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The computer program ALARM-B2 is a modified version of ALARM-Bl and
is a tool to analyse thermo-hydraulic phenomena of BWR during a postulated
large break LOCA. The major improvement is to provide one dimensional
heat conductien equation, heat transfer correlation packége, and point
reactor kinetics equation to analyse the heat transfer phenomenon in the
core region during a LOCA., Analytical models of the fluid conservation
and state equations are the same as in the ALARM-Bl code; namely ALARM-BZ
solves one-dimensional integral forms of the fluid conservation and state
equations under the assumptions common Lo conventional node-junction type
models.

The main purpose of this report is to explain the frame-work of
ALARM-B? together with the requirements of input data. The validity of

models newly incorporated inte the present code is now being examined.

Keywords: ALARM-B2 Code, Blowdown Heat Transfer, BWR, LOCA, Large Break,

Blowdown Thermo-hydraulic Analysis, ECCS FPerformance.
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I. Introduction

A series of computer codes to evaluate the performance of the
emergency core cooling system (ECCS) during a postulated LOCA in light
water nuclear reactors has been developed in Japan Atomic Energy Research
Institute (JAERI). Postulating various modes of pipe break such as
gillotine and split break at a certain point in the primary coolant
system, the performance of the ECCS is to be evaiuated with adequate
conservatism.

The computer code ALARM-B2, which is one of BWR code seriesl)m”)*,
calculates thermal hydraulics in the pressure vessel and the primary
coolant loop during the transient of the large break of the recirculation
line. This code is the modified version of ALARM—Bll) which deces not
calculate the heat transfer to the coolant during the transient but
specified by input data. The new version uses the one dimensicnal heat
conduction equation, the heat transfer correlation package equivalent to
THETAl—BS), and the point reactor kinetics equation relating to heat
transfer to coolant and power generation during the transient. Therefore,
main concerns are directed to the output resulting from above models as
heat transfer coefficient and power generated in the core and so forth.
Some of these output variables are provided as input to the heatup code
SCORCH-BZ“). The analytical models prepared in the present code are in
compliance with the required features in the safety evaluation for the
ECCS recommended by the Japan Atomic Energy Commission in 1975,

In this report, the fundamental features of the code, the analytical
models, and the program organization are described. The input data
requirements are given in the Appendix A, and the structure of steam

table used in ALARM-B2 is explained in the Appendix B.

* The parenthesis indicates the number of reference.

_1_..
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I1I. Fundamental Features of ALARM-BZ

The outline of the ALARM-B2 code is summarized as follows;

(1) Methed of solution
The system of partial differential equations describing fluid
conservations for stream-tube are integrated over a number of control
volumes. The resulting set of simultaneous equations that is based on
the assumptions of one-dimensional, homogeneous, thermal-equilibrium flow
is linearized and advanced for a small time increment by a simple explicit \
numerical technique. The one-dimensional heat conduction equations
describing temperature profiles within solid material are written in .
finite difference forms which are linearized and sclved by Crank-Nicolsen

implicit methed,

{2) Node and junction model

The primary system is divided into a number of spatial volume clemernts
called "node". The fluid condition for each node is assumed to be uniferm
and the state value of each node such as thermodynamic pressure is also
assumed to be represented as a point value. Hypothetical ducts, "junctions",
connect adjacent nodes according to the problem geometry. The mass and
energy balance is solved in each node at each time step during the tran-—
sient. A momentum balance is applied to the junction with appropriate

assumptions.

{3) Assumption of phase equilibrium

The fluid contained in the nodes consists of only liquid in a sub-
cooled state, liquid and/or vapor in saturated equilibrium, or only wvapoer
in a superheated state as determined by the energy and mass balances at
any given time. It is not permitted that more than cone fluid states

exist in a node at the same time.

(4) Homogeneous two phase model and two-phase separation model

Tf the fluid condition contained in a node is a twe phase mixture,
two options concerning two phase flow are available. One is the homogene-
ous flow model in which the steam and liquid move always in the same
direction with the same velocity. The other option is phase separation

model in which the upward relative movement of steam void 1is taken into

.._2_



JAERI - M 9655

account by giving a gradient factor of the vapor distribution and the
relative velocity at the mixture surface. Therefore, this separation
region is assumed to be heterogeneous in enthalpy but is assumed to have
no spatial variation in thermodynamic pressure. For two axially connected
nodes, the following option is also provided. When the mixture level in
the upper node has become below the bottom of the node, the volume mass
and energy are added to the lower node. The mixture level and vapor
distribution calculations are extended into the lower node. Inversely,
the quantities of lower node can also be added to upper node when the
mixture level in lower node reaches the bottom of the lower node. Though
the selection of the above models is quite optional, usually the down-

comer region is represented by the phase separatiom.

(5) Heat generation and heat transfer

The heat generated in the core is given by the input data or computed
by the point reactor kinetics equations. The solution technique of the
reactor kinetics is based on the IREKIN routinee).

The heat transfer coefficient at the fuel surface is estimated by

the heat transfer correlations equivalent to THETAl—Bb).

(6) Recirculation pump model

The behavior of the recirculation pump is calculated by the homol-
ogous law using a set of input characteristic curves. Required charac-
teristic curves are Q-H, n-H, n-T, Q-T relations at the rating and the
reversal flow and rotation cenditions. Another option is also provided
for recirculation pump behavior using a suction flow quality and head

correlation only for the normal flow.

(7) Jet pump model

For the jet pump behavior the momentum equaticn is solved for four
cases according to whether the drive, suction, and throat flow are in
normal or reversal flow condition respectively. The jet pump flow path
is regarded as a junction in which momentum flux due to cross-sectional
area change and momentum mixing are incorporated but compressibility of
fluid is ignored. An option is provided for jet pump behavior neglecting
the temporal change of the suction flow momentum for convenience of

comparing the results with other analysis.
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(8) Subnode model for core region
The nodes with heat input such as the core and core bypass nodes
are optionally subdivided into a number of common pressure subnodes.
This permits calculation of fluid enthalpy within the core and bypass
nodes where the fluid enthalpy varies with distance through the core.
The heat transfer in fuel rods is not calculated, but the heat added

to coolant is given by the input data.

(9) Related and auxiliary programs

All input data are read in free format via a generalized subroutine
REAG32) .  The subroutine REAG for FACOM M-200 converts BCD information
to integer or binary information.

The graphic information is edited by the SPLPACK code system which
is developed for plotting the time dependent thermo-hydraulic variables.

The SPLPACK is described in the reference 31.

{10) Machine requirements
The ALARM-B2 code is written in FORTRAN-IV for FACOM M-200 and can
be executed without specification of optimization using HE compiler of

the FACOM M~-200 standard operation system.
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I11. Analytical Models

1. Node Conservation Equationsl)

The fluid condition in each constant volume node, illustrated in

Fig. 1 can be specified by the conservation equations of mass and energy

junction j junction j+1
[ T
t My |
| .
Wiz | % ! W
1JWL, i I ¥+l
—f
|
hij | Py | hyg41
[
|
| .
| By |
| ]
Node i

Fig. 1 Constant Volume Node

assuming that the flow and fluid properties are constant during a time

step. The mass and energy equations are

dM;
- Mo W
d dPy
g Mihi) - Vi 3= = Wighiy + Qi (2)
where M; = total mass in node 1,
wij = flow rate inte node i through junction j,
hij = enthalpy of flowing fluid,
h; = average enthalpy in nede i,
Vi = volume in nede i,
Pi = thermodynamic pressure in node 1,
Qi = heat input to node 1.

The heat input Qj is given by the subnode model or the heat conduction
model described in Section III. 10 or TII. 11, respectively.

Since each node has a constant volume,

= —L y. +—M, =0, ‘ {(3)
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where vi is specific volume of fluid in node i. From equation of state,

v; is given as a function of pressure P; and enthalpy hj:

vy = Vi(Pi’ hi) . (8)

A combination of the above equations (1) through (4) yields the pressure

rate equation:

Y av, . .
dp; ) -[Mjvy + (gg)p{z Wishig + Q; - Mjhil}] (59
dt av v ’
where, for subcooled fluid and superheated fluid:
C%%)h = £, (p,h) fluid compressibility, (6)
(%%)P = f,(p,h) fluid thermal expansion , (7

and for saturated fluid:

dves ve, dhe. dv, s ve, dhgs dve, ve dhes
_ ng) R hfg dfl + g [—BE _ fg gi " 'fi + fg fl}
Bp h dp fg P dp hfg dpi dpi hfg dpi
(8)
v
£
(-g_ﬁ = 'hJ- ) ' (9)
P fg
v =g+ XVeo (10}
h - h :
f
X = —E—f—g—‘ 3 (ll)
where vf = specific volume of saturated liquid,
vg = specific volume of saturated vapor,
hf = specific enthalpy of saturated liquid,
hg = specific enthalpy of saturated vapor,

Vfg = Vg - Vf.

The state values and their derivatives in Eq. (5) are calculated by
linear interpolation of the values in the steam tables for ALARM-BZ with

pressure and enthalpy as independent variables.
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2. Phase Separation Model11)

The two-phase separation model used in ALARM-BZ is almost the same
as used in RELAP—37). It is a semiempirical fit to a number of experi-
mental results. In this model, the upward relative movement of steam
voids below the mixture level is assumed to be expressed in terms of a
gradient factor of the vapor distribution and the relative velocity at

the mixture surface. The assumed bubble distribution is

u(2)=m“§;+b, (12)
where a(Z)= void fraction at Z,
m,b = time dependent slope and intercept,
Z = height above the bottom of the volume,
Z, = time-dependent height of mixture interface.

The slope and intercept of Eq. (12) are evaluated by the assumed
gradient factor and the average void fraction within the two-phase mixture,
For an average void fraction less than 0.5, the distribution of the void
fraction is given by

2(Co = 1) vg 2=+ (2 - Co)ag , 0 5 ag < 0.5, (13)

m

al2)

where o, = average void fraction within the mixture,

Co assumed gradient factor,

and for average void fractions between 0.5 and 1:

0(2) = 2(Co - 1)1 - ag] "Zz'm_ +1 - Co(l - ag), 0.5 Stp< 1. (14)
The constant Co, which must be limited between 1.0 and 2.0, determines
the maximum bubble gradient. If the Co of unity is chosen, the mixture
is homogeneous; if 2.0, the bubble gradient is maximum within the permis-
sible physical constraint. In the persent version of ALARM-B2, Co is an
input and kept constant during the transient. '

An average void fraction within the mixture and the mixture level
during transient is estimated by applying conservation of mass in the

node. Steam can be added to a node either through a junction or by flashing
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of liquid within the mixture. On the other hand when condensation due to
pressure rise occurs during transient, it is assumed that the steam
within the mixture and steam region are uniformly changed into liquid.

The differential equation describing the bubble mass balance in a node 1is

dM_ 1. .
ghi _ dMy 4 W - T C.

dt Fr 11%i39i3 > (15)

where Mgbi = mass of steam entrained in the mixture,
Myi = total mass of steam within the node,
= 0,0 if the junction j in the mixture region,
Clj{= 1.0 if the junction j above the mixture region,

Xij = quality of junction flow,

)

Wy bubble mass flow rate at mixture surface,

Wij = flow into or out of the node 1 at junction j.

To calculate Cijxijwij in Eq. (15) at the separator outlet, separator
efficiency, n can be used instead of Ciy as an option. Since a separator
outlet actually consists of two flow paths, both the upward separated
steam flow which leads to the steam dome and the downward liquid flow
must be estimated. These two flow paths are treated as a single junction
and the upward separated steam flow is obtained by using separator

efficiency specified as a function of the mixture level elevation. This

steam flow 1is

where Wg = separated steam flow to the steam region,
n = geparator efficiency as function of the mixture level
elevation, .
Xiq = quality of separator junction,

flow into the separation region.

Since the volume of the mixture region is known at all times during
the transient by solving Eq. (15), the height of the mixture level can
be calculated from the node geometry, which is given in a form of a data
table of height versus node cross-sectional area. The change in average
void fraction during transient is also calculated by use of Mgb in Eg. {(15)

and the volume above mixture region.

_8_
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Another option is available for expressing continuous change of
the mixture level between axially adjacent two nodes. After the mixture
level in upper node arrives at the bottom of upper node, the volume,
mass and energy are added to the lower node and the mixture level and
vapor distribution calculations are performed for the extended node
connecting upper and lower node. TIn this model, the conservatien of
momentum for two nodes is ignored but the conservation of energy is
considered. This model can éliminate some unphysical results appearing
in other codes like RELAP37), such that the two phase mixture region is
floating in the steam. This option may be applied to axially connected

nodes within the system to be calculated.

3. Momentum Balancel’

The one dimensional momentum equation is integrated in the volume
clement between the midpoints of two adjacent nodes as shown in Fig. 2.

This integration with some approximations gives

dw, . Zi41
Loy —Haop —p -5 J o(z)dz
ge A’1j dt L Bc g,
i
[WigiWisg
- Riq + AP_ + AP, (17)
J D s m P
1]
where g. = gravitational conversion constant,
g = gravitational acceleration,
(%)ij= junction inertia,
Wiy = average flow for junction j,

P;-Pi41 = thermodynamic pressure differential across the fluid

contained in flow volume,

Zi+1
I p{(z)dz = gravitational head,
Zi
Riy = loss coefficient,
APy = momentum flux term for area change,
APp = pump head.
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Node i Node i+l
rF--- P """
1 Wi 1
! | 4 I |
| ! |
Wi-1 ) P%l ! | i+l | Wil
! | i 1
| I i [
: 1 1 :
i A |
[ IS Fp [ R
Junction j-1 Junction j Junction j+1

Fig., 2 Flow Path for Momentum Balance

The momentum flux term on the right hand of Eq. (17) is not
explicitly treated in the present version of ALARM-B2 except for the
jet pump junctions. This omission of the momentum flux term would not
affect the final results in most of BWR-LOCA conditions.

At the user's option, the junction flow can be limited by the
choked flow model to be described in Section IIT.5. In this case, the
flow through the junction is chosen as the smaller of the inertia flow

calculated by Eq. (17) or the choked flow.

4. Frictional Pressure Dropl)

Frictional pressure drop is given by the fourth term on the right
hand of Eq. (17). The loss coefficient Rij for the steady state is
calculated from initial balance with input pressure distribution and

‘given by

- {((py + &Pgrav,i) - (Pi41t APgrav,i+l) + APp + AEEE

R pij, (18)

H Wy Wil

where APprav,is APgraV,i+1 = gravitational head.

This loss coefficient Rjj includes Fanning friction factor, and
other loss coefficient such as expansion or contraction loss ceefficient

for the actual flow path. Thus Rjj can be represented by

_ 1 £4%L

Ry s (19)
1] ngAZ D

+ Kij other »

where A = junction flow area,
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Hh
I

Fanning friction factor,

$2 = two-phase multiplier,

equivalent flow path length,

equivalent diameter,

K = other loss coefficient than Fanning friction factor.

i1 other
From the given steady state flow and pressure distribution, Rij is

first estimated. Then with the Fanning friction factor given by
f = 0,316 Re~0.25 | (20)

the first term of the right hand side of Eq. (19) is determined.
Kij other is defined as the difference of Rij and the first term of the
right-hand side of Eq. (19).

If the junction flow is initially two-phase, Fanning friction factor
is first calculated for the saturated liquid. Two-phase multiplier b?
is then calculated from Thoma) and Martinelli'sg) correlations provided
as a built—in data table in the ALARM-B2 program. These correlations
are functions of the junction pressure and quality. The junction pres-
sure is estimated in terms of algebraic mean for two adjacent node
pressures and the gravity head, and the junction quality is set equal to
the quality for the upstream node.

The loss coefficient in transients is obtained in the same manner as

in 'the steady state except that Kjj other 18 assumed to be constant during

transients.

Usually it is difficult to estimate the equivalent diameter, the
equivalent length and the flow area for actual complicated flow paths.
Accordingly, ALARM-B2 provides another option for the loss coefficient.
This option does not consider Kij other but considers two—-phase multiplier
for the lumped loss coefficient Rjj. TIf the junction flow is initially
two-phase, the single-phase loss coefficient corresponding to total mass

flow rate 1is
Rijo = Rij/9% (21)

where Rijo = initial single phase loss coefficient correspending to

total mass flow rate,

I

initial two-phase multipler.

¢2



JAERI — M 9655

For the calculation of two-phase pressure drop during transient, the
single-phase frictional pressure drop for total mass flow rate as
saturated 1liquid is first calculated by using the loss coefficient Rijo.
for steady state. The two-phase pressure drop is then obtained by
multiplying the single-phase value by the multiplier estimated by the
transient junction pressure and quality.

Tf the reverse loss coefficient is singificantly different from the
normal, the user may input a valve for it. For the junction with no

initial flow, a value for Rjj must be specified by input.

