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EPRI PERSPECTIVE

PROJECT DESCRIPTION
This final report describes a computer program, developed at Cornell University 
under Research Project 352 for the purpose of simulating transient behavior in a 
loop-type liquid metal-cooled fast breeder reactor (LMFBR) power plant. The 
mathematical models developed for the simulation are described and a user's guide 
is included. In addition, transient analysis studies for the purpose of program 
verification make up a significant portion of the report. From these studies it 
has been determined that the program is capable of simulating operational and 
accidental transients in an economical manner, when compared with similar simula
tion models, such as DEMO, BRENDA, and SSC-L. This is made possible by incorpora
ting a numerical approximation technique that has not yet been completely verified 
with respect to accuracy. It does appear to be effective, however, when applied 
to a broad range of transient behavior in loop-type LMFBRs.

PROJECT OBJECTIVES
The overall objective of this project is to develop fast-running, yet accurate 
computer programs to analyze operational and accident transient behavior of both 
loop-type and pool-type LMFBR power plants. This objective has been achieved for 
loop-type plants; this report describes the resulting computer program. Develop
ment of a computer program that will be used for transient analysis of pool-type 
LMFBRs is currently in progress. Both programs incorporate numerical approxima
tion techniques and simplified models that, when tied together to form the plant 
simulator, produce fast-running computer programs. To build confidence in and to 
verify these programs, extensive transient analysis is performed. Once verifica
tion has been achieved and some comparisons to the measured data (e.g., gathered 
in experimental LMFBRs) are made for code qualification purposes, the final 
products could then be used by utilities that may, someday, purchase LMFBR power 
plants.

PROJECT RESULTS
A computer program was developed, as stated above, for loop-type LMFBR power plant
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simulation. Incentive is equally strong to develop such a simulation model for 
pool-type LMFBR power plants. It is also important to establish a high degree of 
confidence in the mathematical models and numerical methods used to build the 
computer programs. A related project (KP1381) is now in progress at the University 
of Arizona to study the validity of the numerical methods used. The mathematical 
models used to simulate the control system, and the nuclear, thermal, and coolant 
dynamic behavior in the various system components must ultimately be validated by 
comparison with experiments. Unfortunately, a complete set of experiments is not 
available for validating all of the models used, necessitating the adoption of an 
indirect method for program qualification. That is, the relatively crude dynamic 
modeling of a plant system component that is programmed into the plant simulator 
is compared with a more comprehensive model of that same component; such models 
can be constructed in three-dimensional programs, e.g., COMMIX. The more compre
hensive model is, in turn, validated by assessing its ability to predict a fairly 
realistic experiment, if such an experiment is available. Confidence is obtained 
when both the comprehensive model and the simplified model in the simulator both 
agree with the experiment. If no experiment is available, the comparison must be 
between the results of the system simulator and the more comprehensive model. In 
order to maximize comparison with experiment, it is recommended that a numerical- 
experimental comparison program be set up to validate LMFBR transient simulators. 
Existing relevant experimental data must be identified, and new experimental data 
must be obtained where needed.

In addition to program qualification by comparison with experiments, further con
fidence can be gained by numerical benchmarking; that is, transient simulation 
studies are carried out with several systems transient simulators, and the results 
are compared. Results of such comparisons are presented in the report. In 
general, very favorable agreement is obtained, allowing the conclusions that the 
approach taken in constructing the simulation model was valid, and that no gross 
coding errors exist.

Edward L. Fuller, Project Manager 
Nuclear Power Division
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ABSTRACT

A computer-aided simulation is developed to analyze the transient behavior of 
loop type liquid metal-cooled fast breeder reactor plants. A set of nuclear, heat 
transfer, sodium dynamics, steam/water thermodynamics and control models for the 
multi-loop plant is developed to simulate operational, incident and accident 
transients.

The major important features of the model include:

1. a multi-loop simulation, consisting of a single loop and the remaining 
lumped loops,

2. a method to calculate the characteristic times for every differential 
equation, and apply the Runge-Kutta algorithm to variables with slow and 
moderate time responses as compared to the integration time step and 
evaluate the variables with fast responses from a prompt approximation 
to assure numerical stability and reduce the computation time; and

3. a pre-accident initialization method by forcing most variables into their 
prompt approximation.

The analytical submodels of the EPRI-CURL Code simulates: (a) the dynamics of sodium 
flows in the primary and secondary systems governed by forced and natural circula
tion, (b) reactor heat transfer, (c) neutron kinetics, reactivity feedbacks, and 
reactor power control, (d) intermediate heat exchanger heat transfer, (e) sodium 
transport delays in the primary and secondary systems, (f) steam/water thermody
namics, normal feed water flow and auxiliary feed water flow control, and (g) 
turbine header, throttle, steam bypass and relief flow control. There is a total 
of 489 first order ordinary differential equations modelling the entire plant.

The EPRI-CURL systems analysis computer code for loop-type liquid metal cooled 
fast breeder reactors is used to model the plant response of a typical LMFBR 
to several transient conditions.

The following transients are discussed:
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1. a seismic-induced reactivity insertion;
2. a spurious pump trip; and
3. a complete loss of forced coolant circulation leading to buoyancy 

induced natural circulation.

The EPRI-CURL results are compared to parallel calculations using the FOKE-II 
and DEMO simulation models where applicable.
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SUMMARY

A fast-running systems analysis code has been written to analyze the response to 
transients of loop-type Liquid Metal-cooled Fast Breeder Reactors. Among the 
transients which may be simulated are ramp changes in the demanded power, loss of 
power to any pump, step reactivity insertions (of less than one dollar), manual 
reactor trips, a turbine trip, a steam dump, or any combination of these.

Two heat transfer loops are modelled, one of which represents a single loop, and 
the other represents any number of remaining, equivalent loops. Each of these 
loops consists of a primary sodium loop, a secondary sodium loop, and a tertiary 
water/steam loop.

The mathematical model includes: point reactor kinetics, reactivity feedback, and
reactor power control; primary, secondary, and tertiary thermal and coolant dynamics 
governed by forced and natural circulation; and plant protection and control 
systems.

A total of 489 differential equations model the entire plant. A method has been 
developed (using the diagonal elements of the Jacobian matrix) which separates 
these equations into two classes: those with a "fast" response time, and those
with a "slow or moderate" response time, as compared to the chosen integration time 
step. The "moderate" response equations are integrated using a second order Runge- 
Kutta technique, and the "fast" response equations are evaluated using a prompt 
approximation technique. This assures numerical stability and allows significant 
reduction in computation time without much loss of accuracy.

The core neutron kinetics is calculated using two groups of delayed neutrons and 
three groups of fission products. Total reactor power is computed through a 
prompt approximation. Reactivity feedbacks due to the Doppler effect, sodium 
density, and core expansion are included. Two sets of independent control rod 
systems are provided for reactor shutdown. The primary control rod system also acts 
as the power controller.
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The reactor heat transfer model divides the reactor core into eleven fueled regions, 
three in each of three flow channels, and one in each of two other flow channels. 
These can be used to simulate, for example, a central core region with lower and 
upper axial blankets in three channels, and an outer radial blanket in two other 
channels. A two zone mixing model of the reactor vessel upper plenum is included.

The primary system coolant dynamics model computes the flow distribution to each 
of the five fueled flow channels, as well as to an unheated bypass channel. This 
model also computes the flow in the two primary loops. Reynolds number dependent 
friction factors are used in all coolant dynamics calculations. In pipe rupture 
transients (where the pipe rupture occurs between the check valve and the reactor 
vessel in a single loop), this model also computes the flow rate out the pipe 
break. Coolant pumps with frequency controllers are also modelled.

All piping heat transport delays are included in the primary, secondary, and tert
iary systems. Counterflow heat exchangers are modelled between the primary and 
secondary loops. Two evaporators and a superheater are modelled for heat transport 
from each secondary to each tertiary loop. Frequency controllers are also provided 
for the secondary sodium loops.

The tertiary system model includes a steam drum, fed by either a normal or an 
auxiliary feedwater supply system, and a steam header, which is fed by both tertiary 
system loops. Also modelled are the turbine throttle valve, the turbine bypass 
(dump) valve, and a safety relief valve.

All plant control systems are dependent on a supervisory controller which produces 
a demanded reactor and plant power. The controllers use this demanded power to 
compute setpoints for certain variables (such as reactor outlet temperatures, pump 
speeds, etc.) which are then compared to measured values of those variables and 
alter the controller output if the deviation is too large.

A plant protection system is also modelled, which compares the measured values of 
certain variables to reactor shutdown setpoints, and provides for automatic shut
down of the reactor if any setpoints are exceeded.

This report includes the basic modelling equations of each of these systems, as well 
as a user's guide which describes each individual subroutine and the required input. 
The system response to several transients has been calculated and compared to
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parallel calculations using the FORE-II and DEMO simulation models; these include: 
a seismic induced reactivity insertion, a spurious pump trip, and a complete loss- 
of-forced-cooling leading to buoyancy induced natural circulation.

The results show that: (1) knowledge of the diagonal entries in the Jacobian
matrix of a large system of ordinary differential equations is a good estimate for 
identification of sources of stiffness, (2) judicious use of the quasi-static 
approximation reduces the need for either short timesteps or sophisticated implicit 
numerical-integration methods, (3) a multi-channel reactor heat transfer and sodium 
dynamics model is necessary for predicting thermohydraulic behavior correctly, 
especially the effect of reactor flow regimes and redistribution during natural 
convection cooling, (4) no sodium voiding was predicted for the above transients 
even with reactor scram time delays of the order of 1 second, and (5) there is 
general agreement between existing simulation models, but there is still a vital 
need for experimental and further theoretical verification.
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Section 1

INTRODUCTION

The significance of the Liquid Metal-cooied Fast Breeder Reactor (LMFBR) was recog
nized very early in the development of nuclear energy. Fermi and his coworkers, 
concerned with the long-range availability of naturally-occurring fissionable 
fuel, in the spring of 1944, discussed the possibility of building a fast-neutron 
breeder reactor. Thirty-eight years of slow, but determined development of the 
fast breeder have laid the foundation for the present intensive effort. The 
rapid evolution of this type of reactor and the experimental and operational ex
perience in this field requires the development of a theoretical means of simula
tion to improve the engineering design and better understanding of the safety 
problems associated with such systems.

Recent research in fast reactor technology has shown that there is a considerable 
potential for the development of more physically realistic and mathematically 
accurate models of simulation.

Accident risk assessment has evolved to the current Design Basis Accident (DBA) 
approach, which involves the determination of the capability of a given reactor 
design to deal with accidents of low probability and potentially high consequence. 
Standards are set to ensure high quality in design, construction, and operation 
of the plant so that the number and severity of events caused by a possible failure 
will be minimized (1) .

In spite of these measures, it is assumed that operational upsets and accidents 
will occur and safeguards must be provided to cope with them.

High-probability, low consequence accidents are not normally considered to be 
serious, but it is important to understand their level of severity, and to predict 
the system response under these conditions. Therefore, analysis of the transients 
for a variety of abnormal or accident conditions is an important part of the 
overall safety evaluation.
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Restricted analytical models and associated computer codes such as DEMO (2_) ,
NALAP (3) , and BRENDA (_4, 5_) have been developed by other organizations to simulate 
the overall response of a fast reactor plant.

A number of simplifying assumptions and approximations are made in the above models 
which may be acceptable from the design point of view, but certainly unacceptable 
for a safety analysis. For example, the modeling of the entire reactor core by a 
single, average channel is highly questionable. The flow redistribution during the 
transients, enhanced by buoyancy in the reactor core is an important consideration. 
The temperature stratification in the reactor outlet plenum is also an important 
influence in the determination of the natural convection capability of the system.

It is essential that better solution techniques be developed, expecially determina
tion of steady-state initial conditions, that at times could be tedious and expen
sive for systems of different design and geometric configurations. In order to 
meet this objective, Cornell University has developed an accurate, fast running 
systems dynamics code, EPRI-CURL that simulates the primary, secondary, and tertiary 
systems of a loop type LMFBR plant.
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Section 2

SYSTEM DESCRIPTION AND SIMULATION MODEL

SYSTEM DESCRIPTION
This section provides an overall description of the EPRI-CURL code simulation model. 
A block diagram provides gross information on the model organization, features 
incorporated in the model, and some of the model inputs and outputs.

Figure 2-1 is a block diagram of the primary, secondary and tertiary systems. The 
heat transport loops of the plant are simulated by a two loop model; a single loop 
and the remaining lumped loops.

Each loop is positioned in an "elevated loop" arrangement to provide protection 
against loss of coolant in the unaffected loops in the event of failure of sodium 
piping in one of the loops. The relative elevations are arranged to promote natural 
circulation of the coolant in the primary, secondary and tertiary loops in the event 
of loss of all electrical power to the plant coolant pumps (station blackout) (6J.

A primary pump is located on the hot leg piping of each loop. Sodium from the pump 
discharge is passed through the shell side of the Intermediate Heat Exchanger (IHX) 
in which heat is transferred to the secondary sodium. The sodium is then circula
ted in the cold leg piping through a check valve to the reactor vessel inlet nozzle, 
which is located near the lower end of the reactor vessel.

A secondary pump is located on the cold leg piping of each loop. Sodium from the 
pump discharge is passed through the tube side of the IHX in which the heat is 
transferred from the primary sodium. The sodium is then circulated through the 
Superheater (SH) and Evaporators (EV) of Steam Generation System (SGS) and back to 
the pump inlet nozzle.

The SGS consists of a feedwater pump, a steam drum, a recirculation line piping and 
two identical EV modules and a SH module from which the superheated steam is fed to 
a common steam header and then directed to the turbine through the throttle valves 
or bypassed to the condenser.
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As an integral part of the plant control systems, the primary, secondary, and 
tertiary control systems provide the overall control of the plant for all normal 
and accident conditions. The automatic control system maintains the temperatures, 
flow rates, and the neutron flux according to a specified load demand (_6, _7) .
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Figure 2-1. Block diagram of LMFBR system as modeled by EPRI-CURL
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SIMULATION MODEL
The mathematical modeling for numerical simulation of a multiloop liquid-metal- 
cooled fast breeder reactor system has been developed by extending a modified 
version of the primary systems model originally developed by Pavlenco (7) , as dis
cussed in references (6^ 8).

The core physics uses a two group point reactor kinetics and a three group fission 
product dynamics. The reactivity feedbacks, due to the nuclear Doppler effect, 
sodium density, core radial and axial expansion are included. Two sets of indepen
dent control rod systems are provided. The primary control rod system acts as the 
reactor power controller or a shutdown rod system, while the secondary rod system 
can only be used for the purpose of reactor shutdown.

The reactor heat transfer submodel divides the reactor into eleven fuel regions, 
three in each of the three central channels, and one in each of two other coolant 
channels. The bypass channel neglects the heat capacity of the structural material 
as well as the gamma ray heat effects. In this analysis the three central channels 
simulate the six average hot assemblies, the inner core region (102 assemblies), 
and the outer core region (90 assemblies), which include lower and upper axial 
blankets. The other two channels simulate the radial blanket and shields (474 
assemblies), and the primary and secondary coolant rods (19 assemblies).

A two zone lower plenum model simulates the inlet plenum and the core inlet module 
regions, neglecting the heat capacity of the structural material.

The upper plenum model is based on Yang's (9^) two zone mixing model for jets 
of negative buoyancy, also neglecting the structural material heat capacity effect.

The primary system coolant dynamics model includes the effects of friction, 
buoyancy, expansion, contraction and inertia. The model calculates the sodium flow 
rates in the two primary loops (neglecting the mass storage at the pump tanks), 
the five reactor channels, and the unheated bypass channel. The Reynolds number 
dependence of the friction factors inside the reactor channels is based on 
Novendstern's (10) turbulent flow model as discussed in reference (8). The piping 
friction factors are computed using the Blasius approximation for turbulent flow 
inside the round tubes as a function of flow Reynolds numbers (8j. In a loss-of- 
piping integrity accident, this model also computes the flow rate out of the pipe 
break as discussed in references (1_, 8) .
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The secondary loop coolant dynamics model calculates the sodium flow rate in the 
intermediate loop as governed by forced and natural convection effects (6^, 8J.

The coolant pump model includes the impeller dynamics, using the balance between 
the applied motor torque, fluid hydraulic torque and the frictional torque for 
primary, secondary and recirculation pumps of the tertiary system. The pump charac
teristics are represented using the homolgous theory (11) including the complete 
regimes of operation (12). The pump speed controller varies the motor generator 
set frequency (13), and hence the applied motor torque as governed by the flow- 
speed controller model for the sodium pumps. The recirculation pumps are constant 
speed, and uncontrolled.

The primary, secondary, and tertiary coolant transport delay model accounts for the 
turbulent mixing of the fluid, and the heat capacity of the pipe wall material 
(except for the tertiary system, where the pipes are assumed to be adiabatic) . 
Counter flow heat exchangers are also modeled as discussed in references (7_, 8) .

The steam-water thermodynamics model, includes a compressible three region steam 
drum, fed by normal or auxiliary feed water through control valves, a downcomer, 
evaporators, a superheater, and a compressible steam header with its associated 
safety relief valve, throttle valve and the turbine bypass valve.

The hydrodynamics are based on the single mass-flow rate model with slip in the 
two-phase flow region. The slip model is based on the Armand semi-empirical slip 
flow correlation (14). The dryout in the evaporators is also predicted using the 
Bertoleti, et al. (15) method.

The thermodynamic properties of sodium and water are provided through curve fitted 
polynomials (6).

All plant control systems are dependent on a supervisory controller which produces 
a demanded reactor and plant power. The controllers use this demanded power to 
compute setpoints for certain variables (such as reactor outlet temperatures, pump 
speeds, etc.) which are then compared to measured values of those variables and 
alter the controller output if the deviation is too large.

A plant protection system is also modeled, which compares the measured values of 
certain variables to reactor shutdown setpoints, and provides for automatic shut
down of the reactor if any setpoints are exceeded.
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A total of 489 differential equations model the entire plant. A method has been 
developed (using the diagonal elements of the Jacobian matrix) which separates 
these equations into two classes: those with a "fast" response time, and those
with a "slow or moderate" response time, as compared to the chosen integration 
time step. The "moderate" response equations are integrated using a second order 
Runge-Kutta technique, and the "fast" response equations are evaluated using a 
prompt approximation technique. The prompt equations are also used to determine 
the pre-transient steady state conditions.

2-5



Section 3

MATHEMATICAL FORMULATION AND NUMERICAL METHODS

PROBLEM DESCRIPTION

The plant is modeled by a number of first-order differential equations of the form:

dX.
5T = W X2..... Xn?t) U-1'

i = 1, .. ., n

where:

= state variables,

F^ = differentiable functions, and 

t = time, the independent variable.

The measure of stiffness of a system of equations is normally determined by the 
eigenvalues of the Jacobian matrix:

J <i'j>-h: pj (3-2)i

Unfortunately, the computation of the eigenvalues of a large (in this model, 
n = 500) system of equations is extremely time consuming, even for a computer.

ALTERNATIVE APPROACH TO STIFFNESS

To remedy this situation, it was decided to consider only the diagonal elements of 
the Jacobian matrix of Eq. 3-2.
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The "characteristic time" for each of the state equations is defined as:

Ti = (3-3)

where:

= the "characteristic time" of state equation i (see Eq. 3-1).

The magnitude of each of these characteristic times is then compared to the inte
gration time step, At, for the purpose of dividing them into two groups:

Class A variables — those whose state equations have a "characteristic 
time" greater than the time step; and

Class B variables — all other X^.

In practice it was found that best results were obtained if a slight weighting 
factor was applied; i.e.,

Class A variables = X. when ax. > Ati i —

Class B variables = X. when ax. < Ati i

where:

a = weighting factor (generally chosen to be 0.7).

Because the "characteristic times" can generally be interpreted as the speed of 
response to a perturbation, the Class A variables may be interpreted as "slow or 
moderate" response variables, and the Class B variables as the "fast" response 
(i.e. "stiff") variables.

The Class A variables are integrated using a standard Runge-Kutta technique, and 
a quasi-static ("prompt jump" or "prompt approximation") technique is used on the 
Class B variables.
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QUASI-STATIC APPROXIMATION

For the Class B variables, the differential equations for the state variables are 
replaced by algebraic equations of the form:

Fi (X1' X2' Xn;t) = ° (3-4)

which is then solved for . In order to provide consistency (and to preserve the 
Runge-Kutta feature that the order of integration does not affect the solution), 
the values used for the X^(j^i) in Eq. (3-4) are the values from the previous time 
step.

In some cases, the F. are not linear in X., so that iterative numerical methodsi i
may need to be employed. And in the case of the primary flows, any Class B vari
ables are solved simultaneously, in order to get the most accurate solutions for 
these extremely critical parameters.

PLANT INITIALIZATION

The initialization of plant conditions to their steady-state values is required 
before any transient calculation can take place. The inclusion of the prompt ap
proximation equations greatly alleviates this problem.

Those state variables that have prompt approximations are forced into the Class B 
status. Certain equations do not have prompt approximations (i.e. F^ is indepen
dent of X ). For these equations, a "reasonable" time step (about 0.1 or 0.2 sec-i
onds) must be chosen to allow them to reach a steady state.

An example of this plant initialization technique is included as a sample problem 
in the appendices to this report.

A COMPARISON OF EXACT AND REDUCED SYSTEMS

A number of studies were made to determine the inaccuracies produced by the intro
duction of the quasi-static approximation. An example is included here as Figure 
3-1. This example uses a single steam generator and header system decoupled from 
the rest of the plant (i.e., it represents only subroutine SGTHD1 and TURBO and 
their required ancillary programs).
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It is observed that an increase in the time step greatly reduces computer execu
tion time, while introducing very minor changes in the transient results. In the 
At = 0.2 case, all of the steam side superheater temperatures were Class B variables.

oO

495

490

485

- Time Step, At 0 .02 0.05 0. 10 0.20

-
Class A
Variables 44 39 37 35

- Class B
Variables 0 5 7 9

Execution Time

IBM 370/68(sec) 
(WAT F IV)

113 49 25 15

1 1
10 20 30

time, sec

Figure 3-1. Steam temperature at superheater outlet following a 11 °C increase 
in intermediate sodium inlet temperature, as computed by the EPRI-CURL code for 
various sizes of time steps.
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Section 4

REACTOR POWER MODEL

The detailed description of the mathematical models and equations used in the 
EPRI-CURL Code is given in (6^ 1).

The code model equations are given in this section to accompany the user guide 
description.

NEUTRON KINETICS

The point kinetics equations with a prompt jump approximation are used to simulate 
the nuclear power,

2
l C-tt)

N (t) = ----- (4-1)
e-p

dC.(t)
tt— = x (e. N(t) - C. (t)] , i = 1, 2, (4-2)dt i i i

where

N(t) = total neutron power,
C^ (t) = delayed neutron precursor power, group i, 

p = total reactivity 
3^ = delayed neutron fraction, group i,

2
3 = £ 3., total delayed neutron fraction, and

i=l 1
= delayed neutron precursor decay constant, group i.

FISSION PRODUCT POWER

Three reduced groups of fission products are considered in determining the contri
butions of beta and gamma decay of the fission products to reactor power. The total
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fission product power may be written as

(4-4)

where

F^(t) = fission product power, group i,

3
F(t) = £ F.(t) = total fission product power,

i=l 1
= fission product decay constant, group i,
= fission product fraction group i, and 

PT(t) = total reactor power given by Eq. 4-6.

For transients in which fission product densities have not reached their saturation 
values, the numerical values of the fission product fractions may be calculated 
from:

$i = 6si [1 - exp (-X^q) ] , (4-5)

where

g , = fission product fraction at saturation, group i, and si
t = time during which the reactor has operated at power level P o

before the transient is initiated.

TOTAL REACTOR POWER

The total power of the fast reactor is obtained as the sum of contributions to 
power of neutrons and fission products; that is

P (t) = N (t) + F (t) . (4-6)
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REACTIVITY FEEDBACKS

The temperature-dependence of the reactivity feedbacks has been included to simu
late the eleven fuel regions and their respective sodium coolant regions with reac
tivities expressed in units of 3.

11 _ 11 _
J a In[T ./T ] + 7 a . [T .-T ] FB ,L Dl Fi Fo . z,_ Sx ex cox=l 1=1

+ “R [Tc-Tco] + l “Ai [iFi-FFo] 1=1

(4-7)

where:

p,,,, = total feedback reactivity, r B
aD^ = nuclear doppler coefficient, fuel region i, 
as^ = sodium density coefficient, coolant region i, 
a = radial core expansion coefficient,

= axial core expansion coefficient, region i,

T = average fuel temperature, region i,
TFo = reference fuel temperature,

T^ = average coolant temperature, region i,
T^ = reference coolant temperature,
T = average coolant inlet temperature, c

and

i = 1 through 11 for the 11 fueled reactor regions (see Fig. 4-1).

PRIMARY AND SECONDARY CONTROL RODS; SCRAM OPERATION

The primary and secondary control rod systems are two completely independent systems 
for shutting down the reactor. In addition, the primary control rods are used for 
power control under normal operation.

Upon receipt of a primary or secondary scram signal, the affected rods begin to 
fall into the core. To account for scram assisting forces (scram spring in the 
primary system, hydraulic assist for the secondary rods) and drag forces, the rod
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Figure 4-1. Reactor heat transfer regions and flow channels.
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scram position is approximated by:

X = B* t + 1 0 < X < L (4-8)

where:

X = primary control rod scram position, (0 — fully withdrawn, L — fully 
inserted),

L = primary control rod stroke, 
t = time after primary scram signal, and 

A, B = input parameters chosen to fit insertion curve.

A similar equation exists for the secondary control rods.

The form of Eq. 4-8 was chosen in order to represent the initial rod insertion, 
where the relative reactivity change is important, as well as the central part of 
the curve, where the bulk of reactivity exists (see Fig. 4-2). Although the inser
tion of the last 20% of the rod is not as well represented, this is considered less 
important because over 95% of the control rod worth has already been inserted (see 
Eq. 4-9).

The scram reactivity of both the primary and secondary control rods is determined 
as a function of position using the "integral sine squared" control rod worth curve,
i.e. :

p(x;t) = reactivity worth of a control rod at position x,
p = total reactivity available for scram, and max

L = maximum control rod stroke.

The reactivity available for scram in either system is defined as the total worth 
of rods withdrawn from the core less a stuck rod worth. Thus, in the primary sys
tem, the control rod reactivity in the core due to the power controller is as-

p (x; t) = pmax (4-9)

where:

4-5



co
nt

ro
l rod 

in
se

rt
io

n

Figure 4-2. Comparison of control 
the Clinch River Breeder Reactor.

rod insertion rates between EPRI-CURL and 
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sumed to be from fully inserted rods, and all other rods are fully withdrawn.

The equations that provide for reactor trip signals (and subsequent heat transfer 
system trip signals) are listed in Table 4-1 and 4-2.

REACTOR POWER CONTROLLER

The reactor power is controlled through the movement of the primary control rods.
A proportional-integral (PI) control scheme was chosen, based on total primary rod 
reactivity.

The form of the control equation is as follows:

dp
dt (Ea +<t> Tj E, dt)

<l>
(4-10)

where:

p = control rod reactivity, 
t = transient time,
= total flux deviation (see sec. 10, Fig. 10-1), 

t = integral time,

„ RMAXK = ----------—
E, (1 + —)<j>,max t

RMAX = maximum allowed reactivity insertion rate, and
E, = saturation value of flux deviation.()) ,max

The total worth inserted into the reactor is kept track of in order to know how 
much reactivity would be inserted for a primary scram signal.
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Table 4-1

PRIMARY SYSTEM REACTOR TRIP EQUATIONS
Trip
No. Reason for Trip 

High Flux

Flux-Delayed Flux 
(R0>0)

Trip Equation
<!>>_<(> max 

t t/T
--- dt + B • d) + C • a + D < 0

T 2 T 2 ave 2 —

Flux-Delayed Flux 
(R0<0)

.t/x
— dt + b3 • * + c3 a + D < 0 ave e —

4 Flux - /PRESSURE

Primary Pump 
Electrics

A • /F + B. • d) + C < 0 4 4 y 4 —

Loss of Power to Any Primary Pump

Primary-To-Inter
mediate Speed Ratio

Reactor Vessel 
Level

ai C6 A6|l - e— + —I - — B, > 0 in any loop 
aP ap ap 6 “

Z < ZT rv L

Steam-to-Feedwater 
Flow Ratio —— - A < 0 in any loop

. o —FW

IXH Primary Outlet 
Temperature T T V, tn any loop nx oiix

10 Spare

where A^, Bi, Dif <fi max, x, Tghx are input parameters.

<j) = normalized flux, 
t = time,
a = normalized pump speed, 
W = normalized flow rate,

and subscripts:

P = normalized pressure at reactor inlet,
= sodium level above reactor outlet nozzle, rv
= temperature at outlet of heat exchanger.

ave = average of all primary, P = primary, and
I = intermediate, 

ST = steam.
FW = feedwater.
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Table 4-2

SECONDARY SYSTEM REACTOR TRIP EQUATIONS

Trip
No. Reason for Trip

Flux — Total Flow

Primary-To-Inter- 
mediate Flow Ratio

Steam Drum 
Level

Evaporator Outlet 
Temperature

Spare

Trip Equation

A11 ' WTP + B11 • * + C11 i °

WI C12 *12
I1 " W~ + W-1 " “ “ B12 - ° in anY l0°PP P P

1 - H > H 1 D1 D,max

T > T in any loop ev — sev

where A^, , C^, Tsev/ HD max are input parameters,

<(> = normalized flux,
W = normalized flow rate,

Tgv = temperature at outlet of evaporator, 
fL = normalized steam drum level.

and subscripts:

total primary system, 
primary, and 
intermediate.
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Section 5

REACTOR HEAT TRANSFER MODEL

The reactor heat transfer model consists of five radial core regions, an unheated 
core bypass region and two inlet plenum, and two outlet plenum regions.

The model calculates the transient sodium and fuel temperatures using a lumped 
parameter method.

The possibility of flow reversal in the above regions has also been included to 
insure accurate prediction of fuel and coolant temperatures during transient con
ditions (J7).

Figure 5-1 shows an example of a core division, and Figure 5-2 describes the reac
tor coolant paths. Figure 4-1 shows the heat transfer regions.

REACTOR INLET PLENUM

Two constant volume, perfectly mixed zones of inlet plenum sodium temperatures are 
calculated neglecting the heat capacity of the plenum structural materials.

The lower zone consists of the main inlet plenum, and the upper zone contains the 
region from which the coolant is orificed into the reactor fuel assemblies.

The sodium temperature in the lower zone is calculated from:

dT
°AVACa « * W1C1 <W + NW„C 2 2 <VV (5-1)

The upper zone sodium temperature is given by:

dT
pbvbcb at B (w + nw2) (ta - V 6

I
i=l

W .C ,T .Cl Cl Cl (5-2)
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P : Primary Control 
S ; Secondary Control
H ; Hot Core 
I Inner Core 
0* Outer Core 
R: Radial Blanket
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Figure 5-2. Reactor Enclosure and Coolant Paths
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where

T = sodium temperature, 
t = time,
C = heat capacity of sodium at constant pressure, 
p = density of sodium,
V = sodium volume,

= sodium flow rate of the single loop,
W2 = sodium flow rate of the lumped loop,
W = sodium flow rate of the core channel,c
N = n-1, and
n = number of heat transport loops in the system;

subscripts:

A = lower plenum zone,
B = upper plenum zone,

ci = core i-^- channel,
1 = single loop, and
2 = lumped loop.

REACTOR OUTLET PLENUM

A two zone mixing model based on the lumped-parameter approach (9) has been used 
to simulate the outlet plenum sodium temperatures neglecting the heat storage ef
fect in the structural materials of the outlet reactor plenum.

The sodium temperature in the lower mixing zone is given by:

PLVLCL-
dTL(t) 5

l
i=l

W .C . cr ci [T .-Tl ci L

+ 3, CTBP L- (T -T ) - hA(T -T ) u L L u

(5-3)
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and, the upper zone sodium temperature is given by:

dT (t) u (5-4)BP BP-u

5
+ ei "ci1 c:i=l

:T (Tt-T ) + hA(T -T ) L-u L u L u

where:

T = sodium temperature, 
t = time,
C = heat capacity of sodium at constant pressure, 
p = density of sodium 
V = sodium volume
h = constant heat transfer coefficient between the outlet plenum zones, 
A = cross-sectional area of outlet plenum,
W = sodium mass flow rate, and

= control integers (see the following discussion);

subscripts (two subscripts indicate that the physical property is taken at the 
average of the two zones):

L = lower zone of outlet plenum, 
ci = core i— channel,
BP = bypass channel, and 
u = upper zone of outlet plenum.

The average jet penetration distance is given by (9):

= (1.0383 Fr J i
0.785 (5-5)o

where:

Z = jet penetration distance in the outlet plenumiJ
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Fr = densometric Froude number o

r = radial coordinate of the jet flow.o
Z , = chimney height, ch

5

p = average core sodium density, and c
g = acceleration due to gravity.

The control integers 3-^ and 3^ are defined as follows:

For Z > Z + 0.5 D J — on <

For Z < Z - 0.5 D J — on (

on 0.5 D < Z < Z + 0.5 D on J on i

on

on

on

Z = reactor outlet nozzle height (lower edge), and on
D = reactor outlet nozzle diameter, on

REACTOR FUEL REGIONS

The reactor core is divided into five parallel channels consisting of:

1. peak channel,

2. inner core channel,

3. outer core channel,

4. control assemblies channel, and

5. radial shields and radial blanket channel.

There exists three axial fuel regions in the peak, inner and outer core channels 
consisting of lower axial blanket, reactor core and the upper axial blanket re
gions .

Figure 5-3 shows the schematics of the reactor fuel regions that are simulated by
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Figure 5-3. Reactor Heat Transfer Regions
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the EPRI-CURL Code.

The following is the lumped parameter energy equation that simulates the above fuel 
temperatures in each region j (j = 1, 11) (see Fig. 4-1 for region numbers):

PFVFCF

where:

F
t

U
A

in
Tc

dT __F
dt

O' ' 'V*F F U A [Tf-Tc]

fuel density,
fuel volume,
fuel specific heat,
fuel average temperature,
time,
average heat density,
overall heat transfer coefficient (given by Eq. 5-11),
total heat transfer area,
average sodium temperature,
(Tc. + Tc )/2.0, and in o
sodium temperature at the inlet of region j, 
sodium temperature at the outlet of region j.

(5-6)

REACTOR COOLANT REGIONS

The sodium temperature at the outlet of every control volume corresponding to the 
above mentioned fuel regions (j = 1, 11) and the bypass (j = 12) is given by:

dT
p V C —Co = U A [T -TJ - W C (T -T ) , (5-7)Kc c c dt F C c. cin o

where

p = average sodium density, c
V = volume of sodium, c
C = average heat capacity of sodium, and c
W = sodium mass flow rate.
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The thermophysical properties of liquid sodium are calculated as a function of 
average sodium temperature in the region. Note that U = 0.0 for the bypass channel.

During flow reversal in any of the reactor channels, the equation form will remain 
the same except sodium inlet and outlet temperatures to the given region will switch.

HOT CHANNEL EQUATIONS

The reactor peak region transient temperatures are used to determine the hot chan
nel conditions in the reactor.

The centerline temperature of a cylindrical fuel rod is calculated using:

To

where:

(5-8)

T^ = center-line fuel temperature,
T = average fuel temperature (given by Eq. 5-6),F

Q''' = average fuel heat density,
R = fuel pellet radius, and 

kf = fuel pellet average thermal conductivity.

Two statistical hot channel temperatures of significance are calculated: the max
imum core outlet coolant temperature and the maximum cladding temperature, as 
follows:

Maximum Core Outlet Sodium Temperature

Tc, max
T + a , c. c,hcin

ATche

= (1-a , ) T + a , Tc,hc c. c,hc c, core ,in

(5-9)

where:

T = maximum outlet sodium temperature,c, max
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T . = peak region inlet sodium temperature,c f in
T = peak region core outlet sodium temperature,c, core

a = coolant hot channel factor,C f ii c
= ou., x a . x a, •, x « ^ nflow radial local statistical

maldistribution pin
where:

“flow
distribution

“radial

a, nlocal
pin

Hot channel factors.

astatistical

Maximum Cladding Midwall Temperature

clad c,max film film clad clad 
max

(5-10)

where:

Tclad = max;'-rnuln cladding midwall temperature, 
max

T = maximum coolant temperature (see Eq. 5-9),c,max
= average film temperature difference at the top of the reactor core 

in the peak region,
AT = average cladding temperature difference (between inner and outer sur

faces) at the top of the reactor core in the peak region, and

“film
a , , 1 hot channel factors,clad J

OVERALL HEAT-TRANSFER COEFFICIENT FOR THE REACTOR ASSEMBLIES

Throughout the analysis the following modes of heat transfer were assumed:

1. conduction in the fuel material,

2. conduction in the gas filled gap, and

3. convection at the interface between cladding and coolant.
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Therefore, the quasi-steady state approximation yields, for each region j (j = 
1, 11):

U = overall heat transfer coefficient,
A = overall heat transfer area, 
it = 3.1415,
N = total number of fuel pins under consideration,
L = effective length of fuel pin,

= average thermal conductivity of fuel,
= average thermal conductivity of gas filled gap,

k^ = average thermal conductivity of cladding,
D = pin outside diameter,
R = fuel radius,

6^ = gas filled gap thickness,
6 = cladding thickness, andc
h = convection heat-transfer coefficient.

Due to the triangular arrangement of the rod bundles, the flow area consists of a 
large number of parallel "tubes." Two different equivalent diameters have been cal
culated for each type of assembly: a hydraulic equivalent diameter, D, , and ah
thermal equivalent diameter, D^.

U A = tt N L (5-11)1/(8 kj + 6 /(2K R) + 1/(2 K ) In (D/D-S ) + 1/(h D) _ f g g c c _

where:

Thus

(5-12)

and

D = D 6(p^-)-2 - 1 
t tt/T

(5-13)
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where:

= total flow cross sectional area per assembly,
P = wetted perimeter per assembly,
D = rod outside diameter, and 
p = pitch.

The following heat transfer coefficient correlations have been used: 

a) Laminar Flow (16), Re < 3000

h D.
Nu 48/11 - '4.36, (5-14)

Turbulent Flow (17), Re > 3000

h D
Nu — = 7. + 0.025 (? Pe)0,8, (5-15)

where:

PVD
Reynolds number ,

Nu = Nusselt number ,
Pe = Re • Pr = Peclet number ,

MCPPr = , = Prandtl number ,

P
V
U

“p
k

— = the average, effective value of the ratio of eddy diffusivity of 
£m heat transfer to that for momentum transfer = 1.0, 
sodium density, 
sodium velocity, 
sodium dynamic viscosity,
sodium heat capacity at constant pressure, and 
sodium thermal conductivity.
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Section 6

PRIMARY LOOP COOLANT DYNAMICS

GENERAL EQUATION OF MOTION

Transient sodium flow rates are calculated using the time-dependent equation of 
motion for an incompressible fluid.

Several simplifying assumptions are made in order to solve the problem while re
taining the accuracy of the model:

1. a one-dimensional flow is considered,

2. the flow is incompressible,

3. fluid velocity is taken as an average over the pipe cross section, and

4. the macroscopic form of the basic equation of motion is used.

Based on these assumptions, the following equation is derived (6_, 7_):

(6-1)

where:

a = inertial loss coefficient
x.2

dx - ~A
X1

x = dimension in the direction of flow
A = pipe cross-sectional area, 
g = gravitational acceleration
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W = mass flow rate, 
t = time,

= pressure at position x^,
= pressure at position x^,

p = average density of the fluid 
= ^ + P2)/2,

p^ = fluid density at position x^,
P2 = fluid density at position x2,

= relative elevation corresponding to x^, 
Z = relative elevation corresponding to x , 
c = frictional loss coefficient

4f = moody friction factor given below, 
d^ = hydraulic diameter,
K = velocity head factor,
N = number of pipe sections of constant area,
M = number of pipe fittings,

= pipe cross sectional area corresponding to x^, and 
A2 = pipe cross sectional area corresponding to x2.

Normally A^ and A2 are equal as one applies equations 6-1 around a closed loop, and 
hence that term is normally neglected.

FRICTION FACTORS

Fluid friction correlations for the entire flow regime are required by the EPRI-CURL 
code. The following is a compilation of the friction factor correlations that have 
been selected.

Turbulent Regime Re > 3000

Wire-wrapped Fuel Rod Bundles. For the reactor wire-wrapped rod bundles, the fol
lowing correlation for friction factor is used (10).

1 4f

0.885
0.316 Re-0.25 (6-2)

6-2



where:

4f = moody friction factor, 
p = pitch,
D = rod diameter,
L = spiral wire spacer lead, and 

Re = reynolds number.

This equation is found to compare favorably with the FFTF experiments where P/D 
> 1.08.

Smooth Pipe. The following smooth pipe correlation is used in the EPRI-CURL Code 
(18) :

4f = 0.0055 + 0.55 (Re)_1/3 (6-3)

Transition Regime 2000 £ Re 3000

A linear extrapolation is used from the turbulent correlation (fuel bundle or smooth 
pipe) value at Re = 3000 to the laminar correlation value at Re = 2000.

Laminar Regime Re < 2000

The laminar flow friction factor is given by

4f 64
Re (6-4)

The Reynolds number is calculated at the bulk temperature of the fluid in all of 
the thermal-hydraulics calculations.

PRIMARY FLOW MODEL

Six flows are simulated through the reactor. With the notation of Fig. 6-1 these 
flows are:

wHC total flow rate
W =IC total flow rate
w = oc total flow rate
w —CA total flow rate

in the peak core assemblies, 
in the inner core assemblies, 
in the outer core assemblies, 
in the primary control assemblies.
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2 - W|q, inner core

3 - Woei outer core

4~ WCA> control assemblies 

5~ Wpg, radial blanket 

6 - Wgp, bypass

Figure 6-1. Primary System Flows and Piping Schematic



= total flow rate in the radial blanket assemblies, and 
WBp = total flow rate in the core bypass.

There are eight primary flow rates in the coolant dynamics model: six through the
reactor and two in the heat transport system (HTS) loops. One loop flow, , repre
sents a single HTS loop, and the other, W^, represents each of remaining identical 
loops.

Seven of the eight flow rates are determined by applying Eq. 6-1 successively 
around HTS loop 1 through each of the six reactor regions and once around HTS loop 
2 through the inner core region, resulting in seven equations. The eighth flow 
rate, WjC, is determined by assuming mass conservation in the system, i.e.:

+ (N-l) W2 - w - w - w - wOC CA RB BP (6-5)

where

N = number of HTS loops in the system.

The other seven equations may be rewritten in the form:

A X = Y, (6-6)

where A is a 7 by 7 matrix of inertial loss coefficients (see Table 6-1),

X =

dW1/dt
dW^/dt

dwoc/dt

dWHC/dt
dWCA/dt
dWRB/dt
dWBp/dt

and Y is the flow dependent vector of the right hand side terms of Eq. 6-1 (7),

Because the inertial loss coefficients in the matrix A are constant during any
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Table 6-1

MATRIX OF INERTIAL LOSS COEFFICIENTS, 
NORMAL OPERATION

ai+aP+aic 2*(aP+aic) "aic -aic "aic -aic _aic

al+ap 2’ap aoc 0 0 0 0

A =
Vap

2’ap 0 aHC 0 0 0

a. +a1 P 2*ap 0 0 aCA 0 0

a +a1 P 2'ap 0 0 0 aRB 0

a +a1 P 2 * ap 0 0 0 0 aBP

a +aP IC a„+2 • (a^+a,.^)2 P IC _aic "aic -aic _aic "aic

where:

a = inertial loss coefficient;

and subscripts:

IC, OC, HC, CA, RB, BP = six core flow channels (see Fig. 6-1) ,
P = inlet and outlet plena taken together,
1 = loop 1 piping, and
2 = loop 2 piping.
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transient, Eq. 6-6 may be inverted to the form:

X = A 1 ¥, (6-7)

which gives the derivative of each flow independently.

For the case of a pipe rupture in loop 1, another flow, W (between the break andBRK
the reactor vessel inlet nozzle), is required. An additional equation is obtained 
by applying Eq. 6-1 from the outlet nozzle to the rupture and into the guard ves
sel. The pressure at the outlet nozzle is obtained by considering the gravitational 
head up to the cover gas, where the pressure is known. This added equation depends 
only on one derivative, dW^/dt, and is thus already independent of the other seven 
differential equations. Equations 6-6 and 6-7 are again used to solve for the seven 
flow derivatives, with A now as seen in Table 6-2, Y_ altered by replacing dW^/dt by 
its analytical equivalent (from the added equation) (7), and

The pressure drop out the break is determined using a rupture loss coefficient and 
gravity head consideration, i.e.

— = dWHC,/dt

(6-8)

where:

= pressure of coolant inside of the break,
-dKJn.

CD = rupture loss coefficient,
W . - W, - = flow out the break,out 1 BRK
APG = gravitational head built up in guard vessel (= 0 until guard vessel

fills to the pipe rupture point), and
Pv = atmospheric pressure inside the guard vessel.

6-7



Table 6-2

MATRIX OF INERTIAL LOSS COEFFICIENTS, 
PIPE RUPTURE

aB+aP+aiC 2' (ap+aic)

1 fD H O

1OH1

aic -aic ~aic

aB+aiC 2'ap aoc 0 0 0 0

A =
a +aB IC 2 "aP 0 aHC 0 0 0

a +aT„B IC 2*ap 0 0 a CA 0 0

aB IC 2*ap 0 0 0 aRB 0

a +a^„B IC 2‘ap 0 0 0 0 aBP

a +aIP IC a2+2" (ap+aiC) -aic -aic ■aic _aic -aic

where:

a = inertial loss coefficient;

and subscripts:

IC, OC, HC, CA, RB, BP = six core flow channels (see Fig. 6-1) ,

P = inlet and outlet plena taken together,
IP = inlet plenum only,
1 = loop 1 piping,
2 = loop 2 piping, and
B = piping from break location to reactor inlet nozzle.
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REACTOR COVER GAS

Since the primary pumps are located on the hot legs of the PUTS, the cover gas is 
kept at near atmospheric pressure. In the EPRI-CURL calculations, the cover gas 
pressure is calculated by applying a gravity head to the initial (input) value for 
the pressure at the reactor vessel outlet nozzle. At present, the cover gas pres
sure is held constant for the duration of the transient (7_) .

COOLANT PUMPS

The pumps are described by a so-called homologous model (19). The model gives re
lationships among the variable head (H), torque (T ), flow rate (W), and rotational 
speed (iii) . First these variables are normalized by dividing each one by its value 
at rated conditions. Thus the new variables are:

5 = H/Hp = normalized head = f(a,v)
3 = Tp/Tp D = normalized pump torque = g(a,v) 
a = w/wD = normalized pump speed 
v = W/WD = normalized mass flow rate

where:

= design head 
Tp,D = design torque 

= design speed 
WD = design flow

The following functional relationships appear to quite adequately fit the charac
teristics of centrifugal flow pumps &9 ).

< 1; a > o

s. ^ ^ + © ♦ *3 ♦ »4

3 = a2 [B + B (-) + B (-)2 + B (-)3] 1 2 '•or 3 ^aJ 4 '■a-'

(6-9)

(6-10)
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(6-11)

v_
a

< 1; a < o

5 = a2 [A5 + A6 @ + a? Q2 + Ag 03] 

B = a2 [b5 + b6 (J) + b? (J2 + Bg @3] (6-12)

<1; v > o

6 = v2 [C + C2 (-) + c,'■u' 3 (-)2 + ^KvJ 4 v\) (6-13)

6 = V2 [D1 + d2 © + “3 a2 + °4 ("r)3] (6-14)

- < 1; V > oV

6 = v2 [C,. + Cr 
b b a+ s a2 + 33] (6-15)

B = V2 [D + D5 6 a+ d7 a2 + ds q33] (6-16)

where the A^, B^, , and are input constants.

Figure 6-2 shows the complete operational regimes for which the above relationships
can be applied.

COOLANT PUMP MOTORS

The following normalized torque characteristic is used to simulate the operation of 
the main motor (20).

T = ---------- (6-17)MM [aS + b/S]
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pump

Figure 6-2. Pump Operational Regimes

where:

T.... = normalized torque of the main motor, MM
S = main motor slip

uD = design speed,
a) = synchronous speed,

_ f 
P

f = motor generator frequency, 
P = number of pairs of poles, 
a = normalized speed, 
a = input constant, and 
b = input constant.
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Following the main motor trip, an automatic clutch connects the pony motor (via a 
reducing gear, 10:1 ratio) to the pump shaft when the pump speed decreases below 
10% of the design speed, unless the option to exclude the pony motor is exercised, 
in which case the loop will undergo natural convection cooling.

The normalized torque of a squirrel cage type motor is used to simulate the opera
tion of the pony motor:

PM [as + b/s] (6-18)

where:

TPM = norInal;*-zed torque of the pony motor 
s = pony motor slip

— 1 — ---a(0sp
wsp = pony motor synchronous speed

C = input constant

The torque due to motor windage, bearing and seal losses and the fluid friction on 
the pump shaft is calculated using:

T__ = T exp (-a/a ) + T_, a + T . FR s o R min (6-19)

where:

T = normalized friction torque £ R
T = normalized start-up torque s
T = normalized rotating torque R

T . = minimum friction torquemin
a = input constant o

It should be noted that the normalized friction torque at low pimp speeds (<10%) 
used in the code is an important contribution to the conservatism of the calcula
tions since the pump tailoff in speed significantly affects the total flow prior 
to the onset of thermally induced flow (natural circulation).
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SPEED AND FREQUENCY CONTROLLER

The pump speed is obtained from a time-dependent torque balance equation:

(2t da
dt TDrive

Motor
B - T

where:

I = moment of inertia of coupled motor-and pump-rotor, 
(oD = design pump speed,

Tp D = design pump torque, 
t = time,

TDrive
Motor

KMMTMM + *S?MTPM,

T = normalized main motor torque given by Eq. 6-17, 
TPM = norlnal;i-zed Pony motor torque given by Eq. 6-18,

KMM
*S?M
KMM
^PM
KMM
■^PM

= 1
_ q } main motor connected (normal operation),

= 0
_ P } main motor disconnected and a <_ 0.1,

= 0
_ } "station blackout," natural circulation, and = 0 J

= normalized friction torque given by Eq. 6-19.

(6-20)

Variable pump speed is achieved by the main motor supplied with variable frequency 
power from a fluid coupled Motor Generator Set.

The following first order equation has been used to simulate the variable frequency:

df
XMGS dt K f E o a (6-21)

where:

TMGS = motor 9enerator set time constant, 
t = time,
f = variable frequency.
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f = rated frequency, o
K = conversion gain, and

= pump speed fractional deviation.

SODIUM TRANSPORT MODEL

The primary Heat Transport System (HTS) consists of three primary loops which trans
port the radioactive sodium coolant from the reactor vessel to the intermediate heat 
exchangers. The loops have a common flow passage through the reactor vessel be
tween the inlet and outlet plena but are otherwise independent in operation.

The present model simulates only two primary loops of the HTS but is applicable to 
any system with two or more primary loops.

Thus, the two primary loops of the HTS have been divided into six pipe-runs (refer 
to Figure 6-1), three per loop as follows:

Loop 1: Run 1 — reactor outlet nozzle to the primary sodium pump suction
Run 2 — primary sodium pump discharge to the IHX inlet nozzle, and 
Run 3 — IHX outlet nozzle to the reactor inlet nozzle.

Loop 2: Run 4, 5, and 6 correspond symmetrically to runs 1, 2, and 3 of Loop 1.

The following is a description of the submodel of a pipe-run (_7) .

The sodium transport time along a pipe-section is given by the following equation:

t+T

t

W(t’ ) 
P(t') dt' V

where:

W = sodium mass flow rate, 
p = average density of sodium,
V = volume of pipe section, 
t = time,
x = transport time, 

t' = dummy variable of integration.

(6-22)
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Application of heat-balance equation for the coolant over a pipe subsection gives:

dT T +Tc c c

<PV'C,C, TT - ,WC>CT ‘V , - V - (m'>J < J 2 J'1 - TV
J J u—1 u

(6-23)

and for the metal:

dT„ + TM C C
(pv,c)MT-ir= (DA'>J (-- J- 2 ^ - Tmj)J

(6-24)

if 2, 3/ "-<r N

where:

coolant temperature at mesh point j,

metal temperature at node point j,

V
A'
W
C
u

c

d.i
6

metal or coolant volume per node, 
heat-transfer area per node, 
coolant flow rate 
coolant or metal specific heat
average overall heat-transfer coefficient based on inside diameter,

+ ln (1 +!->rlcm i
total number of pipe subsections, 
convection heat-transfer coefficient, 
thermal conductivity of the pipe wall, 
inside diameter of the pipe, 
pipe wall thickness.

and subscripts:

C = coolant at mesh point J, andU
M = metal at node point J.U
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Section 7

INTERMEDIATE HEAT EXCHANGER MODEL

The IHX is a counterflow shell and tube heat exchanger operating in the vertical 
position. The flowing directions of the two sodium flows are arranged to take ben
efit of the natural circulation effects. Thus, the primary sodium flows downward 
on the shell side and the secondary sodium flows upwards inside the tubes.

DESCRIPTION OF IHX THERMAL MODEL

The time-dependent heat-balance equations of the IHX thermal model are written as 
follows (Figure 7-1):

Primary inlet plenum:

(PVC) PIP dt (1-B) C (T - T ) 
1 1 1

(7-1)

Secondary«-------- H
Side

Primary
Bypass

Primary Inlet
»- < 
Side Tp£

> < 
Plenum

'Tp, ' 'Tp2

y /■

Outl et
i <
PI enum ,ts91 2

y /
y h

<-Ax-><-Ax->

*TpN+2

Outlet

TP (kn

_za.
i- > < 

Plenum
TWTpo

N+l

Inlet 
Plena m

<-AX-><-AX

= T.
'N+2

N equal length sections 
(N = 1,2, . . . , or 10)

Figure 7-1. Intermediate Heat Exchanger Model

7-1



Primary bypass plenum:

(PVC) PB dt ^ WP CPB (TPX TPB) (7-2)

Primary outlet plenum:

(PVC)P0P dt (1~6) WP CP0 (TPN+l
(7-3)

+ g c: (t „ - t )P PO PB PO

Secondary inlet plenum:

(PVC) N+l C„_ (T , - T )SIP dt S SIP SI SN+l
(7-4)

Secondary outlet plenum:

(Pvc,so — - ws So <TS1 - So> (7-5)

Primary sodium temperature at tube-bundle mesh-point (J+l):

— (pVC) ------ = [1-6] W C (T - T )N P dt '-p ' p p 'J,J+1 J,J+1 J J+l
(7-6)

„ UJ,J+1A
Fc N ATLMJ,J+1
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S|
M

Secondary sodium temperature at tube-bundle mesh-point J:

(PVC)S ^r=wscs (Ts “ Ts }J,J+1 SJ,J+1 J+l J

tp
C N LMJ,J+1

(7-7)

J = 1, 2, . . . , N

where

Wp = primary sodium flow rate,
Wg = secondary sodium flow rate,
3 = primary bypass flow fraction, percent of Wp,

Tpp = primary sodium inlet temperature,
TpQ = primary sodium outlet temperature,
Tpp = primary bypass sodium temperature,
Tgp = secondary sodium inlet temperature,

= secondary sodium outlet temperature,
T = primary sodium temperature at mesh-point J, J = 1, 2, 
PJ
p = density of sodium,

Cp = average specific heat of primary sodium,
J, J+l

C = same as C but for secondary sodium,
SJ,J+1 PJ,J+1

A = total effective heat-transfer area based on O.D.,

[-J,J+1 de 1 de de ,1 .t (t—) + In (-T-) + (t—)
di hs J,J+1 2KT di hp J,J+1

■] ,

LMJ, J+l

th ) - (T„ - T )
SJ+1 PJ SJ

In (- J+l>
T_ - T„ 
PJ SJ

de = tube outside diameter, 
d^ = tube inside diameter,
F = fouling correction factor for heat transfer, c

N+l,
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(hs) J, J+l

(y j, j+i

thermal conductivity of tube material,
tube-side convection heat transfer coefficient between mesh-point 
J and J+l (secondary sodium) given by Eqs. 7-8 and 7-9, and 
shell-side convection heat-transfer coefficient between mesh points 
J and J+l (primary sodium) given by Eqs. 5-14 and 5-15.

The shell side heat-transfer coefficients for laminar and turbulent flow used are as 
follows:

Laminar Flow (21) (Re < 3000.)

h • de
Nu = ----- =7.15de Kc

(7-8)

Turbulent Flow (22) (Re > 3000.)

h • de
Nu. = ------- = a + b Pe a (7-9)de Kc

where:

a = 6.66 + 3.126 (p/de) + 1.184 (p/de)2 
b = 0.0155 
a = 0.86
K = thermal conductivity of coolant c
p = pitch
Pe = Peclet number = RePr
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Section 8

SECONDARY LOOP COOLANT DYNAMICS

SODIUM FLOW MODEL

Equation 6-1 has been applied to different pipe sections of figure 8-1 at the end of 
which the pressures are known, and then added to obtain the following equation which 
simulates the dynamics of sodium flow in the Intermediate Heat Transport System 
(IHTS):

dW (t) 
dt 5PSP + l

around
loop

p g AZ + W(t) W(t) (8-1)

where:

a = total inertial loss coefficient for the secondary loop,
W(t) = sodium flow rate in secondary loop, 

t = time,
6P = secondary loop pump pressure head,

OXr
g = acceleration due to gravity,
p = average sodium density between inlet and outlet of pipe section,

AZ = change in relative elevation between end points of a pipe section, and 
C = frictional loss coefficients.

The IHTS sodium flow is assumed to divide equally into the shell side of the evapor
ators and join together before the secondary loop pump, so the frictional loss co
efficient is reduced by a factor of 4 in this region.

The intermediate loop pumps are exactly identical to those of the primary system.

SODIUM TRANSPORT MODEL

The intermediate Heat Transport System (IHTS) consists of sodium piping loops which 
transport non-radioactive sodium from the IHX to the Steam Generator System (SGS)
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and back to the IHX. Figure 8-1 shows the IHTS and the pipe-runs simulated.

Run 1 — IHX outlet to SGS inlet
Run 2 — SGS outlet to intermediate pump inlet header
Run 3 — Pump inlet header to the intermediate pump inlet nozzle
Run 4 — Intermediate pump outlet nozzle to the IHX inlet

Nodal energy balances have been performed for both pipe walls and the coolant as 
described in Section 6.
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Figure 8-1. Intermediate Heat Transport Schematic



Section 9

TERTIARY LOOP MODEL

Transient sodium, water/steam enthalpies, pressures, temperatures, and flow rates 
have been simulated using a set of hydrodynamics and heat transfer models (_6).

The steam generator system shown in Figure 9-1 is one of two loops modelled by the 
code (one for each of the two secondary sodium loops). Each loop consists of
two evaporators, a steam drum, a recirculation pump, and a superheater module.
The two steam generator loops are connected to a steam header through which the 
superheated steam drives the turbine.

HEAT TRANSFER MODEL

Shell Side Sodium

Transient sodium temperatures are calculated by performing an energy balance on 
each region in the evaporators and the superheater (6), that is,

(PVC)
dTs.____i

s. dti
Ws Cs.i

(9-1)

where:

p = average sodium density,
V = volume of sodium in the region,
C = average heat capacity of sodium at constant pressure, 
Tg = sodium temperature,

Wg = secondary side sodium mass flow rate,

F = fouling area correction factor for heat transfer,
Q = total amount of heat transferred,
= UAAT,1m

U = overall heat transfer coefficient.
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Recircula tion Pump

Figure 9-1. Steam Generator System Schematic
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A = total heat transfer area, and
AT.1m = average logarithmic temperature difference.

Subscripts:

= node point at the region outlet, and 
= node point at the region inlet.

There are four equally divided heated regions in the superheater and two variable 
length heated regions in the evaporator modules.

The two evaporators are lumped together and assumed to behave symmetrically during 
all of the transients.

The pipes connecting the superheater to the evaporators has been modelled as five 
equally spaced subsections with no heat storage options in the walls.

Tube Side Water/Steam

The evaporators and superheater nodal enthalpies are simulated using the following 
energy equation (6_) :

p = density of water, water/steam mixture, or superheated steam,
= function (T, P) water
= function (P, x) water/steam mixture,
= function (T, P) superheated steam,

T = temperature,
P = pressure,
x = steam quality (weight fraction),
H = specific enthalpy of water, water/steam mixture, or superheated steam, 
W = mass flow rate of water, water/steam mixture, or superheated steam,
F = fouling area correction factor for heat transfer, and 
Q = total amount of heat transferred;

(9-2)

where
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Subscripts:

J = node point at the region outlet, and 
J-l = node point at the region inlet

There is one tube side equation for every corresponding heated shell side sodium 
equation. The connecting pipe runs have been simulated as a purely transport delay 
regions with no heat storage options in the pipe walls.

HYDRODYNAMICS

The water, water/steam and superheated steam flows and local pressures are calcu
lated by solving the time-dependent incompressible flow equation of motion (Eq. 6-1) 
in the corresponding regions.

The model is divided into the following hydrodynamic regions:

1. a compressible steam drum,

2. incompressible single phase subcooled water in the downcomer of 
the recirculation line up to the saturation point in the 
evaporators,

3. two-phase water/steam mixture region in the evaporators up to the 
steam drum inlet nozzle.

4. single phase steam regions from the steam drum outlet nozzle 
through the superheater up to the steam header inlet nozzle, and

5. a compressible steam header model.

The recirculation pump is a constant speed centrifugal pump which is located between 
the drum and evaporators inlet.

Steam Drum

The energy and mass continuity are solved simultaneously to obtain the drum average 
pressure, and the steam water fractions in the drum using appropriate equations 
of state (€).

The drum, shown in Figure 9-2, is a horizontally mounted long cylinder with hemi
spherical heads. Most of the major appurtenances are located in a vertical plane 
through the drum centerline.
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Figure 9-2. Steam Drum Schematics
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Functionally, the drum receives saturated water/steam mixture from the evaporators 
and subcooled feedwater and produces saturated steam of low moisture content for the 
superheater, and subcooled water of low steam content for the recirculation pump.

Mass conservation requires that:

and, the total energy of the steam/water mixture in the drum is determined using:

(9-4)

where:

Mp = total mass of steam/water in the drum, 
t = time,

= feedwater mass flow rate,
W2 = recirculation line mass flow rate,

= dry steam mass flow rate,
UD = total internal energy of the steam/water in the drum,

= feedwater specific enthalpy,
H = steam/water mixture specific enthalpy from the evaporatorsm
H = subcooled water specific enthalpy at the drum outlet, and s
h^ = dry steam specific enthalpy.

The specific internal energy is defined as:

U,Du.D M, = (1-x) U, + X u
f g

(9-5)
D

where:

x = weight fraction of steam to the total mixture in the drum 
u^ = specific internal energy of saturated water.
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= specific enthalpy of saturated water,
= specific volume of saturated water,

Pp = drum average pressure,

u = specific internal energy of saturated steam,
= h - P v g D g
= specific enthalpy of saturated steam, and

v = specific volume of saturated steam.
9

The average drum specific volume is defined as:

VD = ^ = (1'X) Vf + X Vg (9-6)

Therefore: the drum average pressure is calculated using the following iterative 
scheme:

P = P D old
v (u -u ) - v (u —u ) g D f_____f d g

(u —u )D g f
(9-7)

where:

Pp, initially

old P_ t P , . D old otherwise

Note, during the iteration steps the right hand side of Eq. 9-7 is updated using 
the updated pressure and steam tables.

Single Phase Water Flow

Equation 6-1 is applied successively between the steam drum and the saturation point 
in the evaporators to obtain (6)
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(9-8)
dW„
at- ■ <p3 - P9> + SPRP + »i <zi-i - V1=4

I_ E. W2 +
1=4

6 C ,90
l :r + i l ^1=4 p 1=7 p.

w2|w2|

where:

as = total inertial loss coefficient for the subcooled region given by Equa
tion 6-1,

= pressure at the drum outlet nozzle.

= pressure at the saturation point in the evaporators,y
5P = pressure head of the pump,RP

= n H HRP RP
H = recirculation pump head,RP
p = average water density across the pump, and RP

K = 7 l + —i— - 5V)i=4 i=4 i-l i pi-l i-1 Pi i

i V (_i— + 1_) (—l- - - - L4 A. , A. p. ,A. p.7i=7 "i-l "i Pi-lAi PiAi

Other variables have been defined by Eq. 6-1.

Two-phase Water/Steam Flow

Equation 6-1 is modified in the following way to account for the large frictional 
pressure losses associated with the two phase flows:

a dt + g p* (zrZ2) + 2 (ai + a2> (p*A1 “ p*A2J (9-9)

- w|w|
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where

p* = two-phase flow mixture density,
1= —s---------- ,

x vg + (1-x) vf

p* = (p* + p*)/2 ,

p^ = density of saturated water,
= l/vf
= frictional loss coefficient based on the liquid properties, and 

<f>Tp = two-phase flow frictional multiplier given by Eqs. 9-25 and 9-26. Sub
scripts 1 and 2 correspond to the positions x^ and x^ of Equation 6-1.

Applying Equation 9-9 successively between the saturation point and the drum inlet 
nozzle we get:

aw 13
^TP dt~ = (P9_P13) + g .^,n Pi (Zi-l " Zi)1=10

(9-10)

+ ± 2 y — (-^— + —
L a K a n *i=10 4 Ai-1

) (:A.' 'p*A. .l i-l p*A. l l

+ (• A-) (-L
A12 A13 P12A12 P13A13

y2 a . ^TP13 f]
x ^TP p 4 pi=9 i pfi pf.

wl 2 1 2 1

where

aTp = total inertial loss coefficient between 9 and 13 
Pp^ = pressure at the drum inlet nozzle.

Equations 9-8 and 9-10 are added to obtain an equation that uses the pump head as 
its only known boundary condition and is solved simultaneously with the energy
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equations of section 9 (Heat Transfer Model) to obtain the recirculation line 
mass flow rate.

Superheated Steam Flow

Equation 6-1 is applied successively between subsections joining the steam drum to 
the steam header to obtain the following equation for the superheated steam flow:

dWs
iSH dt" <VP21) + *1 Si <Zi-l1=14

Z. ) i

+
21
I

i=14
E.i

21 C.
I "jlWjl

1=14 pi

(9-11)

where

= total inertial loss coefficient for the superheated steam region,
= superheated steam mass flow rate,
= drum pressure given by Eq. 9-7, and
= pressure at the inlet of steam header,
= P given by equation 9-14.H

Equation 9-11 is solved simultaneously with Eq. 9-2 and the steam tables for the 
superheated steam mass flow rate.

Steam Header

Two separate lines convey the superheated steam from the two steam generator 
loops to the main steam header (see Figure 9-1). Following temperature and pres
sure equalization in the header, the steam is carried to the turbine through the 
throttle valve(s) or bypassed (dumped) to the condenser via the dump valve. There 
are also a number of pressure relief valves provided to depressurize the system 
during off-normal conditions.

The steam header thermodynamics is based on conservation of mass and energy in the 
following manner:
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Mass continuity requires

dt + ^ + w v>

and, the total internal energy:

(9-12)

ar ■ ("3h21 + - ("w + V + wro)H (9-13)

where:

21L
H

superheated steam mass in the header, 
superheated steam internal energy in the header, 
superheated steam mass flow rate from the single loop, 
superheated steam mass flow rate from the lumped loop, 
superheated steam mass flow rate through the throttle valve, 
superheated steam mass flow rate through the dump valve,
superheated steam mass flow rate through the relief valves,
superheated steam specific enthalpy from the single loop,
superheated steam specific enthalpy from the lumped loop,
steam header specific enthalpy, and
number of heat transport loops represented by lumped loop.

The header pressure, P , is calculated using:
rl

- “H • h)
U1 ”“ = v V«°iv

(U) H - UH + Pold

(iii) T = function (H, P .Jold

(iv) P = function (T, v ) n H

(9-14)

where is the header pressure based on the previous time step.
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STEAM GENERATION SYSTEM VALVES

There is one feedwater control valve per loop, and a relief valve, a throttle valve 
and a dump (bypass) valve in the turbine header subsystem.

Feed Water Valve and Flow

The feedwater valve has been modeled as an equal percentage valve given by (1):

FV
max

1 +
In (VJ /VJ )_____F F,max
In (W,, /W_ . )F,max F,mm

(9-15)

where:

S = feedwater valve opening (fraction of 1), F V
STO. = maximum opening of the F.W. valve FV
max
W = feedwater mass flow rate (noramlized),F

W„ = maximum feedwater normalized flow,F,max
W„ . = minimum feedwater normalized flow.F,min

Therefore the feedwater mass flow rate (normalized) is calculated using:

W„ = W_ exp [In (W /W„ . ) • (Sm/S^7 - 1)3 (9-16)F F,max F,max F,min Fv FV
max

Throttle Valve and Flow

The throttle valve is also modeled as an equal percentage valve operating based 
on a constant pressure drop across the valve. The throttle valve flow is given by:

TVD /
P - P H C
(Cm + C) a T TV

(9-17)

where:

W^. = superheated steam flow through the throttle valve,
W = superheated steam flow through the throttle valve, at the rated TVD

condition.
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steam header pressure given by Eg. 9-14, 
condenser pressure,
frictional loss coefficient in the turbine and the stationary blades, 
frictional loss coefficient in the pipes,

-2aS_

max
fJ . min
S

min
W, , max,
W . min

maximum normalized steam flow rate, 
minimum normalized steam flow rate, and

throttle valve opening (fraction of 1), given by Equation 9-18.

The throttle valve position is given by:

(9-18)

where:

= controller time constant, 

t = time,
= conversion gain factor,

E,^ = fractional header pressure deviation from the constant set point value.

Dump Valve and Flow

The dump (bypass) valve flow is calculated using:

DV WDVD SDV
/ip (9-19)

where:

= superheated steam flow through the dump valve,
WDvd = superheated steam flow through the turbine at the rated condition.
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SDV = fractional opening of the dump valve, given by Eq. 9-20, and 
CDy = frictional loss coefficient.

