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FOREWORD

The KELAP3B computer preyram has Leen developed to improve the Nuclear

Regulatory Commission (NRC) staf f's capability to perform independent audits ,

i

o' vendor and applicant analyses of light water reactor transients. MOD 101 |

.

is the first version of the program. It is expected that as the program is [

developed turther, ne-w versions will be published. The computer program can

!
be used for both t.iiling and pressurized water reactors. <

The program is designed to analyze the ATWS and Chapter 15 SAR transients

and it is based on the RELAP3 mod 62 computer program which was developed

to analv e loss-of-cociant accident. Because the program contains the main; c

i
I features of the RFLAP3 MOD 62 code, the running time is long compared to'

other transient codes which are used by the vendors. This computer program

contains the flexibility to perforn other than ATWS analyses. Therefore,

1
' if it is used by an appliccat for a specific plant license application, further

justification may be required to demonstrate that the application of thisi

|
|

program in specific cases is acc-otable.

The tachnology presented in this report represents the current status

of this t ransient code. It is expected that new versions will be issued

in the fu'ure. These new versions will contain new improvements, such as

a non-equilibriun pressurizer model, or new capabilities, such as boron

| Injection required in many SAR transients. At present the computer program

is being used for the independent ATWS analyses and to audit the vendor

calculation results. Where there are uncertainties in the models, con-
i

servative values are chosen for independent audit calculations. Updates
i

|

to the computer program are made to evalaate special vendor models and audit

calculationc1 results. These upd tes are presented in Appendix D.

.
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Whils un believs that the prsssnt co;puter enslysio tschniqu:a praccnted
i

in this document are adequate and conservative for the purpose cf AIWS analysis, a
,

we wish to encourage and emphasize the need for additional verk in this area. )

k'e anticipate that improved conputer codes will be available in several years
i
'

as a result of continuing research and development activity. I
'
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1. INTRODUCTION

In support of the Loss of Fluid Test (LOFT) safety analysis effort,
,

!
]

.

1 the kELAP series of computer programs [1,2) has been developed to predict,

<

hydrodynamic conditions inside a reae. tor primary sy stem. This manual de-

| scribes a new version, designated RELtP38, which has been developed at
I

brookhaven National Laboratory under the auspices of the NRC* staff for

NRC independent calculations of light water reactor transients. RELAP 3B

is a modification of the RELAP3 tDD 62 code developed by the Aerojet Nu-
|

'

.cicar Coupany for use on an IBM 360 computer. The H0D 62 version of
l

| RELAP3 contains two f eatures not included in the earlier HDD 36 version, .

viz., the implicit timo step techniques of FLAsil-4 [22] and the homolo-

gous pump model. Many sections of this manual are taken directly from

the P1 LAP 3 MOD 36 cunual [1j.

RELAP3B describes the behavior of water-cooled nuclear reactors during

postulated accidents or power transients, such as large reactivity ex-

cursions, coolant losses or pump failures. The program calculates flows,

mass and energy inventories, pre:sures, temperatures, and steam qualities

along with variables associated with reactor power, reactor heat transfer
.

or control systems. Its versatility allows one to describe simple hydraulic

|

| systems as well as compicx reactor systems.

The additions to and/or modifications of RELAP3 MOD 62 that are con-

Lained in RELAP3B are
.

j 1) Doppler feedback dependence on moderator density

| 2) Extended restart capability

3) Capability to trip individual pumps on independent signals

4) Automatic time-steo selection

*Previously the AEC Regulatory staf f

1

|
;

.
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i 5) leprev2d d:finition af the cver:ge fuel temperatura ''
. .

,',

6) Option to allow the fuel-rod gap size to vary during a transient *,

: I
7) Capability to modify the steam table mesh f
8) Inclusion of realistic steam generator models' U'(' ' "-

.; .

9) Calculation of reactivity weight factors W' ? ~ ~ ' 4.-

,, -

10) Option to specify new fill curves at restett ' [
-

g., -

~

11) Option to specify new feedback coefficients at restart.

As with the earlier REIAP versions, the RELAP3B user lust specify both

the geometric description of the system to be analyze.d and the initial un-
; -

ditions. The geometrical descripr[cn consists of the definition of a' et of
|

*control volumes joined by a set of junctions or flow paths. -

RE!Ap3B is written in FORTRAN IV for the CDC 7600 computer wich ~

65 central =mory w Na but has been made operational (en the W 360
10*

.- t
without extensive prograrming changes. The use of systems depandeat pro-

!
gramming has been avoidea whenever possibic. One exception 's in the use

,

!

of the automatic time step selection option where the CDC 7600 LCM is used.

In RELAp3B, the reactor system is reptemented as a set of arbitrarily

connected flaid volunes that describe the plenums, piping, reactor core,

and heat exchangers. Any volute may be chosen independently as a core

region, heat exchanger, or pump. Fluid cocipressibility in all volumes

(including core regions) is taken into account in predicting the course

of the transient. Each connection between volumes may be specified as

a normal junction, a leak junction, or a fill water source. A normal

2

,
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-



/m

V
, - . . . , _ - . , . - . . . - ,,

junction may also includs a valvo. Ths trcn:1:nt is calculcted in time-
.

steps. By the end of each step the volume masses, energies, and bubble

contents are advanced, new junction es.-ditions are obtained, and flows re-
..

computed. Reactor conditions may be used go provide reactivity feedback.

The body of this manual is divided into two parts. The first part

(Sec. 11) contains a description of RELAP3B features. The second part

(Sec.111) is a sunmary of the basic squations underlying the RELA?3B pro-

gram. In addition, three appendices are included. *

II. RELAP3B FEATURES

RELAP 3B is an extension of RELAP3 which is itself an extensioa of

the previcus version (RELAP2). The physical models of RELAP3 vary little

f rom those used in RELAP 2, but the logic requires almost completely new

programming. RELAP3 was designed so that changes could be made in the.

i physical models without major reprogramming, whereas previous versions
' were too interlocked in structure for such changes to be made easily.

For added generality, no constraints were included in RELAP3 on the.

nature of a specific volume or junction. For instance, any volume may be

selected to represent any core region or heat exchanger, or pump. Likewise,

any junction may represent a leak out of the system with no restrictions as

to which or how many junctions must be so used. Thus, multiple breaks
. ,

may be treated directly by specifying several leak junctions in the input.

,

* 1. GEOMETRIC DETAIL

in RELAP3B the terms " volumes" and " junctions" have the following

! meanings: volumes specify a region of fluid within a given set of fixed

I

s

3

b _ . _ .....~.m
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bound:rica; junctions cro th) common flow creas af connected volumes.

Calculated results are limited in geometric detail by the size of each
volume.

RELAP3B allows a maximum of 75 volumes connected by a maximum of 100

junctions, with no restrictions as to the order of these connections.

The maximum number of volumes and junctions, 75 and 100, respectively are

arbitrary and can be increased to far greater limits on a large computer.

The changea required consist almost entirely of increasing the array sizes
given in the Co.'ef0N statements.

1. GRAVITY llEAD *

In REI.".P3B junce. ions connect vol'unes directly and thus contain no

elevation changes. To account for gravity terms, the pressure calcu-

lated within a volume from thermodynamic relationships is assumed to
-

.

exist at the center of gravity of the volume. Positive or negative

gravity heads may then be found by integration of the fluid density from

the center of gravity to the level of the junction connected to the
volume.

3. CONTROL OPTIONS

Control parameters are generalized in RELAP3B. For instance, re-

actor scram may be initiated by the first condition detected among high

power level, short period, fuel temperature, high pressure in any volume,
low pressure in any volume, and so on. Opening the leaks (staggered leak

openings might be accomplished through the individual opening-time curves),

tripping the pumps, starting the fill systems, controlling up to five

4

___ . _ _ _ .
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v31vso espirstsly, er ending th'2 prcb12c cles may b3 p2t und:r the contral

of many different conditions. ,

'.

4. STEAM SEPARATION
"

One of several sets of coefficients (input) for the steam separation

calculation :nay be chosen for each volume. Part of the required volume

data is a bubble set index which determines, for cach volume, the set of

coefficients to be used. The zeroth set (a uniform liquid-steam mixture)
*

is built-in; others must be supplied as input. .

5. PDtP CdARACTERISTICS

The centrifugal pumps are described by a so-c.alled homologous model,
.

which specifies relations connecting head, torque, fl.ow rate, and rotational
.

speed. The location of a pump is' defined by the volume in which it resides

and by the junctions which provide the pump inlet and outlet. A given set

of pump characteristics uay appear in more than one volume. In order.co

handle system transients in which one pump is tripped while the others con-

tinue to operate, an option was programmed into RELAP3B permitting the inde-

pendent tripping (on independent signals) of each pump in the system.

6. FRICTION COEFFICIENTS

An option which eliminates some input is the implicit calculation of

friction coefficients. When the friction coef ficient is lef t out of the

data for a junction, RELAP3B will calculate a value which establishes steady

state flow. This calculation, which is based on initial pressures includ-

ing gravitational heads, can yield a negative friction coef ficient that

.

5

,

f

O
i

!

I



O
1 , ._ _ - _ _ _ _ . ,

would crums numeric inattbilitits. If c nig tiv2 frictiou coefficient la

found after the input is processed, the RELAP3B run will be aborted to avoid!
t

lost computer time,
initial pressures must be readjusted by the user.

7. _ RESTART CAPABILITY

|

At user designated times during a RELAP3B run, information is saved

which then allows the computation to be re-started. The purpose of this
feature is two-fold: (1) The run may ha're ended prematurely due to unem-

pertedly large running time, or to some error in machine operation or

input and (2) It may be desirable to alter some of the basic input data

at some time after the beginning of the problem. The restart can be ac-

tivated at a specified tirae step anywhere in the course of a previous run

or automatically at the last step of a previous run.

8. PLOTTING A';D EDITING OPTIONS

The data tape used for storing the information required for restart-

ing or plotting is also used for storing the editable variables at desig-
nated intervals. RELAP3B can process this tape to obtain additional edits
as required.

The plotting program in use at BNL is adapted only to a CDC
7600 with LCif, but.

) is available as a separate package for those who want to
convert it.

I The .riginal plotting program distributed by ANC was intended
for use on an IE! 360 computer.

I

,

9. AUTO 51ATIC TI>fE-STEP VA.7IATION

In RELAP3B full advantage can be taken of the implicit differencing
,

technique through a feature which allows the time-step size to be increascJ

automatically during slowly varying portions of a run. Similarly, auto-

matic time step decreases are also possible,
,

t

l
0

I
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10. OPTIONAL CALCULATION OF WATER PROPERTIES
3

AT MUN TIME

i.

An option has been included to allow the user to change the pressure

mesh in the steam tables or to extend the tables of thermodynamic properties '

above the critical pressure. This option calculates thermodynaalc property

tablen from the "1967 1FC Formulation for Industrial Ure", the basis of the
I

1967 ASME Steam Tables.

III. EQUATIONS SOLVED

RELAP3B obtains a time-dependent thermal and hydraulic description

of a reactor by integrating a set of differential equations subject to

certain algebraic relationships. These equations and relationships are

presented in the following sections.

A mass and energy balance is obtained from junction conditions, heat

output of reactor regions, heat removed by heat exchanger regions and

heat added by pumping power. By using the equatice-of-state for water

(in the form of tables) a pressure sud a quality are obtained for each
volume. Assumption of a linear density model for steam separation within

each volume allows fluid conditions to be determined for each junction.

A one-dimensioral momentum balance (flow calculation) is then obtained for

each junction. The fluid conditions within a volume, the flow through a

volume, and the reactor power level are then used to establish the reactor

heat flux and the fuel element temperatures. By the use of reactivity

feedback from reactor conditions, the space-independent reactor kinetics

equations are then advanced to determine a new reactor power level. A

new cycle is then begun with a new mass and energy balance.
o

.

?
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1. HASS AND ENERGY BALANCES
,

As (emonstrated in Appendix A, the mass and energy stored in each

volume are calculated from the basic conservation equations by assuming
* 'constant flow and fluid properties during any given time step. The con-

servation equations are in the forn of ordinary time-dependent dif ferential

equations describing the behavior within a fixed control volume, illu-

strated in Figure 1. The mass and energy equations are

N

i M
p lj (1)=

j=1

and ,

*

N

h + Q (2)*
ij g

I j=1
*

where

M * Local mass in volume i

W = flow rate into volume i through junction j

U = energy in voice i
g

h ) = enthalpy of flowing fluidg

Q = heat input to volume i.
1

Kinetic energies and frictional heat sources are neglected in Equation (2).

For an energy balance in each volume, the correct enthalpy must be

determined for all incoming and exiting flows. InRELAP3B,theeNitstate

of the fluid in a junction is defined by the state of the fluid entering |

the j unction. If the mixture level of liquid and entrained steam bubbles I

.

is below a junction, the flow is . assumed to be steam. Conversely, if

n

.

l

.. . - . |
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the tixtura 1sval is chova th'a j.nction, the f1ow is det: rain;d by the,

bubble gradient equations described in Section III-10.

!

>
. a

!

.

| I |

IM i
I I

wi,i -t-* S' -l- * wi,ri
I

i p I
'

i
I I

t

VOLUME V,

FIG. 1 CONTROL VOLUME.

|

2. THERMODYNAMIC PRESSURE

Pressure, P . in each volume is determined implicitly by requiringg

the mass of fluid, N , with internal energy, U , to fill centrol volume 1g g )

V. The enthalpy, h , of volume i is calculated by the equationg g

U Vh j + P,* j !g , WM Mg g .

Through use of this enthalpy, along with an estimated pressure, the |
|

specific volume of the fluid is calculated from the available physical k

fproperty tables. An iterative process of matching the specific volume

from the steam tables with known' specific volume V /H is used to determineg g
the volu=e pressure. The built-in property tables for water cover the

.

range of 0.1 1 P 1 3206.2 psi, and 32 1 T 1 5600*F.
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Th2 values in tha built in thsruodynamic prcperty tables vers c:1cu-

J
J 1sted fro 3 th2 1967 ASME Stsaa Fcrmulre[3]. For each pressure P), the

j tables of water density, p, and steam specific volume, v, are arranged as

follows:
,

J,1 "j,1 J,1

J,2 #j,2 J,2

.

.

liquid < *

.

.

fj,13 "j,13 j,13

j,1s "j,1s T),3,

.

steam*

steam <*

e

fj,6s "j,6s j,6s

where

T) ,7 = 32*F

I j)~ *
j,13 j,ls sat

1600*FT =
j,Ss

5600*FT =
j,6s

and P = 0.1, 0.3, 1.0, 5.0, 14.7, 30., 100., 200., 400., 600., ....

3000., 3206.2 psi

it

'

. . . , . . . - . - .



i
. - ~ . . . . . . . - -- - . -w.-s---

In thi Iow-prscaura (<50 pai) liquid rang 9 cf tha t:bles, entrim tro !

i

arranged along equal temperature lines for all pressures, as shown in

Figure 2.
}

, , .

! !r a i
1

*
.

!

T ..

'
i

f

C
L .

y o y

| .

'
a '

E c,
a:
w
$ 0

w |
o o
| |

"

o o
*

l Ic o
I 1*

,o c o
ob bo 32*F

O.1 0.3 0.5 1.0
PRESSURE (psi)

FIG. 2 LOW PRESdURE TABLE STRUCTURE.,

For pressures > 100 psi, the liquid entries for a given pressure

are at equally spaced temperature intervals from 32*F to T,,g. The entries

for a given pressure in the steam region are equally spaced between T
sat

and 1600*F with a final point at 5600*F.

In the liquid region, at high pressure (>2200 poi) and within a few

degrees of saturation tem 7erature, the tables have preven inadequate.

This deficiency was noticed especially in B'a'R calculations where it was

found that when the boiling boundary left (or entered) a voluma, pressure

oscillations were introduced that ,could not be diminished by reducing the,

11
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time etap siza. Tha esc 111ction2 wars dininich;d by using a finer prr-

sure mesh near the saturation line in the steam tables, as well as a

finer terperature mesh.
,

Furthermore, the calculation of over-pressure transients in FWR's re-

quire thermodynamic properties above the critical pressure of 3208.23 psia i

f (PCRIT). Consequently, an input option is included in RELAP3B which allows
I

f the user to change the steam table entries at run time. When this option

is used a table of pressures (maximum allowable pressure is 7000 psia) is

! input and the following changes are made in the liquid region temperature

mesh:

1.
The number of liquid temperacures at any pressure is forced to

equal 13.