5. Critical Flow Models

The critical flow calculation is the most important for the analysis
of blowdown in terms of determining the depressurization rate for the
system, For the major period during the blowdown the fluid flow rate
through breaks is limited due to the critical flow conditions and
definitely controls the time of blowdown. ALARM-B2 provides the critical
flow check not only at break junctions but in any junctions specified
by the code input (AJUNC > 0., see Appendix A §2.8). The following four
models are provided in ALARM-B2Z.

i) Zaloudek Critical Flow Modello)
11) Moody Critical Flow Modelll)
iii) Henry-Fauske Critical Flow Model1l?)

iv) Homogeneous Equilibrium Critical Flow Mode1l3)

Various combinations of these models, as shown in Table 1, are
available in the present code. Selection of these combinations is made
by the code input JCHOK or ICHOKE, which are included in Junction Data
or Leak Table Data, respectively. (see Section 2.8 and 2.12 in Appendix A)
The values of JCHOK and ICHOKE are specified in Table 1. The critical
flow model selected by JCHOK is used for critical flow calculation at
all junctions specified as AJUNC # 0 in JUNCTION DATA except for the leak
junctions. For example, if JCHOK = 5, and AJUNC > O, Henry-Fauske model
is used in the subcooled region, and Moody model in the saturated and
superheated region. If AJUNC = 0, critical flow calculation is not
performed regardless of JCHOK. When the junction is a leak junction and
positive value is selected for time dependent flow area A in Leak Table
Data, the critical flow is determined from the index of ICHOKE only. 1In

this case, JCHOK is ignored.
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Table 1 Critical Flow Model Combinations

JCHOK Subcooled Region Saturated anq
ICHOKE Superheated Regicn
0 Cnorviat £ Moody
1 Moody Moody
2 Zaloudek Moody
3 Zaloudek HEM
4 Zaloudek Henry-Fauske
5 Henry-Fauske Moody
6 Henry-Fauske HEM
7 Henry-Fauske Henry-Fauske
8 HEM Moody
9 HEM Henry-Fauske
10 HEM HEM

(1) zaloudek Mode1l0

In ALARM-BZ?, the Zaloudek's correlation is modified and used in
both subcooled and saturated region when the stagnation quality is less
than the transition quality XTRAN or XTRNL which are defined as input
data. (see Section 2.8 and 2.12 in Appendix A)

The formulation is as follows:

G = Cy/2g; py (P - Cy Pgar) (22)

where P = reservolr pressure,

Pgat= saturation pressure at stagnation fluid temperature,
Py = fluid density,
gc = gravitational unit conversion factor,

Cy, C; = input constant (0 < Cy; < 1).

In the original Zaloudek's correlation, €; is 0.61 to 0.64 and C,
is unity. However, in the code, Cy and Cy are supplied as input data;
CSUB and CZ2 for normal junctions, CSUBL and CZ2L for leak junctions.
(see Section 2.8 and 2,12 in Appendix A)
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(2) Moody Modelll)

The Moody critical flow model was theoretically developed for
saturated state based on some assumptions. The maximum mass flux is
specified as a function of stagnation pressure and enthalpy. ALARM-B2
uses the data table in the form of the critical mass flux versus the
stagnation pressure and enthalpy. The stagnation pressure and enthalpy
are assumed to be these in the upstream node to which the junction is

connected. The critical flow of the junction is calculated by
wchoke = A CD GM (poi ho) ’ (23)

where Wipoke = critical mass flow rate,
A = flow area,

Py = stagnation pressure,

hg

stagnation enthalpy,
Gppp,hy) = mass velocity built—-in tabular data as a function
of py and hg,

Cp = contraction coefficient given by Input.

1f JCHOK = 1 or ICHOKE = 1, it is permitted to use the Moody table in the

subcooled region. When the upstream node is in superheated state, the
stagnation enthalpy hy is assumed to be saturated steam enthalpy

corresponding to the node pressure.

{3) Henry-Fauske Model112)

The Henry-Fauske critical flow model was established for one-
component flow through convergent nozzles with consideration of the
interphase heat, mass, and momentum transfer. The assumptions based
on the experimental results are made to lead the expression for the
critical flow rate as a function of the stagnation pressure and quality.
The stagnation condition can be allowed from subcooled 1liquid to the
superheated vapor. In the present code, critical flow data table was
retrieved from the RELAP4/MOD5!*). The expression of the choked flow

is similar to equation (23), that is

Wehoke = & Cp Gur (P> hy) (24)

where Gyr(p,hy) = mass velocity built-in data as a function of p; and

ho-
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In the code, the stagnation pressure p; and enthalpy h, are assumed to

be those in the upstream node.

(4) Homogeneous Equilibrium Model (HEM)13)

In this model, assuming that the flow is in isentropic and homogeneous
state, the critical flow relation is obtained from the given upstream
stagnation conditions. HEM can handle the upstream stagnation conditions
over the fluid conditions from the subccoled to the superheated state.
The ALARM-B2 critical flow table is equivalent to RELAP&/MODSIQ),

therefore, the critical flow rate can be represented in the same form;

Wehoke = A Cp Gumm (Pgs Dg) (25)

where GggMm(pg, hy)= built-in data of critical mass velocity as a function

of upstream stagnation pressure pg, and enthalpy hy.

(5) Critical flow transition

The critical flow transition from subcooled to saturated region is
treated as follows. The transition region is assumed to be over zero to
Xpyap Which is input by XTRAN or XTRNL in the Junction Data or the Leak
Table Data, respectively. The default value of XTRAN and XTRNL is set to
be the built-in value of 0.02. 1In the transition regiom, the critical
flow rate is calculated from interpolation of the subcooled and saturated

critical flow models.

The descriptive is

Wehoke, tran = A{(1-£)Cp sub Gsub(py,hg) +f Cp sat Gsat(py.hy)t, (26)

n

where f weighting factor (= xo/xtran)s

Xg stagnation quality,

Xtran = transition quality,

Gsub(po,ho) = critical mass velocity calculated by the critical
flow model applied to subcooled region,

Ggatr (Pgshp) = critical mass velocity calculated by the critical
flow model applied to the saturated region,

Cp, sub, ©p,sat = contraction coefficient for subcooled and

saturated region,
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Py, hy = stagnation pressure and enthalpy,

Wehoke, tran = critical flow rate in transition region,

A = flow area.

The transition curve of critical flow is illustrated in Fig. 3.

Gsat

'\.____\_______

Subcooled Region Saturated Region

x=xX4(pP,Ny)  Xtran

Fig. 3 Treatment of Critical Flow Tramsition

6, Leak and Fill Systemsl)

The leak and fill systems specify the time dependent boundary condi-
tion for the system to be calculated. Water may be injected into any
node by means of fill junctions. Leak junctions also can be set up at

any node. Initiation of flow through these junctions may be controlled

by many different trip signals.

(1) The following three options can be selected as input fill data set:

(i) fill flow rate vs. time.
(i) " vs. pressure of the node injected,

(iii) " vs. pressure difference between the node and

the sink.
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Temperature or enthalpy is also specified as input data to determine

injected fluid energy.

(2) The following two opticns can be slected as input leak data set:

(i) Leak flow limited by cheking,
(ii) Leak flow rate given by tabular input,
a) Leak flow rate vs. time,

b) " " wvs. pressure of the node.

In the case of (2)-(1), the mass flow rate is limited by critical

flow rate described in Section III.5. The stagnation pressure and

enthalpy are assumed to be those in the node to which the leak junction

smaller of the inertial flow calculated by an orifice equation and the

|
i choked flow. 1In the Moody's model, the throat pressure is also given as
|

is conmnected. The flow rate through the leak junction is chosen as the

a function of stagnation pressure p, and enthalphy hy. The sink pressure

must be less than the threoat pressure when a choked flow occurs at the

leak junction.

7. Jet Pump Modell?

ALARM-B2 provides following three analytical models for jet pump

behavior.

(1) Model 115)

In this model the momentum equation is solved for each flow path
with flow direction and momentum flux change.
’ The characteristic magnitude of jet pumps is shown in Fig. 4.

Simplifications are made based on the assumptions below.

(i) P, P2, P3 are constant over the cross section.
(ii) Fluid is incompressible.

(iii) Mixing of Wg and Wp is completed within L.
S D 1

Each flow path is treated as a junction. In Fig. 4, these junctions

are difined namely the suction flow inlet with the flow area Ag, the drive

flow inlet with the flow area Ay and between the cross section 1 and 3.

The pressure Py is calculated from the conservations of mass and momentum

with the above assumptions.
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The momentum equations for three junctions are given by

1

2
oW
é;(‘i‘)JgE-{=P1—PL+APJm+EJ—— L L
+ APy, - APgg
W
é; (%)S % = Pg - Py + 8Pgy + 8Pg, - APgy,
and
éz (%)D ggg = Pp - Py + APpy + APpg - APpf
where AS = guction inlet flow area,

Ap = drive " oy,

Ay = mixing region "o,

Al ower = lower plenum flow area,

P = " pressure,

Pg = downcomer " ,

Pp = drive pipe " ,

Wy = drive mass flow rate,

Wg = suction " ,

Wy = throat " ,

APy, = throat momentum flux,

APpn = drive " .

APg, = suction " y

APJg = throat gravitation head,

APpyg = drive " ,

APgy = suction " s

APy¢ = throat frictional pressure drop,

APpg = drive " .

APgf¢ = suction "

BcPJ 2 AM2 AI%ower

) -

1

Ay’
(27)
(28)
(29)

The gravitational head and the frictional pressure drop for three

junctions are calculated in the same manner as described in Section III.3.

For the following four cases according to whether the drive, suction and

throat in normal or reversal flow, the momentum flux is approximately

given as follows:
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(a) Wp >0, Wg>0, Wy>0,

2 2
1 Wg Wp

AP = ( + )
Jm T gepiAy A Ap

Wg Wy ,
W
D 1 1
l,_“sPDm = 2 ( 2 - 2) >
EcPD Apipe Ap
2
W
S 1 1
APq = { - )

p1 = 01{(Py, h1) ,

h] = (wShS + thD) /WJ s

Wg Wp
=W / —_— e ——

where Apjpe drive pipe flow area,

Adown = downcomer flow area,
pg = suction fluid density,
pp = drive " ,

py = throat ,

p1 = fluid density at the cross section 1,
P, = pressure over the cross section 1,
hy = enthalpy,

(b) WD < 0, WS > O, WJ < 0 and WD > 0, WS < O,

2
Wy

Wy
APgm = » Ajer = Ag |ﬁg s

2800180 et

¥ %
D 1 : 1
AP = ( - Y, As_ . =
Dm 9 2 2 » Bdrive
Befp Apipe Adrive
2
W
Ny _ Wg 1 1
APSm - ("Hh - )
& 2 2772
WJ WJ 28¢5 Ajown As

py = p1(Py, hy) ,

for Wy < 0, Wg > 0 and W; <0,

(30)

(31)

(32)

(33)

(34

(35)

(36)

(37)

(38)

(39)
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J

= W -
D / (QJ
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—(wshs - WJhJ) /Wy,

h) =
)
and for Wp > O,
hy =
N
Pg =
where hg =
hy =
{c) Wy < 0, W
WD WS WD
)
Wy Wy

D

5

Wg
—)
Ps

k]

Wg < 0 and Wy > 0,

L]

= guction flow enthalpy,

= drive flow enthalpy,

where if |Wp| < |Wg] KE" Agrive = Aps

1f except for above condition, Ajyiye = Ag |

>0, Wy>0and W, >0, Wg<0, W
2
AP e, Ag |Eﬂll
Jm 9 * “Jet ’
BcP 1 AMAg Ys
W 2
D 1 1
APDm = 2 7] ) ) [
EcPD Apipe Adrive
Wp

AP

g

2

1

Sm

2
%8P Adown

p1 = p1(Py, hy) ,

P

and WJ > 0,

=hS

H

]

1

- —55)

Ag?

»

Wg

0

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)
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PD Ps » (51)

A

and for WD > 0, WS 0 and WJ < 0 ’

hy = -(Wyhy - Wihp) / Wg , (52)
W W

g = Wy / (= - B (53)
Pr  Pp

(d) Wy <0, Wg<0, W;<O0,

2
e (54)
W W AP, = et
S D Jm gcplAM
APp_ = APp in Eq. (31) (55)
APgp = APgp in Eq., (32) (56)
WJ

py = p1(Py, hy) , (57)
h] = hJ s (58)
Pg =Py > (59
op 7 QJ ’ (60)

where AM = AD + AS .

The two phase multipliers for these junctions are calculated by the
same manner as described in Section III.4 with Py, Py, Pg and P and
quality at the cross section 1.

Under the assumption (b), the conservation of mass at the cross

section 1 is given by

Wg + Wy = Wy, {61)
and differentiating both sides of Eq. (61) by time gives
Wg + Wy = Wy (62)



JAERT— M 9655

The pressure P; is obtained by solving Eq. (27), Egq. (28), Eq. (29)
and Eq. (62) with an iterative manner.

The mass flow at the drive junction may be in a choked flow condition
sometime after the occurrence of break, and Eq. (29) can no longer be
applied. To determine the critical mass flow, the similar method as
shown in Section III.5 is applied. The stagnation conditions for the
drive junction in a normal choked flow condition are given by thermo-
dynamic conditions at the upstream node. For reversal drive flow, they

are given by

(a) WS>O, WD<0, WJ>D,

W W
5 D ho = hg (63)
2
Wg
PO = Pl + 5 s (64)
2g.P14g
W
(b) Wg >0, Wp<O0, Wy<O0,
W W
S D
Wehe + |Ws|h
hy = S8 JIhT (65)
A
W2
Py = P1 + D =, (66)
and (c¢) Wg < 0, Wp < 0, Wy<0,
W W
S D _
hy = by, (67)
z
_ w3
Pp =Fp 2’ - (68)
W 28cP 1AM
J

where hg = stagnation enthalpy,

Py = " pressure.

The temporal change of the momentum is approximated to be zero when
the flew is in a choked flow condition. For example, if. the drive junction

is choked, it follows that



JAERI—'M 9655

Ws + Wy choke™ W3 0 | (69)

T:JS = D‘JJ . (70)

Tn the above condition, the pressure P, is calculated by substituting

Eq. (69) and Eq. (70) for Eq. (61) and Egq. (62).

(2) Model 2 _ _

This model is similar to that in the LAMB codels). In this model,
temporal change of the suction flow momentum is ignored during the
transient, therefore the pressure P; over the cross section 1 is directly
obtained by equating Eq. (28) to be zero. Equation (27) and Eq. (29) are
subsequently solved for the drive flow Wp and throat flow Wy respectively,
and the suction flow is obtained by using the new drive flow Wy and throat

flow Wy from mass balance in the jet pump.

(3) Model 3

In this model, momentum flux terms are ignored, and only the gravita-
tional head and the frictional pressure drop are considered. This model
may be applied when the mixture level in the downcomer region 1s below

the elevation of the jet pump suction nozzle.

Fig. 4 Characteristic Magnitude of the Jet Pump
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8. Recirculation Pump Modell)

Two models are provided to analyse the behavior of the recirculation
pump. In one model, the hydraulic torque and head are calculated for all
combinations of flow and speed using the homologous relationships. 1In
the other model the pump head is calculated from the suction flow quality
only for normal flow conditions.

These two models are described more in detail in the following.

(1) Pump model using homologous relations for head and torque

The dimensionless homologous relations can be expressed17) by

h/n? = const. gq/n = const., (71)
h/q? = const. n/q = const., (72)
t/n? = const. gq/n = const., {73
t/q% = const. nfg = const., (74)
where h = H/H, normalized head,

q = Q/Q; normalized volumetric flow,

n = N/N, normalized speed,

t = T/T; normalized torque.

The head and torque are derived from the following set of pump charac-

teristic curves specified as tabular input data:

(A) head vs. flow at rated speed.

(B) head vs. flow at negative rated speed.
(C) head vs. speed at rated flow.

{D) heat vs. speed at reversal rated flow.
(E) torque vs. flow at rated speed.

(F) torque vs. flow at negative rated speed.
(G) torque vs. speed at rated flow.

(H) torque vs. speed at reversal rated flow.

The above eight characteristic curves are utilized in the following

manney,



JAERI— M 8655

@ Jlal| < in|,

if n > 0, (A) and (E) are used,
if n < 0, (B) and (F) are used.

® laf > [n] ,

if g > 0, (C) and (G) are used,
if g < 0, (D) and (H) are used.

For example, in the case of |q| < ]n] and n > 0, the normalized
volumetric flow divided by the normalized speed gives the modified flow
corresponding to the rated speed and the reduced head and hydraulic torque
corresponding to the above modified flow is found from the curves (A) and
(E) respectively. To find the true value, the reduced head and torque
are multiplied by the square of the normalized speed according to the
equations (70) and (73).

