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ABSTRACT 

RELAP3 is a computer program, written in FORTRAN IV, that describes 
the behavior of water-cooled nuclear reactors during postulated accidents 
such as loss-of-coolant, pump failure, or power transients. The behavior of 
the primary cooling system and the reactor is .emphasized. The program cal
culates flows, mass inventories, energy inventories, pressures, temperatures, 
and qualities along with variables associated with reactor power, reactor heat 
transfer, or control systems. The program is sufficiently versatile to describe 
simple hydraulic systems as well as complex reactor systems. 

The user must define the geometric description of the system to be analyzed 
as well as an appropriate set of initial conditions. RELAP3 then solves an 
integral form of the fluid conservation and state equations applied to each user
defined control volume. Currently, the number of these control volumes is 
limited to 20 and the number of junctions (flow paths) between volumes to 50. 
By simply in.creasing the array sizes these limits could be raised until the 
capacity of the particular computer is reached. 

RELAP3 source decks are available in single (BCD) and double precision 
(EBCDIC) versions. Use of special timing and input-output routines (available 
for the IBM 7044 and the IBM 360 systems) is desirable, but not necessary. 
Sample problems have been run on a wide variety of computers: IBM 7044, 
Univac 1108, CDC 6600, and IBM 360/75. The most recent changes have only 
been tested on the IBM 360/75 computer. 
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RELAP3 -- A COMPUTER PROGRAM 
FOR REACTOR SLOWDOWN ANALYSIS 

I. INTRODUCTION 

In support of the Loss-of-Fluid Test (LOFT) safety analysis effort, the 
RELAP series of computer programs[l] has been developed to describe 
hydrodynamic conditions inside a reactor prim3.ry system. The new version, 
RELAP3, can be used for many pressurized-water-reactor safety studies such 
as large reactivity excursions, coolant losses, or pump failures. RELAP3 
retains most of the calculational methods used in previous versions but pro- , 
vides greater freedom in describing the system geometry. Unlike predecessors 
RELAP3 is built of dozens of specialized subroutines, each of which performs 
a limited portion of the calculation. Thus, extending or improving the models 
has been made easier. 

RELAP3 represents the reactor system as a set of arbitrarily connected 
fluid volumes that describe the plenums, piping, reactor core, and heat 
exchangers. Any volume may be chosen independently as a core region or 
heat exchanger. Fluid compressibility in all volumes (including core regions) 
is considered in predicting the course of the transient. Each connection between 
volumes may be specified as a normal junction, a leak junction, or a fill water 
source. A normal junction may also include a pump and a valve. The transient 
is calculated time-step by time-step; the volume masses, energies, and bubble 
contents are advanced, and new junction conditions are obtained, and flows 
recomputed. Reactor conditions may be used to provide reactivity feedback. 

Predecessors of RELAP3 were specifically designed to describe a reactor 
primary system of three volumes (a lower plenum, an upper plenum, and a 
pressurizer), a core, and an external loop. Full flow was required as an initial 
condition. These requirements prohibited analysis of simplified experiments 
such 11:::1 oinglo vessel blowdrn11rm::. At the other extreme, the three volume 
clP.scription could not provide enough detail to adequately describe a complete 
reactor primary system. RELAP3 does not contain these restrictions, Lhus 
analysis of both simplified and complex systems is allowed. 

The RELAP3 program is being released, not as a final product, but as a 
current method for investigating the transients expected in pressurized water 
reactor accidents. Modifications currently planned to improve and extend the 
area of usefulness of the calculations will be included in the next version of the 
RELAP computer program. Future program modifications will be issued as 
compatible modules to the current code, and documentation of these modifica
tions will be as addenda to this report. 

The body of this computer program description is divided into two parts. 
The first contains descriptions of features included in RELAP3, with emphasis 
on those features which are differ,ent from those contained in previous versions. 
The second part contains the most important of the equations RELAP3 uses to 
describe a reactor primary system. 

Several appendices are included toaidintheuse or modification of RELAP3. 
The first three are to be used in determining junction constants, time step sizes, 
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and other· input quantities. Following these are three appendices (program 
structure charts, subroutine descriptions, and flow charts) of· interest to a 
programmer who wishes to understand or modify the program. The final 
appendix contains two sample problems with solutions: a single vessel blowdown 
and a reactor primary system blowdown. 
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If. RELAP3 FEATURES 

RELAP3 may be viewed either as an extension of the previous version 
(RELAP2) or as a completely new computer program. The physical models 
vary little from those used in the previous version, but the logic used to 
attack the problem has required almost all of the older programming to be 
scrapped. RELAP3 was designed so that changes could be made in the physical 
models without a major programming task, whereas previous versions were 
too interlocked in structure for such changes to be made easily. 

To gain generality in RELAP3, no constraints were included on the nature 
of a specific volume or junction. For instance, any volume may be selected 
to represent any core region or heat exchanger. Likewise, any junction may 

· represent a leak out of the system with no restrictions as to which or how 
many junctions must be so used. Thus, multiple breaks may be treated directly 
by specifying several leak junctions in the input. 

1. GEOMETRIC DETAIL 

In RELAP3 the terms volumes and junctions have the following meanings: 
volumes specify a region of fluid within a given set of fixed boundaries; and 
junctions are the common flow areas of connected volumes. Calculated results 
are limited in geometric detail by the size of each volume. 

RELAP3 is general in the geometrical description allowed. RELAP2 
required that exactly three volumes be used, with a fixed set of pipes connecting 
these volumes. RELAP3 allows a maximum of 20 volumes connected by a 
maximum of 50 junctions, with no restrictions as to the order of these connec
tions. The number of volumes and junctions, 20 and 50, is arbitrary and can 
be increased to far greater limits on any large computer such as the IBM 360/75. 
Changes required consist almost entirely of increasing the array sizes given in 
the COMMON statements. These changes can be performed automatically by 
an auxiliary FORTRAN IV routine which is available separately. The smaller 
limits were chosen to ensure that RELAP3 would fit into an IBM 7044 size 
computer with only a simple overlay structure being required. 

2. GRAVITY HEAD 

In RELAP3 junctions connect volumes directly and thus contain no elevation 
changes. To account for gravity terms, the pressure calculated within a volume 
from thermodynamic relationships is assumed to occur at the center of gravity. 
Positive or negative gravity heads may then be found by integration of the fluid 
density from the center of gravity to the level of the junction connected to the 
volume. 
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3. CONTROL OPTIONS 

Control parameters have been generalized in RELAP3. For instance, 
reactor scram . may be initiated by the first condition detected among high 
power level, short period, fuel temperature, high pressure in any volume, 
low pressure in any volume, and so on. Opening the leaks (staggered leak 
openings might be accomplished through the individual opening-time curves), 
tripping the pumps, starting the fill systems, controlling up to five valves 
separately, or ending the problem also may be put under the control of many 
different conditions. 

4. STEAM SEPARATION 

One of several sets of coefficients (input) for the steam separation calcu
lation may be chosen for each volume. Part of the required volume data is a 
bubble set index which determines, for ea.ch volume, the set of ooeffioients to 
be used. The zeroth set (a uniform liquid-steam mixture) is built-in; others must 
be supplied a.s input. 

5. PUMP CHARACTEIDSTICS 

Although only one pump coastdown curve is allowed, several different pump 
characteristic curves may be supplied. Each of these curves may be used as 
many times as desired so that no limit exists on the number of pumps in the 
system. Allowing only one coastdown curve may sometimes be a limitation 
because staggered loss-of-flow accidents cannot be handled in any convenient 
way. Should solutions for staggered loss-:of-flow accidents be required, modifi
cations to correct this problem are not expected to be difficult to make. 

6. FIDCTION COEFFICIENTS 

An option which eliminates some input is the implicit calculation of friction 
coefficients. When the friction coefficient is left out of the data for a junction, 
RELAP3 will calculate a value which establishes steady state flow. This cal
culation, which is based on initial pressures including gravitational heads, 
often yields a negative friction coefficient that would cause numeric instabilities. 
If a negative friction coefficient is found after the input is processed, the RELAP3 
run will be aborted to avoid lost computer time. Initial pressures must be 
readjusted by the user. 

7. PROGRAM ORGANIZATION 

Extraneous input requirements have been almost eliminated. For instance, 
a problem containing no core regions will require no reactor or heat transfer 
data. As a result, a typical single vessel blowdown (one volume, one leak junc
tion) requires about 15 cards out of the several hundred currently possible. 
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Input simplification also has led to dropping options which were not used 
in RELAP2. RELAP3 includes no xenon transient capabilities, no provisions 
for a decrease of net positive suction head (Henry's Law), no analytic equations 
for rod worth, and no analytic expressions for the Doppler reactivity. 

The input link of RELAP3 is broken into subroutines, each written to handle 
a different kind of input information. The construction into subroutines facili
tates programming changes. For example, a change to the pump description 
would be limited to modifying the pump input and initialization and the pump 
head calculation with little worry about missing required changes hidden else
where in the program. Once the input and initialization programming has been 
used it is deleted as the transient link is pulled into the computer memory. 
Thus a programmer is guaranteed that only variables contained in common 
lists are transferred. 

In RELAP3 all initialization is performed in the input link and the initial 
values are placed in the labeled common areas, simplifying the transient 
portion of the calculation considerably. Previously, initial conditions were set 
up within the same subroutine which performed the transient calculation. 

· Changes were difficult because no indication existed as to which variables 
were recalculated each time step, and which were calculated only in the initial 
conditions. In addition, this technique added length to the already long transient 
routine making it even harder with which to work. 

8. RESTART CAPABILITY 

The major cause of failure of a RELAP3 calculation appears to be the 
time step size being too large. In addition, the probability of a computer failure 
during a very long run becomes significant. The restarting capability included 
in RELAP3 can salvage virtually all of the computer time spent prior to a 
failure, allowing the problem to be continued with a new time stepping sequence. 
The choice of edited variables and the edit frequency may also be modified 
in the continuation. Thus, a close look may be taken at a selected portion of a 
RELAP3 run without starting over again. 

9. PLOTTING AND EDITING OPTIONS 

. The data tape used for storing the information required for restarting is 
also used for storing the editable variables at designated intervals. RELAP3 can 
process one of these tapes to obtain additional edits as required. The plotting 
program is adapted only to the NRTS computing system, but is available as a 
separate package for those who want to convert it. 
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Ill. EQUATIONS SOLVED 

RELAP3 obtains a time-dependent thermal and hydraulic solution by 
integrating a set of'differential equations subject to certain algebraic relation
ships. These equations and relationships are presented in the following sections. 

A ma.ss and energy balance is obtained from junction conditions, heat output 
of reactor regions, and heat removed by heat exchanger regions. By using the 
equation-of-state for water (in the form of tables) a pressure and a quality 
are obtained for each volume. If a linear density model for steam separati'on 
within a volume is assumed, fluid conditions can be determined for each junction. 
A one-dimensional momentum balance (flow calculation) is then obtained for 
each junction. The fluid conditions within a volume, the flow through a volume, 
and the reactor power level are then used to establish the reactor heat flux 
and the fuel element temperatures. By the use of reactivity feedback from 
reactor conditions, the space-independent reactor kinetics equations are then 
advanced to determine a new reactor power level. A new cycle is then begun 
with a new mass and energy balance. 

1. MASS AND ENERGY BALANCES 

As demonstrated in Appendix A, the mass and energy stored in each volume 
are calculated from the basic conservation equations by assuming constant 
flow and fluid properties during any given time step. The conservation equations 
are in the form of ordinary time-dependent differential equations describing the 
behavior within a fixed control volume, illustrated in Figure 1. The mass and 
energy equations are 

and 

where 

dM. 
J.. = 

dt 

dU. 
l = 

dt 

Mi = total mass in volume i 

N 

I 
j=l 

N 

.2 
J=l. 

w .. 
lJ 

w .. h .. + Q. 
lJ lJ l 

Wij =flow rate into volume i through junction j 

U. =energy in volume i 
1 

h .. = enthalpy of flowing fluid lJ 
~ = heat input to volume i. 

Kinetic and fl'ldiunal energies are neglected in Equation (2). 

(1) 

(2) 

For an energy balance in each volume, the correct enthalpy must be 
determined· for all incoming and exiting flows. In RELAP3, the exit state of the 
fluid through a junction is defined by the state of the fluid in contact with the 
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junction point. If the mixture level of liquid and entrained steam bubbles is 
below a junction, the flow. is assumed to be steam a Conversely, if the mixture 
level is above the. junction, the flow is determined by the bubble gradient 
equations described in Section III-lOa 

r 
I 

wi,j , ... 

I 

M· I 

U· I 

P. 
I 

Volume Vi 

I 
I 
1 ... wi,j+1 

I 

INC-A-14175 

FIG. I CONTROL VOLUME:. 

2. THERMODYNAMIC PRESSURE 

Pressure, P., in each volume is determined implicitly by requiring the 
mass of fluid, ~. with internal energy, Ui, to fill control volume Vi. The 
enthalpy, h., of volume i is calculated by the equation 

1 

u. 
h. 

l = 
l M. 

l 

+ P. 
l 

v. 
l 

M. 
l 

(3) 

Through use of this enthalpy, along with an estimated pressure, the specific 
volume of the fluid is calculated from the available physical property tables. 
An iterative process of matching the specific volume from the steam tables 
with known specific volume V/~ is used to determine the volume pressure. 
The propP.:rty tablQs for water cover the l"auge uf 0.1 ~ .P ~ ::$~06 psi, and 32 :s;; 
T :s;; 5600°F. 

The values in the thermodynamic property tables were calculated from the 
196 7 ASME steam Formulae [ 2]. For each pressure, Pj, the tables of water 
denstty, p, a.nd steam opecific volume, \J, ai't:: arranged as follows: 

liquid 

hj,l 

h. 2 ], p. 2 ], 

T. 1 ], 

T. 2 ], 

'1'. 13 ], 
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steam 

where 

Tj,l = 32°F 

h. 1 ], s T. 1 ], s 

h. 5 v. 5 , T. 5 ],S ],S ],S 

Tj,13 = Tj,ls = Tsat(Pj) 

= 0.1,0.3, 1.0, 5 .. 0.14.7, 50., 100., 200., 400., 600., .... 
3000., 3206.2 psi · 

and Pj 

In the low-pressure (<50 psi) liquid range of the tables, entries are arranged 
along equal temperature lines for all pressures, as shown in Figure 2. 

(I) .... 
:::3 -0 .. 
(I) 
Q. 

E 
(I) 

~ 

T sat 

o~----------------

1 o-------------------
1 
o-------------------

1 

~~----------------~--------------

.0 0 Od Ol I 
00 0-------------- -------------------

0.1 0.3 0.5 1.0 
Pressure {psi) INC-A-14174 

FIG. 2 L.OW PRESSURE TABL.E STRUCTURE. 
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For pressures > 100 psi, the liquid entries for a given pressure are at 
equally spaced temperature intervals from 32°F to Tsat· The entries for a 
given pressure in the ·steam region are equally spaced between T sat and 
1600°F with a final point at 5600°F. 

In the liquid region, at high pressure (> 2200 psi) and within a few degrees 
of saturation temperature, the tables have proven inadequate. RELAP3 results 
should be carefully examined by the user for possible errors arising from this 
cause: 

3. MOMENTUM BALANCE 

The control volume used for the flow calculation is shifted to a mid-position 
between the two adjacent mass-energy control volumes, as shown in Figure 3. 
This shifting of the two types of control volumes has the advantage of mini
mizing the extrapolation of boundary conditions. The mass-energy calculations 
require a junction flow as a boundary condition, which, with the shifted flow 
volume, is approximately the average flow as given by Equation (4). Likewise, 
the flow volume requires as a boundary condition, the pressure which is 
available as the average thermodynamic pressure from mass-energy-volume, 
adjusted for gravity effects. 

.-------
1 
I 
I 
I 
I w. 1 J-

1!11" 

I 
I 
I 
I L ______ _ 

-------,-------
1 
I 
I 
I 
I w. 
J 
I 
I 
I 
I _______ j_ ______ _ 

Flow Volume j 

FIG.3 FL.OW VOL.UME. 

--------1 
I 
I 
I 
I 
I 

wi+1 
1!11" 

I 
I 
I 
I _ ______ _j 

INC-A-14172 

Junction flows are calculated from the one-dimensional momentum equa
tion which in English units is: 

P. 
l P. 1 l+ 

+ ~p 
p 

9 
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K. w. I w. I· 
J J - J - (4) 
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where 

gc = gravitational conversion constant 

..! = ·junction inertia 
A. 

Wj = average flow from volume ito volume i+l 

Pi - Pi+l = thermodynamic pressure differential across the fluid contained in the 
flow volume 

6P = pump head 

f
. p 

v: pdz = gravitational head across fluid column 
J . 

K. = net friction coefficient including normal friction losses (AppendixA). 
J 

Pi . = fluid density in volume i. 

The fluid contained Within the flow volume has an associated inertia which 
depends on the actual shape of the volume. 

The junction inertia for a homogeneous volume is 

=f v. 
J 

where 

1- = the length of the flow path 

A = cross-sectional area for the flow. 

dR. 
A 

In the simple example shown in Figure 3, 

'( R. +R. ) - l i i~l 
- 2 A. • 

l 

(5) 

(0) 

The normal friction coefficients should initially balance With the input 
pressure distributions for flowing systems.·· If initial flow exists between 
two volumes, RELAP3 can calculate the appropriate friction coefficient as 

K. 
J 

= 
[(P.+l'IP . ) 

l grav,l 
(P. +l'IP . ) 

l+l grav,l+l 
:1" l'IP . ], 

pump ,J P. 
J (7). 

For junctions with no initial flow, the user must supply a value for Kj. 
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Elevation heads, which are included in Equation (4), are calculated by 
integrating the density distribution as defined by the steam separation model. 

4. CHOKED FLOW 

At the user's option, any junction except a fill junction can be limited by 
choking. 

The limiting mass flow is defined by Moody's two-phase choked flow 
model[ 3], 

where 

w 
·choke 

= A h k f (P ,h ) c o e . n o o 

W choke = maximum junction flow 

Achoke :: minimum area. in junotion 

(8) 

f = mass flux as a function of stagnation pressure, P , and .enthal-
n . h o 

py, o• . 

The stagnation conditions are assumed to be the thermodynamic conditions 
within the volume feeding the junction and at the junction height. 

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

Moody's model also gives the throat pressure, Pth• as a function of P 0 and 
h 0 • In RELAP3, llle sink pressure must be less than the throat pressure for 
choking to occur in a leak junction. 

5. ENERGY REMOVAL 

Energy removal by a heat exchanger is calculated from an input table or 
by the following flow-dependent equation: 

= (9) 

where 

~ = rate of heat addition to volume i 

QHE = heat removal rate of the heat exchanger 
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W = flow of the primary coo~ant through volume i 

W 
0 

= initial coolant flow through volume i 

H HE = effective heat transfer coefficient during steady state full power 
operation 

T Pri = temperature of primary coolant in the heat exchanger 

T Sec = temperature of secondary coolant in the heat exchanger. 

The term representing the heat transfer coefficient (HHE) is determined inter
-nal~y in the code from initial steady state conditions: 

H = -HE (Tp . r1 

Qi 
(10) 

Since heat exchangers are independent of each other, the choice of a 
flow dependent model for one does not eliminattl the possibility of using an 
input table for another. 

6. ENERGY ADDITION 

Energy addition to the fluid occurs in the core volumes [a].·Thc rate of heat 
addition is calculated using a multinode pin conduction subroutine and a subroutine 
for predicting the heat transfer coefficients for the various modes of heat 
transfer. 

An iterative process calls alternately the subroutine to calculate the heat 
transfer coefft.cient and the conduction subroutine to calculate the temperatures. 
The latter subrolJtine requires the heat transfer coefficient, the bulk fluid 
temperature, the surface flux (from previous time step), the titrte step size, and 
the heat generation rates as input. Convergence of the heat transfer coefficient 
terminates the iteration; that is, if after two successive iterations the change 
in the heat transfer coefficient is less than a specified tolerance, the calculation 
is terminated. 

Flows, pressures, and densities of the coolant fluid are assumed constant 
during .a single time step. The flow through a given core volume is obtained by 
averaging the flow through the inlet and outlet junctions. · 

Heat generation in the fuel pins is determined by reactor kiuetics routines 
or by table look up of power versus time. 

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

-- dT dTN 
Vp C - = Q + S k__ dR dt · N-~ 

where 

V fuel pin volume 

p = density 
-
C = specific heat 

~t = derivative with respect to time 

T = average pin temperature 

Q = heat generation rate in fuel pin 

SN = pin surface area 

kN ,.,. thermal ~nncluctivity at surface of pin 

d 
dR - derivative with respect to radius 

TN = surface temperature. 

(11) 

Equation (11) assumes a uniform heat flux and an average temperature 
defined by 

T = 

where 

!vCpTdV 

fvcpdV 

N 
L (pV) c T 

::: n=1 n n n 
N 
L (pV) c 

n=1 n n 

N total number of annuli used in pin 

and 

n = fuel pin annulus number. 

6.1 Conduction Model 

(12) 

The pin conduction model solves the one-dimensional heat conduction equation 
for a cylindrical geometry. The pin conduction monel and the method of solution 
are patterned after the model and methodusedin the HEAT1 code [4]. Currently, 
the model can accomwodate up to 31 r::~clial nodes, six different concentric 
regions, and six different materials. Core volumes can be stacked vertically Lu 
achieve axial definition. 

For annulus n shown in the diagram, the conduction equation is 

dT 
- - n Vp C -=Q +Sk n n n dt n n n 

dT dT 
n _ 

8 
k n-1 

dR n-1 n-1 dR 
(13) 

13 Rev. 5/71 



where 

S = annulus surface area. 

Equation (13) is approximated numerically by 

(T 1-T ) S 
V P C __ n_;.;.n_ = Qnl + 2 ARn 

n n n b.t o 
n 

[ k ( T -T ) + k I . ( T I -T I )] 
n-1,n n n-1 n~I,n n n-1 (14) 

where 

k + k 
- n n+1 
k = ~--=-~ 

n,n+1 2 (15) 

and superscript prime ( 1 ) designates the current iteration. 

The boundary conditions are 

dT
1 I 

dR R=O 
= 0 (16) 

and 

dT 1 

N 
dR = 

h(T 1 -T 1
) _N W 

-kl 
N 

(17) 

where 

h = heat transfer coefficient. 

N simultaneous equations of the form 

a T 1 + b T 1 + g T 1 = d n n-1 n n n n+l n 

are obtained by writing Equation (14) for ear.h of the N regions 

where 

a, b, g, and d are constants for a given iteration. 

The N equations form a matrix equation which is solved by the method 
described in Reference 4 for the temperatures at each node. 
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In order to solve the conduction equations, the pin is divided into annular 
regions as shown in Figure 4. 

N 

N-1 ----.___ 
..._""'~ ........ 

' ...... 

' ' n + 1 ' --- ' -- ' """"' ~ ....... ' ....... '· ' ' n ' \ -- ' -- ....... \ ' ....... ' \ ...... ' ,.., 
' \ ' / \ 

' \ / 
n -1 -- / \ -....... ' \., / 

......... , ' \ \ 

' \ \ \ 
' \ \ 
' \ 

' \ \ 
\ \ 

......... , \ \ 
2 ·-- ,.."" \ \ \ ....... / \ \ ' / \ 

~\ 
\ ' \ I \ I 
I I I 

v1 s, 5 n-1 5N-1 VN 

INC-A-15861 

FIG. 4 FUEL ROD HEAT CONDUCTION MODEL, 
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6.2 Heat Transfer Correlations 

Correlations for predicting heat transfer coefficients for seven different 
modes of heat transfer are provided. The correlations and conditions for which 
they are used are as follows: 

where 

Mode 1 -- Subcooled Forced Convection: X< 0.0, Ts < T NB 
Seider Tate correlation [5] 

= 0.023kf(T~1 ) [ DG JC.8 [Pr T .·Jl/3 [i-if(Tw)] 0.14 
h D ~f(Tw) . ( w) ~f(T ) 

s . 

h = hea:t transfer coefficient, Btu/ft2 -hr-°F 

X "' .mass fraction of steam (quality) 

(18) 

TNB "" minimum surface ·ten1perature for nucleate boiling no defined by Equa
tion (19), OJ' 

kf('fw) - saturated liquid thermal conductivity evaluated at T ' Btu/ft-hr-UF . w 
T w 

D 

G 

= 
= 
= 

temperature of coolant, °F 

hydraulic diameter of flow. channel, ft 

mass flux of coolant, lb/ft2 -hr 

1-Lf(Tw) = saturated liquid viscosity evaluated at Tw• lb/ft-hr 

Pr(Tw) = Prandtl number for coolant 

1-Lf(T
8

) = saturated liquid viscosity evaluated at Ts, lb/ft•hr 

Ts = fuel pin surface temperature, °F 

where 

subscript f indicates saturated liquid property 

subscript g indicates vapor property. 

Mode 2 -- Subcooled Nucleate Boiling: X< 0.0, Ti = TNB 
Thotn correlation [6] · 

T T +. o.o·r·' -P/l?~n 
NB = ~at c e ~CU.) 

Tsat = saturation temperature, °F 

p = 
<Ps = 

pressure, psi 
2 surface flux, Btu/hr-ft . 

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

16 
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The heat transfer coefficient is calculated by interpolating with respect to 
quality between Equations (20) and (21). 

Mode 4 -- Forced Convection Boiling: 0.1 < X< 0.6 
Schrock and Grossman correlation with Wright constants [7] 

[ 

ct> 8 j( )0.9 (P )0.5 (1-1 )
0

·
1
1 

h = 6700 GHfg + 0.00035 1~X p: ~ ~ 
0.66 ] 

The physical properties are evaluated at saturation conditions 
where 

Hrg = heat of vapo;rtz~tion, :Btu/lo 

p = density, lb/ft3 

k = thermal conductivity, Btu/hr-ft-°F. 

Mode 5 -- Forced Convection Boiling: 0.6 < X< 1.0 

(21) 

The heat transfer coefficient is calCulated by interpolating with respect to 
quality between Equations (21) and (22). 

