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ARROTTA-HERMITE Code Comparison

This report documents the verification of the ARROTTA space-
time kinetics computer program against a similar industry code
for a PWR rod ejection accident, The ARROTTA code can be run |

much faster and at a small fraction of the cost than any other :!
known code of its class.

i

BACKGROUND The ARROTTA computer program is a multidimensional space-time kinetics
program developed by EPHI for solving LWR transient problems in which -
spatial effects in the core are significant, Because reactor core power distri-

'

i
"

butions and other quantities of interest are not amenable to measurement
in power reactors under transient conditions, verification of computer code l
predictions of such events generally rely on numerical comparisons of com- |
puter codes. !

OBJECTIVE To verify the ARROTTA computer program for transient applications.
'

|
t

APPROACH The computer program HERMITE, one of several codes in the industry avail- |
able for this type of companson, was chosen to verify the ARROTTA code I

for transient applications. An NRC approved topical report for the HERMITE |
code exists, and the code has been used repeatedly in licensing applications.

,.:. The investigators found the common input options between the HERMITE j
D and ARROTTA codes. They ran both codes and compared the results. i

'

RESULTS The EPRI ARROTTA verification program is comprehensive. This study j.

_'
provides further reassurance of the program's capabilities for addressing
space-time effects. The good agreement of the ARROTTA and HERMITE

,

tronics, transient fuel temperature, transient control rod motion, and transient _
{results for the analyzed 3-D rod ejection event verifies the transient neu-

cross section treatments in the ARROTTA code. The ARROTTA code can,
therefore, be reliably used for any rod ejection type transient, including
transients up to hot, full power conditions.

EPRI PERSPECTIVE This report not only verifies that the ARROTTA computer program can be
used to analyze off normal conditions or accident situations but it also
establishes an industry benchmark. The details of the analysis and input
decks used by both the ARROTTA and HERMITE codes are given. Thus,

.,
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[. others can repeat this analysis knowing th;t they are repr:senting th)-
~

problem in the same manner as was done in this study. The ARROTTA
- code has state-of the art algorithms that give accurate results with a
minimum of detail. Thus the code produces excellent results with re-
duced running time and a factor of 10 lower cost than other codes of
the same type.
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ABSTRACT

ThisJ report documents-.the verification of: EPRI's ARR0TTA space-time- kinetics
computer program against a similar.-industry code. A three-dimensional space time .
kinetics-calculation of a PWR rod ejection transient:was run using the ARR0TTA'
code. The-results were compared against those' of Combustion Engineering's HERMITE

0' - code. The transient used an' initial zero power condition and ejected a rod worth ,
I

|'of $1.16. Additionally, steady state cases were compared in support of the*

.-

transient analysis' problem -definition. Excellent agreement was obtained in all- Tj

phases of the- comparison -including steady. state and transient total core power,
| peak assembly- power, core average fuel temperature, and maximum fuel temperature. i

A complete. problem description.. including all of the ' input, is contained in an
. _

: appendix.
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''m' EXECUTIVE SUMMARY

>

'The. ARROTTA computer c0de is a multi dimensional space time kinetics program 6

. developed for the Electric Power Research Institute (EPRI). by S. levy, Inc. -The
;

' code objective' is. to solve boiling water reactor (BWR) and pressurized water i

reactor (PWR) transient problems where spatial effects in the core are +

'

'significant.. :The EPRI ARROTTA verification program is a comprehensive one, of f
' '

which this study provices further reassurance of the code's capabilities for r

addressing space time effects. |
.. !

The -' objective of this study is- to verify the ' ARROTTA computer program for i

: transient ' applications., This. has been accomplished by comparing results from
ARROTIA' to results from Combustion Engineering's HERMITE code for the same :

' problem. . Since reactor core power distributions and other quantities of interest
are not amenable to cieasurement in power reactors under such conditions, ;

verification of computer code predictions of such events must rely on numerical j,

p t intercoraparisons between computer codes. Fortunstaly, there are several computer ,

y, codes such tas' HERM11E which can be used for tnk comparison. HERMifE was cNson
,

* . because of .its- licensing status with the Nuclear Regulatery Consiss1nce k. |
'

T - app' roved topical report ior HERMITE exists And the code has been used naenteOy :

k# "in'. licensing applications.
"

>
'

h
? ; A.three-dimensional .(3-0) space time kinetics calculat%n of a PWR rod ejection
? transient';was run using both ARP/M% and HERMITE. Tht resu'.ts t # the two i

transient' calculations were then compared.- The transient used an initial zero {
# power condition.and ejected a rod worth of $1.16. This is a rather severe test of ;

- the space time capabilities' of ARROTTA since ejected rod worths this large are ,

+ Lunusual and the transient is very rapid, resulting in a power increase of a factor j
~ of one million within- one third of a second. Additionally, steady state cases
were compared in support of the transient analysis problem definition. Excellent ,

'. agreement was obtained in all phases of the comparison including steady state and> ,

ctransient total core power, peak assembly power, core average fuel temperature and
,

. maximum-fuel temperature.
,

S1
,

1
'

., ;
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Jihe' principal |conclusionfrom.thisstudyisthefollowing:
'

:
- .

s M.
. . . . . .,

t

[- The'goodiagreement of the ARROTTA and HERM11E- results for. the 34 rod- :s

ejection event analyzed serves' to verify the transient neutronics. transient' !.

'
'

*
' '

fuel temperature, , transient control rod motion and trantient cross section .. ;, , ,

^

-treatments-in ARROTTA.' The ARROTTA code can, therefore, be reliably used for: ;
3r

' '

fany rod ejection' type transient, inc19 ding transients er to hot full power-J g.-
~
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GENERAL. E
,

"Ir . ..

11.1' OBJECTIVE AND BACKGROUND*

;

; (Thel objective of this study ' is. to' verify the ARROTTA ' cocputer program forz '

' ,
~

transient ' applications, this has been accomplished by comparing results from:j -

.ARROTTA to results from Comrustion Engineering's (C E's) HERMITE code for the.same
7'.

-

' problet Space time' kinetics calculations are typically used to | analyze'

, ,,
* - off-nominal conditions' or accident situations. Since reactor core power

.

D ' distributions and other parameters of' interest are not-amenable to measurement in
power reactors under such conditions, verification of computer code predictions of .

,

- such events must irely on numerical intercomparisons between con 9 uter codes. -

I< fortunately, . there 'are available a number of codes including Combustion f.
&, 4 ~ Engineering's HERMITE code which are capable of this type of calculation. |

i .,

The.ARROTTA code'was develcped for the Electric Power Research Institute (EPRI) by: ' '

:S. levy, Inc. under Restarch Project (RP) 1935-n. ARR0iTA, which stands for - ,.

![ | Ar'vanced Rapid Rnactor OpraWnal Tra1 stent tria?yznr. was developed to solve f,

itf 6nsient problems- where statial%ffect r. in the. core are of signifimte. Among. 't,

y : thD. class of transiets is the control rod efecth n accidmt ir prchsurized water ' .

%2 mreactors ' (PWRs) . AMOTTA is built oh the Analytic Nodalization Method 'as j
'

.

a8 .. -

.1
..dirveloped Gr|t}UAWRt(Reference -1.'l) in EPRI Rp IGN 1. The therni hydraulics ?

,

g model; in UROTTA is tak; > directly fr9a tha DEkGE .cograu (Refennee 1 ?) as ,

1eveloped under EpRI PP 1761 18- I.'!RJT(A itself was nriginally f nitiated as AN11A l
,

@ /under Research project 1936 4 at Srookhaven Eational Laboratory. I

N ~' t
w.
[ .The- HERMITE code was developed at combustion Engineering for the analysis' of 'I
(, : tre.nsientsf in large pWRs where space time effects are important, This was [

!. accomplished by means of a numerical solution to the multi-dimensional, few-group, j'

,
,

time dependent neutron diffusion equation including feedback effects from fuel i,,

'
- temperature. moderator temperature, moderator density and control- rod motion. A ,

f4 ' topical: report -(Reference.1,3) describing the code, its input, and its i.

b verification was submitted to the Nuclear Regulatory Commission (NRC) in March, ,

g 1976 1

.
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A . submittal was made at the same time as a separate C-E topical report (Reference
d' l.4)'on the rod ejection accident. The NRC approval for both topical reports was .

'

obtained in July, 1976. In their evaluation of the HERMITE Topical Report, the .

NRC ' staff concluded that. *The subject report describes 'an acceptable neutron !

- kinetics computer code for solving the few group transient diffusion equations in +

one, two and P dimensions." In addition, they statedi "It has been used to .

* 'support the L. , Element Assembly Ejection Analysis Topical Report - ...

(CENPD-190, January b % and may be referenced in future license applications ana
,

topical reports."
i

Since the ilERMITE Topical Report was approved, the code has undergone a number of
incremental improvements and has.been applied to a variety of analyses. Key !

improvements include the addition of the Nodal Expansion Method (NEM) neutronics ;

'(References 1.5 and 1.6) and the inclusion of the TORC thermal hydraulics |

calculation (References 1.7 and 1.8). Results of the comparisons of the Hodal i

Expansion Method with C E's ROCS coarse mesh program employing the Higher Order' >

: Difference (HOD) method and PDQ were described in 1983 in the ROCS /DIT Topical :

Report (Reference 1.9).- In its acceptance, the NRC observed that based on the |
good agreement for two and three dimensional power distributions between the NEM

' and POD rethods and between N:M and H0D and fine mesh PDQ 7 calculations, they<

.

[ find either wthod-(NEM or H00) acceptable for coarso mesh power distribution '

( calculations, furtr.ac, the NRC recomnded th)1 C E rerform further verification
;

when NDI is 'nrorptratt-d into the ROC 4 code ir, order tc be astored tMt eqvivdent /
-eticul'ational biases and uncertainties are obttine1 with RMS MM as compared to l

,

I, R005-h00. Subsequently, NEM has been incorporatej itto R005 (laciuding assmbly ,

t discontinuity factors) and the additional recommended determination of biases and 'i

uncertainties is in progress. C-E's experience with NEM has shun it, to be
|

superior to tos finite elemen rathod ued originally on batt theoretical and.
,

. empirical grounds. !

.

HERMITE has. been applied over the years in a variety of licensing analyses on
specific dockets. The major applications have included one-dimensional space time

- " calculations for the loss of f'ow accident, time dependent reactivity insertion
idue to control rod motion, three-dimensional calculations for the steam line break

accident and two dimensional (2 D) analysis of asymmetric steam generator events.

I
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1.2 SCOPE
, .

'

'R This report describes a comparison between ARROTTA and HERMITE for a control rod

ejection transient initiated from hot zero power conditions.- In addition to"
,

comparing transient power levels and power distributions, several static
.$: comparisons of power, eigenvalue and rod worth are also presented.

;

* 1.3 FORMAT i

!

Section 2 of this report outlines the principal features of ARROTTA and HERMITE.
'

and discusses differences which can impact the calculational results of the codes.-
q

Section 3 describes the transient of interest - a control rod ejection from hot :

zero power conditions. Section 4 presents the results for the steady state and !
'

transient cases which comprise the study. Conclusions are given in Section 5. I
Appendix - A presents HERMITE sensitivity . studies, while Appendix B provides a
complete input description. |

t

1.4 SUMMARY f
r

The first task was to take the ARROTTA input deck and convert it to a HERMITE
'input deck. The major. effort in this area was in the cross section treatment.

While the ARR0iTA and HERMITE cross section represent.atiw era quite different, !
the flexibility of the HERMITE reyesentation permitted the .wo c.odss to pretjece ;

^

essentially identical macroscopic c.rcss sectionf for the'same velues of mnderatot '

&nsity and fuel teniperature. Therefore, any differences in results are aat due
to differences in tross section representeM ori.

:

' The thermal hydraulic modeh and input' for the two ccdes hiso differ. After some ;
~

iranisulation and sensitin'tj stud!es, the HERM11E input was generated. which
showed acceptable steaoy state or/reement with ARE0TTA.,.,

,

A series of steady state cares and one ditansional transients were run to make
' *

some basic assessments of the accuracy and consistency of the HERMITE and ARROTTA

;models.. These studies also provided guidance in the selection of options to be

used in HERMITE for the three dimensional (3 D) transient. Overall, the l

steady state ARROTTA HERMITE comparison showed very good agreement. -i
p

h

..

h

[,1-3

..

.



?
'~

,

g ,

f

. >

h The final task was execution of the 3 D rod ejection transient in half core
U geometry. :The agreements on core power, peak power, time of peak power and radial [

.

power distribution are all excellent. The core total power peaks, for~ example, ;

f' differ by only 31 MW out of some 4300 MW (0.7%). . Th'e time of peak power differs b
I ' by only 5 ms. Agreement in peak' core power is comparable to the total core power

'

;.

agreement.
t

-
y

p , The good agreement.obtained for the comparisons performed provides verification of-

f . ARR0TTA for analyzing problems where there are significant transient neutronic and a
!b fuel temperature feedback effects.

n ,

b !
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! Section 2
.!

.. CALCULATIONAL MODELS '

i

,=

|n -'2 1 INTRODUCTION.

This section summarizes principal features of the ARROTTA and HERMITE computer ;

programs. This is followed by a discussion of the major differences between the
codas which have a bearing on the comparisons and their results.

5

2.2 ARROTTA KEY FEATURES

The ARROTTA code'(Reference 2.1) is designed to solve the three dimensional, !

time dependent diffusion theory equations in rectangular geometry including a

thermal feedback effects. ARROTTA's geometric description of the core consists ;

first of specifying the location of each assembly type in the XY plane and the
associated mesh.in all three dimensions. The neutronic mesh is specified next. :,

Each assembly mesh interval must contain ont: or more neutronic mesh intervals
subject tc a maximum of 40 neutronic mesh intersals ir, each direction. The

t ' therm 614) dray',1c mesh is f,pecified next. The thermal-hydraulir mea must b0# *

come,ansurate with the assembly mesh but not necessarily with 'ho neutronic mesh. [

Again the. maximum nurrber or thermal-bydraulic mesh intervals in each dimension h .

4 0.- There are a number of features which can r.tnimize and simplify the geometric .i
description of the core. The code can handle both F/Rs and BWRs with RCC or i

cruciform type control rods. Features also enable the code to expand input ,

gry,etry from or.e sin to another such as grartar core to fuli core.
.

The neutronic model uses the Analytic Nodalization Method (ANM) as developed for
,

. . . QUANDRY. This is a coarse mesh method which breaks the problem down into a

one dimensional representation in each coordinate direction within each'
- coarse mesh node. With the assumption of constant cross sections within each ;

node, the one dimensional problems are solved analytically. The three
'

one dimensional equation sets are linked through transverse leakage. The ARROTTA

. implementation of ANM also incorporates assembly discontinuity factors to better
represent.the true heterogeneous reactor. Boundary conditions that can be used

,

include zero flux and zero current conditions on external boundaries. The initial
condition for transients is that the problem is in the steady state.

'

:
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The thermal-hydraulic model in ARROTTA is taken directly from the BEAGL code. The
fluid dynamics model considers inhomogeneous, non equilibrium two phase flow. The

.

*

flow equations are one dimensional in the axial direction and, therefore, do not [
consider cross flow between neighboring channels. The boundary conditions ''

employed are specified inlet temperature and flow for each of the i.

thermal hydraulic channels. Pressure, inlet temperature, and flow can be varied
as functions of time during a transient, in all, five flow regimes are t

,

considered. ARROTTA essentially solves a four equation system: one mass balance .[
equation for the liquid-vapor mixture, two energy balance equations for liquid and

,

D vapor phases and an algebraic slip relationship. The momentum balance is not

y. considered because it is decoupled from the energy equations and because the inlet

| mass. flux is specified' for the core as a boundary condition. !

;.

'

The fuel temperature model solves the radial heat conduction equation for each
thermal hydraulic unit cell. The unit thermal hydraulic cell consists of a fuel
pellet, gap, clad and surrounding moderator. Axial heat conduction is ignored,
lhe heat source in the fuel pellet is represented as a parabolic function of I

pellet radius with a free parameter that can be varied on input to govern the
curvature of the rarabola. With this distribution and the assumption of uniform f

themal condettivity and specific heat in the pellet the heat conducH on equation
is se!ved W1ytically, The pellet c14d gap is modeled w P,h a gap conductivity. ;

The heat conduction equation is aga % solved in the clad. A fraction of the heat
can 'e deposited directly in the clad and coolant. ;o

,

,t=

The cross action treatment t'cgins with the concept of 'asserably types" which
consis.L of.one or more axin material corapositf or.s suc's as tre bcttom reflector,
fuel u,d top reflector, ine ass;mbly type concept h gone.ral enough to incluce
baffles and radial refle,: tors n well . Cross sections are specified by

'

composition. In each composition the macroscopic cross sections arc quadratic
functions of void fraction for boiling water reactors (BWRs) and the relative

' '

change in moderator density with respect to a reference value for PWRs. Separate
sets of quadratic coefficients are input for rodded and unrodded conditions. The
moderator temperature dependence of each cross section type in each group is
treated as a linear function moderator temperature. Fuel temperature dependence !

is treated as a linear function of the square root of the absolute fuel,

temperature. The fuel temperature dependence is only allowed in group 1. The

moderator and fuel temperature dependence is the same for both rodded and unrodded |

macroscopic cross sections.

2-2
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To account for rod cusping, cross sections for partially rodded nodes are obtained
by blending the unrodded and rodded cross sections using a factor which can be up :|

~

,

to a third order' polynomial in the fraction of the node which is rodded. However, j

i. ' in both the ARROTTA and HERMITE analyses a simple volume weighting was used.
,

Kinetics parameters can vary by composition. Assembly discontinuity factors can i
,

be composition, group and node-face dependent. Different sets of discontinuity *

factors can be used for rodded and unrodded conditions.
,

e

L 2.3 .HERMITE KEY FEATURES i

I Like-ARROTTA, the HERMITE code is designed to solve the time dependent diffusion- -

[ theory equations in rectangular geometry including thermal feedback effects.
,

' 'HERMITE can solve one , two or three dimensional problems. The neutronics mesh
i

.is specified separately for each of the three spatial dimensions with a ''

non uniform. mesh permitted. Thermal hydraulic channels are assigned to various ;

regions of the neutronics mesh. Typically, though not necessarily, one {
i . thermal hydraulic channel is assigned per fuel assembly. The axial i

thermal-hydraulic mesh may be coarser than the neutronic mesh but they must share ,

p ' common mesh points. There are no fixed limits on the number of neutronic or
" thermal hydraulic mesh points. The code :reats PWR type control rods. (

'HfRMITI oHgihaily used a linear finite element ratod to scive the space tim,
p' C ffurion aquation. Its r.Med previously, Yne bdal Expansi:m Hethod ha:; been j

, . added and is the current standsrd method. The Nodal Eversion Method and the [
Analytical Nodalization Method are similtr in that both reduce the

.

.

threc dimensional spatial problem to one dimensional (1 D) reprMentatious in each ?

of the three spatial directicas in each tode. In the Nadal Expansinn hthod,
;

the n ore dimentional prob 1Lms are solved bj using a fcarie order polyn a al flux
representation. Th< three one-dirner:sional equation sets are lieked throt9n3 ,

c trsnsverse leakage. 1he time dependence is handled by use of a frequency [
' transformation. Dotridary conditions that can be used include vacuum and zero

,,

current on external boundaries'. The initial condition for transients is that the
problem is'in the steady state. For one dimensional axial problems, there is also
a finite difference method in the code, its results are equivalent to those from ,

the Nodal Expansion Method but it is much faster thar the Nodal Expansion Method !

for the' fine axial mesh typically used in reload analyses. '

:
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'HERMITE has two thermal hydraulic models. The original model is a closed channel,

model where the mass balance, energy balance and equation of state are solved :

cimultaneously. The boundary conditions employed are specified inlet temperature, -

and flow for each of the thermal hydraulic channels. Inlet temperature, flow and
,

(I decay heat can be varied as functions of time during a transient. The second flow .i.

I model in HERMITE is taken from C E's TORC code. This is an open channel flow I

model which is based on that of COBRA IIIC (Reference 2.2). The open channel flow, .

[ model can handle more' complex conditions and includes such features as flow

? balancing. The original closed channel'model is used for this study. I

L
p' .

The. fuel temperature model solves the radial heat conduction equation for each

I thermal hydraulic unit cell which consists of a fuel pellet, gap, clad and ''

,

I' surrounding moderator. Adal heat conduction is ignored. The heat source in the !

[ fuel pellet is spatially constant across the pellet. The heat conduction equation y
is solved by a finite difference technique which permits the thermal conductivity

'

and specific heat to vary across the pellet. The pellet clad gap is modelled with
; a gap conductivity. For steady-state problems there is an alternative fuel

,

temperature modei-which correlates fuel temperature with linear heat rate and
,

'burnep. A traction of the hat can bt deposited directly in the coolant.,

t,

,

The cross si:ction trer4tment in HERMITE is tard upon the fiARM0W vystem used in ia
FD0'(Reference 2.3). This system permits microscq,ic and macroscopic cru s [
sections to'be functions of up to three independent variables. These variables

'

can be number densities or other quantities such as moderator density or fuel ;

temperature. In additito th v a is another ret of factors which multiply cross
' sections.and which can also t,e funct%rs of up to three variables. 1 hts treatment
permits a very general representai. ion of cross section changes due te changes in {
moderator temperature, moderator density, fuel temperature or control rod '

,

position. The code accepts one set of kinetics parameters.

*

HERMITE also includes a depletion capability similar to that in the GAUGE code _{-

(Reference 2.4). Depletion chains for individual nuclides are specified on input.

,

24
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2'. 4 MAJOR DIFFERENCES BETWEEN CALCULATION MODELS

'Since_ the problem of interest had already been set up for ARROTTA, the task at
hand was to model the same problem using the same data in HERMITE. The
differences between ARROTTA and HERMITE are generally small. for the purposes of

4a .this comparison. Only differences between the codes which were' considered or
which impact results are discussed,

116
'The current version of HERMITE does not use assembly discontinuity factors, which
have'become standard and widely accepted in steady state coarse mesh codes. Under
a reasonable set of assumptions (face independence of the discontinuity factors)
the HERMITE cross sections could be modified to incorporate the effect of
discontinuity _ factors, with the only approximation being in the axial reflector
regions, it was decided for this comparison not to use them because they added
complexity to the problem set up and were not considered significant from the
point of view of comparing and verifying the transient neutronic and thermal
hydraulic aspects of ARROTTA.

.

ARROTTA accepts composition dependent kinetics parameters u.ereas HERMITE can

accept only one set. For this problem, ARR0TTA and HERMITE both used the swe, ,,

single set of kinetics parameters.

[
Since it is the fuel temperature which limits the power increase during the '| *

transient, the fuel temperature models in the two codes are impor*. ant. There are i
some minor differences in the fuel temperature mode). f.RRDTTA is able to handle a I

non uniform heat source within the pellet but assaes spatially constar.t thermal
conductivity and specific hs.at, while HERH11E r;ar. hsndle a spatially varying
conducthi+,y but assumes a spat tally constant heat source.

'

.-

LAnother area of difference in the fuel temperature calculation is the way in which
the.two codes derive the power in the representative fuel pin in each

*
thermal _ hydraulic unit cell.- In HERMITE the code is given the number of fuel pins
in'the fuel assembly as part of the input. With that the power in the average pin
is easily derivable, in ARROTTA, the input quantities are unit cell pitch, the
thermalihydraulic channel dimensions, and a factor which excludes the area not
considered part of the fuel rod or coolant. This factor is interpreted to mean
that the area of the gap around the assembly and the guide tube cell area is
excluded. From the thermal-hydraulic channel mesh, the input cell pitch and ]

l

i
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:
__ fraction of excluded area, an implied number of fuel pins in-a fuel assembly in !

ARROTTA is derived. This number implied from the ARR0TTA input and used in
i, HERMITE is 282.36 pins.

-- ;

L The solution strategy for the neutronics and fuel temperature has an important !
"

| bearing on the results of the transient. Both ARROTTA and HERMITE first advance i
,

p the neutronics from time tn to time i +1 and then advance the thermal hydraulics. jn

{ LThe thermal-hydraulics and neutronics are not solved simultaneously or implicitly. i

,

Time step size studies described later in detail explored the effect of this :

approximation. For the purpose of highlighting the differences between ARROTTA _!

and HERMITE, a brief discussion of the transient aspect of the fuel temperature f
model is provided. The general form of the transient fuel temperature equationsL I

in both codes is i
,

h=q(t)+otherterms
.

3

,

~ where q(t) is the heat source in the fuel. The discretized form of this equation
~

;

< ' ' in HERMITE is
,

,

'yT1 1/2 (q" + q"'I) + other te w j
.n n i

=

?

Thh approximation 'is cquivalent to assuming that the beat source varies -

f -linearl) in time from t to t . A more gnieral form of '. tis aquatica isn-1 n
:
i

y I -)~ = e q" + ti-f) q"'I + other terms ]
n n t

o ;

The default theta (e) value used in HLRMITE is 0.5. Another common approximation
,

is.e l. This second approximation is the one used in ARROTTA, based on the- :

ARROTTA documentation. The sensitivity of-the HERMITE results to e is discussed
*

in Appendix A.- A value of e=1 was used in the 3-D HERMITE calculation for
'

compatibility with the ARROTTA calculation.

In addition to the heat deposited in the fuel, ARR0TTA permits heat to be
-

deposited directly -in both the clad and coolant. HERMITE permits direct
deposition only'in the fuel and coolant. For purposes of consistency and since '

the effect is not significant for this study, all heat was deposited in the fuel
pellet in both codes.