The dump valve position is modeled as:

’DV dt kdv edv (9-20)

where:

controller time constant, 
conversion gain factor, and
fractional header pressure deviation from a constant set point value.

Relief Valve and Flow

The relief valves are modeled as burst type valves that open if the header pressure 
exceeds a specified set point limit.

The relief valve flow is calculated using:

W C TVD RV (PH ~ PSP) (9-21)

where:

WnT7 = superheated steam leaving the header through the relief valve,RV
Wtvd = superheated steam flow through the turbine throttle valve at the rated 

condition,
C = inverse frictional loss coefficient, and KV
Pgp = relief valve set point pressure.

HEAT TRANSFER COEFFICIENTS 

Shell Side Sodium

The shell side sodium heat transfer coefficients are calculated using Equations 
5-14 and 5-15.
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Tube Side Water/Steam

The subcooled water and superheated steam heat transfer coefficients are calculated 
using the Dittos-Boelter correlation:

Nu hD
k 0.023 Re0.8 Pr0.4 (9-22)

where:

h = heat transfer coefficient,
D = tube inside diameter,
k = water/steam average thermal conductivity. 

Re = Reynolds number, and 
Pr = Prandtl number.

The boiling region heat transfer coefficient is calculated using:

h = S•h + F*hNB c (9-23)

where:

S = nucleate boiling suppression factor (23, 24)

1.05 - 1.3x10-5 Re < 2.5x10

0.83 - 4.3x10 6 Re 2.5xl04 < Re < 105
-6 105 < Re < 6xl050.32 exp [-1.92x10 ” Re] _

0.09 Re > 6x10

F = Reynolds number correction factor (23, 24)

2.84 (J-)0'45
Xtt

2.57 + 0.7643
Xtt

< 2
Xtt

>_ 2
Xtt

x = Lokhart-Martinelli parameter given by:
/s

. 0.09 v 0.5 y 0.1J^= (_2E_) (-SLj (_2_)
x ll-x; ' ~ ^ ( ’tt v^, f
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h = nucleate boiling coefficient (23, 24, NB ——  

K

hc

K-T

^f Xfq

/V(pf“Pg) 0.013 X. Pr, fg f
1.7

dynamic viscosity of saturated water, 
latent heat of vaporization of water.

surface tension of saturated water, 
density of saturated water, 
density of saturated steam, 
convection heat transfer coefficient.

31) .

given by:

h D c 0.023 Ref°*8 Prf0'4

CP

Re
Pr
k

f

f
f
f

heat capacity at constant pressure of saturated water,

Reynolds number based on density and viscosity of saturated water, 
Prandtl number of saturated water, and 
thermal conductivity of saturated water.

The heat transfer after dryout is neglected, because this mode of heat transfer is 
usually not reached in the transients of interest.

DRYOUT PREDICTION

The following critical heat flux correlation (15) is used to predict the onset of 
dryout in the evaporators (note: correlation is unit-dependent):

^CHF 
X, G
fg
O 3

1 - Pr
/ 6 1.356G/10 L + 168 [(1/Pr) - l]0'4 (G/106) D1-4

(9-24)

where:

q"„_ = critical heat flux, Btu/hr - ft °F CHr
X^ = latent heat of vaporization, Btu/lb , fg m

2G = water/steam mass flux, lb /hr - ft ,m
D = tube inside diameter, ft.
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L = dryout length, ft

Pr = reduced pressure = |j-
c

Pc = water critical pressure, and 

P = evaporator system pressure.

TWO-PHASE FLOW FRICTION MULTIPLIER

The Armand's two-phase flow friction multiplier is used as (14)

TP
(1-X)
(1-0)

2
1.42 0.39 < 1 - a < 1.0

0.478 (l-x)‘
(1-a) 2.2

0<l-a<0.39

where:

a = modified Armand void fraction
(0.833 + 0.167 x) x v

= ----^---------- x------ ,
x vg + (1-x) vf

x = steam quality,
v = specific volume of saturated steam, and 9
v^ = specific volume of saturated water.

(9-25)

(9-26)

9-17



Section 10

CONTROL MODELS

The plant control system provides the necessary instrumentation and systems for the 
safe and reliable operation of the plant in all operating conditions.

Control is effected by coordinated feedforward and feedback loops which receive 
information from several measuring instruments and which adjust the appropriate 
parameters to match the required set point requirements.

The setpoints established by the plant supervisory controller and input to the 
second level controllers drive the system to its operating point. They character
ize the feedforward action. The feedback consists of the difference between the 
"demanded" and the measured value of the process variables. Since feedback control 
requires that a deviation between the measured variable and its setpoint exists 
before control action can take place, the feedback controller changes its output 
until the deviation (error signal) between the two values is negligible or within 
a specified deadband (25).

Figure 10-1 describes the reactor power control model block diagram that is modeled 
in the EPRI-CURL Code.

The primary and secondary loops control models are shown in Figure 10-2 and 10-3.

The tertiary loops control model does not require any load dependent variables from 
the plant supervisory controller, and operates primarily based on near constant 
pressure in the turbine header. Figure 10-4 illustrates the control strategy and 
methods used in the EPRI-CURL Model.

All measured values used by the controllers and the plant protection system are de
termined from the following type of equation:

(10-1)
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where:

X = real value of the parameter to be measured,
= measured value of the parameter, and 
= time constant of the relevant measuring device.
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Demand Program,
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Load
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Flux Demand 
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High Flux

Deadband
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DirectionMagnitude

Control Rod 
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Controller

Sensor and 
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Sensor and 
Transmitter
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Figure 10-1. Reactor Power Controller Block Diagram
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Figure 10-2. Primary Pump Controller Block Diagram
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Turbine Pressure 
Set Point
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Figure 10-3. Secondary Pump Controller Block Diagram
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Section 11
USER'S GUIDE TO EPRI-CURL

The EPRI-CURL Code User's Guide is intended to provide a complete description of the 
code input along with any other pertinent operating information needed to use the 
code effectively in performing LMFBR plant transient analyses. Other general infor
mation on the code is included for convenience; details of process variables, meth
ods used are contained in this chapter. However, details of the equations used are 
not given here, but are instead cross-referenced to the preceding sections where 
appropriate.

Figure 11-1 shows the overall organization of the code, along with the number of 
differential equations formulated in the corresponding model subroutine (see also 
Figure 2-1).

DELAYP 
I 2 0

RTHERM 
3 3

HYDROSN EUKIN

S GTHD2 
39

SCRAM

SGTHDI 
39

D E L AY I 
80

1 H YD2

IHX2
25

IHYDI

TURBOLMFBR

D E LAY2 
80

IH XI 
2 5

Ancillary Programs

MASTER

Figure 11-1. EPRI-CURL Code Organization

11-1



"Loop 1" in the code always refers to a single heat transport loop, while "loop 2" 
refers to the remaining, lumped loops (as defined by the input XLOOP in the master 
program).

Internally, all of the variables are calculated in British units. In order to al
low EPRI-CURL to be more easily and universally applied, another subroutine, CONVRT, 
has been added as a pre-processor and a post-processor for the input and output 
data. As presently written, subroutine CONVRT allows the user to employ SI units, 
both in preparing the inputs and interpreting the outputs. Thus, the following 
units apply:

time
power
length
area

volume
frequency (angular speeds) 

temperature 
reactivity 
flow rate 
density 

pressure 
thermal conductivity 

heat capacity 
moment of inertia 

torque
inertial loss coefficient 

rupture loss coefficient 

enthalpy
heat transfer coefficient

sec
MW
m
2m
3m

Hz (cps) 
°C 
$
kg/sec 
kg/m3 
N/m3 
W/m “C
J/kg °C
. 2 kg m
N*m
-1m

_1__
kg*m
J/kg
w/m2 °C

All temperature conversions are handled by subroutine TMPCON, so that, for example, 
degrees Kelvin (K) may be used instead of degrees Centrigrade (°C) by altering only 
this subroutine.
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MASTER PROGRAM

Purpose and Scope

The master program performs the following important functions:

o It controls the flow of information to and from each subroutine;

o It takes as inputs the control variables which determine the type 
of transient to be simulated;

o It rearranges the components of the NULL vectors from each subrou
tine by bubbling out the zeros standing for the Class A variables 
to form an overall vector, NO, which is used by the RUNGE function 
to discriminate between Class A and Class B variables; Class A 
variables are those variables which have large characteristic times 
compared to the time step and are integrated by the RUNGE function; 
Class B variables have much shorter characteristic times and are 
evaluated from prompt approximation conditions using the new Class A 
variables (see section 3);

o It accepts the time step as an input, as well as values which may 
be used to alter the time step at various times throughout the 
calculation;

o It calls as needed the subroutines which model the primary, secon
dary, and tertiary systems, in which derivative values of Class A 
variables or the prompt approximation values of Class B variables 
are computed;

o It employs the RUNGE function to calculate new values of the Class 
A variables using a second-order Runge-Kutta algorithm (a fourth- 
order algorithm is also available);

o It controls the printing frequency of the transient results accord
ing to input values;

o It terminates the transient calculation when an input time limit 
is exceeded; and

o It has a mode whereby a plant initial steady state may be deter
mined before proceeding to the transient calculation.

There are a total of 489 Class A or Class B variables which model the entire two- 
loop system.

Method

Extensive use of labelled COMMON statements is made in the master program to fa
cilitate the exchange of information between the master program and each of the 
fourteen major subroutines (those with variables to be integrated).
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Fourteen one-dimensional arrays are concatenated in a COMMON storage area called 
ALLR. An additional array, R(489), is constructed to overlap these arrays by means 
of an EQUIVALENCE statement. The concatenated arrays are used for easy cross- 
reference, and correspond to the integrated arrays in each major subroutine. The 
overall array, R, is used to hold and convey all the process variables to the 
RUNGE function.

The components of R are as follows:

R(l) = Rl(l)

R(8) = R1(8) 

R9() = R2(l)

R(26) = R2 (18)

R(27) = R3(1)

R(59) = R3(33) 

R(60) = R41(1)

R (84) = R41 (25) 

R(85) = R42(1)

R(109) = R42(25) 

R(110) = R5(1)

R(229) = R5(120) 

R(230) = R61(1)

R(234) = R61(5)

Subroutine NEUKIN

Subroutine HYDROS

Subroutine RTHERM

Subroutine IHX1

Subroutine IHX2

Subroutine DELAYP

Subroutine IHYDI
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R(235) = R62(1)

R(239) = R62(5)

R (240) = R71(1)

R(319) = R71(80) 

R(320) = R72C1)

R(399) = R72(80)

R(400) = R81(1)

* * I

R(438) = R81(39) 

R(439) = R82(1)

R(477) = R82(39) 

R(478) = R9(1)

R(482) = R9(5) 

R(483) = RIO(1)

R(489 ) = RIO(7)

Subroutine IHYD2

Subroutine DELAY1

Subroutine DELAY2

Subroutine SGTHD1

Subroutine SGTHD2

Subroutine TURBO

Subroutine SCRAM

Two more COMMON storage areas, ALLF and ALLNUL, contain respectively the derivative 
values for each of the R-variables and the components of the local NULL vectors 
(vectors of Class B variables) for each subroutine.

Before entering the loop within which the time step procedure is carried out, the 
master program calls the plant initiation and physical properties model, LMFBR, 
and all the major subroutines to establish all the necessary initial conditions 
corresponding to the steady state at which the plant is assumed to have been operat
ing prior to the initiation of the transient calculation.
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In its present form, the master program can initiate a variety of transients in
volving various pump coastdowns, a turbine trip, a pipe rupture in the primary HTS, 
a reactivity insertion, a steam dump, and/or a change in power demand.

Another option is to have the master program institute a steady-state search given 
the plant parameters and an approximation of the plant steady state values at some 
chosen power. It must be noted that although a reasonable time step (-.2 sec) must 
be chosen in order to accommodate those few variables without Class B prompt approx
imations, the number of steps to reach steady-state is nearly independent of the 
size of the time increment. Steady-state conditions will be attained in a time 
much less than the time it would take a reactor to reach a steady-state given cer
tain initial values. Its purpose is to determine the steady-state values for a 
particular reactor at a given power. Once the steady-state values are determined, 
a transient calculation may optionally begin.

The master program calls all the major subroutines and controls whether the sub
routines should calculate the derivatives of the Class A variables or the values 
of the Class B variables.

The master program also calls the scram bus to determine whether the conditions in 
the reactor warrant a plan trip.

The step counter, ICOUNT, is incremented by 1 each time step, and selected results 
are printed if the new ICOUNT complies with the preset printing frequency.

Each major subroutine has a separate entry point which is called when the print
out is required. The calculation is terminated in the master when the integration 
time exceeds the preset maximum.

Limitations

At present, the only output option included in the master program is to call on 
each subroutine in turn to produce its own output, which provides a fairly compre
hensive listing of the variables pertinent to that subroutine.

However, the master program has access to all the process variables (see the descrip
tion of the R-vector, above), as well as certain other parameters important to a 
transient analysis (such as hot spot temperatures), so that a selection of more
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limited output is certainly possible with only slight modifications to the master 
program.

Input Data

NAMELIST/MASA/MODE,IPRINT, IPK,SSEC, TMAXSC

where:

MODE

IPRINT
IPK

SSEC
TMAXSC

=3 control integer for plant operation, where 
0, pre-accident initialization,

■ 1, normal operation, and
2, pipe rupture in the primary HTS; 

initial value for printing frequency, IPRINT 1; 
value for the printing frequency of the"characteristic times" 
Section 3;
initial value for the time step, sec; and
maximum integration time for transient analysis, sec.

of

NAMELIST/MASB/P100,PDO,SLOPEP,PDEND,XLOOP

where:

P100 = 100% rated reactor power, MW^;
PDO = initial power demand, fractional power;

SLOPEP = rate at which demanded power is to change during the transient, frac
tional power/sec;

PDEND = final demanded reactor power, fractional power; and 
XLOOP = number of loops to be represented by the lumped loop (i.e., one less 

than the total number of heat transfer loops in the primary system).

For example, to run a transient which represents a reactor that changes from 100% 
to 90% in 20 seconds, the following values would be used:

PDO =1.0 
SLOPEP = -.005 
PDEND =0.9.
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NAMELIST/MASC/TNEW,SNEW,IPNEW

where:

TNEW = vector of three times when the time step and/or the printing frequency 
may be altered,

SNEW = vector of three new time steps corresponding to TNEW, and 
IPNEW = vector of three new printing frequencies corresponding to TNEW.

NAMELIST/MASD/TSCRM,TTRIP

where:

TSCRM = vector of two manual reactor scram times (primary and secondary system 
respectively), and

TTRIP = vector of six manual pump trip times (two primary, two secondary, and 
two tertiary).

NAMELIST/MASE/NOPON,MTURB,MDUMP,RSTART,EPSILN

where:

NOPON = vector of four control integers to suppress pony motor operation, 

NOPON(i) {!:
pony motors operational, if required, 
pony motors disconnected.

1, primary loop 1
2, primary loop 2
3, secondary loop 1,
4, secondary loop 2,

MTURB = control integer for turbine trip,
_ / 0, normal operation,

\ 1, turbine trip at time 0.0,
MDUMP = control integer for a steam dump,

0, normal operation
1, uncontrolled opening of steam bypass valve at time 0.0,

RSTART = control integer for the option to start a transient calculation
immediately following a pre-accident initialization (MODE = 0), 

fo, no transient to follow a MODE = 0 run,
ll, transient data will follow the MODE = 0 data and a transient begun
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EPSILN = convergence criterion (fractional change) required of each of the 
489 process variables before a pre-accident initialization is con
sidered accomplished.

If RSTART=1 for a MODE=0 calculation, a new set of master program data (MASA through 
MASG) will be required to define the circumstances of the transient calculation.
If none is found (or if RSTART=0) the input data which defines the acquired steady 
state is printed and the calculation is terminated.

If RSTART=1 for a MODE^O calculation, the plant conditions are printed in input 
data form at the conclusion of the transient.

NAMELIST/MASF/RNSERT,TNSERT

where:

RNSERT = step reactivity insertion, $, and 
TNSERT = time of reactivity insertion, sec.

NAMELIST/MASG/TN0FW1,TN0FW2,TAUX1,TAUX2

where:

TN0FW1 = time (from start of transient) when the main feedwater supply in the 
loop 1 steam generator system is to be manually disconnected;

TN0FW2 = the feedwater disconnection time for loop 2;
TAUX1 = time when the auxiliary feedwater is made available to loop 1; and 
TAUX2 = time when the auxiliary feedwater is available to loop 2.

Initial Conditions

The initial conditions for the master program are set up by the program itself. 
These include initialization of the time at 0, and converting all times to hours 
which is the unit handled by the RUNGE function.

Input and Output Process Variables

The master program has access to all 489 of the class A and B process variables. 
Several of these variables, which may be considered to be output variables of the
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major subroutines, are required as inputs to other subroutines.

For example, the last temperature in the second pipe run of DELAYP, R5(20) (assuming 
10 node pipes), is required as an input to the IHX1 subroutine, as the primary 
sodium inlet temperature to the heat exchanger, TPI1. Similarly, the primary sodium 
outlet temperature of the heat exchanger is required as the inlet to pipe run 3 in 
DELAYP.

The master program coordinates the entire flow of such information between the 
subroutines.

Other variables are generated inside the master program and supplied to other sub
programs. For example, the time-dependent value of the power demand is calculated 
by the master program as a function of the input initial and final power level and 
the input slope.

The master program also controls the execution of the major subroutines by means of 
a COMMON statement:

COMMON/RUNGNO/K,KCALC

where:

K tells each subroutine what calculation phase to follow:
-1, read input data and initialize all process variables,
0, compute the value of Class B variables by the prompt 

approximation,
1, begin a new time step and compute the first set of derivatives 

of Class A variables,
2, compute a new set of derivatives for Class A variables, contin

uing in same time step,
3, same as 1, except characteristic times are evaluated and the 

local NULL vectors updated, and
4, re-initialize process variables for a transient calculation (used 

following a pre-accident initialization).
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KCALC is a control integer which, provides for the output of characteristic 
times when desired:

0, no output of characteristic times, andKCALC =
1, output of the new characteristic times for each major subroutine.

One of the main functions of the master program is to channel all the newly calcu
lated derivatives of Class A variables to the RUNGE function, which performs the 
actual integration.

The hot spot temperatures are made available to the master program in case the user 
wishes to provide his own (printed or plotted) version of output without needing to 
alter the other subroutines. The following COMMON statement is used:

COMMON/TMPMAX/TCMAX,TCLMAX,ZJET

where:

TCMAX = the hot spot coolant temperature;
TCLMAX = the hot spot (inner surface) cladding temperature, and

ZJET = the jet penetration distance in the outlet plenum (see Section 5, 
Eg. 5-5).

Required Suprograms 

Functions:

o RUNGE — carries out a second-order Runge-Kutta algorithm for in
tegrating up to 489 first-order differential equations.

Subroutines:

o LMFBR — carries out plant initialization and calculates physical 
properties for primary and secondary systems;

o NEUKIN,PUTNEU — NEUKIN computes derivatives of 8 variables which 
model neutron kinetics and the reactor control system; PUTNEU con
trols this subroutine's output;

o HYDROS,PUTHYD — HYDROS computes derivatives of up to 18 variables 
which describe the coolant dynamics, primary pumps, and the pri
mary flow/speed controllers; PUTHYD controls the outputs;

o RTHERM,PUTRTH — RTHERM computes derivatives for up to 33 reactor 
temperatures; PUTRTH controls the output;
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o IHX1,PUTHX1 — IHX1 computes derivatives for up to 25 primary and 
secondary sodium temperatures in the loop 1 heat exchanger;
PUTHX1 controls its output;

o IHX2,PUTHX2 — same as IHX1,PUTHX1, but for loop 2;

o DELAYP,PUTDEL — DELAYP computes derivatives of up to 60 sodium
and 60 wall temperatures in the primary piping; PUTDEL controls 
its output;

o IHYDI,PUTIH1 — IHYDI computes derivatives for up to 5 variables
which describe the flow and flow/speed controllers in intermediate 
sodium loop 1; PUTIH1 controls its output;

o IHYD2,PUTIH2 — same as IHYDI,PUTIH1, but for intermediate loop 2;

o DELAY1,PUTID1 — calculates up to 40 sodium and 40 wall tempera
ture derivatives for intermediate loop 1; PUTID1 controls its 
output;

o DELAY2,PUTID2 — same as DELAY1,PUTID1, but for intermediate loop 
2;

o SGTHD1,PUTSG1 — SGTHD1 calculates the derivatives of the 39 var
iables which describe the loop 1 steam generation system enthal
pies, temperatures, flows, and controllers; PUTSG1 regulates the 
output;

o SGTHD2,PUTPG2 — same as SGTHD1,PUTSG1, but for loop 2;

o TURBO,PUTTUR — TURBO calculates the derivatives of the 5 varia
bles which model the thermodynamics of the steam header and the 
turbine bypass valve and throttle valve controllers; PUTTUR 
controls the output; and

o SCRAM, PUTSCR — checks to see whether plant conditions warrant a 
reactor trip, and regulates the delay times for the plant and 
pump trips; PUTSCR controls the output of the seven plant par
ameters measured by this subroutine.

SUBROUTINE LMFBR(MODE, HOP, KX1, KX2, PD)

Purpose and Scope:

The subroutine LMFBR calculates 232 sodium average temperatures in the plant's pri
mary and secondary loops and invokes subroutine PHYPRS to compute the thermophysi
cal properties of liquid sodium, and uses them along with input flow, pressure, 
relative elevations to determine the gravitational pressure heads, the friction 
factors, velocity loss factors and the overall frictional loss coefficients.

The purpose of this subroutine has been to reduce the computational requirements 
of the code, by computing nearly all of the physical properties, average tempera
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tures, mass fluxes, etc. at once and distributing them among the related subpro
grams.

The temperature, pressure and flow initialization is also performed by LMFBR using 
the input data.

Method:

Average sodium temperatures are calculated for every nodal region in the primary 
and secondary systems, along with the design related characteristic calculation 
(regional length, diameter, area, etc.).

The physical properties are calculated at the average sodium temperatures at every 
time step during the transient.

Input Data:

The following are the data that must be supplied to subroutine LMFBR through the 
appropriate NAMELIST statements.

NAMELIST/BR01/WI100,WI1,WI2,WIC,WOC,WHC,WCA,WRB,WBP,WS100,WS1, WS2 ,WBRK

where:

WI100 = primary sodium mass flow rate per loop at the rated condition (100% 
value)

WI1 = initial primary sodium flow in loop-1
WI2 = initial primary sodium flow in loop-2
WIC = initial sodium flow in the reactor inner core channel
WOC = initial sodium flow in the reactor outer core channel
WHO = initial sodium flow in the reactor peak core channel
WCA = initial sodium flow in the reactor control assemblies channel
WRB = initial sodium flow in the reactor radial blanket channel
WBP = initial sodium flow in the bypass channel,

WS100 = sodium flow in each secondary loop at 100% rated conditions,
WS1 = initial sodium flow in secondary loop 1,
WS2 = initial sodium flow in secondary loop 2, and
WBRK = initial sodium flow between the rupture and the reactor vessel in a 

pipe rupture calculation (usually = WI1).

11-13



NAMELIST/BR02/TC,TIPI,TIP2,TOPI,TOP2,TM

where (refer to Fig. 4-1):

TC(i) = vector of initial coolant temperatures for each reactor region 
(i=l,12),

TIPI = lower inlet plenum initial sodium temperature,
TIP2 = upper inlet plenum initial sodium temperature,
TOPI = outlet plenum initial sodium temperature in zone 1,
TOP2 = outlet plenum initial sodium temperature in zone 2, and 
TM(i) = vector of initial fuel temperatures for each reactor region (i=l,ll, 

because no fuel in bypass channel).

NAMELIST/BR03/K1,K2,NP,LP,N1,Ll,N2,L2

where:

K1 = number of nodes in IHX-1,
K2 = number of nodes in IHX-2,

NP(i) = vector of number of subsections for each primary pipe run (i=l,6; 
see Fig. 6-1),

LP(i) = vector of control integers for the heat storage option in each pri
mary pipe run (i=l,6)
^0, heat storage in pipe walls included in pipe run i,
^1, heat storage neglected in pipe run i,

Nl(i) = number of subsections for secondary loop 1 pipe runs (i=l,4; see 
Fig. 8-1),

Ll(i) = control integers for the heat storage option in secondary loop-1 
(i=l,6),

N2(i) = same as Nl(i) but for secondary loop 2, and 
L2(i) = same as Ll(i) but for secondary loop 2.

NAMELIST/BR04/TP1,TS1

where (refer to Fig. 7-1):

TPl(i) = vector of initial IHX-1 primary side nodal temperatures (i=l,13); 
filled out with zeroes if K1 < 10,
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TSl(i) = vector of initial IHX-1 secondary side nodal temperatures (i=l,12); 
filled out with zeroes if K1 < 10.

In both the above temperature vectors, the order is as shown in Figure 7-1. 

NAMEL1ST/BR05/TP2,TS2

where:

TP2(i) = same as TPl(i), but for IHX-2 (and K2), and 
TS2(i) = same as TSl(i), but for IHX-2 (and K2).

NAMEL1ST/BR06/TCI1,TCI2,TCI3,TCI4,TCI5, TCI6

where:

TCIi = initial sodium temperature at inlet of primary pipe run i (i=l,6; 
see Fig. 6-1).

NAMELIST/BR07/TI11,TI12,TI13,TI14,TSI1,TSOI,TEI1

where:

Till = initial sodium temperature at inlet of pipe run i of secondary loop-1
(i=l,4),

TSI1 = initial sodium temperature at the inlet of the superheater in secon
dary loop-1,

TSOI = initial sodium temperature at outlet of superheater in secondary loop-1, 
and

TEI1 = initial sodium temperature at inlet to evaporator in secondary loop-1.

NAMELIST/BR08/TI21,TI22,TI23,TI24,TSI2,TS02,TEI2

where:

these correspond to the variables of NAMELIST/BR07/, but for secondary loop-2.
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NAMELIST/BR09/DH,AH,AIPT,AOPT

DH(i) = vector of hydraulic equivalent diameters for the 12 reactor coolant 
regions of Fig. 4-1 (i=l,12),

AH(i) = vector of hydraulic areas for the 12 reactor coolant regions (i=l,12),
AIPT = hydraulic equivalent area of reactor inlet plenum, and
AOPT = hydraulic equivalent area of reactor outlet plenum.

NAMELIST/BRIO/XL,P,WL,OD

where:

XL(i) = vector of lengths corresponding to the reactor coolant regions (i=l,12), 
P(i) = vector of rod pitches corresponding to the reactor fuel regions 

(i=l,ll, since no fuel in bypass),
WL(i) = vector of fuel rod wire leads for the reactor fuel regions (1=1,11), 

and
OD(i) = vector of the fuel rod outer diameters for the reactor fuel regions 

(i=l,ll)•

NAMELIST/BR11/DPX,APX,OOP,DELP,XLP,XL11,XL12,XL21,XL2 2

where:

where:

DPX = hydraulic equivalent diameter for the primary side of the IHX,
APX = hydraulic area for primary side of the IHX,

ODP(i) = vector of outer diameters of primary pipe run i (i=l,3; it is as
sumed that the pipes in runs 4, 5, 6 are the same size as in 1, 2, 
and 3),

DELP(i) = vector of pipe wall thicknesses of primary pipe run i (i=l,3), 
XLP(i) = vector of lengths of primary pipe run i (i=l,6),
XLP(7) = active length of tubes in IHX,

XL11 = length of IHX-1 primary side inlet plenum,
XL21 = length of IHX-2 primary side inlet plenum,
XL12 = length of IHX-1 primary side outlet plenum, and
XL22 = length of IHX-2 primary side outlet plenum.
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NAMELIST/BR12/DSX,ASX,001,DELI,DSG,ASG,ODSE,DELSE, XLS

where:

DSX 
ASX 

ODI(i)

DELI(i)

DSG
ASG
ODSE

DELSE

XLS(i)

XLS(9) 
XLS(10) 
XLS(11)

XLS(12)

hydraulic equivalent diameter for the secondary side of the IHX, 
hydraulic area for the secondary side of the IHX, 
vector of outer diameters for secondary loop-1 pipe run i (i=l,4; 
assumed identical in loop-2),
vector of pipe wall thicknesses for secondary loop-1 pipe run i 
(i=l,4; assumed identical in loop-2),
hydraulic equivalent diameter for secondary side of steam generator,
hydraulic area for secondary side of the steam generator,
outer diameter of pipe connecting superheater to evaporator,
pipe wall thickness of pipe connecting superheater to evaporator,
length of secondary loop-1 pipe run i (i=l,4),
length of secondary loop-2 pipe run i-4 (i=5,8),
flow path length of tubes in secondary side of IHX,
flow path length of tubes in secondary side of superheater,
length of pipe connecting the superheater to the evaporator (see
Fig. 8-1), and
flow path length of tubes in secondary side of evaporator.

NAMELIST/BR13/ZIN1,ZIN2,ZON,ZP1,ZP2,ZOPLEV

where:

ZIN1
ZIN2
ZON
ZP1
ZP2

ZOPLEV

elevation of the reactor vessel inlet nozzles,
elevation of the reactor subassembly inlet nozzles,
elevation of the reactor vessel outlet nozzles,
elevation of the primary pump 1 outlet nozzle,
elevation of the primary pump 2 outlet nozzle, and
elevation of initial operating sodium level in reactor vessel.
(Note: The level chosen as zero elevation is arbitrary, as long as it 
remains consistent throughout the plant.)
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NAMELIST/BR14/Z1,Z2, Z3

Zl(i) = elevations of the NP(1) subsections of primary pipe run 1 (filled out 
with zeroes if NP(1) < 10),

Z2(i) = same as Zl(i), but for primary pipe run 2 (and NP(2)), and 
Z3(i) = same as Zl(i), but for primary pipe run 3 (and NP(3)).

NAMELIST/BR15/Z4, Z5, Z6

where:

where:

Z4(i) = same as Z1 (i), but for primary pipe run 4 (and NP (4)),
Z5(i) = same as Zl(i), but for primary pipe run 5 (and NP (5)),
Z6(i) = same as Zl(i), but for primary pipe run 6 (and NP (6)) .

NAMELIST/BR16,ZX1,ZX2

where:

ZX1 = vector of 13 elevations of IHX-1 nodes; first is inlet plenum, then K1
nodes, then bypass, then outlet plenum (filled with zeroes for K1 < 10), 
and

ZX2 = same as ZX1, but for IHX-2 (and K2).

NAMELIST/BR17/P1,P2,P3,P4,P5,P6,P7,P8,P9,P10,P11,P12

where:

Pi are primary system initial pressures (see Fig. 11-2) .

NAMELIST/BR18/DSS,XKSS,CSS

where:

DSS = density of pipe wall material (all primary and secondary piping),
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XKSS = thermal conductivity of pipe walls (primary and secondary), and 
CSS = heat capacity of pipe walls (primary and secondary).

NAMELIST/BR19/PS1,PS2,PS3,PS4,PS5,PS6,PS7,PS8,PS9

where:

PSi are secondary loop-1 initial pressures (see Fig. 11-3). 

NAMELXST/BR20/PI1,PI2,PI3,PI4,PIS,PI6,PI7,PIS,PI9

where:

Pli corresponds to PSi, but for secondary loop-2 (see Fig. 11-3).

NAMELIST/BR21/ZS1,ZS2,ZS3,ZS4

where:

ZSi (j) = vector of nodal elevations for secondary loop-1 piping (j=l,10), 
filled out with zeroes if Nl(i) < 10.

NAMELIST/BR22/ZS5,ZS6,ZS7,ZS8

where:

ZS5, ..., ZS8 correspond to ZSI, ..., ZS4, but for secondary loop-2 (and N2(i)). 

NAMELIST/BR23/ZHX1,ZHX2,ZSH1,ZSH2,ZEVI1,ZEVI2,ZEVOl,ZEV02,ZSP1,ZSP2

where:

ZHX1 = elevation at outlet of secondary side of IHX-1,
ZHX2 = same as ZHX1, but for IHX-2,
ZSH1 = elevation at inlet of secondary side of superheater-1,
ZSH2 = same as ZSH1, but for superheater in loop 2,

ZEVI1 = elevation of inlet of secondary side of evaporators in loop 1,
ZEV12 = same as ZEVI1, but for loop 2,
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ZEVOl = elevation of outlet of secondary side of evaporators in loop 1,
ZEV02 = same as ZEVOl, but for loop 2,
ZSP1 = elevation at outlet nozzle of pump in secondary loop 1, and 
ZSP2 = same as ZSP1, but for loop 2.

NAMELIST/BR24/PBRK,ZBRK,XBRK,PGV

where these are used only in pipe rupture transients (break after check valve in 
pipe run 3):

PBRK = pressure of coolant at break location before break,
ZBRK = elevation of break location,
XBRK = length of pipe from break to reactor inlet nozzle, and 
PGV = pressure inside guard vessel before break.

NAMELIST/BR2 5/AA,BB,CC,DD

where these are the parameters in the pump head and torque relationships (eq. 6-9 
through 6-16) :

AA,BB,CC,DD are eight element vectors corresponding to A^, B^, C^, and D^. 

Output Variables

The output variables of subroutine LMFBR are average temperatures, gravitational 
pressure heads, and frictional loss coefficients, all for the primary and secon
dary loops.

The three output variables which appear in the subroutine arguments are:

HOP = initial height of sodium in each reactor outlet plenum from core outlet 
to cover gas,

KX1 = K1 = number of nodes in IHX-1, and 
KX2 = K2 = number of nodes in IHX-2.

Other output variables (temperatures, heads, etc.) are distributed through COMMON 
statements, and are described in the subroutines in which they appear.

Figure 11-4 pictures the inputs and outputs of subroutine LMFBR.
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Figure 11-4. Inputs and Outputs of Subroutine LMFBR

Required Subprograms 

Functions:

o FRFAC = computes the Moody friction factor for laminar, transition, 
and turbulent regimes; and

o DENSOD = computes sodium density as a function of temperature. 

Subprograms:

o PHYPRS = computes the physical properties of liquid sodium (den
sity, dynamic viscosity, thermal conductivity, and heat capacity), 
and also the Reynolds number;

o GHEAD = computes the total gravitational pressure heads, overall 
frictional loss coefficients, and velocity loss factors (due to 
bends, etc.) in a coolant region or a pipe with several subsections;

o CONVRT = converts all input data into the proper units for the
subroutine, and initializes all the conversion factors used by the 
other subroutines; and

o RSTCON = a separate entry to subroutine CONVRT which converts to 
the input data units for the display of the restart data.

SUBROUTINE NEUKIN (MSCRAM,PTOT,PD)

Purpose and Scope

Subroutine NEUKIN computes the total reactor power as the sum of the power produced 
by neutron fission and by the decay of fission products in the reactor. Two groups 
of delayed neutrons and three groups of fission products are considered. Total 
reactor power can be computed for two distinct cases:

1. changes in power level governed by the reactor controller, and

2. changes in power level due to a primary and/or a secondary scram.
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The power controller is a proportional-integral controller, based on reactor power 
demand and the measured reactor core outlet and measured steam temperatures, which 
alters the reactivity of the primary control rod limited by a maximum reactivity 
insertion rate. The reactor core outlet temperature is the flow weighted average 
of the peak channel, inner core, and outer core outlet temperatures as determined 
by subroutine RTHERM.

The reactivity feedbacks considered are assumed to be caused by:

1. sodium expansion effects in 11 reactor regions,

2. the nuclear Doppler effect in 11 reactor regions,

3. core axial expansion in 11 reactor regions, and

4. core radial expansion.

The reactor is assumed to be at steady-state initially, so the initial reactivity 
of the primary control rod is assumed to precisely counteract the feedback effects 
and the cold shutdown margin of reactivity.

Two independent control rod systems are simulated for shutting down the reactor.
In addition, the primary control rods act as the power controller.

Method

A more detailed description of the equations and models used is given in Section 4 
of this report.

There are eight first-order ordinary differential equations which simulate the 
neutron kinetics and the reactor control processes. To achieve the coupling of 
all physical processes involved, all equations are integrated simultaneously by the 
RUNGE function as called in the master program.

The eight variables with differential equations are supplied to the master through 
a dummy vector, R(8), which is defined as follows:

R(l) 
R (2) 
RC3) 
R(4)

P(l) = group 1 delay neutron power, 
P(2) = group 2 delay neutron power, 
P(3) = group 1 fission product power, 
P(4) = group 2 fission product power.
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R(5) = P(5) = group 3 fission product power,
R(6) = TSTM = measured steam temperature at the turbine throttle valve,
R(7) = TROM = measured sodium temperature at the reactor core outlet, and 
R(8) = R0CR1 = primary control rod reactivity.

Total neutron power is determined algebraically by means of a prompt jump approx
imation using the known values of the delayed neutron power contributions.

For a reactor scram shutdown (primary or secondary scram), the control rod position 
is determined by Eq. 4-8, and its reactivity contribution by Eq. 4-9.

Limitations

Due to the prompt jump approximation, subroutine NEUKIN cannot handle positive re
activity insertions close to or in excess of one dollar. Smaller positive inser
tions are allowed.

Input Data

NAMELIST/KINA/LAM,B

where:

LAM(i) = vector of decay constants for delayed neutron precursors (i=l,2) and 
fission products (i=3,5), and

B(i) = vector of delayed neutrons fractions (i=l,2) and fission product 
fractions (i=3,5).

NAMELIST/KINB/XO,ROMAX, ROSTUK,RINMAX,ROSUBC,TRESET,XKT

where:

XO (i) 
ROMAX(i) 

ROSTUK(i) 
RINMAX 
ROSUBC 
TRESET 

XKT

= length of control rod strokes, primary (i=l) and secondary (i=2),
= total control rod reactivities, primary (i=l) and secondary (i=2),
= worth of stuck rods, primary (i=l) and secondary (i=2),
= maximum reactivity insertion rate for the reactor power controller, 
= cold reactor shutdown margin of reactivity,
= integral reset time for the reactor controller (see Eq. 4-10), and 
= steam temperature-to-reactor outlet temperature conversion gain in 

reactor power controller.
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NAMELIST/KINC/TROM,TSTM,TSTSP,TAURO,TAUST

where:

TROM = 
TSTM = 
TSTSP = 
TAURO =

TAUST =

initial value of measured reactor core outlet temperature, 
initial value of measured steam temperature (at the turbine), 
load-independent steam set-point temperature,
time constant for the measurement of the reactor core outlet temper
ature (see Eq. 10-1), and
time constant for the measurement of the turbine steam temperature.

NAMELIST/KIND/TFREF,TOREF,ASOD,ADOP,ACAE,ACRE

where:

TFREF = reference fuel temperature (see Eq. 4-7),
TCREF = reference coolant temperature,

ASOD(i) = vector of sodium density reactivity coefficients (i=l,ll for the 
fueled regions of Fig. 4-1),

ADOP(i) = vector of nuclear doppler coefficients (i=l,ll),
ACAE(i) = vector of core axial expansion coefficients (i=l,ll), and 

ACRE = core radial expansion coefficient.

NAMELIST/KXNE/PRIMA,PRIME,SEGA,SECB

where:

PRIMA,PRIME = parameters to represent primary rod insertion rate during a scram, 
corresponding to A,B of Eq. 4-8, and

SEGA,SECB = similar parameters for secondary rod insertion rate during a 
scram.

NAMELIST/KINF/AT

where:

these are the parameters for the reactor outlet temperature setpoint, gov-
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erned by the following equation:

2TROSP = AT(1) PD + AT (2) PD + AT(3)

where:

TROSP = reactor core outlet temperature setpoint, and 
PD = demanded power (normalized).

Some other input data are provided by the master program through a common statement 
from the master program:

COMMON/REACT/PIOO,RNSERT,INSERT

where:

P100 = rated reactor power,
RNSERT = size of step reactivity insertion, and 
INSERT = time of reactivity insertion.

Initial Conditions

Subroutine NEUKIN calculates the initial conditions of all its process variables. 
Various power fractions are calculated by use of the initial power, PTOT, as sup
plied in the argument list. Similarly, the initial values of the reactivity feed
backs, which determine the initial primary control rod reactivity, are determined 
within NEUKIN using the initial fuel and coolant temperatures.

Input Process Variables

The input process variables that are supplied by the list of arguments of NEUKIN 
are:

MSCRAM = control integer for reactor scrams,
0, normal operation, power controller operational,

_ 1, primary scram, power controller shut off,
2, secondary scram, power controller shut off, and
3, both primary and secondary scrams, controller shut off; and 

PD = demanded reactor power.
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Other input process variables are provided through labelled common statements. 
These include:

COMMON/FBR1/TC(12), TIPI,TIP2,TCI(6),TOPI,T0P2,TON,TM(11)

These are the reactor fuel and coolant temperatures used for reactivity feedback 
calculations. The core outlet temperature, TRO, is obtained from a flow weighted 
average of the inner core, outer core, and peak channel outlet temperatures. The 
flow rates are obtained from another common:

C0MM0N/GET1/...,WIC,WOC,WHC,...

Other parameters obtained through COMMON statements are

COMMON/MISC/...,T,.......

where:

T = transient time.

COMMON/RUNGNO/KRUNG,KCALC

where:

KRUNG is a control integer to determine what part of the subprogram is being 
called; and

KCALC is a control integer to determine when characteristic times are printed.

COMMON/PHDR/...,TST 
where:

TST = steam temperature at the turbine throttle valve.

Output Process Variables

The main output process variable of the subroutine NEUKIN is the total reactor power, 
PTOT, which is contained in its list of arguments.

Certain information is also transferred to the subroutine SCRAM by means of a
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COMMON statement.

COMMON/SCRP/PTOTN,RO

where:

PTOTN = normalized reactor power, and 
RO = total reactor reactivity.

Reactor Fuel Temperatures
Reactor Coolant Temperature
Reactor Core Flows

>>

T
RNSERT,TNSERT

>>
_^

PTOT

Figure 11-5. Input and Output Variables of Subroutine NEOKIN

Required Subprograms

Functions:

RVOTSP = computes the reactor core outlet temperature setpoint as a function 
of power demand.

Subroutines:

TMPCON = converts temperatures from °C to °F and vice versa.

Additional Comments

Subroutine NEUKIN has a secondary entry point, PUTNEU, which is accessed from the 
master program for the purpose of printing the latest results computed by NEUKIN.

In addition to the aforementioned variables, NEUKIN also uses a number of internal 
variables which do not need to be specifically defined in order to use subroutine 
NEUKIN.
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SUBROUTINE HYDROS (MODE,KMM1,KMM2,PD,HOP)

Purpose and Scope

The subroutine HYDROS computes the sodium flow rates in the two primary loops and 
the six reactor vessel flow paths as governed by forced and natural circulation 
effects. During normal operation, the sodium flow rates in each primary loop are 
subject to the action of the two primary flow/speed controllers, one for each loop. 
Each controller has a feedforward action with feedbacks of primary pump speed and 
sodium flow rate (see Fig. 10-2).

The primary system is simulated with two primary loops, one of which is a single 
loop and the other represents each of the remaining, equivalent loops. A variable 
sodium level is allowed only in the reactor vessel and only for the case of a pipe 
rupture. The sodium flow rates in the primary loops is the same both before and 
after the primary pumps because the sodium level in the pump barrel is assumed to 
remain constant. The primary pumps are located on the hot legs of the loops.

Subroutine HYDROS can also handle the case of a major primary pipe rupture in the 
single loop. Both the sodium level in the reactor vessel and in the relevant guard 
vessel are computed during the transient. Following the primary pipe break, two 
distinct sodium flow rates are calculated in the single primary loop, before and 
after the break. A rupture loss coefficient may be provided as input to allow for 
various sizes of breaks.

In addition to the loss of coolant transient, subroutine HYDROS can be used to an
alyze changes in demanded power transients and sodium flow coastdown transients as
sociated with a loss of power to any or all of the primary pumps.

Method

Detailed descriptions of the equations and models used in this subroutine are given 
in Section 6.

There are 18 first-order ordinary differential equations which simulate the primary 
coolant dynamics of the plant. One of these is used only in a pipe rupture trans
ient, and the other 17 are used in all transients. All equations are integrated 
simultaneously within the function RUNGE (provided they are classified as Class A 
variables, see Section 3), in order to provide for the coupling of all the physical 
properties involved.
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The 18 variables are defined both as components of a vector R (to be available to 
the master program for the RUNGE function) and as local variables for use within 
HYDROS. These variables are (see also Fig. 6-1):

R(l) =

R(2) = 
R(3) = 
R (4) = 
R(5) = 
R(6) = 
R(7) = 
R (8) = 
R(9) = 
R (10) = 
R(11) = 
R(12) =

R(13) = 
R(14) = 
RQ5) = 
R(16) = 
R(17) = 
R(18) =

W(l) = W1 sodium flow rate in loop 1 (before the break in pipe rup-

W (2) = 
W(3) = 
W (4) = 
W (5) = 
W (6) = 
W (7) = 
AL1 
FREQ1 
TRIM1 
NEWM1 
ALM1

ture transients),
W2 = sodium flow rate in loop 2,
WOC = sodium flow rate in reactor outer core region,
WHO = sodium flow rate in reactor peak core region,
WCA = sodium flow rate in reactor control assembly region,
WRB = sodium flow rate in reactor radial blanket region,
WBP = sodium flow rate in reactor bypass region,

= primary pump speed in loop-1, normalized to 1,
= primary pump controller frequency in loop-1,
= measured reactor inlet temperature for loop-1,
= measured sodium flow rate in loop, normalized to 1,
= measured primary pump speed rate in loop-1, normalized to
1,

AL2
FREQ2
TRIM2
NEWM2
ALM2
W (8)

primary pump speed to loop-2, normalized to 1, 
primary pump controller frequency in loop-2, 
measured reactor inlet nozzle temperature, loop-2, 
measured sodium flow rate in loop-2, normalized to 1, 
measured primary pump speed in loop-2, normalized to 1, 
sodium flow rate after the break in loop-1 (LOCA only).

The reactor inner core region flow rate, WIC, is determined algebraically from the 
other flow rates using mass conservation.

The primary pump characteristics are programmed separately in two additional sub
routines, PHEAD and PTORQ, which compute the normalized pump head and the normal
ized pump torque, respectively, as functions of the normalized speed and flow rate.

The present coolant dynamics model of the primary system has the primary pumps lo
cated on the hot legs of the piping. For cases where the primary pumps are located 
on the cold legs of the primary loops, the inertial loss coefficients and reactor 
pressures (input to subroutine LMFBR) must be changed to reflect alterations in the 
geometry of the primary piping. The pressure of the cover gas in the reactor vessel 
must also be increased to account for increased pressure losses in the piping before 
the primary pump.
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Limitations

The primary loop check valves are simulated only as local dynamic resistances, re
flected through the frictional loss coefficients calculated from the initial system 
pressures. No inertia to retard the opening or closing of a check valve was con
sidered. For any reverse pressure differential across a check valve, the flow 
through is assumed to be zero.

Because the sodium level in the primary pump barrels is assumed constant, the pres
ent model does not allow for a mismatch of the flow rates before and after a pump.

As presently modeled, the pipe rupture is assumed to occur between the check valve 
and the reactor inlet nozzle of pipe run 3.

Input Data

NAMELIST/HYDA/AX

where AX(i) is an 18 element vector of inertial loss coefficients, and

i=l for pipe run 1, 
i=2 for primary pump 1, 
i=3 for pipe run 2, 
i=4 for IHX-1, 
i=5 for pipe run 3, 
i=6 for inlet plenum,
i=7,...,ll correspond to i=l,...,5, but for primary loop 2, 
i=12 for outlet plenum,
i=13 for inner core flow channel (see Fig. 4-1),
i=14 for outer core flow channel,
i=15 for peak core flow channel,
i=16 for control assembly flow channel,
i=17 for radial blanket flow channel, and
i=18 for bypass flow channel.
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NAMELIST/HYDB/CA,CB,CE,MINERT,TMMD,DSPEED,POLES,PMSSP

where:

CA,CB,CE
MINERT

TMMD
DSPEED
POLES
PMSSP

are the coefficients in the torque equations (6-17 and 6-18) 
primary pump moment of inertia, 
main motor design torque, 
primary pump design speed,
number of pairs of poles in the primary pumps, and 
pony motor synchronous speed.

NAMELIST/HYDC/CDBRK,AX5BB,AXAB,VOLGV,SGVMID,SGVTOP,ZGVMID,ZGVTOP

where:

CDBRK = rupture loss coefficient of Eq. 6-8,
AX5BB = inertial loss coefficient in pipe run 3 before the break,
AXAB = inertial loss coefficient in pipe run 3 after the break,
VOLGV = total volume of the guard vessel,
SGVMID = constant cross-sectional area of the guard vessel from the break lo

cation to a given reference location (see ZGVMID, below),
SGVTOP = constant cross-sectional area of guard vessel above the reference 

point,
ZGVMID = elevation of reference location where the guard vessel may change 

cross-sectional area, and 
ZGVTOP = elevation of top edge of guard vessel.

NAMELIST/HYDD/CONVG,FREQO,XKA,TK,TS,TR,TMIN,ALO

where:

CONVG
FREQO
XKA
TK
TS
TR

TMIN
ALO

conversion gain in the pump frequency controller equation (Eq. 6-21),
steady-state 100% rated frequency of the motor generator,
flow-to-speed conversion gain in primary flow controller (see Fig. 10-2),
motor generator set time constant (see Eq. 6-21),
normalized startup friction torque (see Eq. 6-19),
normalized rotating torque (see Eq. 6-19),
minimum friction torque (see Eq. 6-19), and
constant of Eq. 6-19.
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NAMELIST/HYDE/FREQ1,FREQ2,AL1,AL2

where:

FREQi = initial value for frequency of pump motor in loop-i, and 
ALi = initial value for pump speed in loop-i.

NAMELIST/HYDF/TAUWM,TAUAM,TAUTM,TRISPN

where:

TAUWM = time constant for measurement of flow rates,
TAUAM = time constant for measurement of pump speeds,
TAUTM = time constant for measurement of reactor inlet nozzle temperatures,

and
TRISPN = reactor inlet nozzle temperature setpoint.

Initial Conditions

Some initial conditions data are provided through labeled COMMON statements, as 
follows:

C0MM0N/HYD2/N0DB,PBRK,ZBRK,XLBRK,...

where:
NODE = node of pipe run 3 where pipe rupture occurs,
PBRK = coolant pressure at break location before rupture,
ZBRK = elevation of break location, and 

XLBRK = pipe length from break location to reactor inlet.

COMMON/HYD3/ZOPNOM,D ZCON,PCG,PGV,PINLET,AOP

where:

ZOPNOM = normal sodium level above reactor vessel outlet nozzle,
DZCON = elevation change from core outlet to reactor vessel outlet nozzle, 

PCG = constant cover gas pressure,
PGV = constant guard vessel pressure,

PINLET = initial coolant pressure at reactor vessel inlet nozzle, and
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AOP = cross-sectional area of outlet plenum.

COMMON/GETl/WlOO,Wl,W2,WIC,WOC/WHO,WCA,WRB/WBP,...,WBRK 

where these are the primary system flow rates (see NAMELIST/BROl/). 

COMMON/NATCON/NOPON1,NOPON2

where these are NOPON(l) and NOPON(2) of NAMELIST/MASE/.

All other variables are initialized using input data (e.g., NAMELIST/HYDE/ above) 
or within the subroutine itself.

Input Process Variables

The input process variables which must be supplied with the list of arguments are:

MODE = control integer for transient selection (see NAMELIST/MASA/),
KMM1 = control integer for the main motor of primary pump 1 (see Eg. 6-20), 

_|0, main motor disconnected,
1, normal operation,

KMM2 = same as KMM1, but for primary pump 2, and 
PD = normalized power demand.

Other input process variables are made available to subroutine HYDROS through com
mon statements:

COMMON/HYD1/TRI1,TRI2,CRIP

where:

TR11 = reactor inlet nozzle temperature for loop 1,
TRI2 = reactor inlet nozzle temperature for loop 2, and 
CRIP = total frictional loss coefficient for inlet plenum.

COMMON/FRICTS/CRLP1,CRLP2,CRPLEN,CRC(6),...

where:
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CRLP1 = total frictional loss coefficient for loop 1,
CRLP2 = total frictional loss coefficient for loop 2,
CRPLEN = total frictional loss coefficient for both inlet and outlet plena,

and
CRC(i) = total frictional loss coefficients for the six reactor flow regions: 

IC,OC,HC,CA,RB,BP.

COMMON/HEADS/GHEADl,GHEAD2,GHPLEN,GH(6),...

where these are gravitational heads corresponding to the same regions as the total 
frictional loss coefficients of COMMON/FRICTS/.

COMMON/PHY 4/...,DENOP,...,DPUMP1,...,DPUMP2,...

where:

DENOP = density of sodium at the outlet nozzle, 
DPUMP1 = density of sodium in primary pump 1, and 
DPUMP2 = density of sodium in primary pump 2.

C0MM0N/HYD2/...,CROBB,CROAB,HEADBB,HEADAB,DENAB

where:

CROBB = total frictional loss coefficient before the break in pipe run 3, 
CROAB = total frictional loss coefficient between the break and the reactor 

inlet in pipe run 3,
HEADBB,
HEADAB = gravitational heads for the same regions as CROBB,CROAB, and 
DENAB = density of coolant at break location.

Output Process Variables

Various primary sodium flow rates are the major output process variables of sub
routine HYDROS. These flow rates are returned to the master in the R-vector pre
viously defined.

One other output process variable (for pipe rupture transients) is transferred 
through the subroutine arguments:
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HOP = sodium level above the core outlet.

Certain variables are transferred to the subroutine SCRAM for use in the plant trip 
equations. These are:

COMMON/SCRH/ALM1,ALM2,PRSNRM,NEWM1,NEWM2,ZOPTOT

where:

ALM1 = measured normalized pump speed in loop 1,
ALM2 = measured normalized pump speed in loop 2,

PRSNRM = normalized pressure at reactor inlet,
NEWM1 = measured normalized flow rate in loop 1,
NEWM2 = measured normalized flow rate in loop 2, and
ZOPTOT = sodium level above the RV outlet nozzle.

reactor inlet nozzle temperature^
MODE "S
KMM1,KMM2 s
PD

s

frictional loss coefficients
gravitational heads

s

s
reactor densities & viscosities

Subroutine
HYDROS

primary system flow rates 
ALM1,ALM2,NEWM1,NEWM2 
PRSNRM,ZOPTOT____________

>
->

>

Figure 11-6. Inputs and Outputs of Subroutine HYDROS

Required Subprograms

Functions

o SOLVE = inverts the matrix of inertial loss coefficients and uses the in
verted matrix to compute the derivatives of the sodium flow rates;

o RVOTSP = calculates the core outlet temperature setpoint as a function of 
power demand;

o PDERIV = calculates the derivative of PHEAD with respect to flow-rate; 
and

o FRFAC = calculates the 4f factor based on a correlation with Reynolds 
numbers.
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Subroutines

o GHEAD = calculates gravitational heads and frictional loss coefficients;

o PTIME = calculates the derivative of PTORQ with respect to pump speed;

o PHEAD = computes the normalized pump head as a function of normalized 
pump speed and flow rate;

o PTORQ = computes the normalized pump torque as a function of normalized 
pump speed and flow rate;

o SYSTEM = solves a system of N (N <_ 8) equations using a Gauss-Jordan elim
ination technique;

o ALPHP = computes the pump speed under prompt approximation conditions;

o TFRIC = computes the normalized pump friction torque; and

o TMPCON = converts temperatures from °C to °F and vice versa.

Additional Comments:

Subroutine HYDROS has a secondary entry point, PUTHYD, which is used to print the 
latest results from subroutine HYDROS.

In addition to the aforementioned variables, subroutine HYDROS also employs a num
ber of internal variables which need not be defined explicitly in order to use the 
subroutine.

SUBROUTINE RTHERM (MODE, PTMW, HOP, Til, TI2)

Purpose and Scope:

Subroutine RTHERM computes the reactor temperatures in 33 separate regions and 
nodes. The model is divided into two reactor inlet plena, two reactor outlet plenum 
zones and six sodium flow path channels, consisting of: peak core channel, inner 
core channel, outer core channel, control assemblies channel, radial blanket and 
shield assemblies channel, and an unheated bypass channel.

Figure 11-7 depicts the eleven fuel regions of uniform heat generation that are sim
ulated in the EPRI-CURL Code. The cladding and fuel centerline temperatures are also 
simulated using a pseudo-steady state approximation. Hot channel factors are ap
plied to the average temperatures in the peak region to determine the maximum fuel 
and cladding temperatures in the reactor.
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The model also permits flow reversal in any number of the six reactor sodium flow 
paths.

Method:

Detailed description of the equations used in RTHERM is given in Section 5 of this 
report.

The vector of process variables R3(33) is locally labelled Y(33), and is defined 
as follows:

Y(i)
Y (12)

Y (13)

Y (i)
Y (26)
Y (27) 
Y(i)

TM (i)
TIPI

TIP2

TC(i-13) =
TOPI
TOP 2
TCI(i-27) =

reactor fuel region temperatures, i=l,ll;
average temperature of the lower region of the inlet
plenum;
average temperature of the upper region of the inlet 
plenum;
reactor coolant region temperatures, i=14,25; 
reactor outlet plenum temperature, lower zone; 
reactor outlet plenum temperature, upper zone; and 
temperature at junction between upper inlet plenum and 
the six core channels, 1=28-33 (used only for cases of 
reversed flow).

Limitations:

The model assumes the liquid sodium is in the subcooled thermodynamic state, al
though some minor localized saturation may be tolerated. The model also assumes 
the core geometry is fully intact. The thermophysical properties of fuel, gas filled 
gap, cladding and other structural materials are temperature independent input 
parameters.

Input Data:

The following are lists of the input data required for subroutine RTHERM.

NAMELIST/RTH1/PF

where:
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PF(i) = fraction of power generated in region i (see Fig. 11-7), (i=l,ll be
cause the bypass region is assumed to generate no power).

NAMELIST/RTH2/VX,DT,VIP1,VIP2

where:

VX(i) = sodium volume in region i (i=l,12),
DT(i) = thermal equivalent diameter for fuel region i (i=l,ll), 
VIP1 = sodium volume in the lower inlet plenum, and 
VIP2 = sodium volume in the upper inlet plenum.

NAMELIST/RTH3/DF,CF,XKF,DG,XKG,DC,XKCL

where:

DF (i) = 
CF(i) = 

XKF(i) = 
DG (i) = 
DC(il = 

XKG = 
XKCL =

fuel density in region i (i=l,ll) (see Fig. 11-7),
fuel heat capacity in region i (i=l,ll),
reactor fuel thermal conductivity in region i (i=l,ll),
fuel pin gas filled gap thickness in region i (i=l,ll),
fuel pin cladding thickness in region i (i=l,ll),
gas thermal conductivity in pin gap, and
thermal conductivity of pin cladding.

NAMELIST/RTH4/VF,XL,R,XN

where:

VF(i) = fuel volume in region i (i=l,ll)
XL(i) = active length for heat transfer in region i (i=l,ll), 
R(i) = fuel pellet radius in region i (i=l,ll), and 

XN(i) = total number of fuel pins in region i (i=l,ll).

NAMELIST/RTH5/R0,ZCH,DON,HIF

where:

RO = radial coordinate of jet flow (see Eq. 5-5),
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ZCH = height of reactor chimney,
DON = diameter of reactor outlet nozzle, and
HIF = heat transfer coefficient between two upper plenum regions.

NAMELIST/RTH6/HCFAC,FLFAC,CLFAC

where:

HCFAC = coolant hot channel factor (see Eq. 5-9),
FLFAC = film correction factor (see Eq. 5-10), and 
CLFAC = clad correction factor (see Eq. 5-10).

Initial Conditions

The initial reactor temperatures are inputs to subroutine LMFBR (through NAMELIST/ 
BR02), and are transferred through:

C0MM0N/FBR1/TC(12),TIPI,TIP2,TCI(6),TOPI,T0P2,TON,TM(11)

These are the 33 variables to be integrated (see Y-vector, above) and are trans
ferred to the MASTER program to a vector R3(33).

Input Process Variables

The five input variables which enter through the subroutine arguments are:

MODE = control integer for transient selection (see NAMELIST/MASA/),
PTMW = total reactor power,
HOP = height of sodium above core outlet.
Til = reactor inlet nozzle sodium temperature, loop-1, and 
TI2 = reactor inlet nozzle sodium temperature, loop-2.

Other input process variables include:

C0MM0N/GET1/, which are the flow rates output by subroutine HYDROS, 
C0MM0N/PHY1/, the first 33 elements of which are average region (as opposed 

to nodal) temperatures used to calculate physical properties, 
and
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C0MM0NS/PHY4,PHY5,PHY6,PHY7/, which are the sodium densities, viscosities,
specific heats, and thermal conductivities, re
spectively, at the temperatures of PHY1, above.

The Reynolds number is also inputed through the following:

COMMON/PHY8/RE(12), ...

During transients, the listed input process variables vary because they are output 
variables of other models.

Output Process Variables

The average sodium temperature at the reactor outlet nozzle, TON is an output pro
cess variable needed in subroutine DELAYP.

The average fuel and coolant temperatures in the reactor are also used to compute 
the feedback reactivities in NEUKIN subroutine.

The turbulent jet penetration distance in the outlet plenum is also an internal pro
cess variable which is needed in subroutine PLEN01. The following COMMON statement 
contains six sodium specific heats at the outlet of reactor coolant regions:

COMMON/PLNO/CHC,CIC,COC,CCA,CRB,CBP

PTMW
------------------- >

Til,TI2
WI1,WI2,WIC

s
,WOC,WHC,WCA,WRB,WBP^

HOP
s

___________________ s.

Fuel Temperatures 
TON

Coolant Temperature

>

>
>

Figure 11-8. Input and Output Process Variables of Subroutine RTHERM

Required Subprograms 

Functions:

o SPHSOD = computes sodium specific heat as a function of temperature.
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o DENSOD = computes sodium density as a function of temperature, and

o HCORE = computes the convection heat transfer coefficient for 
sodium flowing along a bundle of cylindrical rods.

Subroutines:

o JET = computes the turbulent jet penetration distance in the outlet 
nozzle of the reactor as a function of average core flow rate and 
sodium density,

o UATOT = computes the overall heat transfer coefficient for sodium 
flowing along a bundle of cylindrical rods, as well as the fuel 
centerline, clad and film temperatures in prompt approximation,

o TIMECF = computes the fuel region characteristic times,

o TIMECC = computes the coolant region characteristic times,

o DFUEL = computes the fuel temperature time derivative in the 
reactor,

o DCOOL = computes the coolant temperature time derivatives in the 
reactor,

o TFUEL = computes the fuel temperature in prompt approximation,

o TCOOL = computes the coolant temperature in prompt approximation,

o PLENI1 = computes the coolant temperature of inlet plenum -1 in 
prompt approximation,

o PLENT2 = computes the coolant temperature of inlet plenum -2 in 
prompt approximation,

o PLENOl = computes the coolant temperature of outlet plenum -1 in 
prompt approximation, and

o TMPCON = converts temperatures from °C to °F and vice versa.

Additional Comments

Subroutine RTHERM has one secondary entry, PUTRTH, which is used to print the la
test results computed by RTHERM.

In addition to the aforementioned variables, subroutine RTHERM employs a number 
of internal variables which, however, do not need to be specified in order to use 
RTHERM.
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SUBROUTINE DELAYP(Wl,W2,MODE)

Purpose and Scope

Subroutine DELAYP computes the sodium temperatures in the primary piping system 
which connects the major components of the primary heat transport system. Six pipe 
runs are modeled, three in each of two primary loops (see Pig. 6-1). Given the 
inlet sodium temperature for each pipe run, subroutine DELAYP computes the sodium 
temperatures at each of N subsequent nodes, where N is the number of equal length 
subsections into which the pipe run is divided (1<N<10). These calculations are 
made in order to account for sodium transport delays around each loop as a function 
of flow rate.

Heat storage in pipe walls is included as an option for the evaluation of the trans
ient sodium temperatures along the pipes. The sodium temperature at the exit of 
each pipe run is delivered as an output of DELAYP to the next heat transport system 
component downstream.

Method

Detailed descriptions of the model and the equations used are found in Section 6 
of this report. Transient sodium temperatures and (optionally) transient wall tem
peratures are calculated by means of energy balances in each subsection of a pipe 
run. Sodium flow is based on single-phase, incompressible liquid sodium conditions.

The number of pipe subsections, N, is preset numerically for each of the six pipe 
runs, and can take on different values in each pipe run. Similarly, heat storage 
in the walls can be considered in any, all, or none of the six pipe runs.

The vector of process variables, R5(120), is labelled locally as Y(120), the first 
60 of which are the nodal coolant temperatures (ten locations allocated for each 
pipe run, whether all are used or not), and the next 60 are the corresponding wall 
temperatures (ten locations allocated for each pipe run, whether heat storage is 
considered in that pipe run or not).

Limitations

The model does not accommodate reverse flows. It is assumed that check valves pre
vent the flow from reversing.
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In the case of a pipe rupture transient, calculations are carried out in a normal 
manner. It is assumed that the rupture takes place near the reactor vessel so that 
the majority of the calculations along the pipe are still valid.

Input Data

All of the input data for subroutine DELAYP comes in from subroutine LMFBR through 
labeled COMMON statements.

C0MM0N/FBR14/...,0DP(3),DELP(3),XL(6),...

where:

ODP(i) = outer diameter of pipes in pipe run i (i=l,3); note: it is assumed 
that pipe runs 4,5,6 have the same dimensions as pipe runs 1,2,3 
respectively

DELP(i) = pipe wall thickness for pipe run i (i=l,3; see note above), and 
XL(i) = length of pipe run i (i=l,6).

C0MM0N/FBR10/N(6),L(6)

where:

N(i) = number of nodal subsections in pipe run i (i=l,6), and 
L(i) = control integers for heat storage option, pipe run i (i=l,6) (see 

NAMELIST/BR03/).

C0MM0N/FBR15/DSS,CSS,XKSS

where:

DSS = density of pipe wall material,
CSS = specific heat of pipe wall material, and 
XKSS = thermal conductivity of pipe wall material.

Initial Conditions

The initial conditions are brought in through a COMMON statement from subroutine 
LMFBR:
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C0MM0N/FBR5/TM1(10),TM2(10),TM3(10),TM4(10),TM5(10),TM6(10)

where:

TMl(j) = vector of initial coolant temperatures for pipe run i (j=l,N(i), 
filled out with zeroes if N(i) < 10).

The plant is assumed to be at steady state initially, so the wall temperature in 
each subsection is equivalent to the coolant temperature in that subsection at the 
beginning of the transient calculation.

Input Process Variables

The input process variables which must be supplied with the argument list are as 
follows:

Wl = sodium flow rate in primary loop-1,
W2 = sodium flow rate in primary loop-2, and 

MODE = control integer for transient selection (see NAMELIST/MASA/).

The inlet temperatures of each pipe run are brought into the subroutine through a 
COMMON statement:

COMMON/F BR4/TC11,TCI2,TCI3,TCI4,TCI5,TCI6

where:

TCIi = inlet temperature to pipe run i (i=l,6).

COMMONS/PHY4,PHY5,PHY6,PHY7,PHY8 bring in the sodium properties for each pipe 
subsection (densities, viscosities, specific heats, thermal conductivities, 
and Reynolds numbers, respectively).

Output Process Variables

The output process variables are the sodium outlet temperatures at the exit of each 
of the six pipe runs:
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TCI(Nl),...,TC6(N6)

where Ni refers to the number of subsections in pipe run i (i=l,6).

Wl ^

Subroutine
DELAYP

TCI(Nl) (= TCI2) ^
s

TCII ŝ
TCI2 ^

s
TC2(N2) ^S

TCI 3 ^ TC3 (N3)------------- -------------
TCI4 ^

S
TC4(N4) (= TCI5) ^--------------  --------------^

TCI5 ^
S

TC5(N5) ^---------------  -------------^
TCI6 ^

?
TC6 (N6) x.---------------  --------------^

W2 ^
S

s

Figure 11-9. Inputs and Outputs of Subroutine DELAYP

Required Subprograms 

Functions: 

o None.

Subroutines:

o PIPE = calculates the transient temperatures of sodium and the pipe wall 
for N equal length subsections of a pipe run; the wall temperature may 
be neglected, and

o TMPCON = converts temperatures from °C to °F and vice versa.

Additional Comments

At present, no temperature increase is assumed to occur in the primary pumps due to 
compression work, and all temperature delays through the pumps are neglected. 
Therefore, the outlet temperatures of pipe runs 1 and 4 are used as the inlet tem
peratures to pipe runs 2 and 5.

The coolant temperature arrays, TCI to TC6, and the wall temperature arrays, TW1 
to TW6, are concatenated in that order in a 120 element vector called Y, for trans
fer to the master program and the RUNGE function.
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Subroutine DELAYP does not at present employ a prompt approximation for cases when 
time constants of the temperatures are small relative to the time step. For the 
pre-accident steady-state calculation, the inlet temperature of each pipe run is 
immediately propogated through the pipe and becomes the corresponding outlet temper 
ature. This is done so that piping delays get neglected in the steady state search

Subroutine DELAYP has an additional entry point, PUTDEL, which is used to print the 
latest results of the temperature calculations.

in addition to the aforementioned variables, subroutine DELAYP employs a number of 
internal variables which need not be explicitly defined in order to use the sub
routine .

SUBROUTINE IHX1(MODE,WP,WS,TPI,TSI,N)

Purpose and Scope

The subroutine IHX1 computes the sodium temperatures at 2N+5 locations of the inter 
mediate heat exchanger in loop 1, where N is the number of equal length subsections 
into which the active heat-transfer length is divided (l£N<10).

This variable mesh point feature has been incorporated in this subroutine to allow 
for more flexibility in determining the optimum compromise between computation time 
and accuracy of transient results. Primary and secondary inlet and outlet plena 
are simulated, as well as a primary bypass flow region. The other 2N temperatures 
calculated represent the temperatures in each primary or secondary heat transfer 
region.

No solid regions (shell, shrouds, tubes, etc.) are simulated in this model. This 
simplification was adopted after analyzing the transient results obtained from an 
earlier model of the IHX which incorporated solid region nodes. It was concluded 
that negligible errors are made by neglecting the heat storage in shells and 
tubes (7_).