First temperature entry = 32.0*F

Eighth temperature entry = 0. 8 T (P )

Thirteenth temperature entry =T (P )

The other entries are at equally spaced temperature intervals

t.etween these entries.

In the steam region the number of teciperature entries at any

pressere is forced to equal 6 and the table entires are de-

vided into equally spaced temperature intervals between T,,t
and 1000*F.

The steam tables and the physical property tables are replaced with data

generated using the 1967 MME Steam Formulae [21) and the temperature and

pressure nesh described above.

i
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3. MOMENTUM BAIANCE

The control volume used for the flow calculation is shif ted to a

mid-position between the two adjacent mass-energy control volumes, as

shown in Figure 3. This shif ting of the two types af control volumes has

the advantage of minimizing the extrapolation of boundary conditions.

Tha mass-energy calculations require a junction flow as a boundary con-
I

dition, which, with the shif ted flow volume, is approximately the average
[ flow as giver. by Equation (4). Likeaise, the flow volume calculation re-

quires, an. a boundary condition, the pressure which is available as the

| average thermodynamic pressure in a mass-energy volume, adjusted for

gravity effects.
l

t

; -___ _.___ _ _ _. _ _ ____ _q
! I l I
) i i I

| | |

I|*l#
#1| 1-1 Pg Ps.i !

|
% ---> ---o-

| 1.
|

| | |
|

| I

L______ _._ _ _ __ _I I'

L _ _ _ .______J!
i

| FLOW VOLUME I

FIC. 3 FLOW VOLUME. |

! l
i !

t

|

Junction flows are calculated f ron the one-dimensional momentum {
l

1

; equation which in English units is:
!

[i_ h , P - bb|b| 4)1 P ,g +M + @ -g g p144g ( Af dt V 144 p
'

,

c j j
(
| |

|

|

|

' ^ ~7 ^ P*** *"h', , _ _ _ . .

I

t

I
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r. ) ? . > . ,;, .C., m <y L' _~n.:L .t. % [* ,_ . .,
. _

., ,. m.f p;> -#

, fp -|W -T '.
,

wh;r3
-/e

;Gy -Q ' . ,.. v,' E , ;;; ' .

] ~#M S [ p'.
, 4- .

E = gravitational cohversion constant
4.7 f.k ,. .

24 - .ec
, , , ,,4. ,;, : g

:7 , .; g ..,:.. >

t = junction inertia , f ( ,r/Jgj ;; Q v y ,j .
, 4C>rla ' Whh .A

,' 3 eg.,-- y-0,'D e,.y,: ;- , p-..n
" .Y , RQ41,--

*4-
-- A',t?_it'"h ';? Q 9 & N ~'

~
.~.

W) = average flow from volume i to volume i+1
s -- r , ,g n; x+ -

<
v .,,

e s,.:.tm n:_ , . , . .

w 3 .
, p _ p +1= thermodynamic pressure differential across the fluid "5.c.u

- . ~ .. ,

) i i ;' 'q.
?.p&:: - ,-

t .;

, i ,* e n f +g; _*fs * ?p - i

,

( contained in the flow volume ;. J;3 D v
-:: W ypg;. , - |at n .. ,

.e

J M 5 |i' @fgn y,'f [ ,.
LP = pump head #

|P , p g :ps '

,

; ; .> ; y;.y.

. > .

' + ' . % ,9e:; , ,

.,.'.%, gy L;1, ,: . - .-
.~ --s .n

!$ $kh,N. - - |Edz = gravitational head across fluid column "

y , t | },,

J , a; n. ; " .w eg

m, m* a
'

s

'

.. .
s

K = not friction coefficient including normal friction losses-j
... . , a,. -

,r - ,

(See Appendix A) . ~;f.A?% &-

,_- , j~ .4. #,. -
,

s~
p = fluid density in j, unction J. i ne v~<

j j
, a. ;.cs. 4. ' 'J x; r,

. - __ . y,
The fluid contained within the flow volume has an associated inertia i

,

The junction inertia for[' |
- '

1 M
which depends on the actual snape of the volume. t

a hoLaobencous volume is
- 14. . . ,

;-'?5 '

" .
..Td -7

'

E

[t-- ; . .

\ (5)di=
-

(A jj V)
-

. A
I

..

where

t = the length of the flow path

A = cross-sectional area for the flow.

In the simple example shown in Figure 3,

i

/ t) f t +1 +1
,

T= 1, i 1 (6)
I 2 I

\ A )j \ A' )
:

.

|

|
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- . _ . _ . . ~ . _ , .qTh2 n:rmal fricti:n cosfficiento threld initi 11y bal:nce with the !

Input pressure distributicus fcr flowing systems. If initial flow exists
.

between two voluues, RELAP3B can calculate the appropriate friction co- {
|

efficient to produce this balance. For junctions with no initial flow,

the user must supply a value for K).
t

k Elevation heads, which are included in Equation (4), are calculated ty '

integrating the density distribution as defined by the steam separation
. model.

i

I.f 4. CHOKED FLOW

: t

the user's option normal junction flow can be tested for chokingAt

!

and can also include the effects of a two-phase friction pressure drop

multipliec for the junction f riction coefficient. When the proper con-

ditions exist, Icak junction flow is automatically limited by choking.
*

The limiting mass flow is defined by Moody's two-phase choked flow model[4),

A"

choke choke n o' o
I

where

W = maximum junction flow

A = minimum area in Junction

f = mass flux as a function of stagnation pressure, P,, and,

;

enthalpy, h,.

The stagnation conditions are assumed to be the thermodynersic con-

ditions within the volume feeding the junction and at the junction height.

The flow through a junction is chosen as the smaller of the inertial flow
| or the choked flow.

15

'

I

r Ww <;%

. ._.-M*.---~~
9

!
1

.

.

.. _ _ _ _ _ _ _ _ _ . _ _ _



f
. - ,. - _ , . _ ,,,, .. . ,-, _ ,, , m - _ _ - - . . . . ,.y

Moody'o mod:1 c130 givro the throat pr = ura, Pth' ** ' * *I'" "I

P, and h,. In RELAP3B, the sink pressure must be less thaa the throat
,

I

pressure for choking to occur in a leak junction, j
-

,

'wI- ,1 .

.

'

4
5. ENERGY RDOVAL V j,.

1
,

l

5.1 MOD 0 HEAT EXCRONCER -J f
j ,y ,

| Energy removal by a heat exchanger is calculated from an ' input table
i

or by the following flow-dependent cquation. s ,

i
i .

-Q "HE( pri ~ SecQ = "~

1 HE W
5o i

I where .

* '

1

Q = rate of heat addition to volume 1 - i
g

|

| QHE "
* #** ** **** * "" **" E*#

W(t) = flow of the primary coolant through volume i, time dependent

|
l W = initial coolant flow through volume.1

o

H = effective heat transfer coefficient during steady state
HE

full power operation, constant at initial value

TPd(t) = temperature of primary coolant In the heat exchanger, time

riependent

| T = temperature of secondary coolant in the heat exchanger, constant.g

| The flow ra.;es, W(t) and W, are taken to be one half the sum of the
I inlet and outlet junction flow rates for the heat exchanger volume. It

is assumed there are only one inlet junction and one outlet junction for

this volume.

The term representing the heat transfer coefficient H is deter-
HE

i
mined internally in the code from initial steady state conditions:

( 91

"HE ~ ~ (T - TSec)
*

Pri

I

|
I

f 16
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| Sinca hiet exchangsrs tra indipendent of each vther, the choice of a

flow-dependent model for one does not eliminate the possibility of using,

?

'

an input table for another.
! -

!
; -

5.2 H0D 1 HEAT EXCIUWCER
,

In this version, the equation solved is

Q(t) = Hgg (T ,g(tbTsec(t)} 10)(p

| wnereIbfE is a constant and the secondary temperature is allowed to vary
l

in time. This permits an entire time-varying secondary loop to be cal-
i

culated as part of the transient. Each primary heat exchanger volume
j must be connected to a single secondary heat exchanger volume.
I

,

5.3 MOD 2 NEAT EXCl!ANCER: U-Tube Steam Generator Model
I

! I Jn the RELAP3B U-tube steam generator model, the primary-to-secondary,

heat transfer rate and the temperature distribution within the tube metal;

!

j are determir.ed by solving the following non-steady-state conduction equation

( for the heat exchanger U tubes:

' 2pC E=k 1 BT+ (11)v at 2 r 3r. Br .

Equation (11) is solved numerically under the following initial condition

and the boundary conditions of variable wall heat fluxes.

For. t = 0. T = f(r) = steady-state temperature distribution;

i

i

!

For t > 0, -
'

I

at r = Rg , -k =q (t) = U T -T (12)...

. .

17
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at r = Ry -k =qq (t) = U ( }b W **t
'

2
where - -

andh=h+R+R=

fp fb
P P b b

In the above equations:

T = temperature. *F

t = time, hr

j

q,1 , q ,2 = inner and outer surface heat fJux of the hes:i

exchanger tubes, Btu /ft hr

U , U. = over-all heat transfer coefficients for the primaryu.

and secondary sides respectively, Btu /hr f t *F

o,C ,k = density (lb,/f t ), heat capacity (Btu /lb, 'F) andy

thermal conductivity (Btu /ft *F hr), respectively
'

( of the tube metal.

Ry,Ry = inner and outer radius of the heat exchanger tubes, f t
i
'

h ,h = heat transfer coefficients for the primary andp b

ruondary sides, respectively, Btu /hr f t *F

T * primary side fluid temperature. *Fpri

T ,T = inner and outer wall temperatures of the tube, *Fg y

T, = saturation temperature corresponding to the pressure

in the secondary-side volume, *F

Rg,Rfb uling actirs for the primary and secondary sides=

respectively, [ Btu /ft hr 'F]~

The steady-state temperature distribution is obtained by solving Eq. (11)

with = 0, and T is defined for each volume using the logarithmic mean

temperature difference at the inlet and exit of the heat exchanger volume. Atr

each time step, h and h are recalculated based on the thermal and hydraulicp b

18
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crnditions prsvailing in tha primary and escondtry oida volume], r= pectivsly.
~

The primary side heat transfer coefficient, h , is computed by using the
p ,

Dittus-Boelter [9] correlation:
L

N2 = 0.023 Re * Pr * (,14)
t

For water, when the combined allowance for the variation in phys al

properties with temperature is made, the above equation reduces to [19]
|

| h = 0.148 (1+10~ h - 10 h) Btu /hr ft *F (15)
.

|

where T(*F) is the bulk temperature, v (f t/hr) is coolant velocity and
! D (ft) is the tube diameter.

The temperature, T, and coolant velocity, y, appearing in Equation (15) *

are taken to be one half the sum of the inlet and outlet junction values.

It is assumed there are only one inlet junction and one outlet junction

for a primary heat exchanger volume. The average temperature and coolant

velocity do not need to be computed for the secondary side.

For the secondary side heat transfer coefficient, hb , the following
: Jens-Lottes [20) correlation for nucleate boiling is used:
i

P [ d,,30.25AT = T -T = 60 e - 900 1
2 \ 100)|

(16)# * '

n
hb"T T III)

W saty

p = pressure, psia

q" = boiling heat flux, Btu /ft hr

Tube uncovery is simulate,d by using a multiplier, $,, such that qw2 ",

t, q". When the steam quality in tlie secondary side volume reaches 1.0,

19
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Th2 tharsal cinductivity of the
9, is teksn to ba zp?o, $, = 1 cth1rwisa.

tube metal (assumed to be Inconel) is calculated from:

/Tu+TyT
k = 8.0 + 0.0051 Stu/*F f t hr (18)|

\ ) .

i To develop numerical schemes, the tube wall is radially divided into

N increments of equal width, Ar, such that (R -R ) = Nar. Eq. (11) is then
2 y

expressed in a finite difference form by using the standard formulae,I

[
. a

such as,
i

h , m+1.n ~ m,n e-1,n
H , m,n+1 ~ m,n

, *
t at 3,2 (Ar) etc.

|

where at denotes the timc increment and the tbscripts, m and n, refer,

With the choicerespectively, to the radial node number and the time step.

of N = 5, m takes the values of 1 through 6, and the following set of

equations finally results. It should be pointed out that, for transient
are

fluxes at a new time step, q,i.n+1calculations, the surface heat

y where i = 1 or 2.
taken to be 7 q,1,n + q,1,n+1

-

(i) For n = 1 (i.e. , wall surf ace at the primary side)
_

T ,n(1 ~ ~ ^*Tn) T ,n +T 2~
11,n+1 1+A y,,7

_
.

+ A'(Y T + r +1 i +1) '
nn n n

_

where
pC (Ar)y

* B = R /ArM= , yg gg

A'= (1 - ), y ~

n p,n

20
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*
t

-~,

U
p,, = tha primary i.ida cvar-all hut tran fsr coefficirnt at time step, n.

(ii) For n = 2 to 5 (i.e., inner nodes)
.

T =1 1
1 T +1,n + ("'ma,n+1 M 2(B+=-1) a,n

~

.

T*

2(B 1) o-1,n |

_

Because of the explicit numerical scheme used, at must be chosen so that
2

both M 1 2 and M 1 y,g, are satisfied for stable solutions. To improve
n

the probability that these conditions are met, at of this numerical scheme
i

is taken to be 1/4 of the time step size specified in the REIAP3B input.

Consequently, f or each Rh. LAP 3B time step, the calculation involved in this I
'

|numerical scheme is repeated four times.

(iii) For n = b (i.e., wall surface at the secondary side.) |.

1,
s

-T -T + }6,n+1 6,n + g (TS,n 6,n) ~~ (%
.

2m M
, where o is the root of the following equation:
q '2 nv1

[ P [ h II4
'

(rib +2)q
_

+ 1.89753 e 900
2,n+1 k / "2,n+1/

w

-fTsat n+1 + g - (1- )T =05,n

and r2 = (2 + ).

5.4 110D 2 ilEAT EXCEU;GER: Once-through Steam Cencrator Model

This model differs from the U-tube model in two respects: (a) dif-

ferent heat transfer modes can be used to compute either the primary or

21
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tha occand:ry-sida heat trcnsfer esafficient, cnd (b) cn implicit finite-

dit ference scheme is used to solve the tube wall conduction equation, thus
,

relaxing the limitation on the time-step size.

The heat transfer modes provided are those represented by HODE 1
'

through H0DE 6 of the heat transfer correlations shown in Section 6 of
*

this manual. The ef fect of baffling on the secondary-side heat transfer

may be taken into account by specifying a proper baffle factor for each

heat transfer mode. The thermodynamic state of fluid in the primary- or

l the secondary-side of the heat exchanger volume is determined by the pres-

sure and the average fluid enthalpy in the volume with the latter computed

by taking the arithmetic average of the fluid enthalpies entering and leav-

ing the volume. The implicit numerical scheme used in solving the wall con-
.

duction equation essentially follows that given in the Heat I code 15]. ..

The non-steady state conduction equation written in cylindrical co-

ordinates:

c,C N=1b kr N *v at r sr . or . .

is solved subject to the following initial and boundary conditions.

For t = 0 T = f(r) = steady-state temperature distribution.

For t > 0,
. .

at r=R, -k :BT w,(t) = U (t)
. .

,

pri(t) - Tw (t)T-- = qy or p
,

. .

at r = R , -k :BT-- = qw (t) = U (t) T (t) - Tsee(t)2 or
2 "2*

where 1 = g1 + R ,, andg
s s

U, overall heat transfer coefficient for the secondary-side,=

,

Btu /hr it' 'F-
,

22
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h, hatt transfar coefficient f=r tha escond:ry-31da Btu /hr ft *F=

sec ndary-side fluid temperature. *FT =
sec

R, fouling factor for the secondary-side [ Btu /f t hr *F]~1=
g

Other symbols have the same meanings as in Section 5.3.

The primary- or the secondary-side fluid temperature is defined as the

arithmetic average of the temperatures of the fluid entering and leaving
.

the volume. The implicit finite-difference equations are derived by divid-

ing the tube wall radially into five increments of equal width. This gives

rise to a set of six si=ultaneous equations which can be solved for the two

wall temperatures (the primary- and the secondary-side walls) and the four

inner-node temperatures. The (6 x 6) matrix equation is solved by using

the Causs elimination method.

.
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6. ENERGY ADDITION

Energy addition to the fluid occurs in the core volumes [a). The rate

of heat addition is calculated using a multincde pin conduction subroutine !

and a subroutine for predicting the heat transfer coefficients for the

various modes of heat transfer.

