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Abstract

A transfer function is a very convenient mathematical

description of the dynamic behavior of a complex system

because all pertinent parameters are contained within it.

For this reason transfer functions are widely applied in

the field of reactor dynamics. Only linear systems or

linear approximations to nonlinear systems are amenable

to analysis by methods of complex plane transformations.

The thermal properties of a reactor (e.g. the specific

heat capacity, the thermal conductivity of the fuel and

the heat transfer coefficient of the gap between the fuel

and the coolant) however are functions of the temperature,

leading to nonlinearities in the system. As long as only

relatively small oscillations are considered it seems

reasonable to use constant values for these properties l

corresponding to an average power and temperature level.

It will be shown that this simple linearization process .

is only partially correct and may lead ~o considerable

errors even for small temperature vari~tions. Therefore

a new linearization method has been developed by properly

modifying the transfer functions and by introducing addi­

tional parameters which are functions of the s~eady state

conditions. Temperature transients in nuclear reactors

are usually treated by applying the "lumped model" which

does not take into account any heat propagation effect.

Because it has been shown that these effects are not always

negligible /1,2/, space and time dependent equations for

the heat transfer- and.transport equations have been used.

Reactor transfer functions which account for the space and

time dependent heat transfer in a fuel element as weIl as

for the temperature dependent heat transfer coefficients

are considered. Numerical examples are given for the KNK

and SEFOR reactors.



Ubertragungsfunktionen für schnelle Reaktoren mit besonderer

Berücksichtigung der Nichtlinearitäten u,nd der räumlichen

Abhängigkeit des Wärmeübergangsprozesses

Zusammenfassung

UbertragungsfunKtionen bilden eine sehr bequeme mathematische

Darstellungsweise des dynamischen Verhaltens komplexer Systeme,

da sie alle einschlägigen Parameter enthalten. Aus diesem Grunde

finden sie auch vielfache Anwendung auf dem Gebiet der Reaktor­

dynamik. Aber nur lineare Systeme oder lineare Approximationen

nichtlinearer Systeme können mit den Methoden der Funktional­

transformationen behandelt werden. Die thermodynamischen Eigen­

schaften eines Reaktors - z.B. die spezifische Wärmekapazität

und thermische Leitfähigkeit des Brennstoffs und die Wärmeüber­

gangszahl für den Spalt zwischen dem Brennstoff und der Brenn­

stoffhülle - sind jedoch temperaturabhängig, was zu Nichtlineari­

täten in dem System führt. Solange jedoch nur relativ kleine Os­

zillationen betrachtet werden, scheint es vernünftig, konstante

Werte für diese Parameter zu benutzen, welche den entsprechenden

Mittelwerten der Leistung und der Temperatur zuzuordnen sind.

Es wird gezeigt, daß diese einfache Linearisierung nur teilweise

zulässig ist und selbst bei kleinen Temperaturschwankungen zu

beträchtlichen Fehlern führen kann. Deshalb wurde eine neue Li­

nearisierungsmethode entwickelt, durch geeignete Modifikation

der Ubertragungsfunktionen und durch Einführung von zusätzlichen

Parametern, welche von den stationären Bedingungen abhängen.

Normalerweise werden Temperaturtransienten in nuklearen Reaktoren

mit Hilfe des sogenannten "lumped Modells" behandelt, welches

keine Wärmeausbreitungseffekte berücksichtigt. Da gezeigt wurde

/1,2/, daß diese Effekte nicht immer vernachlässigbar sind, wur­

den raum- und zeitabhängige Gleichungen für den Wärmeübergang

und Wärmetransport benutzt.

Es wurden dann Ubertragungsfunktionen berechnet, welche sowohl

den raum- und zeitabhängigen Wärmeaustausch im Brennelement

als auch die Temperaturabhängigkeit der Wärmeübergangsparameter

berücksichtigen.

Numerische Beispiele werden für die Reaktoren KNK und SEFOR

angegeben.
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I) Introduction

In the case of small deviations flOm the stationary operating conditions, the

dynamic behaviour of a nuclear reactor can be described by a set of linear differ-

ential equations. This asstmption enables one to analyse the system by

using the transfer function rrethod. A transfer f\IDction defines the system

conpletely, because all pertinent pararreters are contained in it. 'Ihis f\IDction

represents a very oonvenient rrathematical description of the dynamic behaviour

of oonplex systerrs in case of sma1l periodic oscillations. Für this reason

transfer functions are widely applied in the field of reactor dynamics mainly

with respect to stability oonsiderations.

'Ihe assumption of small oscillations around the steady state values usually

guarantees the validity of the transfer f\IDction 'rrethod. In the follCMing sec­

tions it will be sham that this approach may lead to oonsiderable errors if

the linearization process is not carried out oorrectly. The linearization of

linon linear effects ll can be taken into acoount by properly rrodifying the trans­

fer functions and by int.roducingsooe additional Pararreters which are f\IDctions

of the steady state values of the input variables.

Temperature transients in nuclear reactors are usually treated by using the well

kn<::1I'ln lumped nodel, which does not take into acoount any heat propagation effect.

Since it has been sham that these effects are not always negligible /1 ,2/, space

and tine dePendent equatians for heat transfer and transport equations have been

used in this paper. The solutions of the SPace and tine dependent heat transfer

in a fuel elerrent accounts also for terrperature dependent heat transfer ooeffi­

cients.

N\lIl'erical exanples are given in the case of the KNK and of the Sefor reactors.

Zum Druck eingereicht am 3.9.1974
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II) Description of the nodel

1) Basic features of the rrodel

We oonsider a delayed critical reactor, operating at steady stateoonditions at

a ~rtain pcwer level. The operating conditions of this reactor can be varied

by a multiple reactivity input system. For this input system, small oscillations

corrpared to their mean values are ass~, so that in a first approximation the

effects due to tile higher hanronics can be neglected. With this asstmq;)tion t.J:1e

mathematical model of the reactor can be reduced to a set of linear differential

equations with oonstant coefficients and 18 therefore amanable to transfer f\D1.c­

tion theory.

Fig. (1) shCMS a block diagram of the m:x1el withtile three main CClIlpOnents which.

detenn:ine the dynamic behav10ur of the reactor narrely: the input system, the

zero IX'e'ler transfer f1.D1.ction and the feedback effects. The nodel oovers only

the reactor: Le. feedback effects through the cxx>lant loops are not included.

'!he multiple reactivity input system is ch.aracterized by the follCMing three

parts: (A) direct reactivity input e.g. by oontrol rod rrovement, (B) reactivity

effects caused by oscillations of inlet coolant tenperature "~e8" through the

transfer f\D1.ction "R(a)" and (C) reactivity effects caused by oscillaticns of the

ooolant flCM 11 ~u" through the transfer f1.D1.ction "M(a) ".
u

K(a) denates the weIl knCMn /3/zero power transfer function derived from the

space independent neutron kinetic equations. '!his means that for the neutron

kinetics the point reactor rodel has been used, which. assumes that the spatial

distribution of the neutron flux does not depend on the t.i.ne. Therefore K(a) 18

only a f1.D1.ctiOH of the pronpt neutron lifetime "I" and the delayed neutron para­

meters of the fissile materials. All feedback effects are classified in the two

follCMing cathegories: POller feedback effects at constant coolant tenperatures

(transfer f1.D1.ction "Q(a)") and reactivity pcMer feedback effects through the

variations of the coolant temperatures (transfer function "5 «(J) ") •
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2) Reactivity effects due to tenperature oscillations

Each reactivity chan~ (Fig. 1) for both internal feedback· nechanismS as weIl

as for extemal inputs (except for 6.K input) is calGUlatedbymultlplying ~e

variation· of the average terrperature· (upcn which the react.ivity change is depen­

dent) by the associated reactivity/tenperature eOefficient. Theos~illations
(- .'

of these temperatures . are calculated (for given steady sta~ oonditions: i. e.

for given values of the ooolant inlet temperature 880 , of the .ooolant cutlet/·

of the ooolant flOtl and of the ~r) fran the oscillations of t:he pow~r, of.

the aoolant flOtl and Of the inlet temperature • .

'Ihe reactor has ·been devided intö different zones as indicated in. Fig~ 2. Each

zone is characterized bythe material ex>mpc>sition ,thegeon:etry, the therm:xly-
. . .

namical parameters, the average temperatures ,the reactivity ooefficients and

the heat sources • Fig. 2 shOtls a general ooncept of the Irodel, which is "awli­

cable to different types of readors e.g. the SNR 300, KNK, and SEFOR. Not all

of these zones are always present in a reactor ·configuration. Für exanple zone 7

is present in 8EFOR but not in SNR 300 and KNK. The user of the program has to

choosethe zones whidl are necessary. The maincoolant flow is the.same for all

reactor types. The coolant enters the reactor from the lateral and 1000er plenum

(zones Band 5 resPectively). From the 1000er plenum at the bottom of the reactor

the aoolant goes into the reactor in the vertical upright direction (through the

1000r axial blanket, the oore and the upper axial blanket), and leaves the

reactor from the mixing zone. The anount of POtler, produced in the different

zones .and in the various materials must besPeCified.

M:>st inportant is the heat flux from the fuel to the ooolant in zone 1. It is

described by oonsidering an average fuel pin with associated ooolant channe!.

The aoolant channel is characterized by a ooolant cross secticn 81, The ooolant

flow is detennined by the roolant inlet tenperature, the exx>lant outlet tempe­

rature and the :J?C1Her with the ass~tion of an equal pressure drop in all

channels, L e. the mass flow distribution over the whole oore cross-section is

asstnred to be flat.

Figs. 3a and 3b show a sdlerre of the cell with the corresponding temperature

profiles.A m:xlel for the heat transfer from the fuel to the roolant in a

simple geooetry has been previously described /1,2/. It is basedon the
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instatiooary heat balance equations with spatial variables which take into

account the heat propagaticn inside a fuel element in the radial direction /1/

and the heat transport by the ooolant in the axial direction /2/ with the

following assurcpticns: (a) unifonn heat pJ:.'Oducticn within the entire fuel pm

volUIlE and (b) no heat ex>nducticn in the axial di:recticn inside the fuel pin.

'Ibis 11Pdel has been nodified to acoount for the ncnlinear effects due to the

thennal Paraneters of the fuel and to the changes of the heat transfer ooeffi­

eient of the gap between fuel and eladding.

Fuel is located ooly in the core (zcne 1). The .Y:ray absorpticn in the struc­

tu.re materials pJ:.'Oduces heat which is transferred from the structure materials

to the coolant. Since these effects a:re of secondary irrportance, a simple Itmped

nodel has been used to deseribe the heat transfer prooess. 'Ibis approximaticn

is satisfactory beeause the teIrperature distributionwithin a structure material

is flat and the fractiooal energy absorbed small. Adj acent zones a:re linked

by means of boundary conditions of the ooolant flO'fl and of the ooolant tenpera­

tures at the interface.

'Ihe ~amie heat exchange in the radial directicn frorn the core and the lateral

plenum to the statie sodium between the core and the shroud 18 taken into acc:ount

by using the statie terrperatu.res as input Parameters. The statie and dynamie

heat propagation frorn the oore and the lateral plenum to the radial blanket is

neglected because in this region the dcminating heat transport is due to the

ooolant whidl. by-pagses the core.

3) Non linearities in the time dependent he.at transfer equations

The heat propagation calculations are cornplicated by the fact that the thenna­

dynamic paraneters such as the specific heat capacity "X1A" of the fuel; the

fuel thermal.conductivity "A 1A" and the heat transfer coefficient of the gap

between the fuel and the clad "h
1A

II are ternperature dePendent. The influence

of these effects at steady state is shc::wn in the Figures 4a and 4b. Fig.4a

ShONS the difference between the average fuel ternperature T1AM and the coolant

temperature 810 aB a function of the p(M7er density PD
1A

" Fig.4b ShONS the dif­

ference between T1AM and the fuel surface ternperature T1PS as a function of PD1A"

These curves have been obtained with A
1A

and h
1A

being analytical functions of T and
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PD1A• If ~A and h1A are constant these t.enperature differences beeone linear

functions of PD1A (indieated in Figs. 4a and 4b by Jreans of the dotted lines) •

'Ihe rather large deviations from linearity are due to the decrease of ~Awith

fuel temperatures and the inerease of h1A with reactor power. It is evident

therefore that for steady state calculations the temperature dependence of A

and h
1A

must be considered. In addition this dependence must also be considered

in the ease of the analysis of the oseillatory behaviour. If in fact constant

values of A1A and h1A are used, the oseillations would follow the dotted Une

instead of being tangent to the curve (Fig. 4a). Generally this makes a diffe­

rence which should not be neglected. It is ha.rever difficult to find an analy­

tieal solution of the dynamic heat transfer equations with terrperature depen­

dent heat transfer paraneters. 'Iherefore the following approach was followed.

First the steady state heat transfer equations were solved by assuming for A1A;

h 1A and X1A the following equations

A 1 1
1A (T) == C ='T-

1
AQ--r.:(T=-A--T='1-

AO
--"T")

2 3
(PD10)+~ (PD10) +A3 (PD10) +B1T1BO

R1
X1A == -i- J X(T)2r dr

R1 0

with

(II-1)

(II-2)

(II-3)

(II-4)

'Ihe paraneters e, TA; X1' X2 and X3 were abtained by fitting experimental results.

The coeffieientsAa, A1 , ~, A3 and B1 are also input data (see Appendix 2).

'Ihe tilre dependent heat transfer equatirns in the ease of srnall tenperatures

oseillations about an average value are then solved with the following assurrp­

tions:
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- 'Ihe average value X1A according to eq. (II-3) was used instead of X(T).

- A properly chosen effective value "Aeff
ll is used for A1A (see chapter III).

- The change of the gap heat transfer coefficient IIh
1A

" has been supposed to

be linearly dependent upon the changes of the linearly averaged tenperature

of the fuel and the cladding temperature •

4) Diagram of the feedback transfer functions

In Fig. 1 ooly a very schematic diagram of the feedback nodel and of the reacti­

vity input system is shown. 'Ihe overall transfer functions of this diagram are

however obtained frau many transfer functions describing the different physical

effects in the different regions of the reactor.

Fig. Sa and Sb give a detailed schematic diagram of the nodel with all transfer

functions and reactivity coefficients involved.

'Ihe following different cathegories of basic transfer functions are used in

the rrodel:

F(O) for material temperature changes due to power oscillations

G(o) for material temperature changes due to coolant tertperature
oscillations

v(o) for coolant tenperature changes due to pcMer oscillations

u(o) for coolant temperature changes due to coolant flCM oscillations

W(0) for coolant tenperature changes due to coolant terrperature
oscillations in a lCMer axial position

The norrenclature for the indices referring to the different zones and materials

are given in Fig. 2 and Appendix 1.

All these transfer functions are oonnalized to 1 for 0-+0 Le. they becorre 1 in

the limiting case of steady state oonditions.

'Ihe reactivity coefficients C (&-) account for feedback reactivities which are

associated to the average tenperature changes of the various materials in the

different zones. They are input data for the program.
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111) Mathematical Fundamentals*)

1) Heat Transfer from the Fuel to the Cladding

in Radial Direction

We consider the time dependent heat transfer parabolic

equation for the heat transfer within the fuel

(111-1)

Here the derivative of the enthalpy I with respect to the
dT1A

time is replaced by the product X1A~ where X1A denotes

an average thermal capacity, as explained later.

In cylindrical geometr~ by neglecting the heat transfer in

the axial direction)eq.III-1 becomes

by introducing the dimensionless radius y

becomes

(111-2)

r= -R--) eq. 1II-2
1BI

At steady state conditions eq.III-3 becomes

dT 1AO 2
1 d (A1AOY ') + R PD 1A = 0y dy dy 1BI

l~ )

All notations used in this paragraph are
explained in Appendix 1.

(111-3)

(111-4)
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were the subscript "0" indicates the steady state.

Integration of eq.111-4 gives

(111-5)

1f the temperature dependence of A1A is described by the

following function

= 1 1
C T1AO(TA-T1AO)

-Watt ­I-I
L 0­

cm K
(111-6)

1 + T 1ASO e~PD1AO(1-y2)
TA-T1ASO

with C and TA being constants J

one gets easily by integrating eq. (111-5)

(111-7)

where T1ASO is the surface temperature of the cylinder at

steady state conditions and

ql = (111-8)

The volume average temperature T 1AMO is given by

(111-9 )
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From eq. (111-7) and (111-9) one gets

~PD1AO [

T ~PD j
ln 1+ ~~SO (e 1AO_ 1 ) (111-10)

The central fuel temperature T1ACO results from eq. (111-7)

for r=O, i.e. y=O

T 1ACO = (111-11 )

Let us now consider the approximate solution of eq. (111-3)

in case of small oscillations.

This solution is obtained by putting in eq. (111-3)

A =
1A

= const (111-12)

The constant II Aeff ll denoting an effective thermal conductivity

is chosen by imposing some conditions which are specified below.

The constant II X 11 denotes the specific thermal capacity1A
averaged over the whole volume and is simply given by

= (1II-13)
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From eq. (111-7) one gets easily

2y dy = 1 (111-14)

Putting the relation (11-4) for x(T 1A) and eq. (111-14) in

eq. (111-13) and integrating one gets finally

T1ACO-T1ASO L---1 + T1ACO+T1ASO 7
T1ACO·T1ASO TA 2T1ACOT1ASO-

-Watt sec ­
L g oK _/

We write now eq. (111-3) with Aeff

(111-15)

= (111-16)

by introducing the radial time scale t 1A = (111-17)

and the dimensionless time T

eq. (111-1G) becomes

t= t 1A
(111-18)

o (111-19)

The boundary conditions associated to eq. (111-19) are

i)T
1A(------) = 0

i)y y=O
(no heat flux in the center) (111-20)

Aeff i)T 1A
R

1B1
(~) y=1 = h1AB(T1AS-T1B)

(continuous heat flux between
fuel surface and cladding)

(111-21)
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Considering small variations ßT 1A , ßT 1AS ' ßT 1B , ßPD 1A , ßh1AB
from the steady state conditions, eq. (111-19) and the associated

boundary conditions (111-20) and (111-21) become respectively

()LiT
1A aßT 1A

2 aßT 1A+ .1
R1B1 ßPD 1A - 02 + -- =

oy y ay A aTeff

(
oßT1A 0() ) =

y y=O

(111-22)

(111-23)

aßT1A(---) ~

ay y=1

R1BI
A
eff

L h1AB(ßT1AS-ßT1B)+ßh1AB(T1ASO-T1BO)_1

(111-24)

In the eqs.(III-22,23 and 24) the subscript "0" indicates

the values of the variables at steady state conditions.

Eg. (111-22) will be solved by means of the Laplace Trans~

formation. In the Laplace domain eqs. (111-22,23 and 24)

become respectively

,'e

(dßT ) = 0
dy y=O

(111-25)

(111-26)

,'f
dßT )

dy y=1

(111-27)

where s denotes the ind~pendent variable in the Laplace

domain and ",'f 11 indicates the operation of the Laplace

transformation. The solution of eq. (111-25) with the

associated boundary condition (111-26) is



=

12

2
R1BI ,~

tlPD + A Jo (y Y:S)SA
eff

10 1-'" (111-28)

'l'he constant "A" is calculated by using the boundary

condition (111-27). This gives

1 R1B1 * * * -
A = kJ

1
(N) A

eff
L h 1AB (tlT1AS-tlT1B) +tlh 1AB (T1ASO-T1BO)-/

(111-29)

From eq. (111-28 and 29) we get

(111-30)

For y=1 eq. (111-30) gives

1

1 + YZlST

-::
tlh R

1AB(T -T )+ 1 1B1 *
h 1AB 1ASO 1BO sZ(s) 2h1ABtlPD1A

(II1-31)

\"lhere Z(s) =

y =

---.
JO( )-8)

2 RJ 1 (r::~)

Aeff

(111-32)

(111-33)

With the two abbreviations

G (s) =s
1

1 + Z (~)
(111-34)



F s (s) =

13

1/sZ(s) = y1
S

L-1-G
s

(s_)7
1+y /Z (s)

(III-35)

eq. (III-31). becomes

(III-36)

*We calculate now ßT 1A from ~q. (III-28) by imposing the condition
,t: ~':

ßT 1A = ßT1AS for y=1. This gives

A =

l'(

ßT 1AS

JO(FS)
(III-37)

By putting eq. (III-37) into eq. (III-28)/ we get

(III-38)

Let us now consider the two average temperatures:

'1

* 2(ßT~(AdYßT 1AL = linear average temperature (111-39)

.J()
and

/}

l'( 2J6T~AYdYßT 1AM = volume average temperature (I1I-40)

c)

Taking into account eq. (I11-38), the eqs. (III-39 and 40)

become respectively
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+
i~

liT 1AS (111-41)

2
* R1BI 1 - * 1 *liT 1AM = L-1 - / liPD + liT

SA eff sZ(s)- 1A sZ(s) 1AS
(111-42)

In order to have the exact solution at steady state conditions

(s-,O) the two terms on the right side o~ each one of eqs.

(111-41 and 42) must be multiplied by properly chosen

coefficients ß
L

, a L , ß
M

and aM.By doing this eq. (111-41) and

(111-42) become

(111-43)

(111-44)

)'c
Let us now substitute liT 1AS in eqs. (111-43 and 44) by means

of eq. (111-36).

We get(by using

(111-45)
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ß '*
+ (T1ASO-T1BO) • (aMt8~ FM(S)ß~O

where

(111-46)

(111-47)

~ß~66~- -S1 J'a
L

L-1-G
L

(SL/+(ß
L

-a
L
· )

L + a L y lC

H (0)
1t L--_o---
2 2RZ(s)

8y 1. {ßM
s y

(111-48)

(111-49)

The width of the gap between the fuel and the cladding changes

with the linear average fuel temperature T
1AL

and with the

cladding temperature T1B • The resulting changes in the heat

transfer coefficient h 1AB can therefore be expressed by

=
(T1ASO-T1BO)

(111-50)

The parameters " g " and " n" are dimensionless coefficients,

which will be determined by steady state calculations.

Taking into account (III-50), eq. (III-45) becomes

(III-51)
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F 1AS (s) =
1 -

e:1-­6y

ß
L

+6ya
L

Gs (S)F 1AL (s)

1+e:aL Fs(s)
(111-61)

(IIl-62)

•(111-62)

(111-63)

1

(111-64)

The constant parameters K1AST ' K1ALT , K1AMT , K1ASP ' K1ALP '

K
1AMP

,y,e:, n, a L , a M, ß
L

, ßM can be calculated in principle

from the steady state conditions. But they are not all

independent.
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Let us start from the following expressions:

= 1 + n - e:K 1ALT (111-58)

K1AMT = aMK1AST

1 e:
(aL +

ßLK1ASP = - --)1+e:aL 6y

K1ALP
1

(aL +
ßL T1ASO-T1BO= 1+e:a~ 6y) T1ALO-T1BO

ß T1ASO-T1BO
K'AMP = L- M + aM K1ASP_18Y T'AMO-T'BO

From eqs. III-59 and III-53 we get

(111-52)

(1II-62)

(III-59)

(III-53)

(1II-61)

t = T1ASO-T1BO

T1ALO-T1BO
(III-65)

From eq. III-58 we get

n = K1AST - 1 + e:K 1ALT

From eqs. III~58 and III-52

and from eq. III-62 we get a M =
K1AMT
K1AST

(III-66)

(III-67)

(III-68)

By combining eqs. III-53 and III.65, we get
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(III-69)

Eq. (III-61) can be written as follows

Taking into account eq.III-69, eq.III-65 becomes

1-K1ASP
E: =

(III-70)

(III-71)

At this point we must decide how to choose "yn (e.g. >'eff).

Since the reactivity effects depend upon the volume average

temperature of the fuel T
1M1

, it seems logical to determine

this temperature most precisely. This means to impose the

condition

ß = 1M

With this condition eq.III-70 becomes

1 T1ASO - T1BO
y = 8 K1AMP(T1AMO-T1BO)-oMK1ASP(T1ASO-T1BO)

(III-72)

(III':'73)

Since analytical expressions for K1ALT and K1ALP are not

available the following approximations will be used

and

K1ALT
,..".

K1AMT (III-74)

From eqs.III-67, 1II-68 and III-74 it follows

(III-75)

(III-76)
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Taking into account eqs.111-75 and 111-76, eq.111-71 becomes

= (111-77)

2) Heat Transfer between Fuel and Coolant in Radial Direction

Fig.6 shows a block diagram of the electrical analogue for

the heat flux in radial direction from the fuel to the coolant

corresponding to the model of Fig.3a,b. The cladding is simulated

by its heat capacity (18

hASO -~13~
.6 W 1A8

A
I

1

ILl J.,AS

)
t

[rT~B

Fig.6 Model for the heat flow in radial direction from the
fuel surface to the coolant

The thermal resistances between the fuel and the coolant are the

thermal resistance of the cladding

= -cm °K ­
!. Watt / (1I1-78)
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the thermal resistanee between fuel and eladding

o-em K-
L Watt _I, (III-78 )

and the thermal resistanee bet\<reen eladding and eoolant

Ttl1BE = 1 = 1 o-em K-
L Watt I (III-79)

with the eladding to sodium heat transfer eoeffieient

~BE

Nu A1E
2 R1BE

- Watt ­
L 2 0 _I

em K
(III-80)

In this model we eonsider only the average eladding temperature

beeause the heat transfer time eonstant for the eladding is

small eompared to those of the fuel, the eoolant and the moderator.