As the hydraulic torque found in the calculations above is for the
fluid conditions at normal operation, it must be modified when the fluid

density is changed. The modification relation is,

where Ty = hydraulic torque,
Ty = rated torque,
t = the normalized torgue by homologous law,
pg = rated fluid density,
p = fluid density.

The pressure rise across the pump is determined from the normalized

head:

p = Hyhp (76)

1l

where H, rated head,
h

the normalized head by homologous law.

When cavitation is expected, the pump pressure and hydraulic torque are

again modified by the following cavitation model352.
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L
AP, = AP, - OXp (77)
Th' = Th — 0XeW/ wp, (78)

where APP' = cavitated pump pressure rise,

Ty,' = cavitated torque,

g = cavitation constant (input data),

Xe = quality at impeller eve,

W = mass flow rate,

w = angular velocity.

The eye quality is evaluated from the pump suction enthalpy and the

eye pressure. The eye pressure is calculated by

Poye = Pup — APNPSH (79)

where Peye eye pressure,

Pup = pump suction pressure,
APnpay= required suction pressure (tabular input as function of

mass flow rate).

The eye quality, x, is evaluated from the saturation enthalpy at the
eye pressure PeyE' The occurrence of cavitation reduces the backpressure
on the pump rotor. In a completely cavitated condition, the pump impeller
will be insulated from the liquid phase. The value of quality to produce
complete cavitation is estimated from the maximum head loss which would
be that required to drop the pump head to zero at rated flow and zero
speed:

Xo,max * O = Hpax n? .o, (80)
where Xe max = maximum quality,

Hpax = maximum head loss,
this value is at rated flow and zero speed in the charac-
teristic curves, or is optionally specified as input,

n = normalized speed ratio.
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In ALARM-BZ if the eye quality x, becomes larger than X max defined
above the pump rotor is assumed to be completely stalled thereafter. The
pump behaves as a resistance, and the loss coefficient for the stalled
yotor is added to the form loss factor of the flow path.

The pump speed during transient is found by setting the hydraulic

pump torque equal to the rate of change of angular momentum:

dw
s — = Ty, = Tu(t 81
gc dt ho h( ) ) ( )
where T = inertia moment of the rotating member,

w = angular velocity of the pump,

t = time,

Ty, = hydraulic torque exerted by the pump impeller,

o

Tho= steady state hydraulic torque »

When the pump is tripped by the pump trip legic provided in the
program, the steady state torque, which is calculated from the veolumetric
flow rate and angular velocity for the steady state condition, is set to
zero.

(2} Pump model using head and quality correlationle)

Another model is such that the pump head is estimated for only normal
suction flow by using the suction flow quality and head correlatiom. For
other flow condition, the pump is assumed to be locked. The form of

correlation for rated rotating pump is given by

AP = f(w, x} , (82)
where AP = normalized pressure difference across the pump,
w = normalized suction mass flow rate,
%x = quality at suction inlet.

The value for the correlation is specified as tabular input data.
The pump coastdown equation with an assumption of 100 % pump efficiency

is given by

I de_ _ 2°p’s
go dt {Fuw + 5w } . (83)



JAERI— M 9655

where I = inertia moment,
= angular velocity of the pump,

= constant for the frictional torque,

APP = pressure difference across the pump,
Ws = suction mass flow rate,
pg = suction fluid density.

The pressure difference across the pump; APP is calculated by using
a tabular input correlation and rated conditions with homologous relations.
The pump rotor ig however assumed to be completely stalled when the
transient condition for the pump exceed beyond the range of the tabular
input correlation. _

The momentum inertia is calculated from the initial conditions and

input pump time constant for the coastdown. This is

I %g _
EZ'fE = Aconst * (84)

where A.gpngt = input pump time constant,

WonAP
Ty = —Bfﬂﬁrﬂﬂ‘steady state hydraulic torque,
's070
subscript; O refers to the steady state conditions.

9. Hypothetical Valvesl)

Hypothetical valves may be placed, at the user's option, in any

Junction. Two types of such valves are available. Type 1l is an

initially open valve which instantaneously closes by a trip control
signal provided in the program. Type 2 is reverse to Type 1. These
valves are used to simulate such transients as the onset of the double-

ended pipe break.

10. Subnode Modell?

The subnode model is used for the calculation of enthalpy change in
the core region and was originally proVided in ALARM-Bll). This model
does not calculate the heat conduction in fuel rod, the heat transfer from
fuel rod to coolant, and the heat generation in the core, therefore, the
heat added in the core is given by tabular input data. But the applica-

bility of this model is limited because of the dificulty of the
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determination of heat added to coolant during the transient. So, the
introduction of the heat transfer described in Section III.1l and ITI.12
was made to ALARM-B1l, and this new version was named ALARM-~B2. The
subnode model is also provided in ALARM-B2 so as to calculate the same
calculation as ALARM-Bl. The model description is as follows.

The core is assumed to have a uniform pressure but may be divided
into a number of subnodes to determine the enthalpy change. The flow
rate for core inlet and outlet is determined by Eq. (17). On the other

hand, inter—-submode flow is approximated by following manner:

Wipl = Wi hy <he (85)
Wiy = Wy + oW hy > hy (86)
where W;, Wiy q = inter-subnode flow,

W = (WO—WI)/(Number of boiling subnodes),
Wp = core inlet flow,

Wg = core outlet flow,

h; = subnode average enthalpy,

hf = saturated fluid enthalpy at core pressure.

The conservation of energy for i-th subnodes is

dp
iy = hyy) + 0 + =V (87)

d _
dt (Mihi+l) - wl dt

where M; = mass in i-the subnode,
hi = subnode interface enthalpy,
Qi = heat added to subnode,

Vi = subnode volume.

The subnode mass M; is normalized by total core mass calculated by
Eq. (1) and subnode thermodynamic condition. The heat added Qi is given
by the tabular input data in the form of the heat rate versus time
described in Appendix A, Section 2.14,

The reactor core model described above is essentially the same as in
the LAMB codels) developed by the Gemeral Electric Company. The reason
why the same model is provided in ALARM-B2 is tc compare with other

computational results.
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11. Heat Transfer33)

The model described in this section is one of the most important
improvements of analytical models in ALARM-BZ. Since the subnode model
can not calculate the heat transfer as explained in Section IIIL.10, a
new analytical model for heat transfer has been provided to make up for
the shortcomings of the previous model. The heat transfer model
consists of one dimensional heat conduction equation, a set of heat
transfer correlations, and point reactor kinetics equation.

The description in this section mainly concerns the models for the
heat transfer calculation between the fluid and the heat conductor in a
node. Some heat conductors corresponding to such as fuel rods, pipes
or plates may be assigned to a node. Temperature distribution within
each heat conductor is determined by solving the one-dimensicnal heat
conduction equation by the method of the finite differences. The solution

118) except for the treatment of the gap

technique is taken from HEAT- ,
region. Both the heat transfer correlations and the way of selection of
heat transfer modes that are used in ATLARM-B2 are similar to those used
in THETAI-B!9) or RELAP42°)., The CHF (Critical Heat Flux) prediction is
applied only for heat conductors in the core region.

When the heat transfer model is used, it is necessary to pay

attention to the input data arrangements. (see Appendix A, Section 2)

11.1 Heat conduction model and numerical method

Numerical approximations for the one-dimensional multi-region heat
conduction equation are derived for slab and cylindrical geometry includ-
ing annulus. Figure 5 illustrates the placement of mesh points at which
the temperature is to be calculated.

Mesh points are placed such that they lie on the external boundaries
of the problem, at the interface between materials, and at equal intervals
between the interfaces and/or boundaries except for the gap space. Mesh
points in the gap space is not allowed. The heat capacity of gap space
is not considered but the gap conductance is considered. A region
contains the same material and has a constant spacing between mesh points
except for the gap.

Figure 6 shows three typical mesh points. Subscripts designate
space indexes, namely subscripts 1, r and n designate quantities to the

left, right of the mesh point and n-th mesh point respectively. The yv's
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indicate the mesh point spacing, which are not necessarily equal for
different regions. Between mesh points, k, (pcp), and A indicate the
thermal conductivity (kcal/m-sec-°C), the volumetric heat capacity
(kcal/m3-°C), and the heat conductiomn area (m?), respectively and are
assumed to be constant. The ky, is not necessarily equal to the k..,

and similarly for (pcp) and A. To obtain the spatial difference approxi-
mation for the n—th mesh point, one-dimensional heat conduction equation
is integrated over a subvolume as indicated by the dashed line in Fig. 6.
Due to the one-dimensional assumption the dimensions of the volume other
than the principal axis are set to unity. For slab geometry, the volume
is rectangular solid. For cylindrical geometry, the volume is a cylindrical
annulus. The heat conduction terms in the heat conduction equation are
modified by transforming the volume integral over the Laplacian to a_
surface integral using Green's theorem, So the area between mesh points
are required. For convenience, the following quantities are defined.

For slab geometry.

Y1n
v Sl v o _ -t
IIn = 737 » Yrm T T2

1

5 s
- - - =1 88
VIn =y, 0 Yo Ty Yo = ¥y (88)
For cylindrical geometry,
¥1 Y1 y ¥
v oo n _71n voo_ rn rn
Vg = 2m 5 (xn _Z—)’ Yo 2ﬂ-—5~ (x, +-—Z~) .
s _ 2m _Yln s _ 2m Yrn
Vin =y U ) Yen Ty Fq + 57
b b _
Yo = 27Ky yN = 2mx, . (89)
And for both geometries,
v v
Dy = (pep)in¥in + (PCp)rnVrn - (90)

The superscripts, v and s refer to volume and surface-gradient weights.
The yg and yg are surface weights used only at surface boundaries adjacent
to the fluid.

Using a finite difference approximation to the integral form of the
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heat conduction equation, the basic difference equation for the n-th mesh

point is
(Trr[:+1 - Tﬁ)Dn s S
At - (Tn—l - Tp®1n¥1n ~ (T, - To41)¥rnYen
v v Pt
+ (anyln + anyrn) PEO; ’ (91)

where Tn = temperature at x, at time tp (°C),

n

Q
P(t)/P(0) = time dependent normalized power,

power density at steady state (kcal/m3-sec),

At = mesh width of time.

In Eq. (91), the source term is assumed to be space and time separabie.
The power density at steady state may be specified for each region of a
heat conductor. While the time dependent normalized power, P(t)/P(0) is
calculated from the nuclear kinetic equations including the fission
product and actinide decay heat (see Section III.12) or given by input
data.

Setting the right-hand side of Eq. (91) equal to zero, the equation
for steady state is obtained. For the time-dependent case, the Crank-

Nicolson methods”) is applied,.

m+l m m mtl m+l m
(Tn - Tn)Dn ={Tn“l + Th-1 _ Tn + Tn}k s
At 2 2 In¥1n
m-1 m mrt1 m
{Tn + Tn Tht1 + Tn+l} % s
- 2 - 2 I’ rn
v v 1
+ (anyln + any-rn) ZP(O) {P(tD'H“l) + P(tm)} . (92)

In the above equation, the volumetric heat capacities (pcp)ln and (pcp)rn
are estimated at the temperature, Tnﬁ while the thermal conductivity ky,
and k., are estimated at the temperature, (TnTl + Tnm)/z and (TnIn + Tﬁﬂl)/Z
by interpolation of the tabular data of the thermal properties vs, tem-
perature,

From Eq. (92), the difference approximation for the n-th interior
mesh point for transient and steady state cases is given by

1 mr+l
+ b T, +cpgTop = dp s (93)
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klnyinAt Kpn¥pndt
ap - 2 s Cp T - 2 ’
by = oDy - ap Cpn »
dp = - oa T 0 + oDy +ay + e T = oc Tt
+ At {P(tm;i;)(o;- UP(tm)} any\:[n + anygn) )

and o is 1.0 for transient and 0 for steady state with At = 1.0.
Figure 7 represents two mesh points adjacent gap region. For these

mesh points, the difference equations corresponding to Eq. (91) are _

m+l '
(r,™1 - T ™)

5
AL = (Th_1 - T)kinYin - (T - Tn+l)hgap
v P(t)
* QpY1n P(0) °’ (94)
where
Y _ V'
Dp” = (pcp)lnyln :
hgap = temperature dependent gap conductance,
and m1 - n
(Tp+1 ~ Tnt1)Pna
- s
At = (T, - Tn+l)hgap = (Topp = Toeo) Yent1Mrnt1
v P() |
* Qrn+1¥rn+1 F(0) (95)
where
" _ v
Dp = (pcp)ln+lyln+l .

These two equations can also be rearranged in a similar form to Eq. (93)

using Crank-Nicolson method.

Figure 8 shows boundary mesh points. In ALARM-B2, the following

two boundary conditions are allowed for either the left or right boundary:

3T _
5% 'boundary 0 (96)
3T _ N .

k Sglboundary = = h(Ty - Ty - (97)
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Region 3 (Gap Region)

Region 1 Region 2 Region 4

=—Left Boundary w— Right Boundary

¢ o # & & 8 & fespcensese ¢ ==— Mesh Points

Al

N-1 N = Mesh Point Numbering

fn-1 XN

Fig. 5 Mesh Point Layout

Th-1 Th Tn+l
kln krn
(peplpn__ ___| _(_pip_) I
Yon Yrn |
Ay i e Tj Apq
e ——— e —— YQD—-—:--—— yrn —_—y

n+l=—Mesh Point Number

Fig. 6 Typical Mesh Points

Gap Region
__"Er T
é Th-1 : n n+l} s Tn+2
L= —_—
n-1 n n+1 n+2 ~— Mesh Point Number

Fig. 7 Mesh Points adjacent to Gap Region
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!

where k
h

thermal conductivity at boundary,

heat transfer coefficient,
Ty = surface temperature at Xy,

Tpulk = fluid bulk temperature.

1f the Eq. (96) is applied to the left boundary, the method to
derive Eq. (91) is again used to obtain the difference approximation at
the left boundary, but with the volume of integration as indicated in

Fig. 8. The equation for the mesh point at x = xg becomes

(T0m+1 - Tom) v g v P(t)
At Coepdrgyrg = = Krg¥ro(To = TV *+ Qro¥ro B(o) - 98)
-
______ 1 I
0 l 1 lN- 1 Il
T : L o o & & o & & o o @ | ®
| I
r_____l [
-y —— -——-— YN —
Xy X1 Xy XN-1 N
Fig. 8 Boundary Mesh Points
Approximations for boundary at x = Xy are derived in a similar fashion.
These equations for boundary mesh points are then converted to Crank-
Nicolson formula in the same manner as for the interior points. Thus,
for x = Xg
mtl mt+l _
beTy 4 ¢gTy = dg, (99)
where K s
o o _ —roroht b = o(oc).y"
0 2 ’ 0 - g DCP IOYIO - CO ]
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— v m
dg = - gcgTy™ + c{(pcp)royro + cO}T0
agP(t) + P(tge1)
+ AtQ yv ( m m+1
ro’/ro 2P (0)
For x = Xy
mt+l m+1
a Ty + by = dyg (100)
S
N __kwawtt L v
where ay = - — -, by = 0lpcylinyin ~ 2y »

— _ m v m
dyg = UaNTN—l + 0{(pcp)lNle + aN}TN

o oP(t) + Pltpyp)
+ Qe | 2P (0)

1f Eq. (97) is applied to the left boundary, the difference.

approximations result in

m+l _
0

m

T
0 v oo b s

T
At

v P(t) (101)

The implicit formula for the above equation is

7™ - 1™ Y - R R N T
At (oep)rg¥rg = 95 = KrgVrol 2 - 2 J
+ 8%%%%% {P(ty) + Pltyy)} (102)
where qom = homyob(Tgtlk - Tom)
Equation (102) can likewise be written
boTe™ T + cgTy ™1 = 4o . (103)

Since the term dyp' includes the term qgm, the dg' is given by

dg' = dy + Atqg™. (104)
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For boundary at x = xy, the implicit formula including surface heat [lux,

qy 1s derived:

TIDL"']._TTH
At pPey/1NYiN T 7 ‘N dy
1 m m+1 m
R o - & N
INYIN ) 2
v
Qly
NV 1N
4+ —
75 (0) {P(tm) + P(tm+l)}, {103)
where
1 m+1 b mt+1 mt+1
o™t = -hy vy (Ty - Tpulk)s
m m b m m
ay = -hy vy Ty = Tpuik)

Note that qu+l includes the unknown term TNm+l. Equation (105) can be

also written in the similar formula to Eq. (100) and the known term dy'

is replaced by

dy' = dy + 25 (g™ +

Nt (ay aqy™ - (106)

Thus the difference approximations for the mesh points lead to a tridiagonal

set of N+l equations:

- S -~ . g h
by ¢o Oy 0 T0m+l dg or dg'
a; by ¢ T,™1 d;

8\2 b\2 C\2 T2m+l dz
\ ‘\ \ . =1 . (107)
\ \ . .
\ A N\ . .
\ \ N\ . .
\ \ \
+1
a-1 PN-1 Sn-1 TN-1 dy-1
0 0 a b T m+1 d . dut
S N N - . N v L N 0 N .