Method

Detailed descriptions of the equations and models used are given in Section 7 of 
this report. Transient IHX temperatures are calculated by means of an energy bal
ance on each node of the system. Heat transferred between primary and secondary 
sodium flows is calculated to account for sodium film conductivity (as a function
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of flow and temperature) on both the shell and tube sides, and for the tube metal 
wall conductivity. Sodium flows are based on single-phase liquid sodium conditions 
with a constant bypass flow fraction.

The amount of heat exchanged between the primary and secondary systems is calcu
lated by means of a logarithmic mean temperature difference (LMTD) in each heat- 
transfer subsection. It was found that the use of the LMTD resulted in better 
temperature profiles along the tube bundle than those obtained by other techniques 
such as backward-, forward-, and central-difference.

Calculation of the LMTD is performed by a separate subroutine LMTDIF, which is in
voked recurrently by subroutine IHX1 for each heat-transfer region.

The vector of process variables, R41(25), is labelled locally as Y, and consists of:

Y(i) = TP(i) = coolant temperatures at the primary nodes (i=l,13) (refer to 
Fig. 7-1); and

Y(i) = TS(i-13) = coolant temperatures at the secondary nodes (i=14,25) (see 
Fig. 7-1).

Limitations

The model does not accommodate flow reversal. Check valves in the primary and se
condary loops prevent the flows from reversing.

Input Data

NAMELIST/HX1A/DEXT,PITCH,XKSS,NT,BP,ACF

where:

DEXT = 
PITCH = 
XKSS = 
NT = 
BP = 

ACF =

tube external diameter, 
triangular array tube pitch, 
thermal conductivity of tubes, 
number of tubes, 
bypass flow fraction, and
heat-transfer area correction factor (due to fouling, flow maldistri
bution, etc.).
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NAMELIST/HX2A/VIP,VOP,VBP,VIS,VOS

where:

VIP = primary sodium inlet plenum volume,
VOP = primary sodium outlet plenum volume,
VBP = primary sodium bypass region volume,
VIS = secondary sodium inlet plenum volume, and 
VOS = secondary sodium outlet plenum volume.

Other input data is obtained through a COMMON statement:

C0MM0N/FBR14/DEQUIP,STOTP,...,XLTOT,...,DINT,STOTS,...

where:

DEQU1P = shell side equivalent hydraulic diameter,
STOTP = shell side (primary) free flow area,
XLTOT = total tube bundle length,
DINT = tube side inner diameter, and 
STOTS = tube side (secondary) free flow area.

The number of heat transfer regions, N, is input through the list of arguments to 
the subroutine.

Initial Conditions

The initial conditions for subroutine IHX1 are provided through a common statement 
from subroutine LMFBR:

COMMON/F BR2/TP(13),TS(12)

where:

TP = primary side sodium temperatures, and 
TS = secondary side temperatures.

These initial temperatures are input to subroutine LMFBR through NAMELIST/BR04/ 
(see Section 10.2).
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Input Process Variables

The input process variables which are supplied through the list of arguments are:

MODE = control integer for transient operation,
_|0, pre-accident steady state initialization,

1, normal operation,
WP = primary sodium flow rate entering heat exchanger,
WS = secondary sodium flow rate entering heat exchanger,
TPI = primary sodium inlet nozzle temperature, and 
TSI = secondary sodium inlet nozzle temperature.

Physical properties are brought into the subroutine through several COMMON state
ments :

sodium densities: 
sodium viscosities: 
sodium specific heats: 
sodium thermal conductivities: 
flow Reynolds numbers:

COMMON/PHY 4/...,DP(13),...,DSDUM(12),... 
C0MM0N/PHY5/...,AVP(10),...,AVSDUM(10),... 
C0MM0N/PHY6/...,CP(13),...,CSDUM(12),... 
COMMON/PHY7/...,XKP(13),...,XKSDUM(12),... 
COMMON/PHY8/...,REP(10),...,RESDUM(10),...

All the secondary side parameters (those with names ending -DUM), need to be re
versed within subroutine IHX1 because they are ordered in the direction of flow and 
the subroutine does its calculation in the direction of decreasing temperature.

Output Process Variables

The output process variables of subroutine IHX1 are the outlet nozzle temperatures 
on the primary and secondary sides, that is, TP(N+3) and TS(N+2) respectively.

MODE
WP
WS
TPI
TSI

TPO = TP(N+3)

TSO = TS(N+2)
>
>

Figure 11-10. Input and Output Process Variables of Subroutine IHX1
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Required Subprograms

Functions: 

o None.

Subroutines:

o LMTDIF = computes the logarithmic mean temperature difference between pri
mary and secondary flow regions,

o PROMT? = computes the prompt approximation values of primary side sodium 
temperatures for pre-accident initialization cases or cases in which the 
characteristic time is relatively short compared with the time step;

o PROMTS = equivalent to PROMTP, but for the secondary side temperatures; 
and

o TMPCON = converts temperatures from °C to °F and vice versa.

Additional Comments

Subroutine IHX1 has a secondary entry point, PUTHX1, which is used to print the 
latest results calculated by subroutine IHX1.

In addition to the aforementioned variables, this subroutine employs a number of 
internal variables which need not be understood in order to use the subroutine.

SUBROUTINE IHX2 (MODE,WP,WS,TPI,TSI,N)

Subroutine IHX2 is identical in most respects to subroutine IHX1, and is used to 
compute the transient behavior of the intermediate heat exchanger of loop 2. The 
two subroutines are completely distinct, so some associated parameters (number of 
nodes, area correction factor, etc.) need not be the same in each loop.

The input data to subroutine IHX2 is of the same form, but the NAMELIST names have 
changed to HX2A and HX2B.

The initial conditions come through a COMMON labelled FBR3, having been input to 
subroutine LMFBR through NAMELIST/BR05/.

The basic heat exchanger dimensions (flow areas, inner diameters, and heat trans
fer length) are identical in IHX1 and IHX2 because both subroutines use the same 
C0MM0N/FBR14/statement.
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The vector of process variables is passed to the master program as R42(25).

SUBROUTINE IHYD1 (PD, PTM, KMM, MODE)

Purpose and Scope

The subroutine IHYD1 computes the sodium flow rate in the secondary loop as governed 
by forced and natural circulation effects. During normal operational transients, 
the sodium flow rate in the secondary loop is subject to the action of the secondary 
flow/speed controller. The secondary loop flow/speed controller is based on feed
forward with feedback strategy.

The sodium flow rate in the loop is assumed to be the same both before and after the 
secondary pump because the sodium level in the pump barrel is assumed to remain 
constant.

Subroutine IHYD1 can be used to analyze change of power and many sodium flow tran
sients such as secondary pump coastdown.

Method

Detailed descriptions of the model and methods used are given in Section 8 of this 
report.

There are five first-order ordinary differential equations which simulate the secon
dary loop sodium dynamics. The vector of process variables R61(5), is locally la
belled Y(5), and is defined as follows:

Y(l) = WI = sodium flow rate in the secondary loop,
Y(2) = ALFA = secondary pump speed (normalized),
Y(3) = WIM = measured sodium flow rate in the secondary loop (normalized),
Y(4) = ALFM = measured secondary pump speed (normalized), and 
Y(5) = GF = frequency of motor generator-set.

The Reynolds number dependence of the frictional loss coefficients is considered, 
as well as the gravitational pressure heads developed by the density variations 
from the IHX to the steam generator system.

Limitations

The secondary loop sodium dynamics model assumes the sodium flow rates in the secon
dary sides of evaporators to be equally divided.
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At present the model does not permit any secondary pipe ruptures. Provision for 
such an accident can be made by modeling an additional differential equation.

Input Data

The following are the required input data for subroutine IHYD1:

NAMELIST/IHA1/DSPEED,TMMD,MINERT,PMSSP

where:

DSPEED
TMMD

MINERT
PMSSP

secondary pump design speed, 
secondary pump main motor design torque, 
secondary pump moment of inertia, and 
secondary pump pony motor synchronous speed.

NAMELIST/IHA2/PTSP,KFT,KST,KSF,TAUS

where:

PTSP 
KFT 
KST 
KSF 

TAUS(1) 
TAUS (2) 
TAUS (3)

= turbine header pressure set point,
= pump flow trim conversion gain,
= pump speed trim conversion gain,
= pimp speed controller conversion gain,
= secondary flow meter time constant,
= secondary tachometer time constant, and 
= secondary motor generator-set time constant.

NAMELIST/IHA3/A1,A2,A3,AZ,TS,TR,TMIN,GFI,XNP,ALFA,GF

where:

A1 = constant used in the motor torque slip relationship (a in Eq. 6-17),
A2 = constant used in the motor torque slip relationship (b in Eq. 6-17),
A3 = constant used in the pony motor torque slip relationship (C in Eq. 6-
AZ = constant used in the friction torque equation (Eq. 6-19),
TS = pump start-up torque,
TR = pump rotating torque,

TMIN = minimum friction torque.

18) ,
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GFI = steady-state 100% rated frequency of Motor Generator Set,
XNP = number of pairs of poles,

ALFA = initial secondary pump speed, and
GF = initial frequency of pump motor generator.

Initial Conditions

Subroutine IHYD1 requires five initial conditions of which frequency and speed are 
input through NAMELIST/IHA3/ and the flow is made available through the following:

COMMON/GET1/ ..., WI100, WI, ...

The measured secondary loop flow and pump speed are initially set equal to their 
actual values in the subroutine, that is:

WIM = WI = measured sodium flow rate, and 
ALFM = ALFA = normalized measured pump speed.

Input Process Variables

The input process variables which must be supplied with the list of arguments of 
subroutine IHYD1 are the following:

PD = normalized power demand,
PTM = measured turbine header pressure,
KMM = control parameter for the main motor of secondary pump,

KMM = 1.0 — main motor connected (normal operation),
KMM = 0.0 — main motor disconnected,

MODE = control parameter for transient selection,
MODE = 0 preaccident steady state initialization,
MODE = 1 normal operation, and
MODE = 3 natural circulation (pony motors not available).

Other required variables for subroutine IHYD1 are made available through the fol
lowing COMMON statements:

COMMON/MISC/T,TSEC,ICOUNT,S,SSEC, ..., ...
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where:

T = time 
TSEC = time 

ICOUNT = step 
S = time 

SSEC = time

in hours, 
in seconds, 
counter,
step in hours, and 
step in seconds.

C0MM0N/FBR14/ , XL3, XL7, XL8, XL1, ..., XL2, XL4, XL5, XL6, ...

where the secondary loop pipe lengths are:

XL1 = length of the pipe connecting the secondary pump to IHX,
XL2 = length of the tubes in IHX,
XL3 = length of the pipe connecting IHX to the superheater,
XL4 = length of the tubes in superheater,
XL5 = length of the pipe connecting superheater to the evaporator,
XL6 = length of the tubes in evaporator,
XL7 = length of the pipe connecting the evaporator to the connecting T, and 
XL8 = length of the pipe connecting the T to the pump.

C0MM0N/FBR16/ ..., AS2, AS3, AS4, ASS, ASS, AS7, ..., ASS, AS1, ...

are the flow areas in the secondary loops that correspond to the above mentioned 
lengths calculated in subroutine LMFBR.

COMMON/HEADS/ ..., DPBST, ...

where:

DPBST = total gravitational pressure head in secondary loop-1,

COMMON/FRICTS..., CCST, ...

where:

CCST = total frictional loss coefficient in secondary loop-1.
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Output Process Variables

Secondary sodium flow rate is the only output process variable of subroutine IHYD1. 
The flow rate is WI.

PTM
KMM
MODE

->

Figure 11-11. Input and Output Variables of Subroutine IHYD1

Required Subprograms

Functions

o None.

Subroutines

o PTIME = computes the derivatives of pump torque and friction torque with 
respect to pump speed as a function of normalized pump flow and speed,

o PHEAD = computes the normalized pump head as a function of the normalized 
pump speed and flow rate,

o PTORQ = computes the normalized pump torque as a function of the normal
ized pump speed and flow rate,

o ALPHA = computes the pump speed from the prompt approximation condi
tions, and

o TFRIC = computes the normalized pump friction torque.

Additional Comments

The subroutine IHYD1 has one secondary entry, PUTIH1, which is accessed from the 
master program for the purpose of printing the latest results computed by IHYD1.

In addition to the aforementioned variables, subroutine IHYD1 also employs a num
ber of internal variables that need not be defined explicitly in order to use IHYD1.
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SUBROUTINE IHYD2(PD,PTM,KMM,MODE)

Subroutine IHYD2 is identical in most respects to subroutine IHYD1 and is used to 
compute the transient behavior of the secondary loop-2 sodium flow dynamics. In 
order to preserve the laws of conservation of energy, mass, and momentum when sim
ulating the response of a lumped loop, this loop is exactly identical to that of 
loop-1 (single loop).

Each of the two subroutines, IHYD1 and IHYD2, is allocated in a separate storage 
area and, thus, the values of the variables within each model are preserved and 
processed independently without any possibility of error.

Subroutine IHYD2 has only two NAMELIST data statements (as opposed to three in 
IHYD1), since the sodium pump characteristics for the two loops are identical and 
are made available to IHYD2 through the COMMON storage area ALPB from IHYD1. The 
input data are:

NAMELIST/IHB1/TMMD,MINERT,GFI,ALFA,GF 

NAMELIST/IHB2/PTSP,KFT,KST,KSF,TAUS

where the descriptions of these variables are found under the NAMELIST statements 
of subroutine IHYD1.

The vector of process variables for subroutine IHYD2 is R62(5), labelled locally 
as Y (5) .

SUBROUTINE DELAY1 (WI, MODE)

Purpose and Scope

Subroutine DELAY1 computes the sodium temperatures in the secondary piping system 
of loop-1 which connects the major components of the Intermediate Heat Transport 
System (IHTS). Four pipe runs are modeled for the secondary loop. Given the so
dium temperature at the inlet of each pipe run, subroutine DELAY1 computes sodium 
temperatures at N subsequent locations, where N is the number of equal-length sub
sections into which the pipe run is divided; it can be set equal to any value be
tween 1 and 10. These calculations are necessary in order to account for the so
dium transport delays around the secondary loop as function of the sodium flow rate.
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Heat storage in pipe walls is included as an option for the evaluation of the tran
sient sodium temperatures along the pipes. The sodium temperature calculated at 
each pipe exit is delivered as an output of subroutine DELAY1 to be used as input 
temperature to the next major HTS component downstream.

Method

The equations used are of the same form as those in subroutine DELAYP. Transient 
sodium temperatures and, optionally, transient wall temperatures are calculated by 
means of energy balances on each subsection of a pipe run. Sodium flow is based 
on single-phase liquid sodium conditions with the same mass flow rate throughout 
the secondary loop. When heat storage in the pipe wall is considered, the amount 
of heat exchange within a pipe between the sodium and the wall is calculated as be
ing directly proportional to the difference between the average wall temperature 
and the average inlet-outlet sodium temperature.

The number of pipe subsections, N, is preset numerically for each pipe run of the 
loop; it can take different values for different pipes. In order to estimate the 
effect of heat storage in the pipe walls on the sodium transient temperatures, the 
option of considering the heat stored in the walls can be applied to all pipe runs, 
to several selected pipe runs, or to none.

The vector of process variables, R71(80), is labelled locally as Y(80), the first 
40 locations of which are the nodal coolant temperatures in each of the four pipe 
runs, and the last 40 are reserved for the corresponding wall temperatures (used 
if heat storage is considered).

Subroutine PIPE is invoked for each of the four pipe runs to compute the transient 
sodium temperature at each node, with or without heat storage.

Limitations

The model does not accommodate reverse flows. It is assumed that check valves will 
keep the flow from reversing.

At present, the number of nodes per pipe run is limited to 10.
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Input Data

All of the required input data come in from subroutine LMFBR through labelled COM
MON statements:

C0MM0N/FBR11/N(4),L(4)

where:

N(i) = number of pipe subsections in pipe run i (i=l,4), and 
L(i) = control integer for heat storage option in pipe run i (i=l,4) (See 

NAMELIST/BR03/).

C0MM0N/FBR14/...,XL(4),...,ODI(4),DELI(4)

where:

XL(i) = length of pipe run i (1=1,4),
ODI(i) = outer diameter of pipe in pipe run i (i=l,4), and 

DELI(i) = pipe wall thickness in pipe run i (i=l,4).

Initial Conditions

The initial sodium temperatures are made available through a COMMON statement with 
LMFBR:

C0MM0N/FBR7/TM1(10),TM2(10),TM3(10),TM4(10)

where:

TMi(j) = sodium temperatures in pipe run i (j=l,N(i), filled out with zeroes 
if N(i) < 10), (i=l,4).

Initially, the pipe walls are assumed to be in thermal equilibrium with the coolant 
at each node.

Input Process Variables

The variables which must be supplied through the argument list are:
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MODE = control integer for transient selection
MODE = { Pre-acci<3ent steady state initialization, and 

1, normal operation,
WI = flow rate in the loop.

Other input process variables are provided through COMMON statements:

COMMON/FBR6/TCI1,TCI2,TCI3,TCI4,...

where:

TCIi = Inlet sodium temperature to pipe run i.

COMMONS/PHY4,PHY5,PHY6,PHY7,PHY8/

provide the sodium physical properties (densities, viscosities, heat capacities, 
thermal conductivities, and Reynolds numbers, respectively) at each node of each 
pipe run.

Output Process Variables

The output process variables of subroutine DELAY1 are the sodium temperatures at 
the exit of the four pipe runs.

These output process variables are further used as input process variables for other 
components of the system.

TCII
TCI2

TCI 3
TCI4

TCS1(N)
TCS2(N) (= TCI 3)

--->
V.

TCS3(N) (= TCI4)
S

TCS4(N)
s

___^

Figure 11-12. Input and Output Process Variables of Subroutine DELAY1
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Required Subprograms

Functions: 

o None.

Subroutines:

o PIPE = computes the transient temperatures of sodium and of the
pipe wall in N equal-length subsections of a pipe run; heat stor
age in pipe walls is optional, and

o TMPCON = converts temperatures from °C to °F and vice versa.

Additional Comments

No temperature increase due to compression in the pumps is considered at present.

Subroutine DEIAY1 does not employ a prompt approximation at present for cases where 
the length of a pipe subsection is so short as to make the "characteristic time" 
shorter than the time step increment. Care should be taken to avoid this situation.

Subroutine DELAY1 has an additional entry point, PUTID1 for the purpose of printing 
the results of the sodium transport delay calculations in secondary loop-1 whenever 
required by the master program. A number of internal variables are also employed 
which need not be known in order to use DELAY1.

SUBROUTINE DELAY2(WI, MODE)

Subroutine DELAY2 is exactly identical to subroutine DELAY1 and is used to compute 
the sodium and pipe wall temperatures in the Intermediate Heat Transport Systems 
(IHTS) of loop-2.

Each of the two subroutines, DELAY1 and DELAY2, is allocated in a separate storage 
area and, thus, the values of the variables within each model are preserved and 
processed independently without any possibility of error.

The vector of process variable for subroutine DELAY2 is R72(80), labelled locally 
as Y(80).
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SUBROUTINE SGTHD1 (TISH, KMM, MODE)

Purpose and Scope

Subroutine SGTHD1 computes steam/water enthalpies, temperatures, pressures and flows 
as well as the steam generator secondary shell side sodium temperatures for loop-1 
of the plant. It models 39 differential equations and solves them simultaneously 
either using the Runge-Kutta algorithm or the prompt approximation method.

Figure 11-13 shows the regions of simulation for this subroutine.

Method

Detailed descriptions of the equations used are given in Section 9 of this report. 
The model simulates the water/steam enthalpies flow rates and pressures and calls 
the appropriate equations of states (polynomial approximations to 1967 steam ta
bles) to determine water/steam temperatures and thermodynamic properties.

The vector of process variables, R81(39), is labelled locally as Y(39), and is de
fined as follows:

Y(i) = TCS(19-i)

Y(i) = H(i-9)

Y(31) = ALFA
Y (32) = W2 
Y(33) = W3
Y(34) = MT(2)
Y (35) = UI (2)
Y(36) = HDM
Y(37) = WM3 
Y(38) = WM1 
Y(39) = CVP

secondary system nodal sodium temperatures (see Fig. 11-13 
for node definitions), i=l,ll,
tertiary system nodal enthalpies (see Fig. 11-13 for node
definitions), i=12,30,
normalized recirculation pump speed,
recirculation line water/steam flow,
steam flow through superheater,
mass of steam/water mixture in the steam drum,
total internal energy of the steam drum,
measured value of the steam drum level (normalized),
measured value of normalized steam flow,
measured value of normalized feedwater flow, and
position of the feedwater control valve.

Due to nonlinearity of the energy equations along the heat transfer regions (evapor
ators and superheaters), iterative schemes are developed that determine the tertiary 
side enthalpies and secondary side sodium temperatures when in prompt approximation.
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Figure 11-13. Nodal Definitions for Subroutine SGTHD1
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Limitations

The model assumes symmetric evaporator modules and hence lumps the two together.
The model does not handle flow reversal and steam generator blow-down accidents.
The heat transfer modes in evaporators are limited to subcooled and saturated boil
ing and effect of film boiling after the dry out is neglected.

Input Data

The following 13 NAMELIST statements are used to input the required data for SGTHD1: 

NAMELIST/SGA01/EPSI,P

where:

EPSI = accuracy criteria for drum pressure iteration (units of pressure), and 
P(i) = vector of 21 tertiary system nodal pressures (see Figure 11-13 for node 

definitions).

NAMELIST/SGA02/H

where:

H(i) = vector of 21 tertiary system initial nodal enthalpies.

NAMELIST/SGA03/TCS

where:

TCS(i) = initial sodium temperature at secondary system node i (i=l,19; note 
that the first 7 are dummies and may be set to zero).

NAMELIST/SGA04/XLT,XL,ACF,TKON

where:

XLT = total effective tube length in an evaporator module.
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XL (i) = length of pipe (or region) from tertiary system node i-1 to node i 
(i=l,21);
NOTES:
XL(1) and XL(3) are not used by the code (may be set to zero),
XL(2) = total effective length of steam drum,
XL(9) and XL(10) are calculated internally by the code (using XLT and 
the calculated boiling lengths), and thus may be input as zero;

ACF = fouling area correction factor for heat transfer in the superheater, 
and

TKON = thermal conductivity of the superheater and evaporator tubes.

NAMELIST/SGA05/Z

where:

Z(i) = elevation of the tertiary system node i (i=l,21; NOTE: Z(9) may be input 
as zero).

NAMELIST/SGA06/XLS

where:

XLS(i) = length of pipe (or region) from secondary system node i-1 to node i 
(i=l,19);
NOTES:
XLS(l) -*■ XLS(8) are dummies and should be set to zero,
XLS(9) and XLS(10) are determined by the code and may be set to zero.

NAMELIST/SGA07/PITCH,D

where:

PITCH = evaporator and superheater tube pitch, and 
D(i) = vector of inner diameters of tertiary system pipes of NAMELIST/SGA04/

(i-1,21).

NAMELIST/SGA08/DS,DEL,XN

where:

11-67



DS (i)

DEL(i)

XN(i)

vector of inner diameters of shrouds (in evaporators and superheater) 
and piping in the secondary system, corresponding to the pipes of 
NAMELIST/SGA06/ (i=l,19).
vector of tube wall thicknesses (in evaporators and superheater) and 
pipe wall thicknesses, corresponding to the tertiary side piping 
(i=l,21), and
vector of the number of tubes or pipes corresponding to the tertiary 
pipes (or regions) of NAMELIST/SGA04/, note that the split of 
piping between nodes 6 and 12 is internally represented. For 
example, to model a system where the piping from the evaporators 
to the steam drum remains separate, XN should be as follows:
XN(8) -* XN(ll) = number of tubes in each evaporator,

XN(13) = 2.,
XN(15)-»- XN(20) = number of tubes in the superheater.
all other XN =1.
NOTE: DS(i) may be set to zero for i=l,7; the proper values must 
be included for i=8,9 in this case.

NAMELIST/SGA09/A1,A2,AZ,TS,TR,TMIN,DSPEED,SSPEED,TMD,MINERT

where:

A1,A2 correspond to a,b of the tertiary system version of Eq. 6-17,
AZ,TS,TR,TMIN correspond to a , T , T , T . of the tertiary system versiono S R mm
of Eq. 6-19,
DSPEED = recirculation pump design speed,
SSPEED = recirculation pump synchronous speed (constant),

TMD = recirculation pump design torque, and 
MINERT = pump moment of inertia (see Eq. 6-20).

NAMELIST/SGA10/KFW,KCV,HDSP

where:

KFW
KCV

HDSP

feedwater flow trim conversion gain, 
feedwater valve controller conversion gain, 
normalized steam drum setpoint water level.

and
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NAMELIST/SGA11/W1100,W2100,WI,W2,W3,CVP,ALFA

where:

W1100 = 100% rated value of feedwater flow.
W2100 = 100% rated value of recirculation line flow.

WI = initial feedwater flow.
W2 = initial recirculation line water/steam flow.
W3 = initial steam flow,
CVP = initial feedwater valve opening (normalized), and

ALFA = initial value of recirculation pump speed (normalized).

NAMELIST/SGA12/TAUS

where:

TAUS(1) = time constant of device measuring drum level.
TAUS(2) = time constant of device measuring steam flow.
TAUS(3) = time constant of device measuring feedwater flow, and
TAUS(4) = time constant of feedwater valve controller.

NAMELIST/S GA13/WFMIN,WFMAX,CVMAX,WAUXM,HAUW,HDAUX,HDMAX

where:

WFMIN,WFMAX,CVMAX correspond to W„ . , W^ , S„7 of Eg. 9-15,
e F,min F,max FV

max
WAUXM = maximum auxiliary water mass flow rate,
HAUW = auxiliary water enthalpy.

HDAUX = minimum normalized drum level under auxiliary feedwater flow (any less
forces full opening of auxiliary feedwater valve), and

HDMAX = maximum normalized drum level under auxiliary feedwater flow (any more
forces full closing of auxiliary valve).

Initial Conditions

The initial conditions to the 39 differential equations are supplied through 
NAMELIST/SGA02, SGA03, SGA11/ and the rest are calculated by the model as necessary
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Input Process Variables

There are three input process variables that must be supplied through the argument 
of SGTHD1;

TISH = superheater inlet sodium temperature, loop-1,
KMM = control integer for the recirculation pump operation 

KMM = 1.0 — normal operation 
KMM = 0.0 — pump trip

MODE = control integer for transient selection
MODE =0 — preaccident steady state initialization 
MODE =1 — normal operation

The secondary loop sodium flow is supplied through:

C0MM0N/GET1/...,WI100,WI,.......

where:

WI100 = 100% rated value of sodium flow and 
WI = sodium flow rate in secondary loop-1.

The steam header pressure is available through:

COMMON/PHDR/PH, ...

where:

PH = steam header pressure.

Output Process Variables

The output process variables of subroutine SGTHD1 are the secondary sodium outlet 
temperature from the evaporators, the superheated steam enthalpy and flow rate from 
the superheater outlet steam line (at the inlet of the main steam header inlet 
nozzle).

The sodium outlet temperature is used in subroutine DELAY1, and the superheater 
enthalpy and flow are the required inputs to subroutine TURBO.
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Figure 11-14 describes the input and output process variables of subroutine SGTHD1.

The steam drum measured water level is also an output that is required by subroutine 
SCRAM during the transients.

MODE
TISH1

KMM

H (21)
----- >

TCS(8)
HDM

X
______ N.

Figure 11-14. Input and Output Variables of Subroutine SGTHD1

Required Subprograms

Functions:

o DENSOD = computes density of subcooled liquid sodium as function 
of temperature,

o SPHSOD = computes heat capacity of liquid sodium at constant pres
sure as a function of temperature,

o VISSOD = computes the dynamic viscosity of liquid sodium as a 
function of temperature,

o THCSOD = computes the thermal conductivity of liquid sodium as a 
function of temperature,

o SURFTN = computes the surface tension of water as a function of 
temperature and specific volume,

o PSAT = computes the saturation pressure of water as a function of 
temperature,

o TC0ND1 = computes the thermal conductivity of water as a function 
of pressure and temperature,

o TC0ND2 = computes the thermal conductivity of steam as a function 
of temperature and specific volume,

o DVISC1 = computes the dynamic viscosity of water as a function of 
pressure and temperature,

o DVISC2 = computes the dynamic viscosity of steam as a function of 
temperature and specific volume.
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o SHEAT1 = computes the heat capacity at constant pressure for water 
as a function of pressure and temperature,

o SHEAT2 = computes the heat capacity at constant pressure for steam 
as a function of pressure and temperature,

o SPV0L2 = computes the specific volume of steam as a function of 
temperature and pressure,

o TSTEAM = computes the temperature of superheated steam as a func
tion of enthalpy and pressure,

o TMETAL = computes the tube wall to bulk temperature drop in the 
evaporating region,

o DPMOM = computes the momentum term coefficient in the equation of 
motion, and

o USTG = computes the overall heat transfer coefficient based on the 
steam generator tube outside diameter for the evaporator and 
superheater modules.

Subroutines:

o SWATER = computes the thermodynamic properties of saturated water 
and saturated steam as a function of pressure,

o WATER = computes the thermodynamic properties of subcooled water 
as a function of pressure and enthalpy,

o ENTH = computes the enthalpy of superheated steam in the super
heater iteratively using the prompt approximation condition,

o PROMTT = computes the secondary side sodium temperature by Newton- 
Raphson's Method using the prompt approximation conditions,

o DRUM = computes the drum pressure as a function of specific in
ternal energy and specific volume iteratively using a thermo
dynamic equilibrium model,

o LMTDIF = computes the logarithmic mean temperature difference,

o BRHTC = computes the heat transfer coefficient for the boiling 
portion of the evaporator,

o CHFLX = computes the distance at which the dryout occurs from the 
saturation point using a critical heat flux correlation,

o ARMAND = computes the two-phase flow frictional multiplier using 
the Armands Method,

o PTIME = computes the partial derivatives with respect to speed of 
pump hydraulic and friction torques,

o RPSPD = computes the recirculation pump speed in prompt approxi
mation ,
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o PHEAD = computes the recirculation pump head as a function of speed 
and flow.

o PTORQ = computes the recirculation pump torque as a function of 
speed and flow, and

o TFRIC = computes the pump frictional torque.

Additional Comments:

Subroutine SGTHD1 has an additional entry, PUTSG1, which is used to print the la
test results computed by SGTHD1.

In addition to the aforementioned variables, subroutine SGTHD1 employs a number of 
internal variables which, however, do not need to be specified in order to use 
SGTHD1.

SUBROUTINE SGTHD2(TISH,KMM,MODE)

Subroutine SGTHD2 is identical to subroutine SGTHD1 and is used to compute the tran
sient behavior of the Steam Generator System of loop-2.

The recirculation pump characteristics are exactly identical to those of loop 1 and 
are made available to SGTHD2 through COMMON storage location ARPP.

Each of the two subroutines, SGTHD1 and SGTHD2, is allocated in a separate storage 
area and, thus, the values of the variables associated with each subroutine are pre
served and processed independently without any possibility of error.

The input data to SGTHD2 corresponds, with one exception, to the input data of sub
routine SGTHD1, except that the NAMELIST names all begin SGB (instead of SGA). The 
lone exception is in:

NAMELIST/SGB09/TMD,MINERT

because the other pump characteristics are identical to loop-1.

SUBROUTINE TURBO (MODE, W31, W32, H211, H212)

Purpose and Scope:

Subroutine TURBO simulates the main steam header, the turbine throttle valve, the 
turbine bypass (dump) valve and the header relief valves. The steam header pres-
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sure, temperature and enthalpy are calculated using conservation of mass and energy 
along with appropriate equations of state (steam tables and/or a corrected ideal 
gas model for water vapor).

Method:

The detailed descriptions of the equations used are given in Section 9 of this re
port. There are five differential equations in the submodel which simulate the fol
lowing variables:

Y(l) = MH = mass of superheated steam inside the header,
Y(2) = IE = total internal energy of the superheated steam,
Y(3) = PM = measured header pressure at the guage,
Y(4) = TVP = fraction of the throttle valve opening, and
Y(5) = DVP = fraction of the dump (bypass) valve opening.

These variables are passed to the master program as R9(5).

The turbine throttle, bypass and header relief valves operate to keep the steam 
header pressure near constant.

Limitation:

The model does not calculate choked flow conditions at the valves, and hence there 
is no limitation on the steam flow rate through throttle, dump and relief valves.

The concept of acoustic wave phenomena has not been included, although acoustic 
waves may be of some importance during the turbine trip accident.

Relief Vo Ive

Atmosphere

Throttle ValveLoop I —^ St earn 
Header Turbine

Bypass Valve
To

Condensor

Figure 11-15. Main Steam Header and Turbine Flow Control
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Input Data

The required data for subroutine TURBO are inputed via the following two NAMELIST 
statements.

NAMELIST/SHD1/VH,KTV,KDV,TVP,DVP,TAUf PSPTV,PSPDV,PSPRV

where:

VH = 
KTV = 
KDV = 
TVP = 
DVP = 
TAU = 

PSPTV = 
PSPDV = 
PSPRV =

total volume of the main steam header,
throttle valve controller conversion gain,
dump valve controller conversion gain,
fractional opening of the throttle valve (initially),
fractional opening of the dump valve (initially),
time constant for the pressure gauge at the header,
throttle valve set point pressure,
dump valve set point pressure, and
relief valve set point pressure.

NAMELIST/SHD2/WT100,WNMAX,WNMIN,PH,PC,CT,CTV,CDV,CRV

where:

WT100 = 100% rated value of the turbine flow,
WNMAX = maximum fractional flow through the throttle valve,
WNMIN = minimum fractional flow through the throttle valve,

PH = main steam header initial pressure,
PC = condenser pressure,
CT = frictional loss in the turbine and stationary valve (in units of 

pressure),
CTV = frictional loss in the pipe and throttle valve (in units of pressure),
CDV = frictional loss in the bypass valve and piping (in units of pressure),

and
CRV = inverse of frictional loss in the relief valve (in units of inverse 

pressure).

Initial Conditions:

The following initial conditions were inputed through the input data.
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Y (4) = TVP 
Y(5) = DVP

and the other three initial conditions are calculated by subroutine TURBO.

Input Process Variables;

There are five input variables that come to TURBO through the subroutine argument. 
They are:

MODE = control integer for transient selection,
MODE =0 — preaccident steady state initialization,
MODE =1 — normal operation,
MODE =4 — turbine trip,
MODE =5 — uncontrolled opening of the dump (bypass) valve,

W31 = superheated steam mass flow rate from loop-1,
W32 = superheated steam mass flow rate from loop-2,
H211 = superheated steam enthalpy from loop-1, and,
H212 = superheated steam enthalpy from loop-2.

Output Process Variables:

The only output process variables from subroutine TURBO are the main steam header 
pressure PH, and the steam temperature TMH.

Figure 11-16 shows the input and output process variables of subroutine TURBO.

MODE ^
Subroutine

TURBO PH, TMH ^
s

W31, H211 ?̂
W32, H212 ^

s
S

Figure 11-16. Input and Output Process Variables of Subroutine TURBO

Required Subprograms:

Functions

o TSTEAM = computes the steam temperature as a function of steam enthalpy 
and pressure,

o SPV0L2 = computes the specific volume of steam as a function of steam 
temperature and pressure.
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Subroutines

o HEADER = computes the steam pressure in the main steam header as a 
function of total specific internal energy and specific volume.

Additional Comments:

Subroutine TURBO has one secondary entry, PUTTUR, which is used to print the latest 
results computed by TURBO.

SUBROUTINE SCRAM(MSCRAM,KMM1,KMM2,KMS1,KMS2,KPM1,KPM2)

Purpose and Scope

Subroutine SCRAM compares various parameters (as sensed through measuring devices 
with known time constants) with reactor trip equations to determine whether a reac
tor shutdown is warranted.

Presently, the subroutine includes 9 possible trip equations for a primary control 
rod scram, and 4 equations for a secondary scram. Room has been left in the subrou
tine for the easy addition of 2 more trip equations, one primary and one secondary.

The actual plant trip may be delayed from the time of the trip signal by means of 
input, constant delay times. Separate delays are provided for control rod insertion, 
primary pump trip, secondary pump trip, and tertiary recirculation pump trip.

In addition, any pump or either control rod system may be tripped manually at any 
given time (see master program, NAMELIST/MASD/). These manual trips are overridden 
by any automatic trip which may occur at an earlier time in the transient.

Any trip equation may be neglected if desired, as provided in the input data set.

Method

Most of the variables used in the trip equations have already undergone measure
ment delays because they are used in the reactor power and flow/speed controllers.

Certain variables, however, do not have measured values, so these must be determined 
within subroutine SCRAM. To accomplish this, a vector is set up for integration 
within function RUNGE. This vector has 7 variables and is set up as follows:

R(l) = PRESM = measured normalized pressure at the reactor vessel inlet,
R(2) = ZRVOPM = measured sodium level above reactor vessel outlet nozzle.
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R(3) = PNRMM = measured normalized reactor power (flux),
R(4) = TIHX1M = measured IHX primary sodium outlet temperature in loop-1,
R(5) = TIHX2M = measured IHX primary sodium outlet temperature in loop-2,
R(6) = TVAP1M = measured evaporator outlet sodium temperature in loop-1, and
R(7) = TVAP2M = measured evaporator outlet sodium temperature in loop-2.

This vector is passed to the master program as RIO(7).

It is assumed that the determination of whether power is increasing or decreasing 
(i.e. whether the total reactivity RO is positive or negative) is instantaneous.

As soon as a primary trip is initiated, no further calculation of the primary trip 
levels is done. The same is true for the secondary trips. The pump trips will oc
cur due to the earliest of the control rod trips.

Limitations

At present, the same delay is used for a control rod trip in either the primary or 
the secondary scrams.

Input Data

NAMELIST/SCR1/N0SCRAM,DELAY,PMPDEL

where:

NOSCRM = vector of 15 integers which consists of the plant trips that are to 
be neglected, filled out with zeroes (e.g., to allow only primary 
system scrams, the value of NOSCRAM should be:
NOSCRAM = 11,12,13,14,15,0,0,0,0,0,0,0,0,0,0;

Note that the neglected scrams must appear in increasing order); 
DELAY = delay time between trip signal and control rod drop, and 
PMPDEL = vector of 6 delay times between trip signal and pump shut-off:

2 primary, 2 secondary, and 2 tertiary.

NAMELIST/SCR2/PLIM,TCON,A2,B2,C2,D2,A3,B3,C3,D3,A4,B4,C4,A6,B6,C6,A8,ZLEVEL, 
THXSCR

These are the parameters in the primary trip equations of Table 4-1 where:
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PLIM = cf> max in #1 trip.

TCON = X '
A2 = A2
B2 B2 • in #2 trip,
C2 C2
D2 d2J
A3 = V
B3 = B,
C3 “

C3
• in #3 trip,

D3 = D3J
A4 A4
B4 = B4 in #4 trip,
C4 = C4
A6 = A6
B6 = B6 in #6 trip,
C6 = C6
A8 A8 in #8 trip,

ZLEVEL = ZL in #7 trip.

THXSCR Tshx in #9 trip.

NAMELIST/SCR3/All,Bll,Cl1,A12,B12,Cl2,DRUMAX,TVAPSC 

These are the parameters in the secondary trip equations of Table 4-2, where:

All A11
Bll = B11 * in #n trip.
Cll CHj
A12 A12
B12 = B12 ■ in #12 trip.
C12 = C12

DRUMAX = HD,max in #13 trip.

TVAPSC Tsev in #14 trip.

NAMELIST/SCR4/TAU

where TAU is a 7 element vector of measurement time constants for the following:
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TAU(1) = time constant
TAU(2) = time constant
TAU(3) = time constant
TAU(4) = time constant
TAU(5) = time constant
TAU(6) = time constant

and
TAU(7) time constant

for reactor vessel inlet pressure measurement,
for sodium level measurement,
for reactor power measurement,
for IHX-1 outlet temperature measurement,
for IHX-2 outlet temperature measurement,
for evaporator outlet temperature measurement in loop 1,

for evaporator outlet temperature measurement in loop 2.

Initial Conditions

All initial conditions are set up within the subroutine scram itself. The initial 
conditions of all the measured quantities are set to the initial values of the quan
tities themselves, because the reactor is assumed to be at steady state initially.

Input Process Variables

All the input process variables are supplied to subroutine SCRAM by means of COMMON 
statements.

COMMON/SCRH/ALM1,ALM2,PRES,WM1,WM2,ZRVOP

where:

ALM1 = measured value of the normalized pump speed in primary loop-1,
ALM2 = measured value of the normalized pump speed in primary loop-2,
PRES = normalized reactor inlet pressure,
WM1 = measured value of the normalized flow rate in primary loop-1,
WM2 = measured value of the normalized flow rate in primary loop-2, and

ZRVOP = sodium level in the reactor vessel above the outlet nozzle.

C0MM0N/SCRM/ALIM1,ALIM2,WIM1,WIM2,TIHX1,TIHX2

where:

ALIM1 = measured value of the normalized pump speed in intermediate loop-1
ALIM2 = measured value of the normalized pump speed in intermediate loop-2
WIM1 = measured value of the normalized flow rate in intermediate loop-2,
WIM2 = measured value of the normalized flow rate in intermediate loop-2,
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TIHX1 = primary side outlet sodium temperature of heat exchanger in loop-1, and 
TIHX2 = primary side outlet sodium temperature of heat exchanger in loop-2.

COMMON/SCRP/PNRM,RO 

where:

PNRM = normalized reactor power, and 
RO = total reactor reactivity.

C0MM0N/SCRT/HDM1,HDM2,TEVAP2,WSTM1,WSTM2,WFWM1,WFWM2

where:

HDM1 = measured value of normalized steam drum level in loop-1,
HDM2 = measured value of normalized steam drum level in loop-2,

TEVAP1 = evaporator outlet sodium temperature in loop-1,
TEVAP2 = evaporator outlet sodium temperature in loop-2,
WSTM1 = measured value of normalized steam flow rate in loop-1,
WSTM2 = measured value of normalized steam flow rate in loop-2,
WFWM1 = measured value of normalized feed-water flow rate in loop-1, and
WFWM2 = measured value of normalized feed-water flow rate in loop-2.

Output Process Variables

All of the output process variables of subroutine SCRAM are transferred through the 
subroutine arguments. These are:

MSCRAM =

KMM1 =

KMM2 = 
KMS1 = 
KMS2 =

control integer for reactor scrams,
0, normal operation,

MSCRAM = ■ 1' Primary system scram,
2, secondary system scram, and
3, both primary and secondary reactor scrams;

control integer for primary pump 1
J 1.0, pump operational, and KMM1 = ^
( 0.0, pump motor shut off; 

same as KMM1, but for primary pump 2, 
same as KMM1, but for intermediate pump 1, 
same as KMM1, but for intermediate pump 2,
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KMG1 = same as KMM1, but for recirculation pump 1, and 
KMG2 = same as KMM1, but for recirculation pump 2.

measured system flow rates and pump speeds.

Subroutine
SCRAM

reactor vessel sodium level
s

reactor vessel inlet pressure X
reactor power and reactivity v.X
heat exchanger outlet temperature ^-------------- ------- --------------
evaporator outlet temperature
measured steam drum levels ^------------------------------------

MSCRAM
KMM1, KMM2 N.
KMS1, KMS2
KMG1, KMG2 _N*

Figure 11-17. Inputs and Outputs of Subroutine SCRAM

Required Subprograms 

None.

Additional Comments

In addition to the previously mentioned variables, subroutine SCRAM contains sev
eral internal variables which need not be defined in order to use the subroutine.

Subroutine SCRAM has one secondary entry, PUTSCR, which is used to print the latest 
values for the variables measured in SCRAM.

ANCILLARY PROGRAMS

There are 59 ancillary subprograms which are required by the major subroutines dis
cussed in the previous sections.

These subprograms (functions and subroutines) are mostly general, and include the 
thermophysical properties of liquid sodium, water and steam, and may be replaced by 
other more up-to-date correlations and data as they become available.

They also include some of the more specific aspects of the plant modeling such as 
the reactor fuel energy equations and the compressible flow models of the steam 
drum and steam header. These models can be altered as needed by the user and will 
not create any major difficulty in the overall model.
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Because all variables are internally represented in English units, these subpro
grams must accept input and provide output in English units. To avoid confusion, 
in case one wishes to alter a particular correlation, the required units are listed 
in this section.

FUNCTION VISSOD(X)

The VISSOD function computes the dynamic viscosity of liquid sodium as a function of 
its temperature measured in °F. The dynamic viscosity is first computed in units 
of poises, using an analytical expression and then converted into units of Ib/ft - 
hr (17).

The input process variable is:

X = sodium temperature, °F.

The output process variable is:

VISSOD = dynamic viscosity of sodium, Ib/ft - hr.

FUNCTION SPHSOD(X)

SPHSOD function computes the heat capacity of sodium as a function of its temper
ature °F. The heat capacity is computed in Btu/lb^ - °F using an analytical ex
pression (17) .

The input process variable is:

X = sodium temperature, °F.

The output process variable is:

SPHSOD = liquid sodium heat capacity, Btu/lb^ °F.

FUNCTION THCSOD(X)

THCSOD computes the thermal conductivity of liquid sodium as a function of its tem
perature in °F. An analytical expression is used to obtain the liquid sodium ther
mal conductivity in Btu/ft - hr - °F (17).
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The input process variable is:

X = sodium temperature, °F.

The output process variable is:

THCSOD = liquid sodium thermal conductivity, Btu/ft -hr - °F.

FUNCTION DENSOD(X)

The DENSOD function computes the density of liquid sodium as a function of its tem-
3perature measured in °F. The sodium density is computed in lb /ft using an anal-m

ytical ejqpression (17).

The input process variable is:

X = sodium temperature, °F.

The output process variable is:

DENSOD = liquid sodium density, lb /ft^.m

SUBROUTINE PHYPRS(N)

Subroutine PHYPRS computes the physical properties of liquid sodium as well as the 
flow Reynolds Number. The liquid sodium density, viscosity, specific heat, and 
thermal conductivity as well as the Reynolds Number are calculated in N different 
nodes.

The input process variables are:

N = total number of nodes/regions for which physical properties and Reynolds 
number needs to be calculated 

COMMON/PHY1/TCAV(232)
TCAV(232) = vector of 232 sodium average temperatures, °F 

C0MM0N/PHY2/G(232)
2G(232) = vector of 232 sodium mass fluxes, lb /ft - hrm

COMMON/PHY3/DH(232)
DH(232) = vector of 232 hydraulic equivalent diameters, ft
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The output process variables are:

COMMON/PHY 4/DEN(232)
DEN(232) = vector of 

C0MM0N/PHY5/VIS(232)
VIS (232) = vector of 

COMMON/PHY 6/CPS(232)
CPS(232) = vector of 

COMMON/PHY7/XKS(232)
XKS(232) = vector of 

COMMON/PHY 8/RES(232)
RES(232) = vector of

232 sodium densities, lb /ftm

232 sodium dynamic viscosities, Ib/ft - hr

232 sodium heat capacities, Btu/lb^ - °F

232 sodium thermal conductivities, Btu/hr - ft °F

232 sodium Reynolds numbers

3

The following subprograms are required:

Functions

o DENSOD = computes the density of liquid sodium,

o VISSOD = computes the viscosity of liquid sodium,

o SPHSOD = computes the specific heat of liquid sodium, and

o THCSOD = computes the thermal conductivity of liquid sodium.

Subroutines 

o None.

FUNCTION FRFAC(RE,P,D,WL,M)

The FRFAC function calculates the moody friction coefficient in the reactor fuel 
rod bundle or inside a smooth pipe for the complete flow spectrum. The function 
uses analytical relationships described in Section 6 of this report, to calculate 
the 4f factor.

The required input process variables of the FRFAC function are:

RE = flow Reynolds number 
P = rod pitch, ft 
D = rod outside diameter, ft 
WL = spiral wire spacer lead, ft
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M = control integer
M = 0 — for a pipe
M = 1 — for reactor fuel rod bundles

Note: when FRFAC is used for a pipe, P, D, and WL should be specified as some dum
mies since Re and M are the only required inputs.

The output process variable is:

FRFAC = moody friction factor.

SUBROUTINE CHEAP(N,GC,ZO,Z,D0,DC,W,P1,P2,F,A,DE,XL,DPG,FT,XKT)

Subroutine GHEAD calculates the overall contributions to the flow due to bouyancy 
effects, the total sum of moody friction factors and a velocity head loss factor for 
a pipe run or a reactor coolant region of N subsections.

Subroutine GHEAD uses the sodium densities, relative elevations, flows, and initial 
pressure along with the moody friction factor to calculate:

DPG
3c i=ll <Zi-L - V

N 4f L
FT = --- > --------

gc i=l p± di A±

and only once initially:

144 (P1~P2) + DPG

XKT = CT - FT
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The following input process variables are made available to subroutine GHEAD via the 
arguments (see also Fig. 11-18):

N = number of coolant regions or pipe subsections in series,
8 2 GC = conversion factor of 4.17x10 lb - ft/lb, - hr ,m r

ZO = relative elevation at the region or pipe inlet, ft 
Z = relative elevations at the N nodes or subsections, ft,

3DO = coolant density at the pipe inlet, lb /ft ,
m 3DC = coolant density at the N nodes or subsections, lb /ft ,m

W = coolant mass flow rate in the pipe or region, Ib^/hr,
2PI = pipe or region inlet pressure, lb^/in ,
2P2 = pipe or region outlet pressure, lb^/in ,

F = moody friction factor at N locations,
2A = flow cross-sectional area, ft ,

DE = hydraulic equivalent diameter, ft, and 
XL = length of N subsections, ft.

PI
«-XL(l)-

ZO
DO

Z(l) 
DC (I) 
F(l)

<-XL(N)-iI

ZlN) 
D C (N) 
F(N)

Figure 11-18. Pictorial Description of Arguments of Subroutine GHEAD

The following are the output process variables of subroutine GHEAD:

2DPG = total sum of the gravitational pressure gradients, lb^/ft ,
FT = total sum of the friction factors, and 

XKT = total velocity loss factor.

FUNCTION HCORE(RE,PE,DEQT, XK)

The HCORE function computes the convection heat-transfer coefficient for liquid so
dium flowing along a bundle of circular rods, as functions of flow Reynolds and 
Peclet numbers.
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Two different correlations are used depending upon the flow regimes: laminar (Equa
tion 5-14), and turbulent (Equation 5-15).

The input process variables are:

RE = Reynolds number,
PE = Peclet number,

DEXT = thermal equivalent diameter of sodium flow cell area, ft, and 
XK = thermal conductivity of liquid sodium, Btu/hr - ft - °F.

The output process variable is:

2HCORE = convection heat-transfer coefficient, Btu/hr - ft - °F.

SUBROUTINE UATOT(L,N,KM,KG,KC,DG,DC,H,D,R,Q,UA,TM,TSOD,TMAX,TCLAD,TFILM)

Subroutine UATOT computes the overall heat-transfer coefficient, UA, of a reactor 
assembly. Using a quasi-steady state approximation it also computes the average 
centerline temperature of the heat generating material, TMAX; the inner face tem
perature of the cladding, TCLAD; and the film temperature, TFILM.

The overall heat-transfer coefficient is computed by means of thermal resistances 
taken in series using the condition that the thermal-heat flux must be the same 
through all layers. The thermal resistances are considered from the equivalent ra
dius of the heat-generating material to the point of average coolant temperature.
The centerline temperature, as well as other temperatures at several intermediate 
locations, are computed with knowledge of partial thermal resistances (see Equations 
5-8 and 5-11).

The input process variables are:

L = total effective heat transfer length, ft,
N = total number of pins of one kind,
KM = thermal conductivity of heat generating material, Btu/hr - ft °F,
KG = thermal conductivity of the gas filled gap, Btu/hr - ft - °F,
KC = thermal conductivity of the cladding, Btu/hr - ft - °F,
DG = gas filled gap thickness, ft,
DC = cladding thickness, ft,

2H = convection heat transfer coefficient, Btu/hr - ft - °F
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D = pin external diameter, ft,
R = radius of heat generating pellet, ft,

3Q = volumetric heat rate, Btu/hr - ft ,
TM = average temperature of heat generating material, °F, and 

TSOD = average temperature of sodium, °F.

The output process variables are:

UA = overall heat transfer coefficient times area, Btu/hr - °F 
TMAX = average centerline temperature of heat generating material, °F 

TCLAD = average cladding temperature at the inner face, °F, and 
TFILM = average cladding temperature at the outer face, °F.

SUBROUTINE JET(ZCH.RO,WC,DB,DC,ZJET)

Subroutine JET calculates the average jet penetration distance in the reactor outlet 
plenum. Detailed description of the method used is given in Section 5 of this 
report.

The input process variables are:

ZCH = chimney height, ft,
RO = radial coordinate of the jet flow, ft,
WC = average reactor core flow, lb /hr,

m 3DB = average sodium density in the lower zone of outlet plenum, lb /ft , and
3 mDC = average sodium density in the core, lb /ft .m

The outlet process variable is:

ZJET = jet penetration distance in the reactor outlet plenum, ft.

SUBROUTINE DFUEL(DF,VF,CF,QFV,UA,TF,TCIN,TCOUT,DTF)

Subroutine DFUEL calculates the time rate of change of reactor fuel average temper
atures as function of nuclear heat generated and the heat transferred to the cool
ant. Detailed description is given in Section 4 of this report.

The input process variables are:

DF = fuel average density, lb /ft"^,m
VF = fuel region volume, ft^.
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CF = fuel average heat capacity, Btu/lb °Fm 3
QFV = volumetric heat rate generated in the fuel, Btu/hr - ft 
UA = overall heat transfer rate per degrees, Btu/hr - °F (UA — heat transfer 

coefficient x heat transfer area)
TF = fuel region average temperature, °F,

TCIN = coolant temperature at the inlet of the region, °F, and 
TCOUT = coolant temperature at the outlet of the region, °F.

The output process variable is:

DTF = time rate of change of reactor fuel region temperature, °F/hr.

SUBROUTINE DCOOL(DC,VC,CC,UA,TF,TCIN,TCOUT,PTC)

Subroutine DCOOL computes the time rate of change of reactor coolant region temper
ature, as function of total heat transferred from the fuel and the heat carried out 
due to the motion of fluid. Detailed description is discussed in Section 5 of this 
report.

The input process variables are:

DC
VC
CC
UA

TF
TCIN

TCOUT

3= coolant region average density, Ib^/ft ,
= coolant region volume, ft^,
= coolant region average heat capacity, Btu/lb^ - °F,
= heat transfer rate per degrees, Btu/hr - °F (overall heat transfer co

efficient times the heat transfer area of fuel),
= fuel region average temperature, °F,
= coolant region inlet sodium temperature, °F, and 
= coolant region outlet sodium temperature, °F.

The output process variable is:

DTC = time rate of change of coolant region average sodium temperature, °F/hr.

SUBROUTINE TIMECF(D,V,C,UA,TAU)

Subroutine TIMECF computes the fuel region characteristic time.

The input process variables are:
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D = fuel region average density, lb /ft^,
3 mV = fuel region volume, ft ,

C = fuel region average heat capacity, Btu/lb^ - °F, and 
UA = rate of heat transfer per degrees, Btu/hr - °F.

The output process variable is:

TAU = fuel region characteristic time, hr.

SUBROUTINE TIMECC(D,V,C,UA,W,TAU)

Subroutine TIMECC computes the coolant region characteristic time in the reactor.

The input process variables are:

3D = coolant region average density, lb /ft ,m
V = coolant region volume, ft^,
C = coolant region average heat capacity, Btu/lb - °F,m

UA = rate of heat transfer per degree, Btu/hr - °F, and
W = coolant mass flow rate, lb /hr.m

The output process variable is:

TAU = coolant region characteristic time, hr.

SUBROUTINE TFUEL(QFV,VF,UA,TCAV,TF)

Subroutine TFUEL computes the fuel region average temperature in prompt approxi
mation. The time independent form of equation 5-6 is solved for T .

F

The input process variables are:

QFV = volumetric heat generation rate, Btu/hr - ft^,
3FV = fuel region volume, ft ,

UA = heat transfer rate per degree, Btu/hr - °F, and 
TCAV = coolant region average temperature, °F.

The outlet process variable is:

TF = fuel region average temperature, °F.
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SUBROUTINE TCOOL (CC,UA,W,TF,TCIN,TCOUT)

Subroutine TCOOL computes the coolant region outlet temperature in prompt approxi
mation. The time independent form of equation 5-7 is solved for Tco
The input process variables are:

CC = coolant region average heat capacity, Btu/lb - °F,m
UA = heat transfer rate per degree, Btu/hr - °F,
W = coolant mass flow rate, lb /hr,m
TF = fuel region average temperature, °F, and 

TCIN = coolant region inlet sodium temperature, °F.

The output process variable is:

TCOUT = coolant region outlet sodium temperature, °F.

SUBROUTINE PLENI1 (WI1 ,WI2, Til,TI2,TIP2, TIPI,CPU,CPI2)

Subroutine PLENI1 computes the sodium temperature in the reactor lower inlet plenum 
in prompt approximation. The time independent form of Equation 5-1 is solved for

The input process variables are:

WI1 = sodium mass flow rate, loop-1, Ib^/hr,
WI2 = sodium mass flow rate, loop-2, lb /hr,m
Til = sodium temperature at the reactor inlet nozzle of loop-1, °F,
TI2 = sodium temperature at the reactor inlet nozzle of loop-2, °F,

TIP2 = sodium temperature in the upper inlet plenum, °F,
CPU = average sodium heat capacity at Til, Btu/lb - °F, andm
CPI2 = average sodium heat capacity at TI2, Btu/lb - °F.m

The output process variable is:

TIPI = sodium temperature in the reactor lower inlet plenum, °F.

SUBROUTINE PLENI2(M0DE,CPIA,TPI1,TPI2)

Subroutine PLENI2 computes the sodium temperature in the reactor upper inlet plenum 
using prompt approximation. The time independent form of equation 5-2 is solved
for T .B
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The input process variables are:

MODE = control integer for the transient selection,
MODE =1 — normal operation,
MODE =2 — pipe rupture accident,

CPIA = average heat capacity of sodium in the lower inlet plenum, Btu/lb - °F,m
and

TPI1 = sodium temperature in the lower inlet plenum.

The following COMMON storage areas contain the remainder of input process variables: 

COMMON/GET1/...,WLP1,WI2,WIC,WOC,WHC,WCA,WRB,WBP,...

where:

WLP1 — sodium flow rate at the reactor inlet nozzle loop-1, Ib^hr,
WI2 = sodiiim flow rate at the reactor inlet nozzle loop-2, Ib^/hr,
WIC S= sodium flow rate at the reactor inner core region, lb /hr,m
WOC = sodium flow rate at the reactor outer core region, lb /hr,m
WHC = sodium flow rate at the reactor peak core region, lb /hr, m
WCA = sodivun flow rate at the reactor control assemblies region, Ib^/hr,
WRB = sodium flow rate at the reactor radial blanket region, lb /hr,m
WBP — sodium flow rate at the reactor bypass region, lb /hr;

C0MM0N/FBR1/...,TCI,TC2,TC3,TC4,TC5,TC6, ... 

where:

TCI sodium temperature at the inlet of reactor peak core region. °F,
TC2 = sodium temperature at the inlet of reactor inner core region, °F,
TC3 = sodium temperature at the inlet of reactor outer core region, °F,
TC4 = sodium temperature at the inlet of reactor control assemblies region,
TC5 = sodium temperature at the inlet of reactor radial blanket region, 0F,
TC6 = sodium temperature at the inlet of reactor bypass region, °F; and

COMMON/PHY6/...,CPI,CP2,CP3,CP4,CP5,CP6,...

where:

11-93



CPI through CP6 are sodium heat capacities corresponding to TCI through TC6,
Btu/lb - °F. m

The output process variable is:

TPI2 = sodium temperature in the upper zone of reactor inlet plenum, °F. 

SUBROUTINE PLEN01(BETA2,HOP,ZJET,AOPT,HIF,TA,TB)

Subroutine PLEN01 computes sodium temperature in the lower zone of reactor outlet 
plenum using prompt approximation. The time independent form of Equation 5-3 is 
solved for T .

The input process variables are:

BETA2 = control constant (see Eq. 5-3),
HOP = height sodium in the reactor outlet plenum, ft,
ZJET = jet penetration distance in the outlet plenum, ft,

2AOPT = cross sectional area of outlet plenum, ft ,
HIF = constant heat transfer coefficient between the two upper plenum zones, 

Btu/hr - ft2 - °F, and
TA = sodium temperature in the upper zone of outlet plenum, °F. 

C0MM0N/FBR1/...,THC,...,TIC,...,TOC,...,TCA,...,TRB,TBP,... 

where:

THC = sodium temperature at the outlet of peak core region, °F,
TIC = sodium temperature at the outlet of inner core region, °F,
TOC = sodium temperature at the outlet of outer core region, °F,
TCA = sodium temperature at the outlet of control assemblies region, °F,
TRB = sodium temperature at the outlet of radial blanket region, °F, and
TBP = sodium temperature at the outlet of bypass region, °F.

COMMON/GET1/...,WLP1,WI2,WIC,WOC,WHC,WCA,WRB,WBP,...

where:

WLP1 = sodium mass flow rate in loop-1, lb /hr,m
WI2 = sodium mass flow rate in loop-2, lb /hr,m
WIC = sodium mass flow rate in the inner core region, lb /hr.
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WOC = sodium mass flow rate in the outer core region, lb /hr,m
WHC = sodium mass flow rate in peak core region, lb /hr,m
WCA = sodium mass flow rate in control assemblies region, lb /hr,m
WRB = sodium mass flow rate in the radial blanket region, Ib^/hr, and 
WBP = sodium mass flow rate in the bypass region, Ib^/hr.

COMMON/PLNO/CHC,CIC,COC,CCA,CRB,CBP

where:

CHC sodium heat capacity corresponding to THC, Btu/lb - m °F,
CIC = sodium heat capacity corresponding to TIC, Btu/lb - m °F,
COC = sodium heat capacity corresponding to TOC, Btu/lbm °F,
CCA sodium heat capacity corre spending to TCA, Btu/lb - m °F,
CRB = sodium heat capacity corre spending to TRB, Btu/lbm °F,
CBP sodium heat capacity corresponding to TBP, Btu/lb - m °F.

and

The output process variable is:

TB = sodium temperature in the lower zone of reactor outlet plenum, °F.

FUNCTION RUNGE(N,Y,F,X,H,NO)

The RUNGE function integrates up to 489 first-order ordinary differential equations 
using a second-order RUNGE-KUTTA algorithm. This algorithm can be applied, how
ever, only to a selected class of variables from the total of 489. This selection 
is made depending upon the components of an auxiliary vector, NO, which consists of 
the numbers of the variables to which the RUNGE-KUTTA algorithm is not applied. A 
description of the basic method used is given in reference (26) • Function RUNGE 
was adapted from this reference and then modified to accommodate the NO vector.

The input process variables are:

N = number of first-order ordinary differential equations to be integrated,
Y = vector of old values of dependent variables,
F = vector of new derivative values of dependent variables,
X = old value of the independent variable (i.e., time),
H = step increment (i.e., time step),

NO = vector of control integers to identify the differential equations not to 
be integrated.
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The output process variables are:

RUNGE

Y
X

integer used to signal when the integration is terminated 
0, integration completed

RUNGE = ■ 1, integration initialized for this time step 
2, integration continuing in same time step 

new values of the dependent variables, and 
new value of the independent variable.

SUBROUTINE PTORQ(A,V,BP)

Subroutine PTORQ computes the normalized primary, secondary, and recirculation pump 
torque, BP, as a function of normalized pump speed. A, and flow rate, V. Detailed 
descriptions of the analytical expressions used are given in Section 6 (Coolant 
Pumps).

The input process variables are:

A = normalized pump speed, and 
V = normalized pump flow rate.

COMMON/PTRQ/BB(8),DD(8) 

where:

BB and DD are the constants B^ and D^ of Eqs. 6-10, 6-12, 6-14, and 6-16.

The output process variable is:

BP = normalized pump torque.

SUBROUTINE PHEAD(A,V,HEAD)

Subroutine PHEAD computes the normalized pump head, HEAD, as a function of the nor
malized pump speed. A, and normalized pump flow, V. The descriptions of the anal
ytical expressions used are given in Section 6 (Coolant Pumps).

The input process variables are:

A = normalized pump speed, and 
V = normalized pump flow.
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COMMON/PHED/AA(8),CC(8)

where:

AA and CC are the constants A^ and C^ of Eqs. 6-9, 6-11, 6-13, and 6-15.

The output process variable is:

HEAD = normalized pump head.

SUBROUTINE TFRIC(A,AZ,TS,TR,TMIN,TFR)

Subroutine TFRIC computes the frictional torque in the pumps, using Eq. 6-19.

The input process variables are:

A = normalized pimp speed,
AZ = a of Eq. 6-19, o
TS = Tg of Eq. 6-19,
TR = T of Eq. 6-19, and i\

TMIN = T . of Eq. 6-19. min

The output process variable is:

TFR = normalized frictional torque.

SUBROUTINE ALPHP(A,V,GF,KMM,KPM,TMM,TDM,BP,TFR,SLIP)

Subroutine ALPHP computes the normalized primary pump speed in prompt approximation. 
The time independent form of Equation 6-20 is solved iteratively using the Newton- 
Raphson Method for non-linear equations.

The input process variables are:

A = normalized old value of pump speed,
V = normalized pump flow rate,
GF = motor generator set variable frequency, cycles/sec,
KMM = main motor control constant,

KMM = 1.0 — main motor connected,
KMM =5 0.0 — main motor disconnected.
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KPM = pony motor control constant,
KPM =0. — normal operation (pony motor disconnected), and 
KPM =1. — pony motor operational.

COMMON/ALPA/PMS SP,DSPEED,XNP,A1,A2,A 3,AZ,TS,TR,TM 

where:

PMSSP = pony motor synchronous speed, rpm,
DSPEED = pump design speed, rpm,

XNP = number of pairs of poles,
A1 = pump constant = a (see Equation 6-17 and 6-18) ,
A2 = pump constant = b 
A3 = pump constant = c
AZ = friction torque equation constant = aQ (see Equation 6-19),
TS = normalized start-up torque = T ,
TR = normalized rotating torque = T , andR
TM = minimum friction torque = Tm^n-

The output process variables are:

TMM = main motor normalized torque,
TDM = drive motor normalized torque,
BP = normalized pump torque,
TFR = normalized friction torque,

SLIP = normalized slip, and
A = normalized new value of pump speed.

The following subprograms are required:

Subroutines

o PTORQ = computes the normalized pump torque as a function of normalized 
pump speed and flow rate,

o PTIME = computes the partial derivative values of the hydraulic and fric
tion torques with respect to the pump speed, as a function of normalized 
speed and flow, and

o TFRIC = computes the pump frictional torque.
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SUBROUTINE ALPHA(A,V,GF,KMM,KPM,TMM,TDM,BP,TFR,SLIP)

Subroutine ALPHA is exactly identical to subroutine ALPHP except it calculates the 
pump speed in prompt approximation for the secondary pumps.

SUBROUTINE RPSPD(A,V,KMM,TDM,TRP,TFR,SLIP)

Subroutine RPSPD computes the normalized recirculation pump speed using prompt ap
proximation. The time independent form of Equation 6-20 is solved for normalized 
pump speed iteratively using the Newton-Raphson method for non-linear equations.

The input process variables are:

A = normalized old value of the recirculation pump speed,
V = normalized recirculation pump flow rate,

KMM = motor control constant
KMM = 1.0 — normal operation,
KMM = 0.0 — recirculation pump disconnected.

COMMON/ARPP/DSPEED,SSPEED,A1,A2,AZ,TS,TR,TM

where:

DSPEED = recirculation pump design speed, rpm,
SSPEED = recirculation pump synchronous speed, rpm,

A1 = pump constant = a (see Equation 6-17),
A2 = pump constant = b,
AZ = friction torque equation constant = (see Equation 6-19),
TS = normalized start-up torque = T^,
TR = normalized rotating torque = T , and 
TM = normalized firction torque = .

The output process variables are:

TDM = normalized drive motor torque,
TRP = normalized recirculation pump torque,
TFR = normalized friction torque,
SLIP = normalized slip, and

A = normalized new value of the recirculation pump speed.
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The following subprograms are required:

Subroutines

o PTORQ = computes the normalized pump torque as a function of normalized 
recirculation pump speed and flow rate,

o PTIME = computes the partial derivative values of the hydraulic and fric
tion torque with respect to the recirculation pump speed as a function of 
normalized recirculation pump speed and flow, and

o TFRIC = computes the pump friction torque.

SUBROUTINE PTIME (fl,V,AZ,TS,TR,DTP,DTF)

Subroutine PTIME computes the partial derivatives of pump and friction torques with 
respect to pump speed. This is necessary to calculate both the pump time constant 
and pump speed when time constant is short compared to time step. Partial deriva
tives with respect to speed are evaluated using analytical expressions for the pump 
torque, and the friction torques of Section 6 (Coolant Pumps).

The input process variables are:

A = normalized pump speed,
V = normalized pump flow rate,
AZ = constant in friction torque equation (Eq. 6-19),
TS = normalized start-up torque, Ts, and
TR = normalized rotating torque, T .R

The output process variables are:

DTP = normalized partial derivative of pump torque, and 
DTF = normalized partial derivative of pump friction torque.

SUBROUTINE PIPE(N,L,K,W,TCI,TC,TW,FC,FW,DI,DEL,STOT,ATOT,VCTOT,XKSS,ROVCW,VCPRIM,
CC,DC,VIS,XK,REC,U,UAPR,TAUC,TAUW)

Subroutine PIPE computes coolant exit temperatures and, optionally, average wall 
temperatures for up to ten equal length subsections of a pipe run of constant diame
ter. Two time-dependent heat balance equations are used for each pipe subsection, 
one for the sodium exit temperature and the other for the average pipe wall temper
ature. The latter is not computed if heat storage in pipe walls is neglected.
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The input process variables are:

N = number of equal-length pipe subsections (N = 1, 2, 10)
L = control integer for wall heat storage option,

L = 0 — heat storage considered 
L = 1 — heat storage neglected

K = control integer for characteristic time calculation with integration,
K = 3 — characteristic times to be calculated

W = sodium mass flow rate inside the pipe, lb /hr,m
TCI = sodium temperature at the pipe run inlet, °F,
TC = vector of coolant temperatures (old values), °F,
TW = vector of wall temperatures (old values), °F,
DI = pipe inside diameter, in,

DEL = pipe wall thickness, in,
2STOT = total pipe wall cross-sectional area, ft ,

VCTOT = total coolant volume per pipe run, ft^,
XKSS = thermal conductivity of pipe wall material, Btu/hr - ft - °F,

ROVCW = pipe wall density times volume times heat capacity, Btu/°F,
3VCPRIM = coolant volume per section, ft ,

CC = vector of coolant average heat capacities, Btu/lb^ - °F,
DC = vector of coolant average densities, lb /ft^,m

VIS = vector of coolant average viscosities, Ib/ft - hr,
XK = vector of coolant average thermal conductivities Btu/hr - ft - °F, and 

REC = vector of Reynolds numbers.

