems.35
4-5 Flowchart of the calculational procedure used to generate

8 group neutron cross sections for CTRLPOS sample problems..36
4-6 Flowchart of the calculational procedure used to generate

4 group neutron cross sections for CTRLPOS sample problems..37
4-7 Top and side view of the geometry of Sample Problem 1....... 48
4-8 Flowchart of the VENTURE calculation for Sample Problem 1...50
4-9 Different methods used to move the control material (fuel)

in CTRLPOS Sample Probleml......c.0v0n.. e s esssreeenosenanaa 51
4-10 K .. versus reactor size for diffusion theory cases using

Method 1 and problem cross sectionset 1.............. seseeoDd
4-11 K,,, versus reactor size for diffusion theory cases using

Method 1 and problem cross section set 2. ... ...t unnnensns 54
4-12 K, versus reactor size for diffusion theory cases using

Method 1 and problem cross section set 3......... e secaanaaa 55



vi

LIST OF FIGURES (continued)

Figure _be
4-13 K, versus reactor size for Pl approximation cases using
Method 1 and problem cross section set l.....ceeeeeeneennenns 55

4-14 K, versus reactor size for Pl approximation cases using
Method 1 and problem cross sectionset 2........0c0ccueuun. 56

4-15 K, versus reactor size for Pl approximation cases using
Method 1 and problem cross section set 3......0ctiieniennnns 56

4-16 K, versus reactor size for the three different problem
cross sectionsetsusingMethod 1......cciieriecernceccacean 57

4-17 Comparison of MCNP and VENTURE results using Method 1 and
problemcrosssectionset 1......0000000.. cesennaa CesacaensaB?

4-18 Comparison of MCNP and VENTURE results using Method 2 and
problemcrosssectionset 1....iiiiiteneeeecrenecenansns ce...58

4-19 Comparison of MCNP and VENTURE results using Method 3 and
problemcrosssectionset 1.......0 ittt teccnescecscsasscnas 58

4-20 Comparison of MCNP and VENTURE results using Method 4 and
problemcross section set L. .ot cetnrecetrncessansacensa 59

4-21 Top and side view of the geometry of Sample Problem 2....... 64

4-22 Flowchart of the VENTURE calculation for Sample Problem 2...66

4-23 K. versus hafnium density in the control rod zone using
elemental hafnium cross section and diffusion theory........ 68

4~24 K. versus hafnium density in the control rod zone using
elemental hafnium cross section and P1 approximation........ 68

4-25 K, versus hafnium density in the control rod zone using
individual hafnium isotope cross sections and
Aiffusion theory...i.eeeeteeeeneeenenneaconaannas ceessseaeraab69

K¢ versus hafnium density in the control rod zone using
inéividual hafnium isotope cross sections and
Pl approXimation...cceeceeesssocecscnesas Ceteecsesetseentann 69

4~-27 Comparison of diffusion theory results using elemental
hafnium and individual hafnium isotope cross sections....... 70



vii

LIST OF FIGURES (continued)

Figure Bxe

4-28

Comparison of Pl approximation results using elemental
hafnium and individual hafnium isotope cross sections.......70

K, versus hafnium density using diffusion theory and
individual hafnium isotope cross sections collapsed at
different densities............. e esreseesassanasenna veseaasll

K, versus hafnium density using P1 approximation and
individual hafnium isotope cross sections collapsed at
different densities........ Weeserecsesassanseencscannanne .71

versus hafnium density using diffusion theory and
eiemental hafnium cross sections collapsed at different
densitieS..cccinrsiencceenrcccans seaessscerncorseecensoenns P

versus hafnium density using Pl approximation and
eiemental hafnium cross sections collapsed at different
densitiesS...cceecececencennns ceeneses N
Top and side view of the geometry of Sample Problem 3....... 76
Flowchart of the VENTURE calculation for Sample Problem 3...79

K versus control rod position using elemental hafnium
cross sections and diffusion theory........ cerencaene cees..81

K, versus control rod position using elemental hafnium
cross sections and Pl approximation......c.ceeeeeieenecccecean 81

K¢ versus control rod position using individual hafnium
isotope cross sections and diffusion theory.................82

K, versus control rod position using individual hafnium

isotope cross sections and Pl approximation........ DS -

K¢ versus control rod position using 4 group elemental
hafnium and individual hafnium isotope cross sections.......83

K. versus control rod position using 16 group elemental
hafnium and individual hafnium isotope cross sections.......83
Sample calculations for Table 2-1....... B

Sample calculations for Table 2=2. ... eeseessccccsccossnncs 94



viii

LIST OF FIGURES (continued)

Figure Page
B-1 Specifications for CTRLCF, the CTRLPOS control record....... 96
B-2 CTRLPOS data read from input stream for IX(1l) equal to 5...100
B-3 CTRLPOS data read from input stream for IX{(1l) equal to 10..101
B-4 CTRLPOS data read from input stream for IX(1l) egual to 20
with IX(13) not equal tO 0. vt et ieeeiecenceenennnacosannns 104
B-5 CTRLPOS data read from input stream for IX(1l) equal to 30..105
B-6 Specifications for CTRLIF, the CTRLPOS interface file...... 106



ix

LIST OF TABLES

Table BExe
2-1 Relative atom densities for '‘smeared' control rod zones..... 11
2-2 Relative atom densities for a depleted control rod..........13
3-1 List of figures describing the additional data required

for various CTRLPOS module options. .. ...ceeeetenesssencsssea28
4-1 Neutron energy group structures for sample problem

calculations.....ceeveseeess ceasecns ceesscesceasessaasncans .38
4-2 Atom densities for materials used in Sample Problem 1....... 49
4-3 Base case K, results for Sample Problem l............. .s..53
4-4 Atom densities for materials used in Sample Problem 2....... 65
4-5 Base case K, results for Sample Problem 2.....000000000es.67
4-6 Atom densities for materials used in Sample Problem 3....... 78
4-7 Base case k. results for Sample Problem 3................. 80



ACKNOWLEDGEMENTS

The author would like to thank Dr. John-Paul Renier at 0Oak
Ridge National Laboratory for his help with this project. From the
project's start to its completion, Dr. Renier has been invaluable
in helping to determine solutions for coding and theory problems.
This project would not have been possible without his guidance.

The author would also like to thank his committee chairman,
Dr. Edward Dugan. Dr. Dugan's careful review of this document
improved its quality and readability.

The programs which provided funding for this work should also
be recognized. This work was performed under appointment to the
Graduate Student Research Program and the Applied Health Physics
Program both administered by Oak Ridge Associated Universities for
the U. S. Department of Energy. The funding for the Graduate
Student Research Program appointment was made available through the
Advanced Neutron Source Project.

Finally, the author would like to dedicate this work to the
memory of his father, Lenard A. Smith, and in honor of his mother,

Karen Smith.



xi
Implementation of CTRLPOS, a VENTURE Module
for Control Rod Position Criticality Searches,
Control Rod Worth Curve Calculations,

and General Criticality Searches

ABSTRACT

A module in the VENTURE reactor analysis code system, CTRLPOS,
is developed to position control rods and perform control rod
position criticality searches. The module is variably dimensioned
so that calculations can be performed with any number of control
rod banks each having any number of control rods. CTRLPOS can also
calculate control rod worth curves for a single control rod or a
bank of control rods. Control rod depletion can be calculated to
provide radiation source terms. These radiation source terms can
be used to predict radiation doses to personnel and estimate the
shielding and long-term storage requirements for spent control
rods. All of these operations are completely automated.

The numerous features of the module are discussed in detail.
The necessary input data for the CTRLPOS module is explained.
Several sample problems are presented to show the flexibility of
the module.

The results presented with the sample problems show that the
CTRLPOS module is a powerful tool which allows a wide variety of

calculations to be easily performed.






CHAPTER 1

INTRODUCTION AND BACKGROUND

CTRLPOS, a VENTURE control rod positioning module, was
developed to position control rods and control rod banks within the
VENTURE neutronics system[1l]. The VENTNEUT or VALENEUT[1]
neutronics modules within the VENTURE system can be used to
calculate k., values for control rod positioning. Since CTRLPOS
uses CCCC interface files[2], with minor modification the module
can be used within the TWODANT[3] or DIF3D[4] code systems.

The control rod movement process 1is completely automated so
that only initial input is required from the user at the start of
a calculation. CTRLPOS can perform control rod position
criticality searches, calculate the burnup of control rods, and
calculate control rod worth curves. CTRLPOS is not a stand-alone
code and must be used in conjunction with other VENTURE modules.

This report outlines the development of the CTRLPOS module.
Program options, capabilities, and limitations are discussed in a
computer code user's manual format. The input requirements are

explained and several sample problems are presented.

1.1 Reason for Development

The CTRLPOS module was developed to position the control rods

in the VENTURE neutronics models of the Advanced Neutron Source[5].
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Throughout the development of the module, care was taken to make
the control rod treatment as general as possible so that the
automatic search for the critical position of control rods and
control rod banks and the control rod worth determination option
could be used for other reactor types such as PWR, BWR, and MHTGR
reactors. This flexibility allows the module to handle a wide
range of problems, but it also increases the responsibility of the
user to make sure the calculated results are reasonable.

The control rod position criticality search option is an
important feature of the module. A bank of control rods or a
single control rod can be moved until the multiplication factor,
X4sr 1is equal to a desired value, usually unity. Before the
CTRLPOS module was implemented, a manual method was employed to do
this search with DENMAN{1], a VENTURE utility module. This
required a large amount of user interaction and manual adjustments
of the control rods. In addition, because of the continuous
movement of the control rods during fuel cycles, the calculation of
the burnup of control rods was very difficult using this manual
method.

The main goal in the development of CTRLPOS was to make this
time-consuming process completely automated. User input
instructions are only required at the beginning of a calculation.
The module then performs the instructed options when called by the
VENTURE input stream. The depletion of control rods can be
determined over one or several fuel cycles. Before the development

of CTRLPOS, the contents of a depleted control rod could only be
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determined using back-of-the-envelope calculations which must be
based on many assumptions. CTRLPOS allows the isotopics of a
depleted control rod to be determined in a rigorous manner. The
isotopics are very important since they are used to determine the
radiation source terms from the spent control rods. These source
terms can be used to predict expected dose rates to personnel who
must be involved in the control rod replacement process and also

the necessary shielding and long-term storage requirements.

1.2 Other Control Rod Positioning Codes

1.2.1 RODMOD

RODMOD([6] is a VENTURE control rod positioning module. The
module was previously developed to position control rods according
to a prescribed schedule during a fuel cycle calculation. A
criticality search option is not available in this module. The
control rods are treated as a series of discrete zones and the
control rod is moved on a zone-by-zone basis. Modification of
RODMOD was one option considered at the start of the development of
CTRLPOS. Because of the limitations of RODMOD, a decision was made
to develop a totally new and very flexible module which required

minimum user intervention.

1.2.2 Control Rod Programming for Boiling Water Reactors

Several computer programs, such as OPROD by Kawai et al. and

OCTOPUS by Mehmet et al., have been developed to generate control
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rod programming patterns for boiling water reactors(7,8,9,10].
These programs determine control rod patterns which optimize the
length of the fuel cycle. The calculated patterns assure the safe
and effective depletion of BWR cores throughout a fuel cycle. An
'acceptable' pattern has to meet all thermal hydraulic and safety
limits. These control rod positioning codes perform position
criticality searches, but not within a neutronics system suitable

for the treatment of other reactor types.



CHAPTER 2

METHODOLOGY

The CTRLPOS module was developed to allow the positioning and
movement of the control rods of a reactor system to be modelled in
many possible ways. Any number of control rod banks each
containing any number of control rods can be modelled. Also, since
the positioning of the control rods is based on zone volumes, the
module can be used with one-, two-, or three-~dimensional VENTURE
problems (r, 2, -z, Y-z, X-y, ©6-r-z, x-y-z, hexagonal, and
hexagonal-z geometries).

The input to the CTRLPOS module was kept as simple as possible
to avoid confusion and ultimately incorrect results. The user
should be warned that CTRLPOS must not be treated as a 'black box'.
All input and output should be carefully analyzed to assure the

control rods are being treated as expected.

2.1 Options

The CTRLPCS module has three major options. Each option
provides a dimension of flexibility for control rod treatment.

The first option allows for a control rod position criticality
search. A single control rod or a bank of control rods can be
moved within the model to perform the search until the target Kog¢
value is reached. This is an iterative procedure which uses

previous rod positions and k., values to determine a new position
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which should possess the target K¢ Value. Usually several K,
calculation iterations are needed to correctly position the control
rod or control rod banks.

The second option allows the user to model control rods which
are not used to perform the criticality search. These control rods
could be safety rods used only for the shutdown of the reactor or
stuck control rods. With CTRLPOS the user can change the position
of these control rods at any time in the fuel cycle. The only
input requirement is the position where the rod will be placed.
This option can also be used to change the position of the
regulating control rods.

The third option 1is used to calculate control rod worth
curves. The control rods are moved to a series of input positions
and a k., calculation is performed at each position. The rod worth
of a single control rod or a bank of control rods can be determined
using this option. This option requires a single input section and
can be used at any time in a fuel cycle.

Depletion of the reactor core and the control rod material is
performed in the VENTURE system by the BURNER[1] module. The
CTRLPOS module uses the material depletion information from BURNER
to accurately account for the burnup of the control rods. This
process is complicated since the zone where a section of a control
rod is present changes with each movement of the control rod.

These methods are explained in more detail later in this chapter.



2.2 Control Rod Banks, Rods and Zones

Multiple banks each containing one or more control rods can be
treated by the CTRLPOS module. Currently, only Bank 1 can be
automatically moved to search for a target X, value while other
control rods (e.g. safety control rods) are moved 'manually' (i.e.
according to a fixed, preset input schedule) by the module. A
multi-bank Kk, search option using a given relative sequence of
movement for the banks is planned to be added in the near future.
For each control rod of each bank a series of control rod zones
must be input. These zones define the range of motion for each
control rod. The material in the zones on the first entrance to
the module should contain the control rod nuclides. For each of
these control rod zones, a follower zone is also input. The
follower zones contain material that will 'follow' the rod should
the rod be moved out of this control rod zone. Since a different
follower material is allowed for each control rod zone, a follower
that has different properties at different positions can be
modelled (such as coolant in a BWR).

Figure 2-1 shows a simple control rod zone model with a single
control rod. 2Zones 2, 3, and 4 contain the control rod material.
Zones 1 through 5 define the control rod range of motion. For this
model, all control rod zones have the same follower material, the
reflector material found in zone 6. The actual format of the input
data for the CTRLPOS module is discussed in Chapter 3.

There are no restrictions that force control rod motion to be



Reflector Region

Figure 2-1 A simple control rod zone model with a single control
rod.
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only vertical. The zones do not even have to be consecutively
ordered. This allows added flexibility, but also places more
responsibility on the user. For example, the control rod can be
moved opposite the desired direction of motion if the user inputs
the data 'incorrectly'.

Control rod zone treatment is not on a zone-by-zone basis.
The zones along the length of the control rod do not have to be the
same size. Partial zone placement is possible and the control rod
tip can be smeared over’zones in the criticality search procedure.
Figure 2-2 illustrates how control rod material is treated with the
movement of the control rod. 1In this example, the control rod tip
is moved to the center of zone 2. Zone 2 andkzone 5 contain half
control rod material and half reflector material. The CTRLPOS
module smears the control rod material and the reflector material
over each of these zones. Table 2-1 shows how the atom densities
of each of the control rod zones are altered to account for the
control rod movement. Calculations are included in Appendix A

which illustrate how these densities are determined.

2.3 Nuclides in Control Rod Zones

2.3.1 Starting Control Rod Composition

The starting control rod composition is the material in the
control rod zones on the first entrance to the CTRLPOS module.
There is no restriction on what type of material is present in the

control rod. For example, fissile material could be present in the
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Reﬂector Region

Fuvell Re

ion

'Smeared’ Control Control
Control Rod Rod
Rod After Before

Movement Movement

Figure 2-2 The treatment of control rod material with control rod

movement.
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Table 2-1 Relative atom densities for 'smeared' control rod zones.

Control rod

Volume of

Relative atom

'Smeared' relative

zone number | zone, cm’ density at ~ atom density

initial after control rod

position?® movement

1 10 FOLL=1.0 FOLL=1.0

2 10 CTRI~1.0 CTRL=0.5

FOLL=0.5

3 20 CTRL=1.0 CTRI~1.0

4 10 CTRL=1.0 CTRL=1.0

5 10 FOLI~1.0 CTRL=0.5

~ FOLL=0.5

2 FOLL=Follower material.

CTRIL=Control rod material.
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'‘control rod' provided appropriate group constants are given. The
beginning composition of the control rod is used to calculate the
fraction of each nuclide present in each control rod zone after a

burnup step.

2.3.2 Material Produced During Burnup
When CTRLPOS is used in conjunction with the BURNER module,

nuclides in the control rod can be 'burned' to produce new nuclides
in the control rod zones. To properly position these produced
nuclides before moving the control rod to a new position, the
production chains for nuclides in the control rod must be included
in the CTRLPOS input. Burnup chains of nuclides such as the
hafnium chain from "“Hf to "Hf can be correctly treated by the
module. For illustrative purposes, Table 2-2 shows the calculated
atom densities after the control rod is moved to the position in
Figure 2-2, depleted by the BURNER module, and then moved back to
the initial inserted position. 1In this sample problem, the burnup
of one control rod atom leads to the production of 0.75 atoms of
PROD1 and 0.25 atoms of PROD2. Calculations illustrating how these
atom densities are obtained are included in Appendix A.

If the top of the control rod is moved beyond the boundary of
the VENTURE model, this rod information is saved and no exposure
occurs to this material during a burnup calculation. The exposure
of control rod follower material cannot be treated by the module.
The user should always remember that the BURNER module uses the

flux values from the last k. calculation to burn the material in
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Table 2~2 Relative atom densities for a depleted control rod.
Control Relative 'Smeared' | Relative atom | Relative atom
rod atom relative density after density for

zone density at atom depletion depleted
number initial density control rod at
position® after rod inserted
movement position
1 FOLL=1.0 FOLL=1.0 FOLL=1.0 FOLL=1.0
2 CTRL~1.0 CTRI=0.5 CTRI~=0.4 CTRI=0.65
FOLL=0.5 FOL1=0.5 PROD1=0.2625
PROD1=0.075 PROD2=0.0875
PROD2=0.025
3 CTRI=1.0 CTRL=1.0 CTRL=0.5 CTRL~=0.575
PROD1=0.375 PROD1=0.31875
PROD2=0.125 PROD2=0.10625
4 CTRL=1.0 CTRI=1.0 CTR1~=0.8 CTR1=0.85
PROD1=0.15 PROD1=0.1125
PROD2=0.05 PROD2=0.0375
5 FOLL=1.0 CTRI=0.5 CTR1~=0.45 FOLL=1.0
FOLL~=0.5 FOL1=0.5
PROD1=0.0375
PROD2=0.0125

8 FOLI=Follower material.
CTRI=Control rod material.

PROD1=Product 1 from depletion of CTRL material.
PROD2=Product 2 from depletion of CTRL material.
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each 2zone. To correctly burn control rod material, these flux
values must be accurate for all zones where the control rods are
present. Unconverged flux values in control rod zones will lead to
incorrect burnup of the control rods.

Unconverged fluxes might lead to incorrect results in very
large two- or three-dimensional studies. This is especially true
for high leakage reactor systems such as the Advanced Neutron
Source[5]. The k., value usually converges much quicker than the
flux values in these large, multi-dimensional problems. Often the
flux calculation has converged in the core region but has not
converged at large distances into the reflector region. If the k.
calculation is terminated prematurely and the unconverged flux
values in the reflector region are used, the control rod may be
burned inaccurately since the control rod could possibly be pulled
almost completely out of the core and positioned very far out in
the reflector region (see Figure 2-3). The user should always
remember that the control rods may be at any position along their
input range of motion.

In order to speed up the criticality searches, a solution
might be the use only enough outer iterations in CTRLPOS to achieve
an acceptable k, value for control rod positioning. Then, after
exiting CTRLPOS but before calling BURNER, call the neutronics
module and perform a X, , calculation with enough outer iterations
allowed to converge the flux values in all control rod zones. This
solution approach saves calculation time since several position

iterations are usually needed in CTRLPOS to correctly position the
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Flux values in this area of the model must
be accurate since the control rod is present
and BURNER will use these flux values to

Control Rod

| vR‘e‘f‘iectdr Region

Figure 2-3 Control rod positioning illustrating the
possibility of incorrect control rod burnup.
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control rods.

Another case that can lead to erroneous results involves the
treatment of the control rod tip. As mentioned before, the control
rod tip is smeared over a control rod zone when performing
calculations to reach the target Kk, value. 1In a smeared rod tip
zone, the flux depression will be smaller than if the tip was well
defined and not smeared. This effect can accelerate the depletion
of the control rod tip. To fix this problem, an option in CTRLPOS
will position the control rod at a control rod zone boundary before
leaving the module. The iterative position search which smears the
control rod tip zone is used to determine the control rod =zone
which has the target k., value, then the control rod is moved to
the upper and lower boundary of this =zone. The control rod is
placed at the position which has the ks value closest to the
target k. value. Assume that the position iteration procedure in
CTRLPOS determines that the target k. value (unity in this case)
is at position 1 in Figure 2-4. If the zone boundary option is
used, the control rod would be moved to the lower boundary of zone
2 and a Kk, calculation would be performed. K, would also be
calculated with the control rod at the upper boundary of zone 2.
The rod would finally be positioned at the boundary with | Sy
closest to the target k.., in this case the upper boundary of zone
2. With this option, the burnup of the control rod tip can be
accurately calculated.

The user should also note that the number of position

iterations required for convergence can be reduced if the control
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Reflector Region

- *Control Rod :
a a a
Y )
The control rod Thecontrol rod  This s the critical  bmessemmss  inftiatly, the comrol rad Is
ts moved to is movedto the  position tound with positioned with the control
the upper iowsr boundsry  the control rod tip rod tip at the jowsr boundary
boundary of of the zone ta smearsd over of the fuel region;
the zons to deisrmine kefi. zone 2.
aetermine {Position 2) {Position 1)
ketf. {kott=0.095) (kntt=1.000)
(Postiion 2)
(Wwti=1.003)
Figure 2-4 The positioning of a controcl rod to correctly

deplete the control rod tip.
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rod zones have small volumes. If the control rod tip is smeared
over a large zone, a change in control rod position may change only
the atom density of the control rod material in this zone. This
change may have little effect on K,,. The use of small control
rods zones results in a more defined control rod tip; and, in some
cases, fewer position iterations are needed to find the control rod

position with the desired Xk, ; value.

2.4 Pogitioning of Control Rods

2.4.1 Initial Position

The control rod zone where the tip of the control rod is
initially located is input to define the starting position of the
control rod; the initial position can be the lower or upper surface
of the specified control rod zone. This zone does not have to be
the lowest zone in the control rod zone sequence. The position of
the control rod at all times is defined by the total volume from
the tip of the control rod to the initial position zone boundary.
Therefore, the origin for each control rod is the zone boundary
input as the starting position of its control rod tip. The volume
parameter was used rather than height so the module could be used
in one-, two-, and three-dimensional models. In Figure 2-2, the
starting position of the control rod is the lower boundary of zone
2, or the 0.0 cm® position (the bottom of zone 2 is the origin).

3

After movement, the new control rod position is 5 cm’, the center

of zone 2.
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A first guess value of the control rod position, different

from the initial rod position, must be input to initiate the
criticality search procedure. Again, a control rod zone number is
input to define this position. The control rod is moved to this
position and a ks calculation is performed so two k., values and
two control rod positions (the entry rod position and the first
guess position) are known for the iteration procedure. The number
of position iterations can be reduced if the first guess position
is near the target K.; Position. The first guess position must be
between the input positions that define the upper and lower limits
of the control rod tip position. For instance, if the upper and
lower limits of the control rod tip position in Figure 2-2 were
defined as the lower boundary of zone 5 and the lower boundary of
zone 2, respectively. A first guess position at the lower boundary

of 2zone 1 would not be valid.

2.4.2 Iteration Procedure

The new control rod position which should yield the target k.,
value is determined using previous k¢ values and their respective
control rod positions. The two known positions that possess the
k.¢s values closest to the target k. value are used to determine a
guess for the next position. Several interpolation schemes are
allowed, but experience has proven that linear interpolation works
best. Some of the other methods such as Lagrangian interpolation
based on more than two points can lead to an oscillatory control

rod motion effect. Linear interpolation may require one or two
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extra K, calculations, but in the end it usually leads to a stable
convergent solution of the positioning of the control rods.

CTRLPOS assumes that the k,; values calculated at each
position are sufficiently converged. If the Kk, calculation has
not converged, then the control rod will be positioned incorrectly
since wrong k,, values are used to predict the new control rod
position. For instance, the user should not try to position the
control rod sc that k., is within 1.0E-4 of unity if the Kk
convergence criteria of the VENTURE neutronics calculation is only
1.0E-3. The iteration procedure ends when the maximum number of
position iterations, which is input by the user, is reached or the

k value calculated at a control rod position is within the

eff
specified tolerance of the target k,, value.

On option, K, values and control rod positions determined by
an earlier CTRLPOS module execution can be used by the
interpolation scheme to predict the new control rod position. This
option should be used only when the core characteristics do not
change between CTRLPOS module entrances. Also, CTRLPOS has no way
of determining if more than one control rod position has the
desired k., value. A control rod worth curve could be calculated
to determine if this is a property of the reactor system being
examined. If more than one critical control rod position exists,

the range of control rod motion should be input so that only the

desired position can be reached.



21

2.4.3 Corrective Measures for Undesired Movement

Several corrective measures have been added to reduce
incorrect control rod movement in the criticality position search.
These measures are necessary in some cases to avoid excessive
control rod movement.

The first measure makes sure the starting k. values match the
control rod positions. On each CTRLPOS entrance (after the first
entrance) when a criticality search is to be performed, a K
calculation is performed at two control rod positions. This is
necessary since the old k., values will be incorrect if the core
characteristics were changed by another VENTURE module. The core
may have been burned, fuel assemblies may have been shuffled, fresh
fuel assemblies may have been loaded, or a control rod not used in
the criticality search may have been moved. The first k, value of
the reactor core is determined for the current position of the
control rods. The control rods are then moved to its position just
prior to the last exit from CTRLPOS to obtain the second k, value.
Once these two calculations are performed, the normal interpolation
(extrapolation if the new position is outside the range of the two

k_,, values) scheme is used to determine new control rod positions.

eff
The two most recent positions are used since in most cases
(especially core depletion problems with small time steps) these
positions have k. values close to the target k value.

The second group of corrective measures are included to

decrease sporadic contrecl rod movements. When k, values (and

corresponding control rod positions) are very close to the target
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k value, a small change in control rod position can lead to

eff
almost no change in the calculated value of Kes¢e This situation
might occur when a small target k,, convergence criteria is set and
the control rod position change corresponds to only a small change
in the atom density of the material smeared over the control rod
tip zone. The guess of a new control rod position might then lead
to large control rod movements since the new control rod position
is calculated by extrapolating between two k., values which differ
by a very small amount. To limit large movement, a maximum control
rod movement parameter is input by the user. This wvalue is the
maximum distance the control rod can be moved between two
successive X, calculations. This parameter is not used in the
first control rod position search or when the manual control rod
movement option is used.

Another fix-up is required when a control rod position guess
(which should yield the desired ks value) gives a k,, value which
is further from the target ks value than the previously predicted

) 4 This happens occasionally when a control rod is being

eff®
positioned with a very tight tolerance on the target k.¢¢ Vvalue.
This fix-up is also important in a split core design that has a
moderator region between two fuel regions. If the interpolation
method predicts the same position two consecutive times, stored K ¢4
values and control rod positions are no longer used to determine
new control rod positions. For the rest of the position

iterations, the new control rod position is calculated using the

interpolation (or extrapolation) scheme and only the k¢ values and
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positions from the last two k. calculations.
These 'fix-up' measures are not often needed to determine
control rod positions; however, they are necessary to completely

automate the control rod positioning procedure.

2.5 Rod Worth Curve and 'Manual' Movement

For the rod worth curve calculation and the manual control rod
movement CTRLPOS options, a bank of control rods or a single
control rod is moved to an input position. For the rod worth curve
calculation, a series of positions can be input. A Xk, calculation
is performed at each of these positions. After all positions are
calculated, the rod is returned to the position where it was on
entrance to the control rod worth curve section of the module.
Both of these options allow the movement of a single control rod or

a bank of control rods.

2.6 Restart Capabilities

The calculation of the control rod burnup over several fuel
cycles can be done in two different ways. The first method is to
calculate the burnup over several fuel cycles in a single
continuous computer run. The core is depleted to the end of its
cycle, then the core is refueled. If the core is refuelled by
reloading the VENTURE model, both the core and the control rod will

be replaced with 'fresh' material. On option, CTRLPOS will retain
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the previously burned control rod and this depleted control rod
will be used to control the new core. If the DENMAN module is used
to replace only the fuel region, this option is not necessary since
the depleted control rod is not replaced with a new rod. Either of
these procedures can be used to analyze the control rod for any
number of cycles.

In the second method, the control rod is burned over only one
fuel cycle at a time. CTRLIF, the CTRLPOS interface file
containing all pertinent control rod information, is stored and
reloaded when the next fuel cycle calculation starts. The
VENTSTORE[11] module performs this task. This method can also be
used to calculate the control rod burnup for any number of cycles.
One advantage to this method is that the user always has the
previously burned control rod information to restart the problem
should a computer run crash. The user might also prefer this
option if the calculation time for one fuel cycle is very long.

When using either of these two methods, the user must input
data for two new control rod positions at the start of a new cycle
calculation for each control rod. This is necessary since often at
the end of a cycle the control rods are usually completely out of
the core. To correctly position the control rods in a small number
of iterations after the core has been refueled, it is better to
drive the control rods into the core before the criticality
position search begins. This capability is necessary since in most
cases control rods are not replaced each time the reactor core is

refueled.
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CHAPTER 3

CTRLPOS MODULE DATA

3.1 CTRLCF, the CTRLP0OS Control Record

The necessary data for the CTRLPOS module is entered in the
VENTURE input file. Before callihg CTRLPOS, the VENTURE control
record for the module, CTRLCF, must be setup. The DUTLIN[1] input
processor in the VENTURE system can be used to create this record.
DUTLIN is used to add or replace records on the CONTRL interface
file. The CONTRL interface file contains control records for
several modules in the VENTURE system. These records contain
instructions which tell each module what calculations are to be
performed. For CTRLPOS, this record is named 'CTRLCF'. The
required input for the 'CTRLCF' reéord is described in Figure 3-1.
IX(1) is the variable that determines what option will be performed
by CTRLPOS when the module is called.

The first entrance to the module is used to setup an output
file for CTRLPOS. 1IX(1l) should be:either 1 or 5. Option 1 routes
CTRLPOS output to the default VENTURE output file. This is usually
not the preferred option since all the information for each k,
calculation is also printed in this file. When option 5 is used,
all CTRLPOS output is sent to a ﬁser—specified file name. The
output for all other modules called by CTRLPOS is sent to the
default VENTURE output file. |

IX(1) must be either 10 (for a new run) or 20 with iX(13) not
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equal to zero (for a restart run) on the second CTRLPOS entrance.
These options are necessary since the CTRLIF file must be created
before CTRLPOS can be begin a control rod position search.

CTRLPOS is called by placing 'CTRLPOS' in columns 1-7 of the
VENTURE input stream. For several IX(1) options, additional data
is needed after this heading. Table 3-1 lists each of the cases
where additional data must be input. Included in the table are
remarks as to the purpose of the data. Figures B-2 through B-5
contain the format of the additional data. All data is free format
except for the unigue nuclide names required on cards 10 and 11
when IX(1l) is equal to 10 (see Figure B-3). VENTURE uses both
unique and absolute nuclide names. Each nuclide must have a unique
name while several nuclides can have the same absolute name. For
example, if #°U were present in two different zones in a problem
and different cross section sets were used in each zone, the unique
nuclide names for the %°U might be '1U235' and '2U235'. The

absolute name for both of the nuclides could be 'U235!',.

3.2 CTRLIF, the CTRLPOS Interface File

The CTRLIF file contains all control rod position and isotopic
information. Figure B-6 lists the contents of this file. A
description of the parameters which determine the length of each
record is included (see Record 1). If a restart case is planned
this file must be stored at the end of the fuel cycle. The file

must be loaded into the VENTURE system before the next fuel cycle
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calculation can begin using the IX(1) equal to 20 with IX(13) not
equal to 0 CTRLPOS option. The storage and retrieval of the CTRLIF

interface file is done by the VENTSTORE[11l] module.
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Table 3-1 List of figures describing the additional data required
for various CTRLPOS module options.

Variables which Figure
determine need describing Remarks
for additional data format
data
IX(1)= 5 Figure B-2 Name of CTRLPOS output file
Data required to setup CTRLIF
IX(1)=10 Figure B-3 file containing control rod
information
IX(1)=20 Data changes control rod
with Figure B-4 position after reactor core has
IX(13).NE.O been refueled
IX(1)=30 Figure B-5 Data provides positions for rod
worth curve calculation
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CHAPTER 4

SAMPLE PROBLEMS

Three different sample problems are provided to demonstrate
some of the features of the CTRLPOS module. Monte Carlo, S,
transport theory, and diffusion theory results are compared for
each problem. All caléulations were performed on IBM RISC/6000
workstations. A short descriptidn of the nuclear analysis code
packages used for these calculations is included in Appendix C.

The geometries of the sample problems are simple. These
sample problems are for illustrative purposes to show several of
the features of the CTRLPOS module and do not represent actual
reactors.

Each sample problem has a fuel region with a 1light water
reflector. The fuel region consists of UO,F,~H,0 solution with an
H/?®U ratio of 1270. This type of solution is often used in

criticality benchmark experiments. The input and selected output

for each sample problem are included in Appendix D.

4.1 Monte Carlo Calculations

Monte Carlo calculations were performed for each sample
problem using MCNP, Version 4xef13]. This version is an early
release from Los Alamos National Laboratory. ENDF/B-V cross
sections from the standard continuous energy libraries (provided

with the code package) were used for all the materials. MCNP k.
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values are shown with statistical uncertainties of two sigma. The
statistical uncertainty printed in the MCNP output (the estimated
relative error) is multiplied by two to obtain an uncertainty of
two sigma. This gives a 95% confidence range for the reported Kk
value. For all MCNP calculations, 180 cycles with 1000 source
particles per cycle were run. The first 30 cycles were skipped in
order to achieve an asymptotic fission density distribution. A
source distribution from a previous MCNP run was not used for any
of the calculations. Figures 4-1, 4-2, and 4-3 show the typical
behavior of k¢ Vversus the number of cycles for each sample
problem. These figures show that the wvalue of k  has reached a
plateau that does not change much between cycles at the end of 180

cycles.

4.2 Cross Section Processing

Cross sections from the revised 99 neutron group ANSL-V master
cross section library[14] were used for all transport and diffusion
theory calculations. Figures 4-4, 4-5, and 4-6 show flowcharts of
the cross section processing scheme for the 16, 8, and 4 neutron
group working cross section libraries, respectively. The 99 group
master library was processed using the SCALE 4.1 code system[15].
The CSASN module created a 99 neutron group working library. This
module runs the BONAMI-S module to process unresolved resonances
and NITAWL~-II to process resolved resonances. CSASN was used for

the resonance processing since only one set of input is required
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for the processing of both the unresolved and resolved resonances.
Also, the module is part of the SCALE package which can be used to
process AMPX format master cross section libraries, such as the 99
neutron group ANSL-V library.

XSDRNPM was used to calculate a 99 group neutron spectrum.
This spectrum was used to perform a zone weighted collapse from 99
neutron groups to 16 neutron groups as shown in Figures 4-~4, 4-5,
and 4-6. Table 4-1 shows the energy boundaries for each group
structure. In the generation of the 8 and 4 group libraries, the
cross sections were first collapsed to the 16 energy group
structure (See Figures 4-5 and 4-6). The 16 neutron group working
library was then collapsed to 8 or 4 neutron group libraries.