Equation (107) in which dN' includes unknown temperature TNm+l is

solved by the following manner. Defining the following egquations:
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C

wo = et <y
O T bg” T by -agwyiy ? T T T T
4 (108)
_do _9i - a38i-1 < 5 < j
go "'boa gl_bi_aiwi-l » 1>41i=2N H]
Eq. (107) is transformed to the equation:
-~ N r N -~ N
L w 0 T g0
1wy T, g1
1wy 1,7t g2
~ ™ . .
\\ “ . = . (109)
- : .
NN . .
AN " ml
1wy TN—ll BN-1
m+
0 1 Ty gy
T~ - ~ e . -~
£ m+l | .
Therefore Ty is given by
dy' - aygn
TNm+l _ bN NeN-1 ] (110)
N = 28N¥N-1
Rearranging Eq. (109) for unknown TNm+l gives
(-aA + hy™thyn @ = By 4 ™ IR (111)
where b
- aywi_
an = - S TOL gNl , (112)
PRRE
At
dy + 5= 4" - anen-1
BR = (113)
At b
2 N
20)

Equation (111) is solved in the following manner

depending on the

correlations used. If the heat transfer correlation is Dittus-Beelter

type, the th+1 is calculated by use of the fluid conditions at m+l-th

time step.

solving the

I
f

f Thom type correlation is assumed, TNm+l is obtained by

ollowing quadratic equation:

ml _ o m+l).l.sep/88.608 )

N {(TN sat
= x 2.713
. 0.072
= BB + AA-T"Tt
= p mFlem mtl m+1
= by (I - Thulid) (114)
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11.2 Heat transfer correlations

The heat transfer model in the ALARM-B2 is based on the THETAl-B and
the RELAP4 models. The heat transfer regimes which could occur during a
typical LOCA in the core region are shown in Fig. 9. Referring to Fig. 9,
Regime A-B is subcooled forced convection which is characterized by
the coolant bulk temperature less than saturation temperature and the
surface temperature low encugh that boiling does not occur. Whenever
the surface temperature is less than saturation temperature, this heat
transfer mode is used since no boiling is pessible. Regime BC is nucleate
boiling and forced convection vaporization. This mode is characterized by
the formation of bubbles from fixed sites randomly distributed over the
surface. In this regime from subcooled boiling to forced convection
vaporization is include with increasing superheat.

With further increase in superheat, bubbles begin to coalesce and
local pathes formed with intermittent explosions of bubbles. The heat
flux decreases with increasing superheat. This transition boiling is
represented by Regime CD. Regime DE 1is film boiling characterized by the
formation of a continuous blanket of vapor film on the heating surface
with bubbles leaving the surface at regular intervals. Regime EF rep-
resents forced convection of super heated steam.

The CHF is calculated at each core heat slab location for each time
step. If the calculated heat flux exceeds the calculated critical heat

flux (Point C of the Fig. 9), the heat transfer regime moves to either

the transition regime or the stable film boiling regime.

Heat transfer correlations and CHF correlations as well as logic of
their selection in ALARM-B2 are the same as those in RELAP420) or
THETAl—Blg). In this section, the following correlations are represented

by English unit.

(1) Pre~CHF Heat transfer Correlatlons
Heat transfer mode number 1-3 and 8 are assigned to the pre-CHF

heat transfer regimes. The pre-CHF heat transfer correlations are as

follows:

(1) Model 1 Forced Convection in Subcooled Liquid

Dittus and Boelterzl)

ke 0.4 ,GDe, 0,8
h = 0.023 () (Prp) " )

, evaluated at Tg (115)
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Twall-Tsat (°C)

Fig. 9 Heat Transfer Regimes
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Turbulent flow of water in circular tube
L/D > 60

0.7 < Pr < 100

Re > 10

(11) Mode 8 Forced Convection in Superheated Vapor

0.4 229)0,8

( . , evaluated at Ty (116)
8

0.023 Kg
h = 0.0 fﬁg)(Prg)

Turbulent flow of steam in circular tubes

Length : 36 in. (0.914 m)
Diameter : 0.5 in. (0.0127 m)
L/D > 26

pressure : 25 to 75 psia (1.758x10% to 5.274x10% kgf/m?)

Inlet temperature : 300 to 1100 °F (148.9 to 593.3 °C)

Wall temperature : to 1800 °F (to 982.2 °C)

Heat flux : 2400 to 31000 Btu/ft’?-hr (1.8081 to 23.362 kcal/m?-sec)

(iii} Mode 2 Nucleate Boiling
Thomzz)

AT ep/lZGO

_ sat 2
q = ( 0073 ) (117)

vertical up flow
Round tube : 0.5 in. (0.0127 m) diameter, 60 in. (1.524 m) length
Annulus : 0.7 in. (0.01778 m) TI.D., 0.91 in. (0.02286 m) 0.D.,
12 in. (0.3048 m) length
Pressure : 750 to 2000 psia (52.7"4><lOL+ to 140.65x10% kgf/mz)
Mass flux: 0.77x10% to 2.80x10® 1lbm/hr-ft? (1.044x103 to
3.798x10°2 kgm/sec-mz)
Heat flux: to 0.5x%10% Betu/ft?-hr (to 3.768 kecal/mZ-sec)

(iv) Mode 3 Forced Convection Vaporization

Schrock and Grossman23)

GDe (1-x) 0,8 1 .0,75

kg 0,4
h = (2.50)(0.023)(523(Prf) [ "
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Water in round tubes

Diameter : 0.1162 to 0.4317 in. (0.002951 to 0.,010965 m)
Length : 15 to 40 in. (0.381 to 1.016 m)
Pressure : 42 to 505 psia (2.95x10% to 35.51x10% kgf/m?)

Mass flux : 0.175x10% to 3.28x10% 1bm/ft2?~hr

(2.374%102 to 4.449%x103 kgm/m?-sec)
Heat flux : 0.06x106 to 1.45x10% Btu/ft2-hr (45.21 to 1093 kcal/m?-sec)
Exit quality: 0.05 to 0.57

Post-CHF Heat Transfer Correlation

Heat transfer mode number 4-8 are assigned to the post-CHF heat

transfer regimes. The post-CHF heat transfer correlations are as follows:

(i) Mode &4 Transition Boiling

McDonough, Milich, and King?“)

4= degp ~ €O (Ty = Ty oyy) ' (119)
P cip)
2000 psia(140.62x10% kgf/m2) | 979.2 Btu/ft?-hr-°F(1.3283 kcal/m?-sec-°C)
1200 " (84.37x10% ")y [1180.8 " (1.6018 " )
800 " (56.25x10% ") 11501.2 " (2.0364 " }

Vertical upflow of water in round tubes
Diameter : 0,132 in. (0.003861 m)
Length : 12,5 in, (0.3175 m)
Mass flux: 0.2x10% to 1.4x106 1bm/ft2-hr (271.25 to 1898.8 kgm/m’-sec)
Wall temperature: Ty < 1030 °F (<554.4 °C)
Pressure : 800, 1200, and 2000 psia (56.3x10%, 84.4x10%, and
140.6x10% kgf/m?)

{(ii) Mode 5 Stable Film Boiling

Groeneveldzs)
k P _
h = 3.27x1073(=8) (Pry ) 11 ER®) (x + —B(1-x))1°+ 70y 00
De ) ug Pf
(120)
p
Y=1,0 - O.l(l—x)o'q(-;£ - l)o'q, Pry y is estimated at Ty
g y
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Vertical and horizontal flow of water in round tubes and annuli
Diameter : 0,06 to 1.00 in. (0.001524 to 0.0254 m)

Pressure : 500 to 3100 psia (35.2x10% to 218.0x10% kgf/m?)

Mass flux: 0.2x10% to 3.0x108 lbm/hr-ft2 (271.2 to 4068.9 kgm/m?-sec)
Quality : 10 to 90 %

Heat flux: 35000 to 700000 Btu/ft?-hr (26.38 to 527.5 kcal/m?-sec)

(11i) Mode 6 Pool Film Boiling

Berenson'szs)'equation is approximated aszo)

q = F(p) (AT )3/“ s (121)

sat

where F(p) is depending on pressure as follows:

p F{p)

15 psia(1.055x10% kgf/m2)|128 Btu/ft?-hr-°F2:75(0.1499 kcal/m?~sec-°Cl+79)
100 " (7.032x10% " )|236 " (0.2764 " )
500 " (35.155x10% " ) [4l12 " (0.4825 " )

1000 " (70.31x10% " ){510 " (0.5973 " )
1500 " (105.65x10% " )1615 " (0.7202 " )
2000 " (140.62x10% " )[705 " (0.8256 " )

Carbon tetrachloride, n-pentane
Horizontal flat plate facing upwards

Pressure : atmospheric

Tf q < 20,000 Btu/ftZ-hr (=15.072 kcal/m?-sec) in the Mode 6
equation, then following equation is evaluated for transition pool

boiling.

(iv) Mode 7 Transition Pocl Boilingzo)

AT 1.504
q = 20,000( mln)ln(ATmin/ZO)
ATsat
(122)
20,000, 4/3
AT- - et Biochall
min ( F(p) )

However, if ATga¢ < 20 °F (11.1°C), then g for the Mode 7 is set
to 90,000 Btu/ft2-hr (=67.825 kcal/m’-sec). The q for Eq. (122) is
interpolated between maximum and minimum heat flux value in log-log

coordinates., The maximum or critical heat flux value used is



(3)

and
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90,000 But/ft2-hr (=67.825 kcal/m?-sec) at the difference value of
20 °F (=11°C) between the cladding surface temperature and the fluid
saturation temperature. The minimum heat flux assumed to exist is
20,000 Btu/ft2-hr (=15.072 kcal/m?-sec) at the superheat AT ;. in
the Eq. (122}.

(v) Mode 9 Low Pressure Flow Film Boiling

Dougall and Rohsenow27)'s correlation is approximated as

h = o.ozscgg)(Prg)o'”[(ggﬁ)(x + g%—(l—x)]o'a, (123)
evaluated at Ty
Vertical upflow of Freon-113 in round tubes
Diameter : 0.408 and 0.108 in. (0.01036 and 0.00274 m)
Length : 15 in. (0.381 m)
Pressure : 2 to 9 psig (0.141x10% to 0.633x10% kgf’g/mz)
Mass flux: 3.32x105 to 8.18x10° Ibm/ft?-hr

(450.29 to 1109.5 kgm/m’-sec)
Heat flux: 14,400 to 41,800 Btu/ftZ-hr

(10.852 to 31.501 kcal/m?-sec)
Quality : up to 50 Z

Critical] Heat Flux Correlations

Ligic for selecting the CHF correlatiocn in ALARM-B2 uses pressure

mass flow rate as a basis for choosing the appropriate correlation.

'The critical heat flux is calculated for core conductors. The babcock &

Wilcox Company B&W—ZZB), Barnettzg), and Modified Barnet30) correlations

are used in the following manner.

p>1500 psia(105.5%x10%kgf/m?)

B&W2
1500 psia(105.5x10%kgf/m2)>p>1300 " (9l.4x10% " )
| Interpolation between B&W2 and Barmett
1300 " (91.4x10% " )>p>1000 " (70.3x10% ")
Barnett
1000 " (70.3 10 " ysps725 M (51.0x10% M)

Interpolation between Barnett and
Modified Barnett
725 " (51.0x10% " }»p Modified Barnett
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A minimum eritical heat flux of 90,000 Btu/ft2~hr (67.825 keal /mZ-sec)
is assumed if the predicted value falls bellow this value.

For mass flux G less than 200,000 Ibm/ft?-hr (271.3 kgm/mz—sec), the
critical heat flux is interpolated between 90,000 Btu/ft?-hr (67.825
kcal/m2-sec) and the value given by the chosen correlation, where the
former corresponds to G = 0 kgm/m%-sec and 200,000 1bm/ft?=hr (271.3

kgm/m?-sec). The interpolation equation is given by

G

m {q(200,000) - 90, 000) . (124)

deHF = 90,000 +

The inlet enthalpy used in the critical heat flux cerrelations is

dependent on the flow direction and is determined in the following manner:

Flow at Normal Inlet Flow at Normal Outlet hip
>0 . =0 h at normal inlet
<0 <0 h at normal outlet
All other cases h of core volume

The correlations are as follows:

{i) Babcok & Wilcox Company, B&W—Zza)

qQCHF ~ 1.15509-0.40703De {(0.3702x108)(0.59137G')B
12.71%(3.0545G" )4

- 0.15208xcyphegC] (125)
where
A= 0.71186 + (2.0729x10"%) (p - 2000),
B = 0.834 + (6.8479x10™%) (p - 2000), (126)

and Gg' = G/106,

Water in rod bundles

Equivalent diameter: 0.2 to 0.5 in. (0.00508 to 0.0127 m)

Length : 72 in. (1.8288 m)

Pressure : 2000 to 2400 psia (140.6x10% to 168.7x10% kgf/m?)

Mass flux: 0.75x108 to 4.0x108 1bm/ft2-hr (1017 to 5425 kgm/m%-sec)
Burnout quality: 0.03 to 0.20



JAERI — M 9655

(ii) Barnet22)

degp = 108 ——F 51 » (127)
where .
A = 67.45D§ﬁ68G'0'192 (1_0_0_7448(~6.512DHYG')),
B = 0.2587Dg; Pler 0+ 817 | (128)
= 1.850D5%" et 0+ 212 [
' = G/106.

For a rectangular conductor geometry, Dgy is set equal to the

input value for the right side hydraulic diameter for the conductor.

Water in annulus: applied to rod bundles using 'equivalent" diameter
Equivalent diameters: 0.258 in. (0.00655m)<Dypp<3.792 in. (0.0963Zm)

0.127 in. (0.00323m)<Dgy<0.875 in. (0.02223m)
Length : 24 to 108 in. (0.6096 to 2.7432 m)
Pressure : 1000 psia (70.31x10% kgf/m?)
Mass flux: 0.14x10% to 6.20%10% ibm/ft?-hr (189.88 to 8409.0 kgm/m’-sec)

(iii) Modified Barnett

6 A + B(hg-hipy)

Gerr = 07y ’ (129)
where .
6.052_ 0.6 - . ]
- 73.7100;"%%61 °+ #%% (1, 0-0.315¢ (711 24PRYC ))§%§ ¢,
= 0.104D53" 76" 0. 691 fe )
= 45 55D1?I{{0817G'0'5866 {130
G' = G/10°.

Water in rod bundles

Rod diameter: 0.395 to 0.543 in. (0.0100 to 0.0138 m)

Length : 32.9 to 174.8 in. (0.8357 to 4.440 m)

Pressure : 150 to 725 psia (10.55x10% to 50.97x10% kgf/m?)

Mass flux: 0.03x10% to 1.7x10% 1bm/ft2-hr(40.69 to 2305.7 kgm/m?-sec)
Inlet subcooling: 6 to 373 Btu/lbm (3.3 to 207.2 kcal/kgm).

11.3 Procedure for selection of heat transfer correlations

The manner in which the heat transfer correlations are selected is
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described in this section. Both at steady state initialization and at
each time step, ALARM-BZ determines the heat transfer mode to be used
for a given heat conductor surface, The logic fer selecting the heat
transfer correlations in ALARM-B2 is essentially the same way as used in
THETAI—Blg) and RELAP&ZO). For the steady state initialization, AA in
Eq. (112) is zero and BB in Eq. (113) is taken as the surface heat flux
level which is estimated on the basis of the localized power generation
rate for the heat conductor such as fuel rods, while for the heat
conductor between two normal fluid volumes such as steam generator tubes,
the surface heat levels for both sides are initially assumed on the basis
of the two fluid temperatures. The steady state heat transfer mode for
the above mentioned heat conductors is determined in an iterative manner.
For the transient state, heat transfer mode, heat flux and surface tem—
perature are obtained simultaneously by use of Eq. (111) and the heat
transfer selection logic.