An iterative process alternately calls the subroutine which calcu-

lates the heat transfer coef ficient and the conduction subroutine, which

calculates the temperatures. The latter subroutine requires as input the

heat transfer coefficient, the bulk fluid temperature, the surface flux '

(from the previous time step), the time step size, and the heat generation

rates. Convergence of the heat transfer coefficient terminates the itera-

tion; that is, if after two successive iterations the change in the heat

transfer coefficient is less than a specified tolerance, the calculation

is terminated.

Flows, pressures, and densities of the coolant fluid are assumed

constant during a single time step. The flow through a given core volume

is obtained by averaging the flow through all the inlet and outlet junc-
tions of the volume,

ifcat generation in the fuel pins is determined by reactor kinetics

routines or by table look up of power versus time. Assuming a uniform

heat flux and an average tenperature defined by

N

/CoTdV [ (pV)n n nCT
y,T= |g

(19),, ,

CodV I#}n acV n=1

|
r

i

[aj The steam generator volumes can also be used as an energy source
through the use of a negative heat removal curve.
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time overall energy b.slance for the pin is

- dT
VE S = Q + S k.. .(20) ,

dt .N .. dM
4

1

where ,

V = fuel pin valune ,

_

average dennity=2

E = average specifle heat

timet =
s

average pia temperatureI =
;

Q = heat generation rate in fuel pin'

S = pin surface areag
.

k.. = thernal conductivity at surface of pin
'

.

radiusR =

*
t
.

1.. = surface temperature
.

.

total number of .innull in the fuci pellet (excluding the annuli
-

; N =

a
v

in the 6;ap and clad)
*

! .

f uel pin aruiulus nunber.n =

6.1 Conduction !kt eld
,

The pin conduction nodel solves the one-dinensional heat conduction
!

j equation in cylindrical geometry. The pin conduction model and the
!

outhod of solution are patterned after the model and nethod used in the

ilusil code [5). Currently, the model can accotraudate up to 31 radial no es,

six different concentric regions, and six different materials. Core volumes

can be stacked vertically to achieve axial definition. The model geometry

is illustrated in Fig. 4.

r

.
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For annulus n shown in Fig. 4, tbs conducti:n equatisn is

di dT dT
"~

vpU -- - - Q +sk 2-S k (21)"

nnn dL n nn dR n-1 n-1 dR

4

where ,

S = annulus surf ace area.

Equation (21) is approximated numerically by

(T'-T ) S
.

-

V,6 O = Q' + 2a n,n+1( n+1' n> + .n+1(
~ }" "

+1p 3g
.

S
-

~

,

n-1 (22)En-1,n(T -Tn-1) + kn-1,n(T'-T' 1)- 2aK n n n-
n-1

.
.

:

where

k + k +1 (23)" "
E =

n n+1 2o

and prime (') designates the current iterntion.

The boundary conditions are

(24)=0
dR

R=0

and

d,=h(Tj-T')
dT'

(29_g.[[
,

?

I

where

T' = coolant temperature

h = heat transfer coefficient.
|

! ,
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N cimultrr.ecu2 squitigns of ths fara MD5,U '
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a T' 1 + b T' + g T' +1 =d
* '

y ts , , i , _
,

~. .c '

n n- nn n n n ,
,

- eO, W i

| are obtained by writing Equation (22) for each of the N regions' ''" "''p'C " ~ . l
%QRt;, J l'

I where a, b, g, and d are constants for a Civen iteration. ' W , e
'

,

-;:- , ,

,

The N equations form a matrix equation which is solved by the method
1

i

(
-|x ._,

described in Reference 5 for the temperatures at each node. n w;St ,
U :; ,, , , f
. <

'

6.2 Variable Cap mdel (to allow for variation of gap conductance - .; i
~

' '

u,
, i'

during a transient)
, 'is. i-e -

I

Iw
Cap conductance, h, can be expressed as k/AC, where k is the gap ^

|

thermal conductivity and AG is the gap thickness. "

-_a.u , . ,

RELAP3B allows for a variable gap width. The formulation used is *

. =.. .

essentially that ;f CAPCON[16], namely: -',, ' M , . _,.
',, 3:~

(athT )5 + c T 0 (26) -4G = LG
o f f c1+4Gmin

-
,

- -.-

<
-

> :-
'

1

where AC, is the nominal room temperature gap width, T and T are theg d
average fuel and clad temperatures and LG accounts for the effect ofg

asperities and the temperature jump distances. Asperities are deviations

from the normal dimensions, and temperature jump distances represent the

temperature discontinuities that occur at the cladding and fuel surfaces

as a rc.sult of incomplete energy interchange between the surfaces and the

gas. (Fig. 5). In equation (26) the product of the nominal fuel radius and

the linear part of the fuel expansion coefficient is denoted by a; similarly

the product of the nominal fuel radius and the quadratic part of the fuel

expansion coefficient is denoted by b. The product of the mean clad radius

.

28
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and clad expansign ccef ficicnt is given Ly c. The grp thicknwa is limited
t ,

by the requirement t.G > t.Gg ; no pressure collapse of the asperities is
| 'I

considered.
,

1
4

FUEL GAP CLAD i
t

!

I
'

TEMPERAT URE

,

i
|

| |N i
t

| | ;

I 8 ,

f .

"

TEMPERATURE
JUMP DISTANCES

i

FIG. 5 VARIABLE CAP MODEL FOR FUEL PIN HEAT CONDUCTION.

6.3 fica t Transfer C.,rrelations

Correlations f or predicting heat transfer coefficients for se;ven

different modes of heat transfer are provided. The correlations ano con-

ditions for which they are used are given below, in PWR cases for pres-*

sures greater than 3208.2347 psia the quality is set to 0.0.

Mode 1 -- Subcooled Forced Convection: X < 0.0, T, < Tg3

Sieder-Tate correlation [6]

-

0.8
- - 1/3 - - o.14

0.023k (T,) DG Pr(T ) "f(T )f
h= w

_ g(T )_ _ _
_ g(T,) _p pD y

(27)
,

,
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n ;
h = heat tran:fsr extfficirt, Btu /ft hr 'F

j
X = mass fraction of steam (quality) i,

?

T,43
= dha suface temperatue for nucleate bohg as defqntd

)

g
by Equation (28), *F - '

g
- f

.

k (T ,)
= saturated liquid thermal conductivity evaluated at 7,,

{
I

'Btu /ft hr *F :

T, = temperature of coolant, 'F > -

D = hydraulic diameter of flow channel, it
i

C = mass flux of coolant, Ib/ft hr -

'

g(T,) saturated liquid viscosity evaluated at T,, Ib/ft hr
.

p

Pr(T,) = Prandt1 number for coolant
>

,

g(T,) = saturated liquid viscosity evaluated at T,, Ib/ft hr
p

T, = fuel pin surface temperature, *F

subscript f indicates saturated liquid property
.i>

'

subscript g indicates vapor property.

Mode 2 - Subcooled Nucleate Boiling: X < 0.0. T, > T_

NB

Thom correlation [7]
.

60 ,S0.5-T T + 0.072 e ~.ojS= sat
.

'S
h=T -t (29)

'

s v
where

T, = saturation tecperature. *F

P = pressure, psi

$ - surface flux, Btu /hr it3 .

30
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| :
'

I

I Mode 3 -- Nucleate Boiling: 0 < X < 0.1

! '
.

The heat trancier coefficient is calculated by interpolating with 4

.

i
respect to quality between Equations (29) and (30).

I
'

P

}bde 4 -- Forced Convection Loiling: 0.1 < X < 0.6
r
, Schrock and Crossman correlation with Wright constants [8]
.

4

0 0 66-

/ x 3 0 '/ of 30.sr g)j 1
-

'Sh = 6700 + 0.00035 ; g | |
-

) { pg,

- N | N#5) N Y -

.

"[0.023k [DG(1-X)
~

0.8 0.4
f (30),

p

.N |\ ) N | .

|'
i

{
The physical properties are evaluated at saturation conditions where

H = heat of vaporization, Btu /lb
g

'
p = density, Ib/ft

i thermal conductivity, Btu /hr-f t *Fk =

.

4

'

}bde 5 -- Forced Convection Boiling: 0.6'< X < 1.0
; ,

The heat transf er coef ficient is calculated by interpolating with

:

,
-

to quality between Equations (30) and (31).respect
1

' .

f Mode 6 -- Singic Phase Steam: X > 1.0i

I
I Dittus-Boelter correlation [9]

i
!

i/ocTO.8 p,)0.4
!

C31)h = 0.023
D T I 8 ''

,

N S) )' '

I 31

|
t
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i

, , . . . . . . . . . . . ,

Tg+T3*
Physical properties are (valuated at

j

,

Mode 7 -- Stable Film Boiling: o has exceeded the critical heat flux.g

Tougall-Rohsenow correlation [10]

~[ES [o h -
0.8 - - 0.4

hk
Eh = 0.023 E i q (1-X) + X | Pr (32)

.(S/kI /. . .

The physical properties ,are evaluated at saturation conditions. If
a

X 1 0.0, the tern 1 3 (1-X) + X) is set equal to 1.0, which reduces Equa-
"I

tion (32) to fquatio' (31).

Once the heat transfer goes into tbde 7 in any volume it remains in

Mode 7 regardless of the tests cited above.

1

l
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7. CRITICAL HEAT FLUX

The choice of a correlation for predicting the critical heat flux .

depends upon the pressure and mass flux. If the surface flux exceeds the

predicted critical heat flux, stable film boiling is assumed to occur.

The correlations and the conditions under which they are used are as

follows: *

Range 1 - P < 725 psi: Modified Barnett correlation [a]

CliF ("f in
O + ~

"~
6 F+L *

10
.

*

where,

g ')888.6][Hg ]~I0.0523 ,0.663 (1.0 - 0.315e-11.34D GB = [73.71 D g
gg

~
.

(34)

'E = 0.104 D G,0.691 (35)3

at

o.0817 g,0.587 (36)F = 45.55Dg

P = pressure, psi

# 2CHF = critical heat flux, Btu /hr f t

H = saturated liquid enthalpy. Btu /lbg

|
|
l [aj New constants were derived for the Earnett[11] correlation for Ivw

pressure rod bundle data by *1daho Nuclear Corporation.
'

,

1
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, ,

.

E , = frlet enthalpy, Stu/lbg

L = channel length, in.

D = heated equivalent diameter, in.E
6 2C' = mass flux, 10 lb/hr ft

D = [Lr(Dr +0g)j - Dr, in. (Dr = pin diameter)g

H = heat of vaporization, Btu /lbg

_ Range 2 -- 725 psi < P < 1000 psi
_

The critical heat flux is calculated by linear interpolation with

respect to pressure between Equations (33) and (37).

_ Range 3 -- 1000 psi < P < 1500 psis Barnett correlation [11]

e +CilF I"f -Nin}*
6

10 R+L

where

J = 67.45 D (G') [1.0 - 0.744 exp(-6.512 D G')]
*

i!E g

(38).

l.261M = 0.2587 D gg.)0.817 (39)h

R = 185.0 D l.415(g.)0.212g (40)

Range 4 - 1500 psi < P < 1800 psi

The critical heat flux is calculated by linear interpolation with re-

spect to pressure between Equations (37) and (41).

Range 5 -- P > 1800 psi, G > 0.5 x 106 2
lb/hr it

34
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B&W-2 correlation [12]

2 2
S[3.702 x 10 W - 0.15208 G H X]gg

SChF " N12.71 Y

where

S = l1.15509 - 0.40703 D,,y) (42)
~

W = (5.9137 x 10 C) (43)

Z = [0.8304 + 6.8479 X 10~ (P - 2000)] (44)

-bY = (3.0545 x lo c) (45)

and

.N = [0.71160 + 0.00020729 (P - 2000)] (46)

where

G = mass flux, Ib/hr it

X = quality.

6 2Range _6 -- P 3 1000 lisi: G 1 0.5 x 10 lb/hr ft

The critical heat flux is calculated by using the average value

between Iquations (37) and (41).

The inlet enthalpy used in the critical heat flux correlations is

cefined as the flow weighted entlialpy from all junctions connected to

the volume. That is, inlet junctions with positive flow and outlet

junctions with negative flow.

- .. ... J' ^ -- m
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8. POWER CLNERATION

Power generation is determined by either a reactor kinetics cal-

culation or by a tabular input of power versus time. The reactor kinetics

equations are solved by a method similar to that used in the IREKIN prograa

[13). The standard reactor kinetics equations are

6

f"=f[(p/8)-1]n+ AC +S (47)gg
i=1

i+AC i n, 1-1, 2 .. 6gg, (48)
,

.

6

6* E g (49)
i=1

where
*

,

n = reactor fission power

8 = cffective delayed neutron fraction

/. = neutron generation tiac

o - reactivity

A decay constant of delayed neutron group i=
g

Cg concentration of delayed neutron group ie

S = neutron source

d = effective fraction for delayed neutron group 1.g

Also included as an option in the reactor kinetics subroutine are

11 groups of radioactive gamma heat sources:

.

dy

g1+A y) = E n, j=1, 2. .. 11 (50)y

.

4
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where

y) = concentration of delayed gassna group j

A) = decay constant of delayed ganssa group j

E) = yield fraction of delayed gasana group J.

The total puwer is a sum of the direct fission power and the instan-

taneous gaczu heating. All power la assumed to be generated in the fuel

elements, direct ga 3.s heating of the coolant not being considered. The

inclusion of,the gumma terms gives a more realistic shutdown transient.

The total power, P is

11
IP=nEg+ jj

j=1

* where

E = fraction of power produced in steady state by fission
g

If the gacau heating option is not used, then E =1; otherwise, E = 0.93g g

*
and

E) = 0.07.

9. PEACTIVITY

As input to the reactor kinetics calculations, reactivity is developed

explicitly as a ks.own function of time and implicitly through core feedback

mechanisms. The explicit input reactivity is calculated from a table of

p/8 versus time, and feedback reactivity is determined from coolant

density, coolant temperature, and fuel temperature for each reactor volume.

The void reactivity is calculated by density changes in the coolant:

02)(w/E)y =
1002,g(1-I /1

37
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where

(4/d), = void reactivity
1

yg = void reactivity coefficient of core region ia

g = coolant density in core region io

a, = initial coolant density in core region 1.g

Likewise, the temperature-dependent reactivities are

(G/s) g = u t.Tg bc ( )
i i i

(9/d)FT " 1 *FT Tg (54) '

1 1

-
-'

.

f(e (0)) + f(o (t))g g( / )gp = 'WP (Tg (t)+459. 69)P-(Tg (0) + 459.69)P '

2
I 1 i1 . ..

.

3

(55)
where

(9/c)g = coolant temperature reactivityi

a
= coolant temperature reactivity coefficient of core region ig

*T
be = change in bulk coolant temperature in core region 1g

(e/c)FT = iuel elem(nt temperature reactivity

= fuel element temperature reactivity coefficient of coreu
FT

g

region i

t.Tg = change in fuel element temperature in core region 1

(e/r)gp = Doppler reactivity

= Doppler reactivity feedback coef ficient evaluated atagp the

core inlet coolant density
|

4
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,

f(pcoolant) = variati n f Doppler reactivity feedback coefficient j

with coolant density. -'

,

Tgg fuel element temperature in core region 1. -
=

p = constant used to fit Doppler reactivity variation with

fuel temperature. (Usually % 0.5)

o (0) = the initial average coolant density in core region i '
g

o (t) = the average coolant density in core region i at time tg

In the input data f(p
,,1 ) is entered as the Doppler Multiplier-

Coolant Density Curve. Since only the product a
f(# coolantDOP -

importance, and not the separate quantities, it is convenient (but not

required) to define o ""d IPeoh) in such a way that f(pinlet} "DOPg

1.0, where p is the initial core inlet coolant density.
,ht

The total reactivity is obtained by summing the contributions from

control rods, water void, water temperature, fuel temperature, and Doppler

effects.

10. TWO-PPASE SEPARATION MODEL
J

The two-phase separation model used in RELAP3B is a semiempirical fit

to a number of experimental, high pressure blowdowns[14}.
1

The quantities necessary to describe the separation of steam bubbles
]

into a gas dome are the partial density of the bubbles and the local bubble
|

velocity at the steam-dome mixture interface. Physically, during a con-

tinuous decompression of a large stagnant voluue, the density of bubbles

is expected to be least near the bottom of the volume. This d ribution
. .

is reasonable because the static pressi.re will be highest near e.he bottoa

t
i

i
i

39

|u. w 2

). - . . _-- - -. . .