In this ease W1B ean.be split into two equal parts, whieh are

added to WAB and WBC :

1
{

1 +
h 1A

R1BE-R1BI

R1BE+R1BI

(III-81)

W = 1 { 1 +1BE 1t NUA
1E

R1BE-R1BI

R1BE+R1BI

o-em K-
L Watt I (III-82)

with h 1AB = [-h
1

+
1A

R1BE-R1BI

R1BE+R1BI
L- Watt 7

2 0Kem
(III-83)
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With these resistances the average steady state fuel surface

temperature T1ASO is calculated from the average coolant

temperature 810 by the following equations:

T1ASO T1BO +
cx 1APo

W1AB= N1 ~

with cx 1AP
OT1BO = 810 + W1BEN1 L1

(III-84)

(III-85)

With reference to Fig.6 we can write the following equation

in the Laplace domain:

* *6T1B-68 1

, W1BE

(III-86)

l'c ic
Combing eq.III-86 with the relations for 6T 1AS ' 6h 1AB and

l'c
6T1AL namely the eqs.III-56, III-50 and III-51 and eliminating

* * *AT1AS ' 6h1AB and 6T 1AL from these equations, one gets

K1ASTG1AS (s) 7
W1AB -

(III-87)
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Introducing the symbols

A = (111-88)

eq.III-87 becomes

{seg.! (111-89)

=

(Il:I-90)

This can be written in the form

=

where

(111-91)

= {1+s
t1B

+ At 1A

-1

L1+n-"K1ALTG1AL(S)-K1ASTG1AS(SL7~

{

-1

= 1+s
t1B

+ AsyF (s) (1+T'))(i+~~E: G1AL (st7) (111-92)
t 1A s aLE:
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,'c
Inserting now ßT 1B from eq.III-91 into eq.111-57;qives

(11I-93)

where

(1I1-94)

(1I1-95)

(I11-96)

K1AMP(T1AMO-T1BO)F1AM(s)+K1AMT(T1BO-810)G1AM(S)F1B(S)
=

K1AMP(T1AMO-T1BO) + K1AMT(T1BO-810)

(III-97)

Taking into account eq.111-88 and 111-63, eqs.III-96 and 97

can be written in the form

K1AMP (III-98)

_ ß
M

_

LaMK1ASp+ay_/F1AM(s)+AK1AMTG1AM(s)F1B(s)

ßM
aMK1ASP + 8y + A K1AMT

(III-99)
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3) Heat Transport byMeans of the Coolant in Axial Direction

The heat transfer from the cladding to the coolant in radial

direction and by the coolant in axial direction is basically

treated in a similar way as described in /2/. The model

underlying this report is however more general in so far as

it takes into account also the heat exchange between the

coolant and the structure materials. In addition all new

results of the previous sections have to be.incorporated in

the heat balance for the coolant.

Assuming that the two structure materials (characterized by

the indices "C" and "D") have the same length as the fuel

rods and can be adequately associated to the coolant channel,

the heat conduction equation for the coolant is

T
1B

-8
1

T
1C

-8
1

T
1D

-8
1+ + =

W1BE W1CE W1DE

with

(III-100)

zx = L1
= axial coordinate This can be transformedinto

height of the cylindero

(III-101)

If we set

m1A l'

Ay
(III-102)
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we get

(III-103)

Considering the variation of the system from the stationary

conditions,the following symbols are introduced

ßV = v v- 0 (III-104)

The subscript "0" indicates the initial steady state condition

and I'ß" indicates the variation from the steady state condition.

From l' =
L1/ v
t 1A l' Vo ßV 1 '

get v 1 0 1we l' = - - = - - = l' -
L1/ vo v Vo Vo

l' 0=
0 t 1A

1 _1 (1+ßv)
I' = l' vo

0

Wi th this relations eq .(III-1 03) becomes

(III-105)

Performing the Laplace transformation and neglecting the

second order term ßV • a~a1 one gets
Vo aX
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(111-106)

Using the eq.III-91 and corresponding equations for 6T 1C and

6T 1D and the relation d:~ = (8130-8120)M(X) one gets

Using the relations

T1CO-810 =
Po(t1C

W1CEN1L1

T1DO-810 =
Po(t1D

W1DEN1L1

(111-108)

(111-109)

(111-110)

(111-111)

(111-112)

(111-113)

and with respect to frequency analysis s = jwt 1A = ot 1A
(i.e. 0 = jW)j the eq.111-107 can be transformed into
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A ( ) <X 1A <X 1C <X 1D
= L-u~oo +a,t1axF1B(O)+ä1 t1axF1C(O)+ä1 t1axF1D(ol7(8130-8120)

.M(X)6.: (III-114)

Eg. (III-114) can be written as follows

(III-115)

with the following abbreviations

(III-116)

Y1B(O) =

Y1C (o) =

m1A (1-G1B (o»

A t t1 0
yo 1A ax

t1axom1CF1C(o)

(III-117)

(III-118)

(III-119)

(III-120)

The eg. (III-115) is valid for all coolant channels. The specific

form of the functions y(o) and F(o) depends however on the

composition of different materials in a specific coolant

channel (see eqs. A-18 to A-21).
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IV) Numerical Calculations

Numerical calculations for test purposes have been performed

for the SEFOR-reactor /5/ because the oscillatory behaviour

of this reactor has been previously analyzed in detail.

In addition transfer functions have been calculated also for

the test reactor KNK /6/.

The type of transfer function which is of most interest depends

very much on the special objective of the analysis. Normally

the overall closed loop transfer function Gp(w) is required

especially with regard to problems of reactor stability.

However for special problems and experiments, e.g. noise

measurements or oscillator measurements, other transfer function

of this model have to be considered separately. Here only a few

numerical results are given especially to demonstrate the

influence of the nonlinearities on the results.

Differences between this model including the spatial dependence

of the heat transfer process and the so called "lumped modell!

have been pointed out in /1/ and /2/ and will not be discussed

here. All calculations referred to in this chapter take into

account the spatial dependence of the heat transfer process.

As an example, in Fig.7 plots of the fuel surface temperature

T1AS ' the average and the central fuel temperature (T 1AM and

T1AC respectively) in dependence of the reactor power are

given for SEFOR. This plot suggests that for 19 MW reactor

power the corrections for nonlinearities will become relatively

large.Therefore the correction coefficients K1AMP and K1ASP '

being equal 1 for a completely linear system, become relatively,
small (K 1AMP = 0.81, K1ASP = -0.076). The extremely small

value of K1ASP is due to to the fact that the fuel surface

temperature T1AS is almost independent of the power level

in this region (see FIg.7), because any temperature variation

caused by a nonstationary reactor power is almost completely

counterbalanced by a corresponding change of the fuel to

cladding heat transfer coefficient h 1A . If this change would
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not be taken into account, T1AS would increase with the

reactor power as indicated in Fiq.7 by the dotted line instead

of slightly decreasing. Therefore it can be expected that non­

linearities will have a big effect on the transfer function F 1AS
between the fuel surface temperature and the reactor power as

demonstrated in Fig.8. Here two calculations for the transfer

function ßT
1AS=.------=--T1ASO - T1BO

are compared one without taking into account the nonlinearities

due to A and h 1A and another one which corrects for these non­

linearities as described in the previous sections. The small

values at low frequencies for the latter one are in agreement

with the flat curve of T1AS in Fig.7. At higher frequencies

the two additive components determin1ng this trans.fer function,

namely the temperature change caused directly by a power­

variation and the addi tional temperature change caused hy a

power change through the gap coefficient, don't compensate as much

as at lower frequencies, because of their different time constants

and signs. This fact is the reason for the broad peak of the correc­

ted transfer function at w~0.1 sec-1 • The influence of the non­

linearities on the average fuel t~mperature T1AM and the transfer

function
ßT 1AM/r1AMO - T1BO)

ßp/Po

is smaller because A decreases and h 1A increases with increasing

power so that both nonlinearity effects partially compensate

each other. This fact is demonstrated in the Figures 7 and 9.

The overall feedback term in the power-reactivity transfer

function Gp(w) depends very much on the average fuel temperature.

Therefore the difference between two calculations of Gp(w),

one neglecting and one taking into account the nonlinearities

is also not very large as shown in Fig.10a and b.

These conderations show that the importancefor nonlinearity

corrections depends very much on the kind of transfer function
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where K1ALT

3T1ALO 1+n (111-52)= ( ) = <XL
3T1BO P=cost 1+e<XL

3T1ALO Po
K1ALP = ( ap )T • =

o 1B=const T1ALO-T1BO

1 T1ASO-T1BO
(<XL+

ßL (111-53)= 1+e<X L
• 6y)T1ALO-T1BO

G1AL (s) = (1+e:<X L)
GL (s)

(111-54)1+e<X LGL(s)

F 1AL (s) = (1+e:<X L)
FL (s)

(111-55)1+e:<X LGL (S)

Taking into account eqs. (111-50) and (111-51), eqs. (111-36)

and (111-46) become

,'c
fl: 1'( LiP (111-56)LiT 1AS = K1ASTG1AS(S) LiT1B+K1ASP(T1ASO-T1BO)F1AS (s) Po

,':
,': 1'( LiP

Li '1' 11\1\1. = K1AMTG1AM(s) LiT1B+K1AMP(T1AMO-T1BO)F1AM(s) (111-57)
Po

where

dT 1ASO 1+n-e:K1ALT (111-58)1<1AST = (aT )P=cons~ =
1BO

1<1 ASP
aT 1ASO Po

= (3P ) T • T rr
o 1B=const 1ASO- 1BO

(111-59)

G1AS (s) (111-60)
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which one is interested in. Also it depends strongly on the

design of the fuel pins i.e. on the ratio of the thermal

resistance within the fuel to the thermal resistance between

the fuel and the coolant /4/.

For the analysis of correlation measurements at the KNK, a

variety of transfer functions have been calculated for this

reactor.

The Fig~11a and b show two calculations for G~(w) = ~~~~
one with and one without nonlinearity corrections. The

difference between both calculations is about 30% at its

maximum.

Ä8 1 /).0 / (0 -0 )
Also for KNK the transfer functions W1 = Ä812 =u

13
- 13/).~/~30 210

with nonlinearity corrections are plotted in Fig.12.

The sinks of this transfer functions appear at the expected

frequencies wn ~ tiv .n. Sinks of this type are typical for

a model which actounts for heat transport in the axial direction

and have been also predicted by other authors /7/.

This phenomenon becomes quite obvious when no heat is exchanged

wlth the coolant. In this case the average coolant temperature

oscillation will be zero for certain frequencies of /).° 12 "
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FIG. Sb: TRANSFER FUNCTION OF FUEL SURFACE TEMPERATURE [SEFOR (19MW)]
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FlG.11 b: POWER-COOLANT FLOW TRANSFER FUNCTION [KNK (58 MW) ]
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V) Appendices

Appendix 1

Notations

For the temperatures, time constants, delays and all transfer

functions the following scheme of indices is used:

According to the list below, the first index is always a number

and indicates the zone. Two numbers indicate the boundary of

two zones. The subsequent capital letters refer to different

materials of the parts in each zone:

Zone 1:

Zone 2:

Zone 3:

Zone 4:

Core

Lower axial blanket

Upper axial blanket

Radial blanket

A Fuel
B Cladding
C 1st structure material
D 2nd 11 11

E coolant

} A structure material

E coolant

A 1st structure material
B 2nd 11 "
E coolant

11

Zone 5: Lower plenum A
B
E

85

1st structure material
2nd "
coolant
structure material
between lateral (8)
and lower plenum(~

Zone 6:

Zone 7:

Upper plenum

Static sodium between core
and shroud

E coolant

17 Material between
core (1) and static
sodium (7)

87 Material between zones
8 and 7

E coolant



Zone 8:

Zone 9:

Lateral plenum

Radial reflector
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E coolant

A structure material

The subscript "0" at variable parameters indicates the initial

steady state condition.

units

ßi delayed neutron fractionsa· =1 ß

A
W1BE T1BO-810

= =W1AB T1ASO-T1BO

Watt
cm2 oK

c

input parameters for ~he heat transfer
coefficient h 1A

reactivity correction coefficients

thermal heat capacity (with index for the
material and zone)

constant input ?arameter for A

cm
°K

cm4

Watt OK

cm?
Watt2 OK

Watt
cm2 OK2

Watt sec
cm OK

cm
Watt 0K

C1A ' C1B etc. reactivity coefficients



D(cr)

F(cr)

G (cr )

G~(cr)
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coolant temperature reactivity feedback
function

Transfer function between temperature
and power

Transfer function between power and
reactivity

Transfer function between material
temperatures and coolant temperature

Transfer function between power and
coolant flow

Transfer function between power and
coolant inlet temperature

Struve Function

units

lJ.P!p-r

lJ.P!p
--oK

11 li

j = n

heat transfer coefficient for the gap
between the fuel surface and the cladding

coefficient for the heat transfer from
the fuel surface to the cladding

Watt
cm2 oR

Watt
cm2 oR

Jo = Bessel Function

J1 = 11 11 1st order



K(o) zero power transfer function

core lenqth cm

1

l'

M (0)

prompt neutron lifetime

reactivity coolant flow transfer function

sec

m ratio of material thermal capacity to
coolant thermal capacity

N number of pins associated to a coolant channel

Nu Nusselt number
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N
u1

}Nu2 coefficients for Nusselt number

Nu3

units

P

Pe

Q(cr)

R(cr)

R

r

ROQ

ROS

ROM

ROR

S(cr)

S

s

total reactor power

fuel power density

Peclet Number

power feedback function at constant
coolant temperature

reactivity inlet temperature function

radius of cladding

radial coordinate within the fuel pin

change of reactivity caused by apower
variation at constant coolant temperature

change of reactivity caused by apower
variation through the coolant temperature

change of reactivity caused by
coolant flow variation

change of reactivity caused by
inlet temperature variation

reactivity power feedback through the
coolant temperature

cross section of a coolant channel

Laplace variable (for frequency analysis
s = jwt1A = crt 1A

Watt
cm:r

cm

cm

51
OK

4

2cm



T

t

U(o)

v (0 )

VOL

W(0 )

z
x = L1

y (0 )

z
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temperature of materials including
the fuel

input parameter for the calculation
of A

variable time

radial time scale for the fuel

axial time constant

cladding time constant

time delay between lower plenum and
lateral plenum

transfer function between coolant flow
and temperature

transfer function between power and
temperature

total fuel volume

transfer function between temperatures

dimensionless axial coordinate

transfer function

dimensionless radial coordinate

axial coordinate

units

sec

sec

sec

SE;!C

cm
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percentage of power

units

ß

y =

6

total fraction of delayed neutrons

delayed neutron fraction of group i

percentage of coolant flow in a channel

correction coefficients for nonlinearity
effec·ts

coefficient to calculate h 1AB

n 11 11 11

coolant temperature

~,Aeff thermal heat conductivity

Ai decay constant of delayed neutrons

p mass density

(J = jw = s/t1A

T = t/t1A = dimensionless variable for the time

(T1F = time constants for bowingLT 1G
2

'j = R1B~CTA

Watt
cm OR

1
sec

1
sec

3cm
Watt



x

w
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specific heat capacity

radiant frequency

units

Watt sec
g °R

1
sec
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Appendix 2

Calculation of the Constants----------------------------

This section contains a summary of all equations used in the

program to calculate different types of parameters which

appear in the output. In cases they are not evident or have

not been derived in sect.III, a short explanation is given.
26

1) Total percentage of delayed neutrons ß = ~ ß
i

-t=4

2) Total percentages of power

Core a 1 = a1A+a1C+a1D

Lower axial blanket a 2 = a 2A

Upper axial blanket a 3 = a 3A

Radial blanket a 4 = a 4A+a
4B

Radial reflector a g = agA

Total percentage a = a1+a2+a3+a4+a9

3) Coolant flow ~o = (a 1+a 2+a 3+a 4 )

4) Coolant temperatures

Core: outlet temperature

average temperature
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upper axial blanket:

outlet temperature

average temperature

lower axial blanket:

outlet temperature

average temperature

radial blanket:

outlet eoolant temperature

average eoolant temperature

8
40

=8 80
+ .!. (8460-880) (oK)

2

8
7

-8 8 1-a
17

a
87 = =8

10
-8

8

5) Parameters for the heat transfer ealeulations

r::otal fuel volume
2 3

VOL = N1L1R1BI1t (em )

Fuel density PD 10
Po (Natt)power = VOL

a
1A em3

A =
T1BO-810

T1ASO-T1BO

Peelet number Pe
lJ o Ö

1 2
X1E P1ER1BE

=
s1 N1 A

1E

Nusselt number Nu = NU 1 + NU 2
peNu3
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The gap coefficient h 1A for the heat transfer from the fuel

to the cladding depends primarily on the temperature of the

gap filling gas /4/ which is determined by the temperatures

of the fuel and the cladding. Therefore the heat transfer

coefficient is calculated by means of the following relation

The coefficients Ao ' A1 , A2 , A3 and B1 are input data and

have to be determined either on a theoretical basis /4/

or experimentally for instance by comparison of measured

and calculated fuel temperatures.

h 1AB =
Watt

20Kcm

+X 3 + T + X3 T1ACO-T1ASO L---1 + 1 T1ACO+T1ASO 7
X1A= X1 --.,. X2 1AMO :JJ. PD 10 T T T 2 T T

T~ 'J 1ACO' 1ASO A 1ACO' 1ASO-

/-~7att sec 7
L 0-

g K

6) Fuel and structure material temperatures

Core:

Fuel temperatures

Fuel surface temperature T1ASO = 1

A f 1 t t T TA ln [1+T~~SO(e j. (PD 10)-1J)
verage ue empera ure 1AMO = ~'PD10 J

Average cladding temperature

T1BO
= 8 +a 1APO ( R1BE-R1BI + 1

10 rtN 1L1 2A1B(R1BE+R1BI) A1ENU)

(OK)
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1st structure material,
average temperature:

2nd structure material.
average temperature:

average temperatures for T2AOlower axial blanket:

P

= 820 + (T2Ao-820)maXPm:x

P

= 830 + (T3Ao-830)maxPm:x

P
= 840 +~ (T4AO-840)max

Po
Pmax

Po
-P­

max

structure material cf
the radial blanket:

reflector:

radial blanket:

upper axial blanket:

7) Correction Coefficients for Nonlinearities in the Heat

Transfer Process from the Fuel to the Coolant

The following coefficients for non linear effects are calculated

from the derivatives of the steady state temperature relations.

For the fuel surface temperature:

=(dT1AS) P
K1ASP dP T -T

1i&~const 1ASO 1BO

For the average temperature:

K1AMT
dT1AMO d

= ( ) =
dT 1BO P=const dT 1B

1

T '" .1+ ~ASO(e
A



K1AMP
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aT 1AMO P
= ( ap )T

1B
=const· =T-1AM~O~-~T~1-B-O =

=

1 +

T1AMO

T1ASO I . PD 10
T (e -1)

A

K1AMT K1AMT

K1AMT
(XM = K1AST

(XL = (XM

Aeff 1
y = = 82h1ABR1BI

e: =
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8) Ratios of material thermal capacities to coolant thermal

capacities

(These parameters are used for the derivation of equ.A18-21)

Core:

Fuel

1st structure material

2nd structure material

lower axial blanket

upper axial blanket

radial blanket

9) Time constants and delays

Core:

X1AM1A
m1A =

N,L181P.rE~E

X1CM1Cm1C =
N, L, 818rE~E

m1D = X,DM1D
N1L18 1~E~E

X2AM2Am2A =
N1L18 18,E~E

X3AM3A
m3A =

N1L18 1~E~E

= X4AM4A
m4A NIf LI( 8~ P1E~E

= X4BM4B
m4B N'f L~ 8~ ~E~E

The fuel radial time saale t 1A is defined by

t 1A = 8 (thermal resistance of the fuel) (thermal capacity of
the fuel)

=
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Cladding time constant = t 1B = W1BE , 'f1B

~~!~1_~!~~_9~1~Y§_Qf_~h~_2QQ1~~~

In the t 1ax

L
1

S1 N1 (sec)core: =
61~o

In the lower axial L2blanket: t =
61~o S1 N1 (sec)

2ax

In the upper axial L3blanket: t = S1 N1 (sec)3ax 61~o

In the radial L4blanket: t =
(1-61)~o S4 N4 (sec)

4ax

time delay between lower plenum and lateral plenum

10) Reactivity correction coefficients

The reactivity correction coefficients account for non uniform

temperature changes along the coolant channel. In this case

the coolant channel is subdivided into smaller axial regions

for which an uniform temperature change can still be assumed.

This is demonstrated in Fig. 13 with n axial regions, each of

them being represented by an average temperature change l\Ti

and by its own reactivity coefficient (Xi (with l(Xi = Cn ) •

The total reactivity change becomes then a sum of n terms

+ •••••• + (X l\T
n n
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In the program, this sum is presented by the term CnB6T

1 It

J~ -
I.
I

llT,y L'I.
I I

I
'11 Y

L

AT - ~ 1ATdz
o

Fig.13 Subdivision of the axial coolant channel for
non uniform temperature changes along the channel.

B =
C 6T

n

This factor is an input parameter ~d has to be calculated

separately for each special case.

üf course for a uniform temperature change this correction

is not necessary because in this case we have

.•.• 6Tn = 6T and B
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Appendix 3

In this paragraph, the independent variable IIS~ in the Laplace

domain is replaced by s = jwt 1A = ot1A , with "0" becoming the

independent variable.

a) Summary of Equations

Heat conduction equations for radial heat transfer fram the

fuel to the coolant:

ßT 1A (0) = (A-1 )

R.

~T1AL(o) = ~f ~T1A (o)dr =

tJ

(A-2)

(A-3)

= e; (A-4 )

_ ßM ßP(o)
ßT 1AM (0) -aMF s (0) ßT1B (0) + (T1ASO-T1BO) (aM+8y )FM(0) Po

~h1AB(0)
- aM(T1ASO-T1BO)Fs(0) h

1AB
(A-5)
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(A-6)

(A-7)

(A-8 )

(A-9 )

(A-10)

(A-8 I )

(A-11 )

(A-1 2)

(A-1 3)

(A-14 )
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AT
3A

(G') t1P (A-15 )= G3A(~)4e2+(T3AO-030)F3A(~) -Po

L1 T4A (6') G4A (6),104+(T4AO-G40)F4A (~)
t1p

(A-1 6 )= Po

!J T4B (D) G4B (6)1.1 04+ (T4BO-040)F4B (6)
l1P

= -Po (A-1 6 ' )

L\T5A (6") = G
5A

(6)Ll8
5

L\T9A (0") (T
9A

-0
90

)F
9A

(G")
,1p

(A-1 7 )= . Po

Heat balance equations for the coolant channel

(A-18 )

(A-19 )

(A-20)

(A-21 )

The following equations for the coolant temperatures are

solutions of the equat. A-18 to A-21 as demonstrated in /2/.

Applying the notations of this paper they can be written

in the form:

(A-22)



51

Eguations for the Feedback

Power Feedback will constant coolant temperatures

(A-23)

(A-24)

(A-25)

(A-26)

(A-27)

(A-28)

(A-29)

(A-30)

(A-31 )



52

(cf: )

( ct )

(cI:)

( cf: )

Coolant temperature reactivity feedback functions

j)1=B1EC1E+B1BC1BG1B(O)+B1AC1AG1AM(O)K1~T+B1CC1CG1C(O)+B10C10G10(o)

( ef jaK)
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D1 BOG

ReactivitY_Power Feedback through the coolant temperature

8 3 = 03(a) {(0130-0130lV3(al+[(0130-0210lV13(al+

+ (0210-0aOlV21 (a)W13 (a]w3 (al)
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(<t )

Steady State Equations for the Feedback

For steady state condition (cr~O) the equations for the feedback

can be simplified because in this case all transfer functions

are equal to 1. They assume the following form:

Power Feedback with constant coolant temperatures

Q ((>,0)=
C1B(T1BO-810)+C1AK1AMP(T1AMO-810) ( 4: )1A

Q (6":<16
C1C(T1CO-810) (~ )1C

Q W.v)= C10(T100-810) (4- )10

Q (G':cI= Q1A+Q1C+Q1B ( 4 )1

Q (t':vJ= C2A(T2AO-820) ( 4- )2

Q.:rv)= C3A(T3AO-830) ( cf )

Q ~·oL C4A(T4AO-840) ( cf )4A -

Q (0:01_
C4B(T4BO-840) ( cf:)4B -

Qt v) = Q4A + Q4B ( f)
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Coolant Temperature-Reactivity Feedback

D1 (0=0)

D(o=O)
1BOF

D2 (0=0)

= B1EC1E+B1BC1B+B1AC1AK1AMT+B1CC1C+B1DC1D

= C D(o=O) C1~
1F 1BOG er

= C2E + C2A

( t/.loK)

(FlOK)

(~ lOK

11

D
3

(0=0) = C3E + C3A

D4 (0=0) = C4E + C4A + C4B

D5 (0=0) = C5A

D
17

(0=0) = C7E C1
17

Da7 (0=0) = C7EC1
a7

11

It

11

It

11

Reactivity-Power Feedback th~ough the Coolant Temperature

--8 1 (0=0) = D1 (810-8210)+D1 (D210-8ao)+D1BOF(8210-8ao)

+D1BOG(8130-8210) (1- )

8 2 (0=0) = D2(820-8ao) ( cf )

8
3

(0=0) = D3(830-8ao) (1 )

8 4 (0=0) = D4(840-8ao) (1 )

8
7

(0=0) = D17(810-8ao) ( rt )

8 (0=0) = 8 1 (0=0) +8 2 (0=0) +8 3 (0=0) +8 4 (0=0) +8 7 (0=0) (1)



56

Reactivity-Coolant Flow Functions

M2 (0=0) = -°2 (0=0) (8 20-8 80)

M3 (0=0) = -°3 (0=0) (8 30-8 80 )

M4 (0=0) = -°4 (0=0) (8 40-8 80 )

M7 (0=0) = -°17 (0::;;0) (8 10-8 80)

"

"

"

Reactivity-Inlet Temperature Functions

R1 (0=0) = 01 (0=0) + 01 BOG (0=0) (.1.-)
°R

R2 (0=0) = 02 (0=0) "

R3 (0=0) = ° 3 (0=0) "

R4 (0=0) = 04 (0=0) "

RS(O=O) = °S(o=O) "

R7 (0=0) = ° 87 (0=0) + ° 17 (0=0) "

R8 (O=0) = C8E

R = R1+R2+R3+R4+RS+R7+R8 "
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Equations for Steady State Reactivity Changes

The steady state reactivity changes caused by changes either

of the power, the coolant temperature, the coolant flow or

the coolant inlet temperature with reference to a steady

state level denoted by N=1 are calculated according to the
*)following relations.