Referring to Fig. 9, regime A-B (mode 1} represents subcooled forced
convection which is characterized by the coclant bulk temperature less
than saturation temperature and the surface temperature low emncugh that
boiling does not occur. Whenever the surface temperature is less than
saturation temperature, the mode 1 is selected since no beoiling is
possible. Point B in Fig. 9 shows the beginning of the nucleate boiling
regime., The coolant may still be subcooled but the surface temperature
is high enough that some boiling occurs. If the surface temperature is
greater than saturation temperature, both mode 1 and mode 2 are evaluated
and the surface temperatures are calculated by Eq. (111). Referring to
Fig. 9 the correct heat transfer mode is that one which predicts the lower
surface temperature,

Regime B-C of the Fig. 9 is defined by two modes: nucleate boiling,
mode 2 and forced convection vaporization, mode 3. When the void fracticn
is below about 0.8 to 0.9, a bubbly type or slug flow regime will be the
most likely to existlg) whereas for the void fraction below 0.8 the mode 2
is selected. For the veoid fraction above 0.9 the mode 3 is selected
since the flow regime 1s expected to change to an annular or mist flow.
For voild fractions between 0.8 and 0,9, an interpolation between two
correlations is used in order to avoid a discontinuity in the heat flux,.
The mode 3 is applied until the quality reaches 0.95, Above 1.0 quality,

the mode 8, forced convection in superheated vapor is used. Between 0,95
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and 1.0 quality, an interpolation based on quality is made to ensure a
smooth transition from forced convection vaporization (mode 3) to forced
convection in superheated vapor (mode 8). In two interpolations

mentioned above, the relation between void fraction, a and quality, x is

given by

L . (131)

- L+ (1-x)pg

If the heat flux predicted by the pre-CHF correlations is larger
than the estimated CHF, both the transition (mode 4) and stable f£ilm
boiling regime correlations (mode 5) are called. If the pressure is less
than 500 psi (35.2x10% kgf/m?), low pressure flow film boiling (mode 9)
is always called instead of the mode 5. TFor the transition and film
boiling regime, one which gives a larger heat flux is taken to be true.

ALARM-B2 allows the return to the nucleate boiling regime from the
transition boiling regime. In case where the mode 2 predicts heat fluxes
less than the CHF value, indicating a return to nucleate boiling, both
the mode 2 and mode & are evaluated, and the smaller predicted heat flux
is used.

When the fluid quality reaches unity in the film boiling regime
(mode 5), the forced convection in superheated vapor (mode 8) is applied.
A discontinuity exists at the quality of 1.0 between the mode 5 and the
mode 8. To avoid this discontinuity, an interpolation based on quality
45 made over the range of 0.95 to 1.0 between the mode 5 and the mode 8.

If the mass flux drops below 200,000 1bm/ft2-hr (271.2 kgm/m?-sec),
the pool film boiling correlations (mode 6) is applied. If the heat
flux predicted by the mode 6 is less than 20,000 Btu/ftz-hr (15.072
kcal/m?-sec), transition pool boiling correlation (mode 7) is used. For
this regime, if the predicted wall superheat is less than 20 °F (11 °C),
a heat flux of 90,000 Btu/ft2-hr (67.825 kecal/m?-sec) is assigned.

12. Reactor Kinetics

The reactor kinetics model described below is one of the most
important improvements in ALARM-B2, The heat generation in the fuel was
not calculated in ALARM-Bl, because the model for reactor kinetics was

not provided. ALARM-B2 can calculate the heat generation in the core
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&uring the LOCA by incorporating the reactor kinetics.
During LOCA period, there are three sources of energy due to nuclear
reaction. They are the fission power and the decay heat of fission
products and actinides. ALARM-B2 takes all these three into account.
ALARM-B2 has also an option with an input table specifying normalized
power vs. time after scram where the initial core power continues until
the trip has occurred. The description cof calculation of these heat

generations is given below.

12.1 Reactor kinetics model

The fission heat calculated by ALARM-B2 utilizes a point reactor

kinetics model with 6 groups of delayed neutrons, namely:

6
d 6k - B
at n{t) = ———Ef—-n(t) + iilkici(t) , (132)
d _ c 61
at Ci(t) = -24Cy(t) + ' n(t) , (133)
where
n = neutron density,
= effective delayed neutron fraction,
2 = neutron life time,

§k = total reactivity,
Ai = decay constant of delayed neutron precursor of group 1,
Cy = concentration of delayed neutron precursor of group i,

g; = effective fraction for delayed neutron precursor of group 1i.

Normalizing above two equations to initial neutron density, it gives

6
d _BR() - 1) 1
dt n (t) 2 n (t) + 7 ii Blcl (t) ) (13&)
d
T Ci' () = xgfn' (£} - C4' (D}, (1.35)
where
n'(t) = n{t)/n(0) neutron density normalized to initial neutron
density,
R(t) = &k/R total reactivity normalized to the delayed neutron

fraction (S),
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Cci'(t) = EAiCi(t)lsin(O) concentration of delayed neutron group i

normalized to initial neutron density.

Default values of B; and Aizo), if the delayed neutron constants are not
supplied as input data (IPCT=0, ITBL=0), are shown in Table 2.
The reactivity insertion R(t) in Eq. (134) is calculated by:
NOCOR

R{t) = Ry + Ryppglt) + I {Rpi(t) + Rppi(t)} . (136)
i

Table 2 Delayed Neutron Constants
Group Yield g4/B Decay Constants Xj (sec 1)
1 0.038 0.0127
2 0.213 0.0317
3 0.188 0.115
4. 0.407 0.311
5 0.128 1.40
6 0.026 3.87

The first term, Ry represents initial reactivity. The second term,
Rrod(t) represents the reactivity contribution due to control rod inser-—
tion. This reactivity may be supplied by an input table specifying
reactivity vs. the time after scram where the trip time is determined by
the trip control.

The third term Rpi(t) describes the reactivity feedback associated
with changes in moderator density and is estimated from the following
two options.

The equation of option 1 (INWDOP=1) is given by

NOCOR

- AT 1y 1,53

- 45(0) - 2 Bp%(0) - 3 €3%(0) (137)

where Ap, B and Cp are input constants, and p(t) is the average density

p!
weighted by the flow area in the core regiom,
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_ NOCOR NOCOR
o(t) = = Appy(e)/ I Ay . (138)
i=1 i:l

The equation of option 2 (INWDOP=2} is given by

R,; () = R, {%%%%} wpi - Ro{1bw b, (139)
where _
Rpif%%%%} = reactivity as a function of normalized moderator
density for entire core,
a(t) = average moderator density calculated with weighting
factors based on the volumes in the core region,
Wpi = weighting factor for moderator density feedback of

core region 1.

The reactivity Rp is be supplied by an input table specifying reactivity
vs., moderator density. The weighting factors Wpi is also supplied by

input.

The final contribution to reactivity in Eq. (136} is Doppler broaden-

ing of capture resonance due to changes in fuel temperature. This
contribution is also estimated from the following two options.

The equation of option 1 (IDOPOP=1) is given by

NOCOR

lEl RFTi(t) = RFT{al/aZTF +a3 - auTF - 8.5}

- RTF{al/azTF0+a3 - aL'LTFO - 35} ’ (140)
where a,, a,, as, a,, and as are built-in constants in the code, and the
effective fuel temperature, TF is calculated from the equation.

NOCOR _ NOCOR
Tp= I (0.85Tp; + O.lSTsi)Ai/ LA, (141)
i=1 i=1

fuel average temperature of core region 1,

fuel surface temperature of core regiom i,

Ag heat transfer area in core region 1.

A value of -1.0 is normally used as Doppler multiplier, Rgp.

The equation of option 2 (IDOPOP=2) is given by



JAERI— M 9655

Ry () = RFT{TFi(t)}W%T - RFT{TFi(O)}W%T , (142).

where

TFi = gyerage fuel temperature in core region i,

RFT{TFi(t)} = reactivity as a function of average fuel tempera-
ture in entire core,

W%T = weighting factor for fuel temperature feedback of core

region i,

The reactivity Rpq may be given by an imput table of reactivity vs. fuel
temperature. The weighting factor for each core region may also be given
as input data.

In the ALARM-BZ code, the fuel and the moderator temperature
reactivity coefficients are ignored since these effects are included in
the density and the Doppler reactivity functions.

The numerical method to solve Eq. (134) and (135) is similar to that

used in TREKINS) prograr.

12.2 Fission product decay and decay of actinides

Decay of 2357 fission products is calculated by a relationship of
the form of the summation of eleven decay equations which are made so as
to fit the value of ANS standard after the reactor power is stepwise
decreased after infinite operation. Decay heat of actinides is assumed
to be constant fraction, ay.+ of initial core power. This is conservative
because the initial power fraction of the actinides is equal to o, ., and
decreases continuously during the transient.

The equation for decay of 235y fission products is assumed to be

the following equation:

d t
at Xpj T *Djfg%ﬁ% - Xpj) > (143)

where

Xpj = normalized concentration of fission product of group j,

ADj appearent decay constants of fission product of group j.

The normalized power with yield fraction of decay heat group j and

actinides is given by
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11
P(t) _ - - n(t)
P(0) (1 Cans®D Agep) 2(0) + Caxs iilaDjXDj S TR (144)
where
apy = appearent vield fraction of decay heat group 7,
11
o = L 0Ons: s
D j=1 D3

Cansg = multiplying factor for decay energy.

2)

Default values of ap;» ADj and a,..“", if the fission product constants
are not supplied as input data (IPCT=0, ITRI=0), are presented in Table
3. These built-in data are based on the ANS standard for infinite

operating time. Cpyg is given by input data. Equation (143) is sclved

by the same manner as the fission power equatlons are solved.

Table 3 Constants for Fission Product Decay Heat

Group fiziiiznsgitg.g?wzgj Decay constant Apj (sec™1) | %ot
1 0.00299 1.772 0.0032
2 0.00825 5,774x1071
3 0.01550 6, 743x107 7%
4 0.01935 6.214x107 3
5 0,01165 4.739%x10™ "
6 0.00645 4,810x10™ >
7 0.00231 5.344x107°
8 0.00164 5.726x1077
9 0.00085 1,036x107 7
10 0.00043 2.959x107 8
11 0.00057 7.585x107 10
Total 0.06999

"13. Junction Entha]py33)

In order to solve the energy balance on a fluid node, the correct
enthalpy, hij (cf. Eq. (2)) must be assigned to all incoming and exiting
flows. Basically the junction enthalpy is calculated as the average
enthalpy of the node upstream of the junction. However, for nodes with

heat slabs or the bubble rise model, heat being added {or subtracted} to
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the node and enthalpy distribution in the volume must be considered.
Accordingly, ALARM-B2 provides several options for the junction enthalpy
described below. Using subnode model the heat added is given by input
data (NQSTEP>0 in the Subnode Data Cards), the junction enthalpy is
specified as the enthalpy at subnode boundary described in Section III.10.
The code calculation for the junction enthalpy is contrelled by the
symbol JENTH in the Junction Data Cards (see Section 2.8 in Appendix A).

Each option is described below.

(1) JENTH = O

If the bubble rise model is applied to the wvolume upstream, the exit
enthalpy is assumed to be representative of the enthalpy of the fluid in
contact with the exit junction. If the volume upstream is homogeneous and
the enthalpy at the outlet is modified on the basis of the energy equa-
tion within volume Vi. The rate of enthalpy increase due to the heating

within volume V4 at junction j is modeled by the equation:

dh; -
1 —
Ms _EEl + (ahy) W+ uy) =0y, (145)
where
Mi = mass in volume V;,
hij = local enthalpy at junction j of the fluid leaving node i,

(Ahi)q = junction enthalpy change from center of volume to junction

due to heating,

W; = average mass flow in volume Vj,
Wi = mass flow at junction j,
Q; = rate of total heat energy transferred into node i,

Equation (145) can be solved assuming the volume average and junction

flows are occurrent:

new _ 0ld . _ At
3" = (hij ~ QuiJexpl . Py s (146)
where
new . . .
hij = the new time step junction enthalpy,
old . . : .
N hij = the previous time step junction enthalpy,
T = Mi/lwi + Wj >
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Qui = By ¥ Q /Wy +wsl,
h; = average enthalpy of velume Vj,
At = time increment.

If both the bubble rise model and heat slabs are applied to the volume up-
stream, only the change of enthalpy due to phase separation 1is considered,
If the volume upstream is a homogeneous fluid with no phase separation and
no heat slabs, the junction enthalpy is calculated as the average

enthalpy of the volume.

(2) JENTH=1

In this option, logic for the junction enthalpy calculation is almost
similar to JENTH=0 except for the enthalpy change due tc the bubble rise
model. The model described here is provided to assure a smoothly varying
transition between flow from vapor phase and flow from mixture phase.

Figure 10 shows the geometry to be analyzed. ZJ is a height of flow path

center from the bottom of the volume. SMTHL is a mixing length for function

enthalpy calculation, and is given by imput data. The junction enthalpy

is calculated by the following manner:

SM
If (27 + EHL) < ZM, hij = hpix(ZJ}, mixture enthalpy at ZJ.
SMTHL SMTHL
If (ZJ - 5 ) < ZIM < (ZJ + 5 Y, hij = Fhg + (1-Fdhpix,
where 727 + SMTHL oM
F = 2
SMTHL ?

hg = vapor enthalpy

hpix = mixture enthalpy at

M + (ZJ - % SMTHL)
2

SMTHL

If (23 - 3

) > IM, hij = hg, vapor enthalpy.

It should be noted that this model is reasonable for horizontaly connected
junctions, ALARM-B2 however allows to apply this model to vertically

connected junctions.
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Fig. 10 Geometry of a Node for JENTH=1

(3) JENTH=2Z

The option JENTH=2 includes the extended model to account for more
than one phase to exist due to the heating within the velume. This model
is based on RELAPQZO) and uses the steady state energy equation with the
fluid temperature instead of the fluid enthalpy as a dependent variable
to predict the location of the saturation line relative to the volume
inlet and outlet. The temperature profile within the volume provides to

calculate the heat addition from the saturation line interface to the

volume outlet. The temperature equation is

dT

WFycp o7 = hA(Tg = T) ‘ (147)
where
W = volume average flow,

F, = volume flow length
cp = specific heat at constant pressure,
T = fluid temperature within volume,

= average heat transfer coefficient,
A = surface area for heat transfer,

Tg = volume average surface temperature.

Equation (147) is solved for the fluid temperature:
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T =T, - (Tg - Ty)e ", (148)
where
Tin = inlet fluid temperature,
a = hA/|WEgep].

By using Eq. (148), the distance from the volume inlet to the saturation
line, Zga+ {see Fig. 11) is obtained. If the location of the saturation
line, Zga¢ is within the volume, the term Quj in Eq. (146) is modified as

given below:

Qui = by gar * Q' /W + W1, (149)

where
h; ga¢ = saturation enthalpy at the node pressure,
3
heat addition from the saturation line interface to the

il

volume cutlet.

N —— - —_ — — - ——

N —_————— = —

sat o

Win Wout

— W h H—
T D T N N A I,

by, (L7277 7777777777777 77777 777777777777 7,

Fy

Fig. 11 Enthalpy Change due tc Heat Slab
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fhe heat addition Q;' is determined in several ways depending on the

various fluid conditions of inlet and outlet junctions. Basically, the
Qi' is estimated on the basis of the right hand side of Eq. (147). TFor
example, when the average fluid condition of the volume is single phase

and the outlet junction is two phase as shown in Fig. 11, the Q4' is

Z

sat
in = hA]TS - Tsat| (1 - FE Y . (150)
Other logic for determining the junction enthalpy is the same as in

JENTH=1.

(4) JENTH=3
If JENTH=3, the junction enthalpy is calculated as the average
enthalpy of the volume upstream of the junction regardless to the model

used in the volume.
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IV. ALARM-BZ Code Organization

1. Problem Dimension

ALARM-B2 is written in FORTRAN IV for FACOM M-200 computer, and
does not have any overlay structure. Since this code is programmed by
the use of variable dimensioning, it is adjustable optimally relating
to the core size and there are no particular restrictions on the numbers
of nodes or junctions and others. The execution terminated when the
required dimension size exceed the available dimension size which is

determined in the program.

2. Restart and Dump Options

ALARM-B2 generates a dump/restart data file on FORTRAN unit 10,
which contains every necessary information at the specified intervals
during problem execution. Any one of these dumped informations may be
used to initialize the whole system for subsequent calculations. The
dump interval is specified on the Time Step Cards (refer to section 2.4
in Appendix A}.

To use a dump file in restarting for a subsequent calculation, the
file must be mounted on FORTRAN unit 8. The dump number from which the
restart is desired must be specified on the Problem Dimension Card. The
other data required for the restart are only those included on the Time

Step Data Card, the Edit Variable Data Card and the Trip Control Cards.