The output process variables are:

2U = vector of overall heat transfer coefficient, Btu/hr - ft - °F,
UAPR = vector of rate of heat transfer per degree per subsection, Btu/hr - °F, 
TAUC = vector of coolant characteristic times, hr,
TAUW = vector of wall characteristic times, hr,
FC = vector of derivative values for the pipe coolant temperatures, °F/hr, 

and,
FW = vector of derivative values of pipe wall temperatures (computed if 

heat storage is considered), °F/hr.

FUNCTION DPMOM(A1,A2,D1,D2,GC)

The DPMOM function computes the area change coefficient of the pressure change due
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to fluid momentum in Equation 6-1. The DPMOM function uses the cross sectional 
areas Al, A2 and the coolant density Dl, and D2 to calculate:

DPMOM 2GC (— + —) (—--VA1 A2’ 'D1A1
_1__
D2A2•)

The input process variables are:

2Al = flow cross-sectional area at location 1, ft ,
2A2 = flow cross-sectional area at location 2, ft ,

3Dl = flow average density at location 1, lb /ft ,
m 3D2 = flow average density at location 2, lb /ft , and

8 2GC = conversion factor = 4.17x10 lb - ft /lb, - hr ,m f

The output process variable is:

DPMOM area charge coefficient. lb - hr2/lb 2 f m ft2

FUNCTION TMETAL(C,HS,HW,DTTOT)

The TMETAL function computes the average temperature drop from the evaporator tube 
surface to the boiling water bulk temperature. The nucleate boiling coefficient 
discussed in Section 9 (Heat Transfer Coefficients) cannot be computed unless tube 
wall to bulk temperature drop T is available. Assuming the quasi-static approxi-X
mation (neglecting tube wall heat capacity), conservation of energy requires:

K_
hs + (ir+15 Txs

AT = 0 T

where:

K =
U,- A.f fg

/af/(Pf-Pg)

- 3

0.013 X, (C y,A.p) _ fg pf f f
1.7 (see Section 9)

h = secondary sodium side heat transfer coefficient, Btu/hr - ft - °F,
2h = tertiary water side convection coefficient, Btu/hr - ft - “F, c

ATt = total average temperature drop from sodium side to water side, °F, and 
= AT = average logarithmic temperature difference, °F.

The above equation is solved for T^ iteratively, using Newton-Raphson's Method for 
nonlinear equations.
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The input process variables are:

C = K = pressure dependent constant (see above),
2HS = h = sodium side heat transfer coefficient, Btu/hr - ft - °F,

s 2 HW = h^ = water side heat transfer coefficient, Btu/hr - ft - 0F, and
DTTOT = ATt = average logarithmic temperature difference, °F.

The output process variable is:

TMETAL = Tx = average temperature drop, metal to bulk water °F.

FUNCTION USTG(HO,HI,XID,OP,TK)

The USTG function calculates the overall heat transfer coefficient in a shell and 
tube heat exchanger (in this case evaporators and superheater), based on tube out 
side diameter. The overall heat transfer coefficient is calculated based on the 
assumption that the quasi-static approximation is valid.

The input process variables are:

HO = heat transfer coefficient on the 
HI = heat transfer coefficient inside 
XID = tube inside diameter, ft,
OD = tube outside diameter, ft, and 
TK = tube metal thermal conductivity.

The output process variable is:

2USTG = overall heat-transfer coefficient, Btu/hr - ft - °F.

SUBROUTINE ARMAND (X,W,VG, VOID,PHI)

Subroutine ARMAND computes the two-phase flow frictional multiplier. The descrip 
tion of Armand's method is given in Section 9. The modified Armand void fraction 
and the two-phase flow frictional multiplier is calculated as function of steam 
quality, saturated water specific volume, and saturated steam specific volume.

The input process variables are:

X = steam quality (weight fraction),
VF = specific volume of saturated water, ft^/lb , and

3 mVG = specific volume of saturated steam, ft /lb .

2shell side, Btu/hr - ft - °F,
2the tubes, Btu/hr - ft - °F,

Btu/hr - ft - °F.
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The output process variables are:

VOID = armand modified void fraction (volume fraction), and 
PHI = armand two-phase flow frictional multiplier.

SUBROUTINE CHFLX(HFLUX,P,G,D,HFG,XLC)

Subroutine CHFLX computes the length from saturation point of water at which dryout 
might occur. The method is based on the semi-empirical correlation discussed in 
Section 9 (Dryout Prediction).

The average heat flux in the boiling section of the evaporator is used to determine 
the dryout length. If the dryout length is less than the physical length of the 
boiling regions then dryout has occurred.

The input process variables are:

2HFLUX = average boiling region heat flux, Btu/hr - ft ,
2P = local system pressure, lb_/in ,

2G = water/steam mixture mass flux, lb /hr - ft ,m
D = hydraulic equivalent diameter, ft, and

HFG = latent heat of vaporization of saturated water, Btu/lb .m

The output process variable is:

XLC = length from saturation point at which dryout occurs, ft.

SUBROUTINE BRHTC(G,D,DT,ST,VISF,VISG,DF,DG,CF,CG,XKF,XKG,HFG,TDLOG,HS,X,RE, 
PR,HC,HPB)

Subroutine BRHTC computes the heat transfer coefficient for the boiling region of 
the evaporators as a linear combination of nucleate boiling and convection coeffi
cients. Detailed description of the method used is given in Section 9 of this 
report.

The input process variables are:

2G = water/steam mass flux, lb /hr - ft ,m
D = hydraulic equivalent diameter, ft,

DT = thermal equivalent diameter, ft,
ST = surface tension, lb^/ft.
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VISF viscosity of saturated water, Ib/ft - hr
VISG = viscosity of saturated steam, Ib/ft - hr,

3DF = density of saturated water, Ib/ft ,
111 3DG = density of saturated steam, lb /ft ,m

CF = heat capacity of saturated water, Btu/lb - °F,m
CG = heat capacity of saturated steam, Btu/lb - °F,m
XKF = thermal conductivity of saturated water, Btu/hr - ft - °F,
XKG = thermal conductivity of saturated steam, Btu/hr - ft - °F,
HFG = latent heat of vaporization of saturated water, Btu/lb ,m

TDLOG = average logarithmic temperature difference, °F,
2HS = secondary side sodium heat transfer coefficient, Btu/hr - ft - °F, and 

X = steam quality (weight fraction).

The output process variables are:

RE = flow Reynolds number,
PR = flow Prandtl number,

2HC = boiling region heat transfer coefficient, Btu/hr - ft - °F, and
2HPB = nucleate boiling coefficient, Btu/hr - ft - °F.

The following subprogram is required:

Function

o TMETAL = computes the tube wall to bulk water temperature drop.

SUBROUTINE LMTDIF(TA,TB,TC,TD,TDLOG)

Subroutine LMTDIF computes the average logarithmic temperature difference in a coun
ter-current heat exchanger.

All possible combinations of the four temperature are considered. Since some of 
these combinations do not allow for the average temperature difference to be com
puted with the classical log-mean temperature difference equation, several appro
priate approximations were made for such cases.

The temperatures involved are defined in Figure 11-19.

The input process variables are:

TA = hot fluid inlet temperature, °F,
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TB = hot fluid outlet temperature, °F,
TC = cold fluid inlet temperature, °F, and 
TD = cold fluid outlet temperature, °F.

Primary Side

S econda r y Side

Node m Node m +

Figure 11-19. Definition of Temperatures in Subroutine LMTDIF

The output process variable is:

TDLOG = average logarithmic temperature difference, °F.

FUNCTION RVOTSP(PD)

The RVOTSP function computes the reactor core coolant outlet temperature set point 
as a function of power demand.

The following approximation is assumed:

T = a, P, + a + a_ sp ID 2D 3
where a^, a^, are input constants, and PD is power demand.

The input process variables are:

PD = normalized reactor power demand

C0MM0N/RTSETP/AT1,AT2,AT3

where ATI, AT2, and ATS correspond to a^, a^, and a^.
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The output process variable is:

RVOTSP = reactor core coolant outlet temperature set point, °F.

SUBROUTINE SYSTEM(A,X,M,N)

Subroutine SYSTEM is used to solve a system of M algebraic equations with M un
knowns . It is invoked by subroutine HYDROS to compute the partial derivative val
ues of the steady state sodium flow dynamics equations for the reactor vessel flows. 
These partial derivative values are necessary in the Newton-Raphson iteration 
method.

A Guass-Jordan reduction method is used to solve the system of M equations (note at 
present M can take up to 8 equations, but it could be increased by changing the 
dimension statements in SYSTEM).

The input process variables are:

A = an 8x9 augmented matrix of coefficients (filled out with zeroes if M<8),
M = number of equations, and 
N = M+l.

The output process variable is:

X = solution vector of 8 partial derivative values (filled out with zeros if 
M<8) .

FUNCTION SOLVE(A,X,INDEX,EPS)

The SOLVE function computes the derivative values of the sodium flow rates as in
voked by subroutine HYDROS.

If INDEX is zero, SOLVE computes the solutions, X(I), of a system of linear equa
tions with the augmented matrix of coefficients. A, and in addition, computes the 
inverse of the coefficient matrix in place. Subroutine HYDROS employs an INDEX =
0, only once, before the first time step of a given transient to compute the inverse 
matrix of inertial loss coefficients; this remains constant throughout the tran
sient.

If INDEX is positive, the solutions, X(I), are computed by multiplying the inverse 
matrix (obtained for INDEX = 0) by the last column of A, which always holds the
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right hand members of the system of linear equations.

The value of the determinant is returned as the value of the function (SOLVE) when 
INDEX is zero, and as 1 when INDEX is positive.

Should the potential pivot of largest magnitude be smaller in magnitude than EPS, 
then the matrix is considered to be singular and a true zero is returned as the 
value of the function.

The input process variables are:

A = augmented matrix of coefficients (7x8),
INDEX = control integer (explained above), and 

EPS = small number for convergence criterion.

The output process variable is:

X = solution vector of seven time-derivative values of sodium flows.

FUNCTION PDERIV(A,V,DESHD,DENS)

The PDERIV function computes the derivative with respect to flow of the pressure 
increase across a primary pump. This is necessary for calculating the loop flow 
time constants and the loop flow for the short time constant case. Partial deriv
atives of the pump head equations of Section 6 are taken with respect to the nor
malized flow rate.

The input process variables are:

A = normalized pimp speed,
V = normalized flow rate,

DESHD = pump design head, ft, and
3DENS = sodium density in the pump, lb /ft .m

The output process variable is:

PDERIV = partial derivative of the pressure increase across a primary pump
2with respect to normalized flow rate, lb^/ft .
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SUBROUTINE DRUM(FOLD,UT,VT,EPSI,XMT,XMG,XMF,PNEW)

Subroutine DRUM computes steam drum average pressure as a function of total inter
nal energy and average specific volume.

The compressible thermodynamic equilibrium model used is described in Section 9 
(Hydrodynamics).

Steam drum pressure is determined iteratively using conservation of mass and energy 
and steam tables.

The input process variables are:

2FOLD = old value of the drum pressure (first guess), lb^/in ,
UT = total average internal energy of the drum, Btu,

3VT = total drum volume (constant), ft ,
2EPSI = constant small value for convergence criterion, lb^/in , and 

XMT = total average mass of steam/water mixture, lbm.

The output process variables are:

XMG = mass of steam in the drum, lb ,m
XMF = mass of water in the drum, lb ,m
PNEW = new value of the drum pressure.

The following subprogram is required:

Subroutine

o SWATER = computes the thermodynamic properties of saturated water and 
saturated steam as function of pressure.

SUBROUTINE HEADER(FOLD,SU,SV,H,T,PNEW)

Subroutine HEADER computes the steam pressure inside the main steam header in the 
tertiary system. The steam pressure is calculated using the definition of enthal
py, steam specific internal energy, average specific volume and steam tables along 
with a corrected ideal gas law, which relates the steam pressure to its tempera
ture and specific volume, as described in Section 9.

The input process variables are:

and
lb /in2.
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FOLD = steam header pressure (old value), lb /in^,f
SU = specific internal energy, Btu/lb^, and
SV = specific volume, ft'Vlb .m

The output process variables are:

H = steam header specific enthalpy, Btu/lb ,m
T = steam header temperature, °F, and

2PNEW = steam header pressure (new value), lb^/in .

The following subprogram is required:

Function

o TSTEAM = computes superheated steam temperature in °F as function of 
enthalpy and pressure.

SUBROUTINE PROMT?(W,C,TP1,TP2,TS2,TS1,U,A,SN)

Subroutine PROMTP computes sodium temperature of the primary side of IHX using a
prompt approximation. The time independent form of Equation 7-6 is solved for
T using an iterative scheme. It is invoked in subroutines IHX1 and IHX2 when 
^J+l

the characteristic time is short compared to the integration time step.

The input process variables are:

W 53 primary side sodium mass flow rate, Ib^/hr,
C = average specific heat of sodium, Btu/lb - °F,m

TP1 = primary side sodium temperature at the inlet, °F,
TP2 = primary side sodium temperature at the outlet (old value), °F,
TS2 = secondary side sodium temperature at the inlet, °F,
TS1 = secondary side sodium temperature at the outlet, °F,

2U = overall heat-transfer coefficient, Btu/hr - ft - °F,
2A = overall heat-transfer area, ft , and 

XN = total number of equal-length subsections.

The output process variable is:

TP2 = primary side sodium temperature at the outlet (new value), °F.
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The following subprogram is required:

Subroutine

o LMTDIF = computes the average logarithmic temperature difference, °F.

SUBROUTINE PROMTS(W,C,TP1,TP2,TS2,TS1,U,A,XN)

Subroutine PROMTS computes sodium temperature of the secondary side of IHX using a
prompt approximation. The time independent form of Equation 7-7 is solved for
T using an iterative scheme. Subroutine PROMTS is invoked in subroutines IHX1 
bJ

and IHX2 when the characteristic time is short compared to the integration time 
step.

The input process variables are:

W - secondary side sodium mass flow rate, lb /hr,m
C = average specific heat of sodium, Btu/lb - °F,m

TP1 = primary side sodium temperature at the inlet, °F,
TP2 = primary side sodium temperature at the outlet, °F,
TS1 = secondary side sodium temperature at the inlet, °F,
TS2 = secondary side sodium temperature at the outlet (old value), °F,

2U = overall heat transfer coefficient, Btu/hr - ft - °F,
2A = overall heat transfer area, ft , and 

XN = total number of equal-length subsections.

The output process variable is:

TS2 = secondary side sodium temperature at the outlet (new value), °F.

The following subprogram is required:

Subroutine

o LMTDIF = computes the average logarithmic temperature difference, °F.

SUBROUTINE ENTH(HIN,WS,TA,TB,TC,TD,TDLOG,U,A,ACF,POUT,HOUT)

Subroutine ENTH computes steam enthalpy in a superheater using a prompt approxima
tion. The time independent form of Equation 9-2 is solved for H using Newton-J
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Raphson Method of iteration (along with steam tables) when the characteristic time 
is short compared to the integration time step.

The input process variables are:

HIN
WS
TA
TB
TC
TD

TDLOG
U
A

ACF
POUT
HOUT

= steam enthalpy at the inlet, Btu/lb ,m
= steam mass flow rate, lb /hr,m
= secondary sodium temperature at the inlet, °F,
= secondary sodium temperature at the outlet, °F,
= steam temperature at the inlet, °F,
= steam temperature at the outlet (old value), °F,
= average logarithmic temperature difference, °F,

2= overall heat transfer coefficient, Btu/hr - ft - °F,
2= overall heat transfer area, ft ,

= fouling area correction factor,
2= steam pressure corresponding to TD, lb^/in , and 

= steam enthalpy at the outlet (old value), Btu/lb .

The output process variable is:

HOUT = steam enthalpy at the outlet (new value), Btu/lb^.

The following subprograms are required:

Functions
o TSTEAM = computes the steam temperature as a function of enthalpy and 

pressure, °F, and
o HSTEAM = computes the steam enthalpy as a function of temperature and

pressure, Btu/lb .m
Subroutine
o LMTDIF = computes average logarithmic temperature difference, °F.

SUBROUTINE PROMTT(WI,C,TA,TB,TC,TD,U,A,ACFI)

Subroutine PROMTT computes sodium temperature of the secondary side of a steam gen
erator (superheater and evaporator) using a prompt approximation. The time inde
pendent form of Equation 9-1 is solved for Tg^ using Newton-Raphson Method of iter
ation, when the characteristic time is short when compared with the integration time 
step.

11-112



The input process variables are:

WI = secondary sodium mass flow rate, lb /hr,m
C = average specific heat of sodium, °F,
TA = secondary sodium temperature at the inlet, °F,
TB = secondary sodium temperature at the outlet (old value), °F,
TC = water/steam side temperature at the inlet, °F,
TD = water/steam side temperature at the outlet, °F,

2U = overall heat-transfer coefficient, Btu/hr - ft - °F,
2A = heat transfer area of the region, ft , and 

ACFI = inverse of fouling area correction factor.

The output process variable is:

TB = secondary sodium temperature at the outlet, °F.

The following subprogram is required:

Subroutine

o LMTDIF = computes average logarithmic temperature difference, °F.

SUBROUTINE WATER(P,H,T,D)

Subroutine WATER calculates temperature and density of subcooled water as a func
tion of pressure and specific enthalpy.

The thermodynamic properties of subcooled water are calculated using polynomial fits 
by W.B. Jordan (27).

The fits are valid from atmospheric pressure to critical pressure, and from freez
ing to boiling.

The input process variables are:

2P = pressure, lb^/in , and 
H = specific enthalpy, Btu/lb .
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The output process variables are:

T = temperature, °F, and 
3D = density, Ib^/ft .

SUBROUTINE SWATER(P,T,HF,HG,HFG,DF,DG,SVF,SVG)

Subroutine SWATER computes the thermodynamic properties of saturated water and 
saturated steam as a function of pressure. The analytical functions by W.B. Jordan 
(27) have been used to calculate the thermodynamic state variables of saturated 
water and steam.

The input process variable is:

2P = pressure, lb^/in .

The output process variables are:

T = temperature, °F,
HF = enthalpy of saturated water, Btu/lb^,
HG = enthalpy of saturated steam, Btu/lb^,
HFG = latent heat of vaporization of saturated water, Btu/lb^,

3DF = density of saturated water, lb /ft ,m
DG = density of saturated steam, lb /ft^,m

3SVF = specific volume of saturated water, ft /lbm, and
3SVG = specific volume of saturated steam, ft /lb .m

The following subprogram is required:

Subroutine

o WATER = computes the thermodynamic properties of subcooled water.

FUNCTION SURFTN(TF,VF)

The SURFTN function computes the surface tension of water as function of tempera
ture and specific volume. An analytical fit of the surface tension as a function 
of water temperature and specific volume is used to calculate the surface tension 
in lbf/ft.
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The input process variables are:

TF = water temperature, °F, and
3VP = water specific volume, ft /lb .m

The output process variable is:

SURFTN = water surface tension, lb^/ft.

FUNCTION PSAT(T)

The PSAT function computes the saturation pressure of water as a function of tem
perature. The analytical expression given in the 1967 steam tables (28) has been

2used, to calculate the saturation pressure in lb^/in as a function of temperature 
in °F.

The input process variable is:

T = temperature, °F.

The output process variable is:

2PSAT = saturation pressure, Ib^/in .

FUNCTION TC0ND1(P,TF)

The TC0ND1 function computes thermal conductivity of water in Btu/hr - ft - °F.
The analytical expression has been adapted from the 1967 Steam Tables (28).

The input process variables are:

2P = pressure, lbf/in , and 
TF => temperature, "F.

The output process variable is:

TC0ND1 = thermal conductivity of water, Btu/hr - ft - °F.

The following subprogram is required:
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Function

o PSAT = computes the saturation pressure of water, lb^/in .

FUNCTION TC0ND2(T,V)

The TC0ND2 function computes thermal conductivity of steam in Btu/hr - ft - °F.
The analytical expression has been adapted from the 1967 Steam Tables (28).

The input process variables are:

T = temperature, °F, and
3V ^ specific volume of steam, ft /lb .m

The output process variable is:

TC0ND2 a thermal conductivity of steam, Btu/hr - ft - °F.

FUNCTION DVISC1(P,TF)

The DVISC1 function computes dynamic viscosity of water in Ib/ft - hr. The anal
ytical expression has been adapted from the 1967 Steam Tables (28).

The input process variables are:

2P =< pressure, lb^/in , and 
TF = temperature, °F.

The output process variable is:

DV1SC1 = dynamic viscosity of water, Ib/ft - hr.

The following subprogram is required:

Function
2o PSAT = computes the saturation pressure of water, lb^/in .

FUNCTION DVISC2(TF,V)

The DVISC2 function computes dynamic viscosity of steam in Ib/ft - hr. The analyti
cal expression has been adapted from the 1967 Steam Tables (28).
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The input process variables are:

TF = temperature, °F, and
V = specific volume of steam, ft'Vlb .m

The output process variable is:

DVISC2 = dynamic viscosity of steam, Ib/ft - hr.

FUNCTION TSTEAM(H,P)

The TSTEAM function computes temperature of the superheated steam in °F. The poly
nomial expression has been adapted from reference (18), which gives a polynomial fit 
valid from saturation to critical point of water.

The input process variables are:

H pi specific enthalpy of steam, Btu/lb , and
2 m P = pressure, lbf/in .

The output process variable is:

TSTEAM = superheated steam temperature, °F.

The following subprogram is required:

Subroutine

o SWATER = computes the thermodynamic properties of saturated water 
and steam.

FUNCTION SHEAT1(P,T)

The SHEAT1 function computes the heat capacity of water at constant pressure as a 
function of pressure and temperature in Btu/lb^ - °F. The specific heat capacity 
at constant pressure has been determined using the following definition:

P

where H is the specific enthalpy of water.
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2P = pressure, Ib^/in , and 
T = temperature, °P.

The output process variable is:

SHEAT1 = specific heat capacity of water at constant pressure, Btu/lb - °F.m

FUNCTION SHBAT2(P,T)

The SHEAT2 function is conceptually the same as SHEAT1 function except it calculates 
the specific heat capacity at constant pressure for steam in Btu/lb^ - °F.

FUNCTION SPV0L2(T,P)
3The SPV0L2 function computes the specific volume of steam in ft /lb . The analyti

cal expression used is based on a corrected ideal gas law equation, that calcu
lates the specific volume as a function of pressure and temperature.

The input process variables are:

2P = pressure, lb^/in , and 
T = temperature, °F.

The output process variable is:

3SPV0L2 = specific volume of steam, ft /lb .

SUBROUTINE CONVRT

Subroutine CONVRT sets up the conversion factors for input and output processing.

As written, subroutine CONVRT converts all input data from SI units into the work
ing units of the code (essentially British units). This subroutine also converts 
into SI units all printed output.

As well as setting up the conversion factors, subroutine CONVRT actually performs 
the conversion of the plant data input to subroutine LMFBR.

The input process variables are:
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Subroutine CONVRT has a secondary entry, ENTRY RSTCON, for converting the plant 
data back to SI for printing under restart conditions.

Because of the structure of this subroutine, a user may define any consistent set 
of units he desires for input and output, merely by altering the conversion factors 
set up by this subroutine.

The following subprogram is required:

Subroutine

o TMPCON = converts temperatures from °C to °F and vice versa.

SUBROUTINE TMPCON(M,N,T)

Subroutine TMPCON performs temperature conversions from °C to °F and vice versa, 
depending on the control integer, M.

The input process variables are:

M = control integer,
_ jO, conversion from °C to °F,

1, conversion from °F to °C,
N = the number of elements in the vector T, and 
T = vector of temperatures to be converted.

The new temperatures are returned in the place of the old T(N) vector.

FUNCTION HSTEAM(T,P)

The HSTEAM function computes the enthalpy of superheated steam in Btu/lb^. The cor
relation was obtained by rearranging the correlation of reference (18) that was used 
in the function TSTEAM.

The input process variables are:

T = temperature of steam, °F, and
2P = pressure, lbf/in .
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HSTEAM = superheated steam enthalpy, Btu/lb^.

INPUT DATA

The input data consists of 91 NAMELIST data cards arranged in a designated order. 
Each data card may be up to 80 columns, with column 1 always left blank.

The first card of a given NAMELIST must begin with the & character in column 2 fol
lowed by the name of that NAMELIST and a blank space. Following the last variable 
of a given NAMELIST should be at least one blank space followed by 'SEND', to indi
cate the end of that NAMELIST.

For example, the subroutine HYDROS contains the following NAMELIST: 

NAMELIST/HYDF/TAUWM,TAUAM,TAUTM,TRISPN

The corresponding data card may be written as follows (2, 8, and 77 indicate col
umn numbers);

The output process variable is:

Note that any format style is allowed. Sample input for the entire system is shown 
in Table 11-1. All input data should be in real number form except for the follow
ing integer-valued data:

MODE, IPRINT, IPK from &MASA,
IPNEW from &MASC,
NOPON, MTURB, MDUMP, RSTART from &MASE,
K1,K2,NP,LP,N1,L1,N2,L2 from &BR03, and 
NOSCRM from &SCR1.

The 91 input data cards must be arranged in the order seen in table 11-1 (i.e., in 
the order presented in this section).

OUTPUT FORMAT
An example of the output provided by the EPRI-CURL code may be found in the sample 
problem included as an appendix to this document. The units of the output variables

2 8
&HYDF TAUWM = 0.5, TAUAM = .02, TAUTM =5., TRISPN = 3.8778E2

77
SEND
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are the same as the units of the input variables (see page 11-2 for the units to be 
used with the CONVRT and TMPCON subroutines as supplied with the code).

A brief description of the output follows:

All input data is printed as it is received by each subroutine. Immediately after 
the data for subroutine HYDROS (HYDA,...,HYDF), are certain parameters related to 
the primary plant hydraulics. This includes the matrix of inertial loss coeffi
cients (see Table 6-1), its inverse, the design pump head in the primary system as 
calculated by the code (in units of length), the pressure of the reactor vessel cov
er gas (as calculated by the code), and, in the case of a pipe rupture transient, 
the guard vessel volume below the break.

After the input data has been read and printed, the transient calculation begins.
The time step printing frequency is a user input, as well as the frequency of in
cluding the "characteristic times" (see section 3) with the rest of the output.

A time =0.0 output is automatically printed, in order to show the initial condi
tions for the entire plant. The format for a time step is as follows. Items marked 
"x" are printed only as indicated. Other items are printed at every print step (for 
variable units, see page 11-2).

x

X

STEP # = 
T =

S =

VECTOR OF 
CONTROL INTEGERS

integration step counter,
time since beginning of transient (not in pre-accident ini
tialization) ,
current value of time step (not in pre-accident initializa
tion) ,
listing of all class B variables (see section 3) in the mas
ter R-vector (see page 11-4,5).

***** NEDTRON KINETICS CALCULATIONS *****
(none of which are printed in a pre-accident initialization)

PTOT = total reactor power,
PN = total neutron power,
PFP = total fission product power,
PDN: = delayed neutron power (each of two groups),
PFP: = fission product power (each of three groups), 
ROTOT = total core reactivity.
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R0CR1

x

*****

= reactivity due to primary control rod,
R0CR2 = reactivity due to secondary control rod,
ROFDBK = total temperature feedback reactivity,
RODOP = total Doppler feedback reactivity,
ROSOD = total sodium density effect reactivity,
ROCRE = reactivity due to core radial expansion,
ROCAE = total reactivity due to core axial expansion,

TRO = average reactor core outlet temperature,
TROM = measured value of TRO,
TSTM = measured value of steam temperature at turbine throttle valve, 

PD = normalized demanded power,
ETST = deviation from setpoint of measured steam temperature,
ETRO = deviation from setpoint of measured core outlet temperature,

EF = fractional deviation from setpoint of flux,
DELRO = value of integral in the P-I reactor power controller,

PTOTNORM = normalized power,
PNNORM = neutron power (normalized to total rated power),
PFPNORM = fission product power (normalized to total rated power),

SCRAM RODS = position of both primary and secondary scram rods, %
(0% = fully withdrawn, 100% = fully inserted), and 

TAU l-*8 = characteristic times for each of the 8 process variables of
subroutine NEUKIN (printed only in those steps when requested).

PRIMARY COOLANT DYNAMICS *****
FZ1NRM = normalized flow in the inner core region (algebraically de

termined from other flows using mass continuity),
FZ2NRM = normalized flow in outer core region,
FZ3NRM = normalized flow in peak core region,
CANRM = normalized flow in control assembly channel,
RBNRM = normalized flow in radical blanket region,
BPNRM = normalized flow in bypass region,

FLOWS: = values for each of the process flows (W(l)-W{7)),
AL1 = normalized pump speed in primary loop 1,
NEW1 = normalized flow in primary loop 1,
BP1 = normalized pump (output) torque in loop 1,

TM0TN1 = normalized motor (input) torque in loop 1,
HP1 = normalized pump head in loop 1,

FREQl = motor generator controller frequency in loop 1, sec
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X

X

X

X

X

AL2,NEW2,BP2, _ correSponcj -f-Q above variables, but for loop 2,
TM0TN2,HP2,FREQ2

PD = normalized power demand,
TRISP = reactor inlet nozzle setpoint temperature,
NEWSP = setpoint for normalized loop flow,
ASP = setpoint for normalized pump speed,
XKW = conversion gain for temperature-to-flow deviation in pump 

speed controller,
EPS = convergence criterion for the flow rates evaluated simultan

eously in the prompt approximation,
N = number of iterations to convergence of the prompt flows,

TRIM = measured reactor inlet nozzle temperature (one in each loop), 
NEWM = measured normalized flow rates (one in each loop),
ALM = measured normalized pump speeds (one in each loop),

INLET PRSNRM = normalized reactor inlet nozzle pressure,
ET = deviation of inlet nozzle temperatures from setpoint (one in 

each loop),
EW = deviation of normalized flow rates from setpoint (one in each 

loop) ,
EA = deviation of normalized pump speeds from setpoint (one in 

each loop),
G1N0RM = normalized flow between pipe break and reactor vessel (printed 

only in pipe rupture transients),
VOL. LOSS = total sodium volume which has escaped through the break 

(printed only in pipe rupture transients),
ZOPTOT = height of sodium in reactor vessel above break elevation 

(printed only in pipe rupture transients),
GVLEV = height of sodium in reactor guard vessel above break elevation 

(printed only in pipe rupture transients), and 
TAU 1-18 = characteristic times of each of the 18 process variables of 

subroutine HYDROS (printed only when requested).

***** REACTOR HEAT TRANSFER *****
x TAU 1-33 = characteristic times of each of the 33 process variables of

subroutine RTHERM (printed only when requested),
CORE HOT SPOT:

MAX.
COOLANT TEMP.

coolant hot spot temperature at top of core region, based on 
input 3a factors.
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MAX. CLAD TEMP. = corresponding maximum clad temperature,
PEAK CORE AVERAGE TEMPERATURES:

FUEL CENTERLINE = average temperature of fuel centerline in peak core region,
CLAD INNER = average temperature of clad inner surface in peak core region,
CLAD OUTER = average temperature of clad outer surface in peak core region,

TM 1-11 = temperatures of 11 material (fuel or control assembly) regions
in the reactor —
1-3 are lower blanket, core, and upper blanket for peak core 

region,
4-6 are lower blanket, core and upper blanket for inner core 

region,
7-9 are lower blanket, core and upper blanket for outer core 

region,
10 is control assembly average temperature,
11 is radial blanket average temperature,

TC 1-12 = coolant temperatures at outlet of 12 reactor regions, 1-11 as 
listed above, and 12 being the bypass channel,

TCI1-TCI6 = inlet temperatures to each of the six core flow regions, peak
core, inner core, outer core, control assembly, radial blanket, 
and bypass,

LOWER PLENUM:
TOP ZONE TEMP. = average temperature of inlet plenum upper zone,

BOTTOM ZONE TEMP. = average temperature of inlet plenum lower zone,
UPPER PLENUM:

ZJET = penetration distance of core coolant jet above core outlet,
TOP ZONE TEMP. = average temperature of outlet pieman upper zone,

BOTTOM ZONE TEMP. = average temperature of outlet plenum lower zone, and
NOZZLE TEMP. = temperature at reactor vessel outlet nozzle.

***** IHX-1 THERMAL CALCULATIONS ***** 
x PR. SOD.

CONVECTION 
HEAT-TRANS.

COEFF. VALUES 
x SEC. SOD.

CONVECTION 
HEAT-TRANS.

COEFF. VALUES

_ primary sodium heat transfer coefficient at each heat transfer 
node (printed at time = 0.0 only),

= same as above, but for secondary sodium,
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OVERALL 
HEAT TRANSFER 
COEFF. VALUES

total heat transfer coefficient at each IHX node (printed at 
time = 0.0 only).

x LOG-MEAN- _ logarithmic mean temperature difference values for each node
TEMP.-DIF. VALUES in the IHX (printed at time = 0.0 only), 

x TAUP = N+3 characteristic times for IHX primary side (inlet plenum,
each of N nodes, bypass, and outlet plenum) (printed only 
when requested),

x TAUS = N+2 characteristic times for IHX secondary side (each of N
nodes, inlet plenum, and outlet plenum)

TP = N+3 IHX primary sodium temperatures, and 
TS = N+2 IHX secondary sodium temperatures.

***** IHX-2 THERMAL CALCULATIONS ***** 
(corresponds exactly to IHX-1).

X

X

X TAUC2
X TAUC3
X TAUC4
X TAUC5
X TAUC6

X

PRIMARY SODIUM TRANSPORT CALCULATIONS *****
TAUC1 = characteristic times of coolant temperatures at each node 

in pipe run 1 (printed when requested),
TAUW1 = characteristic times of wall temperatures at each node in pipe 

run 1 (printed when requested if heat storage is considered), 
, TAUW2 = same as above, but for pipe run 2,
, TAUW3 = same as above, but for pipe run 3,
, TAUW4 = same as above, but for pipe run 4,
, TAUW5 = same as above, but for pipe run 5,
, TAUW6 = same as above, but for pipe run 6,

TCI = coolant temperatures at each node at pipe run 1,
TW1 = pipe wall temperatures at each node of pipe run 1 (printed if 

heat storage is considered),
TC2,TW2 = same as above, but for pipe run 2,
TC3,TW3 = same as above, but for pipe run 3,
TC4,TW4 = same as above, but for pipe run 4,
TC5,TW5 = same as above, but for pipe run 5, and
TC6,TW6 = same as above, but for pipe run 6.

***** INTERMEDIATE LOOP-1: COOLANT DYNAMICS *****
x TAU = characteristic times of the 5 process variables of subroutine

IHYD1 (printed when requested),
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SODIUM FLOW RATE
PUMP SPEED = normalized pump speed in loop 1,
PUMP HEAD = normalized pump head in loop 1,

MOTOR GEN. _ motor generation set frequency for controller of intermediate 
SET. FREQ. pump in loop 1,

MAIN MOTOR TORQUE = normalized main motor torque of pump in loop 1,
DRIVE MOTOR = normalized drive motor torque of pump in loop 1,

TORQUE
PUMP TORQUE = normalized (output) pump torque of pump in loop 1, and 

FRICTION TORQUE = normalized friction torque of pump in loop 1.

***** INTERMEDIATE LOOP-2: COOLANT DYNAMICS *****
(corresponds exactly to LOOP-1 output)

= normalized sodium flow in loop 1,

*****
x

X

X

X

X

X

INTERMEDIATE
TAUC1

TAUW1

TAUC2,TAUW2 
TAUC3,TAUW3 
TAUC4,TAUW4 

TCS1 
TWS1

TCS2,TWS2 
TCS3,TWS3 
TCS4,TWS4

LOOP-1: SODIUM TRANSPORT *****
= characteristic times of the coolant temperatures at each node 
of intermediate pipe run 1 (printed only when requested),

= characteristic times of the wall temperatures at each node 
of intermediate pipe run 1 (printed when requested only if 
heat storage is considered),

= same as above, but for intermediate pipe run 2,
= same as above, but for intermediate pipe run 3,
= same as above, but for intermediate pipe run 4,
= coolant temperatures at each node of intermediate pipe run 1,
= pipe wall temperatures at each node of intermediate pipe run 1 

(printed only if heat storage is considered),
= same as above, but for intermediate pipe run 2,
= same as above, but for intermediate pipe run 3, and
= same as above, but for intermediate pipe run 4.

***** INTERMEDIATE LOOP-2: SODIUM TRANSPORT *****
(corresponds to LOOP-1 output)

***** STEAM GENERATION LOOP-1 *****
x TAU = characteristic times of each of the 39 process variables of

subroutine SGTHD1 (printed only when requested),
FEEDWATER FLOW = normalized feedwater flow to steam drum,

WATER/STEAM FLOW = normalized flow into drum from evaporators,
STEAM FLOW = normalized flow through superheater,
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INT. SODIUM FLOW = normalized sodium flow rate in intermediate loop 1, 
x — a message is printed at this point if the auxiliary feedwater

has come on line, stating when it was first available, its 
enthalpy, and its normalized flow rate,

P = local pressures at 21 steam/water nodes in the tertiary loop 
(see Fig. 11-13),

H = local specific enthalpies at 21 steam/water nodes in the ter
tiary loop,

TM = steam/water temperatures calculated from steam tables at 21 
nodes corresponding to the above H and P's,

TCS = secondary sodium temperatures corresponding to the nodes of 
Fig. 11-13,

TDLOG = logarithmic mean temperature difference,
9 — evaporator non-boiling zone,
10 — evaporator boiling zone,
16-19 — superheater subsections,

U = overall heat-transfer coefficients, corresponding to the above 
TDLOG's,

HEAT FLUX = average heat flux in the boiling zone of the evaporator,
OUTLET STEAM

QUALITY = steam quality at the evaporator tubes outlet,
NON-BOILING = non-boiling length in the evaporators,

LENGTH
BOILING LENGTH = boiling length in the evaporators,

DRUM INT. ENERGY = total average steam drum internal energy,
DRUM LEVEL = water level in the steam drum (normalized with 1:center line, 

0:empty, 2:full),
CVP = feedwater control valve position (fractional opening),
ALFA = recirculation pump speed (fractional speed), and 
DPRP = pressure drop across the recirculation pump.

***** STEAM GENERATOR LOOP-2 *****
(corresponds to LOOP-1 output)

***** STEAM HEADER THERMODYNAMICS *****
x TIME CONSTANT = steam header pressure gauge characteristic time,

OF HEADER 
PRESSURE GAUGE
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THROTTLE fractional opening of the turbine throttle valve (1: fully 
VALVE POSITION open),

THROTTLE = fraction of flow through the turbine throttle valve (1: 100%), 
VALVE FLOW

DUMP (BYPASS) = fractional opening of the turbine bypass valve (1: fully open), 
VALVE POSITION
DUMP (BYPASS) _ fraction of flow through the turbine bypass valve to the con- 

VALVE FLOW denser,
RELIEF VALVE FLOW = fraction of flow through the header pressure relief valve to

the atmosphere,
HEADER PRESSURE = steam header steam pressure,

TEMPERATURE = steam header steam temperature, and 
SPECIFIC ENTHALPY = steam header steam specific enthalpy.

x ***** MEASURED VALUES FOR PPS *****
(these are not printed in a pre-accident initialization)
x TAU: = characteristic times for the seven variables measured in

subroutine SCRAM (printed when requested),
PRESNORM = measured value for the normalized reactor inlet nozzle tem

perature ,
VESSEL LEVEL = measured value for the reactor vessel sodium level (height 

above reactor vessel outlet nozzle),
PTOTNORM = measured value of normalized reactor power,

TIHX1 = measured IHX-1 outlet temperature,
TIHX2 = measured IHX-2 outlet temperature,

TEVAP1 = measured outlet temperature of loop-1 evaporator, and 
TEVAP2 = measured outlet temperature of loop-2 evaporator.

In addition to the above output, certain other messages are printed between time 
steps. These include reactor scram signals, pump trips, pump cavitation in the re
circulation pumps, dryout in the evaporators, etc., and are self-explanatory when 
they appear.

PROGRAMMING LANGUAGE AND COMPUTER REQUIREMENTS

These programs are coded using the FORTRAN IV language. The WATFIV compiler was 
used for debugging and testing the individual subroutines. The WATFIV compiler gives 
detailed error messages and executes the compilation step much faster than the IBM 
FORTRAN (G and H) compilers. However, execution under WATFIV is considerably slow
er than the IBM compilers.
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All source programs have been compiled separately and the resultant object modules 
formed using the FORTRAN IV-G processor. Subsequently, only the linkage and exe
cution steps need to be carried out with the appropriate input data. The core re
gion required for each of these steps on an IBM 370/168 is about 306 K.

Typical computer run times for linkage and execution steps on an IBM 370/168 are 
listed in Table 11-2.

Table 11-2

EXAMPLES OF COMPUTER RUN TIMES ON AN IBM 370/168

Total Simulated 
Transient Time

Number of
Time Steps

Linkage
Time

Execution
Time

20. sec 125 3.72 sec 24.87 sec

30. sec 175 3.62 sec 34.87 sec

50. sec 275 3.86 sec 51.12 sec

60. sec 325 3.60 sec 58.19 sec

100. sec 510 3.78 sec 109.21 sec

GENERAL HINTS

In general, it is usually good practice to have around 10-20% of the process vari
ables in their prompt approximation (Class B) state. This can greatly reduce com
putation time.

When performing a steady-state initialization at a power other than 100%, the 
steady state at 100% should be found first in order to set up the proper rated 
conditions which are used to normalize the flows, reactor inlet pressure, etc.

The code calculates frictional loss coefficients based on the initial flows and 
pressures. Therefore it is important that the input flows and pressures corre
spond to a true reactor state in order to get correct results.
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There has been some discussion as to whether the bypass flow channel in the reactor 
vessel can reverse (due to leakage in the upper reactor internals). Presently, 
CURL-L prohibits bypass flow reversal through a statement in subroutine HYDROS:

DATA NOBPRV/1/.

If bypass flow reversal is allowed, the 1 in the above statement should be changed 
to a 0.

Because the pipe subroutines (DELAYP, DEIAY1, DELAY2) do not employ prompt approxi
mations, care should be taken so that a short pipe run is not divided into too 
many nodes. The "characteristic time" of the coolant temperature (assuming equi
librium with the pipe wall) is defined as

where:
t = "characteristic time" of coolant,
p = coolant density,
W = coolant mass flow rate,
V = volume of coolant node,

A XL 
N

A = cross sectional areas of pipe,
XL = total length of pipe run, and 
N = number of nodes the pipe run is divided into.

If x at any node becomes smaller than the selected time step, problems could result 
in the integration, so N should be restricted accordingly.

In a steady-state calculation, a message may be printed which indicates which vari
able in the master R-vector has changed by the greatest amount in the current 
iteration. The printing frequency of this statement is determined by IPNEW (3).

The secondary control rod reactivity is not included in the cold shutdown margin 
of reactivity in this model. Thus, while a primary scram insertion causes the 
primary control rod reactivity to decrease toward zero, a secondary scram insertion 
starts at zero reactivity and adds "negative reactivity" as the secondary rods 
fall.
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Section 12

TRANSIENT ANALYSIS AND VERIFICATION

INTRODUCTION
The classification of accidents in nuclear power plants is based on the frequency 
of the events and their damage severity levels.

The level of severity of the damage on the system falls rapidly as the probability 
of occurrence of the event increases, that is, the potential magnitude of injury 
or damage should be considerably less for accidents that are highly probable 
rather than for those that have a low probability of occurrence. It is convenient 
to define departures from normal operations that differ from level to level in 
the probability of their occurrence (2 9).

Level I includes conditions that occur frequently or regularly in the course of 
normal operation: refueling, or maintenance; e.g., load changes, approach to
criticality, etc.

Level II includes all faults that are not expected during normal plant operation 
but can reasonably be expected during the life of a particular plant. Examples 
are loss of electrical power to the plant components (e.g., pumps) or control 
system, loss of feedwater, inadvertent rod withdrawal, etc. The conditions of 
this level correspond to those for which the "maximum safety settings" prevent 
the "safety limits" from being reached.

Level III is comprised of departures from nominal conditions that are not expected 
to occur in the lifetime of any particular plant, but may be expected to occur a 
few times in the nuclear power industry over a long time period. This includes 
accidents such as a large system rupture, or loss of offsite and onsite power 
supplies. The worst of these credible accident situations is chosen as the plant 
design basis accident (DBA). Its consequences form the upper limit of damage in 
the gross damage range.

The model is designed to predict the overall plant response to the perturbations

12-1



that are classified by the given severity levels except for the following limita
tions :

1. Accidents leading to initiation of major sodium boiling can not be 
analyzed; however, small, localized saturation conditions might be 
tolerated.

2. Sodium fires and steam generator leaks are not considered.
3. Steam generator blow-down can not be analyzed.
4. No core disruptive accident (CDA) can be analyzed.

To test the overall model of the LMFBR plant system the transient results are 
analyzed and a comparison is made with the available literature on similar tran
sients for the following perturbations:

1. Seismic induced reactivity insertion.
2. Spurious pump trip.
3. Complete loss-of-forced cooling leading to buoyancy induced natural 

circulation.

Causes and assumptions are identified, and transient results are discussed and 
comparisons are made to verify the model behaviors.

Table 12-1 shows the plant protection system shutdown functions.

SEISMIC INDUCED REACTIVITY INSERTION 
Identification of Causes and Assumptions
It is assumed that an earthquake produces a loss of off-site electrical power to 
the plant causing a resultant loss of power to the coolant pumps and consequent 
decay of the primary, secondary and tertiary flows. The acceleration forces of 
the earthquake can cause compaction of the reactor core due to closing of radial 
gaps between the assemblies. This can result in a net positive step reactivity 
insertion to the core. When the control rods are scrammed, the rate of inward 
motion is decreased from the normal rate. This is due to a retarding force 
resulting from seismic induced impacts of the control rod assembly duct and 
driveline affecting the surrounding guide structure.

To simulate these conditions the following perturbation and assumptions are 
considered:

1. The turbine and all primary, secondary and tertiary pumps trip at 
time zero of the transient.

2. Failure to scram by the primary pump electric signal.
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Table 12-1

PLANT PROTECTION SYSTEM

PRIMARY SHUTDOWN SYSTEM

1. High Flux

2. Flux-Delayed Flux

3. Flux - /Pressure

4. Primary Pump Electrics

5. Primary to Intermediate Speed Ratio

6. Reactor Vessel Level

7. Steam to Feedwater Flow Ratio

8. IHX Primary Outlet Temperature

SECONDARY SHUTDOWN SYSTEM

1. Flux-Total Flow

2. Primary to Intermediate Flow Ratio

3. Steam Drum Level

4. Evaporator Outlet Sodium Temperature
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3. There is a GOC step insertion of reactivity 0.5 seconds after the 
transient initiation.

4. A 200 msec scram delay after the scram signal.
5. There is a Doppler coefficeient of -0.005.
6. Maximum fission product decay heat exists.
7. The reactor is operating at 100% rated power prior to perturbation.

Perturbation Results
Figure 12-1 shows the primary and secondary-loop sodium flow rates following the 
transient initiation. The decrease in the flow rates is caused by disconnecting 
the main motors causing the simultaneous tripping of the pumps. The primary 
system flow rates in the single (loop-1) and lumped (loop-2) loops are virtually 
identical, while the decay rate in the secondary loops vary due to the difference 
in the sodium inertia of the loops. .

The decrease in heat removal rate caused by the decay of the coolant flow rate 
along with constant nuclear energy production causes a temperature rise in the 
reactor fuel and coolant. This is further increased at 0.5 seconds when the 
reactivity insertion takes place, producing the prompt increase in reactor power 
and the power to flow ratio in the reactor as shown in Figure 12-2.

The decrease in reactor coolant mass flow rate accompanied by constant high 
nuclear power at the beginning of the transient causes a slight increase in the 
reactor temperatures. The temperatures further increase at 500 milliseconds 
when the reactivity insertion occurs, causing a sharp increase in reactor power 
and, hence, a large increase in the power to flow ratio as shown in Figure 12-2.

Figure 12-3 shows total reactivity as a function of time. The reactivity stays 
constant until 0.5 seconds when the step increase of 604 is inserted causing a 
prompt increase in the power and, therefore, a sharp increase in the reactor fuel 
temperatures (see Figure 12-4). This increase causes Doppler broadening of 
resonances and, hence, an increase in neutron capture causing a slight decrease 
in reactivity.

The reactor scram signal is generated at 0.5 seconds resulting from 115% overpower 
(high flux) caused by the jump in the power. The control rods start to move in 
at 0.70 seconds causing a further decrease in reactivity and power. The total 
reactivity reaches a minimum at 1.7 seconds and then increases to stabilize at
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Secondary (Lumped 

Loop)-7

Time (Seconds)

Figure 12-1 Seismic Perturbation - primary and secondary sodium mass 
flow rates
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Figure 12-2 Seismic Perturbation - reactor power to flow ratio
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Figure 12-3 Seismic Perturbation - total reactivity
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Figure 12-4 Seismic Perturbation - reactor average fuel temperature.
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about -18$ due to rapid decrease in fuel and coolant temperatures caused by 
reactor scram as shown by Figures 12-4, 12-5, 12-7, and 12-8.

The increase in reactor power to flow ratio at about two seconds as shown by 
Figure 12-2, is due to the nearly constant reactor power caused by slow decay of 
the fission products and the continuous decrease in the flow rates. This increase 
will continue until the sodium flows stabilize at the pony motor driven values of 
about 10%; then, the power decreases slightly due to the continuous decay of 
short-lived fission products, causing, in turn a continuous decrease in the power 
to flow ratio starting at about 35 seconds.

It is observed from Figure 12-5 that the average hot channel reactor core fuel 
temperature increases sharply along with the power to flow ratio and reaches a 
maximum of 2650°C(4800°F) (just below the fuel melting temperature of 
2760°C(5000°F) before dropping to lower temperatures, due to the reactor scram at 
0.7 seconds.

Verification and Comparisons
Utilization of the Prompt Jump Approximation for the calculation of neutron flux 
amplitude along with two groups of delayed neutrons causes a prompt increase in 
the reactor power following the step reactivity insertion.

Figure 12-6 shows the reactor power as calculated by the present model and a 
similar analysis using the FORE-II model (13) . It is observed that in the FORE-II 
analysis the power does not peak at the same time as the present model predicts.
It is evident that the FORE-II analysis integrates the neutron flux amplitude 
equation using a more exact method than the Prompt Jump Approximation. Also the 
two group model used in the present work matches the transfer functions for the 
far field behavior to the six-group model and, hence, cannot accurately predict 
the behavior at small time intervals after the transient. However, the two models 
behave identically after about 0.8 seconds, as shown by Figure 12-6.

The hotspot midwall clad temperature in the hot channel, as computed by the two 
models, is shown in Figure 12-7. The reduction in the heat removal rate caused by 
the pump trip causes an increase in the cladding temperature, as predicted by the 
present model, although it is not clear why in the FORE-II model this temperature 
increase is not shown until the reactivity insertion time at 0.5 seconds. The 
rate at which the cladding temperature increases is greater in this model than
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Figure 12-5 Seismic Perturbation - average fuel centerline temperature in the 
hot core region.
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Figure 12-7 Seismic Perturbation - midwall hotspot clad temperature in 
the hot core region.
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in the FORE-II model. In the former case this is attributed to an instantaneous 
jump in reactor power as caused by the Prompt Jump Approximation.

It is important to note that the cladding temperature calculated by the FORE-II 
model corresponds to the cladding inner surface under the wire wrap, which is 
normally about 8-10°C higher than the midwall temperature that is calculated by 
the present model. However, the midwall temperature peaked at a higher temperature 
as predicted by this model. This discrepancy might be due in part to the possible 
differences in the magnitudes of the hotspot factors, and also to the sodium flow 
coastdown characteristics of the models.

The variation of the maximum hot-channel sodium temperature of the fuel assemblies 
is shown in Figure 12-8.

The maximum sodium temperature occurs at the top of the reactor core just below 
the upper axial blanket in the vicinity of the hottest cladding temperature.

Similar effects are predicted, as described for the cladding midwall temperature. 
The decrease in sodium flow rate, and the sharp rise in the energy production 
caused by reactivity insertion, increases the power to flow ratio that produces 
an increase in the hot channel coolant temperature in the reactor. This tempera
ture increase is quite rapid and reaches a maximum at one second. It then begins 
to drop caused by the reactor scram.

Again two major differences are apparent. First the model predicts an increase in 
temperature prior to the reactivity insertion, while the FORE-II analysis does not 
show such a variation. Second, there is a sharper increase in the sodium tempera
ture as compared to the FORE-II analysis.

It is believed that the difference in the magnitudes of the coolant temperature 
is due partially to the difference in the hot channel factors. But a much larger 
effect would be due to the fact that the coolant temperature reported does not 
correspond to the top of the core but rather corresponds to the temperature at the 
channel outlet at the top of the upper axial blanket.

It can be concluded that, there is a general agreement between the two models, and 
the discrepancies fall within the expected limits.
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SPURIOUS PUMP TRIP
Identification of Causes and Assumptions
The determination of the response characteristics of the system to postulated 
undercooling events is important for the safe operation of fast breeder reactors.

A spurious trip of the sodium pumps may occur. This could be caused by an A.C. 
bus fault in which both the primary-loop sodium pump and the secondary-loop sodium 
pump on the same loop are tripped simultaneously. The consequences of such an 
incident are increased by failure to scram on a primary pump electric signal, thus 
leading to a more severe transient event.

To simulate these conditions the following perturbation and assumptions are 
imposed:

1. Primary and secondary pumps on the same loop (loop-1) are tripped 
simultaneously.

2. There is a failure to scram on the primary pump electric signal.
3. A 200 msec scram delay occurs after the scram signal.
4. A 500 msec pump trip delay occurs after the trip signal.
5. There is a Doppler coefficient of -0.005.
6. The maximum fission product decay heat is assumed.
7. The reactor is operating at 100% rated power prior to perturbation.

Perturbation Results
Figure 12-9 shows the primary and secondary loop sodium flow rates. Following the 
A.C. bus fault the sodium flow rate in loop-1 of the primary and secondary systems 
start decaying. It is observed that the sodium flow rate in the lumped loops 
(loop-2) of the primary system start increasing due to reduction in the pressure 
losses in the reactor caused by reduced flow.

The variation in the flow decay rates of the primary and secondary loops (loop-1) 
caused by the difference in the sodium inertial and frictional losses in the two 
systems generates a secondary reactor scram signal at 2.3 seconds after the 
transient initiation. The scram signal also produces trip signals for the 
unaffected primary and secondary pumps and the recirculation pumps of the tertiary 
system (in order to protect the reactor and system components from rapid cooling 
caused by a low power to flow ratio in the absence of forced pump trips). The 
pump trips are initiated after a half second delay following the reactor scram

12-15



All pumps trip at 2.80 sec

Primary (Single Loop) 
Primary (Lumped Loop)

.Secondary (Single Loop)
Secondary (Lumped Loop)

Time (Seconds)

Figure 12-9 Spurious Pump Trip - primary and secondary sodium mass 
flow rates.
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signal. The pump trips cause immediate coastdown of the sodium flow rates in the 
unaffected primary and secondary loops (loop-2).

As the pump speeds reduce and approach 10% of rated speed the auxiliary pony motor 
generators come on line to provide low flow capabilities for the decay heat removal 
in the primary and secondary loops, thus, preventing the flows from decreasing 
below approximately 7%.

Figure 12-10 represents the total reactor power and reactivity as calculated. 
Following the bus fault event the reactor fuel and coolant temperatures start 
increasing, producing a negative reactivity effect, and causing a very small 
decrease in the power.

At 2.3 seconds following the transient initiation, the primary to secondary flow 
ratio generates a secondary scram signal. The secondary control rods start moving 
after a 200 msec delay following the scram signal. This causes a decrease in the 
reactivity, which in turn, decreases the neutron density, and subsequently the 
total reactor power.

The reactivity reaches a minimum at about 3.5 seconds. It then begins increasing 
and levels off at about 30 seconds.

The reactor power to flow ratio increases following the bus fault initiation as 
the flow rate through the reactor core decreases (Figure 12-11). It reaches a 
maximum of 1.3 at 2.5 seconds, causing an increase in the reactor fuel (Figure 
12-12) and coolant (Figure 12-13) temperatures. Following the reactor scram the 
power to flow ratio drops very rapidly and reaches a minimum at 3.5 seconds. It 
starts increasing again as the pump trips begin decreasing the sodium flow rates, 
and increases continuously and starts to stabilize as the pony motors begin 
operating effectively.

The variations in the reactor fuel and coolant temperatures follow the power to 
flow ratio except for the thermal lag associated with the heat capacity of the 
fuel and coolant.

Figure 12-13 also shows the sodium temperature at the reactor outlet nozzle. It is 
observed that the variations in outlet nozzle temperature are very small for the
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Figure 12-11 Spurious Pump Trip - reactor power to flow ratio
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first 40 seconds of the transient due to the large heat capacity associated with 
the liquid sodium in the reactor outlet plenum.

The effects of the transient on the steam generation part of the plant are shown 
in Figures 12-14, 12-15, and 12-16.

Following the bus fault initiation the sodium flow rate in the secondary loop-1 
starts decaying, leading to decreased heat transfer to the water-steam in the 
superheater and evaporator modules of the loop, and, therefore, a small decrease 
in the steam quality at the evaporator outlet, as shown in Figure 12-15.

At 2.8 seconds when all of the unaffected pumps in the plant are tripped (except 
for the feedwater pumps), the water-steam mixture mass flow rates in the recircu
lation line and evaporator modules begin to decrease, causing an immediate increase 
in the steam quality at the exit of the evaporators. Dryout at the extreme top of 
the evaporator modules was reached at 3.1 seconds in loop-2 and at 4 seconds in 
loop-1. The steam quality in both loops increases at approximately the same rate. 
At about 14 seconds, when the sodium temperature drop (Figure 12-14) at the inlet 
of the evaporators of loop-1 becomes appreciable the steam quality in that loop 
decreases at a fast rate. A similar effect is observed for loop-2 at about 20 
seconds.

The recirculation line flow rates in loop-1 and loop-2 are almost identical except 
for a small variation caused by the difference in the pressures in the two loops 
(Figure 12-14). This increases the two-phase pressure drops for the loop with the 
lower pressure. This difference is also increased by a small difference in the 
recirculation pump speeds in the two loops.

As the steam quality increases at the inlet to the steam drum the saturated steam 
at the drum starts condensating leading to a decrease in the average drum pressure 
and, hence, a decrease in the pressure differential between the drum and the 
header, this in turn decreases the superheated steam mass flow rate as shown by 
Figure 12-16. This decrease is further effected by the action of the turbine 
control valve which closes to prevent the header pressure from decreasing.

The feedwater control valve shuts in order to match the feedwater flow rate and 
superheated steam and keep the water level in the drum at a near constant center- 
line. Figure 12-16 shows that the feedwater flow rates behave almost identically
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to the steam flow rates except for a time lag associated with the controller 
deadbands and time constants.

Verification and Comparisons
The maximum clad midwall temperature in the hot channel is shown in Figure 12-17 
as predicted by this model and DEMO (13).

Prior to the reactor scram the temperatures as calculated by the two models, 
behave almost identically. The initial temperature for the clad in the DEMO 
analysis was higher than the midwall temperature in the present model by 8°C(150F); 
hence, the results predicted by DEMO consistently seem to be higher than this model 
until the time of scram.

In the DEMO analysis the primary to secondary flow ratio generated the secondary 
scram signal at two seconds. The scram signal was not generated until 2.3 seconds 
in this analysis. This leads to an eventual reactor scram initiation at 2.5 
seconds, compared to the 2.2 seconds predicted by DEMO.

In the present model all of the unaffected pumps were simultaneously tripped at a 
half second following the scram signal, hence, causing a slow cooling in the 
reactor. This effect is observed in the midwall clad temperature, which drops 
rather fast at first. But as the pump coastdowns become effective this rate is 
reduced considerably.

The same analysis is performed by DEMO, shows a more rapid decrease in the clad 
temperature following the reactor scram, which leads one to believe that in the 
DEMO analysis the unaffected pumps were left operational, for at least the first 
few seconds following the reactor scram.

The results show a very close agreement for the first three seconds of the transient, 
but differ considerably later, due to minor differences in the transients. In both 
analyses the clad hotspot midwall temperature reached a maximum of 777°C(1430°F) 
at about 2.8 seconds, well below the design limit of 870°C(1600°F).

COMPLETE LOSS-OF-FORCED COOLING LEADING TO BUOYANCY INDUCED NATURAL CIRCULATION 
Identification of Causes and Assumptions
The sequence of failures leading the plant into a natural circulation decay-heat 
removal mode for this analysis is loss of A.C. power to all of the plant coolant
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pumps, "station blackout", and failure of the auxiliary diesel generators to come 
on line for pony motor operations.

To simulate a full plant loss of A.C. power, the following sets of events must be 
assumed:

1. Primary, secondary, and tertiary pumps are tripped simultaneously 
at time zero.

2. The turbine is tripped at time zero.
3. Normal feedwater is unavailable.
4. There is a failure to start the auxiliary diesel generators.
5. Minimum primary, secondary, and tertiary pump inertia exists 

(I = 1073 kg-m^(25420 lbm-ft2), TD = 25490 N-m(18805 lbf-ft),
UJ3 = 18.6 cps(1116 rpm)) .

6. There is a maximum fission product decay heat.
7. The safety relief valve pressure setpoint is at 

11.03x10® N/m2(1600 lbf/in2)•
8. The dump (bypass) valve pressure setpoint is at 

10.10x10® N/m2(1465 lbf/in2).
9. Steam generator auxiliary feedwater is available at 30 seconds 

following the transient initiation with 35 kg/sec (77 Ibjj/sec) 
maximum flow rate per loop, and at 1.56x10^ J/kg(67 Btu/lbm) 
enthalpy.

10. A 700 msec scram delay follows the scram signal, on the primary 
control rods insertion.

11. Manual secondary scram is initiated at 1.4 seconds.
12. There is a Doppler coefficient of -0.005.
13. The heat capacity of the pipe walls in the PHTS and IHTS sodium 

transport models are considered.
14. The reactor is operating at 100% rated thermal-hydraulics 

conditions, prior to the transient.

Perturbation Results
Following the complete loss of A.C. power to the plant's coolant pumps, all of the 
plant's primary, secondary and tertiary loops start to coast down. The Plant 
Protection System (PPS) generates a primary scram signal caused by the primary 
pump electrics at time zero (see Table 12-1). The primary control rods start to 
move in at 700 msec; the manual scram at 1.4 seconds initiates movement of the 
secondary control rods.

Figure 12-18 shows the total reactor power. It is observed that the power remains 
constant until 0.7 seconds, when it starts to drop quite rapidly, due to the action
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of the primary control rods. Introduction of more negative reactivity at 1.4 
seconds accelerates the continuous decrease. The power levels off to the fission 
products decay heat at about 60 seconds and continues to decrease at a very slow 
rate thereafter.

Figure 12-19 shows the primary pump speed in the single loop (loop-1), which starts 
to decrease at time zero due to the loss of A.C. power. At about 50 seconds the 
speed starts to decrease at a faster rate, caused by frictional losses in the motor 
windings, bearing and seal losses, and fluid friction on the pump shaft, as shown 
in Figure 12-20. The pump comes to a complete halt at approximately 54 seconds 
after the initiation of the transient, and remains locked for the duration of the 
transient. The pump speed in the lumped loops (loop-2) behaves almost identically 
to loop-1.

The sodium flow rate in the loop-1 of the PHTS starts decreasing almost immediately 
after the A.C. power loss. Figure 12-21 shows the sodium flow rate in loop-1 of the 
primary system. The flow begins decreasing at time zero and reaches the buoyancy- 
driven, natural circulation condition of 2% at approximately 65 seconds.

The total reactor power to flow ratio is shown in Figure 12-11. The power to flow 
ratio initially increases because of a decrease in the total reactor coolant flow 
rate, but at 0.7 seconds, as the reactor power starts decreasing (Figure 12-18), the 
power to flow also follows, since the reduction rate in the prompt neutron power 
is by far greater than the reduction rate in the sodium flow rate. At approxi
mately two seconds the reactor power has almost reached a constant level, while 
the reactor sodium flow rate continues to drop, causing an increase in the power 
to flow ratio. This increase is further enhanced at 55 seconds as the reactor 
coolant flow reaches a minimum caused by the complete shutdown of the coolant 
pumps.

The buoyancy effects become more important at about 60 seconds, and the natural 
circulation is finally established at 65 seconds when the power to flow ratio 
starts decreasing from its maximum value of about two, and begins to level off at 
approximately 100 seconds after the transient initiation.

The average reactor fuel temperature are shown in Figure 12-23. The fuel tempera
tures are initially increased as the heat transfer rate decreases due to the decrease 
in reactor coolant flow rates. The largest temperature increase is observed in the
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Figure 12-21 Natural Circulation - sodium mass flow rate in the single 
loop of the primary system
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hot subassemblies in the center of the reactor core, since the neutron flux and 
importance are the greatest in this region. The next largest temperature increases 
are in the inner and outer core. The fuel temperatures start decreasing immediately 
after the reactor scram at 0.7 seconds; reach a minimum at 25 seconds, and then 
increase and stabilize as the natural convection is established at about 85 seconds. 
The fuel temperature in the radial blanket region does not increase as fast as the 
temperatures in the core. This is due to the large heat capacity of the radial 
blanket fuel region. However, the slow time response coupled with the large stored 
energy in the radial blankets causes the fuel tenperature to reach a maximum value 
of 493oC(920°F) in approximately ten seconds.

Since the changes in temperature of the reactor control assemblies were quite 
small, they are not presented in Figure 12-23.

Figure 12-24 shows the average temperature of sodium at the outlet of the reactor 
channels. The channel exit temperatures for the hot, inner, and outer core 
assemblies behave very similar. The initial peak is caused by a decrease in the 
sodium flow rates in their respective channels. As the reactor power is reduced, 
the fuel temperatures start to decrease (Figure 12-23), therefore, reducing the 
heat transfer rate, and causing a drop in the coolant temperatures. It is observed 
that the response of the coolant temperatures are delayed, due to the thermal lag 
caused by the heat capacity of the liquid sodium.

The sodium temperatures reach a minimum in approximately 20 seconds, but then 
start to increase again because of the increase in the reactor power to flow 
ratio (Figure 12-22). They reach a second peak at approximately 95 seconds, when 
the bouyancy effects are high, and natural circulation is fully established.

The sodium temperature at the outlet of the radial blanket channel increases very 
slowly, and exceeds the average outlet temperatures of the sodium of the normally 
hotter core channels for approximately 35 seconds. This is caused by the large 
amount of stored energy inside the radial blanket fuel, and the slow response of 
the radial blanket coolant due to its large heat capacity. The radial blanket 
coolant temperature also reaches a minimum, but it is delayed considerably, and 
goes back up to stabilize as the natural circulation is established.

A similar response is observed for the control assemblies channel, but with much 
less variations, as expected.
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The unheated bypass channel sodium exit temperature decreases by a fraction of a 
degree, due to a slight decrease in the sodium temperature at the reactor inlet 
module, and then stays constant as the bypass channel sodium flow rate goes to zero 
at 55 seconds (note, due to the small decrease in temperature the figure indicates 
essentially no variations).

Figure 12-25 shows the sodium temperature at the reactor vessel outlet nozzle.
This temperature behaves in the same manner as the coolant temperature at the 
outlet of the reactor channels (Figure 12-24) except for the difference in the 
magnitude and rate of variations. This is caused by the slower response in the 
reactor outlet plenum due to the large sodium heat capacity in this region. The 
temperature peaks at approximately three seconds to 5360C(996°F) and starts going 
down and reaches a minimum of 521°C(969.5°F) at about 55 seconds; thereafter, it 
starts increasing again.

Due to high temperature of the sodium at the outlet of the reactor channels the 
sodium is completely mixed and the jet penetration distance in the upper plenum is 
infinite; it is believed that the jet penetration distance will be reduced even
tually as the reactor cools off, and the top mixing zone in the upper plenum will 
be formed at a later time in the natural circulation transient.

Figure 12-26 shows the redistribution of the sodium flows among the reactor 
channels, which are in fractions of the total reactor flow. It is interesting to 
note that the reactor coolant flow rates are decreasing even though the fractions 
normally increase in the more heated channels (core channels), and decrease in the 
cooler channels (bypass and control channels).

As the primary loop flows coastdown the buoyancy effects become increasingly more 
important; hence, the less dense sodium which is caused by more heat transfer in 
the hotter channels enhances the flow of the coolant. These effects are quite 
pronounced in Figure 12-26, which shows that the flow fractions in the hot, inner 
and outer core channels increase very slowly, but the radial blanket, control 
assemblies, and bypass channel flow fractions start decreasing immediately.

The flow in the bypass channel starts dropping at a faster rate at approximately 
40 seconds and goes to zero at about 55 seconds, and is prevented from reversal. 
Hence it remains stagnant for the duration of the transient.
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As the flow rate in the radial blanket channel decreases, the flow changes from 
turbulent to transition and eventually to laminar regimes. These variations are 
observed due to the small increase in the radial blanket flow fraction at 55
seconds, which peaks at approximately 65 seconds when it goes into the laminar
flow regime, therefore increasing the friction factors and causing a decrease in 
flow.

The slight decrease in the flow fractions in the inner and outer core channels at 
55 seconds is caused by an increase in the flow fraction in the radial blanket 
channel. Hence there is a change in the flow pattern into the transition regime 
in both channels at about 65 seconds. The flows start to increase again and the
move the inner core flow back into the turbulent regime at 70 seconds, while the
outer core remains in the transition regime thereafter.