Mode 6 · -- Single Phase Steam: X ~ 1.0 
Dittus-Boelter correlation [8] 

h = 0.023 t-(~:rB (Prg r 
. Tw + Ts 

Physical properties are evaluated at 
2 

. 

(22) 

Mode 7 -- Stable Film Boiling: cp
8 

has exceeded the critical heat flux. 
Dougall-Rohsenow correlation [ 9] 

k [ )]0.8[ ]0.4 
h = 0.023 rf (e:) ( ~ (1-X) + X Pr g (23) 

The physical properties are evaluated at saturation conditions. If X~ 0.0, 
p 

the term. [:...£ (1-X) +X] is set equal to 1.0, which reduces Equation (23) to 
pf 

Equation (22). 
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7. CRITICAL HEAT FLUX 

The choice of a correlation for predicting the critical heat flux depends upon 
the pressure and mass flux. If the surface flux exceeds the predicted critical 
heat flux, stable film boiling is assumed to occur. The critical heat flux correla
tions and the conditions under which they are used are as follows: 

where 

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

$CHF B + E (Hf·- Hin) 

10
6 = F + L 

(24) 

B = [73. 71 DHE 0.05230,0.663 (1.0 - 0.315·e .:11.34DHyG') 888.~] [Hfg]-1 

(25) 

E = 0.104 n~·i45 G'0.691 

and 

F = 45•55 DHY 0.0817 G'O. 587 

P = pressure, psi 

rfJ CHF = critical heat flux, Btu/hr-ft
2 

Hf = saturated liquid enthalpy, Btu/lb 

Hin = inlet enthalpy, Btu/lb 

L = channel length, in. 

DHE = heated equivalent diameter, in. 

G' = mass flux, 106 lb/hr-ft2 

. DHY = [Dr(Dr +DHE)]1/
2 

- Dr, in. (D:r =pin diameter) 

Hfi = heat of vaporization, Btu/lb 

Range 2 -- 725 psi< P < 1000 psi 

(26) 

(27) 

The critical heat flux is calculated by linear interpolation with resp.ect to 
pressure between Equations (24) and (28). 

.Hange ~ 1000 psi< 'p < 1500 psi: Barnett correlation [lOJ 

= 
J + M (Hf - H. ) 

1n 

R + L (28) 

[a] New constants were derived for the Barnett [10] correlation for low pressure 
rod bundle data by Idaho Nuclear Corporation. 
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where 

J = 67.45 DHE 
0

·
68

(G')
0

·
192

· [1.0- 0.744 exp(-6 .. 512 DHY·G')] (29) 

M = 0.2587 DHE 1.
261

(G') 0•
817 

(30) 

R = 185.0DHY1.415(G')0.212. (31) 

Range 4 -- 1500 psi < P < 1800 psi 

The critical heat flux is calculated by linear interpolation with respect to 
pressure between Equations (28) and (32). 

where 

and 

where 

Range 5 -- P::!: 1800 psi, G "> 0.5 x 10
6 

lb/hr-ft
2 

B& W -2 correlation [ 11] · 

8[3.702 X 107 wz - 0.15208 G Hf X] 
<PeRF = ------------~-

12.71 YN 

S = [1.15509 - 0.40703 DHY] 

w = (5.9137 X 10-7 
G) 

Z = [0.8304 + 6.8479 X 10-4 (p- 2000)] 
y = (3.0545 X 10-6 G) 

N = [0. 71186 + 0.00020729 (P - 2000)] 

G = mass flux, lb/hr-ft
2 

X = quality. 

Range 6 -- P:::! 1800 psi: ·a~ 0.5 x 10
6 

lb/hr-ft
2 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

The critical heat flux is calculated by using the average value between 
Equations (28) and (32). 

The inlet enthalpy used in the critical heat flux correlations is dependent 
on the flow direction and is determined in the following manner. 

Flow at Normal Inlet 

":>0 

~ 0 

All other cases 

Flow at Normal Outlet 

:::! 0 

~ 0 
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8. POWER GENERATION 

Power generation is determined by either ·a reactor kinetics calculation 
or by a tabular input of power versus time. The reactor kinetics equations 
are solved by a method similar to. that used in the IREKIN program [12). The 
standard reactor kinetics equations are 

where 

6 
dn 13 ~ 
dt = -;: [ (PI 13) - 1 l n + L .\ c 1 + s 

i=1 

dCi + A.C. = 131 n, 1=1, Z ... 6 
dt 1 l. !l 

6 
13 = '13. L 1. 

i=1 

n = reactor fission power 

8 = effective delayed neutron fraction 

A = neutron generation time 

p = reactivity 

Al = decay constant of delayed ne\ltron group 1 

Ci • conceuLI·ation of delayed neutron group i 

S = neutron source 

ei = effective fraction for delayed ne\].tron group i. 

(38) 

(39) . 

(40) 

Also included as an option in the reactor kinetics subroutine are 11 groups 
of radioactive gamma heat sources: 

where 

yj = concentration of delayed gamma group 

A.j = decay constant of delayed gamma group j 

Ej = yield fraction of delayed gamma group j. 
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The total power is a sum of the direct fission power and the instantaneous 
· gamma heating. All power is assumed to be generated iri the fuel elements, direct 

gamma heating of the coolant not being considered. The inclusion of the gamma 
terms gives a more realistic shutdown transient. The total power, P, is 

where 

ll 

P = n Ef + L A. jy j 

j=l 

Ef = fraction of power produced in steady state by fission 

(42) 

If the gamma heating option is not used, then Ef = 1; otherwise, Ef = 0.93 and 
L E.= 0.07. 

J 

9. REACTIVITY 

As input to the reactor kinetics calculations, reactivity is developed 
explicitly as a known function of time and implicitly through core feedback 
mechanisms. The explicit input reactivity is calculated from a table of p/ S 
versus time, and feedback reactivity is determined from coolant density, 
coolant temperature, and fuel temperature for each reactor volume. 

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

where 

(p/S)v = L lOOa vi 
i 

(p/S)v = void reactivity 

( 1 <~J 

avi = void reactivity coefficient of core region i 

pi = coolant density in core region i 

Pio = initial coolant density in core region i. 

Likewise, the temperature-dependent reactivities are 

(p/S)WT = L 
i 

21 
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where 

= E 
i (45) 

= L: 
i (46) 

( p/ ~)WT = coolant temperature reactivity 

nw = coolant temperature reactivity coefficient of core region i 
Ti 

6.T = change in bulk coolant temperature in core region i 
bc1 

( p/ ~) FT = fuel element temperature reactivity 

aFT. = fuel element temperature reactivity coefficient of core 
1 region i 

liT f. = change in fuel element temperature in core region i 
1 

( p/ ~) DOP = Doppler reactivity 

~DOP. = weiibting f~ctor of core region i fo.r Duppler reactivity 
1 

f(aDOI''llTf,> = Doppler function, input tables. 
1 

A total reactivity is obtained by summing the contributions from control 
rods, water void, water temperature, fuel temperature, and Doppler effects. 
This total reactivity is adjusted by an additive constant which yields the desired 
time step zero reactivity. 

10. TWO-PHASE SEPARATION MODEL 

The two-phase separation model UAP.d in R.ELAP3 is a semiempir1cal 
11L Lu a number of experimental, high pressure blowdowns[13]. 

The quantities necessary to describe the separation of steam bubbles 
into a gas dome are the partial density of the bubbles and the local bubble 
velocity at the steam-dome mixture interface. Physically;during a continuous 
decompression of a large stagnant volume, the density of bubbles is expected 
to be least near the bottom of the volume. This distribution is reasonable 
because the static pressure will be highest near the bottom and because the 
bubbles tend to accumulate as they rise through the mixture. The first order 
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approximation is one in which the density of bubbles increases linearly as a 
function of height within the two-phase mixture. A limitation of this model 
is the inability to describe bubble distributions when physical conditions, 
such as oscillating pressure or an oscillating flow, would be expected to lead 
to a complicated situation. 

The assumed bubble distribution is 

where 

= m ~ + b 
..f.m 

pgb = partial steam density within the mixture 

m,b = time-dependent slope and intercept 

z :::: height above the bottom of the volume 

Z = t1me-uependcnt height nf mixture interface. m 

(47) 

The slope and intercept of the assumed bubble distributions are evaluated by 
applying conservation of mass. Integrating the partial bubble density over the 
volume of the mixture gives the instantaneous mass of steam within the mixture. 
For an average void fraction less than 0.5, that is 

where 

M b 1 
0 <'•~< 

- p v - 2 
g m 

Mgb = mass of steam entrained in the mixture 

p = density of saturated steam 
g 

V = volume of the mixture, 
m 

the slope and intercept are 

Mgb 
b = (1-C ) 

0 v 
m 

For average void fractions between 0.5 and 1, 

1 
- < 
2 

M 
~<1 
p v -

g m 
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the slope and intercept are 

2C ~p - Mgb) m = 
0 g v (52) 

m 

Mb 
b = (l+C ) ~ - C p 

0 v 0 g. 
m (53) 

To generalize this model, an arbitrary constant, C0 , is included. This 
constant (which must be limited to values between zero and one) determines 
the maximum bubble gradient at any instant. If the constant is chosen as zero, 
the mixture is homogeneous; if chosen as one, the bubble gradient is always 
maximum within the permissible physical constraints. Values outside this 
range may give negative values for the partial bubble density and so are not 
allowed. Within RELAP3, each volume can have an individual C0 chosen by 
the user. Small volumes with high mass flux such as core channels or pipe 
sections are best described by a homogeneous model where C

0 
= 0. In plenums 

and tanks where the homogeneous model is not desirable, a value of C
0 

= 0.8 is 
recommended. This value was determined as a best choice for a one-volume 
description of E!xperimental vessel blowdowns [ 14]. 

The velocity of steam bubbles relative to the mixture interface is .another 
input quantity which can be different for each volume. In the preceeding referenced 
model test, a value of three feet ,per second was used. If the velocity is zero, 
no separation occurs although a bubble density gradient may still exist. 

By using Equation (47), the local.fluid quality is determined for each junc
tion at its connection to a volume. The partial steam density at the surface 
of the mixture (needed to calculate the rate at which bubbles cross the interface) 
is also obtained ,from Equation (47). 

To de~lolrminA the maoo und quality ofthe mixture, a bala.ne1A for tho cntr.UutlLl 
steam must hA performed. Sttla.m can be added ·to a volume either through 
a junction or by flashing of liquid within the mixture. 

The differential equation describing the bUbble mass ba~ance within :1 

given volume is 

where 

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

M = total mass of steam within the volume s 

(54) 

l!fi = fraction of steam flowing at the junction and originating within 
the steam dome 

~ = quality of junction flow 
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Wi = flow into or out of the volume at junction i 

A = cross-sectional area of the volume 

vbub = bubble velocity at mixture surface 

= gas bubble density at the mixture surface. 

11. JUNCTION QUAI.JTIES 

Since junctions at control volume boundaries are treated as points rather 
than distributed areas (so far as fluid properties within the volume are con
cerned), qualities at these points can oscillate between zero and one. Also, when 
junctions are near the top or the bottom of a volume, more gas or liquid can 
be extracted than really exists within the volume. If during a blowdown, the 
mixture level falls to a junction, then during one time step the flow will be two 
phase and then change to pure steam the following time step. Under these con
ditions the flow can be large enough to extract more steam than is physically 
present. To eliminate these difficulties, the flow during any single time step 
is assumed to be ·composed of a combination of steam and mixture when· the 
mixture level is adjacent to the junction location. This modification smooths the 
time step variation of junction quality and virtually eliminates the time step size 
instability associated with oscillating mixture levels. 

12. FILL SYSTEMS 

Water may be injected into any volume by means of fill junctions. The 
junction flows are obtained by interpolating tabular input of flow versus either 
tjme o-r pressure. Several fill junctions may connect to the same volume if 
desired. Initiation of flow through fill junctions may be controlled by many 
different trip signals. No cut-off is allowed except implicitly through the 
flow versus time table. · 

13. SYSTEM BALANCES 

An overall mass balance is performed: 

where 

MB = mass balance 

M. + 
l 

M. = mass in volume i 
1 

.fL 
j 
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W. = flow in leak junction j 
J 

wk = flow in fill junction k. 

Energy within the system described by HELAP~ can be stored, injected, or 
removed by several mechanisms. In general, the total energy at·any time 
within the reactor system is 

(56) 
where 

ET = total.energy stored 

Ef = energy stored within fuel elements 

E. = internal ene;rav of watP.'t' 1n volume i. 1 ~~'·' 

The energy stored within the fuel elements is 

E~ • ~ [ ~ COv)n en Tn] 
where m 

(57) 

m = core region number 

n = node number 

p = density 

v = node volume 

c = specific heat capacity 

T = temperature. 

Energy can be extracted from the system through leaks or heat exchangers, 
respectively, as . 

E =/t t . 
u 

(58) 

and 

t 

EHE = f L ~E dt 
0 m m 

(59) 
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... 

where 

E t = energy lost through leakage 

W. = flow through leak j 
J 

h. = enthalpy of fluid flowing through leak j 
J 

EHE = heat removed by heat exchangers 

QHE = rate of heat loss through heat exchanger n. 
m 

Energy can be added to the system by the reactor power and the fill water 
injection, respectively, as 

and 

where 

~p dt 
m 

ERP = heat added through nuclear fission 

QHP = rate of heat addition in core region m 
m 

Ef = heat added through fill water injection 

wk = flow through fill junction k 

~ = enthalpy of fluid flowing through fill k. 

Applying the conservation of energy principle to the system gives 

E. ·t· 1 = E t d + E - E 1n1 1a s ore extracted injected 

or 

(60) 

(61) 

(62) 

(63) 

This energy balance is computed and available in the minor edit list. 
The first time step edit gives the initial energy inventory because the time 
integral terms are zero. 

14. CHECK VALVES 

Check valves may be placed, at the users option, in any HELAP3 junc
tion. Three pressure loss coefficients, Ci, and the back pressure to close 
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the valve, Pcv' are user supplied input constants. The user also has a choice 
of valve type; Type 1 without a hysteresis loop in the characteristic flow 
versus pressure curve and Type 2 with the hysteresis loop. The characteris
tic curves for these two types are shown in Figure 5. 

Both types of check valves are controlled byflow dependent pressure losses 
of the form CiWlWl/p. 

Three regions of operation are defined for each valve: 

(1) c1 is used for positive flow with the valve open 
(2) C2 is used for negative flow with the valve open 
(3) c3 is used for negative flow with the valve almost closed. 

For all positive flow, the valve remains open and sustains a pressure loss 
proportional to c1 • For negative flow, the valve remains open if the pres sure 
loss, which is proportional to c2, is less then the back pressure required to 
close the valvf'!. 

After the valve closes, the pressure loss is proportional to c3 for small 
leakage flows. The hysteresis difference between Type 1 and Type 2 check valves 
is apparent in Figure 5. Type 1 check .valves open in exactly the reverse 
procedure of the closing sequence. A Type 1 valve opens when negative flow has 
decreased to a value such that the , pressure loss for the open phase is less 
than the loss required to keep the valve closed. A Type 2 valve reopens only 
when the pressure loss developed in the closed position is less than the required 
back pressure·. 

Type t 

Valve 
Open 

Valve 
Closed 

a. 
<J 

VI 
VI 

.3 
~ .... 
:::1 
VI 
VI 
~ .... a. 

-P cv 

Valve Open 

Type2 

Valve 
Open 

Volve 
Closed 

a. 
<l 

VI ., 
0 

...J 

~ 
:::1 
VI 
VI 
~ .... 
a. 

FIG. 5 CHECK VALVE CHARACTERISTIC CURVES. 
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APPENDIX A 

APPROXIMATIONS TO THE CONSERVATION EQUATIONS 

The following brief description of the fluid equations used in RELAP3 
is based upon the fundamental mass, energy, and momentum conservation 
equations raJ. 

These equations are 

(a) Mass conservation 
Clp -+ -+ at = - 'V • (pv) 

where 

p = fluid density 

and 

v = lwal fluid velocity. 

(b) Energy conservation 

a(~~)--- ~.(pev+)- ~.+q ~ ( 4
) + (* -+) v v - v. pv -· 'J. T.V 

where 
2 v 

e =u+2 +~ 

e = total specific energy 

q =heat flux 

p =pressure 

,. = viscous stress tensor 

u =thermodynamic internal energy 

~ = potential energy function. 

(c) Momentum conservation 

where 

+ 
Clpv + ++ + + ~ + 
~ =- 'V.(pvv)- 'Vp- 'V.T + pg 

g = gravitional acceleration constant.· 

General assumptions include 

(a) Stationary control volumes 

(A-1) 

(A-2) 

(A-3) 

[a] Several excellent references are available on thermal hydraulics; one being 
by R. B. Bird, W. E. stewart, and E.N. Lightfoot, Transport Phenomena, 
John Wiley and Sons, Inc., New York, 1960. 
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(b) Axisymmetric, one-dimensional flow 

(c) Negligible body forces ·(except gravity). 

Integrating the mass equation over 
Divergence Theorem" gives 

a fixed volume and applying the "Gauss 

where 

und 

~t f pdv 

v 

M = tulal mHI:If:l 1n volume·i 
1 

f -+ + = - pv··d-6 

-~ 

(A-4) 

(A-5) 

Wij =mass flow rate into volume.i throughjunction j (surface.area j). 

,For the energy equation, frictional, kinetic, and potential eneTgy effects 
are assumed negligible. 

Then using 

Clpu -+ ·-+ -+ 
~ =- ~.(phv-q) 

where 

h = enthalpy 

and integrating over volume v. gives 
1 

"Where 

dU 
_l. =·~ w h + Q. 
dt .L..J ij . ij 1 

U. ·= thermodynamic energy in volume v. 
1 1 

hij = fmth~ lpy 0ontent of fluid moving through jundluu j 

~ = rate of energy transferred through surface -6 i . 

(A-7) 

Restricting the momentum equation to one-ciimfmRinn.Hl fio,v and integrating 
ov.er v. gives 

1 

df -+d' dt pv v -

v. 
l 

f -+ -+ -+) - v(pv· d-6 ·(A-8) 
,6, 

l 
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For the friction term, the pressure losses are assumed proportional to 
v2. If the volume v1 is a simple tube with no ar~a changes, then in English units 

where 

1 
.Q.. dW. 

1 1 

144g -;;:- dt 
c 1 

= 
k wilwil 

p. 
1 

+ P .. 
1J 

gc = gravitational conversion constant 

..ei = length of pipe 

A. = pipe· cross-sectional area 
1 

W. = average flow 
1 

ki = RELAP3 friction coefficient 

P.. = inlet pressure 
1] 

Pik = outlet pressure 

t,p. = density change across junction j 
J 

+ (llp.)(llz.) 
J J 

b.zj = elevation change between centers of mass across junction j. 

(A-9) 

For a straight section of pipe, the friction term k is directly related to 
the Fanning friction factor for a single pipe: 

where 

fA 
k = ___ w.:.:...__ .... 

2(144g )A 
c 

f = Fanning friction factor 

A = wetted wall area w 

A = cross-sectional area for flow. 

(single pipe) (A-10) 

For a single flow path with several area changes, the ratio of control 
volume length to flow area is 

N 
.Q.. 

.Q. 2: 1 (A-ll) 
A - A. 

jo=l 1 

and momentum flux terms are included as a part of the friction term k. This 
last simplification is correct only when the flow is unidirectional during the 
transient. In complex loop systems, the best way to define k is from a steady 
state condition in which [P. -P .. - (lip.) (liz.) ]p. 

k. = 1k 1J J J 1 (A-12) 
1 w~ 

1 
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APPENDIX 8 

CHOICE OF TIME STEP SIZE 

The numerical advancement technique used in RELAP3 is a forward 
finite difference approximation with each conservation equation advanced 
independently for a small time step t,t. Since the same time step is used for 
all volumes and junctions, the overall stability of the solution is controlled 
by the most sensitive portion of the system. 

For an isolated volume and junction the Helmholtz frequency f is 

where 

w = angular velocity 

a = velocity of sound 

V = volume of fluid 

1/ A = path "inertia" 

f = '~n = ;n ~ ~~ (B-1) 

The time step size must be smaller than the natural oscillation period, pre
ferably by at least a factor of 5 to 10. When the time step size approaches 
the natural period, numeric instabilities can result. Thus, an appropriate 
time step is 

where 

n = 5 to 10. 

21T 
t.t = 

na ~V~/A (B-2) 

These values of t,t are only approximate and could be slightly larger in some 
cases. These relations show that the small volumes and inertias control the 
choice of time steps. If a single vessel with a total volume VT, length .eT, 
and cross section A (where VT = .eTA) is divided into m equal subvolumes, 
the time step size becomes ~ 

t.t ~ ( 2n) T (B-3). 
na m 

The computer time required goes up as the square· of the number of volumes in 
this example of equal subvolumes because the number of time steps and the 
number of volumes increase. · 

other types of numeric instability due to mass and energy flow are possible, 
but normally the frequencies ::lRRCX:iated with these instabilities are lower than 
the Helmholtz frequencies. Under certain conditions of extremely h1gh flow, 
small mass content, or small energy content within a volume, the fluid within 
a large time step can be completely replaced. Time steps for mass and energy 
should be chosen such that 

t.t < M 
m ~ 

(B-4) 
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where 

W =flow 

M =mass in volume 

h = enthalpy 

U = total internal energy of volume. 

Nonlinearities, especially the rapid change in density that can occur at 
junctions, present instability problems. Since previous values of density are 
used to advance the equations, the possibility exists of exhausting a volume of 
all material near the en<;i of a blownnwn. traniiient. Tho rcvcr.!le pn1uhHu of 
over-filling a volume and drastically increasing the pressure is also posHihlP.. 

Currently the only method of vArifying solut~on a.oourn.r.y i.1~ to l'o;,·un tho 
problen'l with !:;maller time steps. Numerical variations in solutions with 
different time steps will exist, but are generally negligible. Results of a 
RELAP3 calculation are dependent upon the computer word length. Single 
precision on the IBM 360 is not recommended except for problems involving 
very few time advancements (""' 1000). The EBCDIC punched source deck for 
the IBM 360 uses double precision (64 bit words) to avoid excessive roundoff. 

Different computers and different time step sizes also affect the solution 
when control parameters are reached asymptotically. For example, blowdown 
problems are normally terminated at a chosen pressure;. but since final pressures 
are usually approached asymptotically, the computer time and the number of 
total time adva,ncements may show significant variation. From an engineering 
viewpoint these variations are considered negligible. 
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APPENDIX C 

INPUT DEFINITIONS 

CONTROL CARDS FOR THE NRTS SYSTEM 

(1) I I JOB 

This card contains accounting information. 

(2) / /XQT EXEC RELAP3, options 

The options are given in any order byusing keywords. No blanks are allowed 
except after a comma on a card to be continued or after all wanted options 
have been selected. The keywords used and the choices to be made are 

XTIME = the CPU time in minutes (10 seconds, if omitted). 

PAGES = the approximate number of full pages to be printed (20, if 
omitted). · 

TPOUT = The data set name should include the user's initials 

TPIN = 

(data set 
name 

out) 
plus a maximum of five alphameric characters but no blanks. 
Big OS will tell which tape is saved. If T.POUT is omitted, the 
default is NULL FILE. In this case, calls to the tape writing 
routines internal to RELAP3 will be satisfied, but no output 
tape will be created. 

------ This data setname must be one used on a previous 
(data set 

name 
in) 

TPOUT option. If TPIN is omitted, the default is NULLFILE. 
If TPIN is included, turning in an appropriate LIBRARY 
VOLUME NEEDED card will help avoid excessive wait time. 

SER = T9XXXX, where XXXX is the serial number of the tape 
corresponding to TPIN. 

(3) I /X.SYSIN DD * 

This card may be omitted without causing difficulties 

(4) (following all data)/* 

This card is one of the pink terminator cards. 
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RELAP3 INPUT DEFINITIONS 

(1) Title (one card) 

FORMAT: 18A4,2A4 

At least one nonblank character must appear somewhere in columns 1-72. 

(2) Problem Dimensions (one card) 

FORMAT: 1513,E10.6,17X,2A4 

N1 LDMP = Tape control (only one tape may be generated 
during a job) 

N2 NEDI = 

N3 NTC = 

N4 NTH = 

N5 NVOL = 

NG NBUB = 

( 0 = no tape used) 
(-1 = store restart information on FORTRAN 
Unit 4) 
(-2 = store restart and plot information on 
FORTRAN Unit 4) 
(-3 = edit the tape on FORTRAN Unit 3) 
( N =.restart at page number N using the tape 
on FORTRAN Unit 3) 
(-3 ~ LDMP ~ 999) . 

Number of minor edit variables desired 
(0 ~ NEDI ~ 9) 

Time step card count 
(1 ~ NTC ~ 20) 

Number of trip control cards 
(1 s: NTR ~ 20) 

Number of control volumes 
(1 ~ NVOL ~ 20) 

Number of bubble parameter sets. A set may 
be used in several volumes 
(0 ~ NBUB ~ 5) 

N7 NJUN = Number of junctions or flow paths 
(1 ~ NJUN ~ 50) . 