3. Editing and Plotting

ALARM-B2 provides two kinds of edit functions, i.e., major edit and
minor edit. Frequency of information to be printed is controlled by two
integer data N1 and N2 in the Time Step Data. (see Appendix A, Section
2.4),

Additionally, two plotter routines are available in this code. One
is the built-in routine in this code, and another is plotted through
SPLPACK31). The variables for the internal plotter routine are stored
on the FORTRAN Unit 2 and 3. There is ne limitation on the number of the
variables to be plotted within the program dimension size. The plotting
starts when the calculation is completed. On the other hand, for SPLPACK,

a large number of specified variables is stored on the FORTRAN Unit 11 at
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the frequency specified by input data N4 in the Time Step Data. (see
Section 2.4 in Appendix A). The detailed description of SPLPACK can be

found in the reference 31.

4, Trip Control Options

Control parameters are usually required to simulate a reactor system.
For instance, the pump trip may be initiated at the time when the electric
power is lost. These parameters may be described through the Trip Contrel
Data Cards (see Section 2.5 in Appendix A).

Trips can be controlled by elapsed time, node pressure, mixture
level, water temperature, or junction flow. Each controlling variable
can control multiple actions such as leak area opening, valve action,
fi1l water injection, and so on. Trip control parameters are compared
with specified set points and if the set point condition is satisfied, the
trip action is generated after a specified delay time. Triﬁ‘control para-

meters not yet actuated may be changed or reset at a restart calculation,

5. Required Resources

The ALARM-B2 code uses some common routines given by the JAERI
computer center. The subroutines PACK, UNPACK, and IBCD called in the

input subroutine REAG32) manipulate characters.
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APPENDIX A  Input Data Requirements

1. REAG Input Routine

All input data are read into the ALARM-B2 program in free format via
a generalized subroutine REAG. The subroutine REAG for FACOM M-200
copverts BCD information to integer or fleoating point birary information:
three types, i.e. the type of reading N floating point numbers, the type
of reading N integer numbers and the mixed type of reacing 4*N; charac—
ters, N, integers and N3 floating point numbers, respectively are allowed
by corresponding entries of subroutine,

To explain how to arrange the data, a typical example of the function
of this subroutine is shown below. Suppose the following three punched

cards:

105, 318, -14, 1,5E~3, 3.12E-3/THIS IS A COMMENT,
2(1.0, 1.5), 3(0)/,
1.0, 5%0.,1, 2%-0.2/.

The subroutine will convert BCD number 105 and 318 to their binary
integer equivalents. 1In a similar fashion -14 will be converted to a
negative binary integer and 1.5E-3 will be converted to floating pecint
binary (0.0015). Data punched on a card may be delimited by blank column
or comma. The slash (/) indicates the end of the BCD field to be converted.
If no slash is present 72 columns of the first card are scanned and scanning
the columns of following cards continues so far as to satisfy the number of
required data.

The second card indicates that the data words 1.0 and 1.5 in the
first parentheses and 0 in the second are repeated twice a three times,

respectively and therefore it is equivalent with a card punched as
1.0, 1.5, 1.0, 1.5, 0, 0, O/.

The last card indicates that the first word is 1.0, the second word
0.1 is successively accumulated to the previous word five times and the

last word -0.2, twice. Therefore it is equivalent with a card punched as
1.0, 1.1, 1.2, 1.3, 1.4, 1.5, 1.3, 1.1/.

JAERI-M 4458, "A Subroutine Reading Data in Free Format32)” should be
referred to for more detailed information.

A slash (/) and an aster sign (*) appearing in the first and second
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column respectively identify the card as a comment card. Any information
on the remainder of the card, including blank columns are treated as

comments. Comment cards may be placed anywhere in the input deck.

2. Data Card Summary

The data described in the following are classified by the descriptive
title cards which consist of the numbered and the unnumbered one. In the
numbéred descriptive title cards, the user must specify the card number,
which indicates the descriptive title of the data contained on the follow-
ing cards, The card number 1 to 15 must be punched in the field from the
1st to 72nd column, and remaining columns may be used for a comment.
Respective data are punched on cards following the title card. Except for
the Problem Dimension Card, the order of the numbered title cards may be
arbitrary, but the data cards next to the descriptive title card must be
in the specified sequence. On the other hand, the unnumbered title cards

and the Problem Dimension Card must be in the following sequence.

Descriptive Title Card Number Order
Title Card No Number 1
Preoblem Dimension Card 1 2
Edit Variable Data Cards 2 3716
Time Step Data Cards 3 36
Trip Control Data Cards 4 316
Volume Data Cards 5 3416
Bubble Data Cards 6 3716
Junction Data Cards 7 3016
Jet Pump Data Cards 8 316
Jet Pump Geometry Data Cards 9 316
Recirculation Pump Data Cards 10 316
Leak Table Data Cards 11 3n16
Fill Table Data Cards 12 316
Subnode Data Cards 13 3016
Steam Separator Data Cards 14 316
Plot Variable Data Cards 15 3nl6
Heat Conduction Data Card No Number 17
Kinetics Constants Data Cards No Number 18
Scram Table Data Cards No Number 19
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Descriptive Title Card Number Order
Density Reactivity Data Cards No Number 20
Doppler Reactivity Data Cards No Number 21
Heat Slab Data Cards No Number 22
Core Section Data Cards Noe Number 23
Slab Geometry Data Cards No Number 24
Thermal Property Data Cards No Number 25
Job Termination Card No Number 26

The format of the field (integer, real or floating, or alphanumeric)

is indicated by I, R, or A, respectively, in the following description

2.1 Title Card

The information punched in the first column to 72nd of a card will be

printed at the top of page of out put.

2.2 Problem Dimension Card

Number of entries are 22 integer and one real data.

1-1 NREST
2-1 NEDIT
3-1 NTSC
4-1 NTRIP
5-1 NVOL
6-1 NBUB
7-1 NJUN
8-1 NPUMP

Restart Contol

=0: Calculation starts at initial steady state

»0: Calculation starts at NREST-th restart information
on FORTRAN Unit 8

=-2: Store restart information of FORTRAN Unit 10

=-3: Store restart and plot information on FORTRAN

Unit 10 and 11

Number of edit variables specified by the Edit Variable

Data Cards

Number of time step data cards
Number of trip control data cards
Number of nodes

Number of bubble parameter sets
Number of junctions

Number of pump data sets



17-T

18-1

19-1

20-T

21-T

23-R

NLK

NF1LL

NSUB

NTSUB

NJETP

NJEGRP

NEDITP

NBUF

NSLB

NOCOR

NGOM

NMAT

MAXREG

MAXPNT

POWERI
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Number of leak table data sets

Number of fill table data sets

Number of subnode data sets

Total number of subnodes

Number of jet pump geometry data sets
Number of jet pump data sets

Number of plot variables

Number of core memories to be used for plot

variable data

Number of heat slabs

Number of core region

Number of heat slab geometry data sets
Number of material data sets

Maximum region number of NREG on slab geometry data

cards
MAXREG=MAX1 (NREG(l), ————- , NREG(NGOM))
Maximum mesh point number of heat slabs
NREG(1) NREG (NSLB)
MAXPNT=MAX1(1+ 7%  ISPST(i)),———,(1+ I ISPST(i)))
L 1

Initial power (MW)

2.3 Edit Variable Data Cards

The number of the variables to be edited is NEDIT. The specification

is made by using the following symbols with fixed format (18A4).

Variables with reference to node

Variable ID

AP

™

AT

AD

Average pressure (kgf/m?)
Total mass {kgm)
Average temperature (°C)
Average density (kgm/m?)



AE
AQ
SM
M
LV
GV
LE
GE
ST
SP

M

Variables with

FwW

EN

QF

Variables with
JF
JQ.
FPL
PPL
JE
TPL

GPL
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Average enthalpy
Average quality
Steamn mass

Water level

Specific volume of saturated liquid

Specific volume of saturated steam

Specific enthalpy of saturated liquid

Specific enthalpy of saturated steam

Saturated temperature
Saturated pressure

ILiquid mass

reference to subnode
Mass flow rate
Enthalpy

Heat generation rate

reference to junction
Mass flow rate

Junction quality
Frictional pressure drop
Pump head

Junction enthalpy

Total pressure drop

Gravitational pressure drop

Variable with reference to the system balance

TEB

T™R

TEN

Energy balance
Mass balance

Total heat added during transient

(kcal/kgm)

(kgm)

(m)
(m>/kgm)
(m3/kgm)
(kcal/kgm)
(kcal/kgm)
(°C)

(°c)

(kgm)

{kem/sec)
{kcal/kgm)

{(kcal/sec)

(kgm/sec)

(kgf/m?)
(kgf/m?)
(kcal/kfgm)
(kgf/m?)

(kgf/m?)

(kcal)
(kgm)

(kcal)



TEL
| TR

RV

NQ

Variables with
FT
CT

ST

FQ

Variables with

WQL

WQR

HCL

HCR

SFL
SFR

DNBF
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Total mass leaked

Total energy leaked

Total reactivity

Reactivity due to coolant void
Reactivity due to doppler effect
Reactivity due to control rod change

Normalized power

reference to core region
Tuel average temperature
Fuel ceunter tempgrature
Fuel surface temperature

Heat generation in core

reference to heat slab

(kgm)
{(kcal)
($)
($)
(%)
($)

(°C)
(°c)
(°C)

(kcal/sec)

Heat transfered to ccolant at slab left surface

(kcal/sec)

Heat transfered to coolant at slab right surface

{(kcal/sec)

Heat transfer coefficient at slab left surface(kcal/m2sec®C)

Heat transfer coefficient at slab right surface

Heat flux at slab left surface
Heat flux at slab right surface

DNB heat flux at slab right surface

(kcal/m?sec®C)

(kcal/m?sec)

(kcal/m2sec)

(kcal/mZsec)

Symbols of available region number identification are as follows;

Volume data N1l, N2, —==—- etc.
Junction data Ji, J2, ———— etc.
Subnode data 81, §2, ~—— etc.
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Core slab data Cl, C2, ———=—- etc.
Heat slab data - H1, H2, ————- etc.

System balance data T

Example:

Columm No. 1 2 3 4 5 6 7 8 910 11 12 13 14 15 —————-
A P N 1 F P L J 1 0 oo

2.4 Time Step Data Cards

NTSC data blocks are required. Fach data block consists of 4 integer

entries and 2 floating point number entries.

1-1 N1 Number of time steps per minor edit specified by the

Edit Variable Data Cards

2-1 N2 Number of minor edits specified by the Edit Variable

Data Cards per detailed edit

3-1 N3 Number of detailed edits per restard information edit
4-T N4 Number of time steps per plot infermation edit

5-R X1 Time step size (sec)

6-R X2 End of current time step data (sec)

2.5 Trip Control Data Cards

NTRIP data blocks are required. Each data block consists of 4

integer entries and 2 real number entries.

1-1 IDACT Action to be taken

=1 : End of problem

=2 : Open leak

=3 1+ Trip pump

=4 1 Start fill

=5 : Reactor scram

6<|IDACT|<20 : Open or close valve
|IDACT| must be equal to |IVALVE
IVALVE is a variable contained in the junction
data. If IDACT<0Q, junction valve will be

closed, and if IDACT>0, junction valve will be
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open with trip signal.
If ~-5<IDACT<0, end of Action 1 to Action 4 e.g. if
IDACT = -2, all leak will stop.
1f user wants to control each system data set such
as 1lst fill data set, two-digit-integer number which
consists of data set number and TDACT, can be read in
i.g., if IDACT = 28, the leak from junction with 8th

leak data set will start.

2-1 IDSIG Signal being compared
=1 : Elapsed time (sec)
=2 : Pressure (kgf/mz)
=3 : Mixture level (m)
=4 : Water temperature (°C)
=5; Dummy
=6: Inter-mode flow {(kgm/sec)
If IDSIG>0, the action will start when the signal
exceeds the signal set point during transient.
If IDSIG<0, the action will start when the signal

drops below the signal set point.during transient.

3-1 IDVOL Node or junction index

The node or junction number checked as signal.

4-T IDOPT Optional node or junctien index
If IDOPT>0, the absolute difference value for IDVOL
and IDOPT is checked as signal.

5-R SETPT Signal set point

6-R DELAY Delay time for initiation of action after reaching

set point,

2.6 Volume Data Cards

NVOL data sets are required. Each data set consists of 5 integer

entries and 7 floating point number entries and tabular input data are

optionally required.

1-1 IBUB Bubble data index
If bubble rise model is not applied to the node, set

IBUB = 0.
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2-1 IMOV Upper node number
IMOV indicates the upper node number to be connected,
when the mixture level of this node reaches the
bottom of this node. If this opticn is not required,
set IMOV=0.

3-1 T™MLO Lower node number
IMLO indicates the lower node number to be connected,
when the mixture level of this node reaches the
bottom of this node. If this option is not required,
set IMLO=0.
The program does not permlt both IMOV # O and
IMLO#0 at the same time.

4-1 ISUB Subnode data index*)
If the node has no subnodes, set ISUB = O,
If the node is conmected to any heat slab, set ISUB#0,
additionally set NOSUB=1 and NQSTEP<O0 in ISUB-th
subnode data.

5-1 17 Number of data points for the table of the node
-cross—-section vs. the node height above the bottom.
If there is no cross-section change, set IZ = 0.

6-R P Node pressure (kgf/m?)

7-R TEMP Node temperature, enthalpy or quality.
1f TEMP>1, TEMP is average temperature (°C),.
If O<TEMP<l, TEMP is average quality of mixture.
1f TEMP<Q, TEMP is average enthalpy (kcal/kgm).

8-R Y Volume (m3)

9-R ZVOL Volume height from the bottom to the top (m)

10-R vt Mixture level from the bottom (m)

*) When the heat transfer model is used (NSLB>0 in the Problem

Dimension Card), input data have to be set so as to satisfy the
following rules,
(1) In the Volume Data of the node which is connected with any heat

slab,

set ISUB>0.

(2) 1In the Subnode Data specified by (1), set NOSUB=1 and NQSTEP<O.
(see Appendix A, Section 2.14)

The reason is that any node of considering heat transfer from heat

slab is programmed as a single node.
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11-R ELEV Elevation at the bottom of the node (m)

12-R QAV Steady state heat addition to the filuid (kcal/sec)
If ISUB=O0, set QAV=0..

1f IZ>1, the following data are required. This data bleck consists
of 2 1Z floating point number entries for table of the node cross-section

vs., node height.

Data must be arranged as follows;
volume height Z; (m), cross-section 5) (m?), volume height Zj,

cross section 55, ——=—— , volume height ZIZ’ cross—section SIZ'

' Above data block must punch on refreshed cards.

2.7 Bubble Data Cards

NBUB data blocks are required. Each data block consists of two

floating number entries.

} 1-R ALPHA Bubble gradient parameter
| 1.<ALPHA<2.
2-R VEBUB Bubble velocity (m/sec)
0.<VBUB

2.8 Junction Data Cards

NJUN data blocks are required. FEach data block consists of 6 integer

entries and 14 floating point number entries.
1-1 NIN Node number at junction inlet

2-1 NOUT Node number at junction outlet
If the junction is a leak junction, NOUT<0. If the
junction is a £ill junction, NIN<Q. If the junction
is suction or drive of jet pump, NOUT=0. If the

junction is throat of jet pump, NIN=0.

3-1 IPUMP For NIN>0 and NOUT>0 {(normal junction), IPUMP is
recirculation pump data set number and if there is
no pump, set IPUMP=0,

For NIN>0 and NOUT<0 (leak junction), IPUMP is leak

data set number.



4-1

6-1

7-R

9-R

10-R

IVALVE

JENTH

JCHOK

AJUNC

DJUNC

FJUNC
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For NIN<0 and NOUT>0 (fill junction), IPUMP is fill

data set number.

Valve index |IVALVE|>6
If IVALVE>6, initial open valve.
If IVALVE<-6, initjal close valve.

Junction enthalpy smoothing option index O<JENTH<3
See Section IIT.13.

Junction choking index 0<JCHOK<10
See Table 1 in Section IIT.5.

Tnitial junction mass flow rate (kgm/sec)

Flow area for choked flow claculation (m?)
(a) For NIN>0Q and NOUT>0 (normal junction)
If AJUNC<0., no chcked flow calculation.
If AJUNC>0., flow area for choked flow calculation.
(b) For NIN>0 and NOUT<0O (leak junction)
If time dependent leak flow area A given in the
Leak Table Data Cards is negative, AJUNC must be
ZEYO.
I1f time dependent leak area A>0. and AJUNC<O.,
AJUNC is not used.
Tf time dependent leak flow area A>0. and AJUNC>O0.,
AJUNC*A is used as flow area for cheked flow
calculation.
(¢) For NIN<OQ and NOUT>0 (fill junction)
AJUNC must be zero.

Junction equivalent diameter {(m)

DJUNC is used only for frictional pressure drop calcu-
lation.

If DJUNC=0., the loss coefficient is RJUNC or calculated
from initial momentum balance.

If NIN<O or NOUT<D, set DJUNC=0..