!2-6
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' Another area of minor difference is in the neutronic boundary condition where |
'ARROTTA has a zero flux condition and HERMITE has a vacuum boundary condition.

_

,This difference is insignificant.
', !

. u; ~ The water properties and fuel properties'in the two codes come from different j
~

, c.
sources. A limited comparison has been made between them and the differences are
small.

s .

' '

The HERMITE cross section treatment is very flexible. For these comparisons-this
flexibility enables HERMITE to exactly duplicate the ARR0TTA cross ~ section i

treatment after some preliminary manipulations. Conceptual differences in the |

;; cross section treatment include polynomial fits in HERMITE compared to tabular
! data in ARROTTA. :
; ;

i |
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Section 3
,

.

PROBLEM SELECTION ;:,

1

* 3.1 DEFINITION OF THE PROBLEM

The rod ejection accident in a PWR is postulated to be the result of the failure i

of a control rod pressure housing leading to the rapid ejection of the control rod
'

itself. The reactivity' insertion produces a transient and a relatively peaked
power distribution. If the reactivity insertion is great enough, a prompt I

transient leads to a large power increase which may result in DNB (Departure from
Nucleate Boiling) and fuel damage. The transient is limited by the Doppler :

reactivity and is terminated by a scram caused by flux signals. ;

The main reactor parameters affecting the course and magnitude of the transient ,

are typically the ejected rod worth, the delayed neutror fraction, the precursor i
' half lives, the Deppler feedback, the prompt neutron lifetime and the power ;

Ipeaking. Additional parameters of generally less significance are the moderator
reactivity feedback, rod ejection time, trip time and trip reat civity. For this i

comparison it was not necessary to simulate the transient r-ut to the tiinc of trip.4
<

7
-

.
'

> ' 3.2 MODELING ASSUMPTIONS '

The problem chcLen for this comparison was the ejection of a sir.gic control rod
from the ret.ctor at hot zero power conditions. The problem is typical of a.large i

modern PWR core. The hot zero power transient rather than the hot full power case
was chosen because it represents a more severe test of the computer programs. The3
rod worths are generally higher, leading to a prompt critical transient in this

@
_

case. The power level anr1 fuel temperature increases are also greater.
Conclusions drawn from the hot zero power transient will apply to a hot full pcwer

- transient-of similar duration. 1

A more detailed description of the problem is presented in Appendix B including
,

both ARROTTA and HERMITE inputs. Figure 31 shows a core layout with the location
'!of the various fuel types and control rods. The ejected control rod is located

one assembly in from the right hand edge of the core along the major axis. As

3-1
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such -it was modeled in half core geometry in both ARROTTA and HERMITE. The

thermal absorption cross section of the rod to be ejected and its symmetric :

,

partners was appropriately increased so that the ejected rod worth was $1.16 in
~

order to create a severe prompt critical transient.
,

t

P' ARROTTA was run with one neutronic mesh and one thermal hydraulic mesh per fuel I

assembly. . These are the' typical mesh structures used in ARROTTA applications. ;

;1o The baffle was also one fuel assembly (21.608-cm) wide. The minimum thickness of' i

the radial reflector was also one assembly mesh (21.608 cm). There were sixteen j
' '

axial | planes with twelve 30.48 cm planes in the core and two 20 cm reflector

L planes at both the top and bottom of the core. 1
4

[ HERMITE was run with a 2x2 neutronic mesh and one thermal hydraulic mesh per fuel
t assembly. These are the typical mesh structures used in HERMITE applications.

| The baffle was one fuel assembly wide which means it had two 10.804 cm neutronic -

y mesh intervals in it. The radial reflector had a minimum of two mesh intervals of _t. ,

{ 10.804 cm each. Thus the HERMITE neutronics radial nesh was overywhere finer than ;

the- ARROTTA mesh. The HERM17E axial mesh structure vas . identical to that of *

ARROTTA. The thermal hydraulic mesh was also identical in the two codes, i

b ,

g y. The' initial condition was steady state-operation with a number of control rods '

inserted. The rod to be ejected was inserted approximately 9M. The red was, ,

Jejected in abort 0.10 s at constant velocity. The init,ial power level was 0.001 |
MW (which is referred to as "zero power' throughout this report). ].

.
a

'The transient was followed out to 0.50 s. ARROTTA used 1 ms timesteps throughout [
'

the transient. HERMITE used 10 ms timesteps throughout.
i

y Both moderator density and fuel temperature feedback were used. Since the initial
power level is so low and the transient so rapid (-0.40 s) there is no significant

,_ _ _ moderator heating. The fuel temperature feedback is, therefore, the important
phenomenon to model. ;

't
i
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* '
ANALYSIS RESULTS;

b |
V i ,

4.1 INTRODUCTION
r

:The steady state and transient comparisons between ARROTTA and HERMITE are |
presented and discussed in this section. Preliminary sensitivity studies using |

HERMITE are described in Appendix A. These sensitivity studies were used te
. choose modeling. options, such as timestep sizes and to explore the sensitivity of

'

h the results. Similar sensitivity studies were performed for ARROTTA in a separate

Y . study. . These are described in Reference 4.1. [

L
E 4.2 STEADY STATE CALCULATIONS !

y ;

I :The first comparison was at hot zero power, all t ods out. The purpose of this
case was to -assure consistent modeling of cross sections without feedback or-g

" control rods effects. The axially integrated radial power distribution and ;
eigenvalue comparisons are shown in fig 1re 4 1. Edited results demonstrate thd

p the cross sections in both codes are the same. Agteement for this casa is 9001.

.i

The next task was to run an all rods out problem at hot full power conditions. ;

L The primary purpose.of.this test was to verify consistent treatment of thirmal '

'
feedback and the associated. cross'section changes. The axially integrated radial

! power distribution and eigenvalue comparisons are shown in figure 4-2. The 1

h. agreement is even better .than for the zero power case as one would expect because

|** full power conditions.with thermal feedback tend to smooth differences. The axial .j
'

power shapes also show excellent agreement. The fuel temperature comparison is of
?- particular-importance since it will impact the power peak during the transient,

h figure'4 3 shows the axial distribution of the average fuel temperature for both I

/
_ code's . The maximum difference is about 23'F at a fuci temperature of 1460*F;

;
p 'From an engineering viewpoint this is good agreement.
b

!A steady. state comparison for the zero power condition with control rods inserted
at their initial conditions for the transient is shown in Figure 4 4. The |
agreement-is again good. ;4

',
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k -
-

* ? Figure 4 1. ARR0TTA HERMITE Comparison All Rods Out, Hot Zero Power- .3
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Figure 4 2. :ARROTTA-HERMITE Comparison All Rods Out, Hot Full Power- 3
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| ' A'stesdy state comparison for zero power conditions with the ejected rod out of :

h
'

4 5. This case together with the previous one determine the ejected rod worth. ~

the core was also run. The power distribution for this case is shown in Figure

[
f. The eigenvalue and rod worth are summarized in Table 41. The difference in rod

,

worth in these calculations is approxin.ately 0.8 of a cent. To a first order ,!
'

,

japprosimation, this difference could be expected to cause a 0.7% change in the !,

heat deposited iaring the transient.
.;. . .

: Overall, the steady state agreement between ARROTTA and HERMITE is very good. I
Such good agreement means that both codes start the tre.nsient from the same set of [

t ' cordit ions.' The -' static ejected worths also agree very well. Th2 numerical i

,T methods Ju the two codes have comparable accuracy. This is substantiated by the
fact that the transient results compare very favorably as discussed in Section r

4.3. ;

i
i

4.0 TRANSIENT CALCULA110NS i

Based on the problem definition and the results of the steady state and
sensitivity studies described in Appendix A, the 3 0, half core rod ejection i

'transient was run with HERMITC using 10 ms timesteps. This timestep size is
'

typical for transients of this type in HEftMITE. Figures 4 6 and 4 7 display the {
total core power as a function of time. The plots show exactly the same data, the. !

.only difference being that Figure 4 6 uses a toqarithmic scale to emphasize the
.

early phase ~ of the transient, while Figure 4 7 uses a linear scale to emnhasize
the peak power portion of the transient. ARROTTA results using 1 ms timesteps are

3
'also shown for comparison. This is c'typichi timestep size in ARROTTA for this

type transient. Agreement is excellent. ;

,

Figures 4 8 and 4-9 display, on logarithmic and linear scales respectively, the ,_{
peak power density from t'oth codes. The location of the peak power (assembly and
sxial plane) is the same in both ARROTTA and HERMITE, Again, the agreement is -

,

) excellent. ,

:

.The core average and maximum fuel temperatures as a function of time are shown in
Figures 4 10 and-4 11. The location of the maximum fuel temperature is the same
in both codes. The difference in the two curves appears to be due to the 5 ms
shift in the t.ime of the power peak rather than any other differences in accuracy -

of the two codes. ..
,

>
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Selected [trasient'resultsare.summarizedin'tabularforminTable4-2,
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Comparisons of ' normalized radial power. distributions.at several points during the

~

l
'

:

V = transient'have been made. The,first comparison, Figure 4-12, was made-at 0.20 s,-' '

a point before significant heat is'added to the core. In both ARR0TTA and HERMITE"

w
the peak fuel temperature has risen less than 0.1 'F. The assembly powers differ

,by almost a factor of 70'across the core. (Because of- the large variation in=
* power . numerical differences rather than % differences are shown.on the transient

radial' power distribution comparisons.) The agreement between ARR0TTA and HERMITE
is excellent. ~The second comparison is made at 0.23 s, the point where the-

| relative power distribution = isxmost peaked. The agreement-shown in Figure 4 13-is
again excellent. 'The -third comparison, Figure 414, is 'at the 0.39 s, a point

,

' near the peak _in. total core power and ' peak assembly power. The fourth comparison,.

Figure 4-15, is at 0.50 s, the -last analyzed time in the transient. Again, the<

agreement is excellent.
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Figure 4-12. ARROTTA-HERMITE- Comparison of. Radial Power Distributions at'0.20s
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0;2259 'O.2056 0.2276 0.2122 0.2573' O.2061 .0.4089 'O.4941 :0.7227 0;6720: 1.5107 1.8780 2.7959 1 3.1262- 3.7930
7

-0.0 0 51 ~ -0. 006 3 -0.0091 -0.0084 -0.0108 -0.0082 -0.0144 -0.0132.-0.0140''-0.0105 -0.0153; -0.0007 .. 0.0020 0.0314 020528-

0.2191 0.2976 0.2194 0.2119 0,2233 10.3240 0.3899^ 0.6029 0;6630 ~ 0.9528 1$10741.1.6355 J 2.2316 3.5195 2.9293.3

0.2227 0.3049- 0.2263 0.2199 0.2323 'O.3365 0.4019 0.6196 .0.6753 6.9643 1.1145 '1.6368 2.2144.-3.4723 1-2.8810-
' ' '-0.0036 -0.0073 -0.0069 -0.0000 -0.0090'-0.0125 -0.0120 -0.0167 -0.0123 -0.0115 -0.0071' -0.0013 0.0172 0.0472 ~0.0483'

O.3462 0.2625 0.1636 0.2599 0.3084' O.4487 10.5020 0.7758 0.8528 1.0743 .1.0132 '2.1408'.- '3.1924.
0.3515 0.2681 0.1690 0.2692 0.3186 0.4634- 0.5131 0.7890 0.8582 1.0740 1.0099 2.1111 3.1319

-0.0053 -0.0056. -0.0054 -0.0093 -0.0102 -0.0147 -0.0111. -0.0132 -0.0054 0.0003 0.0034 0.0297'. 0.0606

7 0.2780 0.3465 0.3014 0.2947 0.3494 0.3265- 0.4136_ 0.6142 0.9823 1.1421 1.5549 '2.2733 2.1157 4

_g 0.2845 0;3517' O.3081 '0.3031 0.3614 0.3365 0.4219 0.6198 0.9881. 1.1365^ 1.5314 ~2.2263 2.0955 .
-

-0.0065 -0.0052 -0.0067 -0.0084 '-0.0120 -0.0100~-0.0003 -0.0056 --0.0058 0.0056 0.0235-'O.0470- 0.0202
_

0.3033 -0.4226 0.4185- 0.3258 .0,3354 .0.1007 .0.7016 0.9290 1.5432 1.9862; 1.7269

0.3108 0.4297 0.4294- 0.3351- 0.3429 0.1025 0.7042 0.9258 1.5274 .1.9435 1.7012

-0.0075 -0.0071 -0.0099 -0.0093 -0.0075 -0.0018 -0.0026 0.0032 0.0158 0:0427- 0.0257

0.3241 0.3721 0 3619 0'3720 0.7333 1.0301 1.1070.

0.3301 0.3794: 0.3713 0.3761 0.7328 1.0199 1.0876
-0.0060 -0.0074 -0.0094 -0.0041 0.0005_ 0.0102 0.0194~

.M6ximum Difference Standard Legend '. ARROTTA
Deviation HERMITE-

Positive 0.0608- Difference
- Negative -0.0212 0.0187

' Figure 4-15. ARR0TTA-HERMITE Comparison of Radial Power Distributions;at 0.50s:
T'

~

. f -

t

O ' - P ., _, .y.

. . . ~ . - _ . . . _ , . . , . , . - , . _ ,%..
-

, , , _ , , . , , _ . . ,4 _ _ g ,_ _ . , , ., ,



p. , ,m - -
- - - -

. h}fjh
-

+
,

-

j4 -r

,M j- :
_

.
'

' q. , ;>

'

W .

.

.4,4- SUMMARY i
'

'
y- 'y| _

" includes steady-state radial power distributions at hot zero power; conditions,
; with rods out, rods inserted and the ejected rod out.= The steady-states st

eigenvalues and'the ejected rod worth also show comparable agreement. The hot-'

; %, . . . . ,

_ ,
s .

,

_ full power case demonstrates. acceptable. agreement in fuel temperature. !
- '

[

The 3-D rod ejection _ transient at hot zero power conditions showed excellent' :f
'

'

. agreement between.ARROTTA~and HERMITE in the important parameters: total core
" power, peak assembly power, core ' average fuel temperature and maximum fuel e

, > _
<

: temperature.
,

J

-4.51 REFERENCES !
-!
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4.1 K. Ooran, B. lolotar,- "PWR- Rod Ejection Accident ARR0TTA Sensitivity'-

. Studies," Electric Power Research Institute (to be issued).
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Section 5

CONCLUSIONS3

,

,

' The'following conclusions can be drawn from this study:
,

-'

l. The ARR0TTA code, using a lxl mesh, showed acceptable agreement
with itself using a 2x2 mesh and with HERMITE using a 2x2 mesh. A
1x1 mesh is, therefore, adequate for ARR0TTA applications such-as
the rod ejection accident and for both rodded and unrodded static l
calculations, i

2. Twelve axial planes to model the active core is adequate based on
the sensitivity studies using HERMITE and the ARR0TTA HERMITE q
comparisons. j

1

3. The good agreement of key-parameters for the 3 0 rod ejection j
transient initiated at hot zero power conditions served to verify i
the transient neutronics, transient fuel temperature, transient j
control rod motion and transient cross section treatments in ;

.ARR0TTA. The ARR0TTA. code can, therefore, be reliably used for any. l4

rod ejection type transient, including transients up to hot full
power conditions, j

4. The analysis and sensitivity studies performed. for the rod ejection
transient showed that the peak power, for both ARR0TTA and HERMITE,
decreases as timesteps are made smaller. This means that results ,

can be biased in the conservative direction (higher peak power) by !

using-larger timesteps. j

5. The. ARR0TTA and HERMITE static fuel temperature calculations showed
reasonable agreement. ;

!

!

.y,

I 'I f

!
,

;
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Appendix A

*! HERMITE SENSITIVITY STUDIES

|
'.!

'

The objective of this study was to'model as closely as possible in HERMITE the |

same problem that had been run in ARR0TTA. Further, it was necessary to assure J

fthat the HERMITE case was converged and as accurate as possible. To do this a
inumber of sensitivity studies were run to select options for the 3-D rod ejection

analysis. These sensitivity studies are described in this appendix.
i
i

The first set of sensitivity studies examines the sensitivity to the radial mesh. j
ARR0TTA is typically run with one mesh interval in a fuel assembly (referred to as -!

-a lxl' mesh). HERMITE typically uses a 2x2 mesh in each fuel assembly. HERMITE j

cases were run with both a lxl and 2x2 mesh structure and the results are shown in !

Figure A-1. The assembly powers change by up to about 4% with a general shift in
~

fpower towards the core periphery as the mesh becomes finer. ARR0TTA results for
lxl and 2x2 meshes were run as part of a separate study (Reference 4.1) and the i

results are reproduced here as Figure A-2. In ARR0TTA, the assembly powers change j
by less than 1% with a general shift in power towards the core center as the mesh j
becomes finer. An examination of the pattern of the differences suggests that 'the I

itwo methods are converging to the same powers but from opposite directions--
'.HERMITE powers are higher in the center of the core but decrease with the finer f
mesh, while the ARR0TTA power is lower in the center of the core but increases 1

with the finer mesh. Additional cases with a finer mesh would be required to !
~

estimate the order of the two methods and to extrapolate the results to zero mesh
* spacing. This is beyond the scope of this study. For purposes of this study, it

was decided to use the 1x1 mesh in ARR0TTA and the 2x2 mesh in HERMITE. !
!

!

' Sensitivity of results to the axial mesh structure was also addressed in this i

study.with HERMITE. The HERMITE study employed a 3-0 model as well as a 1-0 axial
model of the core with cross sections taken from a steady-state, hot zero power,
all rods out volume-weighted edit. The purpose of this analysis was to look at s

axial mesh spacing effects and no serious attempt was made to produce an axial f

i

A-1
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. Figure A-1. HERMITE Comparison of.2x2 and'lxl Mesh Structures j'
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model which was fully consistent with the more detailed three dimensional model.

[ The results are sumarized in Figure A 3. In all six cases were run: 12 and 24
; planes in the core using the 3-D model,12 and 24 planes in the core using the 1-0 ,

model, and 100 planes in the core using the 1-D Nodal Expansion Method and the
finite difference method (all.other cases used the' Nodal Expansion Method). All

'

cases give essentially the same result. The two 100-plane 1-D cases are
3

essentially coincidental with each other. From this it is concluded that 12 axial
*mesh. intervals in the core for the three-dimensional calculation is adequate.

Axial mesh . spacing was also studied separately for ARR0TTA. The results are
presented in Reference 4.1.

A sensitivity study on timestep size for the transient was performed. Again the
one-dimensional HERMITE model was used. The absorption cross section in HERMITE

was arbitrarily adjusted to give a rod worth of about $1.16. Two effects
contribute to the sensitivity of the results to timestep size--the neutronics

. equation solution algorithm and the fuel ter.iperature calculation. The first half
of the _ transient .from t-0. to about t .25 s gives a good indication of the

' sensitivity of the neutronics algorithm because there is no heating of the fuel.
Figure A 4 is a plot of total core power as a function of time on a logarithmic
scale for timesteps of 10 ms, 5 ms, and 1 ms. The early portion of the transient
demonstrates that HERMITE neutronics are quite insensitive to the timestep_ size.
This, therefore, suggests that the peak power level is most sensitive to the

,

timestep size in the fuel temperature calculation. Recall that in Section'2.4 two
'

different approximations for the time dependence of the heat source in the pellet
were presented. They were characterized by the parameter e. Figure A-5 shows

the power for HERMITE cases using 10 ms and 1 ms timestep and e .5 -the default
HERMITE option. As expected, the peak decreases with smaller timesteps. The

cases'were repeated with a value of e l. These results, together with those for
e .5 are shown on Figure A-6. Several conclusions can be drawn from this figure. -

First, for small timesteps (1 ms) the results are not too sensitive to the value
of e -Secondly, the results for 10 ms timesteps and e-1 agree well with the small .

timestep' case. The 3 D transient was ran using both e .5 and e-l to further
explore the sensitivity of the peak power to the fuel temperature calculation.
These results are shown in Figure A-7. Based on these results, it was decided to

use 10 ms timesteps and e-1 for the ARROTTA-HERMITE comparisons described in

Section 4.3. Figures A-8 and A-9 show the core average and peak fuel temperature
sensitivity to e for the 3-D transient.

A-4

'r: >

!:



ung

A g,ygpyw wgg-mb p a mP;p h X;p ,yF O ~fM. . s
g e7 p , w: " ~ o 4; . -3n> s

-L.
~ un i_ n q3 ,. , ,.yn_ w .

s..e y
. w , =.-q : *y

--- ,- , , W' , % y- ;ycr

, Tg.w u, . T~:
W:ny e"S- . o _ad_ m 7 nn - t4 u tb-+ *~,- 3vp_ p4 us

z w . m g b.-- -
y 4 my .

ac m.4- qu . ~av -u - w
;

' n < h R yp;t ' 3 '7
"a v s , w: , . so_ e . M _m a t . nb

m -
,a*-

.d.m e v
,.y-

.

4 m 1' <h r e4 A.?cJ:- %n W - 1 g- am. ;dri i . * W.= p ' i s * %4 ofs 2

dyg%(m M J
1eM =--

3 r a
f,.& @M t

<

7
rt . ,

' -
-

qQypp&gt M A e6 *99"m-
-CG A.W~ in 1 W..,'

q *Qpy. >ffu.
~ - r ..

%R TuWp y'ikW %d
_ , ,

' i

-

%e@s . r~' jn,
_

>
,

gy %y ' ,i y
r ,r

M:3 1 * L, ,
_ . , . 1

< , - -
-- o .

t n,a9 . m. = s.& j..
tp Qy .. 9.n n s m- s % - ,,

4_ m, 4

'~~-%~-h_i.,
'

A i . 11 ( 3 6

v "L- 1

af.. .h[p:M ''%'in

,

_

<

m)e_ . . . * t , .,.

W-7 / . Q.' ^/

-n , , . a.,

)- L ~ glb' e

n af v>(? L5 's ./ * s ss n~ ,

|@|phr -u m :s,sQw.
4N ~ "- i St1

'

'- *
> s 's%+* '

,,e'q. ,: v , i.. , _ a
-

ts. o- s a. m : -p
-

w m- -
. . ,

, <-m .wg m-c
4 ,, -:3 g .,3

Gm- e i
-

mA

ew : c A > w'n
m. . . , : xf1 s u,s >u . s _

s <-

L -
-

7ppm er- r T --..x
-r, 4

- -- e 2 i
, y

a ;'
- t - 4 - s* '

'l
p.a._ a .. .

'

y

-

s,

GMy|
.

E 'sN;.4 JM M. i @5 ' EJ)[''@f . ,u ' #

:h; ":::Qe,n *
.

> ' -.
rA*? 'pg wx - - '

>

b- . > w.- : . ..n -?:L
. .

'

:W s"
. ~.

-.gw r}n w s i

< ..
, * ,

.~.g
.+.b . . ./O.4 y , , ,.,o,

enn cm r

p Wgt 2y..+1 ab ; 1 e
. : .- ;9 -
-

3 'v
.<

mu -, G,[:. .-%.
a rte ; sp ; ' < e .. . . 4 --

< -

e..

g +* iD Mb.:n~ g n ~. -
^ w 'e "

i
.

' i - "Y i
'

3 "i -
m% .a.- ,"-

,

7 s

t
.

a y% 'A..c
,

<<re:
. a; 1. ' .h. ' s, .tr,u,s; g . . ,. ,.'--<* eL, . . r i r ,.

,
-.p,

.3 '
-

a.

9M Cfh ;
' ~ "'

*

< %, F,%w +M -( ~M : "
4

'
\

* ' Q!'
s

~
RR

.

/ .

-

,
d* T' ' a' '"w x%'. .

'>
. >e& c, t . ,

, s s -

- O.
.

-ai c.m =

!:

1]O ' .
,'

p.n As < . c -v# N. ' " ' '
t

$0k2 " M ,'g' re t -e-
,

&.sa|w||? NW-
' '

:. e :.'

- w
.

.,
> 1w'

.ga ..a.
t = 0 r- 4 - : .3 g

Qf.N .? * jy? *..
r .

r
ip~m a's i. .w >- . ;

.

?' :', . '
r.

m ,h;k | [ -?^h ~

x

, 'p i 4 b

I kNW.W -
-: -

- r
'-

u
-L.ea ;

' ' >
< ;ea.

-

: iv
Qp 7:g H*^' ; . ~Qn

< a ' .m
;.

.c .- ., V );;. ,, ~, on . ap: y
.

av - s
-

,

, , - e- | 7 2;; :.m
,. s

i ~ rgs. w., ' %e .,n\y,a 8
' t-

"

-. R. J. -

.,m

QAp Nc-' + . Q.:- M ': *

%. x.W.L c t - 3W-t5,1
i

'

x- > : : ,, e
-/ ' ^ ? en ' % 4

g'y& s
r

- m: 1 -_- - ta- w c . ' 'm ..m ?m O m; :mw
..: -C:

'
, s

.0- -0' i 0 -C- 0 & *eg .- ,
,,

*
# r ,

:C; c. C' ' 0: c- ,O

vv m. .; X.e ; a a. a :o
-- . Q , - I"" } ,'< an%~%r.3Q; -

v-

d
. 7

a -
*~M 'O-O . - = _0 . _ O -..

A to , ,

\

,g c g_t . m a - m ,; W mn+ .. . '.

eg : - N zey.9 ;o N. |5 ; ,

ggkt . o s

.a -i D
,

n
s ~- t . . . . - .