;

I

I

i



O
n ~. -,

and because the bubbles tend to accuumalate as they rise through the mixture.

The first order approximation is one in which the density of bubbles in-

creases linearly as a functioc of height within the two-phase mixture. A

limitation of this model is its inability to describe bubble distributions
" *

arising f rom complicated physical conditions, such as oscillating pressures

or oscillating flows.

The assumed bubble distribution is

o =a +b (56)gb a

where

o * Partial steam density within the mixture
b,

m,b = time-dependent slope and intercept

z = height above the bottom of the volume,

2, = time-dependent height of uixture interface.

The slope and intercept of the assumed bubble distributions are

evalt.ated by applying conservation of saass. Integrating the partial bubble

density over the volume of the mixture gives the instantaneous mass of.

steam within the mixture. For an average void fraction less than 0.5,

that is

M

01 1h (57)
gm

where

M = mass f steam entrained in the mixturegb

:.0
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'

o - density of saturate d steamg

V, = volume of the mixture,

the slope and intercept are

HAa = 2C (58)o V,

H
b = (1-C ) A . (59)V,o

For average void fractions between 0.5 and 1

H

h1 1 1 (60),

gm
|

the slope and intercept are

f \H
Am = 2C p I (61)o g V

Y
I

H
b = U +C ) A - C o (62).

V, ogo

To generalize this model, an arbitrary constant, C,, is included.

This constant (which must be limited to values between zero and one)

determines the maximum bubble gradient at any instant. If the constant

is chosen as zero, the mixture is homogeneous; if chosen as one, the
|

bubble gradient is always maximum within the permissible physical con- I

straints. Values outside this range may give negative values for the

partial bubble density and so are not allowed. Within REIAP3B, each
.

41
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1

volume can have an individual C, chosen by the user. Small volumes with
'

,

high mass flux such as core channels or pipe sections are best described j
- .~ ,

by a homogeneous codel where C, = 0. In plenums and tanks where the , .i

homogeneous model is not desirable, a value of C,= 0.8 is recosmended.
,

This value was determined as a best choice for a one-volume description <

of experic.cntal vessel blowdowns[15]. ,

The velocity of steam bubbles relative to the mixture interface is

another input quantity which can be different for each volume. In the

precceding referenced model test, a value of three feet per second was .;

lused. If the velocity is zero, no separation occurs although a bubble
*

~

density gradient may still exist. ,

By using Equation (56), the local fluid quality is determined for

each junction at its connection to a volume. The partial steam density

at the surf ace of the caixture (needed to ca.lculate the rate at which
.

bubbles cross the interface) is also obtained from Equation (56).

To determine the mass and quality of the mixture, a balance for the

entrained steam must be performed. Steam can be added to a volume either

through a junction or by flashit.g of liquid within the mixture. The dif-

ferential equation describing the bubble mass balance within a given volume is

Eb*E~s 9XW - Av #
bubgb|Z1ggdi

m

where

M = mass of steam (gas bubbles) entrained in the mixture

M, = total mass of steam within the volume

'

.

e.

.
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,

v - t ract ion of M e2.s f luwing at the junction and originatingg

within the ateam dome

X = quality of juiction flow.
g

W = ilow 1.to or out of the volume at junction ig

A = cross-sectional area of the volume

= bubble velocity at mixture surfaceg

o = partial steam density at the mixture surface.g
O

11. JL%CTION QALITIES

Since junctions at control volume bowidaries are treated as points

rather than distributed areas (so far as fluid properties within the

volume are concerned), qualities at these points can oscillate between

zero and one. Also, when junctions are near the top or the bottom of a

vol ut.e , more gas or liquid can be extracted than really exists within

the volume. If during a blowdown, the taixture level f alls to a junction,

then during one tir.e step the flow will be two phase and then change to

pure steam the following time step. Under these conditions the flow.can

be large enough to extract more steam than is physically present. To

eliminate these dif ficulties, the flow during any single time step is

assumed to be composed of a corbination of steam and mixture when the mixture

Icvel is adjacent to the j unc tion location. This modification smooths

the time step variation of junction quality and virtually climinates

the time step size instability associated with oscillating mixture Icvels.

.
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12. FILL SYSTEl!S
i

Fluid may be injected into any volutae by means of fill junctions. .]
!

The junction flows are obtainea by interpolating tabular input of flow {
.

versus either time or pressure. Several fill junctions may connect to
,

the same volume if desired. Initiation of flow through fill junctions

any be controlled by many dif ferent trip signals. No cut-off is allowed

except implicitly through tne flow versus tiwe table. For positive fill

rate values tne fluid has the properties of the fill reservoir; for nega-

tive illi rate values the fluid has the properties of the volume from
,

which it is flowing.

13. SYSTE!! BALANCES

An overall ciass balance is performed:

11 lig+ U)dt - Wk"
=

3
i j k

where

' =.I ass balance
B

li = mass in volmo ig

W) = flow in leak junction j
W = flow in fill junction k.k

Energy within the system described by RELAP3B can be stored, injected,

or retsoved by several mechanisras. In general, the total energy at any

time within the reactor system is

L ~LI+Z i (65)T

where

E total energy stored
T

E = energy stored within fuci elements*

g

E = internal energy of water in volume 1.g

44
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The energy stored within the fuel elements is
i

. -

}n (00)E = n ng

a n
3 . a

'. where
!

n = core region number

n = node number-

'

p = density

V = node volume

C = specific heat capacity

T = temperature.

Energy can be extracted f rom the system through leaks or heat.

?

{ exchangers, respectively, as,

i
9

! t

E W h dt=
g y (67)

| 0 j

!

j and

t.

HE O (00)
*

, llE,
O m

t ,

!

where,

; E = energy lost ttrough leakageg

W) = flow through leak j
'

h) = enthalpy of fluid flowing through leak j

{ E = heat removed by heat exchangersgg

Q = rate of heat loss through heat exchanger m., ,,

|
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Energy can be added to the system by the reactor power and the fill

water itijection, respectively, as

t

ORPE =
g

. O m

and

t

W h dt (70)E =
p kk

0 k

where

E e heat added through nuclear fissiong

Q = rate of heat addition in core region ag
m

E = heat added through fill water injection
F

'

W = fl w through fill junction k
k

h = enthalpy of fluid flowing through fill k.p

Applying the conservation of energy principle to the system gives

( )
initial stored + extracted injected

" ~

or

-E -E (72)Energy Balance = E +Eg+Eg+Eg g F*

This energy balance is computed and available in the minor edit list.

The first time step edit gives the initial energy inventory because the

time integral terms are zero.

I
1
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14. CHECK VALVES

Check valves may be placed, at the users option, in any RELAP3B '

j unction. Three presrure loss coef ficients, C , and the back pressure 'g
;

necessary to close the valve, P y, are user supplied input constants.
,

The user also has a choice of valve type: Type I without a hysteresis

loop in the characteristic flow versus pressure curve and Type 2 with

the hysteresis loop. The characteristic curves for these two types are
shown in Figure 6. Eoth types of check valves are controlled by flow

dependent pressure losser of the fcrm C W|W|/p.g

Three regions of operation are defined for each valve:

(1) C is used for positive flow with the valve openg

(2) C is used for negative flow with the valve open2 *

(3) C is used,for negative flow with the valve almost closed.
'

3

For all positive flow, the valve remains open and sustains a pressure

loss proportional to C . For negative flow, the valve remains cpen if1

the pressure loss, which is proportional to C ' is less then the back
2

pressure required to close the valve.

After the valve closes, the pressure loss is proportional to C for
3

small leakaga flows. The hysteresis difference between Type 1 and Type 2s

N.
check valves is apparent in Figure 6. Type 1 check valves open in exactly

.

the reverse procedure of the closing sequence. A Type i valve opens when

negative flow has decreased to a value such that the pressur,e loss for the

open phase is less than the loss required to keep the valve closed. A

Type 2 valve reopens only when the pressure loss developed in the closed.

pos? tion is less than the required back pressure.

.

.
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TYPEI TYPE 2
E E
<3 4

m m
m m
o o

J J

E VALVE OPEN E VALVE OPEN
B B
C D
E E

FLOW (W) FLOW (W)
VALVE
OPEN VALVE |

-P -@_N_ e---- " ey '-PCV

I
VALVE

CLOSED

VALVE
CLOSED

I
I

.

FIC. 6 CllECK VALSE CIIARACTERISTIC CURVES.

15. CALCUIATION OF WEIGHT FACTORS AND POWER FRACTIONS

REl.AP3B uses point reactor kinetics, but even in this simple formula-

tion some of the effects of space dependence can be included by means of

reactivity weight factors. The reactivity weight factor model takes a

specified steady state axial power distribution and determines associated

fuel, gap, clad, and modcrator tereperatures, along with coolant voidage

(if any). The model [17] is based on the temperature model used in N0All

and Ta'IGL-bSL (one- and two-dimensional transient neutronics codes in

use at BNL). Several options are allowed when using the weight factor

model. Subcooled voidage and variable slip (based on a modified Bankoff-

Jones nodel) are the normal options, but constant slip (of any specified

value) and a thermodynamic heating codel (no subcooled voidage) are also

allowed. After the calculation of the temperature and void distributions,
i
.

;
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ecr:g2 weight fcctcre and cvsregs faedback casificisnts cra dr, fined is

core region 1 t,y the following relations:

Average Axial Doppler We1,ht Factor,1

EP (z) (Tg (z)-T ,P) dzg

D.W.F.=[ I '[[ ) hp
(73)~

l P (z)dz -T'
P| I T 1'

/ _O I '(z)da/ I/
dz l

k1 I
.

where T and T are in R. T is tim fuel temperature. Tin '* *** * ***g in g

inlet temperature, p is the Doppler exponent (usually 1/2), and P is the

specified steady state axial power distribution.

Average N derator Temperature Feedback Coefficient of Reactivity,

o, (T,(z))P (z) T,(z)dz
M.F.C. = (74)

P (z) dz T,(z) dz dz

liere T, is the raoderator temperature increase above the inlet value and

u , cay be a function of T,.

Average Moderator Void Feedback Coefficient of Reactivity,

a (V(z)) P (z)V(z)dzy

V.F.C. - I )

P (z)dz V(z)dz dz

(I jI I I

Ilere V(z) is the local void fraction and a cay be a function of void

fraction.

4, = the moderatar temperature feedback coefficient.

u,= the homogeneous void feedback coefficient.
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the same while the weight factor model defines the coefficients, in terms of

average values, corrections must be cade to H.F.C. and V.F.C. These cor-

rections are ;,

.

dz) -(76)H.F.C. = H.F.C. T,(z)dz/(Tgcred
1 1

where T is the value of T ,(z) at the end of region 1, andg

V(z)dz X

(-vp,no.q)V -

(,,,
1 g

v.r.C.,,,,,,,,,= v.r.C.
1

dz X
g g

where V is the end of region value of V(z), X is the end of region value
g g ,

of the quality, X is the region I average quality,'and o and o are the
g g g

~

saturated liquid and vapor densities.

The power f ractions QFRAC(l) in the core regions are given by

P(z)dz -
,

QFPAC(1) = 473),

P(z)dz
11

16. IPD'I.It:IT NL'11RICAL HODEL A'iD AUTOMATlc TIME-STEP VARIATION

Implicit Nuc.erical Hodel

RELAP3B, based on REIAP3-Hod 62, uses an implicit scheme for ad-
I

vancing the time. However, the scheme used in PDD 62 is not fully ie-
l

plicit. Three important explicit factors remain: first, the fuel-gap-
iclad temperatures are calculated from the coolant temperature at the

previous time step; second, the coolant enthalpics in the transport

term of the energy equation are taken at the previous time step; and *.

.

50

l

|

_ . . . _ _ _

$

l

i l
i J



s

C)
. . .. _ _ _.-

.g

i
third, the paint kinstics equations era calvzd by Runre-Kutta. Th3 i

'

nudel is thus a mixed one with the major effect of the current implicit

structure being the elimination of the effect of the velocity of sowid

in the limitation on the time step size.

Besides the fact that h ) (the junction enthalpy) is taken at theg
,

previous time step, the calculation of h ) from hg (th volume average
i

g

enthalpy) is done by assuming h ) = hg (exit enthalpy = average enthalpy).g

While such an approximation is not unreasonable if the space increment
f

is small (not only small volume, but small flow distance), it is not clear f

.

how valio it is for large volumes. A corollary is that average temperatures, '

void fractions and heat transfer coefficients and modes are not completely !

!accurate.
I

Autorutic Time-Step Variation

i

Full advantage can be taken of the implicit differencing technique

if one can automatically increase the computation time-step size during

the slowly varying portions of a transient. At every time step RE!AP3B
i

the percentage change in each of several edited variables, e.g.can test

!
EV, from a criterion value, CRIT (EV). Thus, for normalized power, NQ, I

the test is

SQ(t+t.t)-SQ(t)
.-Q(t) - CRIT (NQ) '<

t

if the test falls, the time step size, t.t . is automatically halved and

the time step repeated. Otherwise, the calculation continues. After
4

\every 40 consecutive time steps in which the step size was not changed the j
\time-step size is automatically doubled. An input item allows the specifi- '

t
cation of both a sinimum and a maximum time-step size. Informative statements

on the time-step status are printed out between major edits.

4

i
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17. PUMPS

The pumps are described by a so-called homologous model [18]. The

andel gives relations among the variables Head (ii). Torque (T), flow

rate (Q), and rotational speed (w). First these variables are normalized

by dividing each one by its value at rated conditions. Thus the new

'variables are

h = 11/11 ,

8 = T/T,

y = Q/Q, ,

a = w/w,.

The four quantities 11,, T,, w , and Q, are required in the input, where,

they are called PilEADR. PTORKR, PO!! CAR, and PF1.04t.

The homologous modelling relatea h, v and a (fig. 7) by tabulating

2h/v vs a/v whenja/v|1sbetween0andI

and

h/a vs v/a when|v/2|1sbetween0and1.
,

It relates o, v, and a (fig. 8) by tabulating

n/v vs a/v when|2/vj is between 0 and I

and

v/2|when|v/ulisbetween0and1.c/2 vs

The pressure dif ferential Lp through the pump is given by

Lp = pil

where a is the average fluid density in the pump, and 11 is the pump head

defined in the foregoing paragraphs.

During a coast-down, the rotor acceleration is related to the net

torque through

52
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1 - -T p /p, g /w, pg)-T ,gcg wg

Here 1 is the moment of inertia, T is the hydraulic torque describedg ,

in the previous paragraphs, and T is the frictional torque at rated
irict

conditions. The moment of inertia and the frictional torque at rated

conditionu are required input, where they are called respectively PINRTA

and TORFK. The density at rated conditions p , is required in the input

where it is called VRH01. The input parameter PSRAT is the ratio, Initial

Speed / Rated Speed.
.

The code has head and torque tabulations for two pumps already built

in. The first set is described as " Bingham Pump with NS=4200." The *

I
second set is described as "k'estinghouse Pump with NS=5200," NS being

*

the " specific speed." A calculation may use up to four different head / torque

tabulations. hten a set of head / torque values is to be read in, they appear

in eight segments depending on whether a is positive or negative, S is posi-

tive or negative and u/v is between 0 and 1 or v/a is between 0 and 1. For

each segment the appropriate head or torque data is read in as a table cf

values vs. the appropriate independent variable v/a or a/v.

The location of a pump is defined by the volume in which it resides

and thn Junctions which provide the pump inlet and outlet. A given set

of pump characteristics may appear in more than one volume; this corre-

sponds to having identical pumps in those volumes. A pump volume is specified

by setting the parameter IPUMP on the junction card to a negative pump

number for the suction side junction and a positive pump number for the

discharge riide junction. The output listed as SPEED for the outlet junction
6

is NORMALIZED TORQUE. Half of the pump head is assigned to the junction at.

the inlet to the volume containing the pump and half to that at thz outlet.
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2
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0
v
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a s $, (SPEED RATIO)

- - 1.0

9 : f (TORQUE RATIO)8
R

v= (FLOW RATIO)

- -2.0

FIC. 8 Pl'MP TORQUE CURVES - REDUCED FORM OF PUMP CHARACTERISTICS.
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18. LEAKS -

;

Leaks are described by a constant sink pressure and a leak area vs.

time curve that is activated by a trip signal. The leak area (L) is.

!
t

given in square feet by L = MUN x CONCO x AREA (t) where CONCO is' the I
-

!
contraction coefficient (dimensionless). AREA (t) is the area at time t I

.e- -

af ter the leak trip signal has been activated and MUN is the minimum flow
|

area for choked flow calculationa.
.