A zone collapse was performed to create weighted spatially
dependent cross section sets (named region cross section sets in
this report). In each sample problem, two fuel region and two
reflector region cross section sets were generated. A region cross
section set is created by performing a zone weighted collapse in a
geometric area of a problem. For instance, for the fuel region,
two different region cross section sets were created. One set is
for the inner fuel region (center of fuel) while the other set is
for the outer fuel region (fuel near the reflector). Region cross
section sets are used to provide cross sections which have been
collapsed over the spectrum characteristic to the region's
geometric position in the problem. The use of multiple region
cross section sets can be very important in reactor cores where the

neutron flux is very dependant on position (for example, high
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Figure 4-3
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Figure 4-~4
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ANSL-V 89 Neutron Group AMPX Master Library

v
CSASN

This SCALE module generates input for the BONAMI-S and
NITAWL-li modules which perform resonance processing
and generate a AMPX working format 99 group neutron
cross section library. :

¥

BONAMI-S
This module processes Cross
sections in the unresolved region.

NITAWL-I
This module processes Cross
sections in the resolved region.

h 2

XSDRNPM

A 1-D S,P, discrete ordinates transport calculation is
performed 10 calculate a 89 group neutron spectrum and
collapse the 99 group neutron cross section library to a 16
group neutron cross section library.

XSDRNPM

A 1-D §,P, discrete ordinates transpon calculation is
performed to calculate a 16 group neutron spectrum and
convert the 16 group neutron cross section library to a CCCC
ISOTXS file containing 16 group neutron cross sections.

Flowchart of the calculational procedure used to
generate 16 group neutron cross sections for CTRLPOS
sample problens.



ANSL-V 99 Neutron Group AMPX Master Library

v
CSASN

This SCALE module generates input for the BONAMI-S and
NITAWL-Il modules which perform resonance processing
and generate a AMPX working format 99 group neutron
cross section library.

¥

BONAMI-S
This module processes Cross
sections in the unresolved region.

NITAWL-lI

This module processes Cross
sections in the resolved region.

y

XSDRNPM
A 1-D S,P, discrete ordinates transport calculation is performed to

calculate a 99 group neutron spectrum and collapse the 99 group
neutron cross section library to a 16 group cross saction library.

¥

XSDRNPM

A 1-D S,P, discrete ordinates transport calculation is performed to
calculate a 16 group neutron spectrum and collapse the 16 group
cross section library to an 8 group neutron cross section library.

¥

XSDRNPM

A 1-D S,P, discrete ordinates transport calculation is performed
1o calculate an 8 group neutron spectrum and convert the 8
group neutron cross section library to a CCCC ISOTXS file
containing 8 group neutron cross sections.

—

Figure 4-5 Flowchart of the calculational procedure used to

generate 8 group neutron cross sections for CTRLPOS
sample problems.



ANSL-V 99 Neutron Group AMPX Master Library

K

CSASN

This SCALE module generates input for the BONAMI-S and
NITAWL-Il moduies which perform resonance processing
and generate a AMPX working format 99 group neutron
cross section library.

¥

BONAMI-S
This module processes cross
sections in the unresoived region.

I S

NITAWL-Hl
This module processes cross
sections in the resoived region.

L

XSDRNPM

A 1-D S,P, discrete ordinates transport calculation is performed to
calculate a 99 group neutron spectrum and coliapse the 99 group
neutron cross section fibrary to a 16 group cross section library.

v

XSDRNPM

A 1-D S,P, discrete ordinates transport calculation is performed to
calculate a 16 group neutron spectrum and collapse the 16 group
cross section library to an 4 group neutron cross section library.

¥

XSDRNPM

A 1-D §4P, discrete ordinates transport calculation is performed
to calculate an 4 group neutron spectrum and convert the 4
group neutron cross section library to a CCCC ISOTXS file
containing 4 group neutron cross sections.

Figure 4-6 Flowchart of the calculational procedure used to
generate 4 group neutron cross sections for CTRLPOS
sample problems.
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Table 4-1 (continued)

57 7.8600E+01 57
58 6.1780E+01 58
59 4.8559e+01 59
60 3.B148E+01 60
61 3.0000£+01 61 1
62 2.40B28+01 62
63 1.9332£+01 63
646 1.5518E+01 (A
65 1.2457E+01 65 :
&6 1.0000E+01 66 12 5
67 7.8800E+00 67
68 6.1780E+00 68
69 4.8559E+00 &9
70 3.B146BE+00 70
71 3.DD00E+DO0 rs! 13 4
72  2.6996E+00 KA
73 2.4292E+00 73
74 2.1B59E+00 74
75 1.9670E+00 5
76 1.7700E+00 76
77 1.3000E+00 77
78 1.0000E+00 78 14 [ 4
79 7.6500E-01 79
80 6.2500E-01 80
81 4.7900E-01 81
82 3.9700E-01 82 15 7
83 3.3000e-01 83
B84 2.7000E-01 82
85 2.1500£-01 85
86 1.6200E-01 86
87 1.04060E-01 87 16 8
88 5.0000£-02 a8
89 3.0000E-02 8%
90 1.0000E-02 90
91 4.4500€-03 1
92 3,2500E-03 92
93 2.60D00E-03 93
94 2.1500£-03 94
95 1.8000E-03 95
96 1.4500t£-03 96
97 1.1500E-03 97
98 8.5000E-04 98
99 5.5000E-04 99
1.0000E-05
* Mansen-Roach 16 group structure(16]
LA group structure with 3 ev cutoff
€ 4 group structure with 1 ev cutoff

(End of Table 4-1)



40
leakage systems). Only one region cross section set was generated
for the control rod material (hafnium) isotopes in Sample Problems
2 and 3.

A value of 1.0E-4 was used for both the eigenvalue and flux
convergence criteria for all XSDRNPM runs. After collapsing the
cross sections, a CCCC ISOTXS interface file was created. The

VENTURE code system accesses this cross section format.

4.3 Diffusion Theory Calculations

The VENTURE computation system was utilized to perform all the
diffusion theory reactor calculations. The VENTNEUT neutronics
module performs a mesh-centered, finite-difference calculation in
one-, two-, or three~dimensional geometry. Both the diffusion
theory and the Pl approximation options were used for the sample
problem calculations. For all the problems, a k,  convergence
criterion of 5.0E~6 was used with a flux convergence criterion of
5.0E-5. These values were selected since they are the default
values and are rather small convergence criteria. The control rod
positioning convergence criterion in CTRLPOS was 1.0E-3 for all the
sample problems. In all cases, enough iterations were allowed to

ensure convergence.
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4.4 Sample Problem 1: Cvlindrical Core Size Study

4.4.1 Purpose of Sample Problem 1

Sample Problem 1 demonstrates the use of the "control rod
worth curve" CTRLPOS option. Some of the flexibility of the
CTRLPOS module is shown since the option is used to determine Xk

values for different one-dimensional fuel region sizes.

4.4.2 Brief Description of Sample Problem 1

Sample Problem 1 examines a one-dimensional, homogeneous,
infinite cylindrical fuel region with a light water reflector.
Figure 4-7 shows a top and side view of the model. The model shows
the problem has an inner and outer fuel region surrounded by a
reflector region which is also divided into an inner and outer
region. Both fuel regions contain the same fuel material. Both
regions of the reflector contain light water. Table 4-2 shows the
atom densities for each material used in Sample Problem 1.

The CTRLPOS module is used to calculate k., for various fuel
region radii. At the start of the calculation, the reactor fuel
region has a radius of 10 cm. The CTRLPOS module increases the
fuel region radius and performs a k., calculation for the new core.
This process is continued until the fuel region radius is 35 cm.
As the fuel region increases in size, the reflector region
decreases in size. When the fuel region radius is 10 cm, the
reflector is 40 cm thick; and, when the fuel region radius is 35

cm, the reflector is 15 cm thick. The outer boundary of the
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reflector region was thus kept at a radius of 50 cm.

A flowchart of the calculational path for Sample Problem 1 is
shown in Fiqure 4-8. The DUTLIN module is used to setup and make
changes to 'CTRLCF', the CTRLPOS control file. The parameters in
the 'CTRLCF' file are discussed in detail 1in Chapter 3. The
CTRLPOS control rod worth curve option (Option 30) was used to
position the 'control rod' (in this case the fuel region) at a
series of zone boundaries. Note that the 'control rod' is in
reality fuel material. The radius of the fuel region increases and
the thickness of the reflector region decreases while the control
rod worth curve calculation proceeds. The CTRLPOS module is used
to calculate k,, values for several core sizes.

Several different change cases were examined. The flexibility
of CTRLPOS allows the movement of the fuel material to be modelled
in several different ways. Figure 4-9 shows the four methods which
were examined. For all four methods, the starting problem geometry
is the same. The fuel region has a radius of 10 cm. Region cross
section set 1 is used in the inner fuel region, and region cross
section set 2 1is used in the outer fuel region (next to the
reflector). Two different region cross section sets are also used
in the reflector, set 1 for the reflector next to the fuel and set
2 for the reflector at the outside boundary of the problem.

Methods 1 and 2 shown in Figure 4-9 differ only by the
starting point of the control rod tip. In Method 1, the control
rod tip is initially located at the center of the fuel region. The

'control rod' starts at the center of the fuel and ends at the
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outer edge of the reflector region. As the 'control rod' is moved
outward, the radius of the fuel region increases and the thickness
of the reflector region decreases. The zones of the fuel region
that the 'control rod' is moved out of are filled with control rod
follower material. In Method 1, the follower material is fuel
using region cross section set 1.

Method 2 is the same as Method 1 except the control rod tip is
initially located at the boundary between the inner and outer fuel
regions. The inner fuel region which contains fuel using region
cross section set 1 remains stationary in this method. As the
'control rod' is moved outward, the radius of the fuel region
increases and the thickness of the reflector region decreases. The
control rod follower is fuel using region cross section set 1.
This follower material is placed in the zones that are left empty
as the control rod tip is moved outward.

In Method 3, the control rod tip is initially located at the
outer boundary of the outer fuel region. As the 'control rod' is
moved outward increasing the size of the fuel region, fuel material
using cross section set 2 is used as the control rod follower
material. The original inner and outer fuel regions remain
stationary. The fuel region size increases with the addition of
fuel material to the outer edge of the outer fuel region while the
reflector thickness decreases.

In Method 4, the control rod tip is initially located at the
outer boundary of the outer fuel region. The follower material is

fuel using region cross section set 1 until the fuel radius reaches
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14.4 cm. At a fuel region radius of 14.4 cm, the core consists of
fuel using region cross section set 1 out to a radius of 11.5 cm
and fuel using region cross section set 2 from 11.5 cm to the outer
edge of the fuel region at 14.4 cm. When the fuel region is larger
than 14.4 cm, the follower material is changed to fuel using region
cross section set 2. A fuel region with a radius greater than 14.4
cm consists of an inner fuel region with a radius of 11.5 cm
containing fuel using region cross section set 1 and an outer fuel
region which contains fuel using cross section set 2. Method 4 is
different from the previous methods. The radius of the inner fuel
region is increased until its radius is 11.5 cm; then, the
thickness of the outer fuel region is increased. In this method,
two different control rod followers are used.

Since CTRLPOS uses zone volumes and these volumes change as
the fuel region radius increases, for most control rod positions
the reflector/fuel interface is smeared over the 2zone which
separates the fuel and reflector regions. All zones are 0.5 cm
thick. The zone volume is dependent on the zones distance from the
center of the fuel region. For instance, a 0.5 cm thick ring with
an inside radius of 1.0 cm does not have the same volume as a 0.5
cm thick ring with an inside radius of 2.0 cm. Since each zone
does not have the same volume, at certain 'control rod' positions
the outside zone of the fuel region will contain both reflector and
fuel material.

Another parameter that must be examined is the validity of

using cross sections calculated at one fuel region size in a K
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calculation for a different fuel region size. In this sample
problem, the radius of the fuel region and the thickness of the
reflector region are being changed dramatically from the starting
geometry. At the start of the calculations, the fuel region has a
radius of 10 cm. The largest fuel region size examined has a
radius of 35 cm. The validity of using cross sections created for
a fuel region with a radius of 10 cm in a K, calculation for a
fuel region with a 35 cm radius must be examined.

To examine this parameter, three different problem cross
section sets were created and each method was examined using each
problem cross section set. Problem cross section set 1 was created
using a fuel region radius of 10 cm, problem cross section set 2
with a fuel region radius of 22.5 cm, and problem cross section set
3 with a radius of 35 cm.

A problem cross section set is not the same as a region cross
section set. A problem cross section set is for a specific problem
geometry. Problem cross section set 1 was created using a geometry
that has a fuel region with a radius of 10 cm surrounded by a 40 cm
thick reflector region. All three problem cross section sets
contain two region cross section sets for the fuel region and two
region cross section sets for the reflector region. Problem cross
section set 2 was created for a fuel region with a radius of 22.5
cm and with a 27.5 c©m thick reflector region. Problem cross
section set 3 was created for a fuel region with a radius of 35 cm
and with a 15 cm thick reflector region.

VENTURE calculations were performed using these different
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methods and problem cross section sets with both diffusion theory

and Pl approximation options.

4.4.3 Results for Sample Problem 1
Table 4-3 compares the MCNP, XSDRNPM, and VENTURE results.

These k., values are for the base cases. The base cases are the
cases where the problem geometry in the three different code
systems is identical. For example, for the 10 cm radius reactor
core base case, the reactor fuel region radius was 10 cm and the
reflector thickness was 40 cm in the MCNP, XSDRNPM, and VENTURE
calculations. The K, 's using the 99 neutron group cross sections
and the discrete ordinates transport model are smaller than the 4
group transport based wvalues. The 4 group VENTURE k. values
slightly over-estimate the MCNP results.

Figures 4-10 through 4-15 compare the CTRLPOS Method 1 results
for different energy structures for the three problem cross section
sets. Results for the VENTURE diffusion theory option are shown in
Figures 4-10 through 4-12. Results for the VENTURE P1
approximation option are shown in Figures 4-13 through 4-15. 1In
this problem, the different energy cutoff (1 ev versus 3 ev for
group 4) and the diffusion theory and Pl approximation options
yield small differences in k,,. The same conclusion was found for
Methods 2, 3, and 4 described in Figure 4-9.

Figure 4-16 compares the VENTURE 16 group Method 1 results for
the three different problem cross section sets. The use of

different problem cross section sets has little effect on the k.
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values in this problem. This same result was observed for the
three other methods. Figures 4-17 through 4-20 compare the CTRLPOS
and MCNP k., results. Similar to the results of the base case
shown in Table 4-3, when the fuel région is smaller than 10 cm, the
16 group k., values are about 3% lower than the MCNP results while
the 4 group values appear to slightly over-estimate the MCNP
results. When the fuel region has a radius between 25 and 35 cnm,
the 16 group results and the MCNP results agree very well. All
four methods produce approximately the same k¢ values. This is
probably because the cross sections for the two fuel regions are
very similar. In other systems (a system with a large change in
the neutron spectrum over the fuel region), each method might

result in very different values for k..
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Table 4~2 Atom densities for materials used in Sample Problem 1.
Material Atom Densities (cm™ x 107%)

Nuclide )
Fuel (UO,F,-H,0 solution) Reflector (H,0)
6.6436-2° 6.6644-2
3.3330~-2 3.3334-2

F 1.2338-4 0.0

Bhy 5.5020-7 0.0

5y 5.2312-5 0.0

236y 2.6950-7 0.0

238y 3.0091-6 0.0

2 Read as 6.6436 x 1077



VENTURE Mode! Setup

CONTROL1--Initialization module.

DCRSPR--Setup of XCPINS control file for CROSPROS.
CROSPROS--Convarts ISOTXS file to GRUPXS file.
DVENTR--Setup problem geometry and zone materials creating the
GEODST, ZNATDN, and NDXSRF interface files.

v

DUTLIN
Setup of CTRLCF control file for CTRLPOS
Option 5
' )
CTRLPOS
Option 5--Name of CTRLPOS output file is
read.
y
DUTLIN
Setup of CTRLCF control file for CTRLPOS
Option 10
!
CTRLPOS

Option 10--CTRLPOS data is read and a
control rod position search is performed.

y

DUTLIN
Setup of CTRLCF control file for CTRLPOS
Option 30
] )
CTRLPOS

Option 30--A control rod worth curve
calculation is performed.

END OF INPUT AND RUN

Figure 4-8 Flowchart of the VENTURE calculation for Sample
Problem 1.
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Method 1
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Fuel using region cross section set 1.

Fuel using region cross section set 2.

Light water using region cross section set 1.
Light water using region cross section set 2.

Note: Drawing not to scale.
All dimensions are centimeters,

Figure 4-9 Different methods used to move the control rod material
{fuel) in CTRLPOS Sample Problem 1.
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Figure 4-9 (continued)

Method 3

(Foliower material is always fuel
using region cross section set 2.)
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Method 4

(Follower material is always fuel using region cross section
set 1 then changes to fuel using region cross section set 2.)

Foliower material (both fuel using region ¢ross section sat 1
and tuel using regton cross section sot 2) is added s fue!
Fegion $ize INcronses. Whan the cora radius is srmaller than
14.4 cm. tha inner tuel region which usss region croas section
sat 1 is not prasent and only fuel using region cross section
sot 2 is in the center of the tuel region.

Legend

K< Fue! using region cross section set 1.

Fuel using region cross section set 2.

Light water using region cross section set 1.
Light water using region cross section set 2.

Note: Drawing not to scale.
All dimensions are centimeters.
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Table 4-3 Base case k, results for Sample Problem 1.

Geometry Configuration

cu ion Methoc
Calculati M od 10 cm radius | 22.5 cm radius | 35 cm radius

reactor core reactor core reactor core
MCNP? 0.7105% 1.0393% 1.1488%

0.0033 0.0025 0.0022
VENTURE®-4 group | 0.7145 1.0548 1.1577

Diffusion theory
(1 ev cutoff)

VENTURE~4 group 0.7126 11.0544 1.1575
P1 approximation
(1 ev cutoff)

VENTURE~4 group 0.7190 1.0569 1.1588
Diffusion theory
{3 ev cutoff)

VENTURE~4 group 0.7169 1.0564 1.1586
P1 approximation
(3 ev cutoff)

VENTURE-16 group | 0.6881 1 1.0365 1.1465
Diffusion theory
VENTURE~16 group | 0.6844 1.0354 1.1461

Pl approximation

XSDRNPM-99 group | 0.7124 1.0454 1.1526

XSDRNPM-16 group | 0.7133 1.0446 1.1501

XSDRNPM~-4 group 0.7321 1.0593 1.1594
(1 ev cutoff)

XSDRNPM-4 group 0.7367 1.0629 1.1605

(3 ev cutoff)

=

® Reported statistical uncertainty for MCNP k. 's is two sigma
obtained by multiplying the reported uncertainty of one sigma in
the MCNP output by two. Values are reported for 1000 source
particles per cycle. 180 cycles were run and the first 30 cycles
were skipped. « '

P A1l VENTURE calculations were performed using a one-dimensional,
infinite, cylindrical geometry model.
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Figure 4-10 K, versus reactor size for diffusion theory cases
using Method 1 and problem cross section set 1.
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Figure 4-11 K . versus reactor size for diffusion theory cases

using Method 1 and problem cross section set 2.
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Figure 4-12 K . versus reactor size for diffusion theory cases
using Method 1 and problem cross section set 3.
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Figure 4-13 K. versus reactor size for Pl approximation cases

using Method 1 and problem cross section set 1.
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K, versus reactor size for Pl approximation cases

using Method 1 and problem cross section set 2.
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K¢ versus reactor size for Pl approximation cases

using Method 1 and problem cross section set 3.
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Figure 4-17 - Comparison of MCNP and VENTURE results using Method

1 and problem cross section set 1.
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Figure 4-19 Comparison of MCNP and VENTURE results using Method

3 and problem cross section set 1.
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4.5 Sample Problem 2: One~Dimensional Reactor with a Control
Rod Ring

4.5.1 Purpose of Sample Problem 2

Sample Problem 2 demonstrates the control rod position search
CTRLPOS option. The search option is used to adjust the density of
hafnium in a zone in an one-dimensional cylindrical problem. The

densities which yield desired k., values are determined.

4.5.2 Brief Description of Sample Problem 2

Sample Problem 2 examines a one-dimensional, infinite height
fuel region with a reflector. Figure 4-21 shows the top and side
view of the model. A one centimeter thick hafnium ring is used to
control the reactor. Table 4-4 shows the atom densities for each
material used in Sample Problem 2. Two different control rod
materials are examined; (1) elemental hafnium and (2) a mixture of
hafnium isotopes at natural abundance. Note that this sample
problem is for illustrative purposes only to show some of the
capabilities of the CTRLPOS module.

The CTRLPOS module was used to perform a search for the
hafnium density that obtains a user-specified K¢ value. This
search is performed by changing the target k.4 value and using
option 20 of the CTRLPOS module. Figure 4-22 shows a flowchart of
the calculational path for this problem. The CTRLPOS module was
run several times with optien 20 using different target k¢ Values.
This method was used since in this one-dimensional problem a

control rod worth curve calculation using option 30 will yield only
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two control rod positions and their associated ks values. The
control rod can be placed only at the top and bottom of the control
rod zone since option 30 accepts only zone boundaries as input to
determine positions for a control rod worth curve calculation.

The collapsed, weighted cross sections were created for
hafnium with a hafnium density of 13.1 g/cm’. The 16 group cross
sections were created by the procedure presented in Figure 4-4, and
the 8 group cross sections were created by the procedure shown in
Figure 4=-5. The XSDRNPM code was used to calculate a neutron
spectrum for the geometry shown in Figure 4-21. This spectrum was
used to perform a zone-weighted collapse for the material in the
hafnium ring. Results were calculated using the elemental hafnium
cross section and cross sections for a mixture of hafnium isotopes

(‘"™“uf, "°Hf, "7Hf, '®Hf, "Hf and '8%Hf) at natural abundance.

4.5.3 Results for Sample Problem 2

Table 4-5 compares the MCNP, XSDRNPM, and VENTURE results.
These k_; values are for the base case. The base case is the case
where the problem geometry in the three different code systems is
identical with hafnium material at a density of 13.1 g/cm® in the
control ring. Since the individual hafnium isotopes ('%Hf, 'Hf,
"7, '"Hf, '"Hf and ''Hf) are not available in the standard MCNP
cross section libraries, k., was not determined with MCNP using the
individual hafnium isotopes. Comparison of the k. values obtained
by XSDRNPM and MCNP show that XSDRNPM gives higher values. The

VENTURE keff values are lower than the MCNP value. The use of cross
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sections for the individual hafnium isotopes give slightly lower
k¢ Vvalues than the use of the cross sections for elemental
hafnium.

Figures 4-23 through 4-26 compare the results for k., obtained
with VENTURE using both elemental hafnium and hafnium isotopes with
the results obtained from MCNP. The VENTURE 16 group k., values
are consistently lower than the MCNP values. The difference
between the k_, values is constant down to a hafnium density of
about 2 g/cm®>. Below 2 g/cm’, the elemental hafnium results match
rather well. This difference may be because the hafnium cross
sections created at 13.1 g/cm’® are valid at these low densities.

Figures 4-27 and 4-28 compare the 16 group VENTURE k. results
obtained using the XSDRNPM generated cross sections at a hafnium
density of 13.1 g/cm’. The ks results obtained using the cross
sections of elemental hafnium are consistently higher than those
obtained when the individual hafnium isotopes at natural abundance
are employed. The Kk, values obtained by the Pl approximation in
VENTURE are smaller than the values obtained by VENTURE diffusion
theory and the results calculated with MCNP.

To determine if the use of cross sections created at one
density is valid in this problem, calculations were performed with
cross sections created by XSDRNPM using hafnium material at a
density of 1 g/cm’. Figures 4-29 through 4-32 compare the VENTURE
results using XSDRNPM generated cross sections at a hafnium density
of 1 g/cm® to the 13.1 g/cm’® results. The cross sections processed

3

at 1 g/cm” yield smaller X, values than the cross sections
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processed at 13.1 g/cm’. The biases between the MCNP and VENTURE
k¢ values at 1 g/cm® and 13.1 g/cm’ are very similar in all four
figures. This bias is the difference between the ks values
obtained with VENTURE using cross sections collapsed at either 1
g/cm® or 13.1 g/cm’ and the corrésponding MCNP results. This
comparison shows that the 13.1 g/cm3 processed cross sections are
not valid for k. calcuiations at low densities, and the 1 g/cm’
processed cross sections are not valid for éalculations at high
densities. A possible sblution for this limitation is discussed in

Chapter 5.
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Table 4~-4 Atom densities for materials used in Sample Problem 2.
Material Atom Densities (cm™ x 10°%)
Nuclide ,
Fuel Reflector Control Rod control Rod
(UO,F,~H,0 (H,0) composed of | composed of
soluéion) hafnium elemental
isotopes hafnium
6.6436-22 6€.6644-2 0.0 0.0
3.3330~2 3.3334-2 0.0 0.0
1.2338-4 0.0 0.0 0.0
Bay 5.5020-7 0.0 0.0 0.0
235y 5.2312-5 0.0 0.0 0.0
236y 2.6950-7 0.0 0.0 0.0
ey 0.0 0.0 7.1600~5 0.0
176y £ 0.0 0.0 2.3009-3 0.0
774e 6.0 0.0 8.2234-3 0.0
78y f 0.0 0.0 1.2065-2 0.0 .
94f 0.0 0.0 6.0237~3 0.0
18041 £ 0.0 0.0 1.5513~-2 0.0
Elemental 0.0 0.0 0.0 4.,4198~-2
Hf

8 Read as 6.6436 x 1072




VENTURE Model Setup
CONTROL1--Initialization module.
DCRSPR--Setup of XCPINS control file for CROSPROS.
CROSPROS--Converts 1SOTXS file to GRUPXS file.
DVENTR--Setup problem geometry and zone materials creating the
GEODST, ZNATDN, -and NDXSRF interface files.

DUTLIN
setup of CTRLCF control file for CTRLPOS Option 5

¥

CTRLPOS

Option 5--Name -of CTRLPOS output file is read.

¥
DUTLIN
Setup of CTRLCF control file for CTRLPOS Option 10
¥
"CTRLPOS
‘Option 10--CTRLPOS ‘data is read-and a control rod density search is
performed.
g
y
DUTLIN
Setup of CTRLCF control file for CTRLPOS
Option 20
y
Option 20 is “CTRLPOS
repeated for Dption 20--A control rod density search
each desired is performed.
key value.
Y
DUTLIN
Setup of CTRLCF control file for CTRLPOS Option 30
¥
CTRLPOS

Option 30--A control rod worth curve calculation is performed.

Figure 4-22

r

END OF INPUT AND RUN

Flowchart of the VENTURE calculation for Sample
Problem 2.
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Table 4-5 Base case k,, results for Sample Problem 2.

Hafnium Material
1 i Method )

Calculation Hafnium isotopes Elemental
at natural Hafnium
abundance

MCNPE | == b 0.9711%

0.0025
VENTURE®~-8 group 0.9630 ¢ 0.9663
Diffusion theory

VENTURE-8 group 0.9598 0.9633
Pl approximation

VENTURE~16 group 0.9606 0.9638
Diffusion theory

VENTURE-16 group 0.9521 0.9557
P1 approximation ,

XSDRNPM-99 group 0.9748 ; 0.9780

XSDRNPM-16 group 0.9752 0.9785

XSDRNPM~8 group 0.9773 0.9806

® Reported statistical uncertainty for MCNP k.. 's 1is two sigma
obtained by multiplying the reported uncertainty of one sigma in
the MCNP output by two. Values are reported for 1000 source
particles per cycle. 180 cycles were run and the first 30 cycles
were skipped.

Individual hafnium isotopes are not available in the standard
MCNP cross section library.
¢ All VENTURE calculations were performed using a one-dimensional,
infinite, cylindrical geometry model.
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theory.
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using elemental hafnium cross section and Pl
approximation.
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4.6 Sample Problem 3: Two-dimensional Reactor with a Control

Rod Ring
4.6.1 Purpose of Sample Problem 3

Sample Problem 3 demonstrates the use of the control rod worth
curve CTRLPOS option. The control:rod is a hafnium ring which is
modelled using a two~-dimensional R-Z geometry. This problem shows
some of the features of CITRLPOS that are useful when examining

reactor systems which require control rod movement.

4.6.2 Brief Description of Sample Problem 3

Sample Problem 3 examines a two-dimensional cylindrical fuel
region with a reflector. Figure 4-33 shows the top and side view
of the model. A one centimeter thick hafnium ring is moved axially
to adjust k_,. Both the hafnium rihg and the reactor have a height
of 100 cm. The starting locatidn of the control rod is fully
inserted with the control rod tip located at the lower boundary of
the fuel region. The hafnium ring is moved out of the fuel region
into the reflector region above the fuel region to change the value
of k.. Table 4-6 shows the atom densities used for the materials
in the problem. This problem does not represent a real reactor
system and these calculations are only for illustrative purposes.

The CTRLPOS module was used to calculate k., at various
control rod positions. Fi‘gure 4-34 shows a flowchart of the
calculational path for this problem. Option 30 of the CTRLPOS
module was used to calculate a control rod worth curve. The

weighted collapsed cross sections were created using a one-
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dimensional radial XSDRNPM model of a finite cylindrical core with
the control rod fully inserted. The buckling correction in the
perpendicular direction was not adjusted to account for the
reflector regions above and below the fuel region. This correction
was not examined since it should have little effect on the cross
sections for this system and the purpose of this sample problem is
to demonstrate the capabilities of the CTRLPOS module. Results for
both elemental hafnium and a mixture of hafnium isotopes at natural

abundance were obtained.

4.6.3 Results for Sample Problem 3
Table 4-7 compares the MCNP, XSDRNPM, and VENTURE results.

These k., values are for the base case. The base case is the case
where the problem geometry in the VENTURE and MCNP code systems is
identical. For the base case the control rod is fully inserted in
the fuel region. The XSDRNPM results are for a one-dimensional,
cylindrical model. The VENTURE calculations were performed using
two-dimensional R~Z geometry. The XSDRNPM calculated k., values
over-estimate the MCNP values. The VENTURE results using 16
neutron groups, diffusion theory and elemental hafnium are within
the statistical uncertainty of the MCNP result. As in Sample
Problem 2, the calculated k. 's using the 99 neutron group library
are lower for the hafnium isotopes than the elemental hafnium.
However, in this problem diffusion theory and the Pl approximation
yield similar Kk, values for the 4 group calculations. The

reflector regions above and below the fuel region may affect the
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ks results obtained using the Pl approximation.

Figures 4-35 through 4-38 show the results of the CTRLPOS rod
worth curve calculation for elemental hafnium and the mixture of
hafnium isotopes at natural abundance. The 4 group VENTURE K ¢
values are larger than the MCNP results at all rod positions.
However, the bias between the calculated Xk, values at each control
rod position is very similar at all control rod positions. The 16
neutron group values agree well with the MCNP results, especially
when the control rod is above theg-zo cm position. The 16 group
diffusion theory resulﬁs match the MCNP results slightly better
than the Pl approximation results. |

Figures 4-39 and  4-40 compare the results for the two
different hafnium matetials. The elemental hafnium results are
higher than the hafnium isotope results below’the ~20 cm position.
The k., values are almost the same above this position. The
discrepancy between the values when the control rod is fully
inserted may be because of inadeqﬁately calculated cross sections
using the one-dimensional transport model. The cross sections used
for the control rod may not be accurate for the control rod tip

when the control rod is slightly removed from the fuel region.
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Figure 4-33 (continued)
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Table 4-6 2Atom densities for materials used in Sample Problem 3.

Material Atom Densities (cm™ x 107%)
Nuclide
Fuel Reflector Control Rod Control Rod
(UO,F,—-H,0 (H,0) composed of | composed of
soluéion) hafnium elemental
isotopes hafnium
H 6.6436-2% 6.6644-2 0.0 0.0
o) 3.3330-2 3.3334-2 0.0 0.0
F 1.2338-4 0.0 0.0 0.0
2y 5.5020-7 0.0 0.0 0.0
Z5y 5.2312-5 0.0 0.0 0.0
26y 2.6950-7 0.0 0.0 0.0
ey f 0.0 0.0 7.1600-5 0.0
HE 0.0 0.0 2.3009-3 0.0
77y f 0.0 0.0 8.2234-3 0.0
1783 f 0.0 0.0 1.2065-2 0.0
79Hf 0.0 0.0 6.0237-3 0.0
180y £ 0.0 0.0 1.5513-2 0.0
Elemental 0.0 0.0 0.0 4.,4198-2
Hf

® Read as 6.6436 x 1072




VENTURE Model! Setup

CONTROL1~Initialization module.

DCRSPR-Setup of XCPINS contro! file for CROSPROS.
CROSPROS--Converts ISOTXS file to GRUPXS file.
DVENTR--Setup problem geometry and zone materials creating the
GEODST, ZNATDN, and NDXSRF interface files.

y

DUTLIN
Setup of CTRLCF control file for CTRLPOS
Option § ,

CTRLPOS

Option 5--Name of CTRLPOS output file is
read. -

DUTLIN
Setup of CTRLCF control file for CTRLPOS
Option 10

'

CTRLPOS
Option~10--CTRLPOS data is read and a
control rod position search is performed.

l

DUTLIN
Setup of CTRLCF control file for CTRLPOS
Option 30
h 4
CTRLPOS

Option 30--A control rod worth curve
celculation is performed.

i 4 )
" END OF INPUT AND RUN ||

Figure 4-34 Flowchart of the VENTURE calculation for Sample
Problem 3.
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Table 4-7 Base case K, results for Sample Problem 3.

Hafnium Material

ti d i
Calculation Method Hafnium isotopes | Elemental Hafnium

at natural
abundance

MCNPE | eeemee- b 0.9468+0.0031

VENTURE®-4 group 0.9591 0.9620
Diffusion theory
(1 ev cutoff)

VENTURE-4 group 0.9588 0.9616
Pl approximation
(1 ev cutoff)

VENTURE~4 group 0.9646 0.9677
Diffusion theory
(3 ev cutoff)

VENTURE~-4 group 0.9642 0.9672
Pl approximation
(3 ev cutoff)

VENTURE-16 group 0.9401 0.9433
Diffusion theory
VENTURE~16 group 0.9322 0.9358

Pl approximation

XSDRNPM-99 group 0.9596 0.9627

XSDRNPM~16 group 0.9578 0.9610

XSDRNPM~-4 group 0.8702 0.9734
(1 ev cutoff)

XSDRNPM-4 group 0.9750 0.9782

(3 ev cutoff)

® Reported statistical uncertainty for MCNP K 's is two 51gma
obtained by multiplying the reported uncertalnty of one sigma in
the MCNP output by two. Values are reported for 1000 source
particles per cycle. 180 cycles were ran and the first 30 cycles
were skipped.

Individual hafnium isotopes are not available in the standard
MCNP cross section library.
¢ All VENTURE calculations were performed using a two-dimensional
R-Z geometry model.
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Figure 4-37 K, versus control rod position using individual
hafnium isotope cross sections and diffusion
theory.

110 = -
1.05 p= wnd
2

1.00 b= -
0.95 p= MCNP - 1006 parucies/cycie (Error bars show 2 sigma)  pe—{ ==

VENTURE - 4 group {1 ev cutofl) - P1 Approximauon - Hi [sotopes ——

VENTURE - 4 group }3 ev cutoft) - PY Approximaton - Hf Isotopes =#—-

VENTURE - 16 group - Pt Approximaton - Hi Isotopes B =

| ! | ! !
-80 40 -20 0 20 40 60
Controt Rod Position {(cm irom midplane)

Figure 4-38 K¢ versus control rod position using individual
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Chapter 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Several options and applications of the CTRLPOS module have
been demonstrated in this report. The module is flexible so that
a wide variety of control rod positioning schemes and other
problems such as criticality and material density searches can be
treated. With the module, the search of a control rod position for
a desired Kk,, value and the determination of control rod worth
curves are completely automated. Also, the depletion of control
rods can be calculated over one or several fuel cycles. This
capability allows radiation source terms to be calculated which can
be used to determine doses to maintenance personnel and the
shielding and long-term storage requirements for the spent control
rods. Currently, CTRLPOS is being used in a production mode for
control rod positioning during the fuel cycle calculations for the

‘Advanced Neutron Source.

$.2 Recommendations

Several features could be added to enhance the versatility and
reduce the limitations of the CTRLPOS module. Some possible

additions and/or changes are discussed below.

1) Multi-bank control rod position option: Currently only a
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single control rod, a single bank of control rods, or all
control rods in the model can be moved to perform a X
control rod position search. However, most large power
reactors have control rod systems with multiple banks that are
moved inside the reactor with a prescribed relative position
sequence. An option that allows for multi-bank control rod
K. Position searches could be added to CTRLPOS.

2) Conversion of CTRLPOS for use with a discrete ordinates
code: Since the CTRLPOS module uses CCCC interface files, the
module could be used with the TWODANT code. This S transport
code uses CCCC interface files. Transport theory should
provide more accurate answers for control rod models than
diffusion theory. However, the calculation time for transport
theory problems is much larger than for diffusion theory
problens.