N8 NPMPC = Pump curve count. A curve may be used for 

N9 NCKV = 

NlO NLK = 

Nll NFLL = 

several junctions · 
(0 ~ NPMPC ~ 5) 

Number of check valve types. A parameter set 
may be used for several junctions 
(0 ~ NCKV ~ 5) 

Number of normalized-area vs time curves. 
May be used many times 
(0 ~ NLK ~ 5) 

Number of fill system curves. May be used 
many times 
(0 ~ NFLL ~ 5) 

N12 NOCOR = Number of core regions 
(0 ;:;; NOCOR ~ 20) 
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N13 NMTL = Number of sets of rod geometry 
(1 ~ NMTL ~ 20) if NOCOR ~ 1, 
(0 ~ NMTL ~ 20) if NOCOR = 0, 

N14 NHTX = Number of heat exchanger data sets 
(0 ~ NHTX ::o;; 20) 

N15 NKC ::; Number of thermal property tables 
(NKC ~ 6) 

X1 POWER = Reactor thermal power in megawatts 
(0. ::o;; POWER)_ 

( 3) Edit Variable Cards (one card if NEDI > 0) 

FORMAT: 9(1X,A2,1X, 12),18X,2A4 

1 

I 
2 4 5 7 8 10 

I X1 I I m I I X2 I 

XI = Minor edit variable symbol 

11 12 61-4 61+1 73 

N2 I ------1 NI I-BLANK~ ID 

(I=NEDI, number of minor 
edit variables desired) 

NI = Region number of variable desired 

Symbols of available minor edit variables· 

Symbol 

AP 

TM 

TE 

AT 

AR 

AH 

AX 

BM 

ML 

VF 

VG 

HF 

HG 

TS 

PS 

WM 

Variable (with reference to volume) 

Average pressure 

Total mass 

Total energy 

Average t.emperature 

Average density 

Average enthalpy 

Average quality 

Bubble mass 

Mixture level 

Specific volume of fluid 

Specific volume of gas 

Specific enthalpy of fluid 

Specific enthalpy of gas 

Saturation temper·ature 

Saturation pressure 

Liquid mass 
(for these variables, NI is volume number 1 ::o;; NI ::o;; 20) 
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·symbol 

WQ 

DF 
SF. 

HC 

FT 

Symbol 

CT 

ST 

FQ 

Symbol 

JW 

JH 

JX 

LF 

TD 

FD 
ED 

PD 

AD 

symbol 

NQ 

AE 
FE 

LE 

HE 

EB 

LM 

MB 

TH 
R.V 

HW 

HF 

Variable (with reference to volumes which are core volumes 
only) 

Power into coolant 

DNB heat flux 

Surface heat flux 

Surface heat transfer coefficient 

Fuel element temperature 

Variable (with reference to volumes which are core volumes 
only) 

Center-line temperature 

Surface temperature 

Power generated in fuel 
(for these variables, NI i!'l volume number 1 ~ NI ~ 20) 

Variable (with reference to junctions) 

Junction flow 

Junction enthalpy 

Junction quality 

Leak force 

Total pressure differential 

Pressure differential due to friction 

Pressure differential due to elevation 

.Pressure differential due to pump 

Pressure differential due to acceleration 
(for these variables, NI is junction number 1 ~ NI ~50) 

Variable (with reference to the system) 

Normalized power 

Total energy added during transient 

Energy stored in fuel 

Total energy leaked 

Energy removed by heat exchanger 

· Energy balance term 

Total mass leaked 

Mass balance 

Total reactivity 

Reactivity due to coolant voids 

Reactivity due to temperature changes in coolant 

Reactivity due to temperature changes in fuel 
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·RC Reactivity due to control rod c~anges 

RD Reactivity due to Doppler effect 

PO Power 

HL Total heat removed 

RP Reactor period 
(these variables are system variables, NI = 0) 

ALL THE FOLLOWING CARDS USE THIS FORMAT: 4I3,6E10.6,2A4 

1 4 .'7 .10 13 23 63 73 
I 'Nl I . N2 I N3 I N4 "I Xl I ....... I xs I ID 

In all cases ID is any legitimate BCD field (EBCDIC for an IBM 360). If fewer 
than four integers are required, the remaining integer fields are·left blank. 
If more cards are required to fill the tables, a similar format is used: 

1 4 7 10 13 23 63 73 
I I I I I X7 I .. ...... I X12 I· ID I 
etc 

( 4) Time step Cards (NTC Cards) 

N1 Number of time steps per minor edit 
(0 is interpreted as 1) 

N2 Number of minor edits per major edit 
(0 is interpreted as 50) 

N3 Number of major edits per restart tape edit 
(0 is interpreted as 20) 

N4 Number of time steps per plot tape edit 
( 0 is interpreted as N1) 

Xl DELTM == Time step size (sec) 
(0 < DELTM) 

-X2 TLAST == End of current time step data (sec) 
(TLAST. 1 < TLAST.) 

1- 1 

("5) Trip ·controls (NTR Cards) 

N1 IDTR == Action to be taken 
(1 ~ IDTRP ~ 10) 
1 =End of problem) 
2 == Open leaks 
3 == Reactor scram and heat exchanger cutoff 
4 = Trip pumps 
5 = start fills 

6-10 =Open (or close) valves 
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N2 

N3 

N4 

IDSIG = Signal being compared 
(1 ;;; I IDSIG I ~ 9} 
· 1 = Elapsed time 

IXl 

IX2 

2 =Normalized reactor 
power 

3 =Reactor period 
4 =Pressure (Vol. N3} 
5 =Mixture level (Vol. N3} 
6 =Liquid Level (Vol. N3} 
7 = Water temperature 

(Vol. N3} 
8 = Metal temperature 

(Core N3} 

9 =Flow (JUNC N3} 

= Volume, or Junction Index 

= Optional volume index 

+ = InGH, - = HIGH 

+ = HIGH, - = LOW 
+ = LOW, - = LOW 
+ = HIGH, - = LOW 
+ = InGH, - = LOW 
+ = HIGH, - = LOW . 

+ = HIGH, - = LOW . 

+=HIGH, -=LOW 

+ = HIGH, - = LOW 

If IX2 .,. 0 a high 6P or /JT test is used 
(fo~· IDSIG = 4, -4, 7, •7) 

Xl SETPT = Signal setpoint 

X2 DELAY = Delay time for initiation of action after reach
ing setpoint. 

NOTE: On first trip card, Nl = N2 = 1. 

(6) Volume Data 

N1 

N2 

Xl 

IBUB 

IQIN 

(NVOL cards) 

= Bubble data index 
( 0 ~ I BUB ~ NBUB) 

= Heat generation index 
(-NHTX ~ IQIN ~ NOCOR) 

IQIN <0 = Heat exchanger region (same index may be 
repeated if it refers to a time dependent heat 

IQIN > d = 

p = 

exchanger only} · 

Core region (same index may not be repeated) 

Pressure (psi) 
(0.1 ~ p ~ 3206.2). 

X2 TEMP = Temperature (or quality of mixture) 
(°F or dimensionless} 
(0. ~TEMP~ 1. or 32. ~TEMP:;; 5600.) 

X3 V = Volume (ft3) 
(0. < V) 

X4 ZVOL = Volume height, bottom to top (ft) 
(0. < ZVOL) 

X5 ZM = Mixture level (from bottom) (ft) 
(0. ~ ZM ~ ZVOL) 

Liquid phase: ZM = 0. is interpreted ·as 
ZM = ZVOL 

Liquid phase: 0. < ZM < ZVOL implies 
an air head over the 1i quid 

X6 ELEV = Elevation at the bottom of the volume (ft) 
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( 7) Bubble Data (NBUB cards) 

X1 ALPH = Bubble gradient parameter 
(0. ~ ALPH) 

X2 VBUB = Bubble velocity (ft/sec) 
(0. s; VBUB) 

NOTE: Set number 0 

(8) Junction Data 

N1 

N2 

N3 

N4 

X1 

X2 

X3 

(ALPHA = 0., VBUB = 0.) is built-in. 

(NJUN cards) 

IWl = Volume index at junction inlet 
(0 s; IW1 ~ NVOL) 

IW2 = 

!PUMP = 

!VALVE= 

WP = 
AJUN = 

ZJUN 

Volume index at junction exit 
( 0 s: IW2 ~ NVOL) 

(a) (IW1 > 0, IW2 '> 0) Pump Index (0 s; !PUMP 
~ NPMPC) 

(b) (IW1 > 0, IW2 s; 0) Leak Index (1 s; !PUMP 
s; NLK) 

(c) (IWl s; 0, IW2 '> 0) Fill Index (1 s; !PUMP 
s; NFLL) 

(d) (IWl s; 0, IW2 s; 0) 0 (NULL JUNCTION) 

Valve index 
(0 s; IIVALVE I ~ NCKV or 6 ~ IIVALVE Is; 10) 
(a) !VALVE = 0, No valve 
(b) 1 ~!VALVE s; NCKV, Type 1 check valve 
(c) -NCKV ~!VALVEs; -1, Type2 check valve 
(d) 6 s; !VALVE s;10, Initially open valve which 

closes under trip control (IDTRP =!VALVE) 
(e) -10 s:IVALVE s; -6,Initiallyclosed valve 

which opens trip control (IDTRP =!VALVE) 

Flow (lb/ sec) 

Minimum flow area for choked flow calcula-:
tion (ft2) 
(0. s; AJUN) 
(a) IW1 > 0, IW2 > 0 

0. implies no restriction 
(b) IWl > 0, IW2 s; 0 

0. is interpreted as 1. 
(c) IW1 s; 0, IW2 > 0 

0. is interpreted as 1 •. 
(d) IWl s; 0, IW2 s; 0 

AJUN is ignored 

Junction elevatioil (fl) 
(a) IW1 >0, IW2 >0 · 

ZJUN must lie between bottom and top of 
both inlet and exit volumes . 

(b) IW1 > 0, IW2 ~ 0 
ZJUN must lie between bottom and top of 
inlet volume 
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(c) IWl ~ 0, IW2 > 0 
ZJUN must lie between bottom and top of 
exit volume 

(d) IWl ~ 0, IW2 ~ 0 
ZJUN is ignored 

X4 INERT A = Junction effective L/ A (ft-1) 

X5 KJUN = 

(0. ~ INERTA) 
(a) IWl >0, IW2 >0 

INERTA > 0 
(b) IWl ~ 0 or IW2 ~ 0 

INERTA ~ 0 

Friction coefficient (lbf-sec
2 
/lb -ft

3 
-in.

2
) 

(0. ~ KJUN) m 
(a.) IWl, "> 0, IW2 ·:> 0 

KJUN = 0. implies value computed f1·om 
pressure drop data. Must give positive 
answer. 

(b) IWl ~ 0 
KJUN ignored beyond this point 

(c) IW2 :s, 0. If KJUN ~ 0, then KJUN is 
caiculated internally from the orifice 
equation, which is 

1 
KJUN = 144g ( 2A2) , 

c 

where A is the effective leak area, 
including a contraction coefficient. 

( 9) Pump C oastdown (one curve if NPMPC > 0) 

N1 NPUCD = Number of data. points 
(2 ~ NPUCD ~ 20) 

XI. CA VCON = Cavitation constant 

X2 Ignored 

X3 TIME
1 

(sec) 

X4 MULTIPLIER
1 

X5 TIME
2 

X6 MULTIPLIER
2 

X7 TIME 3 
X8 MULTIPLIER

3 
etc 

where TIME1 < TIME2 < TIME
3 

< ••• 
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(10) Pump Head (NPMPC curves) 

N1 NPUMP = Number of data points 

N2 IX 

N3 IY 

(2 s NPUMP s 20) 

= Flow variable type 
IX s 0 flow in pounds per second 
IX > 0 flow in gallons per minute 

= Head variable type 
IY s 0 head in pounds per square inch 
IY > 0 head in feet 
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• 

X1 

X2 

X3 

X4 

X5 

X6 

SPUMP 

FPUMP 

FLOW
1 

HEAD
1 

FLOW
2 

HEAD
2 

etc 

= Net positive suction head (ft) 
2 = Shutdown friction coefficient (lbf-sec /Ibm-

·fta -in. 2> 

lb/ sec or gal/ min 

lb/in.
2 

or ft 

where FLOW l < FLOW 2 < ••• 

(11) Check Valves 

X1 PCV 

X2 CVl 

X3 CV2 

X4 CV3 

(NCKV cards) 

= Back pressure for closure (lb/in.
2

) 

= 

= 

= 

Forward flow friction co_efficient 
(lb -sec2/lb -ft3 -in 2) 

f m • 
Reverse flow fri§tion_ coefficient, valve open 
(lbf-sec2/lbm·-ft -in.2) 

Reverse flow friction coefficient, valve closed 
(lbf-sec2/lbm -ft3-in.2) . 

(12) Leak Sets 

N1 

(NLK curves) 

NAHEA = Number of data points 
(2 < NAREA < 20) 

N2 !CHOKE = Leak type 
!CHOKE :5:: 0, no liquid phase choking 
!CHOKE > 0, liquid phase choking allowed 

X1 SINK = Sink pressure (lb/in.
2

) 

X2 CONCO = Contraction coefficient 

X3 

X4 

X5 

X6 

TIME
1 

AREA
1 

TIME
2 

AREA2 
etc 

{sec) 

(ft2, dimensionless if AJUN > 0) 

where TIME1 < TIME
2 

< ..• 

(13) Fill_Sets 

N1 

N2 

(NFLL curves) 

NFILL 

IX 

= Number of data points 
(2 < NFILL < 20) 

Independent variable 
IX= 0, time 
IX> o, pressure (P 

1 
+ P ) 

vo grav 
IX< 0, differential pressure (P 1 + P 

_ P ) vo grav 
fill . 
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N3 

X1 

X2 

X3 

X4 

X5 

X6 

IY = Flow type 
IY:;;; 0, flow in pounds per second per square 

foot 
IY > 0, flow in gallons per minute per square 

foot 

FILPRS = pressure in fill reservoir 

FILTEM = Temperature (or quality) in fill reservoir (°F) 

TIME1 or P.BESSURE
2 

(sec or lb/in.
2

) 

FLOW 
1 

( lb/ sec or gal/ min) 

TIME
2 

or PRESSURE
2 

FLOW2 
etc 

~here TIMEi < TIME2 < •.. 

or PRE33URE1 < P.H~t;~URE2 .••• 

(14) Kinetics Constants (One card if NOCOR > 0) 

N1 NODEL 

X1 BOVL 

X2 RHOIN 

= Number of dP.la.yed groups 
NODEL ~ 0, explicit time-power curve 
NODEL = 7, one prompt neutron group plus 

six groups of delayed neutrons 
NODEL = 18, one prompt neutron group plus six 

groups of delayed neutrons plus 
eleven delayed gamma emitters 

= 13/L =Effective delayed neutron fraction over 
mean lifetime .(sec-1) 

= Initial reactivity ($) 

(lb) Scram Curve (One curve if NOCOR > 0) 

Nl · NSCR = Number of data points 
(2 :;;; NSCR :;;; 20) . 

Xl TIME1 (sec) 

X?. R.EACTIVITY1 u1· N'ORIVLJ\Ll:l.ED POWF.'R ($ or dimen3ionless) 

X3 TIME
2 

X4 REACTIVITY
2 

or NORM..\LIZED POWER 

etc 

where TIMb:1 < TIME2 < .•. 

(16) Doppler Curve. (One curve if NOCOR > 0 and NODEL > 0) 

Nl NDOP = Number of data points 
(2 s NDOP ~ 20) 

Xl TEMPERATURE! (°F) 

X2 REACTIVITY1 ($) 
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X3 TEMPERATURE2 
X4 REACTIVITY 

2 
etc 

where TEMPERATURE1 < TEMPERATURE2 < ... 

(17) Reactivity Coefficients (NOCOR cards if NODEL > 0) 

Xl 

X2 

ALPHVW = Water void coefficient ($/%void) 

ALPHTW = Water temperature coefficient ($;oF) 

X3 ALPHTM = Metal temperature coefficient ($;oF) 

X4 DOPWT = Doppler weighting fraction 

(18) Channel Data (NO COR cards) 

Nl IMTL = Rod geometry index (1 ~ IMTL -o;; NMTL) 

N2 

Nil 

N4 

Xl 

X2 

X3 

X4 

X5 

NODT
1 

NODT2 
NODT

3 
QFRAC 

ARHT 

CHNL 

HDIAM 

HEDIAM 

= 

= 

= 

= 

= 

Node numbers at which temperatures are to be 
printed 

Fraction of total power generated ·in core volume 
2 Total heat transfer area in core volume (ft ) 

Channel length (ft) 

Hydraulic diameter (ft) 

Heated equivalent diameter (ft). 

(19) Rod Geometry Constants (NMTL sets) 

Fi1;st card ill n set: 

Nl 

N2 

N3 

Xl 

X2 

X3 

NR 

IKCW 

NDRW 

DRW 

RHOIW 

POFRW 

= 

= 

= 

= 
= 

= 

Successive cards in the set: 

Number of regions in rod and number of cards in 
this set (1 :S: NR ~ 6) 

Thermal property table index for region (1 :S: 

IKCW :S: NKC) 

Number of space steps in region 

Region space step size (ft) 

Region material density (lb/ft3) 

Power fraction for region 

. Nl NR . = blank or 0 

All other fields are the same as in the first card of the set. 

For each set, ~NDRW < 31. 
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(20) Thermal Property Tables (NKC sets) 

One set: 

Nl NKP = Number of points in thermal conductivity table 
(2 ~ NKP ~ 20) 

Xl 

X2 

X3 

X4 

TPK
1 

TPK2 
TPK3 
TPK4 

= 

= 
= 

= 

Temperature
1 

(°F) 

Thermal Conductivity1 (Btu/ft- hr-°F) 

Temperat':lre2 
Thermal Conductivity 2 

etc, until NKP points are read, 

where Temperature
1 

< Temperature2 < ... 

Nl NCP = Number of points in heat capacity tahlA (2,;:: NCP ~ 
20) 

Xl TPC1 = Temperature
1 

(°F) 

X2 'I' PC 2 = Heat capacity1 (Btu/lb-°F) 

X3 TPC3 = Temperature2 
X4 TPC4 = Heat capacity 2 

etc, until NCP points are read, 

where Temperature1 < Temperature2 < ..• 

(21) Heat Exchanger Data (NHTX sets) 

Nl IHTX = Number of data points, 0 meaning flow and tern-
perature dependent. 

(IHTX = 0 or 2 ~ IHTX ~ 20) 

(A) lH'l'X = 0 

Xl 

X2 TSEC 

= Fraction of power removed by heat exchanger 

= Secondary side temperature (~) , 

X3 HTXCO = Heat exchanger coefficient (Btu/hr-°F). (Not used 
if heat exchanger starts with a nonzero flow) 

(B) IHTX > 0 

Xl TIME
1 

(sec) 

. X2 NORMALIZED POWER
1 

X3 TIME2 
X4 NORMALIZED POWER2 

etc 

where TIME
1 

< TIME2 < ... 

(22) End Card (1 card, optional) 

Columns 1 through 72 blank 

Omit this card if another problem follows. 
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INPUT FOR RESTARTING 

An old restart data tape to be used must be mounted on FORTRAN Unit 3 and 
a blank tape must be mounted on Unit 4. The normal RELAP3 program is used 
with the following input definitions. 

(1) Title (one card) 

FORMAT: 18A4,2A4 

The first 12 characters of the new title must be identical to the title of the 
problem which is to be restarted. 

(2) Problem Dimensions (one card) 

FORMAT: 15I3 ,E10.6,17X,2A4 

N1 LDMP = N, the page num oer of the old problem where 
restart is to begin 

N2 NEDI 

N3 NTC 

N4 NTR 

= 

= 

= 

(1:s;LDMP:s;999) 

Number of minor edit variables 
(O:s;NEDJ:s;9) 

Time step card count 
(1:s;NTC$20) 

Number of ~rip control cards 
(O~NTRs:20) 
NTR = 0 will cause the trip control 
values on the restart tape to b~ used, 
assuming chronological consistency. 

Columns 13 through 72 are blank. 

( 3) Edit Variable Cards (one card if NEDI > 0) 

The same rules apply as for the original problem. The quantities being 
edited on the new run neect not have any relation to those of the original 
run. 

( 4) Time Step Cards (NTC cards) 

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 cards 
referring to problem times previous to the point of restart will be used, 
but they may be inputted. 

( 5) End Card (one card) 

FORMAT: 20A4 

Columns 1 th1·ough 72 are blank. 

This card is omitted if another problem follows. A following problem 
must not use or generate a tape. 
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INPUT FOR TAPE EDITING 

An old plot tape must be mounted on FORTRAN Unit 3. The normal RELAP3 
program is used with the following input definitions. 

(1) Title (one card) 

FO,RMAT: 18A4,2A4 

The first 12 characters of the new title must be identical to the title of the 
problem which is to be edited. 

(2) Problem Dimensions (one card) 

FORMAT: 1513,E10.6,17X,2A4 

N1 LDMP = 

N2 NED! = 

N3 NTC 

-3 

Number of minor edit variables 
(0 ~NED!~ 9) 

Edit frequency control card count 
(1..; NTC ~ 20) 

. These are the only control integers required for a tape edit. The others will 
not be checked because the information will be retrieved from tape. 

(3) Edit Variable Cards (one card if NED!'> 0) 

The s arne rules . apply as for the original problem. The quantities being 
edited need not have any relation to those of the original run.· 

(4) EcUt Frequency Control Cards (NTC cardB) 

(5) 

FORMAT: 213,6X;2E:i0.6,40X,2A4 

Nl Number of plot records per minor edit 
(0 is interpreted us 1) 

N2 Number of minor edits per major edit 
(0 is interpreted as 50) 

X1 DELTM = . Time step size (sec) 
(0 < DELTM) 

X2 TLAST = End of current edit frequency 

End Card 
(TLASTi_ 1 < TLASTi) 

(one card) 

FORMAT: 20A4 

Columns 1 through 72 are blank. 

control data 

This card is omitted if another problem follows. A following problem cannot 
use a different input tape. 
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APPENDIX D 

PROGRAM STRUCTURE 

RELAY3 OVERLAY STRUCTURE 

MAIN 
BUBB 
BUFIO 
CHKV 
DATA 
DATB 
DATC 
DNB 
FAIL 
HEADC 
HTRC 

' POLATE 
PRESS 
PUMP 
SUBPG 
TIME 
TKANDC 
TRIP 

-- VAPORl -

I 
I I I l 

INMAIN RESTRT PRINTR TRAN 
CINITL POSIT CHEK BAL 
INBUBL POSITD ED COM CCC 
JNCKV PULLIN EDDAT CHNL 
INCNL REEDIT ' ED EDIT EDIT 
IN CORE RETSTP EDINED FILL 
I NED IT TSPIN FLOSRH 
INFILL TSPRNT FLOW 
INHTXQ HTXQ 
INJUN LEAK 
INLEAK PLTAPE 
INPLAT REAC 
INPUMP RKEN 
INREAC RNDO 
INRKEN SCRM 
INROD STATE 
INSCRM TEMP 
INTABL TROD 
INTRIP 'TSTP 
INTSTP 
INVOL 
KINITL 
TEMH 

. 
TEMZ 
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LABELED COMMON REFERENCES 

SUBROUTINE 

. 0 () ,~ (/) " () ~;:: ~ ~ ..:l ~ ~ :j ~ :.:!;I c.; z Q ~ :il ~ ~ ..;~le: ~E-t;:: ~ ~ ~ \"1 :.: E-t ~ &1 z I (/) i:l re w 
COMMON z I'Q H ;:; ..: I'Q u .-'1 9 u "" ro e; P.. r:1 f@ P.. o :;; >--: :::> !;;; z o o H E-t 13 ;;1 5 ;;1 f::l o u ..: P:: ro o~' H ~ !:;;! H ..:l o P:: ro "' :.: o ..: o z H ::;; ..:l E-t ..:l ro ::oo 01 :.: ..: u z o :.: E-t !;I o P.. 

H~~~888H~~~~ 5 §~~H~~Z~U~U~~~~~~~~~00888~Z~~ ros~88H~OQ~H~ ~HUZHHOOX~8~~§~~~08 
~-~ __ [il_e_~-~ ~ _ _e_;_~ .. ~ g_E:__:><_~ ~J.L~ !:::.Y-~ ;:: ~ ~A>:<_~-~ ':'..!:' ~~ _;~~-~--~-H g~ ~--K~.-~.23Jl If :.> &l_.§_@_~~t e-t_!li. ~ &1 ~ ~ ~ ~ ~ i;; p:; p:; p:; lil 51 E-t gj ~ 

BALED X X X X X X X X X X X 

BUBER X X X . X X X X I 
BUBLER X X X X II X X X 

CHKVER X X X X X 

CHNLER X X X X X -· X X X X 

_CHNLES X X X X X X X X X X 

DENC X - X X X X 'I X X 
EDITER X X X XX X X 

EDITET X X I X X X X X X 

ERRORZ X X I X X 

FILLER x .x J x J x 
HEADER X X X X X X X 

HEATC X X X X X 

HEATED x X X x 
HEATV X X X 

HTXQER X X I 
IREKIN X X ' I 

X 

X X X X X X X = X X 
X X 

X 

X 

RNDER X I 
ROD X X X X ·."'( . 

RODT x x x 
RTHERM x x 

X 

X X 

X 

X 

X 

X X X 

X .. x 
X 

X 

X 

X 

X 

X 

X 

X ::0 

X 

XX 

X 

X 

X X 

X X X X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

jx 
xj 
lx 

X 

X X 
X X 

X 

X 

I~ 

X 

X'\ 

X 

X 

I X 

X 

X 

X X 
X 

X X 

~S~C~R~ME~R~x'--------1---------t---------t---~~-------+---------+ ·X x x x STATUS x x x x . x x · x x x x -----------f~---;x:---+~x:;-+x::-x:;-:;x--;;x:--f-:x:-----+-;_+x::-x::--x::-:::x+-----fOx~-x----'x~x--x--x-1 
TAPER x X x X 

TBLC x 
TBLC2 x 
TRIPER x 
TSTPER x 
VOLED x 
VOLER x x 

X 

X 

X X 

X X 

X:< X 

X 

X X 

X 

X 

X X X X ~ X X 

VOLESl x x x 

X 

X 

X 

X 

x· 
X 

xxx X 
X X 

X 

X X X 

X X xi' X X 

X X X -. 
X X X X X ,X X X X X 

X X X X 

~~§2~x~x~----+-~--~x~4---~----~--~x~~-----+--------+-------~----·-- x ___ 1 ___ x~---f-------1-----t~x~~~x4:::-=--~~~x~----~~--~--~ XUNITS X X X X X X X X X X ·-x+-- X X X X X X X 
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APPENDIX E 

SUBROUTINE DESCRIPTIONS 

BAL 

Performs the mass and energy balance for all volumes and then obtains new 
pressures. 