'.. ;,,y
,

In the input to RELAP3B if MUN is specified in it (|MUN|>0)

AREA (t) must be dimensionless. If MUN is specified as zero, MUN is

set to 1.0 in the program and treated as a dimensionless multiplier. In

this case AREA (t) must be entered in units of f t . '

s

Using the constant sink pressure an initial flow is computed with
.

the junction friction coefficient optionally multiplied 'by a two-phase

friction pressure drop multiplier. The choked flow is computed if suit-

able conditions exist and the flow is chosen as the sas11er of the in-
ertial flow and the choked flow.

.

e

!.

!

'

.
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APPENDIX A

APPROXIMATIONS TO Dig CONSERVATION EQUATIONS

The following brief description of the fluid equations used in

RE!AP3B is based upon the fundamental mass, energy, and somentus conser-

vation equations [aj.

These equat''ns are

(a) Hass conservation

31..}.(pi) (A-1)at

where

= fluid densityp

and

v = local fluid velocity.

(b) Energ/ copscrvation

,

k" = - I. (pev) - Y.q - 3. (pv) - i. ( .v) (A-2)at

where

e = total specific energy = u + 1 +4

q = heat flux

.a = ;. essure

t = viscous stress tensor

u = thermodynamic internal energy )
= potential energy function. |

'

.

1

[a] Several excellent references are available on thermal hydraulics; one
.

being by R.B. Bird. W.E. Stewart, and E.N. Lightfoot Transport Phenomena,,

John Wiley and Sons, Inc., New York, 1960.

A-1

-
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(c) Homentum c:ns2rv tion -

P - I.1
. 3(pv) * ~ *(DVV) -

* -. <

T + pg .(A-3)-4

at

where
.

g = gravitional acceleration constant.
.

General assumptions includee

(a) Statlonary control volumes
.

(b) Axisymetric, one-dimensional flow

(c) Negligible body forces (except gravity).

Integrating the mass equation over a fixed volume and applying the divergence

theorem gives
4

'
.j, cdv = - ovads (A-4),

v s -

1
' or

dM

W) (5-5)"
g

,

where

M = total mass in volume ig

and

W = mass Ilow rate into volume i through junction j (surface area j).g

In the energy equation, f rictional, kinetic, and potential energy
1

| effects are assumed negligible. Ilence (A-2) becomes

|

a(pu) , , 9. (chv-d) (A-6)dt

.

A-2 )
|

)
1I

1

1
i
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wh:re

h = enthalpy

Integrating (A-6) over volume v givesg

dU
(A-U

W )h ) + Q
=

g g g

where

U = thermodynamic energy in volume v
g g

h ) = enthalpy content of fluid moving into volume i through junction jg

Q = rate of energy transferred through surface o .g g

Restricting the moinentum equation to one-dimensional flow and inte-
,

grating over flow volume v givesg

f f f*
d + + + + .

pd+s + pgdv
4

g ovdv = - v(;,v ds) - 1.ds -

da Jv
.

s
v s i i i

g g

(A-8)

For the friction term, the pressure losses are assumed proportional

to v . If the volume v is a simple tube with no area changes, then in
g

Fnglish units we have, neglecting the momentum flux term,

.

L \ dU[J j ,_k5 Uf,p [
pdz (A-9)1 ii i Rp_

144g A dt o ij ik _ 144gjg/ g c Z
cal

where

g = gravitational conversion coastant

i = length of pipe in flow volume ig

A = pipe cross-sectiool area in flow volume i
g

U = average flow in flow volume i
g ,

,

A-3 )

|
!

l
i
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,
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k = REIAPM f rictisn coef ficient for flow vslume ig

P ) = inlet prei.sure for flow volume ig

P - outlet pressure for flow volume ig

Z = the elevation of the center of mass in esch adjacent mass-
3

energy ccntrol volume.

The density a is determined by the distribation described in 111.10.

For a straight section of pipe, the f riction tern k is directly

related to the Fanning f riction f actor for a single pipe:

fA
"

k= (single pipe) (A-10)32(144g )A

where

f Fanning friction factor=

A,, a vetted wall area

A = eross-sectional area ivt flow.

For a single flow path with several area 'hanges, the ratio of control

vs,1une length to flow area is

:.

f= (A-ll)
i=1

and momentum flux terms are included as a part of the friction tera k.

This last simplification is correct only when the flow is unidirectional

during the transient. In complex loop systems, the best wey to define k

is from a steady state condition i.e. from F.q. (A-9) with dU /dt = 0.g

Noting that U it sy definition positive in a steady state condition, we findg

2[ }cm2

| ik gj - 34fgc-P (dz o g

A
calk =

(A-12)g ,

W'
L

A-4
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APPENDIX B

DEVELOPMENT OF Tile OPTIONAL WO-PilASE FRICTIONAL

PRESSURE DROP CORRELATION FOR USE IN REIAP3

AND INCLUDED IN RELAP3B

Based on evaluation of existing correlations, modification of the

Baroczy! ! model was undertaken to provide a better fit to experimental

data. Af ter considerable trial and error, two fundamental changes to

the Baroczy model were selected. First, the method for obtaining the
6cass flux correction (MFC) ior mass fluxes greater than 3 x 10 lb/hr-ft

was changed f rom linear extrapolation to use of the equation:

'(C-2) # (C > 3} II'1)""' "" "

Mass Flux Correction = MFC = I,
(Correction at G = 2)

where G is the mass flux in millions of Ib/hr-f t The method for ob-.

6taining mass flux corrections for mass fluxes below 3.0 x 10 lb/hr-ft

was not changed, linear interpolations being used for intermediate values

in the cuss flux correction tables prcduced from Baroczy's mass velocity

correction plots.
.

The second major change f rom the Baroczy method is that instead of

multiplying the mass flux correction by the two-phase multiplier obtained
6from a basic graph for a mass flux of 1.0 x 10 lb/hr-ft , the final

two-phase f rictional pressure drop multiplier is obtained f rom the

equation:

TPF = 1.0 + [BM - 1.0] (MFC) (B-2)

where TPF is the final two-phase frictional multiplier, and BH is the

:*- 1
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bteic multipliar obtcintd from a breic grrph far c mass flux sf 1.0 x 106

lb/hr-ft This basic plot is modified from Baroczy's basic plot by.

increasing the multipliers for qualities greater than 40%.

Although there is very little experimental data for mass fluxes
0greater than 3 x 10 lb/hr-ft , the experimental data indicate that

the final two-phase frictional multiplier for higher mass flux rates

will be correspondingly lower, but still greater than the 1.0 for single-

phase liquid flow. Since the new correlation produces only positive

values for the mass flux corrections, the second major change from the

method of Baroczy, Equation (B-2) combined with Equation (B-1), ensures

that the final two-phase frictional multiplier will always be greater

than or equal to the 1.0 for single-phase liquid flow, and that an in-

crease in mass flux will produce a corresponding decrease in the final
.

two-phase frictional multiplier. Thus, the new correlation is bounded. 1

The new correlation was compared with the 590 to 1200 psia

data and the 50 bar (S 725 psia) FRIGG-l[5] and FRIGG-2IbICISE '*

data, indicating satisfactory agreement over the ranges of pressure and

mass flux given. However, loss-of-coolant accident may produce pressures

outside the 590 to 1200 psia range, and may produce mass flux rates much

greater than those present for the CISE and FRlGG data. Therefore, com-

parisons were made with the 2000 psia data of Sher and Green I, and with
the data of IsbinI0I, et al. These additional data extend the pressure

range to apply to all of the two-phase portion of the typical loss-of-

coolant accident.

A scarcity of frictional pressure drop data for mass flux ratus
j

0 !

greater than 3 x 10 lb/hr-ft seriously handicaps evaluation of the

correlation at high mass flux rates. However, the fact that the corre-

lation is bounded at high mass flux rates is apparent.
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To incresso tha wacfuln;3s cf tha c:rrolttien, furth:r r: fin; ment

has included generation of tables of multipliers for values of pressure
-.,

and quality to eliminate using the awkward tables of multipliers for
i

,

values of property index and quality. <

,

The new two-phase f rictional pressure drop correlation has been
-

'

incorporated into the current version of RELAP38. This version uses,

as block data, r. ables of multipliers as functions of pressure and

quality, rather than Baroczy's property index and quality.

This correlation is used in RELAP3B when MUN, in the junction

input data, is greater than zero.

.
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'RELAP3B INPUT DEFINITIONS
.

,

(1) Title (one card) ,, .c Q3_ { ~ , ,

, j
.

'

'iFORMAT: 18A4, 2A4 -
"

s

,f
.

At least one nonblank character must appear somewhere in columns'l-72. |
- a ,

(2) Problem Dimensions (one card) * *

i'
,

FORMAT: 1513. E10.6, 14X, II, 1X, II, 2A4
s

,

~

; ,

Tape control (only one tape may' be generatedN1 LDKP =

during a job)
~ '

( 0 = no tape used)

(-l = store restart information on FORTRAN I

Unit 4)
(-2 = store restart and plot information on

FORTRAN Unit 4) . .

(-3 = edit the tape on FORTRAN Unit 3)
( N = restart at page number N using the tape

,

on FORTRAN Unit 3)
(999 = read last page* number from FORTRAN
unit 2 and restart at last page of initial
run using the tape on FORTRAN unit 3)
(-3 ;L LDMP ;E 999)

Number of minor edit variables desiredN2 NEDI =

(O < NEDI < 9),

Time Step ControlN3 NTC =

1 < NTC < 20: time steps are not under auto-
matic control; NTC = number of time step cards.
-9 < NTC < -1: time steps are under automatic
control; the first |NTC|variablesontheedit
variable card will be tested.

Number of trip control cardsN4 NTR =

(1 < NTR < 20)

Number of control volumesNS NVOL =

(1 < NVOL < 75)

Number of bubble parameter sets to be read in.N6 NBUB =

A set may be used in several volumes
(0 < NBUB < 25)

Number of junctions or flow pathsN7 NJUN =

(1 < NJUN < 100)

Number of centrifugal pump types. A pump typeN8 NPMPC =

may be used in more than 1 volume.'

(0 < NPMPC ;[ 10)

C-1
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i

59 NCKV Number of chsck valva typis. A perametsr est=

may be unsd fcr savsrel juncticns
(0 < NCKV < 5)

N10 NLK Number of normalized-area vs time curves for=

leak junctions. May be used many times
(01 NLK 15)

N11 NFLL Number of fill system curves. May be used=

many tines

(0 < NFLL < 15)

N12 NOCOR Number of core regions=

(0 < NOCOR < 20)

N13 N>frL Number of sets of rod geometry=

(1 1 N>rTL 120) if NOCOR > 1,
(0 1 N>rTL 1 20) if NOCOR = 0,

N14 NiiTX Number of heat exchanger data sets=

(o i N!!TX 1 SI)(See item 7, page C-9)

NIS NKC Number of thermal prnperty tables=

(NKC 1 6)

XI POWt.R Reacto - thermal power in megawatts=

(O. 1 POWER)

NX1 IFLAG Applicable to restart runs only
i f IFIAG = 1, Option to read in reactivity

coefficients at restart
If IFIAG = 0 Null option

NX2 IMPWR 0 BWR calculation - uses the standard steam
tables of H! LAP 38.

1 PWR calcu'ation (pressure table input required)
MOD 2 F at exchanger is U-tube steam generator
model.

2 BWR calculation - rewrite the steam tables.
(pressure table input required)

3 PWR calculation (pressure table input required)
MOD 2 heat exchanger is once-through steam
generator model.

ID Card identification

3. Optional Pressure Table Input (when IMPWR >0)

Limits are 25 pressures /13 liquid temperatures /6 gas temperatures.
The input is

Card 1 FORMAT: (415)

ILST = 0 Do not list the tables
or 31.S1 = 1 IIst the tables

1

,?.

i

1

1

i

. __ __ _ _ ~m _

^-'

,

.

I



- . - _ _

i
__ _ ,r. .-.7..;..,._ _ . , , _ s.j - -me, x ry. - - m-r -.

l

NPRESS guabsr cf prea2urca (< 25)
NTEMPL number of liquid temperatures per presssure (< 13),

; NTEMPG number of gas temperatures per pressure (< 6) _

Additional Cards * FORMAT: (7E10,5) tr<-

Values of pressure for pressure table input - 7 values per card-

; (0 < P < 7000.0 psia)
The current version of RELAP3B defines NTEMPL = 13 and NTEMPC = 6
and disregards the input values.

4. Edit Variable Cards (one card if NEDI >0)

FORMAT: 9(IX, A2, IX,12),18X, 2A4

1 2 4 5 7 8 10 11 13 61-4 61+1 73
! ! l ' -BIANK- IDXI N1 X2 N2 NI

(I=NEDI, number of minor
edit variables desired)

XI = Minor edit variable symbol

N1 = Volume or . Junction number of variable desired.

f
*

Symbols of available ctinor edit variables
i

Symbol Variable (with reference to volume)

AP Average pressure

TM Total mass

TE Total energy

AT Average temperature

AR Average density

AH Average enthalpy

AX Average quality

BM Bubble mass

ML Mixture level

VF Specific volume of fluid

VG Specific volume of gas

HF Specific enthalpy of fluid
.

'
HG Specific enthalpy of gas

C-3
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TS Saturation temperature

PS Saturation pressure

WM Liquid mass

(for these variables, N1 is volume number 1 j( NI ji 75)
Symbol Variable (with reference to volumes which are core volumes

only)

WQ Power into coolant

DF DNB heat flux

SF Surface heat flux

lic Surface heat transfer coefficient

FT Fuel element temperature

CT Center-line temperature

ST Surface temperature

FQ Power generated in fuel

(for these variables, N1 is volume number 1 ;E N1 ;E 75)
Symbol Variable (with reference to junctions)

,

JW Junction flow

Jll Junction enthalpy

JX Junction quality
.

LF Leak force

TD Total pressure differential

FD Pressure dif ferential due to triction
ED Pressure differential due to elevation
PD Pressure differential due to pump

AD Pressure lifferential due to acceleration
(, (for these variables, NI is junction number 1 < N1 < 100)

(

C-4,
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Symbol Veri-bin (with rafcrenc2 ts the cy2 tem)

NQ Normalized power

AE Total energy added during transient -

FE Energy stored in fuel pin

LE Total energy leaked

I!E Total energy removed by heat exchangers

EB Energy balance tern

*

LM Total mass leaked

HB Hass balance

TR Total reactivity

RV Reactivity due to coolant voids

RW Reactitity due so temperature changen in coolant

RF Reactivity due to temperature changes in fuel

RC Reactivity due to control rod changes

RD Reactivity due to Doppler effect

PO Power

liL Total heat removed

RP Reactor period

(these variables are system variables, NI = 0)

C;LESS OTiiERWISE STATED

ALL Tile FOLLOWING CARDS USE TilIS FORKiT: 413, 6E10.6, 2A4

1 4 7 10 13 23 63 73

|N1| N2| N3 | N4 |X1 |....... |X6 |ID|
In all casec ID is any Icgitimate BCD field. If fewer than four integers

are required, the remaining integer fields are left blank. If more cards

,

i
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cre rcquired to fill th2 trbica, o cimiler farmat 13 us:d

1 4 7 10 13 23 63 73
| | | | |X7 |....... |X12|ID| ,

etc. ,

,

Tabular data of the form y,(x ) is entered for |N| data points.'

If N>0 the code performs linear interpolation between points; if N<0 the !

ccdc performs linear extrapolation beyond the range of the table.
! i5. Time Step Data (5 (a) or 5 (b))

(5-a) Tiue Step Cards (NTC Cards) If NTC > 0
N1 Number of time steps per minor edit

(0 is interpreted as 1) .

N2 Number of minor edits per major edit
(0 is interpreted as 50)

N3 Number of major edits per restart tape ' edit
(0 is interpreted as 20)

.