. . z.
.

il
'

Ci ' ie - = N ; - N'

s %_ w:,M~. a .. .

:g; ,... ,
.

$!b s F- : e. : e- <'

pg g. q
,

-_Q .Q .Q . Q Q' _ ,:

-.m
,. ;; ,> , , _ _

y; a#s t u+LOe 1%; g,. 7.4.g <
a, -_n n.... ,_ ,-:

- q
v-

,
t

m s -g x. . s i

, - _ g1 ,m .m. < -
=-y ,

-
s

# . (
'

' ~

Miig y MPd
.

~W' ~ '

..'*#o >==. f r.
xiy.'

,e v me ,. . .wc d
,

m , < rm _sw:n=ww u ~ - co L->w n > . a,

p:nM@:, %y .
.

>

.

s '. - g', ,
u *Ma : me -h

-

w gpg:
- - -gw .o, . n

.

vp.w , yr , @
,

~

<;u
q)[,_ -

,
, .

._ , s - .o #' , ,y .e-
-e$1p5

*

1

' |k(f. )',
eg , .me,

,
,

37|$:,3 (Y ==A
>

.

, , ,

. @-s

4|
M[-

%yd. ? ,u, .m M s '
*'4

s
,

- .e ..-.y

LMd!k ._] - 6- ,

. s
a - . . = -s m S:, = g-. w , _q o:,

k
'

,

N
a%, o.,i.T ~ , . - ,

. .

><

s , u .. 4

qf , <ze n- -
-

3

3_ /.:QM ]V $,&-e i ,4 -
, ,

A qw }s , -+
: <,m p; m ,w

(!_i \h' .| f. |~ t a - *** 1

' ' ,
_g

pg@Q ' '
, ,

s s< e

p k) ,,' - G .:4._ -:,
nJW .

'p
'

@QMC(. W A.
#iM n.

1 i< + i i< - l- 1. .i t J -i, i t :
O

-

w > , ; -
-

.m
- - .R.%w@ p> - .#.c w w n, . 'N. :..

- o o- o o 'o. o - o ro no '.
yf,^

, -

-- ; o) .. w o. . v) e. n. N. . .- ;c
c ......: . x ._- %/-m;e, cm-

. -.t .,'
'

knu + ;~.v:
,e ' fsW

.

,
,

, - :~
:} ~ 'yk Q

-

, _ ,

wq,,4. ,y._ i
:~ _.g.< .

-# -1

M) /
A -

d_
y

- Jamod P0ZUCWJON,x
jf. : b . . .s.-
&nA < t

V [k *$ _
Q.

*

L'
4 .a4-2 g

.

Eb '_' '

3 - kv_
du.p

; ,

@j , .w
- W ' .-

Nhh,r S

w.gC.. M A-5@ m*e. m
, -'

.n - 1e mw
#

(c
U.i~j ..(

y. ;
\ i

,

m-y -

m^ h 1 i
a

NThp!h {),,h.w' NNN -, , '
-I' ?.+

"
y , .{

i

f {}O{./ f d,.h

IW' W| ; 8:i
_e '

-

E_' *
~

$$$N$ Y h;&f ' '
r



--'

4....,
^ T. .y s " < '

f.s :7 ; 2

_ .
- . - ._

s , 3 w%[gp 94. m
7g: \ t ggg',". N ;'', 'g; .,s} z. ,. ggggggy~ $g3.g

- .-y y3. . ,

x3 gy* f - YfM. -
,

"m . R_ g-y: . .n =: Q 15f5.... Q. gfGy t.. wsT",;;- : . .- ,,- ..; Q- 'Y Q r _ Q, Q ( fm3. s. -m. . , '''' W.a
.. g; _ . , '

'
- s *' w '

4).
^* g'.% .. . . , , * -_ . ,

- f_ - j '._

,
%6_ _, . ' " ' * ' " , ' . v, d

.

. . -
_ . .'*3,~_ a

,9. .. -;=,g
, " '. . , .

my n , -;; x. ; ,4 . ~. p,'
,

""#j+4 .f.:,.: ,,#
'

.
,.,,

._
g_g.:q :3 z.. ._y,y.y n 3.g,.p :., . - - -- - ..,.c

n; y, ...~ , ~.;grf g_, -.p%' ~ ,
- ,_) s' ;,, b'

w+~.,
_ ;j

3 'Q ' ' : ~ '",' 3 "%g ,, W' ;* %i'''~
; ; , .7-

T^ . . . , ,
v

. m .w: .p"g .y;G. . w

w<. , , .: -
1 3. .,. , % ': ,

,,,J.._,, '^N,-*.

.-
n '-~; s _.:,, ,. ,

*

: a ; jyq;Q' _.=4,,
, _J- 3o. ..

--- ;'.- -

,
-f . m

.
- ..

, -5 p y:.|
.

' . -
, y -

-
.

- -.
;;. pg - ._

-
- - t,.m .,r. y .; w. g-

- z,. - < .

m~ ..
. . > . - ,

- a , w:#,.n.--; w
-

- ,. . . , . n.~. r.

.m9~ :a.c. ;4e , . . _ . ~ .c
., m.. ,t- -

c >.
-

,

.

.

,.

, _ 7m MGC,. COreL Powert J T, " 14 :7 - ~_

- < -

: HER, MITE.? Sed.sitivit.y to Time; Step . Size.
- - .

~
. . . .. . r

.~ -

- -- - . - .4 ',.-.
.

. _c. 7
' -

. _ .

- - ~ '

.
~

, ,_ . pm _ . . w, ->

,- ,;
-

, a

_

- '*
' ', sei'_ '!,:

''
>

-1'
< ,

_
~ I-- .. . w%g3._

- <
..,

.

1 -

#
' . , . n

, -
,,u<' .|

. r. ,

,
S ; .

I
r

.J

2- - - w
. .,..;,

.e

'*- gg,.
x- Y:- g. ,

- e
'

..
w

.

g 1- - -

-

t 2- - . , . ,

m.

u
-

,

CJ
....d

'
.

3:
o 0-> e . _ ,,

.

m -
O . . . *%

7 .,
.

3
-..,:e3

o, _1 -
- :o: 10'ms :,

_

.#
.

5 m.s- -

,

: :

-2 - L1 ms1
-

. - j

u

_

Y

-3 -
- . :

E,
- =,.g::

. . ..-.

.ibn.+hw~.

~4 ., , ., i y

'O . O.2 - - 0.4 :
.

1

% e. *Mr- *
3

: Time (seconds)i .. . ._
'

-

Figure A-4ciHERMITE Sensitivity;to Time Step Sizes -
- -

. - . , ..

+-l' pr

5 #'

p. .

1 '"* ,' ""> ''

.
.,

-p <- .

1 4''4_. ' , .g '; ==
,

u

.Gj 4e. [
.

,2..:%
,

w 1
.t

,5+.Wr -hp* '*p -@ yW.$cy g
,c

.. '". . . . . . . . . . . . ,

q , yg geyg
, . . , '

pp. . 4pm 'sc,p L a
g,g.,,

,. ,, gr g<.

, _. . . , , ,. -
.

-1,,p',.y* 4v'44 .g Q g> g pypp+ .y'* 9g e .8.d" g .p% g y ,.-yg 'w..
. . . ,

.y4 g . g,A gf. g g4g _.,g.
-

,

e' w.- .1-,'N,p pga.. W
...a ,

.
.. , .

_g .r % y y"weg e'yg.p, e.g
. ,. . .. .-

.,f.yrg-..qyere**pg _ g #W8'p,ep" p g-_- w p c
.

r .

.
.

e,>* lpg |.JekM,.m@v.A.=WMYip 67 9m yW. oset.,n, .
g,,



m .~ eg.,w . m. _ .. , +s w m;h.gs n _. s.gm.. e,u m; _, _n, . - , . _ .n m- _- _c. ., ._ m -- ,.*m , , n s

9~y x..-?qq.
-

; a'4
- , _.~_.w ,o , . gmw:s,...._

"3 . pp q_gq 9 ; g g,. , n. w gy.ar' : ,[m, -yy <* -a ,

,
,

:~ -
g., }4 +q * 5 - . .39g - -

3;Q h w eagg. gg< my ;3 ..

n ~ - , > - m.c - ~ w" W , .ee#c m. s s M,\c -_
wa 2,r. ..y . ..e- ". % ,,ng_, g.c

s m e. . s, n m
- n ; . , ,. . y;;

< +,
-

:a.
ws ., - n.y j.g,, e #1- , .

,g, .;x. . 3. p - g-r , - m9 + , ne
,73 .''7

e ~.,
t: m_c v/ x- .,9-g; g:r p.,;;y,3 -,, n _, g.,...-,- ..~ c w_

_ ;
.

,. g.
+ y+r " '. T 'm-T & ,a

,_ y ,, :;.y .
~ -'n~.'a..., e , '' : 7 ,

" " ;u ., . .. - - - .

y;
.- ~ ,..~.m, , . ,

, ; '; z " ~ . , . . >;
,-

~ ,k.n
, a, gc w.~%,p.o..vy, - >- --' ; , .

t.

-
_ _ m m. - t., ;

y a .- - - Q v-ss. .. s .v.,-
u7

-

y_2 o '

w,.- - -.-

.-. +
, 't

2_p; y#<,

, %,. , ., ..; gg,q: j.$@. y,.
g'_e g.? - - w* . m?;

'

y .p 5z. ,.
- ,,.m. :

_ i s.3s.;,".n,.,,.
. . - .- -> ,,

~ y'7v e y -; ' 5%; .pet 4go, . . . ,

-
v_

7 ; -
, - , 2 .;.y ,. F,

- ,_ '
,,y- .- . ,2. q , , , . . . . cm~

- , ~- a
~ r ~n- Q,.

g n a_ . [m.- sDy? "?" j;. mz
.,_ , . ,. m

- ]Q f. . d Q = ge,j gg y i - i j . ?
. .. - . . , . . [ ' n ~~ ,$,dP;

n-

~ilN; .
"~i HERMITE SensitivdyIto' Fuel Temp. Model" c# w _ 44 4 2" ' '

.
-

.

- .
,. , n. ~,3 ...g'

- . . .. .r m.. . _10 , ms --
7rk %,d / y

_

,, a*-i-'t'''
'

,'' , ' '

_ c- - : m.;. , w'<<

. . w. m,,
"

s
_ -

-

- %, - .r.
.

, - , 4 .

yp ,,- - o ,

, s

,

g+ \.- r :. , w -'yh ',-
,-r ,

.. ,

-:

* ' "
, #-_ --

( ,
'- ?,'. * f ,_

P_'.,Qd
'

.. _ -]~

- - +Lms
~ ~ - m

-

r> ,J ,1,,y
.

2 -

4 ss t '''*' _u' . " *
xt :A ".'<,,,4~# ) 4".

'- ''' ,, \; .7 D -

.

- -

s , , ,

.a. A. .r

M .,':': f' #-,

. 6. . y -
,-|7Prq %

,

, , ..

31> v -w' 4.
--

s. ~ . m,-

. ~ x 1..
' Np , C. i r

n ._
" '

..' ' v _.
'"

. -% .N. |

<
. . . . .+'y

v m .

L c *
... .g %~t o. .

-_4,
*

,_.

". :-

~,A
.

. a> a r +m..y -

On
> Q. O -

#*
~ - c. ,

o - - ,--
va , .e

O->- . 3_ y -
- _ c9'

, -

.

-2 . - >

.

- -

[, y- e
- .u-

3_ ,
.,.

.

.i.
s

f d 3.

,.f.

f' %N ,
Y

0.~,,mmmmmmmmmmmmmmmmmmmmmmm--,

ymmmmmmmmmmmmmmmmmmmy---. , , .. .. -
,. .,.g.. . .
.

.O- 0.2. ' . 10.41 -

,

, -

1Timef(Mconds.)/ - '
' ~ " ' *a

- O,~ - .
.' > - .

Figure'A-5L ! HERMIT.E[ Sensitivity-toFueljTemperature.Model=~ - : e:

.. . .. .

.
, . , * f Ii# .,,,, | ,4. 'l,!.g

* ' '

.m.- -
:

Y

#'
at.

'I t [ ,

,s ''' 3 I
.: (

#

!

b
3 i ,., | *

*[ ^' *
.r'- d

J'.] '. I. > .< '"
r ''/_ "_

'q_ j

''
T'

# ._
*- L-

1 h 5. j / g
- ; g . , __:% :. - -

5, ,5

+ m.,.k
. ,. , ., , . . . , . , . . . , ,

Ch. , y. 'j d ,

.....h-peny,p9-ig,..._,g,,4',.t , , .~.. , . 7. . t .. ... . . , . , .. . *--

,

g - -- ..,*ge.q.- '.qe- %m 3 ,._-me arm er -m a,mkw.~
.. -

g

c. y. , _ , .s.
gdw

'-.s .

p .._g,..,9;..,.,
,

+ J'y :hg e =y. m=w.%n,J,i,.-mis. M!a A.r-'p*.*- J,<g

.

A 4 g ,,, 4 % y. .49pg.,.gpe..g.,,.,q.q'p 19p.,i.r,,..g'
, _ .,ri.g,g ,gp, ,s w. 9 6 i,q q,y ypg.%#v 4 *W'W''e'''Werh''=_.aww-dw e.e a i .ti h o a



w - - - # m.x _ y.. . . . . . m , , - y , _" y_.y, .

m ,}-| ,^,'
g|4||_;; f f

_ '_m_
s - . . t. "

.
u. 4 -

--y * : ;r.? r - ' s
, _':& 3 '"; _~ ,. M. . ;2. . ,.y',~ * * ' '

; - _ _ e7 y . .g
. . ~ ~ .

.g %. 7;g . . ., __
.,

. .x .
- . ~, ~. g c ,

.

.,
.

.

'm. ,
r L .y '.< ?&

.

, ~ . '_ ~ < -
,

- : <- .g -

.:^'
^

- ." ; w - 5 N.i f.|- , _ , , ; !?q_,,3:.', _ .'

.- n,,-- ,,,_ v
' W,

; _3.
' -

'_5. + '_.Q'~., '. i;|.._

,ay( ;3. .:%, 9;;;Q.a .
:

1 .

o
,

'
, yi

'~ '
4 g

r ^
- ~ ~ ~.y . ' , _ - 33 ,, , "'

;;fp.
,

r - '?
-

';;-
;-

:.x s

, , . . -^ -, s ,e g, A

~ - - 76talMoreP' owed > i ~ i 1: . -
,

-

y -- y- :..> . . . .. ,. : . . .
,

,
_

', ' "n%~' - i HERMITE;Sensitivityf to1 Fuel Temp.;Model
- 8L .

10 ms theto= 5 --- _
. 2

u
. .

.. . ..

~*

- . c+.
~ - .;;2.=

.

7~- -
.

.5j ,,a1.. ms theta =1 -- - -- lims theta =
. .

6
. - . _ . . ...~

' v

~

~

-6- 10' ms theto=1 -- 1:'
: .

5-
~

^ '

3:
1 .snv mu

'@ C
OCm 4-oa3 CL O -

m cn-o v
o

-s -3 -

2-
.

3-

1-

- . . . . . .

" " " G C "- m" " "y " " " G " "_ _" " "_ "y "_ "_ "_ "_ _ - - ,
" "

- O m. ,- _- - ---

~0 0.2- 0.4 ,.

.
. _ Time (seconds)I .

~

~

~

. Figure A-6. .HERMITE' Sensitivity to: Fuel Temperature Model-

. .

. . .M M
*- * . .

. . .O --^ .'g''
.v -s

. . ,, Y_ ;-,.
, ,

,

,,,,,,,d,,,, ,,,,,.%,,d,e
.

,- ,.4g ,.9,,, p
_

g, 4 , , , _ . ,;,
,,r. g,, , a_,,,_#,

,

_
, J'

4
,py < - . .m- , .-,.

_ ,
_ _

, ,

N ry/'"a**dy a_ _4,i d- $.4-pa.i d.i...-es.*p ._%c,, ,,,..,pl s. ,%



g y @se a7p]]Qy$%gf[p #ggf$g]ye s, @, j%,pggggyjg%%w!]yf]nM.{QQ.t.Lgg71gy[sGg{e.s{W.]#*Jh Q (i .}
g- Shg w, &. gm,4,a_.u,- m'r < - gwp Nm -w a @ 4.ei;wse, m e a,y Nprw w w m%a .f~s s %.- y

exww,.y; _# w '- .. 'a s.m].m,M,yrm,,
- Q',h Ndgg[m[g,$ mo m[g[a'Op\m fpi ' 2 $ f., . Q ws[. . .

u%.6,,, m
-g,, e em r ;..

.

e.y _ c4.' p.
']Vg].. , y ' f[

.

**-fif a gcs?s-- psr 36 . ''. . , M - kW ~ . -9 Ame y.,

, , w - g j -~%@'.}i ,p. .h,e ^w-p'. Q{cj~gM'* w i-y[Q
x' , ~ , w.. ~W-}' # '

"- ,c,_ .-r'

w ''h, W . -g
"' .

- -' $
4-

j.
9',

-

4 ,,

- a . ~ g 4 q.g g, m g -
.. ,, .. c v.

,; ,.,~c M/ Y. ' xz n
< ,

.~ ,
. ,.

, y . y M /g Q. ,3p.-r?.f - g ' A~p;; . ygg, f g[gW Q i,=y Qi gjcg ggg6

,

, c m._

,, .m m,., q, mt .ny .? .g.,,w n,;um -
.

yv,. s r. g;. .ne ,.3~-

.~- ,..m , u,% m/ n.m P,;pM ,9&aw~
-

W , 7 -y e
-

c W*3 m ~. m., .~ ~,w ,. - . . . , . , . ;x ~ ~ - ;-
.. .a

, \ ,
- k ^1

-

|f . ,'
.

w me < . . . . ~ m - , , m- ~ -

.%g:aQ gAQm ..y. . -

;
_~_ ,

g 9.. . . x_ . .. 3 H ERMJTE;.Sensitivityi to :Th'eto a " _ ; 4 yg f$ | - ' ;;
a sm. - ~ -

w .. 5. '
>

gg m_ y ,,y, . y,-
- _.

_,N"*'4.'_ e

. >.-- ny - . . .
_ _ ,,- .

.. ,

/. , ,
A - m

w [
. . .

(',..
..- . .._ -

. . e
,

4, . . . - 9., d _. "

y-- 2. . ;
,

' P ,,
- . 'I

i p
d

j .O ,,, .; .m yw 4 v., r
..

q.4
'

y . * ~' + f.id:,..
.

f. m v.y' ;, , ,.>.'C'
, t

,
.,

,

8,, &, m ' - %.-~g-
, ,. .;p?r

"j . < .e

* %Q@tf'
,

m
,

s..N),. .~ f ,.: s g .n

~ ..k;~
, . .

,. 'c
, . , . ,. .

~',,x.. ;'- ./w;

7 g-
,

4.we. y
e~ .--

.
.

c.p: m-
~ n ay% .

,

s.1@,g,-s

,..+.,i
.- : w

.

. .
m...-

. -. c e .

, . . .

,r .

- .y
.a ,mu- ,

. " .. . , . . r . .
,|.%'. ''

' , , ,,? ?I ..i % C% -l % - r

, . . .HERMITE; tbs' to = 0.51- % E ,N"P'

2 .

~

4- .
+

- .
mc

-, w' - x_ _,w' w' m . .:m
y.9.sr.m

.

& ~

. . . , , '
. . . . ,. d mM. $y"4.,,7-

~* ''
i. Q/f-

t m'i ~ q .,,,

,. . , . ~**' 'I.'', s- . j . 7,'- -a'" .-

'

yy
~ .- . ,

0 . HERMlTE: theta'=i1. 0 ? '
~ n- * -

- L u_ . 4.1.. ,F.-

.
.

. . - n,

'

s , ^ . . -[h]
.

.,
-mn;m.

%
..

n. . .

,

..2- . ~ * _~. :
- *s_ c +,

..

~ . . .. .

..e.g, p

r- -

, .4, .., w, v. es,) ,, n
, -w. .n r ' n

.

'-

., n

M " ' ' ~ y% cs.g n.nt ,' ' g' hu' , QQ* %% j
...u. A $n ..

y to '
_,

- ,
, ,

. g;
~'%&yp

+&. ,E,,,,,,,,f
o

^ ' '''-
~C +

?. W ~ 1W ;
v g

.

,, 'qg' D'S.e. _c..., ..I *my
,

,.a. _

*
_

_ ,

* --''''14'-. se,,g.
f b- ' v..

--

,

L-
-

J
A,&"-3: ' O .9e

e o ~ - ' %[ - Q," _.

Q. v
. 2- , x- -p .

<
- -

.- p% . .~ ,r- ,+ :. 2,7 , .. .

'

4, .~,.z,, - q .P , . [. .s _.gE.
,-

'

, . ~ , ,
*

,

% 3 (.,j
,,,, --

: -
, , , . . s -

rng

._y. n
a. ~..

< # ~. ,n.v.

0

- .
.|> d. Q --

__ 7
'

."..T.,'.$, , .. ,;.*,
w.

o_,.

,y mgA, -,

Jo, y
. , ,

.

^
.

3 .. .

.'sn,n-
-~ ~ _ _ 4,s

v
'- ' sc .,u -

9' / - l

1- ar ~
-

' ' *
, -n

' ' u[ n. . ]" /-

#
g.# n _. .. - .n.'''.,,.n,

f -] ,,
Y,'

.

.m .

ys N ,f->

< . ~

mif8' (,

:_',. a*''d'P ,., y' "f . *,,
~~n.q.. fy"

g . p
-.%....,. -g,,..54'.

i ' ,'"Wm_
g

,
,,

. . . - _ ,
gr

,

, , . . . . ,,.................
~ " M ~ , W-

0- a -
.

,. w. . ..
. _ g. ,

, , .
'

. . .
,

- % {' .!, s .,

. .:h? D.%" - - . ' , '

E.

. O _ or - 10.2 e- _c 0.4 5 - . . .u%es:. .H/
'' ' .. 7

-

' Q'y {j,n,k, y /!L
y, ,

.. - . - .,.2 ,
* ,,;' /

.

v
.

J $'~WL. Time (seconds)? . ' .. V
' ' - <~

_

Figure-A-7: HERMITE5 Total tore' Power, Sensitivity [tolTheta ; .
, . - M'

,
, I f% #' ' '

s
- m, ,>p a, ,

. ,. ; ,s;
,

- . , - 3 - m... . ,. - :an .

c ,,, ,><m.
$

- _ - . ~
.~

~ , , .
i

~

.',''e' i ' . . , . f|-i j't
. : : .- - .

*
m' u d.7' I'.$%;,,

'm'h .,g. s
%

=
m #

-^-' ; - m - m , . *
, , , .

-,
_

. g,y , _ ~ f. .: q '.%g 'g %.--
: .r

W,f%*,h''.

, J- N.-
-

.

,j_'| *''r-.?M
^',&

'' .,. - ' . #

*7 .L*
*

'' f
.s

E
,

4
, ,

.5. w

d+ r M #1 * ,, , . ,, ' ' . ( e_. - 2
' q3*

. >b? $ 1" .- .h. m.ky , ~
.

?. ~ '
..n. . - -

'
,-

,_,.-j
''

1"e p k U g y
- !..+e.mp

m 4 .y-
,) g,

'

$ 9,,, ++ ;- e; , . *
s,- 9

* . m.c. u: <<1-
^

F (',,, '. ,

, h
,,c

k h '=
- -- ..

:
. . ~ , . , . .

^ . Y[ b
_f Q . [h b. c, |h' k 7

# '

W+, . ,v, ~, .~
'

.# D p
A' 7 _ . c-ww ,am,r, . . . + ' ,* *

,,+ . ~ . ,
.en . a ~, +e,,+m + . .. m e e n ww 9 tw--_ _ _ - -

m,v x w?
.

, wx. ~ , + - ., ~ s.~ n w .v pr wen a - - . ;: . . ,e - -,, me n emw w e-w w.w m .e.-% ,,a v.- - - - _ m

. w e. m:%% == m = %,.- me.;- ww. - n. .. ;
+m--w.mw ~ w.m.& m J_;- ex~ s %



we., , w 9e u, ~ x - 4~ g.,a ne& % g w %# 2.c+Wav er,m x.2-rqEnn, a m., _j, w , - - nA i Mgh s m g@e%w g:w w~ashm mgg e me.Whgwwwm ~m.m--nsgwn ,m.4 m,-- - wn- n .x wm . ~~ .

|* * Qey:,c ~ .,, %. j X|' | , ?:
.w sw~m,&c , n ~ n.n"' %x n ~ +' - nnf, w w-- ' * ,.

f: Q ggW3 ~ '' 4" '~

4}.x w , . ,y w , x , , m . , , 3 3| ;- - , ;} ( . |' | ,,_ ', p ['" y ;}w}}7m.. Q.4 4pn gkW yy n.gg|s-p. 4, yxxgg (Gf_ 3,, - + ~= g7 ~ -x&y=,s.
,

.

9 -

[' n,
#*

+L
'-

g.

--

,p

"'.,w ,.u.m ,gg.g _n_a'. ,,.
y..,

3'#j$. .g 'm.r.>
-m _. m: ; :

IB % "*$

s - 4'' I"
* . g p - 4r .gm ..

"

'.[ ire

y * q i,c .,..c.z( a. .- X K'* iN.h d.'a g." y ha%f . ,,
,[,_,,f I

.

I
.'

