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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 c o n t r o l  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 w i t h  the sample problems show that the 

CTRLPOS module is a powerful tool which allows a wide variety of 

calculations to be eas i ly  performed. 
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CHAPTER 1 

INTRODUCTION AM) BACKGROUND 

CTRLPOS, a VENTURE control rod positioning module, was 

developed to position control rods and control rod banks within the 

VENTURE neutronics system[l]. The VENTNEUT or VALENEUT[l] 

neutronics modules within the VENTURE system can be used to 

calculate keff values f o r  c o n t r o l  rod positioning. Since CTRLPOS 

uses CCCC interface files[%], with minor modification the module 

can be used within the TWODANTCS] or DIF3D[4] code systems. 

The control rod movement process is 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 Develoument 

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, 

keff, is equal to a desired value, usually unity. Before the 

CTRLPOS module was implemented, a manual method was employed to do 

This this search with DENMAN[l], a VENTURE utility module. 

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 Positionins 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 Proqrammina for Boilins 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 c y c l e .  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. 
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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, z, e-z, r-z, x-y, e-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 r e s u l t s .  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 ODtions 

The CTRLPOS 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 keff 

value is reached. This is an iterative procedure which uses 

previous rod positions and kef, values to deternine a new position 
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which should possess the target keff value. Usually several keff 

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 is used to calculate control rod worth 

curves. The control rods are moved to a series of input positions 

and a keff 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. 
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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 keff 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 keff 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. Zones 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 
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Reflector Region 

Figure 2-1 A simple control rod zone model with a single c o n t r o l  
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. In this example, the control rod tip 

is moved to the center of zone 2. Zone 2 and zone 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 Startins Control Rod ComDosition 

The starting control rod composition is the material in the 

control rod zones on the first entrance to the CTRLPQS 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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.2 
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t 
'Smeared * Control 
Control Rod 
Rod After 

lgion 

6 
I I 

Control 
Rod 
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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 
zone number zone, cm3 density at 

initial 
positiona 

1 10 FOLL=l. 0 

2 10 CTRPl. 0 

3 20 C T R b 1 . 0  

'Smeared' relative 
atom density 

after control rod 
movement 

FOL-1.0 

CTRWO .5 
FOLL=O. 5 

CTRLTl. 0 

I cTRl~1.0 4 10 CTRL=l. 0 

5 10 F O L P 1 . 0  CTRL=O. 5 
FOLL=O. 5 

a FOLL,=Follower material. 
CTRG-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 Durinq 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 l m H f  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. In this sample problem, the burnup 

of one control rod atom leads to the production of 0.75 atoms of 

PROD1 and 0 . 2 5  atoms of PRODZ. 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 kcff calculation to burn the material in 
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Control 
rod 

Table 2-2 Relative atom densities f o r  a depleted control rod. 

Relative Smeared 
atom relative 

zone density at 
number initial 

position' 

Relative atom 
density after 
depletion atom 

density 
after rod 

Relative atom 
density for 
depleted 

control rod at 
inserted 
position 

1 

2 

3 

4 

5 

FOLL=l. 0 

movement 

FOLL=l. 0 FOLL=l. 0 

CTRG-1.0 CTRIFO. 5 
FOLLFO. 5 

CTRL=l. 0 CTRLF1.0 

CTRL=l.O CTRL=l.O 

FOLL=l. 0 CTRIrO. 5 
FOLkO. 5 

CTR-0.4 
FOLLPO .5 
PROD1=0.075 
PROD2=0.025 

FOLLFl. 0 

CTRL=O. 65 
PROD1=0.2625 
PROD2-0.0875 

CTRL=O. 5 
PROD1=0.375 
PROD2=O. 125 

CTRL+O. 575 
PROD1=0.31875 
PROD2=O. 10625 

CTRIFO. 8 
PRODl=O. 15 
PROD2=0.05 

CTRbO.45 
FOLLFO .) 5 
PROD1=0.0375 
PROD2=O. 0125 

CTRL=O. 85 
PROD1=0.1125 
PROD2=0.0375 

FOLL=l. 0 

a FOLG-Follower material. 
CTRL=Control rod material. 
PRODl=Product 1 from depletion of CTRL material. 
PROD2=Product 2 from depletion of CTRL material. 
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each zone. 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 keff 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 diszances into the reflector region. If the keff 

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 keff value for control rod positioning. Then, after 

exiting CTRLPOS but before calling BURNER, call the neutronics 

module and perform a keff 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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Figure 2-3 Control rod positioning illustrating 
possibility of incor rec t  control rod burnup. 

the 
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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 keff value. In 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 keff 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 keff value closest to the 

target keff value. Assume that the position iteration procedure in 

CTRLPOS determines that the target keff 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 keff calculation would be performed. Keff 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 keff 

closest to the target keff,  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 nunber of position 

iterations required for convergence can be reduced if the control 
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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 keff .  The use of small control 

rods zones results in a more defined control sod tip; and, in some 

cases, fewer position iterations are needed to find the control rod 

position with the desired keff value. 

2 . 4  Positionina 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  cm3 position (the bottom of zone 2 is the origin). 

After movement, the new control, rad position is 5 c m 3 ,  the center 

of zone 2. 
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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 keff calculation is performed so two keff 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 keff 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 zone 1 would not be valid. 

A first guess value of the control rod position, 

2 .4 .2  Iteration Procedure 

The new control rod position which should yield the target keff 

value is determined using previous keff values and their respective 

control rod positions. The two known positions that possess the 

keff values closest to the target keff 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 keff calculations, but in the end it usually leads to a stable 

convergent solution of the positioning of the control rods. 

CTRLPOS assumes that the keff values calculated at each 

position are sufficiently converged. If the keff calculation has 

not converged, then the control rod will be positioned incorrectly 

since wrong keff values are used to predict the new control rod 

position. For instance, the user should not try to position the 

control rod so that keff is within 1.OE-4 of unity if the keff 

convergence criteria of the VENTURE neutronics calculation is on ly  

1.OE-3. The iteration procedure ends when the maximum number of 

position iterations, which is input by the user, is reached or the 

keff value calculated at a control rod position is within the 

specified tolerance of the target keff value. 

On option, keff 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 keff 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. 
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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 keff values match the 

control rod positions. On each CTRLPOS entrance (after the first 

entrance) when a criticality search is to be performed, a keff 

calculation is performed at two control rod positions. This is 

necessary since the old keff 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 keff value of 

the reactor core is determined f o r  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 keff value. 

Once these two calculations are performed, the normal interpolation 

(extrapolation if the new position is outside the range of the two 

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

The two most recent positions are used since in most cases 

(especially core depletion problems with small time steps) these 

positions have keff values close to the target keff value. 

The second group of corrective measures are included to 

decrease sporadic control rod movements. When keff values (and 

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

almost no change in the calculated value of keff. This situation 

might occur when a small target keff 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 keff values which differ 

by a very small amount. To limit large movement, a maximum control 

rod movement parameter is input by the user. This value is the 

maximum distance the control rod can be moved between two 

successive keff 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 keff value) gives a keff value which 

i s  further from the target keff value than the previously predicted 

keff. This happens occasionally when a control rod is being 

positioned with a very tight tolerance on the target keff value. 

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 keff 

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 keff values and 
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positions from the last two keff 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. F o r  the rod worth curve 

calculation, a series of positions can be input. A keff 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 CaDabilities 

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 a11 pertinent control rod information, is stored and 

reloaded when the next fuel. cycle calculation starts. The 

VENTSTORE[ll] 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 CTRLPOS Control Record 

The necessary data for the CTRLPOS module is entered in the 

VENTURE input file. Before calling CTRLPOS, the VENTURE control 

record for the module, CTRLCF, must be setup. The DUTLINCl] 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' record 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. IX(1) 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 keff 

calculation is also printed in this file. When option 5 is used, 

all CTRLPOS output is sent to a user-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 ( f o r  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 unique nuclide names required on cards 10 and 11 

when IX(1) 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 235W 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 IlU235' and '2U235'. The 

absolute name for both of the nuclides could be IU235'. 

3.2 CTRLIF. the CTRLPOS Interface File 

The CTRLIF file contains all control rod position and isotopic 

infomation. Figure €3-6 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 t h e  IX(1) equal to 20 with LX(13) not 

equal to 0 CTRLPOS option. The storage and retrieval of the CTRLIF 

interface f i l e  is done by the VENTSTORE[11] 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 
for additional data format 

data I 
IX(1)= 5 Figure B-2 

I Figure B-3 
IX (1) =10 

IX(1)=20 
with Figure B-4 

IX(1)=30 Figure B-5 

Remarks 

Name of CTRLPOS output file 

Data required to setup CTRLIF 
file containing control rod 
information 

Data changes control rod 
position after reactor core has 
been refueled 

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 f o r  

each problem. All calculations were performed on IBM RISC/6000 

workstations. A short description 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 light water 

reflector. The fuel region consists of U0,F2-H,0 solution with an 

H/'% 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  Pionte Carlo Calculations 

Monte Carlo calculations were performed f o r  each sample 

problem using MCNP, Version 4xe[13 3 .  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 keff 
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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 keff 

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 keff versus the number of cycles for each sample 

problem. These figures show that the value of keff has reached a 

plateau that does not change much between cycles at the end of 180 

cycles 

4.2  Cross Section Processinq 

Cross sections from the revised 99 neutron group ANSL-V master 

cross section library[l4] were used f o r  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 systern[l5]. 

The CSASN module created a 99 neutron group working library. This 

module runs the BONAMI-S module to process unresolved resonances 

and NITAWL-I1 to process resolved resonances. CSASN was used for 

the resonance processing since only one set of input is required 



31 

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 f u e l  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 ( f o r  example, high 
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Figure 4-1 Xer behavior versus number of cycles f o r  MCNP 
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I XSDRNPM 

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

CSASN 

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

This modute processes cross 

A 1-D S,P, discrete ordinates transport calculation is 
pertoned lo catculate a 99 group neutron spectrum and 
collapse the 99 group neutron cross section library to a 16 
group neutron cross section library. 

Figure 4-4 Flowchart of the calculational procedure used to 
generate 16 group neutron cross sections for CTRLPOS 
sample problems. 
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ANSL-V 99 Neutron Group AMPX Master Library 

CSASN 

This SCALE module generates input for the BONAMIS and 
NITAWL-II modules which perform resonance processing 
and generate a AMPX working format 99 group neutron 
cross Section library. 