N4 Number of time steps per plot tape edit
(0 is interpreted as NI)

X1 DELTM = Time step size (sec)
(0 < DELTH)

X2 TLAST = End of current time step data (sec) *

(TLAST _y < TLAST )g g

(5-b) 3 Cards If NTC < 0 (Automatic time-step option)

First Card FORMAT (4I3, 6E10.6, 2A4)

N1 Number of time steps per minor edit
(0 is interpreted as 1)

N2 Number of minor edits per major edit
'

(0 is interpreted as 50)

N3 Number of major edits per restart tape edit
(0 is interpreted as 20)

|

N4 Number of time steps per plot tape edit I
(0 is interpreted as N1)

XI DELTM = Initial time step size (sec) l
(O < DELTM) I

*

X2 TLAST = End of problem time (sec)
.
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:;tcend Crrd FORMAT (9E8,4)

X(1) = parcenteg3 critaris cpplicd to v riables in same order as
on the edit variable card (ites (4) above).
111<|NTC|

Third Card FORNAT (9E8.4)

DIMIN = Hinimum time-step size (sec)

DTHAX = Maximum time-step size (sec)
-

(6) Trip Controls (NTR Cards)

N1 IDTRP Action to be takea=

(11 IDTRP < 10)
1 = End of problem
2 = Open all leaks

3 = Reactor scram and H0D 0 heat exchanger coast down
4 = Trip all pumps with the same signal *
5 = Start all fills

6 - 10 = open (or close) all valves

N2 IDSIG Signal being compared=

(11|IDSIC|<9)
1 = Elapsed time + = HIGH, - = HIGH
2 = Normalized reactor

power + = HIGH, - = LOW
3 = Reactor period + = LOW, = LOW
4 = Pressure (Vol. N3) + = HIGH, - = LOW
5 = Hixture level (Vol. N3) + = HIGH, - = LOW
6 - Liquid Level (Vol. N3) + = HIGH, - = LOW
7 = Water temperature

(Vol. N3) + = HIGH, - = LOW
8 = Hetal temperature

(Vol. N3-core volumes only) + = HIGH, - = LOW
9 = Flow (JCiC N3) + = HIGH, - = LOW

N3 IX1 Volume or Junction Index=

N4 IX2 optional volume index=

If IX2 > 0 a high AP or AT test is used for IDSIC =
4.-4,7 -7. AP=P(IX1)-P(IX2); AT=T(IX1)-T(IX2)

X1 SETPT Signal setpoint=

X2 DELAY Delay time for initiation of action after reaching=

setpoint.

NOTE: On first trip card, N1 = N2 = 1

*To trip individual pumps with ind pe endently specified signals see Sec. (6-a).

C-7
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(6-s) Opti*n en Trip PuTps Siparetely

One of the trip actions can be for tripping the pumps under separate

controls. The input for this action consists of a set of 3 or more

cards which replace the single trip control card of type IDTR = 4.

First Card ' '
<

NLA IDTRA (cols. I and 2) Total number of individual pumps in .

the system

NIB IDTRB (column 3) The number 4. (i.e. trip pumps signal)

The remainder of this card is blank and the card is followed by trip

controls for each pump in the system in the format (413, 6E10.6, 2A4).
.

Second (and following) Cards (NLA cards)

N1 Volume number in which pump io located

N2 IDSIG Signal being compared=

(11 | IDSIG | 1 S)
1 = Elapsed time + = HIGH, - = HIGH
2 = Normalized reactor power + = HIGH, - = LOW
3 - Reactor period + = LOW, - = LOW
4 = Pressure (Vol. N3) + = HIGH, - = LOW
5 - Hixture level (Vol. N3) + = HIGH, - = LOW
6 - Liquid Level (Vol. N3) + = HIGH, - = LOW
7 = Water temperature (Vol. N3) + = HIGH, - = LOW
8 = Hetal temperature (Core N3) + = HIGH, - = LOW
9 = FAow (JUNC N3) + = HIGH, - = LOW

N3 IX1 Volume, or Junction Index=

N4 IX2 Optional volume index=

If IX2 > 0 a high AP or aT test is used
(for IDSIG = 4. -4, 7 -7)

X1 SETPT Signal setpoint=

X2 DELAY Delay time for initiation of action after reaching=

se t poin t .

(7) _ Volume Data (NVOL cards)

N1 IBUB Bubble data index=

(0 < IBUB < NBUB)

N2 IQIN Heat generation index=

(-NHTX 1 IQIN f NOCOR)

C-8
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IQ1H<0 = H:ct exchangir regi:n (fcr a MdD 0 heat cuchang:r th2
same index may be repeated only if it refers to a
time dependent heat exchanger.) -

.

-1 1 IQ1N 1-10 H0D 0 llect Exchanger -

,

-11 1 IQIN 1-20 HDD 1 Ileat Exchanger - '

-21 1 IQ1N 1-51 M0D 2 lleet Exchanger
,

IQIN>0 = Core region (same index may not be repeated) i

Pressure (psi)XI P =

(0.11 P < 3206.2 unless table input option is used)

X2 TEMP Temperature (or quality of mixture)=

(*F or dimensionless)
(0, 1 TEMP < 1. or 32. < TEMP < 5600.)

,

X3 V Volun.e (ft )=

O. < V)
.

X4 ZVOL Volume height, bottom to top (f t)=
*

(O. < ZVOL)

Mixture ievel (f rom bottom) (f t)X5 ZM =

O. < ZM < ZVOL)
Liquid phase: ZM = 0. is interpreted as

ZM = ZVOL
Liquid phase: 0. <ZM <ZVOL implies an air liead

over the liquid
(" input sat

X6 ELEV Elevation at the bottom of the volume (ft)=

(8) Bubble Data (NBUB cards)
XI ALPit Bubble gradient parameter=

(0, 3 ALPil)

X2 VBUB Bubbic velocity (f t/sec)=

(O. < VBUB)
;

NOTE: Set number 0
,

1

(ALPilA = 0. , VBUB = 0. ) is built-in.

I
I

l*

i
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(9) Junctirn Data (NJUN c:rds)

N1 IW1 Volume index at junction inlet-

(0 < IW1 < NVOL)

N2 IW2 Volume index at junction exit=
,

(0 < IW2 < NVOL)

N3 IPLHP = *(a) 0 Normal Junction
(IWi>0, 1W2> 0)

**(b)11|1 PUMP |1NPHPC Pump Index '!
(1Wi>0, IW2>0) +

'
(c) 1 < IPUMP < NLK Leak Index
(IWi>0, IW2 = 0)

(d) 11 IPUMP 1 NFLL Fill Index
(IW1 = 0, IW2>0)
(e) 0 Null Junction

(IW1 = 0. IW2 = 0) ;

* Normal junctions must precede the leak and fill junctions i

|IPLMP| refers to the pump type and is specified as negative for**

the junction which is inlet to the pump volume and positive for
the junction which is outlet f rom the pump volume.

N4 IVALVE = Valve index
(01|IVALVE|<NCKVor6<|1 VALVE |110)
(a) IVALVE = 0. No valve
(b) 1 1 IVALVE I NCKV, Type 1 check valve
(c) -NCKV < IVALVE < -1. Type 2 check valve
(d) 61 IVALVE 110 Initially open valve which closes

under trip control (IDTRP = IVALVE)
(c) -101 IVALVE 1 -6, Initially closed valve which

opens trip control (IDTRP = IVALVE)

Flow (Ib/sec)X1 WP =

X2 M LN Minicum flow area for choked flow calculation (f t )=

(a) If MLN(0, use the homogeneous f riction model
limited by choked flow based on |MUN|.

(b) If MUN=0, use the homogeneous friction model
and skip the choked-flow calculation.

(c) If MUN>0, use the two-phase friction model
limited by choked flow. (See Appendix B)

(d) If IW1>0, IW2-0 (a leak) AJUN is set equal to
one if entered as zero. ,

If AJUN>0 use the two phase friction model limited
by choked flow. If AJUN10 use the homogeneous
f riction model limited by choked flow.

(e) If IW1=0, IW2>0 (a fill) AJUN is set equal to one
if entered as zero.

(f) If IW110, IW210, then AJUN is ignored.

C-10

i

.%. ~~,. .--.-roa-- - , . . . = _ -- dangere * -

- t me + modasd

i



_. .

, w m; m;. - ~

X3 ZJUN Junctica slavitiin (ft)=

(c) IW1 > 0, IW2 > 0

ZJUN must lie between bottom and top of both
inlet and exit volumes

(b) IW1 > 0, IW2 = 0
ZJUN aust lie between bottom and top of inlet
volume

(c) IW1 = 0, IW2>0
ZJUN aust lie between bottom and top of exit

.

volume j
(d) IW1 = 0 IW2 = 0

ZJUN is ignored

~

X4 INERTA = Junction ef fective L/A (f t )
(O.1 INERTA)

~

(a) IW1 > 0, IW2 > 0
INERTA > 0

(b) IW1 = 0 or IW2 = 0
INERTA > 0 ,

X5 KJUN Friction coefficient (lb -sec /lb,-f t -in. )=
g

(O.1 KJUN)
(a) IW1 > 0, IW2 > 0

.

K.JUN = 0. implies value computed from pressure
drop data. Must give positive answer.

(b) IW1 1 0
KJUN ignored beyond this print

(c) IW2 1 0. If KJUN 1 0, then KJUN is calculated
internally f rom the orifice equation, which is

KJUN = *2
144gc (2A )

where A is the ef fective leak area, including
a contraction coefficient.

(10) Homologous Purap Data

(lO-a) Pump Curve input Indicator Data. Format (413)

This card is entered if NPHPC > 0

NC(1), a Numbers of pump curves to be read into curve sets

1, 2, 3 and 4, respectively. (For each set,....

NC(4) 0 < NC < 16)

NC(1) and NC(2) must always be 0.

(10-b) Pump Curve Print Indicator Data. Format (413)

This card is entered if NPHPC > 0

KW(1), = 0 or / 0. If KW(1) / 0, then pump curves for set I
will be printed....,

KW(4)
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1
(105-c) Pump Description Data.

|

NPHPC sets of cards must be entered. Each set consists of two cards. j
?

1. Format 213, 6X, 6E10.6 -

Curve set
~

jIPC =

(1 < IPC < 4)

Reverse indicatorIRP =

0 = no reverse allowed ;

!1 = reverse allowed u. ;

POMCAR = Rated speed (rev/ min), wR
a

Pump speed ratio of initial speed-to-rated speed,
'

t
PSRAT =

"o "R !
!

PFLOWR = Rated flow (gal / min). Q *
R .

PilEADR = Rated head (f t) II **

R

PTORKR = Rate torque'(lb -ft). Tg R
2

2
PINERTA = Moment of inertia (1b ,-ft ) I !

II. Format 42X, 2E10.0
,

,

VRi!01 = Rated or initial density (lb,/f t ), pR

Frictional torque (1b f t). TTORFK = g frict

(10-d) Pump Ilead and Torque Data. Format (413, 6E10.6)

Required if NC(3) or NC(4) is > 0.

KR, 3 < KR < 4, indicates the citrve set number.

NC (KR) total curves must be read for each set.

Curves for the following pumps are already built in:

Curve set 1 - Bingham Pump Company pump, N - 42003

- 5200Curve set 2 - Westinghouse Electric Corporation pump, N3

Curve set number (3 < KR < 4)KR =

.

C-12
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Head or torque indicator ;IT =

1 = head
-

^

2 = torque ':g

IC Curve type --=

(1 < IC < 8) ,

Number of data point pairs. Each data point is defined. N =

by a pair of numbers. i
-

(11|N|120) !

Positive value indicates no extrapolation;
*negative value permits extrapolation.

-1

Independent Variable of the pair (v/a for IC odd; -INDEP(I) =

o/v for IC even). I1I<N . ;
*

2 2Dependent Variable f the pair (h/a , or S/a , for ICDEP(I) =
2 2

odd) (h/v , or S/v , for IC even). 1<I1N ,

i
'Independent Variable 2 and Dependent Variable 2, ....

until N pairs are entered, where Independent Variable
,

j < Independent Variable j+1. v, h, a and 8 are
ratios of performance parameters to the rated para-
meters, where v = flow ratio, h = head ratio, a =
speed ratio, and 8 = torque ratio,

a = speed / rated speed v = flow / rated flow

h = head / rated head 8 = torque / rated torque

There is an h curve and a 8 curve for each of the eight curve types.

2For odd types, h/u (or 8/a ) = F (v/a)

For even types, h/v (or e/v ) = F (a/v).

Type Type

1 a>0, v>0, v/u<1 2 a>0, v>0, v/a>l

3 a>0, v<0, v/u>-1 4 a>0, v<0, v/a<-1

5 as0, v<0, v/u<1 6 a<0, vc0, v/a>l

7 a<0, v>0, v/a>-1 8 a(0, v>0, v/a<-1
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(11) Check Valves (NCKV cards) >

IBack pressure for closure (Ib/in.2)XI PCV j=
s

.

lowfrgetio coef ficient IX2 CV1
Forward {Ib-ft-in.g)

=

(Ib -see .
g ,

X3 CV2
Reverse {/lb-ft-in.y) low frigtion coefficient, valve open I=

(Ib -sec !g ,

Reverse {/lb-ft-in.2)*'fici'"t'**1'**1"**d iX4 CV3 low fri ti " c=

S(Ib -sec ;g ,

I
(12) Leak Sets (NLK curves) j

!
N1 NAREA Number of data points j= .

(2 < NAREA < 20) 5

Sink pressure (Ib/in. )X1 SINK =

X2 CONCO Contraction coefficient (dimensionless)=

X3 TIE (sec) tg

X4 AREA (ft if AJUN (X2-(d) in item 9) is entered as 0,g
dimensionless if |AJUN|>0)

XS TIME
2

X6 AREA
2

etc

where TIME < TIME 3 < ...3

(13) Fill Sets (NFLL curves)

NI NFILL Number of data points=

(2 < NFILL < 20)

N2 IX Independent variable
IX = 0, time
IX > 0, pressure (P +P
IX < 0, differentiaY press 0r$*)(Pg +P,,,-Pfg;g)

N3 1Y Flow type=
,

lY < 0, flow in pounds per second per square foot
IY > 0, ilow in gallons per minute per square foot

. .

C-14
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<'a: an . . g 1 -.

X1 FILPRS = pr 0:uro in fill r:ccrvoir ' ])M ?;g ' , '-
1

.

-:'. i : '
,

X2 FILTEM = Temperature (or quality) in fill reservoir (*F) "

)

X3 TIME or PRESSUREg (see or Ib/in. ) , j;..-g
, . .. - ,

2 .
X4 FLOW (ib/sec/ft or gal / W it ) ;

g .

X5 TIME or PRESSURE '
.y y

-l
X6 FLOW,,

'

da , 3_ . ,

'' ]etc .:

where TIMEg < TIMEg<...

or PRESSUREg < PRESSURE 2 ****
,

'
,

1
- (14) Kinetics constants , (One card if NOCOR > 0) <

N1 NODEL Number of delayed groups=

NODEL < 0, explicit time-power curve ..

NODEL = 7, one prompt neutron group plus six groups. f.

of delayed neutrons .

NODEL = 18, one prompt neutron * group plus six groups .j
. of delayed neutrons plus eleven delayed 3

gamma emitters j
.i

8/L = Effective delged neutron fraction over mean }X1 BOVL =

lifetiac (sec ) {-

. ;
X2 R1101N Initial reactivity ($)=

i
4

5

(15) Scram Curve (One curve if NOCOR >0) |
<

NI NSCR Number of data points '=

|(2 < NSCR < 20) '

I
XI TIME (sec) jg

X2 REACTIVITYg (if NODEL > 0) or NORMALIZED POWERg (if NODEL < 0)
($ or dimensionless)

X3 TIME -

y

|
X4 REiCTIVITY or NORMALIZED POWER

7 y J

etc

where TIMEg<TE2 * ***

,

i
C-15
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(l6) Dopp,1 r Dat7
.._ . m . - ~ .~ :

o
-

, .

r-._ , .. ._. _. __

| < u s .- t
| (16-c) Doppler Multipli7r - Coolent Den-ity Curv7 F2rmat (I3,9X,6E10.6.2A4) j.

.-) ~
,

(One' Curve if NOCOR > 0 and NODEL > 0) _4gpQ.
m

:+

, ,

Number of data points ' D. 9I/ $n Y[i.
;; ',

N1 NDOP =

..(2 < NDOP < 20) "
i ,' ~ V4 fM M. '. ' ..+

.

3 - D'~ O O'

XI Coolant Der.aity - (lb/f t )
.

.
-; 7. ,7 , ,:4g

-

-pp. 33 } -
,

_

X2 Doppler Reactivity Feedback Coefficient Multiplier [(dimensionless) } }3[
. . v. . . ;;y;o ] _X3 Coolant Density 2 ' r ? ./ 3 C^ ''W * Of

_;. .c. Q '.%:yj '

X4 Doppler Reactivity Feedback Coefficient Multiplier 7 1 r ' U M.f.~, p'd
* '

2 s: q t -

M':
' 3

'Qs l';.:^QW.1 - ,
etc. '

5

. : . .n ~.,; ;% 4, L. w
,

.a ,

x. y n ,

where Coolant Dens'ityy < Coolant Densit'y2 < *****
. ,.n.