3) Position dependent control rod material cross
sections: A feature might be added to the code that
allows the cross sections for the control rod material to

be a function of the control rod position in the core.

4) Use of BURNER module nuclide depletion chains: Currently,
the depletion chains for the materials present in the control
rods are part of the CTRLPOS module input. This is
satisfactory in most cases where the ‘'control rod' is a
traditional (non-fissile) control rod material. However, the
CTRLPOS depletion chain input was not designed for long

complicated depletion chains such as those required for fuel
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material. One possible way of adding this capability is to
make use of the depletion chains in the CCCC EXPOSE interface
file which is used by the BURNER module.

5) Development of an Adaptive Zone/Mesh Structure: The
correct treatment of the control rod tip is important when
determining critical positions and during depletion studies.
One way to improve control rod tip treatment is through the
development of an adaptive zone/mesh structure. Each time a
control rod position is determined, the problem mesh and zone
structure could be changed so that the control rod tip is

always well defined and not smeared over a zone.

Two additional measures which could improve some of the results

presented for the Chapter 4 Sample Problems are discussed below.

1) Cross section processing: The use of a two-dimensional
discrete ordinates transport code to calculate a neutron
spectrum, which 1is then used to obtain weighted cross
sections, should be implemented. This would provide more
accurate cross sections for the control rod material,
especially at the control rod tip.

2) Treatment of hafnium resonances in control rod material:
The results for k,, using the XSDRNPM and VENTURE codes with
cross sections for the hafnium isotopes are in disagreement
with the results obtained using elemental hafnium. The energy

group structure and cross section processing for hafnium is
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important. Use of the ROLAIDS module[17] should be considered
for problems containing hafnium. The NITAWL~II module does
not treat resonance overlap; ROLAIDS takes into account the

resonance overlap between isotopes.
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Appendix A

CALCULATION OF ATOM DENSITIES IN TABLES 2-1 AND 2-~-2

CTRLPOS uses the atom densities and 2zone volumes at the
initial control rod position to calculate the new atom densities
for each 2zone after the control rod has been moved. The
calculations in Figure A-~1 show how the 'smeared' control rod atom
densities shown in Table 2-1 were determined. Zone volumes have
units of cm®. Atom densities are normalized to 1.00.

Variables are defined as follows:
NFOLL(I)= Calculated new follower atom density for zone I.
NCTRL(I)= Calculated new control rod atom density for zone I.

FOLLZ#= Atom density of follower material in zone # before
control rod movement.

CTRLZ#= Atom density of contrel rod material in zone # before
control rod movement.

TOTAL(I)= Total volume of zone I.
FPART (I)= Volume of zone I which contains follower material.

AREA (I,J)= Volume of zone I which is present in zone J when
the control rod is in its new position.

FRAC(I,J)= Atom density of zone I which is present in zone J
when the control rod is in its new position.



ZONE

ZONE 2:

ZONE 3:

ZONE 4:

ZONE 3.

Figure A-1

NFQOLL(1)

NCTRL(Y) =

NCTRL{2) =

NFOLL(2)

NCTRL(3) =

NFOLL(3) =

NCTRL(4) =

NFOLL(4)

NCTRL(S) =

NFOLL(S) =

Note: Remainder of zone 5{5.0 cm®) 1s out of moage! anc gaia Is savec

=FOLLZ6 =10

0.0 (No control rogd matenal present in zone 1)

FAREA 2.2)1 rs.0

CTRLZ2 X 220 = 1.0 =0.5
LTOTAL( ) | L10.0]
[FPART2)] r50°

=F = = 1.0 — . =0.§

OLLZ6x LTOTAL(Z)J *1700.7°
[ AREA(2, 3)1 TAREA(3.2)

CTRLZ2 x| =2l {+ CTRLZ3 x ) 2!

RLZ2x ToTaLE) | | TOTAL3) _
507 r1s.0
=10 i 1 .——-"=1.0
200, " 200!
0.0 (No foilower present in zone 2.)
C-v-RLZSX(AREA(S.:&).! CTALZ4 FAREA(A e
‘ | TOTAL(4) | | TOTAL(4)
= 1. 0><tr >0 j4—1.0x[——-5'o =10
L10 10.0_
= 0.0 (No foliower present in zone 4.)

CTRLZ4 x l—w 1.0xi_5_.°_ =0.5
| TOTAL(5) | £ 10.0 .

AREA(5.5) rsp°

FOL alals N =0.5

LZSX[ TOTAL(S) |~ - L10.0.

Sample calculations for Table 2-1.
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The calculations in Figure A-2 show how the depleted control

rod atom densities shown in Table 2~2 were determined. The
calculations for PROD1 and PROD2 are essentially the same as the
calculations for the placement of the control rod material of Table
2-1, the only difference being that the production fraction must be

considered. Zone volumes have units of cm’. Atom densities are

normalized to 1.00.

Variables are defined as follows:
NFOLL(I)= Calculated new follower atom density for zone I.
NCTRL(I)= Calculated new control rod atom density for zone I.

NPROD1 (I)= Calculated new produced nuclide 1 atom density for
zone I.

NPROD1(I)= Calculated new produced nuclide 1 atom density for
zone I.

FOLLZ#= Atom density of follower material in zone # before
control rod movement.

CTRLZ #= Atom density of control rod material in zone # before
control rod movement.

TOTAL(I)= Total volume of zone I.

AREA(I,J)= Volume of zone I which is present in zone J when
the control rod is in its new position.

FRAC(I,J)= Atom density of zone I which is present in zone J
when the control rod is in its new position.

CRZ# (AFTER)= Control rod material atom density in zone # after
depletion.

CRZ# (BEFORE)= Control rod material atom density in zone #
before depletion.

FLZ# (AFTER)= Follower material atom density in zone # after
depletion.

FLZ# (BEFORE)= Follower material atom density in zone #
before depletion.



ZONE *© NFOLL{Y)=FQOLLZE=1.0

NCTRL{1)=C.0 (No conwos roa Matenal present in 2one 1.)

ZONE 2. NCTRL(2).. CRZ2MAFTER) | [AREAZ ] coaciaz)
| CRZ2(BEFORE) | | AREA(2) |

’[ CRZAAFTER) ] [ AREA(3) ]

ixF ,
CRZ3IBEFORE) || AREA(2) | RAC(2.3)

[0‘41 r10.01 [0,51
» —x0.5« J.

I’zo,o1
— X ) x
0.5) [10.0} L

ix 0.25=0.65

,.
o
o

NPRQOD1(2) = 0.2625
NPRQOD2(2) »0.0875
NFOLL(2)= 0.0 {No tollower malerial 13 oresentin zone 2.)

— hl
20HE 2 NCTRL(3).| CRZMAFTER) 7 [AREADY] oanig g
{ CRZI(BEFORE) | " | AREA(3) |
R
L[ CRZ4AFTER) JAREA] oo g
CRZA(BEFORE] | | AREA(3] |

051 2007 .0 [08],71000 s 0575
{10] 120.0} .0} L20.0}

NPRQOD1(3)=0.31875
NPROD2(3) = 0.10625
NFOLL{3)=3.0 (No toiower matenal is prasent in zone 3.)

T CRZ4IAFTER) ] rAREN“-!xFRAC(d.-ﬂ

ZONE ¢ NCTRL(4) = :
(4)= CRZBEFORE) | | AREA(# |

CRZE/AFTER) ) (AREA(S\]
: FRAC 4,
*[cnzs(aemﬁe:f AREA(4) | )

-

0.81 1001 ro.453_r10.01
'{To—j'bo.oj" 5+ 55 % Teg <508

NPRCD14)=3.1125
NPROD2(4)=0.0375
NFOLL(4)w 0.0 (No toliower matera: is oresentin zone 4 )

ZONE = NCTRL{S)= 0.0 (No contoi 700 materal 18 present in zone 5.)
NPROD1S)= 0.0
NPRCD2(5)=3.0
25 r
[ FLzstarTER) 1 TAREA(SY] Loy crs 5)

NFOLL(S) e
(3= | FUZSBEFORE} | | AREA(S) |

+(Saveq part of zona 5 wnich is e AT moved oul of the moash

(05711000 b s.05-10
o5 Y00

Figure A-2 Sample calculations for Table 2-2.
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Appendix B

CTRLPOS INPUT DATA AND INTERFACE FILE FORMAT

Figures describing the necessary input data format and
requirements are included in this appendix. The format of the
CTRLIF interface file 1is also included. These figures are

discussed in Chapter 3.
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Figure B-1 Specifications for CTRLCF, the CTRLPOS control record.

C ————————————————————————————————————————————————————————————————
CR CTRLPOS Control Rod Positioning Instructions -
c -
cL CTRLCF, (XX(I), I=1,100),(IX(I), I=1,100) -
C —
CW -
C -
CD CTRLCF Control Rod Positioning Module Data Identifier -
cD (6HCTRLCF) -
C -
cc NOTE: The interface files 'CONTRL' 'NDXSRF' -
cc 'RZFLUX' and 'GEODST' are required. -
cc XX( ) is a REAL*8 variable. -
cc IX( ) is an INTEGER variable. -
c -
CD XX (1) Target Kk, value when positioning control rod. -
C -
CcDh XX (2) Tolerance allowed between XX(1) and the k. -
CcD value calculated after control rod positioning. -
C —
CD XX (3) Maximum value of the volume through which the -
CD control rod can move in one change of position -
CD when IX(1)=20. -
C -
CD XX (4) Maximum number of atom density values allowed -
CD per control rod bank. This value is only used -
c when IX(23)=1. -
C -
CD XX(5-100) Reserved. -
C .
CD IX(1) Determines what action will be taken by the -
cD CTRLPOS module. On the first entrance IX(1l)=1 -
CD or IX(1)=5. On the second entrance of a run -
CcD IX(1)=10 or IX(1)=20 with IX(13).NE.O for a -
CDh restart case. -
CD 1--CTRLPOS output will be sent to default -
CD VENTURE output file. -
CD 5--CTRLPOS output will be sent to a user -
CD specified file name. -
CD (More input needed from input stream.) -
CD 10--Setup control rod data. Control rod -
CD position criticality search is also done. -
CD (More input needed from input stream.) -
CD 20--Perform k, search by moving control rod -
CcD to new position. -
CD 25--Print out control rod information. -
CD 30--Calculate control rod worth curve. -
CD (More input needed from input stream.) -
cD 40~--Move control rod to an input position. -

(CONTINUED)



Cbh
CD
CD
CD

CD
CD
CD
CD
CD
CD
CD
CcD

CD
CD

CDh
Cb
Cb
CcD
CcD

CcDh
CD
CD
CcD
CcD

CD
CD
CcD

CD
CD
CD
cD

CD
CD
CD
CcD
CD
cD
CD
CcD

CcD
CcD
CD

IX(2)

IX(3)

IX(4)

IX(5)

IX(6)

IX(7)

IX(8)

IX(9)

IX(10)

Determines the module that performs the k.
calculations.

0~--~-VENTNEUT module.

1--VALENEUT module.

Type of interpolation scheme used for the
determination of new control rod position.
0--Linear using lLagrange two point method.
(Recommended Method)
l1--Lagrange using IX(4) number of points.

3--Linear regression using IX(4) number of pts.
4--Newton's divided difference using all stored

points.

Number of points used for interpolation when
IX(3)=1 or 3.

Manipulation of stored Kk, values and positions.

0--Zero array after each exit of module.
(Recommended)

1--Retain stored values to use for positioning
in the next entrance of CTRLPOS.

Control rods used for k,, search.

0-~All banks and control rods will be moved.

1--Bank 1 will be moved to determine new K.
Other control rods are positioned using
IX(1)=40.

Option to print out control rod atom densities.
0--Do not print.
1--Print.

Option to print out control rod atom densities
before each entrance to k calculation module.
0--Do not print.
1--Print.

Positioning of control rod before exit from

the CTRLPOS module.

0--Control rod tip can be partially inside
a zone.

l1--Place control rod tip at the zone boundary
which has the X, value nearest XX(1).
This option requires two additional k.
calculations.

Number of position iterations allowed for
each k search. A k,, calculation is done
for each iteration.

(CONTINUED)



CDh
CcDh

CD

CD
CD
cD
CcD
cD
CcD
CD
CD
CD
CD
CD
CD
cD
CcD

CD
CcD

CD
CcD
CD
CD

CD

CD
CD

CD
Cbh
CcD
CcD

CcD
CD
CD
CD

CD
CD
CD
CD

IX(11)

IX(12)

IX(13)

IX(14)

IX(15)

IX(16)

IX(17)

IX(18)

IX(19)

IX(20)

Maximum number of outer iterations allowed by
the neutronics module for each ks calculation

Reserved.

-—

-~

Option to use the control rods from last reactor -~

history. The 'burned' control rods are used
after the core has been refueled.
(Used only when IX(1)=20.)

0--The reactor core has not been refueled and no-

control rod changes are necessary.
({Default)
1--~Use current 'burned' control rod.
(More input needed from input stream.)
2--Use the 'unburned' control rod after
refueling. The material placed in the

-

control rod zones after the core change will -

now make up the control rod.
(More input needed from input strean.)

Bank number for control rod worth curve.
(Used only when IX(1)=30.)

Control rod used for control rod worth curve.
(Used only when IX(1)=30.)

0--Move all control rods in bank IX(14).
N--Move only control rod N of bank IX(14).

Reservedqd.

Bank number for control rod re-position.
(Used only when IX(1)=40.)

Control rod used for control rod re-position.
(Used only when IX(1)=40.)

0--Move all control rods in bank IX(17).
N--Move only control rod N of bank IX(17).

-

-—

Zone number where control rod will be positioned.-

If IX(18)=0, then enter control rod zone number
for first control rod in bank IX(17).
(Used only when IX(1)=40.)

-

Boundary of zone IX(19) where control rod will be-

positioned. (Used only when IX(1)=40.)
0--Lower boundary of zone IX(19).
1--Upper boundary of zone IX(19).

(CONTINUED)

-—

-



CD
CcD
CcD
CD
CcD
CcD
CcD
CcD
CDh
CD
CcD

CcDh

CcD
CD
CD
CD
CcD
CD
CcD
CcD
CD
CD
CD

CcD
CD
cD
CD
CcD
Ccbh
CD
Ch

CcD
CD
CD
CDh

CD

IX(21) 8]

P
F
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ption to return the control rod to the entrance -
osition UPON THE NEXT ENTRANCE to CTRLPOS. -
or both cases, IX(1l) must equal 40 and IX(21) -

must equal 1. -

(

Designed for use with VENTPLOT[12] module to -
allow plotting of control rod atom densities.) -
0--Leave control rod at position IX(19). -
(Default) -
1--0n next module entrance, return control rod -
to original position. IX(1l) must equal 40 on-
the second CTRLPOS module entrance. -

IX(22) RESERVED

IX(23) Atonm density array storage option. -

0--An array will be used which is dimensioned -
for the maximum number of nuclides in the -
problem for every control rod zone of every -
rod of every bank. -
(Default) -
1--An array will be used which is dimensioned -
for XX(4) values for each control rod -
bank. Only non-zero atom density values are -
stored in memory. This may be necessary for -
large problems. -

IX(24) Container array memory option. -

0--All CTRLPOS data is kept in the container -
array and the neutronics modules use only -
the remaining available computer memory. -
(Default) -
1--Before each k. calculation the CTRLIF file -
will be written and the computer memory will -
be available for the neutroniecs calculation. -

IX(25) Debug print parameter. -

1~

IX(26-100)

0--No debug ocutput. -
7--Various levels of debugging output with 7 -
being the most extensive output. -

Reserved. -

(End of Figure B-1)
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Figure B-2 CTRLPOS data read from input stream for IX(1l) egqual
to 5.

CD When IX(1)=5, Card 1 is read. This provides the name for -
CD the CTRLPOS output file. -

CD Card 1: The name of the CTRLPOS output file should start in -
CD column 1. The file name can be up to 30 characters -

CD long. -

C (END OF DATA) -

(End of Figure B-2)
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Figure B-3 CTRLPOS data read from input stream for IX(1l) equal
to 10.
C ———————————— G M s i S e YD R i e M S VA VU S G W MM D GAD e St S S S W U S D D D A G WD S WS B e S Y ———— — > -

CD When IX(1)=10, Cards 2-14 are read for each control rod -
CD bank. Cards 3-13 are read for each rod of each bank. -
CD CTRLPOS scans the input to determine the number of banks, -
CD rods, and zones in the setup. -
CD All input is free field unless otherwise noted. -
CD Card 1: 'BEGIN-INPUT' or 'begin-input' starting in column 1.-
CD Card 2: 'BEGIN-BANK' or 'begin-bank' starting in column 1. -
CD Card 3: 'BEGIN-ROD' or 'begin-rod' starting in column 1. -

CD Card 4: ZTIPCR Zone where the tip of this control rod -

CcD is located. -
C -
CcD IB_27T Boundary of zone ZTIPCR where the -
CD control rod tip is located. -
CcD 0--Lower boundary of zone ZTIPCR. -
CD 1--Upper boundary of zone ZTIPCR. -
c -~
cD FGBANK Zone number where the control -
CD rod will be moved for the 'first guess'. -
CD This zone can be above or below the tip of -
CD the control rod. -
CD NOTE: 1If FGBANK=ZTIPCR the CTRLPOS module -
CD will stop. -
C -
CD IB_FG Boundary of zone FGBANK where the -
CD control rod will be positioned. -
CD 0--Lower boundary of zone FGBANK. -
cD 1--Upper boundary of zone FGBANK. -
C -
CD Card 5: URANZ Zone which defines the upper limit of -
CcD the control rod's limit of motion. -
C -
CcD IB_UR Boundary of zone URANZ which . -
CD defines the upper control rod motion limit.-
CD O0--Lower boundary of zone URANZ. -
CD 1-~Upper boundary of zone URANZ. -
Cc _ -
cD LRANZ Zone which defines the lower limit of -
CD the control rod's limit of motion. -
C -

(CONTINUED)



CD
CD
CD
CD

CD

CD
CD
CcD
CD
CD
CD
CD
CcD
CD

CcD
CcD
CcD
CcD
CcD

cD
CcD
CcD
CD
cD
CD
CcD
CcD
Ccb
CcD
CcD
cD

CD

CD
CD

CD
CD
CD
CcDh

Card 6:

Card 7:

Card 8:

IB_LR
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Boundary of zone LRANZ which

defines the lower control rod motion limit,

0~--Lower boundary of zone LRANZ.
l1--Upper boundary of zone LRANZ.

'BEGIN-ZONE' or 'begin-zone' starting in column 1.

ZREAC

ZFOLL

ZCON_ROD

Zone number in the VENTURE model for

this control rod zone. The first ZREAC
value is the zone number at the

lower limit end of the control rod motion
in the model, i.e., the insert limit end
of the control rod. The last ZREAC value
is the end of the control rod which will
be removed from the model when the control
rod is withdrawn from the reactor core.

Zone number in the VENTURE model for
the control rod follower for the control
rod zone ZREAC. This zone should
always contain the replacement

follower material.

Identification of the zone containing

control rod material.

0~-Zone does not contain control rod
material.

1--Zone contains control rod material.
The volume of this zone will be used
when calculating the average values
for the control rod material
over the control rod and the control

rod bank. These average atom densities-

are printed for each rod and bank for
the user.

'END-ZONE' or 'end-zone' starting in column 1.

Card 9: 'BEGIN-ISOTOPE' or ‘begin-isotope' starting in
column 1.

Card 10:

NAME_PROD_ISOT Name of the 'production nuclide' for

this chain. The name should
be the unique nuclide name right
justified in columns 1-8.

(CONTINUED)



CD card 11: NAME MADE Name of the 'produced nuclide’'. -
CD The name should be the unlque nuclide -
cD name and right justified in columns 1-8. -
CcD All produced nuclides for NAME_PROD_ISOT -
CD should be listed. (For example B-10 mlght -
CD be depleted to produce He and Li both with -
CD FRAC_MADE's of 1.0. : -
C -
CD FRAC_MADE Fraction of produced nuclide made when -
CD when a production nuclide is destroyed. -
C -
CD Card 12: 'END-ISOTOPE' or ‘'end-isotope' starting in column 1.-
C -

CD cCard 13: 'END-ROD' or 'end-rod' starting in column 1. -
CD Card 14: 'END-BANK' or ‘end-bank' starting in column 1. -
CD Card 15: 'END-INPUT' or 'end-input' starting in column 1. -

C (END OF DATA) -

(End of Figure B-3)
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Figure B-4 CTRLPOS data read from input stream for IX(1l) equal
to 20 with IX(13) not equal to O.
(o o e o ) S T R S S S S S
CD When IX(1)=20 with IX(13).NE.0, Cards 1-3 are required. -
CD This data changes the position of the control rods after-
CD the reactor core has been refueled. Card 2 should be -
CD input for each control rod of each bank. -
C -

cD cCard 1: 'BEGIN-INPUT' or ‘begin-input' starting in column 1.

CD Card 2: CH_BANK Bank number of control rod. -

C -
CD CH_ROD Rod number of control rod. -
C -
CD IGUESS1_20 Zone number for first guess where -
CcD control rod will be positioned. -
C -
CD IB1_20 Boundary of zone IGUESS1_20 where -
CD control rod will be positioned. -
CD 0--Lower boundary of zone IGUESS1_20. -
CD 1--Upper boundary of zone IGUESS1_20. -
C -—
CD IGUESS2_20 Zone number for second guess where -
CD control rod will be positioned. -
cD NOTE: If IGUESS1_20=IGUESS2_20 and -
CD IB1_20=IB2_20, the CTRLPOS module will -
CD stop. -
C -
CD IB2_20 Boundary of zone IGUESS2_20 where -
CD control rod will be positioned. -
CD 0--Lower boundary of zone IGUESS2_ 20. -
CD 1--Upper boundary of zone IGUESS2_20. -
C -—

CD Card 3: 'END-INPUT' or 'end-input' starting in column 1. -

c (END OF DATA) -

(End of Figure B-4)
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Figure B=S CTRLPOS data read from input stream for IX(1l) equal
to 30.
C —————————————————————————————————————————————————————————————————
CD When IX(1)=30, Cards 1-3 are read. Card 2 should be -
CD repeated for each control rod position. -
CD This data provides the positions for a rod worth curve. -
C -
CD cCard 1: '"BEGIN-INPUT' or 'begin-input' starting in column 1.-
c -
CD Card 2: RODPOS Zone number where control rod will be -
CD positioned and k, will be determined. -
C : -
CD IBOUND Boundary of zone RODPOS where control -
CcD rod will be positioned. -
CcD 0--~Lower boundary of zone RODPOS. -
CD 1--Upper boundary of zone RODPOS. -
C -

CcD Card 3: 'END-INPUT' or 'end-input' starting in column 1. -

c ) (END OF DATA) -

o M G~ — A . o S M s S 1S e W S D S . i il i} e Ul S WP b S S T

(End of Figure B-5)
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Figure B-6 Specifications for CTRLIF, the CTRLPOS interface file.

C —————————————————————————————————————————————————————————————————
c REVISED 11/01/93 -
C -~
CF CTRLIF -
C -
CE CONTROL ROD POSITION AND SETUP DATA ~
C -
C _________________________________________________________________
C ————— ——— s S T . T T (P D A S P S S S e SR P P G WS G g A G W ST s S M e T WY T S " A T A o S T T B S T~ — S = P
CR FILE IDENTIFICATION -
C -
cL HNAME, (HUSE(I),I=1,2),IVERS -
C —
CW (3*IDP+1) = NUMBER OF WORDS -
C -
cD HNAME FILE NAME (A6) 'CTRLIF'. -
cD HUSE USER IDENTIFICATION (A6). -
cD IVERS FILE VERSION NUMBER. -
C -~
CN IDP 1 FOR LONG WORD, 2 FOR SHORT WORD MACHINES. -
C -_—
c —————————————————————————————————————————————————————————————————
C ——————— - . A s W S G S - —— ——— _—p S S—— > M — G S = — = — i - "> — T o
CR CTRLPOS POINTER PARAMETERS (1D RECORD) -
C -
CL (NBANKS, MAXROD, MAXNRZ, MAXCHN, MAXMAD, LIMIT CTRL, -
cL NNS_CTRL, NON_CTRL, NZONE_CTRL, NAN_CTRL, NSN_CTRL, -
CL NSZ_CTRL, IBIG_CTRL) -
C -~
CW 13 = NUMBER OF WORDS. -
C -
cD NBANKS NUMBER OF CONTROL ROD BANKS IN CASE. -
C -~
cb MAXROD MAXIMUM NUMBER OF CONTROL RODS IN ANY BANK. -~
C -
cD MAXNRZ MAXIMUM NUMBER OF ZONES IN ANY CONTROL ROD OF -
CN ANY BANK. -
c -
cD MAXCHN MAXIMUM NUMBER OF PRODUCTION CHAINS IN ANY -
CN CONTROL ROD OF ANY BANK. -
C -
cD MAXMAD MAXIMUM NUMBER OF PRODUCED NUCLIDES FOR ANY -
CN PRODUCTION CHAIN IN ANY CONTROL ROD OF ANY -
CN BANK. -
C -~

(CONTINUED)
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THIS~

IS THE MAXIMUM NUMBER OF NON-ZERO ATOM DENSITY-
VALUES THAT CAN BE IN AN CTRLPOS ATOM. DENSITY -~
ARRAY. THIS VALUE IS ONLY USED IF IX(23)=1. -

MAXIMUM NUMBER OF NUCLIDES IN ANY CROSS

NUMBER OF NUCLIDES IN CROSS SECTION DATA.

MAXIMUM NUMBER OF CONTROL ROD ZONES IN ANY

THIS IS THE FLAG WHICH DETERMINES WHICH WAY -

THE ATOM DENSITY ARRAY IN CTRLPOS WILL BE

PARAMETER

NRODS
HNNAME
HANAME
NOS
R1POS
K1VAL
R2POS
K2VAL
RWZON
IRWB
POSSAV
IREPOS_SAVE
ZTIPCR
FGBANK
LRANZ
URANZ
IB_ZT
IB_FG
IB_LR
IB_UR
NZREAC

cD LIMIT CTRL VALUE OF XX(4) IN 'CTRLCF'
CN

CN

CN

c

cD NNS_CTRL

CN SECTION SET.

c

CD NON_CTRL

c

cD NZONE_CTRL

CN CONTROL ROD OF ANY BANK.
c

cD NAN CTRL  NUMBER OF DIFFERENT NUCLIDES IN DATA.
c

cD NSN_CTRL  NUMBER OF NUCLIDE SETS IDENTIFIED.
c

cD IBIG_CTRL VALUE OF IX(23) IN 'CTRLCF' CONTROL FILE.
CN

CN

CN HANDLED.

c

c (END OF DATA RECORD 1)

C -

C.....

c

C RECORD NUMBER LENGTH

c

c 2  NBANKS

c 3  IDP*NON_CTRL

c 4  IDP*NON_CTRL

c 5  NSN_CTRL*NNS_CTRL

c 6 IDP*101*NBANKS*MAXROD

c 7  IDP*101

c 8  IDP* (MAXNRZ+2) *NBANKS*MAXROD

c 9  IDP*(MAXNRZ+2)

c 10  MAXNRZ+1

c 11  MAXNRZ+1

c 12  IDP*NBANKS*MAXROD

c 13 1

c 14  NBANKS*MAXROD

c 15  NBANKS*MAXROD

c 16  NBANKS*MAXROD

c 17  NBANKS*MAXROD

c 18  NBANKS*MAXROD

c 19  NBANKS*MAXROD

c 20  NBANKS*MAXROD

c 21  NBANKS*MAXROD

c 22  NBANKS*MAXROD

c 23  NBANKS*MAXROD

(CONTINUED)

ZTDATA
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24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

QOO0 00NOO0ON0NO0N0O0O00000ON0NNOO0N0000NN

anonnooOoononnn

NBANKS *MAXROD
NBANKS *MAXROD

NBANKS *MAXROD

NBANKS *MAXROD*MAXNRZ

NBANKS *MAXROD*MAXNRZ

NBANKS *MAXROD*MAXNRZ

IDP*NBANKS *MAXROD*MAXNRZ
IDP*NBANKS *MAXROD*MAXNRZ
TIDP*NBANKS *MAXROD* (MAXNRZ+1)
NBANKS *MAXROD

IDP*NBANKS *MAXROD*MAXCHN
NBANKS*MAXROD*MAXCHN

IDP*NBANKS *MAXROD*MAXCHN *MAXMAD
NBANKS *MAXROD*MAXCHN*MAXMAD
NBANKS *MAXROD*MAXCHN

NBANKS *MAXROD*MAXCHN*MAXMAD
IDP*NBANKS*MAXROD
IDP*NBANKS *MAXROD
IDP*NBANKS *MAXROD
IDP*NBANKS *MAXROD
IDP*NBANKS *MAXROD
IDP*NBANKS *MAXROD
NBANKS *MAXROD
NBANKS*MAXROD
IDP*NBANKS *MAXROD

1

<VALUE OF RECORD 49>
1

<VALUE OF RECORD 51>
5

1

IDP*<VALUE OF RECORD
1

IDP*<VALUE OF RECORD
1

IDP*<VALUE OF RECORD 58>
1

IDP*<VALUE OF RECORD
i

IDP*<VALUE OF RECORD 62>
IDP

54>

56>

60>

FGDATA -
LRDATA -
URDATA -
ZREAC -
ZFOLL -
ZCON_ROD -
ZVFOL ~
ZVREAC -
TZVRX -
NUM_CHAIN -
NAME_PROD_ISOT -
NUM_MADE -
NAME_MADE -
FRAC_MADE -
PROD_CTRL -
BADCTR ~
POSNOW -
POSOLD -
POSOLD1 -
POSOLD_CTRL -
POSOLD_ISAVE -
POSOLD_PREDICT -
ZONECV -
IZONE_CTRL -
AFRAC_ZONE -
4 OF WORDS ON
Iv -
4 OF WORDS ON REC
JV -
IMAX_ NUMBER -
# OF WORDS ON REC
AFRAC_STORE -
# OF WORDS ON REC
ADEN_CTRL -
# OF WORDS ON REC
ADEN_FIRST -
# OF WORDS ON REC
ADEN_STORE -
# OF WORDS ON REC 63-
ADEN_BURN -
' ' (8 SPACES)-

(END OF CTRLIF INTERFACE FILE) -

(End of Figure B-6)
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Appendix C

DESCRIPTION OF NUCLEAR CODES

Several nuclear analysis code packages were used to perform
the sample problem calculations presented in Chapter 4. A short

description of each package is provided below.

C.1l VENTURE

The VENTURE reactor analysis code system uses multigroup,
finite~difference diffusion theory to solve reactor core static
neutronics problems in one, two, or three dimensions. The BURNER
module provides the capability for depletion calculations. The
CTRLPOS module is now part of the VENTURE system. The VENTURE

system was developed at the Oak Ridge National Laboratory.

MCNP is a general purpose Monte Carlo code used for neutron,
photon, and electron transport. The KCODE option in MCNP provides
the capability of determining k., for a system. The combinatorial
geometry used in MCNP allows the modelling of complex geometries in
three dimensions. The code was developed at the Los Alamos

National Laboratory.

C.3 SCALE
The SCALE code system is a collection of modules with the

capability of performing criticality, shielding, and heat transfer
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analyses. Several control modules are available which automate
certain calculation seguences. The CSASN control module runs
BONAMI-S and NITAWL-II to process cross sections using Bondarenko
factor data for the unresolved resonace region and the Nordheim
Integral Treatment for the resolved resonances. This creates a
working cross section library from an AMPX master cross section
library. XSDRNPM~-S, a one-dimensional discrete ordinates transport
code, can use this working library to generate weighted, collapsed
cross section sets. These collapsed sets can be written into the
CCCC ISOTXS interface file format, which can be accessed by the
VENTURE code system. The SCALE package was developed at the Oak

Ridge National Laboratory.
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Appendix D

SAMPLE PROBLEM INPUT AND SELECTED OUTPUT

The input and selected output of the sample problems presented
in Chapter 4 are included in this appendix. For each problem, the
input for MCNP, SCALE, and VENTURE (which includes the CTRLPOS
module input) are given. The input for each CTRLPOS method is
given for Sample Problem 1. Only the CTRLPOS output for each

sample problem is included in this report.
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D.1 INPUT AND OUTPUT FOR SAMPLE PROBLEM 1
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D.1.1 SAMPLE 1 MCNP INPUT

message: out=cts2vi.o srctp=cts2vl.s runtpe=ctsavi.r
mctal=cts2vi.m

CTRLPOS Sample Problem 1--Core Size Study, Case 1

c

1 6 9.994552-2 -30 $ Core Region
imp:n=1

200 3 1.00032-1 +30 -3 $ Core or Reflector Region
imp:n=1

2 3 1.00032-1 +3 -4 $ Core or Reflector Region
imp:n=1

3 3 1.00032-1 +4 -5 $ Core or Reflector Region
imp:n=1

4 3 1.00032-1 +5 -6 $ Core or Reflector Region
imp:n=1

5 3 1.00032-1 +6 -7 $ Core or Reflector Region
imp:n=1

] 3 1.00032-1 +7 -8 $ Core or Reflector Region
imp:n=1

7 3 1.00032-1 48 -9 $ Core or Reflector Region
imp:n=1

8 3 1.00032-1 +9 -10 $ Core or Reflector Region
imp:n=1

9 3 1.00032-1 +10 -1 $ Core or Reflector Region
imp:n=1

10 3 1.00032-1 +11 -12 $ Core or Reflector Region
imp:n=1

1" 3 1.00032-1 +12 -13 $ Core or Reflector Region
imp:n=1

12 3 1.00032-1 +13 -14 $ Core or Reflector Region
imp:in=1

13 3 1.00032-1 +14 -15 % Core or Reflector Region
imp:n=1

14 3 1.00032-1 +15 -16 $ Core or Reflector Region
imp:n=1

15 3 1.00032-1 +16 -17 $ Core or Reflector Region
imp:n=1

16 3 1.00032-1 +17 -18 $ Core or Reflector Region
imp:n=1

17 3 1.00032-1 +18 -19 $ Core or Reflector Region
imp:n=1

18 3 1.00032-1 +19 -20 $ Core or Reflector Region
imp:n=1

19 3 1.00032-1 +20 -21 $ Core or Reflector Region
imp:n=1

20 3 1.00032-1 +2%1 -22 $ Core or Reflector Region
imp:n=1

21 3 1.00032-1 +22 -23 $ Core or Reflector Region
imp:n=1

22 3 1.00032-1 +23 -24 $ Core or Reflector Region
imp:n=1

23 3 1.00032-1 +24 -25 $ Core or Reflector Region
imp:n=1

24 3 1.00032-1 +25 -26 $ Core or Reflector Region
imp:n=1

25 3 1.00032-1 +256 -27 $ Core or Reflector Region
imp:n=1

26 3 1.00032-1 +27 -28 $ Reflector Region
imp:in=1

9999 0 +28 $ OQutside world

0 ¢z 10.0 $ Cylindrical Surfaces for regions

3 cz 11.0

4 cz 12.0

5 cz 13.0

6 cz 14.0



7
8
9

"
12
13
14
15
16
17
18
19
20
21
22

24
25
26

28

o000
3

t6

3

?’annnnn

cz

cz

cz
cz
cz
c2
cz
c2z
cz
cZ
cz
cz
cz
cz
cz
cz
cz
[++4
(-4
[+ 4
cz
cz

h )

OO0 O0ODOCODODOODOLOOO

WHN - O
s e e »

owm

wkhk® Loel Lot & s]

Material 6--UD2F2-H20 Solution Total Density= 9.994552-2
H/235U atomic ratio=1270

1001.50c 6.6436-2 92238.50c 3.0091-6

8016.50c 3.3330-2 9019.50c 1.2338-4 92234.50c 5.5020-7
92235.50c 5.2312-5 92236.50c 2.6950-7

lwtr.01t

*ekar Reflector ***e+
Material 3--H20 reflector Total density= 9.984-2

1001.50c  0.066644 8016.50c 0.033344

lwtr.01t

1000 1.0 30 180 $ 100 particles, 30 settle cycles, 180 total cycles
180 180 180 1 $ Dump information to files after 180 cycles

000 0-100 01100 $ Beginning source positions

END OF SAMPLE 1 MCNP INPUT
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=c¢sasn

CTRLPOS Semple 1 -- Infinite Cylindrical Reactor with Reflector

99gr
u-235
u-238
u-234
u-236
h

T .0

o
end comp

cylindrical vacuum reflected 0. end

1 10.
2 50.
end zone

SAMPLE 1 BCALE INPUT

multiregion
0 5.2312-5
0 3.0091-6
.5020-7

1
1
1
1
1
1
1
2
2

CODOoOOOO

more data dab<1000 end

end
=xsdrn_jp

CTRLPOS Sample 1 -- Infinite Cylindrical Reactor with Reflector

-13$ 1000000

0ss o3 4

19 2410010298311020000e

2ss -2 0

e

000e

336 1001 e

488 0 16

4
5** 1.0-4 1.0-4 0

t
1388 7r1

1488 92235 92238 92234 92236 1001 8016 9019

0-23419ce
e

r2

201001 208016

15%*  5,2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4 0.066644 0.033344

t
34 20r1.0 80r0.0

t

35%* 9910 50.
3688 10r1 10r2 40r3 40ré

39883 11

51%% 10rt 10r2 5¢3 5r4 5r5 5r6 517 508 5r9 5010 5r11 5712

22

end
end
end
end
end
end
end
end
end

7r13 4r14 5r15 13r16

t
end
=xsdrn_jp

CTRLPOS Sample 1 -- Infinite Cylindrical Reactor with Reflector

-1s$ 1000000

0%% a3 3

188 241001041883 11010000

288 -20

2030 e
000e

3338 1001 e
488 D40 -2347e
5** 1.0-4 1.0-4 0 e

t
1388 7r1

1488 192235 192238 192234 192236 11001 18016 19019
292235 292238 292234 292236 21001 28016 29019

7r2 2r3 2r4

3201001 3208016
4201001 4208016

15%* 5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2

1.2338-4

5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2

1.2338-4
0.066644 0.033344
0.066544 0.033344
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34## 20r1.0 BOr0.0
t
I5%+ 9970 50.
3588 10r1 10r2 40r3 40ré
3988 1234
5188 511 4r2 4r3 316
t
end
=xsdri_jp
CTRLPOS Sample 1 -- Infinite Cylindrical Reactor with Refiector
-1$$ 1000000
0ss a3 302029 e
18$ 24100104 188311010000 e
288 -20000e
338 1001 e
438 0 4
S** 1.0
t
1388 71 7r2 2r3 2r4
1488 1192235 1192238 1192234 1192236 111001 118016 119019
2292235 2292238 2292234 2292236 221001 228016 229019
33201001 33208016
44201001 44208016
15** 5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4
0.066644 0.033344
0.066644 0.033344
1688 11192235 11192238 11192234 11192236 1111001 1118016 1119019
22292235 22292238 22292234 22292236 2221001 2228016 2229019
333201001 333208016
444201001 444208016
18#% 6h192235 6h192238 6h192234 6h192236 6h 11001
6h 18016 6h 19019
6h292235 6h29223B &6h292234 6h292236 6h 21001
6h 28016 6h 29019
6h 31001 6h 38016
6h 41001 6h 48016

344% 20r1.0 80r0.0

35+ 99i0 50.