BONAMIS 
This module processes cross 

NITAWL-II 
This module processes cross 

~~~ 

XSDRNPM 

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

c 
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 SOP, discrete ordinates transport calculation is performed 
to 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 calculat ional  procedure used to 
generate 8 group neutron cross  sec t ions  for  CTRLPOS 
sample problems. 
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ANSL-V 99 Neutron Group AMPX Master Library 

- 

1 

neutron cross section library to a 16 group cross section library. 
.. - 

II 

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 

1 

A 1-0 S,P, 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 t h e  ca l cu la t iona l  procedure used t o  
generate  4 group neutron cross sec t ions  f o r  CTRLPOS 
sample problems. 
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Table 4-1 Neutron energy group s t r u c t u r e s  f o r  sample problem 
calculations. 

1 2.0000E+07 
2 1.5941E+07 
3 l.270&+07 
4 1.0127€+07 
5 8.0722E+06 
6 6.4340E+06 
7 5.5234€+06 
8 4.7417€+06 
9 4.0707E+06 

10 3.4946€+06 
11 3.0000€+06 
12 2.7235E+06 
13 2.4725€+06 
14 2.2447E+06 
15 2.0378E+06 
16 1.8500€+06 
17 1.7497E+06 
18 1.6548€+06 
19 1.5651€+06 
20 1.4803E+06 
21 1.4000E+06 
22 1.2816E+06 
23 1.1732€+06 
24 1.0740E+06 
25 9.8315E+05 
26 9.0000E+05 
27 7.6525E+05 
28 6.5068E+05 
29 5.5326€+05 
30 4.7043E+05 
31 4.0000E+05 
32 3.0314E+05 
33 2.2974E+05 
34 1.7411E+05 
35 1.3195E+05 
36 1.0000E+05 
37 7.0160E+04 
38 4.9224€+04 
39 3.4536€+04 
40 2.4230€+04 
41 1.700OE+04 
42 1.2017€+04 
43 8.4941€+03 
CG 6.0042€+03 
45 4.2441€+03 
46 3.0000€+03 
47 2.1368E+03 
48 1.5220€+03 
49 1.0841E+03 
50 7.7217E+02 
51 5.5000€+02 
52 3.9110E+Ot 
53 2.7811E+02 
54 1.9776E+02 
55 1.4063E+02 
56 1.0000E402 

1 
2 
3 
4 
5 
6 
7 
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 
10 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

1 1 1 1 

2 

3 

4 2 

5 

6 3 2 2 

7 

8 

9 

10 4 3 3 
( CONTINUED) 
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Table 4-1 (continued) 

57 7.8600E+Ol 57 
58 6.1780E+01 58 
59 4.8559€+01 59 
60 3.8168E+01 60 
61 3.0000E+01 61 1 1  
62 2.4082€+01 62 
63 1.9332E+01 63 
64 1.5518E+01 64 
65 1.2457E+01 65 
66 1.000OE+O1 66 12 5 
67 7.8600E+00 67 
68 6.1780E+00 68 
69 4.8559€+00 69 
70 3.8168E+00 70 
71 3.0OOOE+00 71 13 
72 2.6996E+00 ?2 
73 2.4292E+00 73 
74 2.1859E+00 74 
75 1.9670E+00 75 
76 1.7700€+00 76 
77 1.300OE+OO 77 
78 1.0000E+00 78 14 6 
79 7.6500E-01 79 
80 6.2SOOE-01 80 
81 4.7900E-01 81 
82 3.9700E-01 82 15 7 
83 3.3OOOE-01 83 
84 2.7000E-01 82 
85 2.1500E-01 85 
86 1.62OOE-01 86 

88 5.OOOOE-02 88 
89 3.0000E-02 89 
90 1.OOOOE-02 90 
91 4.4500E-03 91 
92 3.2500E-03 92 
93 2.6000E-03 93 
94 2.1500E-03 94 
95 1.8000E-03 95 
96 1.1500E-03 96 
97 1.1500E-03 97 
98 8.5000E-04 98 
99 5.5OOOE-04 99 

87 1.0400E-01 87 16 a 

1.00OOE-05 
- - - - -_ - - - -____- - -_________ I_____________- - - - - - - - - - - - - - - - - - - - - - - - - -  

* Hansen-Roach 16 g r w p  structuretl63 
4 group structure with 3 ev cutoff 
4 group structure with 1 ev cutoff 

4 

4 

(End of Table 4-1) 
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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.OE-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 Theorv Calculations 

The VENTURE computation system was utilized to perform a l l  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 P1 approximation options were used for the sample 

problem calculations. For all the problems, a keff convergence 

criterion of 5.OE-6 was used with a flux Convergence criterion of 

5.OE-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.OE-3 for all the 

sample problems. In all cases, enough iterations were allowed to 

ensure convergence. 



41 

4 . 4  SamDle Problem 1: Cylindrical Core S i z e  Study 

4 . 4 . 1  Purpose of SamDle 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 keff 

values f o r  different one-dimensional fuel region sizes. 

4 .4 .2  Brief DescriDtion 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 keff f o r  various fuel 

region radii. At the s t a r t  of the calculation, the reactor fuel 

region has a radius of 10 cm. The CTRLPOS module increases the 

fuel region radius and performs a keff calculation for the new core. 

This process is continued until the fuel region radius is 35  cm. 

As the fuel region increases in s i z e ,  the reflector region 

decreases in s i z e .  When the fuel region radius is 10 cm, the 

reflector is 4 0  cm thick; and, when the fuel region radius is 35 

cm, the reflector is 15 ern thick. The outer boundary of the 
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reflector region was thus kept at a radius of 5 0  cm. 

A flowchart of the calculational path for Sample Problem 1 is 

shown in Figure 4-8 .  The DUTLIN module is used to setup and make 

changes to 'CTRLCFI, the CTRLPOS control file. The parameters in 

the 'CTRLCF' file are discussed in detail in 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 keff 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 is 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 s i z e  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. 

I n  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 refleetor/fuel interface is smeared over the zone 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 kcff 
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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 s i z e  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 keff 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 f o r  the reflector region. Problem cross 

section set 2 was created for a fuel region with a radius of 22.5 

cm and with a 29.5 cm 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 kcff 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 4 0  cm in the MCNP, XSDRNPM, and VENTURE 

calculations. The k e f f l s  using the 99 neutron group cross sections 

and the discrete ordinates transport model are smaller than the 4 

group transport based values. The 4 group VENTURE ktff values 

slightly over-estimate the MCNP results. 

Figures 4-10 through 4-15 compare the C T R L P O S  Method 1 results 

for different energy structures forthe 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. In 

this problem, the different energy cutoff (1 ev versus 3 ev for 

group 4 )  and the diffusion theory and P1 approximation options 

yield small differences in keff. 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 keff 
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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 keff results. Similar to the results of the base case 

shown in Table 4-3, when the fuel region is smaller than 10 cm, the 

16 group keff 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 cm, 

the 16 group results and the MCNP results agree very well. All 

four methods produce approximately the same keff 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 keff. 
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Regions 

scale. 
are centimeters. 

Side View 
Reflector Regions 

Legend 
Fuel using region cross section set 1. 

f;"'l Fuel using region cross section set 2. 
Light water using region cross section set 1. 
Light water using region cross section set 2. 

Fuel Regions Reflector Regions 

' C  
L 

Figure  4-7 Top and s i d e  view of the geometry of Sample Problem 1. 
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Table 4-2 A t o m  densities for materials used in Sample Problem 1. 

Nuclide 

H 

0 

F 

Material A t o m  Densities x 

Fuel (U0,F,-H20 solution) Ref lector (H,O) 

6.6436-2' 6.6644-2 

3.3330-2 3.3334-2 

1.23 38-4 0.0 

5.5020-7 0.0 

5.2312-5 0.0 

2.6950-7 0.0 

' Read as 6.6436 x 



50 

VENTURE Model Setup 

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

Setup of ClRLCF control file for CTRLPOS 

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

1 
DUTUN 

Setup of ClRLCF control file for CTRLPOS 
Option 10 

CTRLPOS 
Option lO-CTRLPOS data is read and a 
control rod posltion search is performed. 

+ 
Setup of CTRLCF control file for CTRLPOS 

Option 30-A control rod worth curve 

+ 
ll END OF INPUT AND RUN 1 

Figure 4-8 Flowchart of the VENTURE calculation f o r  Sample 
Problem 1. 
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Method 1 
(Follower matenal is always fuel 
using region cross section set 1.) 

Fuel Regions 

Method 2 
(Follower material is  always fuel 
using region cross Section sei 1.) 

Tho Ongmal luel rnalbrlll wnh mglon cross SeCtlOn U t  2 8nd thm rdloctol 
malerlal h a w  moved outward The lnwr fuel regton r*m8ln$ scsltonary 

Fuel Region 

Legend 
Fuel using region cross section set 1 .  

F"i Fuel using region cross section set 2. a Light water using region cross section set I .  a Light water using region cross section set 2. 

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

Figure 4-9 Different methods used to muve t he  control rod material 
( f u e l )  in CTRLPOS Sample Problem 1. 
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Figure 4-9 (continued) 

Method 3 
(Follower rnatenal is always fuel 
using region cross  section set 2.) 

Fuel Regie 

ma orlglrw 1-1 mat.ri.1 with region cross section set 2 and th. rati.cm 
material hmvm move0 outward The inner fu.1 raaion wrnaina statmnaTy 

Method 4 
(Follower material is always fuel using region c m s  section 
s e t  1 then changes I o  fuel using region cross section s e t  2.) 

Fuel Regic 

Th. origlnal luel rnatarlzl and the rell 

ins 

Follower mila1181 (both tml Mlng region cross secclon sot 1 
and iwl uolng raglon cross sactlon sol 2) 1s a0d.d as  Iud 
rsglon $&a lncrann*s. W h m  Iha Cora ridlus 18 srn8Iler than 
14.4 em. tho lnrrr twl r.glonwhlch us*= r.gbn cross s.Ftlon 
-1 1 k not pr*som and only fwl mlng rmglon cross 8actlon 
met 2 b In lh. emmar of tho IwI mglon 

Legend 
B 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. 
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Calculation Method 

MCNP 

10 cm radius 22.5 cm radius 3 5  cm radius 
reactor core reactor core reactor core 

0.71052 1.0393k 1.14882 
0.0033 0.0025 0.0022 

VENTUREb-4 group 
Diffusion theory 

VENTURE-4 group 
P1 approximation 
(1 ev cutoff) 

VENTURE-4 group 
Diffusion theory 
( 3  ev cutoff) 

0.7145 

0.7126 

0.7190 

0.7169 VENTURE-4 group 
p1 approximation 
(3 ev c u t o f f )  

1.0548 

1.0544 

1.0569 

1.0564 

VENTURE-16 group 
Diffusion theory 

~- 

0.6881 

0.6844 

1.0365 

1.0354 

XSDFWPM-99 group 

XSDRNPM-16 group 

XSDRNPM-4 group 
(1 ev c u t o f f )  

1.1577 

0.7124 1.0454 

0.7133 1.0446 

0.7321 1.0593 

1.1575 

XSDRNPM-4 group 
(3 ev cutoff) 

1.1588 

0.7367 1.0629 1.1605 

1.1586 

1.1465 

1.1461 

1.1526 

1.1501 

1.1594 

a Reported statistical uncertainty for MCNP k e f f a s  is t w o  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. 
All VENTURE calculations were performed using a one-dimensional, 

infinite, cylindrical geometry model. 
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1.10 

1 .oo 

0.90 

0.80 

VENTURE - 4 group (1 ev cutoff) - Diffusion Theory -e- 
VENTURE - 4 group (3 ev cutoff) - Diffusion Theory +- 
VENTURE - 16 group - Diffusion Theory 0.70 

1.10 

1 .oo 

I 0.90 

0.80 

VENTURE - 4 group (1 ev cutoff) - Diffusion Theory -e- 
VENTURE - 4 group (3 ev cutoff) - Diffusion Theory +- 
VENTURE - 16 group - Diffusion Theory 0.70 

I 1 1 I I I 
10 15 20 25 30 35 

Reactor Radius (cm) 

Figure 4-10 ICeff  versus reactor s i z e  for diffusion theory cases 
using Method 1 and problem cross section set  1. 

1.20 I 1 1 I 1 

5 
OJ 
Y 

1.10 

1 .oo 

0.90 

0.80 

VENTURE - 4 group (1 ev cutoff) - Diffusion Theory - 
VENTURE ~ 4 group (3 ev cutoff) - Diffusion Theory +- 

0.70 VENTURE - 16 group - Diffusion Theory . 

1 1 1 I I I 
10 15 20 25 30 35 

Reactor Radius (cm) 

Figure 4-11 Kerf versus reactor s i z e  for diffusion theory cases 
using Method 1 and problem cross section set 2 .  
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Figure 4-12 Kett versus reactor  size for diffusion t heo ry  cases 
using Method 1 and problem cross s e c t i o n  set  3. 

Figure 

1.20 

1.10 

1 .oo 

0.90 

0.80 

V E N T U R E  - 4 group (1 ev cutoff) - P1 Approximation -8- 
V E N T U R E  - 4 group (3 ev cutoff) - P1 Approximation 4- 

V E N T U R E  - 16 group - P1 Approximation 0 70 

P I I I I I 
10 15 20 25 30 35 

Reactor Radius (cm) 
4-13 Kerf versus reactor size for P1 approximation 

using Method 1 and problem cross section set 
cases 
1. 
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VENTURE - 4 group (3 ev cutoff) - P1 Approximation -- 
VENTURE - 16 group - P1 Approximation 0.70 

10 15 20 25 3a 35 
Reactor Radius (cm) 

Figure 4-14 Keff versus reactor size f o r  P1 approximation cases 
using Method 1 and problem cross section set 2. 
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VENTURE - 4 group (3 ev cutoff) - P1 Approximation +- 
VENTURE - 16 group - P1 Approximation 0.70 
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Reactor Radius (cm) 

Keff versus reactor s i z e  f o r  P1 approximat 
using Method 1 and problem cross section 

4-15 .ion cases 
set 3. 
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10 15 20 25 30 35 
Reactor Radius (crn) 

F i g u r e  4-16 Reff versus reactor size f o r  the three different 
problem cross section sets using Method 1. 

F i g u r e  
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4-17 Comparison of MICNP and VENTURE results using 
1 and problem cross section set 1. 

Method 
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Figure 4-18 Comparison of MCNP and VENTURE results using Method 
2 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 sec t ion  s e t  1. 
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4 . 5  SamPle Problem 2: One-Dimensional Reactor with a Control 
Rod Ring 

4 . 5 . 1  Purpose of SamDle Problem 2 

Sample Problem 2 demonstrates the control rod position search 

The search option is used to adjust the density of 

The 

CTRLPOS option. 

hafnium in a zone in an one-dimensional cylindrical problem. 

densities which yield desired keff values are determined. 

4.5.2 

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. 

Brief DescriDtion of Sample Problem 2 

The CTRLPOS module was used to perform a search for the 

hafnium density that obtains a user-specified keff value. This 

search is performed by changing the target keff value and using 

option 20 of the CTRLPQS nodule. Figure 4-22 shows a flowchart of 

the calculational path for this problem. The CTRLPOS module was 

run several times with option 20 using different target keff values. 

This method was used since in this one-dimensional problem a 

control rod worth curve calculation using option 30 will yield only 



61 

two control rod positions and their associated keff 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/cm3. 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 

( l 7 % f ,  176Hf, '"Hf , '78Hf, ImHf and IaoHf)  at natural abundance. 

4.5.3 Results for SamDle Problem 2 

Table 4-5 compares the M C N P ,  XSDRNPM, and VENTURE results. 

These keff 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/cm3 in the 

control ring. Since the individual hafnium isotopes (174Hf, 176Hf, 

'"Hf, "Hf, '%f and 18'Hf) are not available in the standard M C N P  

cross section libraries, kef+ was not determined with M C N P  using the 

individual hafnium isotopes. Comparison of the keff values obtained 

by XSDRNPM and MCNP show that XSDRNPM gives higher values. The 

VENTURE keff values are lower than the M C N P  value. The use of cross 
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sections for the individual hafnium isotopes give slightly lower 

keff values than the use of the cross sections for elemental 

hafnium. 

Figures 4-23 through 4-26 compare the results for keff obtained 

with VENTURE using both elemental hafnium and hafnium isotopes with 

the results obtained from MCNP. The VENTURE 16 group keff values 

are consistently lower than the MCNP values. The difference 

between the keff values is constant down to a hafnium density of 

about 2 g/cm3. Below 2 g/cm3, the elemental hafnium results match 

rather well. This difference may be because the hafnium cross 

sections created at 13.1 g/cm3 are valid at these low densities. 

Figures 4-27 and 4-28 compare the 16 group VENTURE keff results 

obtained using the XSDRNPM generated cross sections at a hafnium 

density of 13.1 g/cm3. The keff 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 keff values obtained by the P1 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/cm3.  Figures 4-29 through 4-32 compare the VENTURE 

results using XSDRNPM generated cross sections at a hafnium density 

of 1 g/cm3 to the 13 .) 1 g/cm3 results. The cross sections processed 

at 1 g/cm3 yield smaller kcff values than the cross sections 
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processed at 13.1 g/cm3. The biases between the MCNP and VENTURE 

keff values at 1 g/cm3 and 13.1 g/cm3 are very similar in all four 

figures. This bias is the difference between the keff values 

obtained with VENTURE using cross sections collapsed at either 1 

g/cm3 or 13.1 g/cm3 and the corresponding MCNP results. This 

comparison shows that the 13.1 g/cm3 processed cross sections are 

not valid f o r  keff calculations at low densities, and the 1 g/cm3 

processed cross sections are not valid for calculations at high 

densities. A possible solution forthis limitation is discussed in 

Chapter 5. 
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Regions 

H 
scale. 
are cmllmeter~ 

Side View 

Legend 
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. 
Hafnium (element or isotopic mixture). 

Reflector Regions Fuel Regions Hafnium Control Ring Reflector Regions 
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L 

F i g u r e  4-21  Top and side v i e w  of the geometry of Sample Problem 2. 
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Table 4-4 Atom densities for materials used in Sample Problem 2. 

Control Rod 
composed of 

hafnium 
isotopes 

0.0 

0.0 

0.0 

Nuclide 

H 

0 

F 

9 . J  

2% 

235u 

17&Hf 

'76Hf 

lnHf 

' "H f 
'79H.f 

IsoHf 

E 1 emental 
Hf 

Control R o d  
composed of 
elemental 
hafnium 

0.0 

0.0 

0.0 

Material Atom De 

6.6436-2' 

Fuel I Reflector 

6.6644-2 

1.2338-4 

5.5020-7 

5.2312-5 

3.3330-2 13.3334-2 

0.0 

0.0 

0.0 

0.0 

isities ( c m - 3  x 
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DCRSPR--Setup o f  XCPIWS control f i l e  f o r  CROSPROS. 
CROSPROS--Converts ISOTXS f i l e  t o  GRUPXS f i l e .  
DVENTR--Setup problem geanetry and zone m t e r i e l s  creating the 
CEODST, ZNATDN, .end WDXSRF in ter face f i l e s .  

It I1 

1- - II 
DUTL I W 

Setup of  CTRLCF control f i l e  f o r  CTRLPOS Option 5 

option 20--A cont 

DUTLIN 
Setup o f  CTRLCF cont ro l  f i l e  for  CTRLPOS Option 30 

11 END OF INPUT AND RUW 11 

Figure 4-22 Flowchart of the VENTURE calculation f o r  Sample 
Problem 2. 
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Table 4-5 Base case kcff results for Sample Problem 2. 

Calculation Method Hafnium isotopes Elemental 
at natural Hafnium 

MCNP 

VENTUREC-8 group 0,9630 0.9663 
Diffusion theory 

PI approximation 

Diffusion theory 

P1 approximation 

VENTURE-8 group 0.9598 0.9633 

VENTURE-16 group 0.9606 0.9638 

VENTURE-16 group 0.9521 0.9557 

XSDRNPM-99 group 0.9748 0.9780 

XSDRNPM-16 group 0.9752 0.9785 

XSDRNPM-8 qroup 0.9773 0.9806 

a Reported statistical uncertainty for MCNP kef f fs  is t w o  sigma 
obtained by multiplying t h e  reported uncertainty of one sigma in 
the MCNP output by t w o .  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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Figure 4-23 Keff versus hafnium density in the control rod zone 
using elemental hafnium cross section and diffusion 
theory. 
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cross sections, 
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Figure 4-29 Keff versus hafnium density using diffusion theory  
and individual hafnium isotope cross sections 
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Figure 4-31 Kcff versus hafnium density using diffusion theory 
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Figure 4-32 Kef versus hafnium density using Pi approximation 
and elemental hafnium cross sections collapsed at 
different densities. 
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4 . 6  SamDle Problem 3 :  Two-dimensional Reactor with a Control 
Rod Rinq 

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-2 geometry. This problem shows 

some of the features of CTRLPOS that are useful when examining 

reactor systems which require control rod movement. 

4 - 6 - 2  Brief DescriDtion 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 keff. Both the hafnium ring and the reactor have a height 

of 100 cm. The starting location 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 keff .  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 keff at various 

control rod positions. Figure 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 keff 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 keff values 

over-estimate the MCNP values. The VENTURE results using 16 

neutron groupsp diffusion theory and elemental hafnium are within 

the statistical uncertainty of the MCNP result. A s  in Sample 

Problem 2, the calculated k e f f v 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 P1 approximation 

yield similar keff values for the 4 group calculations. The 

reflector regions above and below the fuel region may affect the 
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keff results obtained using the P1 approximation. 

Figures 4-35 through 4 - 3 8  show the results of the CTRLPOS rod 

worth cune calculation for elemental hafnium and the mixture of 

hafnium isotopes at natural abundance. The 4 group VENTURE keff 

values are larger than the MCNP results at all rod positions. 

However, the bias between the calculated keff 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 the -20 cm position. The 16 group 

diffusion theory results match the MCNP results slightly better 

than the P1 approximation results. 

Figures 4-39 and 4-40 compare the results for the two 

different hafnium materials. The elemental hafnium results are 

higher than the hafnium isotope results below the -20 cm position. 

The keff values are almost the same above this position. The 

discrepancy between the values when the control rod is fully 

inserted may be because of inadequately 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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Top View 
(Radial transverse at core midplane) 

Fuel 

Hafnium 

Legend 
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. 

Ei$3 Hafnium (element or isotopic mixture). 

Figure 4-33 Top and side view of the geometry of Sample Problem 3. 
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Fi .gure 4-33  (continued) 
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Light water using region cross section 
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Hafnium (element or isotopic mixture). 
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set 2. 
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Table 4-6 Atom densities for materials used in Sample Problem 3. 

Elemental 0.0 0.0 0.0 
Hf 

10-24) 

Control Rod 
composed of 
elemental 
hafnium 

0.0 

0.0 II 

a Read as 6.6436 x lo-’ 
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DUTLIN 
Setup of CTRLCF control file for CTRLPOS 
Option 10 

VENTURE Model Setup 

CONTROL1 -Initialization module. 
DCRSPRSetup of XCPINS control file for CROSPAOS. 
CROSPROS--Converts ISOTXS file to GRUPXS file. 
DVENTR-Setup problem geometry and zone materials creating the 
GEODST, ZNATDN, and NDXSRF interface files. 

CTRLPOS 
Optlon 30-A  control rod worth curve 
calculation is performed. 

* 

CTRLPOS 
Option !&Name of CTRLPOS output file is 
read. 

LCF control file for CTRLPOS 
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Table 4-7 Base case ktff results for Sample Problem 3 .  

Calculation Method n--- Hafnium Material 

abundance 

VENTURE-16 group 
P1 approximation 

Reported statistical uncertainty for MCNP kef fgs  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 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-2 geometry model. 
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Figure 4-35 ICeff versus control rod position using elemental 
hafnium cross sections and diffusion theory. 
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Figure 4-36 ICeff versus control rod position using elemental 
hafnium cross sections and P1 approximation. 
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Figure  4-37 Keff versus control rod position using individual 
hafnium isotope. cross sections and diffusion 
theory. 
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Figure 4-38 Xcff versus control rod position using individual 
and P1 hafnium isotope cross sections 

approximation. 
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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 keff value and the determination of control rod worth 

curves are completely automated. Also, the depletion of control 

rods can be calculated over one OF several fuel cycles. This 

capability allows radiation source terns 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. 

5.2 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 keff 

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 

kef+ 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 

problems. 

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 f o r  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 i s  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 keff using the XSBRNPM 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 J should be considered 

for problems containing hafnium. The NITAWL-I1 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 zone volumes at the 

initial control rod position to calculate the new atom densities 

for each zone 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 cm3. 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 control 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. 
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ZONE 1: NFOLL(1) = FOLLZ6 = 1.0 