Junction flow area (m?)
FJUNC is used only for fanning friction factor
calculation.

If DJUNC=0., set FJUNC=O0..
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11-R XLJUNC Junction equivalent length (m)
XLJUNC is used only for frictional pressure drop
calculation.

If DJUNC=C., set XLJUNC=0..
12-R ZJUNC Junction elevation (m)

13-R ENRTIA Junction effective L/A (m™1)
If NIN<O or NOUT<0, set ENRTIA=0..

14-R RJUNC Steady state loss coefficient (sec?-kgf/md—kgm)
If RJUNC=0. and DJUNC=0., loss coefficient is calcu-
lated from initial momentum balance.

If NIN<Q or NOUT«0, set RJUNC=0..

15-R RNJUNC Steady state loss coefficient for reverse flow
(sec?-kgf/mS-kgm)
If RNJUNC=0., reverse loss coefficient is the same

as for normal flow condition.

16-R CSAT Coefficient for choked flow at saturated condition

If CSAT<0., CSAT is regarded as 1.0 in the code.

17-R CSUB Coefficient for choked flow at subcocled condition
I1f CSUB<O. and JCHOK#2, 3, or 4, CSUB is regarded
as 1.0 in the code.

If CSUB<0. and JCHOK=2, 3, or 4, CSUB is regarded
as 0,64 in the code,

18-R Cz2 Multiplying factor for saturation pressure in
Zaloudek's critical flow equatiom
€Z2 is used only when JCHOK=2, 3, or 4.
Tf Cz2<0. or €Z22>1., CZ2 is regarded as CZ2=0.9 in

the code.

19-R XTRAN Upper bound quality of transition region of critical
flow (see Section III.5) '
If XTRAN<O. or XTRAN>1., XTRAN is regarded as (.02

in the code.

20-R SMTHL Mixing length for junction enthalpy smoothing calcula-

tion (see Section III.13) (m)
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2.9 Jet Pump Data Cards

NJEGRP data blocks are required. FEach data block consists of 5

integer entries and 1 floating point number entry.

1-T

JMOPT

IJPUMP

JETGRP (1)
JETGRP (2)
JETGRP (3)

PIN

Jet pump model option (see Section IIL.7)
=1 : uses Method 1

=2 : uses Method 2

=3 ; uses Method 1 and Method 3

=4 : uses Method 2 and Method 3

Jet pump geometry data set numher
Suction junction number

Drive junction number

Throat junction number

Outlet pressure of jet pump suction flow

If the loss coefficient for jet pump junctions are
entered, set PIN=0..

If PIN<0., |PIN| indicates steady state frictionmal

pressure drop for suction flow.

2.10 Jet Pump Geometry Data Cards

NJETP data blocks are required, FEach data block consists of 11

floating point number entries.

9-R

AS

AD

AT

ADTF

DL1

DL2

DL3

DL4

AJS

Suction inlet flow area (m?)

Drive nozzle flow are (m?)

Throat flow area (m?)

Diffuser outlet flow area (m?)

Flow path length for mixing section (m)
Flow path length for diffuser section (m}

Flow path length from diffuser outlet to lower plenum

inlet (m)
Dummy input, set DL4=0..

Downcomer flow area (mZ2)
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10-R AJD Jet pump drive pipe flow area (m?)

11-R AJJ Lower plenum flow area (m?)

2.11 Recirculation Pump Data Cards

NPUMP data sets are required. Each data set consists of two data

bleocks and tabular input data.
(1) Data set for the pump model using homelogous law (see Section III.8)

(1) The first data block consists of 9 integer data entries.,

1-I N1 Number of data points for (A) characteristic curve
2-1 N2 " (B) "

3-I N3 " (C) "

4-1 N4 " (D) "

5-1 N5 " (E) "

6-1 N6 " (F) "

7-1 N7 " (G) "

8-1 N8 " 43} "

9-1 N9 Number of data points for NPSE (kgf/m?) vs. mass flow

rate (kgm/sec)

(ii) The second data block consists of 9 floating point number

entries.

1-r HLOSX Maximum head loss (see Eq. (80)) (m)
If HLOSX=0., calculated in the program.
1f HLOSX=-1., another pump model is used.

2-R CAVC Cavitation constant (kgf/mz)

3-R RHOO Rated fluid density (kgm/m3)

4-R HEADO Rated pump head (m)

5-R QQ . Rated volumetric flow rate (m3/sec)

6-R XNO Rated pump speed (rad/sec)

7-R TO Rated hydraulic torque (kgfe.m)



(2)

1-1

1-R

3-R
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XIM Tnertia moment of rotor (kgm'mz)

XKSR Loss coefficient of stalled rotor (kgf-secszgm-ms)

{iii) Fach data block from the third to eleventh is tabular input,.
Entries for each block are twice the number of data points (N1, N2,
————— , N9), For each pump characteristic curve, normalized values
are used. On the other hand, for NPSH curve the tabular data are
given in real value. Data must be arranged as follows:

independent variable XA;, dependent variable YA;, ———-——-

Pump model using head and quality correlation (see Section I11.8)

(i) The first data block has 9 integer entries. Each entry indicates

that number of data points for W-H curve at given quality plus one.

M1 Number of data points for characteristic curve at

quality x3(=0.)

M2 Number of data points for characteristic curve at
quality %,
M3 " " at quality xj
M4 " " " Xy,
M5 " " " Xy,
M6 " " " X
M7 ' " " " X
M8 " " " Xg
MS " " " Xq

(ii) The second data block has 9 floating point data entries.

HOPT Set HOPT=-1.0
TCONST Time constant for calculating inertia moment (sec)
FHT Frictional torque constant (kgf-m)
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4-R HO Pump head at mass flow rate W=0. (kgf/m?)

5-R Qo Mass flow rate at pump head H=0. (kgm/sec)

6-R NO Pump speed at steady state (rad/sec)

7-R TO0 Set TO=0,

8-R T0 Set I0=0.

9-R XKSR Loss coefficient of stalled rotor (kgf-secszgm-m5)
(iii)} Each data block from the third to the eleventh has twice the
number of data points (M1, ----, M9). Data must be arranged as
follows:

quality xj, dummy 0.0, normalized mass flow WXl;, normalized

head HXly, ———- , normalized mass flow WXlyj_1. normalized head
HXIyi-1

Ko, 0.0, szl, HX21, —————————— » WXZMZ—]_’ H.XZMZ__]_

Xg, 0.0, WX91, HX91, —————————— s WXQMQ 1> HXgMg_l

2.12 Leak Table Data Cards

NLK data sets are required. Each data set consists of a data block

having 2 integer and 5 floating point data entries and tabular input.

(1
1-I

2-T

The first data block

NAREA

ICHOKE

STINK

CONCO

CSUBL

Number of data points for leak table

Choking index for leak junction
0<ICHOKE<10
Refer to IT1I.5, Table 1.

$ink pressure (kgf/m?)
Multiplier for choked flow at saturated conditieon

If CONCO<O., CONCO is regarded as 1.0 in the code.

Multiplier for choked flow at subcooled condition

1f CSUBL<O. and ICHOKE#2, 3, or 4, CSUBL is regarded
as 1.0 in the code.

1f SCUBL<0. and TCHOKE=2, 3, or 4, CSUBL is regarded

as 0.64 in the code.
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6-R CZ2ZL Multiplier for saturation pressure in Zaloudek's
equation
CZ2L is used only when ICHOKE=2, 3, or 4.
If CZ2L20. or CZ2Lz1l., CZ2L is regarded as 0.9,

7-R XTRNL Upper boundary quality of transition region of
critical flow (see Section III.5)
Tf XTRNL<0O, or XTRENL>1l., XTRNL is regarded as 0.02

in the code,

When the junction is the leak junction, the input data TCHOKE, CONCO,
CSUBL, €Z2L, and XTRNL in the Leak Table Data Cards are used in the
critical flow calculation, but the input data JCHOK, CSAT, CSUB, CZ2Z,

and XTAN in the Junction Data Cards are neglected.

(2) The second data block has 2*NAREA floating peint number entries.

Data must be arranged as follows:

time ty (sec), flow area A;, time t;, flow area A;, —--——- .

time tyAREA, Tlow area Anarpa

If flow area A>0., the value of A is normalized flow area to junction
flow area AJUNC,

If flow area A<0., the value of A is mass flow rate (kgm/sec).

2.13 Fill Table Data Cards
NFILL data sets are required. FEach data set consists of a data block
having 2 integers and 2 floating point entries and tabular input.
(1) The first data block
1-1 IFILL Number of data points for fill table

2-1 IX Independent variable index
If TX=0, time (sec).
If TX>0, node pressure (kgf/m?).
If IX<0, differencial pressure of node and fill

reservoir (kgf/m?).
3-R FILPRS Pressure in fill reservoir (kgf/m?)

4-R FILTEM Temperature in fill reservoir
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If 0.<FILTEM<1,, reservoir quality.
If 1.<FILTEM, reservoir temperature {°C)

If FILTEM<0., reservoir enthalpy (kcal/kgm)

(2) The second data block has 2*IFILL floating point entries. Data

arrangement is the same as in the Leak Table Data Cards.

time t] (sec), flow rate W; (kgm/sec), time tp, flow rate Wy, -—-

———————— time tIFILL’ flow rate WIFILL

2.14 Subnode Data Cards

NSUB data sets are required.
(1) The first data block has single integer entry.

1-I NOSUB Number of subnodes

If the node is connected with any heat slabs, set

NOSUB=1.

'(2) The second data block has NOSUB integer entries.

1-T NQSTEP(1) Number of data points for power vs. time table for

the first subnode.

NOSUB-I NQSTEP(NOSUB) Number of data points for power vs. time table
for the NOSUB-th subnode.
Tf the node is connected with any heat slabs, set

NQSTEP<O0.

(3) The third data block is required if NQSTEP>0, and has NOSUB floating

point entries.
1-R VSUB(1) Volume of the first subnode (m?)

2-R VSUB(2) " second " (m3)
NOSUB-R VSUB(NOSUB) Volume of the NOSUB-th subnode (m3)

(4) The fourth data block is required if NQSTEP>0. For each subnode,

time (sec) vs. power (kcal/sec) table data are given with refreshed
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card every subnode. Therefore NOSUB blocks are required. Data arrange-

ment is the same as in the Leak Table Data.

time tlj, power Ql,, time tl,, power Ql;, ———-————--—=————

-—— time tlyggep(1)» POwer QlygsTEP(1)
t2y, Q21, t2p, Q2p, —=-=—=—--——= » t2NgsTEP (2), Q2NQSTEP(2)

tNOSUB;, OQNOSUB), tNOSUBy, QNOSUBy, ——==———=————=——==——==

"""" » TNOSUBNQSTEP (NOSUB) s QNOSUByosTEP (NOSUB)

2.15 Steam Separator Data Cards

Two data blocks are required.

(1) The first block has 2 integer entries.

1-1 JSEP Node number feeding the steam separator

If this option is met required, set JSEP=0.

2-T NiITA Number of data points for table of steam separator

efficiency vs. mixture level evaluation,

(2) The second data block has 2*NIITA floating point number entries.

Data arrangement is the same as in the Leak Table Data Card.

mixture elevation Z; (m), efficiency n;, mixture elevation Zj,
efficiency nz, ——===———————————m————— - —— o=
————— , mixture elevation ZyyyTa, efficiency nyryra

2.16 Plot Variable Data Cards
(1) The first data block has one integer entry.

1-1 IPL Plot data editing option index

=0 : Not store plot information.

=1 : Store plot information for plotter program
SPLPACK on FORTRAN Unit 11.

=2 : Store plot information for the built-in routine
of ALARM-B2 on FORTRAN Unit 2.

=3 : Store plot information for both SPLPACK and
built-in routine of ALARM-B2 on FORTRAN Unit 11
and 2.,
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"(2) The second data block is required if TIPL=2 or 3, and has 2 floating

point number entries.
1-R X1 Length of X-axis (mm)

2-R X2 Length of Y-axis (mm)

(3) The third data block is required if IPL=2 or 3, and has NETDITP*2
alphanumeric entries. Data arrangement is the same as in the Edit
Variable Data Cards. The following symbols are available for the built-

{in routine of ALARM-B2, These parameters are the same as in the section

2.3 in Appendix A.

Variables with reference to node
AP s ™ , AT , AD s AE . AQ .
SM . M . LV ) GV . LE , GE ,
ST . SP . LM .

Variables with reference to subnode

FW , EN , QF

Variables with reference te junctions

J¢) , JQ , FPL , PPL , JE , TPL ,
GPL

Variables with reference to the system balance

TEB , T8 , TEN , TML , TEL

Symbols of available reglon number identification are as follows;

Volume Data N1, N2, etc.
Juncticn Data J1l, J2, etc.
Subnode Data 51, 82, etc.

System Balance Data T

2.17 Heat Conduction Data Card

The user must punch a zero "0" sign in the first column. If the heat
slab is used (NSLB>1), the next data cards following the "0" sign data
contribute to the heat conduction calculation and the reactor kinetics
calculation. If the heat slab is not used (NSLB=0), this card (0" data)

indicates termination of data sets.
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Kinetic Constants Data Cards

This data set is required only if NOCOR>1. Data set consists of

following three data blocks.

(1

The first data block has 2 integer entries and 3 floating point

number entries.

1-T

(2)

1-T

TPCT Normalized power {(P(t)/P(0)) calculation indicator
=0 : Reactor power is calculated in the code by
point reactor kinetics equation with one prompt
neutron group plus six groups of delayed
neutrons plus eleven fission gamma emitters.
=1 : Normalized power is given by tabular input

(time vs, P(£)/P(0)).

INTBL Kinetics parameter indicator
=0 : use built-in data
=1 : use input data for decay constants and yields
of both delayed neutron groups and fission

gamma emitters

BETABL Effective delayed neutron fraction over mean lifetime

(B/R) (sec™!)
REACO Initial reactivity (Rg) ($)

CANS Multiplying factor for decay energy
Tf CANS<0, the code regards as CANS=1.0.

The second data block is required only if IPCT=1.
(i) The first data card has one Integer data entry.

NTVSNP Number of data points for normalized power vs. time

table

(ii) 2*NTVSNP floating point number entries are required on the

refreshed card. Data arrangement is as follows:

time tj(sec), normalized power (P(t1)/P(0)), time ty,
normalized power (P(ty)/P(0)) , ——————=————m—m—————o
-———, time tyTYSNPS normalized power (P(tNTVSNP)/P(O))
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Time values are in ascending order.

(3) The third data block is required only if IPCT=0 and ITBL=1, and

consists of 5 data blocks.

(1) The first data block has 6 floating point number entries.

Normalized effective delayed neutron fraction (Bieff/Bqff, i=1, 6).

(ii) The second data block has 6 floating point number entries.

Decay constants of delayed neutron groups (A, 1=1,6) (sec™1)

(i1i) The third data block has 12 floating point number entries.
Energy fraction of fission gamma groups and total fraction

11
(aj, 1=1,11, % oy)
1

(iv) The fourth data block has 11 floating point number entries.

Decay constants of fission gamma groups (le, j=1, 11) (sec™1)

(v) The fifth data block has one floating point number entries.

Energy fraction of actinide decay heat {aget)

2.19 Scram Table Data Cards

This data set is required oqly if NOCOR>1 and IPCT=0, and consists

of following two data blocks.

(1) The first data block has cne integer entry.

I-1 NSCRAM Number of data points for scram data table

(2) The second data block has 2*NSCRAM floating peint number entries.

Data arrangement is as follows:

time t;(sec), reactivity Rpod; ($), time tp, reactivity Ryqqd,,

time UNSCRAM? reactivity RrOdNSC .

2.20 Density Reactivity Table Data Cards

This data set is required only if COCORz1 and IPCT=0, and consists of

4 data blocks.
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(1) The first data block has one integer entry.

i-1 INWDOP Density reactivity calculation indicator
=1 : option 1 (calculated weighting factors 1n core

regions)

=2 : option 2 (input weighting factor)

(2) The second data block is required only if INWDOP=1 and has 3
floating point number entriesﬁocohese entries are the coefficients in
R

polynomial fitting equation; z Rpl(t) = AROH- (t) +-l BROH- p 2 ()

+% CROH-p3(t) - AROH-p(0) - % BROH*p2(0) - 3 CROH-p3(0) for density
reactivity feedback.

1-R AROH Coefficient in fitting equation

2-R broh Coefficient in fitting equation

3-R CROH Coefficient in fitting equation

(3) The third data block is required only if INWDOP=2 and consists of

two data blocks.