/ .w|

jy
'

g. g .- .{
. .g,. g'_,

j 4,. pg'

.

E. - n _'~ 4 b .,,C i , g- , ,

l.
g ,.

.

,,.-
,'

_' .
.-

,^3'.%-
y _f.#.'

, %
.

eg

4' .%,, - '. p .

d,g i
>q..6s

-
. V,ue g q?.3 c ..y.

'3 m' .:
* c-

,
<

J. !

' '
,

,|. f
,, ,

L ,.

ga~,,,'.-'.'. 4.,'.*:, . . .,,,(,.
,.

.r,-- -.

m sv. ' % v
.

. ey ,. g,.g ,j''h.,. ,
R'v' r

7._ u. +~

e, v. , , -
me._.

,g . "

t g,,y g
. g.e' r-- m n

2

e. .ya,. nm
v. , m-

-2.< , n. 3- , n .,,ew~ , u, ,
.

s m~."s, e%w e;:4 yo g e.: w
1 . -. _m s~a.mn,-~s'

. ,

- - a: 7

,
- w. , y.m -

.
- -

. . . -w nc , mnn.
,

~ .u. ~ . , : pygm
y" y, A e,4'gygg

Y]e7 - YA' i'' iver;ag eM, Fu'' , ''Wb.e_m' 3p e ra t,,o' ..t-

y~ - 3, v' , 3g
-

..

g.
_ ,

. ..-

.
.

.# '-
,, g , , , .

e'
.

ris, _ - , ,.. 4 . . . . -

re; AA y' ''''v' a
e 4 w%[.a %. . -

's-
~

-

y
- $ si* r

* , d d

c"i ' ' #t./pg33_
[vg"'YIg

.

.% ~ &- P_R WW L H. ER. M. ITE;_Sensitiv,ity,to.Tneta : -

. m. m ,h.3p.
- , .. ..

.

. 6 0.._ - t,
s

i vr.; -
p.. s c c'

- -

n
. . w c

: ,
L_Wrn d,,; s

1.a n p %a
-

w ,

x., < _y. L
, <,

y,- n m.;t , - v},& M ,mn.
-

, , ,
;-

,

- . m - m
n +a c9

''

,

p..,
:..

n
.

. , ,

,
:p + .

,3 ,mv
-- , -

au n+

sh. ,.

, , .

*~- ' ''
.

.

>
, v. -

4 - g .y_, ., , MP
4 -%. s n. w s _ r v 1..c':^'*' r ''

, .'I"o- ,hc -H ,T 1 4
8

, '*'p

4 hi I[ ' h.: .5,,F,,,[4 /.
#" ~ j ,; '

- 600" . M HERMITE/ theta =' O 5 - N
_

. ; 'c C # %,.,, $G
'

-

e.
.-

-

n, 'z a., n. .n=,

s
,

,td,
s r 'n

-

~ ~.
. . .

g ,,

3

O L ' HERMITE thetai=" LO
. . , . . . .n

~ -
- ' - Pr T"

, - , . s se
:

5. A,

. n ,

3-

-c1 ,e, ,A_- ./

_

'''

5'
[

' 590 - - ' ' f'.I , m. . , s.m
.auV i-_E

1
- ,J', ,-9- +,,u. . ,f'

u. . | am %am

v .
+ - . ~

- ''1',.i. *
,|

'"

seu,,. , :-m
h f...': O

r ,
,

4,
3,i,f'2 af

u v. ..
',b'p a= g,_ W ,h

% . 580 - -
..

' ?'W5
; ,

+

m
2 e . - m-
,. n. - . ,.. c .
o E - -

- C._
- .-

, m,. .?-yp ,.

T +_- . .y

* ' -
. %r : ".,%), . , .

,.-f |

570 - " ' ' ' - - ~

_

. _ x....., ,
.,

a ''

<G'
: ,m._r

-

, . ~
e ~

.A'O
:

6

&'v g -560 - ' ^
,,

y
a .''.'

< - - e-
.

- . -
~.,..i............,...... . . .

-
.

1
,

. ............ , . . . . -. . . .
, 3

.

- j,, - . -

. .

i,550 ~'
i . ... -

. . .3, ,,
sm. s ~ ;.-

-
,

w
O. - 10.29

- - 0.4 ;
.

,

._ s%.
.

*

371 4
-

~ g4"_ , It f ..*-
''

. . 1 4ip ' F,.>
. ,

, iTime,(seconds)1 ,
.

.

. ._

1, M - y

>
,

1 Figure #A-8/ ;HERMITE CoreTAverage FueliTemperature Sensitivity;to Thetal . ,
. - -

., , - . . ' 's. .~
-

-A'4'
.

-s.h.r_
:'i'"

,,

_'.g .

''y O' y
,

*
e_ - , %,-

4 b'''
1*'p---

f , , , , . .M N i"~m

~ #' *
.,

'' - - e #
4l ,, Y '" V

_ . ' - ._<.g-

.h. - '

,

.

i , ,.
. u" ' '

_

... e - o

, .~, , , . . . -
4,

. . , . , -
...x ~ : x. s

C-

, ,- ;..
1ga, ..'t".

-
%; ~..

,

A

j
',E

- . , , 7 ^ , ''

n"'
3%7. w s.; ~-

[
-

f s :. ; y +. ~., _

.

-.-.-_sh.
- _' . ] q

+...'_h
, , ,h -9

gam, ,, p
. .Qg

~.. 7 . . ,

..

,r ,
n . . < . e , . ,.a, , . . m, e . Be r. t.. { .. p, e. w .w y:W y x: , .mw gemm. .. ,_ :

g [yJgoc. \=~=.,en_ * 9 g y j .sqq s,,'9 f g a.heg"qg.''g .gi s,. 3 e g .eq -- gy g. . - .-gyg.-y3 * . . . e ~ - . , . . . ,. ,. . : w. mm,r > .
m.m.

w
,,e- ===. a; g.;,.. . < ..

yeg gn ,-f 4 9'g gp g 7 --y ~g gr'*.w ty $.e gg+g'v:'. ~ m M'g ,y e-TIT % ,% ''4 ''*'4f*' N h ^% D * d' T''M9P***@I4'Y"Wi W WWW M W 4 C u tac *'Ik'd'*. .*u 4 12i.- wsian'9's .,.&p- i,.,i f.e 7'asais 4 l (.g-.a_,.gmay./'. ir. >,s., - q.4.,Pm. l i g gg.,,a-g.97tyg g y' poi g .g -ean.' '9 *



WM;QuRm, MMWp Q%y +* WWW. ~ v.c%m.MPf a ^ s o;n7, m;5%p,~ a <R in - L WWuy
,

wp: sy pU w a, w. vs, % eamm.o ,m m _t
,&|-r i.4 x -:w~ ,.

m, .. w ~*n ' +n-
_ - wWwik s -

L: v - n
-cm c ,r&g n . dg ' m _,wn

y . * - * M' .j >,, ~ <-
'x

w %,-TWa,E ,' c:p V .x4 m e. y> ?
. av , ; a

rea? w "R,v.y Qy,
-

b -. -J.

f - .d '[' *i'' __d -I +
-:'.*,>~r".%.nF .w).wq-, , M. p c . c%e

+-

- ~ , <crMi O -

y , a ^ m eMe' s
3 .v-- ' e vv :y

u r ',-p M'f t A.huma' r2nt; n wn' ^(5
> n :.

': N
--

b..
- s a + sy

'

m :.- :c .v>
[n w1i -- ,4

-

n,,. i L k }a) O
a' y ff T '' N. ! $

w' S k-
d

. wt . 2,
- !}' '

' . : -< < -

<
~ :

i=,
,tp13e. { . y, s w ,. . : . . s m.,. -u .m~ a

f
._

r - , y .
J. .s-

<A. ; , 4 r.E 4' e w ..

. -u + . . , <

c. >~'~ ,ssw we - m ps- n..+ c f._

m. v - *
s e a v. _ ,r

,
v

w a a n e%v
,

-

n
y, ~m 1+ .r..g - . <n

Wy qW& nygy:& ,*c R #3 - q ',-M...
s - :hr * .

.y . u.s e--m mv: c e- h, 4 > e2 '

tu .

' .. d' ,y"m >
_ % ;

h.u g. q o v - 4ue w,
'

,v.w_.,.,..

_a -

<m <

-

^
_,

'

spy " . _ -y. 3e ' mu y 3w- r-.. s c t

- -M 4'

" ' . . .
'4~. 3V

,"J.
b ' . ') Y A . ' , ')*

e sk;.
% t-

~ #

...'c .'q.. *a 4

%y w%. ,e . 3 .m A,e 5 W
7 h -% q si o p ,-

' '
s w p

_#
- , _

4-- R , ' =s cy:| .tf &.
m +u a s-

. .-w . ,. .. . AW.m, w.m , 4 &wwA + w ss- m, , '; wa
+ ~ .=

,

,

13. W M-X ' '' ' 2* t - , 'Y '':' M "n ..u -

7.~.- f -

. , . = 3.3,.4
-> g 3

7 ,

-e_4 w'._93 y 3g ' p.# y'
-

i?; a#. ,- s r -M .<

s r > x
-

1 '',_ rc_ ; 3. . . ,,
e' . V& g n x,

h Y 5 -_ 1 r , ,3 s _ J l

; y'_ ,g _. 3
*= J% tc

e - u -

em - e ,ue %n,a m:c m a w , , .a- ,

n an i n, -. .( * a qa.w..m, , . u . r . <
. -

<.n ,
.x ,

-wnm.
w'' i ?.|R J:A g W.,.3 d .Q N(C |J. : .g

4. D.
x

'

L *

f3
'

,, c m . .( ,

W|

y
,

'
., , a . c <~ :Ml, = r. E <

.

%jsJg V.'ry:: ' ,, . .G.., 'fJgp.,pp. gyp.;Tw. K p,' h;|* y/
, d,,. o q- ,,,

.s

A&y6 % .' ,"(> ' .;

h , ~k Y- {- ^ , - :$< -

9egym y u. pm., _ .'-:' ,

MQF p' , w'_
, s

a

3~.; j h.pq ph 7-.

W- ,
' \ Y

$ -Qy ,, z. n:: .

.%2
to m .- _ . m . , .m

.

- +>

a7@ g u t1 4:; r-
,

9 . . W..
4,

. - . . 'm ;- o
.--

79 f.k k J-: , jW9 }
. m, e.n . W

. * '^ ' '
e 7 '

, , ;

i -a- Og s .$ ;. , s'
-

'

g a ;. .9t.ym < , w >

n -
*

. ,

N,,
m

ge'
%m .m .

f|y;W sp w&W W-
's .

%._ __
: o: Cs, ..

h
-

-

; *C ' %d'

c a, , nn?a n m;, , n ;r
'#

a, . - 1 rm e , '
.p0 Mt4s 4

M S Q|p,w[ N 1.[ A . . >i l
. 1

,' 8d v
p-

w%wm z ~Q; m . . .
-.kw < y ' a,. .

.

-;vx-;v , e ,

psmem, yg<%;m = v3 ,ggw . .^
. .m. z

Ngg 1 T ,
_ ; a)cr .M

W w:s ?n - .n
4v

_%R' *~ 'oe
a x a,

m'Q r%- hN s.M , Q L.
1 e

'

A M "{g" _.
c . _; r- my . . 's . , > ' ,= e:G;-

n
Q' ;ss,cW .. . H :

' '' - '3-W
e* ,)4

b'w .t < r
1 r> - o

.oa - s~a. , . %u.
t,'- -

e
. .

o .m s.
M f. W oi. /.

e t >

g!u X-d% '

. - MtV -

' <3)' * 20 . t,$ u. t -

t

w - ;; V % '
e ,. 9man p c. as 4.

>x8 ' '; i .) -| . 4 --
"o '

1\^ p %
.

m"y 'y_ -u e.g

, . 4s/m , .

. A.. - / ' o. e. .
-- .. u. ,-

c .-, o .mpyr. m. . p: a,
c ,w g +m'- i c -: t1

=wwMa me yoe m

M& '; ;W,. .J:; c;-
1

w- k
O hp ,y- l.W -llz d.i'

..

J N dE ' .-
, u

.
t - - . = --:- :Q-

,
.

9'

jW :M < ,*
,

s%sy '~ ~
Q-

x': '
c_o i foi

..

To L j, s,_
. . _m, . - -

hff '
.' ;' Q cg; bb..Q'_- k

,

G -
- rr; x:

_ .m- s,

. e .. Q - 1.4.J f ** .- W -- : E-to ,,

i u.J. T
. 'A{h 'h ., - s

g..
g g@W_>G y# 1

:-

e s ._ r

~

: -
, p . $

3,-- ,. ~

.2: 1'
-- ,5 . -

my-;--

E;i. si 9 T. ;9 y3v

e v
.. ..3

. acm, ; . n. <w ng 16 6 . $=. .- 'y- 4;
-

, '

g@M E X?
. ,W I- . I

,

'
,

_

m. 2 . . , nQ , .
,. - x e- 5,

_.o:
,

- -.

&' n.p
- s

g ay v ;d-.; +. .. .

Mq.dk : ' ~<< ;Ms

w a; , , - ,

m . 'o ..a.
,Nn.e.3 ss.

-- x i

geq - --
,p. gj :f g -

gn m
.

--
-.n.

wm, ' , ', - > - a~3
, u. mn

am ra:n .n- ..

.ma.x,,.. .*
.. . , ):i J- *1

g t,; _

: }
'

% -; _
t - i ..

, ,,

fMW '

'
'

c =
d,-

n
s.e-g syn e - =

+ ,
&

~ M 1 I . I i l I i i 4,M, m@ , , . . ,

~ O
ps toL o o: o .o o o o o<

m
se v. ; an ; , o. c o c o c- o . ca, . c) c). m - o m- m- no o. cs ,

IL Q[kp 'I
y y

s %;7.!;+ efr3 :

~gg iyi

n[

-x.a ., a
"* : '

] '()) a;nic;odulai j
- ao-

; z,
.r

y.F, ,
-_ = q - 7 ct
yi : : 1,y
; ,Q .3 'f
' {- Wp j

m# y: - 11e

y i

Im u -
.A,11 _.A

6

3 y , #..
r

, A *4 =t
M . n, u m. g- ef- f;: h > +- ,-i

_(UT4 dM ll' ' T
y

h 2 '.y rs I # '

n# "a+ +-]
:

r f * ,,. i

.- qn)- 1. s ; , ; }4-.
''

,
:

s 4n m a m + ;

e" , ,;-' .g o1
age _.d,m" f. /hV:"t

.< u.h, h .nu- , h _.:
y.

- IW1 U.", -

- n .e. , ,. , e ,. ,

-

-



| wn

^

4

The reason for this behavior appears to be as follows: When the neutronics is

- advanced from t to t +1, one w uld like to use some average fuel temperature in
n n

the interval (t , t +1) to compute cross sections and fuel temperature feedback.n n
Since the fuel temperature is not advanced simultaneously with the neutronics, the

- best that can be done is to use the fuel temperature at t . In this transient we
n ,

know that the fuel temperature is increasing, thus any fuel temperature at .tn
underestimates the actual fuel temperature and tends to result in a higher peak

.

power. This effect is minimized for this particular transient by picking e-1
which uses the (higher) heat generation rate at t , rather than e .5 which assumes

n
and i and takes ana linear variation in heat generation rate between in-1 n

average of these two values for the interval (t , t +1)'n n

A time step study has been made independently for ARR0TTA (Refnrence 4.1). In

ARR0TTA the sensitivity of the peak to the time step size is greater than it is in
HERMITE. The time of peak power also changes more. Since there is evidence of a
timestep effect during the early part of the transient before there is any
significant heat addition, it suggests the ARR0TTA sensitivity to timestep size is
due in part to the neutronics. Based on the ARR0TTA documentation (Reference
2.1), its heat source treatment corresponds to e-1 in HERMITE. Therefore, this

.

also suggests that- the sensitivity of the peak power in ARR0TTA to- timestep size
has a significant neutronics component.

As mentioned previously, the thermal- properties of UO and the clad come from
2

different sources in ARR0TTA and HERMITE. These properties have a direct impact
on-the temperature of the fuel during the transient and thus the power level and
stored energy. The thermal conductivity of UO is the same in both codes.

2

However, the specific heat is somewhat different. Figure A-10 shows the specific
heat as a function of fuel temperature in both codes. While they appear to be

*

quite different, it is the integral between the initial fuel temperature and the
instantaneous fuel temperature that determines the associated energy deposition.

*This integral, which is the change in fuel enthalpy, is shown in Figure A-11. On

the figure the integral is relative to 400'F. The difference in temperature for a
given energy deposition for a transient starting at 557'F is never more than i 9'F
in the range 557'F to 1500'F.

A-12

,
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,

As' mentioned previously, HERMITE originally used a finite' element neutronics
algorithm. HERMITE was run in the steady-state using the finite element method on
the hot zero power case with rods inserted. The comparison with the Nodal
Expansion Method is shown in Figure A 12. The agreement shown is typical of that
exhibited with the finite element method. (See Figure 4 6 of Reference 1.1.) The

,

1-0 HERMITE model was also run for a rod ejection transtant using the finite
element method. The results are shown in Figure A 13. These figures demonstrate,

~'

quantitatively, the improvement realized by using the Nodal Expansion Method.

s

!t should be noted that the clad properties are different between HERMITE and
ARR0TTA but clad heating is not a significant effect in the case studied.

,

g,-
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Appendix B

PROBLEM DEstRIPTION .

,

The purpose of this appendix is to provide the description of the problen. used in*

the rod ejection transient analysis. This is done through a series of tables and
figures as well as complete input listings for ARROTTA and HERMITE.

Core layout

The layout of the core showing the location of the various fuel assembly types and
control rod groups is given in figure B 1. Note that the upper and lower
reflectors extend across all fuel assemblies and the baffle, but not across the
radial reflectors. The radial reflectors extend the entire height of the core
(445.76cm).

Problem parameters

Many of the various input quantities, except cross sections, are listed in Table
B 1.

Cross Sections

The cross section representation, in terms of the ARROTTA nomenclature is:

2: - R [A+B(X}') , gg X}')2)

,

+ (1 R) (A' + B, (X 39 (*j!']2)+ C'

,

f

B-1
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-p ,< 4 ,

p' <,

Q
g ;, o-

- ,

, .4
,

''.t i r

- where
'

I macroscopic cross.section (transport, absorption, removal, nu+ fission and
kappa fission)

R' -linear function of rod' insertion where R=0.0 for the unrodded node and-,

'

R 1.0 for a rod fully inserted in a node
,

A, B,.C, A','B', C' input quantities ' '

3;X .moderatordensity_(1b/ft)

3X '_ - ' input reference moderator density (Ib/ft )

cross section change due to fuel temperature change

T fuel temperature (absolute, 'F)p
c,

T[ input reference fuel temperature (absolute, 'F)

-N- . soluble' boron number densityg

aB ' boron microscopic' cross section

The various input quantities for each of the compositions are given in Tables-

..B 2 through_B 15 for the fourteen compositions. !
a.

' Inout Listinas

figures B 2 and B 3 are the ARROTTA and HERMITE input listings. .

.
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Table' B 1

i:'' " PROBLEM PARAMETERS

% Total problem power ' O.001.MW
' Soluble boron level 975 PPM--
Fuel assembly dimensions 21.608 cm x 21 608 cm

.

.

'*- Active fuel height 365.76 cm
Lower reflector ' 40 cm
Upper reflector height 40 cm"

Ns . Radial reflector thickness 21.608 cm .

'' Control rod. group 5 withdrawal rate. 3,546.52 cm/s
. System pressure 2250 psia

2Coolant flow rate 839.81 lb/s it
Coolant inlet temperature 557 'I>

t

F - Fuel rod cell pitch. 0.041333 ft
. Fraction of fuel assembly area not considered 0.04015j| 4

part of fuel rod or coolant,

Fuel pellet radius: 0.012867 ft*
.

. Fuel clad gap width- 2.87 '. 't=
'

Clad thickness 1.87 5 .'. f t4

3fuel pellet density . . 641.75 Ib/ft p
Constant gap thermal conductivity 1000 Blu/hr ft 'F'

,

Number of delayed neutron groups 6

Delayed neutron data
u
;.

Group 1 a

1 1.27535 2 2.46358 4
2 3.17843 2 1.45914 3

m 3 1.19458 1 1.33969-3
4 3.18858 1 2.94599 3
5- 1.40265+0- LO5456-3o~
6 3.92952+0 2.50605-4

inverse neutron' group velocities 1/v 5.86 8 s/cm
3'

1/v 2.42 6 s/cm2

M initial control. rod positions (cm above bottom of problem)''

' Rod Group Position
i

1 49.47 cm,

2 49.47'em
3' 163.77.cms

4 346.33 cm
5- 49.47 cm

,

4 g

83'

?;\ :s y'
,

_



6 6 4 13 3 1 3 1 2 1 2 1 3 1 2 13 4 5 6

3 1 6 .

6 6 0 7 1 3 1 3 1 2 1 3 1 3 1 7 d 5 6

-

*

6 5 4 1 2 1 3 1 3 1 3 1 3 1 3 1 4 6 6

4 3 3 4

6 5 0 9 1 2 1 3 1 3 1 3 1 3 1 9 0 $ 6

6 6 5 9 2 10 3 1 3 1 3 1 2 10 3 0 5 5 6

3 3

6 6 & 4 11 2 1 3 1 2 1 2 1 3 11 0 5 6 6

6 6 $ & 8 8 9 1 7 13 7 1 V B 8 5 5 6 6

4 2 4

6 6 6 $ $ $ $ 4 0 4 0 4 8 6 5 5 6 6 6

6 6 6 6 6 6 6 6 6 5 6 5 5 6 6 6 6 6 6

6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

ARROTTA Fuel ARROTTA/HERMITE
Assembly Type Description Composi tion Nun.bers

1 Fuel type 1 1

2 Fuel type 2 2

3 Fuel type 3 3

4 Fuel type 4 4

7 Fuel type 7 5

0 Fuel type 8 6

9 Fuel type 9 7

10 Fuel type 10 0
*

11 Fuel type 11 9

Lower Reflector 10--

5 Baffle 11
*

6 Radial Reflector 12
Upper Reflector 13--

12 Fuel type 12 14

Figure B-1. ARR0TTA fuel Assembly Type and Control Rod Group Layout ;
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Table B-2

COMPOSIT10N 1 - FUEL TYPE 1 (ROS5 SECTIONS

Ref. fuel Temp. Ref Mod Dens Moderator
(f) (lb/ft**3) Volume

,

Fraction

1249.95 43.8646 0.619503

Group Type A' B' C'
(unrodded)

1 TR 2.30928E-01 1.12514E-01 3.52986E-03
A 7.68564E-03 1.24034E-03 -4.75972E-04
R 1.79005E-02 1.96439E-02 6.39194E-04

N5f 4.37267E-03 5.99922E 04 -2.68501E-04
KSF 5.78566E-14 8.32702E 15 -3.79664E-15

2 TR 8.73971E 01 8.5364]E-01 3.46966E-01
A 4.87367E-02 1.85151E-02 2.11087E-02

NSF 6.86748E-02 1.83138E 02 2.76542E-02
KSF 9.08664E-13 2.48450E-13 3.62756E 13

Group Type A B C

(rodded)

1 TR 2.36824E-01 1.12514E-01 3.52986E-03
A 1.30354E-02 1.24034E-Cs -4.75972E-04
R 1.51801E-02 1.96439E-02 6.39194E-04

NSF 4.30622E 03 5.99922E-04 -2.68501E-04
KSF 5.66186E-14 8.32702E-15 3.79664E-15

2 TR 8.68288E-01 8.5364]E-01 3.46966E 01
A 7.53092E 02 1.85151E-02 2.11087E 02

NSF 6.99272E-02 1.83138E-02 2.76542E-02
KSF 9.19408E 13 2.48450E-13 3.62756E-13

Group Type fuel Temperature Boron Micros
feedback

'

1 TR -5.65285E-05 0
A 2.38661E-05 7.68707E401
R -1.40929E 05 8.15305E+01

*
NSF -1.99619E-06 0
KSF -2.67962E-17 0

2 A 0 1.9562*E+03

8-5
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Table 8-3.'
'

_

' COMPOS 1110N 2 -- FUEL TYPE 2: CROSS SECTIONS
*

-

.
Ref. Fuel 1 Temp. Ref Mod Dens- hoderator-

" '

(F) (1b/ft**3) Volume
.7,'- Fraction -'

,

1249.95 43.8646- 0.594052
.

1

Group Type A' 8' - C'
-(unrodded)',

4

1 TR 2.31132E 01 1.06894E 01 3.58709E 03
A, 8.86226E 03 1.30244E 03 6.48451E 044,

-R 1.65086E-02 --l.85643E 02 4.03922E-04
NSF ' 5.38884E 03 6.69172E 04- 3.57250E 04
KSF. 7.12520E-14 '9.40733E-15 5.04631E 15

,

in 2 TR 8.56898E 01 -8.02693E-01 2.95213E 01
; A ' '- 7.50066E-02- 2.23210E 02 2.18614E 02

-NSF 9.81175E 02 2.74854E 02 3.15468E 02'>

.,

KSF- 1.29732E 12 3.73593E 13 4.12842E 13-

'

_ Group -Type A- B C

'(rodded)
e

1 TR 2.31132E-01 1.06894E-01 3.58709E 03.'
'

A 8.86226E 03 1.30244E-03 6.48451E 04
m.