NCTRL(1) = 0.0 (No cdntrol rod material Dresenr in i O R e  'L) 

- 1.0 x :5.": = 0.5 r AREA(2.2) 1 NCTRLI2) = CTRLZ2 X I L TOTAL(2) - , l O . O J  

FPART(2) 1 - 5.0 - 

ZONE 2: 

= 0.5 , = 1.0 x I - NFOLL(2) = FOLLZG X [TOTAL(2), L10.0- 

AREA(2.3) 1 + CTRLZ3 A R E A I  3.3) 1 TOTAL(3) - L TOTAL(3) 
ZONE 3: NCTRL(3) = CTWLZ2 x 

5.0 ; + l . o x l - ' = l . O  r15.0' 
= l . O X l -  

L20.0J L20.0- 

NFOLL(3) = 0.0 (No follower present in zone 3.) 

. A I . O X  - = l o  e l . 0 x i  - i 10.0- 5-0 - 
r 5.0 
~10 .0 ;  

NFOLL(4) = 0.0 (No follower present in zone 4 . )  

= 0.5 r A R E A ( 4 . 5 ) 1 = ! , ~ x ,  - 5.0 - 
L TOTAL(5) i10.0;  

ZONE 5. NCTRL(5) = CTRLZ4 x 

Note: Remainaer of zone s(5.0 cm3) IS out of mooel ana aaia is savec 

Figure A - l  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 P R O D 1  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 cm3. 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. 

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

NPRODl (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 

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

depletion. 

before depletion. 

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

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

depletion. 

before depletion. 



9 4  

Z O N E  a NFOLLf!) lFOLU6 I 1 0 

NPRODl(2I -0.2625 

NPRC0212) -0.0875 
NFOLL(2)- J.0 (No lollwer malerial IS oresent In zone 2. )  

NPRCOlf 4 )  - Cl.1125 
NPRWZ(4) - 0.0375 
NFOLL(4) I 0.0 (No follower rnareriai IS oresenr in zone 4 I 

Z C N E  E 51CT;iL:S) -0 0 (No mnwi rw materia IS DreSenl in zone 5.) 
NPROOltS) -0.0 
NPRODZ(5) -J.O 

*(Saves   an o! zone s wnrm IS me o m  movea our of me mooel) 

Figure A-2 Sample calculations far 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 is also included. These figures are 

discussed in Chapter 3. 



CR 
C 
CL 
C 
cw 
C 
CD 
CD 
C 
cc 
cc 
cc 
cc 
C 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
C 
CD 
CD 
c 
C 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

- CTRLPOS Control Rod Positioning Instructions - 
CTRLCF, (XX(I), I=1,100), (IX(I), I=1,100) 

- - 
CTRLCF Control Rod Positioning Module Data Identifier - 

(6HCTRLCF) - 
NOTE : The interface files 'CONTRL' 'NDXSRF' 

'RZFLUX' and 'GEODST' are required. 
XX( ) is a REAL*8 variable. 
IX( ) is an INTEGER variable. 

XX(1) Target keff value when positioning control rod. - - 
XX(2) Tolerance allowed between XX(1) and the keff 

value calculated after control rod positioning. - - 
Maximum value of the volume through which the 
control rod can move in one change of position - 
when IX(1)=20. 

XX(4) Maximum number of atom density values allowed - 
per control rod bank. This value is only used - 
when IX(23)=1. 

- 

- XX(3) 

- 
- 

- 
- 

XX (5-100) Reserved. 

Determines what action will be taken by the 
CTRLPOS module. On the first entrance IX(1)=1 
or IX(1)=5. 
IX(I)=18 or IX(1)=20 with IX(13).NE.O for a 
restart case. 
1--CTRLPOS output will be sent to default 

5--CTRLPOS output w i l l  be sent to a user 

On the second entrance of a run 

VENTURE output f i le .  

specified file name. 
(More input needed from input stream.) 

10--Setup control rod data. Control rod 
position criticality search is also done. 
(More input needed from input stream.) 

20--Perform keff search by moving control rod 
to new position. 

25--Print out control rod infomation. 
30--Calculate control rod worth curve. 

(More input needed from input stream.) 
40--Move control rod to an input position. 

(CONTINUED) 



C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 

Determines the module that performs the keff 
calculations. 
0--VENTNEUT module. 
1--VALENEUT module. 

Type of interpolation scheme used for the 
determination of new control rod position. 
0--Linear using Lagrange two point method. 

(Recommended Method) 
1--Lagrange using IX(4) number of points. 
3--Linear regression using IX(4) number of pts. - 
4--Newton's divided difference using a l l  stored - 

points. - 
Number of points used f o r  interpolation when 
IX(3)=1 or 3. - 
Manipulation of stored kmff values and positions. - 

- - 
- 

0--Zero array after eachi'exit of module. 

1--Retain stored values to use for positioning 
(Recommended) 

in the next entrance of CTRLPOS. 

Control rods used for keff search. 
0--All banks and control rods will be moved. 
1--Bank 1 will be moved to determine new keff. 

Other control rods are positioned using 
IX (1) = 4 0 .  

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

Option to print out control rod atom densities 
before each entrance to keff 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 

1--Place control rod tip at the zone boundary 
a zone. 

which ha5 the keff value nearest XX(1). 
This option requires two additional keff 
calculations. 

Number of position iterations allowed for 
each keff search. 
for each iteration. 

A keff calculation is done 

(CONTINUED) 
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C 
CD 
CD 
C 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
c 

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 f o r  each keff 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) 

(More input needed from input stream.) 

refueling. The material placed in the 
control rod zones after the core change 
now make up the control rod. 
(More input needed from input stream.) 

1--Use current 'burned' control rod. 

2--Use the 'unburned' control rod after 

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

- 
will - - - 

- 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). 
- 

Reserved. e 

- 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) 
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CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
C 

IX(21) 

IX(22) 

Option to return the control rod to the entrance - 
position UPON THE NEXT ENTRANCE to CTRLPOS. 
For both cases, IX(1) must equal 4 0  and IX(21) - 
must equal 1. 
(Designed for use with VENTPLOTE121 module to - - 

- 
- 

allow plotting of control rod atom densities.) 
0--Leave control rod at position IX(19). 

1--On next module entrance, return control rod - 
to original position. IX(1) must equal 4 0  on- 
the second CTRLPOS module entrance. 

- 
(Default ) - 

- - 
RESERVED - 

IX(23) Atom 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 - 

1--An array will be used which is dimensioned - 
bank. Only non-zero atom density values are - 
stored in memory. This may be necessary for - 

- 
rod of every bank. - 
(Default) - 
for XX(4) values for each control rod - 

large problems. - 
- 

IX(24) Container array memory option. - 
array and the neutronics modules use only - 
the remaining available computer memory. - 
(Default ) - 

- 
will be written and the computer memory will - 
be available for the neutronics calculation. - 

0--All CTRLPOS data is kept in the container 

1--Before each keff calculation the CTRLIF file 

- 
IX (25) Debug print parameter. - 

0--No debug output. - 
l-7--Various levels of debugging output with 7 - 

being the most extensive output. - 
IX (26-100) Reserved. - - 

(End of Figure 3-1) 



100 

Figure B-2 CTRLPOS d a t a  read  from i n p u t  stream f o r  IX(1) equal 
to 5. 
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Figure B-3 CTRLPOS data read from input stream for IX(1) equal 
to 10. 

CD 
CD 
CD 
CD 
CD 
C 
CD 
C 
CD 
C 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
C 

When IX(l)=lO, Cards 2-14 are read for each control. rod 
bank. Cards 3-13 are read for each rod of each bank. 
CTRLPOS scans the input to determine the number of banks, 
rods, and zones in the setup. 
All input is free field unless otherwise noted. 

Card 1: 'BEGIN-INPUT' or 'begin-input' starting in column 

Card 2: 'BEGIN-BANK' or 'begin-bank' starting in column 1 

Card 3: 'BEGIN-ROD' or 'begin-rod' starting in column 1. 

Card 4 :  ZTIPCR 

IB-ZT 

FGBANK 

IB-FG 

Card 5 :  URANZ 

IB UR - 

Ll?ANZ 

Zone where the tip of this control rod 
is located. 

Boundary of zone ZTIPCR where the 
control rod tip is located. 
0--Lower boundary of zone ZTIPCR. 
1--Upper boundary of zone ZTIPCR. 

Zone number where the control 
rod will be moved for the 'first guess'. 
This zone can be above or below the tip of 
the control rod. 
NOTE: If FGBANK=ZTIPCR the CTRLPOS module 
will stop. 

Boundary of zone FGBANK where the 
control rod will be positioned. 
0--Lower boundary of zone FGBANK. 
1--Upper boundary of zone FGBANK. 

Zone which defines the upper limit of 
the control rod's limit of motion. 

Boundary of zone URANZ which . 
defines the upper control rod motion limit 
0--Lower boundary of zone URANZ. 
1--Upper boundary of zone URANZ. 

Zone which defines the lower limit of 
the control rod's limit of motion. 

(CONTINUED) 
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CD 
CD 
CD 
CD 
C 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
C 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 

IB-LR Boundary of zone LRANZ which 
defines the lower control rod motion limit--- - 

- 
- 

0--Lower boundary of zone LRANZ. 
1--Upper boundary of zone LRANZ. 

Card 6: 'BEGIN-ZONE' or 'begin-zone' starting in column 1. - - 
- Card 7: ZREAC 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 
the control rod follower for the control - 
rod zone ZREAC. This zone should - 
always contain the replacement - 
follower material. - 

ZCON-ROD 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. 

- ZFOLL for 

- 

I Card 8 :  'END-ZONE' or 'end-zonev starting in column 1. - 
Card 9 :  - 'BEGIN-ISOTOPE' or 'begin-isotope' starting in 

- column 1. - 
Card 10: NAME-PROD-PSOT Name of the 'production nuclide' for - 

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

( CONTINUED) 
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- CD Card 11: NAME-MADE Name of the 'produced nuclide'. 
CD 
CD name and right justified in columns 1-8. 
CD All produced nuclides for NAME-PROD-ISOT - 
CD should be listed. (For example B-10 might - 
CD be depleted to produce He and Li both with - 
CD 
C 
CD 
CD 
C 
CD Card 12: IEND-ISOTOPE1 or 'end-isotope' starting in column 1.- 
C 
CD Card 13: 'END-ROD' or 'end-rod' starting in column 1. 
C 
CD Card 14: 'END-BANK' or 'end-bank' starting in column 1. 
C 

C 
C 
c----------------------------------------------------------------- 

- The name should be the unique nuclide - 

FRAC-MADE'S of 1.0. - 

when a production nuclide is destroyed. - 
- 

FRAC - MADE Fraction of produced nuclide made when - 
- 
c - 
- 
- - 

CD Card 15: 'END-INPUT' or 'end-input' starting in column 1. - 
(END OF DATA) - - 

(End of Figure B-3) 
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CD 
CD 
CD 
CD 
C 
CD 
C 
CD 
C 
CD 
C 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
CD 
C 
CD 
CD 
CD 
CD 
C 
CD 
C 
c 

When IX(1)=20 with IX(13).NE.O, Cards 1-3 are r equ i r ed .  - 
This data changes the position of the control rods after- 
the reactor core has been refueled. Card 2 should be - 
input for each control rod of each bank. - 

- 
Card 1: 'BEGIN-INPUT' or 'begin-input' starting in column 1.- - 
Card 2: CH-BANK Bank number of control rod. 

CH-ROD Rod number of control rod. 

- IGUESS1-20 Zone number for first guess where - control rod will be positioned. 

Boundary of zone IGUESSf-20 where 
control rod will be positioned. 

D 

- IB1-20 - - 0--Lower boundary of zone IGUESSl-20. 
1--Upper boundary of zone IGUESSl-20. - 

- 
- IGUESS2-20 Zone number for second guess where - control rod will be positioned. 

NOTE: If IGUESSl 20=IGUESS2 20 and 
IB1-20=IB2-20, the CTRLPOS module will 
stop 

Boundary of zone IGUESS2-20 where 
control rod will be positioned. 

- 
- - 
- IB2-20 - 

0--Lower boundary of zone IGUESS2-20. 
1--Upper boundary of zone IGUESS2-20. - - 

- Card 3: 'END-INPUT' or 'end-input' starting in column 1. - - (END OF DATA) 
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Figure B-5 CTRLPOS data read from input stream for IX(1) 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 f o r  a rod worth curve. - 
C 
CD Card 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 keff will be determined. - 
CD IBOUND Boundary of zone RODPOS where control - 
CD rod will be positioned. - 
CD 0--Lower boundary of zone RODPOS. - 
CD 1--Upper boundary of zone RODPOS. - 
CD Card 3 :  'END-INPUT' or  'end-input' starting in column 1. - 
C (END OF DATA) - 

- 
- 

- C 

- C 

C - 
h. 

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

- CL (NBANKS, MAXROD, MAXNRZ, MAXCHN, MAXMAD, LIMIT-CTRL, - 
NNS-CTRL, NON-CTRL, NZONE CTRL, NAN-CTRL, NSN CTRL, CL - 

CL NSZ-CTRL, IBIG-CTRL) - - 
C 
cw 13 
C 
CD NBANKS 
C 
CD MAXROD 
C 
CD MAXNRZ 
CN 
C 
CD MAXCHN 
CN 

= NUMBER OF WORDS. 

- NUMBER OF CONTROL ROD BANKS IN CASE. - 
MAXIMUM NUMBER OF CONTROL RODS IN ANY BANK. - - 
MAXIMUM NUMBER OF ZONES IN A N Y  CONTROL ROD OF - - 
ANY BANK. - 
MAXIMUM NUMBER OF PRODUCTION CHAINS IN ANY - - 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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CD LIMIT-CTRL 
CN 
CN 
CN 
C 
CD NNS-CTRL 
CN 
C 
CD NON-CTRL 
C 
CD NZONE-CTRL 
CN 
C 
CD NAN-CTRL 
C 
CD NSN-CTRL 
C 
CD IBIG-CTRL 
CN 
CN 
CN 
C 
C 

VALUE OF XX(4) IN 'CTRLCF' CONTROL FILE. 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)el. - 
MAXIMUM NUMBER OF NUCLIDES IN A N Y  CROSS 
SECTION SET. - 
NUMBER OF NUCLIDES IN CROSS SECTION DATA. 

MAXIMUM NUMBER OF CONTROL ROD ZONES IN A N Y  - 
CONTROL ROD OF ANY BANK. - 
NUMBER OF DIFFERENT NUCLIDES IN DATA. 

NUMBER OF NUCLIDE SETS IDENTIFIED. 

- 
... 
- - - 

- - - 
- 
- 

VALUE OF IX(23) IN 'CTRLCF' CONTROL FILE. - 
THIS IS THE FLAG WHICH DETERMINES WHICH WAY - 
THE ATOM DENSITY ARRAY IN CTRLPOS WILL BE 
HANDLED. - - - 
(END OF DATA RECORD 1) - 

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

NBANKS 
IDP*NON-CTRL 
IDP*NON-CTRL 
NSN-CTRL*NNS-CTRL 
IDP*lOl*NBANKS*MAXROD 
IDP* 10 1 
IDP*(MAXNRZ+2)*NBANKS*MAXROD 
IDP* (MAXNRZ+2) 
MAXNRZ+l 
MAXNRZ+l 
IDPaNBANKS *MAXROD 
1 
NBANKS*MAXROD 
NBANKS *MAXROD 
NBANKS*MAXROD 
NBANKS *MAXROD 
NBANKS*MAXROD 
NBANKS *MAXROD 
NBANKS*MAXROD 
NBANKS *MAXROD 
NBANKS*MAXROD 
NBANKS*MAXROD 

(CONTINUED) 

NRODS 
HNNAME 
HANAME 
NOS 
RlPOS 
KlVAL 
R2POS 
K2VAL 
RWZON 
IRWB 
POSSAV 
IREPOS SAVE 

FGBANK 
LRFUJZ 
URANZ 
IB-ZT 
IB-FG 
IB LR 
IBIUR 
NZREAC 
ZTDATA 

ZTIPCR- 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
e 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

2 4  
2 5  
2 6  
27 
28 
29 
30 
31 
32 
33 
3 4  
3 5  
36 
3 7  
38 
39 
4 0  
41 
42 
43 
4 4  
45 
46 
4 7  

49 
50 
51 
52 
53 
54 
55 
56 
57 
5 8  
59 
60 
61 
62 
63 
64 

4a 

FGDATA - NBANKS*M?LXROD 
LRDATA - NBANKS*MAXROD 
URDATA - NBANKS*MAXROD 

NBANKS*MAXROD*MAXNRZ ZREAC - 
NBANKS *rMAXROD*MAXNRZ ZFOLL - 
NBANXS *MAXROD*MAXNRZ ZCON-ROD - 

ZVFOL - IDP*NBANKS*MAXROD*MNRZ 
IDP*NBANKS*MAXROD*MNRZ ZVREAC .- 
IDP*NBANKS*MAXROD* (MAXNRZ+1) TZVRX - 

NUM CHAIN - NBANKS*MAXROD 

NBANKS*MAXROD*MAXCHN NUM-MADE - 
IDP*NBANKS*MAXROD*MCHN*MAXMAD NAME-MADE - 
NBANXS *MAXROD*MAXCHN*MAXMAD FRAC-MADE - 
NBANKS*MAXROD*MAXCHN PROD CTRL ..- 
NBANKS*MAXROD*MAXCHN*MAXMAD BADCTR - 

POSNOW - PDP*NBANKS *MAXROD 
POSOLD - IDP*NBANKS*MAXROD 

IDP*NBANKS*MAXROD POSOLD1 - 
IDPtNBANKS *MAXROD POSOLD-CTRL - 
I DP*NBANKS *MAXROD POSOLD-ISAVE - 
IDP*NBANKS*MAXROD POSOLD PREDICT - 
NBANKS *MAXROD ZONECV' P 

NBANKS*MAXROD PZONE-CTRL - 
IDP*NBANKS*MAXROD AFRAC-ZONE - 

IDP*NBANKS*MAXROD*MCHN NAIG-PROD-ISBT - 

1 # OF WORDS ON REC 50- 
<VALUE OF RECORD 49> IV 
3 # OF WORDS ON REC 51- 
<VALUE OF RECORD 51> JV 

1 # OF WORDS ON REC 55- 

1 # OF WORDS ON REC 57- 

1 # OF WORDS ON REC. 59- 

1 # OF WORDS ON BEC 61- 

P # OF WORDS ON REC 6 3 -  

- 
- 

5 IMAX-NUMBER - 
IDP*<VALUE OF RECORD 54> AFRAC-STORE - 
IDP*<VALUE OF RECORD 56> ADEN-CTRL - 
IDP*<VALUE OF RECORD 58> ADEN-FIRST - 
IDP*<VAEUE OF RECORD 60> ADEN-STORE - 
IDP*CVALUE OF RECORD 62> ADEN-BURN - 
IDP I ' ( 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 

A short the sample problem calculations presented in Chapter 4 .  

description of each package is provided below. 

C . 1  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. 

C . 2  MCNP 

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 keff for a system. The combinatorial 

geometry used in MCNP allows the modelling of complex geometries in 

three dimensions. The code w a s  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 sequences. The CSASN control module runs 

BONAMI-S and NITAWL-I1 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. XSDRESPM-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 f i l e  format, which can be accessed by t h e  

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 IlypUT AbID OUTPUT FOB SAKPLE P R O B m  1 
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D e l e 1  SAMPLE 1 MCNP INPUT 

message: wt=cts2vl.o srctp.cts2vl.s runtpe=cts2vl.r 
mtal=cts2vl .m 

CTRLPOS Senple Problem 1--Core Size Study, Case 1 
C 
1 

200 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

a3 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

9999 

6 9.994552-2 -30 

3 1.00032-1 +30 -3 

3 1.00032-1 +3 -4 

3 1.00032-1 4 -5 

3 1.00032-1 +S -6 

3 1.00032-1 +6 -7 

3 1.ooQ32-1 +7 -8 

3 1.00032-1 +8 -9 

3 1.00032-1 +9 -10 

3 1.00032-1 +10 -11 

3 1.00032-1 +11 -12 

3 1.00032-1 +12 -13 

3 1.00032-1 +13 -14 

3 1.00032-1 +14 -15 

3 1.00032-1 +15 -16 

3 1.00032-1 +16 -17 

3 1.00032-1 +17 -18 

3 1.00032-1 +18 -19 

3 1.00032-1 +19 -20 

3 1.00032-1 +20 -21 

3 1.00032-1 +Zl -22 

3 1.00032-1 +22 -23 

3 1.00032-1 +23 -24 

3 1.00032-1 +24 -25 

3 1.00032-1 +25 -26 

3 1.00032-1 +26 -27 

3 1.00032-1 +27 -28 

inp:n=l 

inp:n=l 

inp:n=l 

imp:n=l 

inp:n=l 

inp:n=l 

irrp:n=l 

inp:n=l 

inp:wl 

imp:n=l 

inp:n=l 

inp:n=l 

inp:n=l 

inp:n=l 

inp:n=l 

inp:n=l 

inp:n=l 

inp:npl 

inp:n=l 

inp:n=l 

inp:n=l 

inp:np1 

inp:n=l 

inp:n=l 

iqxrrl 

iqxwl 

inp:n=l 
0 +28 

S Core Region 

S Core or Reflector Region 

S Core or Reflector Region 

f Core or Reflector Region 

f Core or Reflector Region 

E Core or Reflector Region 

S Core or Reflector Region 

S Core or Reflector Region 

f Core or Reflector Region 

f Core or Reflector Region 

f Core or Reflector Region 

S Core or Reflector Region 

S Core or Reflector Region 

f Core or Reflector Region 

f Core or Reflector Region 

f Core or Reflector Region 

S Core or Reflector Region 

f Core or Reflector Region 

S Core or Reflector Region 

S Core or Reflector Region 

S Core or Reflector Region 

S Core or Reflector Region 

S Core or Reflector Region 

S Core or Reflector Region 

f Core or Reflector Region 

S Core or Reflector Region 

S Reflector Region 

f Outside world 

30 cz 10.0 S Cylindrical Surfaces for regions 
3 t Z  11.0 
4 cz 12.0 
5 CZ 13.0 
6 cz 14.0 
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7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 

C 
C 
C 
C 
mb 

mt6 
C 
C 
C 
C 
C 
nir 
mt3 
C 
C 

CZ 15.0 
cz 16.0 
cz 17.0 
cz 18.0 
cz 19.0 
CZ 20.0 
CZ 21.0 
cz 22.0 
cz 23.0 
cz 24.0 
cz 25.0 
cz 26.0 
cz 27.0 
cz 28.0 
cz 29.0 
cz 30.0 
cz 31.0 
cz 32.0 
cz 33.0 

cz 35.0 
cz 50.0 

CZ 34.0 

**e** Fwt ****e 

Material 6--UOZF2-H20 Solution Total Density; 9.994552-2 
H/235U atcmic ra t iw1270 

1001.50~ 6.6436-2 92238.50~ 3.0091-6 
8016.50~ 3.3330-2 9019.50~ 1.2338-4 92234.50~ 5.5020-7 
92235.50~ 5.2312-5 92236.50~ 2.6950-7 
lutr .01 t 

***I Reflector ***** 
Material 3--H20 re f l ec to r  

1001.50~ 0.066664 8016.50~ 0.033344 
lut r -01 t 

Total density= 9.984-2 

kcode 1000 1.0 30 180 f 100 part ic les,  30 s e t t l e  cycles, 180 t o t a l  cycles 

p r w  180 iao 180 1 

ksrc Q 0 0 0 -10 0 0 10 0 f Beginning source posi t ions 

C 
S Durp i n fomet ion  t o  f i l e s  a f t e r  180 cycles 

C 

END OF SAMPLE 1 MCNP INPUT 
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D . 1 . 2  

=csasn 
CTRLPOS 
999 r 
u-235 
u-238 
U- 234 
U-236 
h 

f 
h 

0 

0 

end CORD 

BAMPLE 1 BCALE INPUT 

Senple 1 - -  Infinite Cylindrical Reactor uith Reflector 
wltiregion 
1 0 5.2312-5 end 
1 0 3.0091-6 end 
1 0 5.5020-7 end 
1 0 2.6950-7 end 
1 0  6.6436-2 end 
1 0 3.3330-2 end 
1 0 1.2338-4 end 
200.066664 end 
2 0 0.033344 end 

cylindrical v a t u  reflected 0. end 
1 10. 
2 50. 
end zone 
more data dab=lOOO end 
end 
=xsdrn- j p 

-1ss 1000000 
O S  a 3 4 e  
1S.S 2 4 100 1 0  2 9 8 3 1 10 200 0 0 e 
2Sf - 2 0 0 0 0 e  
3SS 1 0 0 1 e  
4fS 0 16 0 -2 3 4 19 e 
5** 1.0-4 1.0-4 0 e 
t 
13Lf 7rl 2r2 
14fS 92235 92238 92234 92236 1001 8016 9019 

15** 

t 
34W 201-1.0 80r0.0 
t 
35** 9 9 i O  50. 
36SS lor1 lor2 40r3 40r4 
3%f 1 1 2 2 
5155 lDrl 101-2 5r3 5r4 51-5 5r6 5r7 51-8 51-9 5r10 5rl l  5r12 

t 
end 
=xsdm-jp 

- 1 s  1000000 
O S  a332030 e 
1 s  2 4 1 0 0 1 0 G 1 8 8 3 1  10100OOe 
2u - 2 0 0 0 0 e  
3 U  1 0 0 1  e 
4Sf 0 4 0 - 2 3 4 7 e  
5** 1.0-4 1.04  0 e 
t 
13St 7rl 71-2 2r3 2r4 
1 4 s  192235 192238 192234 192236 11001 18016 19019 

292235 292238 292234 292236 21001 28016 29019 
3201001 3208016 

CTRLPOS Sanple 1 -- Infinite Cylindrical Reactor uith Reflector 

201001 208016 
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 

7r13 4rl4 51-15 13r16 

CTRLPOS Sanple 1 - -  Infinite Cylindrical Reactor with Reflector 

4201001 4208016 
15** 5.2312-5 3.0091-6 

5.2312-5 3.0091-6 
1.2U8-4 
0 . O W  0.033314 
0. O W  0.033344 

1.2338-4 

t 

5.5020-7 2.6950-7 6.6636-2 3.3330-2 

5.5020-7 2.6950-7 6.6636-2 3.3330-2 
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34## 
t 
35- 
36s 
39s 
51fS  
t 
end 

2Orl.O 80r0.0 

9 9 i O  50. 
10rl 10r2 40r3 40rG 
1 2 3 4  
5rl 4r2 4r3 3r4 

=xsdrn-j p 

-1s 1000000 
otf a3 30 20 29 e 
1SS 2 4 1 0 0 1 0 4 1 8 8 3 1  10100OOe 
2 U  - 2 0 0 0 0 e  
3SS 1 0 0 1  e 
4fS 0 4 20 -2 18 4 7 -1 e 
5** 1.0-4 1.0-4 0 e 
t 
13s 7rl 7r2 2r3 2r4 
14tS 1192235 1192238 1192234 1192236 111001 118016 119019 

2292235 2292238 2292234 2292236 221001 228016 229019 
33201001 33208016 
44201001 44208016 

CTRLWS Sanple 1 - -  Infinite Cylindrical Reactor with Reflector 

15** 5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2 
1.2338-6 
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 

l6SL 11192235 11192238 11192236 11192236 1111001 1118016 1119019 
22292235 22292236 22292234 22292236 2221001 2228016 2229019 
333201001 333208016 
444201001 444208016 

1W 6h192235 6h192238 6h192234 6h192236 6h 11001 
6h 18016 6h 19019 
6h292235 6h292238 6h2922U 6h292236 6h 21001 
6h 28016 6h 29019 
6h 31001 6h 38016 
6h 41001 6h 48016 

t 
34W 20r1.0 80r0,O 
t 
35" 99i0 50. 
36U 10rl 10r2 40r3 40r4 
39sf 1 2 3 G 
51Lf 1 2 3 4 
t 
end 

END OF S?4MPLE 1 SCALE INPUT 
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13-1-3 SAMPLE 1, METHOD 1 VENTURE/CTRLPOS INPUT 

I SOTXS 
END 00000670 
DCRSPR 
'23456789012315678901~567890123&5678~1~45678901234567890123~567890 

1 1  1 1  0 0  
18 1 

192235 92235 235. 3.236 -11 1 
292235 92235 235. 3.236 -11 1 
192234 92234 234. 3.19 -11 1 
292234 92234 234. 3.19 -11 1 
192236 92236 236. 3.26 -11 3 
292236 92236 236. 3.26 -11 3 
192238 92238 238. 3.31 -11 2 
292238 92238 238 - 3.31 -11 2 

11001 1001 1. 6 
21001 1001 1. 6 
31001 1001 1. 6 
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 *** 2 = DVENTR 
001 CARD 1 

1.00+1 1-00 1 .o 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 0 0 0 0  100 0 1 CARD 5 

101 02 03 04 05 06 07 08 09 10 91 12 13 14 15 16 17 18 19 20 21 22 23 24 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 2 1  0 0 CARD 6 

002 CARD 1 
CARD 2 

0 00 CARD 3 
CARD 4 

0.0 .w5 CARD 5 
0.0 2.09 -05 CARD 6 

003 
'01 02 03 04 05 06 07 08 09 10 11 12 13 16 15 16 17 18 19 20 21 22 23 24 

2 1 2  0 
004 
'231 234567891251 234567891 231 2336567891231 236567891 231 234567891 23123456789 
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 t O  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 0.5000 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 0 0.0000 

I *** 
005 

1 2 3 4 5 6 7 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 34 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 71 72 
73 74 75 76 77 78 79 EO 81 82 83 84 85 85 87 88 89 90 91 92 93 94 95 96 
97 98 99100 
012 
0 

013 
18 

BLANK 

I l 8  I I I I I 1 1 

192U;29223;1922d292dl92~3i29223~19~23ii292238 1100; 21 001 3 1001 4 100 1 
020 

I lmer Core Region 

18016 28016 38016 48016 19019 29019 

1 10 

192235 5.23120E-05192238 3.00910E-061922X 5.50200E -07192236 2.69500E-07 
11001 6.64360E-02 18016 3.33300E-02 19019 1.23380E-04 
11 20 

I Outer Core Region 
292235 5 .U120E-05292238 3.00910E-06292234 5.50200E-07292236 2.69500E-07 
21001 6.64360E-02 28016 3.33300E-02 29019 1.23380E-04 
21 60 

I lmer Reflector Region 
31001 6.66440E-02 38016 3.33440E-02 
61100 

Outer Reflector Region 
41001 6.WOE-02 48016 3.33440E-02 
0 0  

END 
I***** 

DUTLIN 
CTRLCF 0 6  024 1 

Option 5 used t o  def ine CTRLWS output f i l e  name 

1----1-----'-----2-----1-----3-----1-----4-----1-----5-----~-----6-"---1 

' ~ 1 ~ ~ 2 ~ ~ 3 ~ ~ 4 ~ ~ 5 ~ ~ 6 ~ ~ 7 ~ ~ 8 ~ ~ 9 - 1 0 - 1 1 - 1 2 - 1 3 - 1 4 - 1 5 - 1 6 - 1 7 - 1 8 - 1 9 ~ 2 0 - 2 1 - 2 2 - 2 3 ~ 2 b  
1 .ood 0.0010 1000.0 

5 0 0 2 0 1 0 0 0 1 0 3 5  1 0 1 0 0 0 0 0 0 0 0 0 0 
END 
CTRLPOS 
I***** 

c t r l s l a . w t . 1  
END 
I***** 

DUTLIN 
CTRLCF 0 6  0 2 4  1 

F i l e  name f o r  CTRLPOS wtput 

Option 10 used t o  reed in CTRLWS data 

I - - - - 1 - - - - - 1 - - - - - 2 - - - - - ~ - - - - - ~ - - - - - ~ - - - ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ 5 ~ - ~ ~ - ~ - - - - ~ 6 ~ - - - - ~  I 
1.000 0.0010 lOO0.h 5000. d 

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

END 
I***** CTRLPOS DATA FOR SAMPLE PROBLEM 1 - -  METHOO 1. 
I**** The 'cont ro l  rod' zones s t a r t  w i th  zone 2 a t  the center of the core 
I**** end end with zone 100. The f i r s t  p o s i t i o n  guess i s  the outer boundary 
I***** 

I***** 

I***** 

o f  zone 5 whi le  the t i p  o f  the contro l  rod s t a r t s  a t  zone 2. 
The l i m i t s  o f  con t ro l  rod motion are the i m r  M a r y  of zone 2 and 
the Outer boundary o f  zone 100. Zone 1 w i l l  be the fo l lower  f o r  a l l  
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I***** the control rod zones. Control rod material  i s  i n  zones 2-20 a t  the 
I***** s t a r t  o f  the process. I n  th is  case, CTRLPOS moves the material  i n  
****** zones 2-100 outward adding folLower(zone 1 materiel )  and decreasing 
I**,*,** the s i t e  of the re f lec tor .  
CTRLPOS 
begin-input 
beg i n- bank 
beain-rod 
2,0,5,l 
100,l , 2,o 
begin-zone 
2,1,1 
3,1,1 

5#1,1 
6,1,1 
7,1#1 
811,1 

lO,l,l 
11.1,l 
12,1,1 
13,1,1 
14,1,1 
lS,l,l 
16,1,1 
17,181 
18,1,1 
19,1,1 
20,1,1 
21,1,0 
22,1,0 
23,l ,O 
24,1,0 
25,1,0 
26,1,0 
27,1,0 
28,1,0 
29,1,0 
3 0 , l  ,O 
31,l.O 

33,1,0 
34, l  ,O 
35,1,0 