3688 10r1 10r2 40r3 40ré
39088 1234

518 1234

end

END OF SAMPLE 1 SCALE INPUT
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D.1.3 SAMPLE 1, METHOD 1 VENTURE/CTRLPOS INPUT

=CONTROL1

CTRLPOS Sample Problem 1 -- Infinite Cylindrical
'00000000111111111122222222223333333333444444444455555555556686666668T77TTTTTIT78
1234567B901234567890123456789012345678901234567890123456789012345678901234567890
800000 04 1 : 1

99 99 99 99 99 99 99 99 99 99 90 99 99 99 99 99 99 99 99 99 99 99 99 9@

99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
99 99 99 99 99 99 99 99 99 99 99 99 TP 99 99 99 99 99 99 99 99 99 99 ¥
99 99 99 99 99 99 99 99 99 99 99 UP 99 99 99 99 99 99 99 99 99 99 99 99
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 9P 99 99 99 99 99 99
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 9
0
1SOTXS
END 00000670
DCRSPR
1234567890123456789012345678901234567890123456789012345678901234567890
11 1 1 ¢ 0
18 1
192235 92235 235. 3.236 -1 1
292235 92235 235. 3.236 -1 1
192234 92234 234. 3,19 -1 1
292234 92234 234, 3.19 -1 1
192236 92236 236. 3.26 -1 3
292236 92236 236. 3.26 -1 3
192238 92238 238, 331 -1 2
292238 92238 238. 331 -1 2
11001 1001 1. é
21001 1001 1. 6
31001 1001 1. 3
41001 1001 1. 6
18016 8016 16. 6
28016 8016 16. 6
38016 8016 16. 6
48016 8016 16. 6
19019 9019 19. 6
29019 9019 19. 6
END
CROSPROS
END
DVENTR u eew 2 = DVENTR
001 CARD 1
1.00+1 1.00 1.0 CARD 2
CARD 3
CARD 4
161 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 0000 100 0 1 CARD 5
101 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1060 000G0O0DO0CDO 000201 21 D 0 CARD §
002 CARD 1
CARD 2
0 00 CARD 3
CARD 4
0.0 .0845 CARD 5
0.0 2.09 -05 CARD 6
003
101 02 03 04 05 06 07 08 09 10 19 12 13 1% 15 16 17 18 19 20 21 22 23 24
2 1 2 0
004

123123456789123123456789123123456789123123456789123123456789123123456789
10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10  0.5000
10 0.5000 10 0.5000 10 0.S5000 10 0.5000 10 0.5000 10 0.5000
10 0.5000 10 0.5000 10 0.5000 10 D.5000 10 0.5000 10 0.5000
10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000
10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 ©€.5000 10 0.5000
10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000
10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000



10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000
10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10  0.5000
10 0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10  0.5000
10 ©0.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10  0.5000
10 0.5000 10 0.5000 10 ©0.5000 10 0.50606 10 0.5000 10 0.5000
10 ©.5000 10 0.5000 10 0.5000 10 0.5000 10 0.5000 10  0.5000
10 0.5000 16 0.5000 10 0.5000 10 ©0.5000 10  0.5000 10  0.5000
10 0.5000 10 0.5000 10 0.5000 16 0.5000 10 0.5000 10  0.5000
10 0.5000 10 0.5000 10 -0.5000 10 0.5000 10 0.5000 10  0.5000
10 0.5000 10 0.5000 10 0.5000 10 0.5000 0 0.0000

6 17 18 19 20 21 22 23 24
0 41 42 43 44 45 46 47 48

64 65 66 67 68 69 70 71 T2
85 85 87 88 89 90 91 92 93 94 95 96

O TV TS TOUTL T IO JOU T O DO B
192235292235192234292234192236292236192238292238 11001 21601 31001 41001
18016 28016 38015 48016 19019 29019
020
110
! Inner Core Region
192235 5.23120E-05192238 3.00910E-06192234 5.50200E-07192236 2.69500€-07
11001 6.64360E-02 18016 3.33300E-02 19019 1.23380E-04
11 20
' Outer Core Region
292235 5.23120E-05292238 3.00910E-06292234 5.50200E-07292236 2.69500E-07
21001 6.64360E-02 28016 3.33300£-02 29019 1.23380E-04
21 60
' Inner Reflector Region
31007 6.66440E-02 38016 3.33440E-02
61100
' Outer Reflector Region
41001 6.66440E-02 48016 3.33440E-02
0 0
END
iesadt Option 5 used to define CTRLPOS output file name
DUTLIN
CTRLCF 06 024 1
T R I EEEEE 2----- IREEEE 3----- REEEE 4omnn- feeeen Sem--- R 6-nr=- '
1.000 0.0010 1000.0
1-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
5 0020100WO013% 10100O0O0CO0OD0DO0O0TO00D
END
CTRLPOS
sexwne Eile name for CTRLPOS output
ctrisia.out.1

ERD

txsxxx  Ontion 10 used to read in CTRLPOS data

DUTLIN

CTRLCF 06 024 1

FH PO RS MO PN SR PV S P SR RSP
1.000 0.0010 1000.0 5000.0

1-9--2-°3-<4~-5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
10 0 0 2 0 1 1 0 0159 0 0 0 0 C 0O C C 0 O O O 1

END

swaxa%  CTRIPOS DATA FOR SAMPLE PROBLEM 1 -- METHOD 1.

BLANK

txraa®  The ‘control rod' zones start with zone 2 at the center of the core

swrwas and end with zone 100. The first position guess is the outer boundary

iexasx  of zone 5 while the tip of the control rod starts at zone 2.

iewadd  The |imits of control rod motion are the inner boundary of zone 2 and

sewnxx  the outer boundary of zone 100. 2one 1 will be the follower for all
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Control rod material is in zones 2-20 at the
In this case, CTRLPOS moves the material in

zones 2-100 outward ackding follower(zone 1 material) end decreasing

the size of the reflector.

the control rod zones.
start of the process.

e
PR
[T ey
IRRRRw
CTRLPOS

e TS e 00000000000 CO OO0 0C0000000000000C0000CO0

N

t

[ e e AN Y T EE Y Y Y S St S S

£ R I R S R S D S s S fn Shar
MM

.,.....,.,.,..,..., [
A N A A e A DM OO TN NG G OGS = Mg O M h

&= 20 R R DL T eSSt S S TR S D LI S L S S I S S R - % % w -~ % w e A oo

begin- input
begjn-bank

begin-rod
2,0,5,1
100,1,2,0
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tewwd®  Option 20 used to perform a keff position search

DUTLIN
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END
'END

Option 30 used to calculate a control rod worth curve
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begin-input

2,0

CTRLPGS
2,1

END
3,1
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'VENTNEUT
'END

END OF SAMPLE 1, METHOD 1 VENTURE/CTRLPOS INPUT
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D.1.4 SAMPLE 1, METHOD 2 CTRLPOS INPUT

texwns  Option 5 used to define CTRLPOS output file name
DUTLIN

I |

1.000 0.0010 1000.0
1-1--2--3-<4--5--6=-7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23- 2%
500290100013 1010000000000

END

CTRLPOS

reksex  Lile name for CTRLPOS output

ctrisfa.out.2

END

vexerx  Ontion 10 used to read in CTRLPOS data

DUTLIN

CTRLCF 06 02 1

et ey S e By LR RS Ll
1.060 0.0010 1000.0 5000.0

tofe-2--3caf==5-nfh--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24

1 0 0 2 6 1 1+ 0 01599 0 0 0 0 0 0 0 0 0 0 O O 1
END

ixendk  CTRLPOS DATA FOR SAMPLE PROBLEM 1 -- METHOD 2.

1exxex  The icontrol rod' zones start with zone 11 at the center of the core
1edwer  and end with zone 100. The first position guess is the outer boundary
1xdxx*  of yone 21 while the tip of the control rod starts at zone 11.

ikkawx  The |imits of control rod motion are the inner boundary of zone 11 and
1wwerx  the outer boundary of zone 100. Zone 1 will be the follower for all
1##%%%  the control rod zones. Control rod material is in zones 11-20 at the
tkkkd*  crart of the process. This method is essentially exactly the same as
1#wwwx  Mathod 1 since zone 1 material is used as the follower in all zones.
twaxsw  The only difference is the the inner core region remains

1akkak  gtationary.
CTIRLPOS
begin-input
begin-bank

begin-rod

11,0,21,1

100,1,11,0
begin-zone

11,1,1

12,11

1
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Option 20 used to perform & keff position search
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CTRLCF 06 0246 1

[ EETE boenee 2----- laee-s 3eenan beeen- 4omnnn boennn Smenen feeens 6m-nn- !
0.900 0.0010 1000.0 5000.0

VefesPanBenlr-5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24

200 0 2 0110019 000 O0O0O0O0COOTO0OTUD0O O 1

END

'CTRLPOS

YEND

iverRd Option 30 used to calculate a control rod worth curve

DUTLIN

CTRLCF 06 02 1

Voreefonann tevann 2-m-=- leeu-es 3-vu-- bownn- fnn-- IEEEEE S5-ve-- fooon- br-oen !

| { 1
0.900 0.0010 1000.6 5000.0

t-1--2-<3-~4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
30 00 2 01100159 001000000 O0O0 O 1
END
CTRLPOS
begin-input
11,0
111
12,1
13,1
14,1
15,1
16,1
17.1
18,1
19,1
20,1
21,1
22,1
23,1
24,1
25,1
26,1
27,1
28,1
29,1
30,1
31,1
32,1
33,1
34,1
35,1
36,1
37,14
38,1
39,1
40,1
41,1
42,1
43,1
44,1
45,1
46,1
47,1
48,1
49,1
50,1
51,1
52,1
53,1
54,1
55,1
56,1
57,1
58,1
59,1
60,1
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YEND

END OF SAMPLE 1, METHOD 2 CTRLPOS INPUT
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D.1.5 SAMPLE 1, METHOD 3 CTRLPOS INPUT

1x%%%*  Ontion 5 used to define CTRLPOS output file name

DUTLIN

CTRLCF 06 02 1

R T bevne- 2--v-- foees ;. FERPR e ERRTE foens §ennne leeeee -~ !
1.000 0.0010 1000.0

1-9--2--3--4+-5-=5=-7~-B--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
5 0020 1000103 1010000O0O0CO0O0CO0D0O0
END

CTRLPOS
texxws  File name for CTRLPOS output

ctrisia.out.3

END

1weese  Ontion 10 used to read in CTRLPOS data

DUTLIN

CTRLCF 06 024 1

S R R 2----- borans 3----- Javee- fronn- leoo-- 5erees Joreo- 6----- !

1 i | I
1.000 0.0010 1000.0 5000.0

1eee2anBeclyn-B-nfe-T--B--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24

0 0 0 2 0 1 1 0 0159 0 0 0 0 0 0 0 0 0 0 O O 1
END

tawwdk  CTRIPOS DATA FOR SAMPLE PROBLEM 1 -- METHOD 3.

tewwdk®  The teontrol rod' zones start with zone 12 at the center of the core
1ekwex  and end with zone 100. The first position guess is the outer boundary
1wsxae  of zone 21 while the tip of the control rod starts at zone 12.

1ewxs  The Limits of control rod motion are the inner boundary of zone 12 and
1wkrws  the outer boundary of zone 100. Zone 11 will be the follower for all
1knwer  the control rod zones. Control rod material is in zones 12-20 at the
iwwsw%  ctart of the process. This method is different from the first two
texxwe  gince the control rod starts at the center of the core and the

1hkxwa*  matarial in zone 11 (outer core material) follows the rod as it moves.
CTRLPOS

begin-input

begin-bank

begin-rod

12,0,21,1

100,1,12,0

begin-zone

12,11,1

13,11,1

14,111

15,11,1

16,111

17,111

18,11,1

19,11,1
20,11,1
21,11,0
22,11,0

23,11,0
24,11,0
25,11,0
26,11,0
27,11,0
28,11,0
29,11,0
30,11,0
31,11,0
32,11,0
33,11,0
34,11,0
35,11,0
36,11,0
37,11,0
38,11,0
39,11,0
40,11,0
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65,

100,11,0

end-zone

end-rod

end-bank

end- input

END

1sswwx  Ontion 20 used to perform a keff position search

DUTLIN

CTRLCF 06 026 1

[P PR i, SECTO EPEDL SUPLRY EEEEY SRR
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0.900 0.0010 1000.0 5000.0
“3-fo-5--6--7--B--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
020 1 015

1-9--2-
10 9% 0 0 0 0 0 0 O0CO0 0 00 1

20 O
END
ICTRLPOS
TEND
texxws  Ontion 30 used to calculate a control rod worth curve
DUTLIN
CTRLCF 06 026 1
S o) Bl EALCtI EEPETERRRRY

0.900 0.0010 1000.0 5000.0

1elenPenBmalmaGenbrnT--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23- 24

30 0 0 2 01 1 0 01% 00100000 O0O0CO0O01
END
CTRLPOS
begin-input
12,0
12,1
13,1
16,1
15,1
16,1
17,1
18,1
19,1
20,1
21,1
22,1
23,1
26,1
25,1
26,1
27,1
28,1
29,1
30,1
31,1
32,1
33,1
34,1
35,1
36,1
37,1
38,1
39,1
40,1
41,1
42,1
43,1
44 1
45,1
46,1
471
48,1
49,1
50,1
51,1
52,1
53,1
54,1
55,1
56,1
57,1
58,1
59,1
60,1
61,1
62,1
63,1

1
1
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'VENTNEUT
'END

END OF SAMPLE 1, METHOD 3 CTRLPOS INPUT



D.1.6 BAMPLE 1, METHOD 4 CTRLPOS INPUT

txxwer  Ontion 5 used to define CTRLPOS output file name

DUTLIN

CTRLCF 06 024 1

e T e B
1.000 6.0010 1000.0

t-4--2--3--4--5--6--7--8--9-10-11-12- 13- 14-15-16-17- 18- 19-20-21-22-23- 24
5 002 01000103 101 9000GO0CUO0O0CO0CCO0O0O0

END

CTRLPOS

teswks  Eile name for CTRLPOS output

ctrisla.out.é4

END

DUTLIN

CTRLCF 06 026 1
leceofeoman | [, 2-ee-=- | P, Feewnn : ..... AR locona Gevean ! ..... Greeen :

1
1.000 0.0010 1000.0 5000.0

1e1--2--3--4~-5--6--7--8--9-10-11-12-13-14-15- 16~ 17-18-19-20-21-22-23-24

0 0 2 601 10015% 000 00O0COCO0O0OTOD0OOD0O0 1
END

thwkk®  CTRIPOS DATA FOR SAMPLE PROBLEM 1 -- METHOD 4.

1*¥%%*  The Icontrol rod' zones start with zone 12 at the center of the core
t#xwxr  and and with zone 101. The first position guess is the outer boundary
tewks*  of zone 22 while the tip of the control rod starts at zone 12.

sekww*  The |imits of control rod motion are the inner boundary of zone 12 and
twwaxx  the outer boundary of zone 101. 2one 1 will be the follower for the
1ekrwd  inner control rod zones while zone 11 will be the follower for the
twexkw  outer the control rod zones. Control rod material is in zones

1enkws  12.21 at the start of the process. This differs from the other

ienswn  examples because of the change in the follower material. This change
teeRa® i an attempt to properly use the to different material cross sections
texd¥®  in their respective area of the model.
CTRLPOS
begin- input
begin-bank
begin-rod

12,0,22,1

101,1,12,0
begin-zone

12,11

13,11

-
-

LN SN

NN NN =8 o 3 ek cd s
PN UWN 2000~y
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COOOCOOOOQCOLDODODO

SRUBURUEYEYN
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40,11,0
41,11,0
42,11,0
43,11,0
44,11,0
45,11,0
46,11,0
47,11,0
48,11,0
49,11,0
50,11,0
51,11,0
52,11,0
53,11,0
54,11,0
55,11,0
56,11,0
57,11,0
58,11,0
59,11,0
60,11,0
61,11,0
62,11,0
63,11,0
64,11,0
65,11,0
66,11,0
67,11,0
68,11,0
69,11,0
70,11,0
71,11,0
72,11,0
73,11,0
74,11,0
75,11,0
76,11,0
77,11,0
78,11,0
79,11,0
80,11,0
81,11,0
82,11,0
83,11,0
84,11,0
85,11,0
86,11,0
87,11,0
88,11,0
89,11,0
%0,11,0
91,11,0
92,11,0
93,11,0
94,11,0
95,11,0
96,11,0
97,11,0
98,11,0
99,11,0
100,11,0
101,11,0
end-zone
end-rod
end-bank
end-input
END
iwxwws  Option 20 used to perform a keff position search
DUTLIN
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CIRLCF 06 026 1
e B B L B e
0.900 0.06010 1000.0 5000.0

124-22--3-4~-5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
20 0 0 2 0 1 1 0 p1592 0 0 0 0 0 0 0 0 0O O O ©O 1

END

*CTRLPQS

'END

iessdw  Ontjon 30 used to calculate a control rod worth curve

DUTLIN

CTRLCF 06 026 1

L O OOLd CLrrr SEDEE FURLEY SEery!

0.900 0.0010 1000.0 5000.0

1-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21
3 00 2 01 100159 00 100000000
END

CTRLPOS

begin-input

12,0

12,1

13,1

14,1

15,1

16,1

171

18,1

19,1

20,1

21,1

22,1

23,1

24,1

25,1

26,1

27,1

28,1

29,1

30,1

31,1

32,1

33,1

34,1

35,1

-
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JITHIEHRED
LLLLLLLL.

o~
-
) -
—_
g

‘VENTNEUT
YEND

END OF SBAMPLE 1, METHOD 4 CTRLPOS INPUT



D.1.7 BSAMPLE 1, METHOD 1 CTRLPOS OUTPUT

HRERRRRRRRERA NN RAENR AR ERERER AR R R ARRARRAAEANTERTERE R RRTAARdh iR fedrwdkwd

*** CTRLPOS - CONTROL ROD POSITION MOOULE - VERSION 1 - OCTOBER 1, 1992 #**

wwkks CTRLPOS OPTION 10 »wwwx

*ANa% CONTENTS OF *CTRLCF* CONTROL FILE wwwaw

XX( 1- 4) * 1.000000+00* 1.000000-03* 1.00000D+03* 5.00000D+03*
2*

10+ 0 o+

L LI R L
99« 0+ 0+ O

o~ 0+ 0* O+

o* o* Oi 1 *

1X¢ 1- 5)
IX¢ 6-10)
IX(11-15)
1X(16-20)
IX(21-25)

* % % 0 %

1-TARGET KEFF VALUE
2-ALLOWED KEFF TOLERANCE
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT

LU ]

4-MAXIMUM NUMBER OF ATOM DENSITY VALUES (IF IX(23).NE.Q) =

1-CTRLPOS OPTION NUMBER

2-NEUTRONICS MODULE

3-INTERPOLATION SCHEME

4-NUMBER OF POINYS IN SCHEME

5-STORAGE Of KEFF VALUES

6-CONTROL RODS FOR KEFF SEARCH

7-PRINT OUT OF ATOM DENSITIES

B-PRINT OUT ATOM DENSITIES AT EACH POSITION
9-CONTROL ROD TIP PARTIAL ZONE PLACEMENT
10-NUMBER OF POSITION ITERATIONS
11-NUMBER OF OUTERS FOR NEUTRONICS MODULE
12-RESERVED

13-BURNED CONTROL ROD OPTION

aonmnrn

Wwhkhd PARAMETERS FOR CTRLPOS OPTION 30 *wwe*
14-BANK NUMBER FOR CONTROL ROD WORTH CURVE
15-CONTROL ROD FOR WORTH CURVE

16-RESERVED

"nown

wwawx PARAMETERS FOR CTRLPOS OPTION 40 **ww+
17-BANK HUMBER FOR ROD/BANK RE-POSITIONING
18-CONTROL ROD NUMBER FOR RE-POSITIONING
19-20NE NUMBER FOR RE-POSITIONING

20-ZONE BOUNDARY FOR RE-POSITIONING
21-VENTPLOT PLOT OPTION

22-REVERSE CONTROL RCO MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTION
24-CONTAINER ARRAY MEMORY OPTION
25-DEBUG DUTPUT PARAMETER

now it ou

...........................................................................

...........................................................................

BANK # 1 HAS 1 RODS.

NUMBER OF CONTROL ROD BANKS = 1

BANK # 1 ROD # 1 HAS 99 ZONES AND 0 PRODUCTION CHAINS.

0*
L34
ot
0*
o*

1.000000+00
1.000000-03

1.00D+03

1

“aONDODO O
(=]

OO

BANK # 1 ROD # 1 CHAIN # O HAS 0 PRODUCED ISOTOPES.

----------------------------------------------------- R L L

...........................................................................

TOTAL AVAILABLE MEMORY = 4800000 WORDS.
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LOWER MEMORY FOR CTRLPOS
UPPER MEMORY FOR CTRLPOS
TOTAL MEMORY FOR CTRLPOS

BANK # 1

EXTRA MEMORY =

...........................................................................

ROD # 1

92531 WORDS.
26928 WORDS.
119459 WORDS.

4680541 WORDS.

CONTROL ROD TIP 1S LOWER BOUNDARY OF ZONE
FIRST GUESS POSITION 1S UPPER BOUNDARY OF ZONE
UPPER CONTROL ROD LIMIT IS UPPER BOUNDARY OF ZONE 100
LOWER CONTROL ROD LIMIT IS LOWER BOUNDARY OF ZONE 2

2
5

...........................................................................

*wwax INFORMATION ON MEMORY REQUIREMENTS FOR ATOM DENSITY ARRAYS wwwe#

MAXIMUM NUMBER OF ATOM DENSITY VALUES POSSIBLE =

NOTE *** THIS VALUE DOES NOT ACCOUNT FOR THE PRODUCTION
OF NEW ISOTOPES IN THE FOLLOWER MATERIAL ***

119459 WORDS.
305767 WORDS.

TOTAL MEMORY REQUIRED FOR 1X(23).EQ.0
TOTAL MEMORY REQUIRED FOR 1X(23).ME.O

I1X(23).EQ.0 OPTION SAVES
YOU ARE USING BEST OPTION TO SAVE MEMORY.

(LI 1]

BANK # 1 ROD # 1 NUMBER OF ZONES =
CONTROL ROD  FOLLOWER CONTROL ROD
ZONE NUMBER ZONE NUMBER  ZONE VOLUME

1 2 1 2.356190+00
2 3 1 3.926990+00
3 4 1 5.497790+00
4 5 1 7.068580+00
5 6 1 8.639380+00
3 7 1 1.021020+01
7 8 1 1.178100+01
8 9 1 1.335180+01
9 10 1 1.492260+01
10 1 1 1.64934D+01
1 12 1 1.80642D+01
12 13 1 1.963500+01
13 14 1 2.12057D+01
14 15 1 2.27765D+01
15 16 1 2.434730+01
16 17 1 2.591810+01
17 18 1 2.748890+01
18 19 1 2.90597D+01
19 20 1 3.063050+01
20 21 1 3.22013D+01
21 22 1 3.377210+01
22 23 1 3.534290+01
23 r 1 3.691370+01
24 25 1 3.848450+01
25 26 1 4.005530+01
26 27 1 4.16261D0+01
27 28 1 4.319690+01
28 29 1 4.476770+01
29 30 1 4.633850+01

30 3 1 4.79093D0+01

31 32 1 4.948010+01

32 33 1 5.105090+01

33 34 1 5.262170+01

34 35 1 5.419250+01

35 36 1 5.57633D+01

36 37 1 5.733410+01

37 38 1 5.890490+01

38 39 1 6.047570+01

99

186308 WORDS OF MEMORY.

FOLLOWER
ZOMNE VOLUME
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.85398D-01
7.853980-01
7.853980-01
7.85398D0-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853%80-01
7.853980-01
7.853980-01
7.85398D-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853580-01
7.85398D-01
7.853980-01
7.853980-01
7.85398D-01
7.853980-01
7.853980-01

12276.

TOTAL
ZONE VOLUME
2.356190+00
6.283190+00
1.178100+01
1.884960+01
2.748890+01
3.769910+01
4.94801D0+01
6.283190+01
7.77544D+01
9.424780+01
1.12312p+02
1.319470+02
1.531530+02
1.759290+02
2.002770+02
2.261950+02
2.53684D+02
2.827430+02
3.13374D+02
3.45575D+02
3.793470+02
4.14690D+02
4.51604D+02
4.900880+02
5.301440+02
5.717700+402
6.149670+02
6.59734D+02
7.060730+02
7.539820+02
8.034620+02
8.54513p+02
9.071350+02
9.613270+02
1.017090+03
1.074420+03
1.133330+03
1.19381D+03

ROD
FLAG

OO0 COO0OO00CO0OTOOOOOOO =bed b b o3 b o b vd oaeh o oh —h id ed cd d b =
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39 40
40 41
41 42
42 43
3 44
W 45
45 46
46 47
47 48
48 49
49 50
50 51
51 852
52 53
53 54
5 55
55 56
56 57
57 58
58 59
50 60
6 61
&1 &2
62 63
63 64
64 65
65 66
66 67
67 68
68 &9
&6 70
70 71
7" T2
773
T
7% 75
75 76
7% 77
778
707
79 80
80 81
81 8
82 B3
83 8
8 85
85 85
86 87
87 88
88 89
89 90
9% 91
91 92
92 93
93 9%
9% 95
9 9
9% 97
97 98
98 %9
9 100
BANK # 1 ROD # 1
Z0NE 2 192235

b ad ol ad b d e il B D B e ad oD ad d sl ad B R ed B ah oD ad wh ed B o) B B oh b D ad D b oD mh b ok o b ah d b h o eh b o ol b wd md A o el = b b

5.2312000-05 ¢

6.20465D+01
6.361730+01
6.518800+01
6.675880+01
6.832960+01
6.99004D+01
7.147120+01
7.304200+01
7.46128D+01
7.61836D+01
7.77544D+01
7.932520+01
8.08960D+01
8.266680+01
8.403760+01
8.56084D+01
8.717920+01
8.875000+01
9.03208p+01
9.189160+01
9.34624D+01
9.50332p+01
9.66040D+01
9.81748D+01
9.97456D+01
1.013160+02
1.02887D+02
1.044580+02
1.060290+02
1.076000+02
1.091700+02
1.107410+02
1.123120+02
1.13883D+02
1.15454D+02
1.17024D+02
1.18595D+02
1.201660+02
1.217370+02
1.233080+02
1.248780+02
1.264490+02
1.280200+02
1.295910+02
1.311610+02
1.327320+02
1.343030+02
1.35874D+02
1.37445D+02
1.390150+02
1.405860+02
1.421570+02
1.437280+02
1.45299D+02
1.468690+02
1.48440D+02
1.50011D+02
1.515820+02
1.531530+02
1.54723p+02
1.56294D+02

TIME IK DAYS

ATOM DENSITIES

1.0000) 192234

7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853080-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01
7.853980-01

1.255850+03
1.31947D+03
1.38466D+03
1.451420+403
1.519750+03
1.589650+03
1.661120+03
1.734160+03
1.80877D+03
1.88496D+03
1.962710+03
2.04204D+03
2.122930+03
2.205400+03
2.28944D+03
2.37504D+03
2.4662220+03
2.55097D+03
2.641290+03
2.733190+03
2.826650+03
2.921680+03
3.018290+03
3.11646D+03
3.216210+03
3.317520+03
3.420410+03
3.524870+03
3.630900+03
3.738500+03
3.84767D+03
3.95841D+03
4.,070720+03
4. 184600403
4.30005D+03
4.41708D+03
4.535670+03
4.65584p+03
4. 777580+03
4.900880+03
5.02576D+03
5.15221D+03
5.280230+03
5.409820+03
5.540980+03
5.673720+03
5.808020+03
5.9438%0+03
6.08134D+03
6.22035D+03
6.360940+03
6.503100+03
6.646820+03
6.792120+03
6.938990+03
7.087430+03
7.23744D+03
7.389030+03
7.542180+03
7.696900+03
7.853200+03

5.5020000-07 (

DOCOO0O0O0OOLO0O0O0O0O0O00DDOODOOULOIDOOOO00CLDOOOLOLOLDOCODOOOOOLDOOODOCDODO0O0O0O

000 -emesemmeeeeen e

1.0000) 192236
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1.0000)
192238
19019
ZONE
1.0000)
192238
19019
Z20NE
1.0000)
192238
19019
ZONE
1.0000)
192238
19019
ZONE
1.0000)
192238
19019
ZOHE
1.0000)
192238
19019
ZONE
1.0000)
192238
19019
Z0NE
1.0000)
192238
19019
ZONE
1.0000)
192238
19019
ZONE
1.0000)
292238
29019
Z0NE
1.0000)
292238
29019
ZONE
1.0000)
292238
29019
Z0NE
1.0000)
292238
29019
ZONE
1.0000)
292238
29019
ZOKE
1.0000)
292238
29019
ZONE
1.0000)
292238
29019
ZONE
1.0000)
292238
29019
ZONE
1.0000)

3.0091000-
1.2338000-
3 192235

3.0091000-
1.2338000-
4 192235

3.0091000D-
1.233800D-
5 192235

3.0091000-
1.2338000-
6 192235

3.009100D-
1.2338000-
7 192235

3.0091000-
1.2338000-
8 192235

3.0091000-
1.2338000-
9 192235

3.009100D-
1.2338000-
10 192235

3.009100D-
1.2338000-
11 292235

3.0091000-
1.2338000-
12 292235

3.009100D
1.233800D-
13 292235

1.2338000-
14 292235

3.009100D-
3.0091000-
1.2338000-

15 292235
3.0091000D-
1.233800D-

16 292235

3.0091000-
1.23380600-
17 292235

3.009100D-
1.2338000-
18 292235

3.0091000-
1.2338000-
19 292235

06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 1.0000)

(
5.2312000-05 ¢

06 ( 1.0000)

( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 ¢

06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 ¢
06 ¢ 1.0000)
( 1.0000)
.2312000-05 (

5

a6 ¢ 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ¢ 1.0000)
04 ( 1.0000)
5.2312000-05 ¢
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ¢ 1.0000)
5.2312000-05 (
06 ( 1.0000)
04 ( 1.0000)
5.2312000-05 (
06 ¢ 1.0000)
04 ¢ 1.0000)
5.2312000-05 (

11001
1.0000) 192234
11001
1.0000) 192234
11001
1.0000) 192234
11001
1.0000) 192234
11001
1.0000) 192234
11001
1.0000) 192234
11001
1.0000) 192234
11001
1.0000) 192234
11001
1.0000) 292234
21001
1.0000) 292234
21009
1.0000) 292234
21001
1.0000) 292234
21001
1.0000) 292234
21001
1.0000) 292234
21001
1.0000) 292234
21001
1.0000) 292234
21001
1.0000) 292234

6.6436000-

6.643600D-

6.6436000-

6.6436000-

6.643600D-

6.6436000-

6.6436000-

6.6436000-

6.643600D-

6. 6436000~

6.643600D-

6.6436000-

6.6436000-

6.643600D-

6.6436000-

6.6436000-

6.643600D-

02 ¢ 1.0000)
5.5020000-07 (
02 ( 1.0000)
5.5020000-07 (
02 ¢ 1.0000)
5.5020000-07 (
02 ( 1.0000)
5.5020000-G7 ¢
02 (¢ 1.0000)
5.5020000-07 (
02 ¢ 1.0000)
5.5020000-07 (
02 ( 1.0000)
5.5020000-07 (
02 ¢ 1.0000)
5.5020000-07 (
02 ¢ 1.0000)
5.5020000-07 ¢
02 ( 1.0000)
5.5020000-07 ¢
02 ¢ 1.0000)
$.5020000-07 (
02 ( 1.0000)
5.5020000-07 ¢
02 ( 1.0000)
5.5020000-07 (
02 ( 1.0000)
5.5020000-07 ¢
02 ¢ 1.0000)
5.5020000-07 (
02 ( 1.0000)
5.5020000-07 <«
02 ¢ 1.0000)

5.5020000-07 (

18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236

3.3330000-

3.3330000-

3.3330000-

3.3330000-

3.333000D-

3.3330000-

3.3330000-

3.3330000-

3.3330000-

3.333000D-

3.333000D-

3.3330000-

3.3330000-

3.3330000-02 ¢

3.3330000-02 (

3.3330000-02 ¢

3.3330000-02 (
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02 ¢ 1.0000)
2.6950000-07 ¢
02 ¢ 1.0000)
2.6950000-07 (
02 ( 1.0000)
2.6950000-07 ¢
02 ¢ 1.0000)
2.6950000-07 (
02 ¢ 1.0000)
2.695000D-07 <
02 ¢ 1.0000)
2.6950000-07 ¢
02 ( 1.0000)
2.6950000-07 (
02 ( 1.0000)
2.6950000-07 (
02« 1.0000)
2.6950000-07 (
02 ( 1.0000)
2.695000D-07 ¢
02 ( 1.0000)
2.6950000-07 ¢
02« 1.0000)
2.6950000-07 ¢
02 « 1.0000)
2.6950000-07 (
1.0000)
2.6950000-07 (
1.0000)
2.6950000-07 (
1.0000)
2.6950000-07 ¢
1.0000)

2.6950000-07 ¢
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292238  3.009100D-06 ( 1.0000) 21001 6.6436000-02 ( 1.0000) 28016  3.3330000-02 ( 1.0000)

29019 1.2338000-04 ( 1.0000)
ZONE 20 292235  5.2312000-05 ( 1.0000) 292234  5.5020000-07 ( 1.0000) 292236  2.46950000-07 (

1.0000)
292238  3.0091000-06 ( 1.0000) 21001  5.6436000-02 ¢ 1.0000) 28016 3.333000D-02 ( 1.0000)

29019  1.2338000-04 ¢ 1.0000)

ZONE 21 31001  6.664400D-02 ( 1.0000) 38016 3.3344000-02 ¢ 1.0000)
ZONE 22 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
Z0NE 23 31001  6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 24 31001  6.6644000-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 25 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 26 31001 6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 27 31001  6.6644000-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 28 31001  6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
20NE 29 31001 6.664400D-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 30 31001 6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 31 31001  6.664400D-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 32 31001  6.664400D0-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 33 31001  6.664400D-02 ( 1.0000) 3B016 3.3344000-02 ( 1.0000)
ZONE 34 31001  6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 35 31001  6.664400D-02 ( 1.0000) 38016  3.334400D-02 ( 1.0000)
ZONE 36 31001 6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 37 31001 6.664400D0-02 ( 1.0000) 38016  3.334400D-02 ( 1.0000)
ZONE 38 31001  6.664400D-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 39 31001  6.664400D0-02 ¢ 1.0000) 38016  3.3344000-02 ( 1.0000)
Z0NE 40 31001  6.6644000-02 ¢ 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 41 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 42 31001  6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
20NE 43 31001  6.6644000-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 44 31001  6.664400D-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 45 31001  6.664400D-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 46 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 47 31001  6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 48 31001  6.664400D-02 ( 1.0000) 38016 3.334400D0-02 ( 1.0000)
ZONE 49 31001  6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 50 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 51 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 52 31001 6.664400D0-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 53 31001 6.6644000-02 ( 1.0000) 38016  3.334400D-02 ( 1.0000)
ZONE 54 31001  6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
20NE 55 31001 6.6644000-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 56 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
Z0NE 57 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 58 31001  6.664400D-02 ( 1.0000) 38016  3.334400D0-02 ( 1.0000)
ZONE 59 31001 6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 60 31001  6.6644000-02 ( 1.0000) 38016 3.334400D0-02 ( 1.0000)
ZONE 61 41001 6.664400D-02 ¢ 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 62 41001  6.6644000-02 ¢ 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 63 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 64 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 65 41001  6.6644000-02 ( 1.0000) 48016  3.334400D0-02 ( 1.0000)
ZONE 66 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ¢ 1.0000)
ZONE 67 41001  6.664400D-02 ( 1.0000) 48016 3.334400D0-02 ( 1.0000)
20ME 68 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZORE 69 41001  6.6644000-02 ¢ 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 70 41001  6.664400D-02 ( 1.0000) 4B016  3.3344000-02 ( 1.0000)
ZONE 71 41001  65.6564400D-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 72 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 73 41001 6.664400D-02 ( 1.0000) 48016 3.334400D0-02 ( 1.0000)
ZONE 74 41001 5.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 75 41001  6.664400D-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
Z0NE 76 41001 6.664400D-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 77 41001  6.664400D-02 ( 1.0000) 48016 3.334400D-02 ( 1.0000)
ZONE 78 41001  6.6644000-02 ¢ 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 79 41001  6.6644000-02 ¢ 1.0000) 48016  3.334400D-02 ( 1.0000)
ZONE 80 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 81 41001  6.6644000-02 ( 1.0000) 48016  3.334400D0-02 ( 1.0000)
ZONE 82 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 83 41001  6.6644000-02 ( 1.0000) 48016  3.334400D-02 ( 1.0000)



ZONE 84 41001  6.6644000-02 ( 1.0000) 48016 3.334400D-02 ( 1.0000)
ZONE 85 41001 6.6644000-02 ( 1.0000) 48016  3.334400D0-02 ( 1.0000)
ZONE 86 41001  6.6644000-02 ( 1.0000) 48016  3.334400D-02 ( 1.0000)
ZONE 87 41001 6.6644000-02 ( 1.0000) 48016  3.3344000-02 ¢ 1.0000)
ZONE 88 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ¢ 1.0000)
Z0NE 89 41001  6.664400D-02 ( 1.0000) 48016 3.3344000-02 ¢ 1.0000)
ZONE 90 41001  6.6644000-02 ¢ 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 91 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
Z0NE 92 41001 6.6644000-02 ( 1.0000) 48016  3.334400D0-02 ( 1.0000)
ZONE 93 41001  6.6644000-02 ¢ 1.0000) 48016 3.3344000-02 ¢ 1.0000)
20ME 94 41001  6.6644000-02 ( 1.0000) 48016  3.334400D-02 ( 1.0000)
ZONE 95 41001 6.6644000-02 ( 1.0000) 48016  3.3344000-02 ¢ 1.0000)
ZONE 96 41001  6.664400D-02 ( 1.0000) 48016 3.3344000-02 ¢ 1.0000)
ZONE 97 41001  6.664400D0-02 ( 1.0000) 48016 3.334400D-02 ¢ 1.0000)
ZONE 98 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 99 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
20ME 100 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)

wakd® AVERAGE VALUES FOR CONTROL ROD MATERIAL #wwew
VOLUME OF COKRTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.