I ' ' '

wa ,(16-b) Doppler Parameters Format (12X, 2E10.6, 40X, 2A4)
.

. ~. 4. U ' t J
.s

X1 p Doppler Reactivity Fitting Constant
' }XfQmgEf , -- -

' f.' V 1
. ,

= '

. .- c. ; w . ./,. .*. s] .'. ,

- ,

X2 Tg Initial Core Inlet Coolant Temperature (*F) :.. - , _ ' [=

m -

s .. i t-
. . - ym3(17) Reactivity Coefficients (NOC0R cards if NODEL > 0) CQ..-~. -

y.s

XI ALPl!VW = Water void coefficient ($/ % density change)- * ?'.
. .-:: : p.

.W:j . +

,

, . ,.m 3.-
X2 ALPliTW = Water temperature coefficient ($/'F) ~

' l
'

$X3 ALPHT!! = Metal temperature coefficient ($/'F) j-
EX4 DOPWI Doppler Reactivity f eedback coef ficient- ($/AT ) ~

$
~

=

~

, t

.- __ ;(18) Char.nel Data (NOCOR cards) ; . ' < - i-

, <

N1 1 NIL Rod geometry index (1 1 IMIL _1 NMIL)
.

,M.7

= '

.
-

.

N2 NODT
-- '51 g

NODT[i radial point numbers at which tempt.ratures are to - _
-

N3 =

be printed
- . s;, ;,

?-
N4 NODT

_. m # ,

*u $3 .- . . , "A .t

'(not; - radial point number 1 is at center of rod) ' '
. ~: _

'

. . ; .. ..~

~L-.
.

}' yj:
-

. . - ; .
4.:..:. <

,

. .h

6 |~ 8

_
. -

.

L-
,

,,, -

^C-16
' -

%'- ;, , , ,
-

. , . 'l
. '

~ , i sL(, > ? ,~
i -

, -vk,
k. .2

- ~_.;: Q.*
_

n r

i W

_s 4# .?
. * . .

,

'

- " " ' " " ~[_ _ _ _..,> ~, ,. ~, .- w

.
.L.,-

j,

- *

7 ,

M
p .N

-/
*

,-
, .
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r ~*t
- -- -.

..,pc,M 4
s- -- -.

< A ;g;.,w .yv: ,1 r
m. M

e

~5.- -p e , -. . -,,.-....y - ...,
:e .. , - . .

.

k;Frcctraw %
Y M,/|,0C+v ion v.f tot:1 pow 2r genernted is erro volume

'w %:. ... n. .m 4G@,'
.m ., . ..

1
. . . - . ..v -

-Il QFRAC
. . - -

j =

r p ;9.b.~ .. ...i : -:rp.&m ., ?m ' . .s G Q , y:, .,

4 gu . .

e .v: w = ,:,. . .l.0. .Implie. s. use of core weight f actor' calculatico. m~ ". *z%. w.,4,.,%,, .
.

p, . .J. c.'' #yA option (ites 19). .4 f. t . ;,
,

%) .'G&w: y %p: ^$f.

20k.hj, :p%::;3.ss;ygrw.:+ .

m. w - - . -
i ,3 .

' Total heat transfer area in core volume 'f t ) - V;y,efk . u + sd, %x
.i -2 ,. .;.m.;

I g ,,

X2 ARHT . .N' ='

V ;-u .' M ,wty.w, w . .

ih h
. .m .na.%ge:tnj 1

' vv;3. .:.nm ..h.; -{:X3 CHN!. ' bhannh,5 h5 (ft)' * ,!
P WW.r..L ,, ;e ., .~ .. m@L:n . .

, . , . cL
. ,

-
-

[. , 7 p :, m . v. m -
. 2 -:/ w p~4 @:. q q,4.?.W N

"

>g: d fD
_

' ' Hydraulic '. diameter (f t)
.

. ' ' .L-
X4 "HDIAM =.' . ' . .q q; g. - m . p, y.;,1 ~ a .,., . . ,

.

, ;? . m w u m;ps ~@. ,A,bQyldfj p. . ~;.
p qwi: w'

;y> . ..
: m.

.
ygX5- HEDIAM . Heated equivalent diameter (ft)4

| : .&r. c.w- m :y +.1

*, m ;,,.,.a... .

. p .

(entered if QFRAC, in item (18)g"L
+ - y m, p%7n.wpn c&g, , ,,

- ? 8 |1; Q. .* R.!&. W+ ,-
.

< ,.

Qf''
Q "' .W,.y; 'g;- %QV g ;

* '

. . .g g%... m

M,~p%gdD%
--O

, s. 4
.

g (19) _ OPTIONAL. CORE WEIGHT FACTOR INPtTT
- %v.

( # (19-a) FCRMAT (I3., .9X; 4E10.6)2 a,
'

.

' _ f,]a$.: *m
g ri c = -1.0) ..t

.

' f&.D{j?i'y:&. -; fe. - . .. . ~ .Q 5iQ:k{~
.. .

$ -

~' '

.

. O.14 M W N?Qy?~d6 ',
. ; Mg.y.g .%; -

, . . . . .< s :,; e ;e-W,-

.

. . :a' .p If core volumes in the average channel.' y -e:@t % % e 'f, p
.. h b i WEE.

e. W;, j14 g #*e g,1
e IMAX 3 T e num er or-

.

7 e.- , e. c ..

% .E= c. me .#.-

L G H1(I) ' ' 14 miiscellAneou'slonstants or indicators are entered in . 'D d,#2*$ M ,
,

-

h M 'l~jthisarray.'''f~

:F.@$.{@ Q gMSr

' H1(2) . .is the'' exponent of Doppler Feedback. reco==aded- 0.5 ]Qk' n. H1(1); y
k *> 0.0 :eans the voidage starts when the coolant reaches ''- .

.. '&g %. . M..r~QWN'
- ,.. [ saturation. This yields a ther'nodynamic model.,

t. , y, m

| f * ," V 7: recommended: 0.5
,, H1(3);: / 0.0 ===== a constant slip model is desired.''c.p:D'y%f.%; |

% c ;w
( , ,

-
.H1(4) .the reciprocal of the constant value of the" ~ ' E.<, m'A . W r, %..I'

.

'

[
.

. ,~ . recommended: 1.0 . y
' ' '

* } F.. g;1[:n[Mnu(A
@y' -

T. ,- ~I'fslip; ratio. recommended: 1.0*

n w,j.;q g.p.g;w,

. ,. . , .

:::.y, ; 4 ,:'

c. <

:

j -

~ ' Nk. . . .M. .m ;.-fi (19-b) FORMAT (2213) y
-

m .( i '-

* -ip- .

-

'iFICE(1) (IMAX+1) Integer values are entered into the FICE array.'i

[ These values define the spatial mesh points (reconnended ' ,,f
s total number of points is 25) at the interface between c's . .

cote volumes in the average channel. ' 4 A. g 4 1
.

,e.g. FICE(1) = 1, ..... FICE(4) = 12, ..... FICE(IMAX+1)
'";' % .j

,t
'

. = 25 J"." ~
,N :4.f|

,.

! _ .,

- FORMAT 12X, 6E10.6112X, 6E10.6)
.

~(..,'I' ' '

(19-c) H0(I) 11 miscellaneous constants are entered in this array. . ? . :"'
ez . '- ..

,

f e . ,e . ,-

j H0(1) The clad inside radius at roca temperature (ft) .b-

. n , .

| H0(2) The 'nominel radial gap at room temperature (f t)
j

..

(ft)
'

- '>

|. H0(3) The clad nominal radial half thickness'. ; m.
l

+ , * > >
."** e .5

T ) -
,,.

, .. *
;

g '. y |
I *

pw. .- ,

. . ev . ,
J
,

.

Y

. ''., .''e
.;

'

s-C-17
. -' 3 ,. ,

&z- ,g <.y ,

. : t-, :
. _ ,n~..~ !,
~.

! -V
.

|; - , .. :

; _
.- ?, , . i

1
,

.. ' k(
~

h
-,.e . _ [. E | m ~ ~ 8 4 .. )\

w. _, _
. .

3, ... m.
.. . ..

. ;

f 4, g i '. ~[ ~ '

) ,
* - ? .

.1 . : -s .~ . +
. . .

.s e w - . . , < - ,,.w,,,,m-- ,,

. pt 1- | Y .,4.-

4 , , . . . -._

_ _ _ . , _



O
,

. . . .

H0(4) The product of the fur.2 expansion coefficient and the
fuel radius (f t/*F) '

, ..

H0(5) The system inlei pressure (paia) ~

.
,

e-
, a

H0(6) The core inlet flow rate (Ib/sec/ft )
'

4 |

,

H0(7) Not used
. . f,

,

*

H0(8) The cell (i.e. pin) pitch (ft) 1 !

;
.

H0(9) The fraction of the core not in the unit cell. !
(recor, ended values: PWR: 0.01, BWR: 0.19) j

,

H0(10) Not used

H0(ll) The product of the clad expansion coefficient and the
clad radius (ft/*F)

f
(19-d) IVRMAT (12X, 6E10.6)

P(I) FICE(IMAX+1) values of power (BTU /(FT -SEC)
(This array defines the input value of the power for each
spatial mesh point in the core volumes)

(19-e) FORMAT (12X, SE10.6)
|

C The fraction of power going directly into the coolant'.

CR The fraction of power going directly into the clad
\DX The value of the space increment between spatial mesh

points in the core volumes (f t)

BETA The delayed neutron fraction

HTCHIR The f raction of power in the hot channel if there is a
hot channel

If t!.ere is no hot channel skip to item 19-g

. !

(19-i) Spatial mesh points at the interface between core volumes in the !

hot channel. FOR1AT (22I3)
,

(FICE(J) Integer values defining the interface points in the hot
cnannel volumes (as in item '9-b for the average channel). |
If there are N core volumes in the hot channel enter N+1values.

!
t

C-18
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.
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*1
,

i

Tabular Values for Moderator Temperature Feedback Coefficient Data

I
(19-g) FORMAT (12X, oE10.6) [i',*

!
VD(1) Hoderator temperature (*F)

,

enter 21 values ,

(19-h) FORMAT (12X, 6E10.6) ,

,

VDCF(l) Hoderator temperature feedback coefficient (/'F)
.

mter 21 values corresponding to the temperatures
entered in item 19-g

Tabular Values for Moderator Void Feedback Coefficient Data [
(19-1) FORMAT (12X, 6E10.6)

VDA(1) Void fraction
enter 21 values ,

(19-j) FORMAT (12X, 6E10.6)
'

VDCFA(1) Homogeneous moderator void feedback coefficient (/Zvoid)
enter 21 values corresponding to the void fractions entered
in item 19-1,

(20) Rod Geometry Constants (NMTL sets) Forma t (413, 3E10.6, 2110,10X, 2A4)

(20-a) First card in a set:

NI NR Number of regions in rod and number of cards in this=

(11|NR|<6)-NRimpliesvariablegapoptionset

N2 IKCW Thermal property table index for region (1 < IKCW f hTC)
=

N3 NDRW Nur er of spatial mesh intervals in region=

N4 IMREG Region identification tag |
'

1 fuel region=

2 gap region=

3 clad region= ,

|
|XI DRW Region spatial mesh interval size (f t) |

=

X2 Rio1W Region material density (lb/f t )=

X3 P0FRW Power fraction for region=

IX4 Ah!N1 inner radial point nu.ber for region average temperature=
,

IX5 AmN2 outer radial point number for region average temperature=

(note: radial point number 1 is at center of rod; radial
mesh interval number 1 is between radial point numbers 1
and 2)

l

C-19
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- -..--..v,. 3 . . ,. m .~~
, ,

, J
v <

1

(20-b) Second Card (required only if variable gap option is chosen,' 1.e.
NR < 0) Furnet (12X, SE10.6, 10X, 2A4) '

c _. .

.

"1 CAPMSV = sua of asperities + temperature jump distances. (f t)

X2 GAPZW Nostnal room temperature gap (f t)=
,

, .

X3 ACLDW Product of mean clad radius and clad expansion - I=

coefficient (f t/*F) ,'<f. |, ,
'

t
X4 AFULAW = Product of nominal fuel radius and fuel expansion a

coefficient, linear part (ft/*F) '

X5 AFUL3W = Product of nominal fuel gadius and fuel expansion i jcoefficient, quadratic part (ft/*F')
| |
t 1

Successive cards in the act are one type (20-a) card for sech addi- I

tional reFion in the set. On these cards:
N1 = NR blank or 0 ,=

t |

All other fields are the same as in the first card of the set. l*

For each set, INDRW < 31.
] |

(21) Thermal Property Tables (NKC sets) .

One set: l
-

NI NKP Number of points in thermal conductivity tchle=

(2 < NKP < 20)
.

X1 Temperatureg (*F)= -

X2 Thermal Conductivityg (Btu /ft -hr *F)=

X3 Temperature=
2

! X4 Thermal Conductivity 2
=

er. , until NKP points are read,
where Temperature) * Temperaturey < ....

l

|
N1 NCP Number of points in heat capaci ty table (2 ;( NCP ji 20)=

XI Temperatureg (*F)=

X2 Heat capacityy (Btu /lb *F)=

l

X3 Temperature=
y

X4 Heat capacity=

etc,untilNCPpointssheread,
where Teaperaturey < Temperature 2 * ***

|
. .

f

C-20
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! (22) !! cat Exch.mger Data (NitTX sets)
, ,

Ileat exchangers must be input in this order ,,

[ MOD O

MOD 1 .

.

MOD 2
.

(22-a) H0D 0 Input

N1 IllTX Number of data points, O meaning iIow and temperature=

dependent.
(IllTX = 0 or 21 IllTX 120)

(A) IliTX 0=

XI PTRAC Fraction of initial reactor power removed by heat=

exchanger

Secondary side temperature (*F)X2 TSEC* =

X3 IITXCO l{ eat Exchanger Coef ficienta
* (Btu-sec/hr *F-lba)

If itTXCO is entered as zero, then the program calculates
the value of IITXCO = Heat Removal Rate /(Initial Flow x
Temperature difference between fluid and secondary side).

If initial flow is zero, the user must put in a nonzero
value for llTXCo.

Note: The program will always use the input value of
*

liTXCO if it is nonzero.

,[B), IllTX > 0 (used only after a type "3" trip)

X1 TIMEg (sec)

X2 NORMALIZED I'0WER, (Fraction of initial reactor power removed
by this heat excrianger)

X3 TIME
7

X4 NORMALI%ED POWERy

etc

where TIMEg < TIMEy < ...
.g-

4 t

C-21

I
'

i . _ _ _ _ ~

_



, , - - . - , , . . ,

(22-b) MOD 1 Input FokHAT (313, 3X, 2E10.3, SLX, 2A4)

INU:t IIcat exchanger number (-1Q1N in volume input)

IPRI Volume number of the primasy volume

15E Volume number of the secondary volume ;

HTXCO = 0. licat transfer coef ficient is computed and is

equal to:

~ *
T 0)
pri ec

or >

llTXCO > 0. licat transfer coefficient = IITXCO

PFRAC Fraction of power removed by heat exchanger

Either llTXCO or PFRAC must be > 0.

(22-c) MOD 2 Input l'-tube steam generator model (IMPWR = 1)'

2 cards / MOD 2 "lleat Exchanger"

Card 1 Format (313, 3X, 4E10.3, 20X, 2A4)

INUM lleat exchangcr number (-1Q1N in volume input)

IPRI Volume number - primary volume

ISE Volurm number - secondary volume

PTRAC Fraction of power removed at t = 0 by heat exchanger

ASGN Inner sucface area of the tubes (Ft )

RISGN Inner radius of ,the heat exchanger tuber (Ft)

Til!K Tube wall thickness (Ft) -

CARD ID

Card 2 Format (12X, SE10.3)

RFPSGN Fouling factor on primary side (Btu /Ft /hr/*F) 1-

RFBSGN Fouling factor on secondary side (Btu /Ft /hr/*F)"I
i 2

SSGN Cross sectional flow area on primary side (Ft )!

|

| i

I
l

)
1.

I.

C-22
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'

t' . !

RHOSGN Den lty cf Ilict exchangir tubs materici (Lba/Ft )' .