Power induced reactivity changes with constant coolant

temperature

ROQ1AN = Q1A (0 =0) _7N - Q1A(0=ol/1 ( cf )

ROQ1CN = Q1C(0=0)_/N - Q1c(0=ol/1 ( 4: )

ROQ1DN = Q1D(0=0)_/N - Q1D(0=ol/1 ( cf )

ROQ2N = Q2 (0=0) -IN - Q (0=ol/1 ( l' )2

ROQ3N = Q3 (0=0) -IN - Q3 (0=Ol/1 ( cf )

R004AN = Q4A(0=0)_/N - °4A(0=Ol/1 ( <1' )

ROQ4BN = Q4B(0=0)_/N - Q4B(0=Ol/1 (cf )

ROQ4N = ROQ4AN+ ROQ 4BN ( cf )

ROQ9N = 0 9 (0=0) -IN - 0 (0=Ol/1 ( cf )9

ROQN = QN (0=0)_7N - Q(0=0)7 ( si )- 1

*)These equations do however not account for changes of

the reactivity-coefficients when the power or the

temperatures changes.
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Reactivity changes caused by changes of the coolant flow

ROM1 N = M1 (O=Ol/N - M1 (0=Ol/1 (4)

ROM2N = M2 (0=Ol/N - M2 (0=Ol/1 (cf- )

ROM4N = M4 (0=Ol/N - M4 (0=Ol7 1 (4 )

ROM7N = M7 (0=ol/N - M7 (0=ol7 1 ( cf)

RO~ = M(o=ol/N - M(o=O)/ (cf )- 1

Inlet temperature reactivities

ROR1 = D1 (o=Ol/N 8SN - D1 (0=ol/1 8S 1 (4)

ROR 2 = D2 (0=ol/N 8S - D2 (0=ol/1 8S 1 ( <t )N

ROR 3 = D3 (o=Ol/N 8S - D3 (0=ol/1 8S 1 (i)N
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ROR4 = D4 (a=Ol/N 8a - D4 (a=ol/1 8a1 (1 )N

ROR5 = D5 (a=ol/N 8aN - D5 (a=ol/1 8a1 rrt)

ROR7 = LDa7 (a=O)+D 17 (a=ol/N8aN - LDa7(a=O)+D17(a=ol/18a1 (t/-)

RORa = CaE(8aN - 8a1) rtt)

ROR = R (a=Ol7N 8aN - R(a=Ol/1 8a ((/)
1

b) Summary of Important Transfer Functions

Reactivity power transfer function without feedback for

point reactor kinetics 131

K(a) = I1p/p =
p

1 -%Power­
100 L cent-I

Thermodynamic Basic Functions

z (~) =

G (a) =s

F s (6')

1
Y

1 + ZTäT

1/t1Aaz(a)
= 1+y 7z (a) =

G (a)s

[

H (7 -at ..,) ]
= G (a ) 1-~ L- 0 1A + H1 ( 7-a t 1~ )

s 2 27-(Jt1~Z(J)
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G1AM (0) FS(O)
1+taL

FS(o)
G1AS (0)

= 1+aLtGL (0) = Gs(o)

4 aME: 1+6ya L Fs (0)F 1AL (0)
1-- (1+8ya

M
) FM(O)

F 1AM (O) FM (0)
3 1+a Lt

= 4 1+6yaL aMt
1-"j"(1+8ya ) 1+aLE:M

-1

G1B (0)
[ _ aLE

G1ALla17}= 1+ot1B+Aot1AyFs (0) (1+n) L1- 1+
aL

E:
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Y4(a) = at 4ax + Y4A(a) = at4 (1+m4AF4A(a)+m4BF4B(a))ax

F1 (a)
cx 1A F1B (a) +

cx 1C F1C (a) +
cx 1D F1D (a)= --cx 1 cx 1 cx 1

F2 (a) = F2A (a)

F3 (a) = F 3A (a)

F4 (a)
cx 4A F4A (a) +

cx 4B F4B (a)= -cx 4 cx 4

For the transfer functions relating the temperatures of the

structure materials tothe coolant temperatures and to the

power (G(o) and F(o) respectively~ the lumped model is

applied. In this case they assume the following simple

form /2/:
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F1C (0) G1C (0) 1= = 1+0T 1C

F 1D (0) G1D (0) 1= = 1+0T 1D

F 2A (0) G2A (0) 1= = 1+0T 2A

F3A (0) G3A (0) 1= = 1+0T 3A

F4A (0) G4A (0) 1= = 1+0T 4A

F 4B (0) G4B (0) 1= = 1+aT 4B

F9A (a) 1= 1+0T 9A

G
17

(a) 1= 1+0T 17

G87 (0) 1= 1+crT 87

GSA(cr)
1= 1+0T SA

The transfer functions

W(a) between coolant temperatures of different axial regions

U(cr) between coolant temperatures and the flow

V(a) between coolant temperatures and the power

have been derived in /2/. According to the notations of

this paper they are given by
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-y1 (0) 1-e
-y1 (0)

W13 (0) = e U13 (0) =
Y1 (0)

-Y2(0) 1-e
-Y2(0)

W21 (0) = e U21 (0) =
Y2(0)

-Y3(0) 1-e
-Y3(0)

W36 (0) = e U36 (0) =
Y3(0)

-Y4(0) 1-e
-Y4(0)

''1 46 (0) = e U46 (0) =
Y4(0)

=

=

=

= U46 (0)F4 (0)

=

=

=

=

e-oT85
= 1+0T85

U1 (0) =

=

v1 (0) =

=
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=

= V4 (0)

Reactivity-Coolant Flow Functions

M3 = - D3 (0) {(830-8130)U3(0)+L18130-8210)U13(0)+

+ (8210-880) U21 (0)W13 (017~13 (0))

"

11

11
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Reactivity-Inlet Temperature Functions

R1 (0) = W5 (0) W21 (0) W1 (0) D1 (0) +D 1BOG (0) Ws (0) W21 (0)

+ D1 BOF LW13(0)-1/Ws(0)W21 (0) (.!f.)
°K

R2 (0) = WS (0)W2 (0)D 2 (0) "

R3 (0) = Ws (0)W21 (0)W13 (0)W3 (cr) D3 (0) "

R4 (0) = WS (0)W4 (0)D4 (0) "

RS(cr) = WS(O)DS(O) "

R7 (0) = DS7(cr)+D17(0)WS(0)W21 (0)W1 (0) "

RS(O) = CSE

R(o) = R1 (0) +R2 (0) +R3 (0) +R4 (0) +RS (0) +R7 (0) +RS (0) "

cLosed Loop Transfer Functions

Gb(o) = K(o) (~P/P)
1+K(0)Q(0) <f:;

Gp(o) = K(o)
"1+K(0)LQ(0)+S(oL/

G (0) = Gp (0) M(0) (~p /p)
lJ ~ll/ll

Ge(cr) = Gp(o)R(o) (llP/P)
lieS
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4) Deseription of the Program with Input and Output lists

The program "HETRA" has been written in order to ealeulate

all transfer funetions listed in Appendix 3.

HETRA has been included in the INR Program library NUSYS

and ean be ealled by the following eontrol eards:

lj EXEC FHG, LIB = NDSYS, NAME = HETRA

One run with 50 frequenees takes about 30 see ealeulation

time with the IBM 370/165 (the peripherie time is negligible)

and uses 300 k bytes in the storage.

Main:

CACO:

SCCA:

ZSIG:

reads and prints the input data

ealeulates all funetions whieh are used for the

dynamie problem

regulates the output for the funetions required.

Caleulates from the input data the eonstant

parameters whieh are used for both the steady

state ealeulations and the transfer funetions

(see Appendix 2).

performs the steady state ealeulations and prints

the eorresponding results in form of tables

Caleulates the Bessel Funetions appearing in

eq.III-32 by using the routines GEBCB of the

KFZ library.

For arguments with absolute values bigger than

100, the Funetion Z(o) is approximated by the

asymptotie expansion /1/

11 +0. 25at1Ai
Z (0) =

ot1A
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Calculates with double precision the exponent of a

complex number and transforms the result to single

precision.

Calculates with double precision the functions

W(o), U(o) and V(o) and transforms the results

to single precision.

Calculates the Struve Functions Ho(O) and H1 (0)

appearing in eqs. III-41, 47 and 48

For arguments with absolute values smaller than

13 the power series expansion is used:

i [~2 -
3 0 5

}Ho(o)
0 += - . ~ r .... r- ............

1 2 3 2 1 2 3 2 52

2{ 0
2 4 0 6

52 7 - ,., .... }H1 (0) 0 +=it 123-
1 2 3 2 5 1 2 3 2

For bigger arguments the following approximation

is applied:

HO(r-ot1~)

2r-ot1~Z(0)

BILD: For printing the reactor configuration. Always one

out of 3 pictures can be chosen by an input card:

These are sch~matic configurations of KNK, SNR and

SEFOR. In case any other name appears on this input

card, always the configuration of the SNR will be

printed.
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To print the tubles of complex functions in

dependence of the frequency w in the following

form:

real part, imaginary part, modulus and phase.

If requested, the plot program will be called

for p~otting modulus and phase of the corres­

ponding function.

The following functions are always printed

as a standard output: K{o), Z{o), Gs{o), GL{o),

Q (o), S (0), M(o), R (o), Go (0), Gp (o), GlJ (o) •
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Input Preparation

Card format variable significance/remarks units

1.1 20 A4 REAKT name of reactor (SNR, KNK, SEFOR -
TITLE

2. 1 Nuclear data

G10.4 L prompt neutron lifetime sec

15 NI number of isotopes (max. 6) -

2.2 Fuel composition

A8 NISOT name of isotope -

Parameters of isotopes

2.3 8G10.4 BETA (I) percentage of delayed neutrons -
in group I

LAMBDA (I) decay constant of delayed neutrons -1in group I sec

1=1 ,6 (max. 6 groups)
for each isotope repeat cards
2.2 and 2.3

3 . 1 Program control

15 NPAR 0 no steady state calculations -
)0 11 " " with -

NPAR-groups of parameters (see
card 16)

4 . 1 Core geometry

L1 Core length cm

6G10.4 N1 number of fuel pins -
S1 coolant cross section associated 2to a fuel pin cm

DEL1 coolant flow percentage in core:61 -
R1BI inner fuel cladding radius cm

R1BE outer " " " cm
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unitsCard format I variable I significance/remarks !
----;------1-------1--------------------'----

4.2 Core FUEL

6G10.4 M1A

CH1

total mass of fuel

coefficient for specific heat
capacity X1

g

Wattsec
°K g

CH2 coefficient for specific heat
capacity X2

CH3 coefficient for specific heat wattsecoK3
capacity X3 g

TA

C

coefficient for thermal
conductivity A

coefficient for thermal
conductivity A cm

Watt 0K

4.3 7G10.4 AO

A1

A2

A3

coefficients to calculate the

~ heat transfer coefficient

between fuel and cladding

Watt
cm2 oK

cm
°K
cm4

Watt 0K

cm7
Watt20K

B1 Watt
cm2 OK2

ALFA1A

CIAMT

percentage of power produced
in the fuel 'I
if 0, than KIAMP, KIAMT,KIAST
KIASP is calculated

if 1, than KIAMP, KIAMT,KIAST
KIASP is equal 1

4.4 CORE CLADDING

3G10.4 R01B mass density 81B g/cm3

CHI1B specific heat capacity X1B
Wattsec

OK g

LAM1B thermal conductivi ty A1B
Watt

cm OK
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significance/remarks I units

4.5

5G10.4 M1C

CHI1C

material No.1 of core structure

total mass M1C

specific heat capacity X1C

g

~att sec
oR g

4.6

5G10.4

TAU1C

ALF1C

T1COM

M1D

time constant for heat transfer

percentage of power released Q1C

maximum difference between average
core structure temperature and
coolant temperature

(T 1CO - 8 10 )max

material No.2 of core structure

total mass M1D

sec

g

CHI1D

TAU1D

ALF1D

specific heat capacity X1D

time constant for heat transfer

"1 D

percentage of power released Q1D

~att sec
OR g

sec

5.1

I
T1DOM maximum difference between average

core structure temperature and
coolant temperature

(T 1DO - 8 10 )max

time constants for bowing coefficients

6 •

2G10.4

6G10.4

TAU1F

TAU1G

ROE

CHE

LAME

time constant related to coolant
inlet temperature "1F

time constant related to coolant
temperature rise "1G

Coolant

mass density ~E

specific heat capacity ~E

thermal conductivity ~E

sec

sec

Watt sec
OR g

\Tatt
cm OR
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Card format variable significance/remarks units

NU1 -
NU2 coefficients for Nusselt number -
NU3 -

7. reactivity coefficients

7G10.4 C1A for fuel C1A
dloK

C1B for cladding C1B
<FloK

I
C1E for coolant C1E

<tloK
C1C for structure material No.1 C1C

et:loK
C1D 11 11 11 11 2 C1D

<:tloK
C1F I bowing coefficient for coolant

I inlet temperature C1F
c/:loK

C1G bowing coefficient for coolant
temperature rise C1G

cfloK

8. reactivity correction coefficients

5G10.4 B1A

I
for fuel -

B1B for cladding -
B1C for structure material No.1 -
B1D 11 11 11 No.2 -
B1E for coolant -

9.1 lower axial blanket

8G10.4 L2 length L2. cm

M2A mass M2A g

ICH2A specific heat capacity Watt sec, X2A g °K

TAU2A time constant for heat transfer
T

2A
sec

C2A blanket reactivity coefficient
<:IIoKC2A

C2E coolant reactivity coefficient
C2E

<tloK

ALF2A percentage of power (X2A -
, T2AM maximum difference between

average blanket
temperature and coolant tem-

°Kperature (T 2AO - 8 20 )max
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format I variablei significance/remarks

upper axial blanket

I units

10.1

8G10.4

3G10.4

L3

M3A

CH3A

TAU3A

C3A

C3E

ALF3A

T3AM

L4

N4

84

length L
3

mass M3A

specific heat capacity X3A

time constant for heat
transfer T

3A

blanket reactivity coefficient
C 3A

coolant reactivity coefficient
C 3E

percentage of power a 3A

maximum difference between
average blanket

temperature and coolant tem­
perature (T 3AO - 8 30)max

Radial blanket: Geometry

length L4

number of pins N4

coolant cross section associated
to one pin 8 4

cm

g

Watt sec
g OK

sec

cm

2cm

10.2

6G10.4 M4A

CH4A

radial blanket: Material parameter

mass M4A

specific heat capacity X4A

g

Watt sec
OK g

TAU4A

C4A

ALF4A

T4AM

time constant for heat transfer
T 4A

reactivity coefficient C4A

percentage of power released a 4A

maximum difference between average
blanket temperature and coolant
temperature~ (T 4AO - 8 40)max

sec
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format I Variabl~1 significance/remarks Junits

radial blanket: structure material
and coolant

11.

7G10.4 M4B

CH4B

TAU4B

C4B

ALF4B

T4BM

C4E

mass M4B

specific heat capacity X4B

time constant for heat transfer
't'4B

reactivity coefficient C4B

percentage of power released
<X 4B

maximum difference between
average structure material
temperatureand coolant tem­
perature (T 4BO - 840)max

coolant reactivity coefficient

Lower and lateral plenums

g

watt sec
oR g

sec

12.

7G10.4

4G10.4

T85M

TAU85

TAU5A

C8E

C5E

C5A

TET80

C7E

ALF17

maximum time delay between lower
and lateral plenum t 85

heat transfer time constant for
the materials in the lateral and
lower plenums 18s-
time constant for the heat transfer
from the grid plate t 5A

coolant reactivity coefficient
in the lateral plenum

coolant reactivity coefficient
in the lower plenum

grid plate reactivity coefficient

coolant temperature in the lateral
plenum 880

static sodium between core and shroud

sodium reactivity coefficient C7E
Difference between average core
coolant and static sodium tem­
perature devided by difference
between average core coolant and
lateral plenum tempe~ature = a 17

sec

sec

sec



Card

13.

format variable

TAU17

TAU18
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significance/remarks

heat transfer time constant
for the material between core
and static sodium = T 17

heat transfer time constant
for the material between lateral
plenum and static sodium = T 18

Reflector

units

sec

sec

14.

15.

5G10.4 T9AM

TAU9A

C9A

ALF9A

TET90

2G10.4 PMAX

NUMAX

maximum temperature difference
between reflector and coolant
(T9AO - 8 90)max

time constant for the heat
transfer T 9A

reactivity coefficient C9A

percentage of power released a
9A

average coolant temperature 890

Reactor Parameter

maximum total power Pmax

maximum coolant flow ~max

Program control

sec

Watt

cm3/sec

2I5 N =0 if no dynamic
are required

calculations

!
i JAPLOT

I

>0 number of frequency values
for dynamic calculations
(maximum of 80 frequencies,
see eard 18)

o no plot required

1 plot required

16. Parameters for steady state calculations. This card
is to repeat NPAR-times

4G10.4 TET80

TET90

NU

PO

coolant temperature of the
lateral plenum (inlet coolant
temperature) 8 80

average coolant temperature 8 90

total coolant flow f
total reactor power Po Watt

__ .~......I- .-l~ -!- ---L. ._
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Card format I variable I significance/remarks I units

17. Reactor parameters, only if no steady state
calculation is required

2G10.4 PO total reactor power Po Watt

TET60 coolant temperature of upper
plenum a60

°R

18. Frequencies for transfer functions

8G10.4 OMEGA (I) values for radiant frequencies w -1sec

I=1,N

20 END of INPUT

empty card, if standard output is requested. -
In case more transfer functions are requested in the

output the foliowing cards must be used and card 20

follows at the end.
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~'(

Card format NAME functions listed in the output

19. 1 4A8 BA8IC--- F s ~ FM~ FL~ G1AL ; F1AL~ G1A8~ F 1A8 ;

G1B~ F1B~ G1AM~ F1AM~ G1AM~ F1AM~

Y1B~ Y1 ~ F 1 ;

-G1C---- G1C~ G1D

-Y1C---- Y1C~ Y1D

-W1B---- W13~ U13~ V13~ U1 ~ V1

19.2 2A8 -G2A---- G2A~ Y2~ W21~ U21~ Y21 ~ U2~ V2

-G3A---- G3A~ Y3~ W36~ U36~ V31 ~ U3~ V3

19.3 A4 -G4A. G4A~ G4B~ F 4 ~ Y4A~ Y4B~ Y4~ W46~ U46~

V46~ u4 ; V4~

19.4 3A4 -G 17 G17~ G87~

--W5 W5~ G5A~

-F9A F9A

19.5 A4 ---Q Q1 ~ Q2~ Q3~ Q4~ Q9~

19.6 A4 ---D D1 ~ o;~ D2~ D3 ; D4~ D5 ; D17~ D87

D1BOF~ D1 BOG

19.7 A4 ---8 8 1 ~ 82~ 83~ 8 4 ; 87~

19.8 A4 ---M M1 ~ M2~ M3 ; M4~ M7~

19.9 A4 ---R R1 ~ R2 ; R3~ R4 ~ R5~ R7

19.10 A4 KQ+8 K(a)'Q(a)

K(a).8(a)

K(a) 'LQ(a)+8(all

,'(
the sign I_i means blanc
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INPUT LIST

KNK
2.540E-05 1

U235
0.253E-03 .01242 1.477E-3 .0305 1.342E-03 .1113 2.939E-03 .301
1.019E-031.136 .234E-033.01

14
105. 2904.0 0.72 0.925 0.435 0.475

1 .900E 06 0.29 3.16E-05 -9.12E 02 5.450E 03 6. 750E- Ob
50. O. o. o. o. 0.978 1.
7.84 0.52 0.197
1.27E 06 0.69 13.5 O. Oll 15.
o. O. O. o. O.
O. O.

0.838 1.29 0.727 2.3 0.322 0.5
-.118 .0062 0.0826 0.69 O. O. O.
o. 1. 1. 1. 1.
O. O. o. o. O. O. O. O.
o. O. o. O. o. O. O. O.

105. 2904. 0.76
1.3 E06 0.69 13.5 0.69 0.011 15.

O. O. O. O. O. O. 0.0826
0.5 1. 40. O. O. O. 620.
O. O. O. O.
10. lO. O. O. 620.
5.80E07 2.80E05
12

620. 620. 1.89E05 0.5E06
620. 620. l.89E05 1.0E06
620. 620. 1.89E05 5.0E06
620. 620. 1.89E05 10.0E06
620. 620. 1. 89E 05 15.0E06
620. 620. 1.89E05 20.0E06
620. 620. 1.89E05 25.0E06
620. 620. 1.89E05 35. OE 06
620. 620. l.89E05 40.0E06
620. 620. 1.89E05 45.0E06
620. 620. i .89E05 50.0E06
620. 620. 1.89E05 55.0E06
b 20. 620. 1.89E05 60.0E06
620. 620. 1.89E05 90.0E06

0.01 0.392 0.785 1.13 1.57 2.45 3.73 5.00
6.16 7.41 9.22 17.68

CONTROL CAROS

1/ •••••••• JOB .
11 EXEC FHG,LIB=NUSYS,NAME=HETRA
IIG.FT07FOOl 00 SYSOUT=P *FOR PLOT ONLV*
IIGO.SYSIN 00 *

CLASS=A,TIME=1,REGION=300K
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KNK

.**************** OUTPUT LIST

• *.6*
· *.********************************
• * * *
• 3 * * *
· * * *.**************** * *

* * *
· * * *• * * >l'

• * * *
· * * *
• * * *
• * * *
• 1 * 7 * 9 *
· * * *
· * * *
· * * *
• * * *
· * * *
· * * *· * * *
· * * *.**************** * *
• * * *
• 2 * * *
· * * *.********************************
• * *
.5* 8 *
· * *.********************************

1 - COR E
2 - lOWER AXIAL BLANKET
3 - UPPER AXIAL BLANKET
4 - NONE
5 - LOWER PLENUM
6 - UPPER PLENUM
7 - STATle SODIUM BETWEEN VESSEL AND SHROUD
8 - LATERAL PLENUM
9 - RADIAL REFLEKTOR
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***************************************************************************:
II\PUT DATII

***************************************************************************:

1. NUCLI:AR OATA

I SOTCP U235

GROUP BETA L At-" ED A( 11 SEC) AI= BETA I1BETA

1 2.5300006E~04 1. 2419999E-02 3.4829341E-C2
2 1.4770001 E-ü3 3.0499998E-02 2.0333171E-G1
3 1.3420000 E-' 03 1. 1129999E-0 1 1.8474686E-Ol
4 2.9390000 E- 03 3.0100000E-Ol 4.0459841E-Ol
!) 1.019000lE-03 1.1359997E+OO 1.4C28C96E-Cl
6 2.3400001 E- 04 3.0100002E+OO 3.2213692E-02

PRGMPT NEUTRON LlfETIME L(SEC)= 2.54COCOE-05

8 ETA=

2. ZONE 1: CORE

A. Gi:UMETRY

LENGTH (CM)
NUMBER OF FUEL PINS
COCLANT CRUSSS~CTIGN ASSOCIATED TO A FUEL PIN (CM**2)
COOLANT FLOW PERCENTAGE IN GORE
INNER FUEL CLACDINE RACIUS (CM)
GUTER FUEL CLADDING RADIUS (CM)

INPUT ERROR NR. 3

B. FUE L

LI= 105.00000
Ni= 2904
51= 0.72000
DEL TAl= 0.92500
RIBI= 0.43500
R1BE= 0.47500

TOTAL MASS OF FUEL (GR)

SPECIFIC HEAT CAPACITY CCEFFICIENTS:

MA= 1.900000E+06

CHII (WATT SEC 1 K G) =
CH12 (WATT SEC 1 K**2 G) =
CHI3 (wATT SEC K**3 1 G) =

2.900000E-Cl
3. 15 9 999 E- C5

-9.120000E+02

THERMAL CONOUCTIVITY(hAIT/CM K):
TA(K) = 5.45000CE+03
C(CM/WATT K) = 6.750COCE-06

FUEL/CLACDING HEAT TRANSfER
AO(wATT/CM**2 K) =
AICGM/K) =
AZ(CM**4/wATT K)=
A3(CM**7/WATT**2 K)=
8 1 ( Vi AT T1GM K) =

PERCENTAGE Of POwER ALFAIA

c. CLAOCING

COEFFICIEf'lT:
5.0000COE+Oi
0.0
0.0
0.0
0.0

= 9.7800COf-Ol

DEI\SIT'Y (GR/CM**3)
SPECIFIC HEAT CAPACITY (wATT SEC/K GR)

ROIB= 7.84000
CHIlB= 0.52000
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THER~AL eONDUCTIVITY (WATT/CM K)