192235  1.297967D-05 ( 1.0000) 292235  3.9332330-05 ( 1.0000) 192234

292234  4.1368420-07 ( 1.0000) 192236 6.686842D-08 ( 1.0000) 292236
192238  7.466188D-07 ( 1.0000) 292238 2.2624B1D-06 ( 1.0000) 11001
21001  4.9951880-02 ( 1.0000) 18016 8.2698500-03 ( 1.0000) 28016
19019 3.061308D-05 ¢ 1.0000) 29019 9.276692p-05 ( 1.0000)

...........................................................................

®*ax% STARTING POSITIONS FOR ALL CONTROL RODS *www«
STARTING POSITION -- POSNOW( 1, 1)= 0.000000000D+00

#wwax® KEFF AT STARTING POSITION = 7145979

#*wew® FIRST GUESS POSITIONS FOR MOVING CONTROL RODS ¥+
FIRST GUESS POSITION -- POSNOMW( 1, 1)= 1.8849555730+01

wawax KEFF AT FIRST GUESS POSITION = .7293161

...........................................................................

ITERATION # O -- AT THE CURRENT POSITION KEFF = . 7293161
waws® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***w+

BANK ROD ww*® CURRENT POSITION **** *¥%* NEW PREDICTED POSITION *wa+
1 1 1.8849555730+01 3.655142871D+02
ITERATION # 1 -- AT THE CURRENT POSITION KEFF = .8970353

*wA*: TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION wwwaw

BANK ROD
1 1

wa#® CURRENT POSITION *#***
3.6551428710+02

®%%* NEW PREDICTED POSITION ****
5.783355914D+02

ITERATION # 2 -- AT THE CURRENT POSITION KEFF = 9530511
weas® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION #*¥#ww

BANK ROD
1 1

w#e® CURRENT POSITION *¥**
5.783355914p+02

w*®* NEW PREDICTED POSITION ****
7.5670856690+02

...........................................................................

ITERATION # 3 -- AT THE CURRENT POSITION KEFF = .9874110
wa®R® TH0 POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITIDN w***a%

BANK ROD
1 1

*wa% CURRENT POSITION ****
7.567085669D+02

wwax NEW PREDICTED POSITION ****
8.220619304D+02

...........................................................................

ITERATION # & -- AT THE CURRENT POSITION KEFF = .9980261
***¥% TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *#*#*

1.3651580-0
2.0263160-0
1.648412D0-0
2.506015D0-0

7
7
2
2

(
(
(
(
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BANK ROD waak CURRENT POSITION **** *w¥® NEW PREDICTED POSITION *w#*
1 1 8.220619304D+02 8.342143381D+02
ITERATION # 5 -- AT THE CURRENT POSITION KEFF = 9999254

*xxex CONTROL RODS WERE SUCCESSFUL POSITIONED TO THE TARGET KEFF VALUE ****¥

*d%ex ENDING POSITION FOR ALL CONTROL RODS w*##+
ENDING POSITION -- POSNOM( 1, 1)= 8.342143381D+02

* TOTAL CPU TIME = .30 MINUTES - TOTAL CLOCK TIME = .00 MINUTES *
wawkasweuamaswses NORMAL END OF CONTROL ROD POSITION MODULE *¥whwwwsswsawax

HRERRERAAAARRAARAAN TR AR I AR AR TE AR AR AR ENNARRREATAARETRARAAENNRNY

ARERNNRRANRANERNCE T TSN ICRART T ATTR TR T E AR ERR IR AR AR TR T T RATERTRAARRTITRR

*** CTRLPOS - CONTROL ROD POSITION MODULE - VERSION 1 - OCTOBER 1, 1992 ##*

*xkex CTRLPOS OPTION 30 wwwws

...........................................................................

wrwR® CONTENTS OF *CTRLCF* CONTROL FILE *w*w*

XX( 1- 4) * 9.00000p-D1* 1.000000-03* 1.00000D+03* 5.00000D+03*
IX(¢ 1- 5) 30* o* o* 2 o*
IX( 6-10) 1* 1% o* o* 15%
IX(11-15) 99 o* o* 1> o*
1X¢16-20) o* o* o o* o*
1X(21-25) o* o o* 1* o*

o % 0 % %

1-TARGET KEFF VALUE $.00000D-01
2-ALLOWED KEFF TOLERANCE 1.000000-03
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT 1.00D+03

4-MAXIMUM NUMBER OF ATOM DENSITY VALUES (IF IX(23).NE.Q) = 5000

Rowon

w

- =200 Oo0

1-CTRLPOS OPTION NUMBER
2-NEUTRONICS MODULE
3-INTERPOLATION SCHEME
4-NUMBER Of POINTS IN SCHEME
5-STORAGE OF KEFF VALUES
6-CONTROL RODS FOR KEFF SEARCH
7-PRINT OUT OF ATOM DENSITIES
8-PRINT OUT ATOM DENSITIES AT EACH POSITION =
9-CONTROL ROD TIP PARTIAL 20NE PLACEMENT
10-NUMBER OF POSITION ITERATIONS
11-NUMBER OF OUTERS FOR NEUTRONICS MOOULE
12-RESERVED

13-BURNED CONTROL ROO OPTION

LI B U I I I |

o

BN
-y
OOS\-’IO

*AANE PARAMETERS FOR CTRLPOS OPTION 30 www**
14-BANK NUMBER FOR CONTROL ROD WORTH CURVE
15-CONTROL ROD FOR WORTH CURVE

16-RESERVED

I 1}
(=R =]

wrRwat PARAMETERS FOR CTRLPOS OPTION 40 *haww
17-BANK NUMBER FOR ROD/SBANK RE-POSITIONING
18-CONTROL ROD NUMBER FOR RE-POSITIONING
19-ZOME NUMBER FOR RE-POSITIONING

20-ZONE BOUNDARY FOR RE-PUSITIONING
21-VENTPLOT PLOT OPTION

o0 n "N
[= R =Rw o)

22-REVERSE CONTROL ROD MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTION
24-CONTAINER ARRAY MEMORY OPTION
25-DEBUG OUTPUT PARAMETER

Hnamwn
O--~00



...........................................................................

...........................................................................

-02 ¢

-02 (

5.5020000-07 ¢
g2 ¢ 1.0000)
5.5020000-07 ¢
02 ( 1.0000)
5.5020000-07 ¢
02 ( 1.0000)
5.5020000-07 (
02 ( 1.0000)
5.5020000-07 ¢
1.0000)
5.5020000-07 (
02 ¢ 1.0000)
5.5020000-07 (
02 ¢ 1.0000)
5.502000D-07 (
02 ¢ 1.0000)
5.5020000-07 ¢
1.0000)
5.5020000-07 (
02 ( 1.0000)
5.502000D0-07 ¢
02 ¢ 1.0000)
5.5020000-07 ¢
02 ¢ 1.0000)
5.5020000-07 (
02 (

5.502000D0-07 (

1.0000)

02 ¢ 1.0000)

1.0000) 192236
18016  3.333000D
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016
1.0000) 192236
18016  3.333000D
1.0000) 192236
18016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016
1.0000) 292236
28016  3.333000D
1.0000) 292236

28016

TOTAL AVAILABLE MEMORY = 4800000 WORDS.
LOWER MEMORY FOR CTRLPOS = 92531 WORDS.
UPPER MEMORY FOR CTRLPOS = 26928 WORDS.
TOTAL MEMORY FOR CTRLPOS = 119459 WORDS.
EXTRA MEMORY = 4680541 WORDS.
BANK # 1 ROD # 1  ATOM DENSITIES
ZONE 2 192235 5.2312000-05 ¢ 1.0000) 192234
1.0000)
192238  3.0091000-06 ( 1.0000) 11001 6.643600D-
19019  1.2338000-04 ( 1.0000)
20KE 3 192235  5.2312000-05 ¢ 1.0000) 192234
1.0000)
192238  3.0091000-06 ( 1.0000) 11001  6.6436000-
19019  1.2338000-04 ¢ 1.0000)
ZONE 4 192235  5.2312000-05 ( 1.0000) 192234
1.0000)
192238  3.0091000-06 ( 1.0000) 11001 6.6436000-
19019  1.2338000-04 ( 1.0000)
ZONE 5 192235  5.2312000-05 ( 1.0000) 192234
1.0000)
192238  3.0091000-06 ( 1.0000) 11001  6.643600D-
19019  1.2338000-04 ( 1.0000)
20NE 6 192235  5.2312000-05 ( 1.0000) 192234
1.0000)
192238  3.0091000-06 ¢ 1.0000) 11001  6.643500D
19019  1.2338000-04 ( 1.0000)
20NE 7 192235  5.2312000-05 ( 1.0000) 192234
1.0000)
192238 3.0091000-06 ¢ 1.0000) 11001  6.643600D-
19019 1.2338000-04 ( 1.0000)
20NE 8 192235 5.2312000-05 ( 1.0000) 192234
1.0000)
192238  3.009100D-06 ( 1.0000) 11001 6.643600D-
19019 1.233800D-04 ¢ 1.0000)
ZONE 9 192235 5.2312000-05 ¢ 1.0000) 192234
1.0000)
192238 3.0091000-06 ( 1.0000) 11001 6.643600D-
19019 1.2338000-04 ( 1.0000)
20NE 10 192235  5.2312000-05 ( 1.0000) 192234
1.0000)
192238  3.0091000-06 ( 1.0000) 11001  6.643600D
19019  1.233800D-04 ( 1.0000)
ZONE 11 292235  5.2312000-05 ( 1.0000) 292234
1.0000)
292238  3.0091000-06 ( 1.0000) 21601 6.64356000-
29019 1.2338000-04 ¢ 1.0000)
208E 12 292235  5.2312000-05 ( 1.0000) 292234
1.0000)
292238 3.0091000-06 ¢ 1.0000) 21001 6.5436000-
29019  1.2338000-04 ( 1.0000)
20NE 13 292235  5.2312000-05 ( 1.0000) 292234
1.0000)
292238 3.0091000-06 ¢ 1.0000) 21001  6.643600D-
29019  1,233800D-04 ( 1.0000)
ZONE 14 292235  5.2312000-05 ( 1.0000) 292234
1.0000)
292238  3.0091000-06 ¢ 1.0000) 21001  6.64346000-
29019  1.2338000-04 ¢ 1.0000)
ZONE 15 292235  5.2312000-05 ( 1.0000) 292234
1.0000)
292238  3.0091000-06 ( 1.0000) 21001 6.643600D0-
29019  1.2338000-04 ( 1.0000)

-02 ¢

3.333000D-

3.333000D-

3.333000D-

3.3330000-

3.3330000-

3.3330000-

-02 ¢

3.333000D-

3.333000D-

3.3330000-

3.333000D-

-02 (

3.3330000-02 ¢
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2.6950000-07 ¢
1.0000)
2.6950000-07 ¢
02 ¢ 1.0000)
2.6950000-07 (
02 « 1.0000)
2.6950000-07 ¢
02 ( 1.0000)
2.6950000-07 ¢
02 ( 1.0000)
2.6950000-07 (
02 ( 1.0000)
2.6950000-07 (
02 ( 1.0000)
2.695000D0-07 ¢
1.0000)
2.6950000-07 (
02 ( 1.0000)
2.6950000-07 ¢
02 ( 1.0000)
2.6950000-07 ¢
02 ( 1.0000)
2.695000D0-07 (
02 ( 1.0000)
2.6950000-07 ¢
1.0000)
2.6950000-07 (

1.0000)
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20NE 16 292235  5.2312000-05 ( 1.0000) 292234  5.5020000-07 ¢ 1.0000) 292236  2.6950000-07 (

1.0000)
292238  3.009100D-06 ( 1.0000) 21001 6.643600D0-02 ( 1.0000) 28016 3.3330000-02 ( 1.0000)

29019  1.2338000-04 ( 1.0000)
ZONE 17 292235  5.231200D-05 ( 1.0000) 292234  5.5020000-07 ( 1.0000) 292236  2.6950000-07 (

1.0000)

292238  3.0091000-06 ( 1.0000) 21001  6.643600D-02 ( 1.0000) 28016 3.3330000-02 ( 1.0000)
29019 1.233800D-04 ( 1.0000)

ZONE 18 292235  5.2312000-05 ¢ 1.0000) 292234  5.5020000-07 ( 1.0000) 292236  2.6950000-07 (

1.0000)

292238  3.0091000-06 ( 1.0000) 21001  6.8436000-02 ( 1.0000) 28016 3.3330000-02 ¢ 1.0000)
29019 1.2338000-04 ( 1.0000) :

ZONE 19 292235 5.2312000-05 ( 1.0000) 292234  5.5020000-07 ( 1.0000) 292236  2.6950000-07 (

1.0000)
292238  3.0091000-06 1.0000) 21001 6.6436000-02 ( 1.0000) 28016 3.333000D-02 ( 1.0000)

(
29019  1.2338000-04 ( 1.0000)
Z0NE 20 292235 .2312000-05 ( 1.0000) 292234  5.5020000-07 ( 1.0000) 292236  2.695000D-07 ¢
1.0000)
292238 3.009100D0-06 ( 1.0000) 21001  6.5643600D0-02 ( 1.0000) 28016 3.3330000-02 ( 1.0000)
-04 (

29019  1.233800D-04 1.0000)
Z0NE 21 31001  6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1..0000)
ZONE 22 31001  6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 23 31001 6.6644000-02 ¢ 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 24 31001 6.6644000-02 ¢ 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 25 31001 6.664400D-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 26 31001  6.664400D-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
20NE 27 31001 6.6644000-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 28 31001 6.6644000-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 29 31001  6.654400D-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 30 31001  6.664400D-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 31 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 32 31001  6.6644000-02 ¢ 1.0000) 38016  3.3344000-02 ( 1.0000)
20ME 33 31001 6.66464000-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 34 31001  6.664400D-02 ( 1.0000) 38016  3.334400D0-02 ( 1.0000)
ZONE 35 31001 6.664400D0-02 ( 1.0000) 38016 3.334400D0-02 ( 1.0000)
ZONE 36 31001  6.664400D-02 ¢ 1.0000) 38016 3.3344000-02 ( 1.0000)
Z0NE 37 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
20ME 38 31001 6.6644000-02 ( 1.0000) 3B016  3.3344000-02 ( 1.0000)
ZONE 39 31001  6.66464000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 40 31001  6.564400D-02 ¢ 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 41 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 42 31001  6.664400D0-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 43 31001  6.664400D-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 44 31001  6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 45 31001 6.664400D-02 ¢ 1.0000) 38016 3.3344000-02 ( 1.0000)
200E 46 31001 6.6644000-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 47 31001  6.664400D-02 ( 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 48 31001  6.664400D0-02 ( 1.06000) 38016  3.3344000-02 ( 1.0000)
ZONE 49 31001 6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 50 31001 6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
ZONE 51 31001  6.664400D-02 ( 1.0000) 38016 3.334400D-02 ¢ 1.0000)
ZONE 52 31001 6.6644000-02 ( 1.0000) 38016  3.3344000-02 ¢ 1.0000)
ZONE 53 31001 6.5644000-02 ¢ 1.0000y 38016  3.3344000-02 ( 1.0000)
ZONE 54 31001  6.664400D-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 55 31001  6.664400D-02 ( 1.00003 38016 3.334400D-02 ( 1.0000)
ZONE 56 31001  6.664400D-02 ( 1.0000) 38016 3.3344000-02 ( 1.0000)
Z0NE 57 31001  6.664400D-02 ( 1.0000) 38016 3.334400D-02 ¢ 1.0000)
ZONE 58 31001  6.6644000-02 ( 1.0000) 38016 3.334400D-02 ( 1.0000)
ZONE 59 31001  6.664400D-02 ¢ 1.0000) 38016  3.3344000-02 ( 1.0000)
ZONE 60 31001  6.6644000-02 ( 1.0000) 38016  3.334400D-02 ( 1.0000)
ZONE 61 41001  6.6644000-02 ( 1.0000) 48016 3.334400D0-02 ( 1.0000)
ZONE 62 41001 6.664400D0-02 ( 1.0000) 48016 3.334400D-02 ( 1.0000)
ZONE 63 41001  6.664400p-02 ( 1.0000) 48016  3.3344000-02 ¢ 1.0000)
ZONE 64 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 65 41001 6.664400D-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 66 41001  6.666400D-02 ( 1.0000) 48016 3.334400D-02 ( 1.0000)
ZONE 67 41001 6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 68 41001  6.664400D-02 ¢ 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 69 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)



ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
20NE
ZONE
ZOKE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE
Z0NE
ZONE
ZONE
ZONE
ZONE
ZONE
Z20NE
ZONE
ZONE
Z0NE
ZONE
ZONE
ZONE
ZONE
ZONE
ZONE

100

3

41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
87 41001
88 41001
89 41001
90 41001
91 41001
92 41001
93 41001
94 461001
95 41001
96 41001
97 41001
98 41001
99 41001
41001

-~
—

PRRAB2EIAIFIANUAN

6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.664400D-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.66464000-02
6.664400D-02
6.6644000-02
6.664400D-02
6.6644000-02
6.6644000-02
6.664400D-02
6.6644000-02
6.6644000-02
6.6644000-02
6.664400D-02
6.664400D0-02
6.6644000-02
6.664400D-02
6.6644000-02

PNV ONINN PN NN ISP NN PN NN NN N

1.0000) 48016  3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016  3.3344000-02
1.0000) 48016  3.3344000-02
1.0000) 48016  3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016  3.3344000-02
1.0000) 48016  3.3344000-02
1.0000) 4B016  3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.334400D-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016  3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.334400D0-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.334400D0-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 4B016  3.3344000-02
1.0000) 48016  3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3344000-02
1.0000) 48016 3.3364400D-02
1.0000) 48016  3.334400D-02
1.0000) 48016 3.334400D-02

*wwwk AVERAGE VALUES FOR CONTROL ROD MATERIAL **«+
VOLUME OF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.

192235
292234
192238
21001
19019

o«

NSNSV INN NN PN NN ISP PN NN PN PN PN PN

1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)

1.2979670-05 (
4.1368420-07 (
7.4661880~07 (
4.9951880-02 (
3.061308D-05 (

1.0000) 292235
1.0000) 192236
1.0000) 292238
1.0000) 18016
1.0000) 29019

3.9332330-05 (
6.6868420-08 (

1.0000) 192234
1.0000) 292236

2.2624810-06 ( 1.0000> 11001
8.2698500-03 ( 1.0000) 28016
9.2766920-05 ( 1.0000)

...........................................................................

CONTROL ROD BANK = 1

wwwax ALL RODS IN BANK WILL BE POSITIONED w***%=*

NUMBER OF POSITIONS = 70
waka® ONLY ZOME POSITIONS FOR BANK # 1, ROD #
NUMBER ZONE BOUNDARY POSITION
1 2 0 0.0000000000+00
2 2 1 2.3561944960+00
3 3 1 6.283185244D+00
4 4 1 1.1780972240+01
5 5 1 1.884955573D+01
é 6 1 2.7488935230+01
7 7 1 3.7699111700+01
8 8 1 4.9480084180+01
9 9 1 6.2831852670+01
10 10 1 7.7754418130401
1n 1 1 9.424777865D401
12 12 1 1.1231193610+02
13 13 1 1.3194689060+02
14 14 1 1.5315264010+02
15 15 1 1.759291866D+02
16 16 1 2.0027653000+02
17 17 1 2.261946685D+02
18 18 1 2.5368360400+02
19 19 1 2.827433364D+02
20 20 1 3.1337386390+02
21 21 1 3.455751884D+02

1 PRINTED HERE www=w

1.3651580-0
2.026316D-0
1.6484120-0.
2.506015D-0

7
7 <
2 (
2 (
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1.0000)
1.0000)
1.0000)
1.0000)



22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

22
23
24
25
26
27
28
29
30
3
32
33
34
35
36
37
38
39
40
4
42
43
4b
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70

Ll I e e e e e e T S N S S A N Y N A N QT (ST T QT (T QT QI QI QR P QI (I T QI QI I P G gy

**®®* SAVED POSITIONS FOR
SAVED POSITION -- POSSAV(

*xdkk MOVING CONTROL RODS

w*wa% ONLY ZONE POSITIONS

# ZONE BNDRY BANK ROD

OV BN -

NV B WS

-k b b ad b O

P e T ™ Y

T QT ST (T g T Y

3.7934730980402
4.1469022820+02
4.5160394360+02
4.900884521D+02
5.301437576D+02
5.7176985000+02
6.149667594D+02
6.5973445580+02
7.0607294920+02
7.539822357D+02
8.034623191D+02
8.5451319960+02
9.0713487700+02
9.613273513D+02
1.0170906230+03
1.074424687D+03
1.133329549D+03
1.193805207D+03
1.255851662D+03
1.3194689150+03
1.384656964D+03
1.451415807D+03
1.519745450D+03
1.5896458860+03
1.661117116D+03
1.7341591460+03
1.8087719700+03
1.884955594D+03
1.962710011D+03
2.0420352290+03
2.122931241D+03
2.2053980450+03
2.289435651D+03
2.375044049D+03
2.4622232480+03
2.550973241D+03
2.6412940260+03
2.7331856120+03
2.826647992D+03
2.9216811720+03
3.0182851460+03
3.1164599200+03
3.216205487D+03
3.317521847D+03
3.4204090090+03
3.5248669630+03
3.6308957180+03
3.758495267D+03
3.8476656080+03

ALL CONTROL RODS *wewx

1, 1=

TIME IN DAYS
TO POSITIONS
FOR BANK #
POSITION

0.000000+00
2.356190+00
6.283190+00
1.178100+01
1.88496D+01
2.74889D+01
3.76991D+01

- B.3421433810+02

............................

FOR WORTH CURVE wwww#

1, ROD #
KEFF

L T145979
71565064
.T196427
. 7235419
.72931561
7356579
.7429895

1 PRINTED HERE #www+

DKEFF

. 0000000
-0026671
.0043677
0059562
0073961
.0085580
0099166

DK/vOL

-0000000
.0011320
.0011122
.0010834
.0010463
.0010022
-0009713

DKO/VOL

.0000000
.0011320
.0011196
.0011027
.0010815
.0010555
.0010334
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8

9
10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
5¢
60
61
62
63
64
65
66
67
68
49
70

8

9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
81
62
63
64
65
66
67
68
69
70

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

b b d eh b h b D D d e ok e e b b ek d ed D ed b b D ed ol eh ed d e ed b b b b b e eh b ad ad oh eh oD b D ed wh nd b b o =D od =B b e od b b wh kA

- e ek b D ed eh b o h b ad b eh ed e ed ed ed ed ed eh b b eh b e oD kel e d oh b o D md ek D b b b wD b b d oh ol md o b b b R o ab B b b b b b

4.94801D+01
6.283190+01
7.775464D+01
9.424780+01
1.12312D+02
1.319470+02
1.531530+0Q2
1.759290+02
2.00277D+02
2.261950+02
2.536840+02
2.827430+02
3.13374D+02
3.455750+02
3.793470+02
4.146900+02
4.51604D+02
4.900880+02
5.30144D+02
5.717700+02
6.149670+02
6.597340+02
7.060730+02
7.539820+02
B.034620+02
8.54513D+02
9.071350+02
9.613270+02
1.017090+03
1.074420+03
1.13333p+03
1.193810+03
1.255850+03
1.31947D+03
1.384660+03
1.451620+03
1.51975p+03
1.58965D0+03
1.66112D+03
1.734160+03
1.808770+03
1.884960+03
1.962710+03
2.04204D+03
2.122930+03
2.205400+03
2.28944D+03
2.37504D0+03
2.462220+03
2.35097p+03
2.64129D+03
2.73319D+03
2.82665D+03
2.921680+03
3.0182%90+03
3.116460+03
3.216210+03
3.317520+03
3.42041D+03
3.524870+03
3.630900+03
3.738500+03
3.84767D+03

.7512037
. 7600368
7696218
.T796588
. 7901637
.8009616
.8120614
.8232235
.8346230
.8459521
.8572514
.8685297
-8796280
.8905405
.9013501
.9119067
9222040
9322306
9420633
.9516101
.9608690
.9698324
.9785108
.9869538
.9951225
1.0030079
1.0106200
1.0179708
1.0250709
1.0319166
1.038537%
1.0449241
1.0510879
1.0570304
1.0627626
1.0682876
1.0736152
1.0787556
1.0837113
1.0884914
1.0931045
1.0975734
1.1018789
1.1060340
1.1100448
1.1139164
1.1176560
1.1212593
1.1247473
1.1281177
1.1313751
1.1345259
1.1375709
1.1405158
1.1433645
1.1461301
1.1487993
1.1513834
1.153888¢9
1.1563143
1.1586642
1.1609406
1.1631399

.0109948
.0116898
.0125323
.0129569
.0133836
.0135726
.0137628
.0136516
.0137521
.0134824
.0132683
.0130703
.0126972
.0123294
.0120650
.0116438
.0112287
.0108136
.0104921
.0100829
.0096826
. 0092851
.0089085
.0085914
.0082426
.0078928
.0075606
.0072472
.0069505
.0066561
.0063952
.0061311
.0058814
.0056378
.0054082
.0051852
0049746
0047765
-0045833
.0044012
.0042291
.0040799
.0039150
.0037639
.0036197
.0034817
.0033515
.0032188
.0031059
.0029921
.0028833
.0027811
.0026803
.0025855
.0024947
.0024158
.0023262
.0022469
.0021737
.0020997
.0020302
-0019628
.0018926

.0009333
-0008755
.0008398
.0007856
.0007409
.0006912
.0006490
-0005994
.0005648
.0005202
-0004827
.0004498
.0004145
.0003829
.0003572
-0003295
.0003042
.0002810
.0002619
.0002422
.0002242
.0002074
.0001922
.0001793
.0001666
.0001546
.0001437
.0001337
.0001246
0001161
.0001086
.0001014
.0000948
-0000886
.0000830
.0000777
.0000728
.0000683
.0000641
0000603
.0000567
.0000536
.0000504
.0000474
.0000447
.0000422
.0000399
.0000376
.0000356
.0000337
.0000319
-0000303
-0000287
.0000272
.0000258
.0000246
.0000233
.0000222
.0000211
.0000201
.0000191
.0000182
.0000173

wa*¥* OPTION 30 COMPLETE -- CONTROL RODS RE-POSITIONED *#*ww«

whan® ENDING POSITION FOR ALL CONTROL RODS ##wex
ENDING POSITION -- POSNOMW(

1, N=

8.3421433810+02

.00100%94
.0009808
.0009536
.0009240
.0008943
.0008538
.0008337
.0008030
.0007737
.0007442
-0007155
.0006878
.0006607
-0006344
.0006093
.0005851
.0005617
.0005393
.0005180
.0004976
.0004780
.0004594
-0004415
.0004246
.0004084
.0003930
.0003783
.0003643
.0003509
.0003382
.0003261
.0003145
.0003035
.0002930
.0002829
.0002734
.0002642
.0002555
.0002471
.0002392
.0002315
.0002242
.0002173
.0002106
.0002042
.0001980
.0001922
.0001865
.0001811
.0001759
.0001710
.0001662
.0001616
.0001572
.0001529
.0001488
.0001449
.0001411
.0001375
.0001340
.0001306
.0001273
.0001242
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* TOTAL CPU TIME = 2.98 MINUTES - TOTAL CLOCK TIME = .00 MINUTES ®
wwenserrwesseess NORMAL END OF CONTROL ROD POSITION MODULE *wawesswssmwsis

L b a2l a2 i 2122 2 2 st et il t Il ie el ed s a2 e ly ety

END OF SAMPLE 1, METHOD 1 CTRLPOS OUTPUT
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D.2 INPUT AND OUTPUT FOR SAMPLE PROBLEM 2



D.2.1 SAMPLE 2 MCNP INPUT

message:

out=zctsévl.o srctp=ctsévl.s runtpe=ctsévi.r

mctal=ctsévi.m

CTRLPOS Sample Problem 2--Control Rod Study, Case 1

c
1 6
2 6
3 3
4 7
9999 0
1 cz
4 c2
3 cz
4 cz
c

c

c

c

mb

mtd

c

[

c

c

c

m3

mt3

c

c

c

c

c

m7

c

c

kcode

¢

prdmp

<

ksrc

9.994552-2 2 -3

$ Outer Core

imp:n=1
9.994552-2 -1 $ Center Core
imp:n=1
1.00032-1 3 -4 $ Water next to core
impin=1
-13.1 1-2 $ Control rod in core
imp:n=1
4 $ Outside World
17.0 $ Cylinders
18.0
35.0
100.0

At Coe| whewe

Material 6--UO2F2-H20 Solution Total Density= 9.994552-2
H/7235U atomic ratio=1270

1001.50c 6.6436-2 92238.50c 3.0091-6
8016.50c 3,3330-2 9019.50c 1.2338-4 92234.50c 5.5020-7
92235.50c 5.2312-5 92236.50c 2.6950-7

lwtr.01t

whirk Reflector *www*

Material 2--H20 reflector Total density= 9.984-2

1001.50c 0.066644
lwtr.01t

*xwk* Control Material
Material 7--Hf Control

72000.50¢ 1

1000 1.0 30 180
180 180 180 1
000

8016.50c 0.033344

dedrdrdede

Rod Total densityz 4.419755-2

$ 1000 particles, 30 settle cycles, 180 cycles
$ Dump information to file after 18D cycles

$ Beginning source guess

END OF SAMPLE 2 MCNP INPUT
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D.2.2 SAMPLE 2 SCALE INPUT

=csasn
CTRLPOS Sample 2 -- Infinite Cylindrical Reactor with Control
99gr muitiregion

u-235 10 5.2312-5 end
u-238 10 3.0091-6 end
u-234 10 5.5020-7 end
u-236 10 2.6950-7 end
h 10 6.6436-2 end
o 10 3.3330-2 end
f 10 1.2338-4 end
h 2 0 0.066644 end
[¢] 2 0 0.033344 end
hf-174 3 0 7.16000-5 end
hf-176 3 0 2.30092-3 end
hf-177 3 0 8.22339-3 end
h$-178 3 0 1.20646-2 end
hf-179 3 0 6.02368-3 end
hf-180 3 0 1.55133-2 end
end comp
cylindrical vacum reflected 0. end
1 17,
3 18.
1 35,
2 100.
end zone
more data dab=600 end
end
=xsdrn_jp

CTRLPOS Sample 2 -- Infinite Cylindrical Reactor with Control

-1$$ 1000000
083 a3 4 e
13¢ 251001031583 1101000e
1$$ 251001031583 11020000e
28¢ -20000e
338 1001e
438 0160 -23 4
S** 1.0-4 1.0-4 0
t
1388 7r1 6r2 2r3
1438 92235 92238 92234 92236 1001 8016 9019

72174 72176 72177 72178 72179 72180

201001 208016
15** 5,2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2

1.2338-4

7.16000-5 2.30092-3 8.22339-3 1.20646-2 6.02368-3 1.55133-2

0.066644 0.033344

19 e
e

t
34##% 17r1.0 10r0.0 16r1.0 57r0.0
t
35+ 16i0. 9i17. 15i18. 56i35. 100.
36%% 17r1 10r2 16r3 27¢&4 3015
3988 12133
5188 10rt 10r2 5r3 5r4 5r5 5r6 5¢7 5r8 5r9 5010 5¢11 5r12
7r13 4e14 5r15 13116
t
end
=xsdrn_jp
CTRLPOS Sample 2 -- Infinite Cylindrical Reactor with Control
-1$$ 1000000
088 33 20 30 e
18¢ 25100105283 11020000e
288 -20000e

338 1001 e
488 08B0-2347e¢
5** 1.0-4 1.0-4 0 e

t
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1388
1488

15%*

t
3488
t
35%
3658
398
5188
t
end

7r! 6r2 7r3 2ré 2r5

192235 192238 192234 192236 11001 18016 19019

272174 272176 272177 272178 272179 272180

392235 392238 392234 392236 31001 38D16 39019

4201001 4208016

5201001 5208016 .
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4

7.16000-5 2.30092-3 B8.22339-3 1.20646-2 6.02368-3 1.55133-2
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4 :
0.066644 0.033344
0.066644 0.033344