Each junction is examined and then mass and energy contents of the inlet 
and outlet volumes are advanced.· Each volume is tested for direct heat addi
tion or removal, the corresponding energy transfer routines are called, sub
routine STATE is entered to obtain a new average pressure, and mixture 
conditions are then calculated. 

BUDB 

Calculates both the enthalpy and a bubble indicator at the junction height 
within a volume. 

BUFIO 

Is an NRTS package to ·allow tape handling in an overlapped mode and with 
non-FORTRAN records. A FORTRAN routine is available. 

CCC 

Calculates some exponential relationships needed by the reactor kinetics 
routine (RKE N). 

CHEK 

Positions a plot tape to the first record for the tape edit routine. 

CHKV 

Either generatP.s a friction coefficient for a. check valve or controls an 
on-off valve using TRIP. 

CHNALF 

Replaces the IBM supplied CHAIN routine for the IBM 7044 so that chaining 
will function as the manual describes. · 

CHNL 

Calls the core heat transfer routine (TROD), and calculates the energy in 
the fuel for a core volume. 

CINITL 

Performs the steady state initialization for all core volumes. 

For each core volume water properties·· are found. With this information 
and the steady state heat fluxes, HTRZ and TEMZ are called to obtain the initial 
surface heat transfer coefficient and the initial radial temperature distribution. 
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DATA 

Is a block data subroutine containing thermodynamic properties at satura
tion and the steam tables. 

DATB 

Is a·block data subroutine containing the leak tables. 

DATC 

Is a block data subroutine containing 'physical properties at saturation, 
RELAP3 array limits, and miscellaneous numerical constants. 

ED COM 

Reads from the plot tape the integers which are needed for the tape edit 
routine. 

EDnAT 

Reads a plot record from tape for the tapP. P.rlit !'Outine, 

F. DEDIT 
' Formats and prints output i.n the tape edit routine. 

EDINED 

Reads an edit control card for the tape edit routine. 

EDIT 

Will, as required oy the timP. Rts;>.p cards, liot a few varial.llel::i frequently, 
a complete edit less frequently, ~nd call PL TAPE to save data. 

FAIL 

Sets a flag to indicate the calcul atinn h.n:i failed, 

FILL 

Provides the junction flow and enthalpy for a fill system type of ,1unction. 

FLOSRH 

Performs the junction flow calculation. 

Inlet pressure, output pressure, junction water properties, pump head, and 
check valve friction factor are obtained. ln~:rtial and oholced flow routine~ 
(FLOW and LEAK) are called and a choice made between these two flows. For a 
fill system a special routine (FILL) is invoked. 

F. LOW 

Performs the inertial flow iteration for a junction. 
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HEADC 

Calculates l:!-ll junction gravity heads by assuming that the volume pressure 
obtained from thermodynamic relationships occurs at the center of gravity. 

HTRC 

Calculates critical heat flux, heat transfer mode, and heat transfer coef
ficient at the fuel pin surface. 

HTXQ 

Calculates the energy removed by a heat exchanger, allowing a choice 
between a flow-temperature dependence or an input curve of removal rate vers.us 
time. 

INBUBL 

Processes bubble data cards. 

INCKV 

Processes check valve data cards. 

INCNL 

Processes channel heat transfer cards. 

IN CORE 

Calls, in succession, the reactor kinetics input (IREKIN), the core heat 
transfer input (INCNL and INR¢D), steady state core heat transfer initializa
tion (CINITL), and reactor kinetics initialization (KINITL). 

INEDIT 

Processes a card describing the variables to be monitored most often. 

INFILL 

Processes data describing the fill systems. 

INHTXQ 

Processes data describing the heat exchangers. 

INJUN 

Processes junction description cards and sets up initial conditions for all 
junctions. 

After the junction description cards are read, pump and check valve input 
routines (INPUMP and INCKV) are called. Junction water properties, pump heads, 
and check valve friction coefficients are then obtained. Finally, junction friCtion 
coefficients required to produce steady state are calculated and checked. A 
negative friction coefficient will cause an error indjcation. 
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INMAIN 

Calls in succession all of the input data processing and initial conditions 
routines. 

INLEAK 

Processes data describing the leaks. 

INPUMP 

Processes pump coastdown data and pump characteristics. 

INREAC 

Processes a set of Doppler data and then reactivity coefficient cards. 

INRKEN 

Pl·ueesses the reactor kinetkR elM::~ :md then oallo the scran1 am..l reactivity 
data processing routines (INSCRAM and INREAC). 

INHUU 

'processes data describing the fuel rods; reads thermal property tables 
for the rod materials. 

INSCRM 

Processes the reactor scram curve. 

INTABL 

Is called by all input proc:P.RRing routines which require tauular data. running 
beyond a single card. 

IN TRIP 

Processes the trip pa:rameter nArrl8. 

INTSTP 

Processes the time step control cards. 

INVOL 

Processes volume description cards and sets up initial conditions for all 
volumes. 

After the volume description cards arP. read, water properties are outalned. 
Then masses and energy contents are computed, and finally liquid and mixture 
levels are set up. 

KINITL 

Initiallz.es the common areas associated with the reactor kinetics routine 
and calculates the beginning-of-problem reactivity feedback to be used as a base 
for perturbations. 
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LEAK 

Performs the choked flow calculations by a double interpolation of the leak 
tables contained in a block data subroutine (DATB). 

MAIN 

Processes the title card and the integer data and controls the calling of 
the input, restart, transient, tape editing, and termination segments of the 
program. 

PLTAPE 

Saves all data· for possible restarting. May also save edit~ble variables 
for later re-edit or plot. 

PO LATE 

Is a linear interpolation routine used by many other routines. 

POSIT 

Positions a restart tape to the correct page. 

PRESS 

Is the steam table interpolation routine. 

Given a pressure and a pressure index, the saturation properties are ob
tained by a linear interpolation. If an enthalpy and an enthalpy index are also 
given, a double interpolation for specific volume and temperature are performed 
and the indices updated. 

PRINTR 

Controls the flow of tape editing routines. 

PULLIN 

Restores all of the labeled common blocks to their old values. 

PUMP 

Obtains a _pump pressure head from the flow-head table, the coastdown 
curve, and the cavitation equation. 

REAC 

Adds the sum of the reactivtty feedback terms to the reactivity obtained 
from the scram curve (SCRM). 

REEDIT 

Heads a new edit control card. 

RETSTP 
.. 

Reads a new set of time step control cards. 
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RKEN 

Supplies the normalized reactor power level. 

In the case of a power-time type of problem, the normalized power is 
obtained directly from the scram curve (SCRM). 

For a kinetics type of run, the reactivity summing routine (REAC) is called 
and then a Runge-Kutta advancement is performed according to the reactor 
kinetics equations. 

RNDO 

Is a routine called to avoid round-off error in Runge-Kutta advancement of 
the reactor kinetics equations (RKEN). 

RESTRT 

Controls the flow of the restart procedure. 

Routines which are called include an 'edit control input (REEDIT), a time 
step input (RETSTP), a tape positioning routine (POSIT). and the restoring 
routine (PULLlN). 

SCRM 

Obtains the current value of reactivity (or normalized power) from the 
scram table. 

STATE 

Calculates pressure and enthalpy, when given specific volume and internal 
energy, by using the steam tables directly to get to the proper interval and then 
llt:!raling through PRESS. 

SUBPG 
. . 

Ejects a sheet of output and puts problem title, elapsed computer time, and 
page number at the top of the next page. 

TEMH 

Calculates enthalpy and specific volume when given -preSS\,l,J;'e and temperature 
(or quality) by using the steam tables directly to get to the proper interval and 
then iterating through PRESS. 

TEMP 

Calculates transient fuel pin temperatures at radial modes, given heat 
generation rate, surface heat transfer coefficient, bulk coolant temperatures, 
and old time step value of surface heat flux. 

TEMZ 

Calculates initial fuel pin temperatures at radial modes, given heat genera
tion rate, surface heat transfer coefficient, bulk coolant temperature, and steady 
state surface heat flux. 
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TIME 

Obtains the elapsed computer time in seconds. 

TKANDC 

Interpolates, from the tables of thermal conductivity and heat capacity, 
values for the nodal pin temperatures. TKANDC is called by both TEMZ and 
TEMP. 

TRAN 

Controls the flow of the transient calculations. 

Routines which are called by TRANS include the time step size and edit 
control (TSTP), the volume mass and energy balance (BAL), the flow calculation 
(FLOSRH), the reactor power calculation (RKEN), and the editing package (EDIT). 
Errors during one of these routines are detected after the return and will cause 
termination of the problem. 

TRIP 

. Generates signals to end the problem, to open the leak junctions, to initiate 
a reactor scram, to shut down the pump, to start the fill systems, or to open or 
close a valve. 

TROD 

Is the core heat transfer routine. TROD calls HTRC and TEMP in an iterative 
procedure, until a convergence on the pin surface heat transfer coefficient is 
obtained. 

TSPIN 

Processes the edit frequency control cards for the tape edit routine. 

TSPRNT 

Determines the edit requirements during the tape edit routine. 

TSTP 

Obtains the new time step size and sets the edit control paramelen,;. 

VAPORl 

Sets up the coefficients needed for the height dependent bubble density 
calculation (BUBB). 
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APPENDIX F 

RE LAP3 FLOW CHARTS 

·. 
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MAIN 

MAINTAIN 
OVERALL 
CONTROL 

PRINTR 

,, 
TAPE 
EDITING 

ROUTINES 

APPENDIX F 

RE LAP3 FLOW CHARTS 

-- READ 
TIT.LE 

BLANK ~>----w 
TITLE 

w· 
TERMINATE RESET CLOCK 

RELAP3 JOB WRITE TITLE 

,, 
CALL EXIT PROCESS CARD OF 

INTEGER DATA AND 
POWER LEVEL 

=-3 
:.;~ . . ? I 

LD'MP 

(CHART 2 INMAIN RESTRT ,, (CHART 3 

INPUT AND 
INITIALIZATION 

SUBROUTINES 

RESTARTING 

PROCEDURES 

TRAN t (CHART 5) 

TRANSIENT 

CALCULATIONS 

CHART I, PROGRAM FL.QW, 
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PRINTR 

TAPE 
EDITING 

ROUTINES 

REWIND 
PLOT 

TAPE 

YES 

CHEK 

CHECK DATA TAPE 

AND READ FIRST 
PLOT RECORD 

READ INTEGERS 
FROM PLOT 

TAPE 

ED I NED 

PROCESS ONE 
EDIT CONTROL 

CARD 

TSPIN 

PROCESS NTC 
TIME STEP 
CARD 

PRINT 

MESSAGE 

ED EDIT 

PRINT 

INITIAL 

CONDITIONS 

EDDAT 

READ NEXT 
PLOT RECORD 
FROM TAPE 

TSPRNT ----··-·-------------L------, 
DETERMINE 

WHAT EDITS 
ARE REQUIRED 

ED EDIT 

PRINT 
REQUIRED 

EDITS 

REWIND 
.PLOT 

TAPE 

NO 

END OF.. PRINTR 
INC-A-15863 

CHART 2. TAPE EDITING. 

74 



RESTRT 

'

RESTARTING If--------... 
PROCEDURES I 

POSIT 

POSITION OLD 
TAPE TO 
PROPER PAGE 

PULLIN W 
RESTORE 
COMMON TO 
OLD VALUES 

REEDIT ,, 

PROCESS ONE 
EDIT CONTROL 
CARD 

-·'·······--,-~~-~ 

RETSTP 

,, 
PROCESS NTC 
TIME STEP 
CARDS 

,, 
END OF 
RSTRT 

CHART 3. RESTARTING LINK, 
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BUFIO 

NON- FORTRAN 
1-0 ROUTINE 

BUFIO 

NON-FORTRAN 
1-0 ROUTINE 

INC- A-14452. 



IN MAIN 

INPUT AND 
INITIALIZATION 

INEDIT 

PROCESS EDIT 
REQUEST CARD 
IF NEDI ~ 1 

INTSTP .... ---~--=-----, 

PROCESS N Tr. 
TIME STFP 
CARDS 

INTRIP 

PROCESS NTRP 
TRIP PARAMETER 
CARDS 

IN VOL llr (CHART 6) 

PROCESS VOLUME 
AND BUBBLE DATA 
THEN INITIALIZE 

1...--~--.---···· ··------l 

INJUN ,if (CHART 7) 

PROCESS JUNCTION, 
PUMP, CHECK VALVE 
THEN INITIALIZE 

I NC-A-14453 

CHART 4. INPUT L..INK. 
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INl F~K '---=-----, PROCESS Nl K 
LEAK . DATA 
SE:ts 

INFILL ' 
PROCESS NFLL 
FILL DATA 
SETS 

INCORE , (CHART 8) ,.....::...;:._.::;..._ _ ___._ 

PROCESS CORE HEAT 
TRANSFER AND 
REACTOR KINETICS 

INHTXQ 
, 

PROCESS NHTX 
HEAT EXCHANGER 
DATA SETS -------J 

, 
END OF 
INPUT 
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TRAN 

TRANSIENT 
CALCULATION 

TEST EDIT 
CONTROLS 

1 

DO EDITING 

TSTP 

GET· NEW TIME 
STEP 1 SET 
EDIT CONTROLS 

YES 

YES 

YES 

BAL (CHART 9) 

MASS- ENERGY 
BALANCE BY 
VOLUME 

FLOSRH (CHART 10) 

JUNCTION 
FLOW 
CALCULATION 

YES 

RKEN (CHART I I) 

REACTOR. 
POWER 
CALCULATION 

YES 

YES 

NO 
EDIT 

EDIT CONTROLS 
ON 1 00 
EDITING 

END OF 
TRANS 

INC-A-14454 

CHART 5, TRANSIENT L.INK. 
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INVOL 

PROCESS VOLUME 
AND BUBBLE DATA 
THEN INITIALIZE 

LIQUID PHASE 
INITIALIZATION 

---

LIQUID 

NO 

INITIALIZE 
VOLUME COMMON 

" 
READ, WRITE AND 
CHECK A VOLUME 
DATA CARD 

TF.:MH 
, 

CONVERT QUALITY 
OR TEMPE:RATUHE 
TO ENTHALPY 

DETERMINE 
- PHASE 

TWO PHASE 
INITIALIZATION 

INBUBL 

,, 
NVOL CARDS 
PROCESSED? 

PROCESS NBUB 
BUBBLE DATA 
CARDS 

END OF 
IN VOL 

CHART 6. VOLUME DATA. 
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GAS 

FIND SATURATION 
PROPERTIES, 
THEN DENSITY 
AND TEMPERATURE 

'r -
GAS PHASE 

. INITIALIZATION 
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INJUN 

PROCESS AND INITIALIZE 
JUNCTIONS I PUMPS ~ 

AND CHECK VALVES 

INITIALIZE 
JUNCTION COMMON 

PROCESS NJUN 
JUNCTION CARDS 

NPUMP 

PROCESS NPMPC 
HEAD-FLOW ~ 
DATA SETS 

PROCESS ONE 
COASTDOWN SET 
IF NPMPC ~ 1 

NCKV 
,, 

PROCESS NCKV 
r.HECK VALVE 
DATA C_ARDS 

VAPOR I 

SET UP BUBBLE 
GRADIENTS 

HEADC 

SET UP GRAVITY 
PRESSURE HEADS 

INC-A-14456 

11f 

F~CTION 
OR . TYPE 
NULL 

NORMAL 

LEAK 

BUBB 1 ~ 

I ENTHALPY AT I 
JUNCTION INLET 

BUBB 

I ENTHALPY AT 
·JUNCTION INLET J 

t INLET AND OUTLETJ 
PRESSURES 

PRESS f 
l WATER DENSITY AT I 

AVERAGE PRESSURE j 

PUMP f 
l 

PUMP HEAD AND J 
_FRICTION FACTOR 

CHKV t 
l CHECK VALVE 

FRICTION. FACTOR 

l CALCULATE AND CHECK I 
FRICTION FACTOR 

END OF 
INJUN 

CHART 7. JUNCTION DATA. 
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IN CORE 

PROCESS CORE HEAT 
TRANSFER AND -
REACTOR KINETICS 

l 
RKEN I IF NOCOR ~~ 

PROCESS KINETICS 
PROCESS REACTOR DATA CARD 
KINETICS AND REACTIVITY 

+ FEEDBACK DATA INSCRM 

CNL + IF NOCOR ~ 1 
PROCESS REACTOR 

IN 

IN 

PROCESS NOCOR SCRAM CURVE 
HEAT TRANSFER t DATA CARDS INREAC 

+ .. 
.. -

?:1 IF NOI·;n~ 
NROrl AND NODEL > 1 ·---

PROCESS NMTL SETS OF RE:AD ONE SE:f 
GEOMETRY CONSTANl"S DOPPLER DATA AND 
READ NKC ~F.TS OF NO COR CARDS OF 
THERMAL PROPERTY TABLES REACTIVITY COEFFICIENTS 

INITL ' t INITIALIZE CORE 
HEAT TRANSFER END OF ) AND TEMPERATURES INRKEN 

c 

K ' 
INITIALIZE HEAT 

INITL TRANSFER COMMON 
INITIALIZE KINETICS + AND REACTIVITY PRESS 
FEEDBACK SET UP SATURATION 

' 
TABLE AND GET 
WATER PROPERTIES 

END OF 
INCORF ../ 

HTRC 1~ 

SURFACE HEAT 
TRANSFER COEFFICIENT 

TEMZ t 
SURFACE 
TEMPERATURE 

,, 
END OF 
CINITL 

INC-A-14457 

CHA~T 8. REACTOR DATA. 
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BAL 

MASS- ENERGY 
BALANCE BY 
VOLUME 

HTXQ 

BUBB 
ENTHALPY AT 
JUNCTION OUTLET 

OUTLET QUALITY, DO 
MASS, ENERGY, AND 
BUBBLE INSERTION 

NO 

+ 
BUBB 
ENTHALPY AT 
JUNCTION INLET 

INLET QUALITY, DO 
MASS, ENERGY, AND 

BUBBLE EXTRACTION 

REMOVE HEAT BY ADD HEAT BY 
TABLE OR FLOW CORE HEAT 
DEPENDENCE TRANSFER 

TRIP 
HEAT EXCHANGER 

~ 
STATE 

GET PRESSURE FROM 
ENERGY AND DENSITY 

GET NJUN 

NO 

JUNCTION ENTHALPIES 

BUBB 

BUBBLE 

TROD 

GET SATURATION 
PROPERTIES 

HTRC 

SURFACE HEAT 
TRANSFER COEFFICIENT 

TEMP 
.SURFACE TEMPERTURE 
AND. FLUX 

INC-A-144'58 

GRADIENT MODEL 

CHART 9, MASS ANO ENERGY BALANCES. 
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FLOSRH 

JUNCTION FLOW 
CALCULATION 

PRE:..;;;S...;;.S_o=..~.. ___ _, 

SET UP 
SATURATION TABLE 
GET DENSITY 

FLOW = 0 

0 

YES 

0 

PRESSURE OR 
TIME DEPENDENT 
FIL.L. SYSTEM 

0 

INC-A-14459 

CHART 10. MOMENTUM BALANCE • 
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·RKEN 

REACTOR 
POWER 
CALCULATION 

KINETICS 

REAC 

REACTIVITY FROM 

DIRECT 

SCRM 

INTERPOLATE 
POWER VS 
Tl ME AFTER SCRAM 

END OF RKEN 
SCRAM CURVE AND 1------...., 
FEEDBACKS SCRM 

INTERPOLATE ROD 
REACTIVITY VS 
TIME AFTER SCRAM 

SUM REACTIVITY 
FEEDBACKS 

CCC 

EXPONENTIAL 
RELATIONSHIP 
INTEGRALS 

RNDO 

AVOID ROUNDOFF 
FOR VERY LONG . 
REACTOR PERIODS 

INC-A- 14460 

CHART 11. REACTOR KINETICS, 

83 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 



APPENDIX G 

SAMPLE PROBLEMS 

/ 

85 



THIS PAGE 

WAS INTENTIONALLY 

LEFT BLANK 

. ,.,. .. 
T 



APPENDIX G 

SAMPLE PROBLEMS 

·The test cases which follow show the input, output, and restart formats 
and provide results for comparison. The results were obtained from a double 
precision version and run on an IBM 360/75. other computers using a longer 
word length produce the essential features of these results from a single 
precision version. These cases have been run on the CDC 6600, Univac 1108, 
and the IBM 7044 as well as the IBM 360/75. However, the RELAP3 version 
used on all but the IBM 360/75 was one which did not contain the current 
core geometry and heat transfer. 

The test cases are designed to check the major features of RELAP3. The 
first case is a one-volume unheated blowdown, and the second case is a three
volume reactor blowdown with reactivity feedback. Thelasttest case is asample 
restart of the three-volume problem. 

Execution time and to a lesser degree the numerical results depend upon 
the particular computer used. _Observed timings are as follows: 

Computer 

IBM 360/75 

IBM 7044 

CDC 6600 

Univac 1108 

Compiler 

H/2 

-IBSYS 

RUN 

FORTRAN V 

Compile Time[a] Execute·Time[a] 
(min) (min) 

2.0 4.6 

27. 

1.4 

1.2 

25. 

3.0 

4.5 

[a] The running times can vary depending on the time of day, installed hardware, 
and costing algorithm •. 
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SAMPLE PROBLEM 1 -- ONE VOLUME UNHEATED SLOWDOWN 
AND THREE-VOLUME TEST PROBLEM WITH REACTOR KINETICS 

//GAJ3A,I5 JOB CR,M37001,10,X00760,06851,GeAeJAYNE,CLASS=A,PRTY=8 
1/XQT EXEC RELAP3,XTIME=10,PAGES=80,TPOUT= 1 LoGAJR3001' 
/IX. SYSIN DO • 

RELAP3 STANDARD ONE VOLUME CASE 5170 30oTOP,1VOL,2342e5P,520F TITLE 10 
0 5 4 3 1 1 1 0 0 1 0 0 0 0 0 o.o INTL 20 

AP 1 TM 1 ML 1 JW 1 J)( 1 EDIT 30 
10 o. 0005 Oo2 TIME 40 
50 "·{It) 10 1oCl TIME 41 
20 OoiJ025 2.0 TIME 42 
20 Oot'050 tocon.o TIME 43 

1 1 25.0 o.o ENOT 50 
1 -4 1 14.8 o.o ENDP 51 
2 1 o.oo1 o.o ~TRT o;2 
1 0 2'342.5 520.0 8.45 100 333 o.o O~OVOL 60 

0.8 3o0 BUB 70 
1 ~ 1 o.o 0.026167 9.5 Q.O o.n I FIll! At\ 

3 1 12.5 il.6 o.n o.o Oo001 l.OLAREA120 
10000.0 1.0 LAREA121 

THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MA_Y, 1970 TITL lO 
-2 9 5 6 3 1 4 1 1 .1 0 1 1 1 2 50.0 CONT 20 
AP "3 JW 2 JW 3 AX 3 FT ~ ST 3 HC 3 OF 3 Sf 3 EDIT 31') 
5!) 5() 1 50 0.0002 (1.5 TH1E 40 
10 50 3 10 o. 0010 2o0 TIME 41 

2 50 4 2 o. ,050 4.0 TIME 42 
4 5n 3 2 o. no 50 10.0 TIME 43 
4 5(1 5 2 Oo0050 25.0 TIME 44 
1 1 21. (I o.o ENOT 50 
1 -4 1 5().0 r..o ENOP 51 
2 1 (1. 01 o.o LEAK 52 
3 -4 1 2000.1) 0.2 SCRM 53 
3 1 o.o1 1.o· SCRM 54 
4 -4 1 1000.0 Ool PMPT 55 
1 0 2400.00 550.0 3 50.0 11;.0 

"· 0 
4o 5VOL1 60 

1 -1 2408.81 521.5 250.0 8.o o.o O.OVOL2 61 
I) +1 2405.61 5 50.1) 15.1) 3.0 "·" 2o0VOL3 62 

Oetl ~.o BUB 70 
1 0 1 o.~ lo5 10.5 o.o Oo'O JUN! 80 
2 3 () 1390.0 5.0 2o0 0.3 o.o JUN2 81 
3 1 , l39Cio0 5.1:! 5o I:' 0.3 o.o JUN3 82 
1 2 1 1390.0 5o0. 1oiJ 6o.n o.o JUN4 63 
3 o.noo2 n.o 1.0 1.0 OoOPCD 9() 

100.0 o.o PCO 91 
3 1 1 101\oO Oo MOl -8.0E+6 400.0 l1JoOE+6 200oOPHEAOlOO 

20oOE+6 -300.CE+6 PHEAD101 
0.4 0 .. 01)003 o.ot 100.0 CHKV llt:l 

3 !) 50.0 0.6 o.o o.o Oo05 .1oOLAREA120 
100.0 1.n UIREA1Z1 

18 300.0 n.o KIN 140 
3 t:'oO n.o o.s -20.0 100.0 -20oOSCRM 150 
3 o.~ !:'.0 5Mo0 o.o 450~.n 0.00400PL 160 

-1). 3 -O .. ,.,Ml Oo001)001 1o0 REAC 170 
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J 2 4 7 1.0 1068.0 3.0 0.05 0.05 CHNL 180 
2 1 3 0.1)05 1000.1:1 1.0 ROD1 190 

2 5 0.0(105 60(1.0 0.1) R002 191. 
20 lOO.C 5.00256 3()1).(1 3. 99600 500.0 3.32820K 11 200 

70C.C 2e854!)8 9(1,.(1 2. 50128 noo. {I 2. 22948K 12 21)1) 
1300. (I 2.01528 1500.0 1.84356 1700.0 1.7(14601( 13 200 
1900.0 1.55160 210{1.0 1. 4652(1 2300.0 le38600K 14 200 
2500.{1 1.33560 3000.0 1.27080 3500.0 1. 23840K 15 200 
3701).() 1.23840 4000.0 1.26000 4300.0 1. 314001( 16 200 
470~., 1.40400 510(1.0 1. 50480 1<17 200 

2(\ 100e0 0.(!5779 300.0 o.o654'l 50C.O o.o6ql4c 11 261 
700.0 0.07143 900.0 0.07306 1100.0 o.o7435c 12 2(11 

t3no.o o.cn543 1500.1) 0.07639 1700.0 o.o7728C 1'3 201 
25!Xl. n 0.0797 27t;IO.O 0.0810 3(100.0 0.0850 c 14 ?.1)1 
3200.0 0.0897 3500.0 1).1)990 3800.0 o.1116 c 15 201 
41 'lO. I) t:-.1265 4400.0 0.1403 4600.0 0.1474 c 16 201 
4800.0 (1.1530 5100.0 0.1562 c 17 201 

15 l.OO.C 7.91'q2o 300.0 8.22240 500.0 8.676001( 21 202 
7(!0.0 9.2700(') 900.0 10.00080 noo. o 10e87?.00K 22 202 

1300.0 u. 88720 1500.0 13.0356{1 1700.1) 14.328 K 23 202 
1800.1" 14.652 2001".0 16.1)2 2200.0 17.892 K 24 202 
2500.0 21.132 2900.0 26.28 . 3300.0 32.22 K 25 202 

11 100.0 ().!)6708 300.0 "· !)7318 500.0 t~.07693C n 203 
7oo.o (1.07981 900.0 o.n8228 noo.o O.M455C 22 21)3 

1300.0 0.08669 1500.I'l o.o8S76 1700.0 (1.09078C 23 203 
1800.0 0.!.'1870 330().0 0.0870 C'24 203 

0 l.C 400.0 HTEX 210 
END 2?.0 

I* 

//GAJ5CU5 JOB CR,M37"01,10,X00760,0685l,GeAeJAYNE,CLASS=C,PRTY=8 
1/XQT EXEC RELAP3,XTIME=5,TPIN='L.GAJR3001' 
11'4 SYSIN DO • 

THREE VOLUME TEST PROBLEM RESTARTED FROM TAPE TITL 10 
37 8 2 CONT 20 
JW 2 JW 3 AX 3 FT 3 ST 3 HC 3 OF 3 SF 3 EDIT 30 

" so i 11) o.oos 11).1) TIME 40 
4 51) 4 10 0.005 20.0 TIME 41 

END 22n 

89 



REL AP3 STANDARD ONE VOlUME CASE 517~ 30.TOP,1VOl,2342e5P,520F TIME n~o PAGE 1 

RELAP3 STANDARD ONE VOLUME CASE 5170 30eTOP,1VOL,2342e5P,520F TITLE 10 

·M I SC EllA NEOUS PROBLEM CONT ROt DATA. 