R 1.65083E 02- 1.85643E 02^ 4.03922E 04.
NSF 5.38884E 03 6.69172E 04 -3.57250E 04-
KSF 7.12520E 14 9.40733E 15 5.04631E-15-

'

2 TR 8.56898E-01 8.02693E 01 2.95213E 01:' '

A 7.50066E 02 2.23210E 02 2.18614F 02
NSF 9.81175E-02- 2.74854E 02 3.15468E 02'

,

KSF 1.29732E 12 3.73593E 13 4.12842E 13

Group. Type Fuel Temperature Boron Micros
Feedback

*-
1 TR 5.63395E-05 0

A 2.33022E 05 '6.92607E+01
R 1.35019E 05- 3.89555E401

NSF -2.36366E 06- 0 -

KSF -3.18172E-17 0 ,

2 A 0 1.86644E+03

.

s

f I

. - 86

|s ,

;.
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Table B-4 *

,

#'
COMPOSITION 3 -- FUEE TYPE 3 CROS$ SECTIONS ".w

o

v |.

.Ref.' Fuel Temp. Ref Mod Dens Moderator <tm
-(F) (1b/ft**3) Volume.

Fraction 1'' '

<

'
,

M7 a- 1249.95' 43.8646.. 0.600415 r
,

9; ,e

Croup. Type :- A '. 8' . C'- - -53-

(unrodded)
~ $

'1 TR 2;30728E-01- 1.00263E-0F 3.92980E 03 :!>

A 8.68072E 03 1.29031E 03 6.28189E-04 |
,t R 1.66596E-02- 1 86970E 02 '4.58229E 04- ;

NSF 5.38836E 03 6.61442E-04 3.50362E 04 ->

KSF' 7.12747E-14 ?9.28904E 15- 4.95145E- 15 . '"
P

2 .TR 8.61057E-01 ~8.13425E 01- 3.03342E-Olt i
..b A -7.16198E-02' 2.20689E 02 2.12240E 02 ;

'

NSF 9.80550E-02- 2.70222E 02 3.16330E 02 .

KSF 1.29703E-12' 3.67276E 13 4.13950E-13, l

?

Group- Type 'A B C ;
,

(rodded) .

x
. ]

1 TR ^2.30728E-01 1.08263E 01 3.92980E-03-
A' -8.68072E 03 1.29031E 03- 6.28189E-04 4 .t

R 1.66596E 02 'l.86970E 02- 4.58229E 04 4
'

~ NSFL 5.38836E 03 6.61442E 04. 3.50382E 04 - :z.
"

KSF 7.12747Eal4 9.28904E 15 4.95145E 15 1
:

f2 TR 8.61057E-01 8.13423E 01 3.03342E 01- : !
A' 7.16198E 02 :2.20689E 02 2.12240E 02 'l

'NSF 9.80550E-02 2.70222E 02 3.16330E 02- :!
KSF 1.29703E-12- 3,67276E-13 4.13950E 13 ,

. Group. Type 1 . Fuel Temperature Boron Micros t', , '

Feedback-

' ' '
I ~TR- 5'61257E 05' 0

'A 2.32928E-05- 6.99841E401

". . . .
R -1.34387E-05 4.39008E401

NSF- -2.35533E 06 ~0--

KSF 3.16922E-17 0 ]
2- A- 0 1.87695E+03,

'

q
:

-

!
>,

' h '.
'

' Y B7 ;

; 7: |, 4
Y -

*
'

' t'
_

' u. __ _ __ _,
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Table B 5g
' '

COMPOSITION 4 + FUEL ~ TYPE.4 CROSS SECTIONS
,

,

Ref. Fuel Temp. Ref Mod Dens. Moderator
i

, (F) (1b/ft**3) Volume-
Fraction '

1249.95 43.8646 0.609959
.

" Group Type A' B' C'
'(unrodded)'

1 TR 2.29205E 01 1.10299E 01 3.87365E 03'

A- 8.80488E 03 1.32189E 03 5.70446E 04-
R 1.63110E 02 1.86197E 02 5.90810E 04

NSF 6.24526E 03 7.13a95E 04 3.87558E 04
KSF 8.26946E 14 1.00394E 14 -5.56182E 15'

2- TR 8.67789E 01 8.21630E 01 3.00537E 01
A 7.77139E 02 2.44548E 02 1.98783E 02

NSF 1.21515E 01- 3.20648E 02 3.25952E 02
KSF 1.60900E 12 4.36066E-13 4.24570E 13

Group Type A B C

(rodded)

1 TR 2.29205E-01 1.10299E-01 3.87365E 03
A 8.80488E 03 1.32189E 03- -5.70446E 04<

R- 1.63110E 02. 1.86197E-02 5.90810E-04
NSF 6.24526E 03 7.13495E 04 -3.87558E 04-
KSF 8.26946E 14 1.00394E 14 5.56182E 15

2 TR 8.67789E 01 8.21630E 01 3.00537E 01
A. 7.77139E 02 2.44548E 02 1.98783E 02

NSF- 1.21515E 01 3.20648E-02 3.25952E 02
KSF 1.60900E 12 4.36066E-13 4.24570E 13

Group Type fuel Temperature Boron Micros
Feedback

1 TR -5.49694E 05 0
*

A 2.28228E 05 6.79433E401
R 1.29062E 05 4.01900E+01

NSF -2.59853E 06 0 -

KSF 3.48548E-17- 0
..

2- A 0 1.85250E403

a

B8

i

n.,, . [,. ,m s , '- ''
-

'
. , , , , . . .. __ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _
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Table B 6 ,

!

COMPOSITION 5 -- FUEL TYPE 7 CROSS SECTIONS .j
,

-

.

-

..
,

Ref. Fuel Temp. Ref Mod Dens . Moderator j
,

Q (F) (lb/ft**3)' Volume 1
'

~

Fraction :1

1

, . 1249.95 43.8646 0.58769 ]
'I

Group'' Type A' B'- C'
(unrodded) ;

'l .TR 2.30486E 01 1.05630E 01' 4.02163E 03. , i

A: 9.42218E 03 1.39062E 03 7.10698E 04 ;

R 1.57303E 02 1.81029E 02 4.43800E 04 i

NSF. 6.25176E 03 7.41566E-04 -4.28445E-04 |
KSF 8.26790E 14 1.04644E 14 6.06422E 15 i

!

2 TR 8.53257E 01 7.82959E-01 2.73246E 01 .

A 8.98709E 02 2.57032E-02 1.97482E 02 -

I
NSF 1.22047E 01- 3.42033E 02 3.21008E-02
KSF 1.61406E 12 4.65220E 13 4.18523E 13 - (

Group Type A B C ~ |'

'

(rodded)' ;

1 TR 2.30486E-01 1.05630E-01 -4.02163E-03
' '

A 9.42218E 03 -1.39062E-03 7.10698E-04 ;

R 1.57303E 02 1.81029E 02' 4.43800E-04 j
NSF. 6.25176E-03- 7.41566E 04 4.28445E 04 -

*

KSF 8.26790E-14 1.04644E-14- 6.06422E 15
i

2 .TR 8.53257E 01 7.82959E 01 2.73246E 01 t

A 8.98709E-02 2.57032E-02' .l.97482E 02 i

R 1.22047E 01 3.42033E 02 3.21008E-02 -!
NSF 1.61406E 12 4.65220E-13 4.18523E-13

,

Group. Type ' Fuel Temperature Boron Micros !
Feedback .

-1- TR- 5.58216E-05 0 i
A -2.28303E-05 6.52955E+01 'I
R 1.30755E 05 2,63488E+01 :,

, .

NSF ' -2.64127E 06 0 .:
1

KSF 3.55219E-17 0

$2 A 0 1.80209E+03

!
'

- - :
i

3

B-9 -

t

i
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Tabic B 7
.

COMPOSIT' ION 6--FUEL-TYPE 8 CROSS SECTIONS-
y,

a

e

Ref. Fuel Temp. Ref Mod Dens' Moderator
.(F) -(1b/ft**3) ~ Volume e,,

Fraction ./
,

1249.95 43.8646 0.619503 f.,'

. Group Type A'- B' C' J
,

.

(unrodded)
-

,

.:y ,

' l- -TR 2.28724E 01- 1.12173E 01 3.64155E-03 1I '

,A 8.56543E-03 1.31259E 03 -5.76616E 04 !-

"_ ' R 1.65373E-02 1.88142E 02 7.16741E-04 i

NSF 6.24368E 03 7.04904E-04 3.70293E 04
~ 5.30412E 15 '[KSF 8.27091E-14 9.90261E-15 -

;,
,

2 TR' 8.72742E-01 8.34474E 01 3.09186E-01 -

A 7.36409E 02 2.43555E-02 1.91499E 02
NSF 1.21359E-01 3.13560E-02 3.29814E-02. I' '

KSF :1.60762E-12. 4.26330E-13 4.31055E 13 -|
.i

Group -Type A B C :!
,3s

(rodded) |"'

:1- 'TR 2.34343E 01 1.12173E-01 3.64155E 03 i
A. 1.35402E-02 1.31259E 03 5.76616E 04 ;

,T R l 38410E-02 1.88142E-02. 7.16741E-04 :|
NSF 6.11932E-03 7.04904E-04 3.70293E 04- -i
KSF 8.07136E-14 9.90261E-15 5.30412E 15-

,

2 TR- 8.70468E 01 8.34474E-01 3.09186E-01 :

A 1.01492E-01 2.43555E 02' l 91499E 02' r

NSF 1.24049E-01 3.13560E 02 3.29814E-02
1

,'

'KSF .1.63620E-12 4.26330E 13 4.31055E-13 j

Group Type Fuel Temperature Boron Micros !
Feed'acko

,

W
~~

1 TR 5.44405E 05 0
.,,,.

A 2.28510E 05 6.81913E+01 ,

R 1,28950E-05 4.60102E+01 .,
.NSF -2.58394E 06 0 l

KSF -3.46463E-17 0 ;

'2. A 0 1.84712E403

.

f
. :

+

)

! $

8 10 ;'

.:
?

I
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P Table R 8
'

4 COMPOSITION 7--FUEL TYPE 9 CROSS SECTIONS j'

!,

'

'> ip

Ref. Fuel Temp.- Ref Mod Dens -Moderator .;
(F) (1 b/f t**3) Volume 1

(y" Fraction i
'iK u

'

1249.95 43.8646 0.594052 !
i 1l .*i . ..

[ Group Type A' B'. . C' .I
U (unrodded) ;

1 TR 2.30120E 01 1.06945E 01- 3.90052E 03
A' 9.24707E 03- 1.36884E 03 -6.89465E 04

'R .l.590lGE 02 1.82467E-02 5.26963E 04,

L NSF 6.24984E 03 7.31615E-04 -4.18828E 04 *

i KSF 8.26831E-14 1.03171E-14 -5.90554E-15 1>

.

2 TR 8.57615E 01 7.94650E 01 2.81980E 01 !
N A 8.62629E 02 2.51750E 02 1.89671E 02 *

" '

NSF 1.21828E-01 3.35504E-02 -3.20988E 02'

KSF 1.61174E-12 4.56343E 13 4.18871E 13
i t

i (rodded).
C 1Group Type A B

{<

..
g

1 TR 2.30120E 01 1.06945E-01 3.90052E 03' t
t- 'A 9.24707E-03 1.36884E-03 -6.89465E 04 i

R 1.59016E-02 1.82467E 02 5.26963E 04 ;

|| NSF 6.24984E-03 7.31615E 04~ -4.18828E 04 i
KSF 8.26831E 14 1.03171E-14 -5.90554E-15 ;o

w. ;

2 TR 8.57615E 01 7.94650E 01 2.81980E-01 I'

h A 8.62629E-02. 2.51750E-02. 1.89671E 02 :
"

NSF 1.21828E 01 3.35504E-02 3.20988E 02 .<

! KSF 1.61174E 12 4.56343E 13 4.18871E-13. ;
.

s

Group Type Fuel Temperature Boron Micros '

Feedback

1 TR -5.57125E-05 0
A 2.28386E-05 6.60404E+01
R 1,30331E 05 3.01824E+01 -

5T*- NSF -2.62773E 06 0
KSF -3.53448E-17 0 -|

2- A 0 1.81849E+03

!
:

1 ,5

,

B ll"

i

.[
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[
la Table B 9 ;

b. COMPOSITION 8 -FUEL TYPE 10 CROSS SECTIONS
L
! I

i

; Ref. Fuel Temp. Ref Mod Dens Moderator j
p4 (F) (1b/ft**3) Volume. ,Lj
i Fraction 'l
(:
'

1249.95 '43.8646 0.619503 )
'!

Group lype A' B' C'
L (unrodded) !

.|
"

[ l TR 2.29573E 01 1.12292E Ol 3.59181E 03 i
'p A 8.14989E 03 1.26831E 03 5.51194E-04

'R 1.70858E 02 1.91168E-02 6.85128E 04'

NSF- 5.38707E 03 6.44816E 04 -3.19735E-04
:

KSF .7.13370E 14 9.02413E-15 4.56132E-15 j

2 TR 8.72468E 01 8.42302E 01 3.24061E 01
A 6.25005E 02 2.18299E-02 2.11957E 02 -1,

NSF 9,78341E-02 2.56885E 02 3.22854E-02 1

[q KSF 1.29554E 12 3.49044E-13 4.23666E-13
_

Group Type A B C

(rodded) ;

'
1 TR 2.35348E 01 1.12292E Ol 3.59181E 03.

A 1.32802E-02 1.26831E 03 -5.51194E 04
R 1.43857E 02 1.91168E-02 6.85128E 04 <

NSF .5.28997E-03 6.44816E-04 3.19735E 04 ,

KSF 6.97056E 14 9.02413E-15 -4.56132E-15 .

t

2 TR 8.68746E 01 8.42302E 01 3.24061E 01
'

A 8.97602E 02 2.18299E 02 2.11957E-02 i
NSF 9.98313E 02 2.56885E 02 3.22854E 02s

~

KSF 1.31547E-12 3.49044E 13 4.23666E 13

Group Type fuel Temperature Boron Micros
Feedbackn

'

1 TR -5.50669E 05 0
A 2,32509E-05 7.16049E+01 :y ''
R -1,330llE 05 5.93390E+01 '

NSF 2.33344E 06 0
KSF -3.12857E-17 0 r

2 A 0 1.89265E+03

,

f

I
i

4

8 12

'

__ _ . _ . . _ _ . __
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Table B 10
,

COMPORITION 9 FUEE TYPE 11 CROSS SECTIONS
,

:

Ref. Fuel Temp. Ref Mod Dens Moderator
(F) (lb/ft**3) Volume; -.. Fraction

;;-: -1249.95 43.8646 0.595643

Group .lype A' B' . C'

K (unrodded)

1 TR 2.29998E 01 1.07384E 01 3.83927E 03
A- 9.18663E 03 1.34724E-03 -7.40410E 04'

R 1.59491E 02 1.83179E-02 6.09895F,04
NSF 6.25061E 03 7.33275E 04 4.13434E-04
KSF 8.27045E 14 1.03320E 14 -5.89046E 15

2 TR 8.59056E 01 7.98715E 01 2.85338E 01
A 8.48884E 02 2.49271E 02 1.83736E 02

' '
NSF 1.21905E-01 3.33241E 02 3.22233E 02
KSF 1.61297E 12 4.53183E-13 4.20490E 13

Group Type A B C

(rodded),

1 TR 2.29998E-01 1.07384E 01 3.83927E 03
A 9.18663E 03 1.34724E 03 7.40410E 04
R 1.59491E 02 1.83179E 02 6.09895E-04

.NSF 6.25061E 03 7.33275E-04 -4.13434E 04
KSF 8.27045E 14 1.03320E-14 -5.89046E-15

2 TR 8.59056E 01 7.98715E-01 2.85338E 01
'A 8.48884E-02 2.49271E-02 1.83736E 02,

NSF 1.21905E-01 3.33241E 02 3.22233E 02
KSF 1.61297E 12 4.53183E-13 4.20490E 13

Group- Type fuel Temperature Boron Micros
Feedback-

[* 1 TR -5.53976E 05 0
.t A 2.28594E 05 6.66776E+01

R -1.30433E-05- 3.15782E+01.,3

NSF -2.62458E-06 0

KSF -3.52508E 17 0

2 A 0 1.83585E+03

,

B 13 |
i

!

-
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. Table B-ll :i'

f;
~ !

1

''
COMPOSITION 10 LOWER REFLECTOR CROSS SECTIONS1

'.
.

..

*

k

'

t;w; .Ref Mod' Dens Moderator
,,'

,

- (1b/f t**3) Volume -- .j
* -'

Fractionn ,

I 47.0249 1.0 y
'

,

f ,',
j,

Group -Type A'. B' 'j
t

T 1 TR 2.73940E 01 1.23669E 01 |

(U:4 A .2.25826E 03 1.95228E 04~ ,(

|. R' 3.13602E 02- 3.42303E 02 . !
u 3

21 TR 1.22432E+00 1.19548E+00
'

A 4.15451E 02 1.54364E-02"

-.

Boron Micros- -4

e
r 1 A 'l.85923E+01-'

,

-2 A 6'.86497E+02 , i
"

L !,

W .t
jp
r

.i
-. j

(I ': .. >i
j.- -4 g
:' , j
-

.

I: ,

-

'-

,

.r, f.
'

p(-
^ *

L
EN 4!

'
e

\ ' ''
j_,

[kJ

n
.

.

..

.

B 14'
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yil - Table 8 12
- ,

1

J. .
.

<;,
-

> yf. m,. : COMNSiTION 11--- BAFFLE CROSS SECTIONS- 1

> o
er -

,

;,

++>,
89 .|

>

';n * l

Rtf Mod Dens Modtrator
:Jg/ (1b/ft**3). Volwe. . ,

M, , Fraction .

bu
46.3836 1. 0 + +

- .. .i
,

,,
' '

Group Type- ' A' B' |
y .

.

.

'
-

4
,

!

'
.

.

q

:i

.1. TR' 2.67710E-01 0.00000E+00 i

AL1.93990E 03' O.00000E+00' i
4

c. >
R" 2.89336E-02 0.00000E+00 .a1.m. > c !

s,

OQ 2 .TR'=1.27873E+00 0.00000E+00
:

't
' A 1.88902E 02 0.00000E,00 '

1 ,
' f

f9 Boron Micros ;

.. tp 'Ii A 4.64806E401 r
(

r'fi 2 A 2.17710Et03 _i
!

!

;
,

;i

it, !
,(

-

,1, -i :
,

y .i
:i.

.o
k'- .-

E'' [
-

* ,

'
%

$4 , ,

, <..-
,. ; - - ,

p- , ,

,

p 5
-;.

> + , ,

f
S- t

' ,i, l.
.2-3.e ,

'
,

i
!.

>

t
'

-. g

:
ilt -. ;

i

.k
ii h

y:-

B 15 ts,.1 ,.#
J ,. . s ,

b ..l^I
.
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-
_ ;
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Table B 13

COMPOSITION 12 RADIAL REFLECTOR CROSS SEC110NS

Ref Mod Dens Moderator
(1b/ft**3) Volume

Fraction *

46.383600 1.0
.

Group Type A' B'

1 TR 2.24013E 01 0.00000E+00
A 3.93110E 04 0.00000E400
R 4.45079E 02 0.00000E+00

2 TR 1.29687E+00 0.00000E+00
A 1.01244E 02 0.00000E+00

Boron Micros

1 A 7.24347E401

2 A 2.33738E403

.

e

B 16*

_ . _ . .
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Table B 14

COMPOSITION 13 - UPPER REFLECTOR CROSS SECTIONS

Ref Mod Dens Moderator
(ib/ft**3) Volume

Fraction.

47.0249 1.0

Group Type A' B'

1 TR 1.54949E 01 1.36735E-01
A 3.57151E 04 4.07490E 04
R 2.99239E 02 2.85707E 02

,

2 TR 9.34036E 01 1.00942E+00
A 8.36477E 03 8.36477E-03

Boron Micros

1 A 4.59733E401

2 A 1.62739E+03

,

e

B-17

, . . ..
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Table 8 15

COMPOSITION 14 IUCL TYPE 12 CROSS SECTIONS

Ref. Fuel Temp. Ref Mod Dens Moderator
(F) (1b/ft**3) Volume

fraction ,

1249.95 43.8646 0.619503
'

Group Type A' 8' C'
(unrodded)

1 TR 2.30928E-01 1.12514E-01 3.52986E 03
A 7.68564E 03 1.24034E 03 4.75972E 04
R 1.7900$E 02 1.96439E 02 6.39194E 04

NSF 4.37267E 03 5.99922E 04 2.68501E 04
KSF 5.78566E 14 8.32702E 15 3.79664E 15

2 1R 8.73971E 01 8.53641E 01 3.46966E-01
A 4.87367E 02 1.85151E 02 2.11087E 02

NSF 6.86748E-02 1.8313BE 02 2.76542E 02
KSF 9.08664E-13 2.48450E 13 3.62756E 13

Group Type A B C

(rodded)

1 TR 2.35824E 01 1.12514E 01 3.52986E 03
A 1.30354E 02 1.24034E 03 4.75972E 04
R 1.51801E 02 1.96439E 02 6.39194E 04

NSF 4.30622E 03 5.99922E 04 2.68501E 04
KSi 5.66186E 14 8.32702E 15 3.79664E 15

2 TR 8.68288E 01 8.53641E-01 3.46966E 01
A 2.00000E 01 1.85151E 02 2.11087E 02

NSF 6.99272E-02 1.83138E 02 2.76542E 02
KSF 9.19408E 13 2.48450E 13 3.62756E 13

Group Type fuel Temperature Boron Micros
feedback

1 TR 5.65285E-05 0
*

A 2.38661E-05 7.68707E+01
R -1.40929E 05 8.15305E+01

NSF 1.99619E-06 0
*

KSF 2.67962E-17 0

2 A 0 1.95628E+03

8-18
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m

19 10 14 0 12 14 1 3 6 5 0 0 1 0 0 0 0 1 0 0
010000 HALT CORE FOR COMPAR15GW WITH HERMITE
020101 0 975 3 5 5 500 100 3 5 0
020114 1 1 1 0 0 0 0 1 1 0 0 0 0 0 0 1
020201 1.0 0.001 0.0 0.5 0.002 0.01 0.002 0.002
020211 1.0E 6 0.0005 0.0005
020225 0.0*

( l 19) 030100 6 5 4 12 2 1 3 1 2 1 2 1 3 1 2 12 4 5 6
( l 19) 030200 6 5 8 7 1 3 1 3 1 2 1 3 1 3 1 7 8 5 6

1 19) 030300 6 5 4 1 2 1 3 1 3 1 3 1 3 1 2 1 4 5 6.

1 19) 030400 6 5 0 9 1 2 1 3 1 3 1 3 1 2 1 9 8 5 6
1 19) 030500 6 5 5 8 2 10 2 1 3 1 3 1 2 10 2 8 5 5 6
1 19) 030600 6 6 5 8 11 2 1 2 1 2 1 2 1 2 11 8 5 6 6
1 19) 030700 6 6 5 5 8 8 9 1 7 12 7 1 9 8 8 5 5 6 6
1 19) 030800 6 6 6 5 5 5 8 4 8 4 8 4 8 5 5 5 6 6 6
1 19) 030900 6 6 6 6 6 5 5 5 5 5 5 5 5 5 6 6 6 6 6
1 19 031000 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
1 14 040100 10 1 1 1 1 1 1 1 1 1 1 1 1 13

f( l- 14 040200 10 2 2 2 2 2 2 2 2 2 2 2 2 13
( l- 14 040300 10 3 3 3 3 3 3 3 3 3 3 3 3 13
( l 14 040400 10 4 4 4 4 4 4 4 4 4 4 4 4 13
f 1- 14 040500 10 11 11 11 11 11 11 11 11 11 11 11 11 13

1 14 040600 12 12 12 12 12 12 12 12 12 12 12 12 12 12
1 14 040700 10 5 5'5 5 5 5 5 5 5 5 5 5 13
1 14 040800 10 6 6 6 6 6 6 6 6 6 6 6 6 13
1- 14 040900 10 7 7 7 7 7 7 7 7 7 7 7 7 13
1 14 041000 10 8 8 8 8 8 8 8 8 8 8 8 8 13

( l 14) 041100 10 9 9 9 9 9 9 9 9 9 9 9 9 13
( 1 14) 041200 10 14 14 14 14 14 14 14 14 14 14 14 14 13

050100 21.608 R18
050200 10.804 21.608 R8
050300 40.0 30.48 Rll 40.0
051300 20.0 20.0 30.48 Rll 20.0 20.0
052300 1.0

( ). 4) 060101 2.30928E 01 7.68564E 03 1.79005E-02 4.37267E-03
( 5- 6)060105 5.78566E 14 8.73971E 01 4.87367E 02 6.8674BE-02
( 9 12) 060109 9.08664E 13 2.36824E 01 1.30354E-02 1.51801E 02
( 13 16 060113 4.30622E 03 5.66186E 14 8.68288E-01 7.53092E 02
( 17 20 060117 6.99272E 02 9.19408E 13 1.12514E 01 1.24034E 03
(21-24 060121 1.96439E 02 5.99922E 04 8.32702[ 15 8.53641E-01
( 25- 28 060125 1.85151E 02 1.83138E-02 2.48450E-13 1.12514E 01
( 29 32 060129 1.24034E-03 1.96439E 02 5.99922E-04 8.32702E 15.