CVSGN Specific heat of tube material (f tu/Lba/*F) - ,

i<

*

(22-d) MOD 2 INPUT once-through oteam generator model (IMPWR = 3) |
k

'

2 cards / MOD 2 " Heat Exchanger" plus 1 card for baffle factors
3

i
( Card 1 FORMAT (313, 3X, 6E10.3, 2A4)

.
-

,?;, j'
,

t

3INL'M liest exchanger number (-!Qlii in volume input)
i

IPRI Volume number - primary volume 7 j

|ISE Volume number - secondary volume . -

PFRAC Fraction of power removed'at t = 0 by heat exchanger

ASGN luner surface area of the tubes (Ft ) * -

RISCN Inner radius of the heat exchanger tubes (Ft)

THIK Tube wall thickness (Ft)
,

Fouling factor on primary side (Btu /Ft /hr/*F)~IRFPSGN

Fouling f actor on secondary side (Btu /Ft /hr/'F)"I*
RFBSGN

CARD ID

-

.

Card 2 FORMAT (12X, 6E10.3)

SSGN Cross sectional flow area on primary side (Ft )

SSC2N Cross sectional flow area on secondary sida (Ft )

HEDSN lleated equivalent diameter on secondary side (Ft)

Ril0SGS Density of heat exchanger tube material (Lbm/Ft )

CVSGN Specific heat of tube enterial (Btu /Lbm/*F)

SGKN Thermal conductivity of tube material (Btu /Ft/hr/*F)

Baffle factors FORMAT (12X, 6E10.3, 2A4)

BAF(I) 6 baffle factors for heat transfer modes in the order

mode I to mode 6

(23) Fnd Card (1 card, optional)
/>

Columns 1 through 72 blank

Omit this card if another problem follows.

J

C-23 /
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?

INPUT FOR RESTARTINC < '

1

An old restart data tape to be used must be mounted on FORTRAN Unit

43 and a blank tape must be mounted on Unit 4. The normal REIAP3B program;

i.

| 1s used with the following input definitions. ' . ' " - ;

!'

(1) Title (one card) '! . {
*

FORMAT: 18A4, 2A4 ~

The first 12 characters of the new title must be identical to the

title of '.he problem which is to be restarted.
'

(2) Prof >1em Dimenslops (one card) . . '
'

f
a

FORMAT: 1513, E10.6, 14X, II, 1X, II, 2A4 '
i
'

N1 LDMP N, the page number of the old problem where restart=

is to begia *

(1 < l.DMP < 999) '

N = 999 will cause restart to begin at the last page
number of the initial problem,

N2 NEDI Number of minor edit variabics= '

(0 < NEDI < 9)

N3 hTC time step control=

1 1 hTC 1 20: time steps are not under automatic
control; NTC = number of time step cards.
-9 < NTC < -1: time steps are under eJtomatic contro11
the first |NTC|variablesontheeditvariablecard
will be tested.

.

N4 NTR Number of trip control cards=

(0 1 NTR 1 20)
NTR = 0 will cause the trip control values on the
restart tape to be used, assuming chronological con-
sistency.

NS NVOL ignored=

N6 NBUB ignored=

N7 NJUN ignored=

N8 NPMI'C ignored=

a
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N9 NCKV ignored=

N10 NLK ignored ;
'=

I
N11 NFLL Number of fill system curves. May be used many tians j=

,

(U 1 NFLL 15) '

NFLL = 0 will cause the illi curves on the restart tape '

to be used. ;

N12 NOCOR ignosed ~
=

N13 N)frL ignored=

.

N14 NHTX ignored=

N15 NKC ignored=

|
*

X1 POWER ignored !=

NX1 IFLAG
If IFLAG = 1, read in reactivity coefficients at restart
If IFLAG = 0, Null option

NX2 IMPWR 0 BWR calculation - uses the standard steam tables
of RELAP3B

1 PWR calculation (pressure table input required)
NOD 2 heat exchanger is U-tube steam generator
model

2 UWR calculation - rewrite the steam tables.
(pressure table input required)

3 PWR calculation (pressure table input required)
IIID 2 heat exchanger is once-through steam
generator aodel

ID Card identification

(3) Optional Pressure Table Input [If 3'WR > 0]

Item (3) must be the same at restart as for the original problem. This

is required in order to keep the same pressure mesh as the initial problem.

(4) ljdit Variable Cards (one card if NEDI > 0)

The saco rules apply as for the original problem. The quantities being

edited on the new run need not have any relation to those of the original
|

run.

(5) Timo Step cards,

( The same rules apply as for the original problem. The time step sequence, |
i

or the automatic time step tests and criteria, on the new run need not ii

i
'

have any relation to that of the old run. No cards referring to r .em
..

t ir.es previous t a ti.e pois.t of routart will be used.

L-Ys |

I

|
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(6) Trip Controls (NTR cards)
.

The same rules apply as for the initial probles. -

(7) Fill Sets (NFLL curves) |

A new set of fill curves can be read in at restart. The same rules
*

apply as for item (13) for the initial problem.
i

(8) REACTIVITY COEFFICIENTS (IFLAG = 1)

Data must be entered for all items in (8) even if some data are

un-hanged from the initial values. j
,

(B-a) Variables for initialization at restart FORMAT (22X, SE10.3, 2A4)

XI R110 LN Initial reactivity at restart ($)=

X2 RDCAL Initialization used to evaluate the contribution to=

reactivity from the Doppler effect. *

X3 RFCAL Initialization used to evaluate the contribution to- =,

'
reactivity from fuel temperature changes.

'
'

.(4 RVCt.L Initialization used to evaluate the contribution to=

reactivity from coolant density changes.

X5 RWCAL Initialization used to evaluate the contribution to=

reactivity from coolant temperature changes.
.

(8-b) Reactivity Coefficients (NOCOR cards)
Format (12X, 4E10.3, 20X, 2A4)

X1 ALP!!VW = Water void coefficient ($/% density change)

X2 ALPl!TW = Water temperature coefficient ($/*F)

X3 ALPHTM = Hetal temperature coefficient ($/*F)

X4 DOPWT Doppler coefficient for reference coolant density.=

(8-c) Power Fractions (NOCOR cards)
Format (12X, E10.3, 50X, 2A4)

l

X1 QFRAC Fraction of total power generated in each core volume.=

RDCAL, RFCAL, RVCAL, and RWCAL are computed and printed out to-
gather with the input data,

C-26 ?
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(9) End Card
.

~' ; pj:cp
'

,
FORMAT: 20A4 . j

t' .< ,.,,

Columns 1 through 72 are blank. . ' " ^ * '. i ~ l 1

-; 1 L 3- j
This card is omitted if another problem follows, A following probles 'l,

,a. .
j"

]?; .:f 4 ,, ]
'

must not use or generate a tape.
*

.- b |

}.[[:.f'.a.[ .j*

INPtTT FOR TAPE EDITING +
,

'

3:. . ,.

An old plot tape must be mounted on FORTRAN Unit 3. The normal RELAP3B
': .e . ;

program is used with the following input definitions. , ,/.
- ~j'

.

'

'

,
- i

;

(1) Title, (one card) ,
|
iFORMT: 18A4, 2A4
f*J -

The first 12 characters of the new title must be identical to the title
'

j of the problem which is to be edited.
~

f
e . J

t

(2) Problem Dimensions (one card) .,-

FORMAT: 1513 E10.6, 17X, 2A4

-3 jN1 LDMP =

Number of minor edit variablesN2 NEDI =

(0 1 NEDI 1 9) ,

Edit frequency control card countN3 NTC =

(1 1 NTC 1 20) i
l

These are the only control integers required for a tape edit. 'The

others will not be checked because the information will be retrieved

from tape.

(3) Fdit Variable Cards (one card if NEDI > 0)

The same rules apply as for the original problem. The quantities being

edited need not have any relation to those of the original run.

*
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!

!(4) Edit Frequency Control Cards (NTC cards) '
,

'

YORMAT: 21J. 6X, 2E10.6, 40X, 2A4 ].
iNI Number of plot tape edits in original run for each currently 1desired minor edit. Plot tape edits in the original run j

were generated every N4 time steps. Refer to input in item *

(5-b) of original run. j
(0 is interpreted as 1) '

i
N2 Number of minor edits per major edfL

f(0 is interpreted as 50)

'.s
i XI DELTM Time step size (sec) f,

=

(0 < DELTM) ;,

, X2 TLAST End of current edit frequency control data $
=

(TLAST _g < TLAST ) '

j.g g

!
' (5) Er.d Card (one card) '

FORMAT: 20A4
4

,

Columns 1 through 72 are blank.

This card 13. omitted if another problem follows. A following problea
.

cannot i.se a different input tape.

I

i

.

I

f

!

I

i
i

$
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I SPECIAL UPDATES MADE IN SIMULATING VENDOR 3
'

x '
.

:s . '; , . u.7 . ,

j H0DELS '. *' '
.

_ ' . iv '', ,.
y . sf.. .

- -

, ^ ., ; . 7{: Q'*)' ~e. .
.

- A. Updates for Westinghouse Model -; > . +. a m
i ,

, w, . <>

* , *
g - ..

In order to verify Westinghouse calculational methods and codes, and to

.. i.> , , . ,

simulate generic Westinghouse plant behavior, the following updates are
...s ,

4?.;3 ~.. u
,e

-

. . . . ./ 4..

.Cmade: < G '

,fc s

3' r r ^t - n..
s ~

,

1. Moderator Reactivity Coefficient ' },n, z;- - -
,

.

_. , *
* " *

.. , :,;; C'
In the RELAP computer program the moderator reactivity is calculated

. ..n yn

from the product of coolant scoperature reactivity coef fic'ient and '

t rc . ,, *

, the change in the bulk coolant temperature. Westinghouse has
t

, . . y-.,
.

:ty

calculated the moderator density coefficient using three dimensional
' ' ' . . , Jf.( ,

I diffusion theory in order to accurately calculate the effect l *
-

y .r.Q . _.

,

large enthalpy iners. es. The moderator densi.y coefficient includes
* ..-

the effects of power level and boron concentration. This coefficiant

is plotted in Figure 2-2 of Reference D-1. Westinghouse uses the ,,

coefficient calculated for 50% of the power. This coefficient is

less negative than that for 100% power. The staff approximated the

moderator density coefficient curve for 50% of the power to d

polynomial and updated the reactivity subroutine in the REIAP3B

computer program. Total moderator reactivity is then calcu'ated usingl

this curve and linear flux weighting of the reactivity at each core

node. The necessary coding modifications are presented in Reference D-2.

|
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k 4-2. Doppler Reactivity Coef ficient
4.r
e

~~

In Reference D-1, Westinghouse presents a Doppler Temperature Coefficient !
4

)'- versus Ef fective Fuel temperature curve. Figure 2-6. Effective fuel

t-

temperature is . elated to the volumetric fuel temperature by a Westinghouse i,

1
,

proprietary formula. Thus, a relationship between the Doppler Temperature ;

! I
Coefficient and Volumetric Fue'. Temperature is obtained. This relationship ! |

)
' is curve-fitted by using the proper "p" value in the equation for Doppler

t 1

Reactivity (Equation 55). Total reactivity is then calculated by linear i |
1 |

flux weighting at each core node. t |

'h |
Since Westinghouse uses the Doppler power defect method, a separate '

t. ,

,

update was made in the program to check whether the two methods would |

; give similar results. These coding modifications are presented in Refer-
6

-

I ence D-2. The program is updated to insert the Doppler reactivity using
U '

the curve in Figure 2-5 in Reference D-1. These two different methods

gave almost identical results for ti.e loss of feedwater ATWS transient.
,

i

1 3 Steam Genera:or Model

The tube uncovery is simulated in the RELAP3B computer program using

a heat transfer multiplier which assezes values of either zero or cie. fhe,

i
.

multiplier is set to zero (heat transfer becomes zero) for a volume if the

quality in the secondary side volume reaches 1.0. This is nonconservative

because in actual conditions there is a degradation in heat transfer at

CHF. This occurs before quality reaches 1.0. Hence, the model in the

RELAP3B computer program was changed to a conservative model.
s

In the new model, the heat transfer to a volume is set to zero when

the average voluca quality reaches 0.9. Check calculations made using the

Macbeth CHF Correlation indicated that CHF does not occur at this quality.
; ;

D-2
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y
.

'' Therefore, this assumption is conservative. In order to avoid abrupt = -4
'

A: . ..

chanc.es in heat transfer and avoid any possible nonconservatism (quality q , ;;Jj-
- . g .,. cj

at top of the volume may reach 1.0 although the average quality is 0.9), ' ., i e %j>

i. iih,hv .,}'heat is transferred into the secondary volume based on steady state re- ' '

; ' r; .
. - -m

-

.

,73
lationships after the quality at the top of the volume reaches 0.9. . '}('MI'

_

~
. .w.

jg ..

The htat transfer is continued until the average quality reaches 0.9 ",5 y;f .<

. <
.

._ then the heat transfer is set to zero. The coding modifications - ,' Ub-
J ,J

:..
* ..sary to perform the calcualtion re presented in Reference D-2. , , '! ,,

,

,

'
*' W.

; *f, >

h-" *1 4 ,.y.
B. UPDATES FOR 'iHE COMBUSTION ENGINEERING MODEL 4

t

In order to verify Combustion Engineering's calculational methods i'

-

:. .4- .

; and codes, and to simulate the generic Combustion Engineering plant ~j
l

| behavior, the following updates are made: f"

..
1. Moderator Reactivity Coefficient

In the RELAP3B computer program the moderator reactivity is.

,

calculated from the product of the coolant temperature reactivity e

4

coefficient and the change in the bulk coolant temperature. For
,

Combustion Engineering the moderator reactivity is obtained from

both changes in the bulk coolant temperature and changes in the

bulk coolant density. The moderator temperature coefficient is

evaluated as described in Section 9 of this report. The moderator <
,

density coef ficient versus density data supplied bv Combustion

Engineering was fit to a polynominal expression. 'Ihe reactivity

subroutine was then updated to evaluate this data. A linear flux

weighting was used for both of these term, their sum being the total
o ,

{: { moderator reactivity. The coding modifications for this model are
.

presented in Reference D-3. !
'

.
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2. _ Doppler Reactivity Coefficient
. .-- - . . - .

.

..

. .

,. f -;,,;:#.y. y-g % ] <

..
,

. ,,

3 - c_ ,. .. ...
,,-- r.. *In Reference D-4, Figure 1.5-1, Combustion En81neering presents., ?,;.7 |g3

; .
_ .q . . . wp- q

- 7
a Doppler Reactivit'y Coefficient versus Average Fuel Temperature c'urve. - c ;-g 44Q,

- .
.,

. , , . _ . . . . - E , - c i :- > -e %y.g;
fp M '-

This relationship-'is' curve-fitted by using the proper "p" value in the. (14 m . ,
, . ',-'? ?, 9 %Jnequation for Doppler Reactivity (Section 9, equation 55),. The Doppler , . j a c,*

. . . n;; . Cip. Creactivity is. linear. flux' weighted for each core region. %be}y Q) . ,

.

~ ;

,, '.'Y ' L C %'*h.

.. - 3 .:n

N ff|NA-(3 Steam Generator Model
_ . , , ., , . 3fgQ.}'gy.jg-

. , ,
-

See Section'A-3 of Appendix D. . - . ,' ,, d. ''2,e . w..
_,. ./ ].
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C. UPDATES FOR GENERAL ELECTRIC MODEL ' - Ch ., ,, .

, qa w .,
,

In order to verify the General Electric calculational methods and .> ". =

;. .

i
.

_ < ~& . g' ;. .
- codes, and to s'mulate generic General Electric plant behavior,,the

. .S .._

*'
' '

. , .

4
l

-

following updates are made:
. i

1,.
,

,
. '.

:'

1. Reactivity vs Void Fraction . . .s
.

- ,
_

-v.
,,

,

.

The relation' ship between reactivity and void fraction is non-linear.
,

t

Q
The ger.eral form of the relationship was developed from~ curves substitted

.- i'

4-

'
. r

.

.

. ). ,

study of transients where H e. axial distribution of void fraction and
- -

,7.}
by General Electric (Reference D-5). This modification now permits the

4

-t
. *

. - :
quality can vary signinica .6 These coding changes requl' red for'the}

.
~

' j --

_ . . - . . .y
model are presented in Ref. .:.y e D-2. - -< |

,

i
- ; .: - , . - , s. .

,
- . - .- t

,
' a- _t_

. . f
, .: ~,

c
-

.)
In order to audit and evaluate critical heat flux transients,'the . 'j . .

i
~

- d- -. . . . ..
'~

IIench Levy Critical Heat. Flux Correlation has been inserted into the program" 1
s.

(proprietary). -- - "
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