17r1.0 10r0.0 16r1.0 57¢0.0

16i0. 9i17. 15i18. 56i35. 100.
17e1 10r2 16r3 27r4 3015
12345

3r1 2r2 413 2r4 2056 7 8

=xsdrn_jp
CTRLPOS Sample 2 -- Infinite Cylindrical Reactor with Control

-138
0ss
138
2ss
3ss
488
Guk
t
1388
14$%

15%*

16%%

184#

t

34wk
t

35w
3688
39%s
51s%

t
end

1000000
a3 30 20 29 e
251001052683 112000¢e
20000 e
1001 e
0820 -22047 -1 e
1.0-4 1.0-4 0 e

7r1 6r2 73 2ré4 2r5
1192235 1192238 1192234 119223546 111001 1180186 119019
22721746 2272176 2272177 2272178 2272179 2272180
3392235 3392238 3392234 3392236 331001 338016 339019
44201001 44208016
55201001 55208016
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4
7.16000-5 2.30092-3 8.22339-3 1.20646-2 6.02368-3 1.55133-2
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4
0.066644 0.033344
0.066644 0.033344
11192235 11192238 11192234 11192236 1111001 1118016 1119019
22272174 22272176 22272177 22272178 22272179 22272180
33392235 33392238 33392234 33392236 3331001 3338016 3339019
64420100 444208016 )
555201001 555208016
6h192235 6h192238 6h192234 6h192236 6h 11001 6h 18016
6h 19019
6h272174 6h272176 6h272177 6h272178 8h272179 6h272180
6h392235 6h392238 6h392234 6h392236 éh 31001 6h 38016
6h 39019
6h 41001 6h 4BO16
éh 51001 éh 58016

17r1.0 10r0.0 16r1.0 57r0.0
16i0. 9i17. 15i18. 56i35. 100.
17r1 10r2 1613 27r4 3015

12345
12345678

END OF SAMPLE 2 SCALE INPUT
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D.2.3 SAMPLE 2 VENTURE/CTRLPOS INPUT

=CONTROL1

CTRLPOS Sample Problem 2 -- Infinite Cylindrical Kf Rod in Core
1000000001111111111222222222233333333334444444444555555555566666666887TTTTTTTTT8
1234567B901234567890123456789012345678201234567890123456789012345678901234567890
800000 04 1 1

99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 92 90 99 99 99 ¥P 99

99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
99 99 99 99 99 99 99 99 99 99 99 99 99 99 I 99 99 99 99 99 99 99 99 99
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99
99 99 99 99 99 99 99 99 99 99 99 99 99 99 I 99 99 99 99 9 99 99 99 99
99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 99 ¥
0
1SOTXS
END 00000670
DCRSPR
1234567890123456789012345678901234567890123456789012345678901234567890
11 11 00
24 1
192235 92235 235. 3.236 -1 1
392235 92235 235. 3.236 -1 1
192234 92234 234, 3.19  -Nn 1
392234 92234 234, 3.1 -1 1
192236 92236 236. 3.26 -N 3
392236 92236 236. 3.26 -1 3
192238 92238 238. 3.31 -1 2
392238 92238 238. 331 -1 2
11001 1001 1. 6
31001 1001 1. 6
41001 1001 1. 6
51001 1001 1. 6
18016 8016 16. 6
38016 8016 16. 6
48016 8016 16. 6
58016 8016 16. 6
19019 9019 19. 6
39019 9019 19. 6
272174 72174 176, 7
272176 72176 176. 7
272177 72477 177. 7
272178 72178 178. 7
272179 72179 179. 7
272180 72180 180. 7
END
CROSPROS
END
DVENTR #owex 2 = DVENTR
001 CARD 1
1.00+1 1.00 1.0 CARD 2
CARD 3
CARD 4
‘01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 00 00 100 0 1 CARD 5
'01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
100 00O0O0COOCOODOODO0OORZ2UO0C1 2 1 00 CARD 6
002 CARD 1
CARD 2
0 00 CARD 3
CARD 4
0.0 .0645 CARD 5
0.0 2.09 -05 CARD 6
00
'01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 1 2 0
004

1231234567891231234567891231234567891231234567891231234567891231234567689
136 17.0000 3¢ 1.0000 8 0.0001136 17.0000200 25.0000240 30.0000



0 0.0000
[ 2 4
005

12 3 & 5 6
012

0

013
24
24

{ ] 1 ] ]

192235392235192234392234 192236392236192238392238 11001 31001 41001 51001
18016 38016 48016 58016 19019 39019272174272176272177272178272179272180
020

11
' Inner Core Region
192235 5.23120£-05192238 3.00910E-06192234 5.502006-07192236 2.69500€-07
11001 6.643606-02 18016 3.33300E-02 19019 1.23380E-04

2 2
' Natural Hf atom densities
272174 7.16000E-05272176 2.30092E-03272177 8.22339E-03272178 1.20646E-02
272179 6.02368E-03272180 1.55133E-02

33
' Natural Hf atom densities ® 10E-8
272174 7.160008- 13272176 2.30092E- 11272177 8.223396-11272178 1.20646E-09
272179 6.02368-11272180 1.55133E-10

4 4
' Outer Core Region
392235 5.23120E-05392238 3.009106-06392234 5.50200€-07392236 2.69500€-07
31001 6.64360E-02 38016 3.33300£-02 39019 1.23380E-04

5 5

' Inner Reflector Region

41001 6.66440E-02 48016 3.33440E-02
6 6

' Outer Reflector Region
51001 6.66440E-02 58016 3.33440E-02
00
END
1exxme  Ontion 5 used to define CTRLPOS output file name
DUTLIN

CTRLCF 06 024 1
R B B e e
1.000 0.0010 1000.0
1r1--2--3-4-5-=b-=T=~8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
5 0 0201000103 10100000 O0CD0O0O0TGC0
END
CTRLPOS
1exxwd  File name for CTRLPOS output
ctris2.out.1
END
tasrex  Ontion 10 used to read in CTYRLPOS data
DUTLIN
CTRLCF 06 026 1
SRR REEEt 2----- jome-- 3-e--- doenee 4----- [REEE §o-re- fomone 6----- H
1.000 0.0010 1000.0 5000.0
1-§--2--3--4-+5--6--7--B-~9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
1 0 0 2 0110 02% 0000 O0O0O0O0OO0DCO0CO0 1

END
fwwwwx  CTRLPOS DATA FOR SAMPLE PROBLEM 2

1exxee  The tcontrol rod' zone is only zone 2. The first position guess is the

BLANK

swxwarr  ypper boundary of 2one 2 while the tip of the control rod starts at

e the lower boundary of zome 2. Of course, the limits of control

rod

iwxak%  motjon are the upper and lower boundaries of this zone. The follower

ieswwx  material is in zone 3 which is a very thin zone which will not
ixndks  gffect the problem. This zone is needed since Hf follower at a

1exwnx  very small density is needed so control rod position searches can be

1naws  dome .
CTRLPOS

begin-input
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begin-bank

begin-rod

2,0,2,1

2,1,2,0

begin-zone

2,3,1

end- zone

end-rod

end-bank

end- input

END

rwwwss  Ontion 20 used to perform a keff position search
DUTLIN

CTRLCF , 06 0 2? 1

N REEE 2----- loonen L REEES leenne boneen R §emnnn fomenn 6----- !
0.970 0.0010 1000.0 5000.0

1e1--2--3-4--5-=6-7--B--9-10-11-12-13-14-15-16-17- 18- 19-20-21-22-23-24
20 0 02 0110029 000G6O0O0O0O0O0OCO0 0 1

END

CTRLPOS

END

DUTLIN

CTRLCF 06 024 1

R ERRTI LT 2-venlomnans 3----- leee-s bomnnn feenns TR loesnn 6----- !

1
| | ] ]
0.975 0.0010 1000.0 5000.0
1oq--@e-Fevh--5erbor7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
20 0020110029 0006 0O00D0O0GOCOGDO0D0 0 0 1
END

CTRLPOS

END

DUTLIN

CTRLCF 06 02 1

T e et S e ) SO S I S
0.980 0.0010 1000.0 5000.0

1-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24

20 0 0 2 0110 029 006O0OGO0CO0OO0OCO0OO0OO0OO0O D01

END

CTRLPOS

END

DUTLIN

CTRLCF 06 026 1

FESt P VORI UM PO OIS 0 R SNy PUON SO S S
0.985 0.0010 1000.0 5000.0

v-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17- 18- 19-20-21-22-23-24%
20 0 0 2 01 1 0 0259 0 0 0 0 0 O OC O OOO OCO1
END

CTRLPOS
END
DUTLIN
CTRLCF 06 02 1
T R el Bt o R A . A EE R SOREEY
0.990 0.0010 1000.0 5000.0

1-1--2--3--4~-5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
20 0 6 2 01 1 0 0259 0 0 0 0 0 0 0 0 0 0 O O 1

END

CTRLPOS

END

DUTLIN

CTRLCF 06 024 1 .

TR R R SOy VR O P ROs oy PPN SOU B

0.995 0.0010 1000.0 5000.0

1efe-2e3-c4-5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
¢0 0 0 2 0 11 0 0259 ¢ 0 6 @ 0 0 00000 01

END

DUTLIN

CTRLCF 66 026 1

L ERaee fomenn 2----- [P 3eenn- lacens been-e feeees 5eenn- R 6-=--- !

1 000 0. 0010 1000.0 5000. 0
1-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
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20 60 0 2 01100259 0000 0O0O0CO0O0O0GC0CTCOCN

END
CTRLPOS
END
DUTLIN
CTRLCF 06 024 1
O T T P P SO P Soou
1.005 0.0010 1000.0 5000.0
t§-=2--3cwf=-5--§--T--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23- 2%
20 00 2 0110029 0000000006000 1
END
CTRLPOS
END
DUTLIN
CTRLCF 06 02 1
T PET beeen- 2--ene loen-e 3-eee fonne- bnmmne RS T [P b---nn !
1.010 0.0010 1000.0 5000.0
$21-22--3-v4-5-26-=7--B--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
20 0 02 61106029 6000O0O0O0O0DO0O0O0O0 0 1
END
CTRLPOS
END
DUTLIN
CTRLCF 06 024 1
R forne- 2----- . e leen-- 5--n-- RREE G- :
1.015 0.0010 1000.0 sooo 0

1-1--2--3-4~-5--$--T7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23- 24
20°0 0 2 0 11 0 0259 0 0 0 0 0 0O OCO OO O 1

END
CTRLPOS
END
DUTLIN
CTRLCF 06 02 1
e s RN P S SR ETETY ST feeaneGuonnnn leeecngmmnnnl
1.020 0.0010 1000.0 5000.0
1-9--2--3-4-5----7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
20 0020110029 000000000000 1
ERD
CTRLPOS
END
DUTLIN
CTRLCF 06 02 1
R R AR ST lesocngymmnne SRR femmrfmennn]

i {
1.025 0.0010 1000. 0 5000. 0

1-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
20002 01100259 0O0O0O0O0O0OCO0O0CO0O0 01
END

CTRLPOS

END
DUTLIN

]
1000.0 5000. 0
11-12-13-14-15-16-17-18-19-20-21-22-23-24
99 0 0D O C O OGC O OO OO O 1

2 1
1.030 0.0010
$-1--2--3--4--5--6--7--8--9-10-
20 0 02 0110 02
END
CTRLPOS
END
1exvwe Option 30 used to calculate a control rod worth curve
DUTLIN
CTRLCF \ 06 O 24 1

LS R LR 2usess jovses LITEEE lovuen A S EEE T S5en-es levvn- b--n-- !
0.950 0. 0010 1000.0 5000. 0
1-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24
30 0 02 011 00259% 001 00 O0O0O0CO0O0CO0CO0 1
END
CTRLPOS
begin- input

2,0
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2.1

end- input
END
'VENTNEUT
'END

END OF SAMPLE 2 VENTURE/CTRLPOS INPUT



D.2.4 BSAMPLE 2 CTRLPOS OUTPUT

Ea A s 222t 222222 el il dd sl st iladiestiad st el edles s sl dd st )y

*** CTRLPOS - CONTROL RCO POSITION MODULE - VERSION 1 - OCTOBER 1, 1992 w*»

wkktd CTRLPOS OPTION 10 wisww

...........................................................................

wawws CONTENTS OF *CTRLCF* CONTROL FILE *wwe+

XX( 1- 4) @
IX(1-5) ¢ 10*  o* 0% 2+
IXC6-10) t+ P+ g o* 2
IX(11-15) * 99*  o* 0~ O
IX(16-20) ¢ 0+ o O0* O
IX(21-25) ¢  O* O* Oo*  1*

1-TARGET XEFF VALUE
2-ALLOMED KEFF TOLERANCE
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENTY

"y n

4-MAXIMUM NUMBER OF ATOM DENSITY VALUES (IF IX(23).NE.0) =

1-CTRLPOS OPTION NUMBER

2-NEUTRONICS MODULE

3-INTERPOLATION SCHEME

4-NUMBER OF POINTS IN SCHEME

5-STORAGE OF KEFF VALUES

6-CONTROL RODS FOR KEFF SEARCH

7-PRINT OUT OF ATOM DENSITIES

8-PRINT OUT ATOM DENSITIES AT EACH POSITION
9-CONTROL ROD TIP PARTIAL 2ONE PLACEMENT
10-NUMBER OF POSITION ITERATIONS
11-NUMBER OF OUTERS FOR NEUTRONICS MODULE
12-RESERVED

13-BURNED CONTROL ROD OPTION

LI D I LI I T 1]

[L LI (O O |

whkdk PARAMETERS FOR CTRLPOS OPTION 30 %#%++
14-BANK NUMBER FOR CONTROL ROD WORTH CURVE
15-CONTROL ROD FOR WORTH CURVE

16-RESERVED

whkhk DARAMETERS FOR CTRLPOS OPTION 40 wwws«
17-BANK NUMBER FOR ROD/BANK RE-POSITIONING
18-CONTROL ROD MUMBER FOR RE-POSITIONING
19-20ME NUMBER FOR RE-POSITIONING

20-ZONE BOUNDARY FOR RE-POSITIONING
21-VENTPLOT PLOT OPTION

LN I | B 1]

22-REVERSE CONTROL ROD MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTION
24-CONTAINER ARRAY MEMORY OPTION
25-DEBUG OUTPUT PARAMETER

" n K n

...........................................................................

BANK # 1 HAS 1 RODS.

NUMBER OF CONTROL ROD BANKS = 1

BANK # 1 ROD # 1 HAS 1 ZONES AND 'O PRODUCTION CHAINS.

1.000000+00* 1.00000D-03* 1.00000D+03* 5.00000D+03*

o
b3
o*
o
0!
1.00000D+00
1.00000D-03
1.000+03
10
0
0
2
0
1
1
= 0
0
25
£a%
0
0
0
0
0
0
0
0
o
0
0
0
1
0

BANK # 1 ROD # 1 CHAIN # O HAS O PRODUCED I1SOTOPES.

...........................................................................

...........................................................................

TOTAL AVAILABLE MEMORY = 4800000 WORDS.
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LOWER MEMORY FOR CTRLPOS = 22615 WORDS.
UPPER MEMORY FOR CTRLPOS = 484 WORDS.
TOTAL MEMORY FOR CTRLPOS = 23099 WORDS.
EXTRA MEMORY = 4776901 WORDS.
BANK # 1 ROD # 1
CONTROL ROD TIP IS LOWER BOUNDARY OF ZONE 2
FIRST GUESS POSITION IS UPPER BOUNDARY OF ZONE 2

UPPER CONTROL ROO LIMIT 1S UPPER BOUNDARY OF ZONE 2
LOMER CONTROL ROD LIMIT IS LOWER BOUNDARY OF ZONE 2

...........................................................................

*w*** |NFORMATION ON MEMORY REQUIREMENTS FOR ATOM DENSITY ARRAYS wwwwx¥

MAXIMUM NUMBER OF ATOM DENSITY VALUES POSSIBLE = 13.
NOTE *** THIS VALUE DOES NOT ACCOUNT FOR THE PROODUCTION
OF NEW ISOTOPES IN THE FOLLOWER MATERIAL ***

TOTAL MEMORY REQUIRED FOR IX(23).EQ.D = 23099 WORDS.
TOTAL MEMORY REQUIRED FOR IX(23).NE.O = 22853 WORDS.
IX(23).NE.OQ OPTION SAVES AT LEAST 246 WORDS OF MEMORY.
SET XX(3) (LIMIT VALUE) GREATER THAN 13.

NOTE *** YOU CAN SAVE MEMORY BY CHANGING TO IX(23).NE.Q ***

...........................................................................

BANK # 1 ROD # 1 NUMBER OF Z0ONES = 1

CONTROL ROD  FOLLOWER CONTRGL ROD FOLLOWER TOTAL ROD
ZONE NUMBER ZONE NUMBER  ZONE VOLUME 20NE VOLUME 20NE VOLUME FLAG

1 2 3 1.099560+02 1.13098D-02 1.099560+02
------------------------- TIME IN DAYS 000 ~---eosmesieemmieena
BANK # 1 ROD # 1 ATOM DENSITIES

ZONE 2 272174  7.160000D-05 ¢ 1.0000) 272176  2.3009200-03 ( 1.0000) 272177

1.0000)
272178 1.206460D0-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180

whwwx AVERAGE VALUES FOR CONTROL ROD MATERJAL *ww&x

VOLUME OF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.

272174 7.160000D-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177
272178  1.206450D-02 ( 1.0000) 272179  6.023680D-03 ( 1.0000) 272180

wkwkd STARTING POSITIONS FOR ALL CONTROL RODS ***wx
STARTING POSITION -- POSNOMW( 1, 1)= 0.0000000000+00

wxrex KEFF AT STARTING POSITION = .9630272

wak%* FIRST GUESS POSITIONS FOR MOVING CONTROL RODS %«

FIRST GUESS POSITION -- POSNOW( 1, 1)= 1.0995574190+02
waww* KEFF AT FIRST GUESS POSITION = 1.1438609
ITERATION # 0 -- AT THE CURRENT POSITION KEFF = 1.1438609

waka% TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION #%***w

BANK ROD w*t® CURRENT POSITION *¥** **x% NEW PREDICTED POSITION **»*

1 1 1.0995574190+02 2.248127786D+01

...........................................................................

1.5513300-02 ¢

8.223390D-03 (
1.5513300-02 (
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8.2233900-03 ¢

1.0000)

1.0000)
1.0000)
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ITERATION # 1 -- AT THE CURRENT POSITION KEFF = . 9668990
wheek IO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *ww¥*

BANK ROD *wwk CURRENT POSITION ***+ *w*® NEW PREDICTED POSITION %w**
1 1 2.2481277850+01 3.884349441D+01

ITERATION # 2 -- AT THE CURRENT POSITION KEFF = .9704440
*xwk® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION www#*

BANK ROD wwxk CURRENT POSITION #*w* **wk NEW PREDICTED POSITION *¥**
1 1 3.88434944 10401 5.0963393180+01

................................................. P L L L T R Ty SO DY

ITERATION # 3 -- AT THE CURRENT POSITION KEFF = 9737892
ww*®* TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION wwew*

BANK ROD wkkk CURRENT POSITION *##* *xwx NEW PREDICTED POSITION ****
1 1 5.0963393180+01 6.0055080320+01

ITERATION # & -- AT THE CURRENT POSITION KEFF = 9769915
wwdk* TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *#*+

BANK ROO #*#%% CURRENT POSITION *¥*+ wwwx NEW PREDICTED POSITION *ww=

1 1 6.005508032p+01 6.693553691D+01
ITERATION # 5 -- AT THE CURRENT POSITION KEFF = .9800482
*haa® TWO POINT LAGRANGE INTERPOLATION USED YO DETERMINE NEW POSITION #wwex
BANK ROD *xe% CURRENT POSITION *#*¥¥ *kek NEW PREDICTED POSITION *wex
1 1 6.6935536910+01: . 7.2175235600+01
ITERATION # & -- AT THE CURRENT POSITION KEFF = .9829227

wkw** TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *ww**

BANK ROD w#*w CURRENT POSITION ##w« *dk NEW PREDICTED POSITION #*&+*
1 1 7.2175235500+01 7.6184148700+01

...........................................................................

ITERATION # 7 -- AT THE CURRENT POSITION KEFF = 9855700
*hARN TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION whww+

BANK ROD whxk CURRENT POSITION wwe+ *w*x NEW PREDICTED POSITION %¥**
1 1 7.6184148700+01 . 7.9262820180+01

ITERATION # 8 -- AT THE CURRENT POUSITION KEFF = .5879534
whad® TWO POINT LAGRANGE INTERPOLATION USED YO DETERMINE NEW POSITION *wis

BANK ROD wa&% CURRENT POSITION #%#* wh®%® NEW PREDICTED POSITION *¥%w
1 1 7.9262820180+01 8.163438133D+01

ITERATION # 9 -- AT THE CURRENT POSITION KEFF =z .9900527
wand® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *#**+

BANK ROD *k*¥ CURRENT POSITION *¥e+ weed NEW PREDICTED POSITION W+
1 1 8.163438133D+01 8.3466022350+01

...........................................................................

ITERATION # 10 -- AT THE CURRENT POSITION KEFF = 9918648
wwkd® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE MEW POSITION wawa#

BANK ROD sww® CURRENT POSITION wiww wed®: NEW PREDICTED POSITION wa*+
1 1 8.3466022350+01 B.4883812510+01



ITERATION # 11 -- AT THE CURRENT POSITION KEFF
wewa® T POINT LAGRANGE INTERPOLATION USED TO

BANK ROD wwe* CURRENT POSITION ****
1 1 8.488381251D+01

...............................................

ITERATION # 12 -- AT THE CURRENT POSITION KEFF
wwex* TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD wawx CURRENT POSITION *w**
1 1 8.5983306490+01

...............................................

ITERATION # 13 -- AT THE CURRENT POSITION KEFF
wkww* TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD *#¥% CURRENT POSITION **=+
1 1 8.6837312520+01

ITERATION # 14 -- AT THE CURRENT POSITION KEFF
wawd* TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD *w&% CURRENT POSITION #*¥**
1 1 8.7501499160+01

...............................................

ITERATION # 15 -- AT THE CURRENT POSITION KEFF
#wxws® TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD wk** CURRENT POSITION *»**
1 1 8.8018615050+01

...............................................

ITERATION # 16 -~ AT THE CURRENT POSITION KEFF
**®®* TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD wk&* CURRENT POSITION w#*¥*
1 1 8.8421571850+01

ITERATION # 17 -- AT THE CURRENT POSITION KEFF
ww*s* TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD **%x CURRENT POSITION ww#w
1 1 B.8735782830+01

...............................................

ITERATION # 1B -- AT THE CURRENT POSITION KEFF
**h¥* TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD wka® CURRENT POSITION ****
1 1 8.8980939980+01

= .9934018
DETERMINE NEW POSITION *w#*®

*4exs NEW PREDICTED POSITION ****
8.5983306490+01

= 9946857
DETERMINE NEW POSITION #ww=w

#wwx NEY PREDICTED POSITION w***
8.6837312520+01

= 9957446
DETERMINE NEW POSITION *¥**+

®exx NEY PREDICTED POSITION ##*%*
8.750149916D+01

= .9966088
DETERMINE NEW POSITION *****

wxa% NEW PREDICTED POSITION www«
8.8018615050+01

= . 9973080
DETERMINE NEW POSITION ®wwaw

®¥%+ NEW PREDICTED POSITION #*%w*
8.8421571850+01

............................

= .9978698
DETERMINE NEW POSITION *#www

**%* NEW PREDICTED POSITION ****
8.8735782830+01

= .9983186
DETERMINE NEW POSITION *w#wx

**wx NEW PREDICTED POSITION **w*
8.8980939980+01

= 9986755
DETERMINE NEW POSITION ww#w=

*#%*% NEW PREDICTED POSITION ****
8.917229594p+01

...........................................................................

ITERATION # 19 -- AT THE CURRENT POSITION KEFF
wakk® TWO POINT LAGRANGE INTERPOLATION USED TO

BANK ROD wkas CURRENT POSITION ****
1 1 8.917229594D+01

= .9989582
DETERMINE NEW POSITION **w*«

www® NEW PREDICTED POSITION *%w#
8.9321716060+01

ITERATION # 20 -- AT THE CURRENT POSITION KEFF

= .9991817

®kwwx CONTROL RODS WERE SUCCESSFUL POSITIONED TO THE TARGET KEFF VALUE **%w*
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wsshd ENDING POSITION FOR ALL CONTROL RODS ww#ww
ENDING POSITION -- POSNOM( 1, 1)= 8.9321716060+01

* TOTAL CPU TIME = 2.57 MINUTES - TOTAL CLOCK TIME = .00 MINUTES *
Swnwwrerewkhreresr NORMAL END OF CONTROL ROD POSITION MODULE *#*sesnawwsuwan

HRRNRAREA A REANRERAAEREAERETNERAAAARRTEASRENAERANRANSATREREERRRARAIACRRT AR T RN

R R p A L et el ot E e it st at et t e ettt t Lo ad il et 2ad s sadsdd

#**% CYRLPOS - CONTROL ROD POSITION MODULE - VERSION 1 - OCTOBER 1, 1992 ***

wwadt CTRLPOS OPTION 20 #****

...........................................................................

...........................................................................

wwkdk CONTENTS OF *CTRLCF* CONTROL FILE www*»

XX( 1- 4) © 9,70000D0-01* 1.000000-03* 1.000000+03* 5.000000+03*

IX( 1- 5 * 20* o o 2% o*
IX( 6-10) ® 1* 1> o* o* 25*
I1X(11-15) 99* o~ o o* o*
1X(16-20) * o* o* o* 0* 0*
IX(21-25) o* o* o* 1* o*

1-TARGET KEFF VALUE = ©.70000D0-01
2-ALLOWED KEFF TOLERANCE = 1.00000D-03
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT = 1.000+03
4-MAXIMUM NUMBER OF ATOM DENSITY VALUES (IFf IX(23).NE.Q) = 5000
1-CTRLPOS OPTION NUMBER = 20
2-NEUTRONICS MODULE = 0
3-INTERPOLATION SCHEME = 0
4-NUMBER OF POINTS IN SCHEME = 2
5-STORAGE OF KEFF VALUES = 0
6-CONTROL RODS FOR KEFF SEARCH = 1
7-PRINT OUT OF ATOM DENSITIES = 1

B8-PRINT OUT ATOM DENSITIES AT EACH POSITION = 0
9-CONTROL ROD TIP PARTIAL ZONE PLACEMENT
10-NUMBER OF POSITION ITERATIONS
11-NUMBER OF OUTERS FOR NEUTRONICS MOOULE
12-RESERVED

13-BURNED CONTROL ROD OPTION

"t wn
"
QOSU‘O

*eawk PARAMETERS FOR CTRLPOS OPTION 30 #wwa»
14-BANK NUMBER FOR CONTROL ROD WORTH CURVE
15-CONTROL ROD FOR WORTH CURVE

16-RESERVED

au oy
coo

whidd DARAMETERS FOR CTRLPOS OPTION 40 #wwes
17-BANK NUMBER FOR ROO/BANK RE-POSITIONING
18-CONTROL ROD NUMBER FOR RE-POSITIONING
19-ZONE NUMBER FOR RE-POSITIONING

20-ZONE BOUNDARY FOR RE-POSITIONING
21-VENTPLOT PLOT OPTION

#onuun
(=~ N o= = o ]

22-REVERSE CONTROL ROD MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTION
24-CONTAINER ARRAY MEMORY OPTION
25-DEBUG OUTPUT PARAMETER

o nn

...........................................................................

TOTAL AVAILABLE MEMORY = 4800000 WORDS.
LOWER MEMORY FOR CTRLPOS = 22615 WORDS.
UPPER MEMORY FOR CTRLPOS = 484 WORDS.
TOTAL MEMORY FOR CTRLPOS = 23099 WORDS.

EXTRA MEMORY = AT76901 WORDS.
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------------------------- TIME [N DAYS 000 --sememmeeeme e

BANK # 1 ROD # 1 ATOM DENSITIES

20NE 2 272174  7.1600000-05 ( 1.0000) 272176  2.3009200-03 ¢ 1.0000) 272177

1.0000)
272178 1.2064600-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180

*haan AVERAGE VALUES FOR CONTROL ROD MATERIAL *xw#w
VOLUME OF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.
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8.2233900-03 ¢

1.5513300-02 ( 1.0000)

272174 7.1600000-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.223390D-03 ( 1.0000)

272178  1.2064600-02 ( 1.0000) 272179  6.02346800-03 ( 1.0000) 272180

...........................................................................

w*asd STARTING POSITIONS FOR ALL CONTROL RODS **ww#
STARTING POSITION -- POSNOW( 1, 1)= 8.9321716060+01

*wk*t KEFF AT STARTING POSITION = .9991817
wxaw* KEFF BEING CALCULATED AT PREVIOUS CONTROL ROD POSITION *®****
PREVIOUS POSITION -- POSNOW( 1, 1)= B.917229594D+01

www* KEFF AT PREVIOUS POSITION = .9989582

ITERATION # O -- AT THE CURRENT POSITION KEFF = .9989582
**a*% TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION **##%

WARNING ***** |OWER CONTROL ROD POSITION EXCEEDED #a*#**
*hwRT CONTROL RODS WILL BE PLACED AT POSITION LIM]T *wwxx

BANK ROO *a*% CURRENT POSITION **%x www* NEW PREDICTED POSITION www#

1 1 8.9321716060+01 0.0000000000+00
ITERATION # 1 -- AT THE CURRENT POSITION KEFF = .9630272
wawh* TYO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *#www
BANX RQOD *ux* CURRENT POSITION ***% *®kk NEW PREDICTED POSITION *#**
1 1 0.0000000000+00 1.7333874300+01
ITERATION # 2 -- AT THE CURRENY POSITION KEFF = .9659325

***%%* TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***w*

BANK ROD wx®® CURRENT POSITION **#* #*w*% NEW PREDICTED POSITION *¥#w

1 1 1.7333874300+01 2.618151316D+01
ITERATION # 3 -- AT THE CURRENT POSITION KEFF = 9676313
*xk®® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION %
BANK ROD #aw% CURRENT POSITION w&ww wxek NEW PREDICTED POSITION ****
1 1 2.618151316D+01 3.0955611780+01
ITERATION # 4 -- AT THE CURRENT POSITION KEFF = .9686303
*xe%® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION wwea®
BANK ROD ***% CURRENT POSITION *%** wex® NEW PREDICTED POSITION *%**
1 1 3.0955611780+01 3.3584826200+01
ITERATION # 5 -- AT THE CURRENT POSITION KEFF = .9692101

wakd% CONTROL RODS WERE SUCCESSFUL POSITIONED TO THE TARGET KEFF VALUE *wae»

1.5513300-02 ( 1.0000)



wswkk ENDING POSITION FOR ALL CONTROL RODS *wwax
ENDING POSITION -- POSNOM( 1, 1)= 3.3584826200+01

* TOTAL CPU TIME = 3.37 MINUTES - TOTAL CLOCK TIME = .00 MINUTES *
CERRRRWAARANRRNNS NOOMA) END OF CONTROL ROD POSITION MODULE *¥e#dwasawaswws

Lid a2 ittt dt s el et b d i e s e il ead il it ii ittt iiial il s s sl sl
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ctripos option 20 was also performed for target keff values of 0.975, 0.980,
0.985, 0.990, 0.995, 1.000, 1.005, 1.010, 1.015, 1.020, and 1.030.
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*** CTRLPOS - CONTROL ROD POSITION MODULE - VERSION 1 - OCTOBER 1, 1992 wae

wwrEx CTRLPOS OPTION 20 #wi+¢

...........................................................................

wwkkdk CONTENTS OF *CTRLCF* CONTROL FILE v+
XX¢ 1- 4) * 1.030000+00* 1.00000D-03* 1.00000D+03* 5.00000D+03*

IXC 1-5) o 20* o* o 2* o
IXC 6-10) * 1> 1* o* o* 25*
IX(11-15) * 9o+ o* o~ o o*
1X(16-20) ¢ o* o o o* o*
IX(21-25) o* 0* o 1™ o>

1-TARGET XEFF VALUE 1.03000D+00
2-ALLOWED KEFF TOLERANCE 1.00000D-03
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT 1.000+03

4-MAXIMUM NUMBER OF ATOM DENSITY VALUES (IF IX(23).NE.O) = 5000

noown

N

-2 0NO0OOo

1-CTRLPDS OPTION NUMBER
2-NEUTRONICS NODULE

3- INTERPOLATION SCHEME
4-NUMBER OF POINTS IN SCHEME
5-STORAGE OF KEFF VALUES
6-CONTROL RODS FOR KEFF SEARCH
7-PRINT QUT OF ATOM DENSITIES
8-PRINT QUT ATOM DENSITIES AT EACH POSITION =
9-CONTROL ROD TIP PARTIAL ZONE PLACEMENT
10-NUMBER OF POSITION ITERATIONS
11-NUMBER OF OUTERS FOR NEUTRONICS MODULE
12-RESERVED

13-BURNED CONTROL ROD OPTION

s nu NN

(=]

Ko nn
n
DGS\AO

wwkk® PARAMETERS FOR CTRLPOS OPTION 30 *wwex
14-BANK NUMBER FOR CONTROL ROD WORTH CURVE
15-CONTROL ROD FOR WORTH CURVE

16-RESERVED

won
o0

waked PARAMETERS FOR CTRLPOS OPTION 40 wwwee
17-BANK NUMBER FOR ROD/BANK RE-POSITIONING
18-CONTROL ROD NUMBER FOR RE-POSITIONING
19-ZONE NUMBER FOR RE-POSITIONING

20-ZONE BOUNDARY FOR RE-POSITIONING
21-VENTPLOT PLOT OPTION

H it nw

22-REVERSE CONTROL ROD MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTION
24-CONTAINER ARRAY MEMORY OPTION
25-DEBUG OUTPUT PARAMETER

nitnn

=00 OCO00O

---------------------------------------------------------------------------
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TOTAL AVAILABLE MEMORY = 4800000 WORDS.
LOWER MEMORY FOR CTRLPOS = 22615 WORDS.
UPPER MEMORY FOR CTRLPOS = 484 WORDS.

TOTAL MEMORY FOR CTRLPOS 23099 WORDS.
EXTRA MEMORY = 4776901 WORDS.
------------------------- TIME IN DAYS 000 ----eeeeseemneoeo oo

BANK # 1 ROD # 1  ATOM DENSITIES

ZONE 2 272174  7.160000D-05 ( 1.0000) 272176  2.300920D-03 ( 1.0000) 272177

1.0000)
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8.223390D-03 ¢

272178  1.2064600-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000)

#wss® AVERAGE VALUES FOR CONTROL ROD MATERIAL *##wx
VOLUME CF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.

272174  7.1600000-05 ¢ 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.2233900-03 ( 1.0000)
272178  1,2064600-02 ( 1.0000) 272179  6.023680D0-03 ( 1.0000) 272180  1.5513300-02 ( 1.0000)

wexdst STARTING POSITIONS FOR ALL CONTROL ROD§ *w##*
STARTING POSITION -- POSNOW( 1, 1)= 9.9720989120+01

*x%xx KEFF AT STARTING POSITION = 1.0241767

wwwws YEFF BEING CALCULATED AT PREVIOUS CONTROL ROD POSITION ##wex
PREVIOUS POSITION -- POSNOW( 1, 1)= 9.9614657900+01

wax* XEFF AT PREVIOUS POSITION = 1.0237651

ITERATION # O -- AT THE CURRENT POSITION KEFF = 1.0237651
wwxa® TYUO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION **%**

BANK ROD #*%% CURRENT POSITION *w#** #¥*% NEW PREDICTED POSITION »¥**
1 1 9.9720989120+01 9.9720985410+01

...........................................................................