( 33 36 060133 8.53641E 01 1.85151E 02 1.83138E 02 2.48450E 13
37 40 060137 3.52986E 03 4.75972E-04 6.39194E 04 -2.68501E-04
41- 44 060141 3.79664E 15 3.46966E Ol 2.11087E 02 2.76542E-02.

45- 48 060145 3.62756E 13 3.52986E-03 +4.75972E 04 6.39194E 04
( 49 52 060149 2.68501E 04 3.79664E 15 3.46966E-01 2.11087E 02
( 53 56 060153 2.76542E-02 3.62756E 13 .00000E400 .00000E+00
(-57 60) 060157 .00000E400 .00000E+00 .00000E+00 .00000E+00
( 61- 64) 060161 .00000E+00 .00000E+00 .00000E+00 -5.65285E-05
( 65 68) 060165 2.38661E 05 1.40929E-05 -1.99619E-06 -2.67962E-17
( 69- 72) 060169 5.92052E402 1.24995E+03 4.38646E+01 6.19503E-01

Figure 8-2. ARROTTA input Listing
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( 73 76) 060173 7.68701E401 1,95628E403 8.15305E+01 6.19503E 01
( 77 80) 060177 1.00000E+00 .00000E400 .00000E400 2.44667E+00
/ 81 84) 060181 2.44667E400 .00000E+00 1.55922f406 .00000E+00

| 85 88) 060185 .00000E400 .00000E+00 .00000E400 .00000E+00
1

( 89 92) 060189 .00000E400 2.09000E 05 .00000E400 .00000E+00

( 93 96) 060193 3.63000E 06 2.20000E 03 6.43000E-02
.00000E+00

1.12000E 02 5.86000E 08 2.42000E 06 2.4635BE 04
)1060197

.
1 97-100

060100 1.27535E 02 1.45914E-03 3.17843E 02 1.33969E 03||101 104
fl05 108) 060100 1.19458E 01 2.94599E 03 3.18858E 01 1.05456E 03
(109111; 060100 1.40265E400 2.50605E 04 3.92952E400 .

I 1- 4) 060201 2.31132E 01 8.86226E 03 1.65086E 02 5.38884E 03
5- 8) 060205 7.12520E 14 8.56898E 01 7.50066E 02 9.81175E 02
9 12 060209 1.297320 12 2.31132E 01 8.86226E 03 1.65086E 02

13 16 060213 5.38884E 03 7.12520E 14 8.56898E 01 7.50066E 02
17 20 060217 9.81175E 02 1.29732E-12 1.06894E 01 1.30244E 03
21- 24 060221 1.85643E 02 6.69172E 04 9.40733E 15 8.026931 01

( 25 28 060225 2.23210E 02 2.74854[ 02 3.73593E 13 1.06894E 01
29 32 060229 1.30244E 03 1.85643E 02 6.69172E 04 9.407330 15
33 36 060233 8.02693E 01 2.23210E-02 2.74854E-02 3.73593E-13
37- 40 060237 3.587090 03 6.48451E 04 4.03922E 04 3.57250E-04
41 44 060241 5.04631E 15 2.95213E 01 2.18614E 02 3.1546BE 02
45 48 060245 4.12842E 13 3.58709E 03 5.48451E 04 4.03922E 04
49 52 060249 3.57250E 04 5.04631E 15 2.95213E 01 2.18614E-02
53 56 060253 3.15468E 02 4.12842E-13 .00000E+00 .00000E+00

t 57 60 060257 .00000E400 .00000[400 .00000E400 .00000E+00
1 61- 64 060261 .00000E+00 .00000E400 .00000E400 5.63395E 05
( 65- 68 060N5 2.33022E 05 1,35019E 05 -2,36366E 06 3.18172E 17

69 72) 060t 0 5.92052E+02 1.24995E403 4.38646E401 5.94052E Ol
73 76) 060273 6.92607E401 1.86644E403 3.89555E+01 5.94052E Ol
77 80) 060277 1.00000E400 .00000E4 00 .00000E+00 2.44831E400
81 84j 060281 2.44832E400 .00000E400 1.44387E406 .00000E400

85 88) 060285 .00000E400 .00000E400 .00000E400 .00000E400

89 92) 060289 .00000E400 2.09000E 05 .00000E+00 .00000E400

(93-96) 060293 3.63000E 06 2.30000E 03 6.43000E 02 .00000E400
( 97 100j 060297 1.11000E 02 5.86000E-08 2.42000E 06 2.46358E 04
(101-104j 060200 1.27535E 02 1.45914E 03 3.17843E 02 1,33969E 03
105 108) 060200 1.19458E 01 2.94599E 03- 3.18858E 01 1.05456E 03
109 111) 060200 1.40265E+00 2.50605E 04 3.92952E400

l- 4) 060301 2.30728E 01 8.68072E 03 1.66596E 02 5.38836E 03
5- BJ 060305 7.12747E 14 8.61057E 01 7.161980 02 9.80550E-02
9 12) 060309 1.29703E 12 2.30728E 01 8.68072E 03 1.66596E 02

13- 16) 060313 5.38836E 03 7.12747E 14 8.61057E-01 7.16198E 02 .

( 17, 20) 060317 9.80550E 02 1.29703E 12 1.08263E 01 1.20031E 03
( 21 24) 060321 1.86970E 02 6.61442E 04 9.28904E 15 8.13425E 01
( 25 28) 060325 2.20689E 02 2.70222E-02 3.67276E 13 1.08263E 01 .

( 29- 32) 060329 1.29031E-03 1.86970E 02 6.61442[ 04 9.28904E 15
( 33- 36) 060333 8.13425E 01 2.20689E 02 2.70222[ 02 3,67276E-13
( 37- 40) 060337 3.92980E 03 6.28189E 04 4.58229E 04 -3.50382E 04
( 41- 44 060341 -4.95145E 15 3.03342E 01 2.12240E 02 3.16330E 02
( 45- 48 060345 4.13950E 13 3.92980E 03 -6.28189E 04 4.58229E-04
( 49 52 060349 -3.50382E-04 4.95145E-15 3.03342E 01 2.12240E-02
( 53- 56) 060353 3.16330E 02 4.13950E 13 .00000E+00 .00000E+00

figure B 2. ARROTTA Input Listing (Continued)
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( 57- 60) 060357 .00000l+00 .00000l+00 .00000l+00 .00000l400 '""

( 6!- 64) 06C'61 .00000(400 .00000l+00 00000L400 5.61257[ 05 f2E
( 65 68) 060365 2.3?9?8[-05 -1.34387[ 05 ?.35533l 06 -3.169?2l-17
( 69- 72) 060369 5.92052[+0? 1.24995(+03 4.38646(401 6.00415l 01
( 73- 76) 060373 6.99841E+01 1.87695f+03 4.39008t+01 6.00415l-01 --

( 77- 80) 060377 1.00000l+00 .00000l+00 .00000l+00 2.44738i+00
, 81- 84) 060381 2.44737(490 .00000[+00 1.44791[+06 . 00000l + L,0 '""

]|f 85 88) 060385 .000001.400 .00000E+00 .00000l+00 .00000l+00
( 89 9?) 060389 .00000l+00 2.09000[-05 .00000l+00 .00000l+00
( 93- 96) 060393 3.630001-06 ?.30000f-03 6.430001 0? .00000f+00*

( 97-100) 060397 1.11000I 0? 5.860001 08 ?.42000l 06 2.463581-04
(101-104) 060300 1.?7535l 02 1.45914l-03 3 17843f-0? 1.339691 03
(105 108) 060300 1.19458I-01 2.945991-03 3.18858f 01 1.05456l-03
(109-111; 060300 1.40265t+00 2.50605l-04 3.9?95?t+00

( 1- 4) 060401 2.29?05l 01 8.80488[-03 1.631101-02 6.?45?6f 03 -

( 5- 8) 060405 8.269465 14 8.67789[-01 7.77139i. 0? 1.Pl515l 01
( 9 12) 060409 1.60900l-12 2.?9?O51 01 8.80488l 03 1.631101 0?
( 13- 16) 060413 6.?45?6l-03 8.?6946l 14 0.677991-01 7.77139l-02
( 17 20) 06041/ 1.215151 01 .60900l-l? 1.10?99I 01 1.321891 03 '

( ?)- 24) 060421 1.86197l 0? 7.134951 04 1.00394[ 14 8.216301-01 =

( 25 28) 0604?5 ?.44548[ 02 3.?06481-02 4.360661 13 1.10299[ C1
( 29- 32) 060429 1.321891-03 1.861971-02 7.13495l-04 1.003941 14
( 33 36) 060433 8.21630E 01 ?.44548l 0? 3.?^648[ 0? 4.36066l 13
( 37 40) 060437 3.87365l-03 5.704461-04 5.90810[ 04 -3.875581 04
( 41 44) 060441 5.5618?[ 15 3.005"'I-01 1.987831 02 3.?b95?! 0?
( 45 48) 060445 4.?4570[-13 3.E/3651 03 5.70446[ 04 5.90810l 04
( 49 5?) 060449 -3.8755bt 04 5.5618?! 15 3.005371 01 1.98783[ 0? ,

( 53- 56) 060453 3.2595?1 0? 4.?4570i 13 .00000l+00 .00000l400
( $7- 60) 060457 .00000l400 .00000l+00 .00000l+00 .00000[+00
( 61- 64) 06046) .00000f400 .00000[400 .00000[+00 -5.49694l 05
( 65- 68) 060465 2.?8?28f-05 -1.29062l-05 ?.598b3[ 06 -3.48546l 17
( 69- 72) 060469 5.92052[+0? 1.24995(+03 4.38646(401 6.09959I-01
( 73 76) 060473 6.79433l401 1.85'50l403 4.01900l+01 0.099591 01
( 77- 80) 060477 1.00000l+00 .00000l+00 .00000l.00 P.44506|400
( 81- 84) 060481 ?.44506l400 .00000[400 1.37970l+06 .000005+00
( 85- 88) 060485 00000!+00 .00000[+00 .00000! 00 .00000l+00
( 89- 92) 060489 .00000f+00 ?.09000f 05 .000(Mi+00 .00000l.00 -

( 93 96) 060493 3.63000I-06 ?.30000l-03 6 4300fI-0? .00000f+00
( 07-100) 060497 1.10000[ 02 5.86000!-08 ?.4200(I-06 i.463581 04
.101 104) 060400 1.27535[ 0? 1.459141-03 3.17843t ?? 1 13969i 03.

(105-108) 060400 1.194581 01 2.64599l-03 3 18858l 01 1.05456f 03
(109 111) 060400 1.40265f400 ?.50605l-04 3.9?95?l.00*

( l- 4) 060501 ?.30486f-01 9.4??lPF-03 1.573031 0? 6.?5176l-03
( 5- 8) 060505 8.?6790[-14 8.53257[ 01 8.98709E 0? 1.??0471-01
( 9- 12) 060509 1.61406[ 12 ?.30486l-01 9.4??l81 03 1.573031 07*

( 13- 16) 060513 6.25176f-03 8.26790f-14 8.53?b71 01 8.987091 0?
( 17- 20) 060517 1.??047[ 01 1.61406l-12 1 05630!-01 1.3906?[ 03
( 21- 24) 060521 1.81029f-0? 7.41566l-04 1.04644f-14 7.829591-01
( 25- 28) 060525 2.57032l-02 3.4?033L-0? 4.65??01 13 1.05630f 01
( 29- 32) 060529 1.3906?f 03 1.810?9[-02 7.41566l-04 1.04644l-14
( 33- 36) 060533 7.8?9591 C! ?.5703?f-02 3.42033E 0? 4.65??0| 13
( 37- 40) 060537 4.0?l63E 03 7.1069BI-04 4.43800!-04 4.?P445l 04

Figure B ?. ARR011A Input iistinq (C %t inuM)
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h ( 41- 44) 060541 -6.06422E-15 2.73246E-01 1.9748?E-0? 3.21008E-02
( 45 48) 060545 4.18523E-13 4.02163E 03 -/.10690E-04 4.43800E-04
( 49- 52) 060549 4.28445E-04 -6.0642?E-15 2.73246l-01 1.97482E-02
( 53- 56) 060553 3.21008t-02 4.1862:! 13 .00000E+00 .00000E400

( 57- 60) 060557 00000E400 .00000E+00 .00000E+00 .00000E400.

( 61- 64) 060561 .00000E+00 .00000[400 00000f +00 - 5.58216E -05 *

( 65- 68) 060565 2.28303E-05 1.30755E 05 -2.64127E-06 -3.55219E-17
_ ( 69- 72) 060569 5.92052E+02 1.24995E+03 4.38646E401 5.87690E 01

( 73- 76) 060573 6.52955E+01 1.80209E+03 2.63488[+01 5.87690l-01
( 77- 80) 060577 1,00000E+00 .00000E400 .00000[400 ?.44787E400

( 81- 84) 060581 2.44787E400 .00000E+00 1.36696E+06 .00000E+00_..

( 85- 88) 060585 .00000E400 .00000[+00 .00000I+00 .00000l+00

( 89 92) 060589 .00000(400 2.09000E-05 . 00000 t' * 00 .00000[400

( 93- 96) 060593 3.63000( 06 ?.30000[-03 6.430001-02 .000001400

( 97 100) 060597 1.10000f 02 5.86000E-08 2.42000[ 06 2.46358l 04
(101-104) 060500 1.77535E 02 1.45914l-03 3.17843l-02 1.339691-03
(105-108) 060500 1.19458E 01 2.94599[~03 3.18858E-01 1.05456f 03

(109-111) 060500 1.40265E400 2.50605E-04 3.9295?f+00
( l- 4) 060601 ?.28724E-01 B.56543[ 03 1.65373E-0? 6.24368l-03
( 5- 8) 060605 8.27091E-14 8.72742E-01 7.364091-02 1.21359E-01

i ( 9- 12) 060609 1.6076?f-12 2.34343E-01 1.3540?L 02 1.38410E-02
( 13 16) 060613 6.I193?!-03 8.07136E-14 8.70468E-01 1.0149?[-01

( 17- 20) 060617 1.24049E-01 1.63620E-12 1.12173l-01 1.31259[-03
( 21- 24) 060621 1.88142E 02 7.04904E 04 9.90261[ 15 8.34474l-01
( 25- 28) 060625 2.435551-02 3.13560! 02 4.26330[-13 1.l?l73E-01
( 29- 32) 060629 1.31259E-03 1.88142[-0? 7.04904[-04 9.90261l-15
( 33 36) 060633 8.34474E-01 ?.43555E-02 3.13560i 02 4.?6330f-13
( 37- 40) 060637 3.64155E-03 -5.76616E-04 7.16741l-04 -3.70293! 04
( 41- 44) 060641 -5.30412[-15 3.09186E-01 1.91499[ 02 3.29814E-02
( 45- 48) 060645 4.31055E-13 3.64155E-03 -5.76616E-04 7.167 ell-04
( 49- 52) 060649 -3.70293E-04 -5.30412f-15 3.09186l-01 1.91499(-02

( 53- 56) 060653 3.29814E-02 4.31055E-13 .00000[400 .00000[400

( 57- 60) 060657 .00000E400 .00000E+00 .00000E400 .00000F+00

( 61 64) 060661 .00000E+00 .00000E+00 .00000E +00 - 5. 4440SE - 05

( 65- 68) 060665 2.28510E-05 -1.28950E-05 -?.58394E-06 3.46463[-17
( 69- 7?) 060669 5.9205?E40? 1.24995E403 4.38646E+01 6.19503E-01

-

( 73- 76) 060673 6.81913E401 1.8471?E403 4.60102E+01 6.19503E-01
( 77- 80) 060677 1.00000E400 .00000E+00 .00000E+00 2.44408f400

( 81- 84) 060681 2.44408E400 .00000E.00 1.38216E406 .00000l400

( 85- 88) 060685 .00000[+00 .00000l+00 .00000E+00 . 00000l + 00

_ ( 89- 92) 060689 .00000E+00 2.09000E-05 .00000E400 .00000f400
-

( 93- 96) 060693 3.63000E-06 2.30000E-03 6.43000[-02 .00000[+00

( 97-100) 060697 1.10000E-02 5.86000E-08 2.42000E-06 2.46358l-04
(101-104) 060600 1.27535E-02 1.45914E-03 3.17843[-02 1.33969E-03
(105-108) 060600 1.19458E-01 2.94599E-03 3.18858E 01 1.05456E-03

-

-

(109-111) 060600 1.40265E400 2.50505E-04 3.92952E400
( l- 4) 060701 2.30120E-01 9.24707E-03 1.59016E-02 6.24984E-037

( 5- 8) 060705 8.26831E-14 8.57615E-01 8.62629E-0? 1.21828E-01
( 9 12) 060709 1.61174E-12 ?.30120[-01 9.24707E-03 1.59016E-02
( 13- 16) 060713 6.24984[-03 8.26831E-14 8.57615E-01 8.62629E-02-

( 17- 20) 060717 1.21828E-01 1.61174E-12 1.06945E-01 1.36884E-03

( 21- 24) 060721 1.82467E-02 7.31615E-04 1.03171[-14 7.94650E-01

_

Figure B-2. ARROTTA Input listing M ontinued)
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( 25- 28) 060725 2.51750!-0? 3.35504E 0? 4.56343t 13 1.06945[-01
( 29- 32) 060729 1.36884[-03 !.82467E 02 7.31615t-04 1.03171E-14
( 33- 36) 060733 7.94650l-01 2.51750l-02 3.35504[-02 4.56343l 13
( 37- 40) 060737 3.90052t-03 -6.89465i-04 5.26963E-04 4.18828E-04
( 41- 44) 060741 5.90554[-15 2.81980[-01 1.89671[-0? 3.20988!-02
( 45- 48) 060745 4.18871[-13 3.9005?E-03 -6.89465[-04 5.26963I-Oe*
( 49- 52) 060749 4.18828[-04 -5.9055tt-15 2.81980[-01 1.89671[-02
( 53 56) 060753 3.20988l-02 4.18871f-13 .00000f+00 .00000E400
( 57- 60) 060757 .00000l+00 .00000l+00 .00000l+00 .00000l+00
( 61 64) 060761 .00000E+00 .00000l+00 .00000[400 -5.57125t-05*

( 65- 68) 060765 2.28306l 05 - 1.30331L -05 - 2.62773t 06 - 3. 53448t - 17
( 69 72) 060769 5.92052[+02 1.24995L+03 4.38646t+01 5.94062E-01
( 73- 76) 060773 6.60404[+01 1.81849t+03 3.01824t+01 5.9405?l 01
( 77 80) 060777 1.00000l+00 00000E+00 .00000[400 ?.44705L400
( 81- 84) 060781 2.44704[+00 .00000l400 1.36968f406 .00000[+00
( 85- 88) 060785 .00000l+00 .00000E400 .00000l+00 .00000E+00
( 89- 92) 060789 .00000l+00 ?.09000[-05 .00000f400 .00000f+00
( 93 96) 060743 3.63000[-06 2.30000[-03 6.40060[-02 .00000[400
( 97-100) 060797 1.10000[-02 5.86000! 08 2.4?000E-06 2.46358[ 04
(101-104; 060700 1.?7535[ 0? 1.45914f-03 3.17843[-02 1.33969F 03

(105-108) 060700 1.19458l-01 2.94599[-03 3.18858L-01 1.05456[ 03
(109-111) 060700 1.402651+00 2.50605[-04 3.9?952E+00
( l- 4) 060801 2.295731-01 8.14989l-03 1.70858f 02 5.38707[-03
( 5 8) 06080! 7.13170l-14 8.72468E-01 6.250051 0? 9.78341L-02
( 9- 12) 060809 1.29554L-l? 2.05348[.01 1.32802f 0? 1.43857f 02
( 13- 16) 060813 5.28997L 03 6.97056E-14 8.68745l-01 8.97602l 02
( 17- 20) 060817 9.98313[-0? 1.31547E-12 1.l?292l 01 1.26831[-03
( ?l- 24) 0L3821 1.91168l-02 6.44816[-04 9.02413I-15 8.4230?[-01
( 25- 28) 060825 2.18?v91-0? 2.56885E 0? 3.a9044f-13 1.122921-01
( 29- 32) 0608?9 1.26831l-03 1.91168f-02 6.44816l-04 9.02413l-15
( 33- 36) 060833 8.4230?t-01 2.18299E-02 2.56885[-0? 3.49044[-13
( 37- 40) 060837 3.59181f-03 5.51194E-04 6.85128f-04 3.19735[ 04
( 41- 44) 060841 -4.56132f-15 1.24061E 01 2.11957f-02 3.2/8541-02
( 45- 48) 060845 4.23666f-13 3.59181[-03 -5.51194l-04 6.85128E 04
( 49- 52) 060849 -1.19735[ 04 -4.5613?[-15 3.24061E-01 2.419571-02
( 53- 56) 060853 3.22854I-02 4.23666E-13 .00000f400 .00000f+00
( 57- 60) 060857 .00000l400 .00000E+00 .00000[ 00 .00000l400
( 61- 64) 060861 .00000l400 .00000E+00 .00000l400 5.50669[-05
( 65- 68) 060865 2.32509E-05 -1.33011E 05 -2.33344(-06 -3.12857[ 17
( 69- 72) 060869 5.9205?[+02 1.24995E403 4.38646f+01 6.19503[-01
( 73 76) 060873 7.16049[401 1.89265E+03 5.93390l+01 6.19503l-01

* ( 77- 80) 060877 1.00000f+00 .00000l+00 .00000E+00 2.44484t400
( al- 84) 060881 2.44485[+00 .00000[400 1.45795E406 .00000l400
( 85- 88) 060885 .00000l+00 .00000E+00 .00000l400 .00000l400
( 89- 92) 060889 .00000f+00 2.09000E-05 .00000l400 .00000[400*

( 93- 96) 060893 3.63000E-06 2.30000L-03 6.43000E-02 .00000E400
( 97-100) 060897 1.11000E-02 5.86000l-08 2.4?000[-06 2.4635BE-04
(101-104) 060800 1.27535E-02 1.45914E-03 3.17843E-02 1.33969I-0.4
(105-108) 060800 1.19458E-01 2.94599f-03 3.18858[-01 1 05456l-03
(109-111) 060800 1.40265E+00 2.50605[-04 3.92952f+00
( l- 4) 060901 2.29998[-01 9.18663E-03 1.59491E-02 6.25061l 03
( 5- 8) 060905 8.27045[-14 8.59056E-01 8.48884[-0? 1.21905E-01
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( 9- 12) 060909 1.61297E 12 2.29998E-01 9.18663E 03 1.594911 02
( 13- 16) 060913 6.25061E-03 8.27045E 14 8.59056E-01 8.48884E-02
( 17- 20) 060917 1.21905L-01 1.61297E-12 1.07384E-01 1.34724[ 03
( 21 24) 060921 ).83179E-02 7.33275E-04 1.03320E 14 7.98715[-01
( 25- 28) 060925 2.492710-02 3.33241E 02 4.53183(-13 1.07384E 01
( 29- 32) 060929 1.347240-03 1.83179E-02 7.33275E-04 1.03320E-14
( 33- 36) 060933 7.98715E 01 2.4927]E-02 3.33241E-02 4.53183E-13

*

( 37- 40) 060927 3.83927E-03 -7.40410E-04 6.09895E-04 -4.13434E-04
( 41- 44) 060941 -5.89046E-15 2.8533BE-01 1.83736E 0? 3.22233[-02
( 45- 48) 060945 4.20490E-13 3.83927E-03 -7.40410[-04 6.09895E-04 -

( 49 52) 060949 4.13434E-04 -5.89046E-15 2.8533BE-01 1.83736E-02
( $3- 56) 060953 3.22233E-02 4.20490t-13 .00000E+00 .00000E400
( 57- 60) 060957 .00000E+00 .00000E+00 .00000l400 .00000E+00
( 61- 64) 060961 .00000f400 .00000E400 .00000E400 -5.53976[-05
( 65 68) 060965 2.28594E 05 -1.30433E-05 -2.62458E -06 3.52508f.17
( 69- 72) 060969 5.92052E402 1.24995(403 4.38646(401 5.95643[-01
( 73 76) 060973 6.66776E401 1.83585E+03 3.1578?(401 5.95643l-01
( 77- 80) 060977 1.00000[400 .00000E400 .00000t+00 2.44674t+00
( 81- 84) 060981 2.44675E+00 .0C000l+00 1.37450l406 .000001400
( 85- 88) 060985 .00000E400 .00000E400 .00000l+00 00000l400
( 89- 92) 060989 .00000[400 2.09000E-05 .00000t+00 .00000t400
( 93- 96) 060993 3.63000l 06 2.30000l-03 6.43000E-02 .00000E+00
( 97 100) 060997 1.10000E-02 5.86000E-08 2.42000l-06 2.46358E 04
(101-104) 060900 1.27535E-02 1.45914E 03 3.17843[-02 1.33969E-03
(105-108) 060900 1.19458E-01 ?.94599E-03 3.18858l-01 1.05456E-0?
(109-111) 060900 1.40265E400 2.50605E-04 3.92952f400
CASMO 061001 2.73940E-01 2.25826E-03 3.13602E-02
BOTTOM 061006 1.22432E400 4.15451[-02
REFLECTOR 061010 2.73940f 01 2.25626E-03 3.13602E-02