D. CORE STRUCTURE 1ST MATERIAL

LAMBDAI B= 0.19700

TOTAL MASS (GR)
SPECIFIC HEAT CAPACITY (wATT SEC/K GR)
TIME CONSTANT ($bC)
PERCENTAGE OF POWER
(Tlea - TETAI0)MAX=

E. eORF STRUCTUR~ 2ND MATERIAL

TOTAL MASS (GR.)
SPECIFIC HEAT CAPACITY (wATT SEC/K GRI
TI~E CONSTANT (StC)
PERCbNTAGE OF PUWlR
(TI00 - lETAI0)MAX=

TIME CC~STANTS FOR BOWl~G EFFECTS:
CORE COOLANT INLET lEMPERATURE (SECI
eORE COOLANT TEMPERATURE RISE (SEC)

F. (UOLANT

DENSITY (GR/CM**31
SPECIFIC HEAT CAPACITY (WATT SEC/K GR)
THERMAL CONDUCTIVITY (wATT/CM K)
NUSSfLl NUMBER COEFFICIENTS:

G. REACTIVITY COEFFICIENTS:

M1C= 1.270000E+06
CHIIB= 0.69000
TAUIC= 13.50000
ALFAIC= 0.01100
15.00000

MID= 0.0
CHI10= 0.0
TAUID= 0.0

ALFAID= .0.0
0.0

TAUF= 0.0
TAUIG= 0.0

ROE= 0.83800
CHrE= 1.29000
LAMBDAE= 0.727CO
NU1= 2.30000
NU2= 0.32200
NU3= 0.50000

FUEL (CII<) CIA= -1.180000f~OI

CLAOOING (C/K) C1B= 6.200001f-03
CO CLAN T (CI K) Cl E= 8. 2599998E- ( 2
STRUCTURE FIRST MATERIAL (C/K) e1(= 6.900000f-Ol
STRUCTURE SECONO MATERIAL (e/K) C10= 0.0
BOhING CCEFFICIENT/CM COOLANT INLfT lfMPERATURE (C/K) elf= 0.0
BOWING COEFFICIENT/CM eORE COOLANT TEMPE~ATUPE RISE(C/K) elG= 0.0

H. REACTIVITY CORRECTION COEFFICIEN1S:

FUEL (C/K)
CLADOING (C/K)
CGOLANT (C/K)
STRUCTUkE FIRST MATERI~L (C/K)
STRUCTURE SfCUNO MATERIAL (C/K)

3. ZONE 2: LGWEk ~XIAL BLANKET

BIA=
B18=
BiE=
81(=
BI0=

0.0
1.0000COE+00
1.0C'OOOOF.+OO
1.000000f+00
1.000000f+üO

LENGTH (CM)
MASS (G)
SPECIFIC HEAT CAPACITY (WATT SEC/G K)

TltJ.E COI\STANl (SfC)
BLANKET k~ACTIVITY CUEfFICIENT (C/K)
(GOLANT REACTIVITY COEFFICIENT (C/K)
PERCENTAGE OF POWER
MAXIMAL CIFFERENCE BfT~EEN BLANKET ANO CCOLtNT AVERAGE

4. ZONE 3: UPPER AXIAL BLANKET
---~--~~-------~~--~--~---------

LENGTH (CM)
MASS (GI

L 2= 0.0
M2A= 0.0
CHI2A= 0.0
TAU2A= 0.0
C2A= 0.0
C2E= 0.0
AlFA2A= 0.0
TEMPERATURE (Kl

L 3= 0.0
M3A= 0.0

() ",..... ~ \..1
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SPECIFIC HEAT CAPACITY (~ATT SEC/G K)
TIME CONSTANT (SEC)
BLANKET REACTIVITY COEFFICIENT (C/K)
CGOLANT REACTIVITY COEFFICIENT (C/K)
PERCENTAGE OF POWER
MAXIMAL CIFFERENCE BEThEEN BLANKET AND CCOLANT ~VERAGE

5. ZONE 4: RADIAL BlANKET

A. GEOMETRY

LENGTH (CM)
NUMBER OF PINS
COOlANT CROSS SECTIUN ASSOCIATED TO ONE PIN(CM**2)

B. BlANKET

CHI3A= 0.0
TAU3A= 0.0
C3A= 0.0
C3E= 0.0
ALFA3A= 0.0
TEMPEf\ATURE (K)

L4= 105.0000
N4= 2904.
S4= 0.7600

0.0

MASS (G)
SPECIFIC HEAT CAPACITY (WATT SEC/G K)
TIME CONSTANT (SEC)
BLANKET REACTIVITY COEFFICIENT (C/K)
PERCENTAGE OF POWER
MAXIMAL DIFFERENCE BETWEEN BLANKET AND CGOlANT AVERAGE

C. STRUCTURE MATERIAL

M4A= 1.300000E+06
CHI4A= 0.69000
TAU4A= 13.50000
C4A= 0.69000
ALFA4A= 0.01100
TEMPERATURE (K)=15.COOOC

MASS (GI
SPECIFIC HEAT CAPACITY (WATT SEC/G K)
TIME CONSTANT (SEC)
BLANKET REACTIVITY COEFFICIENT (C/K)
PERCENTAGE OF POWER
MAXIMAL DIFFERENCE BETWEEN AVERAGE CORE

D. COOL ANT

M48= 0.0
CHI48= 0.0
TAU48= 0.0
C4B= 0.0
AlFA4B= 0.0

STRUCTURE AND COOLANT TEMPERATURE IK)= c.o

RE~CTIVITY COEFFICIENT (C/K)

6. ZONE 5 AND 8: lOWER AND LATERAL PLENUMS

C4E= 0.08260

MAXIMAL TIME DElAY (SEC)
TIME CONSTANT FOR THE MATERIALS (SEC)
GRID PLATE TIME CONSTANT (SEC)
CGOlANT REACTIVITY COEFFICIENT IN THE LATERAL PLENUM
COOlANT REACTIVITY COEFFICIENT IN lOWER PLENUM (C/K)
GRID PlATE REACTIVITY COEFFICIENT (C/K)
COOLANT TEMPERATURE IN THE LATERAL PLENUM (KI

7. ZONE 7: STATIC SOOIUM BETWEEN CORE AND SHROUD

T85= 0.50000
TAUB5= 1.00CO
TAU5A= 40.00000

(C/KI CBE= 0.0
C5E= 0.0
C5A= 0.0
TE'TA80= 620.00

SOOIUM REACTIVITY COEFFICIENT(C/K) C7E= 0.0
OIFF STATIC NA AND LAT PLENUM TEMP/DIFF AV COOL CORE AND lAT PLENUM TEMP AlFA17= 0.0
TIME CO~STANT FOR ~ATERIAL BETWEEN caRE AND STATIC NA TAU17= 0.0
TIME CONSTANT FOR MATERIAL BETW lATERAL PLENUM AND STATIC NA TAU87= 0.0

8. ZONE 9: RADIAL REFlECTOR

AVERAGE COOlANT TEMPERATURE (K)
MAXIMAL TEMP DIFFERENCE BETWEEN REFlECTOR ANC CGOLANT
REFLECTOR TIME CONSTANT (SEC)
REACTIVITY COEFFICIENT leIK)
PERCENTAGE OF POWER

TET A90=

TAU9A=
C9A=
ALFA9A=

620.000
10.000

10.00000
0.0
0.0



MAXIMAL TOTAL POWER (WATT)

MAXIMUM COOlANT FlOW ICM**3/SEC)

PMAX= 5.80000GE+07

NUMAX= 2.800000E+05

***********************************************************************************************************************************

STEADY STATE CAlCUlATIONS

***********************************************************************************************************************************

INPUT: COOlANT TEMPERATURESIK) FlOW I CI-'**3/S EC) POWER(WATTl

N TETA BO TET A90 NU PO

1 620.0000 620.0000 1.890000E+05 5.000000E+05
2 620.0000 620.0000 I.B90000E+05 1.000000E+C6
3 620.0000 620.0000 1.890000E+C5 5.0COOOOE+06
4 620.0000 620.0000 1.890000E+05 1.0000COE+07
5 620.0000 620.0000 I.B9000CE+05 1.500000E+07
6 620.0000 620.0000 I.B90000E+05 2.000000E+07
7 620.0000 620.0000 1.890000E+05 2.5000GOE+07
8 620.0000 620.0000 1.890000E+C5 3.500000E+07 CD

w
9 620.0000 620.0000 1.890000E+05 4.000000E+07

10 620.0000 620.0000 1.890000E+05 4.500000E+07
11 620.0000 620.0000 1.890000E+05 5.000000E+07
12 620.0000 620.0000 1.890000E+05 5.500000E+07
13 620.0000 620.0000 1.890000E+05 6.000000E+07
14 620.0000 620.0000 1.890000E+05 9.000000E+07

OUTPUT: COOlANT TEMPERATURES FUEl TEMPERATUR ES CORE STRUCTURE MATERIAL TEMPERATURES POWER DENSITY

N TETA 130 TETA 10 TlASO nAMO nACO n80 nco nDO PDI0
1 622.6160 621.3079 621.5544 622.0188 624.1440 621.4858 621.4370 621.3079 2.6977
2 625.2327 622.6162 623.1094 625.1702 628.3101 622.9722 622.8748 622.6162 5.3954
3 646.1650 633.0825 635.5493 648.8210 662.3855 634. E625 634.3755 633.0825 26.9771
4 672.3306 646.1653 651.0991 678.6499 706.8831 649.7256 648.7515 646.1653 53.9541
5 698.4961 659.2480 666.6492 709.3049 753.5352 664.5886 663.1272 659.2480 80.9312
6 724.6614 672.3306 682.1987 740.9045 802.3794 679.4514 677.5029 672.3306 107.9081
7 750.8269 685.4133 697.7485 773.4082 853.4480 694.3145 691.8787 685.4133 134.8852
8 803.1580 711.5789 728.8481 841.1694 962.3477 724.0403 720.6304 711.5789 188.8393
9 829.3235 724.6616 744.3979 876.4468 1020.2026 738.9033 735.0063 724.6616 215.8164

10 855.4890 737.7444 759.9480 912.6511 1080.3301 753.7664 749.3821 737.7444 242.7934
11 881.6545 750.8271 775.4978 949.7632 1142.7180 768.6294 763.7581 750.8271 269.7703
12 907.8201 763.9099 791.0476 987.8064 1207.3459 783.4924 77B.1340 763.9099 296.7476
13 933.9854 776.9927 806.5977 1026.7563 1274.1807 798.3555 792.5098 776.9927 323.7246
14 1090.9783 855.4890 899.8965 1278.7136 1718.2520 887.5332 878.7646 855.489C 485.5869



POWER REACTIVITIES WITH CONSTANT COOlANT TEMPERATURES (CENTI

N ROQlA ROQ1C ROQ1D ROQ2 ROQ3 ROQ4A ROQ4B RCQ4 ROQ9 ROQ

2 -2.1637E-01 8.9282E-02 0.0 0.0 0.0 8.9282E-02 0.0 8.9282E-02 0.0 -3.7B08E-02
3 -1.7633E+00 8.0303E-01 0.0 0.0 0.0 8.0303E-01 0.0 8.0303E-01 0.0 -1.5725E-01
4 -3.72 83E+00 1. 6954E+00 0.0 0.0 0.0 1.6954E+00 0.0 1.6954E+OC 0.0 -3.3762E-01
5 -5.7908E+00 2.5875E+00 0.0 0.0 0.0 2.5875E+00 0.0 2.5875E+CC 0.0 -6.1581E-01
6 -7.9648E+00 3.4798E+00. 0.0 0.0 0.0 3.479BE+OO 0.0 3.4798E+00 0.0 -1.0052E+OO
7 -1.0245E+01 4.3720E+OO 0.0 0.0 0.0 4.3720E+00 0.0 4.3720E+00 0.0 -1.5015E+00
B -1.5132E+01 6. 1564E+00 0.0 0.0 0.0 6. 1564E+OO 0.0 6.1564E+00 0.0 -2.8188E+00
9 -1.7740E+01 7.0487E+00 0.0 0.0 0.0 7.0487E+00 0.0 7.0487E+00 0.0 -3.6420E+00

10 -2.0457E+01 7.9409E+00 0.0 0.0 0.0 7.9409E+00 0.0 7.9409E+00 0.0 -4.5750E+00
11 -2.3281E+01 8.8332E+00 0.0 0.0 0.0 8.8332E+00 0.0 B.8332E+00 0.0 -5.6148E+00
12 -2.6216E+01 9.7255E+00 0.0 0.0 0.0 9.7255E+00 0.0 9.7255E+CC 0.0 -6.7645E+00
13 -2.9257E+01 1.0618E+01 0.0 C.O 0.0 1.0618E+01 0.0 1.0618E+01 0.0 -8.0215E+00
14 -4.9659E+01 1.5971E+01 0.0 0.0 0.0 1.5971E+01 0.0 1.5971E+01 0.0 -1.771 7E+01

REACTIVITY POWER FEEDBACKS THROUGH THE COOlANT TEMPERATURE(CENTI

N ROS1 ROS2 ROS3 ROS4 ROS7 ROS

2 8.645566E-01 0.0 0.0 1.386380 E-01 0.0 1.003194E+00
3 7.780693E+00 0.0 0.0 1. 247741 E+OO 0.0 9.028434E+00
4 1. 642577E+ Cl 0.0 0.0 2.634309 E+OO 0.0 1.906007E+01
5 2.507086E+C1 0.0 0.0 4.020877E+00 0.0 2.909174E+C1
6 3.371579E+C1 0.0 0.0 5.407444E+00 0.0 3.912323E+01 co

7 4.236087E+C1 0.0 0.0 6.794012 E+OO 0.0 4.915488E+01
..

8 5.965106E+01 0.0 0.0 9.566959 E+OO 0.0 6.921802E+01
9 6.829614E+C1 0.0 0.0 1.095353E+01 0.0 7.924966E+01

10 7. 694124E+ Cl 0.0 0.0 1.234010E+01 0.0 8.928133E+01
11 8.558633E+01 0.0 0.0 1.372666E+01 0.0 9.931299E+01
12 9.423141E+01 0.0 0.0 1.511323E+01 0.0 1.093446E+02
13 1.028765E+02 0.0 0.0 1.649960E+01 0.0 1.193761E+02
14 1.547469E+02 0.0 0.0 2.481882E+01 0.0 1.795657E+02

CGOLANT FLOW REACTIVITIES (CENT)

N ROM1 ROM2 ROM3 RO"'4 ROM7 ROM

2 -8.645566E-01 0.0 0.0 -1.386380E-01 0.0 -1.003194E+00
3 -7.780693E+00 0.0 0.0 -1.247741E+OO 0.0 -9.028434E+00
4 -1.642577E+01 0.0 0.0 -2.634309E+00 0.0 -1.906007E+01
5 -2.50 7086E+01 0.0 0.0 -4.020877E+00 0.0 -2.909174E+01
6 -3.371579E+C1 0.0 0.0 -5.407444E+00 0.0 -3.912323E+01
7 -4.236087E+C1 0.0 0.0 -6.794012 E+OO 0.0 -4.915488E+01
8 -5.965106E+Gl 0.0 0.0 -9. 566959E+CO 0.0 -6.9218C2E+Ol
9 -6.829614E+Ol 0.0 0.0 -1.095353E+Ol 0.0 -7.924966E+01

10 -7.694124E+Ol 0.0 0.0 -1.234010E+01 0.0 -8.928133E+01
11 -8.558633E+G1 0.0 0.0 -1.372666E+Ol 0.0 -9.931299E+01
12 -9.423141E+01 0.0 0.0 -1.511323E+01 0.0 -1.093446E+02
13 -1.028765E+02 0.0 0.0 -1.649960 E+01 0.0 -1.193761E+02
14 -1.54 7469E+02 0.0 0.0 ""2.481882E+01 0.0 -1.795657E+C2
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*****************************************************************************'
CALCULATED CONSTANTS

*****************************************************************************'
9. ZONE 6: UPPER PLENuM

GOOLANT TEMPERATURE (K)

REACTOR TOTAL POWER (~ATT)

TETA60= 1060.501

PO= 9.000000E+07

1. TUTAL PERCENTAGE OF POWER, OUTLET TEMPERATURE AND CGOLANT FLCW

GORE
LOI'lER REFLECTOR
UPPER REFLECTOR
RA CI AL BLANKET
RADIAL REFLECTOR
TOTAL PERCENTAGE
CDOLANT FLDW (CM**3/SEC)

2. 'COR E

ALFAl=
ALFA2=
ALFA3=
ALFA4=
AlFA9=
AlFA=
NUO=

0.98900
0.0
0.0
0.01100
0.0
1.0COOO

1.890000E+05

TOTAL FUEL VOLUME (CM**3)

A. TEMPERATURES ANO HEAT TRANSFER NUMBERS

VOL= 1.812651E+05

OUTLET CDOLANT TEMPERATURE
AVERAGE COOLANT TEMPERATURE
PECLET I\UMPER
NUSSELT I\UMBER
AVERAGE CLADDING TEMPERATURE
FUEL POWER DENSITY (WATT/CM**3)
FUEl GAP COEFFICIENT (WATT/CM**2 K)
FUEL TO CLAODING HEATTRANSFER COEFFICIENT (WATT/CM**2
FUEL SURFACE TEMPERATURE

AVERAGE fUEL TEMPERATURE
AVERAGE FIRST STRUCTURE MATERIAL TEMPERATURE
AVERAGE SECOND STRUCTURE MATERIAL TEMPERATURE
CENTRAL FUEL TEMPERATURE

B. THERMAL CONSTANTS

FUEL SPECIFIC THERMAL CAPACITY (WATT SEC/G K)

FUEL NON LINEAR GLOBAL COEFFICIENTS

TET130=
TETAI0=
PE=
NU=
nBO=
POI0=

K) HIAB=
TlASO=
PHIIA=
TIAMO=
11CO=
HOC=
TIACO=

CHIIA=

109(\.978
855.489

118.11288
5.79949

887.53320
485.5869

50.00000
8.54261

899. 89648
0.001740

1278.71362
878.76465
855.48901
1718.252

0.3297881

SURFACE TEMPERATURE
AVERAGe TEMPERATURE

KIAST=
KlAMT=

KIAMTS=

1.000000E+OO
1.000000E+00
1.000000E+OC

KIASP=
KIAMP=
KIAMPS=

1.000000E+00
1.000000E+OO
1.000000 E+OO

NON LINEAR CORRECTION COEFFICIENTS FOR CLAOCING TEMPERATURE CHANGE

AVERAGE TEMPERATURE
LINEAR AVERAGE TEMPERATURE

AlFAM=
ALFAL=

1.0000
1.0000

GAP COEFFICIENTS=
EPSILON= 0.0
ETA= 0.0
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GAMMA= 0.004080
A= 2.591884

c. TIME CONSTANTS AND DElAYS

FUEl RADIAL TIME SCAlE (SFC)
ClACOING TIME CONSTANT (SEC)
AXIAL TIME DElAY (SEC)

TlA=
TIß=
T1AX=

21.573807
0.006601
1.255783

D. MATERIAL THERMAL CAPACITIES TO COOlANT THERMAL CAPACITY RATIO

FUEL
FIRST STkUCTURE MATERIAL
SECOND STRUCTURE MATERIAL

E. REACTIVITY CURRECTION COEFFICIENTS

MIA=
MIC=
MID=

2.321665
3.692332
0.0

3. LOWER AXIAL BLANKfT

A. TEMPERATURES

DUTlET CGOLANT TEMFERATURE
AVERAGE (OOlANT TEMPERATURE
AVERAGE BlANKET TEMPERATURE

B. TIME CONSTANTS ANU DELAYS

BIA= 1.00000

TETA210= 620.000
TETA20= 620.000
T2AO= 620.000

AX1AL TItJE OElAY 12AX= 0.0

c. MATERIALS THERMAL CAPACITIES TO COOlANT THERMAL CAPACITY RATIO

BLANKET 10 CGUlANT

4. UPPER AXIAL BLANKET

A. T01PERATURES

M2A= 0.0

OUTLfT (OOlANT TEMPERATURE
AVERAGE COOlANT TEMPERATURE
AVERAGE BLANKET TEMPERATURE

B. TIME CONSTANTS ANO DElAYS

TET A360= lC90. 979
TE-TA30= 1090.978
T3A.O= 1090.978

AXIAL TItJf: DElAY T3AX= 0.0

c. MATERIALS THERMAL CAPACITIES TO (OGlANT THERMAL CAPACITY FATIO

BLANKET

5. RADIAL BlANKET

A. TEMPFRATURfS

M3A= 0.0

UUTlET CGOLANT TEMfERATURt
AVERAGe CGOlANT TEMPERATURE
AVERAGE ELANKET TEMPERATURE
AVERAGE STRUCTURc MATERIAL TEMPERATURE

B. TIME CONSTANTS ANO DElAYS

TET A460= 684.607
TET A40= 652.303
T4AO= 675.579
T4BO= 652.3C3

AXIAL TItJt DELAY T4AX= 16.348
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C. MATERIAL THERMAL CAPACITIES TO COOLANT THERMAL CAPACITY RATIO

BLANKET
STRUCTURE MATERIAL

6. LOWER AND LATERAL PLENUM

TIME DELAY

7. STATle SODIUM BETWEEN CORE A~D SHROUD

8. RADIAL REFLECTCR

A. TEMPERATURES

AVERAG~ kEFLECTUR TEMPERATURE

M4A=
M4B=

T85=

ALF A87=

T9AO=

3.580629
0.0

0.33750

1.000000

635.5171



FUI\CTIONS

1. KINETIC TRANSFER FUNCTION

OMEGA K RE K IM K MOD K PHASE
I.OOOOOOE-02 2.716958E-02 -8.332497E-02 8.764261E-02 -7.194046E+01
3.920000E-01 1.220662E-02 -5.574480E-03 1.341925E-02 -2.454507E+01
7.85000CE-OI 1.12018IE-02 -3.358724E-03 1.169451E-02 -1.66'l069E+01
1.130000E+OO 1.083793E-02 -2.598708E-03 1.114513E-02 -1.348376E+01
1.570000E+OO 1.057460E-02 -2.058877E-03 1.077317E-02 -1.101766E+OI
2.45000CE+OO I.031556E-02 -1.498646E-03 1.042385E-02 -8.266106E+OO
3.730000E+OO 1.OI5747E-02 -1.123827E-03 1.021'l45E-02 -6.313549E+CO
5.000000E+OO I.008526E-02 -9.411434E-04 I.012'l08E-02 -5.331324E+OO
6.160000E+O 0 I.004836E-02 -8.4810'l6E-04 1.008409E-02 -4.824487E+OO
7.410000E+OO I.002327E-02 -7.908624E-04 I.005442E-02 -4.511438E+CO
9.220000E+OO I.000017E-02 -7.534048E-04 I.002850E-02 -4.308475E+OC
1.767999E+Ol 9.944785E-03 -8.422092E-04 9.980384E-03 -4.840738E+OO

2. THERMODYNAMIC BASIC FUNCTIONS

CORE

OMEGA Z RE Z IM Z MOD Z PHASE
I.OOOOOOE-02 1.249855E-01 -4.636378E+OC 4.638062E+OO -8.845575E+01
3.920000E-Ol 1.073663E-OI -1.524128E-Ol 1.864328E-01 -5.483743E+Ol
7.850000E-Ol 8.36376CE-02 -1.016123E-Ol 1.316066E-01 -5.054198E+OI
1.130000E+OO 7.035488E-02 -8.287919E-02 1.087142E-Ol -4.967255E+Ol
1.57000CE+OO 5.990732E-02 -6.881225E-02 9.123600E-02 -4.895743E+01
2.45000CE+OO 4.820577E-02 -5.369274E-02 7.215750E-02 -4.808223E+Ol
3.130000E+OO 3.919769E-02 -4.269908E-02 5.796266E-02 -4.744807E+OI
5.000000E+OO 3.390554E-02 -3.647555E-02 4.980012E-02 -4.709125E+01
6.160000E+OO 3.057114E-02 -3.263582E-02 4.471791E-02 -4.687090E+01
7.41000CE+OO 2.788950E-02 -2.959173E-02 4.066319E-02 -4.669621E+01
9.220000E+OO 2.501610E-02 -2.637215E-02 3.634962E-02 -4.651157E+01
1. 7679'l9E+O I 1.808388E-02 -1.877619E-02 2.606860E-02 -4.607599E+01

OMEGA GS RE GS IM GS MOD GS PHASE GL RE GL IM GL MOD GL PHASE
I.OOOOOOE-02 9.999752E-OI -8.79213'lE-04 9.999756E-OI -5.037647E-02 9.985881E-Ol -3.678270E-02 9.992653E-OI -2.109519E+OO
3.920000E-01 9.872472E-01 -1.744107E-02 9.874012E-01 -1.OI2102E+OO 3.284641E-OI -4.363586E-OI 5.461661E-OI -5.302977E+01
7.850000E-01 9.801407E-OI -2.300471E-02 9.804106E-01 -1.344532E+OO 1.385178E-01 -2.675794E-01 3.013069E-OI -6.263069E+01
1.130000E+OO 9.755304E-01 -2.724598E-02 9.759108E-01 -1.599820E+OO 1.040823E-OI -1.892723E-Ol 2.160026E-OI -6.119324E+01
1.510000E+OO 9.704359E-01 -3.179373E-02 9.709566E-01 -1.876471E+OO 9.25964IE-02 -1.404256E-OI 1.682066E-OI -5.659918E+01
2.45000CE+OO 9.620231E-01 -3.899877E-02 9.628132E-Ol -2.321401E+OO 8.352774E-02 -1.035075E-Ol 1.330063E-OI -5.109738E+01
3.130000E+OO 9.522331E-OI -4.712868E-02 9.533986E-01 -2.833416E+OO 7.036740E-02 -8.410984E-02 1.096632E-01 -5.008368E+OI
5.000000E+OO 9.441240E-OI -5.365548E-02 9.456414E-Ol -3.252675E+OO 5.999807E-02 -7.258350E-02 9.417075E-02 -5.042258E+OI
6.160000E+OO 9.376106E-OI -5.876156E-02 9.394501E-Ol -3.586122E+OO 5.332992E-02 -6.434804E-02 8.357477E-02 -5.0348'l4E+Ol
1.410000E+OO 9.312747E-Ol -6.361490E-02 9.33444SE-01 -3.907772E+OO 4.647949E-02 -5.807227E-02 7.438231E-02 -5.132712E+01
9.220000E+OO 9.230260E-OI -6.'l1689IE-02 'l.256590E-01 -4.322604E+OO 4.26~186E-02 -5.208503E-02 6.131403E-02 -5.069289E+01
1.767999E+Ol 8.928408E-Ol -9.07B228E-02 8.974442E-01 -5.805766E+OO 2.896030E-02 -3.677581E-02 4.680981E-02 -5.178015E+01