TAPE NUM NUM NUM NUM NUM NUM NUtol IIUM NUM NUM NUM NU .. NUM NU"' IN lEAL 
DUMP EDIT TIME TRIP VOL BUBL JUNC PUMP C.HK LEAK FILL CORE ROO HEAT ROC PO ... EP. 
O=NO VAR SETS SGNL SETS CUR If VHV CURV CURV REG GEOM EXCH MAl! IMEGAWATTSJ 

0 5 4 3 1 1 1 •) 0 1 0 0 0 0 a 0.0 INTL 20 

EDIT IDENTIFICATION NUMBERS 

1 2 3 .. 5 6 7 8 q 

AP 1 Tl4 1 ML 1 JW JX 1 0 0 0 0 EDIT 30 

DATA FOR 4 TIME STEP SETS •. 

SET T S BRF LRG T S TIME E"'IID 
NUM PER PER PER PER STEP OF 

BRF LRG RST PLT SIZE IWTERVAL 
~ 
0 

1 10 0 0 0 o.sOOOOOD-OJ: 1.2000000 00 TIME 40 

2 50 0 0 0 o.1oooooo-o2 o.1oooooD 01 TIME 41 

3 20 0 0 0 o.zsooooD-nz c.zoooooo 01 TIME 42 

4 20 0 I) 0 o. SOOOOOD-02 C1.100000D 05 TIME 43 



REL AP3 SH.NDARD ONE VOLUME CASF. 5170 30eTOP,1VOL,2342o5P,52~F TlME Oo13 PAGE 2 

GENERALIZED TRIP PARAMETERS FOR 3 SIGNALSo 

TRIP TRIP SIG INDX INDX ACTION. TRIP SIGNAL SET POINT DELA·v TIME 
NOo 10 ID 1 2 

1 1 1 0 0 F. NO ELAPSED TIME Oo250000D 02 0~0 ENDT 5'1 

2 1 -4 1 0 END LOW PRESSURE O.l4BOOOO 02 o.o ENOP 51 

3 2 1 0 r. LEAK ELAPSED Tl ME Oo100000D-02 o.o STRT 52 

R.EL AP3 S'!" ANOA•D ONE VOLUME CASE 5/70 3~oTOP,lVOL,2342eSP,S20F TIME o.ts PAGE 3 

INPUT DAH FOR 1 VOLUME So 

VOL BUBL HEAT PRESSURE TEMPERAJURE VOLUME HEir.HT MIXTURE ELEVATION 
NUM I NOX INDX ( PS II lOR QUA_ITYI ( FT**31 I FTI LEVEL I FT I IFTI 

1 1 0 0.2342500 04 0.5200:100 03 OoB450000 01 0.1033300 02 o.o o.o VOL 60 

INPUT FOR 1 SETS OF BUBBLE CONSTANTS 

SET SLOPE BUBBLE 
NOo PARAMETER VELOCIT'Y 

0 o ... o. !BUILT-IN DArAI 

1 o. BOOOOOO 1)0 o.~oocooD· 01 BUB 70 



RELAP3 STANDARD ONE VOLUME CASE .. 5/70 
\ 

DESCRIPTIONS OF 1 JUNCTION~ • 

FP.~M TO PUMP CHCK I NI Tl AL MINIMUM JUNCTION JUNCTION 
VOL VOL LEAK YALV FLOW. FLOW AREA HEIGHT ·INERTIA 

FILL'TNOX ·( L BS't SEC I IFT**21 (FTI 11/FTI 

1 0 1 0 0~ t) o. 2616 .. 00-01 o. q5ooooo 01 0.1) 

REL AP3 STANDARD ONE VOLUME CASE. 5170 30erOP,1VOL,2342w5P,520F 

PARAMETERS FOR 

LEAK DATA LEAK 
NOe PTS. T'I'PE. 

1 3 1 

1 LEAKS. 

SINK 
PRESSURE 

0.125001'\D 
o.1oooooD 

CONTRACTI!Dt>f TIME APEA 
COF.FFTCIEI'IT 

(!2 o. 60000(!(• {10 0.1) 0.1) 
05 0~10000C(· ~1 

FRICTION 
COEFFICIENT 
(DP=F*V*W**21 

o.o 

TIME 

c.JoonooD-n2 

TIME = 0.17 PAGE 4 

LEAK 80 

TIME 0.20 PAGE 5 

AREA 

OelOOOOOD 01 LAREA120 
LARF.A!21 



RELAP~ STANDARD ONE VOLUME CASE 5170 30oTOP,1VOL,234lo5P,52nF TIME 0.27 PAGE 6 

TIME STEP NUM o. TIME c.o SEC. 

TOTAL .SYSTEM I'IORM POWR POWR HEAT REM ENGY LEAK MASS LEAK ENGY BAL. MASS BALo TOTo REAC REAC T 
QUANTITJ ES IMWI I BTU/HR I I BTUI . I LB I I BTU I ILBI I Sl SEC. 

o.o o.l'l o.o o.o o.Q 2o06568D 05 4.111540 02 o.o o.o 
VOLUME AVG. PRES TOTo MASS AVGo ENTH AVGo DENS AVGo TEMP AVGo QUAL BUBA MASS MI XT LEVL LIQ. MASS 
NUMBEI! PS lA ILBI IBTU/LBI I LB/FT31 IF I IL'BI IFTI ILBI 

1 2. 342500 03 4ol1154D 02 5.113200 02 4. 86572D 01 5.20000D 02 o.o o.n 1.033300 Ol 4o11154D 02 

JUNCTION CONNECTING CHOKE JCTo FLOW JCTo ENTH JCTo QUAL p R E s s u R E 0 I F F E R E N T I A L s 
NUMBER VOLUMES ILB/SEC I I BTU/LBI TOTo PSI ELEV PSI FI!IC PSI ACCL PSI PUMP PSI 

1 1 TO 0 NO o.n 5.1l320D 02 o.o o.o n..o (1.0 1'1.0 o.o 



REL AP3 STANDARD ONE VOLUME CASE 5170 3D.iOP,lVOL,2342.5P,~20F TIME 3.63 PAGE 7 

TIME AVG PRESS TOTAL MASS MTXT LF.'IEL FLOW LB/ QUALITY 
SEC VOL 1 PSIA VOL 1 Le VOL 1 FT JUI'.J 1 .SEC JUN 1 

o. 00 51)0 1.95841)D 1)3 4. 10 1" 2D C/2 1e03330r:J Ol 3.4751130 1)2 c.o 
o. 01000 1.474650 03 4.085980 (12 1.03330(1 ra 2.578750 02 o.o 
n.o15CO 1.098380 ,3 4.074980 ('l2 1.03330(• 01 1.801320 02 o.o 
o.o2noo 8.187660' '12 4.067320 C·Z 1 .('3330 [• llt 1.1691110 02 l).n 
0.02500 7.763250 C2 4. 061780 02 ~.03331)[ 1)1 1.097660 ()2 6.364540-05 
c.03MO 7.761360 02 4.056300 02 1.~3329[ !)1 1.097230 02 . 1.486850-(14 
Oo 03'500 7.759450 02 4.1)50810 02 l.r. 33280 01 1.096810 02 2.33"'16D-C4· 
0.04000 7.757550 02 4.045330 ()2 1.0:B270 N 1.1)96390 Ct2 3o 19038D-Cl4 
n.t:4500 7.755630 02 4. 039850 02 1.0 3326[) 1)1 leM596D 02 4.04354D-04' 
o. 05000 7.753710 02 4. 034370 ('2 1.1)3324[) 01 1.095540 02 4. 8 9764D-04 
0.0.5500 7.751790 02 4.028890 02 1.033210· 01 1. 095110 C'2 5.752690-04 
o. 06000 7.749860 02 4.023420 02 1.033180 r:'J. 1.09469D rn 6. 608720-04 
0.06500 7.747920 02 4. 017940 IJ2 !.('33151) Cl 1.~94?60 02 7o465730-04 
(1.0700(1 7.745980 02 4.012470 02 1 • .,331?.0 ,1 1.!')93840 02 8.323730-04 
1).1)75CC 7.744030 02 4. 007010 1':\2 1.033!)8!) O:t 1.093410 1)2 C!el8?.740-04 
0.0800(1 7.742!180 02 4.001540 (12 lo033C30 1)1 1.1)92980 1'12 1.004280-03 
Oe0f!500 7.740130 02 3.9<161)80 02 ,_.('329<10 1'1 1.0<1256D rt2 '-· c 91'380-03 
0.09000 7.738160 02 3.990610 02 . l.l' 32940 01 1.092'-30 02 1.17660D-03 
Oe095CO 7.736190 02 3. 985150 02 l .• r.l32880 1)1 1.Mnno 02 1.262910-C.n 
OolOOOO 7.734220 1)2 3 •. 97971)0 02 1.1)32A?.D Ot 1.091270 (I;! le 349340-IB 

(0 ll.1r, 500 7.732240 02 3. 974240 02 l.iB2760 Cl 1.'!90850 02 1.435870-03 

""" 
O.llMO 7.130250 02 3. 96879D 02 1.('32700 !)l 1.0911420 02 1.52252D-03 
1). 11500 7.728260· 1')2 3. 963340 02 1.032630 Cl 1.1)899<10 (12 1. 60Q270-03 
Cel2t:IOO 7. 726270 02 3. 95789D 02 1.0325.50 "1 1.('189560 02 1.696140-03 
0.12 500 7.724260 02 3.952440 02 1.032480 ill lo089130 1)2 1.783120-03 
o. 131)00 7.722260 02 3. 9470.,0 02 1.03241)0 1)1 1.1)88700 ()2 1.8702?.D-03 
o. 13 500 7.720240 02 3. 941550 02 1.(132310 rn 1.1)88270 02 le95744D-03 
0.14000 7.118220 02 3.936110 !.""!2 1.032230 :n 1.087840 02 2. 044 770-03 
0.14500 7.716200 02 3.930680 02 1.032130 :n 1.(187410 1)2 2.132220-03 
0.15000 7.714170 1)2 3. qz 524D 02 l.Q32o4o .:n 1.08697D.02 2.219800-03 
1).15500 7. 712130 0?. 3.919810 02 1.031 <140 ·)1 1.086540 1')2 2.307490-03 
0.16000 7. 710~90 02. 3.914370 02 1.031840 01 1.086110 02 2.3<15310-Q3 
0.1650() 7.708040 02 3. 9~8940 02 1.031130 01 1.085680 (!2 2.483260-03 
1).17000 7. 705<190 02 3. 9(13520 02 1.031620 01 1.085240 C\2 2.571330-03 
0.17500 7.70.393D 02 3. 898090 02 1.031510 01 1.084810 !'12 2.659530-03 

'(1.181)00 7.701870 02 3.892670 oz· 1.031390 1!!1 1.084370 02 ?.o.74 7860-03 
o.la5oo 7.69'H90 02 3. 887250 02 1.031270 01 1.083940 n 2.83632D-C3 
0.19000 7.697720 (12 3o891830 02 1.031150 (11 1.083500 02 2.924920-03 
Oo 19500 7.695640 02 3.876410 02 1.031020 C1 l.OB3070 02 3.01365D-03 
Oo 20000 7o693550 02 3. 871'!00 02 1.030890 C1 1.082630 n2 3.1(12510-03 



RELAP3 STANDARO ONE VOLUME CASE 5170 30eTOP,1VOL,2342e5P,520F TIME 3e74 PAGE 8 

TIME STP NUM 400. TIME 0.2000000 00 SEC. 

TOTAL SYSTEM ·NORM p'owP. POWR HEAT REM ENGY LEAK MASS LEAK ENGY BALe MASS BALe· TOT. REAC REAC T 
QUANTI Tl ES IMWI I BTU/HR I IBTUI ILBI IBTUI ILBI I' I SEC. 

o.o o.o o.o 1.217700 04 2.405390 01 2.065680 05 4.111540 02 o.o o.o 
VOLUME AVG. PRES TOT. MASS AVG;. ENTH AVG. DENS AVG. TEMP AVG. QUAL BURB MASS MTXT LEVL LIQ. MASS 
NUMBER PSIA ILBI IBTU/LBI ll8/FT31 IFI ILBI IFTI ILBI 

1 7. 693550 02 3. 871000 02 5.052810 02 4.5.81060 01 5.133040 02 1e88178D-03 6e95223D-01 t.n3M9D oi 3. 863710 02 

JUt«:TJOt- CONNECTING CHOKE JCT. FLOW JCT. ENTH JCT. QUAL p R E s s u R E 0 I F F E R E N T I A l s 
NUMBER VOLUI'IES I LB/SEC I IBTU/LBI TOT. PSI ELEV PSI FRIC PSI ACCL PSI PUMP PSI 

1 1 ro 0 YES 1.082630 02 5.061370 02 3.10251 o-rJ3 7.568550 02 o.o o.t' o.o o.o 



REL AP3 STANDARD ONE VOLU"'E CASE 5170 30eTOP,1VOL,2342.5P,520F TIME - 37.01 PAGE 11 

TIME AVG PRESS TOTAL MASS MIXT LE\'El FLOW LB/ QUALITY 
SEC VOL 1 PSIA VOL 1 LB VOL 1 FT JUN 1 SEC JUN 1 

12.10000 2.38347D 01 2. 46446D 01 9e48415C 00 3.123680 00 1.284310-01 
12. 20(!0(1 2e32445D 01 2. 434180 01 9e48418C 00 2. 921 CJ7D co 1.29,.960-01 
12.30000 2.26836D 01 2.405940 01 9.484210 00 2.715510 00 1.309760-,01 
12. 4!:'1)00 2.21528D 1)1 2.37978D 01 9.484240 00 2.503700 0(' 1.330030-01 
12. 501)01) 2.165290 01 2. 35578D 01 9.484270 00 2.283970 co le35807D-01 
12. 600('10 2.11853D 01 2. 334040 01 9e48't31D• 00 2.048310 00 1.398930-01 
12.70000 2.07535D 01 2. 3l4840 01 9.484370· 00 1. 762430 ('0 t. 47nvm-o1 
12.80000 2.037040 01 2.299190 01 9e48445D 00 1.423240 00 1e61n600-0l 
12. 901:'!00 2.001520 01 2. 28549D 01 9.48447D 00 1. 31 065D Cit' 1.658830-01 
13.00000 1.96769D 01 2.272910 01 9e48449D 00 1.200360 00 l. 71651D-01 
13.10000 1.935530 01 2. 26143D 01 9.484510 00 1.09156D 00 1e78F-720-I!l 
13. 20 0{'10 1.904980 01 2. 25103D 01 9e48454D 00 9. 82 866D-O 1 1.87472D-01 
13.30000 1. 876060 01 2. 241120 01 9e48456D 0(1 8.113140-01 1.990930-01 
13. 41)000 , .• 848820 01 2. 23358D 01 9.484590 00 7.481790-01 2.l63960-01 
1 3. 50000 1.823620 01 2. 22689D 01 9.48464') 00 5.468590-01 2.6309JD-l'l~-
13.60000 1.79726D 01 2.219070 01 9.484230 00 2.095580 00 1.241470-01 
13.70000 1.755710 01 z. 19863D 01 9.484250 (\0 1.986640 00 1. 248610-(Jl 
13.1:10000 1.715820 01 2.179280 {11 9.484260 00 1. 877130 00 1.259350.:.01 
13.90000 1.677560 01 2.161020 01 9.484280 <00 1.77C280 00 1.27248D-01 
14.00000 1.640910 01 2.143820 01 9.484300 00 1.664180 00 1.288460-01 

~ 14.10000 1. 605 840 01 2.127680 01 9.484320 (1, 1.559300 00 1.307810-01 a; 
14• 20001) 1.57232D 01 2.11258D 01 9e48434D DO 1.455490 00 1.331240-01 
14.30000 1.540330 01 2.098510 01 9e48436D ::lO 1. 352600 00 1.35967D-Q1 
14.4('1000 le50983D 01 2.<.'85470 01 9e484380 :lO 1.250470 00 1. 39429D-Ot 
14.50000 1.480810 01 2. 073450 01 ·9.484410 :lO 1.148920 00 1.436760-01 
14. 51)500 1.47941)D 01 2.072870 01 9.484410 )0 1.143850' C!O 1. 43913D-01 



RELAP3 STANDARD ONE VOLUME CASE 5170 30eTOP,1VOL,2342e5P,520F TIME = 37.09 PAGE 18 

TIME STEP NUM 4101• TIME 0.145050D 1:12 SEC. 

TOTAL SYSTEM NORM POWR POWR HEAT REM ENGY LEAK MASS LEAK ENGY BALe MASS BALe TOTe REAC REAC T 
QUANTITIES IMWI IBTU/HR"• IBTUI ILBI I BTU I ILBJ Ul SEC. 

o.o n.o o.o 2e02557D 05 ~.90425D 02 2.065680 05 4.111540 02 o.o o•o· 
VOLUME AVG. PRES TOTe MASS AVGo ENTH AVG. DENS AVGe TEMP AVG. QUAL BUBB MASS MIXT LEVL LIQ. MASS 
NUMSER PSIA ILBI IBTU/LBI ILB/FT31 IF I ILB I I FTI I LBI 

1 1.47":1400 01 2.o7287D 01 1.94612) 02 2.45311D 00 2.12198D 02 1e46B3BD-02 2. 78327D-01 9e48441D 00 2.04244D 01 

JUNCTION CONNE-:TJNG CHOKE JCT • FLOW JCT. ENfH JCT. QUAL p R E s s u R E 0 I F F E R E N T I A L s 
NUMBER VOLUMES ILB/SECI IBT\:.1/LBl TOTe PSI ELEV PSI FRIC PSI ACCL PSI PUMP PSI 

1 1 TO 0 NO 1.14385D 00 3.198850 02 1.43913D-01 2e29400D 00 o.o 2e21544D 00 o.o o.o 

RELAP3 STANDARD OM: VOLUME CASE 5170 3_0eTOP, 1 VOL, 2342e 5P, 52 0F 37.12 PAGE 19 

END TRIP SIGNAL. 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 TIME· = o.o PAGE 1 

THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 TITL 10 

MISCELLANEOUS PROBLEM CONTROL DATA. 

TAPE NUM NUM NUM NUM NUM NUM NUM NUM NU'4 NUM NUN NU"" NUM NUM INIT1Al 
DUMP EDIT TIME TRIP VOL: BUBL JUNC PUMP CHK LEA< FILL CORE ROO HEAT ROO POWER 
O=NO VAR SETS SGNL SETS CURV VALV CUR/ CURV REG GEOM EXCH MAT CMEGilWATTS) 

-2 9 5 6 3 1 4 1 1 1 0 1 1 1 2 0.5•)0000) n2 CONT 20 

EDIT I DENT! F I c·AT I ON NUMBERS 

1 2 3 4 !i 6 1 8 9 

AP 3 JW 2 JW 3 AX 3 FT ST 3 HC 3 OF 3 SF 3 EDIT _31) 

DATA FOR 5 TIME STEP SE"rS •. 

c.o SET T S BRF LRG T S TIME END 00 NUM PER PER PER PER STEP OF 
BRF LRG RST PLT SIZE INTERVAL 

1 50 50 1 50 o. 2000(100-1)3 0.500')00D 00 TIME 4, 

2 10 5Q 3 10 0.100000D-1)2 0.2MOOOD 01 TIME 41 

3 2 50 4 2 0.5{100000-02 o.40000)D 01 TIME 42 

4 4 50 3 2 o. 50MOOD-O 2 o. 10000-:lO 02 TIME 43 

5 4 50 5 2 o.5oooonD-02 0.2500000 02 TIME 44 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 TIME • o.o1 PAGE 2 

GENEIULI ZEO TRIP PAR4METERS FOR 6 SIGNALS. 

TRIP TRIP SIG lNDX INDX ACTION TRIP SIGNAL SET POINT DELAY TIME 
NO. ID ID 1 2 

1 1 1 0 0 END ELAPSED TIME 0.210000D 02 o.o ENDT 50 

2 1 -4 1 (I END LOW PRESSURE o.500f)OOD 02 o.o . ENDP 51 

3 2 1 0 0 LEAK ELAPSED TIME Oe100000D-01 o.o LEAK 52 

4 3 -4 1 0 SCRAM LOW PRESSURE Oe2001)00D 04 o.zoooooD 00 SCRM 53 

'5 3 1 0 0 SCRAM ELAPSED TIME Oe100000D-01 o.100000D 01 SCRM 54 

6 4 -4 1 0 PUMP LOW PRESSURE 0.100000D 04 o.toooooD·oo PMPT 55 





....... 
0 
....... 

THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 

DESCRIPTIONS OF l't JUNCTION So 

FROM TO PUMP Ct«:K INITIAL MINIMUM JUNCTION JUNCTION 
VOL VOL LEAK VALV FLOW FLOW AREA HEIGHT INERTIA 

F Itl I t-i))C ILBS/SECi IFT**2t IFTJ fl/FT) 

1 0 1 0 o.o 0.1500000 01 0.1050000 02 o.o 

2 3 0 0 0.1390000 n~t o.soooooo 01 0.2000000 01 0.-3000000 00 

3 1 0 0 0.1390000 04 0.5000000 01 o.soooooo 01 0.3000000 00 

1 2 1 0 o.139onoo 04 o.soooooo 01 o. 7.000000 01 0.6000000 02 

. .. 

TIME 0.15 PAGE It 

FRICTION 
COEFFICIENT 
IDP=F*Y*W**2) 

o.o JUN1 80. 

OeO. JUN2 81 

o.n JUN3. 82 

o.o JUNit 83 



THREE VOLUME TEST PROBLEM WITH REACTOR KINEfiCS 

PARAMETERS 

DATA 
PTSe 

3 

PUMP OAT 
NO. PTS 

1 3 

PARAMETERS 

VALVE 
NO. 

FOR 

IND 
VAR 

1 

FOR 

1 PUMP TYPES. 

CAVITATION 
CONSTANT 

o. 200000D-03 
0.10MOOD 03 o.o 

DEP NET POSITIVE FRICTION 
VAR SUCTION HEAD CO EFFI CI El'o T 

1 OelOOOOOD 03 Oo100001lll-03 
Oe200CIOOD 08 -0.3000.000 09 

1 CHECKVAL YES. 

BACK PRESSURE FORWARD 
FOR ClOSURE FRIC. COEFFe 

ETC. MAY, 1970 

TIME AFTER 
TRIP 

o.o 

LBS/SEC COl 
GAL/MIN Ill 

-o. aooooo D o 1 

OPEN REVERSE 
FRIC. COEFF. 

PUMP 
MULTIPLIER 

0.1000000 01 

PSI 101 
FEET Ul 

Oo400000D 03 

CLOSED REVE~ .. ;E 
FRIC. COEFFo 

1 0.4000000 00 0.3000000-04 0.100000D-01 O•Jf.!OOOOD 03 

THREE VOLll"1E TEST PROBLEM WITH REACTOR KINETJ:S ETC. MAY, 1971' 

PARAMETERS FOR· l LEAKS. · 

LEAK DATA LEAK SINK CONTRACTION TIME AREA 
NO. PTSo TYPE PRESSUII E COEFFICIEI\IT 

1 3 0 0.5000000 02 Oo600t.IGOD on o.o o.o 
0.10001100 03 o.1onoooo en 

TIME 0.18 PAGE 5 

TII'E AFTER PUMP 
T~lP MUL TlPLIER 

C.JOOOOOD 01 n..o PCO 90 
PCD 91 

LBS.ISEC 101 PSI 101 
GAI../MI N Ill FEET Ill 

0..100000 D 08 o. 2001)00D 1)3 PttEADlOO 
PHEA0101 

CHKV 110 

TIME Oo22 PAGE 6 

TIME AREA 

o. ~-(100f'I00-(11 o.l.oooono 01 LAREAl~O 
LAREAJ.21. 