36,1,0 
37,1,0 
38,l ,O 
39,l ,D 
40,l ,o 
41,1,0 
42,1 ,0  
43,l ,O 
44,l ,o 
45,1,0 
46,1,0 
47,l ,O 
48,l ,O 
49 , l  # O  
50,l ,O 

52,l ,O 
53,1,0 
54,l ,O 
55,1,0 
56,l ,O 
57,l ,O 
58,1,0 
59,1,0 

‘t18’ 

9 ~ 1  

32,1,0 

5i,i,a 
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60,1,0 
61,1,0 
62, l  ,CJ 
63,l ,O 
&,1,0 
65,1,0 
&,1,0 
47,l ,O 

10 
69,1,0 
70,1,0 
71,l.O 
n,1,0 
73,1,0 

75,110 

n,1,0 

74,1,0 

76,l ,O 

78,l ,O 
79,1,0 
80,l.O 
81,1,0 
82,1,0 
=,1,0 
&,1,0 
85,1,0 
86,110 
87,l ,O 
=,1,0 
89,l ,O 
90,1,0 
91,1,0 
92,1,0 
93,1,0 
94,1,0 
95,1,0 
96,l ,O 
97,l ,O 
98,l ,O 
99.1,o 
100,1,0 
end-zone 
end- rod 
end- bank 
end- input 
END 
I***** Option 20 used t o  perform e k e f f  posit ion search 
DUTLIN 
CTRLCF 0 6  024 1 
I - - - - l - - - - - l  , - - - - - 2 - - - - - , - - - - - 3 - - - - - ~ - - - - - ~ - - - - - - - - - - ~ ~ - - - - 1 - - - - - 6 ~ ~ ~ . -  1 I 

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

END 
I CTRLPOS 
'END 
I***** Option 30 used t o  calculate a controt rod worth curve 
DUTLIN 
CTRLCF 0 6  024 1 

0.900 0.0010 1000.0 5000.0 

' - - - -1- - - - - ' - - - - .2- - - - -  , - - - - - 3 - - - - - 1 - - - - - 4 - - * - - - - - 5 - - - 5 - - - - - l - - - - - 4 - - - - - l  1 
1 

0.900 0.0010 1000.0 5000.0 
'-I-- 2--3--4--5--6--7--8--9-10-11-12-13-1~-15-16-17-18-19-20~21-22-23-24 

END 
CTRLPOS 
beg i n- i rput 
2,o 
211 
3,1 

30 0 0 2 0 1 1 0 01599 0 0 1 0 0 0 0 0 0 0 0 0 1 
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1281 
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 
3 4 1  1 
35,1 
36,1 
37,1 
38,1 
39,1 
40,1 
41.1 
12,1 
43,1 
44,1 
45.1 
46,1 
47.1 
18,1 
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 
6 3 1  1 
64.1 
65,1 
6611 
67.1 
68,1 

70,1 
&-input 
END 

6 9 8 '  



122 

'VENTNEUY 
'END 

END OF SAMPLE 1, METHOD 1 VENTURE/CTRLPOS INPUT 
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D.1.4 S M P L E  1, METHOD 2 CTRLPOS INPUT 

I***** 

DUTLIN 
option 5 used t o  def ine CTRLPOS output f i l e  name 

I - - - - - G - - - - - I - - - - - 5 - - - - - 1 - - - - - 6 - - - - - '  

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

CTRLCF 0 6  0 2 4  1 
' ----1----- '-----2-----1------3----- i i 

5 0 0 2 0 1  0 0 0 1 0 3 5  1 O f  0 0 0 0 0 0 0 0 0 0  

1 .ooo 0.0010 1000.0 

END 
CTRLPOS 
l**H* 
ctrlsla.out.2 
END 
I***** Option 10 used t o  read i n  CTRLPOS data 
DUTLIN 
CTRLCF 0 6  0 2 4  1 

F i l e  name f o r  CTRLPOS output 

1 - - - -1 - - - - -1 - - - - -2 - - - - -  -----3-----1-----4-----1-----5-----'-----6-----1 1 1 

'~1~~2~~3--4--~--~--7--~--9-1~-~~-~2-13-14~1S-16~17~18~19~20~21~22~23~24 

1 
1.000 0.0010 1000.0 5000.0 

10 0 0 2 0 1 1 0 0 1 5 9 9  0 0 0 0 0 0 0 0 0 0 0 0 1 
END 
I***** CTRLPOS DATA FOR SAMPLE PROBLEM 1 - -  METHOO 2. 
I***** The Icontrot  rod' zones s t a r t  u i t h  zone 11 a t  the center o f  the core 
I**-* and end u i t h  zone 100. The f i r s t  p o s i t i o n  guess i s  the outer bowdary 
I***** o f  zone 21 whi le  the t i p  of the contro l  rod s t a r t s  a t  zone 11. 
I***** The l i m i t s  of con t ro l  rod motion are the inner boundary o f  zone 11 and 
I-*** the outer boundary o f  zone 100. 
I***** the contro l  rod zones. Control rod mater ia l  i s  i n  zones 11-20 a t  the 

s t a r t  o f  the process. This method i s  essen t ia l l y  exact ly  the same as 
I***** Method 1 since zone 1 mater ia l  i s  used as the fo l lower  in  a l l  zones. 
I***** The only d i f f e rence  i s  the the inner core region remains 
I***** stat ionary. 
CTRLPOS 
begin- input 
begin- bank 
begin- rod 
11,0,21,1 
100,1,11,0 
begin-zone 
ll,l,l 
12,1,1 
13,1,1 
14,I.l 
15,1,1 
16,1,1 
17,1,1 
18,l.l 
19,1,1 
20,1,1 
21,1,0 
22,1,0 
23,1,0 
24,1,0 
25,l.O 
26,1,0 
27,l ,O 
28,l ,O 

30,1,0 
31,1,0 
32,l ,O 
33,1,0 

35,1,0 
36,1,0 
37,1,0 
=,1,0 

Zone 1 w i l l  be the fo l lower  f o r  e l l  

29,110 

%,1,0 
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39,l ,O 
40,l ,o 
41,1,0 
42,1,0 
43,l ,O 
44,1,0 
45,1,0 
46,l ,O 
47,1,0 
48,1,0 
49,l ,O 
50,l ,O 
51,1,0 
52,l ,O 
53,1,0 
54,1,0 
55,1,0 
56,l ,O 
57,l ,O 
58,l ,O 
59,1,0 
60,l.O 
61,1,0 
62,1,0 
63,l ,O 
64,1,0 
65,1,0 
66,1,0 
67,l ,O 
68.1 I O  
69,l ,O 
70.1,o 
71,1,0 
72.1.0 
?3;1;0 
74,l.O 
75,l.O 
76,l ,O 
PI. 1 ,O 
78,l ,O 
79,1.0 
80,1,0 
81,1,0 
82,l ,O 
=,1,0 
84,1,0 
as,i,o 
86,110 
87,1,0 
=,1,0 
89,1,0 
90,l ,O 
91,1,0 
92,l ,O 
93,1,0 
94,l ,O 
95,1,0 
96,1,0 
97,1,0 
98,1,0 

100,1,0 
end-zone 
end- rod 
end-bank 
end-input 
END '***** 
DUTLIN 

8' 

Option 20 used to perform s keff posit ion sesrch 
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CTRLCF 0 6  0 2 4  1 
1 - - - - 1 - - - - - ~ - - - - - 2 - . - - - ~ - - - - - 3 - - - - - ~ - - - - - 4 - - - - - ~ - - - - - 5 - - - - - ~ . - - - ~ 6 - - - ~ - ~  i 

~-1--2- -3- -4- -5- -6- -7- -8- -9-10-11-12-13-1~-15-16-17-18-19-20-21-22-~3-24 
0.901, 0.0010 1000.0 5000.0 

20 0 0 2 0 1 1 0 0 1 5 9 9  0 0 0 0 0 0 0 0 0 0 0 0 1 
END 
I CTRLPOS 
'END 
I***** 

DUTLIN 
CTRLCF 0 6  024 1 

Option 30 used to calculate a controi rod worth curve 

l - - - - l - - - - - ' - - - - - t - - - - - ~ - - - - - 3 - . - - ~ ~ - - - ~ - 4 - ~ ~ ~ ~ 1 - - - - - 5 - - - - - ~ - - - - - 6 - - ~ - - ~  1 1 1 1 1 

0.900 0.0010 1000.0 5000.0 
' ~1~~2~~3- -4 - -5 - -6 - -7 - -8 - -9 -10 -11 -12 -13 -14 -15 -16 -17 -18 -19 -~0 -21 -22~23-24  

END 
CTRLPOS 
beg i n- input 
11,o 
11,l 
12,1 
13,l 
14,l 
15,l 
16,l 
17,l 
18,l 
19,l 
20,l 
21,l 
22, 1 
23,l 
24,l 
25,l 
26,l 
27,l 
28,l 
29.1 
30,l 
31,l 
32.1 
33,l 
34,l 
35,l 
36,l 
37.1 
38,l 
39,l 
40,l 
41.1 
42.1 
43,l 
44,l 
45,l 
66,l 
47,l 
a, 1 
49,l 
50,l 
51,l 
52, l  
53,l 
54.1 
55,l 
56,l 
57,l 
58,l 
59,l 
a,1 

30 0 0 2 0 1 1  0 0 1 5 9 9  0 0 1 0  0 0 0 0 D 0 0 0 1 
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61,l 
62,l 
43,l 
64.1 
65,l 
6 6 0 1  
67,l 
6 8 8 1  
69,l 
70,l 
end- input 
END 
'VENTNEUT 
'END 

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

I***** 

DUTLIN 
CTRLCF 0 6  024 1 

option 5 used t o  define CTRLPOS output f i l e  name 

1----1-----1-----2----- - - - - - 3 - - - - -  1-----4----- i 1-----5----- :-----6----- i 

'-I-- 2~-3~~4--~--6--7--8--9-10~11~12~13~14~15-16~17~18~19~20~21~22~23~2~ 

i 
1 .ooo 0.0010 1000.0 

5 0 0 2 0 1 0  0 0 1 0 3 5  1 0  1 0  0 0 0 0 0 0 0 0 0 
END 
CTRLPOS 
I***** 

ctr lsls.out.3 
END 
I**-* 

DUTLIN 
CTRLCF 0 6  024 1 

F i l e  name f o r  CTRLPOS output 

Option 10 used t o  read i n  CTRLPOS data 

1----1-----:-----2----- ,-----3-----~-----4-----~-----5---..~-----6-----~ 1 1 1 

'~1~~2~-3--4--~--6--7--8--9-10-11-12-13-11-15-16-17-18~19~20~21~22~23~24 
1 .ooo 0.0010 1000.0 5000.0 

10 0 0 2 0 1 1  0 01599 0 0 0 0 0 0 0 0 0 0 0 0 1 
END 
I***** CTRLPOS DATA FOR SAMPLE PROBLEM 1 - -  METHOD 3. 
I*'**** 

I***** 

I***- 

I**** 

I***** Zone 1 1  w i l l  be the fo l lower  f o r  a l l  
I***** the con t ro l  rod zones. Control rod mater ie l  i s  i n  zooes 12-20 a t  the 
I**** 

I**** since the con t ro l  rod s t a r t s  a t  the center o f  the core and the 
I***** mater ia l  i n  zone 1 1  (outer core mater ia l )  follows the rod as i t  moves. 
CTRLPOS 
begin-input 
beg i n-bank 
begin-rod 
12,0,21,1 
lOO,l, 12,o 
begin- zone 
12,11, 1 
13,11,1 
11,11,1 
15,11,1 
16,11,1 
17,11,1 
18,11,1 
19,11,1 
20.11,l 
21,11,0 
22,11,0 
23,ll. 0 
24,11,0 
25,ll , 0 
26,11,0 
27,11,0 
28,ll ,O 
29,11,0 
30,11,0 
31,11,0 
32,11,0 
33.1 1,O 
34,11,0 
35,11,0 
36,11,0 
37,11,0 
38,11,0 
39,ll ,O 
40,ll ,O 

The ' con t ro l  rod' zones s t a r t  with zone 12 a t  the center o f  the core 
and e f ~ I  u i t k  zone 100. The f i r s t  p o s i t i o n  guess i s  the outer boundary 
o f  zone 21 while the t i p  o f  the con t ro l  rod s t a r t s  a t  zone 12. 
The Limi ts  o f  cont ro l  rod motion are the inner boudary  o f  zone 12 and 
the outer boundary of zone 100. 

s t a r t  of the process. This method i s  d i f f e r e n t  from the f i r s t  tuo 



128 

41,ll ,O 
42,11,0 
43,11,0 
&4,11,0 
45,ll ,o 
46,11,0 
47,11,0 
48,ll ,o 
49,11,0 
50,11,0 
51,ll ,O 
52,11,0 
53,ll ,O 
54,11,0 
55,11,0 
56,ll ,O 
57,11,0 
58,11,0 
59,ll ,O 
60,11,0 
61,11,0 
62,ll ,O 
63,ll ,O 
64,11,0 
65,ll ,O 
66,11,0 
67,11,0 
68.11,o 
69,ll.O 
70,11,0 
71,11,0 
72,11,0 
n,11,0 
74,ll ,O 
75,11,0 
76,11,0 
77,11,0 
78,11,0 
79,ll.O 
80,11,0 
81,ll ,O 
82,11,0 
83.11,o 
84,11,0 
85,11,0 
86,11,0 
87,11,0 
88,11,0 
89,11,0 
90,ll ,O 
91,11 ,O 
92,11,0 
93,11,0 
94,11,0 
95,11,0 
96,11,0 
97,ll.O 
98,11,0 
w,11,0 
100,ll  ,o 
end-zone 
end- rod 
end-benk 
end-input 
END 
I**** 

DUTLIN 
CTRLCF 0 6  0 2 4  1 

Option 20 used to perform a keff position search 

I _ _ D  -6- 1----1-----(-----2----- -----3-----1-----4-----1-----5----- 
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0.900 0.0010 1000.0 5000.0 
' -1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21-22-23-24 

END 
' CTR LPOS 
'END 
I***** 

DUTLlN 
CTRLCF 0 6  024 1 

20 0 0 2 0 1 1 0 01599 0 0 0 0 0 0 0 0 0 0 0 0 1 

Option 30 used to calculate 8 control rod worth curve 

1----1-----1-----2----- 1 l - - - - -3 - - - - -1 - - - - -4 - - - - - l - - - - -5 - - - - - ' - - - - -6 - - - - - l  1 1 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 

END 
CTRLPOS 
begin-input 
12,o 
12,l 
13,l 
14,l 
15,l 
16,l 
17,l 
18,l 
19,l 
20,l 
21,l 
22,l 
23,l 
24.1 
25,l 
26,l 
27,l 
28,l 
29,l 
30,l 
31,l 
32,l 
33.1 
3 4 1 1  
35,l 
36,l 
37,l 
3a,i 
39,l 
40,l 
41,l 
42,l 
43,l 
44,l 
45,l 
46.1 
47,l 
48,l 
49,t 
50, l  
51,l 
52,l 
53,l 
54,l 
55,l 
56,l 
57,l 
58,l 
59,l 
m,1 
61,l 
62,l 
63, I 

0.900 0.0010 1000.0 5000.0 

30 0 0 2 0 1 1  0 01599 0 0 1 0  0 0 0 0 0 0 0 0 1 
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65,l 

67,l 

69,l 
70, l  
end- inprt 
END 
‘VEWTNEUT 
‘END 

EUB OF SAMPLE 1, XETEOD 3 CTRLPOS INPUT 
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D . 1 . 6  SAMPLE 1, METHOD 4 CTRLPOS INPUT 

I**** 

DUTLIN 
CTRLCF 0 6  024 1 

Option 5 used t o  def ine CTRLPOS output f i l e  name 

1----1----.1-----2----- ,-----3-----'-----4-----1-----5-----1-----6-----' 

'~1~~2~~3~-4--5--6--7--8--9-10-11-12-13~1G~15-16-17-18~19-20-21~22-23-24 
1 .ow 0.0010 1000.0 

5 0 0 2 0 1 0 0 01035 1 D 1 0 0 0 0 0 0 0 0 0 0 
END 
CTRLPOS 
I-*** 

ct r ls la .out .4  
END 
DUTLIN 
CTRLCF 0 6  024 1 

F i l e  name f o r  CTRLPOS output 

1----1-----1-----2-----1-----3----- j-----4-----j-----5-----1-----6-----1 1 1 

1-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-21~22~2~-24 
1.ood 0.OOld 1000.0 5000.0 

10 0 0 2 0 1 1  0 01599 0 0 0 0 0 0 0 0 0 0 0 0 1 
END 
I***** CfRLPOS DATA FOR SAMPLE PROBLEM 1 - -  METHOD 4. 
I***** The 'cont ro l  rod1 zones s t a r t  w i th  z m  12 a t  the center o f  the core ****** The f i r s t  p o s i t i o n  guess i s  the outer boundary 
I***** 

I**** The l i m i t s  of contro l  rod motion ere the inner boundary o f  zone 12 and 
I***** 

I***** inner contro l  rod zones whi le  zone 1 1  u i l l  be the fo l l oue r  f o r  the 
I***** w t e r  the contro l  rod zones. Control rod material i s  in  zones 
I**** 

I**** 

I*-** 

'**** 
CTRLPOS 
begin- input 
begin-bank 
begin-rod 
12,0,22,1 
101,1,12,0 
begin-zone 
12,1,1 
13,1,1 
14,1,1 
15,l.l 
16,l.l 
17,l.l 
18,1,1 
19,l.l 
20,1,1 
21,1,0 
22,l.O 
23,l .O 
24,1,0 
25,11 ,O 
26,ll ,O 
27,11,0 
28,ll I 0 
29,11,0 
30,ll ,O 
31,11,0 
32,11,0 
n.11,o 
34,11,0 
35,ll ,O 
M,l1,0 
37,ll ,O 
38.11.0 
39,ll ,O 

and end wi th  zone 101. 
o f  zone 22 while the t i p  o f  the contro l  rod s t a r t s  a t  zone 12. 

the w t e r  boundary of zone 101. Zone 1 w i l l  be the fo l lower  f o r  the 

12-21 a t  the s t a r t  of the process. 
exanples because o f  the change i n  the fol louer material.  
i s  an at tenpt  t o  proper ly  use the t o  d i f f e r e n t  mater ia l  cross sections 
in t h e i r  respective area o f  the d e l .  

This d i f f e r s  frm the other 
This change 
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40,11,0 
41,11,0 
42,ll ,O 
43,ll ,O 
C4,11,0 
45,11,0 
46.11.0 
47, 1 1,O 
48,11,0 
49,ll ,O 
50,ll ,o 
51,11,0 
52.11,O 
53,ll ,O 
54,11,0 
55,11,0 
56,ll ,O 
57,ll ,O 
58,ll ,O 
59,ll ,O 
60,11,0 
61 1 1  ,D 
62,11,0 
63,11,0 
64,11,0 
65,ll ,O 
66,11,0 
67,ll ,O 
68,11,0 
69,ll ,O 
70,ll ,O 
71,ll ,O 
72,11,0 
73,11,0 
74,ll ,O 
?5,11,0 
76,11,0 
77,11,0 
78,11,0 
79,11,0 
80,ll ,O 
81,11,0 
82,11,0 
83,11,0 
BG,11,0 
85,11,0 
86,11,0 
87,ll , O  
88,11,0 
89.11,O 
90,11,0 
91,ll ,O 
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,ll ,o 
101 ,ll,O 
end- zone 
end-rod 
end-bank 
end-inprt 
END 
I***** option 20 used to perform a keff  position search 
DUTLIN 
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. 

20; 1 
21,l 
22.1 
23; 1 
24.1 
25;l 
26,l 
27,l 
28,l 
29.1 
30; 1 
31.1 
32; 1 
33,l 
34.1 
35,l 

37,l 
38,l 
39,l 
40,l 
4 1 , l  
42,l 
43,l 
u, 1 
45,l 
46.1 
47,l 
48, l  
49,l 
50,l 
51,l 
52,l 
53,l 
54,l 
55,l 
56,l 
57,l 
58.1 
59,l 
60,l 
61,l 
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62,1 
63,1 

65,1 

67,1 
6 8 8 1  
69,1 
70,1 
71,1 
end- input 
END 
’ VENTNEUT 
‘END 

END OF SAMPLE 1, METHOD 4 CTRLPOS INPUT 
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D.1.7 SAMPLE I, METHOD 1 CTRLPOS OUTPUT 

__--___________-________________________---------..----------------~------- 
***** CONTENTS OF *CTRLCF* CONTROL F ILE  ***** 
XX( 1- 4) * 1.00000D+00* 1 .OOOODD-03* 1.000000+03' 5.00000D+03* 
I X (  1- 5) * 1cT 0. 0' 2+ 01 
I X (  6-10) 1* 1+ of 0' 15' 
I X ( l 1 - 1 5 )  * 99* of o* 0' 0' 
IX (16 -20 )  * O* 01 o* O* OI 
IX(Z1-25) * 0' 0' o* 1' Of 

1-TARGET KEFF VALUE = 1.OOODUD+OO 
2-ALLOUED KEFF TOLERANCE = 1.000000-03 
3-MAXIMUM VALUE FOR CONTROL RM) MOVEMENT = 1.OoD+O3 
4-MAXIMUM NUMBER OF ATOM DENSITY VALUES ( I F  IX(23).NE.O) = 5000 

= 10 
- 0 

1-CTRLPOS OPTION NUMBER 
2-NEUTRONICS MODULE 

0 - 2 
3-INTERPOLATION SCHEME 
4-NUMBER OF POINTS I N  SCHEME 
5-STCRAGE OF KEFF VALUES - 0 
6-CONTROL RODS FOR KEFF SEARCH - 1 
7-PRINT OUT OF ATOM DENSITIES i: 1 
8-PRINT OUT ATOM DENSITIES AT EACH POSITION = 0 
9-CONTROL ROD T I P  PARTIAL ZONE PLACEMENT 0 

10-NUMBER OF POSITION ITERATIONS = 15 
11-NUMBER OF UJTERS FOR NEUTRONICS W U L E  = 99 

0 - 0 
12-RESERVED 
13-BURNED WNTROL R W  OPTION 

***** PARAMETERS FOR CTRLPOS OPTIOU 30 ***** 
14-BANK NUMBER FOR CONTROL ROD UORTH W R W  D 
15-CONTROL R m  FOR WORTH CURVE - 0 
16-RESERVED - 0 

***** PARAMETERS FOR CTRLPOS OPTION GO -*** 
17-BANK NUWER FOR ROD/BANK RE-POSITIONING = 0 
18-CONTROL ROD NUMBER FOR RE-POSITIONING = 0 
19-ZONE NUMBER FOR RE-POSITIONING - 0 
20-ZONE BWDARY FOR RE-POSITIONING - 0 
21-VENTPLOT PLOT OPTION - 0 

- - - 
- - 

- - 

.. - 

- - - 
- 22-REVERSE CONTROL R[r) MOTION OPTION - 0 

Z3-ATOM DENSITY ARRAY STORAGE OPTIUN - 0 
26-CONTAINER ARRAY MEMORY OPTION 1 
25-DEWG OUTPUT PARAMETER - 0 

- - 
- 
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LOVER MEMORY FOR CTRLPOS = 92531 UORDS. 
UPPER MEMORY FOR CTRLPOS = 26928 UORDS. 
TOTAL M E M Y  FOR CTRLPOS = 119459 WORDS. 

EXTRA MEMORY = 4680541 UORDS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BANK # 1 ROO # 1 
CONTROL ROD TIP IS LOVER BOUNDARY OF ZONE 2 
FIRST GUESS POSITIOW IS UPPER BOUNDARY OF ZOUE 5 
UPPER CONTROL ROO LIMIT IS UPPER W J N D A R Y  OF ZONE 100 
L M R  CONTROL ROD LIMIT IS LOVER BOUNDARY OF ZONE 2 

BANK # 1 ROD # 1 NUMBER OF ZONES = 

1 
2 
3 
4 
5 
6 
7 
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 

CONTROL ROD FOLLOUER 
ZOUE NUMBER ZOUE NUMBER 

2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
a 1 
9 1 
10 1 
1 1  1 
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 
2% 1 
29 1 
30 1 
31 1 
32 1 
33 1 
?x 1 
35 1 
36 1 
37 1 
38 1 
39 1 

CONTROL ROD 
ZONE VOLUME 
2.35619D+OO 
3.92699O+OO 
5.49779D+OO 
7.068580+00 
8.639380+00 
1.0210zD+01 
1.1781OD+01 
1.335180+01 
1.492260+01 
1.64934D+01 
1.80642D+Ol 
1.963500+01 
2.12057D+Ol 
2.27765D+Ol 
2.434730+01 
2.591811)+01 
2.74889D+Ol 
2 .W597O+01 
3.06305D+01 
3.22013D+01 
3.3mlD+01 
3.534290+01 
3.69137D+Ol 
3.84845D+Ol 
4.00553D+01 
4.16261[3+01 
4.31969D+01 
4.47677~+0 1 
4.633850+01 
4.790930+01 
4.948011)+01 
5.105ooD+01 
5.262 17D+O1 
5.41925D+01 
5.57633D+01 
5.73341D+Ol 
5.89O49D+Ol 
6.04757D+01 

99 
FOLLOWER 
ZONE VOLUME 
7.85398D-01 
7.853980 -01 
7.853980-01 
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 
7.853980-01 
7.853980-01 
7.853980-01 
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 

7.853980-01 
7.853980-01 
7.85398D-01 

7.as398~-01 

TOTAL 
ZONE VOLUME 
2.356190+00 
6.283190+00 
1.1781oO+O1 
1.884960+01 
2.748890+01 
3.76991D+01 
4.94%01D+01 
6.283191)+01 
7.77544D+01 
9.42478D+Ol 
1.123120+02 
1.31947D+02 
1.53153D+02 
1.759290+02 
2.00277D+02 
2.26195D3+02 
2.53684D+02 
2.827430+02 
3.133740+02 
3.45575D+02 
3.79347[)+02 
4.14690D+02 
4.51604D+02 
4.900880+02 
5.30144D*02 
5.7177DD+02 
6.14967D+O2 
6.59734D+02 
7.06073D+02 
7.53982D+02 
8.03462D+02 
8.54513D+02 
9.071350+02 
9.61327D+02 
1.01709D+03 
1.07442D+03 
1.13333~+03 
1.193810+03 

ROO 
FLAG 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
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39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
56 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

a2 

40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
61 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
v2 
93 
94 
95 
96 
97 
98 
99 

100 

a i  

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 

6.20465D+Ol 
6.361 W+Ol 
6.5 1880D+O 1 
6.6f588D+Ol 
6.832960+01 
6.99004D+O 1 
7.14712D+Ol 
7.304200+0 1 
7.461280+01 
7.61 836D+O 1 
7. m 4 D + 0  1 
7.932528+01 
8.08960D+01 
8.24&3D+01 
8.403?60+0 1 
8.56O84D+01 
8.71 792D+O 1 
8.875OoD+O 1 
9.032OsD+Ol 
9.18916D+01 
9.34624D+01 
9.503320+01 
9.6604OD+Ol 
9.8174&+01 
9.97456D+Ol 
1.013160+02 
1.02887D+02 
1.044580+02 
1.06029[3+02 
1.07Mx)D+02 
1.091700+02 
1.10741D+02 
l.l2312D+02 
1.13883D+02 
1.15454D+02 
l.l7024D+O2 
1.18595D+02 
1.2016&+02 
1.21 737D+oi? 
1.233080+02 
1 .24878D+02 
1 .2&49D+02 
1.28020D+O2 
1.29591D+02 
1.31161D+02 
1.32732D+02 
1.34303D+02 
1.35874~+02 
1.37445D+02 
1.390150+02 
1.405&50+02 
1.42157D+02 
1.437280+02 
1.45299D+02 
1.468690+02 
1.4%40D+02 
1.50011D+O2 
1.51582~+02 
1 -53 153D+02 
1.54723D+02 
1.56294D+02 

7.853980-01 
7.853980-01 
7.853980-01 
7.853980-01 
7.853980-01 
7.853980-01 
7.853980-01 
7.853980-01 
7.85398D-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 
7.853980-01 
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 
7.85398L3 * 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 
7.85398D-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 
7.853980-01 
7.853980 - 01 
7.853980-01 

7.a53980-01 

7.853- -01 

7.853980- 01 

1.25585D+03 
1.31947D+03 
1 .386660+03 
1.45142D+03 
1.519730+03 
1.589650+03 
1.66112D+03 
1 .f36160+03 
1.80877D+03 
1.8849&+03 
1.962710+03 
2.042060+03 
2,12293D+03 
2.205400+03 
2.28944D+03 
2.37504D+03 
2.46222D+03 
2.55097D+03 
2.641290+03 
2.733 1 9D+03 
2.82665D+03 
2.92 1680+03 
3.0 1829~+03 
3.116160+03 
3.21621D+03 
3.3 1 E2D+03 
3.420410+03 
3.52487D+03 
3.630900+03 
3.7385OD+03 
3 .&G767D+03 
3.95841D+03 
4.07072D+03 
4.18460D+03 
4.30005D+03 
4.41 7080+03 
4.5356fD+03 
4.65584D+03 
4. m 8 0 + 0 3  
4.90088~+03 
5.025760+03 
5.1522lD+03 
5.28023D+03 
5.409820+03 
5.540980+03 
5.67372D+03 
5.80802~+03 
5.94389D+03 
6.08l343)+03 
6.22035D+03 
6.360940+03 
6.503100+03 
6.666820+03 
6.792 120+03 
6.938%~+03 
7.08743D+03 
7.23744D+03 
7.38903D+03 
7.54218+03 
7.6969oO+03 
7.85320D+03 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

ZONE 2 192235 5.2312000-05 ( 1,0000) 192234 5.502OOOD-07 ( 1.0000) 192236 2.6950000-07 ( 
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1 . 0000 ) 
192238 3.0091000-06 ( 1.0000) 

ZONE 3 192235 5.2312000-05 ( 

192238 3.0091000-06 ( 1.0000) 
19019 1.2338000-04 ( 1.0000) 

ZONE 4 192235 5.2312000-05 ( 

19019 1.2338OoD-04 ( 1.0000) 

1 .OOOO) 

1 .OOOO) 
192238 3.0091000-06 ( 1.0000) 
19019 1.2338000-04 ( 1.0000) 

ZONE 5 192235 5.2312000-05 ( 

192238 3.0091000-06 C 1 .OOOO) 
19019 1.2338000-04 ( 1.0000) 

ZONE 6 192235 5.2312000-05 ( 

192238 3.0091000-06 ( 1.0000) 
19019 1.2338000-04 ( 1.0000) 

ZONE 7 192235 5.2312000-05 ( 

192238 3.0091000-06 ( 1.0000) 
19019 1.2338000-04 ( 1.0000) 

ZONE 8 192235 5.2312000-05 ( 

192238 3.0091000-06 ( 1.0000) 
19019 1.2338000-04 ( 1.0000) 

ZONE 9 192235 5.2312008-05 ( 

192238 3.0091000-06 ( 1.0000) 
19019 1.233800D-04 ( 1.0000) 

ZONE 10 192235 5.2312000-05 ( 

192238 3.0091OOD-06 ( 1 .OOOO) 
19019 1.2338000-04 ( 1.0000) 

ZONE 11 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

ZONE 12 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1 .OOOO) 

ZONE 13 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1 .OOOO) 
29019 1.2338000-04 ( 1.0000) 

ZONE 14 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

ZONE 15 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 C 1.0000) 

ZONE 16 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1 .OOOO) 
29019 1.2338000-04 ( 1.0000) 

ZONE 17 292235 5.2312000-05 ( 

292238 3.0091OOD-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

ZONE 18 292235 5.2312001)-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

ZCME 19 292235 5.2312008-05 ( 

1 .OOOO) 

1 . 0000 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 . 0000 ) 

1.0000) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 . 0000 ) 

1 .OOOO) 

11001 6.6436000-02 ( 1.0000) 18016 3.3330000-02 ( 1.0000) 

1.0000) 192234 5.5020000-07 ( 1.0000) 192236 2.695000D-07 ( 

11001 6.64360013-02 ( 1.0000) 18016 3.333000D-02 ( 1 .OOOO) 

1.0000) 192234 5.5020000-07 ( 1.0000) 192236 2.695000D-07 ( 

11001 6.6436000-02 ( 1 .OOOO) 18016 3.3330000-02 ( 1 .OOOO) 

1.0000) 192234 5.5020000-07 ( 1.0000) 192236 2.695000D-07 ( 

11001 6.643600D-02 ( 1.0000) 18016 3.3330000-02 ( 1.0000) 

1.0000) 192234 5.5020000-07 ( 1.0000) 192236 2.695OOOD-07 ( 

11001 6.64360013-02 ( 1.0000) 18016 3.3330000-02 ( 1 .OOOO) 

1.0000) 192234 5.5020000-07 ( 1 .OOOO) 192236 2.695000D-07 ( 

11001 6.6436000-02 ( 1 .OOOO) 18016 3.3330000-02 ( 1 .OOOO) 

1 .OOOO) 192234 5.5020000-07 ( 1 .OOOO) 192236 2.695000D-07 ( 

11001 6.6436000-02 ( 1.0000) 18016 3,3330000-02 ( 1.0000) 

1 .OOOO) 1922% 5.5020000-07 ( 1 .OOOO) 192236 2.6950000-07 ( 

11001 6.6436000-02 ( 1.0000) 18016 3.3330000-02 ( 1.0000) 

1.0000) 192234 5.5020000-07 ( 1.0000) 192236 2.695000D-07 ( 

11001 6.6436000-02 ( 1.0000) 18016 3.333000D-02 ( 1 .OOOO) 

1.0000) 292234 5.502000D-07 ( 1.0000) 292236 2.6950000-07 ( 

21001 6.6436000-02 ( 1.0000) 28016 3.3330000-02 ( 1.0000) 

1 .OOOO) 292234 5.502OOOD-07 ( 1.0000) 292236 2.6950000-07 ( 

21001 6.6436000-02 ( 1 .OOOO) 28016 3.3330000-02 ( 1 .OOOO) 

1.0000) 292234 5.5020000-07 ( 1 .OOOO) 292236 2.695000D-07 ( 

21001 6.6436OOD-02 ( 1 .OOOO) 28016 3.333000D-02 ( 1 .OOOO) 

1.0000) 292234 5.502000D-07 ( 1.0000) 292236 2.6950000-07 ( 

21001 6.6436000-02 ( 1.0000) 28016 3.3330000-02 ( 1.0000) 

1.0000) 292234 5.5020000-03 ( 1.0000) 292236 2.695000D-07 ( 

21001 6.6436000-02 ( 1.0000) 28016 3.3330000-02 ( 1 .OOOO) 

1.0000) 292234 5.5020000-07 ( 1.0000) 292236 2.6950000-07 ( 

21001 6.6436000-02 ( 1.0000) 28016 3.3330001)-02 ( 1.0000) 

1.0000) 292234 5.5020000-07 ( 1.0000) 292236 2.6950000-07 ( 

21001 6.6436000-02 ( 1 .OOOO) 28016 3.3330000-02 ( 1 .OOOO) 

1.0000) 292234 5.5020000-07 ( 1.0000) 292236 2.695OOOD-07 ( 

21001 6.643600D-02 ( 1.0000) 28016 3.3330008-02 ( 1.0000) 

1.0000) 292234 5.5020009-07 ( 1.0000) 292236 2.6950001)-07 ( 
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292238 3.0091OOD-06 ( 1 .OOOO) 
29019 1.2338000-04 ( 1.0000) 

ZONE 20 292235 5.231200D-05 ( 

292238 3.0091OOD-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

ZONE 21 31001 6.664400D-02 ( 
ZONE 22 31001 6.6644000-02 ( 
ZONE 23 31001 6.6644OOD-02 ( 
ZONE 24 31001 6.6644000-02 ( 
ZONE 25 31001 6.6644000-02 ( 
ZONE 26 31001 6.6644000-02 ( 
ZONE 27 31001 6.6644001)-02 ( 
ZONE 28 31001 6.6644000-02 ( 
ZONE 29 31001 6.6644OOD-02 C 
ZONE 30 31001 6.6644000-02 ( 
ZONE 31 31001 6.6644000-02 ( 
ZONE 32 31001 6.6644OOD-02 ( 
ZONE 33 31001 6.6644000-02 ( 
ZONE 34 31001 6.6644000-02 ( 
ZONE 35 31001 6.6644OoD-02 ( 
ZONE M 31001 6.6644OoD-02 ( 
ZONE 37 31001 6.6644000-02 ( 
ZONE 38 31001 6.6644000-02 ( 
ZONE 39 31001 6.6644OOD-02 ( 
ZONE 40 31001 6.6644000-02 ( 
ZONE 41 31001 6.6644000-02 ( 
ZONE 42 31001 6.6644OOD-02 ( 
ZONE 43 31001 6.6644000-02 ( 
ZONE 44 31001 6.6644000-02 ( 
ZONE 45 31001 6.6644000-02 ( 
ZONE 46 31001 6.664400D-02 ( 
ZONE 47 31001 6.6646000-02 ( 
ZONE 48 31001 6.66440013-02 ( 
ZONE 49 31001 6.6644000-02 ( 
ZONE 50 31001 6.6644000-02 ( 
ZONE 51 31001 6.6646000-02 ( 
ZONE 52 31001 6.6641000-02 ( 
ZONE 53 31001 6.6644OOD-02 ( 
ZONE 54 31001 6.6644000-02 ( 
ZONE 55 31001 6.6644OOD-02 ( 
ZONE 56 31001 6.6644OOD-02 ( 
ZONE 57 31001 6.6644000-02 ( 
ZONE 58 31001 6.6644000-02 ( 
ZONE 59 31001 6.6644000-02 ( 
ZONE 60 31001 6.664400D-02 ( 
ZONE 61 41001 6.6644000-02 ( 
ZONE 62 41001 6.6644000-02 ( 
ZOYE 63 41001 6.6644000-02 ( 
ZONE 66 61001 6.m00D-02 ( 
ZONE 65 41001 6.6644OOD-02 ( 
ZONE M 41001 6.664400D-02 ( 
ZONE 67 41001 6.6644OOD-02 ( 
ZONE 68 41001 6.6644OOD-02 ( 
ZONE 69 41001 6.6644000-02 ( 
ZONE 70 41001 6.6644000-02 ( 
ZONE 71 41001 6.6644000-02 ( 
ZONE 72 41001 6.6644000-02 ( 
ZONE 73 41001 6.6664000-02 ( 
ZONE 74 41001 6.664400D-02 ( 
ZONE 75 41001 6.6644OOD-02 ( 
ZONE 76 41001 6.6644OOD-02 ( 
ZONE 77 41001 6.664400D-02 ( 
ZONE 78 41001 6.6644000-02 ( 
ZONE 79 41001 6.6644000-02 ( 
ZONE 80 41001 6.6644000-02 ( 
ZONE 81 41001 6.6646000-02 ( 
ZONE 82 41001 6.6646000-02 ( 
ZONE 83 41001 6.6644000-02 ( 

1 .OOOO) 

21001 6.6436001)-02 ( 1 .OOOO) 

1 .OOOO) 292234 

21001 6.663600D 

1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1 .OOOO) 48016 
1 .OOOO) 48016 
1 .0000) 48016 
1.0000) 48016 
1 .OOOOl 48016 
1.0000) 48016 
1.0000) 48016 
1 .OOOO) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48076 
1.0000) 48016 
1 .OOOO) 48016 
1.0000~ 48016 
1.0000) 48016 
1.00Dol 48016 
1.0000) 18016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 

5.502000D-07 ( 

-02 ( 1.0000) 

3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334400-02 ( 
3.33UOOD-02 ( 
3.3344000-02 ( 
3.334400-02 ( 
3.3341000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
3.336400D-02 ( 
3.3344OOD-02 ( 
3.334400D-02 ( 
3.3341OOD-02 ( 
3.3364000-02 ( 
3.334400D-02 ( 
3.3UbOOD - 02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.334LO00-02 ( 
3.3344000-02 C 
3.3344000-02 ( 
3.3341000-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344ODD-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3346000-02 ( 
3.33444000-02 ( 
3.334COOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
3.3364008-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3364000-02 ( 