4. RADIAL BLANKET

00
00

OMEGA Q RE Q IM
1.OOOOOOE-02 -1.812180E+Ol -2.358905E+OO
3.920000E-OI -1.480093E+01 1.635793E+Ol
7.850000E-01 -,5.785635E+OO 1.171456E+Ol

Q MOD Q PHASE
1.827467E+01 -1.725835E+02
2.206012E+Ol 1.3213'l3E+02
1.30653SE+Ol 1.162841E+02



1.1300GCE+OO -3.440557E+OO
1.57000CE+OO -2.144236E+OO
2.45000CE+OO -1.11586CE+OO
3.7300COE+OO -5.9Z3874E-01
5.CCOOOOE+OO -3.713488E-Ol
6.160000E+OO -2.722964E-Ol
7.410000E+OO -2.031ö48E-01
9.2Z000CE+OO -1.4Z9997E-Ol
1.767999E+01 -4.854058E-OZ
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8.984719E+OC
6.9190Z4E+OO
4.754Z42E+OC
3.Z?7731E+OC
Z.5C9936E+OO
Z.069112E+OC
1.740576E+OC
1.415773E+OO
7.570887E-Ol

S.6Z0946E+OO
7.Z43661E+OO
4.883436E+OO
3.33083 ZE+OO
Z.538143E+OO
Z.08695ZE+00
1.752395E+OC
1.42Z976E+OO
7.58643ZE-Ol

1.109536E+02
1 • 07 Z18 5E+ 0 Z
1.03Z087E+OZ
1.00Z446E+üZ
9.855000E+Ol
9.74971ZE+Ol
9.665831E+Ol
9.576765E+Ol
9.366855E+01

REACTIVITY POWER FEEDBACKS THROUGH THE COOLANT TEMPERATURES

OMEGA
1.0000 OOE-O Z
3. 920000E-0 1
7. 8500CCE-O 1
1.130GOOE+OO
1.57000CE+OO
Z.45000CE+OO
3.7300CCE+CO
5.COü(:OCE+OO
6.16000 CE +00
7.410COOE+OO
9.2200CCE+OO
1. 767999E+O 1

S RE
1.713800E+02

-4.37877 6E+OO
- 7 • 8 235 56 E- 01
-3.521948E-Ol
-3.5C6147E-Ol
-4.7C8310E-Ol
-4.184Zb2E-01
-3.19771CE-Ol
-Z.677l76E:-OI
-2.30ü390E-01
-1.BZ2Z14E-Ol
-8.327585E-OZ

S IM
-4.103394E+01
-9.839954E+OO
-4.355941E+OO
-3.Z34344E+OC
-2.478439E+00
-1.558406E+OO
-8.597825E-Ol
-5.595396E-Ol
-4.156593E-Ol
-3.099548E-01
-Z.130617E-01
-6.505674E-02

S MOO
1.762239E+OZ
1.0770Z5E+Ol
4.42564CE+OO
3.Z53464E+OO
2.50311 7E+OC
1.627977f:+OC
9.561937E-Ol
6.44467ZE-01
4.944142E-Ol
3.859921E-Ol
2.803567E-01
1.05675ZE-Ol

S PHASE
-1.346499E+Ol
-1.139'891E+OZ
-1.00182ZE+02
-9.621461E+01
-9.805200E+Ol
-1.068108E+OZ
-1.159506E+OZ
-1.197476E+02
-1.Z27 848E+OZ
-1 .• Z65817E+02
-1.305388E+OZ
-1.4Z0023E+02

REACTIVITY CDOLANT FLCW FUNCTIONS

OMEGA
1.COOOOOE-02
3. 920000E-0 1
7.85000CE-Ol
1.130000E+OO
1.5700COE+OO
2.45000CE+OO
3. ?300CCE+OO
5.000000E+OO
6. IbOOOOE +0 0
7.41000CE+OO
9.22000CE+OO
1.767999E+Ol

M K E
-1.738817E+OZ
-4.652365E+OO
-5.989579E+OO
-6.094783E+OO
-S.56Z414E+OO
-3.976521E+CO
-2.4Z4300E+OO
-1.8C9649E+OO
-1.477831E+OO
-1.162864E+00
-8.679831E-Ol
-3.568563E-01

MIM
3.352805E+Ol
1.828368E+Ol
9.Z61057E+OC
7.563745E+OC
6.867417E+OC
6.117990E+OO
4.856554E+OC
3 • 941453 E+00
3.464755E+OO
3.078405E+OC
Z.59B028E+OO
1.544548E+OC

M MOD
1.770846E+OZ
1.8866Z9E+01
1.102915f+Ol
9.713734E+OO
b.837525E+OO
7.296746E+OO
5.428C14E+OO
4.337C35E+OC
3.766764E+OO
3.ZSC719E+OO
Z.739187E+OC
1.585Z37E+00

M PHASE
1.690861E+02
1.042763E+02
1.228927E+02
1.288615E+OZ
I.Z90C65E+OZ
1.230227E+OZ
1.165275E+OZ
1.146614E+OZ
1.13C999E+02
1.106940E+02
1.08474ZE+02
1.030095E+02

REACTIVITY INLET TEMPERATURE FUNCTIONS

OMEGA
1.OOOOOOE-02
3. 920000E-O 1
1.85000CE-O 1

R RE
1.27281lE+OO

-3.66832 8E-O Z
-2.13007CE-02

R IM
-4.681537E-Ol
-6.892115E-02
-Z.661473E-OZ

R 1"100
1.356176E+OO
7.807547E-OZ
3.408905E-OZ

R PHASE
-Z.C19406E+01
-1.180Z42E+02
-1.Z86715E+02



1.13000CE+OO
1.57000CE+00
2.4500CCE+00
3.7300 CCE+O 0
5.COOOOCE+00
6.16000CE+OO
7.410000E+00
9.2200CCE+OO
1. 767999E+0 1

-1.831796E-02
-1.469467E-02
-6.881461E-03
-2.183531E-03
-9.157758E-04

1.291368E-04
5.771518E-04
6.U4221E-04

-1.721321E-04

-1.417936E-02
-4.761774E-03

2.071394E-a3
1.951294E-03
1.839580E-03
1.524315E-03
8.276694E-04
2.107830E-04

-1.031188E-04

2.316467E-02
1.544693E~02

1.186458E-03
2.9283 7 1E- 0 3
2.054921E-03
1.529775E-03
1.009029E-03
6.687C06E-04
2.006563E-04

-1.422576E+02
-1.620452E+02

1.632416E+02
1.382147E+02
1.164650f+02
8.515153E+01
5.511107E+Ol
2.388730E+Ol

-1.490155E+02

ClOSEO lOOPS TRANSFER FUNCTIONS

OMEGA GO RE GO IM GO MOD GO PHASE GP RE: GP IM GP MOD GP PHASE
1.000000E-02 3.365656E-02 -2.052246E-02 3.941998E-02 -3.137320E+01 -S.9C4181E-03 -2.138962E-03 6.279696E-03 -1.600856E+02
3. 920000E-O 1 1.174162E-02 -2.075485E-03 1.192364E-02 -1.002423E+Ol 1.065725E-02 -2.994801E-03 1.107C04E-02 -1.569593E+Ol
7.850000E-01 1.116390E-02 -1.635174E-03 1.128301E-02 -8.332850E+OO 1.089095E-02 -2.117287E:-03 1.109485E-02 -1.100152E+Ol
1.130000E+OO 1.083851E-02 -1.426510E-03 1.093198E-02 -7.497884E+OO 1.068688E-02 -1.780762E-03 1.083423E-02 -9.460313E+OO
1.57000CE+OO 1.058066E-02 -1.227616E-03 1.065164E-02 -6.618443E+00 1.047159E-02 -1.487726E-0 3 1.C57674E-02 -8.C86045E+OO
2. 45000CE+O 0 1.031955E-02 -9.710328E-04 1.036514E-02 -5.375495E+OO 1.023616E-02 -1.123819E-03 1.C29826E-02 -6.264994E+OO
3.13000CE+OO 1.016015E-02 -7.169843E-04 1.018982E-02 -4.373103E+OO 1.010323E-02 -8.577364E-04 1.013958E-02 -4.e52613E+OO <D

5.000000E+OO 1.008820E-02 -6.812122E-04 1.011117E-02 -3.863066E+OO 1.OC4797E-02 -7.33C969E-04 1.007468E-02 -4.172886E+OO 0

6.160000E+OO 1.005188E-02 -6.361743E-04 1.007199E-02 -3.621362E+00 1.0CI955E-02 -6.?43376E-04 1.G04222E-02 -3.850321E+OO
7.41000CE+OO 1.002746E-02 -6.139041E-04 1.004624E-02 -3.503404E+OO 1.0C006CE-02 -6.419716E-04 1.Cü2118E-ü2 -3.672964E+OO
9.220000E+OO 1.000524E-02 -6.104510E-04 1.002384E-02 -3.491467E+OO 9.984463E-03 -6.293955E-ü4 1.000428E-02 -3.6070C5E+OO
1. 767999E+O 1 9.952128E-03 -7.669905E-04 9.98164CE-03 -4.406951E+üO 9.942945E-03 -7.721148E-04 9.972878E-03 -4.440363E+OO

OMEGA GMU RE GMU IM GMU MOO GMU PHASE GTET RE GTET IM GHT MOD GTET PHASE
I.OOOOCOE-02 1.098344E:+OO I. 7397C3E-O 1 1.112036f.+OC 9.000494E+OO -8.516274E-03 4.157308E-C5 8.516375E-03 1.1972C3E+02
3.920000E-Ol 5.174570E-03 2.087865E-01 2.088506E-01 8.858022E+Ol -5.973477E-04 -6.246504E-C4 8.642988E-G4 -1.337201E+02
7.850000E-01 -4.562385E-02 1.135433E-Ol 1.223667E-Ol 1.118913E+02 -2.883356E-04 -2.447591E-04 3.782124E-04 -1.396730E+02
1.130000E+OO -5.166494E-02 9.168619E-02 1.052408E-01 1.194012E+02 -2.21Gl19E-04 -1.189132E-C4 2.509714E-04 -1.517179E+02
1.570000E+OO -4.8C3047E-02 8.018804E-02 9.347212E-02 1.209205f+02 -1.6C9607E-04 -2.800168E-05 1.633782E-04 -1.101313E+02
2.450000E+OO -3.383118E-02 6.709719E-02 7.514369E-02 1.167578E+02 -6.811596E-05 2.893181E-05 7.40C800E-05 1.569826E+02
3.730000E+OO -2.032763E-02 5.114631 E-02 5.503717E-02 1.116749E+02 -2.0387uIE-05 2.158726E-C5 2.969241E-05 1.333621f+02
5.00000CE+OO -1.~29383E-02 4.093026E-02 4.369424E-02 1.104885E+02 -7.853098f-C6 1.915538E-05 2.C70265E-05 1.12292lE'+02
6.16000CE+OO -1.241079E-02 3.571185E-02 3.782666E-02 1.092495E+02 2.321795E-06 1.518581E-05 1.536233E-05 8.130722E+Ol
1.410000E+OO -9.653080E-03 3.153241E-02 3.291688E-02 1.07021lE+02 6 .3 C3202 E- 0 6 7.906673E-06 1.Cll167E-05 5.143811E+Ol
9.220COOE+OO -7.031154E-03 2.648622E-02 2.740359E-02 l.048672E+C2 6 • 21515 1E- 0 6 2.318796E-06 6.689866E-06 2.C28029E+Ol
1.767999E+Ol -2.355634E-03 1.563289E-02 1.58C936E-02 9.856918E+Ol -1.7S1119E-06 -8.923986~-O1 2.001120E-06 -1.535159E+02



PROGRAM LI sr
HAIN

REAL*4BETAI6,S) ,AIl6,S) ,ORUCKIZO) ,REACTlZO)
REAL*8 SEP/'--------'I
REAL*8 NISOH6)
REAL*4 LAHBOAI6,SI,Nl,L,Ll,MlA, LAMIB,MIC,MIO,LAME,NUl,NUZ,NU3,

lLZ,MZA,L3,M3A,L4,N4,M4A,NUMAX,NUO,NU,M4B,KlAST,KlASP,KIAMP,KIAMT,
ZKIAHPS,MPIA,MPIC,MPIO,MP3A,HP4A,MP4B,MPZA,KIALT,KIAMTS

COHPLEX COM,KISO),SIGMA,AR, ZSIGMAIS01,GSlSOI,FSlSOl,HlZI
REAL*4 OMISO),FELOllOO,86),FNAMI86I,BFELOllOO,13I,8NAMI14)
COMPLEX FMISO),GLISO),FLISOI,GIALISO),FIALISOI,GIASISOI,FIASIS01,
IGIBISOI,FlBISOI,GlAMISOI,FlAMISO),GPA~ISOI,FPAMISCI,GlCISOl,

ZGIOISO),VIBISOI,VICISO),VIOISO),VlISO),FlISOI,
3W13IS0),U13IS0),V131S01,UlISOI,VlISO),GZAISO),YZISO),~ZlISO),

4UZlISO),VZlISOI,UZISOI,VZISOI,G3AISO),V3IS0I,W36IS0I,U361S0l,
SV31IS0I,U3ISCI,V3IS0)
6,QIS01,SISOI,MlS01,RIS01,GOISOI,GPIS01,GMUISOI,GTETIS01
7 ,QKISOI,SKISO),QSKISOI

EQUIVALENCE IBFELOIl,ll,GSI111,IBFELOI1,ZI,GLI11I,IBFELOI1,31,QI11
11 , I BFELO 11,4), Sill ), I BFELO 11, SI ,14 1111 ,I BFELD n ,6 I ,RIllI,
ZI BFELon,71 ,Gon II ,I BFELOll,81,GPllll ,IBFELO n,91,GMUllll,
3IBFELOll,lOI,GTETllll,IBFELOI1,111,QKI11I,IBFELOI1,lZI,SKllll,
4IBFELOll,131,QSKllll

COMPLEX G4AlS01,G4BlS01,F41S0I,Y4AlSOI,V4BlSOI,V4IS0),W461S0I,
lU46IS01,V46IS0I,U4IS01,V41S0),G171S01,G87IS0I,WSlSOI,GSAlSOl,
ZF9AISO),QlISO),QZISO),Q3IS0),Q4IS0),Q91S0I,OlISO),OZISO),031S01,
304IS0),OSISO),017IS0),0871S0I,OlPlSO),01BOFlSOI,OlBOGISO),
4ESlISO),ESZISOI,ES31S0I,ES41S01,ES7IS0),EMlISOI,EMZIS01,EM3IS01,
SEM41S01,EM71S0I,RlISOI,RZISOI,R3IS0I,R41S0I,RSISOI,R7ISOI

EQUIVALENCE IFELOIl,1I,FS(11),IFELOll,ZI,FMI11I,IFELOll,3I,FLI11I,
IIFELOIl,41,GlALI111,IFELOI1,SI,FlALI11I,IFELOll,61,GlASllll,
ZIFELOIl,7),FlASI11),IFELOI1,8),GlBI1)l,IFELOll,9I,FlB1111,
31 FELOll,lO I, GIAH n 1I, I FELD 11 ,xll, FlAMU) ), lFELOI l,lZ) ,GPAMlll) ,
4IFELOIl,13),FPAMI11),IFELOll,14),VlBI11I,IFELOll,lSI,Vllll),
SIFELOIl,16I,Fl(1)I,IFELOll,171,GlCI1)I,IFELOI1,18I,Gl0111),
6IFELOIl,191,YlC(1)I,IFELOll,ZOI,VlOI1)I,IFELOI1,Zll,W13(1)),
7IFELOIl.ZZ).U131111.IFELOI1.Z3I,V1311)1,IFELOll,Z4),U11111.
8IFELOIl.ZS).VlI1)).IFELOI1.Z6).GZAI111.IFELOI1.Z71,YZ(11).
9{FELOIl,Z81,WZlI11I,IFELOI1,Z91.UZl(11),IFELOI1,30),VZlll)),
IIFELOIl.31),UZI1)1.IFELOll.3Z),VZI1)),IFELOll,33),G3A(1)),
ZIFELOIl.34I,Y3(1)1.IFELOIl.3SI,W36111),IFELOll,36I,U361111,
3IFELOIl.37).V311111.IFELOll,381,U3Illl,IFELOll,391,V3111 I

EQUIVALENCE IFELOIl,40I,G4AI111,lfELOll,41I,G4BI111.
IIFELOIl.4ZI.F4(11),IFELOIl.43I,Y4AI11I,IFELOI1,44),Y4BIl)1
Z.IFELOIl.4SI.V4(11),IFELOI1,46I,W46111).IFELOI1,47I,U461111
3.IFELOIl.48).V46111).IFELOI1.49),U411)),IFELOI1.SO).V4(11)
4,IFElOIl.Sl).Gl71111.lfELOI1.SZ1,G87111I,lfELOll,S3I,WSll11
S.IFELOIl,S4).GSAll)).IFELOll,SS),F9AllJ),lfELOll,S6),Qlll))
6,IFELOIl.S71.QZ(11),IFELOll,S8),Q31111.IFELOI1.S9),Q4(1))
7.IFElOIl.60J,Q91111.IFELOI1,611,01(11),IFElOI1,6ZI.01Plll)
8.IFELOIl.631.0Zllll.IFELOI1.641,031111.IFELOll,6S),04(1)1
9,IFELOIl.66),OS Ill).IFELOll,671,0171111.IFElOll,681.08711)1
1,IFElOIl.691.01BOFI111.IFELOll,70),OlBOGI11)
1.IFElOIl.711.ESlI111.IFELOll,7Z1,ESZ(1)).IFELOll,73I,ES31111
Z.IFElOIl.741.ES41111,IFElOll,7S1,ES7(1)1.IFELOll,76).EHllll)
3,IFELOIl.771,EMZI11I,IFELOll,781,EM31111,IFELOll,191,EM41111
4.tFELOIl,801.EM7(11),IFELOll,811,RlI11I,IFELOI1,8Z),RZllll
S,IFELOIl.831.R31111.1FELOll,841.R4111I,IFElOll,8S1,RS1111
6.IFELDIl.861,R11111

COMPLEX QIA,QIC,QIO,Q4A,Q4B
~OMMON FELD
COMMON IINKO/IN,NOU,Ll,Nl,Sl.OELl,RlBI,RlBE,MlA.CHl.

lCHZ,CH3.TA.C.AO.Al,A2,A3,Bl,ALFlA,ROlB,CHlB,LAMlB.MlC,CHIC,
ZTAUIC.AlFIC,TlCOM.MIO.CHIO,TAUID,AlFIO,TIDOM.ROE.CHE,lAME,
3NUl,NU2.NU3.ClA,ClB,ClE,ClC,ClO,BlA.BlB,BlC,BlO,BlE,CIF,CIG,
4LZ,MZA,CHZA.TAUZA,CZA,C2E,ALFZA,T2AM,L3.M3A,CH3A,TAU3A,C3A,C3E,
SALF3A,T3AM,L4,N4.S4,M4A,CH4A,TAU4A,C4A,AlF4A,T4AM,M4B,CH4B,

6TAU4B,C4B,ALF4B,T4BM,C4E,T8SM,TAU8S,TAUSA,C8E,CSE,CSA,C7E,
1AlF11,TAU11,TAU81,T9AM,TAU9A,C9A,AlF9A,PMAX,TET60,PO,NUMAX
8,TET80,TET90,NPAR,CKIAMT

COMMON IBERCOI AlFl,AlFA,AlF4,TET360,NUO,VOL,MPZA,
ITETZIO,TETZO,TZAO,T2AX,TET130,TETIO,PE,NU,TIBO,POIO,POZ,HIA,
ZHIAB,TIASO,PHIIA,TIAMO,TICO,TIOO,TIACC,CHIA,KIAST,KIASP,KIAMP,
3KIAMT,KIAMPS,KIAMTS,A,AlFAM,AlFAL,GAM~A,GA6,EPS,ETA,AlFE,

4TIA,TIB,TIAX,MPIA,MPIC,MPIO,81ACOR,TET30,T3AO,T3AX,MP3A,TET460,
STET40,T4AO,T4BO,T4AX,MP4A,MP4B,T8S,ALF81,T9AO

OATA BNAM/' GS',' Gl',' Q',' S',' 14',' R',' GO',
I' GP'.' GMU','GTET',' QK',' SK','KQ+S',' 'I,BB/' 0'1

OATA FNAM/' FS',' FM',' FL','GIAl','FIAl','GIAS','FIAS',' GIB',
I' FIB','GIAM','FIAM','GPAM','FPAM',' VIB',' VI',' Fl',' GIC',
2' GID',' VIC',' VIO' " ~13',' U13' " V13',' Ul',' VI',' G2A',
3' YZ',' WZl',' UZl',' VZl',' UZ',' VZ',' G3A',' V3',' 10136',
4' U36',' V31',' U3',' V3',' G4A',' G4B',' F4'.,.' Y4A',' Y4B'"
S' V4' " 10146',' U46' " V46',' U4' " V4' " G17',' G87',' WS',
6' GSA',' F9A',' Ql',' QZ',' Q3',' Q4',' Q9',' 01',' DIP',
l' OZ',' 03',' 04',' OS',' 011',' 087','OlBF','OlBG',
8' SI',' 52',' 53',' 54',' 57',' MI',,' 142· .. • M3',' M4',
9' 147' " Rl',' RZ',' R3',' R4',' RS',' R1' I

OATA BASIC/' BASI' I ,FKNA/' K' I ,ZNAI' Z'I
I N=S
NOU=6
NG=6
BLANK=BNAM 1141
NFEHL=O

100 FORMATI8GIO.41
REAOIIN,31Z) REACT

31Z FORMATIZOA41
CALl BILOIREACTI
WRITEINOU,3131 SEP,SEP
REAOIIN,l041 L.NI

104 FORMATIGIO.4,ISI
313 FORMATI'l',131I'*'IIISOX,'INPUT OATA'I'O',1311'*'IIII'O 1. NUClEA~

1 OATA'I' ',ZA81
BET=O.
00 Z I SOT= I, NI
REAOIIN,lOZI NISOTIISOTl,IBETAlJ,ISOTl.LAMBOAIJ,ISOTI,J=l,NGI

10Z FORMAT IA8/18GIO.411
00 3 J=l,NG

3 BET=BET+BETAIJ,ISOTI
Z CONTINUE

00 S I SOT= I, NI
00 4 J=l,NG

4 AIIJ,ISOTl=BETAIJ,ISOTI/BET
WRITEINOU,Z14INISOTlISOTI,IJ,BETAIJ,ISOTI,lAMBOAIJ,ISOTl,

1 AIIJ,ISOTl,J=l,NGI
S CONTINUE

Z14 FORMATI'OISOTOP ',A8/'OGROUP BETA lAMBOAll/SECl AI=
IBETAI/BETA'/III6.1P3ElS.111

WRITEINOU,3141 L ,BET
314 FORMATI'OPROMPT NEUTRON LIFETIME LISEC)=',lPElS.6/'O BETA=',ElS.61

C REAO NPAR: NUMBER OF INPUT POWER VAlUES FOR STEAOV STATE
REAOIIN,lOll NPAR
00 60Z 1=1,86
00 602 J=l,lOO

60Z FELOIJ,II=O.
C REAO ANO PRINT INPUT CONSTANTS

REAOIIN,lOOI Ll,Nl,Sl,OELl,RlBI,RlBE
IFILl.GT.400.) NFEHL=l
IFINFEHl.EQ.ll WRITEINOU,4COI NFEHl

400 FORMATI'OINPUT ERROR NR.',IS)
N=IFIX lNIl
WRITEINOU,31S1 SEP,SEP,Ll,N,Sl

31S FORMATI'O Z. ZONE 1: CORE'I' ',ZA8/'O A. GEOMETRY'l'OlENGTH lCMI '

I

Ib....