ITERATION # 1 ~-- AT THE CURRENT POSITION KEFF = 1.0261767
wkk*® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION **¥**

WARNING "w*** UPPER CONTROL ROD POSITION EXCEEDED ®*w%***
watk® CONTROL RODS WILL BE PLACED AT POSITION LIMIT w#%wx

BANK ROD e**t CURRENT POSITION *#** ##%%% NEW PREDICTED POSITION ****
1 1 9.9720985410+01 1.0995574190+02
ITERATION # 2 -- AT THE CURRENT POSITION KEFF = 1.1438609

*x*4% TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION **#%*

BANK ROD wau® CURRENT POSITION www» #*#%* NEW PREDICTED POSITION *#*¢

1 1 1.0995574190+02 1.0021896160+02
ITERATION # 3 -- AT THE CURRENT POSITION KEFF = 1.0261786
**ha% TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *ww#+
BANK ROD ®*d* CURRENT POSITION #ww* *aw% NEW PREDICTED POSITION **%+
1 1 1.0021896160+02 1.0053513800+02
ITERATION # & -- AT THE CURRENT POSITION KEFF = 1.0275171

werex TUO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION **w#¥
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BANK ROD sowr CURRENT POSITION w=o* whkw NEW PREDICTED POSITION **#**

1 1 1.0053513800+02 1.007361881D+02
ITERATION # 5 -- AT THE CURRENT POSITION KEFF = 1.0283974
wwaa® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION #wwer
BANK ROD wewk CURRENT POSITION #¥w+ wenx NEW PREDICTED POSITION w**»
1 1 1.007361881D+02 1.0086415220+02
ITERATION # & -- AT THE CURRENT POSITION KEFF = 1.0289701

wewa® TUYO POINT LAGRANGE INTERPOLATIOR USED TO DETERMINE NEW POSITION *o***

BANK ROD wwds CURRENT POSITION **w* «wws NEW PREDICTED POSITION ***v
1 1 1.00864 15220402 1.009456477D+02

...........................................................................

ITERATION # 7 -- AT THE CURRENT POSITION KEFF = 1.0293400

*#**%* CONTROL RODS WERE SUCCESSFUL POSITIONED TO THE TARGET KEFF VALUE *#***

wwew® ENDING POSITION FOR ALL CONTROL RODS wwew=
ENDING POSITION ~-- POSNOW( 1, 1)= 1.009456477D+02

* YOTAL CPU TIME = 19,63 MINUTES - TOTAL CLOCK TIME = .00 MINUTES *
wesmwaanauswwswes NORMAL END OF CONTROL ROD POSITION MODULE **wsaswwawwwwws

'fﬁi"*t"'"‘“.*“-"***'Qt'."."‘*”.."**"'ﬂ‘*"““‘ﬁi*'t’*t'ﬁ*ﬁ"t"**
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*** CTRLPOS - CONTROL ROD POSITION MOODULE - VERSION 1 - OCTOBER 1, 1992 ***

wwwat CTRLPOS OPTION 30 **we*

...........................................................................

...........................................................................

wawds CONTENTS OF *CTRLCF* CONTROL FILE whwow

XX( 1- 4) *® 9.500000-01* 1.000000-03* 1.000000+03* 5.000000+03*

IX(C 1- 5) @ 30* o o+ 2 o*

IX( 6-10) @ 1* 1* o o* 25*
IX(11-15) = oo* o* or 1* o*
IX(16-20) o* o o o* o*
1X(21-25) @ o* o* o* 1* o*

1-TARGET KEFFf VALUE = 9.500000-01
2-ALLOWED KEFF TOLERANCE = 1.000000-03
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT = 1.000+03
4-MAXINMUM NUMBER OF ATOM DENSITY VALUES (IF IX(23).NE.0) = 5000
1-CTRLPOS DPTION NUMBER = 30
2-NEUTRONICS MOOULE = 0
3-INTERPOLATION SCHEME = 0
4-NUMBER OF POINTS IN SCHEME = 2
5-STORAGE OF KEFF VALUES = 0
6-CONTROL RODS FOR KEFF SEARCH = 1
7-PRINT OUT OF ATOM DENSITIES = 1
8-PRINT OUT ATOM DENSITIES AT EACH POSITION = 0

. 9-CONTROL RCD TIP PARTIAL ZONE PLACEMENT = 0

10-NUMBER OF POSITION ITERATIONS = 25
T1-NUMBER OF OUTERS FOR NEUTRONICS MODULE = 99
12-RESERVED = 0
13-BURNED CONTROL ROD OPTION = o
wwkdk PARAMETERS FOR CTRLPOS OPTION 30 #wwew

14-BANK NUMBER FOR CONTROL ROD WORTH CURVE = 1
15-CONTROL ROD FOR WORTH CURVE = D
16-RESERVED = 0
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swewew DARAMETERS FOR CTRLPOS OPTION 40 ****+
17-BANK NUMBER FOR ROO/BANK RE-POSITIONING
18-CONTROL ROD NUMBER FOR RE-POSITIONING
19-ZONE NUMBER FOR RE-POSITIONING

20-ZONE BOUNDARY FOR RE-POSITIONING
21-VENTPLOT PLOT DPTION

LIS S I T
[oN=NoN-Naol

22-REVERSE CONTROL ROD MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTIONM
24-CONTAINER ARRAY MEMORY OPTION
25-DEBUG OUTPUT PARAMETER

...........................................................................

...........................................................................

TOTAL AVAILABLE MEMORY = 4800000 WORDS.,
LOWER MEMORY FOR CTRLPOS = 22615 WORDS.

UPPER MEMORY FOR CTRLPQS 484 WORDS.
TOTAL MEMORY FOR CTRLPGS 23099 WORDS.

EXTRA MEMORY = 4776901 WORDS.
BANK # 1 ROD # 1 ATOM DENSITIES

ZONE 2 272174 7.160000D-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.2233900-03 ¢

1.0000)>
272178  1.206460D-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000)

waww® AVERAGE VALUES FOR CONTROL ROD MATERIAL w*#w=»

VOLUME OF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.

272174  7.1600000-05 ( 1.0000) 272176 2.3009200-03 ¢ 1.0000) 272177 8.2233900-03 ( 1.0000)
272178 1.206450D-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180  1.5513300-02 ( 1.0000)

...........................................................................

CONTROL ROD BANK = 1

sawas ALL ROOS IN BANK WILL BE POSITIONED weews

NUMBER OF POSITIONS = 2
**waw ONLY ZONE POSITIONS FOR BANK # 1, ROD # 1 PRINTED HERE **=**
NUMBER ZONE BOUNDARY POSITION

1 2 0 0.0000000000+00

2 2 1 1.0995574190+02

wes¥* SAVED POSITIONS FOR ALL CONTROL RODS wew#w
SAVED POSITION -- POSSAV( 1, 1)=  1,0094564770+02
------------------------- TIME IN DAYS 000 ==-mececmcseiosoeee e
www** MOVING CONTROL RODS TO POSITIONS FOR WORTH CURVE *#wws
wwwas ONLY ZOME POSITIONS FOR BANK # 1, ROD # 1 PRINTED HERE #ww*v

# ZONE BNDRY BANK ROD  POSITION KEFF DKEFF  DK/VOL  DKO/VOL

1 2 0 1 1 0.000000+00 .9630272 .0DDDD00 .0000000 .0000000
2 2 1 1 1 1.099560+02 1.1438609 .1716596 .0015612 .0015612

wawn® OPTION 30 COMPLETE ~-- CONTROL RODS RE-POSITIONED wewsw

wwwns ENDING POSITION FOR ALL CONTROL RODS www»»
ENDING POSITION -- POSNOW( 1, 1)= 1.009456477D+02

® TOTAL CPU TIME = 19.90 MINUTES - TOTAL CLOCK TIME = .00 MINUTES ®
saasnenaaswareswr NORMAL END OF CONTROL ROD POSITION MODULE *e##awwwsrswaws

AEEER R AT AR TR IR AN TN R AR AT TR AR AN R AT RR AN ATRRTAATEAANRAATSS AN
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END OF SBAMPLE 2 CTRLPOS OUTPUT
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D.3 INPUT AND OUTPUT FOR SAMPLE PROBLEM 3



D.3.1 BSBAMPLE 3 MCNP INPUT

message:

out=cts3vi.o srctp=cts3vi.s runtpe=sctsivi.r
mctalz=cts3vi.m

CTRLPOS Sample Problem 3--Control Rod Study, Case 1

c

1 6 9.994552-2 2 -3 -11 12 $ Outer Core
imp:n=1

2 3 1.00032-1 -4 -12 13 $ Water below Core
imprn=1

3 3 1.00032-1 -1 -10 11 $ Water above center core
imp:n=1

4 6 9.994552-2 -1 -11 12 $ Center Core
imp:n=1

5 31.00032-1 3 -4 -11 12 $ Water next to core
imp:n=1

[ 3 1.00032-1 2 -4 -10 N $ uater above outer core
imp:n=1

7 7 -13.1 1-2-11 12 $ Control rod in core
imp:n=1

8 3 1.00032-1 1-2-10 11 $ Control rod above core
imp:n=1

9999 0 10:-13:4 $ Outside World

10 pz 200. $ Planes

1M1 pz 50.

12 pz -50.

13 p2z -200.

c

1 cz 17.0 $ Cylinders

2 cz 18.0

3 cz 35.0

&4 cz 100.0

c

c “Moving Control rod planes® Rod is always 100 cm long.

c

110 pz -50.0 $ Lower limit

120 pz 50.0 $ Upper limit

c Wk ik Fuel ddeddnk

c Material 6--UO2F2-H20 Solution Total Density= 9.994552-2

c H/235U atomic ratio=1270

c

ms 1001.50c 6.6436-2 92238.50c 3.0091-6

8016.50c 3.3330-2 9019.50c 1.2338-4 92234.50¢ 5.5020-7
92235.50c 5.2312-5 92236.50c 2.6950-7

mtb iwtr.01t

c

c wxiwd Reflector whwew

c Material 3--H20 reflector Total density= 9.984-2

c

ms 1001.50c  0.066644 8016.50c 0.033344

mt3 lwtr.01t

c

c wexaw Control Material wawes

c Material 7--Hf Control Rod Total density= 4.419755-2

c

m7 72000.50c 1

c

c

kcode 1000 1.0 30 180 $ 1000 particles, 30 settle cycles, 180 total cycles

c

prdmp 180 180 180 1 $ Dump information to files after 180 cycles

c

ksrc 000 $ Begimning source guess

END OF SAMPLE 3 MCNP INPUT

169



D.3.2 SAMPLE 3 SCALE INPUT

=csasn
CTRLPOS Sample 3 -- Cylindrical Reactor with Control Rod
99gr multiregion

u-235 1 05.2312-5 end
u-238 1 0 3.0091-6 end
u-234 10 5.5020-7 end
u-236 1 0 2.6950-7 end
h 10 6.6436-2 end
o 10 3.3330-2 end
f 10 1.2338-4 end
h 2 0 D.066644 end
] 2 0 0.033344 end
hf-174 3 0 7.16000-5 end
hf-176 3 0 2.30092-3 end
hf-177 3 0 8.22339-3 end
hf-178 3 0 1.20646-2 end
hf-179 3 0 6.02368-3 end
hf-180 3 0 1.55133-2 end
end comp
buckledcyl vacwam reftected 0. 100. end
1 17
3 8.
1 35,
2 100,
end zone
more data dab=1000 end
end
=xsdrn_jp

CTRLPOS Sample 3 -- Cylindrical Reactor with Control Rod
-1s$ 1000000
038 al 4 e
1$¢ 251001031583 11020000 e
288 -20000 e
338 1001e
438 0160 -234 19 e
5** 1.0-4 1.0-4 0 0 0 1.420892 100. e

t
1388 7r1 6r2 2r3
148% 92235 92238 92234 92236 1001 8016 9019
72174 72176 72177 72178 72179 72180
201001 208016
15%* 5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4
7.16000-5 2.30092-3 8.22339-3 1.20646-2 6.02368-3
0.066644 0.033344
t
34#% 17r1.0 10r0.0 16r1.0 57r0.0
t
35%* 16i0. 9i17. 15i18. 56i35. 100.
3688 17r1 10r2 16r3 27r4 3075
390¢¢ 12133
51%$ 10r1 10r2 5r3 5ré4 5r5 5r6 5r7 5r8 5r9 5710 5111 5712
7r13 4ri16 5r15 13r16
t
end
=xsdrn_jp
CTRLPOS Sample 3 -- Cylindrical Reactor with Control Rod
-1$$ 1000000
0s$ 8332030 e
¢ 251001052, 8311020008
238 -20000e¢e
338 1001 e
488 04 0-2347e¢
5%+ 1.0-4 1.0-4 0 0 0 1.420892 100. e
t
1388 7r1 6r2 7r3 2r4 2¢5

1.55133-2
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148%

150%

t
k724
t
ZGwe
36%%
3938
51s$
t
end

192235 192238 192234 192236 11001 18016 19019

272174 272176 272177 272178 272179 272180

392235 392238 392234 392236 31001 38016 39019

4201001 4208016

5201001 5208016

5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4

7.16000-5 2.30092-3 8.22339-3 1.20646-2 &.02368-3 1.55133-2
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4 :
0.066644 0.033344
0.066644 0.033344

17r1.0 10r0.0 16r1.0 57r0.0

16i0. 9i17. 15i18. 56135. 100.
17r1 10r2 16r3 27r4  30r5
12345

Sr1 4r2 4r3 3ré

=xsdrn_jp
CTRLPOS Sample 3 -- Cylindrical Reactor with Control Rod

-18%
13
1%
238
338
488
Saw
t
1383
148%

19%*

163%

18#4

34
t

IG5un
3688

39%%
51s$
t

end

1000000
a3 30 20 29 e
251001052, 8311020000e
-20000e
1001 e
0420-22047 -1e
1.0-4 1.0-4 0 0 0 1.420892 100. e

7r1 6r2 Trd 2r4 2r5
1192235 1192238 1192234 1192236 111001 118016 119019
2272174 2272176 2272177 2272178 2272179 2272180
3392235 3392238 3392234 3392236 331001 338016 339019
44201001 44208016
55201001 55208016
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4
7.16000-5 2.30092-3 8.22339-3 1.20646-2 6.02368-3 1.55133-2
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2
1.2338-4
0.066644 0.033344
0.066644 0.033344
11192235 11192238 11192234 11192236 1111001 1118016 1119019
22272174 22272476 22272177 22272178 22272179 22272180
33392235 33392238 33392234 33392236 3331001 3338016 3339019
444201001 444208016
555201001 555208016
6h192235 6h192238 6h192234 6h192236 6h 11001 6h 18016
8h 19019
6h272174 6h272176 6h272177 6h272178 6h272179 6h272180
6h392235 6h392238 £h392234 6h392236 6h 31001 6h 38016
6h 39019
6h 41001 6h 48016
6h 51001 &h 58016

17r1.0 10r0.0 16r1.0 57r0.0

16i0. 9i17. 15118. 56i35. 100.
17r1 10r2 16¢3 27r4 3015
12345

1234

END OF SAMPLE 3 SCALE INPUT
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D.3.3 SAMPLE 3 VENTURE/CTRLPOS INPUT

=CONTROL1

CTRLPOS Sample Problem 3 -- R-Z Model with Hf Rod
'000000001111111111222222222233333333334446444464455555555556666666666T7T7TTTTTTT8
123456789012345678901234567890123456789012345678901234567890123456789012345678%0

1S0TXS
END 00000670
DCRSPR
1234567890123456789012345678901234567890123456789012345678901234567890
1 1 11 0 0
24 9
192235 92235 235. 3.236 -11 1
392235 92235 235. 3.236 -11 ]
192234 92234 234. 3.19 -1 1
392234 92234 234. 319 -11 1
192236 92236 236. 3.26 -1 3
392236 92236 236. 3.26 -1 3
192238 92238 238. 3.31 -1t 2
392238 92238 238. 331 -1 2
11001 1001 1. 6
31001 1001% 1. 6
41001 1001 1. 6
51001 1001 1. 6
18016 B016 16. 6
38016 8016 16. 6
48016 8016 16. 6
58016 8016 16. 6
19019 9019 19. 6
39019 9019 19. 6
272174 72174 174. 7
272176 72176 176. 7
272177 72177 177. 7
272178 72178 178. 7
272179 12179 179. 7
272180 72180 180. 7
END
CROSPROS
END
DVENTR u wk¢ 2 = DVENTR
001 CARD 1
1.00+1 1.00 1.0 CARD 2
CARD 3
CARD 4
'01 02 03 04 05 D& 07 0B 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 0000 100 0 1 CARD S
'01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
1 0000 O0COOTOOOTODOOI1T O 1T %1 0 0 CARD &
002 CARD 1
CARD 2
0 00 CARD 3
CARD 4
0.0 .0645 CARD 5
0.0 2.09 -05 CARD 6
003
'01 02 03 04 05 06 07 0B 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
712 2 2 0
004

*00000000111111111122222222223333333333444444444455555555556666666666777
$23456789012345678901234567890123456789012345678901234567890123456789012
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25

[=]
oWn

b&b&bh#b&bbhbbbbl\&\bbbU‘Lﬁlﬂm\nmwm\ﬂmmmm\hmmmmU!U!U!U!UVU!U\U‘U!Q#*C\l\t\l\l\bbl\bl‘l\b&\bb

10.0000 21
15 30.0000 00

I %hw

50.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000

100.0000

5 5
5101
5102
5103
5104
5105
5106
5107
5108
5109
5110
5111
5112
5113
5114
115
5116
5117
5118
5119
5120
5121
5122
5123
5124
5125
4126
4127
4128
4129
4130
4131
4132
4133
4134
4135
4136
4137
4138
4139
4140
4341
4142
4143
4144
4145
4146

l\a&\l\bz\bbbbbbbbbbbbba:~mmm\nmmwmmmmmmmmmmmmmmmmmmm

Lo A N N N N N N A P S N

baz\bb&bbbbhbbbbbbbbahmmmmmmmmmmmmmwmmmmmmmmmmmm

7.0000 15

0

J\l\bbh#bl\hb&h‘\bbbbhl\bb\IV\J'IUIU!U‘U!U‘UVU‘U'U!LH\ﬂU!U!U\U\U!U!U’\hUIV\\.ﬂU‘UI

.00000

2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
0.0000

AR AR R R R R R R R RV R AT R RV V. RV RV RV R RU RV RV RT NV RV NY RV T RNV RY RV RT RV SO RV RV, RV R0 RV R . R0 RV

L N A R A R T N T LR N N N R N

1.0000 21

2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000

Ral IR TP IR I I S TR A SN N S Y N

7.0000 20

2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000

Ll DI I IR P R S T o NP N N N S Y N

10.0000 1

2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000
2.0000 2

4

&4
4
4
4
4
4
4
4
4
4
A
&4
4
4
4
4
5

25.0000

2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
2.00000
50.00000
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4 4147 4 4 4 5
4 4148 4 4 4 5
4 4149 4 4 & 5
4L 4150 4 4 4 5
1 115% 3 3 4 5
1 1152 3 3 4 5
1 1153 3 3 4 5
1 1156 3 3 4 5
1 1155 3 3 & 5
1 1156 3 3 4 5
1 1157 3 3 4 5
1 1158 3 3 4 5
T 1159 3 3 4 5
1 1160 3 3 4 5
1 1161 3 3 4 5
1 1162 3 3 4 5
1 1163 3 3 4 5
T 1164 3 3 4 5
1 1165 3 3 4 5
1 1166 3 3 4 5
1 1167 3 3 & 5
1 1168 3 3 4 5
1 1169 3 3 4 5
1 1170 3 3 4 5
1 171 3 3 4 5
1 1172 3 3 4 5
1 173 3 3 4 5
1T 1176 3 3 4 5
1 1175 3 3 4 5
1 1176 3 3 4 5
1 1177 3 3 4 5
1 1178 3 3 4 5
1 1179 3 3 4 5
1 1180 3 3 4 5
1 181 3 3 4 5
1 1182 3 3 4 5
1 1183 3 3 4 5
1 118 3 3 &4 5
1 1185 3 3 4 5
1 1186 3 3 4 5
1 1187 3 3 4 5
1 1188 3 3 4 5
1 1189 3 3 4 5
1 1190 3 3 4 5
T 1191 3 3 4 5
1 1192 3 3 4 5
1 1193 3 3 4 5
1 119 3 3 4 5
1 119 3 3 4 5
1 1196 3 3 & 5
1 1197 3 3 4 5
1 1198 3 3 4 5
1 1199 3 3 4 5
1 1200 3 3 4 5
4 4 4 4 & 4 5
5 555 555

012
0

013

24

24

10 0 1INV IHE ILI 1810 811 IAL ICR IMN IFE IN]
192235392235192234392234 192236392236 192238392238 11001 31001 41001 51001
18016 38016 4B016 58016 19019 390192721746272176272177272178272179272180
020
11
192235 5.23120E-05192238 3.00910E-06192234 5.50200E-07192236 2.69500E-07
11001 6.64360E-02 18016 3.33300E-02 19019 1.23380£-04

BLANK
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151200
272174 7.16000E-05272176 2.30092E-03272177 8.22339£-03272178 1.20646E-02
272179 6.02368E-03272180 1.55133£-02
3 3
392235 5.23120E-05392238 3.00910£-06392234 5.50200E-07392236 2.69500E-07
31001 6.64360E-02 38016 3.33300E-02 39019 1.23380E-04
126150
41001 6.66440E-02 48016 3.33440E-02
[
41001 6.66440E-02 48016 3.33440E-02
101125
51001 6.664408-02 58016 3.33440E-02

51001 6.68640E-02 58016 3.33440E-02

END

VENTNEUT

END

DUTLIN

DTNINS 030 0% 1

100000000111111111122222222223333333333444444444455555555556666666666T777TTTTTTE

123456789012345678901234567890123456789012345678901234567890
10. 1.0 1.0

6.45-2
2.09-5
9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
2 00101 00 0 0
33 34 35 36 37 38 39 40 41 42 43 44 45 L6 47 48
0 00 0 000 O OC OO
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

END
1xwkR®  Option 5 used to define CTRLPOS output file name
DUTLIN

s R R 2-=--- looenn 3--e-- boemus bomnn- foennr 5-cw-- Jomome breen- !
1.000 0.0010

befen2eeBechne5--5--7--8--9-10-11-12-13-16-15-16-17- 18- 19-20-21-22-23-24
S 00201000133 1010 000O0O0O0TO0TUD0DOD

END

CTRLPOS

swkkex  File name for CTRLPOS output

ctris3.out.1

END

sawwndt  Option 10 used to read in CTRLPOS data

DUTLIN

CTRLCF 06 02 1

EE O A AR Ny RS SOy PRy SOy R SO P Sy
1.000 0.0010 1000.0 5000.0

1-1--2--3cbau5-2f--7--B--9-10-11-12-13-14-15-16-17-1B-19-20-21-22-23- 24
10 ¢ 0 2 01 1 0 02599 0 0 O © 0 O O 0 O O O O 1

END

taewrr  CTRLPOS DATA FOR SAMPLE PROBLEM 3.

1erter  The 'control rod! zones start with zone 200 and end with zone 101,

pakart  The first position guess is the upper boundary of zone 125 while the
ta*akk  tip of the control rod starts at zone 200. The limits of control rod
swwsad  rod motion are the upper boundary of zone 101 and the lower boundary
tednet  of zone 200. Zone &4 will be the follower for the control rod zones

twwdv®  in the core and just above the core. Far above the core the follower

twwke  is the material in zone 5. Control rod material is in zones
thdear  200-151 at the start of the process.

CTRLPOS

begin-input

begin-bank

begin-rod

200,0,125,1
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101,1,200,0
begin-zone
200,4,1
199,4,1
198,4,1
197,4,1
196,4,1
195,4,1
194,41
193,4,1
192,4,1
191,41
190,4,1
189,4,1
188,4,1
187,41
186,4,1
185,4,1
184,4,1
183,4,1
182,4,1
181,4,1
180,4,1
179,4,1
178,4,1
177,4,1
176,64 ,1
175,4,1
174,4,1
173,41
172,4,1
171,46,
170,4,1
169,4,1
168,4,1
167,4,1
166,4,1
165,4,1
164,4,1
163,4,1
162,4,1
161,4,1
160,4,1
159,4,1
158,4,1
157,4,1
156,4,1
155,4,1
154,4,1
153,4,1
152,4,1
151,4,1
150,4,0
149,4,0
148,4,0
147,4,0
146,4,0
145,4,0
144 ,4,0
143,4,0
142,4,0
141,4,0
140,4,0
139,4,0
138,4,0
137,4,0
136,4,0
135,4,0
134,4,0



177

r

4,0
4,0
4,0
4,0
4,0
4,0
4,0
4,0
4,0
5,0
5,0
5,0
5,0
5,0
5,0

118,5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0
5,0

- n o=

~ % e =

.
’

'

swdkwd  Onrijon 20 used to perform a keff position search
DUTLIN

T TY YRRy
0.970 0.0010 1000.0 5000.0

V-1ea2-e3nclr=5-0b-7--8-~9-10-11-12-13-14-15-16-17-18-19-20-21-22-23- 24
200 0 2 01 10 0259 006 00 0 00000001
END

'CTRLPOS

TEND

swrwes  Option 30 used to calculate a control rod worth curve

DUTLIN

CTRLCF 06 O 2? 1

1
1 | 1 |
0.950 0.0010 1000.0 5000.0
Ve1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17- 18- 19-20-21-22-23-24
3 0 0 2 01 100259 001 0000O0O0O0CO0D0 1
END
CTRLPOS
begin-input
200,0
200,1
199,1
198, 1
11971
196, 1
1195, 1
1194,1
1193,1
192,1
'191,1
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1190,1
1189,1
188, 1
1187 1
1186,1
r185,1
184,1
1183, 1
'182,1
1181,1
180,1
",
'178,1
"77,1
176,1
*175,1
'174,1
173,1
172,1
*171,1
'170,1
1169,1
168,1
1167,1
1166,
1165,1
164,1
1163,1
'162, 1
1161,1
160,1
'159,1
*158,1
*157,1
156,1
*155,1
154,1
153,1
152,1
151,1
end- input
END

END OF SAMPLE 3 VENTURE/CTRLPOS INPUT



D.3.4

AERRERRTRARDRRRREARRREARA RN ANEANERRNNARNARrThRdd bR rdrdhrddd kb bwkdiirdr

*** CTRLPOS - CONTROL ROD POSITION MODULE - VERSION 1 - OCTYOBER 1, 1992 **~

...........................................................................

...........................................................................

SAMPLE 3 CTRLPOS OUTPUT

#rkxk CTRLPOS OPTION 10 *w%wx

*ewdk CONTENTS OF *CTRLCF* CONTROL FILE *awew

XX( 1- 4) * 1.000000+00* 1.000000-03* 1,000000+03* 5.00000D+03*
2*

IX( 1-5) * 10*
9%
oo+
o
o*

IXC 6-10)
1X(11-15)
IX(16-20)
IX(21-25)

0 % %

1-TARGET KEFF VALUE

o*
1%
o~
o*
o*

2-ALLOWED KEFF TOLERANCE

3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT
4-MAXIMUM NUMBER OF ATOM DENSITY VALUES (IF IX(23).NE.0) =

1-CTRLPOS OPTION NUMBER
2-NEUTRONICS MODULE
3- INTERPOLATION SCHEME

4-NUMBER OF POINTS IN SCHEME

5-STORAGE OF KEFF VALUE

6-CONTROL RQDS FOR KEFF SEARCH
7-PRINT OUT OF ATOM DENSITIES

S

00
o*
o*
o*
o*

o*
o*
o*
1%

2

o n R

o>
b
o
0*
o

1.000000+00
1.00000D-03

8-PRINT OUT ATOM DENSITIES AT EACH POSITION =

9-COMTROL ROD TIP PARTIAL ZONE PLACEMENT

10-NUMBER OF POSITION ITERATIONS

11-NUMBER OF OUTERS FOR NEUTRONICS MODULE

12-RESERVED

13-BURNED COMTROL ROD OPTION

B # 0 n

wwwkh PARAMETERS FOR CTRLPOS OPTION 30 #wwaw

14-BANK NUMBER FOR CONTROL ROD WORTH CURVE
15-CONTROL ROD FOR WORTH CURVE

16-RESERVED

Hus

whawk PARANETERS FOR CTRLPOS OPTION 40 e«

17-BANK NUMBER FOR ROD/BANK RE-POSITIONING

18-CONTROL ROD NUMBER FOR RE-POSITIONING
19-Z0NE NUMBER FOR RE-POSITIONING

20-20NE BOUNDARY FOR RE-POSITIONING

21-VENTPLOT PLOT OPTION

22-REVERSE CONTROL ROD MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTION

24-CONTAINER ARRAY MEMORY OPTION

25-DEBUG OUTPUT PARAMETE

...........................................................................

BANK # 1 HAS 1 ROOS.

NUMBER OF CONTROL ROD BANKS =

BANK # 1 ROD # 1 HAS 100 ZONES AND

1

BANK # 1 ROD # 1 CHAIN # O HAS

...........................................................................

4800000 WORDS.

TOTAL AVAILABLE MEMORY

0 PRODUCTION CHAINS.

o n

1.000+03

1

- N ONOOCO
o

[=R =R~}

(= Y ) [~ N =N - ]

0 PRODUCED ISOTOPES.

........................................................ T R
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LOWER MEMORY FOR CTRLPQS
UPPER MEMORY FOR CTRLPOS
TOTAL MEMORY FOR CTRLPOS

BANK # 1
CONTROL ROD TIP IS LOWER BOUNDARY OF ZONE
FIRST GUESS POSITION 1S UPPER BOUNDARY OF ZONE
UPPER CONTROL ROD LIMIT IS UPPER BOUNDARY OF ZONE 101
LOWER CONTROL ROD LIMIT 1S LOWER BOUNDARY OF ZOWE 200

EXTRA MEMORY

ROD ¥ 1

103395 WORDS.
29800 WORDS.
133195 WORDS,

4668805 WORDS.

200

125

*wwwk [NFORMATION ON MEMORY REQUIREMENTS FOR ATOM DENSITY ARRAYS *wwwx

MAXIMUM NUMBER OF ATOM DENSITY VALUES POSSIBLE =

NOTE *** THIS VALUE DOES NOT ACCOUNT FOR THE PRODUCTION
OF NEW ISOTOPES IN THE FOLLOWER MATERIAL ***

TOTAL MEMORY REQUIRED FOR IX(23).£Q.0 =
TOTAL MEMORY REQUIRED FOR I1X(23).MNE.O =

IX(23).EQ.0 OPTION SAVES
YOU ARE USING BEST OPTION TO SAVE MEMORY.

BANK # 1 ROD # 1 NUMBER OF ZONES =
CONTROL ROD  FOLLOWER CONTROL ROD
ZONE NUMBER 20NE NUMBER  ZONE VOLUME

1 200 4 2.199110+02
2 199 4 2.19911D+02
3 198 4 2.199110+02
4 197 4 2.199110+02
5 196 4 2.19911D+02
6 195 4 2.199110+02
7 194 4 2.199110+02
8 193 4 2. 199110402
9 192 4 2.199110+02
10 4 2.199110+02
11190 4 2.199110+02
12 189 4 2.199110+02
13 188 4 2.19911D+02
1% 187 4 2.199110402
15 186 4 2.19911D+02
16 185 4 2.199110+02
17 184 4 2.199110+02
18 183 4 2.19911D+02
19 18 4 2.199110+02
20 181 4 2.199110+02
21 180 4 2.199110+02
22 179 4 2.199110+02
23 178 4 2.199110+02
26 177 4 2.19911D0+02
25 176 4 2.19911D+02
26 175 4 2.199110+02
27 174 4 2.199110+02
28 173 4 2.199110+02
29 172 4 2.199110+02

30 171 4 2.199110+02

31 170 4 2,.199110+02

32 169 4 2.199110+02

33 168 4 2.19911D+02

34 167 4 2.19911D+02

35 166 4 2.19911p+02

36 165 4 2.19911p+02

37 164 4 2.199110+02

38 163 4 2.199110+02

100

11200.

133195 WORDS.
287785 WORDS.

154590 WORDS OF MEMORY.

FOLLOWER
ZONE VOLUME
1.871600+06
1.871600+06
1.871600+06
1.871500+06
1.87160D0+06
1.871600+06
1.871600+06
1.87160D+06
1.87160D+06
1.871600+06
1.871600+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.871600+06
1.871600+06
1.87160D+06
1.87160D+06
1.871600+06
1.871600+06
1.871600+06
1.871600+06
1.87160D0+06
1.87160D+06
1.871600+06
1.871600+06
1.871600+06
1.871600+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.871600+06

TOTAL
ZONE VOLUME
2.199110+02
4.39823p+02
6.597340+02
8.796460+02
1.099560+03
1.319470+03
1.539380+03
1.75929p+03
1.979200+03
2.199110+03
2.41903p+03
2.63894D+03
2.858850+03
3.07876D+03
3.298670+03
3.518580+03
3.738500+03
3.958410+03
4.178320+03
4.398230+03
4.61814D+03
4.838050+03
5.057960+03
5.27788D+03
5.497790+03
5.717700+03
5.937610+03
6.15752D0+03
6.37743D+03
6.597340+03
6.81726D+03
7.037170+03
7.257080+03
7.476990+03
7.69690D+03
7.916810+03
8.136720+03
8.356640+03

ROD
FLAG

-

[ N i I QT (I T QRS QI S Qe Qe U I O S QI P P I N T (I 0 i i QO Sy

180



39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

61
62
63

65
67

69
70
7

74
76
78

80
81
82

85
87

89
90
N
92
93
94
95
96
97

100

.........................