3.3344000 - 02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344OOD-02 ( 
3.3344OOD-02 ( 

28016 3.3330000-02 ( 1 .OOOO) 

1.0000) 292236 2.595000D-07 ( 

28016 3.333000D-02 ( 1 .OOOO) 

1 . 0000 ) 
1.0000) 
1.0000) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1 . 0000 1 
1.0000 ) 
1 . 0000 ) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1.0000) 
1 . 0000 1 
1 .OOOO) 
1 .OOOO) 
1 . 0000 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1 - 0000 ) 
1 .OOOO) 
1 .OOOO) 
1 .om0 ) 
1 .UOOO) 
1 .) 0000 1 
1.0000) 
1 .OOOO) 
1.0000 ) 
1 .OOOO) 
1 . 0000 ) 
1 .OOOO) 
1 . 0000 ) 
1 .OOOO) 
1.0UOO) 
1 .OOOO) 
1 . 0000 ) 
1.0000 ) 
1 .OOOO) 
1 .OOOO) 
1 - 0000 ) 
1.00001 
1 .OOOO) 
1 .0000) 
1.0000) 
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ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 

84 41001 
85 41001 
86 41001 
87 41001 
88 41001 
89 41001 
90 41001 
91 41001 
92 41001 
93 41001 
94 41001 
95 41001 
96 41001 
97 41001 
98 41001 
99 41001 

100 41001 

6.6644001)-02 ( 
6.66-44000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644OOD-02 ( 
6.6644OOD-02 C 
6.6644OOD-02 ( 
6.6644000-02 ( 
6.66UOoD-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 ( 

1 .OOOO) 
1.0000 1 
1 .oooo 
1 .OOOO) 
1.0000~ 
1 . 0000 
1.00001 
1.0000) 
1 .OOOO) 
1 . 0000 1 
1 .OOOD) 
1.0000) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1.0000) 

480 16 
48016 
48016 
48016 
480 16 
48016 
68016 
48016 
48016 
48016 
48016 
480 16 
48016 
48016 
48016 
48016 
48016 

3.3344000-02 ( 
3.3344OOD-02 ( 
3.334400D-02 ( 
3.334600D-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334600D-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.334400D-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.334400D-02 ( 

1 .OOOO) 
1.0000) 
1 .OOOO) 
1.0000) 
1 .ODOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 

***** AVERAGE VALUES FOR CONTROL ROD MATERIAL **-* 
192235 1.297967D-OS ( 1 .OOOO) 292235 3.9332330-05 ( 1 .OOOO) 192234 1.3651580-07 ( 1 .OOOO) 
292234 6.lMs4Z1-07 ( 1.0000) 192236 6.686842D-08 ( 1.0000) 292236 2.026316D-07 ( 1.0000) 
192238 7.4661880-07 ( 1.0000) 292238 2.262481D-06 ( 1.0000) 11001 1.648412D-02 ( 1.0000) 
21001 4.9951880-02 ( 1.0000) 18016 8.2698500-03 ( 1.0000) 28016 2.506015D-02 ( 1.0000) 
19019 3.061308D-05 ( 1.0000) 29019 9.276692D-05 ( 1 .OOOO) 

VOLUWE OF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES. 

_ - -_ “ - -______ .__ -___- - - - - - - - - ” - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

***** STARTING POSITIONS FOR ALL CONTROL ROOS ***** 
STARTING POSITION - -  POSNW( 1, 1). 0.000000000D+00 

It**** KEFF AT STARTING POSITION = .?I45979 

***** FIRST GUESS POSITIONS FOR MOVING CONTROL RODS ***” 
FIRST GUESS POSITION - -  POSNOU( 1, 1)= 1.8849555730+01 

***** KEFF AT F IRST GUESS POSITION = -7293 161 

BANK ROD **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 
1 1 1.884955573D+01 3.6s5142m~+oz 

-------------__--_----------.----------.----------------------------------- 
ITERATION # 1 - -  AT THE CURRENT POSITION KEFF = .a970353 
***** TU0 POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 

BANK ROO **** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 
1 1 3.655142871O+02 5.7833S591GD+02 

-------_------_-__--------------------------------.------------------------ 
ITERATION # 3 - -  AT THE CURRENT POSITION KEFF = .9874110 
***** TUO POINT LAGRANGE IMTERPOLATION USED TO DETERMINE NEU POSITION ***** 

BANK ROD **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 
1 1 7.567085669~+02 8.220619304D+02 
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BANK ROO I*** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 
1 1 8.220619304D+02 8.342143381D+02 

***** ENDING POSITION FOR ALL CONTROL ROOS ***** 
ENDING POSITION - -  POSNOW( 1, 1)= 8.342143381D+02 

* TOTAL CPU TIME = .30 MINUTES - TOTAL CLOCK TIME = -00 MINUTES * 
**************** NORMAL END OF CONTROL ROO POSITION MOOULE ****-********* 
....................................................................... 

****.r********W*****~****************************************************** 

*** CTRLPOS - CONTROL RM) POSITION MODULE - VERSION 1 - OCTOBER 1, 1992 *** 
***** CTRLPOS OPTION 30 ***** ----._-------r___-_.-------------*----------------------------------------- 

_ _ c _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

***** CONTENTS OF *CTRLCF* CONTROL FILE ***** 

XX( 1- 4) * 9.0000OD-01* 1.00000D-03* 1.00000D+03* 5.00000D+03* 
1X(  1- 5) * 3w 0' o* 21 0' 
l X (  6-10) * 1" I* D* O* 15* 
I X ( l 1 - 1 5 )  go* 0' O* 1* 0' 
IX(16-20)  * O+ o* o* (r O* 
IX (21 -25 )  O* O* O* 1' Of 

1-TARGET KEFF VALUE 9.OOOOOD-01 
2-ALLOVED KEFF TOLERANCE = 1.00000~-03 
3 - W A X I W  VALUE FOR CONTROL ROD MOVEMENT = 1.0OD+03 
4-cuu(1wucI NUMBER OF ATOH DENSITY VALUES (IF IX(23).NE.O) = 5000 

1-CTRLPOS OPTION UWBER 
2-NEUTRONICS MODULE 
3-INTERPOLATION SCHEClE 
4 - W B E R  Of POINTS I N  SCHEW 
5-STORAGE OF KEFF VALUES 
6-CONTROL RODS FOR KEFF SEARCH 
7-PRINT WT OF ATW DENSITIES 
&PRINT OUT ATOM DENSITIES AT EACH POSIT1 
9-CONTROL RQ) T I P  PARTIAL ZONE PLACEMENT 

10-UMBER OF POSITIOW ITERATIONS 
11-YUMBER OF OUTERS FOR NEUTRONICS MOOULE 
12-RESERVED 
13-BURNED CONTROL ROO OPTION 

***** PARAMETERS FOR CTRLPM OPTION 30 ***** 
14-BANK NUMSER FOR CONTROL ROO UDRTH CURVE = 
15-CWTROL ROD FOR VORTH CURVE 3 

16-RESERVED - 
-*** PARAMETERS FOR CTRLPOS OPTION 60 **** 
17-BANK W E E R  FOR RQ)/MNK RE-POSITIONING = 
18-CONTROL RQ) NLIUBER FOR RE-POSITIOWINC 
19-ZONE NUMBER FOR RE-POSITIONING 
20-ZONE BOUNDARY FOR RE-POSfTIONING 3 

21-VENTPLOT PLOT OPTION 4 

22-REVERSE CONTROL ROO MOTION OPTION 
23-ATOM DE#SlTY ARRAY STORAGE OPTION 
24-MWTAINER ARRAY MEMORY OPTION 
25-DE- OUTPUT PARAMETER = 

- - 

- 
- 
- - 

30 
0 
0 
2 
0 
1 
1 

0 
15 
99 
0 
0 

0 

1 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
0 
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BANK # 1 ROO # 1 ATOW D E N S I T I E S  

ZONE 
1 .OOOO) 
192238 
19079 

ZONE 
1 .OOOO) 
192238 
19019 

ZONE 
1 .OOOO) 
192238 
19019 

ZONE 
1 .OOOO) 
1922% 
19019 

ZONE 
1 .OOOO) 
192238 
19019 

ZONE 

2 192235 5.2312000-05 ( 

3.0091000-06 ( 1 .OOOO) 
1.2338000-Ob ( 1.0000) 
3 192235 5.2312000-05 ( 

3.0091000-06 ( 1.0000) 
1.2338000-06 ( 1.0000) 
4 192235 5.2312000-05 ( 

3.0091000-06 ( 1.0000) 
3.23380013-04 ( 1.0000) 
5 192235 5.2312000-05 ( 

3.0091000-06 ( 1.0000) 
1.2338000-04 ( 1.0000) 
6 192235 5.2312000-05 ( 

3.0091000-06 ( 1.0000) 
1.2338000-06 ( 1.0000) 
7 192235 5.2312000-05 ( 

1 .OOOO) 
192238 3.0091000-06 ( 1.0000) 
19019 1.2338000-04 ( 1.0000) 

ZONE 8 192235 5.2312000-05 ( 

192238 3.0091000-06 C 1.0000) 
19019 1.2338000-04 ( 1.0000) 

ZONE 9 192235 5.2312000-05 ( 

192238 3.0091OUD-06 ( 1.0000) 
190t9 l.2338OOD-04 ( 1.0000) 

ZONE 10 192235 5.2312000-05 ( 

192238 3.0091Ow)-06 ( 1.0000) 
19019 1.2338OOD-04 ( 1.0000) 

ZONE 1 1  292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-06 ( 1.0000) 

ZONE 12 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 
ZONE 13 292235 5.23120DD-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

ZONE 14 292235 5.2312OOD-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2333000-04 ( 1.0000) 

ZONE 15 292235 5.2312000-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

1 .OOOO) 

1 . 0000 ) 

1 .OOOO) 

1 .OOOO) 

1.0000) 

1 .OOOO) 

1.0000) 

1 . 0000 ) 

1.0000) 192234 5.502000D - 07 ( 
11001 6.6436000-02 ( 1.0000) 

1.0000) 192234 5.50200013-07 ( 

11001 6.6436000-02 ( 1.0000) 

1.0000) 192234 5.502000D-07 ( 

11001 6.6436000-02 ( 1.0000) 

1.0000) 192234 5.5020000-07 ( 

11001 6.6436OOD-02 ( 1.0000) 

1.0000) 192234 5.502OOOD-07 I 

11001 6.6436000-02 ( 1.0000) 

1.0000) 192234 5.502000D-07 ( 

11001 6.6636000-02 ( 1.0000) 

1.0000) 192234 5.502000D-07 ( 

11001 6.6436OOD-02 ( 1.0000) 

1.OODO) 192234 5.502000D-07 ( 

11001 6.6436000-02 ( 1.0000) 

1.0000) 192234 5.5020000-07 ( 

11001 6.6436000-02 C 1.0000) 

1.0000) 292234 5.502000D-07 ( 

~iooi 6.643600~-02 ( i.oaoo) 
1.0000) 292234 5.502OOOD-07 ( 

21001 6.6436000-02 ( 1.0000) 

1.0000) 292234 5.502000D-07 ( 

21001 6.6436800-02 < 1.0000) 

i.oooa) t 9 2 m  ~.~020om-o7 ( 

21001 6.6436000-02 ( 1.0000) 

1.0000) 292234 5.502000D-07 ( 

21001 6.6436000-02 ( 1.0000) 

1.0000) 192236 2.695000D-07 ( 

18016 3.333oao~-o2 ( i.oooo) 
1.0000) 192236 2.6950000-07 ( 

18016 3.333OOOD-02 ( 1.0000) 

1.0000) 192236 2.695000D-07 ( 

18016 3.333000D-02 ( 1.0000) 

1.0000) 192236 2.6950000-07 ( 

18016 3.333000D-02 ( 1 .OOOO) 

1 .OOOO) 192236 2.695OOOD-07 ( 

18016 3.3330000-02 ( 1 .OOOO) 

1.0000) 192236 2.6950000-07 ( 

18016 3.333000D-02 ( 1 .OOOO) 

1.0000) 192236 2.695OOOD-07 ( 

18016 3.3330000-02 ( 1 .OOOO) 

1.0000) 192236 2.695000D-07 C 

18016 3.333000D-02 ( 1.0000) 

1.0000) 192236 2.6950000-07 ( 

18016 3.3330000-02 ( 1 .OOOO) 

1.0000) 292236 2.6950000-07 ( 

28016 3.333000D-02 ( 1.0000) 

1.0000) 292236 2.6950000-07 ( 

28016 3.3330000-02 ( 1 .OOOO) 

1 . 0000 ) 292236 2.695000D - 07 ( 
28016 3.3330000-02 ( 1.0000) 

1.0000) 292236 2.695OOOD-07 ( 

28016 3.3330000-02 ( 1 .OOOO) 

1.0000) 292236 2.695OOOD-07 ( 

28016 3.333000D-02 ( 1.0000) 



ZONE 16 292235 5.231200D-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

Z W E  17 292235 5.231200D-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338OOD-04 < 1.0000) 

ZONE 18 292235 5.231200D-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.2338000-04 ( 1.0000) 

ZONE 19 292235 5.231200D-05 ( 

292238 3.0091000-06 ( 1.0000) 
29019 1.23380OD-06 ( 1.0000) 

ZONE 20 292235 5.2312OOD-05 ( 

292238 3.0091OOD-06 ( 1 .OOOOl 
29019 1.2338000-06 ( 1.0000) 

ZWE 21 31001 6.6644OOD-02 ( 
ZONE 22 31001 6.WOOD-02 ( 
ZONE 23 31001 6.6666OOD-02 ( 
ZONE 24 31001 6.6644OOD-02 ( 
ZONE 25 31001 6.6644OOD-02 ( 
ZONE 26 31001 6.664400D-02 ( 
ZONE 27 31001 6.666c00D-02 ( 
ZONE 28 31001 6.WOOD-02 ( 
ZONE 29 31001 6.664400D-02 ( 
ZONE 30 31001 6.664400D-02 ( 
ZONE 31 31001 6.6666000-02 ( 
ZONE 32 31001 6.664400D-02 ( 
ZONE 33 31001 6.6644000-02 ( 
ZONE 34 31001 6.6644000-02 ( 
ZONE 35 31001 6.6644000-02 ( 
ZONE 36 31001 6.6644OOD-02 ( 
ZONE 37 31001 6.6646000-02 ( 
ZONE 38 31001 6.6644006-02 ( 
ZONE 39 31001 6.6644000-02 ( 
ZWE 40 31001 6.6644000-02 ( 
ZONE 41 31001 6.6644006-02 ( 
ZONE 42 31001 6.6644OOD-02 ( 
ZONE 43 31001 6.6644OOD-02 ( 
ZONE 44 31001 6.6644000-02 ( 
ZONE 45 31001 6.664400D-02 ( 
ZONE 46 31001 6.664400D-02 ( 
ZONE 47 31001 6.664400D-02 ( 
Z W E  48 31001 6.6644000-02 ( 
ZONE 49 31001 6.66440013-02 ( 
ZONE 50 31001 6.6644000-02 ( 
ZONE 51 31001 6.6644000-02 ( 
ZONE 52 31001 6.6644000-02 ( 
ZONE 53 31001 6.6644000-02 ( 
ZONE 54 31001 6.6644000-02 ( 
ZONE 55 31001 6.6644000-02 ( 
ZONE 56 31001 6.6664000-02 ( 
ZONE 57 31001 6.66440000-02 ( 
ZONE 58 31001 6.6644000-02 ( 
ZONE 59 31001 6.6644000-02 ( 
ZONE 60 31001 6.6644000-02 ( 
ZONE 61 41001 &WOOD-02 ( 
ZONE 62 41001 6.6644OOD-02 ( 
ZONE 63 41001 6.6644000-02 ( 
ZONE 64 41001 6.664400D-02 ( 
ZONE 65 41001 6.6644000-02 ( 
ZONE 66 61001 6.664400D-02 ( 
ZONE 67 41001 6.6644OOD-02 ( 
ZONE 68 41001 6.6644000-02 ( 
ZONE 69 41001 6.664400D-02 ( 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1.0000) 

1 .OOOO) 

1.0000) 292234 5.502OOOD-07 ( 

21001 6.663600D-02 ( 1.0000) 

1.0000) 292236 5.502000D-07 ( 

21001 6.643600D-02 ( 1.0000) 

1.0000) 292234 5.502OOOD-07 ( 

21001 6.6436000-02 ( 1.0000) 

1.0000) 292234 5.502OOOD-07 ( 

21001 6.643600D-02 ( 1 .OOOO) 

1.0000) 292236 5.5020000-07 ( 

21001 6.64360OD 

1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000~ 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1 .OOOO) 38016 
1 .OOOO) 38016 
1.0000) 38016 
1.0000) 38016 
1 .0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 38016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 
1.0000) 48016 

-02 ( 1.0000~ 

3.33440OD - 02 ( 
3.3344000-0-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3364000-02 ( 
3.334400D-02 ( 
3.334400D-02 ( 
3.3344009-02 ( 
3.334400D-02 ( 
3.3364000-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344OOD-02 ( 
3.3344OOD-02 ( 
3.3WOOD-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344000-02 < 
3.334400D-02 ( 
3,334400D-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
3.336600D - 02 ( 
3.3344000 - 02 ( 
3.334400D-02 
3.3364000-02 C 
3.3344OOD-02 ( 
3.334400D-02 ( 
3.3344000-02 ( 
3.3344000-0-02 ( 
3.3344OoD-02 ( 
3.33440LID-02 ( 
3.3344OoD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.33440013-02 ( 
3.3364000-02 ( 
3.3344OOD-02 ( 
3.33C400D-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
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1.0000) 292236 2.695OOOD-07 ( 

28016 3.333000D-02 ( 1.0000) 

1.0000) 292236 2.695000D-07 ( 

28016 3.333000D-02 ( 1 .OOOO) 

1 .OOOO) 292236 2.695OOOD-07 ( 

28016 3.3330000-02 ( 1.0000) 

1.0000) 292236 2.695000[3-07 ( 

28016 3.3330001)-02 ( 1 .OOOO) 

1 .OOOO) 292236 2.695OOoD-07 ( 

28016 3.3330000-02 ( 1.0000) 

1 . 0000 ) 
1 . 0000 1 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
I .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OUOO) 
1 .OOOO) 
1.0000) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1.0000) 
1 .OOOO) 
1 . 0000 
1 .OOOO) 
1.0000 ) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . DO00 ) 
1 .OOOO) 
1 .OODO) 
1 .OOOO) 
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ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 

86 
87 
88 

90 
91 
92 
93 
94 
95 
96 
97 
98 
W 
100 

as 

a9 

41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
4 1001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 
41001 

6.6#4000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.664400D-02 ( 
6.6644OOD-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.&&4000-02 ( 
6.6644000-02 ( 
6.664400D-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644009-02 ( 
6.6644000-02 C 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644OOD-02 C 
6.6644000-02 ( 
6.6644OOD-02 ( 
6.664400D-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.WOOD-02 ( 
6.6644009-02 ( 
6.6644000-02 ( 
6.664400D-02 ( 
6.6644000-02 ( 

1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1.0000) 
1 . 0000 
1 .OOOO) 
1 . 0000 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 . 0000 ) 
1.0000) 

48016 
480 16 
480 16 
48016 
48016 
48016 

48016 
18016 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
18016 
48016 

480 16 

48016 

48016 
48016 
48016 
480 16 
48016 

48016 

48016 

48016 

4aoi6 

48016 

3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-0-02 ( 
3.3344OOD-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 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334400D-02 ( 
3.3344OOD-02 ( 
3.3344OOD-02 C 
3.334400D-02 ( 
3.334400D-02 ( 
3.3344000-02 ( 

3.334400D-02 ( 
3.334400D-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.33440013-02 ( 

3.334400~-m 

1 .OOOO) 
1,0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 
1 .OOOO) 
1.0000) 

***** AVERAGE VALUES FOR CONTROL ROO CUTERIAL **-* 
192235 1.297967D-05 ( 1.0000) 292235 3.9332330-05 ( 1.0000) 192234 1.3651580-07 ( 1.0000) 
292234 4.136842D-07 ( 1 .OOOO) 192236 6.6868420-08 ( 1 .OOOO) 292236 2.026316D-07 ( 1 .OOOO) 

VOLUME OF CONTROL ROO MATERIAL USED TO CALCULATE ATOH DENSITIES.  

192238 7.466iaa~-o7 ( i.oooo) 29223~ 2.2624ai~-o6 ( i.oooo) iiooi 1.648412~-02 ( i.oooo) 
21001 4.~51880-02 ( 1.00oo) 18016 a.269aso~-03 ( i.oooo) 28016 2.50601s~-02 ( i.oooo) 
19019 3.0613080-05 ( 1.0000) 29019 9.276692D-05 ( 1.0000) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

CONTROL ROO BANK = 1 

***** ALL RODS I N  BANK WILL BE POSITIONED ***** 
NUMBER OF POSITIONS = 70 

***** ONLY ZOIlE POSITIONS FOR BANK # 1, ROD # 
NUPIBER ZONE BWNDARY POSIT ION 

1 PRINTED HERE ***** 
1 2 0 0.000000000D+00 
2 2 1 2.3561944960+00 
3 3 1 6.2831852440+00 
4 4 1 1.1780972241)+01 
5 5 1 1.8649555730+01 
6 6 1 2.748893523D+Ol 
7 7 1 3.76W111700+01 
8 a 1 4.948008418D+Ol 
9 9 1 5.283185267D+01 
10 10 1 7.775441813D+OI 
11 11 1 9.424~86SD+01 
12 12 1 1.123119361D+02 
13 13 1 1.31946890&+02 
14 14 1 1.5315264010+02 
15 15 1 1.7592918660+02 
16 16 1 2.0027653000+02 
17 17 1 2.261946685D+02 
18 18 1 2.5368360400+02 
19 19 1 2.8274333640+02 
20 20 1 3.133738639D+02 
21 t l  1 3.455751884D+02 
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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 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

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

48 

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 

3.7934730980+02 
4.1469022821)+02 
4.5160394360+02 
C.W0884521D+O2 
5.3014375760+02 
5.717698600D+02 
6.1496675940+02 
6.597344558D+02 
7.060729492W02 
7.539a223~70+02 
8.034623 1 9 1 D+ 02 
a.545131~6~+02 
9.0713487’7OD+02 
9.6132735 13D+O2 
1.017090623D+03 
1.0744246876+03 
1.133329549~+03 
1.1938052076+03 
1.255851662D+03 
1.3194689150+03 
1.384656964D+03 
1 .451415807D+03 
1.5197454500+03 
1.5896458860+03 
1.6611171160+03 
1.?341591460+03 
1.808i71970D+03 
1.8849555940+03 
1.962710011D+03 
2.042035229W03 
2.1229312410+03 
2.2053980650+03 
2.289435651D+03 
2.3750440490+03 
2.4622232480+03 
2.5509732410+03 
2.641294026D+03 
2.733185612D+03 
2.8266G79QtD+O3 
2.921681172D+03 
3.0182851460+03 
3.116459920D+03 
3.216205487D+03 
3.31 E2?817D+03 
3.620409009D*03 
3.524866963D+03 
3.630895 718~+03 
3.738495267D+03 
3.8476656080+03 

***** SAVED POSITIONS FOR ALL CONTROL ROOS ***** 
SAVED POSITIW - -  POSSAW 1, I)= ~.UZIG~~~ID+O~ 

,000 -_o_-------------_-_________ TIME I Y  DAYS _ - - - - - D _ _ _ _ _ _ _ - _ _ - - _ _ _ _ _ _  

***** W I N G  CONTROL RODS TO POSITIONS FOR VbRTH CURVE ***** 
***** ONLY ZONE POSITIONS FOR BANK # 1, ROO # 1 PRfNTEO HERE ***** 

# ZONE BUDRY BANK ROD POSITIOW KEFF DKEFF DK/VOL OKO/VOL 

1 2 o 1 i o.oooom+oo . 7 i m m  .ooooooo .ooooooo .ooooaoo 
2 2 1 1 1 2.356191)+00 .7165064 .OD26671 .0011320 .0011320 
3 3 1 1 1 6.28319D+OO -7196427 .00436T/ .0011122 .0011196 
4 4 1 1 1 1.17810D+Ol -7239419 .0059562 .0010834 .0011027 
5 5 1 1 1 1.8849&+01 .7293161 .0073961 .(3010463 .0010815 
6 6 1 1 1 2.74889a+Ol .7356579 .0086580 .0010022 .0010565 
7 7 1 1 1 3.769910+01 -7429895 .00991M .0009713 .0010334 
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8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
36 
35 
36 
37 
38 
39 
40 
41 
42 
63 
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 

8 1  
9 1  
10 1 
11 1 
12 1 
13 1 
14 1 
15 1 
16 1 
17 1 
18 1 
19 1 
20 1 
21 1 
22 1 
2 3 1  
24 1 
25 1 
26 1 
27 1 
28 1 
2 9 1  
30 1 
31 1 
32 1 
33 1 
3 4 1  
35 1 
3 6 1  
37 1 
3 8 1  
39 1 
40 1 
41 1 
42 1 
43 1 
4 4 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 
6 0 1  
61 1 
62 1 
6 3 1  
6 4 1  
65 1 
6 6 1  
67 1 
6 8 1  
69 1 
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 
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 
1 

4.94801D+01 .7512037 .0109948 
6.28319D+01 .7600368 -0116898 
7.77544D+Ol .7696218 .0125323 
9.42478D+01 -7796580 .0129569 
1.12312D+02 .7901637 .0133836 
1.31947D+02 .a09616 .0135726 
1.53153D+02 .a120614 .0137628 
1.759290+02 .E232235 .0136516 
2.002770+02 -8346230 .0137521 
2.261950+02 .&is9521 .OW824 
2.536840+02 .8572514 .0132683 
2.827430+02 .8685297 -0130703 
3.133740+02 .879628O -0  126972 
3.455750+02 -8905405 .0123294 
3.79367D+02 .9013501 .0120650 
4.146900+02 .9119067 .011&38 
4.516a6D+02 .9222040 .0112287 
4.900880+02 .93223W .0108136 
5.301440+02 .9420633 .0104921 
5.7177OD+02 .9516101 .0100829 
6.149670+02 .9608690 .0096826 
6.597340+02 .9698324 .OW2851 
7.06073~+02 .9785108 -0089085 
7.53982D+02 -9869538 .0085914 
8.03462D+02 -9951225 -0082426 
8.545 13D+02 1.0030079 .0078928 
9.07135D+02 1.0106200 .0075606 
9.613270+02 1.0179708 .0072472 
1.017090+03 1.0250709 .0069505 
1.07442D+03 1.0319166 .0066561 
1.13333~+03 1.0385371 .0063952 
1.193810+03 1.0449241 .0061311 
1.25585D+03 1.0510879 .0058814 
1.31947~+03 1.0570304 -0056378 
1.386660+03 1 A27626 .0054082 
1.45142D+03 1.0682876 .0051852 
1.519751)+03 1.0736152 .OW9746 
1.589651)+03 1.0787'356 .0047765 
1.66112D+03 1.0837113 .OW5833 
1.7341&+03 1.0884914 .0044012 
1.808nD+03 1.0931045 .0042291 
1 .8849&+03 1 .0975734 .0040799 
1.962710+03 1.1018789 .0039150 
2.04204D+03 1.1060340 -0037639 
2.122930+03 1.1100448 -0036197 
2.205400+03 1.1139164 .0034817 
2.28944+03 1.1176560 .0033515 
2.375040+03 1.1212593 .0032186 
2.46222D+03 1.1247473 .0031059 
2.55097~+03 1.12~1177 -0029921 
2.64129D+03 1.1313751 .0028833 
2.73319D+03 1.1345259 .0027811 
2.826650+03 1.1375709 .0026803 
2.92168D+03 1.1405158 .0025855 
3.018290+03 1.1433645 .0024947 
3.116460+03 1.1461301 .0024158 
3.2162113+03 1 .Ma7993 .0023262 
3.317520+03 1.1513834 -0022469 
3.42041D+03 1.1538889 .0021737 
3.524870+03 1.1563143 -0020997 
3.63090D+03 1.1586642 .0020302 
3.738500+03 1.1609406 -0019628 
3.84767D+03 1.1631399 .0018926 

.0009333 

.0008755 

.0008398 

.0007856 

.0007409 

.0006912 

.0006490 

.0005 994 

.0005648 

.0005202 

.DO04827 

.0004498 

.0004145 
-0003829 
.0003572 
-00032% 
.0003042 
.0002010 
.0002619 
.0002422 
.0002242 
.0002074 
.0001922 
.0001793 
.0001666 
.0001546 
-0001 437 . 0001 337 
-0001 246 
.0001161 
.0001086 
.) 000 1 014 
.0000948 
.I 0000806 
.0000830 
.0000777 
.0000720 
.00006a3 
.000064 1 
.0000603 
.0000567 
.0000536 
.0000504 
.0000474 
.0000447 
.0000422 
.00003W 
.0000376 
.0000356 
.0000337 
.0000319 
.0000303 
.0000287 
.0000272 
.0000258 
.0000246 
.0000233 
* 0000222 
.0000211 
.0000201 
.0000191 
.0000182 
.00001 n 

**** O P T I N  30 COMPLETE - -  COUTROL ROOS RE-POSITIWED **-* 
***- ENDING POSITION FOR ALL CONTROL RODS ***** 
ENDING POSITION -- POSNW( 1, I)= 8.3421433818+02 

.0010094 

.0009808 

.0009536 

.0009240 

.0008943 

.0008638 

.0008337 

.0008030 

-0007442 
.0007155 
.0006878 
.0006607 
.0006344 
.0006093 
.000585 1 
.0005617 
.0005393 
.0005180 
-0004976 
e 0004780 
.0004594 
-00044 15 
.) 0004246 
.0004W 
.0003930 
.0003783 
.0003643 
.0003509 
.0003382 
.0003261 
.0003145 
.0003035 
.0002930 
.0002829 
.0002734 
.0002642 
.0002555 
.0002471 
.0002392 
.000231S 
.0002242 
.0002 173 
.0002106 
,0002042 
.0001980 
.0001922 
.0001865 
.0001811 
.0001759 
.0001710 
.0001662 
.0001616 
.0001572 
.0001529 
.0001488 
.0001449 
.0001411 
.0001375 
.0001340 
.0001306 
.0001273 
.0001242 

.ooom7 
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* TOTAL C W  TIME = 2.98 MINUTES - TOTAL CLOCK TIME = .OD MINUTES 
***************** NORMAL END OF CONTROL ROD POSITION W U L E  *************** 
........................................................................... 

END OF SAMPLE 1, METHOD 1 CTRLPOS OUTPUT 
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D.2 IlypuT BM) OUTPUT FOR SAMPLE PROBLEM 2 
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D . 2 . 1  SAMPLE 2 MCNP INPUT 

message: wt=ctsCvl.o srctpcts4vl .s runtpe=ct&vl.r 

CTRLPOS Sglple Problem 2--Control R o d  S tudy ,  Case 1 

mctel=ctsCvl.m 

L 

1 

2 

3 

4 

9999 

1 1  
2 1  
3 1  
4 1  

C 
C 
C 
C 
m6 

mt6 
C 
C 
C 
C 
C 
m3 
mt3 
C 
C 
C 
C 
C 
m7 
C 
C 
kcode 
C 

C 
pranp 

ksrc 

6 9.994552-2 2 -3 S Outer Core 
imp:n=l 

6 9.994552-2 -1 S Center Core 
inp:n=l 

3 1.00032-1 3 -4 S Water next to  core 
inp:n=l 

7 -13.1 1 -2 S Control rod in  core 
inp:n=l 

0 4 S Outside World 

cz 17.0 
:2 18.0 
:z 35.0 
tz 100.0 

t Cylinders 

)..e** Fuel e-* 
Material 6--U02F2-H2O Solution Totel Density= 9.994552-2 

H/235U atomic ratio=1270 

1001.50~ 6.6436-2 92238.50~ 3.0091-6 
8016.50~ 3.3330-2 9019.50~ 1.2338-4 92234.50~ 5.5020-7 
92235.50~ 5.2312-5 92236.50~ 2.6950-7 
L w t r . O l t  

***** Reflector -*** 
Materisl  2--H20 re f lec to r  Total density= 9.984-2 

io01 . ~ O C  0.- 8016.50~ 0.033344 
lwtr.01 t 

*-** Control Material *-** 
Material 7--Hf Control Rod 

72000.50c 1 

Total density.: 4.419755-2 

1000 1.0 30 180 

180 180 180 1 

0 0 0  S Beginning source gutss 

S 1000 part icles, 30 se t t l e  cycles, 180 cycles 

f Durp information t o  f i l e  a f te r  180 cycles 

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

=csasn 
CTRLPOS Senple 2 - -  Infinite Cylindrical Reactor uith ControL 
W g r  nultiregion 
11-235 1 0 5.2312-5 end 
U-238 1 0 3.0091-6 end 
U-234 1 0 5.5020-7 erd 

h 1 0 6.6436-2 end 
u-236 1 0 2.6950-7 end 

0 1 0 3.3330-2 end 
f 1 0 1.2338-4 end 
h 2 0 0.066644 end 
0 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 canp 
cylindrical vacum reflected 0. end 
1 17. 
3 18. 
1 35. 
2 100. 
and zone 
more data dab600 end 
end 
=xsdrn- j p 

-1s 1000000 
OU a 3 4 e  
'Its 2 5 100 1 0 3 15 8 3 1 10 10 0 0 e 
1ff 2 5 100 1 0 3 15 8 3 1 10 200 0 0 e 
2ff -2 0 0 0 0 e 
3 s  l O O l e  
4fS 0 16 0 -2 3 4 19 e 
5** 1.0-4 1.0-4 0 e 
t 
13% 7rl 6r2 2r3 
14fS 92235 92238 92234 92236 1001 8016 9019 

CTRLPOS Sample 2 - -  Infinite Cytindrical Reactor uith Control 

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 .U38-4 
7.16000-5 2.30092-3 8.22339-3 1.20646-2 6.02368-3 1.55133-2 
0.066644 0.033344 

t 
34## 17r1.0 10r0.0 16r1.0 57r0.0 
t 
35.' 16iO. 9i77. 15i18. 56i35. 100. 
3655 17rl lor2 16r3 27r4 30r5 
3955 1 2 1 3 3  
51St lor1 10r2 5r3 51-4 5r5 5rQ 5r7 5r8 5r9 5r10 5rll 5r12 

t 
end 
=xsdrn- jp  

-1% 1000000 
0 s  a3 3 20 30 e 
Iff 2 5 1 0 0 1 0 5 2 4 8 3 1  1 0 2 0 0 O O e  
2fL -2 0 0 0 0 e 
3SS 1 0 0 1  e 
4% 0 8 0 - 2 3 4 7 e  
5** 1-04 1-04 0 e 
t 

7r13 4r14 5r15 13r16 

CTRLPOS Sample 2 - -  Infinite Cylindrical Reactor with Control 
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* 13s 7rl 6r2 7r3 2r4 2r5 
14tf 192235 192238 19223 192236 11001 18016 19019 

272174 272176 2?2177 272178 272179 272180 
392235 392238 392234 392236 31001 38016 39019 
4201001 4208016 
5201001 5208016 

IS** 5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6436-2 3.3330-2 
1 .Urn-& 
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 . W  0.033W 
0.066644 0.033344 

t 
34## 17r1.0 10rO.O 16r1.0 57r0.0 
t 
35** 16iO. 9i17. 15i18. 56i35. 100. 
3623 171-1 lor2 16r3 27r4 30r5 
39ss 1 2 3 4 5  
51% 3rl 2r2 4r3 2r4 2r5 6 7 8 
t 
end 
rxtsdrn-j p 

CTRLPOS Sanple 2 - -  Infinite Cylindrical Reactor with Control 
- 1 0  '1000000 
O S  e3 30 20 29 e 
1 s  2 5 1 0 0 1 0 5 2 4 8 3 1  lO2000Oe 
2% - 2 O O O O c  
3 s  1 0 0 1  e 
4SX 0 8 20 -2 26 4 7 -1 e 
S8* 1.0-4 1 - 0 4  0 e 
t 
13tS 7rl 6r2 7r3 21-4 2r5 
lGtf 1192235 1192238 1192234 1192236 111001 118016 119019 

2272174 2272176 2272177 2272178 2272179 2272180 
3392235 3392238 3392234 3392236 331001 338016 339019 
44201001 44208016 
55201001 55208016 

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 6.023368-3 1.55133-2 
5.2312-5 3.0091-6 5.5020-7 2.6950-7 6.6636-2 3.3330-2 
1 -2338-4 
0.066644 0.033344 
0.066664 0.033344 

l b f X  11192235 11192238 11192234 11192236 1111001 1118016 1119019 
22272174 22272176 22272177 22272178 22272179 22272180 
33392235 33392238 33392234 33392236 3331001 3338016 3339019 