1,43X,'L1=',F10.5/' NUMBER OF FUEL PINS',36X,'N1= ',16/' COOLANT
2CROSS SECH ON ASSOCI ATED TO AFUEL PI N I CM**21 Sl=', HO. 51

WRITElNOU,3161 DELl,RlBI,R1BE
316 FORMATl' COOLANT FLOW PERCENTAGE IN CORE'.24X,'DELTAl=',FlO.5/' IN

INER FUEL CLACDING RADIUS lCMI',24X,'RlBI=',FlO.5/' OUTER FUEL CLAD
2DING RADIUS lCMI',24X,'R1BE=',FlO.51

READlIN,lOOJMlA,CHl,CH2,CH3,TA,C
IFlMlA.GT.1.E 07J NFEHL=2
IFlNFEHL.EQ.21 WRITElNOU,400J NFEHL
READlIN,lOOJ AO,A1,A2,A3,Bl,ALFlA,CKIAMT
IFlAO.GT.l.J NFEHL=3
IFINFEHL.EQ.3J WRITElNOU,4001 NFEHL
WRITElNOU,318JMlA,CH1,CH2.CH3

318 FORMATI'O B. FUEL'/'OTOTAL MASS CF FUEL lGRI',32X,'MA=',lPE15.6/'O
lSPECIFIC HEAT CAPACITY COEFFICIENTS:'I'OCHII lWATT SEC / K GI ='
2,E17.6/' CHI2 lWATT SEC / K**2 GI =',E16.6/' CHI3 lWATT SEC K**3 I
3 GJ =' ,E16.61

333 FORMAT (11' ,1311' *, )/ 145X,' CALCULAT ED CONSTANTS 'I' 0',1311 ,*, II
WRITEINOU.3191 TA,C,AO,Al,A2,A3,Bl,ALFlA

319 FORMATI'O THERMAL CONDUCTIVITYlWATT/CM KI:'I' TAlKI =',lPE22.6/' C
lICM/WATT Kl =',E15.6/'OFUEL/CLADDING HEAT TRANSFER COEFFICIENT:'I'
2 AOIWATT/CM**2 K) =',E26.6/' AIICM/KI =',E34.6/' A21CM**4/WATT Kl=
3',E27.6/' A31CM**7/WATT**2 KI='.E24.6/' BllWATT/CM Kl =',E29.6/'
4 PERCENTAGE OF POWER ALFAIA =',E14.61

READIIN,lOO) ROIB,CHIB,LAM1B
IFlROIB.GT.20.) NFEHL=4
IFINFEHL.EQ.41 WRITElNOU,400J NFEHL
WRITEINOU,320J R01B,CH1B.LAM1B

320 FORMATI'O C. CLAODING'/'ODENSITY lGR/CM**3I',37X,'ROlB=',FlO.5/' S
2PECIFIC HEAT CAPACITY IWATT SEC/K GR)',17X,'CHIIB=',FIO.5/' THERMA
2L CONDUCTIVITY IWATT/CM KI',23X.'LAMBOAIB=',FIO.51

READlIN,lOOJ MIC,CHIC,TAUIC,ALFIC,TICOM
IFIMIC.GT.l.E 071 NFEHL=5
IFlNFEHL.EQ.51 WRITEINOU.400) NFEHL
WRITElNOU,321) MIC,CHIC,TAUIC,ALFIC,TICOM

321 FORMATI'O D. CORE STRUCTURE 1ST MATERIAL'/'OTOTAL MASS lGRI',40X.'
IM1C=',lPE14.6/' SPECIFIC HEAT CAPACITY IWATT SEC/K GRI',17X,'CHIIB
2=',OPIFIO.5/' TIME CONSTANT ISEC)',36X,'TAU1C=',FIO.5/' PERCENTAGE
3 OF POWER',36X,'ALFAIC=',F10.5/' lT1CO - TETAIO)MAX=',35X,FIO.51 '

32 READlIN,lOO) MID,CHID,TAUIO,ALFIO,TIDOM
READlIN,lOOI TAUIF,TAU1G
IFIMID.GT.l.E 07) NFEHL=6
IFINFEHL.EQ.6) WRITElNOU,4001 NFEHL
WRITEINOU,3221 MID,CHID,TAU1D,ALFIO.TIDOM,TAUIF,TAUIG

322 FORMATI'O E. CORE STRUCTURE 2ND MATERIAL'I'OTOTAL MASS IGRl',40X,'
2MID=',lPE14.6/' SPECIFIC HEAT CAPACITY IWATT SEC/K GRI',17X.'CHIID
2=',OP1F10.5/' TIME CONSTANT ISEC)',36X,'TAUID=',FIO.5/' PERCENTAGE
3 OF PowER',35X,'ALFAID=',FIO.5/' lTlDO - TETAIOIMAX=',35X,FIO.5/'O
4 TIME CONSTANTS FOR BOWING EFFECTS:'I' CORE COOLANT INLET TEMPERAT
5URE (SECI',19X,'TAUF=',F10.5/' CORE COOLANT TEMPERATURE RISE ISECI
6'.20X,'TAU1G=',F10.51

31 REAOIIN.IOOI ROE,CHE,LAME,NUl,NU2,NU3
IFIROE.GT.5.) NFEHl=7
IFlNFEHL.EQ.7) WRITEINOU,4001 NFEHL
WRITEINOU,323) ROE,CHE,LAME,NUl,NU2,NU3

323 FORMATI'O F. COOLANT 'I'ODENSITY lGR/CM**3J',37X,'ROE= ',FIO.5/' S
2PECIFIC HEAT CAPACITY IWATT SEC/K GRI',17X,'CHIE= ',FIO.5/' THERMA
2l CONDUCTIVITY IWATT/CM KI',23X,'LAMBDAE=',FIO.5/' NUSSELT NUMBER
3COEFFICIENTS:',27X,'NUl=',FlO.5/' ',55X,'NU2=',FIO.5/' ',55X,'NU3=
4',FlO.51

READIIN,lOOI C1A,CIB,C1E,C1C,CID,C1F,CIG
IFIC1A.GT.5.) NFEHL=8
IFINFEHl.EQ.BI WRITElNOU,4001 NFEHL
WRITEINOU,3241 CIA,C1B,C1E,CIC,CID,CIF,CIG

324 FORMATl'O G. REACTIVITY COEFFICIENTS: '/'OFUEL lC/KI',45
1X,'C1A=',lPE14.6/' CLADDING IC/KI',41X,'CIB=',E14.6/' COOLANT lC/K

2I'.42X,'CIE=',E14.7/' STRUCTURE FIRST MATERIAL lC/KJ',25X,'ClC=',E
314.6/' STRUCTURE SECOND MATERIAL lC/KI',24X,'ClD=',E14.6/' BOWING
4COEFFICIENT/CM COOLANT INLET TEMPERATURE lC/KI CIF=',E14.6/' BOWI
5NG COEFFICIENT/CM CORE COOLANT TEMPERATURE RISElC/KI CIG=',E14.61

READIIN,lOOI B1A,BIB,BIC,BID,B1E
IFIB1A.GT.l.1 NFEHL=9
IFlNFEHL.EQ.91 WRITEINOU,40DI NFEHL
WRITElNOU,3251 BIA,B1B,BIE,BIC,BID

325 FORMATI'O H. REACTIVITY CORRECTION COEFFICIENTS:'I'OFUEL lC/KI',45
lX,'B1A=',lPE14.6/' CLADDING IC/K)',41X,'BIB=',E14.6/' COOLANT lC/K
2I',42X,'BIE=',E14.6/' STRUCTURE FIRST MATERIAL lC/KI',25X,'BlC=',E
314.6/' STRUCTURE SECOND MATERIAL lC/KI',24X,'BlD=',E14.61

READlIN,lOOI L2,M2A,CH2A,TAU2A,C2A,C2E,ALF2A,T2AM
IFIL2.GT.IOO.) NFEHL=lO
IFlNFEHL.EQ.10IWRITEINOU,4001 NFEHL
WRITElNOU,326J SEP,SEP,SEP,SEP,L2,M2A,CH2A,TAU2A,C2A

326 FORMATI'O 3. ZONE 2: LOWER AXIAL BLANKET'I' ',4A8/'OLENGTH lCMJ',4
14X,'L2=',FIO.5/' MASS lGI',47X,'M2A=' ,lPE14.6/' SPECIFIC HEAT CAPA
2CITY IWATT SEC/G KI',18X,'CHI2A=',E14.6/' TIME CONSTANT ISECI',36X
3,'TAU2A=',E14.6/' BLANKET REACTIVITY COEFFICIENT lC/KI',19X,'C2A='
4,E14.61

WRITElNOU,327J C2E,ALF2A,T2AM
327 FORMATI' COOLANT REACTIVITY COEFFICIENT lC/KI',19X,'C2E=',lPE14.6/

l' PERCENTAGE OF POWER',36X,'ALFA2A=',E14.6/' MAXIMAL DIFFERENCE BE
2TWEEN BLANKET AND COOLANT AVERAGE TEMPERATURE lKI',OPF10.51

READIIN,lOOJ L3,M3A,CH3A,TAU3A,C3A,C3E,ALF3A,T3AM
WRITElNOU,3281 SEP,SEP,SEP,SEP,L3,M3A,CH3A,TAU3A,C3A

328 FORMATl'O 4. ZONE 3: UPPER AXIAL BLANKET'I' ',4AB/'OLENGTH lCMI',4
14X,'L3=',FIO.S/' MASS lGI',47X,'M3A=',lPE14.6/' SPECIFIC HEAT CAPA
2CITY IWATT SEC/G KI',18X,'CHI3A=',E14.6/' TIME CONSTANT ISECI',36X
4,'TAU3A=',E14.6/' BLANKET REACTIVITY COEFFICIENT IC/KI',19X,'C3A='
4,E14.61 '

WRITElNOU,3291 C3E,ALF3A,T3AM
329 FORMATl' COOLANT REACTIVITY COEFFICIENT lC/KI',19X,'C3E=',lPE14.6/

I' PERCENTAGE OF POWER',36X,'ALFA3A=',E14.6/' MAXIMAL DIFFERENCE BE
2TWEEN BLANKET AND COOLANT AVERAGE TEMPERATURE lKI',OPFlO.51

READIIN.IOOI L4,N4,S4
WRITEINOU,3301 SEP,SEP,SEP,l4,N4,S4
IFlL4.LE.01 GO TO 33
IFIL4.GT.400.1 NFEHL=ll
IFlNFEHL.EQ.11IWRITEINOU,4001 NFEHL
READIIN,lOOI M4A,CH4A,TAU4A,C4A,ALF4A,T4AM
WRITElNOU,3311 M4A,CH4A,TAU4A,C4A,ALF4A,T4AM

330 FORMATI'O 5. ZONE 4: RADIAL BLANKET'I' ',3A8/'O A. GEOMETRY'I'OLEN
IGTH lCMI',44X,'L4=',FlO.4/' NUMBER OF PINS',41X,'N4=',F8.0/' COOLA
2NT CROSS SECTION ASSOCIATED TO ONE PINlCM**2J S4=',FIO.41

331 FORMATl'O B.' BLANKET'I'OMASS lGI',47X,'M4A=',lPE14.6/' SPECIFIC HE
lAT CAPACITY IWATT SEC/G KI',18X,'CHI4A=',OPIF10.5/' TIME CONSTANT
21SECJ',36X,'TAU4A=',FIO.5/' BLANKET REACTIVITY COEFFICIENT lC/KI',
319X,'C4A=',F12.5/' PERCENTAGE OF POWER',36X,'ALFA4A=',F9.5/' MAXIM
4AL DIFFERENCE BETWEEN BLANKET'AND COOLANT AVERAGE TEMPERATURE lKI=
S',F8.51

READIIN,lODI M4B,CH4B,TAU4B,C4B,ALF4B,T4BM,C4E
WRITElNOU,33311 M4B,CH4B,TAU4B,C4B,ALF4B,T4BM,C4E

3331 FORMATI'O C. STRUCTURE MATERIAL'I'OMASS lGI',47X,'M4B=',lPE14.6/'
lSPECIFIC HEAT CAPACITY IWATT SEC/G KI',18X,'CHI4B=',OP1F10.5/' TIM
2E CONSTANT ISECI',36X,'TAU4B=',FIO.5/' BLANKET REACTIVITY COEFFICI
3ENT lC/KI',19X,'C4B=',F12.5/' PERCENTAGE OF POWER',36X,'ALFA4B=',F
49.5/' MAXIMAL DIFFERENCE BETWEEN AVERAGE CORE STRUCTURE AND COOLAN
5T TEMPERATURE lKI=',F8.5/'O D. COOLANT'I'OREACTIVITY COEFFICIENT I
6C/KJ',33X,'C4E=',F12.51

33 READIIN,100IT85M,TAU85,TAU5A,C8E,C5E,C5A,TET80
IFIT85M.GT.20.1 NFEHL=12
IFlNFEHL.EQ.12IWRITElNOU,4001 NFEHL
WRITElNOU,3031 SEP,SEP,SEP,SEP,SEP,T85M,TAU85,TAU5A,C8E

303 FORMATl'O 6. ZONE 5 AND 8: LOWER AN~ LATERAL PLENUMS'I' ',5A8/'OMA
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LXIMAL TIME DELAY ISECI',31X,'T85=',FIO.5/' TIME CDNSTANT FOR THE M
ZATERIALS ISECI',18X,'TAU85=',F9.4/' GRID PlATE TIME CONSTANT ISEC)
3',Z5X,'TAU5A=',F10.5/' CDOlANT REACTIVITY COEFFICIENT IN THE lATER
4AL PLENUM lC/KI C8E=',FIO.51

WRITElNOU,3341 C5E,C5A,TET80
334 FORMAT I' COOlANT REACTIVITY COEFFICIENT IN lCWER PLENUM IC/K) C5

lE=',F10.5/' GRID PLATE REACTIVITY COEFFICIENT IC/KI',16X,'C5A=',Fl
20.5/' COOlANT TEMPERATURE IN THE lATERAL PLENUM IKI',lOX,'TETA80='
3,f8.ZI'O 7. ZONE 7: STATIC SODIUM 8ETwEEN CORE ANO SHROUD'I

READlIN,lOOI C7E,ALF17,TAU17,TAU87
IflC7E.GT.0.ll NFEHl=13
IfINfEHL.EQ.13JWRITEINOU,4001 NFEHl
WRITElNOU.3351 SEP,SEP,SEP.SEP.SEP,SEP,C7E,ALF17,TAU17,TAU87

335 fORMATl' ',6A8/'OSODIUM REACTIVITY COEFFICIENTlC/KI'.21X,'C7E=',F9
1.5/' DIFf STATIC NA ANO lAT PLENUM TEMP/OIFF AV COOL CORE AND lAT
2PLENUM TEMP ALFA17=',F10.5/' TIME CONSTANT FDR MATERIAL BETWEEN CO
3RE AND STATIC NA TAU17=',F10.5/' TIME CONSTANT FOR MATERIAL BETW
4LATERAl PLENUM ANO STATIC NA TAU87=',F9.41

READlIN,1001 T9AM.TAU9A,C9A'ALF9A,TET90
REAOlIN.1001 PMAX,NUMAX
REAOlIN,1011 N,JAPLOT

C READ N: NUMBER OF INPUT FREQUENCE VALUES FOR DINAMICAL CALCULATIONS
101 fDRMATl16151

IflN.GT.50 I WRITElNDU.207J N
207 fORMATl'lFEHLER IN DER EINGABE N='.I10.' GROESSER ALS 50')

WRITElNOU,3361 SEP,SEP.SEP,TET90,T9AM,TAU9A,C9A.ALF9A
336 fORMATl'O 8. ZONE 9: RADIAL REFLECTOR'I' ',3A8/'OAVERAGE COOLANT

lTEMPERATURE IKI' ,24X,'TETA90=',FIO.3/' MAXIMAL TEMP DIFFERENCE BET
ZWEEN REflECTOR AND CDOLANT =',F16.3/' REFLECTOR TIME CONSTANT ISE
3CJ',26X,'TAU9A=',flO.5/' REACTIVITY COEFFICIENT IC/KI',Z7X,'C9A=',
4f12.5/' PERCENTAGE OF POWER',36X,'ALFA9A=',F9.5J

337 FORMAT 1'0 9. ZONE 6: UPPER PLENUM'I' ',3A8/'OCOOLANT TEMPERATURE I
lKJ',32X,'TETA60=',flO.3///'O REACTOR TOTAL POWER IWATTI',28X,'PO='
2,lPE16.6J

ALflaALFIA+ALF1C+ALFID
ALf4a O.
IFIL4.NE.O.J ALF4=ALF4A+ALF4B
ALFA=ALFl+ALFZA+ALf3A+ALF4+ALF9A
WRITElNOU,3381 PMAX,NUMAX

338 FORMATI//'O MAXIMAL TOTAL POWER lWATTI',28X,'PMAX=',lPE14.6/'O MAX
liMUM COOLANT FLOW ICM**3/SECI',22X,'NUMAX=',E15.61

IfINPAR.EQ.OJ GO TO 601
C CALL SSCA: SUBROUTINE FOR STEADY SYATE CALCULATIONS

CALL SSCA
WRITElNOU,3331
WRITElNOU,3371 SEP.SEP,SEP,TET60,PO
GO TO 600

601 CONTINUE
IFIIN.NE.OI.OR.IIN.EQ.OI.AND.lNPAR.EQ.OIII READIIN.IOOI PO,TET60
WRITElNOU,337J SEP,SEP,SEP,TET60,PO
CALL CACO

WRITElNOU,3331
600 CONTINUE

IFlTET60.GT.1300.1 NfEHL=14
IfINFEHL.EQ.14IWRITElNOU,4001 NFEHl

C PRINT CALCULATED CONSTANTS
WRITElNOU,3501 ALfl,ALFZA,ALF3A,AlF4,AlF9A,AlFA,NUO

350 FORMATI'O 1. TOTAL PERCENTAGE Of POWER, OUTLET TEMPERATURE AND COO
lLANT FLOW'/'OCORE',51X,'ALFAl=',FlO.5/' LOWER REFLECTOR',40X,'AlFA
Z2:',FIO.5/' UPPER REFLECTOR',40X,'ALFA3=',FIO.5/' RADIAL BlANKET',
341X,'ALFA4=',FIO.5/' RADIAL REFLECTOR',39X,'ALFA9=',FIO.5/' TOTAL
4PERCENTAGE',39X,'ALFA=',Fll.5/' COOLANT FLOW ICM**3/SEC) ',31X,'NUO
5:',lPE15.61

WRITElNOU,353) SEP,VOL,TET130,TETIO,PE,NU,TIBO
353 FORMATI'O Z. CORE'/' ',A8/'OTOTAL fUEL VOLUME lCM**3I',30X,'VOL=',

IlPE14~6/'O A. TEMPERATURES AND HEAT TRANSFER NUMBERS'/'OOUTLET COO

2LANT TEMPERATURE',Z9X,'TET130=',OPIFIO.3/' AVERAGE COOLANT TEMPERA
3TURE',Z8X,'TETAIO=',FIO.3/' PECLET NUMPER',4ZX,'PE=',F14.5/' NUSSE
4LT NUMBER',41X,'NU=',F14.5/' AVERAGE CLAOOING TEMPERATURE',27X,'Tl
5BO=',FIZ.5)

WRITElNOU,355J PDIC,H1A,HIA8
355 FORMATl' FUEL PO~ER DENSITY IWATT/CM**3I',Z4X,'PDIO=',FIO.4/' FUEl

1 GAP COEFFICIENT IWATT/CM**Z K)',ZGX,F16.5/' FUEl TO CLACDING HEAT
ZTRANSFER COEFFICIENT lWATT/CM**Z K) HIAB=',FIO.5)

WRITElNOU,3561 TIASO,PHIIA,TIAMO,TICO,TIDO,TIACO
356 FORMATl' FUEL SURFACE TEMPERATURE',31X,'TIASO=',F12.5/' ',55X,'PHI

llA=',FlZ.6/' AVERAGE FUEL TEMPERATURE',31X,'TIAMO=',FIZ.5/' AVERAG
2E FIRST STRUCTURE MATERIAL TEMPERATURE',llX,'T1CO=',F12.5/' AVERAG
3E SECOND STRUCTURE MATERIAL TEMPERATURE',lOX,'TIDO=',F12.5/' CENTR
4AL FUEL TEMPERATURE',31X,'TIACO=',FIO.31

WRITElNOU,3571 CHIA
357 FORMATl/'O B. THERMAL CONSTANTS'/'OFUEL SPECIFIC THERMAL CAPACITY

llWATT SEC/G KI',lOX,'CHIIA=',FIZ.71
WRITEINOU,3581 KIAST,KIASP,KIAMT,K1AMP,KIA~TS,KIAMPS

358 FORMATI'OFUEL NON LINEAR GLOBAL COEFFICIENTS'/'OSURFACE TEMPERATUR
lE KIAST=',lPE14.6,lOX,'KIASP=',E14.6/' AVERAGE TEMPERATURE'
1,8X,'KIAMT=',E14.6,lOX,'KIAMP=',E14.6/' ',Z6X,'KIAMTS=',E14.6,lOX,
Z'KIAMPS=',E14.61

WRITElNOU,3951 ALFAM,ALFAl,EPS,ETA,GAMMA,A
395 FORMATI'ONON LINEAR CORRECTION COEFFICIENTS FOR CLADOING TEMPERATU

IRE CHANGE'I'OAVERAGE TEMPERATURE',36X,'ALFAM=',FIO.4/' LINEAR AVER
ZAGE TEMPERATURE',29X,'ALFAl=',FIO.4/'OGAP COEFFICIENTS:'/' ',55X,'
3EPSILON=',F12.6/' ',55X,'ETA=',F12.6/' ',55X,'GAMMA=',FIZ.6/' ',55
4X,'A=',F12.61

WRITElNOU,3591 TIA,T18,TIAX
359 FDRMATl'O C. TIME CONSTANTS AND DElAYS'/'OFUEL RADIAL TIME SCAlE

1ISECI',Z6X,'T1A=',F12.6/' CLADDING TIME CONSTANT ISECI',27X,'TIB='
2,F12.6,I' AXIAL TIME DELAY ISECI',33X,'TIAX=',F11.6J

WRITElNOU,3601 MPIA,MPIC,MPID,BIACOR
360 FORMATl'O D. MATERIAL THERMAL CAPACITIES TO COOlANT THERMAL CAPACI

ITY RATIO'I'OFUEl',51X,'M1A=',FIZ.6/' FIRST STRUCTURE MATERIAl',31X
Z,'MIC=',FIZ.6/' SECOND STRUCTURE MATERIAl',30X,'MID=',FIZ.6/'O E.
3REACTIVITY CORRECTION COEFFICIENTS'/'O',55X,'BIA=',F10.51

WRITElNOU,35Z1 SEP,SEP,SEP,TETZIO,TET20,T2AO,TZAX,MP2A
35Z FORMATl'O 3. LOWER AXIAL BLANKET'/' ',3A8/'O A. TEMPERATURES'/'OOU

ITlET CDOLANT TEMPERATURE',Z9X,'TETA210=',F8.3/' AVERAGE COOLANT TE
2MPERATURE',Z8X,'TETAZO=',F9.3/' AVERAGE BLANKET TEMPERATURE',28X,'
3TZAO=',Fll.3/'O B. TIME CONSTANTS AND OELAYS'I'OAXIAL TIME DElAY',
439X,'T2AX=',F11.6/'O C. MATERIALS THERMAL CAPACITIES TO COOLANT TH
5ERMAL CAPACITY RATIO '/'OBLANKET TC COOLANT',37X,'M2A=',F12.61

WRITElNDU,3611 SEP,SEP,SEP,TET360,TET30,T3AO,T3AX,MP3A
361 FORMATI'O 4. UPPER AXIAL BLANKET'/' ',3A8/'O A. TEMPERATURES'I'O 0

lUTLET COOLANT TEMPERATURE',Z8X,'TETA36C=',F8.3/' AVERAGE COOLANT T
ZEMPERATURE',Z8X,'TETA30=',F9.3/' AVERAGE BLANKET TEMPERATURE',28X,
3'T3AO=',Fl1.3/'O B. TIME CCNSTANTS AND OELAYS'/'OAXIAL TIME DELAY'
4,39X,'T3AX=',Fll.6/'O C. MATERIALS THERMAL CAPACITIES TO COOLANT T
5HERMAL CAPACITY RATIO'/'OBLANKET',48X,'M3A=',FIZ.61

IFIL4.LE.OI GO Ta 366
WRITElNOU,36Z1 SEP,SEP,TET460,TET40,T4AO,T4BO,T4AX,MP4A,MP4B

36Z FORMATl'O 5. RADIAL BLANKET'/' ',2A8/' A. TEMPERATURES'/'OOUTlET
lCOOLANT TEMPERATURE',Z9X,'TETA460=',F8.3/' AVERAGE COOLANT TEMPER
2ATURE',27X,'TETA40=',F9.3/' AVERAGE BLANKET TEMPERATURE',28X,'T4AO
3=',Fl1.3/' AVERAGE STRUCTURE MATERIAL TEMPERATURE',17X,'T4BO=',F11
4.3/'0 8. TIME CONSTANTS AND OELAYS'I'OAXIAL TIME DELAY',39X,'T4AX=
5',Fl1.3/'O C. MATERIAL THERMAL CAPACITIES TO COOLANT THERMAL CAPAC
6ITY RATIO'/'OBLANKET',48X,'M4A=',F12.6/' STRUCTURE MATERIAL',37X,'
7M4B=',flZ.61

366 WRITEINOU,3631 SEP,SEP,SEP,SEP,T85
363 FORMATl'O 6. LOWER AND LATERAL PLENUM'/' ',4A8/'OTIME DELAY',45X,'

IT85=',F12.51
WRITEINOU,3641 SEP,SEP,SEP,SEP,SEP,ALF87,SEP,SEP,T9AO

364 FORMATl'O 7. STATIC SODIUM BETWEEN CORE AND SHROUO'/' ',5A8/' ',55
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lX.'AlFA87=',F1Z.6/'O 8. RADIAL REFlECTGR'l' ',ZA8/'O A. TEMPERATU
ZRES'I' OAVERAGE REFlECTOR TEMPERATURE' .Z6X, 'T9AO='. F1Z.41