162
161
160
159
158
157
156
155
154
153
152
151
150
149
148
147
146
145
14l
143
142
141
140
139
138
137
136
135

133
132
131
130
129
128
127
126
125
124
123
122
121
120
119
118
117
116
115
114
113
112
m
110
109
108
107
106
105
104
103
102
101

BANK # 1

ROD ® 1

LA AR AR U A R R LR RS R RV R RS R R RV RV R RV SV RV N NV N P W N N I I SR S W O WS A N N NP 30 N N N NN A S S W NN N N N

2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.19911D+02
2.199110+02
2.19911D+02
2.19911D+02
2.199110+02
2.19911D+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.199110402
2.19911D0+02
2.19911D+02
2.199110+02
2.199110+02
2.199110+02
2.19911D+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.19911p+02
2.19911p+02
2.19911D+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2. 199110402
2.19911D+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.199110+02
2.19911p+02
2.199110+02
2.199110+02
2.19911D+02
2.199110+02
2.199110+02
2.19911D+02
2.199110+02
2.19911b+02
2.199110+02
2.199110+02
2.19911p+02
2.19911D+02
2.199110+02
2.19911D+02
2.199110+02
2.199110+02
2.199110402

TIME IN DAYS

ATOM DENSITIES

1.87160D+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.871600+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.87160D+06
1.87160D+06
1.871600+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.87160D+06
1,87160D+06
1.871600+06
1.871600+06
1.87160D+06
1.871600+06
1.87160D+06
1.871600+06
1.871600+06
1.87160D+06
1.87160D+06
1.87150D+06
1.871600+06
1.871600+06
1.871600+06
1.B7160D+06
1.871600+06
1.871600+06
7.91131D+06
7.911310+06
7.911310+06
7.911310+06
7.911310+06
7.911310+06
7.911310+06
7.91131D+06
7.911310+06
7.91131D+06
7.91131D+06
7.91131D+06
7.911310+06
7.911310+06
7.911310+06
7.911310+06
7.911310+06
7.911310+06
7.91131D+06
7.91131D+06
7.91131D+06
7.91131D+06
7.911310+06
7.91131D+06

8.576550+03
8.79646D+03
2.016370+03
9.236280+03
9.45619D+03
Q.67611D+03
9.896020+03
1.01159D+04
1.033580+04
1.055580+04
1.077570+04
1.09956D+04
1.121550+04
1.14354D+04
1.16553D0+04
1.18752D+04
1.20951D+04
1.231500+04
1.253500+04
1.27549D+04
1.297480+04
1.31947D+04
1.341460+04
1.36345D0+04
1.38544D+04
1.407430+04
1.42942D0+04
1.451420+04
1.473410+04
1.49540D0+04
1.517390+04
1.53938D+04
1.56137D+04
1.583360+04
1.60535D+04%
1.62734D+04
1.64934D+04
1.67133D+04
1.693320+04
1.71531D0+04
1.73730D+04
1.759290+04
1.781280+04
1.80327D+04
1.82527D+04
1.84726D+04
1.86925D+04
1.89124D+04
1.91323D+04
1.93522D+04
1.957210+04
1.97920D+04
2.00119D+04
2.023150+404
2.045180+04
2.06717D+04
2.08916D+04
2.11115D+04
2.13314D+04
2.155130404
2.17712D+04
2.19911D+04

COO00O0OO0OO0OODOO0OCCOOLOODLDO0COOO0O0OO0OOODODOOLLOLLOCODOODOODOOCOC —b—a —2 vd wd b b b ad o3 ob s
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ZONE 200 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 199 272174  7.1600000-05 ¢
1.0000)

272178 1.2064600-02 (¢ 1.0000)
ZONE 198 272174  T.1600000-05 (
1.0000)

272178 1,2064600-02 ( 1.0000)
ZONE 197 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 196 272174  7.1600000-G5 ¢
1.0000)

272178 1.206460D0-02 ( 1.0000)
Z0NE 195 2721764  7.160000D-05 (
1.0000)

272178  1.2064600-02 ( 1.0000)
ZONE 1594 272174  7.1600000-05 (
1.0000)

272178  1.206460D-02 ( 1.0000)
ZO0NE 193 272174  7.1600000-05 (
1.0000)

272178  1.2064600-02 ( 1.0000)
ZONE 192 272174  7.1600000-05 (
1.0000)

272178  1.2064600-02 ( 1.0000)
20ME 191 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 190 2721764  7.1600000-05 (
1.0000)

272178  1,2064600-02 ( 1.0000)
20NME 189 272174  7.160000D-05 (
1.0000)

272178 1.206460D-02 ( 1.0000)
Z0NE 188 272174  7.1600000-05 (
1.0000)

272178  1.206460D-02 ( 1.0000)
ZO0NE 187 272174  7.1600000-05 (
1.0000)

272178 1.206460D-02 ( 1.0000)
20NE 186 272174  7.160000D-05 (
1.0000)

272178  1.2064600-02 ( 1.0000)
ZONE 185 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 184 272174  7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
20NE 183 272174  7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 182 272174  7.1600000-05 (
1.0000)

272178 1.206460D0-02 ¢ 1.0000)
ZONE 181 272174  7.1600000-05 (
1.0000)

272178  1.2064660D-02 ( 1.0000)
ZONE 180 272174  7.160000D0-05 (
1.0000)

272178  1.2064600-02 ¢ 1.0000)
ZONE 179 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ¢ 1.0000)
Z0ME 178 272174  7.160000D0-05 (
1.0000)

272178 1.206460D-02 ( 1.0000)

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180
1.0000) 272177

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180
1.0000) 272177

1.0000) 272176  2.3009200-03 (

272179 6.02356800-03 ( 1.0000) 272180
1.0000) 272177

1.0000) 272176  2.300920D0-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.300920D-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 ¢

272179  6.023680D0-03 ( 1.0000) 272180
1.0000) 272177

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180
1.0000) 272177

1.0000) 272176  2.300%9200-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179 6.02356800-03 ¢ 1.0000) 272180

1.0000) 272176  2.300920D-03 (

272179  6.0236800-03 ( 1.0000) 272180
1.0000) 272177

1.0000) 272176  2.3009200-03 ¢

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179  6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179  6.023680D-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179  6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179 6.023680D-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 ( 1.0000) 272180

1.0000) 272176  2.300920D-03 (

272179 6.023680D-03 ( 1.0000) 272180

1.0000) 272176  2.3009200-03 (

272179  6.023880D0-03 ( 1.0000) 272180

1.0000) 272176  2.300920D-03 (

272179  6.0236800-03 ( 1.0000) 272180

1.0000) 272177

182

8.2233900-03 ¢

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.223390D-03 ¢

1.5513300-02 ¢ 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.223390D-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 ¢

1.5513300-02 ( 1.0000)
1.0000) 272177

8.223390D-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.5513300-02 ( 1.0000)

B.223390D-03 (

1.5513300-02 ( 1.0000)
1.0006) 272177

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 (

1.551330D-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.551330D0-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.551330D-02 ( 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.2233%90D-03 ¢

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.223390D-03 (

1,551330D0-02 ( 1.0000)



ZONE 177 272174
1.0000)

272178  1.206460D-

ZONE 176 272174
1.0000)

272178 1.2064600-

20NE 175 272174
1.0000)

272178 1.2064600D-

20NE 174 272174
1.0000)

7.1600000-05 (

02 ¢ 1.0000)
7.160000D-05 (

02 ( 1.0000)
7.1600000-05 (

02 ( 1.0000)
7.1600000-05 (

272178 1.2064600-02 ( 1.0000)

20NE 173 272174
1.0000)

272178 1.206460D-

20NE 172 272174
1.0000)

272178 1.206450D-

ZONE 171 272174
1.0000)

7.1600000-05 ¢

02 ( 1.0000)
7.1600000-05 ¢

02 (¢ 1.0000)
7.1600000-05 (

272178 1.2064600-02 ( 1.0000)

ZONE 170 272174
1.0000)

272178  1.2064600-

IONE 169 272174
1.0000)

7.1600000-05 ¢

02 ¢ 1.0000)
7.1600000-05 (

272178  1.2064600-02 ( 1.0000)

ZONE 168 272174
1.0000)

7.1600000-05 ¢

272178  1.206460D-02 ( 1.0000)

ZONE 167 272174
1.0000)

7.1600000-05 (

272178  1.2064600-02 ( 1.0000)

IONE 166 272174
1.0000)

7.1600000-05 ¢

272178 1.2064600-02 ( 1.0000)

ZONE 165 272174
1.0000)

7.1600000-05 (

272178  1.2064600-02 ( 1.0000)

Z0NE 164 272174
1.0000)

272178  1.206460D-

20NE 163 272174
1.0000)

272178  1.206460D-

ZONE 162 272174
1.0000)

272178  1.206460D-

ZONE 161 272174
1.0000)

272178  1.206460D-

ZONE 160 272174
1.0000)

272178 1.206460D-

ZONE 159 272174
1.0000)

272178 1.206460D-

ZONE 158 272174
1.0000)

272178 1.206460D-

ZONE 157 272174
1.0000)

272178 1.206460D-

IONE 156 272174
1.0000)

272178 1.2064600-

ZONE 155 272174
1.0000)

272178 1.2064600-

7.1600000-05 ¢

02 ( 1.0000)
7.1600000-05 (

02 ( 1.0000)
7.1600000-05 ¢

02 ( 1.0000)
7.1600000-05 (

02 ( 1.0000)
7.1600000-05 (

02 1.0000)
7.1600000-05 (

02 ( 1.0000)
7.1600000-05 ¢

02 ( 1.0000)
7.1600006D-05 (

02 ( 1.0000)
7.1600000-05 (

02« 1.0000)
7.1600000-05 (

02 ( 1.0000)

1.0000) 272176  2.3009200-03 ¢

272179 6.023680D-03 (
1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (
1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (
1.0000) 272176  2.300920D-03 (

272179 6.0236800-03 (
11.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (
11.0000) 272176  2.3009200-03 ¢

272179 6.0236800-03 ( _
1.0000) 272176 2.3009200-03 (¢

272179 6.023680D0-03 (
1.0000) 272176  2.3009200-03 (

272179 6.023680D0-03 (
1.0000) 272176  2.3009200-03 (

272179 6.023680D0-03 (
1.0000) 272176  2.3009200-03 (

272179  6.0236800-03 (
1.0000) 272176  2.3009200-03 (

272179 6.023680D-03 (
1.0000) 272176  2.3009200-03 (

272179  6.023680D-03 (
1.0000) 272176  2.3009200-03 (

272179 6.0234680D-03 ¢
1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (
1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (
1.0000) 272176  2.3009200-03 (

272179 6.02356800-03 (
1.0000) 272176  2.3009200-03 (

272179  6.023680D-03 (
71.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (
1.0000) 272176  2.3009200-03 (

272179 6.023680D-03 (
1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (
1.0000) 272176  2.3009200-03 ¢

272179  6.023880D-03 (
1.0000) 272176  2.300920D-03 (

272179 6.0236800-03 (
1.0000) 272176  2.3009200-03 (

272179 6.0236800-03 (

1.0000) 272177

1.0000) 272180
1.0000) 272180
1.0000) 272180
1.0000) 272180

1.0000) 272177

1.0000) 272180
1.0000) 272177

1.0000) 272180
1.0000) 272180
1.0000) 272180

1.0000) 272177

1.0000) 272180
1.0000) 272177

1.0000) 272180

1.0000) 272180
1.0000) 272177

1.0000) 272180

1.0000) 272180
1.0000) 272177

1.0000) 272180
1.0000) 272177

1.0000) 272180
1.0000) 272177
1.0000) 272180
1.0000) 272180
1.0000y 272180
1.0000) 272180
1.0000) 272180
1.0000) 272180
1.0000) 272177

1.0000) 272180

1.0000) 272180
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8.2233900-03 ¢

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.223390D-03 (

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 (

1.551330D-02 ( 1.0000)

8.2233900-03 ¢

1.551330D-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.223390p-03 (

1.551330D-02 ( 1.0000)
1.0000) 272177

8.223390p-03 (

1.551330D-02 ( 1.0000)

8.2233900-03 (

1.551330D-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.223390D-03 (

1.551330D-02 ( 1.0000)

8.223390D0-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.5513300-02 { 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ¢( 1.0000)

8.223390D0-03 (

1.5513300-02 { 1.0000)
1.0000) 272177

8.223390p-03 ¢

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ¢ 1.0000)
1.0000) 272177

8.223390D-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.5513300-02 ¢ 1.0000)

8.2233900-03 ¢

1.551330D-02 ¢ 1.0000)
1.0000) 272177

8.223390D0-03 (

1.5513300-02 ¢ 1.0000)
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20NE 154 272174  7.1600000-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.2233900-03 (
1.0000)

272178  1.2064600-02 ( 1.0000) 272179  6.023680D0-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000)
ZONE 153 272174  7.1600000-05 ¢ 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.223390D0-03 (
1.0000)

272178 1.2064600-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180  1.5513300-02 ¢ 1.0000)
ZONE 152 272174  7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177  8.2233900-03 ¢
1.0000)

272178 1.2064600-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000)
Z0NME 151 272174  7.1600000-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.223390D-03 ¢
1.0000)

272178 1.206480D-02 ( 1.0000) 272179  6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000)

ZONE 150 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 149 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 148 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 147 41001 6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 146 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 145 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 144 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
Z0NE 143 41001  6.664400D-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 142 41001 6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
Z0NE 141 41001  6.6644000-02 ¢ 1.0000) 48016 3.334400D-02 ( 1.0000)
ZONE 140 41001  6.664400D-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 139 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 138 41001  6.6644000-02 ( 1.0000) 48015  3.334400D0-02 ( 1.0000)
ZONE 137 41001  6.6644000-02 ¢ 1.0000) 48016  3.334400D-02 ( 1.0000)
Z0NE 136 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 135 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 134 41001  6.664400D-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 133 41001  6.6644000-02 ( 1.0000) 48016 3.334400D-02 ¢ 1.0000)
Z0NE 132 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 131 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
ZONE 130 41001  6.664400D0-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 129 41001  6.6644000-02 ( 1.0000) &BOYS  3.3344000-02 ( 1.0000)
20NE 12B 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 127 41001  6.6644000-02 ( 1.0000) 48016  3.3344000-02 ( 1.0000)
20NME 126 41001  6.6644000-02 ( 1.0000) 48016 3.3344000-02 ( 1.0000)
ZONE 125 51001  6.664400D-02 ( 1.0000) 58016 3.3344000-02 ( - 1.0000)
ZONE 124 51001  6.6644000-02 ¢ 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 123 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ¢ - 1.0000)
ZONE 122 51001 6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 121 51001  6.664400D-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 120 51001 6.6644000-02 ¢ 1.0000) 58016  3.3344000-02 ( 1.0000)
ZONE 119 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
Z0NE 118 51001 6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZOME 117 51001  6.6644000-02 ( 1.0000; 58016 3.3344000-02 ( 1.0000)
ZONE 116 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 115 51001  6.6644000-02 ( 1.0000) 5B016 3.3344000-02 ¢ 1.0000)
ZONE 114 51001  6.6644000-02 ( 1.0000) 58016 3.334400D0-02 ( 1.0000)
ZONE 113 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 112 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 111 51001 6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 110 51001  6.6644000-02 ( 1.0000) 58016 3.334400D-02 ( 1.0000)
ZOKRE 109 51001 6.6644000-02 ¢ 1.0000) 58016 3.3344000-02 ( 1.0000)
Z0NE 108 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 107 51001  6.6644000-02 ( 1.0000) 58016 3.334400D-02 ( 1.0000)
Z0NE 106 51001 6.6644000-02 ¢ 1.0000) 58016 3.334400D-02 ( 1.0000)
ZONE 105 51001  6.664400D-02 ( 1.0000) S8016 3.334400D-02 ( 1.0000)
ZONE 104 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ( 1.0000)
ZONE 103 51001 6.6644000-02 ( 1.0000) 58016 3.3344000-02 ¢ 1.0000)
ZONE 102 51001  6.6644000-02 ( 1.0000) 58016 3.334400D-02 ( 1.0000)
ZONE 101 51001  6.6644000-02 ( 1.0000) 58016 3.3344000-02 ¢ 1.0000)

st AVERAGE VALUES FOR CONTROL ROD MATERIAL wwiw#

VOLUME OF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.

272174 7.1600000-05 ( 1.0000) 272176 2.300920D-03 ( 1.0000) 272177 8.2233900-03 ( 1.0000)
272178  1.2064600-02 ( 1.0000) 272179  6.023680D-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000)

---------------------------------------------------------------------------
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weass STARTING POSITIONS FOR ALL CONTROL RODS *#wws
STARTING POSITION -- POSNOW( 1, 1)= 0.000000000p+00

waww® KEFF AT STARTING POSITION = .9590846

®awwk FIRST GUESS POSITIONS FOR MOVING CONTROL RODS waww*

FIRST GUESS POSITION -~ POSNOM( 1, 1)= 1.6713272770+04
wakk* KEFF AT FIRST GUESS POSITION = 1.1122112
ITERATION # O -- AT THE CURRENT POSITION KEFF = 1.1122112

waad® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION we#ww

BANK ROD wwk% CURRENT POSITION ww** ®kak NEW PREDICTED POSITION *¥i*
1 1 1.6713272770+04  4.465785226D+03

ITERATION # 1 -- AT THE CURRENT POSITION KEFF = 1.0577382
*wERE TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *vwex

BANK ROD whwt CURRENT POSITION wwe* *kxx NEW PREDICTED POSITION wwsw
1 1 4.465785226D+03 1.8521320180+03

...........................................................................

ITERATION # 2 -- AT THE CURRENT POSITION KEFF = 9727853
*A%dx TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION *##wx

BANK ROD ¥t CURRENT POSITION waw* **#*% NEW PREDICTED POSITION wwww
1 1 1.8521320180+03 2.689417217D+03

...........................................................................

ITERATION # 3 -- AT THE CURRENT POSITION KEFF = 1.0041287
wkk#® TWO POINT LAGRANGE INTERPOLATION USED YO DETERMINE NEW POSITION *wwe«

BANK ROD wwh® CURRENT POSITION #*%« w**x NEW PREDICTED POSITION *we*
1 1 2.689417217D+03 2.5791262310+03

...........................................................................

ITERATION # 4 -- AT THE CURRENT POSITION KEFF 9973702
weeR® TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION #¥ww=

n

BANK ROD wiex CURRENT POSITION **#* w*** NEW PREDICTED POSITION **»%
1 1 2.5791262310+03 2.6220417580+03
ITERATION # 5 -- AT THE CURRENT POSITION KEFF = 1.0002433

wwaat CONTROL RODS WERE SUCCESSFUL POSITIONED TO THE TARGET KEFF VALUE *w¥es
ek ENDING POSITION FOR ALL CONTROL RODS **#wx
ENDING POSITION -- POSNOW( 1, 1)= 2.622041758D+03

* YOTAL CPU TIME = - 315.21 MINUTES - TOTAL CLOCK TIME = .00 MINUTES *
WRREERRENTERN SRR Y NORMAL END OF CONTROL ROD POSITION MODULE *waswuswdadddis

ki ddd bl d 22 L2l Ll d 2t 2 A DTty J2 2 Dt i e DS s T s s L e e

bbb A AR Al 2 2 d L it d L a2 Dl s 22 2Tl s 2t T r e L DL T R T L T R e

*e% CTRLPOS - CONTROL ROD POSITION MODULE - VERSION 1 - OCTOBER 1, 1992 ***
wakse CTRLPOS OPTION 30 wwwww
halaboinial COMTENTg OF *CTRLCF* CONTROL FILE wweew

XX( 1- 4) * 9.500000-01* 1.000000-03* 1,00000D+03* 5.000000+03*
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o*
25*%

0*
o* o*
o*

3o
1>
99
0"
0*

IX¢ 1- 5)
IX( 6-10)
I1X(11-15)
IX(16-20)
1X(21-25)

* % % % B
o
»
=3I

IR
]

(=]
»
Py
»

1-TARGET KEFF VALUE €.500000-01
2-ALLOWED KEFF TOLERANCE 1.00000D-03
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT 1.000+03

4-MAXIMUM NUMBER OF ATOM DENSITY VALUES (IF IX(23).NE.Q) = 5000

noun

1

-2 ONODODOO

1~-CTRLPOS OPTION NUMBER

2~NEUTRONICS MODULE

3-INTERPOLATION SCHEME

4~NUMBER OF POINTS IN SCHEME

5-STORAGE OF KEFF VALUES

6-CONTROL RODS FOR KEFF SEARCH

7-PRINT QUT OF ATOM DENSITIES

8-PRINT OUT ATOM DENSITIES AT EACH POSITION
9-CONTROL ROD TIP PARTIAL ZONE PLACEMENT
10-KUMBER OF POSITION ITERATIONS
11-NUMBER OF OUTERS FOR NEUTRONICS MODULE
12-RESERVED

13-BURNED CONTROL ROD OPTION

e anwan

H
o

wnonnw
n
°°8U\O

wakw® PARAMETERS FOR CTRLPOS OPTION 30 *wwaw
14-BANK NUMBER FOR CONTROL ROD WORTH CURVE
15-CONTROL ROD FOR WORTH CURVE

16-RESERVED

W
[= QPN Y

o

s*ea* PARAMETERS FOR CTRLPOS OPTION 40 ww**w
17-BANK NUMBER FOR ROD/BANK RE-POSITIONING
18-CONTROL ROD NUMBER FOR RE-POSITIONING
19-20KE NUMBER FOR RE-POSITIONING

20-ZONE BOUNDARY FOR RE-POSITIONING
21-VENTPLOT PLOT OPTION

LI TR I |
OO0

22-REVERSE CONTROL ROD MOTION OPTION
23-ATOM DENSITY ARRAY STORAGE OPTION
24-CONTAINER ARRAY MEMORY OPTION
25-DEBUG OUTPUT PARAMETER

wononoun
O~0O0

...........................................................................

...........................................................................

TOTAL AVAILABLE MEMORY = 4800000 WORDS.
LOWER MEMORY FOR CTRLPOS = 103395 WORDS.
UPPER MEMORY FOR CTRLPOS = 29800 WORDS.
TOTAL MEMORY FOR CTRLPOS = 133195 WORDS.

EXTRA MEMORY = 4666805 WORDS.

...........................................................................

BANK # 1 ROD # 1 ATOM DENSITIES

ZONE 200 272174  7.160000D0-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177  B.223390D-03 (
1.0000)
272178 1.2064600-02 ( 1.0000) 272179  6.023580D-03 ( 1.0000) 272180 1.5513300-02 ¢ 1.0000)
ZONE 199 272174  7.1600000-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.2233900-03 (
1.0000)
272178  1.206450D-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000)
ZONE 198 272174  7.1600000-05 ( 1.0000) 272176  2.3009200-03 ¢ 1.0000) 272177  8.2233900-03 ¢
1.0000)
272178  1.206460D-02 ( 1.0000) 272179  6.023680D-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000)
20NE 197 272174  7.160000D-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177 6.2233900-03 (
1.0000)
272178  1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000)
ZONE 196 272174  7.1600000-05 ( 1.0000) 272176  2.3009200-03 ( 1.0000) 272177  8.223390D-03 (
1.0000)



272178 1.206460D-02 ¢ 1.0000)
ZONE 195 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 194 272174 7.1600000-05 (
1.0000) i

272178 1.2064600-02 ( 1.0000)
ZONE 193 272174  7.1600000-05 (
1.0000)

272178 1.206460D-02 ( 1.0000)
ZONE 192 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
20NE 191 272174  7.1600000-05 (
1.0000)

272178  1.206460D-02 ( 1.0000)
20NE 190 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
Z0ME 189 272174  7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 188 272174  7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
20ME 187 272174 7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 1B6 272174  7.1600000-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 185 272174  7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 184 272174  7.160000D-05 (
1.0000)

272178  1.2064600-02 ( 1.0000)
ZONE 183 272174  7.160000D-05 (
1.0000)

272178 1.2064600-02 ¢ 1.0000)
ZONE 182 272174  7.1600000-05 ¢
1.0000)

272178  1.2064600-02 | 1.0000)
ZONE 181 272174  7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 180 272174  7.1600000-05 (
1.0000)

272178  1.2064600-02 ( 1.0000»
Z0NE 179 272174 7.160000D-05 ¢
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 178 272174  7.1600000-05 (
1.0000)

272178  1.206460D-02 ( 1.0000)
ZONE 177 272174  T7.160000D-05 (
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 176 272174  7.1600000-05 (
1.0000)

272178 1.206460D0-02 ( 1.0000)
ZONE 175 272174  7.1600000-05 (
1.0000)

272178 1.206460D-02 ( 1.0000»
ZONE 174 272174  7.1600000-05 ¢
1.0000)

272178 1.2064600-02 ( 1.0000)
ZONE 173 272174  7.1600000-05 ¢

1.0000)

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

212179
1.0000) 272176

272179 6.023680D-

1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179 6.023680D-

1.0000) 272176

272179
1.0000) 272176

272179 6.023680D-

1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179
1.0000) 272176

272179  6.023680p-

1.0000) 272176

2r2179
1.0000) 272176

272179 6.023580D-

1.0000) 272176

6.0236800-

6.023680D-

6.023680D-

6.023680D-

6.023680D-

6.023680D-

6.0236800-

6.0236800~

6.023680D0-

6.023680D-

6.0236800-

6.0236800-

6.023680D-

6.0236800-

6.023680D-

6.023680D-

6.023680D-

6.0236800~

1.0000) 272180
1.0000) 272177

03 (
2.3009200-03 ¢

1.0000) 272180
1.0000) 272177

03 (
2.3009200-03 ¢

1.0000) 272180
1.0000) 272177

03 ¢
2.3009200-03 (

1.0000) 272180
1.0000) 272177

03 ¢«
2.3009200-03 (

03 ¢
2.3009200-03 (

1.0000) 272180
1.0000) 272177

1.0000) 272180
1.0000) 272177

03 ¢
2.3009200-03 (

03«
2.300920D-03 (

1.0000) 272180
1.0000) 272177

1.0000) 272180
1.0000) 272177

03 ¢
2.300920D0-03 (

03 (
2.3009200-03 (

1.0000) 272180
1.0000) 272177

1.0000) 272180
1.0000) 272177

03 «
2.3009200-03 (

1.0000) 272180
1.0000) 272177

03 (
2.3009200-03 (

03 «(
2.3009200-03 (

1.0000) 272180
1.0000) 272177

1.0000) 272180
1.0000) 272177

03 (
2.3009200-03 ¢

1.0000) 272180
1.0000) 272177

03 ¢
2.3009200-03 ¢

03 ¢ 1.0000) 272180
2.300920D0-03 ( 1.0000) 272177

03 ¢
2.3009200-03 (

1.0000) 272180
1.0000) 272177

03 ¢ 1.0000) 272180
2.3009200-03 ( 1.0000) 272177

03 ¢ 1.0000) 272180
2.3009200-03 ( 1.0000) 272177

03 (  1.0000) 272180
2.3009200-03 (  1.0000) 272177

03 ( 1.0000) 272180
2.3009200-03 ¢ 1.0000) 272177

03 ( 1.0000) 272180
2.3009200-03 ( 1.0000) 272177

03 (¢ 1.0000) 272180
2.3009200-03 ¢ 1.0000) 272177

03 ¢
2.300920D-03 (

1.0000) 272180
1.0000) 272177

1.5513300-

1.5513300-

1.551330D-

1.5513300-

1.5513300-

1.551330D-

1.5513300-

1.551330D-

1.551330D-~

1.551330D0-

1.5513300-

1.551330p-

1.5513300-

1.5513300-

1.551330D-

1.551330D-

1.5513300-

1.551330D-

1.551330D-

1.5513300-

1.5513300-

1.551330D-

1.5513300-
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02 ( 1.0000)
8.2233900-03 (

02 ( 1.0000)
8.2233900-03 (

02 ( 1.0000)
§.2233900-03 (

02 ( 1.0000)
8.223390D-03 ¢

02 ¢ 1.0000)
8.2233900-03 (

02 ¢ 1.0000)
8.2233900-03 (

D2 ( 1.0000)
8.2233900-03 (

02 ( 1.0000)
B.223390D-03 (

02 ¢ 1.0000)
8.2233900-03 (

02 ¢ 1.0000)
8.223390D-03 (

02 « 1.0000)
8.2233900-03 (

02 ¢ 1.0000)
8.2233900-03 (

02 ( 1.0000)
8.2233900-03 (

02 ¢ 1.0000)
8.223390D-03 (

02 ( 1.0000)
8.2233900-03 (

02 ( 1.0000)
8.2233900-03 (

02 (¢ 1.0000)
8.2233900-03 ¢

02 (¢ 1.0000)
8.2233900-03 (

02 ¢ 1.0000)
8.2233900-03 (

02 ¢  1.0000)
8.2233900-03 (

02 ( 1.0000)
8.2233900-03 (

02 ( 1.0000)
8.223390D-03 (

02 ( 1.0000)
8.223390D-03 (



272178 1.2064600-02 (
7.1600000-05 (¢

ZONE 172 272174
1.0000)

272178  1.2064600-02 (
7.1600000-05 (

20NE 171 272174
1.0000)

272178  1.2064600-02 ¢
7.1600000-05 (

ZONE 170 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 ¢

20E 169 272174
1.0000)

272178  1.2064600-02 (¢
7.1600000-05 (

20NE 168 272174
1.0000)

272178  1.2064600-02 (
7.1600000-05 ¢

ZONE 167 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 ¢

ZONE 166 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 (

ZONE 165 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 (

ZONE 164 272174
1.0000)

272178  1.2064600-02 (
7.1600000-0G5 ¢

Z0NE 163 272174
1.0000)

272178  1.206460p-02 (
7.1600000-05 (

ZONE 162 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 (

ZONE 161 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 (

ZONE 160 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 (

ZONE 159 272174
1.0000)

272178 1.206460D-02 (
7.1600000-05 (

20NE 158 272174
1.0000)

272178 1.2064600-02 (
7.160000D-05 (

ZONE 157 272174
1.0000)

272178 1.2064600-02 ¢
7.1600000-05 ¢

ZONE 156 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 (

ZONE 155 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 ¢

ZONE 154 272174
1.0000)

272178 1.2064600-02 ¢
7.1600000-05 (

ZONE 153 272174
1.0000)

272178 1.2064600-02 (
7.1600000-05 (

ZONE 152 272174
1.0000)

272178  1.2064600-02 (
7.1600000-05 ¢

ZONE 151 272174
1.0000)

272178 1.2064600-02 (
6.6644000-02 (
6.6644000-02 (

ZONE 150 41001
ZONE 149 41001

1.0000) 272180
1.0000) 272177

6.0236800-03 (
1.0000) 272176  2.3009200-03 (
1.0000) 272180
1.0000) 272177

6.0236800-03 (
1.0000) 272176  2.3009200-03 (
6.0236800-03 ( 1.0000) 272180
1.0000) 272176  2.3009200-03 ¢
6.0236800-03 ( 1.0000) 272180
1.0000) 272176 2.3009200-03 (
1.0000) 272180
1.0000) 272177

6.0236800-03 (
1.0000) 272176  2.3009200-03 ¢
1.0000) 272180
1.0000) 272177

6.0236800-03 (

1.0000) 272176 2.3009200-03 (

1.0000) 272180
1.0000) 272177

6.0236800-03 (
1.0000) 272176  2.3009200-03 ¢
1.0000) 272180
1.0000) 272177

6.0236800-03 ¢

1.0000) 272176  2.3009200-03 (

1.0000) 272180
1.0000) 272177

6.0236800-03 (
1.0000) 272176  2.300920D-03 (
1.0000) 272180
1.0000) 272177

6.0236800-03 (

1.0000) 272176  2.3009200-03 (

272179  6.023680D-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ¢ 1.0000) 272177
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
1.0000) 272180
1.0000) 272177

6.0236800-03 (
1.0000) 272176  2.3009200-03 (
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
6.023580D-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
ar2179 6.0236800-03 ¢

1.0000) 272176

1.0000) 272180
2.300%9200-03 ( 1.0000) 272177
6.0236800-03 (
1.0000) 272176

1.0000) 272180
2.3009200-03 ( 1.0000) 272177
1.0000) 272180
3.3344000-02 ¢
1.0000) 48016 3.334400D0-02 (

6.0236800-03 (
1.0000) 48016

188

1.5513300-02 ( 1.0000)

8.223390D-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 ¢

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 (

1.5513300-02 ( 1.0000)
1.0000) 272177

8.2233900-03 ¢

1.5513300-02 ( 1.0000)

8.223390D0-03 (

1.5513300-02 ¢ 1.0000)

8.2233900-03 (

1.551330D0-02 ¢ 1.0000)

8.2233900-03 (

1.551330D-02 ¢ 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 ¢

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ¢ 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ¢ 1.0000)

8.223390D0-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ¢ 1.0000)

8.2233900-03 (

1.551330D-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ( 1.0000)

8.2233900-03 (

1.5513300-02 ¢ 1.0000)



ZONE
2ONE
ZONE
20NE
ZONE
ZONE
ZONE
20NE
208E
ZONE
ZONE
2Z0KE
ZONE
ZONE
ZONE
20NE
ZONE
20NE
20NE
20ME
20HE
ZONE
ZONE
2ONE
ZONE
ZONE
ZONE
20NE
ZONE
2ZONE
ZONE
ZONE
ZONE
ZONE
20NE
2Z0NE
ZONE
20KE
ZONE
ZOME
ZONE
ZONE
20ME
20NE
ZONE
20NE
ZONE
20NE

wwkw® AVERAGE VALUES FOR CONTROL ROD MATERIAL

148
147
146
145
144
143
142
141
140
13¢
138
137
136
135
134
133
132
131
130
129
128
127
126
125
124
123
122
121
120
119
118
17
116
115
114
113
112
m
110
109
108
107
106
105
104
103
102
101

41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
41001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001
51001

6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.664400D-02
6.6644000-02
6.6644000-02
6.6644000~02
6.664400D-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000-02
6.6644000~02
6.6644000~02
6.6644000~02
6.6644000~02
6.664400D-02
6.6644000-02
6664400002
6.6644000-02
6.6644000-02
6.6644000-02
6666400002
6.664400D-02
6.664400D-02
6.664400D-02
6.6644000-02
6.664400D-02
6664400002
6.6644000-02
6.664400D-02
6.664400D-02
6.6644000-02
6.664400D-02
6.6644000-02
6.664400D-02
&6.664400D-02
6.6644000-02
6.664400D-02
6.664400D-02
6.664400D-02
6.664400D-02
6.6644000-02
6.664400D-02
6.664400D-02
6.664400D-02

(
(
(
(
(
(
(
(
(
(
(
(
(
(
4
(
(
(
(
(
(
(
(
(
(
(
¢
(
(
(
(
(
(
<
(
(
(
(
(
4
(
(
(
(
(
(
(
(

1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)

48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
48016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
58016
S8016
58016
58016
58016
58016
58016

Witk

3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.334400D-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.334400D0-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.334400D0-02
3.334400D0-02
3.3344000-02
3.3344000-02
3.3344000-02
3.334400D-02
3.3344000-02
3.334400D-02
3.3344000-02
3,3344000-02
3.334400D-02
3,3344000-02
3.334400D-02
3.3344000-02
3.3344000-02
3.3344000-02
3.3344000-02
3.334400D-02
3.3344000-02
3.3344000-02
3.3344000-02
3.334400D-02
3.3344000-02
3.3344000-02
3.3344000-02
3.334400p-02
3.334400D-02

VOLUME OF CONTROL ROD MATERIAL USED YO CALCULATE ATOM DENSITIES.

272174
272178

7.160000D-05 (
1.2064600-02 (

1.0000) 272176
1.0000) 272179  6.0235800-03 (

2.3009200-03 (

[aEaRa RN o a R el al e R e N o ol Rl ol W o N e N N e N N N a7 T P R A

1.0000)
1.0000)
1.0000)
1.0000)
1,0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1,0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1,0000)
1.0000)
1:0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)
1.0000)

1.0000) 272177 8.2233900-03 (
1.0000) 272180

CONTROL ROD BANK =

wwawd ALL RODS IN BANK WILL BE POSITIONED wwie«

NUMBER OF POSITIONS = 19

#uad* ONLY ZONE POSITIONS FOR BANK #

HUMBER

NV UWN -

ZONE
200
200
199
198
196
192
188

BOUNDARY

-k wh b bk O

1, ROD #

PCSITION
0.0000000000+00
2.1991148380+02
4.398229675D+02
6.5973445130+02
1.0995574 190+03
1.979203354D+03
2.8588492890+03

1 PRINTED HERE w*w**

1.5513300-02 (¢

189

1.0000)
1.0000)



8 1B4 1 3.738495224D+03
9 180 1 4.6181411590+03
10 176 1 5.497787094D+03
1 172 1 6.3774330290+03
12 168 1 7.2570789640+03
13 164 1 8.1367248990+03
14 160 1 2.016370834D+03
15 156 1 9.8960167690+03
16 154 1 1.0335839740+04
17 153 1 1.0555751220+04
18 152 1 1.0775662700+04
19 151 1 1.0995574190+04

wkaw® SAVED POSITIONS FOR ALL CONTROL RODS ##w##
SAVED POSITION -- POSSAV( 1, 1)= 2.6220417580+03

------------------------- TIME IN DAYS 000 -em-smoceemeeenomeceeoeaee

wwadt MOVING CONTROL RODS TO POSITIONS FOR WORTH CURVE ®*#*#*%

=wwa® ONLY 20NE POSITIONS FOR BANK # 1, ROD # 1 PRINTED HERE *#w*+
# ZO0NE BNDRY BANK ROD  POSITION KEFF DKEFF DK/VOL  DKO/vOL
1 206 0 1 1 0.00000D+00 .9590846 .0000000 .0000000 .000000O
2 200 1 1 1 2.199110+02 .9591602 .0000789 .0000004 .0000CO4
3 199 1 1 1 4.398230+402 .9593927 .0002424 .0000011 .0000007
4 198 1 1 1 6.59734D+02 .9598349 .0004608 .0000021 .0000012
5 196 1 1 1 1.09956D+03 .9618968 .0021458 .0000049 .0000027
6 192 1 1 1 1.979200+03 .9788072 .0174271 .0000198 .0000103
7 188 1 1 1 2.85885D+03 1.0122393 .0335825 .0000382 .0000189
8 18 1 1 1 3.738500+03 1.0411547 .0281635 .0000320 .0000220
¢ 180 1 1 1 4.61814D+03 1.0620744 .0198929 .0000226 .0000221
10 176 1 1 1 5.497790+03 1.0770211 .0139748 .0000159 .0000211
1M 17 1 1 1 6.37743D+03 1.0878874 .0100386 .0000114 .0000197
12 168 1 1 1 7.257080+03 1.0959564 .0073898 .0000084 .0000184
13 166 1 1 1 B.136720+03 1.1020458 .0055408 .0000063 .0000170
1% 160 1 1 1 9.01637D+03 1.1066390 .0041593 .0000047 .0000158
15 156 1 1 1 9.896020+03 1.1099291 .0029686 .0000034 .0000147
16 154 1 1 1 1.033580+04 1.1110609 .0010192 .0000023 .0000142
17 153 1 1 1 1.05558D+D4 1.1114841 .0003808 .0000017 .0000139
8 152 1 1 1 1.077570+04 1.1118070 .0002905 .0000013 .0000137
19 151 1 1 1 1.099560+04 1.1120273 .0001931 .0000009 .0000134

wea¥* OPTION 30 COMPLETE -- CONTROL RODS RE-POSITIONED ##www

*wad® ENDING POSITION FOR ALL CONTROL RODS ®wwww
2.6220417580+03

ENDING POSITION -- POSNOW(

* TOTAL CPU TIME =
wawnansnnsenrrans NORMAL END OF CONTROL ROD POSITION MODULE ®*waswsewswwraw

ERAR AR ERAERTARR R AR AR TR AN TR RN AR AR AN RN AT CAA AN EARATA N AAREARRANRE

1, 1=

END OF SBAMPLE 3 CTRLPOS OUTPUT

1067.79 MINUTES - TOTAL CLOCK TIME =

.00 MINUTES *

1380
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