C44201001 4U208016 
555201001 555208016 

1W 6h192235 6h192238 6h192234 6hl92236 6h 11001 6h 18016 
6h 19019 
6h272174 6h272176 6h272177 6h272178 a272179 6h272180 
6h392235 a392238 6h3922U 6h392236 6h 31001 6h 38016 
6h 39019 
6h 11001 6h 18016 
6h 51001 6h 58016 

t 
34## 17r1.0 10r0.0 16r1.0 57r0.0 
t 
35* 16iO. 9i17. 15i18. 56335. 100. 
36SS 17rl lo r2  16r3 27r4 30r5 
3% 1 2 3 4 5  
51SS 1 2 3 4 5 6 7 8  
t 
end 

EM) OF SAMPLE 2 SCALE XNPUT 
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D.2.3 SAMPLE 2 VENTURE/CTRLPOS INPUT 

=CONTROL1 
CTRLPOS Sample Problem 2 - -  I n f i n i t e  Cylindrical Hf R o d  in Core 
~000000001111111111222222222233333333334~~4~445555555555666666M66mfTTm78 
'23456789012U56789012~56789012~567890123~5678901~56789012345678901~5~7890 
800000 04 1 1 
w w w w w w w w w w w w w 9 9 ~ w w w ~ w w w w ! w  
9 9 9 9 w 9 9 w w w w w ! w w w w 9 9 9 9 w w w w w 9 9 ~ w w  
w w 9 9 w w 9 9 w 9 9 9 9 9 9 w w w w w w w w w w 9 9 9 9 w w  
9 9 w w w 9 9 9 9 w w 9 9 w w w w 9 9 w w w 9 9 w w w ~ w 9 9  
w 9 9 9 9 w w w w w w w w 9 9 w w 9 9 9 9 w 9 9 w ~ 9 9 w w w  
w w w w w w w w w w w w w w w w w w 9 9 w w ! w w w  
0 
ISOKXS 

END 00000670 
DCRSPR 
234567890 12x567890 1234567890 1234567890 1 234567890 1234567890 1234567890 

1 1  1 1  0 0  
24 1 

192235 92235 235. 3.236 -11 1 
392235 92235 235. 3.236 -11 1 
192234 92234 234. 3.19 -11 1 
392234 92334 234 1 3.19 -11 1 
192236 92236 236. 3.26 -11 3 
392236 92236 236. 3.26 -11 3 
192238 92238 238. 3.31 -11 2 
392238 92238 238. 3.31 -11 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 72171 174. 7 
272176 72176 176. 7 
272177 72177 177. 7 
272178 72178 178. 7 
272179 72179 179. 7 
272180 72180 180. 7 
END 
CROSPROS 
END 
DVENTR ' 1  *** 2 = DVENTR 
001 CARD 1 

1.00+1 1.00 1 .o CARD 2 
CARD 3 
CARD 4 

'01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 98 19 20 21 22 23 24 
2 0 0 0 0  100 0 1 CARD 5 

' 01  02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 98 19 20 21 22 23 24 
1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 2 1  0 0 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 

003 
'01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

004 
'231 2x567891 231236567891231 2x567891 23 12U567891231U456789lf3123456789 
136 17.0000 30 1.0000 8 0.0001136 17.0000200 25.0000240 30.0000 

2 1 2  0 
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0 0.0000 
I *** 
005 
1 2 3 4 5 6  

012 
0 

013 
24 

BLANK 

I I I I I I I I I 
24 

~9223~39223;1922d3922d192.d3922&19223Jh922d 1100; 3100; 4100; 51001 
18016 380 16 48016 58016 19019 390192721742?Z1762?Z 177272 178272 179272180 
020 

I Inner Core Region 
192235 5 -231 20E-05 192238 3.0091OE-0619223 5.50200E-07192236 2.69500E-07 

1 1  

11001 6.64360E-02 18016 3.33300E-02 19019 1.23380E-04 
2 2  -~ 

I Natural H f  atom densit ies 
272 174 7.16000E- 05272176 2.30O92~43272177 8.22339E - 03272 178 1.20646E-02 
272179 6.02s-03272180 1.55133E-02 
3 3  

I Watural Hf atom densit ies 1OE-8 
272171 7.16000E-13272176 2.30092E-112721TI 8.22339E-11272178 1.20646E-09 
272179 6.0236%-11272180 1.55133E-10 
G I  

I Outer Core Region 
392235 5.23120E-05392238 3.00910E-06392234 5.50200E-07392236 2.69500E-07 
31001 6.64360E-02 38016 3.333OOE-02 39019 1.23380E-04 
5 5  

I lmer Reflector Region 
41001 6.66440E-02 48016 3.33UOE-02 

I Outer Reflector Region 
51001 6.6644M-02 58016 3.3344OE-02 

6 6  

0 0  
END 
I**** Option 5 used t o  define CTRLPOS output f i l e  name 
DUTLIN 
CTRLCF 0 6  0 2 4  1 
'----1*----'-----2----- I , - - - - - 3 - - - - * 1 - - - - - 4 - - - - - I - - - - - 5 - - - - - ' - - - - - & - - - - - 1  I 

1 -000 0.0010 1000.0 
'-1--2--3--4--5--6--7--8--9-10-11-12-13-14-15-16-17-18-19-20-2l-U-23-24 

END 
CTRLPOS '***** 
ctrls2.out.l 
END 
I**-* 

DUTLIN 
CTRLCF 0 6  024 1 

5 0 0 2 0 1 0 0 01035 1 0 1 0 0 0 0 0 0 0 0 0 0 

F i l e  name f o r  CTRLPOS wtput 

Option 10 used t o  read in  CTRLPOS data 

~----l-----I-----2-----~-----3-----~----~~~~-~-~-~---5-~-~-~.----6--~--~ 1 I 

1 .ow 0.0010 1000.0 soo0.b 
~-1--2--3--4--5--6--7--8~-9-10-11-12-13-14-15-16-17-16-19-20-21-22-23-21 
10 0 0 2 0 1 1 0 02599 0 0 0 0 0 0 0 0 0 0 0 0 1 

END 
I**** CTRLWS DATA FOR SMPLE PROBLEM 2 
I**** The 'control rod' zone i s  only zone 2. The f i r s t  posi t ion guess i s  the 
I***** upper bwndsry o f  zone 2 while the t i p  of the control rod s ta r t s  a t  
I-** the lower boundary of zone 2. O f  course, the l im i t s  of control rod 
I**- motion are the upper a d  lower boundaries of t h i s  tone. The follower 
I-** material i s  i n  zone 3 which i s  a very t h i n  zone which w i l t  not 
I**** affect  the problem. 
I***** very smell density i s  needed so control rod posi t ion searches can be 
I-** &)ne. 
CTRLPOS 
hegin- input 

This zone i s  needed since Hf follower at a 
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2 , 1  
end- input 
END 
' VENTNEUT 
'END 

END OF SAMPLE 2 VENTURE/CTRLPOS INPUT 
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D.2.4 SAMPLE 2 CTRLPOS OUTPUT 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
***** CONTENTS OF *CTRLCF* CONTROL FILE ***** 
XX( 1- 4) 1 .OOOOOD+OO* 1.OOOOOD-03’ 1.00000D+03* 5.00000D+03’ 
IX( 1 -  5) lo* 0” o* 2’ o* 
IX( 6-10) l* 1* 0‘ Df 25* 
lX(l1-15) * pQ* o* O* Oi O* 
IX(16-20) 0* [r [r OC o* 
IX(21-25) o* O* Df 1. 0* 

1-TARGET KEFF VALUE = 1.oooooD+oo 

4-MAXIMUM NUMBER OF A T W  DENSITY VALUES (IF IX(23l.WE.O) = 5000 

Z-ALLOVED KEFF TOLERANCE = 1.OOOOOD-03 
3-HAXIcwM VALUE FOR CONTROL ROO MOVEMENT = 1.00D+03 

- 1-CTRLPOS OPTION NUMBER - 
2-NEUTRONICS MODULE - 
3-INTERPOLATION SCHEME - - 
4-NU)UBER OF POINTS IN SCHEME D 

5-STORAGE OF KEFF VALUES - - 
6-CONTROL RODS FOR KEFF SEARCH - - 
?-PRINT W T  OF ATOn DENSITIES - 
&PRINT OUT ATOM DENSITIES AT EACH POSITION = 
9-CONTROL Ro TIP PARTIAL ZONE PLACEMENT = 
10-NUnBER OF POSITION ITERATIONS - 
11-NUWBER OF W T E R S  FOR NEUTRONICS MODULE = 
12-RESERVED - - 
13-BURNED CONTROL ROD OPTION - - 
***- PARAMETERS FOR CTRLPOS OPTION 30 ***** 
%BANK NUMBER FOR CONTROL ROD M R T H  CURVE = 
15-eOWTROL ROD FOR UORTH CURVE = 
16-RESERVED - - 
***** PARAMETERS FOR CTRLPOS OPTION 40 ***** 
17-BANK N W E R  FOR ROD/BANK RE-POSITIONING = 
18-CONTROL ROD NUMBER FOR RE-POSITIONING = 
19-ZONE NUEIBER FOR RE-POSITIONING - - 
2 O - t W E  BOUNDARY FOR RE-POSlTIONING - 
21 -VENTPLOT PLOT OPTION - 
22-REVERSE CONTROL ROD MOTION OPTION - 
23-ATOn DENSITY ARRAY STORAGE OPTION - 
24-CONTAINER ARRAY MEMORY OPTION - 
25-DEBUG W T P U T  PARAMETER - - 

10 
0 
0 
2 
0 
1 
1 

0 
25 
99 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
0 

-_”--_-----------------------------------------”--------------------------- 

TOTAL AVAILABLE MEMORY = 4800000 UbRDS. 
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L O M R  MEMORY FOR CTRLPOS = 2 2 6 1 5  WORDS. 
UPPER MEMORY FOR CTRLPOS = 4Bc WORDS. 
TOTAL MEMORY FOR CTRLPOS = 23099 W D S .  

EXTRA MEMORY = 4776901 W D S .  __.________-________------------------------------------------------------- 
BANK # 1 ROO # 1 
CONTROL ROO T I P  I S  L M R  BOUNDARY OF ZONE 2 
F I R S T  GUESS P O S I T l O N  I S  UPPER BOUNDARY OF ZONE 2 
UPPER CONTROL ROO L I M I T  IS UPPER BOUNDARY OF ZONE 2 
LOVER CONTROL ROO L I M I T  IS LOUER BOUNDARY OF ZONE 2 

__-_-_--_-______________________________------------------------------.---- 
***** INFORMATION ON MEMORY REQUIREMENTS FOR ATOn DENSITY ARRAYS ***** 
MAXIMUM NUMBER OF ATOn DENSITY VALUES POSSIBLE = 13. 
NOTE *** T H I S  VALUE DOES NOT ACCOUNT FOR THE PRUJUCTION 

OF NEW ISOTOPES I N  THE FOLLOVER MATERIAL *** 
TOTAL MEMORY REQUIRED FOR IX(23).EP.O = 23099 UORDS. 
TOTAL MEMORY REPUIRED FOR IX(23).NE.O = 22853 UORDS. 

IX(23).NE.O OPTION SAVES AT LEAST 246 WORDS OF MEMORY. 
SET XX(3) ( L I M I T  VALUE) GREATER THAN 13. 
NOTE *** YOU CAN SAVE MEMORY BY CHANGING TO IX(23).NE.O *** 
_ _ - _ _ _ _ - - _ - _ - _ _ - _ _ _ _ - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - . - - - - -  

BANK # 1 ROD # 1 NUMBER OF ZONES = 1 
CONTROL ROD FOLLOUER CONTROL ROO FOLLOUER TOTAL ROO 
ZONE NUMBER ZONE NUM5ER ZONE VOLUME ZONE VOLUME ZONE VOLUME FLAG 

1 2  3 1.0995&+02 1.130980-02 1.099560+02 1 

ZONE 2 272174 7.16OOOOD-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.20646OD-02 ( 1.0000) 272179 6.0236800-83 ( 1.0000) 272180 1.55133OD-02 ( 1.0000) 
1 .OOOO) 

***** AVERAGE VALUES FOR CONTROL ROO MATERIAL ***** 
272174 7.16OOOOD-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 2 R l n  8 . 2 2 3 3 9 0 D - 0 3  ( 1.0000) 
272178 1.20646OD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 

VOLUME OF CONTROL ROO MATERIAL USED TO CALCULATE ATOM DENSITIES.  

__ -____________-___-____________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
***** STARTING POSITIONS FOR ALL CONTROL RODS ***** 
STARTING POSITION - -  POSNW( 1, 1)= O.OOOOOOOOOD+OO 

***** KEFF AT STARTING POSITION = -9630272 

***** FIRST GUESS POSITIONS FOR MOVING CONTROL ROOS ***** 
FIRST GUESS POSITION D -  POSNOV( 1, 1)= 1.0995574190+02 

***** KEFF AT F IRST GUESS POSITION = 1.1438609 

_- - - - -_- -_-_-__-__--____________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
ITERATION # 0 - -  AT THE CURRENT POSITION KEFF = 1.1438609 
***** TWO POINT LAGRANGE INTERPOLATlOFl USED TO DETERMINE NEU POSITION ***** 
BANK ROD **** CURRENT POSITION **** **- NEU PREDICTED POSITION **** 

1 1 1 .OW557419D+O2 2.2481 27786D+01 
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ITERATION # 1 - -  AT THE CURRENT POSITION KEFF = .9668990 
***** TUO POINT LAGRANCE INTERPOLATION USED TO DETERWJNE NEU POSITION ***** 
BANK ROO *** CURRENT POSITION *** **** NEU PREDICTED POSITION **** 

1 1 2.2481 2 7 7 ~ + 0 1  3.886349441D+01 

-__---____-___-----_________________r___---------------------------.------- 
ITERATION # 2 - -  AT THE CURRENT POSITION K E F F  = .97046(10 
***** TU0 POINT LAGRANGE lNTERPOLATIOl( USED TO DETERMINE NEU POSITION ***** 
BANK R m  *** CURRENT W S I T I O N  **I* *- NEW PREDICTED POSITION **** 

1 1 3.884%9461D+Ol 5.0963393 1 SD+O 1 

------____cc----_--_____________________--------.*-----~------------------- 

ITERATION # 3 - -  AT THE CURRENT POSITION KEFF = .9737892 
***** TU0 POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION **** 
BANK RUI **** CURRENT POSITION *-* **** NEW PREDICTED POSITION **** 

1 1 5.0%3393180+01 6.005508032D+01 

_ - - - - - - _ _ - _ - - - * - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - ~ ~ - - - - - - - - - - - - ~ - - - - - - - - - - -  

ITERATION # 4 - -  AT THE CURRENT POSITION KEFF = -976991 5 
***** TU0 POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
BANK ROO **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 

1 1 6.005508032D+01 6.693553691D+01 

-_______-__-__- - -_ - -_D________L_________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " - - -  

ITERATION # S -- AT THE CURRENT POSITION KEFF .9800682 
***** TU0 POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION **** 
BANK ROO **** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 

1 1 6.6935536910+01 7.217523560[)+01 

_ - - - - - _ D _ _ - c - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ c c _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~  

ITERATION # 6 - -  AT THE CURRENT POSITION KEFF = -9829227 
***** TUO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
BANK ROD **** CURRENT W S I T I O N  *-* **** MEW PREDICTED POSITION **** 

1 1 7.2173235600+01 7.61861 6870D+01 

-----"-----_--________________rc________------------------------.---------- 
ITERATION # 7 - -  AT THE CURRENT POSITION KEFF * .9855700 
***- TU0 POINT LAGRANCE 1NTERPOLATION USED TO DETERKINE NEW POSITION ***** 
BANK RCO *** CURRENT POSITION **** *** NEW PREDICTED POSITION **** 

1 1 7.61 t3&14870+01 7.926282018[1+01 

-_----p__"____-___-_________________I___----------"---------.-------------- 
ITERATION # 8 -- AT THE CURRENT POSITION KEff .9anm 
**** TU0 POINT LAGRANCE INTERPOLATION USED TO DETERMlNE NEW W S l T I O N  ***** 
BANK ROD **** CURRENT POSITION *** *** NEW PREDICTED POSITlON **** 

1 1 7.9262820180+01 8.163438133D+Ol 
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- -_ -_-_-_ . .__ . .____________________1____- - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - -  

ITERATION # 1 1  - -  AT THE CURRENT POSITlW KEFF = .9934018 
***** TVO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 

BANK ROD **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 
1 1 8.488381 251D+01 8.5983306490+01 

---_._-_-_____________I_________________-----------------------------.----. 
ITERATION # 12 -- AT THE CURRENT POSITION KEFF = -9946857 
***** TVO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***.* 
BANK ROO **** CURRENT POSITION *** **** NEW PREDICTED POSITION **** 

1 1 8.5983306490+01 8.68373 1252D+01 

_-_-____1___________------------------------------------------------------- 

ITERATION # 13 - -  AT THE CURRENT POSITION KEFF = 
***** T M  POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 
BANK ROD **** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 

-9957446 

8.683731252D+01 8.7501499160+01 1 1 

_-_-__-______-_-- -______________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
ITERATION # 14 - -  AT THE CURRENT POSITION KEFF = .9966088 
***** TWO PQlNT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 
BANK ROO **** CURRENT POSKTION **** **** NEW PREDICTED POSITION **** 

1 1 8.750149916[)+01 8.801861505D+Ol 

-_--____--_-__-_-___------------------.------------------------------------ 
ITERATION # 15 - -  AT THE CURRENT POSITION KEFF = .w73080 
***** TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
BANK ROD **** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 

1 1 8.801861505D+Ol 8.842157185D+01 

BANK ROO **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 
1 1 8.842157185D+Ol 8.8735782830+01 

ITERATION # 17 - -  AT THE CURRENT POSITION KEFF = .9983186 
***** TYO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
BANK ROD **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 

1 1 8.873578283D+01 a.89ao93998o+oi 

- - - - - - -_- - - -___-__-_____________________-- - - - - - - -_- - - - - - - - - - - - - - - - - - - - - - - - -  
ITERATION # 18 - -  AT THE CURRENT POSITION KEFF = .ma6755 
***.* TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 

BANK RBO **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 
1 1 8.89809399&l+Ol 8.917229594D+01 

-----_-______-___-______________________-------------------------.--------- 
ITERATION # 19 - -  AT THE CURRENT POSITION KEFF = -9989582 
***** TWO POlNT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
BANK ROD **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 

1 1 8.91?2295941)+01 8.932171606D+Ol 
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_----__-________---_------------------------------------~--.--.------------ 
***** CONTENTS OF *CTRLCF* CONTROL F I L E  ***** 
XX( 1- 4) 9.700000-011 1.0000OD-03* 1.0000OD+03* 5.000000+03* 
I X (  1- 5) 20' 0. 0. 2' 0' 
I X (  6-10) If l* 0. O* 25* 
I X ( l 1 - 1 5 )  99* o* 0. o* LT 
I X ( l 6 - 2 0 )  D* CP 0. O* O* 
I X ( 2 l - 2 5 )  O* O* O* 1" O* 

1-TARGET KEFF VALUE = 9.700000-01 
2-ALLOYED KEFF TOLERANCE = 1.OOOOOD-03 
3 - M A X l W l  VALUE FOR CONTROL ROD MOVEMENT = 1.0OD+03 
4-MAXIcRII( NIJUBER OF ATOM DENSITY VALUES ( I F  IX(23).NE.O) = 5000 

1-CTRLWS OPTION NUMBER 
2-NEUTRONICS MODULE - 
3-INTERPOLATION SCHEME r 

6-NUMBER OF POINTS I N  SCHEME x 
5-STORAGE OF KEFF VALUES 
6-CONTROL RODS FOR KEFF SEARCH 
7-PRINT OUT OF ATOM DENSITIES r 
6-PRINT OUT ATOM DENSITIES AT EACH POSITION = 
9-CONTROL ROD T I P  PARTIAL ZONE PLACEMENT 

10-NUMBER OF POSITION ITERATIONS - 
l l -NU(BER OF QITERS FOR NEUTRONICS MOULE 
12-RESERVED r 
13-BURNED CONTROL ROD OPTION - - 
***** PARAMETERS FOR CTRLPOS OPTION 30 **** 
14-BANK NWlsER FOR CONTROL ROD WRTH UJRVE = 
15-CONTROL ROD FOR UORTH CURVE - - 
16-RESERVED = 

***** PARAMETERS FOR CTRLPOS OPTION 40 **** 
17-BANK NUMBER FOR ROD/BANK RE-POSITIOUIWG = 
16-CONTROL ROO NLIMBER FOR RE-POSITIONING = 
19-ZONE NWBER FOR RE-POSITIONING 
20-ZONE BOUNDARY FOR RE-POSITIONING - 
21-VENTPLOT PLOT OPTION - 
22-REVERSE CONTROL ROD MOTION OPTION e 
23-ATOM DENSITY ARRAY STORAGE OPTION r 

24-CONTAINER ARRAY MEMORY OPTION - 
25-DEBUG OUTPUT PARAMETER - 

- - - 

- 
- - 

- - 

20 
0 
0 
2 
0 
1 
1 

0 
25 
99 

0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
0 
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BANK 1 1  ROO # 1 ATOM DENSITIES 

ZONE 2 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.223390D-03 ( 

272178 1.206460~-02 ( 1.0000) 272179 6.0236803-03 ( 1 .OOOO) 272180 1.5513300-02 ( 1 .OOOO) 

***** AVERAGE VALUES FOR CONTROL Ra) MATERIAL ***** 
272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339OD-03 ( 1.0000) 
272178 1.2WaOD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 

1 .OOOO) 

VOLUME OF CONTROL ROO MATERIAL USED TO CALCULATE ATOM DENSITIES. 

_ _ _ _ _ - _ _ _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - * - - - - - -  

***** STARTING POSITIONS FOR ALL CONTROL R M S  ***** 
STARTING POSITION - -  POSNOU( 1,  1)= 8.9321716060+01 

***** KEFF AT STARTING POSITION = .9991817 

***** KEFF BEING CALCULATED AT PREVIOUS CONTROL RM POSITION ***** 
PREVIOUS POSITION - -  POSNW( 1, 1)= 8.917229594D+01 

**** KEFF AT PREVIWS POSITION = -9989582 

_---_--_--__-_-__-____________________I_-------------------.--------------- 
ITERATION # 0 - -  AT THE CURRENT POSITION KEFF = .9989582 
***** T W  POINT LAGRANCE INTERPOLATION USED TO DETERMINE NEW POSITION **I** 

WARNING ***** LOWER CONTROL ROD POSITION EXCEEDED ***** 
***** CONTROL RODS UILL BE PLACED AT POSITION LIMIT ***** 

BANK ROD **** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 
1 1 8.9321716060+01 O.OOOOOOOOOD+OO 

ITERATION # 2 - -  AT THE CURRENT POSITION KEFF = .9659325 
***** TVO POINT LAGRANGE INTERPOLATION USED TO DETERMINE WEU POSITION ***** 
BANK ROD ***I CURRENT POSITION **** **** NEW PREDICTED POSITION **** 

1 1 1.733387430D+01 2.6181513160+01 

---._-_--__-__-_______________^_________----------------------------------- 
ITERATION # 3 - -  AT THE WRRENT POSITION KEFF = .96763 13 
***** TWO POINT LAGRANCE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
SANK ROD **** CURRENT POSITION **** **I* NEW PREDICTED POSITION **** 

1 1 2.61815131&0+01 3.0955611780+01 

--------------__-__-____________________----------------------------------- 
ITERATION # 4 - -  AT THE CURRENT POSITION KEFF .9686303 
***** TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
BANK ROD **** CURRENT POSITION **** **** NEV PREDICTED POSITION **** 

1 1 3.095561 178D+01 3.358482620D+01 
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______--_______--_-_____________________-- - - - - - - - - - - - - - - - - - - - " - - - - - - - - - - - - -  
***** CONTENTS OF *CTRLCF* CONTROL F I L E  ***** 
XX( 1 - 4) * 1.03000D+OO* 1.000000-03* 1.000000+03* 5.00000D+03' 
I X (  1- 5) 20* o* 0. P o* 
l X (  6-10) * 1* 1' P 0' 25* 
I X ( l 1 - 1 5 )  * w o* P OC 0' 
lX (16 -20 )  OL O* 0' O* O* 
IX (21 -25 )  P 0' O* 1* OC 

I-TARGET KEFF VALUE = 1.030OOD+OO 
2 - A L L M D  KEFF TOLERANCE = 1.000000-03 
3-MAXIMW VALUE FOR CONTROL ROD MOVEMENT = 1.OOD+O3 
4-UAXfHUM NUMBER OF ATOM DENSITY VALUES ( I F  IX(U).NE.O) = 5000 

1-CTRLPOS OPTION NUMBER 
2-NEUTRONICS llOOULE - - 
3-INTERPOLATION SCHEME - - 
4 - N W E R  OF POlUTS I N  SCHEME - 
5-STORAGE OF KEFF VALUES - 
6-CONTROL RODS FOR KEFF SEARCH - - 
7-PRINT WT OF A T W  DENSITIES - 
&PRINT OUT ATOM DENSITIES AT EACH POSITION = 
9-CWTROL Ra) T I P  PARTIAL ZONE PLACEMENT 

- - 

= 
10-NUHEER OF P O S I T l W  ITERATIONS - .. 
1 1 - W E R  OF WTERS FOR NEUTRONICS W U L E  = 
12-RESERVED 
13-BURNED CONTROL ROD O P T I W  - 
***** PARAMETERS FOR CTRLPOS OPTION 30 ***** 
14-BANK NUMBER FOR CONTROL ROD UORTH CURVE = 
15-CONTROL ROD FOR UORTH CURE - 
16-RESERVED - - 

- - 

*IH* PARAMETERS FOR CTRLPOS OPTICM 40 ***- 
17-BANK NWBER FOR ROO/BANK RE-POSITIONING = 
18-CONTROL ROD NUHBER FOR RE-POSlTIONlNG = 
19-Z(MIE NUMBER FOR RE-POSITIONING r 
20-ZONE BUJNDARY FOR RE-POSITIONING 5 

21-VENTPLOT PLOT OPTION E 

22-REVERSE CONTROL ROD MOTION OPTION 5 

23-ATOM DEUSITY ARRAY STORACE OPTION - 
24-CONTAINER AURAY H E M Y  OPTION 0 

2 5 - D E W  W T W T  PARAMETER - - 

20 
0 
0 
2 
0 
1 
1 

0 
25 
99 
0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
0 
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ I _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . -  

TOTAL AVAILABLE MEMORY = 4800000 WRDS. 
L M R  MEMORY FOR CTRLPOS = 22615 WORDS. 
UPPER MEMORY FOR CTRLWS = 484 WORDS. 
TOTAL MEMORY FOR CTRLPOS = 23099 WORDS. 

EXTRA MEMORY = CG'6901 VORDS. ___-___.___----_________________I_______----------------------------------- 
-000 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T IME I N  DAYS . . . . . . . . . . . . . . . . . . . . . . . . .  

BANK # 1 ROO # 1 ATOM D E N S I T I E S  

ZONE 2 272174 7.1600000-05 ( 1.0000) 272176 2.300920D-03 ( 1.0000) 272177 8 . 2 2 3 3 9 0 D - 0 3  ( 

272178 1.206460~-02 ( 1 .OOOO) 272179 6.0236808-03 ( 1 .OOOO) 272180 1.55133OD-02 1.0000) 
1.0000) 

***** AVERAGE VALUES FOR CONTROL ROO MATERIAL ***** 
272174 7.16OOOOD-05 ( 1 .OOOO) 272176 2.300920D-03 ( 1.0000) 272177 8.2233900-03 ( 1 .OOOO) 
272178 1.20666OD-02 ( 1.0000) 272179 6.02368OD-03 ( 1 .OOOO) 272180 1.55133013-02 ( 1.0000) 

VOLUME OF CONTROL ROD MATERIAL USED TO CALCULATE ATOM DENSITIES.  

.-__-_____-___-__-__------------------------------------------------------- 
***** STARTING POSITIONS FOR ALL CONTROL RODS ***** 
STARTING POSITION - -  POSNOW( 1, 1)= 9.9720989120+01 

***** KEFF AT STARTING POSITION = 1.0241767 

***** KEFF BEING CALCULATED AT PREVIOUS CONTROL ROO POSITION ***** 
PREVIOUS POSITION - -  POSNOW( 1, 1)= 9.96146579OD+Ol 

**** KEFF AT PREVlOClS POSITION = 1.0237651 

___ -_ - -_ - -______________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
ITERATION # 0 - -  AT THE CURRENT POSITION KEFF = 1.0237651 
***** T W  POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 

BANK ROO **** CURRENT POSITION **** **** NEU PREDICTED P O S I T I O N  **** 
1 1 9.972098932D+Ol 9 .972098541D+Ol  

__-__-_--__--__.__.-____________________----------------------------------- 
ITERATION # 1 - -  AT THE CURRENT POSITION KEFF = 1.0241767 
***** TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW POSITION ***** 
UARNING ***** UPPER CONTROL ROO POSITION EXCEEDED ***** 

***** CONTROL ROOS W I L L  BE PLACED AT POSITION L I M I T  ***** 
BANK ROO **** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 

1 1 9.972098541D+01 1.099557419[)+02 

---------_--__-____-------------------------------------------.------------ 
ITERATION # 2 - -  AT THE CURRENT POSITION KEFF = 1.1438609 
***** T W  POfNT LAGRANGE INTERPOLATION USED TO DETERMINE NEW P O S I T I O N  ***** 
BANK ROD **** CURRENT POSITION **** **** NEW PREDICTED P O S I T I O N  **** 

1 1 1.099!5574190+02 1.002189616D+02 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATION # 3 - -  AT THE CURRENT POSITION KEFF = 1.0261786 
***** TWO POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEW P O S I T I O N  ***** 

BANK ROD **** CURRENT POSITION **** **** NEW PREDICTED POSITION **** 
1 1 1.0021896160+02 1.005351380D+02 

__-----------_______-----------------------------.------------------------- 
ITERATION # 4 - -  AT THE CURRENT POSITION KEFF = 1.0275171 
***** T W  POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU P O S I T I O N  ***** 
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BANK ROD **** WRRENT POSITION **** **** NEU PREDICTED POSITION **** 
1 1 1.005351380D+02 1.00?3618810+02 

-_ - - -______________*____________________- - - - - - - - - - - - - - - * - - - - - - - - - - - - - - - - - - *  

I T E R A T I W  # 5 - -  AT THE CURRENT POSITIOU KEFF = 1.0283974 
***** T K )  POINT LAGRAUGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 
BANK ROD e*** CURRENT POSITION **** **** NEW PREDICTED POSITION *It* 

1 1 1.00i361881D+OZ 1.0086415220+02 

__-____-__-*-______________L____________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

***** CONTENTS OF *CTRLCF' CONTROL F I L E  

XX( 1- 4) 9.5000~-01* 1.00000D-03* 1.00000D+03* 5.00000D+03* 
I X (  1- 5 )  30' O* 0' P IT 
I X (  6-10) 1' 1- O* O* 25- 
1 X ( 1 1 - 1 5 )  99* 0- 0- 1- 0- 
I X ( l 6 - 2 0 )  0' 0' (r [r IT 
I X ( 2 l - 2 5 )  IT 0- (r 1* 0* 

1-TARGET KEFF VALUE 9.50M)00-01 
2-ALLOUED KEFF TOLERAUCE = 1.00DOOD-03 
3-MAXIMUM VALUE FOR CONTROL ROD MOVEMENT = 1.0oD+03 
4-MAXIHLM NUMBER OF ATOM DENSITY VALUES ( I F  1X(23).NE.O) = 5000 

1-CTRLWS OPTION M E R  - 
2-NEUTRONICS MODULE - 
3-INTERPOLATION SCHEME - 
I-NUMBER OF POINTS I N  SCHEME = 
5-STORAGE OF KEFF VALUES a 

6-CONTROL R W S  FOR KEFF SEARCH I 

7-PRINT CUT OF ATOM DENSITIES - - 
8-PRINT OUT ATOM DENSITIES AT EACH POSITION E 

9-CONTROL RQ, T I P  PARTIAL ZONE PLACEMENT = 
IO-NUMBER OF POSITION ITERATIONS - - 
1 1 - N W E R  OF UJTERS FOR NEUTRONICS CIIX)ULE = 
12-RESERVED 5 

13-BURNED CONTROL ROD OPTION - 
**** PARAMETERS FOR CTRLPOS OPTION 30 ***** 
14-BANK U W E R  FOR CONTROL ROD UORTH CURVE = 
15-CONTROL ROD FOR W R T H  CURVE I 

16-RESERVED t 

30 
0 
0 
2 
0 
1 
1 

0 
25 
99 

0 
0 

0 

1 
0 
0 
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**e** PARAMETERS FOR CTRLPOS OPTIDH 40 ***** 
17-BANK NUMBER FOR ROD/BANK RE-POSITIONING = 0 
18-COMTROL RQ) NUMBER FOR RE-POSITIONING = 0 
19-ZONE NUTBER FOR RE-POSITIOWING - 0 

0 - 0 

- 0 
- 0 

24-CONTAINER ARRAY MEMORY OPTION 1 
25-DEBUG WTPUT PARAMETER - 0 

- - 
- 20-ZONE BOUNDARY FOR RE-POSITIONING 

21-VENTPLOT PLOT OPTION 

22-REVERSE CONTROL ROD MOTION OPTION 
Z - A T O M  DENSITY ARRAY STORAGE OPTION 

- - - - 

BANK # 1 RCO # 1 ATOP( DENS171ES 

ZONE 2 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 1.00001 ZR1??’ 8.223390D-03 ( 

272178 1.2W6GO-02 ( 1 .OOOO) 272179 6.023MOD-03 ( 1 .OOOO) 272180 1.551330D-02 ( 1.0000) 

***** AVERAGE VALUES FOR CONTROL ROD MATERIAL ***** 
272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 1 .OOOO) 272177 8,223390D-03 ( 1 .OOOO) 
272178 1.2WM1D-02 ( 1.0000) 272179 6.023680D-03 ( 1.0000) 272180 1.55133OD-02 ( 1 .OOOO) 

1 . 0000 1 

VOLUHE OF CONTROL ROD MTERIAL USED TO CALCULATE ATOP( DENSITIES. 

_-__ -____-_ -_*_ -________________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CONTROL ROO BANK = 1 

***** ALL RODS IN BANK WILL BE POSITIONED ***** 
NUMBER OF POSITIOWS = 2 

***** ONLY ZONE POSiTIONS FOR BANK # 1, ROD # 1 PRINTED HERE ***** 
NUMBER ZONE BOUNDARY POSIT ION 

1 2 0 0.000000000D+00 
2 2 1 1.0995574190+02 

***** SAVED POSITIONS FOR ALL CONTROL RODS ***** 
SAVED POSITION - -  POSSAV( 1, 1)= 1.009456477D*O2 

-000 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  TIME IN DAYS . . . . . . . . . . . . . . . . . . . . . . . . .  