(i) The first block has one integer entry and NOCOR flecating point

number entries.
1-1 NROARO Number of data points for reactivity data table

2-R WRON(1) Reactivity weighting factor for the first core region

NOCOR+1-R  WROH (NOCOR) Reactivity weighting factor for the NOCOR-th

core region

(ii) The second data block has 2%NROARO floating point numbexr

entries. Data arrangement 1is as follows:
normalized density to steady state value p1/pg, reactivity

Rpls __________________________________________

-—, normalized density ONROARO/ P 0> reactivity Roepoapo

2.21 Doppler Table Data Cards

This data set is required only if NOCORz1 and IPCT=0 and consists of

following four data blocks. (see Section TI1.12)
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{1} The first data block has one integer entry.

1-1 IDOFPOP Doppler reactivity calculation indicator
=1 : option 1 (use fitting equation for Doppler
reactivity)

=2 : option 2 (use Doppler tabie data)

(2) The second data block is required if TDOPOP=1, and has one flcating

point number entry.

1-rR RFT Constant in fitting equation for Doppler feedback
reactivity (RFT<O.)'

(3) The third data block is required if IDOPOP=2, and consists of two
data blocks.

(i) The first data block has one integer entry and NOCOR floating

point entries.
-1 NTEREA Number of data points for Doppler table data

2-R WFT(1) Doppler reactivity weighting factor for the first

core region

NOCOC+1-R WFT(NOCOR) Doppler reactivity weighting factor for the
NOCOR-th core region

(ii) The second data block has 2*NTEREA floating point number entries.

temperature Ty (°C), Doppler reactivity RfT1($)’ “““““““““
—————— temperature TyTErEa, Poppler reactivity RfTNTERA

2.22 Heat Slab Data Cards
This data set consists of NSLB data block.

(1) The first data block has 3 integer entries and 8 floating point

number entries.

1-T IVSL Node number at left slab surface (-1<IVSL<NVOL)

2-1 IVSR Node number at right slab surface (-1<IVSRZNVOL)
A zero value for either IVSL or IVSR means that the
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slab surface dees not conduct heat,

-1 value for either IVSL cr IVSR means that there is
a constant heat sink on the -1 side. For this case,
two more input quantities are needed: a constant
heat transfer coefficient and a removal fraction of
the total power initially generated.

At least one of the quantities IVSL or IVSR must

be greater than zero.

If a heat slab is a core section, IVSL must be zero.
Geometry index (1<TGOM<NGOM)

Heat transfer area at left slab surface (m?)

Heat transfer area at right slab surface (m?)

Volume of heat slab (m3)

Left side hydraulic diameter (m)
If IVSL>0 and HDML=0., HDML will be set to V4S/m,

where § is cross—sectional area of IVSL.

Right side hydraulic diameter (m)
If TVSR>0 and HDMR=0., HDMR will be equal to Y4S/m,

where 8 is cross—-sectional area of TVSR.

Height of bottom of heat slab above bottom of node
IVSL
If IVSL<(, set SBOTL=0..

Height of bottom of heat slab above bottom of node
TIVSR
If IVSR<0, set SBOTR=0..

Slab height from the bottom to the top of heat slab

The second data block is required if either IVSL or IVSR equal to

and has 2 floating point number entries.

PFR

HTC

Removal fraction of the total power initially

generated

Constant heat transfer coefficient (kcal/mZ-sec-°C)
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2.23 Core Section Data Cards

NOCOR data sets are required if NOCORz1. Fach data set consists of

one integer entry and 3 floating point number entries.

1-T

2-R

3-R

ISLB

CHANL

HEDIA

POWFR

S1lab number (1<ISLB<NSLB)
Channel length (CHANL>0.) {(m)
Heated equivalent diameter (HEDIA>0.) (m)

Fraction of power generated in core section

(0.<POWFR<1.)

NOCOR
% POWFRy=1.0
i

2.24 Slab Geometry Data Cards

NCOM data sets are required and this data set consists of two blocks.

(1)

number entries.

1-1

7-R

8-R

JGOM

NREG

IHTMOD

IMATID (1)
ISPST(L)

WREG (1)

POFRRG (1)

RDLFT

The first data bleck has 5 integer entries and 3 floating peoint

Geometry type
=1 : Rectangular

=2 : Cylindrical
Number of region (NREG>1)

Heat conduction calculation indicator
=) : Heat conduction model

=1 : Point heat transfer model
Material index of the first region (1<SIMATIDSNMAT)
Number of space steps for the first region {ISPST>1)

Region width of the first region {m)

Negative value is also permited.
Fraction of slab power generated in the first region

Radial distance from right surface to left surface {m)
RDLFT=0. for a solid rod
If WREG(1)<0., RDLFT means outer radius.
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(2) The second data block is required if NREG>2, and consists of
NREG-1 data blocks. Each data block has 3 integer entries and 2 float-

ing point number entries.

1-1 IGAP(J) Gap indicator for region J
=0 : nc gap region

=1 : gap regiomn
2-1 IMATID(J) Material index for region J (1<IMATID(J)<NMAT)

3-I ISPST(J) Number of space step (1<ISPST(J))
I1f IGAP(J)=l, set ISPST(J)=1.

4-R WREG (J) Region width of the J-th region (m)

5-R POFRRG(J) Fraction of slab power generated

.25 Thermal Property Data Cards

NMAT data sets are required. Each data set consists of following

data blocks.
(1) The first data block consist of 2 data blocks.
{i) The first data block has one integer entry.

1-I NTATK Number of data points for thermal conductivity vs.

temperature table.

(ii) The second data block has 2*NTATK floating point number

entries, Data arrangement is as follows:

temperature T;(°C), thermal conductivity ki (kcal/m-sec=°C),

————————— , temperature TyTaTK, thermal comductivity Kgn...

Temperature values are in accending order.

(2) The second data block consists of 2 data blocks.
(i)} The first data block has one integer entry.

1-T NTARC Number of data points for volumetric heat capacity

vs. temperature table

(ii) The second data block consists of 2*NTAHC floating point number

entries. Data arrangement is as follows:
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temperature T1(°C), volumetric heat capacity (pcp)l

(kcal/m’-°C) , ——————- , temperature Typayc, volumetric

heat capacity (Dcp)NTAHC

Temperature values are in accending order.

(3) The third data block consists of twe data blocks.
(i) The first data block has one integer entry.

1-1 NTAGAP Number of data peints for gap conductance vs.

temperature table

(ii) The second data block has 2*NTAGAP floating point number

entries. Data arrangement is as follows:

temperature T1(°C), gap conductance hgap, (kcal/m?-sec-°C),

_______ , temperature Typagaps 82P conductance hgapym,oap

Temperature values are in accending order.

2.26 Job Termination Card

The user must be punch a "END" word in the first three columns.

This card indicates the end of the data set.

3. Input Data for Restarting

The following data blocks are required for restarting. Except for
‘the Title Card, each data bleock is indicated by the descriptive title card
number. The input scheme is the same as in the original rum described
in Section 2 of Appendix A. When some of the following data blocks are
neglected, old data specified in the previous run was uged at a restarting.
The restart data files produced by some sequential runs must be mounted

on FORTRAN Unit 8. The descriptive title cards are as follows:

Descriptive Title Card Number
Title Card No Number
Problem Dimension Card 1

Edit Variable Data Cards 3
Time Step Data Cards 4
Trip Control Data Cards 5
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3.1 Title Card

The run title must be punched in the first column to the 72nd on
the card, and will be printed at the top of the page of out put. This

information must be identical to the title of the previous run.

3.2 Problem Dimension Card

Number of entries are 22 integers and one floating point number.
The first 4 integers must be changed, and the last 18 integers and one

floating point number must be equal to those of original run.

1-1 LDMP LDMP-th restart number of the previcus run where

restart is to begin

2-1 NEDI Number of minor edit variables

NEDI must be less than or equal to that of the

original run.

3-1 NTC Number of time step data cards

NTC must be less than or equal to that of the original

rumn.

4T NTRP Number of trip control data cards
NTRP must be less than or equal to that of the

original rumn.

5-1 NVOL NVOL must equal to that of the original run.
22-1 MAXPNT ' "
23-R POWERI "

3.3 Edit Variable Data Cards

NEDI variables are to be edited, and the same rules apply as for the
original problem. The quantities being editted on the new run needed not
have any relation to those of the original run. If this data set is not

entered, the same variables are editted as in the previous run.
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3.4 Time Step Data Cards

NTC data blocks must be entered. The same rules apply as for the
original problem. The time step sequence on the new run need not have
any relation to that of the old run. No card reffering to problem
times previous to the point of restart will be used, but they may be

inputted,

3.5 Trip Control Data Cards

NTRP data blocks are required. The data blocks for any trips to
remain actuated once the signals are received, must be reentered with the
same specifications as for the old problem, while for a trip not yet
actuated, the specifications which are nét same as for the old problem

may be entered., If this data set is not entered, the data set used in

previous run is used.

3.6 Data Termination Card

The user must punch a "0" sign in the first column. This card

indicates the termination of data set.

3.7 Job Termination Card

The user must punch a "END" word in the first three column. This

card indicates the end of the data set.

Reference of Appendix A

1) K. ASAI and K. TSUCHIHASHI, "A Subroutine Reading Data in Free Format
(in Japanese)', JAERI-M 4458, May 1971.
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Appendix B Steam Table for ALARM-B2

1. Preparation of Steam Table

The STG-ALARM computer program generates tables of water properties
and writes these tables on a data set in the proper format for ALARM-BZ.
Properties stored in the tables as functions of pressure and enthalpy
include entropy, specific volume, temperature, thermal expansion, and
compressibility. The properties of water calculated by using the 1976
IFC formulation for industrial use of the properties of steaml) as coded .
in the ASTEM?) package.
The independent variables of the canonical function in the IFC .
formulation are pressure and temperature. On the other hand, the tables
for ALARM-B2 requires pressure and enthalpy as independent variable.
Thus the water properties for ALARM-B2 are calculated by using the STEAMV
package and some thermodynamic relations. Temperature of single phase
water corresponding to given pressure and enthalpy is obtained by itera-
tive technique with isopiestic heat capacity, and other water properties
are calculated with given pressure and obtained temperature. Thermal
expansion and compressibility for ALARM-B2 is found by thermodynamic

variable transformation. For single phase water, these relations are

P
&y -, (3-1)
ah’p Cp

3v Cy VB
(— = - (— k + ) .oy , (B—Z)
ap’h Cp Cp

where = pressure c, = (ﬁh)
P P s P 3T'p °?
v = specific volume,
VTBZ @
h = enthalpy, Cy = Cp = T
3 -2 G
v 3T’p °
-1 oev
kTS (Bp)T ’

and for saturated liquid and vapor, they are

dh Vo T Vf

dh o Tg T YE L o _

G T, T (v - vIB) , (B-3)
Vo — V

L Mt S . (B-4)

dp hg - hf
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where, the various quantities on right hand are in the saturated condition.
The pressure, liquid enthalpy and vapor enthalpy as the array data are
entered in the STCG—-ALARM program and the tables shown in the next section

are generated.

2. Structure of Steam Table

Fifteen tables of thermodynamic properties of water are provided.
The order of these tables is as follows;
PS(30,12), PTL(30,20), PHL(30,20), PD(30,20), PDD(30,20), PDP(30,20),
PTG(30,30), PHG(30,30), PV(30,30), PGD(30,30), PGP(30,30), PSCPF(30),
PSCPG(30), PCPL(30,20), PCPG(30,30).

PS, PSCPF, and PSCPG contain saturation properties as a function of the
pressure, PTL, PHL, PD, PDD, PDP, and PCPL are subcooled properties as
a function of the enthalpy and the pressure specified in the first table,
Remaining six tables contain superheated propertles as a function of the
enthalpy and the pressure in the first table.

The array for each table is as follows.

(1) Saturation properties

(1,1) (1,9) +
Ps(I, : PS(L,9%) : ——
S(T,2) PS(I,10): —of
P s H ] S(I, i
f dp
PS(I,3) PS(I,11): &
. Sg , F g
dhg
CPS(T,4) : T PS(1,12): —=
dp
PS(I,5) : hg PSCPF(I): Cps
PS(I,6) : v¢ PSCPG(I): CPg
PsS(1,7) : hg
PS(T,8) : vy

where PS(I,J) is an array symbel and index 1(=1~30) refers to pressure.
The pressure, the range of which is 103 < PS(I,1) £ 2.4 x 106 kg/m?, in

increasing order are stored in PS(1,1) through PS(30,1).

(2) Subcool liquid properties
For each pressure PS(I,1), and given liquid enthalpy, the tables
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of water temperature, specific volume, thermal expansion, compressibility

are arranged as follows;

PHL(I,K) ; given liquid enthalpy; h
PTL(I,K) ; T
PO (T,K) ; v

v
PDD(T,K) 5 >

av
PDP(L,K) ; (Bp)h
PCPL(I,K); Cpy

where, index K (=1n20) refers to given liquid enthalpy. The liquid

enthalpy, the range of which is 10. £ PHL(I,K) £ 440. (kcal/kg), in in-
creasing order are stored in PHL(I,1) through PHL(I,K). If the PHL(I,K)
is greater than the saturated liquid enthalpy; PS(I,5) corresponding to

the pregsure PS(I,1), PHL(I,K) is set to the saturation liquid enthalpy.

{3) Superheat steam properties

The tables for superheat steam properties are arranged by the same

scheme in the subcool liquid tables.

PHG(I,L) ; given vapor enthalpy h
PTG(I,L) ; T
PV(I,L) ; v

v
PGD(I,L) : fgﬁ)p

PGP (T,L) : (%%)h

PCPG(I,L): Cp.,

where L{=1,30) refers to given steam enthalpy. The range of the steam
enthalpy 567. < PHG(I,L) < 933.,, 1If the PHG(I,L) is less than the
saturated steam enthalpy; PS(I,7) corresponding to the pressure PS(I,1),

PHG(I,L) is set to the saturated steam enthalpy.

References of Appendix B

1) JSME Steam Tables pp.99-116 (1968).

2) K.V. MOORE, "ASTEM —- A Collection of Fortran Subroutines to
Evaluate the 1976 ASME equations of State for Water/Steam and
Derivatives of These Equations', ANCR-1026 (Oct. 1971).
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Appendix C Nomenclature

flow area (m2), heat transfer area (m?)

time dependent intercept of void fraction
gradient factor of void fraction

concentration cof delayed neutron precursor
constant in Equation (15)

contraction coefficient for critical flow
specific heat at constant pressure (kcal/kgm—°c)
heated equivalent diameter (m)

hydraulic diameter (m)

equivalent diameter (m)

constant for frictional torque in Equation (83) (kgf-m—seé)
volume flow length (m)

fanning friction factor

mass flux (kgm/mz—séc)

gravitational acceleration (n/sec?)
gravitational conversion factor (kgm-m/kgf-sec?)

pump head (m)

“specific enthalpy (kcal/kgm), heat transfer coefficient

(kcal/m?-sec-°C), normalized head (H/H)

gap conductance (kcal/m%-sec-°C)

other loss coefficient than Fanning frictiom factor in
Equation (19) (kgf-sec?/kgm-m®)

thermal conductivity (kcal/m-sec=-°C)

equivalent flow path length (m)

neutron life time (sec)

total mass (kgm)

mass of steam entrained in mixture (kgm)

slope of void fraction

pump speed (rpm)

normalized pump speed (N/Ng), neutron density (1/m3)
pressure (kgf/m?), power (MW)

Prandtle number

pressure (kgf/m?)

heat input (kcal/sec), volumetric flow (m3/sec), power
density (kcal/m3-sec)

heat flux (kcal/m?-sec), normalized volumetric flow (Q/Q,)
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R = loss coefficient (kgf-sec?/kgm-m’), reactivity (%)
Re = Reynolds numbher

T = pump torque (kgf-m), temperature (°C)

t = time (sec), normalized torque (T/T,)

v = volume (m3)

= specific volume (m3/kgm)

= mass flow rate (kgm/sec)

Wg = sgeparated steam flow (kgm/sec)

Wy = bubble mass flow rate at mixture surface (kgm/sec)
X = fluid quality, radial distance (m)

Keran = transition quality

A = hedight (m)

Greak letters

o = void fraction, appearent yield fraction of decay heat
= delayed neutron fraction

8§k = total reactivity

A = decay constant {1/sec)

Xeonst = Pump time constant (1/sec)

Xp = normalized concentration of fission product

n = steam separator efficiency

p = fluid density (kgm/m%)

i = viscosity'(kgf—sec/mz)

o = cavitation constant (kgf/m?)

_¢2 = two-phase multiplier

u = angular velocity (rad/sec)

Subscripts

D = jet pump drive

e = pump impelar eye

f = 1liquid phase

g = wvapor phase

J = jet pump throat

M = jet pump mixing region

m = steam-water mixture, momentum flux

g = jet pump suction

sat = saturated condition

0 = steady state, stagnation condition