The sodium flow fraction in the hot channel remains in the turbulent regime 
throughout this transient.

Figure 12-27 shows the pump speed and sodium flow rate for the secondary loops of 
the plant. Following the loss of A.C. power both pumps start coasting down, hence 
decreasing the head across the pumps and the sodium flow rates. In this transient 
loop-1 (single loop) has the smallest inertia of all three loops (shorter pipe 
lengths), therefore the sodium flow and pump speed are decreasing slightly faster 
than the lumped loops. The pump speed in the single loop goes to zero at approxi
mately 58 seconds, but the pump speeds in the lumped loops go to zero at about 
60 seconds. The pump remains locked for the remainder of the transient.

The sodium flow rates in the loops coastdown, and reach the natural circulation 
driven conditions at about 90 seconds with approximately 2.5% sodium flow in each 
loop.

Figure 12-28 shows the recirculation line steam-water mixture mass flow rate. 
Following the pump trip, the flow rate starts decreasing. At approximately seven 
seconds after the transient initiation the saturated water reaches the recirculation 
pump causing immediate cavitation of the pump. This effect is observed by a sharp 
change in the flow rate reduction. The flow decreases to about 7% and is prevented 
from any further drop by the high buoyancy effects in the loop. As the auxiliary 
feedwater is made available at 30 seconds, it causes a slight subcooling of the 
water leaving the steam drum and, hence the recirculation pump comes out of
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cavitation at 31 seconds causing a small jump in the flow rate. The flow rate of 
the steam-water reaches a complete natural circulation at approximately 45 seconds 
after the transient initiation, and stays at approximately 16% flow for the 
remainder of the transient.

Figure 12-29 shows the average pressures in the main steam header and the steam 
drum. Following the loss of the A.C. power supply to the plant, the steam turbine 
is tripped by a rapid closure of the turbine stop valves, causing immediate 
pressurization of the main steam header.

As the header pressure increases beyond 11.03x10® N/m^ (1600 psi, the setpoint 
for safety relief valves), the safety relief valves open and relieve some of the 
pressure by discharging the steam to the atmosphere (Figure 12-30). The slow 
opening of the steam dump (bypass) valves, has a considerably smaller effect for 
the first few seconds, but after approximately seven seconds the dump valve is 
fully opened. This causes a further decrease in the header pressure. As the header 
pressure decreases below 10.10x10® N/m^ (1465 psi, the setpoint for the dump valve) 
the valve starts to close again and decreases the steam flow rate going to the 
condenser through the valve and hence, increasing the pressure at about 11 seconds. 
This process is continued until the steam pressure in the main steam header 
stabilizes, at about the setpoint pressure of the dump valve, in approximately 
50 seconds.

The average pressure inside the steam drums (one per loop) follows the steam header 
pressure except with a response which is considerably slower as is shown in Figure 
12-29. The header pressure fluctuations are fed back into the steam drums through 
their respective superheated steam mass flow rates in each steam generator loop.

Figure 12-31 shows the superheated steam flow rate in the superheater and the 
connecting transport systems for loop-1 of the steam generator system. It is 
observed that the steam flow rate follows the pressure differential between the 
main steam header and the steam drum. The initial decrease is caused by a drop 
in the pressure difference due to the header pressurization after the turbine 
trip. The pressure fluctuations continue as the valve position varies to adjust 
the header pressure. It finally stabilizes at about 50 seconds to approximately 
37% steam flow when the pressure differential has reached a constant value.

12-44



Pr
es

su
re

 (l
b,
/I
n2
!

1700

Steam Drum Pressure
1500

MOO •Main Steam Header Pressure
1300-

1200-

70 80 90 100
Time (Seconds)

N/m2

110x10'

-100

-90

80

Figure 12-29 Natural Circulation - average pressure inside the steam 
drum and the main steam header

12-45



P
er

ce
nt

 Ste
am

 Flow Relief Flow 
to the Atmosphere

Dump Flow to 
the Condenser

90 100
Time (Seconds)

Figure 12-30 Natural Circulation - steam mass flow rate to the atmosphere 
and the condenser



Pe
rc

en
t Su

pe
rh

ea
te

d S
te

am
 Fl

ow

— DEMO

90 10020 30
Time (Seconds)

Figure 12-31 Natural Circulation - superheater steam mass flow rate 
in the single loop

12-47



Figure 12-32 shows the fraction of drum water level from the drum centerline.

The normal feedwater supply was stopped completely at the transient initiation, 
causing an immediate decrease in the water level. The level continues to drop 
rapidly until at 30 seconds the auxiliary feedwater valve opens, and starts 
supplying subcooled water at 35 kg/sec(77 Ib^/sec) to the steam drum. The effect 
of the addition of the auxiliary water supply is observed at 30 seconds by a small 
variation in the reduction rate.

The water level continues to decrease as the mismatch between the auxiliary
feedwater entering the drum, and the saturated dry steam leaving reaches a constant
rate or 18 kg/sec(40 lb /sec) reduction in the total mass of the water-steamm
mixture in the drum. The water level in the steam drum is expected to be restored 
later in the transient as the steam quality at the drum inlet is reduced, due to 
the decrease in heat transfer in the evaporator modules.

Figure 12-33 shows the superheated steam temperature at the outlet of the super
heater module in loop-1. Generally speaking, the steam temperature is inversely 
proportional to the steam mass flow rate (Figure 12-31), that is; as the steam 
flow rate decreases the temperature increases, and vice versa. At about 50 
seconds when the steam flow rate reaches a constant value of 37%, the temperature 
continues to go down, since the secondary sodium mass flow rate is continuously 
dropping. The high steam to sodium mass flow rate ratio causes a sharp decrease 
in the steam temperature even after both the sodium and steam flows have stabilized.

Verification and Comparison
The response of the reactor to the development of natural circulation can best be 
described in terms of clad hot spot midwall temperature, and the maxiuum hot 
channel sodium exit temperature.

Figure 12-34 shows the clad hotspot midwall temperature in the reactor core hot 
channel. Following the loss of the A.C. power supply to the pumps, the reactor 
coolant flow begins to decrease, while the reactor power remains constant at 100% 
value. These account for the high power to flow ratio (Figure 12-22). A decrease 
in the heat removal rate causes a sharp increase in the cladding temperature.

Following the scram initiation at 0.7 seconds, the reactor power is reduced 
considerably (Figure 12-18), at a rate faster than the coolant coastdown rate. The 
heat removal rate, and therefore the cladding temperature increase at 1.1 seconds.

12-48



Fr
ac

tio
n o

f D
ru

m
 W

at
er

 Le
ve

l fr
om

 C
en

te
r

Auxiliary Feedwater Made 
—£ Available

0.60-

020-

10 20 30 40 50 60 70 8090100
Time (Seconds)

Figure 12-32 Natural Circulation - water level inside the steam 
drum of the single loop

12-49



Su
pe

he
ot

ed
 Exi

t S
te

am
 Te

m
pe

ra
tu

re
 (AF

)

95C'------

--- DEMO

90 DO60 70
Time (Seconds)

°c
500

450

400

350

300

Figure 12-33 Natural Circulation - superheater exit steam temperature 
in the single loop

12-50



I60C- — DEMO

1500-

1200-

900-

20 30 40 60 70 90 DO
Time (Seconds)

°c
900

800

700

600

500

Figure 12-34 Natural Circulation - clad hotspot midwall temperature

12-51



At approximately 15 seconds after the transient, the clad temperature reaches a 
minimum of 510°C(950°F), and then starts increasing again. This increase is 
further enhanced by an increase in the power to flow ratio, due to the decrease 
in the sodium flow rate at 55 seconds (time at which the primary pumps come to a 
complete halt). The cladding temperature levels off at about 80 seconds. This 
indicates the development of buoyancy induced natural circulation that will start 
to cool the reactor thereafter.

Figure 12-34 also shows a similar transient using the DEMO code (30). It is 
observed that the two models behave almost identically for the first five seconds 
of the transient, but the differences are more significant thereafter.

Generally speaking, the total reactor power to flow ratio (Figure 12-22), drives 
the transients in the reactor as indicated by Figure 12-22, the model predicts a 
higher power to flow ratio than the DEMO analysis. Two factors contribute to this 
variation. First, the total reactor power (Figure 12-18) at the time following the 
scram is slightly higher than the one predicted by DEMO, because the present model 
considers slightly more power to be generated by the decay of the fission products. 
Second, the total reactor flow in the model is slightly lower than the one pre
dicted by DEMO, since the pumps stop a second or two faster than they do in the 
DEMO model (30) , due to the slightly higher friction included in this model 
(Figure 12-20). The flow redistribution in the reactor has been fully accounted 
for in this model, that is, the buoyancy effects cause an increase in sodium flow 
in the warmer channels, while DEMO assumes a constant flow fraction throughout 
the reactor channel. Therefore, the bypass flow will never become stagnant, and 
there would be a slightly smaller flow in other regions of the reactor indicating 
a slightly higher temperature. But this effect is offset by the larger difference 
in the power.

Figure 12-35 illustrates the transient behavior of the maximum sodium temperature 
in the hot channel. The maximum sodium temperature occurs in the hot channel, near 
the top of the active core, just below the upper axial blanket region.

This temperature also follows the reactor power to flow ratio behavior, as for the 
hotspot cladding temperature (Figure 12-34). The first peak occurs at about 1.2 
seconds. At 740.5°C(1365°F) the sodium temperature starts to fall and reaches a 
mimimum at 15 seconds, it then starts to increase again, peaks at 85 seconds, and 
begins to stabilize as natural circulation becomes fully established.
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Again, the agreement between the two models is fairly good, and the difference in 
the magnitude of the temperature difference is caused by higher fission product 
decay heat rate and lower flow rates.

Figures 12-18 through 12-33 also show similar calculations using DEMO. The dashed 
lines represents the results as predicted by DEMO (30). Some of the figures show 
only the results of this model, meaning that the results are almost identical, or 
the results for similar variables do not exist.

It is important to note that the comparisons in the steam-water part of the plant 
are not very similar. This is because the transient results for the controlled 
bypass of the steam to the condenser depend strongly on the controller mechanism, 
the valve model, and important control parameters such as proportionality gain 
factors and the controller time constant. But as is indicated by Figure 12-28 
the recirculation line water-steam flow rates are in generally good agreement, and 
the variations are basically due to the difference in the empirical correlations 
used, and the fact that DEMO (2) neglected the transport delays between the drum 
outlet nozzle and evaporator inlet nozzle, causing a faster response in the 
results.

Figure 12-31 shows the transient superheated steam flow rates as calculated by the 
two models. It is observed that the flow rate after an initial sharp drop caused 
by the turbine trip stays at about 30% and starts falling again at approximately 
70 seconds (30). The model assumes that the steam drum pressure can only be 
relieved through the safety relief valves in the header, and does not switch to the 
closed-loop heat removal mode, as it is assumed by DEMO. Therefore, the steam 
flow rate remains high causing a decrease in the drum level.

It can be concluded that the two models are in close agreement and the establish-' 
ment of the buoyancy induced natural circulation is predicted to occur at 
approximately the same period. They predict a coolant flow sufficient to remove 
the decay heat generated by the fission product following the scram assuring a 
safe shutdown.
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Section 13

CONCLUSIONS

CONCLUSIONS
The purpose of this work was to develop a set of nuclear, thermal, coolant dynamics 
and control models capable of predicting the response of a loop-type, liquid 
metal-cooled fast breeder reactor to a number of postulated and actual accident 
events.

A number of numerical methods were proposed and tested to improve the accuracy of 
the model and reduce the overall computational requirements.

Finally, the models were assembled into a set of computer submodels that together 
were used to simulate three postulated events. Comparisons were made with existing 
simulation models, and the discrepancies were identified.

Several conclusions resulting from the analysis of the numerical studies can be 
drawn:

1. Knowledge of the diagonal entries in the Jacobian matrix of a large 
system of ordinary differential equations with varying relaxation 
times is sufficient for identification of the sources of stiffness 
generally encountered in the class of problems investigated.

2. Judicious use of the quasistatic approximation reduces the need for 
short time steps or sophisticated, implicit numerical-integration 
methods.

3. Formulation of quasistatic equations for most of the process 
variables provides the best means for the determination of pre
accident initial conditions.

4. A multi-channel reactor heat transfer and sodium dynamics model 
is necessary for predicting thermo-hydraulic responses correctly, 
especially during low-flow conditions,

5. From the comparisons with FORE-II, it can be concluded that it is 
sufficient to include two group delayed neutrons in the point 
kinetics equations for most transient cases, except for the short
term behavior of large reactivity insertions.

6. The choice of controllers is an important factor in determination 
of transient response of steam generator systems.
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7. Neglecting the coolant transport delays does not necessarily lead 
to a conservative analysis.

8. Knowledge of flow regimes in the reactor is an important consideration 
during the low-flow conditions.

9. General agreement exists between the models, but there is still a 
vital need for further experimental and theoretical verification.

10. No sodium voiding was observed for the transients analyzed, and 
small delays in the reactor scram can very well be tolerated 
without voiding initiation.
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APPENDIX A
EPRI-CURL PROGRAM LISTING

This section consists of a listing of the EPRI-CURL simulation code in its present 
state.

The subroutines are generally listed in the same order as they were presented in 
the User's Guide (Section 11 of this report).



n 
n 

a 
n 

n 
n

* *
* CURL - LOOP VERSION ** *
•* 4;
* MASTER PROGRAM *
». *
+ TO SIMULATE ** *
+ A ** *
* LIQUID - MF.TAl ” COOLED +* *
* FAST BREEDER REACTOR ** *
+• *
* CORNELL UNIVERSITY 1378 *

>■ + 4: **-****** -J' : l .+•*•**• + * S- * + * * * * * K * * * if * + ^. **+.* + *!♦•+.* *

INTEGER RUNGf,RSTART
REAL KMM1,KMM2lKMSl,KMS2,KMG1,KMG2fNEWIM1,NEWIM2 
DI MENS'ON NO(489),R(489) ,RSAVL(439)
DI MENS. LON TNEW(3) fSNCW(3) , IRNEW(3')
DIMENSION N0P0N{4}
CCMMON/ALLR/R1(8) f R2(18) ,R3{33),R41(25)tR42(25),R5(120),

1 R61 « 5) . Rt'2 ( 5) , R71 (80) , R72(80) ,R81 (39) ,R82(39) . R9( 5) , R1 0 (7 )
ccr/'-;0N/A!.LF/r*48-j>
C0;.'!1;!N/ALLNUL/NULU ^69 j 
CC.!".UN/RUNGNO/K , KCALC
CO’.’MQN/GE n / W1 00 , W1 ,W2,WI C , WOC , WHC , WCA . WRB, WBP , WS1 00 , WS1 , WS2,
IWDR!\
COMMON/PHY4/DENS(232)
COMMON/Ffilit/TCt 12), II PI ,1 I P2 , TCI ( G ) , TOPI , T0P2 , TON , TM (1 1 )
COMMON/FBN4/1C11tTCl2,TC13,TC[4,TCI5,T0I6 
CoMiCON, FBf<6/TI 11 ,1I1?,T) 13,TI14,TISH1,1501 ,TEI1 
C0VWON/TbR»/T121 ,1122,7123,TI 24,TISH2,TS02,TEI2 
COMMON / FF>R 1 O/NP ( 6 ) , LP(6)
COMMON/F DR 11/N1(4),11(4)
CCMM0M/TBR12/N2(4),L2(4)
COMMON,WISC/T.FSEC,I COUNT,5,SSEC,I PRINT,TMAXSC
CC:TM.,.N, NA ICIJN/NOPON1 ,N0P0N2
COMMON ilEAC i/PICO, RNSERT.TNSERT
COMMON/H(DI/T I ,T2.CCCC
C0MMON/HYD3/ADUM( 4) , !'1N , AGP
COMMON,'N0KMS/WP1 00( B I , W11 00( 2 ) , WT 1 001 2 ) , PIN 1 00 
COMMON/SCRM, ALIM1 , A L ! M2 , NEVJIV I , NEW I M2 , T I HX1 , TIHX2
COMMON/SCR F, DRUM 1 , DRUM? , T EVAF ! , TEVAP2 . STFI.W1 , SFFLW2 . FWFLW1 , FWFLW2
C 0 MM 0 M / L 0 0 P / /. L 0 0 P
COMMON/FACT /XFAC , AFt-C , VFAC . ViFAC , PFAC , DF AC , CFAC , XKFAC . TFAC , XMF AC ,

1 IGPAC.SPPAC,XILFAC,XMFaC,ENT FAG.GC
COMMON MMPMAX/1CMAX,1CLMAX,ZuET 
C C f,; M 0 N / T !< 1. P ‘, / T S C i' VI 2 ) , T 7 R I P ( 6 )
C0K1M0N/SGEN 1 / T NOrW 1 , T AUX 1 
CCMr,;ON/SGEN2/TNOFW2 . TAUX2

EQUIVALENCE 1R( 1 ) ,R1I 1 ))
NAME. L I Si / MAS A/ MODE, 1PR1NT , IPK , SSEC, TMAXSC 
NAMELIST/MASB/P100,PDO,SLOPEP,PDEND,XLOOP 
N A M E L ! C T/fc'ASC/TNEW,SNEW, IPNE W 
NAMELIST/MASD/TSCRM,TTRIP
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NAMELI ST/MASE/NOPON , MTURB , MDUIVP , RSTART , EPSI LN 
NAMELIST/MAS F/RNSERT,TNSERT 
NAMELI3T/MASG/TNOFW1,TN0FW2,TAUX1,TAUX2 
DATA EPS,EPS2/1.E-10,1.E-5/
DATA KMM1,KMM2,KMS1,KMS2,KMG1,KMG2/6*1./
DATA NSTART/0/
DATA NMOD/O/

C
WRITE(6,900)

C READ INPUT DATA
8000 READ(5,MASA,END=9020)

READ(5,MASB)
READ(5,MASC)
READ(5,MASD)
READ ( 5 , MAS'E )
READ(5,MASF)
READ(5,MASG)
IF(MODE.NE.O) WRITE(6,901) PDO 
IF(NSTART.EO.O.OR.MODE.EO.O) GO TO 8001 
DIVI=ABS(1.-PD/PDO)
IF(DIVI.LE.EPS2) GO TO 8001 
WPITE(6,911)
GO TO 9

8001 IF(MODE.EQ.1) WRITE(6,902)
IF(MODE.EQ.2) WRITE(6,903)
IF(MODE.EO•0) WRITE(6,904)
WRITE(6,914)
WRITE(6,MASA)
WRITE{6,MASB)
WRITE(6,MASC)
WRITE(6 » MASD)
WRITE(6,MASE)
WRITE(6,MASF)
WRITE(6,MASG)
DO 1 1=1,489
NU L L(I)=0

1 F(I)=C.
IF(NST ART.EQ.1) GO TO 2 
DO 3 1=1,489 

3 R(1)=0.
2 T = 0 .

TMAX=TMAXSC/3600.
TSEC=0.
ICOUN T = 0 
ISSP=IPNEW(3)
PD = PDO
PTOT = P100 + PD 
ISPACE=0 
IKCAL=0 
S= SSEC/3600.
MODE 1 =i7I0DE 
M0DE2=M0DE 
MODE T = MODE 
NOPON1=NOPON(1)
N0P0N2=N0P0N(2)
IF(NOPON(3).EQ.1) M0DE1=3 
IF(NOPON(4).EQ.1) MODE2=3 
IF(MTURB.EQ.1 ) MODET =4 
IF(MDUMP.EO•1) MODET=5 
MSCRAM=0
IF(TSCRM(1).LE.O.) MSCRAM=MSCRAM+1
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IF(TSCRM(2).LE.O.) M5CRAM=MSCRAM+2 
IF(TTRIP(1).LE.O.) KWMI^O 
IF(TfRIP(2).LE.O.) KMM2=0 
IF( T TRIPO) . LE.O. ) KM51 = 0 
IF(TIRIP(4).LE.O.) KMS2=0 
IF(TTRIP(5).LE.O.) KMG1=0 
IF(TFRIP(6).LE.O.) KMG2=0 
IF(MODE.EO.0.AND.PD.EQ.1.) NMOD-1

INITIALIZE ALL STARTING (STEADY-STATE) VALUES OF THE SUBMODELS
9 K = - t

IF(T.NE.0.) K=4 
I FINSTART.EQ.1 ) K = 4
IF(K.EQ.4) CALL RSTFBR(MODE,HPOT,NIHX1,NIHX2,PD)
IF(K.NE.4) CALL LMFBR(MODE,HPOT,NIHX1,NIHX2,PD)
IFINMOD.EQ. 1 ) PIN100=:PIN 
N10N2=10+NP(2)
N20N3=20+NP(3)
N40N5=40+NP(5)
N50N6-50+NP(6)
NS I 1=30 + N1 (4)
NSI2=30+N2(4)
NXIT1=2*NIHX1+5 
NXIT2=2*NIHX2+5 
NISH1=N1(1)
NISH2 = N2(1 )
T1 = TC I 3 
T2= TC I 6 
TP 11= TON 
T PI 2-TON 
WP1=W1 
WP2=W2 
TSI1=TI14 
TSI 2“TI 24
CALL NEUKINlMSCRAM,PTOT,PD)
CALL HYDROS(MODE,KMM1,KMM2,PD,HPOT)
CALL RTHERM(M0DE,PTOT,HPOT,T1,T2)
CALL IHX1 | MODE , WP1 ,WS1 ,TPl’l ,TSI1 ,NIHX1 )
CALL IHX2(MODE,WP2,WS2,TPI2,TSI2,NIHX2)
CALL DELAYPIWP1,WP2.MODE)
CALL 1HYD1(PD,PTM,KMS1.MODE1)
CALL IHYD2(PD,PTM,KMS2,MODE2)
CALL DELAY1(WS1,MODE 1)
CALL DELAY2(WS2,MODE2)
CALL SGTHD1(TISH1,KMG1,MODE1,PD)
CALL SGTHD2(TISH2,KMG2,MODE2,PD)
W31 -R81(33)
W32=RB2(33)
H211"RU1(30)
H212=R82(30)
CALL TUREO(MODET,W31,W32,H211,H212,PD)
A LIM1= R 61(4)
ALIM2-R62(4)
NEWIM1=R61(3)
NEW IM2 = R62|3)
TIHX1=TCI3 
TIHX2=TCI6 
DRUM1=R81(36)
DRUM2 = R82(36 )
TEVAP1=TI12 
TEVAP2=T122 
STFLW1=R81(37)
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oo
oo

o 
no

on
STFLW2=R82(37)
FWFLW1=R81(38)
FWFLW2=R82(38)
CALL SCRAM(MSCRAM,KMM1 ,KMIVi2,KMS1 ,KMS2,KMG1 , KMG2 )
IF(T.NE.O.) GO TO 9999

AT THIS POINT ALL SUBROUTINES ARE READY TO ACCEPT CALLS TO 
COMPUTE DERIVATIVE VALUES. ONLY THE TOTAL NUMBER OF PROCESS 
VARIABLES, UOY, NEEDS TO BE INITIALIZED BEFORE THE TRANSIENT 
CALCULATION BEGINS.

JOY =4139
IF(MODE.NE.0) GO TO 100 
DO 10 1-1,8 

10 NULL!I)=I
DO 20 1=1,120 

20 NU L L(1 +109) = I 
DO 30 1=1,80 
NULL(239+1)=I 

30 NU L L(319 + 1) = I 
DO 40 1=1,7 

40 NULL(482+I)=I 
100 JMIDLE=1 

KCALC=1
IF(K.NE.4) GO TO 1000 
K= 1
GO TO 2001

1000 IF(ICOUNT.LE.1) KCALC=1
1001 IF(JMIDLE.GE.4) GO TO 1100 

IF(TSEC.LT.FNEW(JMIDLE)) GO TO 1100 
SSEC=SNEW(JMIDLE)
IPRINT=IPNEW(JMIDLE)
ISPACE=I COUNT 
S=SSEC/3600.
KCA LC = 1
JMIDLE=JMIDLE+1 
GO TO 1001

1100 IF(ICOUNT.NE.O) CALL LMFBR(MODE,HPOT,NIHX1,NIHX2,PD)
2000 K = RUNGE(JOY,R,F,T,S,NO)
2001 IF(K.EO.1) K=3 

KCALC = 1
WHEN K=0, COMPUTE PROMPT APPROXIMATION VARIABLES;
WHEN K = 1 , BEGIN TIME STEP & COMPUTE VALUES OF DERIVATIVES;
WHEN K=2, CONTINUE TIME STEP, COMPUTING NEW DERIVATIVE VALUES; 
WHEN K=3, BEGIN TIME STEP, COMPUTE NEW TIME CONSTANTS, AND 

COMPUTE THE DERIVATIVES.
TSEC = T* 3600.
IF(R2(1).LT.EPS) R2(1)=EPS 
IF(R2(2).LT.EPS) R2(2)=EPS 
IF(R2(7).LT.EPS) R2(7)=EPS 
IF(R2f8).LE.0.0) R2(8)=0.0 
IF(R2(13).LE.0.0) R2(13)=0.0 
IFIR6KD.LE.EPS) R61(1) = EPS 
IF(R62(1)•LE.EPS) R62(1)=EPS 
IF(R61(2).LE.0.0) R61(2)=0.0 
IF(R62(2).LE.0.0) R62(2)=0.0 
IF(R81(31).LE.0.0) R81(31)=0.0 
IF(R82(31).LE.0.0) R82(31)=0.0 
IF(R81(32).LE.EPS) R81(32)=EPS 
IF(R82(32).LE.EPS) R82(32)=EPS 
IF(R81(33).LE.EPS2) R81(33)=EPS2 
IF(R82(33).LE.EPS2) R82(33)=EPS2 
W1=R2(1 )
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W2=R2(2)
W0C--R2(3)
WHC=R2(4)
WCA = R2(5)
WRB-R2(6)
WBP=R2(7)
WIOW1+XLOOP*W2-WOC-WHC-WCA-WRB-WBP 
IF(MODE.EQ.2) W1=R2(18)
IF(MODE.EQ.2) WBRK=R2(1)
WP1=W1 
WP2=W2 
WS1=R61(1)
WS2=R62(1)
T1= R5(N2 0N3)
T2=R5(N50N6)
TCI 1=TON 
TCI2 = R5(NP(1 ) )
TCI 3 = R41(NIHX1+3)
TC14 - TON
TCI 5-R5 ( 30+N P(4))
TCI6-R42(NlHX2+3)
TPI1 -R5(N10N2)
TPI2=R5(N40N5)
TSI1=R71(NSI1 )
TSI2=R72(NSI2)
Till-R41(NXIT1 )
TI 12 = R81(11)
Til3=R71(10+N1(2))
TI14=R71(20+N1(3))
TISM1=R71(NISH1)
TSOI=R81(4)
TEI1=RB1(9)
TI 21=R42(NX1T2)
TI22=RB2(11)
TI23-R72(10 + N2(2))
TI24=R72(20+N2(3))
TISH2-R72(NISH2)
TS02=RB2(4)
T EI 2 -R82(9)
W31-RBI(33)
W32=R82(33)
H211=R81(30)
H212=RR2(30) 
p T M = R g(3)
1F(MODE.NE.0) GO TO 2080 
T 1 -- T C I 3 
T2-TCI 6 
TSI 1 -TI 14 
TS!2=TI24

2080 CONTINUE
IF(SLOPEP.EQ.0.) GO TO 2100 
PD=PDO+SLOPEP*TSEC
IF(SLOPEP.U.0..AND.PD.LT.PDEND) GO TO 2090 
IF(SLOPEP.GT.O..AND.PD.GT.PDEND) GO TO 2090 
GO TC 2100

2090 SLOPEP=0.
PD=PDEND

2100 IF(MODE.NE.O) CALL NEUKIN(MSCRAM,PTOT,PD)
IF(MODE.EQ.0) PTOT=P100*PD
CALL HYDROS(MODE,KMM1,KMM2,PD,HPOT)
CALL RTHEtiMf MODE, PTOT, HPOT, T1 , T2)
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IF(MODE.EQ.O) TPIUTON 
IF(MODE.EQ.O) TPI2-TON
CALL IHX1(MODE,WP1 ,WS1 ,TP 11 ,TS11 ,NIHX1)
CALL IHX2(M0DE.WP2.WS2,TPI2,TSI2,NIHX2)
CALL DELAYP(WP1,WP2,M0DE)
CALL IHYD1(PD.PTM.KMS1,MODE1)
CALL IHYD2(PD,PTM,KMS2,MQDE2)
CALL DE LAY I(WS1 ,MODEi)
CALL DELAY2(WS2,MODE2)
IF(MODE.EQ.O) TI SHI=R41(NXIT1 )
IF(MODE.EQ.0) TISH2 = R42(NX IT2)
CALL SGTHD1(TI SHI ,KMG1 ,MODE1 ,PD)
CALL SGTHD2( TISH2,KIV1G2, MODE2 , PD )
CALL TUR0O(r,:ODET ,W31 ,W32,H21 1 ,H212,PD)
AL1M1=R61(4)
ALIM2=R62(4)
NEW I Ml = R61(3)
NEWIM2 = R62(3)
TIHXI-TCI3 
TIHX2-TCI6 
DRUM 1 = R81 (.36)
DRUM2-RG2(36 )
TEVAPt=TI12 
TEVAP2-T122 
STFLW1=R81(37)
STFLW2-R82(37)
FWFLWI-R81(38)
FWFLW2=R82(38)
IF(MODE.NE.0) CALL SCRAM(MSCRAM,KMM1,KMM2,KMS1,KMS2,KMG1,KMG2) 
IF(K.NE.O) GO TO 3000 
IC0UNT-- ICOUNT + 1 
GO 10 1000

3000 IF(K.EO.I) GO TO 4000 
IF(K.EO•2) GO TO 2000

C REARRANGE NULL VECTOR TO FORM VECTOR NO (CONTROL INTEGERS)
1 = 1
DO 2900 J=1,489 
JCOUNT = 0
IF(J.GT.O) UCOUNT^B 
IF(J.GT.26) JCOUN T = 26 
IF(d.GT.b9) UCCUNi= 59 
IF(d.GT.84) JCOUNT = 84 
IF(J.GT.109) JCOUNT = 109 
IF(J.G1.229i JCOUNT = 229 
IF(J.GT.234) JCOUNT = 2 34 
IF(J.GT.239) JCOUNT=239 
IF( J.GT.3.19) JCOUNT = 31 9 
IF(J.GT.399) JCOUNT = 399 
IF(J.GT.438) JCOUNT = 438 
IF(J.GT,477) JCOUNT = 477 
I F(J.GT.482) JCOUNT = 482 
IF(NULL(J).EO•0) GO TO 2S00 
NO(I)=NULL(d)+dCOUNT 
I = ! + 1

2900 CONTINUE
DO 2905 J=I,JOY

2905 NO(J)=0
4000 IF(ICOUNT.EQ.ISPACE) GO TO 5500 

GO TO 9000
5500 ISPACE=ICOUNT+IPRINT

IF(MODE.NE.O) WRI1E(6,905) I COUNT,TSEC,SSEC
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6000
6500

9C00

9001

9002

9003 
9005

9008

9010

9012

1F(MODF.EQ.0) WRITE(6,907) 'COUNT,PI 01
IF(KCALC.EO.1 ) WRITE(6,906) (NO(I),I- 1 ,JOY)
IHIKCAL.LE. I COUNT ) GO TO 6000
KCA LC -0
GO TO 6500
IKCAL=ICOUNT+IPK
CONTINUE
IF(MODE.NE.O) CALL PUTNEU
CALL PUTHYD
CALL PUIRTH
CALL PUTHX1
CALL PUTHX2
I F ( MODE . NE . 0.) CALL PUTDEL 
CALL PUT IK1 
CALL PUT IH2
IF(MODE.NE.0) CALL PUT ID1 
IF(MODE.NE.O) CALL PUT ID2
CALL PUTSG1 
CALL PUTSC2 
CALL PUTTUR
1F(MODE.NE.0) CALL PUTSCR 
KCA LC = 0
IF(MODE.NE.O) GO TO 9005 
IF(ICOUNT.EQ.0) GO TO 9002 
NDIV=0 
BIGDIV=0.
DO 9001 1=1,JOY 
IF(R(I).EQ.0.) R(I)=EPS 
DIV=ABS((KlI)-RSAVE(I))/R(I))
IF(D1V.GT.EPSILN.AND.ICCUNT.NE.ISSP) GO TO 9002
IF(DIV,LE.BIGDIV) GO TO 9001
BIGD1V=DIV
NDIV=I
CONTINUE.
IFjBIGDIV.XE.EPSILN) GO TO 9010 
WRIT EI 6,912) I COUNT,NDI V,B IGD IV 
IS5P=IC0UNT+ XPNEW(3)
DO 9003 1=1,JOY
IF(R( I).EO.O.) R(I) = EPS
RSAVE ( I )=RU )
IF(T.LT.TMAX) GO TO 2000
IFfISPACE.NE.fICOUNT+IPRINT)) GO TO 5500 
IF(MODE.NE.0) GO TO 9008 
WRITE(6,908)
GO TO 9
I F ( PS [ ART .'NE . 1 ) GO TO 9999 
WRITE(6,913)
WRIT E(6,914)
GO TO 9
WRITE(6,909) ICOUNT 
NST AR T = 1
NMOD=0
IF(PD.NE.1.) GO TO 9014 
DO 9012 1=1,7 
WP100(I)=R2( I ) 
WP100(8)=R2(18)
W1100(1 )= R 61 (1 )
WI100(2)=R62(1 )
WT100(1)=R8l(32) 
WT100(2)=R82(32)
R2(8)=!.

A-7



o o
R2(13)=1.
R61(2)=1.
R62(2)=1.
R81(31)=1.
R8P(31)=1.
NP."CD= 1

9014 IF(R51ART.EQ•1) GO TO 8000
9015 M0DE:=1 

IPRtNT=0 
U'.AXSOO.
RSIART=0 
WRITE(6,814)
GO TO 2

9020 WRITE(6,910)
IF(NSTART.EO.1) GO TO 9015 

9999 STOP

FORMAT STATEMENTS
900 FORMAT( ' 1 ' ,T34,63( 1 * 1 ),/T34, '* 1 ,61X, '*'/T34, 1 * 1 ,19*, 'C URL-

1 1 LOOP VERSION1 ,20X, ,/T34, ,61X, l*'/T34, ■,' ,61X, l*l/T34, ,
2 9X, 'DYNAMIC SIMULATION OF A LI0UID-METAL-COOLED' , 9X, '* 1/T34 , '* 1 ,
3 61X , ' *'/T34, 1 » ' ,20X, ' FAST BiJEEDER REACTOR 1 ,2 1 X 1/T34,1 * 1 , 61 X ,
4 1»1/T34, '* 1 ,61X, 1*'/T34 , 118X, 'CORNELL UNIVERSITY 1978’,19X,
5 1 *'/T34, '* 1 ,61X, 1 * 1/T34,63( '*' )///)

901 FORMAT (//T5X,30( ' -*'1 ) ,5X, ' TRANSIENT CALCULATION BEGI NS ’ , 5X , 30 ( 1 * ' ) ,
1 //3X,'REACTOR INITIALLY AT STEADY - STATE, OPERATING AT',
2 2PF6.1,' % OF FULL POWER'//)

902 F0RMAT(3X,'PIPING INTEGRITY MAINTAINED'///)
903 F0RMAT(3X, 1 PIPE RUPTURE ACCIDENT'///)
904 FORT,;AT(3X, 'DETERMINATION OF STEADY STATE VALUES'///)
905 F0T;MAT( ' 1 ' ,5X, ' STEP # ' , I 6,3X , 'TIME =',F11.5,' SEC',3X,'S =',F9.5,

1 ' SEC )
906 F0RMAT(/T49, ‘TOTAL VECTOR OF CONTROL INTEGERS'/25(15))
90/ FORMAT('1',5X,'STEP #',I6,23X,'S T E A D Y S T A T E C AL C, 

1 ' U L A T I 0 N'/47X,'POWER HELD CONSTANT AT',F8.2,' MWT'//)
908 FORMAT('1‘,///iOX,75(‘*'),/10Y,'*',73X,,*',/10Xl'*',14X,

1 'NO CONVERGENCE FOUND IN ALLOTTED TIME PERIOD' ,15X, '*' ,
2 ,/1 OX, ' * ' , 73X , ' * ' , / 10X , 75( ' * ' )////)

909 FORMA I( ' 1 ' ,///29X,15('*') ,5X,'CONVERGENCE IN',15,' I TERAT IONS' ,5X,
1 1D('+')///)

910 FORMAT ( '1 ' , 1 OX,10( '* 1 ),5X. 'REOUI RED INPUT DATA FOR MASTER',
1 ' PROGRAM NOT FOUND 1 ,5X,10('*'),///)

911 FORMAT(//tbX,16('*'),5X,'INITtAL STATE NOT AT SAME POWER AS ',
1 1 CALCULA It'D STEADY STATE' , 5X , 1 6 ( ' * ' ),/T54, 'TRANSIENT ABORTED1//)

912 FORMAT (//1 9X , 5 ('>■'), 5X ,' NO CONVERGENCE IN',15,' STEPS. ',
1 'VARIABLE #',I4,' CHANGED BY' ,2PF9.5, '. % 1 ,5X,5( '*’))

913 FORMAT( '1 ' ,25X,15( '»' ),5X, 'END OF CALCULATION' ,5X,15( '*')////)
914 FORMAT(///20X,30('*'),5X,'I N P U T DAT A',5X,30('*'),///)

END
SUBROUTINE LMFBR(MODE, HOP, KXl, KX2, PD)
DIMENSION DBP(2),DIP(3),DIS(4),AP(3),AS(4)
DIMENSION ZH(3),ZI(3),Z0(3),ZC(1),ZR(1),ZB(2)
DIMENSION XL1(10) ,XL2(10),XL3( 10 ) ,XL4<10),XL5(10)
DIMENSION XL6(10),XLX1(13),XLX2(13),XLH(3),XLI(3),XL0(3),XLC(1) 
DIMENSION XLR(1),XLB(2),FH(3),FI(3),F0(3),FCM),FR(1),FB{2),FP(4) 
DIMENSION 'F I ( 1 0) , F2( 10) , F3( 1 0) . F4( 10) , F5( 1 0 ) , F6( 10)
DIMENSION FX1(13),FX2(13)
DIMENSION XLS1(10),XLS2(10),XLS3(10),XLS4(10),XLS5(10),XLS6(10),

1 XLS7(10),XLS8(10)
DIMENSION FS1(10),FS2(10),FS3(10),FS4(10).FS5(10),FS6(10),FS7(10), 
1FS8(10),W(232),DPG(36)
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COMMON/MISC/T,TSEC,ICOUNT,S.SSEC,I PR I NT,TMAXSC 
COMMON/LOOP/XLOOP
COMMON/GET1/WI100tWI1 ,W12,WIC,WOC,WHC,WCA,WRB,WBP,WS100,WS1,WS2, 
1WCRK
COMMON/FBR1/TC(12),TIP1,TIP2,TCI(6),TOP1,T0P2,TON,TM(11)
COMMON/FBR2/TP1( I 3),TS1(12)
COMMON/FBR3/T P2(13) ,TS2(12)
COMMON/FBR4/TCI1,TCI2,TCI3,TCI4,TCI5,TCI6
COMMON/FBR5/TCI(10),TC2(10),TC3(10),TC4(10),TC5(10),TC6(10)
COMMON/FBR6/T 11 1 .TI^'.TIIS.TIM,TSI1,TSOI .TF.I1 
COMMON/FBR7/TM1(10),TM2(10),TM3(10),TM4(10)
COMMON/F BRB/TI21 ,TI22,TI23,TI24,TSI2,TS02,TE12 
COMMON/F 6R9/TM5(10) ,TM6(10),TM7(10),TM8(10)
COMMON/FBR10/NP(6),LP(6)
COMMON/FBR11/N1(4),L1(4)
COMMON/FBR12/N2(4),12(4)
COMMON/FBH13/DH(12),AH(12),A I=T,AOPT,OD(1 1 )
COMMON/FBR14/DPX,APX,CDP(3),DELP(3),XLP(7),XL11,XL12,XU21,

1 XL22,DSX,ASX,XLS(12),ODI(4),DEL I(4)
COMMON/FBR15/DSS,CSS,XKSS 
COMMON/FBR16/AHV(232)
COMMON/HEADS/DHG(11)
COMMON/FRIC TS/C(11 )
COMMON/PHY 1/TCAV(232)
COMMON/PHY2/G(232)
COMMON/PHY 3/DHY(232)
COMMON/PHY 4/DEH(3).DEI(3),DEO(3),DEC(1),DER(1),DEB( 1 ),DIP1(2) ,

1 DEIP1 ,DEIP2,DEOP 1 ,DIP2(6),DOP1(5),DOP2(1),DON12(1),DEI (10).DPI(1)
2 ,DE2(10),DX1(13),DE3(10),DE4(10),DP2(1),DE5(10),DX2(13),DE6(10),
3 DUM1(11),DSX1 ,DES1 (10),DSH1 ,DEV 11 ,DEV01 ,DES2(10),DEST1 ,DES3(10),
4 DESP1 ,DES4( 10),DUM2(11),DSX2,DES5(10),DSH2,DEV 12,DEV02,DES6(10),
5 DEST2.DES7(10),DESP2,DES8(10>
COMMON/PHY8/RE(232)
CQMMON/HYD1/TR11 ,TRI 2,CRIP
COMMON/HYD2/NDB,PBRK,ZBRK,X LBRK,CROBB,CROAB,HEADBB,HEADAB,DENAB 
COf.1MON/HYD3/ZOPNOM,DZCON, PCG, PGV , PINL ET , AOUTPL 
COMMON/PHED/AA(8),CC ( 8)
COMMON/PT RO/BB(8),DD(8)
COMMON/CNV1/XL(12),P(11),WL(11),DSG,ASG,ODSE,DELSE 
C0M,M0N/CNV2/ZIN1 , ZI N2 , ZON , ZP1 ,ZP2,Z0PLEV 
COMMON/CNV3//Z1 ( 1 0 ) , Z2 ( 1 0 ) , Z3 ( 1 0 ) ,Z4 ( 1 0 ) , Z5 ( 1 0 ) , Z6 (1 0 ) 
C0MM0N/CNV4/ZX1(13),ZX2( 1 3)
C0MM0N/CNV5/ZS1(10),ZS2(10),ZS3(10),ZS4(10),ZS5(10),ZS6(10),

1 ZS7(10),238(10)
COMMON/CNV6/ZHX1,ZHX2,ZSH1,ZSH2,ZEVI1,ZEVI2,ZEV01,ZEV02,ZSP1,ZSP2 
C0MMON/CNV7/P1,P2,P3,P4,P5,P6.P7,P8,P9,P10,P11,P12 
C0MM0N/CNV8/PS1,PS2,PS3,PS4,PS5,PS6,PS7,PS8,PS9 
C0MM0N/CNV9/P11 ,PI2,PI3,PI4,PI5,PI6,PI7,PI8,PI9 
COMMON/F AC T / XFAC, FDUM1 (3) ,PFAC, FDUi«2< 10) ,GCP
NAf.ILL I ST / BR01 / W11 00 , W11 , WI2 , W IC , WOC , WHC , WCA , WRB , WBP, WS1 00, WS1 ,WS2, 
1WBRK
NAMED IST/BR02/TC,TIPI ,TIP2,T0P1 ,T0P2,TM 
NAMELIST/BR03/K1,K2,NP,LP,N1,L1,N2,L2 
NAMELIST/BR04/TP1,TS1 
NAMELIST/BR05/TP2,TS2
NAMELIST/BR06/TC11 ,TC12,TCI 3,TC14,TCI 5,TCI 6 
NAMELIST/BR07/TI11,TI12,TI13,TI14,TSI1,TS01,TEI1 
NAMELIST/BR08/TI21 ,TI22,TI23,TI24,TSI2,TS02,TEI 2 
NAMELIST/BR09/DH,AH,AIPT,AOPT 
NAMELIST/BRIO/XL,P,WL,OD
NAME LIST/BR11/DPX,APX,ODP,DELP,XLP,XL 11 ,XL12,XL21 ,XL22
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NAME LIST/BR12/DSX,ASX,ODI.DEL I,DSG,ASG.ODSE,DELSE,XLS 
NAMELIST/BR13/ZIN1,ZIN2,ZON,ZP1,ZP2,ZOPLEV 
NAMELIST/BR14/Z1,Z2,Z3 
NAME LIST/BR15/Z4,Z5,Z6 
NAMELIST/BR16/ZX1,ZX2
NAME LIST/BRI 7/PI ,P2,P3,P4,P5,P6,P7,PR,P9,P10,P11 ,P12 
NAMELIST/BRIB/DSS.CSS.XKSS
NAME LIST/BRi9/PS I ,PS2,PS3,PS4,PS5,PS6,PS7,PS8,PS9 
NAME!. IST/BR20/PI1 tPI2,PI3,P14,PIa,PI6,PI7,Pia,PI9 
NAME LIST/BR21/ZSI ,ZS2,ZS3,ZS4 
NAME LISI/BR22/ZS5,ZS6,ZS7,ZSB
NAMELIST/BR23/ZHX1,ZHX2,ZSH1,ZSH2,ZEVI1,ZEVI2,ZEV01,ZEV02,ZSP1,ZSP 
12
NAMELIST/BR24/PBRK.ZBRK,XBRK.PGV
NAMELIST/BR25/AA,BB,CC,DD
DATA PI / 3 .. 1 4 1 593/
iF(I COUNT.NE.0) GO TO 15
RFAD(5, BR01)
READ(5, BRU2)
READ!5, BR03)
READ!5, BR04)
READ!5, BROS)
READ(5, BRG6)
READ!5, BR07)
READ! 5, BKIJB)
READ!S, BR09)
READ(5, BR10)
READ(5. BR11)
RE AD(5, BR12)
READ(5, BR13)
RFAD(5, BR14)
READ(5, BR1B)
READ(5, BRIG)
READ(5, BR17)
READ(5, BR1B)
READ(b, BR19)
READ!5, BR20)
REALMS, BR21 )
READ!5, BRP2)
RE AD(5, BR23 )
READ(5, BR24 )
READ(5, BR2S )

C
C PRINT . INPUT DATA

998 WR1TEIG, BRO1)
WRITEIG. BRU2)
WRITE!6, BR03)
WRITE(6, BR04)
WRIIEtG, BROS)
WRIILTG, BR06)
WRITE!G, BR07)
WRITE!6, BROS)
WRITE! 6, BR'09)
WRIIF. (G, BRIO)
WRITE I 6, BR1 1 )
WRI IE(6, BRI2)
WR11E(6, BR13)
WRI IE(6, BRi4)
WRITEIG. BR15)
WRITE!6, BR16)
WRITEiG, BR17)
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WRITE(6, 
WRITE(6, 
WRITE(6, 
WRIT E(6 , 
WRITE(6, 
WRITE(6, 
WRITE(6, 
WRITE(6♦ 

CALL

BR 1.8)
BR1 9)
BR20)
BR2 1 )
BR22)
BR23)
BR24)
BR25)
SUBROUTINE CONVRT TO CHANGE TO PROPER UNITS AND 
INITIALIZE ALL THE CONVERSION FACTORS FOR THE 
OTHER SUBROUTINES

C

999

1000

1001

CALL CONVRT 
PBRK = PBRK/.PFAC 
PGV-PGV/PFAC 
ZBRK=ZBRK/XFAC 
XBRK=XBRK/XFAC

AOUTPL-AOPT 
ZH(1 )=ZIN2 + X L(1)
ZI (1 ) =ZIN2 + X L(4)
Z0(1)=ZIN2+XL(7)
DO 999 1=2,3 
IM=I-1
ZH(I)=ZH(IM)+XL(I)
ZI ( I ) = ZI(IM)+XL(1 + 3)
ZG(I)=Z0(IM)+XL(1+6)
ZC(1 ) =ZIN2 + X L(10)
ZR(1 ) =ZIN2 + X L(11)
ZB(1 ) = ZIN2+X L(12)
ZB(2)=ZH(3)
HCP = Z0PLEV.-ZH(3)
KXl=K1 
KX2=K2
DO 1000 1=1,3
DIP(I)=ODP(I)-2.*DELP(I)
AP(I)=PI/4.rDIP(I)**2/144.
DO 1001 1=1,4
DI S( I )=ODI'( I )- 2 . *DELI ( I )
AS(1) = PI/4.« DIS(I)* *2/144. 
DISSE=QDSE-2.*DELSE 
ASSE=PI/4/*DISSE*»2/144. 
NP1=NP(1)
NP2=NP(2)
NP3=NP(3)
NP4=NP(4)
NP5=NP(5)
NP6 = NP(6.)
N11=N1(1)
N12=N1(2)
N13=N1(3)
N14 = N1(4)
N21=N2(1)
N22 = N2(2)
N23=N2{3)
N24=N2(4)
XNP1=NP1 
XNP2=NP2 
XNP3=NP3 
XNP4=NP4 
XNP5=NP5
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XNP6-NP6 
XK 1 K1 
XK2-K2
GC=GCP*(3600.**2)
K 1 1 - K1 + 1
K21=K2+1
K12-K14 2
K22-K2+2
X L X1 (1 )=X L1 i
DO 301 1=2 , K1 1

301 X1.X1 ( I)=XLP(7j/XK1 
X LX 1(K12)=0.
XLX1 (K1241 ) = XL 12 
X LX2(1 j =XL21 
DO 302 1=2, K21

302 X L. X 2 ( I ) =XLP( 7 )/XK2 
X LX2(K22) = 0.
XL X2 ( K22+1.) = XL22 
DO 101 1=1, NP1

101 XL1(I)=XLP(1)/XNP1 
DO H02 1 = 1, NP2

102 XL2(I1.)=XLP(2)/XNP2 
DO 103 1=1, NP3

103 X L3(I) = X LP(3)/XNP3 
DO 104 1=1, NP4

104 X L4(1)=XLP(4)/XNP4 
DO 105 1=1, NP5

105 XL5( I)= X LP(5)/XNP5 
DO 106 1=1, NP6

106 XLCl!)=XLP(6)/XNP6 
X L I N = 0 .
XLOUT = 0.
DC 303 1=1, 3 
X LH ( I ) = X L ( I )
XL I ( L ) = XL ( 14-3)

303 XLO(I) = X L(1 + 6)
XLCl1)=XL(10)
X L R ( 1 ) = X L ( 1 1 )
XLlil 1 ) = X L ( 12)
X LB(2)= 0.

C IN1HRMEDIA T E LOOPS
XM 1 =N1 1 
XN12=N12 
XN13=N13 
XN14=N14 
XN21=N21 
XN22=N22 
XN23=N23 
XN24=N24 
DO 304 1=1, Nil

304 XLS1(I)=XLS(1)/XN11 
DO 305 1=1, N12

305 XLS2II)=XLS(2)/XN12 
DO 306 1 = 1 , N13

306 X L S3( I)=XLS(3)/XN13 
DO 307 1=1, N14

307 XLS4(I)=XLS(4J/XN14 
DO 308 1=1, N21

308 XLS5(I)=XLS(5)/XN21 
DO 309 1=1, N22

309 XLS6(I)=XLS(6)/XN22
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DO 310 1=1, N23
310 XLS7(I)=XLS(7)/XN23

DO 311 1=1, N24
311 XLS8(I)=XLS(8)/XN24

C DEFINE THE DUMMY DHY FOR DIAMETER AND AHY FOR AREA OF FLOW
DO 107 1=1, 12
DHY ( I )=DH('I )

107 AHY(I)= AH(I)
DIPT=SQRT(AIPT*4./PI)
DCPT = SORT(AOPT *4./PI)
DO. 300 1 = 13, 16
DHY(I) = DIPT 

300 AHY(I)=AIPT 
DHY( 17)= DOP T 
AHY(17)=AOPT 
DO 108 1=18, 29 
DHY(I) = DOPT

108 AHY(I)=AOPT 
DO 109 1=30, 40 
DHY(I ) = DIP(1 )/12.0

109 AHY(I) = AP(1)
DO 110 1=41 , 51 
DHY i I ) = DIP(2)/12.

110 AHY(I)=AP(2)
DO 111 1=52, 64 
DHY(I) = DPX

111 AHY(I)=APX 
DO 112 1=65, 74 
DH 7(I)=DIP(3)/12.0

112 AHY(i)=AP(3)
DO 113 1=75, 84 
DHY(I)=DIP(1)/12.0

113 AHY(I)= AP(1)
DO 114 1=85, 95 
DHY(I)=DIP(2)/12.

114 AHY(I)=AP(2)
DO 115 1=96, 108 
DHY(I)=DPX

115 AHY(I)=APX 
DO 116 1=109, 118 
DHY(I)=DIP(3)/12.

116 AHY(I)= AP(3)
INTERMEDIATE LOOPS

LOOP 1:
DO 117 1=119, 130 
DHY( I) = DSX

117 AHY(I 1 = ASX 
DO 118 1=131, 140 
DHY(I)=DIS(1)/12.

118 AHY( I) = AS( 1)
DHY(141)=DSG 
AHY(141)=ASG 
DHY(142)=DISS£/12.0 
AHY(142)=ASSE 
DHY(143)=DSG 
AHY(143)=ASG 
DO 119 1=144, 153 
DHY(I)=DIS(2)/12.

119 AHY(I)=AS(2)
DO 120 1=154, 164 
DHY(I)=DIS(3)/12.
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DHY(1+11)=DIS(4)/12.
AHY(I)=AS(3)

120 AHY(1+11)=AS(4)
C LOOP 2:

CO 121 1=176, 187 
DHY( I) = DSX

121 AHY(1)=ASX
DO 122 1=188, 197 
DHY( I)=DIS(1 ) /12.0

122 AHY11)=AS(1)
DHY(198)=DSG 
AHY(198)=ASG
DHY(199)=DISSE/12.0 
AHY(199)=A3SE 
DHY(200)=DSG 
AHY(200)=ASG 
DO 123 1=201, 210 
DHY(1)=DIS(2)/12.0

123 AHY(1)=AS(2)
DO 124 1=211, 221 
DHY(1)=DIS(3)/12.
DHY(1+11)=DIS(4)/12.
AHY( I ) = AS(3)

124 AHY(1+11)=AS(4)
DZCON = LON-2H(3)
ZOPHOYIsHOP-DZCON
P1NLET=P8
D[-NP = OUNSOD( TOPI )
PCG= P3-Z0PN0M + DENP/144.
NCDLB=I.+(XLP(3)-XBRK)/XLP(3)*NP3 
ND6 = 0
XL6RK=XBRK-(NP3~NODEB)*XL3(1)

C PIPE RUN INITIALIZATION
DO 1 1=1, 10

1 TCU1)=TC11 
DO 2 1=1, 10

2 T C 7 { 1 ) = T C12 
DO 3 1=1, 10

3 Tcr,( i ) =TCI3
DO 4 1=1, 10

4 TC4 ( 1 ) ■ TCI4 
DC 5 1 - 1 , 10

5 TCS(i1 TCI5 
DO 6 1=1, 10

6 TC6(I)=TCIb
DOT 1=1, 10

7 1 M ! < ! ) = T 1 1 1 
no u 1=1, 10

8 TM2(I) = T 1 1 2 
DO 9 1=1, 10

9 TM3(I) = T113 
DO 10 1=1,10

10 TM4iI)=TI14 
DO 11 1=1,10

11 TM5(I)=TI21 
DO 12 1=1,10

12 TM6(l) = T122 
DO 13 1=1,10

13 TM7(I) = T123 
DO 14 1=1,10

14 TM8(I)=TI24
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no
n 15 CONTINUE

CALCULATE AVERAGE COOLANT TEMPERATURES IN THE PRIMARY AND INTERMEDIATE 
SODIUM LOOPS

REACTOR
TCAV(1)=(TCI(1)+TC(1))/2.0 
DO 16 1=2, 3
TCAV(I)=(TC(1-1)+TC(I))/2.0 
TCAV(I+3)=(TC(I+2;+TC(1+3))/2.0

16 TCAV(I+6)=(TC(1+5)+TC(1+6))/2.0 
TCAV(4)=(TCI(2)+TC(4))/2.0 
TCAV(7)=(TCI(3)+TC(7))/2.0 
TC AV ( 10) = ( rd(4) + TC( 10) )/2.0 
TCAV(11)=(TCI(5)+TC(11))/2.0 
TCAV(12)=(TCI(6)+TC(12))/2.0 
TCAV(13)=(TC3(NP3)+TIP1)/2.0 
TCAV(14)=(TC6(NP6)+TIP1)/2.0 
TCAV(15)=TIP1 
T CAV(16)=TIP2 
TCAV(17)=TOP1 
00 17 1=1, 6

17 TCAV(I+17)=(TCI(I)+TIP2)/2.0 
DO 18 1=1, 5 
IFU.EQ.I) L = 3 
IF(1,E0.2) L=6 
IF(I.GT.2) L=1+6

18 TCAV( I + 23) = (.TC( L)+T0P1 )/2.0 
TCAV(29)=(TC(12)+TOP2)/2.0 
TCAV(30)=TC11

C PRIMARY HEAT TRANSPORT SYSTEM
TCAV(31)=(TCI1+TC1(1))/2.0 
DO 19 1=2, 10

19 TCAV(I + 30) = (TCI(1-1)+TC1(I))/2.0
C PUMP 1

TCAV(41)=(TCI(NP1)+TCI2)/2.0 
C

TCAV(42)=(TCI2+TC2(1))/2.0 
DO 20 1=2, 10

20 TCAV(1+41)=(TC2(I-1)+TC2(I))/2.0
C IHX-1

■TCAV(52) = ( TC2( NP2 ) + TP1 (1 ) )/2.0 
DO 21 1=2, 13

21 TCAV( 1 + 51 ) = ('TP1 ( 1-1 )+TP1 ( I ) )/2.0 
TCAV(K1+53)=(TC2(NP2)+TP1(K12))/2.0 
TCAV(Kl+54)=TP1(K12+1)

C
TCAV(6U)=(TCI3+TC3(1))/2.0 
DO 22 1=2, 10

22 TC AV(I+64) = (T C3(1-1 )+TC3(I))/2.0
C lOOP 2:

TCAV(75)=(TCI4+TC4(1))/2.0 
DO 23 1=2, 10

23 TCAV(1+74)=(TC4(1-1)+TC4(I))/2.0
C PUMP2

TCAV(85)=(TC4(NP4)+TCI5)/2.0 
TCAV(86)=(TCI5+TC5(1))/2.0 
DO 24 1=2, 10

24 TCAV(1+85)=(TC5(1-1)+TC5(I))/2.0
C IHX-2

TCAV(96)=(TC5(NP5)+TP2(1))/2.0 
DO 25 1=2, 13

25 TCAV(1+95)=(TP2(1-1)+TP2(I))/2.0
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TCAV(K2+97)=(TC5(NP5)+TP2(K2+2))/2.0 
TCAV(K2+98)=TP2(K2+3)

TCAV(109)=(TCI6+TC6(1))/2.0 
DD 26 1=2, 10

26 TCAV(1 + 108) = (TC6(1-1 )+TC6(I))/2.0 
INTERMEDIATE LOOPS:

TCAV(119) = < TM4(N14)+TS1(K1 + 1 ))/2.0 
C FIRST, ASSUME A DUMMY AVERAGE TEMPERATURE FOR THE MAXIMUM NO. OF NODES

IF(ICOUNT.NE.O) GO TO 361 
DO 360 1=1, 11 '

360 TCAV(119+1)=TCAV(119)
361 CONTINUE

DO 36 1=1, Kl
36 TCAV(119+1)=(TSI(K12-1) + TS1(KI 1-1))/2.0 

T C A V{120 + K1 ) = (TSI(Kl2)+TS1(1))/2.0 
TCAV(131)=(Til1+TM1(1))/2.0
DO 37 1=2, 10

37 TCAV(1 + 130) = (TM1(1-1)+TM1(I))/2.0 
T CAV(141 ) = TS01
TCAV(142) = TE 11 
T CAV(143) = TI 12 
T CAV(144) = ( fI 12 + TM2(1))/2.0 
DO 38 1=2, 10

38 TCAV( 1 + 143) = (TM2(1-1)+TM2(I))/2.0 
T CAV(154) = 1113
T CAV( 1 55) = (11 13 + TM3(1))/2.0 
DC 39 1=2, 10

39 TCAV(I+154)=(TM3(1-1)+TM3(I))/2.0 
TCAVI165)=TI14
TCAV(166) = (T114 + TM4(1))/2.0 
DO 40 1=2, 10

40 TCAV(165+1)=(TM4(1-1)+TM4(I))/2.0
C INTERMEDIATE LOOP 2:

TCAV(176)=(TM8(N24)+TS2(K2+1))/2.0
C FIRST. ASSUME A DUMMY AVERAGE TEMPERATURE FOR THE MAXIMUM NO. OF NODES

IF(ICOUNT.NE.O) GO TO 411 
DO 410 1=1, 11

410 TCAV(176+1)=TCAV(176)
411 CONTINUE

DC 41 1=1, K2
41 T CAV{176+1) = (TS2(K22-I) + TS2(K21-I))/2.0 

TCAV(177+K2)=(TS2(K2+2)+TS2(1))/2.0 
TCAVI188)=(TI21+TM5(1))/2.0
DO 42 1=2, 10

42 T CAV ( I +1.87) = ( TM5( 1-1 ) + TM5( I ) )/2.0 
TCAV(198)=TS02
TCAV(199) = T EI 2
T CAV(200) = T122
TCAV(201)=(II22+TM6(1))/2.0
DO 43 1=2, 10

43 TCAVI1+200)=(TM6(1-1)+TM6(I))/2.0 
T C A V(211 ) = TI23
TCAV(212)=(TI23+TM7(1))/2.0 
DO 44 1=2, 10

44 TCAV(1+211)=(TM7(1-1)+TM7(I))/2.0 
TCAV(222)=TI24
TCAV(223)=(TI24+TM8(1))/2.0 
DO 45 1=2, 10

45 TCAV(1+222)=(TM8(1-1)+TM8(I))/2.0
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oo DEFINE DUMMY VECTOR OF MASS FLOW RATE, "W" LBM/HRS

200

DO 200 1=1, 3 
W(I)= WHC
W(I+3)=WIC
W(1+6)=WOC 
CONTINUE
W<10)=WCA
W(11)=WRB
W(12)=WBP
DO 201 1=13, 29

201 W(I)=WI1+XLOOP+WI2
DO 202 1=30, 74

202 W(I)=WI1
DO 203 1=75, 1 18

203 W(I)=WI2
DO 204 1=119, 141

204 W(I)=WS1
DO 205 1=142, 153

205 W(I)=WS1/2.0
DO 206 1=154, 175

206 W(I)=WS1
DO 207 1=176, 197

207 W!I)=WS2
DO 203 1=198, 210

208 W( I )= W S ?/2.0
DO 209 1=211, 232

209 W(I)=WS2
CALCULATE MASS FLUX OF SODUIM LBM/HRS-SQ. FT 

DO 210 1=1, 232
210 G(I 1=W(I)/AHY(I)

NOW, WE ARE READY TO CALL THE PHYSICAL PROPERTIES SUBPROGRAM 
CALL PHY PRS(232)
DENAB=DE3(N0DEB)
CALCULATE THE COEFFICIENT OF FRICTION

1. REACTOR FLOWS 
DO 211 1=1, 3
FH(!)=FRFAC(RE(I), P(I), OD(I), WL(I), 1)
FI(I)=FRFAC(RE(1+3), P(I+3), 0D(I+3), WL(I+3), 1)

211 F0(I)=FRFAC(RE(1+6), P(I+6), CD(I+6), WL(I+6), 1)
FC(1)=FRFAC(RE(10),P(10),OD(10),WL(10),1)
FR(1)=FRFAC(RE(11),P(11),OD(11),WL(11),1)
FB(1)=FRFAC(RE(12),0.,0.,0.,0)
FB(2)=0.
DO 212 1=1, 4

212 FP(I)=0.0
DO 213 1=1, NP1

213 F1 ( I) = FRFAC ( RE(1+30),0. 
DO 214 1=1, NP2

,0. OO

214 F2(I) = FR FAC(RE(1+41 ),0. 
DO 215 1=1, NP3

, 0 . ,0.,0)

215 F3(I) = F R FAC(RE(1+64),0. 
DO 216 1=1, NP4

, 0 . ,0.,0)

216 F4(I)=FRFAC(RE(1+74),0. 
DO 217 1=1, NP5

217 F5(I)-FRFAC(RE(1+85),0. 
DO 218 1=1, NP6

218 F6(I)=FRFAC(RE(1+108),0 . ,0 •,0.,0)
KP1=K1+3
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KP2=K2+3 
DO 219 1=1, KP1

219 FX1(I)=FRFAC(RE(1+51),0.,0.,0.,0)
DO 22Q 1=1, KP2

220 FX2(I)=FRFAC(RE(I+9E),0.l0.,0.,0)
C 2. INTERMEDIATE LOOPS

FHX1=FRFAC(RE(130),0.,0.,0.,0)
FHX2=FRFAC(RE(167),0.,0.,0.,0)
FSH1=FRFAC(RE(141),0.,0.,0.,0)
FSH2 = FR F AC(RE(198),0. ,0. ,0. ,0)
FSE1=FRFAC(RE(142),0.,0.,0.,0)
FSE2=FRFAC(REI199),0.,0..0.,0)
FEV1=FRFAC(RE(143),0.,0.,0.,0)
FEV2 = FRFAC ( RE ( 200 )',0. ,0. ,0. ,0)

C PIPE. RUNS
DO 221 1 = 1 , N1 1

221 FS1(I)=FRFAC(RE(130+1),0.,0.,0.,0)
DO 222 1=1, N12

222 FS2!I)=FRFAC(RE(143+1),0.,0..0.,0)
DO 223 1 = 1, N13

223 FS3(I) = FRF AC(RE(154+1),0.,0.,0.,0)
DO 224 1=1, N14

224 FS4(I)=FRFAC(RE(165+1),0.,0.,0.,0)
DO 225 1=1, N21

225 FS5( I ) = FRFAC(RE(187+1),0.,0.,0.,0)
DO 226 1=1, N22

226 FS6(I) = FRF AC(RE(200+1),0.,0.,0.,0)
DO 227 1=1, N23

227 FS7(I)=PRFAC(RE(211+1),0.,0.,0.,0)
DO 228 1=1, N24

228 FS8(I)-FRFAC(RE(222+1),0.t0.,0.,0)
CALCULATE THE BOUYANCV INDUCED PRESSEURE GRADIENTS AS WELL AS 
THE FRICTIONAL COEFFICIENTS FOR THAT REGION AND ITS VELOCITY

C HEAD FACrOK "K" (ONLY ONCE AT THE STEADY STATE CONDITIONS)
CALL GHEAD(3,GC,ZIN2,ZH.DEIPI,DEH,W(1),P1,P2,FH,AHY(1),DHY(1),XLH, 

1 DPG(1),FTH,XKH)
CALL GHEADI .1 ,GC ,ZIN2 ,ZI ,DEIP1 , DEI ,W(4 ) , PI , P2 , FI , AHY ( 4 ) , DHY ( 4 ) ,XLI , 

1 DPG(2),FT I,XKI)
CALL GHEAD(3,GC,ZIN2,Z0,DEIP1.DE0,W(7),P1,P2,FO,AHY(7),DHY(7),XLO, 

1 DPGI3).FTO.XKO)
CALL GHEADI1,GC,ZIN2,ZC,DEIP1,DEC,W(10),Pi,P2,FC,AHY(10),DHY(10),

1 X LC,DPG(4),FTC,XKC)
CALL GHEAD(1,GC.ZINZ.ZR.DEIPI,DERtW(11),P1,P2,FR,AHY(11),DHY(11),

1 XLR,DPG(5),FTR.XKR)
DBP(1)=DE3(1)
DDP(2) = DON 12(1 )
CALL GHEAD(2.GC.ZIN2,ZB,DEIP1,DBP,W(12),PI,P2,FB,AHY(12),DHY(12),

1 XLD,DPG(6),FTB.XKB)
C PRIMARY HEAT TRANSPORT SYSTEM

CALL GHEAD(NP1 ,GC,Z0N,Z1 ,DON 12(1),DE1 ,W11 ,P3,P4,F1,AHY(30),DHY(30) 
1 ,X L1 ,DPG(7) ,FT 1 ,XK1 )

C PUMP 1
ROWP1=(DE1(NP1)+DP1(1))/2.0 
DPG(8) = ROWP1 *(ZI(NP1 )-ZP1 )
CALL GHEADINP2,GC,ZP1,Z2,DP1(1),DE2,WI1,P5,P6,F2,AHY(40),DHY(40),

1 XL2,DPG(9),FT2.XK2)
CALL GHEADIKP1 ,GC,Z2(NP2),ZX1 ,DE2(NP2),DX1 ,W11 ,P6,P7,FX1 ,AHY(52),

1 DHY(52),XLX1,DPG(10),FTX1,XKX1)
IF(MODE.EQ.2) NDB=NODEB
CALL GHEAD(NP3,GC,ZX1(KP1),Z3,DX1(KP1),DE3,WI1,P7,P8,F3,AHY(64),

1 DHY(64),XL3,DPG(11),FT3,XK3)



a 
o

NDB-0
CALL GHEAD(NP4,GC,Z0N,Z4,DON12(1),DE4,WI2,P3,P9,F4,AHY(74),DHY(74) 

1 ,XL4,DPG(12),FT4,XK4)
C PUMP 2

R0WP2=(DE4(NP4)+DP2(1))/2.0 
DPG( 13)=ROWi’2*(Z4(NP4)-ZP2)
CALL GHEAD(NP5,GC,ZP2.Z5,DP2(1 ),DE5,WI2,PI 0,PI 1 ,F5,AHY(85),DHY(85) 

1 ,XL5,DPG(14),FT5.XK5)
CALL GHEAD(KP2,GC,Z5(NP5),ZX2.DE5(NP5),DX2,WI2,P11,P12,FX2,AHY(96) 

1 ,DHY(96),XLX2,DPG(15),FTX2,XKX2)
CALL GHEAD(NP6,GC,ZX2(KP2),Z6,DX2(KP2),DE6,WI2,PI 2,P8,F6,AHY(108), 

1 DHY(108),XL6,DPG(16),FT6,XK6)
C INLET PLENUM

CALL GHEAD(1 ,GC,ZIN 1 ,ZIN2,DEIP1 ,DEIP2,W(15) ,P8,P1 ,FP(1),AHY(15),
1 DHY(15),XLIN,DPG(17),FTIP1,XKIP1)

C OUTLET PLENUM
CALL GHEAD(1 ,GC,ZH(3),ZON,DEOP 1 ,D0N1211),W(27),P2,P3,FP(2) ,

1 AHY(16),DHY(16),XLOUT,DPG(181,FT0P,XK0P)
C INTERMEDIATE LOOPS

CALL GHEAD(1,GC,ZS4(N14),ZHX1,DES4(N14),DSX1,WS1,PS2,PS3,FHX1,
1 AHY(130),DHY(130),XLS(9),DPG(19),FTHX1,XKHX1)
CALL GHEAD(1 ,GC,ZS8(N24),ZHX2,DES8(N24),DSX2,WS2,P12,Pi3,FHX2,

1 AHY(187),DHY(187),XLS(9),DPGl20),FTHX2,XKHX2)
CALL GHEAD(1 ,GC,ZS1(N11) ,ZSH1 ,DES1(Nil),DSH1 ,WS1 ,PS4,PS5,FSH1 ,

1 AHY(141),DHY(141),XLS(10),DPG(21),FTSH1,XKSH1)
CALL GHEAD(1,GC,ZS5(N21),ZSH2,DESS(N21),DSH2,WS2,PI4,PIS,FSH2,

1 AHY(198),DHY(198),XLS(10),DPG(22),FTSH2,XKSH2)
CALL GHEAD(1 ,GC,ZSH1 ,ZEVI 1 ,DSH1 ,DEV 11 ,W(142),PS5,PS6,FSE1 ,AHY(142) 

1 ,DHY(142),XLS(11),DPG(23),FTSE1,XKSE1)
CALL GHEADI1 ,GC,ZSH2,ZEVI2,DSH2,DEV 12,W(199),P15,PI6,FSE2,AHY(199) 

1 ,DHY(199),X LS(11 ),DPG(24 ) ,FT SE2,XKSE2)
CALL GHEAD(1 .GC.ZEVI1 ,ZEVOI ,DEV 11 ,DEV01 ,W(143),PS6,PS7,FEV1 ,

1 AHY(143),DHY( 143),XLS( 1 2) ,DPG(25),FTEV1 ,XKEV1)
CALL GHEADI1 ,GC,ZEVI 2,ZEV02,DEV I 2,DEV02,W(200),PI6,PI7,FEV2,

1 AHYI 200),DHY(200),XLS(12) ,DPG(26),FTEV2.XKEV2)
C INTERMEDIATE PIPE RUNS

CALL GHEAD(N11,GC,ZHX1,ZS1,DSX1,DES1,WS1,PS3.PS4,FS1,AHY(140),
1 DHY(140),XLS1 ,DPG(27),FTS1 ,XKS1 )
CALL GHEAD(N12,GC,ZEV01,ZS2,DEV01,DES2,W(153),PS7,PS8,FS2,AHY(153) 

1 ,DHY(153),XLS2,DPG(28),FTS2,XKS2)
CALL GHEADIN13,GC,ZS2(N12),ZS3,DES2(N12),DES3,W(164),PS8,PS9,FS3,

1 AHY(164),DHY(164),XLS3,DPG(29),FTS3,XKS3) 
DPG(30>=DESJ(N13)*(ZS3(N13)-ZSP1)
CALL GHEAD(N14,GC,ZSP1,ZS4,DES3(N13),DES4,WS1,PS1,PS2,FS4,AHY(175) 

1 ,DHY( 175),X LS4,DPG(31 ),FTS4.XKS4)
C LOOP 2

CALL GHEADIN21 ,GC,ZHX2,ZS5,DSX2,DES5,WS2,PI 3,P14,FS5,AHY(197),
1 DHY ( 197) , XLS5 , DPG( 32 ) , FTS5 , XF.S5 )
CALL GHEAD(N22,GC,ZEV02,ZS6,DCV02,DES6,W(210),PI 7,PI8,FS6,AHY(210) 

1 ,DHY(210;,X LS6,DPG(33),FTS6.XKS6)
CALL GHEAD(N23,GC,ZS6(N22) ,ZS7,DES61N22),DES7,WS2,PI8,P19,FS7,

1 AHY(221 ),LHY(221),XLS7,DPGl3 1),FTS7,XKS7) 
DPG(35)=DES7(N23)+(ZS7(N23)-ZSP2)
CALL GHEAD(N24,GC,ZSP2,ZS8,DE57(N23),DES8.WS2,P11 ,PI2,FS8,AHY(232) 

1 ,DHY(232),XLS8,DPG(36),FTS8,XKSS)

DETERMINE THE TOTAL PRESSURE GRADIENTS DUE TO GRAVITY 
DHG(1)=DPG(7)+DPG(8)+DPG(9)+DPG(10)+DPG(1 1 )
DKG(2)-DPG(12)+DPG(13)+DPG(14)+DPG(15)+DPG(16)
DHG(3)= DPG( 1 7)+DPG(18)
DHG(4)=DPG(2)
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DHG(5)=DPG(3)
DHG(6) = DPG(1 )
DO 400 1=4, 6 

400 DHG( If3)=DPG( I )
DHGI 10)= DPGl19)+DPG(21)+OPG(23)+DPG(25)+DPG(27)+DPG(28)+DPG(29)+

1 DPG(30)+DPG(31)
DHG(11)=DPG(20)+DPG(22)+DPG(24)+DPG(26)+DPG(32)+DPG(33)+DPG(34)+

1 DPG'35)+DPG(36)

CALCULATE THE OVERALL FRICTIONAL LOSS COEFFICIENTS

CROBR=FT1+FT2+FTX1+XK1+XK2+XKX1+CROBB 
HEADl.'b- DPG( 7)+DPG( 8 )+DPG( 9)+DPG( 1 0 ) +HEADBB 
C(1)=FT1+FI2+FT3+FTX1+XK1+XK2+XK3+XKX1 
C(2)=FT4+FT5+FT6+FTX2+XK4+XK5+XK6+XKX2 
C(3)=FTIP1+FTOP+XKIP1+XKOP 
C(4)=FTI+XKI 
C(5) = FTO+XKO 
C(6)= FT H + XKH 
C(7) = FT C + XKC 
C(8)=FTR+XKR 
C(9)= FT B + XKB
C(10)=FTHX1+XKHX1+FTSH1+XKSH1+((FTSE1+XKSE1+FTEV1+XKEV1+FTS2+XKS2)

1 /4.0)+FTS1+XKS1+FTS3+XKS3+FTS4+XKS4 
C(11)=FTHX2+XKHX2+FTSH2+XKSH2+((FTSE2+XKSE2+FTEV2+XKEV2+FTS6+XKS6)

1 /4.0)+FTS5+XKS5+FTS7+XKS7+FTS8+XKS8 
TRI1=TC3(NP3)
TR12=TC6(NP6)
CRIP=FTIP1+XKIP1 
RETURN
ENTRY RSTFBR(MODE, HOP, KXl, KX2, PD)

CALCULATE THE PRIMARY AND SECONDARY SYSTEM PRESSURES FOR RESTART

PRIMARY LOOPS
P3=PCG+20PN0M*D0N12(1)/144.
P4 = P3-((XKI+FT1)*WI1**2-DPG(7))/I 44.
P2=P3+((XK0P+FT0P)*W(27)<'2-DFG(18))/144.
P1=P2+((XKR+FTR)*W(11)»*2-DPG(5))/144.
P8 = P1 + ((XKIP1 + FTIP1 )*W(15)* *2-DPG(17))/144.
P7=P8+((XK3+FT3)*WI1**2-DPG(11))/144.
P6 = P7+((XKX1+FTX1)*WI1**2-DPGM0))/144.
P5 = Pb+( ( XK2+'fT2)*WI 1 **2-DPG( 9 ) ) / 1 44.
P12=PO+((XK6+FT6)iWI2+*2-DPG(16))/144.
P1 1=P12+UXKX2 + FTX2)*WI2-»*2-DPG( 1.5) )/144.
P10 = P1 1 + ((XK5+FT5)*WI2**2-DPG(14))/144.
P9=P3-((XK4iFT4)*WI2**2-DPGI12))/144.