***** MOVING CONTROL RODS TO POSITIONS FOR UORTH CURVE ***** 

***** ONLY ZONE POSITIONS FOR BANK # 1, ROD # 1 PRINTED HERE *Oat* 

# ZONE BNORY BANK ROO WSITIOId KEFF OKEFF DK/VBL OKO/VOL 

1 2 0 1 1 O.OOOOoO+OO .9630274 .OOOOOOO .DO00000 .OOOOOOO 
2 2 1 1 1 1.099560+02 1.1438609 .1716596 .0015612 .0015612 

***** OPTION 30 COMPLETE -- CONTROL RODS RE-POSITIONEO ***** 
H**r ENOIWt POSITION FOR ALL CONTROL ROOS ***** 
ENDING POSITZW - -  POSNCW 1, 1)= l.O09456477D+O2 

TOTAL CW TIME = 19.90 MINUTES - TOTAL CLOCK TIME = .OO MINUTES 
***************H NORMAL END OF CONTROL RU3 POSITION MOOULE *************** 
t~ta**+a*r*ae~a~ltaa~~+**wa~*aa***~*********aaa~aa*a***aa***aa********a*** 



167 

END OF SAMPLE 2 CTRLP08 OUTPUT 
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D-3 INPUT AND OUTPUT FOR 8AKPLX PROBLgn 3 
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D.3"l BAMPLE 3 MCNP INPUT 

message: out=cts3vl.o srctp=cts3vl.s runtpe=cts3vl.r 
mctal=cts3vl .m 

CTRLPOS Sample Problem 3--Control Rod Study, 
C 
1 6 9.994552-2 2 -3 -1 1  12 s 

2 3 1.00032-1 -4 -12 13 s 
3 3 1.00032-1 -1 -10 11 f 

4 6 9.994552-2 -1 - 1 1  12 f 

5 3 1.00032-1 3 -4 - 1 1  12 f 

6 3 1.00032-1 2 -4 -10 11 S 

7 7 -13.1 1 -2 -11 12 f 

iqxwl 

iap:n=l 

iap:nnl 

inp:n=l 

imp:wl 

iap:n=l 

iqxwl 
8 3 1.00032-1 1 -2 -10 11 s 

inp:n=l 
9 9 9 9 0  10:-13:4 s 
10 
11 
12 
13 

1 
2 
3 
4 

C 

C 
C 
C 
110 
120 

C 
C 
C 
C 
rab 

mt6 
t 
C 
C 
C 
a3 
mt3 
C 
C 
C 
C 
m7 
C 
C 

Case 1 

Outer Core 

Uater below Core 

Water above center core 

Center Core 

Water next to core 

Water above outer core 

Control rod in core 

Control rod above core 

Outside World 

PZ 200 * S Planes 
P* SO. 
PZ -50. 
PZ -200. 

CZ 17.0 L Cylinders 
CZ 18.0 
cz 35.0 
CZ 100.0 

18Moving Control rod planes" R o d  i s  always 100 cm long. 

PZ -50.0 t Louer limit 
PZ 50.0 f U w r  limit 

Fuel  ****e 

Material 6--UOZF2-H20 Solution Total Density- 9.994552-2 
H/U5U ataeic ratios1270 

1001.50~ 6.6436-2 92238.50~ 3.0091-6 
8016.50~ 3.3330-2 9019.50~ 1 .U38-4 92234.50~ 5.5020-7 
92235.50~ 5.2312-5 92236.50~ 2.6950-7 
1wtr.Olt 

**** Reflector )*** 
Materiel 3--H20 reflector 

1001.90~ 0.0666U 8016.50~ 0.033344 
Lwtr.01 t 

**** Control Material ***** 
Material 7--Hf Control Rod 

72000.50~ 1 

Total density= 9.984-2 

Total density= 4.419755-2 

kcode 1000 1.0 30 '180 t 1000 particies, 30 settle cycles, 180 total cycles 

pr- 180 180 180 1 

ksrc 0 0 0 f Beginning source guess 

C 

C 
S Durp information to files after 180 cycles 

END OF SAMPLE 3 MCNP INPUT 
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D.3.2 

=csasn 
CTRLPOS 
wur 
u-235 
U-238 
U-234 
U- 236 
h 

f 
h 

hf  -174 
hf-176 
hf-177 
hf-178 
hf-179 
hf-180 
end C a m  

0 

0 

SAMPLE 3 SCALE INPUT 

Swple 3 - -  Cyl indrical Reactor with Control R o d  
rml t i regi on 
1 0 5.2312-5 end 
1 0 3.0091-6 end 
1 0 5.5020-7 md 
1 0 2.6950-7 end 
1 0 6.6436-2 end 
1 0 3.3330-2 end 
1 0 1.2338-4 end 
2 0 0.066644 end 
2 0 0.033344 end 
3 0 7.16000-5 end 
3 0 2.30092-3 end 
3 0 8.22339-3 end 
3 0 1.20646-2 end 
3 0 6.02368-3 end 
3 0 1.55133-2 end 

krckledcyl vacum ref lected 0. 100. end 
1 17. 
3 18. 
1 35. 
2 100. 
end Lone 
more data &b=lOOO end 
end 
rxsdrn-jp 

-1Sf 1000000 
O s f  a 3 4 e  
1st 2 5 100 1 0 3 15 8 3 1 10 200 0 0 e 
2% - 2 0 0 0 0 e  
3% l O O l e  
4% 0 16 0 -2 3 G 19 e 
5** 1.0-4 1 - 0 4  0 0 0 1.420892 100. e 
t 
13Sf 7 r l  61-2 21-3 
145s 92235 92238 92234 92236 1001 8016 9019 

CTRLWS Sample 3 -- Cyl indrical Reactor with Control R o d  

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 
0.066664 0.033344 

t 
34## 17r1.0 10rO.O 16rl.0 57r0.0 
t 
35** 16iO. 9i17. 15i18. 561'35. 100. 
36Sf 17r l  10r2 16r3 27r4 301-5 
39s 1 2 1 3 3  
51fL l o r1  lo r2  5r3 5r4 5r5 5r6 5r7 5r8 5r9 5r10 51-11 5r12 

t 
end 
=xsdrn-jp 

7r13 4r14 5r15 13r16 

CTRLPOS Senple 3 -- Cylindrical Reactor with Control R o d  
1000000' 
a3 3 20 30 e 
2 5 IOU 1 0  5 24 8 3 1 10 200 0 0 e 
- 2 0 0 0 0 ~  
1 0 0 1  e 
0 4  0 - 2 3 4  7 e  
1.0-4 1.0-4 0 0 0 1.420892 100. e 

7 r l  6r2 7r3 2r4 2r5 
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l4St 

15** 

t 
34## 
t 
35** 
36S5 
3952 
5 1 s  
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 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 
O . O M & l l  0.033344 
0.0- 0.033344 

17rl  .O 10r0.0 16rl  .O 57r0.0 

16iO. 9i17. 15i18. 56i35. 100. 
17rl  lor2 16r3 27r4 30r5 
1 2 3 4 5  
5 r l  4r2  4r3 3r4 

=xsdrn-jp 
CTRLWS Sanple 3 - -  Cylindrical  Reactor with Control R o d  

- 1 s  
oss 
1s 
2 s  
3ss 
4 s  
5** 
t 
1 3SS 
145s 

15** 

16SS 

1 W  

1000000 
a3 30 20 29 e 
2 5 100 1 0 5 24 8 3 1 10 200 0 0 e 
-2  0 0 0 0 e 
1 0 0 1  e 
0 4 20 -2 24 4 7 -1 e 
1 - 0 4  1.0-4 0 0 0 1.420892 100. e 

7 r l  6 r2  7r3 2r4 2r5 
1192235 1192238 1192234 1192236 111001 118016 ll9019 
2272174 227‘2176 2272177 2272178 2272179 2272180 
3392235 3392238 3392234 3392236 331001 338016 339019 
44201001 44208016 
SS201001 55208016 

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

7.16000-5 2.30092-3 8.22339-3 1.20666-2 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 . W 4  0.033344 
0.066644 0.033344 

1.23384 

11192235 11192238 11192234 11192236 1111001 1118016 1119019 
22272174 22272176 2227217i’ 22272178 22272179 22272180 
33392235 33392238 33392234 33392236 3331001 3338016 3339019 
444201001 444208016 
55S201001 555208016 
6h192235 bhl92238 6h192234 6h192236 6h 11001 6h 18016 
6h 19019 
6 h m i 7 4  twni76  6h272in  6 h 2 m n  6 h m i m  ~ ~ ~ 1 8 0  
6h392235 6h392238 6h392234 6h392236 6 h  31001 6h 38016 
6h 39019 
6h  41001 6h 48016 
6 h  51001 6h 58016 

t 
U## 17r1.0 10r0.0 16r1.0 57r0.0 
t 
35+* 16iO. 9317. 15i18. 56i35. 100. 
365s 17rl  10r2 16r3 27r4 301-5 
39sf 1 2 3 4 5  
SlSf 1 2 3 4 
t 
end 

END OF SAMPLE 3 SCALE INPUT 
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13.3.3 SAMPLE 3 VENTURE/CTRLPOS INPUT 

=CONTROL1 
CTRLPOS Sanple P r o b l e m  3 - -  R - 2  Model w i th  H f  Rod 
1 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 5 5 5 ~ ~ ~ 8  
1U456789012U56789012U5678901234567890123456789012345678901234567890123~567890 
800000 04 1 1 
w w w w w w w w w w w w w w w w w w w w w w w w  
w w w w ~ w ~ w w w w w ~ w w ~ w ~ w w w ~ w w  
w w ~ w w w ~ w w w ~ ~ w w ~ w w w w ~ w w w w  
w ~ ~ ~ w w ~ w w w w w w ~ w w w w w w w w w w  
w w w w w w w ~ ~ w w w w w w w w w ~ w w w w w  
w w w w ~ w w w w w ~ w w w w w w w w w w w ~ w  
0 

END 
I SOTXS 

00000670 
DCRSPR 
1u456789012345678901u4567890123456789012345678901234567890123~567890 

1 1  1 1  0 0  
24 1 

192235 92235 235. 3.236 -11  1 
392235 92235 235. 3.236 -11 1 
192234 92234 234. 3.19 -11 1 
392234 92234 234. 3.19 - 1 1  1 
192236 92236 236. 3.26 -11  3 
392236 92236 236. 3.26 -11 3 
192238 92238 238. 3.31 -11 2 
392238 92238 238. 3.31 -11 2 
11001 1001 1. 6 
31001 1001 1. 6 
41001 1001 1. 6 
51001 1001 1. 6 
18016 a016 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 72179 179. 7 
272180 72180 180. 7 
END 
CROSPROS 
END 
DVEYTR *** 2 = DVENTR 
001 

1.00+1 1.00 1.0 

'01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
2 0 0 0 0  100 0 1 

'01 02 03 04 05 06 07 06 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 
l O O O O O O O O O O 0 O O l O l l l  0 0  

002 

0 00 

24 

24 

0.0 
0.0 

-0645 
2.09 -05 

003 
'01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 14 17 18 19 20 21 22 23 24 

0 7 1 2 2 2  
004 
'000000001 11 11 11 11 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 1 6 4 6 4 4 4 4 6 5 5 5 5 5 5 5 5 5 5 ~ ~  
~~5678901~5678901234567890123456789012345676901~456789012~56789012 

CARD 1 
CARD 2 
CARD 3 
CARD 4 

CARD 5 

CARD 6 
CARD 1 
CARD 2 
CARD 3 
CARD 4 
CARD 5 
CARD 6 
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20 10.0000 21 
15 30.0000 00 

25 50.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 
4 2.0000 4 

I Ctl 

50 100.0000 0 0.0000 
005 

7.0000 15 
0.00000 

2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 

5 5 5 5 5 5 5  
5 5101 5 5 5 5 
5 5102 5 5 5 5 
5 5103 5 5 5 5 
5 5106 5 5 5 5 
5 5105 5 5 5 5 
5 5106 5 5 5 5 
5 5107 5 5 5 5 
5 5108 5 5 5 5 
5 5109 5 5 5 5 
5 5110 5 5 5 5 
5 5111 5 5 5 5 
5 5112 5 5 5 5 
5 5113 5 5 5 5 
5 5114 5 5 5 5 
5 5115 5 5 5 5 
5 5116 5 5 5 5 
5 5117 5 5 5 5 
5 5118 5 5 5 5 
5 5119 5 5 5 5 
5 5120 5 5 5 5 
5 5121 5 5 5 5 
5 5122 5 5 5 5 
5 5123 5 5 5 5 
5 5124 5 5 5 5 
5 5125 5 S 5 5 
4 4126 4 4 4 5 
4 4127 4 4 4 5 
4 4128 4 4 4 5 
4 4129 4 4 4 5 
4 4130 4 4 4 5 
4 4131 4 4 4 5 
4 4132 4 4 4 5 
4 4133 4 4 4 5 
4 4134 4 4 4 5 
4 4135 4 4 4 5 
4 4136 4 4 4 5 
4 4137 4 4 4 5 
4 4138 4 4 4 5 
4 4139 4 4 4 5 
4 4140 4 4 4 s 
4 4141 4 4 4 5 
4 4142 4 4 4 5 
4 4143 4 4 4 5 
4 4144 4 4 4 5 
4 4145 4 4 4 5 
4 4146 4 4 4 5 

1.0000 21 

2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 

7.0000 20 

2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 
2.0000 4 

10.0000 14 25.0000 

2.0000 4 2.00aoo 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 4 2.00000 
2.0000 25 50.00000 
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4 4147 4 4 4 5 
4 4148 4 4 4 5 
4 4149 4 4 4 5 
4 4150 4 4 4 5 
1 1151 3 3 4 5 
1 1152 3 3 4 5 
1 1153 3 3 4 5 
1 1154 3 3 4 5 
1 1155 3 3 4 5 
1 1156 3 3 4 5 
1 1157 3 3 4 5 
1 1150 3 3 4 5 
1 1159 3 3 4 5 
1 1 1 6 0 3 3 4 5  
1 1161 3 3 4 5 
1 1162 3 3 4 5 
1 1 1 6 3 3 3 4 5  
1 1 1 6 4 3 3 4 5  
1 1165 3 3 4 5 
1 1 1 6 6 3 3 4 5  
1 1167 3 3 G 5 
1 1 1 6 8 3 3 1 5  
1 1169 3 3 4 5 
1 1170 3 3 4 5 
1 1171 3 3 4 5 
1 1 1 7 2 3 3 4 5  
1 1 1 7 3 3 3 4 5  
1 1174 3 3 4 5 
1 1 1 7 5 3 3 4 5  
1 1176 3 3 4 5 
1 1 1 7 7 3 3 4 s  
1 1178 3 3 4 5 
1 1 1 7 9 3 3 4 5  
1 1 1 8 0 3 3 4 5  
1 1181 3 3 4 5 
1 1182 3 3 4 5 
1 1 1 8 3 3 3 4 5  
1 1 1 u 3 3 4 5  
1 1185 3 3 4 5 
1 1 1 8 6 3 3 4 5  
1 1187 3 3 4 5 
1 1 1 6 6 3 3 4 5  
1 1189 3 3 4 5 
1 1190 3 3 4 5 
1 1191 3 3 4 5 
1 1192 3 3 4 5 
1 1193 3 3 4 5 
1 1194 3 3 4 5 
1 1 1 9 5 3 3 4 5  
1 1196 3 3 4 5 
1 1197 3 3 4 5 
1 1198 3 3 4 5 
1 1 1 9 9 3 3 4 5  
1 1200 3 3 c 5 
4 4 4 4 4 4 5  
5 5 5 5 5 5 5  

012 
0 

013 
24 
24 

BLANK 

ID 0 IINV I H E  ILI 1810 B l l  I A L  ICR IMN I F €  1 W I  
19223S392235192UG3922U192236392236192238392238 1 1001 31 001 41 001 5 100 1 
18016 38016 48016 58016 1901 9 3901 9272 1742721 762721 772721 782721 79272 180 
020 

192235 5.23120E-05192238 3.OWlOE-06192234 5.50200E-07192236 2.69500E-07 
1 1  

11001 6.6436OE-02 18016 3.33300E-02 19019 1.23380E-04 
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151200 
272176 7.16OOOE-05212176 2.30092E-03272177 8.22339E-03272178 1.20646E-02 
272179 6.02368E-03272180 1.55133E-02 

392235 5.231205-05392238 3.00910E-06392234 5.50200E-07392236 2.69500E-07 
3 3  

31001 6.64360E-02 38016 3.33300E-02 39019 1.23380E-04 
1261 50 

4 4  

101 125 

5 5  

0 0  
END 
VENTNEUT 
END 
DUTL I N 
DTNINS 0 30 0 96 1 
*000000001 11 11 11 11 1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4 6 4 4 4 4 4 5 5 5 5 5 5 5 5 5 5 ~ ~ 8  
'2345678901234567890123~5678901 23456789012345678901234567890 

41001 6.66440E-02 48016 3.331605-02 

41001 6.66440E-02 48016 3.33440E-02 

51001 6.66440E-02 58016 3.334605-02 

51001 6.6644OE-02 58016 3.33440E-02 

10. 1 .o 1 .o 

6.45-2 
2.09-5 

I 1 2 3 4 5 6 7 8 9 10 1 1  12 13 14 15 16 17 18 19 20 21 22 23 24 
0 0 2 0 0  0 2  0 0 1 010 0 0 0 0 

'25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 
0 0 0 0 0  1 0  0 0 0 000 0 0 0 0 

149 40 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 
1 1 1 1  

1 
END 
I***** 

DUTLIN 
CTRLCF 0 6  0 2 4  1 
1 - - - - 1 - - - - - ~ - - - - - 2 - - - - - l - - - - - 3 - - ~ - . ~ . - - - ~ 4 - - - - - 1 - - - - - 5 - - - - - ~ - - - - - 6 - - - - - ~  I I 

'-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 0 0 2 0 1  0 0 0 1 0 3 5 1  0 1 0 0 0 0 0 0 0 0 0 0  

EN0 
CTRLPOS 
I***** 

ctr ls3.out. l  
END 
I***** 

DUTLIN 
CTRLCF 0 6  024 1 

Option 5 used t o  define CTRLPOS output f i l e  name 

1. oot, O.OOlt, 1000.0 

F i l e  name f o r  CTRLPOS output 

Option 10 used t o  read in  CTRLPOS data 

1 - - - - 1 - - - - - ~ - - - - - 2 - - - - - ~ ~ - - - - 3 . - - ~ - ~ - - - - - 4 - - - - - ~ - ~ ~ ~ - 5 ~ - - ~ ~ ~ - - - - - 6 - - - - - ~  I I 

' ~1~~2~~3- -4 - -5 - -6 - -7 - -8 - -9 -10 -11 -12 -13 -16 -15 -1~-17 -18 -19 -20 -21 -22 -23 -26  

END 
****** CTRLPOS DATA FOR SAMPLE PROBLEM 3. 
I***** The 'control rad' zones s ta r t  u i t h  zone 200 end end u i t h  tone 101. 
I***** The f i r s t  posi t ion guess i s  the upper boundary of zone 125 while the 
I***** t i p  of the control rod s tar ts  a t  zone 200. The l im i t s  of control rod 
I***** rod motion are the upper boundary o f  zone 101 and the lower boundary 
I***** of zone 200. Zone 4 w i l l  be the fo l louer fo r  the control rod zones 
****** i n  the core and just  abwe the core. 
****** i s  the materiel i n  zone 5. Control rod materiel i s  in  zones ****** 200-151 at  the s ta r t  of the process. 
CT R L POS 
begin- input 
beg i n-bank 
begin- rod 
200,0,125,1 

1.000 0.0010 1000.0 5000.6 

10 0 0 2 0 1 1 0 02599 0 0 0 0 0 0 0 0 0 0 0 0 1 

Far above the core the fol louer 
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101,1,200,0 
begin- zone 
200,4,1 
1W,4,1 
198,4,1 
197,4,1 
196,4,1 
195,4,1 
194,4,1 
193,4,1 
192,4,1 
191,4,1 
190,4,1 
189,4,1 
188,4,1 
187,4,1 
186,4,1 
185,4,1 
184,4,1 
1a3,4,1 
182,4,1 
181,4,1 
180,4,1 
179,4,1 
i7a,4,i 
177,4,1 
176,4,1 
175,6,1 
174,4.1 
173,4,1 
172,4,1 
171.4.1 
170,4,1 
169,4,1 
168,4,1 
167,4,1 
166,4,1 
165.4,l 
164,b.l 
163,4,1 
162 I 4 I 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,l 
152,b.l 
151,4,1 
150,4,0 
149,4 ,O 
148 I 4 , 0 
147,4,0 
146,4,0 
145,4,0 
144,4,0 
143,4,0 
142 , 4,O 
141,4,0 
140,4,0 
139,4,0 
138,4,0 
137,4,0 
136,4,0 
135,4,0 
134,4,0 
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133,4,0 
132,4,0 
131,4,0 
130,4,0 
129,4,0 
128,4,0 
127,4 ,O 
126 4,O 
125,4,0 
12G,5 ,O 
123,5,0 
122,5,0 
121,5,0 
120,5 ,O 
119i5,O 
118,5,0 
117.5.0 
116;5,0 
115.5,O 
114.5,O 
113,S,O 
112,5,0 
111,5,0 
110,5,0 
109,5,0 
108,S,O 
107,5 ,O 
106,5,0 
105,5,0 
104,5,0 
103,5 0 

101,5,0 
end- zone 
end- rod 
end-bank 
end- input 
END I***** 
DUTLIN 
CTRLCF 0 6  0 2 4  1 
1 - - - - 1 - - - - - ~ - - - - - 2 - - - - - t - - - - - 3 - - - - - ~ - - - - - ~ - ~ - ~ - ~ ~ ~ ~ - - 5 - - - - - ~ - - - - - 6 - - - - - ~  

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

102,5,0 

Option 20 used t o  perform a keff position search 

I I I I 
0.970 0.0010 1000.0 5000.0 

20 0 0 2 0 1 1 0 0 2 5 9 9  0 0 0 0 0 0 0 0 0 0 0 0 1 
END 
'CTRLPOS 
'END 
'****,I 

DUTLIN 
CTRLCF 0 6  024 1 

Option 30 used t o  calculate a control rod uotth curve 

1 - - - - 1 - - - - - ~ - - - - - 2 - - - - - ~ - - - - - 3 - - - - - ' - - - - - - 4 - - - - - ~ - ~ ~ - - S - - - - - ~ - - - - - ~ - - - - - ~  
0.956 0.0016 1000.0 5000.0 

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

END 
CTRLPOS 
begin-input 
200,o 
200,l 
199,l 
19a,i 
'197,l 
196,l 
'195.1 
'196.1 
'193,l 
192,l 
I191,l 

30 0 0 2 0 1 1 0 0 2 5 9 9  0 0 1 0 0 0 0 0 0 0 0 0 1 
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'190,l 
'189,l 
188,1 
187,l 
'186,l 
'185,l 
1&,1 
'183,l 
'182,l 
'181,l 
180,1 
'179,l 
'178,l 
'177.1 
176,1 
'175,l 
'174,l 
'173 , l  
1R.1 
'171,l 
'170.1 
1169.1 
168,1 
I 167,l 
'166,1 
'165,l 
164,1 
'163,l 
'162,l 
'161,l 
160,1 
'159,l 
'158,l 
'157,l 
156,1 
'155,l 
15G,1 
153,1 
152,1 
151,1 
end-input 
END 

END OF SAMPLE 3 VENTURE/CTRLPOS INPUT 
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D.3.4 SAMPLE 3 CTRLPOS OUTPUT 

*IH* CONTENTS OF *CTRLCF* CONTROL F ILE  ***** 
XX( 1- 4) * 1 .OOOOOD+OO* 1 .OOOOOD-03* 1.00000D+03* 5.00OOOD+03* 
I X (  1- 5 )  1P o* 0' 2 o* 
I X (  6-10) * 1* 1* 0' 0' 25* 
I X ( l 1 - 1 5 )  * 99. Ot 0' O* O* 
IX(16-20)  Ot 01 O* P O* 
IX (21 -25 )  0. 0' (r 1* O* 

1-TARGET KEFF VALUE = 1.oooooD+oo 
2 - A L L W D  KEFF TOLERANCE = 1.OOOOOD-03 
3-IuXIMUM VALUE FtX CONTROL ROD MOVEMENT = 1.OOD+O3 
4-MAXIMUn N W E R  OF A T W  DENSITY VALUES ( I F  IX(UI.NE.0) = 

1-CTRLWS OPTION NUMBER - 
2-NEUTRONICS MODULE - 
3-INTERPOLATION SCHEME - 
1-LIUMBER OF POINTS I N  SCHEffE s 
5-STORAGE O f  KEFF VALUES - - 
6-CONTROL RODS FOR KEFF SEARCH - - 
7-PRIUT OUT OF ATCM DENSITIES - 
8-PRINT aLlT ATW DENSITIES AT EACH POSITION = 
9-CONTROL Ra, T I P  PARTIAL ZONE PLACEMENT = 

10-NtlWBER OF POSITlOll lTERATIONS - 
11-UWBER OF WTERS FOR NEUTRONICS MCDULE = 
12-RESERVED a 

13-BURNED CONTROL R@ OPTION 

-*** PARAMETERS FOR CTRLPOS OPTION 30 **** 
14-BANK NUWBER FOR CONTROL RDO MRTH CURVE = 
15-CONTROL ROD FOR UORTH CURVE 8 

16-RESERVED - 
**-* PARAMETERS FOR CTRLPOS OPTION 40 ***** 
17-BANK NUMBER FOR RODDANK RE-POSITIONING = 
18-CONTROL Ru)  NUMBER FOR RE-POSITICHIING = 
19-ZUNE NUHBER FOR RE-POSITIONING - 
20-ZONE W D A R Y  FOR RE-POSITIONING - - 
21-VENTPLOT PLOT OPTION t 

22-REVERSE MWTROL ROD MOTION OPTION 1c 

2 3 - A T W  DENSITY ARRAY STORAGE OPTION 
24-CONTAINER ARRAY MEMORY OPTION c 
25-DEBUG OUTPUT PARAMETER 5 

10 
0 
0 
2 
0 
1 
1 

0 
25 
99 

0 
0 

0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
1 
0 

5000 
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BANK # 1 ROD # 1 
CONTROL ROD T I P  IS L W E R  BOUNDARY OF ZONE 200 
FIRST GUESS POSITION IS UPPER BOUNDARY OF ZONE 125 
UPPER COWTROL ROD L l M J T  IS UPPER BOUNDARY OF ZONE 101 
L W E R  CONTROL ROD L I M I T  IS L W E R  BOUNDARY OF ZONE 200 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
***** INFORCIATIO)( ON MEMORY REQUIREMENTS FOR ATOW DENSITY ARRAYS ***** 
MAXIMUM NUMBER OF ATOW DENSITY VALUES POSSIBLE = 11200. 
NOTE *** T H I S  VALUE DOES NOT ACCOUNT FOR THE PROOUCTION 

OF NEU ISOTOPES IN THE FOLLOUER MATERIAL *** 
TOTAL MEMORY REQUIRED FOR IX(U) .EQ.O = 133195 MRDS. 
TOTAL MEMORY R E W I R E D  FOR 1X(23).NE.O = 287785 MRDS. 

IX(23).EQ.O OPTIOU SAVES 154590 UORDS OF MEMORY. 
YOU ARE USING BEST OPTION TO SAVE MEMORY. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BANK # 1 ROD # 1 NLMBER OF ZONES = 100 

CONTROL ROD FOLLOWER 
ZONE NUMBER 

1 200 
2 199 
3 198 
4 197 
5 196 
6 1% 
7 194 
8 193 
9 192 
10 191 
11 190 
12 189 
13 188 
14 187 
15 186 
16 185 
17 184 
18 183 
19 182 
20 181 
21 180 
22 179 
23 178 
24 177 
25 176 
26 175 
27 174 
28 173 
29 172 
30 171 
31 170 
32 169 
33 168 
34 167 
35 166 
36 165 
37 164 
38 163 

ZONE NUMBER 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

. -~ ~ 

CONTROL ROD 
ZONE VOLLJME 
2.19911D+OZ 
2.19911D+02 
2.199110+02 
2.199110+02 
2.1 WI1D+02 
2.19911D+02 
2.19911D+02 
2.19911D+02 
2.199110+02 
2.199110+02 
2.1991 1D+O2 
2.1991 1D+O2 
2.19911D+02 
2.1991 1D+02 
2.199110+02 
2.19911D+02 
2.199110+02 
2.19911D+02 
2.1WllD+O2 
2.19911D+02 
2.19911D+02 
2.19911D+OZ 
2.1991 1D+02 
2.199111)+02 
2.19911D+02 
2.199110+02 
2.199110+02 
2.199110+02 
2.1991 lD+O2 
2.199110+02 
2.19911D+OZ 
2.199110+02 
2.1WllD+O2 
2.199110+02 
2.19911D+02 
2.19911D+OZ 
2.19911++02 
2.199110+02 

FOLLOUER TOTAL 
ZONE VOLUME ZONE VOLUME 
1.87160[)+06 2.199110+02 
1.871M)D+06 4.39823D+O2 
1.8716OD+06 6.59734D+02 
1.871600+06 8.796460+02 
1.871601)+06 1.09956[)+03 
1.8716OD+06 1.31947~+03 
1.87160[)+06 1.539380+03 
1.8716OD+06 l.i759290+03 
1.87160[)+06 1.97920D+03 
1.87160D+06 2.19911D+03 
1 .a7im+~6 2.419030+03 
1.8716OD+06 2.63894D+03 
1.871600+06 2.858851)+03 
1.871600+06 3.0787&+03 
1 .a71 6OD+06 3.298670+03 
1.87160D+06 3.51858D+03 
1.87160+06 3.738500+03 
1.87160D+06 3.95841D+03 
1.87160+06 4.178321)+03 
1.871600+06 4.398230+03 
1.87160D+06 4.61814D+03 
1 .a7160~+06 4.~~050+03 
1.871600+06 5.057960+03 
1.8716013+06 5.27788D+03 
1.871601)+06 5.49779D+03 
1.871600+06 5.717700+03 
1.871600+06 5.937610+03 
1.871600+06 6.157!52D+03 
1.871600+06 6.377430+03 
1.871600+06 6.597340+03 
1.8716OD+06 6.81726D+03 
1.87160~+06 7.03717D+D3 
1.871600+06 7.25708D+03 
1.871600+06 7.476990+03 
1.871600+06 7.6969OD+03 
1.871600+06 7.916810+03 
1.871600+06 8.13672D+03 
1.871600+06 8.356640+03 

RDD 
FLAG 

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 
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39 162 
40 161 
41 160 
42 159 
43 158 
44 157 
45 156 
46 155 
47 151 
48 153 
49 152 
50 151 
51 150 
52 149 
53 148 
54 147 
55 146 
56 145 
57 144 
58 143 
59 142 
60 141 
61 140 
62 139 
63 138 
64 137 
65 136 
66 135 
67 134 
68 133 
69 132 
70 131 
71 130 
72 129 
73 128 
74 127 
75 126 
76 125 
77 126 
78 123 
79 122 
80 121 
81 120 
82 119 
83 118 
84 117 
85 116 
86 115 
87 116 
88 113 
89 112 
90 111 
91 110 
92 109 
93 108 
94 107 
95 106 
96 105 
97 104 
98 103 
99 102 

100 101 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

2.199110+02 
2.1991 1D+02 
2.1991 1D+02 
2.199110+02 
2.19911D+02 
2.199111)+02 
2.19911D+02 
2.199110+02 
2.199110+02 
2.19911D+02 
2.199110+02 
2.1991 lD+O2 
2.19911D+02 
2.19911D+02 
2.19911D+02 
2.1991 lD+O2 
2.1991 1D+O2 
2.1991 1D+02 
2.19911D+02 
2.199110+02 
2.1491 1D+02 
2.19911D+O2 
2.19911D+02 
2.19911D+02 
2.19911D+02 
2.19911D+02 
2.199110+02 
2.19911D+02 
2.19911D+02 
2.1991 1D+02 
2.1991 1D+02 
2.199110+02 
2.1991 1D+02 
2.1991lD+O2 
2.199110+02 
2.19911D+O2 
2.199110+02 
2.1991 1D+02 
2.1991 1D+O2 
2.199110+02 
2.199110+02 
2.19911D+02 
2.1991 1D+02 
2.1991 m+02 
2.1WlID+02 
2.19911D+OZ 
2.199110+02 
2.19QllD+02 
2.19911D+O2 
2.19911D+02 
2.1991 1D+02 
2.19911D+02 
2.19911D+02 
2.19911D+02 
2.199110+02 
2.199110+02 
2.19911D+02 
2.1941 1D+02 
2.1WllD+O2 
2.1991 lD+02 
2.199110+02 
2.19911D+02 

1.87160D+06 8.57655D+03 
1.871600+06 8.79646D+03 
1.8716OD+O6 9.01637D+03 
1.871M)D+o6 9.2362&+03 
1.871600+06 9.45619D+03 
1.87160D+06 9.67611D+03 
1.871600+06 9.89602D+03 
1.8716OD+06 1.011590+04 
1.87160D+06 1.0335&+04 
1.87160D+06 l.O5553D+04 
1.871600+06 1.07?57D+04 
1.871600+06 1.099560+04 
1.871600+06 1.12155D+04 
1.871600+06 1.143540+04 
1.87160D+06 1.165530+04 
1.871600+06 1.18f52~+O1 
1.8716OD+06 1.209510+04 
1.8716(#3+06 1 .U15OD+O4 
1.871601)+06 1.2535OD+04 
1.87160D+06 1.2?349D+04 
1.87160+06 1.29748D+04 
1.871600+06 1.31947D+04 
1.871601)+06 1.3414&+04 
1.871600+06 1.36345D+O4 
1.871600+06 1.3854CD+U 
1.87160D+06 1.40743D+04 
1.871600+06 l.L2942D+04 
1.87160D+06 1.45142D+04 
1.87160D+06 1.47341D+04 
1.87160D+06 1.495400+04 
1.87160D+06 1.517390+04 
1.87160D+06 1.539380+04 
1.871600+06 1.561371)+04 
i . 8 7 1 ~ ~ + 0 6  1.5a3360+~ 
1.8716013+06 1.60535D+O4 
1.87160D+06 1.62?34D+04 
1.8716OD+06 1.64934D+04 
1.87160[3+06 1.67133D+M 
7.91131D+06 1.69332D+04 
7.91131D+06 1.71531D+04 
7.91131D+O6 1.7373OD+O4 
7.91131D+06 1.759290+04 
7.91131D+06 1.78128D+04 
7.91 131D+06 1.80327’D+04 
7.91131D+W 1.82527D+04 
7.91 131D+06 1.847260+04 
7.91131D+06 1.86925D+04 
7.91131D+06 1.89124D+04 
7.91131D+06 1.913239+06 
7.911310+06 1.93522D+04 

7.91131D+06 1.979200+04 
7,911310+06 2.001190+04 
7.911310+06 2.02319D+04 
7.91 131D+06 2.045180+04 
7.911310+06 2.06717D+04 
7.91131D+06 2.08916D+04 
7.91131D+06 2.1lllSD+O4 
7.911310+06 2.13314[3+04 
7.911319+06 2.15513D+04 
7.91131[3+06 2.17712D+04 
7.91131D+06 2.19911D+04 

7.91131D+06 1.957210+04 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 



ZONE 200 272174 7.1600000-05 ( 

272178 1.2064608-02 ( 1.0000) 
ZONE 199 272174 7.1600000-05 ( 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 . 0000) 

1 .OOOO) 

1 . 0000 ) 

272178 1.2(MGboo-O2 ( 1.0000) 
ZONE 198 272171 7.16OOOOD-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZOUE 197 272174 7.1600000-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 196 272174 7.1600000-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 195 272174 7.1600000-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 194 272174 7.1600000-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 193 272174 7.16OOOOD-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 192 272174 7.1600000-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 191 272174 7.1600OOD-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 190 272174 7.1600000-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 189 272174 7.160000D-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 188 272174 7.1600000-05 ( 

272178 1.20646OD-02 ( 1.0000) 
ZONE 187 272174 7.160000D-05 ( 

272178 1.20646OD-02 ( 1.0000) 
ZONE 186 272174 7.1600000-05 ( 

272178 1.20646OD-02 ( 1.0000) 
ZONE 185 272174 7.16OOOOD-05 ( 

272178 1.2064600-02 C 1.0000) 
ZONE 184 272174 7.160000D-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 183 272174 7.1600000-Q5 ( 

272178 1.20646OD-02 ( 1.0000) 
ZONE 182 272174 7.1600000-05 ( 

272178 1.2064600-02 ( 1.0000) 
ZONE 181 272174 7.9600000-05 ( 

272178 1.20646OD-02 ( 1.0000) 
ZOUE 180 272174 7.160000D-05 ( 

272178 1.20646OD-02 ( 1 .OOOO) 
ZONE 179 272174 7.160000D-85 ( 

272178 1.2064600-02 ( 1.0000) 
ZOWE 178 272174 7.16000OD-05 ( 

272178 1.206460D-02 ( 1.0000) 

1 .OOOO) 

1 . 0000 ) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 . 0000 ) 

1 .OOOO) 

1.00001 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 . 0000) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 272176 2.3009200-03 ( 

272179 6.0236800-03 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 

272179 6.0236800-03 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 

272179 6.02M800-03 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 

272179 6.0236800-03 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 

272179 6.02368013-03 ( 1.0000) 
1.0000) 272176 2.30092OD-03 ( 

272179 6.0236800-03 ( 1.0000) 
1 .OOOO) 272176 2.3009200-03 ( 

272179 6.0236800-03 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 

272179 6.0236800-03 ( 1.0000) 
1 .OOOO) 272176 2.3009200-03 ( 
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1.0000) 272177 8.223390D-03 ( 

272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272177 8.223390D-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.223390D-03 ( 

272180 1.551330D-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.55133OD-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1 .OOOO) 
1,0000) 272177 8.22339OD-03 ( 

272180 1.55133OD-02 ( 1 .OOOO) 
1.00oo) 272177 a.223390~-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233908-03 ( 

272180 1.5513300-02 ( 1 .oooo) 
1.0000) 272177 8.223390D-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272176 2.3009200-03 ( 1 .OOOO) 272177 8.223390D-03 ( 

272179 6.0236800-03 ( 1 .OOOO) 272180 1.5513301)-02 ( 1 .OOOO) 
1 .OOOO) 272176 2.3009200-03 ( 1 .OOOO) 272177 8-2233900-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272176 2.3009200-03 ( 1 .OOOO) 272177 0.2233900-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000) 
1 .OOOO) 272176 2.3009200-03 ( 1 .OOOO) 272177 8-2233900-03 ( 

272179 6.02368OD-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272176 2.3009200-03 ( 1 .OOOO) 272177 8.2233900-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272176 2.30092OD-03 ( 1 .OOOO) 272177 8.2233900-03 ( 