THREE VOLUME T~ST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 

REACTOR KINETICS PARAMETERS. 

NOo BETA OVER INITIAL 
GRPS LIFETIM!: REACTIVITY 

!A 1).31)00000 1)3 o.o 
SCRAM CURVE. 

OATA TIME REACTIVITY TIME REACTIVITY 
PTSe 

3 o.o o.o O.o500000D 00 -CI.20000r.!D 

DOPPLER REACTIVITY CURVE. 

DATA METAL REACTIVITY METAl REACTIVITY 
PTS. TEMPERATURE !DOLLARS I TEMPERA TUllE (DOLLARS) 

3 o.o o.o o.si)OOOOD 03 o.o ....... 
·::> CORE WATER VOID WATER TEM?e METAL TEMPe DOPPLER 
~ 

REG. COEFFICIENT COEFFICIENT COEFFICIENT WEIGHTING 
NO. ($/PE~ CENTI (S/DEG F) I SIDEG Fl. FACTOR 

1 -0. 300DMD 00 -O.lOOOOO!J-tB Oo1000000-05 OelOOO!lOD 

02 

01 

TIME 

0.1001')000 

METAL 
TEMPERATURE 

t!3 

Oe450CIOOO 04 

TIME = O. 22 PAGE 7 

REACTIVITY 

-0.200000D 

REACTIVITY 
!DOLLARS I 

02 

K.IN ~.40 

SCRM 1'50 

Oe4000nOD-(12 DOPL 160 

REAC 171'1 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 TIME 0.25 PAGE 8 

HEAT TRANSFER DATA FOR 1 CORE REGIONS. 

CORE ROD PRINT T POWER HEAT T.RANS. CHAN LENGTH HYD DIAM HTD EQ OIAM 
REG GEOM AT NODES FRACTION AR!:A 

1 1 2 4 7 Oe1flOOOOD 01 o.106800D ()4 o.300000D 01 o. 5MOMD-01 0.5000(100-01 CHNL 180 

ROO GEOM REGlON K,C SET SPACES SIZE DENSITY POWER FRAC 

1 1 1 3 Oo 500000-02 OolOOOOO 04 O.lMOOD 0! 
! 2 2 5 (1. 500 OQD-03 0.600000 03 o.o 

K AND c TABLES, SET NUMBER 1 

20 0.1000000 t13 0.5002560 1;11 o. 300(1000 03 0.3996000 01 o.soooooo t'l3 0.3328200 01 K 11 2M 
O• 7000000 03 0.2854080 '-'1 0.900000D ('13 . o. 2501280 Ol n.1 toonoo 1)4 0..22294110 O! K u ?.M 
o. 130.001)0 04 0.2015280 C•1 0.1560000 04 0.1843560 01 Oe17C•OOOD 04 6.1704600 01 K 13 200 
0.1900000 '-'4 O.l551MO C1 ~. 2HiOOOD 04 0.1465200 01 Oe2.3COOOO 04 o. '-3116000 01 K l4 2no 

~ O. 25N)MO (14 0.1335600 Cl· o.300000D 1)4 0.127080D 01 0.350000D M (1.12384(\D 01 K 15 20(1 
0 0.3700000 ()4 0.1238400 Gl 0.400"-00D (\4 Oe1260000 01 0.4300000 04 0.1.314000 IH K 16 2M 
~ Oe4700MD 04 0.1404000 01 Oe5100000 04 0.1504800 01 K n 200 

20 O.lMON.lO 03 t:'lo577Cl000-I'U 0.3000000 03 o. 6 540000-(H 0.50001')(10 03 Oe6Cll4000-01 c 11 201 
O. 790flflt;lD 0~ o. 7143000-01 OoClMOOOD 03 o. 7306~00-01 0.1100000 1)4 (1.743501:'0-01 c 12 2!'1l 
n~ noccoo 1)4 o.7543000-00. o.150000D 04 o •. 7639IJ00-01 0.170000D 04 ~:~. 7721'!nno-•n c 13 ?.IH 
o. 2500000 04 o. 7971)nQO-Oil. 0.270000D 04 0.811.'0000-01 O. 301'DOOD 04 o. 85(1(1000-01 r. l4 201. 
0.3200~00 04 Oe8970000-011. 0.35Q!ICOO 04 0.9900000-01 0.380)1'100 04 O.el H6000 1'0 c 15 20! 
Oe4!t:IOOOD 04 0.1265000 O:l 0.4400000 04 Oo1403000 00 0.460•)000 04 1'. ~- 4 741;1(10 00 c 16 21)1 
0.43001JOD 04 0.1530000 r.n 0.5100000 04 0.1562000 00 c !7 201 

K AND c TABLES, S':T NUMBER 2 

15 o. 1000000 03 o. 79()920D 0!. 0.3000000 03 o. 8222400 (!1 o.5ooeoono 03 0.8676000 (11 K 2~. 21)2 
Oo 7COOOOD (13 0.927000D Ol 0.9000000 03 o.lNlooeo 02 O.llOC·OOD M o. lOIP 200 02 K 22 202 
0.13001)00 04 0.1188720 _,., 0.1500000 04 0.1303560 02 0.1701:\000 04 o. ,_432130D 02 K 23 20?. 
n.t8ooooo 04 . 0.1465200 0~ n.2ooonoo 04 Oe160200D 02 o. 220fol)0 D 04 0.1789200 (12 K 24 21'12 
Oe25CQOOO C\4 o. 2113200 0~ n. 2ClOOMO 04 0.2628000 02 o. 330(11)00 04 o. 32?.:?.000 02 K 25 202 

11 0.1M00t)O ()3 o. 6 708(')(10-0l o. 3001)000 03 o. 731800o-o1 Oe500MOD 03 "· 7693000-1)1 c 2l 203 
o. 71)00 (I (I 0 f'3 0.7981000-1)1 0.900000D ('3 0.8228(')00-01 o.nooooo 04 0.8455000-0! c 22 203 
o.nooooD 04 0.8669,00-01 !le1500000 04 0.8876000-01 O. 17MMO (')4 (1.907800D-,1 c 23 203 
0.180[)000 04 Oe87MOOD-Ol 0.3300000 04 0.8700000-01 c 24 203 



;... 
0 
::n 

THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 

DATA SETS FOR 1 HEAT HCHANGERS. 

HT'ICI:• VOL IN OUT POWER FRAC SEC TEMP HTXQ COEFF 

1 2 4 z o •. 1000000 01 I).~OOOOD 0.3 o.o 

THREE VOLUME TEST PRCI!LEM WJTH REACTOR KINETICS ETCe 

TiME STEP NUM 

TOlAL SYSTEM 
QUt.NTITI ES 

Vt!ll UME 
NUMBER 

1 
2 
3 

o. liiME = o.n 

NORM POWR 

1. OOOOOD 00 

AVG. PRES 
PS IA 
2. 4001:100 1}3 
2.408810 03 
2.41:'56lD 1:13 

POWR 
IMWJ 
5e000000 0! 

TOT. MASS 
ILBI 
1e64239D ()It 
1.215230 ('-4 
7o03923D (':2 

sec. 

HEAT fi.EM 
IBTU/HRI 
1.70650D 08 

AVG. ENTH 
IBTU/lBI 
5.472590 02 
5.13059D 1!12 
5.472600 02 

MAY, 1970 

ENGY LEAK 
IBTUI 
n.o 
AVG. DENS 
ILB/FBI 
4.692560 (\1 
4.860920 ()1 
4.692820 01 

MASS LEAK 
ILBJ 
o. 0 

=NGY BALe 
I BTU I 
1.586480 07 

AVGe TEMP AVGe QUAL 
IF I 
5.50000D 02 o.o 
5.215000 02 . o.o 
5.5oo~oo 02 o.o 

TIME 

TIME 

MASS BALe 
ILB l 

Oe 5t) PAGE 9 

HTElC 210 

Oe53 PAGE HI 

TOT. REAC 
{ $) 

2. 9281}~0 04 o.o 
BlJBF.I MASS 
ILBI 
o.o 
n.~ 
o.o 

HI XT LEVL 
{FTJ 
1.10000D 01 
a.oonnoo oo 
3.oonooo oo 

REAC 
sec. 
o.o 

T 

LIO. MASS 
ILBI 
1o642390 04 
1. 215230 04 
7et:I3923D 02 

VOLUME 
NUMBER 

2 

HEAT TRANS. SURF FLUX DNB FLUX H.T. COEF SURF TEMP FUEL TEMP CENT TEMP POWR H20 FUEL POWR 

3 

VOLUME 
NUMBER 

3 

JUNCTION 
NUMBER 

1 
2 
3 
4 

MODE IBTU/HR/FT21 IBTU/HR/H2l IBTU/H/F2/Fl IF) {Fl (Fl IRTU/HRl {MWI 

CONNECTING 
VOLUMES 

1 TO 0 
2 TO 3 
3 TO 1 
1 TO 2 

-1.706500 08 
1 1e597850 05 1.608110 D6 2e78836D 03 6.073040 02 8.570310 02 1.216190 03 1.7C650D OA 5e00000D 01 

CHOKE 

NO 
NO 
NO 
NO 

NODE 

2 

JCT • FLOW 
ll B/SEC I 
n.ll 
1.39(1000 03 
1. 39000D 03 
1e39000D 03 

TEMP 

1.143730 ·1)3 

JCT. ENTH 
CBTU/LBJ 
5.47259D ll2 
5e13059D 02 
5.472600 1}2 
5.47259D 02 

NODE 

4 

JCT. QUAL 

o.o 
o.~:~ 
o.o 
o.(l 

TEMP NOD F. 

6. 548490 n2 7 

P R E 
TOTe PSI 
o.o 
3. 21)0000 
5.610000 

-s. 81000D 

S S U R E 
ELEV PSI 
o.r:~ 

no -1.862920-01 
oo 2.1182M no 
oo -1.990310 on 

TEMP 

6. 2 554!)0 0 2 

D I F F 
FRIC PSI 
1).(\ 

3.3B629D on 
3.491800 00 
9.45).910 ()1 

E R E N T 
ACCL PSI 
o.(l 
6e661!14D-16 
6e66U4D-16 
4.263260-14 

I A L S 
PUMP PSI 
o.o 
n.o 
o.o 
1.013390.02 



THREE VOLUME TfST PPOBLEM WitH REACTOR-KlNET.lCS ETC. MAY, 1970 TIME O. 60, PAGE 11 

,• •' 

TIME STEP = PAGE' 11 

RESTART DATA BEING DUMPED. 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS EtC. MAY, 1970 TIME = 143.12 PAGE 12 

TIME AVG PRESS FLOW LBI FLOW LBI AVG QUAL lTV FUEl TEMP SURF TEMP H T COF 8/H/ ONR FLUX BIH SUR FLUX BIH 
SEC VOL :! P SIA JUN 2 SEC JUN 3 SEC VOL 3 VOL 3 F VOl 3 F VOl 3 F21F VOL " IF?. VOl 3 IF2 

(1.01.00(1 2.405600 03 1. 391'200 03 1.390010 1)3 ll.O e. 570310 02 6.073030 "2 2.713853!') 03 1.61)8150 06 1.597970 05 
0."21)00 2.323480 03 2. 960140 03 3.039670 03 n.o e. "i6855o 02 6.(123410 !:12 5e08M8D (13 J.. 9387nD 06 2. 681?.60 05 
!'a03000 2.100850 03 3.132590 1)3 3.329960 03 o.o 8.562790 02 5.949220 1'2 5.486050 03 1e'l5\63n 1'16 2.563300 oc; r.-. ('6.1'\00 1. 731 890 03 4.065910 t)3 4.161830 03 o.o a. 557420 02 5.909510 (12 6e536330 (13 1. 8091J 0 06 2.940000 05 
~.r.5oon 1.395620 03 5.280240 03 5. 35')240 03 o.o 11.548570 C!2 5. 826320 02 8.136920 (13 :1..453580 M 3.145540 05 
:le'l601'1(l 1..055640 03 4. 745690 03 4e829470 03 o.o a. "i38650 02 5. 733660 02 1.6!5420 04 1.1394?.0 06 5.042610 05 
Oo07!:00 9o810640 02 -9.286370 02 1.442290 1'\3 6.137780-04 8.525330 02 5.71)1)530 02 2.413450 01 3et\R1080 "5 6.745340 02 
n .. ost:'OI) 9.791360 02 -8.050310 02 1.9491)40 03 1. 325880-04 a. 52'l6no 02 5.953740 02 4e47R800 01 4e69P4D 05 2.397130 03 
o. o9r.no 9.755830 02 1. 2761 70 1'2 1.8113180 1)3 2.914610-04 8.534220 t\2 6.056720 02 8.237120 01 7 ... 15420 nc; 5e296l70 1)3 
{'1.11)(100 9. 77.7030 02 1. 464120 03 5e530630 02 2.10 2'llD-04 8.539100 02 6.133540 02 6. 785430 01 6.757400 05 4.910550 03 
O.llM'l 9e7rt1600 C2 9. 998020 C2 1.627370 (13 1. 241990-04 8.543770 02 6.18t)ll81) 02 a.41t\600 01 7. 7230!0 ('15 6.505520 03 
~ 12<'00 9.675960 02 5. 432320 02 1.487530 n3 4.741230-05 Be 54A530 02 6.219100 "2 6e84~900 IH 6. 899760 05 5.5a3:t60 03 
(1.,31'00 9.65('1020 1)2 1. 516660 (13 1.(\9}.770 03 6. 376040-0 5 8.553390 02 6.255640 1'\2 1.1.319420 01 7. 7a2760 05 7.120620 1)3 
'1.1400, 9e913a30 1)2 5.757510 02 l.63006D 03 o.o a.o;5AOOO 02 1>.275910 (12 Ae 543230 02 6.a67660 05 7.493390 04 
('..15000 1.024820 03 7.1696r.o ,2 1.701090 03 (1.0 8.562540 (12 6.293760 02 9.217620 02 1. ~41 520 (15 Ae272230 04 
0.16000 9.585470 02 9. 357030 n2 1.416170 03 1.2409a0-05 q.566a7o 02 6.307420 02 7.61'12490 OJ. 7.524400 05 6.965160 03 
'1.17001l 9e563a60 (12 1. 472·,70 (13 9e199720 02 2.('115090-(15 a. 571480 02 6.330630 1'2 .7.70'5710 01 7.624070 (15 7.26'laao 03 
r. 1B(Irl0 1.067710 03 1.071870 1''3 1.325260 03 ('1.0 Ae575890 02 6.3411l00 Cl2 9e14H70 02 7.1a2A90 05 a. 707550 04 
n.19000 9.527260 '-'2 1. 3243('10 C3 :t.07.1940 03 1. 567630-0 5 8.5a0190 02 6. 352500 02 7.5441')60 01 7.60321)0 05 7.309900 03 
o. 20001) 9.512200 02 1. 020950 03 1.348670 03 6.397470-06 8.584210 02 6.353341) 02 9•"'?.410 (12 7. 571260 05 a.757230 04 
fl. 21000 9.54:1510 02 9.152600 02 1.416480 03 n.n B.5a8310 (12 6.363180 1"2 8.944060 02 6.913770 (\c; a.788330 04 

....... o. 22000 9.518910 02 9.2n5210 1)2 1..41\6290 03 o.o Re 597.350 02 6.371490 "2 s.93V!RO n2 6.9039).0 05 8.a6a9aO 04 
0 1'1.23"00 'le469370 02 9. 74fl720 02 1.351780 03 ~.635340-06 8.596350 02 6.378400 02 a. 896730 02 1. 2351150 M 8.914130 04 --. 1).24000 9.455880 02 1.033850 03 1.270760 ()3 6. 314350-06 8.600210 02 6. 38a3 80 02 s.79A' 60 (12 7.637460 05 a.923190 04 

o. 25000 9e44?a80 1)2 1.133190 03 1.176840 03 9. 843350-'-'6 8.602700 02 6.398050 02 7.379560 01 7.6706~0 n5 7.56a650 1)3 
0.26000 9.430400 02 1.212060 03 1.082150 (13 1. oa 5aoo..;05 e. 604160 02 6~409420 02 7.3?.7050 01 1. 663040 05 7.610220 ()3 
Co 27000 9.418370 02 1. 294750 03 9.951930 02 1.048740-05 a. 604950 02 6.420620 !\2 7.30a280 1)1 7.67<;130 (15 7.6a426D 1)3 
o. 2800(1 9.406380 02 1. 327560 03 9e49a690 02 1. 01)4620-0 5 8.605340 02 6.4311)20 02 7.265470 1'1 7.672450 05 7.726340 1)3 
0.29000 9.395230 02 1.354650 03 9.074930 02 9. B 51.10-06 a.605310 02 6.440600 1"2 7.211.1980 IH 7. 665690 t'c; 7.7566ao 1)3 
0.3()(100 9.384010 02 1. 327a7o 03 9.J.94a20 02 1.012510-05 8.605090 02 6.451000 ('2 7.17"4RO 01 7.6574ao (15 7.7897ao 1)3 
Cl. 31000 9.313710 02 1. 324640 C.3 9.074370 02 9.024620-06 8e6045aD 02 6.456360 0?. 7.12259[' 1)1 7.647710 "" 7.785600 03 
0.32('00 9.363740 02 1. 340510 1)3 s.77at)20 02 9.257920-06 8.603890 02 6.464950 ('2 1.o8nn1o rn 70 64rt'!\50 05 7.a09300 03 
.').33000 9.353620 02 1. 252970 03 9.469710 02 1.266280-05 8. 603130 02 6.472100 0? 7. 01.9610 01 1. 621.440 05 7.802090 03 
!).341:1M 9.343940 02 1. 1.70390 03 l.006a80 1'13 1.275240-05 !.1.602260 02 6.480340 02 6. 9 53/lOO 01 1. 5976,.0 05 7.794210 03 
f'e35000 9.334640 02 1.085960 03 1.072020 03 1.321920-05 a. 601270 02 6.4a5440 02 6e894160 01 7. 577~ao ('I<; 7.771800 03 
o. 3.6000 9.325760 02 9. 4337aO 02 1.1a6580 03 1.03051)0-05 Ae6M200 02 6. 4903an Ol 6.8176ao 01 7.545140 05 7.727\40 03 
!"1.37000 9.925930 02 6. 537830 02 1.450060 03 n.o 8.599230 [12 6. 501850 02 8.2503ao 02 6. 1>41150 no; 9.439350 04 
0.38000 1.028330 03 9. 237340 02 1.1a0040 03 n.o '~• 598090 02 6.510510 C'l2 fie 257?.30 !12 6.651540 05 9.5?.7420 04 
o. 39000 1e014'i50 03 1.235910 03 a.616670 0?. o.o 8.596980 02 6.523230 02 8.223a9o 02 6. 899210 (15 9.613280 04 
0.40000 9.290330 (12 1. 416300 03 6.664450 02 2.713330-!)7 8.595770 02 6.530310 02 6.6a~7f)O 01 1. 5244•m 05 7.873730 03 
0.41000 9.2BJ. 790 02 '·· 176170 03 a.ssao7o 02 1.324300-1)5 e. 594540 02 6.533470 07. 6.615440 "'~ 7.493a5o ('5 7.821570 03 
fle42000 9.273440 ~2 9. 576390 02 1.079380 03 1.3521)60-05 Re593350 02 6. 540280 1)2 6e534t)CIO "l 7.454380 05 7.7769aO 03 
Oe43!'0C 9.265690 02 7.471a90 02 1.254a1o 03 2.at1960-06 a. 592160 02 6.545720 02. 7.88?.1)70 02 6eCI35550 1.'15 0.427270 04 
0.44000 1.003750 03 6.479560 02 1.338450 C3 o.o a. 591040 02 6.5569)0 02 7eR86200 02 "· 45?.670 05 9.51a070 04 
0.45001) l.t'l68aD 03 9e 948A80 02 9.1.197960 ~2 0.1) 8.589910 02 6e56a5ao 02 7.893~30 02 6. 4091)) 0 {15 9.63?.010 04 
1).461JCO 9.475440 02 l. 341680 03 6.402330 02 o.o 8.5a81l0 02 6.57a750 02 6.390920 01 7.417600 n5 7oaa0210 03 
o. 47000 9.233590 02 1.223320 1')3 7.436790 ~2 1.035100-05 8.587350 02 6.582500 02 6. 3?.9770 0~. 7.3a7040 "5 7.834460 03 
0.4Bt)OC 9.226900 02 9. 937070 02 9.3921'lD 02 1.425330-05 Ae58'i9aO 02 6. 5855ao "2 6.2290CIO "1 7.328160 fl5 7.735520 03 
0.49000 9.220730 02 7.aM300 02 1.120170 03 7.675470-06 a. 5845 qo 02 6. 587a2o 02 6.164420 I)! 7. 2931\~ 0 ('I<; 7.672850 03 
0.5000(1 1.011.150 03 6. 594370 02 1.229220 03 o.o 8.5a3350.fl2 6.600470 0?. 7.58?.27[1 1)2 6. 292550 1\5 9. 5?.4?90 04 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 TIME 143 .. 31' PAt; F. n 

TIME STEP NUM 2500. TI "lE 0.5('00000 oc SEC. 

TOTAL SYSTEM NORM 0 0WR POWR HEAT REM ENGY LEAK MASS LEAK ENGY EALe MASS BAL. TOTo REAC R.EAC T 
QUANTITIES IMWI IBTIJ/Hll (BTU I ll.BI I BTUJ ILBI Ul SF: Co 

1. 41"•5l6D-')l 7.027290 ()I) lofli556 .. 0 08 1. 81)6('\70 "6 3. 333280 03 1.586510 07 2o92Rn2D 04 -~.0654(10 rn -4.506380-01 

VOLUME AVGo PRES TOTo MASS AVG. ::I'ITH AVGo DENS AVG. TEMP AVGo QUAL BUBB MASS MTXT LFVL LIQ. MASS 
NUMBER PS IA ILBI IBTJ/U>I ILB/FT31 IF) ILB I IHI I LBI 

1 9.465480 ~2 1.321700 1')4 5.4l2410 1)7. 3. 776300 01 5.375320 r'J2 1.125820-1'\2 1.3327'10 02 lo076'1~0 f\1 lo306820 04 
2 9o488R20 ('12 1.2!'2540 (j4 5o0i731);{) 02 4.810160 1"1 5o15'1710 02 o.o r!o('l e. lli')MOD 1')0 1. 202540 {\4 

"' 1.1)11150 03 7oll4461)0 1)2 5o 3•) C3 ;."D t:'2 4o6964r'ID 01 5o 344120 02 ,.o "·" 3ot:'l0001)0 "" 7.('44600 02 

VOL UMF. HEAT TRANS. SURF FLUX ONB FLUX HoTo COEF SURF TEMP FUEL TEMP CF.NT TEMP POWP H?.O FUEL POWR 
NUMBER MODE I BTU/HR /FT2 I IBTU/HI'!/FT21 I BTtl/H/F21F I IF) IFI (F) IBTU/HPI IMWI 

2 -J..I'\55670 M 
3 1 9.524290 04 6.2~25~ 05 7.582270 02 6. 6('0471) 02 Bo583350 07. 1ol94e6o !H 1o017J.90 ll8 7.027290 1)1) 

VOLUME 1\lOOE TEMP NODE TEMP 'I JOE TF.MP 
NUMBER 

"' 2 loH245) 03 4 6o 779521) 1)2 7 6.659650 !.'2 

..... JUNC Tl ON CONNECTING CHOKE JCTo FLOW JCT. F.'NrH JCT o QUAL p P. E s s u R E 0 I F F E R E N T T A L s 0 
00 N~BER VOLUMES ILB/SECI IBTl./LBJ TOT. PSI ELEV PSI FRIC PSI ACCL PSI PUMP PSI 

l l TO n YES 6.681640 03 '5.41227') 02 lol2326D-02 8o965480 02 C'oO o .. n n.o o.o 
2 2 TO 3 NO 6• 594370 02 5.073')2:) 02 o.o -6. 226€:20 01 -1. 788 .. 1'10-0~. 7e699690-(ll -6.?.R5930 01 o.t:~ 
3 3 TO 1 NO 1. 229220 03 5o30032D 02 n.n 6o460250 01 1.816-::"20 on. ~.7294~0 1)1) 6.ono;64D "1 ~:~.o 
4 1 TO 2 NO 9o4A0290 1)2 5.172941l 02 5o 283670-1'3 -2.334~10 M -lo72A610 on. 4e95626D Ill -9. ?.62 540 M 4o090570 01 



THPEE VOLU~E TEST PROBLEM WITH REACTOR KINETICS ETCe MAY, 1970 TIME 143.37 PAGE 14 

TIME SlEP = 2500, TIME= Oe500000D 00, PAGE 14 

RESTART DATA BEING DUMPED. 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 

TIME 
SEC 

o. 51.MI:' 
o. 52000 
o. 531)1)1) 
"• 54COO 
o. 5501)0 
,.56000 

"· 57000 
n. 5eooo 
o.5c:~ooc 
~. 61'1000 
!).611.'00 
n.62ooo 
o •. 6300n. 
0.64000 
0.65MC' 
o. 66000 
0.67COO 
0.6eooo 
0.69000 
"· 70000 
o. 711'!00 
,. 72000 
0.73000 
0.74000 
o. 75001) 
o. 76000 
(1.77000 
o.7eooo 

'· 79('00 
o.e0(100 
O. 8100C 
o.e2000 
o. 83(.10(1 
o.e4000 
"· e50()0 
o. e6Mn 
o. 87('00 
n.eeooo 
1). e9000 
0.9000!\ 
o. 91 Qf\(.1 
0.92000 
1).93000 
!'1.94000 
o. 951)00 
o.960M 
o. 97(11)(1 
0.98000 
o. 9901\C 
1.. 00000 