C INTERMEDIATE LOOP 1
PS8 = PS9+((XK S3 + FTS3)*W(164)-12-DPGI29))/144.
PS7=PS8+((XKS2+FTS2)*W(153)+*?-DPG.28))/144.
PS6=PS7+((XKEV1+FTEV1)*W(143)‘*2-DPG(25))/144.
PS5 = PS6+((XKSE1+FTSE1)*W(14 2I-*2-DPG(23))/144.
PS4 = PS5+((XKSH1+FTSH1 )*WS1* »2-DPG(21 ) )/144.
PS3 = PS4+((XKS1+FTS1)*WS1+*2-DPG(27))/144.
PS2=PS3+((XKHX1+FTHX1)*WS1**2-DPG(19))/144.
PS 1= PS2+((XKS4 + FTS4)*WS1**2-DPG(31 ))/144.

C INTERMEDIATE LOOP 2
PI8=PI9+((XKS7+FTS7)*WS2+*2-DPG(34))/144.
PI7 = PIO+( ( XKS6 + FTS6) *W(21 0)i'*2-DPG( 33 ) )/144 .
PI6 = PI7+((XKEV2+rTEV2)*W(200)J*2-DPG(26))/I 44.
PI5 = P16+((XKSE2+FTSE2)*W(199)'*2-DPG(24))/I 44.
PI4=PI5+((XKSH2+FTSH2)*WS2*t2-DPG(22))/144.
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PI3 = PI4+((XKS5 + FTS5)*WS2* *2-DPG(32))/144. 
PI2=PI3+(fXKHX2+FTHX2)iWS2**2-DPG(20))/144. 
PI 1=P12+((XKS84FTS8)»WS2**2-DPG(36))/144.

IF(PD.EO.1.) WI100=WI1 
IF(PD.EQ•1.) WS100=WS1 
CALL RSTCON 
PBRK-PBRK^PFAC 
PGV-PGV* PF AC 
ZBRK=ZBRK*XrAC 
XBRK=XBRK*XFAC 
GO TO 998 
END
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SUBROUTINE NEUK-IN (MSCR AM , PTOT , PD)
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C NEUTRON KINETICS SIMULATION C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

REAL LAM
DIMENSION LAM(5),P(5),3(5),TAU(8)
DIMENSION ROMAX(2),ROSTUK(2),X0(2)
DIMENSION ASOD(11),ADOP(11),ACAE(11),TSOD(11),TCENT(3),TDUM(3)
EQUIVALENCE ( R ( 1 ) , P ( 1 )') , ( R ( 6 ) , TSTM ) , ( R(7) , TROM) , ( R(8) ,ROCR1 )
EQUIVALENCE (TDUM(1),TFREF),(TDUM(2),TCREF),(TDUM(3),TSTSP)
COMMON/SCRP/PTOTN,RO
COMMON/PHDR/PH,TST
COMMON/REACT/P100,RNSERT,TNSERT
COMMON/M I SC/THOUR,T,I COUNT,SHOUR,S,I PR I NT,TMAXSC 
COMMON/FBR1/TC(12),TIP1,TIP2,TCI(6),TOPI,TOP2,TON,TM(11)
COMMON/GET 1/WDUM1(3) ,WIC,WOC,WHC,WDUM2(7)
COMMON/PHY6/C DUM1(23),CP0(5) ,CDUM2(204)
COMMON/RIS E T P/A T(3)
COMMON/A L LR/R(8),DUM11(481 )
COMMON/A L LF/F(8),DUF11(481 )
C0MM0N/ALLNUL/NULL(8),DUN11(481)
COMMON/RUNGNO/KRUNG,KCA LC 
COMMON/FAC 1/FDUM1(8),TFAC,FDUM2(7)
NAMELIST/KINA/LAM,B
NAMELIST/KINB/XO,ROMAX,ROSTUK,RINMAX,ROSUBC.TRESET.XKT
NAMELIST/KINC/TROM,TSTM.TSTSP.TAURO,TAUST
NAMELIST/KIND/TFREF.TCREF,ASOD,ADOP,ACAE,ACRE
NAME LI ST/K I N'E/PR IMA, PR I MB, SEC A , SECB
NAMELIST/KINF/AT
DATA PI,TKEL/3.141593,459.67/
DATA KSCRM1,KSCRM2,KNSERT/3^0/
M=KRUNG+2
GO TO ( 999,3000,2000,2100,1040,996),M

THIS STATEMENT IS OF THE FORM GO TO (A,B,C,D,E,F) , WHERE:
A IS INITIALIZATION OF ALL RUN DATA; B IS PROMPT APPROXIMATION 
CALCULATION; C IS INITIALIZE NEW TIME STEP VALUES AND COMPUTE 
DERIVATIVES; D IS COMPUTE DERIVATIVES; E IS COMPUTE NEW 
TIME CONSTANTS; AND F IS INITIALIZE WITHOUT INPUT (RESTART).

996 DO 997 1=1,11
ASOD(I)=ASOD(T)* T FAC

997 ACAE(I)=ACAE(I)*TFAC 
ACRE=ACRE*TFAC
CALL TMPCON(1,3,AT)
CALL TMPCON(1,3,TDUM)
CALL TMPCON(1,1,TROM)
CALL TMPCON(1,1,TSTM)
GO TO 998 

999 READ(5,KINA)
READ(5,KINB)
READ(5,KINC)
READ(5,KIND)
READ(S.KINE)
READ(5,KINF)

998 WRIT E(6,KlNA)
WRITE(6,KINB)
WRITE(G,KINC)
WRITE(6,KIND)
WRITE(6,KINE)
WRITE(6,KINF)

A-23



C CONVERT INPUT TO PROPER UNITS
DO 1001 1=1,11
ASOD(1)=ASOD(I)/TFAC 

1001 ACAE(I)=ACAE(I)/TFAC 
ACRE=ACRE/TFAC 
CALL TMPCON(0,3,AT)
CALL TMPCON{, 0,1 , TROM)
CALL TMPCON)0,1,TSTM)
CALL TMPCON(0,3,TDUM)

C COMPUTE INITIAL CONDITIONS OF POWER DENSITIES
BDN = B{ 1 ) + B( 2 )
BFP=3(3)+B(4)+B(5)
DO 1000 1=3,5 

1000 P(I)= B(I) + PTOT
PFP=P(3)+P(4)+P(5)
PN=PTOT-PFP 
P(1)=B(i)*PN 
P ( 2 ) = B ( 2 ) * PN 
DELRO=0.
X1 =0.
X2 = 0 .
PTOTN=PD

C COMPUTE REACTIVITY FEEDBACKS
RODGp = 0.
R0S0D=0.
R0CAE=0.
T SOD)1 ) = (TCI(1 ) + TC(1 ))/2.0 
T SOD(4) = (TCI(2)+TC(4))/2.0 
TSODt 7) = (TCI(3)+ TC(7))/2.0 
T SOD(10) = (TCI(4)+TC(10))/2.0 
TSODI11)=(TCI(5)+TC(11))/2.0 
DO 1 1=2, 3
TSODtI)=(TC(1-1)+TC(I))/2.0 
TSODtI+3)=(TC(I+2)+TC(1+3))/2.0 
TSODfI+6)=(IC(I+5)+TC(1+6))/2.0

1 CONTINUE
ROCRE = ACRE*t TIP2-TCREF)
DO 2 1=1, 11
RODOP=RODQP+ADOP(I)*ALCG((TM(I)+TKEL)/(TFREF+TKEL)) 
ROSOD=ROSOD+ASOD(I)+(TSOD(I)-TCREF) 
ROCAE=ROCAE+ACAE(I)i(TM(I)-TFREF)

2 CONTINUE
ROT DBK= RODOP + ROSOD+ROCRE+ROCAE 
RCCR1=-(ROFDBK+ROSUBC)
ROCR2=0.
R0 = ROCR1+R0FDBK+R0SUBC+R0CR2 
T 0 L D = T
DR0MAX = R'1NMAX*S 
RETURN

1040 DO 1050 1=1,5
T AU( I) = 1 ./LAM(I)

1050 CONTINUE
TAU(6)=TAUST 
T AU(7) = T AURO 
TA,J(8) = TRESET 
J=1
DO 1060 1=1,8
IF((TAU(I)*0.7).GE.S) GO TO 1060 
NU L L(J) = I 
J = J + 1

1060 CONTINUE
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2100

C

2200

2000

C
2300

2400

C
2b00

2800

1F(T.LT.TNSEflT) GO TO 
IF(KNSERT.NE.0) GO TO 
R0CR1-RDCR1+RNSERT 
K N S E R T = 1
WRITEIG,390) RNSERT,T 
IF(RCCR1.GT,ROMAX(1)) ROCR1=ROMAX(1) 
IF|MSCRAM.EO.O) GO TO 
1F(MGCRAM.EQ.2) GO TO

21 00 
21 00

2500
2300

CONTROL ROD REACTIVITY FOLLOWING A PRIMARY SCRAM 
IF(KSCRM1.NE.O) GO TO 2200 
KSCRM1=1
T SCRM1 -T
WRI IE(6,34 0) TSCHM1 
R0100=ROCR1-ROSTUK(1)
X !< G = 0 .
X1=PRIMA+(T-TSCRM1)**2/(1.+PRIMB*(T-TSCRM1))
IF(XI.GT.X0(1)) XI=X0(1)
ROCR1=R0100*(1 .-X1/X0(1) + 1 ./(2.♦PI)»SIN(2.* PI * XI/X0(1)))+ROSTUK( 1 ) 
IF(MSCRAM.EQ.1) GO TO 2800

CONTROL ROD REACTIVITY FOLLOWING A SECONDARY SCRAM 
1F(K3CRM2.NE.0) GO TO 2400 
KSCRM2=1
TSCRM2=T
WRITE I 6,350) TSCRM2 
RG200-ROMAX(2)-ROSTUK(2)
X2 = SECAt( T-TSCRM2)*i.2/( 1 . +SECB* ( T-TSCRM2) )
IF(X2.GT.X0(2)) X2=X0(2)
ROCR2--RC200+(X2/X0(2)-1./(2.»PI)*SIN(2.*PI*X2/X0(2))) 
GO TO 2800

CONTROL ROD REACTIVITY DURING NORMAL OPERATION 
TROSP=RVOTSP(PD)
FRSP=PD
F R = P TOT/PI 00
XKF=1./(2.+AT(1)*FRSP+AT(2)) 
ETST=rSTSP-TSTM
IF(ABS(ETST).LE.2.) ETST=0. 
ETRUT-XKTiETST
TRQSPT-TROSP+ETROT
ETRO=TROSPT-TROM
IF(ABS(ETRO).LE.2.) ETRO=0.
EFTT=XKF*ETRO
FRSP1T-FRSP+EFTT
IF(FRSPTT.GT.1.0) FRSPTT=1.
EF=FRSPTT-FR
IF(ABS(EF).LE.0.01) EF=0.
IF(EF.GE.0.05) EF=0.05 
IF(EF.LE.(-0.05)) EF=-0.05 
DELRO=DELRO+(T-TOLD)/TRESET*EF 
TOLD=T
XKG=RINMAX/(.05*(1.+T/TRESET)) 
ROD0P=0.
ROSOD-O.
ROCAE=0.
TSODI1)=(TCI(1)+TC(1))/2.0 
T SOD(4) = (TCI(2)+TC(4))/2.0 
T SOD(7) = (TCI(3) + TC{7))/2.0 
TSODI10)=(TCI(4)+TC(10))/2.0 
T SOD(11 ) = (TCI(5)+TC(11))/2.0 
DO 3 1=2, 3
TSODII)=(TC(1-1)+TC(I))/2.0 
TSODII+3)=(TC(I+2)+TC(1+3))/2.0
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T SOD(I+6) = (TC(I + 5) + TC(1 + 6))/2.0
3 CONTINUE

ROCRE=ACRE*(TIP2-TCREF)
DO 4 1=1, 11
RODOP = RODOP+ADOP(I)* A LOG((TM( I)+TKEL)/(TFREF+TKEL)) 
ROSOD=ROSOD+ASOD(I)+(TSOD(I)-TCREF)
ROCAE=ROCAE+ACAE(I)t(TM(I)-TFREF)

4 CONTINUE
ROFDBK=RODOP+ROSOD+ROCRE+ROCAE 
RO=ROCR1+R0CR2+R0FDBK+R0SUBC 

C COMPUTE CURRENT VALUES OF PN, PFP, AND PTOT
PN=(P(1)+P(2))/(1.-RO)/BON 
PFP=P(3)+P(4)+P(5)
PTOT = PN + PFP 
J= t
DO 2870 1=1,2
IF(NULL(J).EO.I) GO TO 2865
F(I)=LAM(I)»(B(Ij*PN-P(I))*3600.
GO TO 2870 

2865 J=U+1 
2870 CONTINUE

DO 2890 1=3,5
IF(NULL(J).EQ.I) GO TO 2885 
F( I) = LAM(I)*(B(I)*PTOT-P(I))*3600.
GO TO 2890 

2885 U=J+1 
2890 CONTINUE

IFINULUJ).EQ.6) GO TO 2892 
F<6)=(TST-TSTM)/TAU(6)*3600.
GO TO 2893

2892 J=U+1
2893 IF(NULL(J)-EO-7) GO TO 2894

TRO=(WHC*CPO(1)*TC(3)+WIC*CP0(2)*TC(6)+W0C*CP0(3)*TC(9))/ 
1 (WHC*CPOI1)+WIC*CP0(2)+W0C*CP0(3))
F(7) = (TR0-T ROM)/TAU(7)*3600.
GO TO 2895

2894 U = J+1
2895 IT(NU LL(U).EO•8) GO TO 2896 

F(8)=XKG*(EF+DELRO)*3600.
2896 RETURN 
3000 RODOP=0.

ROSOD = 0.
R 0 C A E = 0 .
TSODI1 ) = (TCI(1 )+TCI 1 ))/2.0 
TS0D(4)=(TCI(2)+TC(4))/2.0 
TSODI7)=(TCI(3)+TCI7))/2.0 
TSODI10)=(TCI(4)+TC(10))/2.0 
T SOD(11 ) = (TCI(5)+TC(11))/2.0 
DO 5 1=2, 3
TSODtI)=(TC(1-1)+TC{I))/2.0 
TSODII+3)=(TC(I+2)+TC(1+3)J/2.0 
TSODII+6)=(TC(I+5)+TC|1+6))/2.0

5 CONTINUE
R0CRE=ACRE*(TIP2-TCREF)
DO G 1=1, 11
RODOP=RODOP+ADOP(I)*ALOG((TM(I)+TKEL)/(TFREF+TKEL)) 
ROSOO=ROSOD+ASOO(I)*(TSOD(I)-TCREF)
ROCAE=ROCAE+ACAE(I)*(TM(I)-TFREF)

6 CONTINUE
ROFDBK=RODOP+ROSOD+ROCRE+ROCAE 
IF(ROCR1.GT.ROMAX(1)) ROCR1=ROMAX(1)
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R0=R0CR1+R0CR2+R0FDBK+R0SUBC 
PN=(P(1)+P(2))/(1.-RO)/BON 
PFP=P(3)+P(4)+P(5) 
PTOT=PN+PFP
IF(NULL(1).EO.O) RETURN 
J=1
DO 3020 1=1,2
IF(NULL(J).NE.I) GO TO 3020 
P(I)=B(I)*PN 
J = J+1

3020 CONTINUE
DO 3050 1=3,5
IF(NULL(J).NE.I) GO TO 3050 
P(I)=B(I)* P TOT 
d = J+t

3050 CONTINUE
IF(NU LL(J).NE.6) GO TO 3060
TSTM=TST
d = J+1

3060 IF(NULL(J).NE.7) GO TO 3070
TRO=(WHC*CPO.( 1 )*TC(3)+WIC*CP0( 2 ) *TC( 6 )+WOC*CPO( 3 ) *TC ( 9) )/

1 itoHC+CPOl1)+WIC*CPO(2)+WOC*CPO(3))
TROM=TRG 
J = J+ 1

3070 IF(NULL(d).NE.8) GO TC 3080 
CR1OLD= ROCR1
IF(M3CRAM.EQ.O) ROCR1=-(R0CR2+ROFDBK+ROSUBC)
IF(ROCR1.GT.ROMAX(1)) ROCR1=RCMAX(1)
DR0=R0CR1-CR10LD
IF(DPO.GT.DROMAX) ROCR1=CR1OLD+DROMAX 
iF(DRO.LT.-DROMAX) ROCR1=CR1OLD-DROMAX 

3080 RO=ROCR1+ROCR2+ROFDBK+ROSUBC 
PN=(P<i)+P(2))/(1.-RO)/BDN 
P F P = F(3) + P(4)+P(5)
PTOI = ; N+PFP 
RETURN
ENTRY PUTNEU 
WRITE(6,360)
WRITE(6,310) PTOT,PN,PFP 
WRITEf6,320) (I,P(I ) ,1 = 1 ,5)
WR1TEI 6,330) R0.R0CR1 ,R0CR2,ROFDBK,RODOP,ROSOD,ROCRE,ROCAE
TCENT(1 ) = FRO
TCENT(2) = TROM
TCENT(3)=TSTM
CALL TMPCON(T,3,TCENT)
WRITEIG,370, TCENT 
PT0TN=PT0T/P100 
PNN = PN/P100 
PFPN=PFP/P100 
POS1=X1/XO(!)*100.
PGS2=X2/X0(2)*100.
WRITE(6,375) PD,ETST,ETRO,EF,DELRO 
WRITEIG,380) PTOTN,PNN,PFPN,PoS1,P0S2 
IF(KCALC.EQ.1 ) WRITE(6,300) I I,TAU(I),I = 1 ,8)
RETURN

300 FCRMAT(4(3X,'TAU',12,1 =',F10.4,8X))
310 F0RMAT(3X,'PTOT =',F13.3,' MWT'.BX.'PN =‘^13.3,' MWT'.SX,

1 'PFP ='^13.3,' MWT')
320 FORMAT!3X, 'PDN : ' ,2(15,F9.3, 1 MWT' ) .5X, 1PFP : ' ,3(I 5,F9■3, ' MWT')) 
330 FQRMAT(3X, 1ROTOT =',F14.6,' S'.BX.'ROCRI ='^14.6,' $ 1 ,5X,

1 'R0CR2 =' ,F14.6, 1 $ 1,5X,'ROFDBK =',F14.6,1 $'/3X, 'RODOP =',
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2 F14.6,' $'.,5X, 1 ROSOD = ' , F14.6,1 $ ' , 5X , ' ROCRE = ' , FI 4.6 , ‘ $',
3 5X,'ROCAE =',F14.6,' S')

340 FORMAT(/1OX,1**** PRIMARY SCRAM INITIATED AT TIME =',F8.3,
1 ' SEC +***'/)

350 FORMATf/lOX,'**** SECONDARY SCRAM INITIATED AT TIME ='^8.3,
1 1 SEC ****'/)

360 FORMAT(/,2X,26( 1 *' ) ,5X,'N EUTRON KINETICS
1 'CALCULATION S1 ,5X,26( 1 * 1 )/)

370 FORMAT(3X, 1 IRO =1 ,FI 1.3,11X. 1TROM =■ ,F11 .3,11X,
1 1TSTM =' ,FI 1.3)

375 FORMA T(3X( 1 PD = ' ,F15.4,9X, 1ETST = 1 ,F14.6,7X, 'ETRO =',F14.6,3X,
1 'EF =' tF13.6,3X,'DELRO =',FI3.6)

380 FORMAT(3X,'PTOTNORM =',F9.4,9X,'PNNORM =',F11.4,9X,'PFPNORM
1 F10.4.5X,'SCRAM RODS: PRIM =',F8.2,' %',3X,'SEC =',F8.3,' %')

390 FORMAT(/10X,'**** REACTIVITY INSERTION OF $',F6.3,' AT',F7.4,
1 ' SEC ***»'/)

END
SUBROUTINE HYDROS (MODE,KMM1.KMM2,PD,HOP) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC  
PRIMARY COOLANT DYNAMICS SIMULATION C

WITH FLOW CONTROLLERS C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

REAL NEW 1 ,NLW2,KMM1 tKMM2,KPM1 ,KPM2,MINERT,NEWM1,NEWM2,NEWSP 
REAL NWSPT1,NWSPT2
DIMENSION W(8),XF(7),AX(18),A(7,8)fTAU(18),ROW(2)
DIMENSION DWY(8,8),RHS(8) ,TRIX(8,9),DW(8),WNRM(8)
DIMENSION WPRT(7),TPRT(3)
COMMON/GET1/WI00,WI,W2,WIC,WOC,WHC,WCA,WRB,WBP,WS100,

1 WS1,WS2,WBRK 
COMMON/LOOP/XLOOP
COMMON/SCRH/ALM1,ALM2,PRSNRM.NEWM1,NEWM2,ZOPTOT 
COMMON/HYDI/TRI1,TRI2,CRIP
COMMON/HYD2/N0DB,PBRK,ZBRK,XLBRK,CROBB,CROAB,HEADBB,HEADAB,DENAB 
CQMM0N/HYD3/ZOPNOM,DZCON,PCG,PGV,PINLET,AOP
COMMON/PHY4/DDM1(29).DENOP,DDM2(10),DPUMP1,DDM3(23),DEN3(10),

1 DDM4(10),DPUMP2,DDM5(147)
CCMMON/ALFA/PMSSP,DSPEED,POLES,CA,CB,CE,ALO,TS,TR,TMIN 
COMMON/NATCON/NOPON1,NOPON2 
COMMON/RUNGNO/KRUNG,KCALC
COMMON/HEADS/GHEAD1,GHEAD2.GHPLEN,GH(6),GDUM(2)
COMMON/FRICTS/CRLP1,CRLP2,CRPlEN,CRC(6),CRDUM(2)
COMMON/A LLR/DUM21(8),R(18),DI 022(463)
COMMON/ALLF/DUF21(8),F(18),DUF22(463)
COMMON/A LLNUL/DUN21 (8),NULL(18) ,DUN22(463)
COMMON/M I SC/THOUR,T,ICOUNT,SHOUR,S,IPRINT,TMAXSC
COMMON/FACT/XFAC,AFAC,VFAC,WFAC,PFAC,DFAC,FDUM1(3),XMFAC,TQFAC,

1 SPFAC,XILFAC,FDUM2(2),GC 
COMMON/NORMS/WP100(8),WDUM(4),PR100 
NAMELIST/HYDA/AX
NAMELIST/HYDB/CA,CB,CE,MINERT,TMMD,DSPEED,POLES,PMSSP 
NAMELIST/HYDC/CDBRK,AX5BB,AXA6,V0LGV,SGVMID,SGVTOP,ZGVMID,ZGVTOP 
NAMELIST/HYDD/CONVG,FREQO,XKA,TK,TS,TR,TMIN,ALO 
NAMELIST/HYDE/FREQ1,FREQ2,AL1,AL2 
NAMELIST/HYDF/TAUWM,TAUAM,TAUTM.TRISPN 
DATA KTRIP1,KTRIP2/2»0/
DATA NOBPRV/1/
DATA DWY/64+0./.DW/8+0./
DATA EPS,EPS 1 ,EPS2/1 .0E-5,1 .E-15,1 .OE-10/
M=KRUNG+2
IF(T.NE.0.) QKMM1=KMM1+FRICK* KMM1 
I F ( T . NE . 0 . ) .QKMM2 = KMM2+FR I CK *KMM2
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o GO TO (999,3000,1390,2000,13Q0,995),M
THIS STATEMENT IS OF THE FORM GO TO (A,B,C,D,E,F) , WHERE:

A IS INITIALIZATION OF ALL RUN DATA; B IS PROMPT APPROXIMATION 
CALCULATION; C IS INITIALIZE NEW TIME STEP VALUES AND COMPUTE 
DERIVATIVES; D IS COMPUTE DERIVATIVES; E IS COMPUTE NEW 
TIME CONSTANTS AND BEGIN NEW TIME STEP; AND F IS THE RESTART OPTION.

RESTART OPTION
995 MINER T = MINERT * XMFAC 

TMMD=TMKD«TQFAC 
DSPEED-DSPEED+SPFAC 
PMSSP-PMSSP'SPFAC 
CALL TMPCON(1,1,TRISPN)
CDBRK-- CDBRK* XI LFAC*DFAC*VFAC 
VOLGV---VOLGV* VFAC 
SGVMII) = SGVMID*AFAC 
SGVTOP-SGVTLtP + AFAC 
ZGVMID=ZGVMID*XFAC 
ZGVTOP=ZGVTOP*XFAC 
AXAB-AXAB*XILFAC 
DO 996 1=1,18

996 AX ( I ) = A X ( I ) * XI LF AC 
A L 1 = R ( 8 )
AL2=R(13)
IF(AL1 -E0.1. ) FREQ1= FREQO 
IF(AL2.EO.1 . ) FREQ2 = FREQO 
IFIPD.NE.1.) GO TO 997 
AU = 1 .
A L2=1 .
FR EQ1= FREQO 
FREQ2 = F R EQO 
GO TO 997

C READ INPUT DATA
999 READ!5,HYDA)

RE AD t 5,HYDB)
READ I 5,HYDC)
READ(5,HYDD)
READ!5,HYDE)
READ(5,HYDE)

C PRINT INPUT DATA
997 WRITEIG,HYDA.)

WRITE(6,HYDB)
WRITE(6,HYDC)
WRIT E(6,HYDD)
WRITE(6,HYDE)
WRITE(6,HYDF)

C CONVERT INPUT INTO PROPER UNITS
MINERT=MINERT/XMFAC 
TMMD= TMMD/TQFAC 
DSPFED=DSPEED/SPFAC 
PMSSP=PMSSP/SPFAC 
CALL TMPCON(0,1,TRISPN)
CDBRK=CDBRK/XILFAC/(DFAC*VFAC)
VOLGV=VOLGV/VFAC 
SGVM1D=SGVMID/AFAC 
SGVTQP=SGVTOP/AFAC 
ZGVMID=ZGVMID/XFAC 
ZGVTOP=ZGVTOP/XFAC 
W(1)=W1 
W(2)=W2 
W(3)=WOC
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W( 4) =I*HC 
W(5)=WCA 
W( 6) =-WRB
W(7)=W1+XLQ0P*W2-WIC-W0C-WHC-WCA-WRB
W(B)=W1
WFZ1-hIC
IF(PD.NE.1.) GO TO 9977 
DO 9976 1=1,8

9976 WF1001 I)=W(I)
WC0Rr: = XL00P*W(2)+W( 1 )
YLP1=CRPLF.N* WCORE* ABS ( WCORt) +CR LP1 *W( 1 ) * ABS ( W (1 ) )-GHEAD1-GHP L EN 
HP100=(YLP1+CRC(2)*W(3)*ABS(W(3))-GH(3))/DPUMP1 
GO TO 9979

9977 IF(MODE.NE.0 ) GO TO 9979 
W1 = W t 0 0 + P D 
W2=W100*PD
FR E01PD* FREQO 
FRE(J2 = FRE01 
A L1= PD 
AL2=PD
DO 9978 1=1,8

9978 W(I)=PD*WP100(I)
WFZ1=PD<WFZ100

9979 DO 998 1=1,8
998 WNRMlI)=W(1)/WP100(I)

WFZ100=WP100(1)+XLOOP*WP100(2)-WP100(3)-WP100(4)-WP100(5)-WP100(6) 
1 -WP100(7)

,aiFZ1N = WFZ1/WFZ100
IF(MCDE.EQ.2) W(1)=WBRK
ZOPTOr=ZOPNOM
GVMAX=ZGVTOP-ZBRK
GVINT=ZGVMID-ZBRK
VGVlNT=GVINr*SGVMID
VGVMIN=VOLGV-VGVINT-(ZGVTOP-ZGVMID)*SGVTOP 
WC0RE=XL00P*W(2)+W(1)
W20LD=W2
CALL TFRiC(1.,AL0,TS,TR,TWIN,FRICK)
OKf.T.11 = FRICK - KMM1 +KMM1 
0KMM2=FRICK*KMM2+KMM2 
SSPED1=C0.*FREQ1/POLES 
S LIP1 = 1 .-DSPEED*AL1/SSPED1 
KPM1=0.
TPM1=0 -
TVM1-3LIP1/(CA*SLIP1**2+CB)
IF(AL1 .GE.0.1 .OR.NOPON1.EO.1 ) GO TO 9985 
KPM1=1.
S LPON 1 = 1 .-DSPEED + AL1/P1V1SSP 
TPM1=CE*SLP0N1/(CA*SLP0N1 **2+CB)

9985 TDM1=QKMM1 * TMMI+KPMI+TPM1 
SSPED2 = 60. * FRE02/POLES
S LIP2 = 1 .-DSPEED*AL2/SSPED2 
KPM2=0.
TPM2=0.
TM:.12 = SLIP2/( CA*SLIP2**2 + CB)
IF(AL2.GE.0.1.OR.NOPON2.EO•1) GO TO 9986 
KPM2=1.
SLP0N2=1.-DSPEED*AL2/PMSSP 
TPM2=CE*SLP0N2/(CA*SLP0N2**2+CB)

9986 TDM2 =0KMM2* TMM2+KPM2 * T PM2 
W1100=WP100(1)
W2100=WP100(2)
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NEW1=W1/W1 10.0 
NEW2=W2/W2100 
CALL PHEAD(AL1,NEW1,HP1)
CALL PHEAD(AL2,NEW2,HP2)
CALL PT0RQ(AL1tNEW1,BP1)
CALL PTOR0(AL2,NEW2,BP2)
CONST=3.141593*MINERT*DSPEED/(30.*GC*TMMD)
TRIMI=TRI1 
TRIM2= T R12 
ALM1=A L1 
ALM2-AL2 
NEWM1=NEW1 
NEV.'MP-NEW2 
A LOOP 1=0.
AL00P2=0.
DO 1000 1=1,5 
AL00P1=AL00P1+AX(I)

1000 AL00F2=AL00P2+AX(1+6)
AXBB--AL00P1-AX(5)+AX5BB
APLEN=AX(6)+AX(12)
DO 1025 1=1,7 
DO 1025 J=1,8 

1025 A(I,J) = 0.
IF(MODE.NE.2) GO TO 1050
AFLO = AX(12 J + AXBB
A(1,1)=AX(13)+AXAB+AX(6)
A(2,1)= AX(5)+AXAB 
A(7,1)=AX(6)+AX(13)
GO TO 1060

1050 A( 1 ,1 ) = A LOOP1+APLEN + AX(13)
A(2,1)=AL00P1+APLEN 
A(7.1 ) = AP LEN + AX(13)

1060 A(2,2)=XLQQP*APLEN 
DC 1100 1=3,6 
A(I,1 )=A(2,1 )

1100 A(I,2)=A(2,2)
A 1 1 .2) = XLC0P*(APLEN + AX(13))
A(7,2)= A(1 ,2 J+AL00P2 
DO 1200 1=3,7 
A(1,I)=-AX(13)
A(7,I)=-AX(13)

1200 An-1,1 ) = A X ( 11+1)
WRITE(6,9901 )
WRITE!6,9902) ((I,J,A(I,J),J=1,7),I=1,7)
DETE!? = SOLVE! A,XF,0, EPS1 )
WRITE(6,9903) DETER 
WR11E(6,9904)
WRITE!6,9902) ((I,0,A(I,d),0=1,7),I=1,7)

C CONVERT INERTIAL LOSS COEFFICIENTS INTO PROPER UNITS
DO 1250 1=1,7 
DO 1250 0=1,7 

1250 A( I,0)=A(I,0)* X ILFAC 
DO 1275 1=1,18 

1275 AX ( I.) = AX ( I ) / XI LFAC 
APLEN=APLEN/XILFAC 
AFLO=AFLO/XILFAC 
AXAB=AXAB/XiLFAC 
AXBB=AXBB/XILFAC 
ALOOPI=AL00P1/XILFAC 
AL00P2=AL00P2/XILFAC 

C
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IF(MODE.NE.2) GO TO 1299
CHECK^AXAB/SQRT((PBRK-PGV)*CDBRK)*3600.
IF(S.GE.CHECK) WRITE (6,9918) CHECK

1299 DO 1300 1=1,2 
ROW(I)=0.
DO 1300 J = 1 , 7

1300 ROW(I)=ROW(I)+A(I,J)
C SET UP DUMMY VECTOR R

DO 1350 1=1,7 
1350 R(I)=W(I)

R ( 8 ) = A L1 
R(9) = FREQ1 
R ( 1 0 ) = T R IM1 
R(11)=NEWM1 
R(12)=ALM1 
R ( 1 3)=A L2 
R(10)=FRE02 
R(15)=TRIM2 
R ( 16J--NEWM2 
R(17)=ALM2 
R ( 1 8 ) = W ( 8 )
T 0 L D = 0 .
FLLEAK=0.
YBRK=0.
HPPRNT=HP100*XFAC 
PCGPPT = PCG^PFAC
CDPRT=CDBRK/XILFAC/(DFAC*VFAC)
VGVP3T=VGVMIN*VFAC
WRIT E(6,9917) HPPRNT,PCGPRT
IF(MODE.EQ.2) WRITE(6,9920) CDPRT.VGVPRT
DELPP2=HP100*DPUMP2^HP2
PRSURE=PCG+(DELPP2+ZOPTOT*DENOP+GHEAD2-CRLP2*W2*ABS(W2))/144.
IFIPD.EQ.I.) PR100= PINLET
PRSNRM=PRSURE/PR100
LPDUM=0
RETURN

1390 IF<KRUNG.NE.3.AND.MODE.NE.2) GO TO 1800 
1400 DP 1DW1 = PDERiV(AL1 ,NEW1 ,HP 100,DPUMP1 )/W1100 

DP2DW2=PDERIV(AL2,NEW2,HP 100,DPUMP2)/W2100 
WCORE=W(1)+XLCOP*W(2)
WFZ1=WC0RE-W(3)-W(4)-W(5)-W(6)-W(7)
CRWFZ1 = 2 . *AB'S( WFZ1 ) *CRC( 1 )
IF(MODE.NE.2) GO TO 1450
CROP=CRPLEN-CRIP
WOUT=XLOOP*W(2)+W(B)
IF(KRUNG.NE.3) GO TO 1800 
CRLOST=2.*C06RK*AGS(W(8)-W<1))
TAU(!)=3600./(ROW(1 )*2.*CR1P^ ABS(WCORE) + (ROW(1 )-A(1 ,7))*

1 (2.-CROAB»ABS(W(1 ) )+CRLOST * AF10/AXBB) + (A(1 ,1 )+A(1 ,7))*CRWFZ1 +
2 A(1,7)*AX(12)/AXBB+CRLOST)

TAU(2)=3600./(R0W(2)*2.*XLOOP-(CRIP*ABS(WCORE)+CROP*ABS(WOUT))+
1 A(2,7)-M2.*CRLP2»ABS(W(2) )-DP2DW2 ) + i A( 2,1 )+A( 2,7) ) *XLOOP*CRWFZ1 )

T AU(10)=3600.*AXBB/(2.*CROBB*ABS(W(8) )+CRLOST-DP1DW1)
GO TO 1460 

1450 TAU(18)=0.
T AU(1)=-3600./((ROW(1)-A(1,7))*(DP1DW1-2.*CRLP1*ABS(W(1)))- 

1 ROW ( 1 ) *2. ■*CRPLEN*WCORE-( A( 1 , 1 )+A( 1 , 7 ) ) *CRWFZ 1 )
T AU(2)=-3600./(A(2,7)*(DP2DW2-2.»CRLP2*ABS(W(2)))- 

1 ROW(2)*2.*XLOOP*CRPLEN»WCORE-(A(2,1)+A(2,7))»2.*CRWFZ1)
1460 DO 1500 1=3,7

T AU(I)=-3600./((A(I,1)+A(I,7))*CRWFZ1-A(I,1-1)«2.»CRC(1-1)*
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1 ABS(W(I)))
1500 CONTINUE

SSPEDI=60.*FRE0t/PULES 
SSPE02=60.*FREQ2/POLES 
SLIP 1 = 1.-AL1*0SPEED/SSPEDI 
SLIP2=1.-AL2+DSPEED/SSPED2
DTM1=(CA»SLIP1♦*2-CB)/(CA*SLIP1**2+CB)**2«DSPEED/SSPED1*0KMM1 
DTM2=(CA*SLIP2**2-CB)/(CA*SLIP2»»2+CB)»*2»DSPEED/SSPED2*0KMM2 
CALL PTIMEIAL1,NEW1,AL0,TS,TR,DTP1,DTF1)
CALL PTI ME(A L2,NEW2,ALO,IS,TR,DT P2,DT F2) 
TAU(B)=-C0NST/(DTM1-DTP1-DTF1)
TAUi13)=-C0NST/(DTM2-DTP2-DTF2)
TAU(9)=9999.99999 
T AU( 10) = TAU T M 
T AU( 11 ) = TAUWM 
TAUI12) = T AUAM 
TAUI14)=9999.99999 
TAU(15)= T AUTM 
TAU(16)= T AUWM 
TAU(17) = T AUAM 
NU L L18 = 0 
J= 1
IF(MODE.NE.0) GO TO 1600 
DO 1550 1=1, 18
IF(I.E0-9.0R.I.EO.14) GO TO 1550 
N U L L I J ) = I 
J = J+1

1550 CONTINUE
GO TO 1800 

1600 DO 1700 1=1,18 
NULL!I)=0
IF((ABS(TAU(I))*0.7).GE.S) GO TO 1700 
NULL( J ) = I 
J = J+1
IF(I .EQ■18.AND.MODE.EQ•2) NULL 18 = 1 

1700 CONTINUE
1800 IF(KMM1.NE.0..AND.KMM2.NE.0.) GO TO 2000 

IF(KTRIP1.NE.0.0R.KMM1.NE.O.) GO TO 1945 
K T R I P 1 = 1 
TTRIP= T
WRIT E(6,9905) KTRIP1 ,TTRIP 
TTRIP1= THOUR 
A L1 0 = A L 1

1945 IFIKTRIP2.NE.0.0R.KMM2.NE.0.) GO TO 2000 
WTRIP2=2 
T T R1P = T
WRIT EI 6,9905) KTRIP2.TTRIP
T T RIP2 = THOUR
AL20=AL2

2000 WCCRE=R(1)+XL00P*R(2)
WFZ1=WC0RE-R(3)-R(4)-R(5)-R(6)-R(7)
NEW1-R(1)/W1100 
NEW2=R(2)/W2100 
I F (MODI.. EQ . 2 ) NEW 1 = R ( 1 8 ) / W1 00 

C COMPUTE RHS OF FLOW EQUATIONS
CALL PHEAD(R(8),NEW1 ,HP1 )
CALL PHEADIR(13),NEW2,HP2)
DELPP1=HP 100*DPUMP1 > HP 1 
DELPP2=HP100*DPUMP2*HP2
C0MHED = DELPP1-CRLP1*R(1)*ABS(R(1))-CRPLEN*WCORE**2+GHEAD I+GHP LEN 
IF(MODE.NE.2) GO TO 2050
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F L LEAK= F LLEAK+(R(18)-R(1))*(THOUR-TQLD)
TOLD=THOUR
F USURP = F LLE AK/DENAB-VriVMl N 
IF(FLSURP.LT.O. ) FLSUr(P = 0.
FLSINT=FLSURP-VGVINT 
IF(F LSI NT.GE.0.) GO TO 2030 
GVLEV=FLSURP/SGVMID 
GO TO 2039

2030 GVLEV^GVINT+FLSINT/SGVTOP
2039 IF(GVLEV.G T.GVMAX) GVLEV = GVKAX

pout-t;vlev*denab+pgv + i aa .
2040 ZOPIOT=ZOPNOM-FLLEAK/AOP/DENAB 

HOP-ZOPTOT+OZCON 
WOUT=XLOOP>R(2)+R(18)
YBRK = DELPP1-POUT+DENOP‘ZOPTOT *HEADBB+ PCG*144.-CROBB*R(1 8)»

1 ABS(R(1B))-CDBRK-(P(1B)-R(1))*ABS(R(18)-R(1))
YLP1=CROP*WOUT*ABS(WOUT)+CRIP•WCORE*ABS(WCORE)+CROBB*R ( 18)*

1 ABS( R( 18) ) +CRQAB*' R ( 1 ) ‘ABS( R( 1 ) )-GHEAD1-GHPLEN 
COMHED^DELPIM-YLPI-YBRK-AFLO/AXBB 

2050 CONTINUE
A(1,B)=COMHED-CRC(1)-WFZI*ABS(WFZ1)+GH(1)
00 2100 1=2,6

2100 A(I,8)=COMHCD-CRC(I)*R(I+1)*ABS(R(I+1))+GH(I)
A(7,8l=DELPP2-CRLP2*R(2)*ABSIR(2))-CRPLEN*WC0RE**2+GHEAD2+GHPLEN+

1 GH(1 )-CRC(1)*WFZ1*ABS(WFZ1 )
IF(MODE.EO•2) A(7,8)=A(7,3)+CROP*(WCORE*ABS(WCORE)-WOUT*ABS(WOUT)) 

1 -YBRK*AX(12)/AXBB
C CALL ON THE FUNCTION SOLVE TO GET THE DERIVATIVES OF THE FLOWS

DETER=SOLVE(A.XF,1,EPS1) 
d=1
DC 2200 1=1,7 
F( I )=XF(I)
IFINULUJ).NE.I) GO TO 2200 
U = J+ 1 
F(I)=0.

2200 CONTINUE
XKW=1./(100.* PD+5.)/8
NEWSP = PD
ASP=PD

80 IF(NULL(d).NE.8) GO TO 81 
J = J+ 1
GO rc 90

81 SSPEDI=60.*R(9)/P0LES
SLIP1=1.“DSPEED*R\8}/SSPED1 
KPM1=0.
T PM1 = 0.
TMf.11 = SLIP1/(CA*SLIP1**2 + CB)
IF(R(8).GE.0.1.OR.NOPON1.EQ.1) GO TO 85 
KPM1=1.
S LPON1 = 1 .-DSPEED*R(8)/PMSSP 
TPM1=CE*SLP0N1/(CA< SLP0N1* *2+CB)

85 TDM1 ={JKMM1 * IMMI+KPMI *TPM1 
CALL PT0RQ(R(8),NEW1 ,BP1 )
CALL TFRTC(R(8),AL0,TS,TR,TMIN,TF1)
F(8)=3600.*(TDM1-BP1-TF1(/CONST

90 IF(NULL(U).NE.9) GO TO 91 
J = U+ 1
GO TO 100

91 ETi=TRISPN-R(10)
IF(ABS(ET1).LT.2.) ET1=0.
EWT 1 =XKW*ET 1.
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NWSPI1=NEWSP+EWT1 
EW1=NWSPT1-R(11)
EATW1=XKA*EW1 
ASPTW1=A5P+EATW1 
IF(ASPTWt.GT.I.I) ASPTW1=1.1 
EA1=ASPTW1-R(12)
1F(ABS(EA1).LE.0.01) EA1=0.
F(9)=3600.+CONVG“FREQO*EA1/TK

100 IF(NULL(d).NE.10) GO TO 101 
0 = 0+1
GO TO 110

101 F(10) = (TR11-R(10))/TAU( 1 0)*360 0.
110 IF(NULL(d).NE.11) GO TO 111 

d = J+ 1
GO TO 120

111 F(11 ) = (NEW1-R(11))/TAU( 1 1 )*3600.
120 IF(NULL(d).NE.12) CO TO 121 

d = J+ 1
GO TO 130

121 F(12)=(R(8)-R(12))/TAU(12)*3600.
130 IF(NULL(d).NE.13) GO TO 131 

J = d+1
GO TO 140

131 SSPE02=60.+R(14)/POLES
S LIP 2 =1 .-DSPEED* R(13)/SSPE02 
KPM2=0.
TPM2=0.
TrFM2 = SLI P2/( CA*SLIP2**2 + CB)
IF(R(13).GE.0.1.OR.N0P0N2.EQ.1) GO TO 135
KP.M2 = 1 .
SFPfJi,2=1 .-DSPEED*R( 13)/PMSSP 
TPM2 = CE + SLP0N2/(CA*SLP0N2 **2 + CB)

135 TDM2 = QKMM2< TMM2+KPM2*TPM2 
CALL PT0RQ(R(13),NEW2,BP2)
CALL TFRIC1R(13),AL0.TS,TR,TMTN,TF2)
F( 13) = 3600.* (TDM2-BP2-T F2)/CONST

140 lF(NULL(d).NE.14) GO TO 141 
J = J-t 1
GO TO 150

141 ET2=TRl'SPN-R( 15)
IF(,'.B5( ET2) . LT.2. ) ET2 = 0 .
EWT2 = Xi\W*ET2
NWSPr2=NEWSP+EWT2 
EW2-N'*SPT2-R( 16)
EAT W2 = XKA*EW2 
ASPT W2 = ASP+EATW2 
IFIA3PTW2.GT.1.1) ASPTW2=1.1 
EA2=A5PTW2-R(17)
IF(AB5(EA2).LE.0.01) EA2=0.
F(14 ) - 3600.*C0NVG + FPEQ0*EA2/TK

150 IF(NULL(d).NE.15) GO TO 151 
d = J+1
GO TO 160

151 F(15)=(TRI2-R(15))/TAU(15)*3600.
160 IF(NULL(d).NE.16) GO TO 161 

d = J+1
GO TO 170

161 F(16)=vNEW2-R(16))/TAU(16)*3600.
170 IF(NULL(d).NE.17) GO TO 171

d = J+1 
GO TO 180
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171 F(17)=(R(13)-R(17))/TAU(17)*3600.
180 IF(NULL(U).NE.18) GO TO 181 

RETURN
181 F(18)=YBRK/AXBB 

RETURN
3000 AL1=R(8)

FRE01=R(9)
TRIMI-R(10)
NEWM1=R( 11 )
A LM1=R(12)
AL2=R(13)
FRE02=R(14)
TRIM2=R(15)
NEWM2=R(16)
ALM2-R(17)
ERLAST =1 .E20
NCOUNI=0
N0BYR=0
IF(R(7).LT.EPS2.AND.NOBPRV.EO.1) R(7)=EPS2 
XDIV=1.
DO 3002 1-1,7 

3002 DW(I)=0.
3001 DO 3090 LPDUM=1,15 

NEW1=R(1)/W1100
IFlMODE.EO.2) NEW1=R(18)/W1100 
NEb2=R(2)/W2100 
WC0RE=XL00P*R(2)+R(1)
WF Z1 =WC0RE-R(3)-R(4)-R(5)-R(6)-R(7)
IFiNU L Li 1 ).EO.0) GO TO 8180 
IF(MODE.NE.2.AND.NULL(1).GT.7) GO TO 8080 
II(NULL(1).GT.7.AND.NULL18.EQ.0) GO TO 8080 
CALL PHEAD(AL1;NEW1,HP1)
CALL PHEAD(AL2,NEW2,HP2)
DELPF1=HP100 + DPUMP1 < HP 1 
DELPP2=HP100*DPUMP2^HP2 
ZETA-2.4CRC(1)*ABS(WFZ1)
IF(f,:0DE.NE.2) GO TO 3005 
WOUT = R(18) + XLOOP»R( 2)
YBRX--DELPP1-POUT + DENOP*ZOPTOT + HEADBB+PCG*144.-CROBB*R( 18)*

1 AB31R)16))—CDBRK *(R(18)-RI1 ))*ABSIR(19)-R(1 ))
YLP1=CR0P*W0UT*A8S(WOUTJ+CRIP•WCORE*ABS(WCORE)+CROBB*R(18)*

1 ABS( R( IB) )+CROAB - R( 1 ) *ABS( R( 1 ) )-GHF.AD1-GHPLEN 
C0MHED=DELPP1-YLP1-YBRK*AFL0/AXBB 
GO 10 3006

3005 C0MHED = DELPP1-CRLP1+R(1)*ABS(R(1))-CRPLEN*WCORE*ABS(WCORE)+GHEAD1+ 
1 GHPLEN

3006 J =1 
N/ = 0

3010 ND=NULL(U)
IF(ND.GT.7.OR.ND.E0.0) GO TO 3050
GO TO (8010,8020,8030,8030,8030,8030,8030),ND

8010 IF(MODE.NE.2) DWY(1 ,2) = PDERIV(AL1 ,NEW1 ,HP 100,DPUMP1)/W1100-2.*
1 CRPLEN*ABS(WCORE)-2.+CRLP1 •ABS< R(1 ))
IF(MODE.EQ.2) DWY(1,2)=-2.*CRIP*ABS(WCORE)-2.*CROAB*ABS(R(1))- 

1 2.*CDBRK*ABS(R(18)-R(1))*AFLO/AXBB
DWY(1 ,1 )=DWY(1 ,2)-Z ET A 
DO 6011 1=3,6

8011 DWY(1,1)=DWY(1,2)
IF(MODE.NE.2) DWY(1,7)=-2.*CRPLEN*ABS(WCORE)-ZETA 
IF(MODE.EQ.2) DWY(1,7)=-2.*CRIP*ABS(WCORE)-ZETA-AX(12)/AXBB*2.*

1 CDBRK*ABS(R(18)-R(1))
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IF(MODE.EO•2) DWY(1,8)=2.*CDBRK*ABS(R(18)-R(1))/AXBB 
NX=NX+1 
J = J+1
GO TO 30)0

8020 IF(MODE.NE.2) DWY(2,2)=-2.*XLCOP+CRPLEN*ABS(WCORE)
IF(MODE.EQ•2) DWY(2,2)=-2.*XLOOP*(CRIP*ABS(WCORE)+CROP*ABS(WCUT)) 
DWY(2,1)=DWY(2,2)-XL00P*ZETA 
DO 8021 1=3,6

8021 DWY(2,I) = DWY(2,2)
DWY(2,7)=PDERIV(AL2,NEW2,HP100.DPUMP2)/W2100-2.*

1 CRLP2*ABS(R(2))+DWY(2,1)
NX = NX+1 
J = d+1
GO TO 3010

8030 IFINOBYP.EQ.1.AND.ND.EQ.7) GO TO 8040 
DWYS ND,1)=ZETA
DWY(ND,ND-1)=-2.*CRC(ND-1 )* ABS(R(ND))
DWY(ND,7)=ZET A 
NX = NX+1 

8040 J=J+1
GO TO 3010

3050 IF(MQDE.NE.2.0R.NULL18.E0.0) CO TO 3054 
DWY(8,8)=(-2.*CROBB*ABS(R(18))-2.*CDBRK*ABS(R(18)“R(1))

1 +PDERIV(AL1,NEW1 ,HP 100,DPUMP1 )/W1100)/AXBB 
DWY(8,1)=-2.*CROP*ABS(WOUT)-2.*CROBB*ABS(R(18))-AFLO*DWY(8,8)
DO 3051 1=2,6

3051 DWY(8,1)=DWY(8,1)
DWY(8,7)=-2.*CROP*ABS(WOUT)-AX(12)*DWY(8,8)
N X = N X + 1

3054 RHS(1 )=COMHED-CRC(1 )*WFZ1 *ABS(WFZ1)+GH(1 )
DO 3055 1=2,6

3055 RHS11)=COMHED-CRC(I)*R(I+1)*ABS(R(I+1))+GH(I)
RHS(7j = DELPP2-CRLP2 + R(2)*ABS(R(2))-CRPLEN*WCORE*ABS(WCORE)+GHEAD2+ 

1 GHPLEN-CRC(1)*WFZ1 *ABS(WFZ1 )+GH(1)
IF(MODE.EQ.2) RHS(7)=RHS(7)+CROP*(WCORE*ABS(WCORE)-WOUT*ABS(WOUT)) 

1 -Y6RK*AX(12)/AXBB 
NX 1=NX+1 
DO 3060 11=1,NX 
DO 3060 12=1,NX1 
TRIX( 11 ,I2) = 0.
NSAV1=NULL(11 )
NSAV2=NULL(12)
IF(I2.EQ.NX.AND.NULL18.NE.0) NSAV2=8 
IF(I 1 .NE.NX.OR.NULL18.EQ.0) CO TO 3059 
IF(I2.NE.NX1) TRIXSNX,I2)=DWYiNSAV2,8)
IF(I2.EQ.NX1) TRIX(NX,NX1)=-YBRK/AXBB 
GO TO 3060

3059 DO 3061 K=1,7
IF(IP.NE.NX1)TRIX(I1,I2)=TRIX(I1,I2)+A(NSAV1,K)*DWY(NSAV2,K)
IF(12.EQ.NX1 )TRIX(11 ,12)=TRIX(11,I2)-A(NSAV1 ,K)*RHS(K)

3061 CONTINUE
3060 CONTINUE

CALL SYSTEM!TRIX.DW,NX,NX1)
ERRT0T=0.
EPS=1.E-5 
DO 3070 1=1,NX 
NSAV=NULL(I)
IF(I.EQ.NX.AND.NULL18.NE.0) NSAV=18 
R(NSAV)=R(NSAV)+DW(I)/XDIV 
NSAV2=NSAV
I F (NSAV . EQ . 1-8 ) NSAV2 = 8
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3070

3085

3088
3089
3090

3094
3095

8080

8090

8100

8110

8120

8130

8140

8150

8160

8170

IF((R(NSAV)/WP100(NSAV2)).LT.0.1) EPS= 
ERRTOT=ERRTOT+ABS(DW(I)/R(NSAV)) 
ERRMAX=NX*EPS
IFfERRTOT.LT.ERRMAX) GO TO 3095 
IF(ERRTOT.LT.ERLAST) GO TO 3088 
IF(NCOUNT.EQ.I) GO TO 3085 
NCOUNT = 1 
GO TO 3089 
XDIV=XDIV+1.
WRIT E(6,9919) XDIV 
NCOUN T = 0 
ER LAS T = ERRTOT 
CONTINUE
IF(NULL18.E0.0) GO TO 3094 
NXM1=NX-1

1 . E-3

KABC=18
WPITE(6,9906) (NULL(I),1 = 1 ,NXM1 )t KABC 
GO TO 3095
WRITE{G,9906) (NULL(I),I=1,NX)
IF(R(1).LT.EPS2.AND.M0DE.NE.2) R(1)=EPS2
IF(R(2).LT.EPS2) R(2)=EPS2
NEW1=R(1)/W1100
IF(MODE.EO•2) NEW1=R(18)/W1100
NEW2=R(2)/W2100
IF(R(7).GE.EPS2.OR.NOBPRV.NE.1) GO TO 8080 
R(7) = EPS2 
N 0 8 Y P - 1 
ERLAST=0.
GO TO 3001
IFINULUJ).NE.8) GO TO 8090 
KPM1=0.
IFIALI.LE.O.1.AND.N0P0N1.EQ.O) KPM1=1.
CALL ALPHP(R(8) ,NEW1 ,FREQ1 .(JKMMI ,KPM1 , TMM1 , TDM1 ,BP1 ,TF1 ,SLIP1 )
J = U +1
IF(NULL(J).NE.9) GO TO 8100 
d = J + 1
IFINULUJ).NE.10) GO TO 8110 
R(10)=TRI1 
J = J +1
IF(NULL(J).NE.11) GO TO 8120 
R(11)=NEW1 
J = J + 1
IF(NULL(J).NE.12) GO TO 8130 
R(12)=AL1 
J = J + 1
IF(NULL(J).NE.13) GO TO 8140 
KPM2=0.
IF(AL2.LE.O.1.AND.N0P0N2.EO.0) KPM2U.CALL ALPHP(R(13),NEW2,FREQ2,QKMM2,KPM2,TMM2,TDM2,BP2,TF2,SLIP2)
J = J+ 1
IF(NULUJ) .NE.14) GO TO 8150 
J “ d + 1
IFINULUJ).NE.15) GO TO 8160 
R( 15)=T R12 
J = J +1
IF(NULL(J).NE.16) GO TO 8170 
R I 16UNEW2 
J = d+1
IF(NULL(J).NE.17) GO TO 8180 
R ( 1 7 ) = A L2 
J = J+1

A-38



8180 DO 3100 1=1,7 
W(I)=R(I)

3100 WNRM(I)=W(I)/WP100(I)
WCOR[i = XLOOP*W(2)+W( 1 )
WFZ1=WC0RE-W(3)-W(4)-W(5)-W(6)-W(7)
WFZ1N--WFZ1/WFZ100 
IF(MODE.EQ.2) W(8)=R(18)
A L1=R(8)
FREQ 1=R(9)
TRIM1=R(10)
NEWM1=R(11)
ALM1=R(12)
AL2=R(13)
FREQ2=R(14)
TRIM2=R(15)
NEWM2-R(16)
ALM2=R(17)
DF2DT=(W(2)-W20LD)/SH0UR 
W2GLD-W(2)
PRSURE = PCG+( DELPP2 + ZOPTOT*DENOP + GHEAD2-CRLP2 + W(2)*ABS(W(2))- 

1 AL00P2*DF2DT)/144.
PRSNRf,1=PRSURE/PR100 
RE I URN
ENTRY RUTHYD 
WRIIE(6.9907)
'.JRITE(P,9908) WFZ1N, (WNRM(I) ,1=3,7)
DO 9000 1=1,7 

9000 Wf’RT( I ) =W( I ) *WFAC
WRI 7 E(6,9909) (I,WPRT(I) ,I = 1 ,7)
7 PRI(1 ) = TRIM1
TFRT(2)=TRIM2
TPRT(3)=TRISPN
CALL TMPCON(1,3,TPRT)
WRITE(6,9910) All,NEW1,BP1,TDM1,HP1,FREQ1
WRITE(6,99 I 1 ) AL2,NEW2,BP2,TC•2,HP2,FREQ2
WPIIE(6,99i2) PD.TPRT(3),NEWSF,ASP,XKW,EPS,LPDUM
WRITE(6,9913) TPRF(1 ),TPRT(2! ,NEWM1 ,NEWM2,A LM1 ,ALM2,PRSNRM
WRITE(6,9914) ET1,ET2,EW1,EW2.EA1,EA2
IF(MODE.EO.2) FLPRNT=FLLEAK/DENAB*VFAC
IF t MODE.EO•2) WRITE(6,991G) WNRM(1 ),FLPRNT,ZOPTOT,GVLEV 
IF(KCALC.EO*1 ) WRIT E(6,9915) i I,TAU(I),I = 1 ,18)
RETURN

9901 FORMAT (ZOX.'MATRIX OF INERTIAL LOSS COEFFICIENTS'/)
9902 FORMAT (7(3X , 'A 1 ,11 ,11 , 1 =',1PE10.3))
9903 FORMAT(/20X,'VALUE OF DETERMINANT IS '.1PE10.3/)
9904 F0RMAT(/20X,'INVERSE MATRIX OR INERTIAL LOSS COEFFICIENTS'/)
9905 FORMAT(/20X, ***** PRIMARY PUMP #1 ,11 , ' TRIP AT',F8.4,' SEC ****'/)
9906 FCRMAT(/20X,'***** CONVERGENCE NOT FOUND FOR PROMPT FLOWS:',

1 8(3X,12), ' ***** 1 ,/)
9907 FORMAT (/,2X,32( '* 1 ) ,5X, 'P R I M A R Y1 ,5X, 1C 0 0 L A N T',5X,

1 1D Y N A M I C S',5X,32(!*'I/)
9908 FORMAT(3X,1FZ1NRM =',F7.4,26X.1FZ2NRM =',F7.4,2X,1FZ3NRM =',F7.4,

1 2X,‘CANRM =',F7.4,3X,1RBNRM =',F7.4,3X,'BPNRM =',F7.4)
9909 F0RMAT(3X, 'FLOWS: ' ,7(I 1 ,2X,1pE11 .4,3X))
9910 FORMAT! 3X .'AL^'.FO.A.SX.'NEw^'.Fg.A.SX.'BPIs'.Fg.A.SX,

1 ’ TM0TN1 = ' , F9.4,3X, 'F1P1 = ' ,F9.4,3X, 'FRE01 = ' ,F9.3)
9911 FORMAT(3X,'AL2=',F9.4.3X,'NEw2=',F9.4,3X,'3P2=',F9.4,3X,

1 'TM0TN2=1,F9.4,3X,'HP2=',F9.4,3X,1FREQ2=',F9.3)
9912 FORMAT(3X, 1 PD =' ,FS.4,3X, 'TRISP =1 ,F9.3,3X, ‘NEWSP =',F9.4,3X,

1 'ASP =1 ,F9.4.3X, 'XKW =' ,1 PE 10.3,3X, 'EPS =' ,E10.3,3X, 'N =',I3)
9913 F0RMAT(3X, 'TRIM: 1 ,2F11 .3,6X, 1NEWM: ' ,2F11 .4,6X, 'ALM: ',2F11.4,
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1 6X,'INLET PRSNRM =',F7.4)
9914 FORMAT (3X,*ET: 1 ,2( 1 PEI 5.4) ,6X, ’EW: 1 ,2E15.4,6X, 1EA: ',2E15.4)
9915 FORMAT (6(3X, 1TAU' ,I 2, ' =',F10.5))
9916 FORMAT (3X,'G1N0RM =1 ,FI 0.4,3X, 'VOL. LOSS =1 ,1 PEI 0.3,3X, 'ZOPTOT =' 

1,0PF9.4,3X,'GVLEV =',F9.4)
9917 F0RMAT(//9X, 'DESIGN PUMP HEAD IS' tFI 3.5,/9X, 1 COVER GAS PRESSURE1,

1 1 IS1,1PE11.4)
9918 FORMAT(///3X,20('*'),5X,‘INITIAL TIME STEP FOR THIS PIPE RUPTURE',

1 ' ANALYSIS MUST BE LESS THAN',FB.5,' SEC',5X,20(‘*‘)//)
9919 FORMAT (//1 OX , 5( ' * ' ) , 5X , ' CO'P'I RGENCE PROBLEMS FOR PROMPT PRIMARY1,

1 1 FLOWS: XDIV=',F8.4,5X,5('*'))
9920 FORMAT (/9X,'RUPTURE LOSS COF-FICIENT (CDC) =' ,1 PEI 1.4,/9X,

1 'GUARD VESSEL VOL. BELOW BREAK =',0PF8.4)
END
SUBROUTINE RTHERMIMODE,PTMW,HnP,TI 1 ,TI 2) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C REACTOR HEAT TRANSFER C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