272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1.0000) 2?2176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272179 6.0236801)-03 ( 1 .OOOO) 272180 1.5513300-02 ( 1 .OOOO) 
1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272179 6.0236800-03 C 1.0000) 272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272176 2.3009200-03 ( 1 .OOOO) 272177 8.2233900-03 ( 

272179 6.02368OD-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272179 6.02368OD-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272179 6.02wm0-03 ( i.oooo) 2 m a o  1.551330~-02 ( i.oooo) 



ZONE 177 272174 7.160000D-05 ( 1.0000) 272176 2.30092OD-03 ( 1 .OOoo) 272177 8.223390D-03 ( 

272178 1.2066M)D-02 ( 1 .OOOO) 272179 6.0236800-03 ( 1.ODOO) 272180 1 .S51330D-O2 ( 1.0000) 
ZOWE 176 272174 7.16OOOOD-OS ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000) 
ZOUE 115 272174 7.16OOOOD-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.223390D-03 ( 

272178 1.2066600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000) 
ZOWE 174 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.023680D-03 ( 1.00001 272180 1.551330D-02 ( 1.0000) 
ZONE 173 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.206660D-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 272180 1.55133OD-02 ( 1,0000) 
ZWE 172 272174 7.160000D-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2O&MD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZWE 171 2R174 7.16000[EO-05 ( 1.0000) 272176 2.30092oD-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2064MlD-02 ( 1 .OOOO) 272179 6.02368013-03 ( 1 .OOOO) 272180 1.551330D-02 ( 1 .OOOO) 
ZOWE 170 272174 7.160000D-05 { 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.223390D-03 ( 

2Zlm 1.206660D-02 ( 1.0000) 272179 6.023680D-03 ( 1.0000) 272180 1.55133OD-02 ( 1.0000) 
ZONE 169 272174 7.16OOOoD-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 168 272174 7.160000D-05 ( 1.0000) 272176 2.3009K)D-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2066600-02 ( 1.0000) 272179 6.0236800-03 ( 1.00001 272180 1.5513300-02 ( 1.0000) 
ZONE 167 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.20646OD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 166 272174 7.1M)OOOD-O5 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2066600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 165 272174 7.16OOOOD-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.20646UD-02 ( 1.0000) 272179 6.02368w,-03 < 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 164 272174 7.160000D-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2066600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.55133OD-02 ( 1.0000) 
ZOUE 163 272174 7.16OOOOD-05 C 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZOWE 162 272174 7.16OOOOD-05 C 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 161 272174 7.160000D-05 ( 1.0000) 272174 2.30092OD-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2064601)-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 160 272174 7.16OOOOD-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2OdbM)D-02 ( 1.0000) 272179 6.0236800-03 ( 1.00001 272180 1.5513300-02 ( 1.0000) 
ZOUE 159 272174 7.1600000-05 C 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.20&60D-O2 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 158 272174 7.160000D-05 ( 1.UOOO) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.ZWM)D-02 ( 1.0000) 272179 6.02368OD-03 < 1.0000) 272180 1.55133OD-02 ( 1.0000) 
ZONE 157 272174 7.16OOOOD-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.20dGM)D-02 C 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 156 272174 7.1M#1000-05 ( 1.0000) 272176 2.30092OD-05 ( 1.0000) 272177 8.22339UD-03 ( 

1 .OOOO) 

1 . 0000 ) 

1 .OOOO) 

1.0000) 

1 .OOOO) 

1 .OOOO) 

1 . 0000 ) 
1 .OOOO) 

1 .OOOO) 

1 .OooO) 

1 .0000) 

1 . 0000) 

1 - 0000) 
1 .0000) 

1.0000) 

1 .OOOO) 

1 .OOOO) 

1 * 0000) 

1 .UOOo) 

1 .moo) 

1 .WOO) 

1.0000) 

1 .0000) 

272178 1.2066~~-02 ( i.oooo) 272179 6.0~680~-03 ( i.oo00) 272180 i.s51330~-02 I i.oooo) 
ZWE 155 272174 7.1600000-05 ( 1.0000) 272176 2.300920D-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000) 
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ZOIlE 154 272174 7.1600000-05 ( 1.0000) 272176 2.3009201,-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 272180 1.55133OD-02 ( 1.0000) 
ZONE 153 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.20646OD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.55133OD-02 ( 1.0000) 
ZONE 152 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.20646OD-02 ( 1.0000) 272179 6.OzMBoD-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZWE 151 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-OK ( 1.0000) 272177 6.2233900-03 ( 

2n378 1.2064M)D-02 ( 1.0000) 272119 6.0236NB-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 

1 .OOOO) 

1 .OOOO) 

1.0000) 

1 .OOOO) 

ZONE 150 41001 6.6644000-02 
ZONE 
ZONE 
ZOWE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZOUE 
2OWE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZOUE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 

149 41001 
148 41001 
147 41001 
146 41001 
145 41001 
144 41001 
143 41001 
142 41001 
141 41001 
140 41001 
139 41001 
138 41001 
137 41001 
136 41001 
135 41001 
134 41001 
133 41001 
132 41001 
131 41001 
130 41001 
129 41001 
128 41001 
127 41001 
126 41001 
125 51001 
124 51001 
123 51001 
122 51001 
121 51001 
120 51001 
119 51001 
118 51001 
117 51001 
116 51001 
115 51001 
114 51001 
113 51001 
112 51001 
111 51001 
110 51001 
109 59001 
108 51001 
107 51001 
106 51001 
105 51001 
104 51001 
103 51001 
102 51001 
101 51001 

6.6644000-02 i 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6646000-02 ( 
6.6644OOD-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644OOD-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.664400D-02 ( 
6.6614000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 C 
6.6644000-02 f 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6614000-02 ( 
6.6644000-02 ( 
6.6644000-02 t 
6.6644000-02 ( 
6.6614Oob-02 ( 
6.6644000-02 ( 
6.6646000-02 ( 
6.6644000-02 ( 
6.M6COOD-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644000-02 ( 

1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 * 0000 1 
1 .OOOO) 
1.0000 1 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1.0000) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1.0000 1 
1.00001 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OooO) 
1 . 0000 1 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 

48016 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
480 16 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
48016 
480 1 6 
48016 
48016 
480 16 
48016 
480 16 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 

3.3344000-02 ( 
3.3344000-02 ( 
3.3361000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334400(3-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344005-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 

3.3WOOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344005-02 ( 
3.33UO00-02 ( 
3.3344OoD-02 ( 
3.3361000-02 ( 
3.3344000-02 C 
3.3344OOD-02 ( 
3.3344000-02 C 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000 - 02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344OOo-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 < 
3.33UO05-02 ( 
3.3344000-02 ( 

3.3344000-a2 ( 

1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .0000) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 . 0000 ) 
1.0000) 
1 * O O O O )  
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 ) 
1 0000 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 

***** AVERAGE VALUES FOR COWTROL Ra)  MATERIAL **** 
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.Ou6BoD-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 

VOLUME Of CBWTROL RQD MATERIAL USED TO CALCULATE ATOH OENSITIES. 

_-__-_--_-__-_*-_--_____________________-------*------ - - -*------ - - - - - - - - - - -  
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***** STARTING POSITIONS FOR ALL CONTROL ROOS ***** 
STARTING POSITIOLI - -  P O S N W  1, I ) =  0.00~OOOODOD*D0 

***** KEFF AT STARTING POSITION = -9590846 

*-** FIRST GUESS POSITIONS FOR MOVING CONTROL ROOS ***** 
FIRST GUESS POSITIOW - -  P O S N W  1, 1)= 1.6713272770+04 

***** KEFF AT FIRST GUESS POSITION = 1.1122112 

ITERATION # 0 - -  AT THE CURRENT POSITION KEFF = 1.1122112 
***- TU0 POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 
BANK ROO *** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 

1 1 1.67132?2?7D+W 4.4657852260+03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ITERATION # 1 - -  AT THE CURRENT POSITION KEFF = 1.0577382 
***** T U 0  POINT LAGRANGE INTERPOLATIOW USED TO DETERMINE NEW POSITION ***** 
BANK ROO **- CURRENT POSITION **** **** WEU PREDICTED POSITION **** 

1 1 4.46578522&+03 1.8521320180+03 

_ - _ - _ _ - _ _ _ _ _ _ _ c _ _ ^ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - -  

ITERATION # 2 -- AT THE CURRENT POSITION KEFF 0 -9727653 
**** TU0 POINT LAGRANGE INTERPOLATION USED TO DETERHfNE NEU P O S l T l O N  ***** 
BANK ROD *** CURRENT POSITION *** **- NEU PREDICTED POSITION **** 

1 1 1.852132038D+03 2.689417217D+03 

_ _ _ - _ _ - - - - _ _ _ _ c _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - -  

ITERATIOW # 3 - -  AT THE CURRENT POSITION KEFF = 1.0041287 
***** TUO W I N 1  LACRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 
BANK ROD **** CURRENT POSITION *** *** NEU PREDICTED POSITION **** 

1 1 2.68941?217D+03 2.5791262310+03 

_ _ _ _ _ _ I _ _ - - _ _ _ - _ _ _ _ _ - - - - - - - * - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - " " - - - - - - - - - - - " - -  

ITERATION # 4 - -  AT THE CURRENT POSITION KEFF = -9973102 
***** TU0 POINT LAGRANGE INTERPOLATION USED TO DETERMINE NEU POSITION ***** 
BANK ROD **** CURRENT POSITION **** **** NEU PREDICTED POSITION **** 

1 1 2.57912623 1D+03 2.6220417SBD+03 
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I X (  1- 5) ' 3 P  [r @ 2 0' 
I X (  6-10) ' 1' 1' Of I)t 25' 
IX(11-15) ' pp. U' @ 1' 0' 
IX(16-20) ' U' W W P 0' 
IX(21-25) ' 0' I)t 0' 1' O* 

1-TARGET KEFF VALUE = 9.5OOOOD-01 
2-ALLCUED KEFF TOLERANCE = 1.OOOOOD-03 
3-MAXIM VALUE FOR CONTROL ROD MOVEMENT = 1.000+03 
4-MAXIM NUMBER OF ATW DENSITY VALUES ( I F  IX(23).NE.O) = 5000 

1-CTRLPOS O P T l o I l  NLJMBER = 30 
2-NEUTRONICS MODULE - 0 
3-INTERPOLATION SCHEME I 0 
4-NUWBER OF POINTS IN SCHEME - 2 
5-STORAGE OF KEFF VALUES - 0 
6-COWTROL RODS F O R  KEFF SEARCH 1 
7-PRINT OUT OF ATOn DENSITIES - 1 
8-PRINT OUT ATOn DENSITIES AT EACH POSITION = 0 
9-CONTROL ROO T I P  PARTIAL ZONE PLACEMENT = 0 

10-NUMBER OF POSITIOEI ITERATIONS = 25 
11-NUMBER OF WTERS FOR NEUTRONICS MOOULE = 99 - 0 

- 0 
12-RESERVED 
13-BURNED CONTROL ROD OPTION 

***** PARAMETERS F O R  CTRLPOS OPTION 30 '**** 
14-BANK NUMBER FOR CONTROL ROD W Z T H  CURVE = 1 
15-CONTROL ROD FOR UORTH CURVE 0 
16-RESERVED - 0 

***** PARAMETERS FOR CTRLPOS OPTION 40 "*** 
17-BANK NWBER FOR ROO/BANK RE-POSITIONING 0 
18-CONTROL ROD NWBER FOR RE-POSITIONING = 0 
19-ZONE NUMBER F D R  RE-PDSITIOWING - 0 
20-ZWE BOUNDARY FOR RE-POSITIONING - 0 
21-MNTPLOT PLOT OPTION - 0 

22-REVERSE CONTROL ROD MOTION OPTION - 0 
23-ATOM DENSITY ARRAY STORAGE OPTION - 0 
24-CONTAINER ARRAY MEMORY OPTION = 1 
25-DESUG WTWT PARAMETER - 0 

- 
I - - - 

- - 

- 
- 

- 
- - 
- - 
- 

BANK # 1 RQ, # 1 ATD( DENSITIES 

ZONE 200 272174 7.160OOOD-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272179 8.2233900-03 ( 

272178 1.206460D-02 ( 1 .OOOO) 272179 6.0236800-03 ( 1 .OOOO) 292180 1 -551330D-02 ( 1 .OooO) 
ZONE 199 272174 7.9600000-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.206460D-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 6.2233900-03 ( 

272178 1.2W600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.55133OD-02 ( 1.0000) 
ZONE 197 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.206cM)O-02 ( 1.0000) 272179 6.0u6800-03 ( 1.0000) ZiS180 1.5513300-02 ( 1.0000) 
ZONE 1% 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.2233900-03 ( 

1 .0000) 

1 .OOOO) 

1 .OOOO) 

1 . 0000 ) 

1 .OOOO) 



272178 1.206oD-02 ( 1.0000) 272179 6.0u6800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZOWE 1% 272174 7.16OOOOD-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2061M#,-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 194 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 < 1.0000) 272177 8.2233900-03 ( 

1 .OOOO) 

1 .OOOO) 
272178 1.20bbboD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 193 272174 7.160OOOD-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 192 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064600-02 ( '1.0000) 272179 6.02368OD-03 ( 1.0000) 
ZONE 191 272174 7.16OOOOD-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 l.206460D-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 190 272174 7.160OooD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2061W-02 ( 1.0000) 272lT9 6.0236800-03 ( 1.0000) 
ZONE 189 272174 7.1600000-05 ( 1.0000) 272176 2.300920D-03 ( 

272178 1.20646OD-02 ( 1.0000) 272179 6.0236800-03 ( ~ . O o o ~ l  
ZONE 188 272174 7.160OOOD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 l.ZObb60D-02 ( 1.0000) 272179 6-0236800-03 ( 1.0000) 
ZONE 187 272174 7.16OOOOD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2066600-02 ( 1 .OOOO) 272179 6.0236800-03 ( 1 .OOOO) 
ZONE 186 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 < 
272178 1.206460D-02 ( 1.0000) 272179 6.Ou68oD-03 ( 1.0000) 
ZONE 185 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 3.2064600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 
ZONE 164 272174 7.1600000-05 ( 1.0000) 272176 2.30092013-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 183 272174 7.16OOOOD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064M)D-02 ( 1.0000) 272179 6.0236800-03 ( 1.00001 
ZONE 182 272174 7.16000OD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.20646OD-02 < 1.0000) 27'2179 6.0236800-03 ( 1.0000) 
ZONE 181 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.023680D-03 C 1.0000) 
ZONE 180 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.2061600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 179 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.206k6tX1-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 
ZONE 178 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 1T7 272174 7.1600000-05 ( 1.00001 272176 2.3009200-03 ( 

272178 l.20646OD-02 ( 1.0000) 272lT9 6.02368OD-03 ( 1.0000) 
ZONE 176 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.206460D-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 175 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 

1 .OOOO) 

1.0000~ 

1 .OOOO) 

1 .OOOO) 

1 . 0000 1 

1 .OOOO) 

1 .OOOO) 

1 .oooo ) 

1.0000~ 

1 . 0000 ) 
1 .OOOO) 

1 .OOOO) 

1.0000) 

1 . 0000 1 

1 .oooo 1 

1 .moo) 

1 .OOOO) 

1 . 0000 ) 
1 .oooo> 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.223390-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.22339OD-03 ( 

272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272177 8.22339OD-03 ( 

272180 1.5513300-02 C 1.0000) 
1 .OOOO) 272177 8.22339OD-03 ( 

272180 1.551330D-02 ( 1.0000) 
1.0000) 272177 8.22339OD-03 ( 

272160 1.5513300-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 C 

272180 1.55133OD-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.55133OD-02 ( 1 .OOOO) 
1.0000) 272177 8.22339OD-03 ( 

272180 1.551330D-02 ( 1 .OOOO) 
1.0000) 272177 8.223390D-03 ( 

272180 1.551330D-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.551330D-02 ( 1 .OOOO) 
1.0000) 272177 8.22339OD-03 ( 

272180 1.55133OD-02 ( 1 .OWO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.55133OD-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.551330D-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.55133OD-02 ( 1 .0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1 S5I33OD-02 < 1 .OOOO) 
1.0000) 272177 8.223390D-03 ( 

272180 1.551330~-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

2721% 1.206(r60D-02 { 1.0000) 272179 6.02368OD-03 4 1.0000) 272180 1.551330D-02 ( 1.0000) 
ZONE 174 272174 7.160OOOD-05 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339OD-03 ( 

272178 1.2064M)D-OZ < 1.0000) 272179 6.02368OD-03 < 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZONE 173 272174 7.16OO~-O5 ( 1.0000) 272176 2.30092OD-03 ( 1.0000) 272177 8.22339UD-03 ( 

1 .I 0000) 

1 .moo) 
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272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000) 
ZONE ln 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.223390D-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 1.0000) 
ZWE 171 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 1.0000) 272177 8.2233900-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 272180 1.551330D-02 ( 1.0000) 
ZWE 170 272174 7.1600000-05 ( 1,0000) 272176 2.3009200-03 ( 1.0000) 272177 8.223390D-03 ( 

1 .OOOO) 

1 .OOOO) 

1.0000) 
272178 1.2064601)-02 ( 1.0000) 272179 6.023680D-03 ( 1.0000) 
ZONE 169 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 

272178 1.206CM)o-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 168 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 

272178 1.2066600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 167 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.2066600-02 ( 1.0000) 272119 6.023680D-03 ( 1.0000) 
ZONE 166 272174 7.160OOOD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 165 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 
ZONE 164 272174 7.1600000-05 ( 1.0000) 272176 2.300920D-03 ( 

272178 1.20646OD-02 ( 1.0000) 292179 6.0236800-03 ( 1.0000) 
ZONE 163 272176 7.16OOOOD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 
ZONE 162 272174 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2066600-02 ( 1.0000) 272179 6.02368OD-03 ( 1.0000) 
ZONE 161 272176 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 160 272174 7.160OOQo-05 ( 1.0000) 272176 2-3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.02368013-03 ( 1.0000) 
ZONE 159 272176 7.1600000-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.20646OD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 158 272174 7.1600000-05 ( 1 .OooO) 272176 2.300920D-03 ( 

2721t8 1.2WM)O-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZOUE 157 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.20646OD-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 156 272174 7.1600000-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.2064600-02 < 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 155 272174 7.1600008-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 154 272174 7.1600000-05 ( 1.0000) 272176 2.300920D-03 ( 

272llS 1.2064600-02 ( 1.0000) 2721?9 6.0236800-03 ( 1.0000) 
ZWE 153 272176 7.160OOoD-05 ( 1.0000) 272176 2.3009200-03 ( 

272178 1.20646OD-02 ( 1.0000) 212179 6.0236300-03 ( 1.0000) 
ZOUE 152 272174 7.16OOOOD-05 ( 1.0000) 272176 2.30092OD-03 ( 

272178 1.20646oQ-02 ( 1.0000) 272179 6.0236800-03 ( 1.0000) 
ZONE 151 272174 7.1600000-05 ( 1.00003 272176 2.3009200-03 ( 

272178 1.2064600-02 ( 1.0000) 2TtltO 6.0u6800-03 ( 1.0000) 
ZONE 150 41001 6.6644OOD-02 ( 1.0000) G8016 3.3344000-02 ( 
ZONE 149 41001 6.6646000-02 ( 1.0000) 48016 3.3344OOD-02 ( 

1.0000) 

1 . 0000 ) 
1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 .OOOO) 

1 . 0000 ) 

1.0000) 

1 .OOOO) 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1 .OOOO) 
1 . 0000 ) 2721 77 8.2233900 - 03 ( 

272180 1.5513300-02 ( 1.0000) 
1 . 0000 ) 272 177 8.2233900 - 03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1 .OOOO) 
1 .OOOO) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.55133OD-02 ( 1.0000) 
1.0000) 272177 8.22339OD-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1 .OOOO) 
1.0000) 272177 8.223390D-03 ( 

272180 1.55133OD-02 ( 1 .OOOO) 
1.0000) 272177 8.2233900-03 ( 

272180 1.5513300-02 ( 1 .OOOO] 
1 .OOOO) 272177 8.22339OD-03 ( 

272180 1.55133OD-02 ( 1.0000) 
1 .OOOO) 272177 8.22339013-03 ( 

272180 1.5513300-02 ( 1.0000) 
1.0000) 272177 8.22339OD-03 ( 

272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272177 8,2233900-03 ( 

272180 1.5513300-02 ( 1.0000) 
1 .OOOO) 272177 8.2233900-03 ( 

272180 3.5513300-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.551330D-02 ( 1.0000) 
1.0000) 272177 8.2233900-03 ( 

272180 1.551330~-02 ( 1 .oooo) 
1 . 0000) 
1 .OOOO) 
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ZOME 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
Z W E  
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZonE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 
ZONE 

148 41001 
147 41001 
146 41001 
145 41001 
164 41001 
143 41001 
142 41001 
141 41001 
140 41001 
139 41001 
138 41001 
137 41001 
136 41001 
135 41001 
1u 41001 
133 41001 
132 41001 
131 41001 
130 41001 
129 41001 
128 41001 
127 41001 
126 41001 
125 51001 
124 51001 
123 51001 
122 51001 
121 51001 
120 51001 
119 51001 
118 51001 
117 51001 
116 51001 
115 51001 
114 51001 
113 51001 
112 51001 
111 51001 
110 51001 
109 51001 
lD6 51001 
107 51001 
106 51001 
105 51001 
104 51001 
103 51001 
102 51001 
101 51001 

6.664000-02 ( 
6.6644000-02 ( 
6.6664000-02 ( 
6.6664000-02 ( 
6.6644000-02 ( 
6.6644OOD-02 ( 
6.6644000-02 ( 
6.M64000-02 ( 
6.6646000-02 ( 
6.6664000-02 ( 
6.6644OOD-02 ( 
6.WOoO-02 ( 
6.WOOD-02 ( 
6.6644000-02 ( 
6.66640013-02 ( 
6.6644000-02 ( 
6.6666000-02 ( 
6.6664000-02 ( 
6.6644OOD-02 ( 
6.6666000-02 ( 
6.6644000-02 ( 
6.664100D-02 ( 
6.66460013-02 ( 
6.6644000-02 ( 
6.66640013-02 ( 
6.664400D-02 ( 
6.6644OOD-02 < 
6.#44000-02 ( 
6.6664000-02 ( 
6.66640OD-02 ( 
6.6644000-02 ( 
6.6644OOD-02 ( 
6.66440OD-02 ( 
6.664400D-02 ( 
6.6644000-02 ( 
6.6644OoD-02 ( 
6.6644000-02 ( 
6.6664OoP-02 t 
6.6644000-02 ( 
6.6644000-02 ( 
6.6644OoD-02 ( 
6.6644000-02 { 
6.6644OOD-02 ( 
6.6644OoD-02 ( 
6.6644OOD-02 ( 
6.66440013-02 ( 
6.6644000-02 ( 
6.6664000-02 ( 

1.0000 1 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1.0000 ) 
1 .OOOO) 
1 .ODOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.00001 
1 .OOOO) 
1 . 0000 ) 
1 .om01 
1 . 0000 1 
1 . 0000 ) 
1 .0000) 
1 .OOOO) 
1.00001 
1.0000~ 
1 ~ 0 0 0 0 ~  
1 .oooo ) 
1 . 0000 ) 
1.0000) 
1 .OOOO) 
1 .OWO) 
1 .OOoO) 
1 .OOoO) 
1 .OQoO) 
1 .0000) 
1 .OOoO) 
1 .OOoO) 
1 . 0000) 
1.0000) 
1 .OOOO) 
1.0000) 
I .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000) 
1.0000) 
1 .OOOO) 

48016 
48016 
48016 
68016 
a016 
48016 
48016 
48016 
48016 
480 16 
48016 
48016 
48016 
48016 
480 16 
48016 
48016 
48016 

48016 
480 16 
48016 
48016 
58016 
58016 
58016 
58016 
58016 
58016 
5801 6 
58016 
58016 
58016 

58016 
58016 
48016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 
58016 

58016 
58016 

48016 

saot6 

sa016 

3.33UOoO-02 ( 
3.3UbO00-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344ODD-02 ( 
3.3344Ow)-02 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3361000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.334iooD-02 ( 
3.3344000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.u44000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3,3344000-02 ( 
3.3344OOD-02 ( 
3.uli1OOD-02 ( 
3.3344000-02 ( 
3.3ucDDD-02 ( 
3.334400D-02 ( 
3.3344000-02 < 
3.334400D-02 ( 
3.3344OOD-02 ( 
3.3344OOD-02 C 
3.3314000-02 ( 
3.3344OOD-02 ( 
3.3344000-02 ( 
3.3UbOOD-02 t 
3.3344oDo-02 ( 
3.3314000-02 ( 
3.3342W-02 ( 
3.3344OOD-02 < 
3.33UOOD-02 ( 
3.3364000-02 ( 
3.3344000-02 ( 
3.3344000-02 ( 
3 I 33440013 - 02 ( 
3.3344000-02 ( 

1.0000) 
1 . 0000 ) 
1 .OOOO) 
1 . 0000 1 
1 . 0000 1 
1 . 0000 1 
1.0000) 
1 . 0000 1 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1 . 0000 ) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1 . 0000 ) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000~ 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 . 0000 1 
1 .OOOO) 
1.0000~ 
1 .OOOO) 
1 . 0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 
1.0000) 
1 .OOOO) 
1 .OOOO) 
1 .OOOO) 

***** AVERAGE VALUES FOR CONTROL ROD MATERIAL *-** 
V O L W  OF CONTROL ROO MATERIAL USED TO CALCULATE A T W  DENSITIES.  
2 ~ 1 7 4  ~.~M)OOOD-O~ ( i.0000) 2 n m  z.300920~-~3 ( i.00001 272177 a.2233900-03 ( 
272178 1.2(MbMlo-02 ( 1.0000) 272179 4.0236800-03 ( 1.0000) 272180 1.5513300-02 ( 

CONTROL ROD EAIlK = 1 

***** ALL RODS I N  BANK Y I L L  BE POSITIONED ***** 
N W E R  OF POSITlONS = 19 

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

***** ONLY ZONE POSITIONS FOR BANK # 1, ROD # 1 PRINTED HERE ***** 
N W E R  ZONE BOUNDARY POSITION 

1 200 0 0.0000000000+00 
2 200 1 2.199114838D+Ot 
3 1W 1 4.398229675D+02 
4 '198 1 6.597%45130+02 
5 1% 1 1.09955741pD+03 
6 192 1 1.97V203354D+03 
7 188 1 2.8588492890+03 

1 .OOOO) 
1 .OOOO) 



190 

8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 

1sb 
180 
176 
172 
168 
164 
160 
156 
154 
153 
152 
151 

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

3.73&G%2240+03 
4.6181411590+03 
5.497787094D+03 
6.3?74330290+03 
7.2570789640+03 
8.13672489?D+03 
9-01 63?08uD+03 
9.8960167690+03 
1.0335839740+04 
1.055575122D+04 
1 .077566270D+04 
1.0995574190+04 

***** SAVED POSITIONS FOR ALL CONTROL RODS ***- 
SAVED POSITION - -  POSSAV( 1, I)= 2.6220417581)+03 

***** ONLY ZONE POSITIONS FOR BANK Cy 1, ROD # 

# ZONE BNDRY BANK R a )  POSITION KEFF 

1 200 0 1 1 O.OOOOoD+OO .E90846 
2 200 1 1 1 2.19911D+02 .9591602 
3 199 1 1 1 4.398230+02 .9593927 
4 198 1 1 1 6.597340+02 -9598349 
5 1% 1 1 1 1.099560+03 .9618968 
6 192 1 1 1 1.979200+03 .9788072 
7 188 1 1 1 2.85885D+03 1.0122393 
8 186 1 1 1 3.73850[3+03 1.0411547 
9 180 1 1 1 4.6181&+03 1.0620744 
10 176 1 1 1 5.49T790+03 1.0770211 
1 1  172 1 1 1 6.377430+03 1.0878874 
12 168 1 1 1 7.2570&+03 1.0959564 
13 164 1 1 1 8.1MRD+03 1.1020158 
14 160 1 1 1 9.0163?D+03 1.1066390 
15 156 1 1 1 9.89602D+03 1.1099291 
16 154 1 1 1 1.03358D+04 1.1110609 
17 153 1 1 1 1.055580+04 1.1114841 
18 152 1 1 1 l.OT757D+04 1.1118070 
19 151 1 1 1 1.099560+04 1.1120273 

1 PRINTED HERE *** 
DKEFF DK/VOL 

,0000000 .ooooooo 
.0000789 .0000004 
-0002424 .0000011 
.0004608 .0000021 
.0021058 .0000049 
.0174271 .0000198 
-0335825 .0000382 

-0198929 .0000226 
-0139748 .0000159 
.01003a6 .0000114 
.00?3898 .0000084 
.0055408 .0000063 
.OM1593 .0000047 
.0029686 .0000034 
.0010192 .DOOOOZ3 
.0003808 .0000017 
.0002905 .0000013 
.0001981 .0000009 

.om635 .oa00320 

** 

DKO/VOL 

.ooooooo 

.0000004 

.0000007 

.0000012 

.0000027 

.0000103 

.0000189 

.0000220 
* 0000221 
.0000211 . 00001 97 
.0000184 
.0000170 
.0000158 
.0000147 
.0000142 
.0000139 
~ 0000137 
.0000134 

END OF BAMPLE 3 CTRLPOS OUTPUT 
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