061015 1.22432E+00 4.15451[-02
061019 1.23669E-01 -1.95228E-04 3.42303E-02
061024 1.19548E400 1.54364E-02
061028 1.23669E 01 -1.95228f-04 3.42303E-02
061033 1.19548E400 1.54364E-02
061069 5.49950E+02 .00000E400 4.70249t401 1.00000l+00
061073 1.85923E401 6.86497E402 .00000E400 1.000001+00
061098 5.86000E 08 2.42000E 06 2.46358E 04
061000 1.27535E-02 1.45914E-03 3.17843E-02 1.33969[-03
061000 1.19458E-01 2.94599E-03 3.18858E-01 1.05456f-03
061000 1.40265E400 2.50605E-04 3.92952E400

CASMO 061101 2.67710E-01 1.93990E-03 2.89336E-02
BAFFLE 061106 1.27873E400 1.88902E 02 -

061110 2.67710E-01 1.93990E-03 2.89336E-0?
061115 1.27873E+00 1.88902E-02
061169 5.57000E402 .00000E400 4.63836f+01 1.00000E400
061173 4.64806E401 2.17710E+03 .000001+00 1.00000E+00 =

061198 5.86000E-08 2.42000E-Of> 2.4635cl 04
061100 1.27535E-02 1.45914E-03 3.17843t 02 1 33969E-03
061100 1.19458E 01 2.94599E-03 3.18858E 01 1.05456E-03
061100 1.40265f400 2.50605E 94 3.92952[+00

CASM1 061201 2.24013E-01 3.93110E-04 4.45079E 02
RADIAL 061206 1.29687E+0D 1 01244E-02
REFLEC10R 061210 2.24013E-01 3.93110t-04 4.45079E-02
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061215 1.29687[+00 1.01244E-02
061269 5.92000l+02 .00000E+00 4.63836t+01 1.00000[400
061273 7.24347E+01 2.33738f+03 .00000E400 1.00000f+00
061298 5.86000E 08 2.42000E-06 ?.46358f-04
061200 1.27535E-02 1.45914E-03 3.17843E 02 1.33969f 03
061200 1.19458E 01 2.94599E-03 3.18858[-01 1.05456E-03

*

061200 1.40265E+00 2.50605f 04 3.92952[+00
CASMO 061301 1.54949[-01 3.57151E-04 2.99239E-02
TOP 061306 9.34036E-01 8.36477E-03
REFLEC10R 061310 1.54949E-01 3.57151E-04 2.99239I-0?*

061315 9.34036l-01 8.36477E 03
061319 1.36735E-01 4.0/490i-04 2.85707E-02
061324 1.00942l+00 8.36477E-03
0613?8 1.36735I-01 4.07490E-04 2.85707[ 02
061333 1.00942E400 8.36477[-03
061369 5.49950E+0? .00000E400 4.70'49t+01 1.00000[400
061373 4.59733E401 1.6?739[+03 .00000E+00 1.00000l+00
061398 5.86000E-08 2.42000[-06 2.46358[-04
061300 1.27535E-02 1.45914[-03 3.17843E 02 1.33959[ 03
061300 1.1945BE-Ol ?.94599E-03 3.18858[-01 1.05456l-03
061300 1.40265t400 2.50605E-04 3.92952E+00

( l- 4) 061401 2.30928L 01 7.68564[-03 1.79005l-02 4.372671-03
( 5- 8) 061405 5.78566E-14 8.73971[-01 4.87367[-02 6.86748[-02
( 9- 12) 061409 9.08664E-13 2.36824E 01 1.30354E 02 1.5180ll-02
( 13- 16) 061413 4.306?2[ 03 5.661861 14 8.68288[-01 2.00000l-01
( 17 20) 061417 6.99272f-02 9.19408E-13 1.12514[ 01 1.24034[-03
( 21- 24) 061421 1.96439E-02 5.99922[ 04 8.32702[-15 8.53641[-01
( 25- 28) 061425 1.85151E-02 1.831381 02 2.48450L-13 1.125141-01
( 29- 32) 061429 1.24034!-03 1.964391-0? 5.999?2I-04 8.3?70?E-15
( 33- 36) 061433 8.53641E-01 1.85151E-02 1.031381-02 ?.48450l 13
( 37- 40) 061437 3.52986f-03 4.75972E 04 6.39194[ 04 ?.6850lf 04

f ( 41- 44) 061441 -3.79664[-15 3.46966E-01 2.11087[-02 ?.76542[-02
( 45- 48) 061445 3.62756E-13 3.52986[-03 -4.75972f-04 6.39194[ 04
( 49- 5?) 061449 -2.6850ll 04 -3.79664l-15 3.46966l-01 2.11087l 02
/ 53- 56) 061453 2 76542E 02 3.6?756[-13 .00000l+00 .00000l+00
( 57- 60) 061457 .00000l+00 .00000L+00 .00000l+00 .00000[+00

d ( 61- 64) 061461 .00000E+00 .00000E400 .00000[+00 5.65?85[ 05
( 65- 68) 061465 2.38661[-05 -1.40929E-05 -1.99619E-06 -2.67962l-17
( 69- 72) 061469 5.92052E+0? 1.24995E403 4.38646E+01 6.19503[-01
( 73- 76) 061473 7.68707E+01 1.95628E+03 8.15305(401 6.19503[-01
( 77- 80) 051477 1.00000E400 .00000E400 .00000l400 ?.44667!+00

*

( 81- 84) 0o1481 2.44667E400 .00000E400 1.55922E+06 .000001400
( SS- 88) C51485 .00000E+00 .00000E400 .00000l+00 .00000[400
( 89 92) 061489 .00000E+00 2.09000E-05 .00000E400 .00000E400

*

( 93- 96) 061493 3.63000l'-06 2.20000E-03 6.43000I 02 .00000f400
( 97-100) 061497 1.12000E 02 5.86000E 08 2.42000[ 06 2.463581-04
(101-104) 061400 1.27535E-02 1.45914E 03 3.17843L-02 1.339691-03
(105-108) 061400 1.19458E-01 2.94599E-03 3.18858l vl 1.05456f-03
(109-111) 061400 1.40265t400 2.50605E-04 3.92952l400

090100 10 1
090200 41 65 14 5 10 7
090300 83 12 3
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090400 43 87 12 7 16 3
090500 16 1
100000 49.47 49.47 161.77 346.33 49.47
110100 0.0 0,0 3600.0 0.0
110200 0.0 0.0 3600.0 0.0
110300 0.0 0.0 3600.0 0.0
110400 0.0 0.0 3600.0 0.0
110500 0.0 3546.52 0.5 0.0
200001 2250.0 839.81 557.0 12.0 0.041333 0.0401B 0.0
200008 0.012867 0.0 0.013125 1.0 2.87E 4 9.375E-4
200014 641.75 0.0 0.0 0.0 0.0 0.0 1000.0
210000 1 1 1
990000

Figure B 2. ARROTTA Input Listing (Continued)
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1

;

= HERMITE FOR HZP, EJECTED ROD, HALF CORE STARTING AT 0.0

* MASTER CONTROL DATA

000100, TIMER VNUSED, BANNERS
010003,1 3,1 9,1+1,1+1,5 1,1 1,1 3,1+1-

010004,1+1,0+0
010010,2,3,1,6 $ TRANSIENT CASE
*.

* BOUNDARY CONDITIONS

010002,0,0,1,0,0,0,0,1
091011,/19/0.0
091022,/19/0.0
092011,/19/0.0
092022,/19/0.0
09301) /38/1.0
093022,/38/1.0
094011./38/0.0
094022,/38/0.0

* SUBCASE INPUT
*
600000,1,1 $ NUMBER OF SUBCASES, FIRST SUBCASE
600201. 144 $ POWER (WATTS)
600301,975. $ PPM
600601,111001101 $ EDITS
010501,10,20,30,40,50,89,98 $ NUCLIDES TO BE EDITED
601001,97.4109 $ ROD POSITIONS - IN
601002,97.4109 $ R00 POSITIONS IN
601003,66.1609 $ R00 POSITIONS - IN
601004,16.2484 5 R0D POSITIONS IN
601005.97.4109 $ R00 POSITIONS IN

* TRANSIENT DATA
,

020001,1.70648+7,4.13223+5 $ GROUP VELOCITIES
020002,1,27535 2,3.17843 2,1,19458 1,3.188581,1.40265+0,3.92952+0
020003,2.46358 4,1.45914 3,1.33969 3,2.94599 3,1.05456 3,2.50605 4
020004. 510 $ TIME ZONE WIDTH
020005 010 $ TIME STEP SIZE+

021002,01- $ TH EDIT FREQUENCY
021004,01 $ NEUTRONIES EDIT FREQUENCY
021007,01 $ TRANSIENT FILE CONTROL*

* TRANSIENT R0D POSITION DATA
,

702050,0.0. 010 110462,.51
702051,0.0.0.0,-97.4109.-97.4109 $ ROD MOTION

Figure B 3. HERMITE Input Listing
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. GEOMETRY DATA" *

* <

010001,38,19,16,105,12,14,2,0,1,1
,

C * RADIAL MESH
* z. ,

.

050101,10.804 I
050201,10.804,21 y

',
050301,10.804,38 __

-

050401',10.804,19 : !.*-
,. ;

* AX1AL MESH
* .i,

070001,'20.00,2,30.48,14,20.00,16
*-

.

.

* BASIC AND AUXILIARY FIGURES i
6 * i

801000.38;19,3,0,4 $ REFLECTOR AND-SHROUD !

' 801001 6 . M,38,00,19 3
t80100'45.02,36,00,09

V 801003.5,04,34,09,13 s

- 801004,5,06.32,13,15 _;

801005,5,10,28,15,17 :'

,'
*

= 802000,2,2,2,0,2. $ FULL ASSEMBLY
802001,1,0,2,0,2 $ TYPE 1
802101,2,0,2,0,2 $ TYPE 2 -

'

- 802201',3,0,2,0,2 $ TYPE 3
802301,4,0,?,0,2 $ TYPE 4 .

802401,7,0,2,0,2 $ TYPE 7
80250l=,8,0,2,0,2 $ TYPE 8 ~

;

802601,9,0,2,0,2 $ TYPE 9
802701,10,0,2,0,2 $ TYPE 10- -<

'

- 802801,11,0,2,0,2 $ TYPE 11 '

802901,12,0,2,0,2 $ TYPE 12 .

; - * FINAL FIGURE OVERLAY
~' *-

170001.105,010,00,00,0,0
170002,001,023,04,-1,0,0, 002,029,06,-1,0,0, 003,021,08,-1,0,0
170003,004,020,10,-l_0;0, 005,022,12,-1,0,0, 006,020,'14,-1,0,0, *

> - 170004,007,021,16,-1,0,0, 008,020,18,-1,0,0, 009,021,20,-1,0,0
170005,010,020,22, 1,0,0, 011,022,24,-1,0,0, 012,020,26 -1,0,0-

'170006,013,021,28.-1,0,0,-014,029,30,-1,0,0, 015,023,32,-1,0,0 .. ;' -

* ;- *
170007,016,025,04,01,0,0, 017,024,06,01,0,0, 018,020,08,01,0,0 1*

170008,019,022,10,01,0,0, 020,020,12,01,0,0, 021,022,14,01,0,0 ;
'

.

170009,022,020,16,01,0,0, 023,021,18,01,0,0, 024,020,20,01,0,0
170010,025,022,22,01,0,0,'026,020,24,01,0,0, 027,022,26,01,0,0-*

'170011,028,020,28,01,0,0, 029,024,30,01,0,0, 030,025,32,01,0,0
*

Figure B-3. HERMITE Input Listing (Continued)
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170012,031,023,04,03,0,0, 032,020,06,03,0,0, n33,021,08,03,0,0
170013,034,020,10,03,0,0, 035,022,12,03,0,0, 036,020,14,03,0,0
170014,037,022,16,03,0,0, 038,020,18,03,0,0, 039,022,20,03.0,0
170015,040,020,22,03,0,0, 041,022,24,03,0,0, 042,020,26,03,0,0
170016,043,02),28,03,0,0, 044,020,30,03,0,0, 045,023,32,03,0,0

170017,04E,025,04,05,0,0, 047,026,06,05,0,0, 048,020,08,05,0,0-

170018,049,021,10,05,0,0, 050,020,12,05,0,0, 051,022,14,05,0,0
170019,052,020,16,05,0,0, 053,022,18,05,0,0, 054,020,20,05,0,0
170020,055,022,22,05,0,0, 056,020,24,05,0,0, 057,021,26,05,0,0-

170021,058,020,28,05,0,0, 059,026,30,05,0,0, 060,025,32,05,0,0

170022, 061,025,06,07,0,0. 062,021,08,07,0,0
170023,063,027,10,07,0,0, 064,021,12,07,0,0, 065,020,14,07,0,0
170024,066,022,16,07,0,0, 067,020,18,07,0,0, 068,022,20,07,0,0
170025,069,020,22,07,0,0, 070,021,24,07,0,0, 071,027,26,07,0,0
170026,072,021,28,07,0,0, 073,025,30,07,0,0

170027, 074,025,06,09,0,0, 075,028,08,09,0,0
170028,076,021,10,09,0,0, 077,020,12,09,0,0, 078,021,14,09,0,0
170029,J79,020,16,09,0,0, 080,021,18,09,0,0, 081,020,20,09,0,0
170030,082,021,22,09,0,0, 083,020,24,09.0,0, 084,021,26,09,0,0
170031,085,028,28,09,0,0, 086,025,30,09,0,0

170032, 087,025,08,11,0,0
170033,088,025,10,11,0,0, 089,026,12,11,0,0, 090,020,14,11,0,0
170034,091,024,16,11,0,0, 092,029,18,11,0,0, 093,024,20,11,0,0
170035,094,020,22,11,0,0, 095,026,24,11,0,0, 096,025,26,11,0,0
170036,097,025,28,11,0,0

17001 098,025,12,13,0,0, 099,023,14,13,0,0,

170038,100,025,16,13,0,0, 101,023,18,13,0,0, 102,025,20,13,0,0
170039,103,023,22,13,0,0, 104,025,24,13,0,0

* COMPOS 1 TION-PLANAR REGION CORRESPONDENCE (PR-COMP-PR)

030001,1,10,5, 6,12,6, 7,10,12 5 B0T REFL
030021,1,1,1, 2,2,2, 3,3,3, 4,4,4, 5,11,5, 6,12,6, 7,5,7, 8,6,8, 9,7,9
030022,10,8,10, 11,9,11, 12,14,12 5 CORE
030141,1,13,5, 6,12,6, 7,13,12 5 TOP REfl

* C0 ARSE MESH REBALANLE MESH-

*

041101,0,2,4,6,8,10,12,14,16,18,20,22,24,26,28,30,32,34,36,38
043201,0,2,4,6,8,10,12,14,16,19-

041301,0,2,4,6,8,10,12,14,16

* EDIT SETS
*

011001,01,-105,0,01,-12 5 ENT1RE PROBLEM
011011,01,-104,0,01,-12 5 CORE
012001,01,-105,0,01,-12 5 EACH FIGURE

Figure B-3. HERMITE Input Listing (Continued)
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,

013001,01 -135,0,01,-12 $ EACH REGION
015001,2, 14 $ CORE

* BOX PICTURE EDITS
*

200000,3,15
200001,215,215,215,215,213,213,211.207
200701,4,12 ,2, 1, 3, 1, 2, 1, 2, 1, 3, 1, 2,12, 4

*

200702,8, 7, 1, 3, 1, 3, 1, 2, 1, 3, 1, 3, 1, 7, 8
200703,4, 1, 2, '., 3, 1, 3, 1, 3, 1, 3, 1,-2, 1, 4
200704,8, 9, 1, 2, 1, 3, 1, 3, 1, 3, 1, 2, 1, 9 -8 -

200705, 8, 2,10, 2, 1, 3, 1, 3, 1, 2,10, 2, 8
200706, 8,11, 2,- 1, 2,_1, 2,.1, 2, 1, 2,11, 8
200707, 8,8,9,1,7,1,7,1,9,8,8
200708, 8,4,8,4,8,4,8
201001,3 -106 $ EDIT SET TO ASSEMBLY ASSIGNMENT
202001,193.,15,96.5,104

* CONTROL RODS
*

700000,5,12,5,2,1,1
700002,2,14,40.00,405.76
700010,1
700020,2

' 700030,3
700040,4
700050,5

* CONTROL R00 ZONE STRUCTURE

701010,20,405.76
701020,20,405.76
701030,20,405.76
701040,20,405.76
701050,20,405.76

* CONTROL R00 BASIC FIGURES

0901000,2,2
0901001,1,0,2,0,2
0901101,2,0,2,0,2
0901201,3,0,2,0,2
0901301,4,0,2,0,2 *

0901401,5,0,2,0,2

* CONTROL R0D FINAL FIGURE OVERLAY -

*

180001,01,011,06,-1,0,0, 02,010,18.-1,0,0
180002,03,014,30,-1,0,0, 04,013,06,03,0,0
180003,05,012,14,03,0,0, 06,012,22,03,0,0
180004,07,013,30,03,0,0, 08,011,10,07,0,0
180005,09,011,26,07,0,0, 10,013,14,11,0,0
180006,11,011,18,11,0,0, 12,013,22,11,0,0

Figure B-3. HERMITE Input Listing (Continued)
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*

, '
ARROTTA/

*
' * HERMITE HERMITE ARROTTA ASSEMBLY

*' COMPOSITION /TS PLANAR REGION TYPES
* NUMBERS NUMBERS

-' '

1 1 1- FUEL TYPE 1*

* 2 2 2 2
* 3 3 3 3

= * * 4 4 4 4
* 5 7 7 7
* 6- 8 8 8
* 7 9 9 9 a
* 8 10 10 10 l

* -9 11 11 11

BOTTOM REFL I* 10 - --

* 11 5 5 SHROUD / BAFFLE _1
* 12 6 6 RADIAL REFL t

TOP REFL |* 13 -- --

14 12 12 FUEL TYPE 12 !
*

* i

* TABLE SET TO COMPOSITION ASSIGNMENT

110001, 1,'1, 2, 2, 3, 3, 4, 4, 5, 5, 6, 6, 7, 7, 8, 8, 9, 9, 10, 10
+ _,11,11,12,12,13,13,14,14

,

* NUCLIDE ID'S i
* _ >

300001, 10, 20, 30, 40, 50 $ BASE |
301001,310, 0, 0, 0, 0 $ FUEL TEMP '

302001, 0, 0, 0, 0, 0 $ MOD DENS
300501. BASE, (DEL RODS),B0PON,CONV, PPM $ j

+- ,(DELTFUEL),(DELDENS)
320001,98,89 $ TFUEL, MOD DENS

~320002,88,89,98 $ TH FEEDBACK ID'S FOR TMOD, MOD DENS, TFUEL !

320003,30,40,50,606647+7 $ BORON, HYDR 0 GEN, PPM j

* INITIAL NUMBER DENSITIES
*

100011,10,1.0,98,-7.05272,89,0.0428962 ,40,0.029100
100021,10,1.0,98,-7.05272,89,0,0428962 ,40,0,027905 |_,

100031,10,1,0,98,-7.05272,89,0.0428962 ,40,0.028204 ;

100041,10,1.0,98,-7.05272,89,0,0428962 ,40,0.028652 |
100051,10,1,0,98,-7.05272,89,0.0428962 ,40,0,027606 1*.
100061,10,1,0,98,-7.05272,89,0.0428962 ,40,0.029100
100071,10,1.0,98,-7.05272,89,0,0428962 ,40,0.027905
100081,10,1.0,98,-7.05272,89,0.0428962 .40,0.029100
100091,10,1,0,98,-7.05272,89,0.0428962 .40,0.027980
10010.1,10,1,0,98, 0.00000,89,-772548-2 .40,0.0503581

_100111,10,1,0,98, 0.00000,89, 254686-2 ,40,0.0496713
100121,10,1.0,98, 0.00000,89, 254686-2 ,40,0.0496713

Figure B-3. HERMITE Input Listing (Continued)
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100131,10,1,0,98, 0.00000,89,-772548-2 ,40,0.0503581
100141,10,1,0,98, 7.05272,89,0,0428962 ,40,0.029100'

* MASKS -4

*

120100,1,5,0
120111,89,0. 097377 051377,0+0,-0.0126233,-0.022623 $ MOD DENS - FUEL TS'S .

120200,1,2,0
120211,89,0,0+0,-0.153245 $ MOD DENS TOP AND B0T REFL

-

' TABLE SET 1 - FUEL TYPE 1*
y

401001,(FUEL TYPE 1).
401002,88,592.052,89,.702623,98,1249.95
401101, 10,0+0,0+0,0+0,0+0,1.0,0+0
401201, 10,0+0.0+0.0+0,0+0,1.0.0+0
401102, 20, 5.89600E-03 , 5.34976E-03 -2.72040E-03 ,-6.64500E-05

+, 1.00000E+00 , 1.86305E-Il
401202, 20,-5.68300E-03 , 2.65725E-02 , 0.00000E+00 , 1.25240E-03

+, 1.00000E+00 , 8.57873E-12
401103, 30,0+0,7.68707+1,8.15305+1
401203, 30,0+0,1.95628+3,0+0
401104,310, 7.58409E-05 , 3.20197E-05 ,-1.89076E-05 ,-2.67817E-06

+, 0.00000E+00 , 0.00000E+00
401601,1,1,2,3,4,5,6,7,8,9,10

* FUNCTION TABLES - TABLE SET 1
*

130010,4,10,1,1,2,0
130020,4,10,2,1,2,0

.130030,4,10,3,1,2,0-
.# 130040,4,10,4,1,2,0

130050,4,10,6,1,1,0
130060,4,10,1,2,2,0
130070,4,10,2,2,2,0
130080,4,10,4,2,2,0
130090,4,10,6,2,1,0
130100,4,310,6,1,2,0
130011, 2.46589E-01 , 2.39174E-01 , 2.30928E-01

+ , 2.28908E-01 , 2.27309E-01
130021, 7.84840E-03 , 7,77379E-03 , 7.68564E-03

+ , 7.66320E-03 , 7.64521E-03 .

130031, 2.06352E-02 , 1.93403E-02 , 1.79005E-02
+ , 1.75478E-02 , 1.72687E 02

130041, 4.45066E-03 , 4.41510E-03 , 4.37267E-03 .

+ , 4.36181E-03 , 4.35308E-03
130051, 1.32425E-11 ,.l.32376E-Il , 1.32314E-Il

+ , 1.32298E-Il , 1.32285E-ll
130061, 9.98942E-01 , 9.38246E-01 , 8.73971E-01

+ , 8.58747E-01 , 8.46845E-01
130071, 5.17082E-02 , 5.02034E-02 , 4.87367E-02

+ , 4.84109E-02 , 4.81624E-02

Figure B-3. HERMITE Input Listing (Continued)
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130081, 7.17441E 02 , 7.01618E 02 , 6.86748E-02
+ , 6.83547E 02 , 6.81138E-02

13009), 1.32424E-Il , 1.32376E-Il , 1.32314E-ll
.+ . ,;1.32298E Il , 1.32285E-Il

130101, 1.09032E-16 .-l.12893E 16 . l.17755E-16
+ . l.19044E-16 ,-1.20092E-16

. . , * j

* TABLE SET 2 - FUEL TYPE 2 !

402001,(FUEL TYPE 2).

402002,88,592.052,89,.702623,98,1249.95
402101, 10,0+0,0+0.0+0,0+0,1.0.0+0 1

402201, 10,0+0,0+0,0+0,0+0,1,0,0+0 ;
402102, 20,0+0,0+0.0+0,0+0,1.0,0+0 '

402202, 20,0+0,0+0.0+0.0+0,1.0,0+0
402103,-30,0+0,6.92607+1,3.89555+1

3: 402203, 30,0+0,1.86644+3,0+0
i

402104,310,-7.55874E 05 , 3.12632f.-05 .-l.81147E-05 , 3.17118E 06
+, 0.00000E+00 , 0.00000E+00

402601,1,14,15,16,17,18,19,20,21,22.23
,

* FUNCTION TABLES - FUEL TYPE 2 ,

*
_

;

130140,4,10,1,1,2,0 1
130150,4,10,2,1,2,0 -!
130160,4,10,3,1,2,0 i
130170,4,10,4,1,2,0
130180,4,10,6,1,1,0
130190,4,10,1,2,2,0
130200,4,10,2,2,2,0 .i
130210,4,10,4,2,2,0
130220,4,10,6,2,1,0
130230,4,310,6,1,2,0

'130141, 2.46015E-01 , 2.38967E-01 , 2.31132E-01
.+ , 2.29213E 01 , 2.27694E-01

130151, 9.03031E 03 ,-8.95403E-03 , 8.86226E-03 .,

+ , 8.83865E-03 , 8.81965E-03 '!
130161, 1.90892E-02 , 1.78682E-02 , 1.65086E 02 |

+ . 1.61752E-02 , 1.59113E-02- i

130171, 5.47472E-03 , 5.43586E-03 , 5.38884E-03
+ , 5.37670E 03 , 5.36692E-03

'130181, 1.32352E Il , 1.32293E-Il , 1.32221E-Il-

* + , 1.32203E-Il , 1.32187E il
130191, 9.73814E 01 , 9.17171E 01 , 8.56898E 01

* + , 8.42572E-01 , 8.31359E-01
130201, 7.85200E-02 , 7.67556E 02 , 7.50066E-02 i

+ , 7.46126E-02 , 7.43106E-02 :
130211', 1.02533E-01 , 1.00295E-01 , 9.81175E 02

+ , 9.76339E 02 , 9.72652E 02
130221, 1.32351E-Il , 1.32293E-Il , 1.32221E-ll l

+ , 1.32202E-Il , 1.32187E-ll
130231,-1.30803E-16 .-l.35134E-16 -l.40555E 16

+ , 1.41987E-16 ,-1.43149E-16

Figure B-3. HERMITE Input Listing (Continued)
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.t

* TABLE SET 3 FUEL TYPE 3-
*

403001,(FUEL TYPE 3)
403002,88.592.052,89,.702623,98,1249.95
403101, 10,0+0,0+0,0+0,0+0,1.0,0+0
403201, 10,0+0,0+0,0+0,0+0,1,0,0+0 %
403102, 20,0+0,0+0,0+0,0+0,1.0,0+0
403202, 20,0+0.0+0.0+0,0+0,1.0,0+0
403103, 30,0+0,6.99841+1,4.39008+1 -j

-403203, 30,0+0,1.87695+3,0+0 i

403104,310,-7.53005E-05 , 3.12506E 05 ,-1.80299E 05 ,-3.16001E-06
+, 0.00000E+00 , 0.00000E+00

403601,1,25,26,27,28,29,30,31,32,33,34
,

* FUNCTION TABLES - FUEL TYPE 3 i
,

130250,4,10,1,1,2,0
130260,4,10,2,1,2,0
130270,4,10,3,1,2,0 .

i130280,4,30,4,1,2,0
130290,4,10,6,1,1,0 !