DIMENSION TCLINE(11J.TFILMUI),TCLAD(11),TAU(33),TAUS(33)
DIMENSION W(12),PR(11),PE(11),H(11),UA(11)
DIMENSION PF(11 ) ,CF( 11 ),XKF(11 ) ,DF(11 ),VF(11 ),Q(11 )
DIMENSION ,XL( 1 1 ) ,DT ( 1 1 ) , R( 1 1 ) , DG( 1 1 ) , DC( 1 1 ) ,XN( 1 1 ) , VX( 1 2)
DIMENSION TPRT(101
COMMON/RUNGNO/KRUNG,KCALC
COMMON/ALLR/DUR31(26),Y(33),DUR32(430)
C0MM0N/ALLF/DUF31(26),F(33>,DUF32(430)
COMMON / A LLNU L/DU(J31 (26) ,NULL',33} ,DUN32(430)
COMMON/MISC/T vTSEC,1 COUNT,S,SSEC,I PR I NT,TMAXSC 
COMMON/LOOP/X LOOP
COMMON/GET1/WI100,WLP1,WI2,WIC,WOC,WHC,WCA,WRB,WBP,WS100,WSl,WS2, 
1WBRK
COMMON/FBR1/TC(12),TIP1,TIP2,TCI(6),TOP1,TOP2,TON,TM(11)
COMMON/FBR13/DH(12) .AH(12) .A IPT,AOPT,0D(11 )
COMMON/PHY 1/TCAV(12) ,TP11 1 ,IPI 12,TDUM1(3),TPI2(6),TP01(5),TP02(1), 

1 TDUM2(203)
COMMON/PHY4/D(12),DPI11,DPI12.DPIA1,DPIA2,DP0A1,DPI2(6),DP01(5),

1 DP02(1),DDUM(203)
COMMON/PHY5/VS(12),DUVS(220)
C0MM0N/PHY6/C(12),CPI11,CPI12,CPIA1 ,CPIA2,CP0A1 ,CP 12(6) ,CP01(5),

1 C P02(1 ) ,CDUM(203)
COMMON/PHY 7/XK(12) ,DUK(220)
C0MU0N/PHY8/RE(12),DRE(220)
COMMON/PLNO/CHC,CIC,CCC,CCA,CRB.CBP 
COMI.’O'N/ TMPMA X / TCMAX , TCLMAX.ZJET 
COMMON/HY03/DUH1,ZON,DUH2(4)
COMMON/FACT/XFAC,AFAC,VFAC,FDUM1(2),DFAC,CFAC,XKFAC,FDUM2(7),GC
NAMELIST/RTH1/PF
NAMCLIST/RTH2/VX,DT.VIP1,VIP2
NAMELIST/RTH3/DF,CF,xkf,dg,xkg,dc,xkcl
NAMELIST/RTH4/VF,XL,R,XN
NAMELIST/RTH5/R0,ZCH,D0N,HIF
NAMELIST/RTH6/HCFAC,FLFAC.CLFAC
DATA P1,P2/2*1./
DATA C0NFAC/3.4127E6/
WI1=WLP1
IF(MODE.EO.2) WI1=WBRK 
VOPT=AOPT*HOP 
M= KRUNG+2
GO TO (1000,2100,1100,2000,1100,996),M 

C RESTART OPTION
996 DO 997 1=1,11
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VX(I)=VX(I)^ V FAC 
DT(I)=DT(I)♦XFAC 
DF(I)-DF(I)* DFAC 
CF(I)-CF(I)* CFAC 
XKF(1)=XKF(I)+XKFAC 
DG tI)=0G(I i*XFAC 
DC(I)^DC(I)‘XFAC 
VF ( 1 ) =VF ( I ) * V FAC 
X L(I)~ X L(I)* X FAC 
R(I)= R(I)«XFAC

997 CONTINUE
VX(12)=VX(12)+VFAC
VIP1=VIP1*VFAC
VIP2=VIP2*VFAC
XKG=XKG+XKFAC
XKCL-XKCL*XKFAC
RO = RO* XFAC
ZCH = ZCH* XFAC
DON = DON* XFAC
HIF=HIF*XKFAC/XFAC
GO TO 998

READ INPUT DATA 
1000 RFAD(5,RTH1)

READ(5,RTH2)
READ(5 t R TH3)
READ(5,RTH4)
READ(5,RTH5)
READ(5,RTH6)

C
C PRINT INPUT DATA

998 WRITE(6,RTH1)
WRITE(6,RTH2)
WRI TEI 6,RIH3)
WRITE(6,RTH4)
WRIT E(G,RiH5)
WRIT E(6,RTH6)

C CONVERT INPUT INTO PROPER UNITS
DO 1010 1=1,11 
VX(I)= V A(IJ/V FAC 
DT(Ii=DT(I)/XFAC 
DF(I)=DF(I)/DFAC 
C F(I)=CF(I)/CFAC 
XK F(I) = XK F(I)/XKFAC 
DG(I)=DG(I)/XFAC 
DC(I)=DC(Il/XFAC
V F(I )= V F(I)/V FAC 
X L ( I ) = X L ( I ) / X F A C 
R ( 1 ) =R(I)/XFAC

1010 CONTINUE
VX(12)=VX(12)/VFAC
V I PI=VI PI/VFAC 
VIP2=VIP2/VFAC 
XKG=XKG/XKFAC 
XKCL=XKCL/XKFAC 
RO=RO/XFAC
ZCH = ZCH/X F AC 
DON=DON/XFAC 
HIF=HIF/(XKFAC/XFAC)
RON=0.5*DON
AONT = 3.14159♦DON*DON/4.0
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Z1=ZON+0.5*DON
Z2=ZON-0.5*DON
RETURN

1100 TOPI 2=(TOP 1+TOP2)/2.0 
CP012=SPHSCD(T0P12)
CPOA2=SPHSOD(TOP2)
DPOA2"DENSOD(TOP2)

CALCULATE THE HEAT CAPACITIES AT THE OUTLET OF CHANNELS 
CHC=bPHSOD(TC(3))
CIC = SPHSOD( TC(6))
COC=SPHSOD(TC(9))
CCA = SPHSOD(TCI 10))
CRB = SPHSOD(TC(11))
CBP=SPHSOD(TC(12))

CALCULATE VOLUMETRIC HEAT DENSITY OF THE REACTOR FUEL 
QBTU=PTMW*CONFAC 
DO 15 3=1, 11 

15 Q(U)-PF(J)*QBTU/VF(J)
IF(WHC.GT.O.O) A 1 = 1.0 
IF(WIC.GT.O.O) A2=1.0 
IF(WOC.GT.O.O) A3=1.0 
IF(WCA.GT.O.O) A4=1.0 
IF(WRB.GT.O.O) A5=1.0 
IF(WBP.GT.O.O) A6=1.0

DETERMINE THE JET PENETRATION DISTANCE IN THE UPPER PLENUM 

WCORE=WHC+WIC+WOC+WCA+WRB
TCORE=(WHC + CP01(1 )-TC(3)+WIC’CP01(2)* TC(6)+W0C*CP01(3)*TC(9)+WCA* 
1CP01(4)*TC(10)+WRB'CP01(5)*TC(11))/(WHC*CP01(1)+WIC*CP01(2)+W0C* 
2CP01 (3HWCA-CP01 ( 4 ) +WRB + C P01 (5) )

dcgre=densod;tcore)
CALL JET(ZCH,R0,WC0RE,DP0A1 ,CCORE,ZdET)
IF(ZJET.GT.HOP) ZJET=HOP 
ZDIF=ZJET-H0P 
IF(ZD IF.LE.O.5) ZJET=H0P 
IF(ZJET.GE.Z1) GO TO 21 
I F(ZJET.LE.Z2) GO TO 22 
BETA I=0.0
beta:? =0.0
CO 10 23

21 BETA 1=0.0 
BETA2=1 .0 
GO TO 23

22 BETA 1 = 1 .0 
BETA2=0.0

23 CONTINUE 
VPOi=AOPT*ZJET 
VPC2=V0PT-VP01

C DEFINE THE DUMMY VECTOR OF MASS FLOW RATE "W(I)"
DO 30 1=1, 3 
W(!)=WHC 
W(1+3)=WIC 
W(1+6)=WOC 

30 CONTINUE 
W( 1 0)= W C A 
W( 1 1 )=WRB 
W( 12)=WBP

C CALCULATE TRANSPORT NUMBERS
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DO 40 1-1, 11
PR(I)=C(I)*VS(I)/XK( I)
PE(I)=PE(I)* PR(I)
H(I)-HCORE(RE(I),PE(1),DT(I).XK(I))
CALL UATOT(X L(I),XN(I),XKF(I) ,XKG,XKCL,DG(I),DC(I),H(I),OD( I) ,R( I ) 
,CJ( I ) ,UA( I ) , TM( I ) ,TCAV(I ) ,TCLINE( I ) ,TCLAD( I ) ,TFILM( I) )
CONTINUE

CALCULATE THE HOT SPOT TEMPERATURES

1. MAXIMUM CORE OUTLET SODIUM TEMPERATURE 
T C M A X - ( 1 . - HC F AC ) *■ TC I ( 1 ) + HCFAC- TC(2)

2. MAXIMUM CLADDING TEMPERATURE 
DTFILM=TFILM(2)-((TC(1)+TC(2)1/2.0) 
DTCLAD=TCLAD(2)-TFlLM(2)
TCLMAX=TCMAX+(FLFAC*DTFILM+CLFAC*DTCLAD)

DEFINE THE DUMMY VECTOR OF VARIABLES "7(1)" 
DO 50 1=1,11 

50 Y(I)=TM(I)
Y ( 1 2 ) = T I P1 
Y(13)=TIP2 
DO 60 1=14, 25 

60 V(I)=IC(1-13)
Y(26)=T0P1 
Y(27)=T0P2 
DO 65 1=28, 33 

65 Y( I )=TCI(I-27)
IF(KPUNG.NE.3) GO TO 2000

C

CALCULATE THE PROCESS TIME CONSTANTS FOR:
A. REACTOR FUEL REGIONS

DO 70 1=1, 11
70 CALL TIMECF(DF(I),VF(I),CF(I),UA(I),TAU(I))

B. REACTOR COOLANT REGIONS 
IF(WI 1 .LT.O. ) P1=0.0
IF(WI2 LT.O.) P2=0.0
IF(P1.EQ.O..AND.P2.EQ.0.) GO TO 71
TAU(12) = {DPIA1*VIP1'CPIA1)/(P1*WI1*CP111+P2*XLOOP*WI2*CP112)
GO TC 72

71 T AU(12) = 1 .E6
72 IF(WHC.LT.O.O) A1=0.0 

IFIWIC.LT.O.O) A2=0.0 
IF(WOC.LT.O.0) A3=0.0 
IF(WCA.LT.O.0) A 4 = 0.0 
IF(WRB. LT.O.O) A 5 = 0.0 
IF(WBP.LT.O.O) A6=0.0
IF(A1.EQ.O..AND.A2.EQ.O..AND.A3.EQ.0..AND.A4.EQ.0..AND.A5.EQ.0.. 

1AND.A6.EQ.0.) GO TO 73
TAU(13) = (DPIA2*VIP2*CPIA2)/(A1*WHC*CPI2(1 )+A2*WIC*CP12(2)+A3*WOC* 
1CPI2(3)+A4*WCA*CPI2(4)+A5*WRB*CPI2(5)+A6*WBP*CPI2(6))
GO TO 74

73 TAU(13) = 1 .E6
74 CONTINUE

DO 75 1 = 1 . 11
75 CALL TIMECCfD(I) ,VX(I),C(I ) ,UA(I),W(I) ,TAU(1 + 13))

IF(WBP.LE.O.) GO TO 76
TAU(25)=(D(12)*VX(12))/WBP 
GO TO 77

76 TAU(25) = 1 .E6
77 IF(A1.EQ.O..AND.A2.EQ.O..AND.A3.EQ.0..AND.A4.EQ.0..AND.A5.EQ.0..
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1AND.A6.E0.0..AND.BETA2.EQ.O.) GO TO 78 
TAU(26) = (DPOA1*VP01‘CPOA1 )/(A I *WHC + CP01(1) + A2*WIC*CP01(2)+A3*WCC* 
1CP01(3)+A4*WCA*CP01(4)+A5* WRB > CPOI(5)+BETA2*A6*WBP»CP012+HIF*AOPT) 
GO TO 79

78 TAU(26) = 1.E6
79 IF(A6.EQ.O..AND.BETA1.EQ.O.) GO TO 791

TAUI27)=(DP0A2*VP02*CP0A2)/(A6*WBP*CP02(1)+BETA2*(A1*WHC+A2*WIC+A3 
1 *W0C + A4*WCA + A5*WRB)*CP012 + H1F-AOPT)
GO TO 792

791 TAU(27)=1.E6
792 CONTINUE 

TAU(20)=ABS(TAU(14))
TAUI29)=ABS(TAU(17))
TAU(30)=ABS(TAU(20))
T AU(31 )=ABS|T AU(23))
TAU(32)=ABS(TAU(24))
TAU(33)=ABS|TAU(25))

COMPARE THE TIME CONSTANTS WITH THE INTEGRATION TIME STEP 
DO 80 1=1, 33

80 NULL!t)=0 
J = 1
DO 88 1=1, 33
IF((TAUII)*0.75).GE.S) GO TO 85 
NULL(J)=I 
J = J + 1

85 CONTINUE
DO 850 1=1, 33

850 TAU5II)=TAU(I)*3600.0
IF(MODE.NE.0) GO TO 2000 
U= 1
DO 851 1=1, 33 
NULL!I)=J 
J = J + 1

851 CONTINUE 
2000 J=1

DO 101 1 = 1 , 11
I F( I .EQ.3.AND.WHC.LT .0 . ) V(16)=Y(26)
I F(I.EQ.6.AND.WIC.LT.O.) Y(19)=Y(26)
I F(I.EQ.9.AND.WOC.LT.O.) Y(22)=Y(26)
IF(I.EQ.10.AND.WCA.LT.O.) Y(23)=Y(26)
IFII.EQ.il.AND.WRB.LT.O.) Y(24)=Y(26)
IF(NULL(d).NE.I) GO TO 100 
J = d+1 
GO TO 101

100 L=I+12 
IF(l.EQ.I) L=28 
I F ( I . EQ.4)L = 29
I F(1.EQ.7)L = 30
IF(I.EQ.10.0R.I.EQ.11) L=I+21
CALL DFUELIDF(I),VF(I),CF(I),Q(I),UA(I),Y(I),Y(L),Y(1+13),F(I))

101 CONTINUE
IFINULUJ).NE.12) GO TO 102 
d = J+ 1 
GO TO 103

102 IF(W11 .LT.O. ) TI1=Y(12)
IF(WI2.LT.O. ) T I2 = Y(12)
F(12)=(WI1*CPI11»(TI1-Y(12))+XL00P»WI2*CPI12*(Tl2-Y(12)))/(DPIA1*

1VIP1*CPIA1)
103 IF(NULL(d).NE.13) GO TO 104 

d = d+1
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115 1F(NULL(J).NE.27) GO TO 116
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GO TO 117
116 IF(WBP.LT.O.) Y(25)=Y(27)

IF(WBP.LT.O.) A6=0.0 
IF(ZJET.GE.HOP) GO TO 1160
F(27)=(WBP*CP02(1)*(Y(25)-A6*Y(27))+BETA1*(WHC+WIC+W0C+WCA+WRB)* 

1CP012*( Y(26)-Y(27))+HIF*AOPT»(Y(26)-Y(27)))/(DP0A2*VP02*CP0A2)
GO TO 117 

1160 Y(27)-Y(26)
F(27)~ F(26)

117 L=1
DO 120 1=28, 32 
IF(I.GT.28.AND.I.LE.31) L=L+3 
I F(I.EQ•32) L= 1 1 
LK=L+13
IF(NULL(0).NE. I) GO TO 118 
d = J+1 
GO TO 120

118 IF(W(L).GE.O.) GO TO 119
CALL DCOOL(D(L),VX(L),C(L),UA(L),Y(L),Y(I),Y(LK),W(L)tF(I))
GO TO 120

119 F(I)=F(13)
120 CONTINUE

IF(NULL(J).NE.33) GO TO 121 
RETURN

121 IF(WBP.GE.0.) GO TO 122
F(33)=WBP*(Y(33)-Y(25))/(D(12)*VX(12))
GO TO 123

122 FI33)=F(13)
123 CONTINUE 

RETURN

PROMPT APPROXIMATION EQUATIONS 
2100 DO 16 1=1, 11

16 TM(I)=Y(I)
T I P1 = Y ( 1 2 )
TIP2=Y(13)
DO 17 1=14, 25

17 TC!I-13)=Y(I)
TOPI=Y(26)
T0P2=Y(27)
DG 18 1=28, 33 

13 TCI I I -27)=Y(I)
U= 1
□0 125 1=1, 11 
IF(NULL(J).EQ.I) GO TO 124 
GU TO 125

124 CALL TFUEL(Q(I),VF(I),UA(I),TCAV(I),Y( I))
J = J+ 1

125 CONTINUE
I F(NULUd) .EQ. 12) GO TO 126 
GO TO 127

126 CALL PLENI1(WI1,WI2,TI1,T12,TIP2,Y(12),CPI11,CPI12)
U = J+1
IF(MODE.EQ.O) TIP1=Y(12)

127 IF(NULL(J).EQ.13) GO TO 128 
GO TO 129

128 CALL PLENI2(M0DE,CPIA1,TIP1,Y(13))
J = J+ 1
IF(MODE.NE.0) GO TO 129 
TCI(1)=Y(13)
TCI(2)=Y(13)
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TCU3I = Y(13)
TCI(4)=Y(13)
TCI('3)=Y(13)
TCI(6)=Y(13)

129 DO 133 1=14, 24
IF(NULL(J).EO.I) GO TO 130 
GO TO 133

130 IF(WI1-13).LT.O.) GO TO 131 
IF(I.EQ.14) GO TO 1130 
TCINT=TC(1-14)

1130 IF( I .EO.14) TCINT = TC1(1)
IF( I . EO- 17) TCINT = TCU2)
IF(1.EO.20)TCINT=TCI(3)
IF(I.GE.23) TCINT=TCI(1-19)
CALL rCOOL(C(1-13),UA(1-13),W(I-13),TM(I-13),TCINT,Y(I))
J = J+ 1 
GO TO 133

131 IF(I.GE.22.0H.I.EQ.16.0R.I.EO.19) GO TO 132
CALL IC00L(C(1-12),UA(1-12),W(1-12),TM(1-12),TC(I-12),Y(I))
J = J+1 
GO TO 133

132 Y( I ) = TOP 1 
J = J + 1

133 CONTINUE
IF(MODE.EQ.O) TIP2 = Y(13)
IF(NULL(J).EO.25) GO TO 134 
GO TO 136

134 IF(W3P.LT.O.) GO TO 135 
Y(25)=TIP2
J = J + 1 
CO TO 136

135 Y(25)=T0P2 
J = J-i 1

136 IF)NULL(J).E0.26) GO TO 137 
GO TO 138

137 CALL PLEN01(BETA2,HOP,ZJET,AOPT,HIF,TOP2,Y(26))
J - J +1

138 IF(NULL(J).EO.27) GO TO 139 
GO TO 141

139 IF(Z J FT.GE.HOP) GO TO 140
Y(27 j = (WBP*CP02(1 ) + TC(12)+BETA 1 *(WHC + W!C+WOC+WCA + WRB)*CP012*TOP1 + 

1 HIF'AOPT*TOPI)/(WBP*CF02(1 )+BETA1*(WHC+WIC+WOC + WCA+WRB)+HIF*AOPT) 
J = J+1 
GO TO 141

140 Y(27)=Y(26)
J = J + 1

141 L= 1
DO 144 1=28, 32 
IF(I.GT.20.AND.X.LE.31) L=L+3 
I F(I.EO- 32 ) L-11 
IF(NULL(J).EO.I) GO TO 142 
GO TO 144

142 IF(W(L).GE.0.) GO TO 143
CALL TCOOL(C(L),UA(L),W(L),TM(L),TC(L),Y(I))
J = J + 1 
GO TO 144

143 YU ) = TI P2 
J - J + 1

144 CONTINUE
IF(NULL(J).EQ.33) GO TO 145 
GO TO 2200
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145 IF(WBP.GE.0.) GO TO 146 
Y(33)=TC(12)
GO TO 2200

146 Y(33)=TIP2 
2200 DO 147 1=1. 11
147 TM(I)=Y(I)

TIP1=Y(12)
TIP2=Y(13)
DO 148 1=14, 25

148 TC(I-13) = Y(I)
TOPI=Y(26)
TOP2=Y(27)
DO 149 1=28, 33

149 TCI 1 1-27) = Y(I)
1F(2JET.GE.Z1) GO TO 150 
IF(ZJET.LE.Z2) GO TO 151 
ZA=ZuET-Z2
ARG1=(ARSIN((ZA-RON)/RON)+1.5708)*RON*RON 
ARG2=(ZA-R0N)*((2.*R0N*ZA-ZA*ZA)**0.5) 
AON)=ARG1+ARG2 
GO TO 152

150 AON 1=AONT 
GO TO 152

151 AON 1=0.0
152 A0N2=A0NT-A0N1

DETERMINE THE REACTOR OUTLET NOZZLE SODIUM TEMPERATURE

RCCPA1=DP0A1*CP0A1*A0N1 
R0CPA2=DP0A2*CP0A2*A0N2
TCN=(R0CPA1* TOPI+R0CPA2*T0P2)/(R0CPA1+R0CPA2)
RETURN
ENTRY PUTRTH 
W RIT E(6♦ 3000)
IF(KCALC.EO- 1) WRIT E(6, 3025) (I, TAUS(I), 1 = 1, 33)
TPR T v1)= TCMAX 
TPRT(2) = TC LMAX 
TPRT(3)=TCLINE(2)
TPRT(4)=TCLAD(2)
TPRT(5)=TFILM(2)
TPRT(6)=TIP2 
TPRT(7)=TIP1 
TPRT(8)= T0P2 
T PR T(9) = T0P1 
TPRT(10)= T ON 
CALL TMPCON)1,10,TPRT)
CALL TMPCON(1 ,11 ,TM)
CALL TUPCON(1,12,TC)
CALL TMPCON(1,6,TCI)
ZJETP = ZJET *XFAC 
WRIT E(6, 3050) TPRT(1),TPRT(2)
WRIT E(6, 3060) (TPRT(I),I = 3,5)
W RIT E(6, 3100) (I, TM(I), 1 = 1, 11)
WRIT E(6, 3200) (I, TC(I). 1 = 1, 12)
WRITE16, 3500) (I, TCI(I), 1=1, 6)
WRIT E(6, 3400) TPRT(6),TPRT(7)
WRITE(6, 3300) ZJETP,(TPRT(I),I=8,10)
CALL TMPCON{0,11,TM)
CALL TMPC0N(0,12,TC)
CALL TMPCON(0,6,TCI)

3000 FORMAT(/,2X,30('* 1),5X,1R E A C T 0 R'.SX.'H E A T1,5X,
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1 'T R A N S F E t’,,5X,30('*')/)
3025 F0RMAT(5(3X,1TAU',12,1 =',F10.A,1 SEC’))
3050 FORMAT(5XCORE HOT SPOT: MAX. COOLANT TEMP. s'.FIO.S,

1 BX.'MAX. CLAD TEMP. =',F10.3I
3060 FORMAT)3X, 1 PEAK CORE AVERAGE TEMPERATURE OF: FUEL CENTERLINE =',

1F10.3,3X,'CLAD INNER =',F10.3,3X,'CLAD OUTER =',F10.3)
3100 FORMAT(6(3X,1TM1,12,' =',F10.3))
3200 FORMAT(6(3XTC1,12,1 =',F10.3))
3300 F0RMAT(3X, 'UPPER PLENUM: ZUET =' ,F10.3,3X, 1 TOP ZONE TEMP. =',

1 FlO.3,3X, 1 BOTTOM ZONE TEMP. =1 ,F10.3,3XNOZZLE TEMP. =',F10.3) 
3400 F0RMAT(3X,'LOWER PLENUM:',24X,'TOP ZONE TEMP. =',

1 F10.3,3X,'BOTTOM ZONE TEMP. =',F10.3)
3500 F0RMAT(6(3X,'TCI',11,' =',F10.3))

RETURN
END
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DATA SET UTILITY GENERATE

IEE352I WARNING : OUTPUT RECFM/LRECl/BLKSIZE COPIED FROM INPUT 

PROCESSING ENDED AT EOD
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SUBROUTINE DE LAYP(W1 , W2, MODE) 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C PRIMARY LOOPS SODIUM TRANSPORT DELAY SIMULATION C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

DIMENSION TCI (10) ,TC2(10) ,TC3{ 10),TC4(10},TC5(10) fTC6(10)
DIMENSION TW1(10),TW2(10) ,TWSi 10),TW4 t 10),TW5(10) ,TW6( 1 0)
DIMENSION FC1(10),FC2(10) ,FC3( 10),FC4(10),FC5(10),FC6(10)
DIMENSION FW1 ( 1 0 ) , FW2( 10 ) , FW.J( 1 0 ) , FW4 ( 10),FW5(10), FW6( 1 0 )
DIMENSION VCTOT(6),VWTOT(6),ATOT(6),R0VCW(6),VCPRIM(6)
DIMENSION TAUCH10),TAUC2<10).TAUC3(10),TAUC4(10),TAUC5110),

1 T AUC6( 10),T AUW1(10),T AUW2(10),TAUW3i10),T AUW4(10),TAUW5( 10),
2 T AU'wS ( 10) ,U1 (10) ,U2( 10) ,U3( 10) ,U4( 10) ,U5( 10) ,U6( 10) ,UPR1 (10) ,
3 UPR2(10),UPR3(10),UPR4(10),UPR5(10J,UPR6(10)

EQUIVALENCE (Y(1),TC1(1)),(YM1),TC2(1)),(Y(21),TC3(1)),(Y(31),
1 TC4( 1 )),(Y(41 ),TC5(1)),(Y(51 ) ,TC6(1 ) ),(Y(61 ),TW1 (1 ) ) ,(Y(71),
2 TW2(1)),(Y(81),TW3(1)),(Y(91),TW4(1)),(Y(101),TW5(1)),(Y( 1 1 1 ),
3 TW6(1))

EQUIVALENCE (F(1),FC1(1)).(F(11),FC2(1)),(F(21),FC3(1)),(F(31),
1 FC4(1)),(F(41),FC5(1)),(F(5II,FC6(1)),(F(61),FW1(1)),(F(71),
2 FW211 )),(F(81),FW3(1 )) , (F(91 ) ,FW4(1)),(F(101),FW5(1)),(F(1 1 1 ),
3 FW6l1))

COMMON/ FBR4/TCI1,TCI2,TCI3,TCI4,TCI5,TCI6
COMMON /FBR5/TM1 ( 1 0 ) , TM2 ( 1 0 ) , Tr,’3( 1 0 ) , TM4( 10) , TM5( 10) ,TM6( 10) 
COM:.1ON/FBR10/N(6) ,L(6)
COMMON/FBR14/DPX,APX,ODP(3),DELP(3),XL(7),XL11,

1 X L12,X L21 ,XL22,DSX,ASX,XLSt 12),ODI(4),DELI(4)
COMMON/FBR15/DSS,CSS,XKSS
CCMr.TJN / PHY4/DUMA ( 30 ) ,DC1 (10) ,DUMB.DC2( 10) ,DUMC( 13) ,OC3( 10) ,

1 DC4( 10),DUMD,DCS(10),DUME(13),DC6( 10),DUMF(114)
COMMON/PHY5/VDA ( 30) , VS 1 ( 10) , VL’B , VS2 ( 10) , VDC ( 13) , VS3 ( 10) , VS4 ( 10) ,

1 VDD,VS5(10),VDE(13),VS6(10),VDF(114)
COMMON/PHY6/CDA(30),CC1(10),CUB,CC2(10),CDC(13),CC3(10),CC4(10),

1 COD,CCS(10),CDE(13),CC6(10),CDF(114)
C0MM0N/PHY7/XDA(30),XK1(10),X~B,XK2(10),XDC(13),XK3(10),XK4(10),

1 XDD.XK5(10),XDE(13),XK6(10l,XDF(114)
COMMON/PHY 0/RDA( 30) ,RE1(10),R''3,RE2(10), RDC ( 1 3 ) , RES ( 1 0 ) , RE4 (1 0 ) ,

1 ROD.RE5( < 0) ,RDEM 3j,REC( 10) ,RUF(114)
COMMON •'A L LR/DUM5 1 (109),Y( 1201, DUM52(260)
COMMON/ALLF/DUF51(109),F(120),DUF52(260)
C0MM0N/ALLNUL/DUN51(109).NULLI120),DUNS2(260)
COMMON/MISC/T,TSEC,I COUNT,S,SSEC,I PR 1 NT,TMAXSC 
COMMON/RUNGNO/KRUNG,KCALC 
DATA PI/3.141593/
MOD-KRUNG+2
GO TO (1000,2100,2000,2000,2000,1000),MGO

FIX UP THE COMPONENTS OF THE NULL VECTOR AS FUNCTIONS OF N AND L 
FIRST FOR THE COOLANT TEMP'S 

1000 DO 1020 1=1,6 
J2=10»I 
01=02-9
DO 1020 0 = 01 ,02
Ir(!0+10-02).LE.N(I)) GO TO 1010 
NULL, 0 ) =0 
GO'TO 1020 

1010 NULLIJ)=0 
1020 CONTINUE

C AND NOW, FOR THE PIPE WALL TEMP'S
DO 1050 1=1,6 
02=60+10+1 
01=02-9
DC 1050 0=01,02
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zs-v

(S)101MA=(S)101MA 
( l)J.OiMA=(f) LOi.MA 

(e)nx*eao3sx=(E)ioiMA 
(2)nx*syD3sy=(2)ioi«A 
( l )3X»ia03SX=( i ) iOlMA 

(E)i010A=(9)lCU0A 
(S)i0i0A=(S)i013A 
( Ol01DA=(t7)iQ13A 

(£)3X*£yi01S=(E)1013A 
(2nx*SdlOiS=(S)iOiOA
(l)3X»iai01S=(l)J013A 

’^l/tE )d33a*( (E)d33a + £y ia) ‘Id = EilD3SX 
•frM/(s)di3a*((s)di3a+saia)*id=sa03sx 

Ud33a*( ( l )d33a+iaia)» Id = ld33SX 
■2i/£aia*id=eaai3x 
•ei/2Mia*id=sdanx 
•zi/iaia*id=iyaiox 

•t?w/z**Eaia*'fr/id = £aiOJ.s 
■t7t7i/z*feaia*'t'/id = ZMiois
•i7t7i/z*+iaia*’17/13 = laiois 

(£)di3a*’z-(c)dao=Eaia 
(Z)d33a*’2-(Z)dGO=Zaia 
(l)d3 3Q * * S-( l )dQO=iaia

SNna 3d I d 3Hi Oi 031V33a S3UIlNVnt) 3indiM03 3
( I )9i'Ji = ( I )9Wi iSOl 
(I)9Wi=(I)93i 
(I)9Wi=(I)SM1 
(I)SW1=(I)931
( I )t7l‘U = ( I )fMl
( I )t’Wl = ( I ) t731 
( I )£l*U = ( 1 ) Efli 
(I)£Wi=(I)E31
(i )ewi = (;)zmi
(I)SW1=(T1231 
( I ) l S‘J 1 = ( I ) L/i 
( I ) U'U = (1)131 

<H ‘ 1 = 1 290 I 00
S3aniva3dW3i mvw qnv 1NV3003 nv iznvniNi 3

!9)0=9N 
(9)N=9N 
( b ) N = t?N 
(E)N=EN 
(2)N = 2 N 
( l)N= IN 

3DNI1N03 9901 
0=(P)nnN 

02l‘I=n 9901 00
30NI1N03 9901 

1 + 1 = 1
( P ) 33 0N= ( I )33.3N 

990) 01 00 (0 * 03 *(P)33 ON)dI 
02)‘)=P 990) 00 

) = I
30NI1N03 090) 

O=(P)30nN Ot-O) 
090) 01 00 
p=(ni33nN

0t70) 01 00 ( ( I) N ■ 33 ’ (ZP-Ol+P) )3I 0E0 ) 
090) 01 00 

P=(P)330N 
OEO) 01 00 ()"3N’(1)3)31
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VWT0T(6)=VWT0T(3)
ATOT(1 )=XC1RR1*XL(1 )
AT0T(2)=XCIRR2*XL(2)
AT0T(3}-XCIRR3+XL(3)
ATOT(4)=Ar0r(1)
AT0T(5)=AT0T(2)
ATOT(6)=A10 r(3)
DO 1058 1=1,6
VCPRIM(I)=VCTOT(I)/N( I)
VWPRIM = VWTOT( I )/N(I)

1058 ROVCW(I)=VWPRIM*DSS»CSS 
RETURN

2000 IF(MODE.EO.O) RETURN
START CALLING ON THE SUBROUTINE PIPE TO GET THE TEMP DERIVATIVES 

PIPE 1
CALL PIPE (N(1),L(1 ) ,KRUNG,WI ,TC11 ,TC1 ,TW1 ,FC1 ,FW1 ,DIR1 ,DEEP(1),

1 ST0TR1,ATOT(1),VCTOT(1),XKSS,ROVCW(1),
2 VCPRIiV.t 1 ) , CC1 ,DC1 , VS1 , XK1 , RE 1 , U1 , UPR1 , TAUC1 , TAUW1 )

C PIPE 2
CALL PIPE (N(2),L(2) .KRUNG,WI ,TCI2,TC2,TW2,FC2,FW2,DIR2,DEEP ( 2) ,

1 ST0TR2.AT0T(2),VCTOT(2),XKSS,ROVCW(2),
2 VCPRIM(2),CC2,DC2,VS2,XK2,RE 2,U2,UPR2,TAUC2,TAUW2)

C PIPE 3
CALL PIPE (N(3),L(3),KRUNG.Wt,TC13,TC3,TW3,FC3,FW3,DIR3,DEEP(3),

1 STOTR3,ATOT(3),VCTOT(3),XKSS,ROVCWf3),
2 VCPR1M(3),CC3,DC3,VS3,XK3,RE3,U3,UPR3,TAUC3,TAUW3)

C PIPE 4
CALL PIPE (N(4),L(4),KRUNG,W1 ,TC14,TC4,TW4,FC4,FW4.DIR1 ,DELP(1),

1 ST0TR1,AT0T(4),VCT0T{4),XKSS,ROVCW(4),
2 V C P RIM(4),CC4,DC4,VS4,XK4,RE4,U4,UPR4,TAUC4,TAUW4)

C PIPE 5
CALL PIPE (N(5),L(5) ,KRUNG,W1 ,TCI 5,TC5,TW5,FC5,FW5,DIR2,DEEP(2),

1 ST0TR2,AT0T(5),VCT0T(5),XKSS,ROVCW(5),
2 VCPRIM(5) , CC5,DCS,VS5.XK5,RE5,U5,UPR5,TAUC5,TAUW5)

C PIPE 6
CALL PIPE (N(6),L(6).KRUNG,W1 ,TC16,TC6,TW6,FC6,FW6,DIR3,DEEP(3),

1 ST0TR3,AT0T(6).VCTOT(6),XKSS,ROVCW(6),
2 VCPRIM(6),CC6,DC6,VS6,XK6,RE6,U6,UPR6,TAUC6,TAUW6)

RETURN
2100 IF(MODE.NE.0) GO TO 2200 

DO 2150 1 = 1 ,. 10 
T C1(I) = TC11 
TC2(I) = TCi2 
TC3(I)=TCI3 
TC4(IJ = TC14 
TC5(I) = TC15 

2150 TC6(I) = TC16 
2200 DO 2300 1=1,10 

TM1(I) = TC1(I)
TM2(I)=TC2(I)
TM3(I)=TC3(I)
TM4(I) = TC4(I)
TM5{I)=TC5(1)

2300 TM6(I)= TC6(I )
RETURN
ENTRY PUTDEL 
WRITE(6,196)
CALL TMPCON(1,120,Y)
IF(KCALC.NE.1) GO TO 3600 
J=1
WRITE(6,300) d,(I,T AUDI(I),1 = 1 ,N1)
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IF(L(1 ).EQ.O) WRITE(6,301) J,(I,TAUW1 (I) , 1 = 1 , N1) 
d = 2
WRITE(6,300) J,(I,T AUC2(I),1 = 1 ,N2)
IF(L(2).EQ.O ) WRITE(6.301) d,(I,TAUW2(I),I = 1 ,N2) 
d = 3
WRITE( 6,300) d ,.( I , T AUC3 ( I ) , 1 = 1 ,N3)
IF(L(3).EQ.O) WRITE(6,301 ) d,(I,TAUW3( I ) , I = 1 , N3) 
d = 4
WRITE(6,300) d,(I,TAUC4(I),I=1,N4)
IF(L(4).EQ.O) WRITEI 6,301 ) d.( I,TAUW4(I),I = 1 ,N4)
d = 5
WRITE(6,300) d,(I,T AUC5(I),1 = 1 ,N5)
IF(L(5).EQ.O) WRITE(5,301) d,(I,TAUW5(I),1=1,N5) 
d = 6
WRITE(6,300) d,(I,T AUC6(I),1 = 1 ,N6)
IF(L(6).EQ.O) WRITE(6,301) d,(I,TAUW6(I),I=1,N6)

3600 d=1
WRITE(6,140) d,(I,TC1(I),1=1,N1)
IF(L(1).EQ.O) WRITE(6,145) d,(I.TW1(I),I=1,N1) 
d = 2
WRITE(6,140) d,(I,TC2(I),1=1,N2)
IF(H2).EQ.O) WRITE(6,145) d , ( I , TW2 ( I ) , I = 1 , N2 ) 
d = 3
WRITE(6,140) d,(I,TC3(I),1=1,N3)
IF(L(3).EQ.O) WRITE(6,145) d,(I,TW3(I),I=1,N3) 
d = 4
WPIT E(6,140) d,(I,TC4(I),1 = 1 ,N4)
IF(L(4).EQ.O) WRITE(6,145) d,(I,TW4(I),1=1,N4) 
d = 5
WRITE(6,140) d,(I,TC5(I),1=1,N5)
IF(L(5).EQ.O) W RIT E(6,145) d,(I,TW5(I),I = 1 ,N5) 
d = C
WRITE(6,140) d^I.TCSID.^I ,N6)
1F(L(6).EQ.O) WRITE(6,145) d,(I,TW6(I),I=1,N6)
CALL TMPCON(0,120,Y)
RETURN

140 FORMAT (2X,'TC',11,':1,10(13,F9.3))
145 FORMAT (2X, 'TW' ,11, ' : 1 ,10(13,F9.3))
196 FORMAT(/2X,15( 1 * 1 ),5X, 1P R I M A R Y'.SX.'S 0 D I U M’,5X,

1 'TRANSPOR T',5X,'C ALCULATION S 1 ,5X,15(1»1)/)
300 FORMAT (3X, 1TAUC' ,I 1 , 1 : 1 , 10( I 3,F9.5))
301 FORMAT (3X, 1TAUW1,11, ': ' ,10(I 3,F9.5))

END
SUBROUTINE IHX1(MODE,WP,WS,TPI,TSI,N) 

CCCCCCCCCCGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C INTERMEDIA IE HEAT EXCHANGER THERMAL MODEL (LOOP 1) C 
CCCCCCCCCCLCCCCCCCCCCCCCCCCCCCCCCCCuCCCCCCCCCCCCCCCCCCCCCCCC 

REAL NT.NUSSP.NUSSS
DIMENSION NUSSP(10),NUSSS(10),PRP(10),PRS(10),PEP(10),PES(10) 
DIMENSION HP(10),HS(10),U(10),TDLOG(10),HEAT(10)
DIMENSION CS(12),DS(12),XKS(12).AVS(10),RES(10)
DIMENSION TAUP(13 I ,TAUS(25)
COMMON/FUR2/TP(13),TS(12)
COMMON/FBR4/TCII ,TCI 2,TCI 3,TCI 4,TCI 5,TCI 6
COMMON/F BR14/DEQUIP.STOTP,DUMA(12),XLTOT,DUMB(4).DINT,STOTS,

1 DUMC(20 )
COMMON/PHY4/DUD1(51),DP(13),DuD2(54),DSDUM(12),DUDS(102)
COMMON/PHY5/DUV1(52),AVP(10),DUV2(57),AVSDUM(10),DUV3(103) 
C0MM0N/PHY6/DUC1(51),CP(13),0002(54),CSDUM(12),DUC3(102)
COMMON/PHY7/DUK1(51 ),XKP(13),DUK2(54) ,XKSDUM(12),DUK3( 1 02) 
COMMON/PHY8/DUR1(52),REP(10),DUR2(57),RESDUM(10),DUR3(103)
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COMMON/M I SC/.T , TSEC, I COUNT , S, SSEC, IPRINT , TMAXSC 
COMMON/ALLR/DUM411(59),Y(25),0UM412(AOS)
COMMON/ALLF/DUF411(59),F(25),CUF412(405)
COMMON/'A L LNU L/DUN41 1 (59) ,NULL< 25) ,DUN412(405)
COMMON/RUNGNO/KRUNG,KCALC
COMMON/FAC T/XF AC,AF AC,VFAC,FDUM1(4),XKFAC,TFAC,FDUM2(4) ,XHFAC,

1 FDUM3I2)
NAMELIST/HX1A/OEXT,PITCH,XKSS,NT,BP.ACF 
NAME LIST /'HX1 B/VIP , VOP , VBP , V I 5 , VOS 
M=KRUNG+2
GO TO (1004,3000,1000,2600,1000,998),M

THIS STATEMENT IS OF THE FORM GO TO (A,B,C,D,E,F) , WHERE:
A IS INITIALIZATION OF ALL RUN DATA; B IS PROMPT APPROXIMATION 
CALCULATION; C IS INITIALIZE NEW TIME STEP VALUES AND COMPUTE 
DERIVATIVES; D IS COMPUTE DERIVATIVES; E IS COMPUTE NEW 
TIME CONSTANTS; AND F IS THE RESTART OPTION.

RESTART OPTION
998 DEXT=DEXT-XFAC

PIT CH = PITCH* XFAC 
XKSS=XKSS*XKFAC 
VIP=VIP*VFAC 
VOP=VOP*VFAC 
VBP=V3P*VFAC
V IS = V IS*VF AC 
VOS-VOS * V FAC 
GO TO 999

READ INPUT DATA 
1004 R EAD(5,HX1 A)

REAMS, HX1B)
C PRINT INPUT DATA

999 WRITE(6,HX1A)
W R I T E ( G , H X 1 B )

C CONVERT TO PROPER UNITS
DEXT=DEXT/XFAC 
PI rCH = nnCH/XFAC 
XKSS=XKSS/XKFAC
V IP = VIP/VFAC 
VOP = VOI>/VFAC 
VBP-VBP/VFAC
V I 5-V IS/VF AC 
VCS=VOS/VFAC 
N 1 - N +1 
N2=N+2 
N3=N+3
N4-N+4 
NTOT-2■N+5 
NEND1 7N T 0 T“1 
NEND2-NTOT-2 
XN = N
NTOI PI=NT0T+1 
PD = PHCH/DEXT
ALPHA=6.«>+(3.126+1.1C4*P0)*PD 
DEDI=DLXT/UiNT
RTUBE-ALOG(DEDI)*DEXT/(2.-XKSS)
VBUNDL=STOTP+XLTOT 
WPSTAR=(1.-BP)*WP 
AT0T=NT*XLT0T*3.1415S3*DEXT*ACF 
VTUBE-STOTS+XLTOT

C INITIALIZE COMPONENTS OF THE DUMMY Y VECTOR
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DO 1002 1=1,N3 
Y<I)=TP(I)
1FII.NE.N3) Y(I+N3)=TS(I)

1002 CONTINUE 
RETURN

1000 WPSTAR=(1.-BP)*WP 
DO 1099 1=1,N2 
CS(I)=CSDUM(N3-I)
DS(I)=DSDUM(N3-I)
XKS(I)=XK5DUM(N3-I)
IF(I.GT.N) GO TO 1099 
AVS(I ) = AVSDUMf N1“I)
RES(I)=RESDUM(N1-I)

1099 CONIINUE
DO 1100 1=1,N
CALL LMTDIF(Y(I),Y(1+1).Y(I+N4),Y(I+N3),TDLOG(I))

1100 CONTINUE
C SHELL-SIDE (PRI.SOD.) CONVECTION HEAT-TRANSFER COEFFICIENT

DO 1500 1=1,N
IF(REP(I ) .GT.3000. ) GO TO 1200 
NUSSP(I)=7.15 
GO TO 1400

1200 PRP(I)=CP(1+1)*AVP(I)/XKP(I)
PEP(I)=REP(I)*PRP(I)
NUSSP( I )=ALPHA+0.0155*PEP(I)* *0.86 

1400 HP(I)=XKP(I)*NUSSP(I)/DEOUIP 
1500 CONTINUE

C TUBE-SIDE (SEC.SOD) CONVECTION HEAT-TRANSFER COEFFICIENT
DO 1900 1=1,N
IF(RCS(I).GT.3000.) GO TO 1600 
NUSSS(I)=4.363636 
GO TO 1800

1600 PRS(I)=CS(1+1)*AVS(I)/XKS(I)
PES(I) = RES(I)* PRS(I)
NUSSS(I)=7.+.025*PES(I)**0.8 

1800 HS(I)=XKS(I)*NUSSS(IJ/DINT 
1900 CONTINUE

C OVERALL HEAT/TRANSFER COEFFICIENT
DO 2000 1=1,N
U( I ) = 1 ./(DEDI/HS(I)+RTUBE+1 ./HP ( I))

2000 CONTINUE
IF(M.EQ.3) GO TO 2630

C COMPUTE THE TIME CONSTANTS OF SODIUM TEMPERATURES
T AUP(1 )=3600.*DP(1)*VIP/WPSTAR 
DTMIN=TP(1)-TS(1)
DO 2300 1=2,N1 
DTMAX = T P(1)-TS(I)
DRATIO=DTMAX/DTMIN 
IF(DIMAX.NE.DTMIN) GO TO 2100 
DTMDTP=1 .
DTMD T S=1 .
GO TO 2200

2100 IF(DRAT 10.LE.0.) GO TO 2105 
X LOG = A LOG(DRAT 10)
DTMDTP=(1.-(1.-DTMIN/DTMAX)/XLOG)/XLOG 
DTMDT S = -(1 . + (1,-DTMAX/DTMIN)/X LOG)/XLOG 
GO TO 2200 

2105 DTMDTP=0.0 
DTMDTS=0.0

2200 TAUP(I)=3600.»DP(I)*VBUNDL*CP(I)/(XN*WPSTAR + CP(I)+U(1-1 )*ATOT*
1 DTMDTP)
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I LESS 1 = I+N2
TAUS( 11.ESS1 ) =3600. *DS( I )*VTUBE*CS(I)/(XN*W3*CS(I)+U(I-1)*ATOT*1 Dir.iDTS)
DT;.1IN = DTMAX

2300 CONTINUE
TAUPIN2)=3600.*DP(N2)*VBP/(BP-WP)
TAUP(N3)=3600.*DP(N3)*V0P*CP(N3)/(WPSTAR*CP(N3)+BP*WP*CP(N2)) 
TAUS(NEND1)=3600.*DS(N1)*VIS/WS 
TAUS(NTOT)= 36O0.*DS(N2)*VOS/WS 
d= 1
DO 2301 1 = 1 , N3
IF((1AUP(1)*0.7).GE.SSEC.AND.MODE.NE.O) GO TO 2301 
NULL( J ) = I 
J = J+1

2301 CONTINUE
DO 2302 I=N4, NTOT
IF(( fAUS(1)*0.7).GE.SSEC.AND.MODE.NE.O) GO TO 2302 
N U L L ( U ) = I 
J = J + 1

2302 CONTINUE
IF(NrOTP1.GT.25) GO TO 2304 
DO 2303 I=NT0TP1, 25 
NU L L(d) = I 
d = d+1

2303 CONTINUE
2304 GO TO 2630 
2600 DO 2610 1=1,N

CALL LMTDIF(Y(I),Y(1+1),Y(I+N4),Y(I+N3),TDLOG(I))
2610 CONTINUE
2630 WPSTAR=(1.-6P)*WP 

d = 1
IF(NULL(d).NE.1) GO TO 2631 
d = d + 1
GO TO 2632

2631 F(1)=VjPSTAR‘(TPI-Y(1))/(DP(1)»VIP)
2632 DO 2700 1 = 1 , N
2700 HEAT( I) = U(I)*(ATOT/XN)*TDLOG(I)

DC 2800 1=2,N1
IF(NULL(d).ME.I) GO TO 2801
d = d + 1
GO TO 2800

2801 F ( !' -- (UPSTAR*CP( I ) * ( Y ( I -1 )-Y ( I ) )-HEAT( 1-1 ) )/(DP( I ) * ( VBUNDL/XN ) * 
1 C P ( I ) )

2800 CONTINUE
IF(NULL(d).NE.N2) GO TO 2802 
d = d+!
GO TO 2803

2802 F(N2)=GP*WP*(TPI-Y(N2))/(DP(N2)*VBP)
2803 IF(NULL(d).NE.N3) GO TO 2804 

d = d + 1
GO TO 2805

2804 F(N3)=(WPSTAR*CP(N3)*(Y(N1)-Y(N3))+BP+WP+CP(N2)*(Y(N2)-Y(N3)))
1 /(DP(N3)«V0P*CP(N3))
TCI 3 = Y(N3)

2805 CONTINUE
DO 2900 I=N4,NEND2 
I 1 = I-N3 
I 2 = I - N 2
IF(NULL(d).NE.I) GO TO 2901 
d = d+1
GO TO 2900
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2901 F(I) = (HEAT(I 1)-WS*CS(12)*(Y(I)-Y(1 + 1)))/(DS(12)*(VTUBE/XN)*CS(12)) 
2900 CONTINUE

IF(NULL(J).NE.NEND1) GO TO 2902 
J = J + 1
GO TO 2903

2902 F(NEND1 )=WS*(TSI-Y(NEND1 ))/(DS(N1)*VIS)
2903 IF(NULL(J).NE.NTOT) GO TO 2904 

GO TO 2950
2904 F(NTOT)=WS»(Y(N4)-Y(NTOT))/(DS(N2)*VOS)
2950 DO 2960 1=1,N3

T P ( I ) = Y ( I )
IF(I.NE.N3) TS(I)=Y(N3+I)

2960 CONTINUE 
RETURN

3000 d=1
IF(NULL(J).EQ.1) GO TO 3001 
GO TO 4001

3001 Y ( 1 ) = TP I 
J = J + 1

4001 DO 4010 1=2, N1
IFINULKd) .EQ. I) GO TO 3002 
GO TO 4010

3002 CALL PROMT P(WPSTAR,CP(I),TP(I-1),Y(I),TS(I),TS(I-1),U(1-1),ATOT,
1 XN )
J = J+1

4010 CONTINUE
IF(NULL(J).EQ.N2) GO TO 3003 
GO TO 4011

3003 Y(N2)=TPI 
d = J+ 1

4011 IF(NULL(J)■EQ.N3) GO TO 3004 
GO TO 4012

3004 ALF1=WPSTAR*CP(N3)/(BP*WP*CP(N2))
IF(f,;OUE.EQ.O; TP(N1 )=Y(N1 )
IFII.'.ODE.EQ.O) TP(N2)=Y(N2)
Y(N3) = (ALFUTP(N1) + TP(N2))/(ALF1 + 1.)
t CI 3 = Y(N3)
J = J+ 1

4012 DC 4020 I=N4, NEND2 
11 = I-N3
12=I-N2
IF(NULL!J).EQ.I) GO TO 3005 
CO TO 4020

3005 CALL PROMTS(WS,CS(I2),TP(I1),TP(I2),TS(I2),Y(I),U(I1),ATOT.XN) 
d = J+1

4020 CONTINUE
IF(NULL(J).EQ.NEND1) GO TO 3006 
GO TO 4021

3006 Y(NEND1)=TSI 
J = J+ 1

4021 IF(NULL(J).EQ.NTOT) GO TO 3007 
GO TO 4022

3007 Y(NTOT)=Y(N4)
4022 DO 3100 1=1, N3 
3100 TP(I)=Y(I)

DO 3200 1=1,N2 
3200 TS(IJ =Y(N3+1)

MGO= 1 
RETURN 
ENTRY PUTHX1 
WRIT E(6,341)
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IF(I COUNT.NE.O) GO TO 3350 
DO 3300 1=1,N 
HP(I)= HP(I)* XHFAC 
HS(I)=HS(I)*XHFAC 
U(I)=U(I)+XHFAC

3300 CONTINUE
DO 3301 1=1,10

3301 TDLOGI1)=TDLOG(I)*TFAC
WRIT E( 6, 180) N ,.( I ,HP( I ) , 1 = 1 ,N)
WRITE(6,190) N,(I,HS(I),1=1,N)
WRITE!6,200) N,(I,U( I ) , I = 1 , N)
WRITE!6,210) N,(I,T D LOG(I),1 = 1 ,N)
DO 33'19 1 = 1 ,N

3349 U(I)=U(I)/XHFAC
3350 IF(KCA EC.NE.1 ) GO TO 3360 

WRITE!6,330) (I,TAUP(I),I=1.N3)
WRITE!6,340) (I,TAUS(I),I=N4,NTOT)

3360 CALL IMPCCN!1,13,IP)
CALL TMPCON(1,12,TS)
WRITE!6,310) (I,TP(I),I=1,N3)
WRITE(G,320) (I,TS(I),I=1,N2)
CALL TMPCON!0,13,TP)
CALL TMPCON(0,12,TS)

180 FORMAT (/SX.'PRI. SOD. 1 ,13, 1 CONVECTION HEAT-TRANS. COEF. VALUES' 
1 /5X,7!13,1PE14.4))

190 FORMAT (/5X,'SEC. SOD.',13,' CONVECTION HEAT-TRANS. COEF. VALUES' 
1 /5X,7(13,1PE14.4))

200 FORMAT !/5X,I3,' OVERALL HEAT-TRANSF. COEF. VALUES'
1 /5X,7(13,1PE14.4))

210 FORMAT (/5X,13,' LOG-MEAN-TEMP-DIF. VALUES'
1 /5X,7(13,1PE14.4))

310 FORMAT (2X,'TP:',10(13,F9.3))
320 FORMAT (2X, 'TS: ' ,10(I 3,F9.3))
330 FORMAT (2X, 1TAUP: ' ,10(I 3,F9.4> )
340 FORMAT (2X,'TAUS:',10!13,F9.4))
341 FORMA! (/2X,25('*'),5X,'I H X - 1',5X,'T H E R M A L',5X,

1 'C A L C U LA T I 0 N S',5X,25(‘*')/)
RETURN
END
SUBROUTINE IHX2(M0DE,WP,WS,TPl,TSI,N) 

CCCCCCCCCCCCCCCCCuCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C INTERVEDIAIE HEAT EXCHANGER THERMAL MODEL (LOOP 2) C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC-. CCCCCCCCCCCCCCCCCCCCCCCC 

RE Al NT.NUSSP,NUSSS
DIMENSION NUSSP(10) .NUSSS! 10 ) ,FRP( 10),PRS(10 ) ,PEP(10),PES(10) 
DIMENSION HP(10) ,HS( 10),U( 10) ,TDLOG(10),HEAT(10)
DIMENSION CS(12),DS(12),XKS(12),AVS(10),RES(10)
DIMENSION TAUP(13),IAUS(25)
COMMON/FBR3/TP!13),IS(12)
COMMON, FBR4/TCI4,TCIb,TCI6,TCI 1 ,TCI2,TCI3
COM’.ViN/FDR 1 4/DEQUI P , STOT P , DUMA ( 12) , XLTOT , DUM3( 4 ) , DINT, S TOTS,

1 DUMC(20)
COMMON, PHY4; DUD 1 (95),DP( 13) ,DUD2(67),DSDUM( 12),DUD3(45)
COMMON/'PHY5/ DU V1 ( 96 ) , AVP ( 1 0 ) , CUV2 ( 70 ) , AVSDUMf 1 0 I , DUV3(46)
COMMON/PHY6/DUC1 (95 ) ,CP(13 ) ,DUC2(67),CSDUM! 12),DUC3(45)
COMMON/PHY7/DUK1(95),XKP(13),0UK2(67),XKSDUM(12),DUK3(45)
COMMON/PHY8/DUR1(96),REP(10),0UR2(70),RESDUM(10),DUR3(46) 
COMMON/MISC/T,TSEC, I COUNT,S,SSEC.IPRINT,TMAXSC 
COMMON/ALLR/DUM421(84),Y(25),CUM422(380)
COMMON/AL LF/DUF421(84),F(25) ,0UF422(380)
COMMON/AL LNU L/DUN421(84) ,NULL(25),DUN422(380)
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COMMON/RUNGNO/KRUNC,KCALC
COMMON/FACT/XFAC,AFAC,VFAC,FDUM1(4),XKFAC,TFAC,FDUM2(4),XHFAC,

1 rou;vi3(2)
NAMEL[ST/HX2A/DEXT,P1TCH,XKSS,NT,BP,ACF
NAM£LlSr/F'X2B/VIP,VOP,VBP,VIS,VOS
M=KRUNG+2
GO TO (1004,3000,1000,2600,10C0,998),M

THIS STATEMENT IS OF THE FORM GO TO (A,B,C,D,E,F) , WHERE:
A IS INITIALIZATION OF ALL RUN DATA; B IS PROMPT APPROXIMATION 
CALCULATION; C IS INITIALIZE NEW TIME STEP VALUES AND COMPUTE 
DERIVATIVES; D IS COMPUTE DERIVATIVES; E IS COMPUTE NEW 
TIME CONSTANTS; AND F IS THE RESTART OPTION.

RESTART OPTION
998 DEXT=DEXTrXFAC 

PITCH-PITCH+XFAC 
XKSS-XKSSfXKFAC 
VIP=VIP*VFAC 
VOP = VOP * V F AC 
VBP=VBP+VFAC
V IS = V IS + VF AC 
VOS=VOS*VFAC 
GO TO 999

READ INPUT DATA 
1004 READ(5,HX2A)

READ(5, HX2B)
C PRINT INPUT DATA

999 WRIT E(6,HX2A)
WR1TE{6.HX2B)

C CONVERT TO PROPER UNITS
DEXT=DEXT/XFAC 
PITCIUPITCH/XFAC 
XKSS=XKSS/XKFAC 
VIP=VIP/VFAC 
VOP=VOP/VFAC 
VBP-VBP/VFAC 
V1S=VIS/VFAC 
VOS=VGS/VFAC 
N1 -N+1 
N2=Nt2 
N3=N+3 
N4-N+4 
NT0T=2*N+S 
NEND1=NT0T-1 
NEND2-NT0T-2 
XN = N
NT0TP1=NT0T+1 
PD = PI ICH/DEXT
ALPHAS6.66H 3.126+1 .184*PD)»PD 
DEDI=DEXT/DINT
RTUBE-ALOG(DEDI)*DEXT/(2.*XKSS)
VBUNDL=STOTP+XLTOT
WPS T AR-(1 .-BP)*WP
ATOT = NT*XLTOT *3.141593*DEXT *ACF
VTUBE-SIOTS*XLTOT

C INITIALIZE COMPONENTS OF THE DUMMY Y VECTOR
DO 1002 IM ,N3 
Y(I) = TP( I)
IF(I.NE.N3) Y(I+N3)=TS(I)

1002 CONTINUE
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RETURN
1000 WPSTAR=(1.-BP)*WP 

DO 1099 1 = 1 ,N2 
C S(I)=CSDUM(N3-I)
DS 1 I ) =D3DUIVH N3-I )
XKS( I 1 = XKSUUM(N3-I1 
I F( i.G1 .N j GO TO 1099 
AVS(I)=AVSDUM(N1-I)
RES(I)=RESDUM(N1-I)

1099 CONTINUE
DO 1100 1=1,N
CALL LMTDIF(Y(I),Y(1+1),Y(I+N4),Y(I+N3),TDLOG(I))

1100 CONTINUE
C SHELL-SIDE (PRI.SOD.) CONVECTION HEAT-TRANSFER COEFFICIENT

DO 1500 1= 1 , N
I F (RE1>( I ) .GT . 3000. ) GO TO 1200 
NUSSP(I)=7.15 
GO TO 1400

1200 PRP(I)=CP(1 + 1 )*AVP(I)/XKP( I )
PEP( I) = REP(I)*PRP(I )
NUSSP ( I)=ALPHA + 0.0155 = PEP(I)*t0.86 

1400 HP(I)=XKP(I)*NUSSP(I)/DEOUIP 
1500 CONTINUE

C TUBE-SIDE (SEC.SOD) CONVECTION HEAT-TRANSFER COEFFICIENT
DO 1900 1 = 1 , N
IF(RES(I).GT.3000.) GO TO 1600 
NUSSSfI)=4.363636 
GO TO 1800

1600 PRS; 1)=CS(1 + 1 )*AVS(I)/XKS(I )
PES(I)=RES(I)*PRS(I)
NUSSS ( 1 )=7. + .025)PES(1)**0.8 

1800 HS(I)=XKS(I)+NUSSS(I)/DINT 
1900 CONTINUE

C OVERALL HEAT/TRANSFER COEFFICIENT
DO 2000 1=1,N
U(I) = 1 ./(DEDI/HS(I) + RTUBE + 1 ./HP(I))

2000 CONTINUE
IF(M.EQ.3) GO TO 2630

C COMPUTE THE TIME CONSTANTS OF SODIUM TEMPERATURES
TAUP(1 )=3600."DP(1 )* VIP/WPSTAR 
DTMIN = T P(1 )-TS(1)
DO 2300 I--2.N1 
DT MA X =fp(I)-TS(I)
DRATIO=DTMAX/DTMIN 
IF(DTMAX.NE.DTMIN) GO TO 2100 
DTMDIP=1.
DTfvlD T S= 1 .
GO TO 2200

2100 IF(DRATIO.LE.O.) GO TO 2105 
XLOG=ALOG(DRATIO)
D TMD T P=(1 .-(1 .-DTMIN/DTMAX)/XLOG)/XLOG 
DTMDTS=-(1.+(1.-DTMAX/DTMIN)/XLOG)/XLOG 
GO TO 2200 

2105 DTMDT P = 0.0 
DTMDT S = 0.0

2200 TAUPII)=3600.*DP(I)*VBUNDL»CP(I)/(XN*WPSTAR+CP(I)+U(1-1)+ATOT* 
1 DTMDTP)
ILESS1=I+N2
T AUS(ILESS1 )=3600.*DS(I)*VTUBE*CS(I)/(XN*WS*CS(I)+U(I-1 )*ATOT* 

1 DTMDTS)
DTMIN=DTMAX
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2300 CONTINUE
TAUP(N2)=3600.*DP(N2)*VBP/(BP*WP)
TAUP(N3)=3600.*DP(N3)*V0P*CP(N3)/(WPSTAR*CP(N3)+BP*WP*CP(N2))
T AUS(NEND1 ) = 3600.*DS(N1)*VIS/WS 
TAUS(NTOT)= 3600.*DS(N2)*VOS/WS 
d=1
DO 2301 1=1, N3
IF((TAUP(I)*0.7).GE.SSEC.AND.MODE.NE.O) GO TO 2301 
NULL!J)=I 
Jid + 1

2301 CONTINUE
DO 2302 I=N4, NTOT
I F( ( TAUS( I )*0.7) .GE.-SSEC . ANO.MODE.NE.O) GO TO 2302 
NULL(.J) = I 
J = d+1

2302 CONTINUE
lF(NrorP1.GT.25) GO TO 2304 
DO 2303 I=NT0TP1, 25 
NULL!J)=I 
J = J t 1

2303 CONTINUE
2304 GO TO 2630 
2600 DO 2610 1=1,N

CALL LMTDIF(Y(I),Y(1+1),Y(I+N4),Y(I+N3),TDLOG(I))
2610 CONTINUE 
2630 WPSTAR=(I.-BP)*WP 

J= 1
IF(NULL(d).NE.1) GO TO 2631
ij = J+ 1
GO TO 2632

263' F(1)=WPSTAR»(TPI-Y(1 ))/(DP(1 )t V IP)
2632 DO 2700 1=1, N
2700 HEAT(1)=U(I)*(ATOT/XN)*TDLOG(I)

DO 2800 1=2,N1
IF(NULL(J).NE. I) GO TO 2801
vJ = U+ 1
GO TO 2800

2801 F( I) = (WPSTAK*CP(I)*(Y(1-1 )-Y(I) )-HEAT(1-1))/(DP(I)*(VBUNDL/XN)*
1 C P ( I I )

2800 CONTINUE
IF(NULL(d).NE.N2) GO TO 2802 
U = U+ 1
GO TO 2803

2802 F(N2)=BP*WP*(TPI-Y(N2))/(DP(N2)*VBP)
2803 IF(NULL(d).NE.N3) GO TO 2804 

d = d+1
GO TO 2805

2804 F(N3)=(WPSTAR*CP(N3)*(Y(N1)-Y(N3))+BP*WP*CP(N2)»(Y(N2)-Y(N3)))
1 /(DP(N3)*V0P*CP(N3))
TCI3=Y(N3)

2805 CONTINUE
DO 2900 I=N4,NEND2
I 1 = I-N3
I2=I-N2
IF(NULL(d).NE.I) GO TO 2901 
d = d+1
GO TO 2900

2901 F(I) = (HEAT(11 )-WS*CS(12)*(Y(I)-Y(I + 1)))/(DS(12)*(VTUBE/XN)»CS(12)) 
2900 CONTINUE

IF(NULL(d).NE.NEND1) GO TO 2902 
J = d+1
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GO TO 2903
2902 F(NEND1)=WS*(TSI-V(NEND1)}/(DS(N1)*VIS)
2903 1F(NULL(J).NE.NTOT) GO TO 2904 

GO TO 2950
2904 F(NFOT)=WS»(Y(N4)-Y(NTOT))/(DS(N2)*VOS)
2950 DO 2960 1=1,N3

TP(I)=Y(I)
IF(I.NE.N3) TS(I)=Y(N3+I)

2960 CONTINUE 
RETURN

3000 u =1
IF(NULL(J).EO.1) GO TO 3001 
GO TO 4001

3001 Y(1)=TPI 
J = J+ 1

4001 DO 4010 1=2. N1
IF(NULL(d).EQ.I) GO TO 3002 
GO TO 4010

3002 CALL PROMTP(WPSTAR,CP(I),TP(I-1),Y(I),TS(I),TS(I-1),U(I-1),ATOT, 
1 XN )
u = J+ 1

4010 CONTINUE
IF(NULL(d).EQ.N2) GO TO 3003 
GO TO 4011

3003 Y(N2)=TPI 
0 = 0+1

4011 IF(NULL(0).EQ.N3) GO TO 3004 
GO TO 4012

3004 ALF1=toPSTAR*CP(N3)/(BP + WP'*CP(N2))
IF(MODE.EO.O) TP(N1)=Y(N1)
IF(MODE.EQ.0) TP(N2)=Y(N2)
Y(N3)=(ALF1*TP(N1)+TP(N2))/(ALF1+1.)
TCI3=Y(N3)
0 = 0+1

4012 DO 4020 I=N4, NEND2 
I 1 = I-N3
I2=l-N2
IF(NULL(d).EO.I) GO TO 3005 
GO 10 4020

3005 CALL PROMTS(WS,CS(12),TP(I1),TP(I2),TS(I2),Y(I),U(I1).ATOT.XN)
0 = 0*1

4020 CONTINUE
IFINULL(O).EQ.NEND1) GO TO 3006 
GO TO 4021 

0006 Y(NlND1)=TSI 
0 = 0+1

4021 IF(NULL!0).EQ.NTOT) GO TO 3007 
GC 70 4022

3007 Y(N T 0 T) = Y(N4)
4022 DO 3100 1=1, N3 
3100 TP(I ) =Y( I )

DO 3200 1=1,N2 
3200 TS(I) = Y(N3+I)

MG0=1
RETURN
ENTRY PUTHX2 
WR 11 E ( 6.34 1 .1
IF((COUNT.NE.O) GO TO 3350 
DO 3300 1=1,N 
HP(I)=HP(I)* XHFAC 
HS(I)=HS(I)+XHFAC
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U ( I ) =U ( I )*XH.FAC
3300 CONTINUE

DO 3301 1=1,10
3301 TDLOGII)=TDLOG(I)*TFAC

WRIT E(6,180) N,(I,HP(I),1 = 1 ,NI 
WR1TE(6,190) N,(I,HS(I),1=1,N)
WRITE(6,200) N,(I,U(I),1=1,N)
WR1TE(6,210) N,(I,TDLOG(I),1=1,N)
DO 3349 1=1,N

3349 U(I)=U(I)/XHFAC
3350 IF(KCALC.NE.1) GO TO 3360

WRITE(6,330) (I,TAUP(I),1=1,N3)
WRITEl6,340) (I,TAUS(I),I=N4,NT0T)

3360 CALL TMPCON(1,13,TP)
CALL TMPCON(1,12,TS)
WRIT L(6 t 310) (I,TP(I),1 = 1 ,N3)
WRITE(6,320) (I,TS(I),I=1,N2)
CALL TMPCON!0,13,TP)
CALL TMPCON!0,12.TS)

180 FORMAT (/5X, 1 PR I. SOD. '.13,' CONVECTION HEAT-TRANS. COEF. VALUES'
1 /5X,7(13,1PE14.4))

190 FORMAT (/SX.'SEC. SOD.',13,' CONVECTION HEAT-TRANS. COEF. VALUES'
1 /5X,7(13,1PE14.4))

200 FORMAT (/5X,I3,' OVERALL HEAT-TRANSF. COEF. VALUES'
1 /5X,7(13,1PE14.4))

210 FORMAT !/5X,I3,' LOG-MEAN-TEMP-DIF. VALUES'
1 /5X,7(13,1PE14.4))

310 FORMAT (2X,'TP:',10(13,F9.3))
320 FORMAT (2X, 'TS: ' ,10(13,F9.3))
330 FORMAT (2X, 'TAUP: 1 ,10(13,F9.41)
340 FORMAT (2X, 'TAUS: 1 , 10(13,F9.4 I)
341 FORMAT (/2X,25('*'),5X,'I H X - 2',5X,'T H E R M A L',5X,

1 'CALCULATI0NS',5X,25('*')/)
RETURN
END
SUBROUTINE IHVD1(PD, PTM, KMM, MODE) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C INTERMEDIATE LOOP-1: COOLANT DYNAMICS SIMULATION C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

REAL KMM.KPM,KFT,KST ,KSF,MINEPT 
DIMENSION TAU(5) ,TCM(5),T AUS(3)
COMMON/A LP8/PMSSP.DSPEED,XNP,A 1,A2,A3,AZ,TS,TR,TMIN 
COMMON/MISC/T,TSEC. I COUNT,S,S?EC,I PR I NT,TMAXSC 
COMMON/RUNGNO/KRUNG,KCALC
COMM'JN/ALLR/DUR61 1 ( 229) , Y(5) ,DUR612(255)
COMMON 'ALLF/DUF611(229),F{5) ,DUF612(255)
COMMON/A L LNU L/DUN61 1 (229) ,NULl(5) ,DUN612(255)
COMMON/GET 1/WDUM(9) ,WI100,WI.WS2,WBRK
COMMON/FBR14/XDM1(21 ),XL3,XL7,XL8,XL1 ,XDM2(4),X L2,XL4,X L5,XL6,

1 XDM3(8)
COMMON/FBR16/ADM 1(129),AS2,AS3,ADM2(9),AS4,ASS,AS6,AS7,ADM3(9),ASS 

1 ,ASt , ADAM (77)
COMMON/HEADS/DHG!9),DPBST,DP3S2 
COMMON/NORMS/ADUM(8),WS1 00,BDUM(4)
COMMON/FRICTS/C!9),CCST,CCST2
COMMON/FACT/FDUM1(4),PFAC,FDUM2(4),XMFAC,TOFAC,SPFAC,FDUM3(3),GCP 
NAME LI ST/I HA 1/DSPEED,TMMD.MINERT,PMSSP 
NAMELIST/IHA2/PTSP,KFT,KST,KSF,TAUS
NAMELIST/IHA3/A1,A2,A3,AZ,TS,TR,TMIN,GFI,XNP,ALFA,GF 
DATA PI/3.141593/
M=KRUNG+2
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I F ( TSEC . NE . 0 . ) QKMIVUKMM+FRICK* KMM 
GO TO (1000.6000,3000,5000,2000,998),M

RESTART OPTION 
998 DSPEED-DSPEED*SPFAC 

TMHD=TMMD*T OF AC 
MlNERr=MINERT*XMFAC 
PMSSP-PMSSP + SPFAC 
PT SP-PTSP + PFAC 
ALFA=Y(?)
IF(PD.EO.1.) ALFA=1.
IF(A L F A.EO.1 . ) GF=GFI 
GO TO 1001 

READ INPUT DATA
1000 READIS, IHA1)

READIS, IHA2)
READIS, (HAS)

PRINT INPUT DATA
1001 WRirE(6, IHA1)

W RIT E16, IHA2)
W RIT E(6, IHA3)

CONVERT TO PROPER UNITS 
DSPEED-DSPEED/SPFAC 
TMMD-1MMD/TQFAC 
MINFR r = MINERT/XMFAC 
PIV,SSP=PMSSP/SPFAC 
PTSP-P fSP/PFAC 
GC=GCP*(3G00.**2)
IF(M.EO-1) WS100=W1100 
W1M=VJI/WS100 
ALFIv!-ALFA 
L = 0
IF(MODE.NE.O.OR.PD.EQ.1.) DHEAD=(CCST*WI*WI-DPBST)

CALCULATE THE OVERALL INERTIAL LOSS COEFFICIENT FOR THE ENTIRE LOOP

ALST = ((X L1/AS 1) + (XL2/AS2) + (XL3/AS3) + (XL4/AS4) + (((XL5/AS5) + (XL6/AS6 
1 ) + ( XL7/AS7) ) /2.0) + ( XL8/AS8) )/'GC 

PCON!=120.*PI*MINERT/GC 
PC0rJ2-PC0N1 *DSPEED/TMMD 
I F (F.10DE . NE . 0 . OR . PD . EO • 1 . ) GO TO 1002 
WI=WS100*PD 
GF=GFI*PD 
A L F A = PD

CALCULATE THE INTERMEDIATE PUMP DESIGN HEAD

1002 W J N = WI/WS100
CALL PHEAD(ALFA,WIN,PHN)
CALL TFRIC(1.,AZ,TS,TR,TMIN,FRICK)
QKMM-KMM+FRICK*KMM 
KPM-0.0
SPEED=ALFA*DSPEED 
SSPELD=60.*GF/XNP 
SLIP=1.0-(SPEED/SSPEED)
SLPM-1 .0-(SP FED/PMSSP)
TMM-- S LI P/ ( A1 * S LI P* S L I P+A2 )
TPM = A3*SLPM/ ( A1 ■*SLPM*SLPM+A2)
IF(ALFA.LE.0.1.AND.MODE.NE.3) KPM=1.0
TDMN=OKMM*TMM+KPM*TPM
CALL PT0RQ(ALFA,W1N,BTORO)
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CALL TFRIC(ALFA,AZ.TS.TR,TMIN,TFR)
V ( 1 )
Y(2)=ALFA
Y ( 3 ) - ',v IM 
Y(4)=A LFM 
Y(5)=GF 
RETURN

2000 WIN=WI/WS100
SSPEED=60.*GF/XNP
SLIP=1.0-(ALFA*DSPEED/SSPEED)
DlMD = -(JKIV!Mf DSPEED/SSPEED* ( ( A2-A 1 * ( SLI P**2 ) ) / ( ( A1 * ( SLIP* *2)+A2 ) **2 

1 ))
CALL PTIME(ALFA,WIN,AZ,TS,TR,DTPD,DTFD)
TAU(1)=ALST/(2.*CCSTiWI)
TALK, 2 ) = PC0N2/ ( DTFD+DTPD-DTMD)
TAU(3)=TAUS(1)/36G0.0 
TAUI 4) = T AUS(2)/360G.0 
TAU(E>) = TAUS(3)/3600.0 
DO 6 1 = 1 , 5 
TCM(I) = TAU(I)*3600.0

6 CONTINUE
DO 7 1=1, 5

7 NU L L(I)=0 
J= 1
DO B 1 = 1 , 5
IF(0.7*ABS(TAU(I)).GE.S) GO TO 8 
NULL(U)=I 
J = U+1

8 CONTINUE
IF(MODE.NE.O) GO TO 10 
U = 1
DO 9 1=1, 4 
NULL! I )=J 
d = J+ 1

9 CONTINUE
10 CONTINUE

3000 IF(KMM.NE.O.O) GO TO 11 
IF(L.GT.O) GO TO 11 
L- 1
T T RIP = T
TTRIPS=TTRIP*3600.0 
AZERO = A LFA
W RIIE\6, 9950) TTRIP5

11 CONTINUE

COMPUTE THE DEMANDED QUANTITIES 
F LSP = PD 
A S P = P D 

5000 d=1
ETP=(PTSP-PTM)/PTSP
TFLT=KFT*ETP
FLSPA=TFLT+FLSP
EWI=FLSPA-Y(3)
TFLF=KSTv£WI 
ASPA=TFLF+ASP 
IF(ASPA.GT.1.) ASPA=1.0 
EPS=ASPA-Y(4)
IF(ABS(EPS).LE.0.01) EPS=0.0 
IF(NULL(d).NE.1) GO TO 100 
d = d-t-1 
GO TO 101
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100 WIN=Y(1)/WS100
CALL PHEAD(Y(2), WIN, PHN)
DP IP-PHN* DHEAD
F(1)=(DPIP+DPBST-CCST*Y(1)*ABS(Y(1)))/ALST

101 IF(NULL(J).NE.2) GO TO 200 
J = J-i1
GO TO 201

200 SPEED-Y(2)+DSPEED 
SSPEED=60.*Y(5)/XNP 
SLIP=1.0-(SPEED/SSPEED)
SLPM-1.0-(SPEED/PMSSP)
TMM=SLIP/(A1*SLIP*SLIP+A2)
T PM = A3‘SLPM/(A1*SLPM*SLPM>A2)
KPM-0.
IF(Yi2).LE.O.1.AND.MODE.NE.3) KPM=1.0
T D M N - 0 K M M <• T M M + K P M 'TP M
W1N=Y(1)/WS100
CALL PTrjR0(Y(2) ,WIN,BTORO)
CALL rFRIC(Y(2),AZ.TS.TR,TMIN,TFR)
F(2)=(IDMN-BTCR0-TFR)/PCON2

201 IF(NULL(d).NE.3) GO TO 300 
d = J+ 1
GO TO 301

300 F(3)=({Y(i)/WS100)-Y(3))/TAU(3)
301 IF(NU L L(d).NE.4) GO TO AOO 

d = d+1
GO TO A01

400 F ( 4 )■--( Y(2)-Y-(4) )/TAU(4)
401 IF(nULL(d).NE.5) GO TO 500 

RETURN
500 F(5l=-KSF*GFI*EPS/TAU(5)

RETURN
6000 WI-Yt!)