AVG PRESS 
VOL 3 PSIA 
1.191800 03 
1.334a2o 03 
9.125470 02 
9.C623eo 02 
9.068830 02 
8.994700 02 
9."24350 02 
9.001560 02 
e.945990 ,2 
8.973960 02 
a. 944 770 02 
1.070630 03 
a.94264{) 02 
8.92(1860 02 
Be914230 02 
e. 893660 a2 
a. a9013o 02 
a. a eo9oo 1:12 
1.584140 03 
e.B24370 02 
a. e4002o O? 
s.e31510 02 
a.e44370 02 
8.816620 02 
s.eo30M 02 
e. 777070 02 
e. 79a920 02 
a. 748020 02 
e.777a3o 02 
a. 774990 02 
8.765570 02 
e.774300 02 
a. 741:1670 c·?. 
8.719140 C:2 
e. 700750 c2 
e.691aao C2 
e. 635l60 02 
e.661040 02 
8.592010 02 
s.6051eo n2 
8.643240 02 
a. 625200 m 
9.5442ao 02 
B.6121eo 02 
8.618220 02 
e.563160 0.2 
e. 561720 02 
e. 5737eo oz 
a.590590 02 
e.577390 02 

FLO'W La/ 
JUN 2 SEC 

-1. 973490 03 
-5. 316 710 Cl3 

1e 4 70700 03 
4.160950 1'3 

-2.156e3o 03 
-7.224390 02 
-1.70a460 03 

4.003390 03 
3. 490010 03 
2. 7f 5090 0 3 
3.080450 03 

-2.1'!23080 03 
-1.917350 03 
-1.1r656o o3 

5. 743~70 ~3 
1. 4ee330 03 
4. 855?.40 1:'3 
1.238740 03 

-5. 437240 03 
1.712880 n2 
9.402230 ()2 
2.425330 02 
1. 246130 1)3 
1. 924220 03 

-4. n 733o 03 
-3.647330 n2 

2. 573340 ~3 
1er"l39710 03 

-7.e69860 1)2 
-4. 978820 1')1 
-1.014200 02 

2.114430 03 
1. 817720 1)3 
2.25).370 03 
3e 352J 20 (12 
7. 3a7730 02 
2.331510 03 

-3.1:'10520 03 
1.350210 03 

-1.112390 03 
3. 774920 03 
1.970260 C3 

-2.397510 n2 
1. 425820 ()3 

2. 4331"'30 03 
3e 4131'll0 03 
e.734660 02 
3.001980 03 
1eOC'0350 02 
1.03e050 03 

FLOW LB/ 
JUN 3 SEC 
3.433630 0'3 
4.326970 1)3 

-)..527520 0:.:1 
-1.321320 1)3 

4.15701'0 03 
2.561510 03 

-2.930970 03 
2.446460 03 
3.973090 1)0 

-2.175630 1)3 
1.562520 03 
5.704910 07. 
4.706240 ()3 

-1.959350 03 
2.991370 02 

-7.301)270 02 
-4.613130 02 
-8.870450 1')2 

7.301800 1)3 
-1.083780 03 
1.879910 03 

-2.228920 02 
1.511180 03 

-2.1:-78010 02 
6ef.'97e4o 03 

-1.102qoo o3 
1.231790 1)2 
1. 784640 ll3 

-2.59e850 03 
3. nee7o 03 

-1.565690 03 
2.109240 ~3 
3e31e310 02 
1.039360 1)3 
5.165040 02 
5.04q360 02 
2.46:.:1960 1)3 

-1.953450 1)3 
5.162940 03 

-9.309830 02 
-3.181570 03 
-5.4e6050 1':11 

1.040360 03 
1.131500 03 

-1.919510 03 
9.306130 1)2 

-2.119990 03 
7.014050 02 

-l.628q5o o3 
6e<l27J20 02 

AVG QUALITY 
VOL 3 
o.o o., 
4.356710-06 
6.131420-04 
4.306910-~4 

1.25e290-03 
3.583430-l'l6 
6.047900-1)4 
1.20e750-03 
2. 311630-')4 
7.112320-04 
o.o 
3.9297.!0-04 
4.1e67e0-04 
5. 940410-!'14 
5.517340-(\4 
5.923660-04 
2. 707e10-M 
'l.O 
6. 092700-('4 
5.2Be620-04 
2.920370-04 
1.097240-04 
3.609330-04 
6o e71460-04 
2. 52041D-04 
5e6553eD-05 
1.n52a50-03 
1.5803e0-04 
2.27ell0-04 
2. 83 44 70-04 
3.(')78940-04 
Ae496270-1)4 
1.1.44090-03 
1.1)76290-03 
9.1)87360-04 
1.870730-(13 
6e6416e0-04 
2.404350-1)3 
1.037e40-03 
3. 7129e0-(14 
3. 422340-(.14 
n.o 
5.207740-04 
3.30e850-04 
1.1"!85240-('3 
1.113110-03 
6. 532740-04 
9. e3e700-05 
4. 396030-1) 5 

FUEL TEMD 
VOL 3 F 
e.582690 02 
e.582eoo 02 
e.5e2eeo 02 
e. 5e28oo 02 
8.5elt:40 02 
8.581410 07. 
e. 5B16eo 02 
8.579720 02 
e. 579450 02 
e.579130 ('12 
a. 577690 02 
8.576930 02 
e.574610 02 
e.574540 C2 
e. 574290 n2 
~. 5734 70 02 
e.573170 02 
e.572530 02 
e. 572240 02 
a. 57loeo 02 
e.511o2o n 
e. 570060 02 
8.569440 02 
e.568640 02 
8. 568270 02 
B.567eeo 0?. 
8.567730 02 
a. 566060 02 
~.566210 02 
.3. 564150 (12 
e. 563990 02 
8.562520 02 
e. 561e6o 02 
e.561440 02 
e.561240 02 
8.561300 02 
8.561330 02 
8.561190 02 
s. 559eeo 02 
e. 559360 02 
e.559270 02. 
Ae559240 02 
e. 559250 02 
a.55e050 (12 
e. 558350 02 
e.558140 02 
e. 558130 o? 
eo55e330 02 
e. 55a430 02 
8.55a070 02 

SURF TEMP 
VOL 3 F 
6.623100 02 
6e64e570 02 
6.664140 (12 
6.676400 1.'2 
6.679030 07. 
6.683430 ~2 
6. 709090 02 
6.681120 07. 
6. 711210 02 
"• 121eeo n?. 
6. 71 2650 tl2 
6. 7152eO (12 
6.703850 02 
6. 741190 02 
6.751e60 02 
6.759350 1'12 
6.770180 02 
6. 778970 ('12 
6. 790230 C'l2 
6. 790210 n2 
6. 8046qf) 02 
6eeC'60eO 02 
6. 7'l9510 02 
6. e1e450 "12 
6e830B20 "l2 
6. e40090 J2 
6e 8502 80 ·n 
6. e37e60 ·~2 
6.863650 07. 
6.e12410 f\2 
6. 86 8600 112 
6e842150 lll2 
6. 872.340 07. 
6.881750 ll2 
6.a95e20 1'12 
6. 911060 (!I' 
6.921490 l'i2 
6.930530 r-2 
6.9057qo "2 
6.931010 "2 
6.944760 112 
6.952!>90 1'12 
6. 963.970 l't.? 
6.955670 oe 
6. 979220 0'2 
6.979040 02 
6e9ql320 1\~ 

1.n.n4350 1.'2 
7eOJ2elO 0? 
7.01.2e5o t'12 

TIME = 183.94 PAGE )5 

H T COF B/H/ 
VOL 3 F2/F 
e.le23eO 01 
1. 264940 01 
6.622160 01 
~ .• 249280 02 
2.~2?.t:'l60 02 
3.978150 01 
1.066400 (12 
1.454180 02 
9.0<17760 (11 
2.133210 01 
le2l7.380 (12 
9.737680 02 
1. '· Al>070 03 
5.567760 01 
1. 3 94010 02 
5.495540 en 
9.<~2'~750 n~. 
4.96"3790 01 
8e79?.450 (!1 
4.06'1410 I'll 
3. 626880 C'll 
2.46'1750 01 
7. <1741l50 1'\2 
e.J.88610 Ol 
2e449RQO 01 
1.976710 01 
4.112310 01 
7.0171eo !\1 
9. 352'. c;o o1 
1.296040 03 
3.6'!1350 01 
<~. 243430 en 
4.5,:'1610 n~ 
5el97360 01 
2.48;1540 t:'ll 
4.48'1570 00 
e.23:'1410 01 
1.!'55440 1'\2 
~ .• 024980 (12 
1. 77"~220 01 
1.531'\670 01 
<le65e<l10 01 
2e0A5310 02 
1.051'130 1'\2 
2o 0 ~ '57<10 (11 
1.4~3610 1'\2 
7. 728560 ('~ 

Ao69P2<l!'l 01 
6e8n7noo "'· 
e.594650 01 

ONB FLUX 8/H 
VOL 3 /F2 
B. 238760 05 
2.494050 05 
7.4e5oeo 1\5 
leC'123J.OO 1'16 
3.644570 !'5 
5.541)620 05 
9.627510 1')5 
1. 147330 06 
9.534700 05 
3.667230 05 
1.086120 (16 
7e40e3eo ('15 
Be 803680 05 
7et144l40 05 
1.151'1980 (\6 
7.1129110 05 
1.011'250 06 
6.716170 n5 
q.3l8960 (15 
5e95J.600 ('15 
5.493820 1'5 
4.311720 05 
"·'!53730 1'5 
9.391370 ('5 
a.?.19210 (15 
3.6684eO (15 
6.7.'1?180 (15 
8.51121'10 05 
9.73!270 05 
a.t~13130 05 
5.686750 05 
1.006250 06 
6e 7l74QO (15 
7.324290 05 
4.346370 {15 
le4et1590 05 
9e45;f240 (\5 
1.1)57.060 06 
1.n51840 ~'6 

3.'519020 ~5 
3.:!.7'1080 "5 
1.n6nJ.20 06 
2.Ma 330 n5 
1.100930 06 
'~• 87(1,CIO 05 
1.259!!10 (16 
·9. 323".90 C'5 
~-·"17610 "6 
8e793550 05 
le0\7720 06 

SUR FLUX 8/H 
VOL 3 /F2 
1.050260 1)4 
1e 66006 0 03 
e. 837420 03 
1.693170 04 
3. 754730 04 
5.442460 03 
1.4e5200 04 
1.986700 04 
!. 277e20 04 
3.012e10 0'3 
l. 7041)70 04 
1.367730 05 
J .• 636790 05 
8.ooe140 03 
2.020e5o 1)4 
8.022390 03 
1.46(\050 04 
7.352300 03 
1. 311920 1)4 
6.094870 03 
5.478120 ~3 
3. 731le60 03 
1.1qe790 05 
\.252050 04 
3.6<19300 03 
3.075750 03 
6.426560 ~3 
:t.0920eo 04 
1.477360 04 
1.975040 1)5 
5.83Ql10 03 
1.439400 04 
7o267300 03 
8.338350 03 
4o r.l2 2750 !)3 
7.339820 02 
1.36?190 04 
'·· 753310 04 
J .• 683380 1)4 
2.96"140 03 
2.571290 03 
1.63\110 04 
3.529430 04 
'· 771720 04 
3e460620 03 
2.556631) 04 
1 •. '341470 04 
lo 519350 04 
'-• 2f' '19"0 n4 
1.5(18170 04 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. 

TIME STEP NUM 4000. TIME 

TOTAL SYSTEM 
CJUI\NTITI ES 

VOLUME 
NUMBER 

t 
2 
3 

NORM POWR 

8.02307D-02 

AVG. PRES 
PSIA 
6o89313D 02 
1. "i1446D 02 
r.270~2D 02 

o.2oooooo 01 sec. 

POWR 
IMWI 
4.012000 00 

TOT. MASS 
ILBI 
6.236820 03 
1.(150930 1)4 
4.'16104D 02 

HEAT ~EM 

IBTU/H~l 

1.47839D 1)8 

AVG. ENTH 
IBTU/LBI 
5.28174D 02 
5.042~0 02 
5.078(!70 02 

MAY, 1970 

ENGY LEAK 
I BTU I 
6.530070 06 

AVG. DENS 
ILB/FT3l 
1.78195D 01 
4.2!)3730 01 
3.240690 01 

MASS LEAK· 
ILBI 
1. 204790 04 

AVG. TEMP 
IFI 
5.004950 02 
5.10438D. 02 
5.065350 02 

ENGY BALe 
I BTU I 
1.586490 1)7 

AVG. QUAL. 

5.533580-02 
5.288700-03 
1.687560-02 

TIME 250o37 PAGE 20 

MASS BAL. TOT. ~EAC REAC T 
ILBI lSI SECe 
2.928020 04 -2.927430 01 -3.120430 00 

BUBB MASS 
ILBI 
1. 510580 02 
4eB451'lRO Of 
8.2033!.0 00 

MI XT LE VL 
I FTI 
6o944390 00 
7.861.410 01:1 
3.oooono I'IO 

LIQ. MASS 
ILBI 
5. 891100 03 
1.045310 04 
4. 719000 02 

\"OL LIME 
NUMREII 

2 

HEAT lRANS. SliRF FLUX DNB FLUX H.T. COEF SURF TEMP FUEL TEMP CENT TEMP POWR H20 FUEL POWR 

3 

VOLUME 
~UMBER 

3 

JJNC T1 ON 
NUMBER 

1 
2 
3 
4 

MODE IBTU/HR/FT2l IBTUIHR/FT2l IBTU/H/F21Fl IFI IFI IFI IBTU/HRI IMWI 
-1.478390 08 

7 4e34472D 04 1e56q370 06 1e856560 02 7.405700 02 8.512940 02 1.073450 03 4e640!60 07 4e012000 00 

CONNECTING 
VOLUMES 

1 TO 0 
2 TO 3 
3 TO 1 
1 TC 2 

CHOKE 

YES 
NO 
NO 
NO 

NODE 

2 

jCT • FLOW 
I LB/SEC l 
4. 899<130 03 
3.455340 03 
3.55<160D 03 

-8.061070 02 

TEMP 

1.014890 03 

JCT • ENTH 
I BTUILB l 
5.403290 02 
5.024220 02 
5.078'()70 02 
5.062710 ('12 

NODE 

4 

JCT • QUAL 

7.310580-1)2 
2.656370-03 
1.686670.;.02 
8.136820-03 

TEMP 

7.534430 02 

NODE 

7 

TEMP 

7.454280 02 

P R E 
TOTe PSI 
6.393130 
2.439380 
3. 773930 

-6.213320 

S S U R E 
ELEV PSI 

0 I F F E R E N 
FRIC PSI ACCL PSI 

1)2 o.o o.o o.o 
01 -2.103760-01 2.454320 01 6.098110-02 
01 9.476380-1'11 3.672460 01 6.7,5400-02 
01 -1.008180 on -4.788080 01 -1.324420 01 

T I A 
PUMP 
o.o 
o.o 
CleO 
o.o 

L 
PSI 

s 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETI:S ETC. 

TIME STEP NUM 5000. TIME 

TOTAL SYSTEM 
QUANTITIES 

VOLUME 
NUMBER 

1 
2 
3 

NORM POWR 

5. 93B400-1)2 

AVG. PRES 
PSIA 
1. 6561)50 02 
1.727320 '-'2 
1. 699"10 1)2 

0.7000000 01 SEC. 

POWR HEAT REM 
IMWl IBTU/HRl 
2.969620 00 -6.295~90 06 

TOT. NASS 
ILB.l 
2.589800 03 
B. 5781lD 02 
6.20:\180 01 

AVG. ENTH 
18TU/LBl 
3. 727620 02 
4. 292180 1)2 
4.105030 02 

MAY, 1970 

ENGY LEAK 
I !HUl 
1.392520 07 

AVG. DENS 
I L8/FT3l 
7.399440 00 
3.431480 Of:' 
4.134120 00 

MASS LEAK 
ILBl 
2. 571050 04 

AVG. TE,Io!P 
IF I 
3.632380 02 
3.670850 02 
3e656MO 02 

ENG'f BALe 
I BTU I 
1.se6:no 01 

AVG. QUAL 

4. 29il.950-02 
1.04Ft120-0}. 
8.4171)150-02 

TIME 323.37 PAGE 36 

MASS BALe TOTe REAC REAC T 
ILBt l$1 SEC. 
2.928n2o 04 -4.733280 01 -8.611830 00 

BUBB MASS 
ILBl 
5e29n430 01 
6.8581"90 IH 
5.n956o M 

"liXT LEVL 
IFTl 
5. 976860 00 
6. 231)~80 ()(\ 
3eOOOMO no 

LIQ. MASS 
I LSI 
2.478650 03 
1. 68?980 02 
5.679220 01 

VOLUME 
NUMBER 

2 

HEAT TRANS. SURF FLUX DNB FLUX H.T. COEF SURF TEMP FUEL T=MP CENT TEMP POWR H20 FUEL POWR 

3 

VOLUME 
"lUMBER 

'3 

JUNC Tl ON 
NUMBER 

1 
2 
3 
4 

MODE IBTU/HR/F,T2) IBTU/H~/FT2l IBTU/H/F.21Fl IF! IF! IFl. CBTU/HRt CMWt 
6.295790 06 

1 le842280 04 5.003800 05 4e70921D 01 7.569740"02 7.97~900 1)2 Be689350 02 1e96755D 07 2.969620 00 

CONNECTING 
VOLUMES 

1 TO 0 
2 TO 3 
3 TO 1 
1 TO 2 

CHOKE 

Yr:s 
NO 
NO 
NO 

NODE 

2 

JCT • FLOW 
CLB/SEC t 
1. 3111)9() 03 
4. 132440 1)2 
4.415790 02 

-3.338360 01 

TEMP 

a. 526480 02 

JCT. EMTH 
I BTU/LEI 
4.6719!0 02 
3.94321!0 1)2 
4.1(15030 02 
1.19529() 03 

NODE 

4 

JCTe QUAL 

1.536520-01 
6.349080-(12 
8.411020-02 
1.oooooo oo 

TEMP 

7.625460 02 

P R E S 
TOT. PSI 
1.156050 02 
2.751220 00 
4.376171) "0 

-7.127390 00 

NODE 

7 

S U R E 
IELEV 'P51 
~:~.o 
2. 60!)160-02 
z.a4t83o-m. 

-!':>. 62 53 !3()-()2 

TEMP 

0 I F 
FRIC PSI 
CleO 
2.734740 
4.102o7n 

-7.187450 

F E R E N T 
ACCL PSI 
n.o 

00 -9.5209~0-03 
!10 -1.008680-02 
00 1.263100-1:'11 

I· A L 
PUMP PSI 
o.o 
o.~ 
0.1) 
o.o 

s 



t-' 
t-' 
(J.) 

THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 

TIME STEP = 5000, TIME = 0.7000000 01, PAGE = 37 

RESTART DATA BEING DUMPED. 

e' 

TIME = 323e43 PAGE 37 



THREE VO~UHE TEST PROBLEM WITH REACTOR KINETICS ETC. HAY, 1970 

TIME 
SEC 

7.C2000 
7.04000 
7.06000 
7.08000 
7.10000 
7.12000 
7.14000 
7.16000 
7.1B000 
7. 20000 
7. 22000 
7.24000 
7. 26000 
7.28000 
7.30000 
7.32000 
7.34000 
7.36000 
7. 381)01) 
7.40000 
7.42000 
7.44000 
7.46000 
7.48000 
7. 50000 
7.52000 
7.54000 
7.56000 
7. 58000 
7.60000 
7.62000 
7.64000 
7.66000 
7.68000 
7. 70000 
7. 72000 
1. nooo 
7. 76000 
7. 78000 
7.80000 
7.82000 
7. 84000 
7.86000 
7.88000 
7. 90000 
7.92000 
7.94000 
7.96000 
7. 98000 
8. 00000 

AVG PRESS 
VOL 3 PSIA 
1.687430 02 
1.675050 02 
1.662690 02 
1.650330 02 
1.637990 02 
1.625670 02 
1.613350 02 
1.601060 02 
1.588780 02 
1.576520 02 
1.564280 02 
1.552070 02 
1.539870 02 
1.527690 02 
1.515540 02 
1.503410 02 
1.491310 02 
1.479230 02 
1.467190 02 
1.455170 Q2 
1.443170 02 
1.431210 02 
1.419280 02 
1.407410 02 
1.395600 02 
1.383840 02 
1.372150 02 
1.360530 02 
1.348•no 02 
1.337480 02 
1.326060 02 
le314710 02 
1.303440 02 
1.292240 02 
1.281110 02 
1.270060 02 
1.259090 02 
1.248200 02 
1.237380 02 
1.226640 02 
1.215980 02 
1.205410 02 
1.194910 02 
1.184490 02 
1.174160 02 
1.163910 02 
1.153740 02 
1.143658 02 
1.133650 02 
1.123730 02 

FLOW LB/ 
JUN 2 SEC 
4.102870 02 
4.073070 02 
4. 043080 02 
4.012960 02 
3.982740 02 
3.952450 02 
3.922100 02 
3. 891740 02 
3.861360 t\2 
3.831000 02 
3.800660 02 
3.770370 02 
3. 740110 02 
3. 709920 02 
3.679790 02 
3.649740 02 
3.619760 02 
3.589870 02 
3. 560060 02 
3. 530350 02 
3.500740 02 
3.471230 02 
3e441'730 C·2 
3.411090 02 
3.378990 02 
3. 345700 1)2 
3.311470 02 
3.276490 02 
3.240970 02 
3. 205040 02 
3.168860 02 
3.132520 02 
'3.096130 02 
3.059760 02 
3o023480 OZ 
2.981330 02 
2.951370 02 
2.915620 02 
2. 880110 02 
2. 844900 02 
2~ 81)9970 oz 
2.175340 02 
2. 741 t,'IOD 02 
2. 7069eO 02 
2.673270 02 
2.639870 02 
2.6(16800 02 
2. 574060 02 
2. 541630 02 
2.509530 02 

FLO~ LB.' 
JUN 3 SEC 
4.384450 02 
4.352880 02 
4.321120 o;: 
4.289200 Ol! 
4.257160 02 
4.225040 02 
4.192860 oz 
4.160640 02 
4.128400 02 
4.096160 oz: 
4.063950 02 
4.031750 02 
3.999600 02 
3.967510 02 
3.935470 02 
3.903500 02 
3e8Tl600 02 
3.839790 02 
3.80!1070 02 
3.176430 02 
3.744900 02 
3.713460 02 
3.681590 ·02 
3.648250 02 
3.613610 02 
3.577830 02 
3.541130 ('!2 
3o503700 (!Z 
3.465730 02 
3.427350 02 
3.388710 02 
3.349910 (12 
3.311050 02 
3.272200 02 
3. 233430 (12 
3o194800 02 
3.156340 02 
·3.118110 (12 
3.080120 02 
3.042370 02 
3.004920 02 
2o9677eo 02 
2.930960 02 
2.894480 02 
2o858330 02 
2.822520 02 
2.787060 02 
2.751950 02 
2.717190 02 
2.6821?0 02 

AVG QUALITY 
VOL 3 
e.441070-02 
8.464960-02 
8.488720-02 
8. 51 2340-02 
8.535810-02 
e. 559130-02 
8.582300-02 
8.605290-02 
8. 62 812D-02 
e. 650770-02 
8e673240-02 
8. 695520-02 
e. 717610-02 
8.739~90-02 
8e 761170-D 2 
8. 782640-02 
8.803890-02 
8.824920-02 
8.845120-02 
a. 866300-02 
!!o886630-02 
s. 906730-02 
.3.926570-02 
~.946()30-02 
8o965130-D2 
8o983890-D2 
9o002340-02 
CJ. 020490-02 
C?o038330-02 
«?.055870-02 
c;.IJ73100-ll2 
c;.090010-02 
9.106610-02 
~122880-02 
9.138820-02 
9.154410-02 
9.169650-02 
9.184540-02 
9.199060-0 2 
'9. 213200-02 
'9o2269::IO-n2 
9.240250-02 
9. 253170-1)2 
9. 265680-02 
~.277790-02 
~.289490-02 
9.300780-02 
9.311680-02 
9o 322180-02 
"· 332280-02 

FUEL TEMP 
VOL 3 F 
7.979040 02 
7.978180 02 
7.977330 02 
7.976480 02 
7.975640 02 
7o974800 02 
7.973970 02 
7.973140 02 
7.972320 02 
7.971510 02 
7. 970700 02 
7.969890 02 
7.969100 02 
7o'968300 02 
7.967520 02 
7.966740 02 
7.965970 02 
7.965200 02 
7e964440 02 
7o963690 02 
7.962940 02 
7.962200 02 
7.961470 02 
7.960740 02 
7.960030 02 
7.959320 02 
7.958620 02 
7.957930 02 
7.957240 02 
7.956570 02 
7.955910 o2 
7.95~260 02 
7 •. 954620 02 
7. 953990 oz 
7.953370 02 
7.952770 02 
7.952170 02 
7.951590 02 
7. 951010 02 
7.950450 02 
7o949900 02 
7.949360 02 
7.94!1830 02 
7.948320 02 
7.947810 02 
7.947320 02 
7.946840 02 
7.946370 02 
7.945910 02 
7.945460 02 

SURF TEMP 
VOL 3 F 
7.570560 02 
7.571380 02 
7.572200 02 
7.573010 02 
7o573820 D2 
7e574630 t)Z 
7.575440 n· 
7.576250 02 
7.577060 02 
7.577870 02 
7.578680 92 
7o5791t80 612 
7.580290 02 
7o581100 02 
7.581910 02 
7.582120 02 
7.583530 C2 
7.584340 oz 
7o585150 02 
7.585970 02 
7. 586780 02 
7. 587600 0·2 
1. 588420 02 
7.589250 1)2 
7.590n9o rn 
7.590950 0.~ 
7.591820 oz 
7.592700 0::! 
7.593600 Ol 
7.594520 02 
7.595450 02 
7.596390 I)~ 
7.597350 o;;; 
7.598330 o;: 
7.599310 02 
7.600310 02 
7.601330 02 
7.602350 ('12' 
7.603390 02 
7.604440 02 
7.605510 02 
7. 606590 02 
7o607680 D2 
7o60878D 02 
7.61)9900 02 
7.611030 (\2 
7.612160 n2 
7.613320 02 
7.614480 02 
7.615650 02 

TIME = 337.73 PAGE 38 

H T COF B/H/ 
VOL 3 FZIF 
4.686740 01 
4.663910 n1 
4.640740 IJ1 
4o617290 01 
4o59357,D ('11 
4.569620 01 
4e545460 D! 
4. 521110 (11 
4.496580 01 
4e47l890 01 
4e447050 O! 
4e422080 01 
4.396980 01 
4.371760 rn 
4o346440 01 
4.321010 t\1 
"oo29.5490 (!1 
4o269880 01 
4.244190 01 
4.218410 01 
4.192570 ~1 
4.166650 n1 
... 140540 01 
... 113230 01 
4.084390 rn 
Le054230 01 
4.022950 01 
~.990760 01 
~. 957820 0~. 
3.924300,01 
3.8CI0300 01 
3..855960 01 
3.82'150 ('11 
3. 786550 n~. 
3o 75~ 630 rn 
3. '?16640 01 
3.68!630 01 
3.646620 01 
3.611660 01 
3.576400 01 
3o541120 t'1 
3.505960 01 
3.471'1930 0~. 
3.436040 01 
3.401300 01 
3.366720 01 
3.3n31o 01 
,3.298070 01 
3.264010 ('1 
3e230Ht0 01 

ONB FLUX 8/H 
VOL 3 /F2 
4. 978630 05 
4o953260 05 
4.927720 0'5 
4.902040 05 
4o e76230 05 
4.850330 05 
4. 1124350 (15 
4.798300 05 
4. 772210 05 
4.7461)70 05 
4.719910 ('5 
4.693730 05 
4o667540 05 
4o64l350 05 
4.615160 (15 
4. 588990 05 
4e562e3o 05 
4.536680 05 
4o'i10560 05 
4.484470 05 
4.458410 ('5 
4o432380 05 
4.406290 05 
4.379360 05 
4.::151320 n '5 
4o322330 05 
4.292540 (15 
ite262l10 05 
4. 23H60 t15 
~.199810 05 
4.168150 05 
4.136280 05 
4.104270 ~5 
lt.072170 05 
4.1]40030 "5 
4.007910 05 
3o975830 05 
3.943820 05 
3. 9119?.0 0 5 
3. 880130 05 
3.848480 05 
3. 816980 05 
3. 785640 0 5 
3,754460 (15 
3.723460 05 
3.692640 05 
3.1.62000 (\5 
3.631550 05 
3.60!290 05 
3.571210 05 

SUR FLUX 8/H 
VOL 3 /F2 
1.837010 04 
1.831550 04 
1. 825930 04 
1.e20160 04 
1. 814250 04 
1.808200 04 
1.802030 Olt 
'·· 795740 04 
1.1eq340 04 
1.7e2840 04 
1.176240 04 
1.769540 04 
1. 762740 04 
1e755e60 04 
1. 748900 04 
1.741850 04 
1.734710 04 
1. 727500 04 
1.720210 04 
1. 712850 04 
1.705410 04 
1.697900 04 
1.690270 04 
1.682110 04 
1.673260 04 
1.663830 04 
!.653880 04 
1.643510 04 
1.632770 04 
1.621740 04 
1.610460 04 
1.598970 04 
1.5e731o 04 
1.575520 04 
1.563620 04 
1.551630 04 
lo539570 04 
1o527450 04 
1.515300 04 
1.502950 04 
1.490550 04 
1.478130 04 
1.465710 04 
1.453290 04 
1~440880 04 
1.428480 04 
1.416090 04 
1.403720 04 
1.391370 04 
1. 379040 04 



THREE VOLUME TEST P~OBLEM WITH REACTOR KINETICS ETC. 