IFIN.EQ.Ol GO TO ZOO
REAOIIN.100l 10MIIl,I=1.Nl
PIHAlB=1.570796
EE=EPS*AlFAl/11.+EPS*AlFAll
EA=1.333333*AlFAM*EPS*ll.+GA6*AlFAll/IAlFE*11.+8.*GAMMA*AlFAMll

C CAlCUlATION OF THE REACTIVITY POWER TRANSFER FUNCTION KISIGMAI
00 30 I=l,N
OMZ=OH I I 1*014 I.J-l
SUM=O.
SUM1=0.
00 6 ISOT=l.NI .
00 6 J=l.NG
FAC=lAMBOA IJ, ISOTl *l AMBDA( J. ISOT I+CMZ
SUM=SUM+tAIIJ,ISOTl*lAMBOAIJ,ISOTII/FAC

6 SUM1=SUM1+AIIJ.ISOTl/FAC
KIIl=0.01/CHFlXIOMZ*SUM1.OMIII*ll/BET+SUMII
ARG=SQRTlTlA*OMII 1'1*0.7071067
SIGMA =CMPlXIO •• OMIIll

C CAlCUlATE IISIGHAl
XN",OHIIl*T1A
IFIXN.lE.700.1 GO TO ~O

COM"'CSQRTICMPlXI1 ••0.Z5*XN 11
RE=-REAlICOMI
XIM=AIMAGICOMI
lSIGMAIII=l./XN*CMPlXIXIM.REI
GO TO 11

10 CAll ISIGIARG.lSIGMAIIII
-lI GSIIl=lSIGMAIIl/llSIGMAIII+GAMMAI

FSIIl=GSIII/ITlA*SIGMA *ZSIGMAIIll
AR",CHPlX IARG.-ARGl'
CAll STRFIAR.H.KENI
IFIKEN.EQ.l1 GO-TO 401

C CAlCUlATE THE TRANSFER FUNCTIONS~
COM=PIHAl8*110.5*HIIII/ICMPlXIARG,-ARGI*lSIGMAIIII+HIZ11
GO TO 40Z

401 COM=PIHAlB*1 n.+Hlll+HlllIIZ.*ZSIGMAI 111 1*0.6366 + HIZI I
40Z CONTINUE '

GlIIl",GSIII*ll.-COMI
FlIIJ=16.*AlFAlI/I11.+GA6*AlFAll*T1A*SIGMAI*,

1 11.-GlIII-IAlFAl-1.I/AlFAl*COMI
FM 11 1=8.1111 ~+Il.,*GAMMA*AlFAMl*T1A*S IGMAI *

1 Il.-FSIII+IAlFAl-l.I*GAMMA*FSIII/ZSIGMAIIII
COM=l. +EPS*AlFAl*GlI 11 -
G1AlIIJ=AlFE*GlIII/COM
F1AlIIl"'AlFE*FlIII/COM
G1ASIIJ=AlFE*GSIIJ/COM
COM=A*GAMMA*TlA* 1l.+ET.AI *S IGMA*FSI I I'
G1BIIl=1./11.+T1B*SIGHA +COM-EE*CO~*GIAlIIII

FlASH J=IFSI IJ+EPS*AlFAl*FSn I -EPS*II.+GA6*AlFAll/GA6
1 *GSIII*FIAlIIII/11.-EPS/GA61 .
FIBIIJ=GIBIII*IK1ASP*IF1ASIII~FlAlIIII+FlAlIIII

GlAM 11 J=FS I I I*AlFEII1.+AlFAl*EPS*GllI I I '
COM=MP lA*ll. +ETA I*G181 IJ *FSI 11
Y1BIIl=T1AX*SIGMA*IIHP1A*T181/IA*GAMMA*TlAI*G18III+COM-

1 AlFAl*EPS/AlFE*COM*G1AlIIII
F1AMIIl=IFMIII-EA*FSIII*FlALIIII/11.-EAI
GPAMIII=G18III*GlAMIII
FPAMIIJ=ll./IK1AMPS*IT1AMO-TET10III*IKlAMT*ITlBO-TETlDI*GIAMIII*

1 F1BIIl+K1AHF*IT1AMO-TlBOI*F1AMIIIJ
GICIII=1./11.+SIGHA*TAU1CI
GIOIIJ=1./11.+SIGHA*TAUIDI
Y1CIIJ=T1AX*MP1C*SIGHA*G1CIII ~

Y10III=TIAX*MP10*SIGMA*G1DIII
Y1III=Y1BIII+YICIII+YlOIII+T1AX*SIGMA

FllIl=IAlFlA*F1BIII+ALF1C*GlCIII+ALFlC*GloIIII/ALFl
CALl WUVIYlIII.F1III,W13III,U131II,V13III.UlIII.VlIIII
GZAIIl=1./11.+TAUZA*SIGMAI
YZIII=TZAX*SIGMA+TZAX*MPZA*SIGMA*GZAIII
CAlL WUVIYZlII,GZAIII,wZlIII,UZlIII,V211II,U21II.V2IIII
G3AIIl=1./11.+TAU3A*SIGMAl
Y31IJ=T3AX*SIGMA+T3AX*MP3A*SIGMA*G3AlII
CALl WUVlY3IIl.G3AIII,W36III.U36III.V311II.U31II.V31IJI

39 IFll4.lE.OlGO Ta 15
G4AIII=1./11.+TAU4A*SIGHAI
G4BIIl=I./11.+~AU4B*SIGHAI

F41I J=AlF4A/AlF4*G4Al I I+AlF4B/ALF4*G4BI I I
Y4Al I I=MP4A*T4AX*S IGMA*G4A I I 1
Y4Bl Il=MP4B*T4AX*SiGMA*G4BlI 1
Y41Il=T4AX*SIGMA+Y4AIII+Y4BIII
Q4A=C4A*IT4AO-TET401*G4AlIl
Q4B=C4B*IT4BO-TET401*G4BIII
Q41I1=Q4A+Q4B
0411 I=C4E+C4A*G4AIII+C4B*G4BI 11
CAll WUVlY41'I I ,F41 IJ ,\014611 1,U46 I I I ,V461I 1,U41 Il, V41I I 1
ES4IIl=ITET40-TET801*V4IIl*D41II
EM41Il=ITET80-TET401*U41Il*041Il

lS GI7IIl=I./ll.+TAU17*SIGMAl
G87IIl=1./ll.+TAU87*SIGMAI
W5IIl=CEXPI-T8S*SIGMAl/11.+TAU8S*SIGMAI
GSAIIJ=1./11.+TAUSA*SIGMAI
F9AIIl=1./11.+TAU9A*SIGMAI
Q1A= C1B*IT1BO-TET101*FIBIII+CIA*K1AMPS*ITIAMO-TETIOI*FPAMI11
Q1C=C1C*ITICO-TETlOI*GIClIl '
Q10=CIO*ITIOO-TET10I*G10III
Q11 I I=QU+Q1C+Ql 0
QZIII=CZA*ITZAO-TETZOI*GZAIII
Q3III=C3A*IT3AO-TET301*G3AIIl
Q9IIl=C9A*IT9AO-TET901*F9AIIl
QIII=Q1III+QZIII+Q3III+Q4III+Q9III
01III=C1E+CIB*G1BIII+C1A*K1AMTS*GPAMIII+C1C*G1CIII+Clo*GIOIII
01PIII=BIE*C1E+B1B*C1B*G1BIII+B1ACOR*ClA*KlAMTS*GPAMII1+

lB1C*ClC*GICIII+BlO*ClO*GlOIII
OZIIl=CZE+CZA*GZAIII
03IIl=C3E+C3A*G3AIII
OSII I=CSA*GSAI I I
017III=C7E*AlFI7*G17III
087IIl=C7E*AlF87*G87III
0IBOFIIl=ClF/I1.+TAU1F*SIGMAI
OlBOGIIl=C1G/11.+TAUlG*SIGMAI
ESIIIJ=ITETIO-TETZIOI*OlPIII*VlIII+

lITETZ10-TET801*VZlIII*U13III*OlIII
Z+OlBOFIIl*ITETZlO-TETBOI*VZ1III+01BOGIII*IITET130-TETZlOI*V13III
3 +ITETZ10-TET801*VZ1IIl*IW13IIJ-l.11

ESZIIl=ITETZO-TETB01*OZIII*VZlII
tS3IIl=03III*IITET30-TET1301*V3III+ITET130-TET2101*V13III*U361II

1 +ITETZ1D-TET801*V21III*W13III*U36III 1
, ES71 IJ=01711 1*11 TETlO-TETZIOl*VllI 1+1 TET210-TET801*VZlII I*U131 11 1

SIII=ESIIII+ESZIII+ES3III+ES4III+ES7III
EMIIII=ITETZ10-TET10I*UIIII*01PIII+ITET80-TET2101*

lUZlIIJ*U13III*01III+OlBOFIIl*ITETZ10-TET801*UZ1III+
2 01BOGIIl*IITET130-TETZlOI*U13IIJ+ITET210-TET801*U21III*
3 OU3IIJ-l.1I

EMZIIl=ITET8o-TETZOI*U2III*02III
EM3III=-031Il*IITET30-TET1301*U31II+lTET130-TET2l01*Ul31Il*U361II

1+ITETZ10-TET80J*UZIIII*W13III*U36IIII
EM7IIl=D17IIl*IITETZlO-TET10I*U1III+ITET80-TETZlOI*UZlIII*U131Ill
MIII=EM1III+EM2IIJ+EM3III+EM4III+EM7II1
R111 1=WSI I 1*...ZlI I I *U 1311 1*011 I I
RZIIl=WSIII*U21III*OZIII
R31I I=WSII 1* ... 211 IJ*W13II I*U36(I 1*0311 I

\<l
~



'!

R4(II=W5III*U46II)*04111
R5(1)=W5III*05II)
R7111=087III+017(1)*W5111*w2111)*U13(I)
RI 1)=C8E+RH 1)+R2( 11 +R3( Il+R4Ü )+R51 I I+R 7 nl
QKlIl=KUI*Q(l1
SKlIJ=K(1)*SUI
GO(II=K(IJ/l1.-QKII)J
QSKlll=QK(IJ+SKII)
GP(II=K(IJ/(l.-QSKIIJI
GHUIIJ=GPIII*MIIJ
GTET~IJ=GPlll*Rlll

30 CONTINUE
WRITEI NOU,1191

119 FORHATl'P,50X,' FUNCTIONS'III'O 1; KINETIC TRANSFER. FÜNCTION'I
110 FORHATPO 2. THERMODYNAHIC BASIC FUNCTIONS'III'O CORE'I

CALL SCRIVIIN,OH,FKNA,K;BLANK,K)
WRITE( NOU,1101
CALL SCRIVIIN,OM,ZNA,ZSIGMA,BLANKjKI
NN=l , '.
CALL SCRIVI IN,OM ,BhAH( NNI, BFELD 11, NNI ,BNAM(NN+1h BFELDI1,NN+lIl
NORU=100 .
REAOlIN,1031 IORUCK(IJ,I=l,20)

103 FORHATl20A41
JAQ=O
JAS=O
JAR=O
JAH=O.
KARTE=O
IF(ORUCK(ll.EQ.BASICI GO Ta 91

- Jls1
GO TO 14

91' NORU=16
DA 901 NOR=l,NORU,2
CALL SCRIVIIN,OH,FNAH(NORI,FELD(l,NORJ,FNAMINOR+11.FELOI1,NOR+111

901 CONTINUE
, JI s 3

14 oRU=ORUCK( JI 1
KARTEs I0
IFloRU.EQ.BLANKI GO TO 12
IF(oRU.EQ.FNAHI1711 GO TO 17
IFloRU.EQ.FNAHI1911 GO TO 19
IFIORU.EQ~FNAHI21JI GO TO 21
GO TO 12

19 CALL SCRIVIIN,OM,FNAHI19J,FELDll,lgl,FNAMI201,FELOl1,2011
JIsJI+2
GO TO 14

17 CALL SCRIVIIN,OH,FNAH(17),FELD(l,171,FNAMI181,FELOI1,1811
JIsJI+2 •
GO TO 14

21' NORls 21
NOR2s 26
00.16 JJ=NORl,NDR2,2
FNA=FNAH(JJ+11
IF(JJ. EQ.251 FNA=BLANK

16·CALL SCRIVI(N,OH,FNAH(JJI,FELD(1,JJI,FNA,FElDI1,JJ+111
12 IF(IJI.EQ.11.AND.(DRU.EQ.BLANKII GO TO 90

IF(KARTE.EQ.OI GO TO 13
18 REAOUN,1031 (DRUCKU),I=1,201

JIsl
22 ORU=ORUCKIJII

IF(ßRUCK(ll.EQ.BLANKJ GO TO 90
IF(DRU.EQ.BLANKJ GO TO 18

13IF(IORU.EQ.FNAH(26JI.OR.(oRU.EQ.FNAMI3311IKARTE=1
IFIIORU.EQ.FNAMI4011.0R.loRU.EQ.FNAM(51»)KARTE=2
IF(IORU.EQ.FNAMI52JJ.OR.IORU.EQ.FNAM(551»KARTE=2
IF(ORU.EQ.BNAM(31) KARTE=3

IFloRU.EQ.BB) KARTE=4
IF(ORU.EQ.BNAMI41) KARTE=5
IFIORU.EQ.BNAM(51) KARTE=6
IF!DRU.EQ.BNAMlbll KARTE=7
IFIORU.EQ.BNAM(13)1 KARTE=8
GO TO (520,530,540,550,560,570,580,5901,KARTE

\520 IFIORU.EQ.FNAM(261) GO TO 26
34 WRITE(NOU,233)

233 FORMAT(III'O 3. UPPER AXIAL BLANKET'III)
11=33
12=39
GO TO 500

26 WRITE(NOU,226)
226 ·FORMAT (/11' 0 2. lOWER AX I Al BLANKET' 111)

11=26
,12=32
GO TO 500

530 IF(oRU.EQ.FNAM(40» GO Ta 40
IF(ORU.EQ.FNAMI51)1 GO TO 51
IF(bRU.EQ~FNAMI53JI GO TO 53
12=55
WRITE(NOU,2551

255 FORMATIIII'O 9. RADIAL REFLECTOR'IIII
GO Ta 502

40 11=40
.12=50
WRITEINOU,240)

240 FORHATIIII'O 4. RADIAL BLANKET'III)
GO TO 500

51 11=51
12=52
WRITE( NOU,2511

251 FORMATIIII'O 7. STATIC SODIUM BETWEEN CORE AND SHROUD'IIII
GO TO 500

53 11=53
12=54.
WRITE( NOU, 253)

253 FORMAT(III'O 5. LOWER PLENUM ANC GRID PLATE'III)
GO TO 500

540 11=56
12=60
JAQ=1
WRITEl NOU, 290 1

290 FORMAT(III'O POWER FEEDBACKS WITH CONSTANT COOLANT TEMPERATURES'
11111

CALL SCRIVI(N,OH,BNAM(31,Q,BLANK,QI
GO TO 500

550 11=61
12=70
WRITE(NOU,250)

250 FORHAT(III'O COOLANT TEHPERATURES REACTIVITY FEEDBACK FUNCTIONS'
11/11

GO TO 500
560 11=71

12=75
JAS=l
WRITE( NOU, 260)

260 FORHAT(III'O REACTIVITY POWER FEEOBACKS THROUGH THE COOLANT TEMP
1ERATURES '11n

CALL SCRIVI(N,OM,BNAM(41,S,BLANK,S)
GO TO 500

570 11=76
12=80
JA!'=l
WRITEI NOU, 270)

270 FORHATIIII'O REACTIVITY COOlANT FLO~ FUNCTIONS'III)

\0
U1



CAll SCRIVIIN,OM,B~AM{S)tM,BlANK,M)

GO TO SOO
S80 11=81

12=86
JAR=l
WRITElNOU,280)

280 FORMATllll'O REACTIVITY INlET TE~PERATURE FUNCTIONS'IIII
CAll SCRIVIIN,OM,BNAM(6),R,BlANK,RI

SOO II=12-1
00 SOl I=Iltll,2
CAll SCRIVIIN,OM,FNAMIII,FElOll,II,FNAMII+l),FElOll,I+l»

SOl CONTINUE
1F{II2-I).EQ.ll GO TO 20

502 CAll SCRIVIIN,OM,FNAMII2),FElOI1,12),8lANK,K)
20 Jl=Jl+l

GO TO 22
S90 11=11

12=14
00 591 1=11,12,2

S91 CAll SCR1VIIN,OM,8NAM(1),BFElOI1,II,BNAMII+11,BFElOI1,I+1»
GO TO 18

90 IFlJAQ.EQ.11 GO TO 96
IdRITEl NOU, 240)
CAll SCRIVIIN,OM,BNAM(3),Q,BlANK,Q)

96 IF(JAS.EQ.l) GO TO 92
WRITEINOU,260)
CAll SCRIVIIN,OM,BNAMI41,S,BlANK,S)

92 IFlJAM.EQ.l) GO TO 93
WRITEI NOU,270)
CALl SCR1VIIN,OM,BNAMIS),M,BlANK,MI

93 IFIJAR.EQ.l) GO TO 9S
WRITEI NOU,280)
CALL SCR1V1IN,OM,8hAM(6l,R,BLANK,R)

95 11=7
12=10
WRITEINOU,230)

230 FORMAT('l CLOSEO lOOPS TRANSFER FUNCTIONS'IIIJ
00 94 1=U,12,2
1FIJAPLGT.NE.O) N=-N
CAll SCR1VIIN,OM,8NAMIII,BFElOI1,1),BNAMI1+1),BFElOll,I+1»

94 CONTINUE
200 STOP

END
===-==:sazs======:=============================================================

SUBROUTINE FOR STEADY STATE CALCUlAT10NS

===============================================================================
SUBROUTINE SSCA
REAL NU1,NUMAX,NUO,KIAMPS,ll,N1,M1A,lAMIB,MIC,MIO,lAME,NUl,NU2,NU3

1,L3,M2A,M3A,L4,M4A,N4,M4B,MP2A,NU,KIAST,KIASP,KIAMP,KlAMT,KIAMPS,
2KIAMTS,MPIA,MPIC,MPIO,MP3A,MP4A,MP4B

COMMON TE801IS0),TE901ISOJ,NUIISOI,POIISOI,TE130IISO),TEI01IS0),
ITIASOlISO),TlAM011S0I,TlACOIISOI,TlB01ISO),TlOOlI5C),TIC01lSO),
2ROQIAISO),ROQICISO),ROQIOISO),ROQ2IS01,ROQ3IS0),ROQ4A1501,
3ROQ48IS0J,ROQ4IS0),ROQ9IS01,ROQI50),
4ROSlISO),ROS2IS0J,ROS3IS01,ROS4IS01,ROS7ISCI,ROSISO),
5ROMlI50I,ROM21501,ROM3IS0l,ROM4IS0l,ROM7IS01,ROMISOI,
6RORlISOl,ROR2(50),ROR3IS0),ROR4IS0),RORSISO),ROR71S0),ROR8IS01,
7RORI50l,POIOlISOl

COMMON IINKO/IN,NOU,ll,Nl,Sl,OELl,RlBI,RlBE,MlA,CHl,
lCH2,CH3,TA,C,AO,Al,A2,A3,Bl,AlFlA,ROlB,CHlB,lAMlB,MlC,CHIC,
2TAUIC,AlFIC,TICOM,MIO,CHIO,TAUIO,AlFIC,TIOOM,ROE,CHE,lAME,
3NUl,NU2,NU3,ClA,ClB,ClE,ClC,ClO,BlA,BlB,BlC,BlO,BlE,CIF,CIG,
4l2,M2A,CH2A,TAU2A,C2A,C2E,AlF2A,T2AM,l3,M3A,CH3A,TAU3A,C3A,C3E,
SAlF3A,T3AM,L4,N4,~4,M4A,CH4A,TAU4A,C4A,AlF4A,T4A~,M4B,CH4B,

6TAU4B,C4B,Alf4B,T48M,C4E,T8SM,TAU8S,TAU5A,C8E,CSE,CSA,C7E,
7AlF17,TAU17,TAU87,T9AM,TAU9A,C9A,AlF9A,PMAX,TET60,PO,NUMAX
8,TET80,TET90,NPAR,CK1AMT

COMMON IBERCOI AlFl,AlfA,ALF4,TET360,NUO,VOL,MP2A,
ITET210,TET20,T2AO,T2AX,TET130,TETIO,PE,NU,TIBO,POIC,PD2,HIA,
2HIAB,TIASO,PHIIA,TIAMO,TICO,TIOO,TIACC,CHIA,KIAST,KIASP,KIAMP,
3KIAMT,KIAMFS,KIAMTS,A,AlFAM,AlfAl,GAM~A,GA6,EPS,ETA,AlFE,

4TIA,TIB,TIAX,MPIA,MPIC,MPIO,BIACOR,TET30,T3AO,T3AX,MP3A,TET460,
STET40,T4AO,T4BO,T4AX,MP4A,MP4B,T8S,AlF87,T9AO

M=NPAR
1=0

1 1=1+1
REAOIIN,lOOI TET80,TET90,NUC,PO
TE801 (I )=TEl80
TE90H I )=TET90
NUIIIJ=NUO
POIl Il =PO
TET60=TET80+PO*IAlFl+AlF2A+ALF3A+AlF4J/INUO*CHE*ROEI
CAll CACO
TE130IIIl=TET130
TEIOl{ Il=TETlO
TIASOl I Il=T1ASO
TlAMOl I Il=T1AMO
TlACOl 1I 1=T1ACO
TIBOH l)=TIBO
TlCOH l)=TlCO
TiD01( 1 I=TlOO
POIOl{ I)=POIO
Ol=CIE+CIB+C1A*KIAMTS+CIC+CIO
02=C2E+C2A
03=C3E+C3A
1FIl4.NE.Ol GO TO 2
04=0.
GO TO 3

2 CONTINUE
04=C4E+C4A+C4B

3 OS=CSA
017=C7E*AlFl7
087=C7E*AlF87
OlS=BIE*CIE+BIB*CIB+BIACOR*CIA*KIAMTS+BIC*CIC+BIO*CIO
S=Ol*(TET210-TET801+CIF*ITET210-TET80)+ CIG*ITET130-TET210)
XMl=-01S*ITETlO-TET210)+S
XM2=-02*ITET20-TET80J
XM3=-03*ITET30-TETBOl
IFll4.EQ.0) TET40=0.
XM4=-04*ITET40-TET801
XM7=-017*(TETIO-TET801
XM=XMl+XM2+X~3+XM4+XM7

SS=DlS*(TETlO-TET210)+S
ROQIA(1)=ClB*ITlBO-TETlOI+ClA*KlAMPS*ITlAMO-TETlOl- ROQIAlll
ROQICll)=ClC*(TlCO-TETlO) - ROQICll)
ROQIOI1I=CIO*(TIOO-TETIOI - ROQIOlll
ROQ2(1)=C2A*IT2Ao-TET20) - ROQ2(1)
ROQ3(1)=C3A*IT3AO-TET30) - ROQ3111
IF{l4.NE.01 GO TO 4
ROQ41I )=0.
GO TO S

4 ROQ4A(1)=C4A*IT4AO-TET40J - ROQ4Al11
ROQ4B(1)=C4B*IT4BO-TET401 - ROQ4Bl11
ROQ4IIJ= ROQ4A(lJ+ROQ4BI1J

S ROQ9III= C9A*IT9AO-TET90) - ROQ9111
ROQ(11=ROQIAlll+ROQlCII)+ROQlOIII+ROQZII)+ROQ3I1I+ROQ4(1I+RCQ91IJ
ROSl(l)=SS-ROSlll)
ROS2(1)= -XM2 - ROS2111
ROS3(1)= -XM3 - ROS3111
ROS4(11= -XM4 - ROS4111

\0
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SUBROUTINE TO PRINT THE REACTCR CONFIGLRATlON

============================================================================:

============================================================================:

\0
-..I

, ,

.'I,ONE/' 1'1,
3'I,FOUR/'4 * 'I,

6'I,SEVEN/' 7 *'1,
*'I,FMBLI7I,FMBI711.,. .,.9

3

SUBROUTINE BILDIREAKTI
REAL*4 SEFOR/'SEFo'I,KNK/'KNK 'I,SNR/'SI\R 'I
REAL*8 STZ/' * 'I,ST4/'**** 'I
REAL*4 RE~KTl201

RfAL*8 BLANK/' 'I,NONE/' NONE 'I,FMTl3ill
l'l9HOl - ','CORE/Z4H',' Z - LO~','ER A~I~L'," BLANKET',
2'/Z4H 3 -',' UPPER A','XIAL BLA','NKET/Z4H'I' 4 - "
3'RADIAL B','LANKET ','/ZOH 5 -',' LO.ER P','LENUM "
4'/17H 6 -',' UPPER P','LENUM/47','H 7 - ','STATlC S',
S'ODIUM BE','TWEEN VE','SSEL AND',' SHRoLO ','/19H 8 -',
6' LATERAL',' PLENUM/','~IH 9 - ','RADIAL R','EFLEKTOR',
7' I 'I