I
'

130300,4,10,1,2,2,0
130310,4,10,2,2,2,0 1

130320,4,10,4,2,2,0 !

130330,4,10,6,2,1,0
130340,4,310,6,1,2,0 i

'

130251, 2.45808E-01 , 2.38665E-01 , 2.30728E-01
+ , 2.28784E-01 , 2.27246E 01

130261, 8.84748E-03 , 8.77171E-03 , 8.68072E-03
.+ , 8.65734E-03 , 8.63852E-03

130271, 1.92596E-02 , 1.80292E-02 , 1.66596E-02
+ , 1.63238E 02 , 1.60581E-02

'130281, 5.47330E-03 , 5.43485E-03 , 5.38836E-03 i
+ , 5.37636E-03 , 5.36670E-03

130291, 1.32401E ll , 1.32345E-Il , 1.32275E-ll
+ , 1.32257E-Il , 1.32242E-Il

130301, 9.79616E-01 , 9'.22158E-01 , 8.61057E-01
+ , 8.46541E-01 , 8.35181E 01

130311, 7.50860E-02 , 7.33470E-02 , 7.16198E-02
+ , 7.12302E-02 , 7.09312E 02 ,

130321, 1.02408E-01 , 1.00200E-01 , 9.80550E-02 -

+ , 9.75797E-02 , 9.72177E-02
130331, 1.32401E-Il , 1.32345E-Il , 1.32276E-Il

+ , 1.32258E-Il , 1.32243E-11 -

130341,-1,24382E-16 ,-1.28521E-16 ,-1.33707E-16 i
'+ ,-1,35076E-16 ,-1.36189E-16

*

* TABLE SET 4 - FUEL TYPE 4
*

404001,(FUEL TYPE 4)
404002,88,592.052,89,.702623,98,1249.95

Figure B-3. HERMITE Input Listing (Continued)
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.,,

,

...'
f
'

t

4404101,_10,0+0,0$0,0+0,0+0,1,0,0+0
'

;404201,'10,0+0,0+0,0+0,0+0,1.0,0+0
-404102, 20,0+0,0+0,0+0,0+0,1.0,0+0 :

404202, 20,0+0,0+0,0+0,0+0,1.0,0+0 .l
;404103, 30,0+0,6.79433+1.4.01900+1

& .404203,;30,0+0,1.85250+3,0+0 - . .

W : 404104,310,-7.37492E-05 , 3.06200E 05" .-l.73155E 05 , 3.48629E 06
+, 0.00000E+00 , 0.00000E+00

404601,1,36,37,38,39,40,41,42,43,44,45 ;

* 1! . -. .

* FUNCTION TABLES - FUEL TYPE 4
_

x 130360,4,10,1,1,2,1
1 |130370,4,10,2,1,2,0'

130380,4,10,3,1,2,0
'' 130390,4,10,4,1,2,0

130400,4,10,6,1,1,0
:130410,4,10,1,2,2,1

L 130420,4,10,2,2,2,0
:130430,4,10,4,2,2,0

,

130440,4,10,6,2,1,0
130450,4,310,6,l',2,0

. 130361, 2.44566E 01 , 2.37291E-01 , 2.29205E-01
+ , 2.27225E 01 , 2.25658E-01

130371, 8.97712E 03 ,.9.89849E-03 , 8.80488E-03
+ ', 8.78095E-03 ,-8.76173E-03

130381,:1.89029E-02 , 1.76757E-02 , 1.63110E-02
-+ , 1.59767E-02 , 1.57121E-02

_.

130391,:6.33670E-03 , 6.29536E-03 , 6.24526E-03n
+ , 6.23232E-03 , 6.22188E 03

130401,;1.32528E-Il , 1.32477E-Il ,-1.32412E 11
+- , 1.32394E-ll-, 1.32380E-Il- !

D[i
'130411,.9.87432E-01 , 9.29475E 01 , 8.67789E-01

+ , 8.53125E-01 , 8.41646E-01
130421; 8.14849E 02 ,_7.96084E-02 , 7.77139E-02-

e + ,-7.72810E-02 , 7.69471E 02 i

| , 130431,: 1.26585E 01 -, .1.24034E-01,1.21515E-01 i
'+ , 1.20949E 01., 1.20516E-01

130441, 1.32527E-Il , 1.32476E-Il ,'l.32412E-Il' ~

+ , 1.32394E-Il , 1.32380E-Il
130451,-8.82791E 17 ,-9.17008E-17 , 9.60703E-17 ,

' . + ,-9.72367E-17 ,-9.81876E-17
,

*-TABLE SET 5 FUEL TYPE 7 :)
p * .{

>

'405001,(FUEL TYPE 7) |
405002,88,592.052,89,.702623,98,1249.95 1

405101, 10,0+0,0+0,0+0,0+0,1.0,0+0 1

405201, 10,0+0,0+0,0+0,0+0,1,0,0+0 !
405102, 20,0+0,0+0,0+0,0to,1.0,0+0 :|

''405202, 20,0+0,0+0,0+0,0+0,1.0,0+0
405103,-30,0+0,6.52955+1,2.63488+1 i

,

-i

Figure B-3. HERMITE Input Listing (Continued)
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.405203, 30,0+0,1.80209+3,0+0
! 405104,310,-7.48925E-05 , 3.06301E-05 , 1.75426E 05 ,-3.54364E-06

+, 0.00000E+00 , 0.00000E+00
405601,1,47,48,49,50,51,52,53,54,55,56

* FUNCTION TABLES - FUEL TYPE 7~
*

'130470,4,10,1,1,2,0<

-130480,4,10,2,1,2,0
130490,4,10,3,1,2.0

! 130500,4,10,4,1,2,0 '

130510,4,10,6,1,1,0
130520,4,10,1,2,2,0
130530,4,10,2,2,2,0
130540,4,10,4,2,2,0
130550,4,10,6,2,1,0
130560,4,310,6,1,2,0-
130471, 2.45203E-01 , 2.38231E-01 , 2.30486E-01

i + , 2.28590E-01 , 2.27089E-01
'

130481, 9.60126E-03 , 9.52006E-03 , 9.42218E-03.

.* + , 9.39697E-03 , 9.37667E-03
130491, 1.82477E-02 , 1.70564E-02 , 1.57303E-02

+ , 1.54052E-02 , 1.51479E-02
130501, 6.34630E-03 , 6.30369E-03 , 6.25176E-03

+ , 6.23830E 03 , 6.22744E 03
130511, 1.32381E-Il , 1.32322E-Il , 1.32249E-Il

+ , 1.32230E-Il , 1,32215E Il
130521, 9.67016E-Ol', 9.11069E-01 , 8.53257E-01

+ , 8.39279E-01 , 8.28330E-01
130531, 9.38124E-02 , 9.18559E-02 , 8.98709E-02

+ , 8.94155E-02 , 8.90638E-02
130541, 1.27404E-01 , 1.24720E-01 , 1.22047E-01

+ , 1.21443E-01 , 1.20979E-01
130551, 1.32380E-Il , 1.32322E-Il , 1.32249E-Il

+ , 1.32230E-11 , 1.32214E-Il
130561, 1.17668E-16 ,-1.21758E-16-,-1.26900E-16

+ .-l.28261E-16 ,-1.29367E-16
._*

* TABLE SET 6 - FUEL TYPE 8
*

406001,(FUEL TYPE 8)
406002,88,592.052,89,.702623,98,1249.95
406101, 10,0+0,0+0,0+0,0+0,1.0,0+0 *

406201, 10,0+0,0+0,0+0,0+0,1.0,0+0
406102, 20, 5.61900E 03 , 4.97477E-03 -2.69630E-03 ,-1.24360E-04

+, 1.00000E+00 , 1.60462E-Il *

406202, 20,-2.27400E-03 , 2.78511E-02 , 0.00000E+00 , 2.69000E-03
+, 1.00000E+00 , 1.06245E-Il

406103, 30,0+0,6.81913+1,4.60102+1
406203, 30,0+0,1.84712+3,0+0
406104,310,-7.30396E-05 , 3.06578E-05 ,-1.73005E-05 ,-3.46672E-06

+, 0.00000E+00 , 0.00000E+00

'
Figure B-3. HERMITE Input Listing (Continued)
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406601,l',58,59,60,61,62,63,64,65,66,67

* FUNCTION TABLES - FUEL TYPE 8
*

130580,4,10,1,1,2,0
130590,4,10,2,1,2,0
130600,4,10,3,1,2,0

" 130610,4,10,4,1,2,0
130620,4,10,6,1,1,0 ;

'

130630,4,10,1,2,2,0
*- 130640,4,10,2,2,2,0_ ,

130650,4',10,4,2,2,0 ;
'

130660,4,10,6,2,1,0
|_ 130670,4,310,6,1,2,0
1 130581, 2.44340E-01 , 2.36946E-01 , 2.28724E-01

+ , 2.26710E 01 , 2.25116E-01
130591, 8.73627E-03 , 8;65833E-03 , 8.56543E 03

+ , 8.54166E-03 ,_3.52257E-03
| 130601, 1.91585E-02 ,-1.79169E-02 , 1.65373E 02

+ , 1.61995E-02 , 1.59323E-02
130611, 6.33426E-03 , 6.29324E-03 , 6.24368E-03

+ , 6.23090E-03 , 6.22060E 03
130621, 1.32580E-Il-, 1.32531E-Il , 1.32469E Il;

|: + , 1.32452E-Il , 1.32439E-ll
130631, 9.94331E-01 , 9.35413E-01 , 8.72742E-01 i

'

+ , 8.57850E-01 , 8.46194E-01
130641, 7.73842E-02 , 7.55242E-02 , 7.36409E-02

+ , 7.32095E-02 , 7.28766E-02
.

130651, 1.26338E-01 , 1.23828E-01 , 1.21359E-01
* + , 1.20806E-01 , 1.20394E-01

130661, 1.32580E-ll , 1.32530E-Il , 1.32468E-Il
+ , 1.32452E-Il , 1.32438E-Il-

130671,-8.22707E-17 .-8.55198E-17 ,-8.96546E-17
'+ .-9.07562E 17 ,-9.16536E-17

*

* TABLE SET 7 - FJEL TYPE 9
*

407001,(FUEL TYPE 9) i
407002,88,592.052,89,.702623,98,1249.95
407101, 10,0t0,0+0,0+0,0+0,1.0,0+0
407201, 10,0+0,0+0,0+0,0+0,1.0,0+0
407102, 20,0+0,0+0,0+0,0+0,1.0,0+0

*. 407202, 20,0+0,0+0,0+0,0+0,1.0,0+0
407103, 30,0+0,6.60404+1,3.01824+1
407203, 30,0+0,1.81849+3,0+0 3

.*. 407104,310,-7.47462E-05 , 3.06412E-05 ,-1.74857E-05 ,-3.52547E-06
+, 0.00000E+00 , 0.00000E+00

407601,1,71,72,73,74,75,76,77,78,79,80
,

* FUNCTION TABLES - FUEL TYPE 9

130710,4,10,1,1,2,0
130720,4,10,2,1,2,0 j

Figure B 3. HERMITE Input Listing (Continued)
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~130730,4,10,3,1,2,0
130740,4,10,4,1,2,0'
130750,4,10,6,1,1,0
130760,4,10,1,2,2,0
130770,4,10,2,2,2,0
130780,4,10,4,2,2,0
130790,4,10,6,2,1,0
130800,4,310,6,1,2,0 ''

130711, 2.45016E-01 , 2.37961E-01 ,-2.30120E-01
+ , 2.28200E-01 , 2.26681E-01

130721,.9.42354E-03 , 9.34348E-03 , 9.24707E-03 -

+ , 9.22226E-03 , 9.20228E-03
130731, 1,84405E-02 , 1.72386E-02 , 1,59016E-02 :

+ , 1.55740E-02 , 1.53146E-02
'

130741, 6.34319E-03 , 6.30110E-03 , 6.24984E-03
+ , 6.23656E-03., 6.22585E-03

130751, 1.32425E-11-, 1.32367E-Il , 1.32296E-ll .

+ , 1.32278E-11 , 1.32263E-ll
130761, 9.73162E-01 , 9.17229E-01 , 8.57615E-01

+ , 8.43430E-01 , 8.32321E-01
,

-130771, 9.Oll62E-02 , 8.82051E 02 , 8.62629E-02#

+ , 8.58167E-02 , 8,54720E-02
130781, 1.27094E-01 , 1.24453E-01 ,'l.21828E-01

+ , 1.21236E-01 , 1.20781E-01
130791,_l.32424E-Il , 1.32367E-Il , 1.32296E-ll

+- , 1.32278E-Il ,:1.32263E Il
130801,-1.15729E-16 , 1.19715E-16 ,-1,24699E-16

'
+ .,-1.26014E-16 ,-1.27083E-16

*

* TABLE SET 8 - FUEL TYPE 10
*

=408001,(FUEL-TYPE 10)
408002,88,592.052,89,.702623,98,1249.95
'408101, 10,0+0,0+0,0+0,0+0,1.-0,0+0
408201', 10,0+0,0+0,0+0,0+0,1.0,0+0
408102, 20,;5.77500E-03 , 5.13031E-03 ,-2.70010E-03 ,-9.71000E-05

+, _ 1.00000E+00 , 1.68012E Iln

408202, 20,-3.72200E-03 , 2.72597E-02 , 0.00000E+00 , 1.99720E-03-'

+, 1.00000E+00 , 9.97897E-12
408103, 30,0+0,7.16049+1,5.93390+1
408203, 30,0+0,1.89265+3,0+0
408104,310,-7.38800E-05 , 3.11944E-05 ,-1.78453E-05 ,-3,13064E-06

- + , 0.00000E+00 , 0.00000E+00 -

408601,1,82,83,84,85,86,87,88,89,90,91

* FUNCTION TABLES - FUEL TYPE 10 -

*

130820,4,10,1,1,2,0
130830,4,10,2,1,2,0
130840,4,10,3,1,2,0
130850,4,10,4,1,2,0

'130860,4,10,6,1,1,0

Figure B-3. HERMITE Input Listing (Continued)
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130870,4,10,1,2,2,0
130880,4,10,2,2,2,0

'

130890,4,10,4,2,2,0
130900,4,10,6,2,1,0
130910,4,310,6,1,2,0
'130821, 2.45205E-01 , 2.37803E-01 , 2.29573E-01

: o + . 2.27557E-01 , 2.25961E-01.

130831, 8.31508E-03 , 8.23968E-03 , 8.14989E-03
+ , 8.12693E-03 , 8.1084BE-03

130841, 1.97494E 02 , 1.84873E-02 , 1.70858E-02. .-
+ , 1.67426E-02 , 1.64710E-02

130851, 5.47029E-03 , 5.43251E-03 , 5.38707E-03
+ -, 5.37538E-03 , 5.36598E-03

130861, 1.32534E ll , 1.32485E-Il , 1.32423E ll
+ , 1.32406E-ll', 1.32393E-Il

130871, 9.95427E-01 , 9.35791E-01 , 8.72468E-01
+ , 8.57440E-01 , 8.45683E-01

130881, 6 59330E-02 , 6.42101E-02 . 6.25005E-02
,

+ , 6.21152E-02 , 6.18196E 02
130891, 1.02014E 01 , 9.98851E-02 , 9.78341E-02

+ , 9.73830E-02 , 9.70404E-02
130901, 1.32535E-Il , 1.32485E Il , 1.32422E-Il

+ , 1.32406E 11 , 1.32392E-ll
130911,-8.82110E-17 , 9.16690E-17 -9.60512E-17

+ ,-9.72161E-17 .-9.81646E-17
,

* TABLE SET 9 - FUEL TYPE 11
*

409001,(FUEL TYPE 11)
409002,88,592.052,89,.702623,98,1249.95
409101, 10,0+0,0+0,0+0,0+0,1.0,0+0
409201, 10,0+0,0+0,0+0,0+0.1.0,0+0
409102, 20,0+0,0+0,0+0,0+0,1.0,0+0
409202, 20,0+0,0+0,0+0,0+0,1,0,0+0

S~ 409103,'30,0+0,6.66776+1,3.15782+1
409203, 30,0+0,1.83585+3,0+0
409104,310,-7.43237E-05 , 3.06691E 05 ,-1.74994E-05 ,-3.52124E-06

+, -0.00000E+00 , 0.00000E+00
409601,1,95,96,97,98,99,100,101,102,103,104
,

* FUNCTION TABLES - FUEL TYPE 11
*

.

130950,4,10,1,1,2,0
130960,4,10,2,1,2,0
130970,4,10,3,1,2,0- n
130980,4,10,4,1,2,0
130990,4,10,6,1,1,0
131000,4,10,1,2,2,0
131010,4,10,2,2,2,0
131020,4,10,4,2,2,0
'131030,4,10,6,2,1,0
131040,4,310,6,1,2,0

Figure B-3. HERMITE Input Listing (Continued)
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130951,'2.44954E-01 , 2.37871E-01 , 2.29998E-01
p +: -, 2.28070E-01 , 2.26544E 01

130961, 9.35912E-03', 9.28118E-03 , 9.18663E-03-
+ , 9.16219E-03 , 9.14248E-03-

' 130971,1.84995E-02 ,1.72918E-02 ,1.59491E-02
+ , 1.56202E-02 , 1.53599E-02

130981, 6.34429E-03 , 6.30202E-03 , 6.25061E-03 *;,

+ , 6.23730E-03 , 6.22657E-03
130991, 1.32439E-II., 1.32384E-Il , 1.32314E-Il

+ , 1.32296E 11., 1.32281E 11
131001,.9.75231E-01 ,-9.18985E-Ol', 8.59056E 01 -*

+ , 8.44799E-01 , 8.33635E-01
131011, 8.86960E-02 , 8.68093E-02 , 8.48884E 02

+ - ,.8.44465E-02 , 8.41048E-02 '

131021, 1.27142E-01 , 1.24514E-01 , 1,21905E-01
+ , 1.21317E-01 , 1.20865E-01

131031, 1.32438E-Il , 1.32383E-Il , 1.32314E-Il
+ , 1.32295E-Il , 1.32281E-Ils

131041,-1.03852E-16 ,-1.07641E-16 ,-1.12442E-16
'

(' + ,-1.13718E-'16 ,-1.14757E-16
-

,.

* TABLE SET 10 - BOTTOM REFLECTOR

41'0001,(BOTTOM REFLECTOR)
410002,88,549.95,89,.753245,98,0+0'

410101, 30, 0+0, 1.85923+1, 0+0
410201, 30, 0+0, 6.86497+2, 0+0
410601, 2, 106, 107, 108, 109, 110

* TABLE SET 10 FUNCTION TABLES
*

131060,4,10,1,1,1,0
131070,4,10,2,1,1,0

.

131080,4,10,3,1,1,0 j

131090,4,10,1,2,1,0 ";
131100,4,10,2,2,1,0

b *

131061,-2.73940E-01 , 2.48780E-01'

131071, 2.25826E-03 , 2.29798E-03
131081, 3.13602E-02 , 2.43962E-02
131091, 1.22432E+00 , 9,81104E 01
131101, 4.15451E-02 , 3.84046E-02

~
*

* TABLE SET 11 - SHROUD / BAFFLE .

*
411001,(SHROUD / BAFFLE)
411002,88,557.00,89,.742973,98,0+0
411101, 10, 2.67710-1, 1.93990-3, 2.89336-2
411201, 10, 1.27873+0, 1.88902-2, Ot0
411102, 30, 00000+0, 4.64806+1, 0+0
411202, 30, 00000+0, 2.17710+3, 0+0

Figure B-3. HERMITE Input Listing (Continued)
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* TABLE SET 12 - RADIAL REFLECTOR
*

- 412001,(RADIAL REFLECTOR)
412002,88,592.00,89,.742973,98,0+0
412101, 10, 2.24013 1, 3,93110-4, 4.45079 2
412201, 10, 1.29687+0, 1.01244 2, 0+0

7 412102, 30, 00000+0,-7.24347+1, 0+0
412202, 30, 00000+0, 2.33738+3, 0+0

4 * TABLE SET 13 - TOP REFLECTOR

413001,(TOP REFLECTOR)
- 413002,88,549.95,89,,753245,98,0+0.

413101, 30, 0+0, 4.59733+1, 0+0'
413201, 30, 0+0, 1.62739+3, 0+0
413601, 2, l'11, 112, 113, 114, 115
,

* YABLE-SET 13 FUNCTION TABLES

131110,4,10,1,1,1,0
131120,4,10,2,1,1,0-
131130,4,10,3,1,1,0

- 131140,4,10,1,2,1,0
131150,4,10,2,2,1,0

131111, 1.54949E-01 , 1.27131E-01
L 131121, 3.57151E-04 , 2.74249E-04

131131, 2.99239E 02 , 2.41113E-02
131141, 9.34036E-01 , 7.28673E-01

- 131151, 8.36477E-03 ,-6.66299E-03

TABLE SET 14 - FUEL TYPE 12*

THIS TABLE SET 15 A DUPLICATE OF TABLE SET 1*

EXCEPT FOR THE R00 THERMAL ABSORPTION*

*

414001,(FUEL TYPE 12)
414002,88,592.052,89,.702623,98,1249.95
414101, 10,0+0,0+0,0+0,0+0,1.0,0+0
414201, 10,0+0.0+0,0+0,0+0,1.0,0+0
414102, 20, 5.89600E 03 , 5.34976E-03 ,-2.72040E-03 ,-6.64500E-05,

, + , 1.00000E+00 , 1.86305E-11

* THE T!IERMAL ABSORPTION ON THE NEXT CARD IS THE ONLY CHANGE FROM~,

* TABLE SET 1
*'

414202, 20, 5.68300E-03 , .151263 , 0.00000E+00 , 1.25240E-03
+, 1.00000E+00 , 8.57873E-12

414103,~30,0+0,7.68707+1,8.15305+1
414203, 30,0+0,1.95628+3,0+0

Figure B-3. HERMITE input Listing (Continued)
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414104,310,-7.58409E-05 ., 3.20197E-05 .-l.89076E-05 ,-2.67817E-06
+, 0.00000E+00 , 0.00000E+00

414601,1,1,2,3,4,5,6,7,8,9,10

* FUNCTION TABLES SAME AS FOR TABLE SET 1
,

*
*

* BASIC TH MODEL OPTIONS
*

010017,0,1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16 $ TH BLOCK BOUNDARIES
500000,0,0,0 $ TH MODEL SELECTION
500001,20,.01,0,1.0,1,0,0.1,1.0 $ TH PASSES, CONVERGENCE

500002,0,500- $ NEUT ITERS/TH PASS
500008,1.0 $ POWER DAMPlNG FACTOR

500010.2250. $ PRESSURE
-500011,550.,50,700.,0 $ TH PROPERTY TABLE
500012,0,0,0,0 $HOMOGENE0US MODEL, SLIP = 1.0, NO ,

* FUEL TEMPERATURE MODEL

500100,0
.

$ FINITE DIFFERENCE
500101,8,2 $ MESH POINTS IN PELLET AND CLAD
500103,1,0,10.2796,6.55 $ FUEL AND CLAD DENSITY
500104,0.30881,0.003444,0.0225 5 FUEL PELLET DIA, GAP TH, CLAD TH
500105,.000- $ FRACTION OF HEAT DEP IN COOLANT
503000,0.0,10000. $ HGAP TABLE - KW/FT
503001,1000.,1000. $ - HGAP
503500,0.0.0.0- S TRANSIENT HGAP PARAMETERS

* COOLANT CHANNEL DESCRIPTION
*

520001,26.6636,0.28203 $ WP, AC, FULL ASSEMBLY
520002,13.3318,0,141015 $ HALF ASSEMBLY
525000,2,-15,1,-104 $ CHANNEL TYPE TO CHANNEL ASSIGN
525010,557.,1 $ INLET TEMPERATURE
525020,3023316.,1 $ INLET HASS FLOW RATE

* FUEL R00 GROUPS
*

540001,282.3636129 $ FUEL PINS - FULL ASSEMBLY
540002,141.1818065 $ HALF ASSEMBLY

'

545000,2,-15,1,-104 $ FUEL R00 TYPE TO GROUP ASSIGN
545001,3,-106 $ EDIT SET TO GROUP ASSIGNMENi

'
* TH EDITS-,

*

590000,1,1,0
5910n0,0,1,1,0,0

*

Figure B-3. HERMITE Input Listing (Continued)
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