TIME STEP NUM 5e25e TIME 

TOTAL SYSTE"l 
QUANTITIES 

VOLUME 
NUMBER 

1 
2 
:'1 

f'IORM POWR 

s. 432300-02 

AVG. PRES 
PS lA 
4. 999270 Ill 
4e 95MOO 01 
r.. 977(180 01 

o.111250D oz sec. 

POWR HEAT REM 
IMWI IBTU/HRI 
2.716230 00 ~9.701120 05 

TOT. MASS 
ILBI 
8.848490 02 
3.744760 02 
1.746060 01 

AVG. ENTH 
I BTUILB I 
2.913230 02 
3.194940 02 
3e4'l'H40 02 

M_AY, 1970 

ENGY LEAK 
IBTUI 
1.490740 07 

AVGe DENS 
I LB/FT31 
2.528140 00 
1.497910 00 
1.164040 00 

MASS LEAK 
ILBI 
2. 800340 04 

AVG. TEMP 
IFI 
2.81()010 02 

. 2. 801550 02 
2.805670 02 

VOLUME 
NUMBER 

2 

HEAT TRANS. "SURF FLUX DNB FLUX H.T. CDEF SURF TEMP 

3-

VOLUME 
NUMBER 

3 

JUNCTION 
NUMBER 

1 
2 
3 
4 

MODE IBTU/HR/FT21 IBTU/HR/FT21 IBTU/H/F2/FI IFI 

CONNECTING 
VOLUMES 

1 TO 0 
2 TO 3 
3 TO 1 
1 TO 2 

7 8e640030 03 2e25436D 05 le74395D 01 7.759510 02 

CHOKE 

NO 
NO 
NO 
NO 

NODE 

2 

JCT • FLOW 
ILB/SECI 
o.o 

-5.386570 01 
-1.884l6D 02 

3.691630 01 

TEMP 

8.15787D 02 

JCT. ENTH 
I BTUILB I 
1.174090 1)3 
3.409140 02 
2.62497D 02 
2.693060 02 

NODE 

4 

JCT. QUAL 

1.(\00000 00 
1.02845D-t'!1 
1.333140-02 
2e0678.1D-02 

TEMP 

7. 788600 02 

P R E S 
TOT. PSI 

-7.302390-03 
-2.10788D-Ol 
-2.218820-01 

4. n61oa-o1 

THREE VOLUME lEST PROBLEM WITH"REACTOR KTNETICS ETCe "lAY, 1970 

ENGY BALe 
IBTUI 
1.586060 07 

AVG-_ QUAL 

4.451390-('12 
7e58873D-02 
9. 86353D-Il2 

FUEL TEMP 
IF I 

7e93458D 02 

NODE 

7 

S U R E 
ELEV PSI 
o.o 
1e34?000-02 
9e389000-02 
2.1245~0-03 

TIME STEP = 5825, TIME = 0.11\2500 02, PAGE = 49 

RESTART nATA BEING DUMPED. 

TRAILER LABEL BEING WRITTEN. 

TIME 382.20 PAGE 48 

MASS BALe TOT. REAC 
ILBI Ul 
2.92802D 04 -4.92592D 01 

BUBB MASS 
ILBI 
2.010840 01 
o.o 
1.72223D 0(1 

CENT TEMP 
IFI 

8.22069D 02 

HMP 

7. 77038D 02 

0 I F F 
FRIC PSI 
o.o 

-2.13). 860-01 
-3.972790-01 

6.45849D-Ol 

MJ)(T LEVL 
(FTI 
5. 1!40390 ('10 
1. 91206D-(11 
3eOOMOO 00 

POWR H20 
I 8 TIJ/HR I 
9. 701120 1)5 
9e227560 06 

E R E N T 
ACCL PSI 
n..o 

-1.102230-02 
Ael5t.1750-1)2 

-2.153040-01 

TIME 382.27 PAGE 49 

REAC T 
sec. 
1. 569430 01 

LIO. MASS 
ILBI 
8.454610 02 
3e46058D 02 
1. 573!!30 01 

FUEL POWR 
I MWi 

2.716230 00 

I A l 
PUMP PSI 
o.o 
o.o 
o.o 
o.o 

s 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY, 1970 TIME 382.?.7 PAGE 50 

END TRIP SIGNAL. 



THREE VOLUME TEST PROBLEM WITH REACTOR KINETICS ETC. MAY' 197(\ TIME 382.30 PAGE 51 

END 220 

END-OF-DATA !BLANK CAROt ENCOUNTERED. 



THREE VOLUME TEST PROBLEM RESTARTED FROM TAPE Tl ME o.o PAGE 1 

THREE VOLUME JEST PROBLEM RESTARTED FROM TAPE TIll 10 

MISCELLANEOUS PROBLEM CONTROL DATA. 

l:APE l•i,UM NUM 
DUMP EDIT TIME 
O=NO VAR SETS 

37 8 2 CONT 20 

OLD RELAP3 PROBl.EM WAS TITLED 

THREE VOLUME TJ:ST PROBLEM WITti REACTOR Kl'IIETICS ETC. MAY, 1970 

OU.MP AT PAGE. NU111lER 3'7 HAS BEEN FOUND. 
~ 
~ SUCCESSFUL RESTART, ENTERING TRANSIENT ROUT!NE. 00 

EDIT IDENTIFICATION NUMBERS 

1 2 3 4 5 6 1 8 9 

JW 2 JW 3 AX 3 FT 3 ST 3 HC 3 OF 3 SF 3 0 EDIT 30 

DATA FOR 2 TIME STEP SETS. 

~ET T S BRF LRG T s T Ir~E END 
NUM PER PER PER PER STEP OF 

BRF LRG RST PLT SIZE INERVAL 

1 4 50 3 10 0.5000000-02 O.LOOOOOD 02 TIME 40 

2 4 50 4 10 0.5000000-02 0.;!000000 02 TIME 41 

· .. 



THREE VOLUME TEST PROBLEM RESTARTED FROM TAPE 

TIME STEP NUM 5000• 11ME 

TOTAL.SYSTEM 
QUANT I TIES 

riOLUitE 
NUMBER 

1 
2 
3 

NOR~ POWR 

5.93840D-02 

.AVG. IP.RES 
PSI A 
1.65605D 02 
1. 72732D 02 
1.699810 02 

0.7000000 01 SEC. 

.POWR HEAT RE.M 
CMWI CBTU"HRI. 
2.96962D 00 -6.29579D 06 

TOT. MASS 
CLBI 
2.58980D 03 
8.578710 02 
6.20118D 01 

AVG. ENTH 
C BTU/LB ~ 
3.72762[ 02 
4.29278[ 02 
4.1 ()503[ D2 

ENGY LEAK 
C BTU I 
1.39252D 07 

AVG. DENS 
ILB/FT31 
7.39<J44D 00 
3.43148D 0() 
4.13412D 00 

MASS LEAK 
(l8) 

2.577050 04 

AVG. TEMP 
IFI 
3.632380 02 
3.67D85D 02 
3.65600D 02 

ENGY BAL. 
IBTUI 
1.58611D 07 

AVG. QUAL. 

4.291950-02 
1.04412D-01 
8.41705D-02 

,. 

TIME 1.21 PAGE 36 

MASS BAL. TOT. REAC REAC T 
ILBI l$1 SEC. 
2.92802D 04 -4. 73328D 01 -8.611830 00 

BUBB MASS 
(.LSI 
5.29043D 01 
6.858090 01 
5.21956D 00 

MIXT LEVL 
IFTI . 
5.97686D 00 
6.23008D 00 
3.00000D 00 

LIQ. MASS 
ILBI 
2.47865D 03 
7.682980 02 
5.67922D 01 

VOLUME 
NUMBER 

2 

HEAT lRANS. SURF FLUX ONB FLUX H.T. COEF SURF TEMP FUEL TEMP ~ENT TEMP POWR H20 FUEL POWR 

3 

VOLUME 
NUMBER 

3 

JUNCTION 
NUMBER 

1 
2 
3 
4 

MODE IBTU/HR/FT21 18TU/HRiFT21 IBTU/H/F2/.Fl IFI IFi IFI IBTU/HRI IHWI 
6.295790 06 

1 1.B422B·D,·o4 5.0C38oo o5 4.7092ID 01 7.5f?974D 02 7.97990D 02 a.6B935D oz 1.96755D 01 2.969620 oo 

CONNEC liNG 
VOLUM:S 

1 TO 0 
2 TO 3 
3 TJ 1 
1 TO 2 

CHOKE 

YES 
NO 
NO 
NO 

NODE 

2 

JCT. FLCW 
ILB/SEC J 
1.31109[• 03 
4.13'2440 02 
4.41579() 02 

-3.33836[) 01 

TEftP 

a. 526480 02 

JCT. ENrH 
C BTU/LB~ 
4.61793) 02 
3.94321D 02 
4.10.5030 02 
1.195290 03 

NODE TEMP NODE TEMP 

4 7.62546D oz 7 7.591070 02 

JCT. QUAL P R E 
TOT. PSI 

1.53652D-01 1.15605D 
6.349080-02 2.751220 
8.411020-02 4.376170 
1.000000 00 -7.127390 

S S U R E 0 I F F E R E N 
-ELEV PSI FRIC PSI ACCL ·PSI 

02 o.o o.o o.o 
00 z.60016D-02 2.73474D 00 -9.52092D-03 
00 2.84183D-01 4.10207D 00 -1.00868D-02 
00 -6.62538D-02 -7.18745D 00 1.26310D-01 

T I A L 
PUMP PSI 
o.o 
o.o 
o.o o.o 

s 



THREE VOLUME TEST PROBLEM RESTARTED FROM TAPE TIHE 1.26 PAGE 37 

TIME STP 5000, TIME= 0.7000000 01, PAGE 37 

RESTART JATA BEING OUMPEO. 



,, 

THREE VOLUME TEST PROBLEM RESTARTED FROM TAPE TIME = 14.48 PAGE 38 

TIME FLOW LB/ FLOW L8/ AVG QUALITY FUEL TEMP SURF TEMP H T CQF B/H/ ON8 FLUX B/H SUR FLUX B/H 
SEC JUN 2 SEC JUN 3 SEC VOL 3 VOL 3 F VOL 3 F VOL 3 F2/F VOL 3 /F2 VOL 3 /F2 

7.02000 4.102870 02 4.384450 02 8.44107D-02 1. 979040 02 i. 570560 02 4.686740 01 4.978630 05 1.837010 04 
7.04000 4.073070 02 4.352880 02 8. 46496D-02 7.978180 02 7. 571380 02 4.663910 01 4.953260 05 1.831550 04 
7.06000 4.043080 02 4.321120 02 8.4a872D-02 7. 977330 02 7.572200 02 4.640740 01 4.927720 05 1.a25930 04 
7.08000 4.012960 02 4.2a9ZOO 02 a.51234D-02 7. 976480 02 1. 573010 02 4.617290 01 4.902040 05 1.a20160 04 
7.10000 3.9a2740 02 4.257160 02 a.53581D-02 7.975640 02 7.573820 02 4.593570 01 4. 876230 05 1.a14250 04 
7.12000 3.952450 02 4.225040 02 a.55913D-02 7.974aoo 02 7.574630 02 4.569620 01 4.a50330 05 1.808200 04 
7.14000 3.922100 02 4.192a60 02 a. 5a230D-02 1. 913970 02 7. 575440 02 4.545460 01 4.a24350 05 1.802030 04 
7.16000 3.a91740 02 4.160640 02 a. 60529D-02 7.973140 02 7.576250 02 4.521110 01 4.79a300 05 1.795740 04 
7.1aooo 3.861360 02 4.12a400 02 a.62812D-02 7.972320 02 7.577060 02 4.4965aO 01 4.772210 05 1.789340 04 
7.20000 3.831000 02 4.096160 02 8.65077D-02 7.971510 02 7.577a70 02 4.471a90 01 4.746070 05 1.782840 04 
1. 22000 3.a00660 02 4.063950 02 8.67324D-02 7.970700 02 7.57a680 02 4.447050 01 4.719910 05 1. 776240 04 
7.24000 3. 770370 02 4.031750 02 8. 69552D-02 7.969a9o 02 7. 5794ao 02 4.422080 01 4.693730 05 1.769540 04 
7 .·26000 3.740110 02 3.999600 02 a. 71761D-02 7.969100 02 7.5a0290 02 4.396980 01 4.667540 05 1.762740 04 
7.2aooo 3. 7C9920 02 3.967510 02 8. 73949D-02 7.96a300 02 7.581100 02 4.371760 01 4.641350 05 1.755a60 04 
7.30000 3.679790 02 3.935470 02 a. 76117D-02 7.967520 02 7.5a1910 02 4.346440 01 4.615160 05 1.74a900 04 
7.32000 3.649740 02 3.903500 02 a. 7a264D-02 7.966740 02 7.582720 02 4.321010 01 4.5a8990 05 1.741850 04 
7.34000 3.619760 02 3.a71600 02 e. ao3B9D-02 7.965970 02 7.5a3530 02 4.295490 01 4.562a3o 05 1. 734710 04 
7.36000 3.5a9a70 02 3.a39790 02 B. a2492D-02 7.965200 02 7.5a4340 02 4.2698ao 01 4.536680 05 1. 727500 04 
7.3aooo 3.560060 02 3.aoao7o 02 S.ti4572D-02 7.964440 02 7.5a5150 02 4.244190 01 4.510560 05 1.720210 04 
7.40000 3.530350 02 3. 776430 02 a. a6630D-02 7.963690 02 7.5a5970 02 4.218410 01 4.4a4470 05 1. 712850 04 
7.42000 3.500740 02 3.744900 02 a.aa663D-02 7.962940 02 7.5a67ao 02 4.192570 01 4.458410 05 1.705410 04 
7.44000 3.471230 02 3.713460 02 a. 90673 o-o2 7.962200 02 7.587600 02 4.166650 01 4.432380 05 1.697900 04 
7.46000 3.441730 02 3.6a1590 02 8.92657D-02 7.961470 02 7.5aa420 02 4.140540 01 4.406290 05 1.690270 04 
7.4aooo 3.411090 02 3.648250 02 8.946030-02 7.960740 02 7.5a9250 02 4.113230 01 4.379360 05 1.682110 04 

1-' 7.50000 3.37a990 02 3.613610 oi a.96513D-02 7.960030 02 7.590090 02 4.084390 01 4.351320 05 1.673260 04 tv 
1-' 7.52000 3.345700 02 3.577a3o 02 8.9a3a9D-02 7.959320 02 7.590950 02 4.054230 01 4. 322330 05 1.663a3o 04 

7.54000 3.311470 02 3.541130 02 9.00234D-02 7.958620 02 7.591820 02 4.022950 01 4.292540 05 1.653aao 04 
7.56000 3.276490 02 3.503700 92 9.02049D-02 7.957930 02 7. 592700 02 3.990760 01 4.262110 05 1.643510 04 
7.5aooo 3.240970 02 3.465730 02 9.03a33D-02 7.957240 02 7. 593600 02 3.957820 01 4.2311&0 05 1.632770 04 
7.60000 3.205040 02 3.427350 02 9.055a7D-02 7.956570 02 7.594520 02 3.924300 01 4.199a1o 05 1.621740 04 
7.62000 3.16aa60 02 3.38a710 02 9·. 0731 OD-02 7.955910 02 7.595450 02 3.890300 01 4.168150 05 1.610460 04 
7.64000 3.13252"0 02 3.349910 02 9.09001D-02 7.955260 02 7.596390 02 3.a55960 01 4.1362aO 05 1.598970 04 
7.66000 3.096130 02 3.311050 02 9.10661D-02 7.954620 02 7.597350 02 3.821350 01 4.104270 05 1 .• 587310 04 
7.6aooo 3.059760 02 3.272200 02 9.122a8D-02 7.953990 02 7.598330 02 3.786550 01 4.072170 05 1.575520 04 
7.70000 3.023480 02 3.233430 02 9.13aa2D-02 7.953370 02 7. 599310 02 3.751630 01 4.040030 05 1.563620 04 
1.12000 2.9a7330 02 3.194800 02 9.15441D-02 7.952770 02 7.600310 02 3.716640 01 4.007910 05 1.551630 04 
7.74000 2.951370 02· 3.156340 02 9.16965D-02 7.952170 02 7.601330 02 3.681630 01 3.975a30 05 1.539570 04 
7. 76000 2.915620 02 3.118110 02 9. 18454D-02 7.951590 02 7.602350 02 3.646620 01 3.943820 05 1.527450 04 
7.78000 2.aa0110 02 3.080120 02 9.19906D-02 7.951010 02 7.603390 02 3.611660 01 3.911920 05 1.515300 04 
7.80000 2.a44900 02 3.042370 02 9.21320D-02 7.950450 02 7. 604440 02 3.576400 01 3.880130 05 1.502950 04 
7.a2000 2.809970 02 3.004920 02 9. 22693D-02 7.949900 02 7.605510 02 3.541120 01 3.a48480 05 1.490550 04 
7.84000 2.775340 02 2.967780 02 9.i4025D-02 7.949360 02 7.606590 02 3.505960 01 3.8169aO 05 1.478130 04 
7.a6000 2. 7lt1000 02 2.930960 02 9. 2531 7D-02 7.948830 02 7.607680 02 3.470930 01 3.785640 05 ·1.465710 04 
7.88000 2.7069ao 02 2.8944aO 02 9.26568D-02 7.948320 02 7.60a7ao 02 3.436040 01 3.754460 05 1.453290 04 
7.90000 2.673270 02 2.85a330 02 9. 27779D-02 7.947810• 02 7.609900 02 3.401300 01 3. 723460 05 1.440880 04 
7.92000 2.639870 02 2.822520 02 9. 28949D-02 7.941320 02 7.611030 02 3.366720 01 3 •. 692640 05 1.428480 04 
7.94000 2.606800 02 2.787060 02 9.30078D-02 7.946840 02 7.612160 02 3.332310 01 3.662000 05 1.416090 04 
7.96000 2.574060 02 2.751950 02 9.31168D-02 7.946370 02 7.613320 02 3.298070 01 3.631550 05 1.403120 04 
7.9aooo 2.541630 02 2.717190 02 9.32?18D-02 7.945910 02 7. 6144ao 02 3.264010 01 3.601290 05 1.391370 04 
8.00000 2.509530 02 2.682770 02 9. 3322 ao-02 7.945460 02 7.615650 02 3.230140 01 3.571210 05 1.379040 04 



THR~E VOLUME TEST PROBLEM RESTARTED FROM TAPE 

TIME STEP NUM 5825. TIME 

TOTAL SYSTEM 
QUANT I TIES 

VOLUME 
NUMBER 

1 
2 
3 

NORM .:>OWR 

5.43230D-02 

AVG. PRES 
PSIA 
4.99927D 01 
4.95600D 01 
4.9770BD 01 

0.111250D 02 SEC. 

POWR HEAT REM 
(MWI IBTU/HRI 
2.716230 00 -9.701120 05 

TOT. MASS 
ILBI 
8.84849D 02 
3.744760 02 
L.74606D 01 

AVG. EATH 
IBTU/lE.) 
2.9l32.::D 02 
3.1949'iD 02 
3.409l'i0 02. 

ENGY LEAK 
I BTU) 
1.49074D 07 

AVG. DENS 
ILB/FT31 
2.52814D 00 
1.49791D 00 
1.164040 00 

MASS LEAK 
I LBJ 
2.B00340 04 

AVG. TEMP 
IFI 
2.810010 02 
2.B0155() 02 
2.805670 02 

ENGY BAL. 
I BTU I 
1.5860!>0 07 

AVG. QUAL 

4.45J3~D-02 

7.58E73D-02 
9.86~530-02 

TIME 57.14 PAGE 48 

MASS BAL. TOT. REAC 
ILB I . I U 
2.92802D 04 -4.92592D 01 

BUBB MASS 
ILBI 
2.010840 01 
o.o 
1.722230 00 

MIXT LEVL 
I FTI 
5.84039D 00 
1.91206D-01 
3.000000 00 

REAC T 
SEC. 
1.569430 01 

LIQ. MASS 
ILBI 
8.454610 02 
3.460580 02 
1. 57383D 01 

VOLUME 
NUMBER 

2 
3. 

HEAT TRANS. 
MODE 

SURF FLUX DNB flUX H.T. COEF SURF TEMP FUEL.TEMP CENT TEMP P9WR H20 
1,8TU/HR I 

FUEL POWR 
IMWI 

VOLUME 
NUMBER 

3 

JUNCTION 
NUMBER 

1 
2 
3 
4 

CONNECTING 
VOLUMES 

1 TO 0 
2 TO 3 
3 TO 1 
1 TO 2 

IB.TU/HR/FT21 IBTU/HR:/FT21 IBTU/H/F2/FI IFI IFI IFI 

7 8.640030 03 2.25436) 05 1.74395D 01 7.759510 02 J.9345ED 02 8.220690 02 
9. 701120 05 
9.227560 06 2. 716230 00 

NODE 

z 

CHOKE JCT. flOW 
(LB/SECI 

NO o.o 
NO -5.386570 01 
NO -1.8B4160 02 
NO 3.691630 01 

TE~P 

8.157870 02 

JCT .• EN:-H 
IBTU/l81 
1.17409[1 03 
3.40914[ 02 
2.6,2'+97[ 02 
2.693060 02 

NODE TEMP 

4 7.78860D 02 

JCT. QUAL P R E S 
TOT. PSI 

1.000000 00 -7.302390-03 
1.028450-01 -2.107880-01 
1.33314D-02 -2.21882D-Ol 
2.067810-02 4.32670D-01 

'IIOOE 

7 

TEMP 

7~770380 02 

S U I E 0 I F F E R E N T I A L 
ELEV PSI FRIC PSI ACCL PSI PUMP PSI 
0.0 o.o o.o o.o 
1.342000-02 -2.131860-01 -1.1022~D-02 o.o 
S.389COD-02 -3.972790-01 8.150750-02 0.0 
2.124500-03 6.458490-01 -2.153040-01• o.o 

s 

THREE VOLUME TEST PROBLEM RESTARTED FROM TAPE TIME = 57.21 PAGE 49 

TIME STE.P = 5825 0 TIME = 0.111250D 02, PAGE 4S· 

RESTART DATA BEING DUMPED. 

TRAILER LABEL BEING WRITTEN. 

J 



THREE VOLUME TEST PROBLEM RESTARTED FROM TAPE TIME 57.21 PAGE 50 

END TRIP SIGNAL. 

THREE VOLUME TESJ PROBLEM RESTARTED FROM TAP~ TIME 57.21 PAGE Sf 

END 220 

END-OF-DATA (BLANK CAROl ENCOUNTERED. 