REAL*8 ST/'********'I,STI/'
ITWO/" 2'I,THREE/'
2FIVE/' S'I,SIX/'
3EIGHT/' 8 *'I,NINE/'
l'19X,41H.',' ','
Z' " 'l '/

NOU=6
SO FDRMATI'l',40X,20A411111

IF l'REAKTlll. EQ.SEFOR I L= 1
lFIREAKTIII.EQ.KNKI L=2
IFIREAKTlll.EQ.SNR I L=3
GO TO 1l,1,31,L

FI'1T I 291-NONE
FMTl301=BLANK
00 ZO I=Zl, Z4

ZO FMTl 11= BL ANK
FMTlZOI=NONE
GO TO 10

1 FMT Oll=NONE
FMT( lZ I=BLANK

10 WRITEINOU,SOI IREAKTl 11,1=1,201
00 5 1=1,7

5 FMBU 1 1= FMB 1I I
FMBIZI=ST
FMB13I=ST
IFIL.EQ.ZI GO TO 11
FMBI41-ST
FMBI51=ST
IFIL.EQ.31 FMBISI=ST4

11 WRITEINOUIFMBI
GO Ta IZl , Z2 , Z3 I , L

Zl FMBL 151=Sn
GO TO Z4

ZZ FMBU 31=Sn
GO TO 24

Z3 FMBUSI-STZ
Z4 WRITEINOU,FMBLI

FMBLIZI=SIX
WRITEINOU,FMBLI
FMBL I ZI= BLANK
WRITEINOU,FMBLl
IF (L.EQ. 11 FMBI 61=S T
IfIL.NE.ZI GO To 6
F!o1B(41=ST
FMBI51=ST

6 WRITEINOU,FMBI
00 13 J=3,6

13 FMBUJ I=STl
00 14 K=I,3

ROS7111= -XM7 - ROS7111
ROSIII=ROS1III+ROSZIII+ROS3III+ROS4III+ROS7III
ROMlIII= XMI - ROMllll
ROMZIII= XMZ - ROMZlll
ROM3III= XM3 - ROM3111
ROM4III= XM4 - ROM4111
ROM7III= XM7 - ROM7111
ROMIII=ROMlIII+ROMZIII+ROM3III+ROM4III+ROM7III
ROR1II,=Dl*TET80 - RORl(ll
RORZ(I,=DZ*TET80 - RORZlll
ROR3III=D3*TET80 - ROR3111
ROR4III=D4*TET80 - ROR4111
RORSIII=DS*TET80 - RORSlll
ROR7III=ID87 + D171*TET80 -ROR7111
ROR8III=C8E*TET80 - ROR8111
RORIII= RORllll+RORZIII+ROR3III+ROR411,+RORSIII+ROR7III+ROR8III
IFII.LT.MI GO TO 1
WRlTElNOU,111

11 FORMATI'l',131I'*'11150X,'STEADV STATE CALCULATIONS'I'O',131I'*'11
WRITEINOU,lZI II,TE80IIII,TE901III,NUlIII,POIIII,I=l,MI

lZ FORHATIII'O INPUT: COOLANT TEMPER~TURESIKI FLOWICH**3/SECI POWE
lRIWATTI'/'O N',7X,'TETA 80',8X,'TETA90',8X,'NU',lZX,'PO'I/II8
Z,OPZF15.4,lPZElS.611

100 FORMATI8GI0.41
WRITElNOU,131

13 fORHATI///'O OUTPUT: COOLANT TEMPERATURES',lSX,'FUEL TEMPERATURES
1',1ZX,'CORE STRUCTURE MATERIAL TEMPERATURES POWER DENSITV'I'O
Z N TETA 130',9X,'TETA 10',9X,'TIASO',9X,'TIAMO',9X,'TIACO',9X,'T
31BO',9X,'TICO',9X,'TIDO',9X,'PDI0'I

WRITElNOU,101 II,TE130IIII,TEI0Ill',TlASOIIII,TlAMOIIII,TlACOIIII,
ITIBOIIII,TICOIIII,TIDOIIII,PDI0IIII,I=l,MI

10 FORMATII7,FIZ.4,8F14.41
ZO FORMATII7,lPIOEIZ.41
30 FORMATII7,lP6E14.61

WRITElNOU,141
14 FORMATI'l',SOX,'REACTIVITIES'I//'O POWER REACTIVlTIES WITH CONSTA

INT COOLANT TEMPERATURES ICENTI'/'O N ROQIA',7X,'ROQIC',7X,'R
ZOQID',7X,'ROQZ',8X,'ROQ3',8X,'ROQ4A',7X,'ROQ4B',7X,'ROQ4',8X,'ROQ9
3',8X,'ROQ'/1

WRITEINOU,ZOI II,ROQIAIII,ROQICIII,ROQlDIII,ROQZ(II,ROQ3III,ROQ4AI
lII,ROQ4BIII,ROQ4III,ROQ9III,ROQIII,I=Z,MI

WRITEINOU,lSI
lS FORMATI///'O REACTIVITV POWER fEEDBACKS THROUGH THE CDOLANT TEMPE

lRATUREICENTI'/'O N ROSl',10X,'ROSZ',10X,'ROS3',10X,'ROS4'
Z,10X,'ROS7',10X,'ROS'/I

WRITElNOU,301 II,ROS1III,ROSZIII,ROS3III,ROS4III,ROS7III,ROSIII,
1 I-Z~MI

WRITElNOU,161
16 fORMATI///'O COOLANT fLOW REACTIVITIES ICENTI"/'O N ROMl'

1,10X,'ROMZ',lOX,'ROM3',10X,'ROM4',10X,'ROM7',lOX,'ROM 'lI
WRITElNOU,301 II,ROMlIII,ROMZIII,ROM3III,ROM4III,ROM7III,ROMIII,

1 I-Z,MI
40 FORMATII7,8F14.71

WRITElNOU,181
18 FORMATI///'O INLET TEMPERATURE RE~CTIVITIES ICENTI'I'O N

1ROR1',10X,"RORZ',10X"'ROR3',10X,'ROR4',10X,'RORS',10X,'ROR7',10X,'
ZROR8',10X,'ROR'/1

WRITElNOU,401 II,ROR1III,RORZIII,ROR3III,ROR411I,RORSIII,ROR7III,
1ROR8III,RORIII,I=Z,MI

RETURN
END



FMBL 121= BLANK
IFIK.EQ.21 FMBLI21=THREE

IF(L.EQ.lI GO TO 14
FMBL 161= BLANK
IFIL.EQ.21 GO TO 14
FMB1I51=ST2
FMB1I41= BLANK

14 WRITEINOU,FMBLI
00 15 J= 3,6

15 FMB(J I=STl
GO TO(41,42,431,L

43 FHBI41=BLANK
FHB(51=ST2

42 FMB(61=BLANK
41 FMBI31=ST

WRITE(NOU,FMBI
FMB IZI=BLANK
FMB(31=STl
00 16 K=1,15
IF(K.NE.BI GO TO 16
FMBL(21=ONE
FMB1I31=ST 1
GO TO (31.32,331.L

31 FMBlI41=SEVEN
FMBL(51=EIGHT
FMB1I61=NINE
GO TO 35

32 FMB1I41=SEVEN
FMB1I51=NINE
GO TO 34

33 FMBlI41=BLANK
FHBU51=FOUR

34 FHBL(61=BLANK
35 WRITE(NOU.FMBLI
16 WRITEINOU,FMBI

FHB(21=ST
fMB <31=ST
WRITE (NOU, FMB I
FMB1I21= BLANK
00 19 K=3,6
FMBLIKI=STl

19 CONTINUE
GO TO (36,37.3Bl,l

3B FMBU41=BLANK
FMBL (SI=ST 2

37 FMBL (61= BLANK
36 WRITEINOU,FMBLI

FMBL (21=TIIIO
WRITE(NOU,FMBLI
FMBL (21= BL ANK
IIIRITE (NOU, FMBlI
FMB(41=ST
GO TO (45,46,471.L

46 FMB(SI=ST
FMB(61=BlANK
GO TO 45

47 FMB(61=ST
FMB(51=ST

45 WRITE(NOU,FMBI
FMBU31=STl
GO TO IZ6,27,2BI,L

26 FMBU31=BLANK
GO TO 29

2B FMBLI31=BLANK
FMBlISI=ST2
FMBL (61=STl

27 FMBLI41=BLANK
29 WRITEINOU,FMBLI

FMBL (2 J=F IVE
GO TO (51,S2,S31,L

S2 FMBLISI=EIGHT
FMB1I3J=STl
GO TO SI

S3 FMB1I61=EIGHT
SI ~RITEINOU,FMBLJ

FMBlI 2 1= BL ANK
GO TO ISS,56,57J.L

56 FMBL 151=STl
GO TO 55

57 FMBLI61=STl
55 WRITE(NOU.FMBLI

FMBISI=ST
FMBI6J=ST
IFIL.EQ.21 FMBI61=BLANK
WRITEINOU.FMBI
WRITEINOU.FMTI
RETURN
END

============================================================================

SUBROUTINE FOR CONSTANTS CALCLLATION

============================================================================
SUBROUTINE CACO
REAL*4 NI, Ll,MlA, LA~lB.~lC.~10,LA~E.~Ul,NU2.NU3.

lL2.M2A,L3.M3A.L4.N4,M4A,NUMAX.NUO,NU,M4B,KlAST.KlASP.KIA~P,KIA~T.

2KIAMPS,MPIA,MPIC.MPID,MP3A,MP4A,MP4B,MP2A.KIALT.KIA~TS

COMMON IINKO/IN,NOU,Ll,Nl,SI.DELl.RlBI,RlBE.MlA.CHl,
lCH2.CH3.TA,C,AO.Al,A2.A3,Bl,ALFlA.ROlB.CHlB.lA~lB,MlC,CHIC.

2TAUIC.ALFIC,TICOM,MID,C~lD,TAUID,ALFID.TIDOM,ROE.CHE.LA~E.

3NUl.NU2,NU3,ClA.ClB,ClE,ClC,ClD,BlA,BlB.BlC.BlD.BlE,CIF.CIG.
4L2,M2A,CH2A,TAU2A,C2A,C2E.ALF2A,12A~.L3,~3A,CH3A,TAU3A.C3A,C3E.

SALF3A.T3AM,L4,N4.S4,M4A,CH4A.TAU4A.C4A,ALF4A,T4A~,~4B,CH4B,

6TAU4B,C4B,ALF4B,T4BM.C4E,T8SM,TAUB5,TAU5A,C8E,CSE,C5A,C1E.
7ALF11,TAU17,TAU87,T9AM,TAU9A,C9A,ALFSA.P~AX,TET60,PO,NU~AX

8.TET80.TET90,NPAR.CKIAMT
COMMON IBERCOI ALFl,ALFA.ALF4.TET3~C.NLC,VOL.~P2A.

ITET210,TET20,T2AO.T2AX,TET13C,TETIO,PE,NU.TIBO,POIO,PD2,HIA,
2HIAB.TIASO.PHIIA,TIAMO,TICO,TIDO.TIACC,C~lA,KIAST.KIASP.~lAMP.

3KIAMT,KIAMPS,KIAMTS,A,ALFAM,ALFAL,GAMMA,GA6,EPS,ETA,ALFE.
4TIA,TIB.TIAX,MPIA,MPIC,MPID,BIACOR,TET3G.T3AC,T3AX,MP3A,TET460,
STET40,T4AO.T4BO.T4AX.MP4A,MP4B,T8S.ALFB7,T9AO

PGREC=3.141593 <

AA=ALFl+ALF2A+ALF3A
TET360 =TET80+ITET6o-TET801*AA/DELl
IFINPAR.NE.OI GO TO 1
NUO=IPO*IALF1+ALF2A+ALF3A+ALF411/ICHE*ROE*ITET60-TETBO11
CONTINUE
TETZIO=TET80+ALF2A*ITET36C-TET801/AA
TET20=O.5*ITET210+TET801
T2AO=TET20+T2AM*PO/PMAX
T2AX=IL2*Sl*NII/IDELl*NUOI
MPZA=ICH2A*M2AI/ISl*Ll*ROE*CHE*NII
VOL=Nl*Ll*PGREC*RlBI*RlBI
TET130=TETZIO+ITET36o-TET801 *ALFI/AA
TETIO=O.S*ITET210+TET1301
PE=12.*NUO*OELl*CHE*ROE*RlBEJ/ISl*Nl*LAMEI
NU=NUl+NU2*PE**NU3
TIBO=TETIO+IALFIA*POI/IPGREC*NI*Lll*IIO.S*IRlBE-RlBIIIILA~lB*IRIBE

l+RIBIIII+l./ILAME*NUII
PDIO=IALFIA*POI/VOL
PD2=POIO*PDIO

'"00
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',' PHA',.,. .,

HIA=AO+Al*POlO+A2*P02+A3*PD2*PDlC+Bl*TlBC
HIAB=l./ll./HlA+IRlBI*IRlBE-RlBIII/ILAMlB*IRlBE+RlBIIII
TIASO=TIBO+IAlFIA*POI/INl*Ll*HlAB*2.*PGREC*RlBII
PHIIA=O.25*RIBI*RIBI*TA*C
ES P=EXPI PHIlA*P 010 I
TIAMO=TA/IPHIIA*PDIOI*ALOGll.+TlASO/TA*(ESP-l.11
TIACO=(TA*TIASO*ESPI/ITA-TIASC+TIASC*ESPI
TICO=TETIO+IPO*TICOMI/PMAX
TIDO=TETIO+IPO*TIDOMI/PMAX
CHIA=CHl+CH3/ITA*TAI+CHZ*TlAMO+ICH3*ITlACO-TlASOIII

1 IPHIIA*POIO*TIACO*TIASCI*I)./TA+ITIACC+TIASCI/12.*TIACO*TIASOII
KIAST=1.-IPDIO*RIBI*B)1/12.*HIA*HIAI
KIASP=1.-HIAB/IHIA*HIAI*PDIC*IAl+2.*A2*PDlC+3.*A3*PD21
XNEN=l.+ITIASO*ESP-TIASOI/TA
IFICKIAMT.EO.OI GO TO 2
KIAMP= 1. .
KIAMT= 1.
GO Ta 3

2 CONTINUE
KIAMP=IKIASP*ITIASO*ESP-TIBC*ESP-TIASC+TleCI~IPHIlA*PD10*ITIA~0­

ITIBOII+TIASO*ESP/ITIAMO-TIBOII/XNEN-TIAMC/ITIAMD-TIBOI
KIAMT=KIAST*(ESP-l.I/IPHIlA*POlO*XNENI

3 KIAMTS=KIAMT
KIAMPS=(KIAMT*ITIBO-TETICI+KIAMP*ITIAMC-TIBOII/ITIAMO-TETIOI
A =(TIBO-TETIOI/ITIASD-TIBOI
ALFAM=KIAMT/KIAST

ALFAL=AL FAM
GAMMA=O.125*(TIASD-TIBOI/(KIAMP*ITIAMC-TIBO l-KIASP*ALFA~*

1 (TlASO-TIBOl I
GA6=6.*GAMMA
EPS=111.-KIASPI*GA61/11.+GAt*ALFAL*KIASPI
ETA=KIAST*11.+ALFAL*EPS1-l.
ALFE=l.+ALFAL*EPS
TIA=IB.*MIA*CHIA*IKIAMP*ITIAMO-TIBCI-KIASP*ITIASD-TIBOI 111

1 (AlFlA*PO I
TlB=(TlBO-TETIO 11 IALFlA*PO I*N l*L l*PGREC*CHIB*( RIBE*RIBE-~ IBI *RIBI I
TIAX=lll*Sl*NII/IOEll *NUCl
XNEN=Nl*ll*Sl*ROE*CHE
MPIA=IMIA*CHII/XNEN
MPIC=IMIC*CHIC)/XNEN
MPIO=IMID*CHIO)/XNEN
BIACOR=l.+BIA/CIA
TET30=TET 130+0. 5*AL F3A* ITET3tc-TEHC I
T3AO =TET30+PO/PMAX*T3AM
T3AX=ll3*Sl*Nl)/IDEll*NUC)
MP3A=ICH3A*M3AI/ISl*ll*ROE*CHE*Nll
IFll4.lE.O) GO TO 366
TET460=TET80+ITET60-TETBO)*ALF4/11.-DElll
TET40=TET80+0.5*ITET460-TETBO)
T4AO =TET40+PO/PMAX*T4AM
T4 BO=T ET40+PO/PMAX*T4BM
T4AX=ll4*S4*N4)/INUO*(1.-DELll)
XNEN=S4*l4*ROE*CHE*N4
MP4A=ICH4A*M4AI/XNEN
MP4B=ICH4B*M4BI/XNEN

366 TB5=NUO/NUMAX*T85M
AlF87=1.-AlF17
T9AO=TET90+PO/PMAX*T9AM
RETURN
END

===========================================================================:

SUBROUTINE ZUR BERECHNUNG DER FUNK1IO~EN ~,U,V

SUBROUTINE WUVIY,F,W,Ul,Vl,UZ,V21

COMPlEX Y,W,Ul,Vl,U2,V2,F
CnMPLEX*16 WW,yy,UUl,VVl,UUZ,VV2,FF

DATA WW,YY,UUl,VVl,UU2,VVZ,FF/7*IC.,C.11
YY=Y
FF=F
WW=CDEXPI-YYI
IFIIREAL(YI.NE.OI.OR. IAIMAGIYI.NE.CII GC 10 1
UUl=CMPLX.l1.,O. I
UU2=CMPLX 11.,0. I
GO TO 2

1 UUl=ll.-WWI/YY
UU2=IZ.-2.*UUII/YY

2 VVl=UUl*FF
VV2=UU2*FF
W=WW
Ul=UUl
Vl=VVl
U2=UU2
V2=VV2
RETURN
END

SUBROUTINE ZUR POTENZIEREN veN COMPLEXEN ZAHLEN
SUBROUTINE POCOIARG,EX,RESI
COMPLEX ARG,RES
REAl*8 AIM,ARE,PHI,PSI,CCO,DSI,PI
DATA AIM,ARE,PHI,PSI,DCO,DSI/6*O.I,PI/3.14159265358981
IFIEX.NE.O. j GD TO 3
RES=CMPlX !l.,o. I
RETURN

3 CONTINUE
AIM=AIMAGIARGI
ARE=REAl (ARGI
R=SNGl LOSORT I AR E*AR E+A IM*AI ~ I I
RHO=R**EX
IFIARE.NE.OI GO TO 1
PHI=O. 5*P I
GO TO 2

1 PHI=DATAN2IAIM,AREI
2 PSI=PHI*EX

OCD=DCOS IPSI I
DSI=DSINIPSII
RES=RHO*CMPlXISNGlIDCOI,SNGlIDSIII
RETURN
END

;==============================================================================

SUBROUTINE TO PRINT TABLES OF COMPlEX FLNCTIONS

===============================================================================
SUBROUTINE SCRIVIIN,OM,FNAMl,COMl,FNAMZ,COM21
COMPlEX COM,COMl(NI,COM2(NI
REAL*4 BETRAGI501,PHASEI501,BETRI501,PHISOI,FMTI341,FMTlI31,

1 FMT2131,OMI501,FMATIZOI,TEX11151
1,OMlOGI501,YI501

DATA TEXTlll/'FUNC'I,TEXT(21/'TICN'1
DATA FMA/'67H 'I, FMT/'I]HC',',3X,','122H',

1 ' DM' , 'EGA ',' • , • , ,,' RE '.,'
l' ',I IM ',' 't' 'f' MOD',' 'ft ','

Z'SE ',I 'ft RE 't' ',' ',' 'tt I~ 'f'
3' MOD',' • , , , , • , " PHA',' SE I '1,
4FMTl/'llP9·,'E14.·,·61 ·1,FMT21·11PS','E14.·.·61 '1

NOU=6
00 30 1=3,15

30 TEXTIII=FMTI61
JAPLOT=O
IFIN.LT.OI JAPlOT=l

'"'"



SUBROUTINE ZSIGIARG,RESI

============:==================================================================

CALL PLOT~ lOMLOG. Y, N. 3. 9. 1. 2.1, I.O~LOG I ~} .0MLOGIII .0 .Y~AX ,YMI t-.I.
1 O. TEXT. IDPLOT.-l.0MIII.I.,OMINI.4HE9.2.1.-1.I.2.0.0'

31 CONTINUE
GO TO 7

4 00 B 1= 1.19
B FMATl 11= FMTl I I

FMATl31=FMA
FMATl201=FMTl341
WRITE I NOU. FMATI
WRITEINOU.FMT2J 10MIII.CCMllII.BETRAGIII.PHASEIII.I=I,NI

7 RETURN
END

N=IABSINI
RAD=57.2957B

FMTl71=FNAMl
FMTI 11 I=FNAM 1
FMTIl41=FNAMl
FMTl IB 1= FNAM 1
FMTl211=FNAM2
FMTl 251=FNAM2
FMTI2B I=FNAM2
FMTl321=FNAM2
NFAlL=D

6 00 5 I=l.N
COM=COMIII1
IFINFAll.NE.OI COM=COM2II1
RE=REAUCOM I
AIM=AIMAG lCOM 1
IFIRE.EQ.OI GO TO 1
PHA=AT AN 21 AlM. RE I*RAD
GO TO 3

1 PHA=SIGNI90 •• AIMI
IFIAIM.EQ.D.1 PHA=O.'

3 CONTINUE
IFINFAll.EQ.lI GO TO 2
BETRAGIII=CABSICOMI
PHASEIII=PHA
GO TO 5

2 BETRIII=CABSlCOMI
PHIII=PHA

5 CONTINUE
IFIFNAM2.EQ.FMTI611 GO TO 4
NFAll=NFALl+l
IF I NFAll. EQ.lI GO TO 6
WRtTEINOU. FMT I
WRITEINOU.FMTll 10MIII.COMIIII.BETRAGIII.PHASEIII.

1 COM2ltlo BHRI I I.PHI Ih 1= I.NI
IFIJAPLOT.EQ.OI GO TO 7
00 16 1= 1.N
OMlOGI I1=AlOGlO 10M 1111

16 CONTINUE
00 31 IDPLOT=1.4
YMAX=D.
YMIN= 10.
00 IB 1= 1.N
GO TO 110.11.12,131.IDPlOT

10 YIII=BETRAGIII
TEXTl41=FNAMl
TEXTl51=FMTI151
TEXTl61=FMTl61
GO TO 15

11 YIII=PHASEIII
TEXTl41=FNAMl
TEXTl51=FMTl191
TEXTl61=FMTl20 1
GO TO 15

12 YIII=BETRIII
TEXTI41=FNAM2

TEXTI51=FMTl 151
TEXTl6 1= FMTl61
GO TO 15

13 Y I Il=PHlt I
TEXTl41= FNAM 2
TEXTl51=FMTl191
TEXTl61=FMTl201

15 YMAX=AMAXIIYMAX.YIIII
YMIN=AMINIIYMIN.YIIII

IB CONTINUE

COMPLEX JOd l,S IG.R ES
COMPLEX CARG,WU,SARG,SARGI
DIMENSION AIIOI,BIIOI
PI=3.141593

1 CAlL GEBCBI-ARG,ARG,O•• 4.A.B.KENI
IFIKEN.NE.OI WRITE16.1001 KEN.ARG

100 FORMAT!' KENN='oII0.' ARG='olPE15.81
IFIKEN.NE.OI GO TO 2
JO=CMPlXI-Alll,-BllI1
Jl=CMPLXI-AI2J.-BI211
S IG=CMPlX I-ARG. ARGI
RES=-JO/12.*S I G*J l'l
GO TO 4

2 CARG=CMPlXIARG,-ARGI
WU=CSQRTI2./IPI*CARGI'
SARG=CARG+P 1/4.
SARGl=CARG-P 1/4.
JO=WU*ICSINISARGI+0.I25/CARG*CSINISARGII'
Jl=WU*ICSINISARGll+0.375/CARG*CSINISARGI'
RES=-JO/12.*CARG*Jl1

4 CONTINUE
RETURN
END

SUBROUTINE TO CALCULATE THE STRL~E FU~CTICNS

SUBROUTINE STRFIARG.H.KENI
COMPLEX *B ARG.HI2I,WU
REAl*B PI.GAM.FAK,RE,AI
COMPLEX*16 Z.ZAE.SUM.ZZ.GlIED,HO.Hl

1 .YD.Yl.SARG,SARGl '
DATA PI/3.14I59265358S8/
KEN=O
ASINT=CABSIARGI
FAK=2.00D OO/PI
EX=l.
AI=DBlEIAIMAGIARGII
RE=DBL EI REAL I ARGII
X= 1.
Z= DCM PLX IRE. AI I
ZZ=ZIJ< Z
IFIRE.GT.9.00D 00 I GO TO 5
GAM=1.00D 00
ZAE=Z
SUM=Z
EX=EX+2.
GAM=GAM*EX**2

ZAE= ZAE* ZZ
X=-X
GL IED=X* ZAE/GAM
IFICDABSIGlIEO/SUMI.lT.I.OD-tl
SUM=SUM+Gl I ED
GO TO 1

12 HO=FAK*SUM
GAM=I.OOD 00
EX=3.
X=l.
GAM=GAM*EX
SUM=ZZ/GAM
ZAE=lZ

2 ZAE=lAE*ZZ
GAM= GAM* EX* I EX + 2.1
X=-X
GL IED=X* lAE/GAM
IFICDABSIGLIED/SUMI.LT.I.CD-tl
EX=EX+2.
SUM=SUM+GL I ED
GO TO 2

15 HI=FAK*SUM
GO TO 6

5 KEN= 1
SA RG= Z-P I /4.
SARGl= Z+p I/4.
WU=O.7979/CDSQRTlll
YD=CDS IN I SARG11
Yl=O.125/Z*CDSINISARGI
HI=WUIJ<I-l.+3./164.*ZZII/IYO+Yl1
HO= I./lZ

6 CONTINUE
RE=DREALI HO I
AI=DIMAGIHOI
HIII=CMPLXISNGLIREI,SNGLIAIJ}
RE=DREAlIHlI
AI=DIMAGIHlI
HI21=CMPLXISNGLIREI.SNGLIAIJ'
RETURN
END

GO TO 12

GO 10 15
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