ALFA--Y(2)
WIM-i(3)
A L F M - T ( 4 )
GF=V(5)
WIN--WI/WS100
d=1
IF.NULL!d).EO-1) GO TO 6100 
GO TO G1!0

6100 CALL .'HE AD ( A LF A , W IN , PHN )
DPIP-PHN*DHEAD
Yf 1 ) ! ( ABS(DPIP+DPBST ))/CCST)t*0.5 
IF((DP IP + DPBST).LT.O.0) Yl 1 )=-Y(1) 
d-d+1

6110 IF(NULLld).E0.2) GO TO 6200 
GO TO 6210 

6200 KPM-0.
IF(ALFA.LE.O.1.AND.MODE.NE.3) KPM=!.0
CALL ALPHA(Y(2),WIN,GF,OKMM,KPM,TMM,TDMN,BTORO,TFR,SLIP) 
d-d+1

6210 IF)NULL(d).E0.3) GO TO 6300 
GO TO 6310 

6300 Y ' 3 ) - Yj IN 
d = d+ 1

6310 IF(NU L L(d).EO•4) GO TO 6400 
GO TO 6410 

6400 Y(4)=ALFA 
J = d + 1

6410 IF(NULL(d).E0.5) GO TO 6500
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GO TO 6510 
6500 Y(5)=GF 
6510 CONTINUE 

WI=Y(1 )
A l F A = Y ( 2 )
WIM=Y(3)
A L FM-Y(A)
GF=Y(5)
WIN=WI/WS100 
RETURN 
ENTRY PUTIH1 
WRIT E(6, 9935)
IF(KCALC.EO.1) WRITE(6, 9955) (I, TCM(I), 1=1, 5)
WRITE!6, 99A0) WIN, ALFA, PHN, GF 
WR I TE(6, 9945) TMM, TDMN, BTORO, TFR 

9935 FORMAT (/, 2X , 1 ****<♦ *•»*-*** ***** INTERMEDIATE
1L00P-1: COOLANT DYNAMICS ******************
2*+**,**'/)

9940 F0RMAT(3X,'SODIUM FLOW RATE =1,F8.4,3X,'PUMP SPEED =1,F8.4,3X,1PUM 
IP HEAD =',F8.4,3X,'MOTOR GEN. SET FREQ. =',F10.3,' CYCLES/SEC') 

9945 FORMAT(3X,'MAIN MOTOR TORQUE ='.F8.4.3X,'DRIVE MOTOR TORQUE =1,F8.
14,3X,'r-UMP TORQUE = ‘ , F8.4,3X , ’ FR ICT ION TORQUE =',F8.4)

9950 FORMAT ( /20X, ' * + ** INTERMEDIATE PUMP tiTRIP AT'.FS^,' SEC ****'/) 
9955 FORMA T(3X, 1 f AU: ' ,5(13, F12.6))

RETURN
END
SUBROUTINE IHYD2(PD, PTM, KMM, MODE) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C INTERMEDIATE LOOP-2: COOLANT DYNAMICS SIMULATION C
CCCCCCCCCCCCCCCCuCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

REAL KMM,KPM,KFT,KST,KSF,MINERT 
DIMENSION TAU(5),TCM(5),TAUSt 3)
COMMON/ALPB/PMSSP,DSPEED,XNP,A1,A2,A3,AZ.TS.TR,TMIN 
COMMON/M ISC/T,TSEC,I COUNT,S,SSEC,1 PR I NT,TMAXSC 
COMMON/RUNGNO/KRUNG,KCALC 
COMMON/ALLR/DUR621I 234),Y(5),DUR622(250)
COMMON/ALLF/0UF621(234),F(5),UUF622(250)
COMMON/ALLNUL/DUN621(234).NULL(5),DUN622(250)
COMMON/GET 1/WDUM(9).WIIOO.WSI ,WI,WSRK
COMMON/F BR14/XDM1(25),X L3,X L7.X L8,XL 1 ,X L2,X L4,X L5,X L6,XDM3(8) 
COMMON/FBR16/ADM1(11B),AS2,ADM2(11),AS3,ADM3(9),AS4,AS5,AS6,AS7,

1 ADM4(9),A58,AS 1 ,ADM5(77)
COMMON/HEADS/DHG(10),DPBST 
COMMON/FRICTS/C(10),CCST 
COMMON/NORMS/ADUM(9 f,WS10 0,BDUM(3)
COMMON/FAC 1/FDUM1(4) ,PFAC,FDUM2(4),XMFAC,TQFAC,SPFAC,FDUM3(3) ,GCP 
NAMELI ST/I MB 1/TMMD.MINERT,GF!,ALFA,GF 
NAMELIST/IHB2/PTSP,KFT,KST,KSF,TAUS 
DATA PI/3.141593/
M = KRUNG+2
IF(TSEC.NE.0.) QKMM=KMM+FRICK*KMM 
GO TO (1000,6000,3000,5000,2000,998),M

RESTART OPTION 
998 TMMD-TMMD* TQ FAC

MINERT=MINERT*XMFAC 
PTSP=PTSP*PFAC 
A LFA = Y(2)
IF(PD,EQ.1.) ALFA=1.
IF(ALFA.EQ.1.) GF=GFI 
GO TO 1001
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C READ INPUT DATA
1000 READ(5, 1HB1 )

READ(5, IHB2)
C PRINT INPUT DATA
1001 WRIIIKb, IHB1)

WRITLI6, IH b 2)
C CONVER! TO PROPER UNITS

TMMD=THMD/TOFAC 
MINERT=MINERT/XMFAC 
PTSP=PTSP/PFAC 
IF(M.EO.1) WS100=W1100 
GC=GCP*(3C00.**2'
WIM-bI/WS100 
A LFi.T; ALFA 
L = 0
IF(MODE.NE.O.OR.PD.EQ.1.) DHEAD=(CCST*WI»WI-DPBST)

CALCULATE I HE OVERALL INERTIAL LOSS COEFFICIENT FOR THE ENTIRE LOOP

ALST=((XL1/AS1)+(XL2/AS2)+(XL3/AS3)+(XL4/AS4)+(((XL5/AS5)+(XL6/AS6 
1 ) + ( X L 7 / A S 7 ) l./2.0)f (XL8/AS8) )/C.C 
PCON1=120.+PI*MINERT/GC 
PC0N2-PCON1 * DSPEED/TMMD 
IF(MODE.NE.O.OR.PD.EO.1.) GO TO 1002 
WI=WS100*PD 
GF=GFI*PD 
ALFA=PD

CALCULATE THE INTERMEDIATE PUMP DESIGN HEAD

1002 WIN-WI/WS100
CALL PHEAD(ALFA,WIN,PHN)
CALL TFRIC(1.,AZ,TS,TR.TMIN,FRICK)
OKMM = KMM + FRICK*KMM 
KPM=0.0
SPEED=ALFA4DSPEED 
SSPLED=60.*GF/XNP 
S LIP-1 .0-(SPEED/SSPEED)
SLPM=1.0-(SPEED/PMSSP)
TMI.1=3LIP/(A1 *SLIPfSLIP + A2)
1PM = A3•SLPM/(A1*SLPM*SLPM+A2)
IF(ALFA.LE.O.1.AND.MODE.NE.3) KPM=1.0 
T DMN = QKMM- 1MM + KPM' TPM 
CALL PTORQ(ALFA,WIN,BTORO)
CALL TFRIClALFA.AZ.TS,TR.TMIN,TFR)
Y ( 1 ) - WI
Y ( 2 ) ~ A L F A
Y ( 3 ) = WI M 
Y(4)=ALFM 
Y(5)=GF 
RETURN

2000 WIN--WI/WS100
SSPEED=60.*GF/XNP
SLIP=1.0-(ALFA*DSPEED/SSPEED1
DTMD = -OKMM'DSPEED/SSPEED*((A2-A 1 *(SLIP**2))/((A1 *(SLIP**2)+A2)**2

1 ) )
CALL PTIME(ALFA,WIN,AZ.TS.TR.DTPD.DTFD)
T AU(1)=ALST/(2.*CCST*WI)
TAU(2)-PC0N2/(DTFD+DT PD-DTMD)
T AU(3)=T AUS(1 )/3G00.0 
TAU(4)=TAUS(2)/3600.0
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TAU(5) = TAUS(.3)/3600.0
DO 6 1 = 1 , 5
TCM( I ) = TAU(I)*3600.0

6 CONTINUE
DO 7 1 = 1 , 5

7 NULL(I)=0 
J=1
DC 8 1 = 1 , 5
IF(0.7*ABS(TAU(I)).GE.S) GO TO 8 
NULL(d)=I 
8 = 8+1

8 CONTINUE
IF(MODE.NE.O) GO TO 10 
8= 1
DO 9 1 = 1 , 4 
NULL*1)=8 
8 = 8+ I

9 CONTINUE
10 CONTINUE

3000 IF(KMM.NE.O.O) GO TO 11 
IF(L.GT.O) GO TO 11 
L= 1
T TRIP = T
TTRIPS=TTRIP*3600.0
AZERO=ALFA
WRITE(6, 9950) TTRIPS

11 CONTINUE

COMPUTE THE DEMANDED QUANTITIES 
FLSP=PD 
ASP=PD 

5000 8=1
ETP=(PTSP-PTM)/PTSP 
TFLT=KFT+ETP 
FLSPA = T FLT + FLSP 
EWI = F LSPA-Y(3)
TFLF=KST-EWI 
ASPA=TFLF+ASP 
IF(ASPA.GT.1.) A3PA=1.0 
EPS=ASPA-Y(4)
IF(AB3(EP5).LE.O.01) EPS=0.0 
IF(NULL(8).NE.1) GO TO 100
8 = 8 + 1 
GO TO 101

100 WIN = Y(1 )/WS100
CALL PHEAD(Y(2), WIN, PHN)
DPIP=PHN+DHEAD
F(1)=(DPIP+DPBST-CCST*Y(1)*ABS(Y(1)))/ALST

101 I F ( NLIL L ( 8 ) . NE . 2 ) GO TO 200 
8 = 8+1
GO TO 201

200 SPEED=Y(2)tDSPEED 
SSPEED=60.+Y(5)/XNP 
S LIP=1 .0-(SPEED/SSPEED)
SLPM=1.0-(SPEED/PMSSP)
TMM=SLIP/(A1*SLIPfSLIP+A2)
TPM=A3*SLPM/(A1+SLPM+SLPM+A2)
KPM=0.
IF(Y(2).LE.O.1.AND.MODE.NE.3) KPM=1.0 
TDMN = QKMM» T MM+KPM*T PM 
WIN=Y(1)/WS100
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CALL P70RQ(Y(2).WIN.BTORQ)
CALL TFRIC(Y(2),AZ.TS.TR,TMIN,TFR)
F(2) = (TDMN-BTOR0-TFR)/F'CON2 

201 IF(NULL(J).NE.3) GO TO 300 
J-J+ 1 
GO TO 301

300 F(3)=((Y(1I/WS100)-Y(3))/TAU(3)
301 I F ( NU L L ( J ) . fiE . 4 ) GO TO 400 

J = J + 1
GO TO 401

400 F(4)--( Y(2)-Y(4) )/TAU(4)
401 IF(NULL(J).NE.5) GO TO 500 

RE TURN
500 F(5)"KSF+GFI*EPS/TAU(5)

RETURN
6000 W1=Y(1)

A L F A - Y ( 2 )
W1W=Y(3)
A L E M - V ( 4 )
GF=Y(5)
WIN=WI/WS100 
J = 1
IF(NULL(d)-EQ.1) GO TO 6100 
GO TO 6110

6100 CALL PHEAD(ALFA,WIN,PHN)
DPIP=PHN*DHEAD
Y(1 )- ( ( ABS(DP IP+DPBST))/CCST)-*0.5 
IF((DPIP+DPBST).LT.0.0) Y(1)^-Y(1) 
d = d+ 1

6110 IF(NULL(J).E0.2) GO TO 6200 
GO TO 6210 

6200 KPM=0.
IF(ALFA.LE.0.1.AND.MODE.NE.3) KPM=1.0
CALL ALPHA(Y(2),WIN,GF,OKMM,KFM,TMM,TDMN,BTORQ,TFR,SLIP)
J = J + 1

6210 IF(NU L L(J).EO•3) GO TO 6300 
GO TQ 6310 

6300 Y(3)=WIN 
d = iJ+1

6310 IF(NULL(d).EO.4) GO TO 6400 
GO TO 6410 

6400 Y(41-ALFA 
J = d + 1

6410 IF(NULL(d).E0.5) GO TO 6500 
GO TO 6510 

6500 Y(5)-GF 
6510 CONTINUE 

W I = Y ( 1 )
ALFA=Y(2)
WIM=Y(3)
ALFM=Y(4)
GF = Y(5)
WIN-WI/WS100 
RETURN
ENTRY PUTIH2 
WRITE(6, 9935)
IF(KCA LC.EO.1) WRITE(6, 9955) (I, TCM(I), 1 = 1, 5)
WRIT E(6, 9940) WIN, ALFA, PHN. GF 
WRITE(6, 9945) TMM, TDMN, BTORO, TFR 

9935 FORMAT(/,2X,l***************t********* I N T E R M E D I A T E
1L00P-2: COOLANT DYNAMICS ******************
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2** + ** *•*■'/)
9940 FORMAT(3X, 'SODIUM FLOW RATE =1 ,F8.4,3X, 1 PUMP SPEED =' ,F8.4,3X, 'PUM 

IP HEAD =',F8.4,3X,'MOTOR GEN. SET FREQ. =',F10.3,' CYCLES/SEC')
9945 F0RMAT(3X,'MAIN MOTOR TORQUE =',F8.4,3X,'DRIVE MOTOR TORQUE =',F8.

14,3X,'PUMP TORQUE =',F8.4.3X,'FRICTION TORQUE =1,F8.4)
9950 FORMAT(/20X,'***+ INTERMEDIATE PUMP #2 TRIP AT!,F8.4,' SEC ****'/) 
9955 FORMAT(3X,1TAU:',5(13, F12.6I)

RETURN
END
SUBROUTINE DELAY1(W1 , MODE)

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C INTERMEDIATE LOOP-1: SODIUM TRANSPORT DELAY SIMULATION C 
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

DIMENSION TCS1(10),TCS2{10),TCS3(10),TCS4(10)
DIMENSION TWS1(10),TWS2(10),TWS3(10),TWS4(10)
DIMENSION FCS1(10),PCS2(10),FCS3(10),FCS4(10)
DIMENSION FWS1 ( 1 0 ) , FWS2( 1 0 ) , F'.-.S3( 1 0 ) , FWS4( 1 0 )
DIMENSION VCTOT(4),VCSEC(4),VwT0T(4),4101(4),R0VCW(4)
DIMENSION TAUC1(10),TAUC2(10).TAUC3(10),TAUC4(10)
DIMENSION TAUW1(10),TAUW2110),TAUW3(10),TAUW4(10)
DIMENSION UI(10),U2(10),U3(10),U4(10),USC1(10),USC2(10),USC3(10),

1 USC4(10)
DIMENSION XN(4),DI(4),ST0T(4)
EQUIVALENCE (Y(1),TCS1(1)),(Y(11),TCS2(1)),(Y(21),TCS3(1)),(Y(31),

1TCS4(1 )),(Y(41),TWS1(1)) ,(Y(51 ),TWS2(1)),(Y(61 ) ,TWS3(1 ) ) ,(Y(71), 
2TWS4(1 ) )
EQUIVALENCE (F(1 ),FCS1(1 ) ) , (F( 1 1 ),FCS2(1 )), (F(21) ,FCS3(1)),(F(31),
1FCS4(1)),(F(41),FWS1(1)),(F(51),FWS2(1)),(F(61),FWS3(1)),(F(71), 
2FWS4(1))
COMMON/RUNGNO/KR,KCALC
COMMON/ALLR/DUR711(239),Y(00),DUR712(170)
COMMON/ALLF/DUF711(239),F(80),DUF712(170)
COMMON/ALLNUL/DUN711(239).NULL(80),DUN712(170)
COMMON/FBR6/TC11 ,TCI 2,TCI 3,TCI 4,TS11,TS01 ,TEI1 
COMMON/FBR7/TMI(10),TM2(10),TM3(10),TM4 ( 10)
COMMON/F BR11/N(4) ,L(4)
COMMON/FBR1 4/D 1(21),XL(4),D2l8),0DI(4),DELI(4)
COMMON/FBR15/DSS,CSS,XKSS
COMMON/PHY4/DEI(130),DC1(10),DE2(3),DC2(10),DE3,DC3(10),DE4,

1 DC4(10),DE5(57)
COMMON/PHY 5/VE1(130) ,VS1(10),VE2(3),VS2(10),VE3,VS3(10) ,VE4,

1 VS4(10),VE5(57)
COMMON/PHY6/CE1(130),CC1(10),CE2(3),CC2(10),CE3,CC3(10),CE4,

1 CC4(10),CE5(57)
COMMON/PHY7/XKE1(130),XK1(10),XKE2(3),XK2(10),XKE3,XK3(10),XKE4,

1 XK4(10),XKE5(57)
COMMON/PHY8/RN1(130),RE1(10),RN2(3),RE2(10),RN3,RE3(10),RN4,

1 PE4(10),RN5(57)
DATA PI/3.141593/
MCO= KR + 2
GO TO (1000,2100,2000,2000,2000,1000),MGO

FIX UP THE COMPONENTS OF THE NULL VECTOR AS FUNCTION OF "N", & 
FIRST FOR THE COOLANT TEMPERATURE NODES

1000 DO 1020 1=1, 4 
02=10*1 
J1=02-9
DO 1020 J=U1, U2
IF((J+10-J2).LE.N(I)) GO TO 1010 
NULL(U)=U 
GO TO 1020
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1010 NULL(J}=0 
1020 CONTINUE

C AND NOW, FOR THE PIPE WALL TEMPERATURES
DO 1050 1=1, 4 
J2=40+10*I 
U1=u2-9
DO 1050 J=J1, U2 
IF(L(I).NE.1) GO TO 1030 
NULL(J)=J 
GC TO 1050

1030 1F((J+10-J2).LE.N(I)) GO TO 1040 
NULL<J)=J 
GO TO 1050 

1040 NULL(d)=0 
1050 CONTINUE 

1 = 1
DO 1055 d=1, 80 
IF(NULL(U).EQ.O) GO TO 1055 
NULL!I) = NU LL(U)
1 = 1 + 1

1055 CONTINUE
DO 1056 U=I, 80 
NULL!U)=0

1056 CONTINUE 
N 1 = N ( 1 )
N2=N(2)
N 3 = M ( 3 )
N4 = NI 4 J
DO 1057 1=1, 10
TWS1(1)=TCI1 
T W 5 2(I)=TCI2 
T W S 3 tI) = TCI 3

1057 TWS4[I)=TCI4
C COMPUTE QUANTITIES RELATED TO THE PIPE RUNS

DO 57 1=1,4
DI{1)=ODI(I)-2.*DELI(I)
ST0T(I)=PI/4.*DI(I)**2/144.
XC l R = PI + DI ( I )/1 2.
XSEC---PI M DI ( I ) + DELI (I))*DELI(I)/144.
VCTOT(I)=STOT(I)+XH I )
VWTOTI I ) = XGEC*XL(I)
ATOT(I)=XCIR + XL( I )

57 CONTINUE
DC (058 1=1, 10
ICS 1(I)=TM1 ( I)
T C S 2 ( I ) = T M 2 ( I )
TCS3(I)= T M 3(I)
TC531I)=TM4(I)

1058 TCS4I 1)= TM4(I)
DO 1059 1=1, 4 
XN(1)=N(I)
vrs + cf I)=VC TOT(I)/XN(I)
ROVCWII)=DSS*VWTOT(I)*CSS/XN(I)

1059 CONTINUE 
RETURN

2000 IF(MODE.EQ.O) RETURN 
W 2 = W1 / 2.0 
TCI3=TCS2(N(2))
TC14 = TCS3(N( 3))

START CALLING ON THE SUBROUTINE PIPE TO GET THE TEMP. DERIVATIVES
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C PIPE RUN to 1
CALL PIPE(N(1),L(1),KR,W1,TCI1,TCS1.TWS1,FCS1,FWS1,01(1),DELI(1),

1 STOT ( 1),ATOT(1),VCTOT(1 ),XKSS,ROVCW(1 ),VCSEC(1),CC1,DC1 ,VS1 ,XK1,
2 RE1 ,U1 ,USC1 ,TAUC1,TAUW1 )

PIPE RUN ft 2
CALL PIPE(N(2),L(2),KR,W2.TCI2,TCS2.TWS2,FCS2,FWS2.DI(2),DELI(2) ,

1 STOJ(2),ATOT(2),VCT0T(2),XKS5,R0VCW(2),VCSEC(2),CC2,DC2,VS2,XK2,
2 RE2,U2,USC2,TAUC2,TAUW2)

PIPE RUN # 3
CALL PIPE(N(3),L(3),KR,W1 ,TC13,TCS3,TWS3.FCS3,FWS3,DI(3),DELI(3),

1 STOT(3).ATOT(3),VCT0T(3),XKSS,ROVCW(3),VCSEC(3),CC3,DC3,VS3,XK3,
2 RE3.U3,USC3,TAUC3,TAUW3)

PIPE RUN # 4
CALL PIPE(N(4),L(4),KR,W1 ,TC14,TCS4,TWS4,FCS4,FWS4,DI(4),DELI(4).

1 ST OT(4) ,A TOT(4).VCTOT(4),XKSS,ROVCW(4),VCSEC(4),CC4,DC4,VS4,XK4,
2 RE4,U4,USC4,TAUC4,TAUW4)
RETURN

2100 IF(MODE.NE.O) GO TO 2200 
DO 2150 J=1, 10
TCS1(J)=TCI1 
TCS2(J)=TCI2 
TCS3lJ)=TCI3

2150 TCS4(J;=TCI4
2200 DO 2201 T=1, 10 

TMI(I)=TCS1(I)
TM2(I) = TCS2( I)
TM3( I) = TCS3( I)

2201 TM4(I) = TCS4(I)
RETURN
ENTRY PUT IDI 
WRITE!6, 300)
CALL TMPCON(1,80,Y)
IF(KCA LC.NE.1) GO TO 2205 
d= 1
W RIT E(6, 310) 
IF(L(1).E0.0) 
U = 2
WRITE(6, 310) 
I F ( L ( 2 ) . EQ . 0 ) 
J = 3
W RIT E(6, 310) 
IF(L(3).EQ.O) 
J = 4
Wr;ITE(6. 310) 
IF(L(4).EQ.O) 

2205 J=1
W RIT E(6, 330) 
IF(L(1).EQ.O) 
d = 2
WRITE)6, 330) 
IF(L(2).EQ.O) 
d = 3
WRITE(6, 330) 
1F(L(3).EQ.O) 
d = 4
W RIT E(6, 330) 
IF(L(4).EQ.O) 
CALL TMPCON{0

d, (I. TAUC1(I), 1 = 1 , N1 )
WRITE(6, 320) d,(I, TAUWI(I), 1=1, N1)

d, (I, TAUC2( I). 1 = 1 , N2)
WRITE(6, 320) d,(I, TAUW2(I), 1=1, N2)

d, ( I , TAUC3(I), 1 = 1, N3)
W RIT Ei6, 320) d,(I, TAUW3(I), 1 = 1, N3)

d , ( I , T AUC4(I), 1 = 1 , N4)
WRITE(6, 320) d,(I, TAUW4(I), 1=1, N4)

d,(I,TCS1(I), 1=1,N1)
WR1TE(6, 340) d,(I,TWS1(I), 1=1,N1)

d,(I,TCS2TI), 1=1,N2)
WRITE(6, 340) d,( I ,TWS2( I), 1 = 1,N2)

d,(I,TCS3(I), 1=1,N3)
WRITE(G, 340) d,(I,TWS3(I), 1=1,N3)

d,(I,T CS4(I), 1 = 1,N4)
WRITE(6, 340) d.(I,TWS4(I), 1=1,N4)
80, Y)
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300 FORMAT(/,2X,20( ),5X, 1 I NTERMEDIAT E' ,5X,
1 'LOOP-1: SODIUM TRANSPORT', 5X, 20 C*1)/)

310 FORMAT(2X, 'TAUC' ,11 , ' : ' ,10( I 3,F9.5))
320 FORMA T(2X, ' TAUW , 11 , ' : ' , 1 0 ( 1.3 , F9.5 ) )
330 FORMAT(2X,'FCS',11,':',10(13,F9.3))
340 FORMAT(2X, ' TWS' ,I 1, ' : ' ,10(13,F9.3))

RETURN
END
SUBROUTINE DELAY2(W1, MODE)

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc
C INTERMEDIATE LUOP-2: SODIUM TRANSPORT DELAY SIMULATION C
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

DIMENSION TCSI(10),TCS2(10),TCS3(10),7CS4(10)
DIMENSION TWS1(10),TWS2(10),TWS3(10),T WS4(10)
DIMENSION FCS1(10),FCS2(10),FCS3(10),F CS4(10)
DIMENSION FWS1 ( 1 0) , FWS2( 1 0 ) , F\',S3( 1 0) , FWS4( 1 0)
DIMENSION VCTOT(4),VCSEC(4),VWT0T(4),A10T(4),R0VCW(4)
DIMENSION TAUC1(10),TAUC2( 10) ,TAUC3(10),TAUC4(10)
DIMENSION TAUW1(10),TAUW2(10),TAUW3(10),TAUW4(10)
DIMENSION UI(10),U2(10),U3(10),U4(10),USC1(10),USC2(10),USC3(10),

1 USC4(10)
DIMENSION XN(4),DI(4),STOT(4)
EQUIVALENCE (Y(1 ),TCSI(1 ) ) , (Y M 1 ) ,TCS2(1)), (Y(21),TCS3(1)),(Y(31), 
1TCS4M)),(Y(41),TWS1(1)),(Y(51),TWS2(1)),(Y(61),TWS3(1)),(Y(71), 
2TWS4(1))
EQUIVALENCE (F(1 ),FCS1(1 )),(FM1),FCS2( 1 )), (F(2l),FCS3(1)),(F(31),

1 FCS4( 1 )) ,(F(41),FWS1 ( 1 )),(F(51 ),FWS2( 1 )), (F(61 ),FWS3(1)),(F(71), 
2FWS4(1))
COMMON/RUNGNO/KR,KCALC
COMMON/A L LR/DUR721(319),Y(80) ,DUR722(90)
COMMON/ALLF/DUF721(319),F(BO > ,DUF722(90)
COMMON/A L LNU L/NUN721(319) ,NULL(30) ,DUN722(90)
COMMON/FBR8/TCI1 ,TCI 2,TCI 3,TC14,TS11 ,TSOI,TEI1 
COMMON/FBR9/TM1(10),TM2(10),TM3(10),TM4(10)
COMMON/FBR12/N(4),L(4)
COMMON/FBR14/01(25),XL(4),D2(4),0DI(4i,DELI(4)
COMMON/FBR15/DSS,CSS,XKSS
COMMON/PHY4/DE1(187) ,DC 1 (10),0E2(3 ) ,DC2(10),DE3,DC3(10),DE4,DC4(10 

1 )
COMMON/PHY5/VE1(187),VS 1(10).VE2(3),VS2(10),VE3,VS3(10),VE4,VS4(10

1 )
COMMON/PHY6/CE1(187),CC1(10),CE2(3),CC2(10),CE3,CC3(10),CE4,CC4(10 

1 )
COMMON/PHY7/XKE1(187),XK1(10),XKE2(3),XK2(10),XKE3,XK3(10),XKE4,

1 XK4(10)
COMMON/PHY8/RN1(187) ,RE 1( 10),RN2(3),RE2(10) ,RN3,RE3(10) ,RN4,RE4(10 

1 )
DATA PI/3.141593/
MG0=KR+2
GO TO (1000,2100,2000,2000,2000,1000),MG0

FIX UP THE COMPONENTS OF THE NULL VECTOR AS FUNCTION OF "N", & 
FIRST FOR THE COOLANT TEMPERATURE NODES

1000 DO 1020 1-1 , 4 
J 2 = 1 0 * I 
U1=J2-9
DO 1020 J = U1 , J2
IF((U+10-J2).LE.N(I)) GO TO 1010 
NULL(J)=J 
GO TO 1020 

1010 NULL(U)=0
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1020 CONTINUE
C AND NOW, FOR THE PIPE WALL TEMPERATURES

DO 1050 1 = 1 , 4 
U2=40+10*1 
U1=J2-9
DO 1050 d = J1 , d2 
IF(L(I).NE.1) GO TO 1030 
NU L L(d)= d 
GO TO 1050

1030 IF((df10-d2).LE.N(I)) GO TO 1040 
NULL!J)=J 
GO TO 1050 

1040 NU L L(d)= 0 
1050 CONTINUE 

1 = 1
DO 1055 d=1, 80 
IF(NULL(d).EQ.O) GO TO 1055 
NULL( I)=NU LL(d)
1 = 1+1

1055 CONTINUE
DO 1056 d=I, 80 
NULL(d)=0

1056 CONTINUE 
N 1 = N ( 1 )
N2=N(2)
N 3 = N ( 3 )
N4=N(4)
DO 1057 1=1, 10 
TWS1 (I) = TCI 1 
TWS2(I)= TCI 2 
TWS3(I)=TC13

1057 TWS4(I)=TCI4
C COMPUTE QUANTITIES RELATED TO THE PIPE RUNS

DO 57 1=1,4
DI(I)=ODI(I)-2.*DELI(I)
ST0T(I)=PI/4.*DI(I)**2/144.
XCIR=PI+DI(I)/12.
XSEC = PI*(DI( I)+DELI(I))* DE LI(I)/144.
VCTOT(I)=STOT(I)*XL(I)
VWTOT(I)=XSEC*XL(I)
ATOT(I)=XCIR*XL(I)

57 CONTINUE
DO 1C58 1=1, 10
TCSI ( I) = T M1(I)
TCS2(Ij =TM2(I)
TCS3(I) = TM3( I)
TCS3(I)=TM4(I)

1058 TCS4( I)= TM4(I)
DO 1059 1=1, 4 
XN(I ) = N(I)
VCSEC{I)=VCTOT(I)/XN(I)
ROVCW(I)=DSS*VWTOT(I)+CSS/XN(I)

1059 CONTINUE 
RETURN

2000 IF(MODE.EQ.O) RETURN 
W2=W1/2.0 
TCI3=TCS2(N(2))
TCI4=TCS3(N(3))

START CALLING ON THE SUBROUTINE PIPE TO GET THE TEMP. DERIVATIVES 

PIPE RUN # 1
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CALL PIPE(N(1)tL(1),KR,W1,TCI1,TCS1.TWS1»FCS1,FWS1,DI(1),DELI(1), 
STOT(1 ) ,AtQT(1),VCTOT(1 ) .XKSS,ROVCW(1 ),VCSEC(1) ,CC1 ,DC 1 ,VS1,XK1 , 
RE 1 ,U1 ,USC1 ,T AUC1 ,T AUW1 )

PIPE RUN tt 2
CALL PIPE(N(2),L<2) , KR , W2 . TC I 2 , TCS2 , TIVS2 , FCS2 , FWS2 , DI ( 2 ) ,DELI(2) ,

1 STOI(2).ATOT(2),VCTOT(2),XKSS,ROVCW(2),VCSEC(2),CC2,DC2,VS2,XK2,
2 RE2,U2,USC2,TAUC2,TAUW2)

PIPE RUN H 3
CALL PIPE(N(3),L(3),KR,W1.TCI3.TCS3,TWS3,FCS3,FWS3,DI(3),DELI(3),

1 STOT|3),ATQT(3).VCTOT(3),XKSS,ROVCW(3),VCSEC(3J,CC3,DC3,VS3,XK3,
2 RE3,U3,USC3,TAUC3,TAUW3)

PIPE RUN # 4
CALL PIPE(N(4) , L(4) ,KR,WI ,TCI4,TCS4,TWS4,FCS4,FWS4.DI(4),DELI(4),

1 STOT(4',ATOT(4),VCT0T(4),XKSS,ROVCW(4),VCSEC(4),CC4,DC4,VS4,XK4,
2 RF4,U4,USC4,TAUC4,TAUW4)
RETURN

2100 IF(MODE.NE.O) GO TO 2200 
DO 21b0 J=1, 10 
TCSI(J'=TCI1 
TCS2(J)=TCI2 
TCS3(d)=TCI3 

2150 TCS4 (VJ) = TC 14
2200 DO 220 1 1 = 1 , 10 

TMI(I)=TCS1(I)
TV2(1) = TCS2( I )
TM3(I) = T CS3 ( I )

2201 I M4 (, I ) = TCS4 ( I )
RE!URN
ENTRY PUT ID2 
WRITE(6, 300)
CALL TI71PCCN( 1 , 80 . Y )
IF(KCA LC.NE.1 ) GO TO 2205
u = 1
WRIT E(G, 310) 
I F(L( 1 ) . EQ.0 ) 
d = 2
WRITE(6, 310) 
IF(L(2 ) .EQ.0 ) 
J = 3
WRIT E(G, 310) 
I F(L(3) .EQ.0 ) 
J = 4
WRITE{6, 310) 
IF(L(4 ) .EQ.0 ) 

2205 d=1
WRITE(6, 330) 
IF( L( 1 ) . EQ.O) 
J = 2
WRITE!6, 330) 
IF(L(2).EQ.O) 
o = 3
WRIT E(6, 330) 
IF(L(3).EQ.O) 
J = 4

J.(I, T AUC1 (I), 1 = 1 , N1 )
WRITE(6, 320) d,( I , TAUWI(I), 1-1, N1)

d, ( I , TAUC2( I ) . 1 = 1 , N2 1
WRIT E(6, 320) d,(I, TAUW2(I), 1 = 1, N2)

d, ( I, TAUC3(I), 1 = 1 , N3)
WR I TE ( 6 , 320) d , ( I ,. TAUW3(I), 1 = 1, N3)

d,(I, T AUC4(I), 1 = 1 , N4)
WRITE(6, 320) d,(I, TAUW4(I), 1=1, N4)

d,(I,TCSI(I ) , 1 = 1 ,N1 )
WRITE(6, 340) d , ( I,TWS1( I) , 1 = 1,N1)

d,(I,TCS2(I ) , 1 = 1,N2)
WRITE(6, 340) d,(I,TWS2(I), 1=1,N2)

d,(I,TCS3(I), 1=1,N3)
WRITE(6, 340) d.(I,TWS3(I), 1=1,N3)

WRITE(6, 330) d,(I,T CS4( I) , 
IF(L(4).EQ.O) WR1TEl6, 340) 
CALL TMPCON(0,80,Y)

300 FORMAT(/,2X,20(I*’),5X,'I N

1=1,N4)
d,(I,TWS4(I), 1=1,N4)

T E RME D I A T E',5X,
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310 FORMAT(2X, 
320 FORMA T(2X, 
330 FORMAT(2X, 
340 FORMAT(2X, 

RETURN 
END

- 2: 
TAUC 
TAUW 
TCS'

S
II
II

,11

I U M 
,10(13 
,10(13

0 D
1 . I

:' .10(13,F9.3)j

T R A 
F9.5)) 
F9.5))

N S P 0 R T',5X,20('*')/)

TWS' ,11 , ' :' ,10(I3.F9.3) )
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A-79



o 
o 

no
n

SUBROUTINE SGTHD1fTISH,KMM,MODE,PD)
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

STEAM GENERATION LuOP-1: C
WATER/STEAM THERMODYNAMICS SIMULATION C

REAL KMM,KFW,KCV,MINERT
REAL NU, NUS, ME, MG, MT, MFI
DIMENSION H(21 ) ,TM(21 ),P(21 ) ,TCS(19),G(21)
DIMENSION GS(19),AT(21),A(?1),AS(19),D(21),DEL(21),DS(19)tDT(21) 
DIMENSION DTS(19),DH(21),DHSI l9),PER(21)tV(21),VS(19),XL(21) 
DIMENSION XLS(19),Zf 21 ),CC(21 ) ,E(21 ),DPB(21 ),TAU(39),AL(21 ),XY(28) 
DIMENSION XR(28),TMC(21),TMH(21),TCM(39),MG(2),MF(2),MT(2),UI(2) 
DIMENSION X(15),VOID(15),PHI(15),HF(15),HG(15),HFG(15),DF(15) 
DIMENSION DG(15),SVF(15),SVG(21),XKF(l5)tXKG(21),XK(21),AXK(21) 
DIMENSION XKS(19),AXKS(19),VI3F(IB),V1SG(15),VIS(21),AVIS(2l) 
DIMENSION VISS(19),AVISSI19),CF(15),CG(15},CP(21),ACP(21),CS(19) 
DIMENSION DF N(21 ),ADEN(21 ),ST|15),DES(19),ADS(19),RE(21 ) ,RES(19) 
DIMENSION PR(21),PRS(19),NU(21),NUS(19),HCN(21),HC(21),HPB(21) 
DIMENSION HS(19) ,TDLOG(19 ) ,U( 19),UGI 2),UF(2),0(19),HFLUX(10),

1 CFIF ( 1 0 ) ,OD( 21 ) , ACS ( 19) , XN( 21 )
DIMENSION TAUS{4)
COMMON/PHDR/PH,TMSHD
CCMMON/MISC/T,TSEC. I COUNT,S,SSEC,I PRINT,TMAXSC 
COMMON/ARPP/DSPEED,SSPEEO,A1,A2,AZ,TS,TR,TWIN 
COMMON/RUNGNO/KRUNG,KCALC .
COMMON/ALLR/DUR811(399),Y(39),DUR812(51)
COMMON/A LLF/DUF811(399),F(39),DUF812(51)
COMMON/A L LNU L/DUN811 (399) ,NULL(39),DUN812(51 )
COMMON/GET 1/WDUM(9),WI100,WI,WSC2,WBRK 
COMMON/NORMS/ADUM(10),W2100,BDUM(2)
COMMON/SGEN1/TNOFW,T AUX
COMMON/FACT/XFAC,AFAC,VFAC,WFAC,PFAC,DFAC,CFAC,XKFAC,TFAC,XMFAC,

1 TQFAC,SPFAC,XILFAC,XHFAC,ENTFAC.GCP 
NAMELIST/SGA01/EPSI,P 
NAME!1ST/SGA02/H 
NAMELISF/SGA03/TCS 
NAMELIST/SGA04/XLT,XL,ACF,TKON 
NAME LIST/SGA05/Z 
NAMELIST/SGA06/X L5 
NAMELIST/SGA07/PITCH,D 
NAMELIST/SGA08/DS,DE L,XN
NAMELIST/SGA09/A1,A2,AZ,TS,TR,TMIN,DSPEED,SSPEED,TMD,MINERT 
NAMEL1ST/SGA1O/KFW,KCV,HDSP
NAME LIST/SGA11/W1100,W2100,W1,W2,W3,CVP,ALFA 
NAME LIST/SGA12/TAUS
NAMELIST/SGA13/WFMIN,WFMAX,CVMAX,WAUXM,HAUW,HDAUX,hdmax 
DATA PI/3.141593/,EPSI/1,E-5/,EPS2/1.E-10/
M=KRUNG+2
I F (M . NE , 1 . AND . M . NE . 6 ) <JKMM = KMM + FRICK*KMM 
GO TO (4000,4300,4100,4200,4100,997), M

RESTART OPTION 
997 DO 998 1=1,21 

P(I)=P(I)*PFAC 
H(I)=H(I)* ENT FAC 
X L(I)=X L(I)*XFAC 
Z(I) = Z(I)*XFAC 
D(I)=D(I)*XFAC/12.
DE L(I)=DEL(I)*XFAC/12. 
IF(I,GT.19) GO TO 998 
XLS(I)=XLS(I)*XFAC

A-80



no
 

on
 

_ 
° 

0

DS(I)=DS(I)*XFAC
998 CONTINUE 

EPSI-EPSI* PF AC
CALL TMPCON(1,19,TCS)
XLT-XLT + XFAC 
PITCii-PITCH+XFAC 
DSPEFD=DSPEED*SPFAC 
SSPELD-SSPEED*SPFAC 
Tr.'D = THD*TCFAC 
MINER!=MINERT*XMFAC 
TKON=TKON»XKFAC 
WI 100---W1 100'WFAC 
W2100"W2100 + WFAC 
ALFA=Y(31)
WI = W1 ■ WFAC
W2=W2-WFAC
W3=W3•WFAC
WAUXM-WAUXM*WFAC
HAUW=HAUW*ENTFAC
IF(PD.NE.1.) GO TO 996
W2100=W2
AUFA-1.
WI100=W3

996 W1 -W3
WF=W1/W1100
CVP--CVMAX+ ( 1 .+AL0G( WF/WFMAX)/ALOG(WFMAX/WFMIN) ) 
GO 10 999

READ INPUT DATA 
<5000 REALMS, SGA01)

PEAD(5, SGA02)
READ(5t SGA03)
READ15, SGA04)
R F A D(5, SCAOS)
READ(5, SGA06 j 
REALMS, SGA07)
READ(S, SGAC8)
RF.ADiS, SGAOS)
READ!5. SGA10)
REALMS, SGA1 1 )
READ!5, SGA12)
READ(5, SGA13)

PRINT INPUT DATA
999 WRITE!6, SGA01)

WRITE'S, SCA02)
WRIrE(6, SGAOS)
WRITE!6, SGA04)
WRITE(6, SGAOS)
WRITE (.6, SGA06)
WRITE(6, SGA07)
WRITE(6, SGAOS)
WRITEI6, SGA09)
WRITE(6, SGA10)
WRITE!6, SGA11)
WRITE!6, SGA12)
WRITE(6, SGA13)

CONVERT INTO THE PROPER UNITS 
FLXFAC=XHFAC*TFAC 
EFAC=ENTFAC*WFAC*3600.
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DO 4001 1=1,21 
P(I)=P(I)/PF AC 
H(I)=H(I)/ENT FAC 
X L(I) = X L(Il/XFAC 
Z(I)=Z(I)/XFAC 
D(:)=D(1)/XFAC*12.
DE L(I)=DEL(I)/XFAC*12,
IF(I.GT.19) GO TO 4001 
X LS(T) = X LS(1)/XFAC 
DS(I)=DS(I)/XFAC 

4001 CONTINUE
EPSI=EPSI/PFAC 
CALL rMPC0N(0,19.TCS)
XLT = XLT/XFAC 
PITCH--PITCH/XFAC 
DSPEED=DSPEED/SPFAC 
SSPEED=SSPEED/SPFAC 
TMD=TMD/TQFAC 
MINER r = MINERT/XMFAC 
TK0N=TK0N/XKFAC 
WI100=W11OO/WFAC 
W2100=W21OO/WFAC 
WI=W1/WFAC 
W2=W2/WFAC 
W3=W3/WFAC 
WAUXM=WAUXM/WFAC 
HAUW=HAUW/ENTFAC 
GC=GCP*3600.*3600.
IF(MODE.EQ.0.AND.PD.NE.1.) W3=PD*W1100 
WM1=W1/W1100 
WM3=W3/W1100 
L = 0 
N = 0
NCAVO=0
CALL TFRIC(1.,AZ,TS,TR.TMIN,FRICK)
QKMM = KMM+ F RICK* KMM

CALCULATE SYSTEM CHARACTERISTICS 
DO 1 1=1, 21 
DH(I)=D(I)/12.
0D(I)=(D(I)+2.*DEL(I))/12.
DT(I)=D(I)/12.
A(I)=PI+((DH(I)/2.)**2)*XN(I)
IF(I.E0.9.0R.I.EO.10) GO TO 1 
AT { I ) = !'I*OD( I ) * X L ( I )*XN( I I 
V( 1 } =XU I )*A( I )
AL(I)=(XL(Ii/A(I))/GC

1 CONTINUE
ALTDD=AL(4)+AL(6)+((AL(7)+AL(8)+((XLT/A(9))/GC)+AL(11)+AL(12))/2.) 
1+AL(13)
ALTDH=AL(14)+AL(15)+AL(16)+AL(17)+AL(18)+AL(19)+AL(20)+AL(21)
DO 2 1=8, 19 
XSAV = XN( I)
IF(I.GE.11.AND.I.LE.15) XSAV=0.
ASiI)=PI*(((DS(I)/2.)**2)-XSAV*((0D(I)/2.)**2))
PERI I)=PI*(DS(I)+XSAV*OD(I))
DHS(I)=4.‘AS(I)/PER(I)
DTS(I)=0D(I)
VS(I)=AS(I)*XLS(I)

2 CONTINUE
PCON1=120.*PI*MINERT/GC
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PCQN2=PCON1»DSPEED/TMD
CALL SWATER(P(2),TM(2),HF(2),HG(2),HFG(2),DF(2),DG(2) , SVF ( 2 ) , 

1 SVG(2))
UG(2)=HG(2)-(144./778.)*P(2)*SVG(2) 
UF(2)=HF(2)-(144./778.)*P(2)*SVF(2)
MG(2)=V(2)/(2.*SVG(2))
MF(2)=V(2)/(2.*SVF(2))
MFI=MF(2)
MT(2)=MG(2)+MF(2)
U I ( 2 ) = MG ( 2 ) * UG'( 2 ) +MF ( 2 ) *UF ( 2 )
HDA=1.0 + SIN((PI/2.)*((MF(2)/MFI 1-1 .))
HDM=HDA
CO 9300 1=1, 11 

9300 Y(I)=TCS(19-1)
DO 9350 1=12, 30 

9350 Y(I)=H(1-9)
Y(31)=ALFA 
Y(32)=V/2 
Y(33)=W3 
Y(34)=MT(2)
Y(35)=UI(2)
Y(3G)=HDM 
Y(37)=WM3 
Y(38)=WM1 
Y(39)=CVP 
RETURN 

C
C COMPUTE MASS VELOCITY "G“
4100 DO 4 J=3, 6

4 G(Ji=to2/A(J)
DO 5 J=7, 12

5 G(u)=W2/(2.+A(U))
G(13!=W2/A(13)
DO G U =14, 21

6 G(d)=w3/A(d)
DO 7 d=8, 15

7 GS(d)=WI/(2.*AS(d))
DO 8 d=16, 19

0 GS(d)=WI/AS(d)
IF(ICOUNT.GT.O) P(21)=PH 
TCS(19)=TISH 

4150 CONTINUE

COMPUTE THERMODYNAMIC PROPERTIES OF SUBCOOLED & SATURATED 
WATER, SATURATED & SUPERHEATED STEAM AND INTERMEDIATE NA 

CALL WATER(P(1), H(1), TM(1), DEN( 1 ))
DO 9 1=3, 8
CALL WATER(P(I), H(I), TM(I|, DEN(I))
XK( I ) = TCOND1 (P(I) , TM( I) )
VIS(I)=DVISC1(P(I), TM(I))
CP(I )=SHEAIi (P(I), T M(I))

9 CONTINUE
DO 10 1=9, 15
CALL SWAT ER(P(I),TM(I) ,HF(I) ,HG(I),HFG(I),DF(I),DG(I),SVF(I) , 

1 SVG(I))
IF(ICOUNT.EQ.O) H(9)=HF(9)
X(I)=(H(I)-HF(I))/HFG(I)
IF(X(I).GT.1.0) X(I)=1.0
IF(X(I).LT.O.) CAlL WATER)P(I),H(I),TM(I),DEN(I))
XKF(I)=TC0ND1(P(I), TM(I))
VISF(I)=DVISC1(P(I), TM(I))
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C F(I)=SHEA T1 (P(I), TM(I))
IF(X(I).LT.0.) GO TO 99 
XKG(r)-TC0N02(TM(I), SVG(I))
VISG(I)=DVISC2(TM(I), SVG(I))
CG(I)-SHEAr2(P(I), T M(I))
XK(I)=(1.-X(I))*XKF(I)+X(I)*XKG(I)
VIS(I)=(1.-X(I))*VISF(I)+X(I)•VISG(I)
CP( I )-(1 .-X(I))*CF(I)+X( I)*CG(I)
DEN ( I ) = 1 .0/( ( 1 .-X( I ) )*SVF( I )+X( I Ji-SVGl I ) )
GO TO 990 

99 XK(I)= XKF(I)
VIS(I)=VISF(I)
CPI I ) -CF(I)
SVF(I) = 1 .0/D E N(I)

990 ST(I}=SURFTN(TM(I), SVF(I))
XKS(I)-THCSOD(TC5(I))
VISS(I)=V1SS0D(rC5(I))
CS(I)^SPHSODlTCSfI))
DES(I) = DENSOD(TCS(I))
CALL ARMAND(X(I), SVF(I), SVG(I), VOID(I), PHI(I))

10 CONTINUE 
XKS(B)=THCS0D(TCS(8))
VISSI8)=VISS0D(TCSl8))
CS(8)-SPHS0D(TCS(8))
DES(8)=DENS0D(TCS(8))
DO 11 1=16, 19
TM 1 I ) =T STE AM ( H ( I ) , P(I))
SVG(I)=SPVOL2(TM(I), P(I))
DEN(I)=1,/SVG(I)
XK(I)=T COND2(TM(I), SVG(I))
VIS(I)=DVISC2(TM(I), SVG(I))
CP(I)=SHEAT2(P(I), TM(I))
XKS(I) = THCSOD(TCS(I))
VISS(I)=VISSOD(TCS(I))
CS(I )= SPHSOD(TCS(I))
DESiI)=DENSOD(TCS(I))

11 CONTINUE
DO 12 1=20, 21
TM(I)=TSTEAM(H(I), P(I))
SVG(I)=SPVOL2(TM(I), P(I))
DEN(I ) = 1 ./SVG(I)
XK(I)=TCOND2(TM(I), SVG(I))
VIS(I)=DVISC2(TM(I), SVG(I))
CP(I)=SHEAT2(P(I), TM(I))

12 CONTINUE
H(2)=(UI(2)+(144./778.)*P(2)*V(2))/MT(2)

CALCULATE LOGARITHMIC MEAN TEMPERATURE DIFFERENCES 
DO 13 1=16, 19

13 CALL LMTDIF(TCS(35-1),TCS(34-I),TM(34-I),TM(35~I),TDL0G(35-I)) 
DO 14 1=9, 10
IF(X(10).LE.0.0.AND.I.EQ.9) GO TO 14
CALL LMTDIF(TCS(19-1),TCS(18-1),TM(18-I),TM(19-1),TDLOG(19-1))

14 CONTINUE
IF(X(10).LE.0.) TDLOG(10)=TDLOG(9)

INTERMEDIATE SODIUM SIDE REYNOLD,PRANDTL & NUSSELT NUMBERS 
AND HEAT TRANSFER COEFFICIENTS

DO 17 1=9, 19
ADS(I)=(DES(1-1)+DES(I))/2.0 
AXKS(I)=(XKS(1-1)+XKS(I))/2.0

A-84



o 
o 
o

AVISS(I)=(VISS(1-1)+VISS(I))/2.0 
ACS 1 I) = (CS(1-1)+CS( I ) )/2.0 
RES(I)=GS(I)*DHS(I)/AVISS(I)
PRS(I)=AVISS(I)*ACS(I)/A XKS(I)
IF(RES(I).GT.3000.0) GO TO 15 
NUS(I)=48./11.0 
GO TO 16

15 NUS(I) = 7.0 + 0.0 25*((RES(I)*PR5lI))* *0.8)
16 HS(I}“NUS(I)*AXKS(I)/DTS( I)
17 CONTINUE

WATER/STEAM SIDE REYNOLDS,PRANDTL S NUSSELT NUMBERS 
BOILING, CONVECTION & HEAT TRANSFER COEFFICIENTS 

DO 19 1=4, 21
ADEN(I)=(DEN(1-1)+DEN(I))/2.
AXK( I ) = (XK(1-1 )+XK( I ) )/2.0 
AVIS(I)=(VIS(1-1)+VIS(I))/2.0 
ACP(I) = (CP(1-1)+CP( I ) )/2.0 
IF(I.EO-10) GO TO 18 
PR(I)=AVIS(I)+ACP(I)/AXK ( I)
RE(I)=G(I)+DH(I)/AVIS(I)
IF(RE(I).LT.3000) GO TO 171 
NU(I)=0.023*(RE(I)**0.8)*(PRiI)**0.4)
GO 10 172

171 NU(I)=7.15
172 HC(I)=NU(I)*AXK(I)/DT( I )

GO TO 19
18 IF(X(10).LE.0.) GO TO 180

CALL BRHTC(G( I),DH(I) ,DT( I) ,ST(I) .V ISF(I),V ISG(I),DF(I) ,DG(I) , 
1CF(I),CG(I),XKF(I),XKG(I),HFC(I),TDLOG(I),HS(I),X(I),RE(I),PR(I), 
2HC(I),HPB(I))

180 IF( XM 0 ) . LE. 0 . ) HC ( 1 0 ) =HC ( 9 )
19 CONTINUE 

C
C OVER-ALL HEAT-TRANSFER COEFFICIENT

DO 20 1=9, 10
U(I)=USTG(HS(I), HC(I), DT(I), 0D(I), TKON)

20 CONTINUE
DO 21 1=16, 19
U(I)=U5T0(HS(I), HC(I), DT(I), 0D(I), TKON)

21 CONTINUE 
C
C DETERMINE BOILING, AND NON-BOILING LENGTHS IN THE EVAPORATORS

IF(TDLOG(9).EQ.0.) GO TO 72 
I F(X( 1 0 ) . LE . 0 . ) GO TO 690 
QNB = W2m(HF(9)-H(8) )/2.0 
IF(T,GT.0.0) GO TO 69
XL(9)=QNB/('J(9)*TDL0G(9)*PI*CD(9)*XN(9) )
0BL=W2-(H(l0)-HF(9))/2.0
XL(10) = QBL/iU(10}*T DLQG(10)*PI*0D(9)*XN(9))
XLF = XL(9)+Xl.( 10)
FFC=XLF/XLT 
F FCI = 1 .0/(2.0*FFC)
AC FI = 1 .0/AC F 

69 CONTINUE
Xl(9)=QNB/(FFC*U(9)*TDL0G(9)*Pl+0D(9)+XN(9))
IFIXLO) .LT.O.O) XL ( 9 ) =0.0 
IF(X L(9).GE.XLT)XL(9) = XLT 
GO TO 691

690 X L(9)=X LT
691 X LB = X LT-XL(9)
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IF(XL(9).EO.XLT) U(10)=U(9)
IF(XL(9).EO.XLT) TDLOG( 1 0)=TDlOG(9)
HF LUX f10) = FFC»U(10)*TDL0G(10)
IF(X(10).LE.0.) GO TD 71 
IF(HrLUX(10).LE.0.0) GO TO 72
CALL CNF LX(HF LUX(10),P(10),G(10),DH(10),HFG(10),XLC)
IF(XLC.LE.XLB) GO TO 70 
GO TO 71

70 X L ( 1-0 ) = X LC
IF(L.EO.O) WRITE(6, 800) TSEC 
L= 1
GO TO 72

71 X L ( 1 0 ) = X L B
72 CON I 1NUE 

XLS(9)=XL(9)
X LS(10)=XL(10)
V(9)=A(S)»XL(9)
V(10)=A(10)iXL(10)
VS(9)=AS(9)»XLS(9)
VS(10)=AS(10)*XLS(10)
Z(9)=Z(8)+XL(9)
AT(9)=PI+0D(9)*XL(9)*XN(9)
AT(10)=PI*OD(10)*XL(10)*XN(10)
AL(9)=XL(9)/(A(9)>GC)
A L ( 10) = (XLT/(A(9)i-CC) )-AL(9)

CALCULATE TOTAL AMOUNT OF HEAT TRANSFERED 
DO 73 1=9, 10
0(I)=FFC*U(I)*AT(I)*TDLOG(I)

73 CONTINUE
DO 74 1=16, 19
0(D=ACFi-UU)*AT(I )* TDLOG ( I )

74 CONTINUE

CALCULATE MOMENTUM TERM COEFFICIENT 
DO 22 1=4, 13
E< 1 )=DPMOM(A(1-1), A(I ) , DENI 1-1 ) , DEN(I), GC)

22 CONTINUE
ETDD = Ct 4 ) + E( 5)+El6) + ( (E(7) + Ei :;)+E(9) + E( 10)+E( 1 1 )+E( 12) )/4. ) + E( 13) 
E( 14) = DPMCM(A(14),A( 14),DGM 3 I ,DEN(14),GC)
DO 23 1 = 15, .21
E( I)=DPMGM(A(1-1 ), A(I), DENI 1-1 ), DEN(I), GC)

23 CONTINUE
ETDH=E<14)fE(15)+E(16)+E(17)+E(18)+E(19)+E(20)+E(21)

BUOYANCY EFFECT (GRAVITATIONAL CONTRIBUTIONS)
DO 24 1=4. 13
DPB(I I= ADEN I I)*(Z(1-1)-Z( I ) )

24 CONTINUE
DPB0U=DPB(4)+DPB(5)+DPB(6)+DPB(7)+DPB(8)+DPB(9)+DPB(10)+DPB(11)+

1 DPB(12)+DPB(13)
DO 2b 1=14, 21
DPBI I )= ADEN(I)«(Z(1-1 )-Z( I ) )

25 CONTINUE
DPBDH=DPB(14)+DPB(15)+DPB(16)tDPB(17)+DPB(18)+DPB(19)+DPB(20)+

1 DPBI21)

COMPUTE FRICTIONAL LOSS COEFFICIENTS 
IF(T.GT.O.O) GO TO 280
CC(4)=ADEN(4)»(144.t(P(3)-P(4))+DP8(4)+E(4)*(W2**2))/(W2**2) 
CC(6)=ADEN(6)*(144.*(P(5)-P(6))+DPB(6)+E(6)*(W2**2))/(W2**2)
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DO 26 1=7. 9
CC(1 )=4.*ADEN(I)*(144.*(P(I-1)-P(I)) + DPB(I)+E(I)«(W2**2/4. ))/

1 (W2 * * 2)
26 CONTINUE

DO 27 1=10, 12
CC(1)=4.*DF(I)*(144.*(P(1-1)-P(I))+DPB(I)+E(I)*(W2**2/4.))/

1 ( (W2•* 2)* PH I( I ) )
27 CONTINUE

CC(13)=DF(13)*(144.*(P(12)-P(13))+DPB(13)+E(13)*(W2»*2))/((W2**2)* 
1 PHI(13))
DO 28 1=14, 21
CC(I)=ADEN(I)*(144.*(P(1-1)-P(I))+DPB(I)+E(I)*(W3**2))/(W3**2)

28 CONTINUE 
CC(5)=0.0
IF(MODE.NE.O.OR.PD.EQ.1.) DHEAD = (144.-M P(5)-P(4))-DPB(5)- 

1 E(5)* (W2 + * 2))/144.
DPRP=DHEADt144.0 

280 CONTINUE
FLCDD=(CC(4)/ADEN(4) ) + (CC(6)/ADEN(6) )-F( ( (CC(7)/ADEN(7) ) + ( CC ( 8 ) /

1 ADEN(8))+(CC(9)/ADEN(9))+PH!(10)*(CC(10)/DF(10))+PHI(11)*(CC(11)/
2 DF(1 1 ))+PHI(12)'(CC(12)/DF(12) ))/4.)+PHI(13)*(CC(13)/DF(13)) 
FLCDH=(CC(14)/ADEN 1 14)) + (CC(15)/ADEN(15)) + (CC(16)/ADEN(16)) +

1 (CC(17)/ADEN(17))+(CC(18i/ADEN(18))+(CC(19)/ADEN(19))+(CC(20)/
2 ADEN)20))+(CC(21)/ADEN(21))
HDA=1.0+SIN((PI/2.)*((MF(2)/MFI)-1.))
WN1=WFMAX * EXP((ALOG(WFMAX/WFMIN))*((CVP/CVMAX)-1 . ))
WAUXN=0.0
IF(TSEC.GE.TNOFW) GO TO 9101 
WI =WN1-WI 100 
GO TO 9103

9101 WN1=0.0 
W1=0.0
IF(TSEC.GE.TAUX) GO TO 9102 
GO TO 9103

9102 IF{MOM.GT.HDMAX) CVP=0.0 
IF(HDM.LT.HDAUX) CVP=1.0 
WAUX=WAUXM‘CVP
WI=WAUX
H(1)=HAUW
WAUXN--WAUX/WAUXM

9103 CONTINUE
IF(W2.LT.EPS 1 ) W2 = EP31 
IF(W 3.LT.E PS 1 ) W3 = EPS1 
W N 2 = W 2 / V. 2 1 00 
WN3 = W3,'W1 1 00 
WNI=W1/WI100

C INTRODUCE THE DUMMY VECTOR "Y"
DO 22 1=1, 11
Y ( I )--TCS( 19-1)

29 CONTINUE
DO 30 1=12, 30 
Y( 1 ) -H{1-9)

30 CONTINUE 
Y(31)=ALFA 
Y(32)=W2 
Y(33I=W3 
Y(34)=MT(2)
Y(35)=UI(2 )
Y ( 36 ) =HD!71 
Y(37)=WM3 
Y(38)=WM1
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Y(39)=CV P
CALCULATE PROCESS VARIABLE TIME CONSTANTS 

IF(KRUNG.NE.3) GO TO 440 
DO 31 d=1, 4
IF(TCS(20-U).E0.TM(20-J)) GO TO 9201
XR(J)=(TCS(19-J)-TM(19-J))/(TCS(20-J)-TM(20-J))
1F(XR(U).LE.0.0) GO TO 9201 
IF(XR(U).EQ.1.0) GO TO 9201
XY(U )-(1 ,0-( (XR(J)-1 .0)/(XR(U)* A LOG(XR(J)))))/AlOG(XR(J))
GO TO 9202

9201 XY(J)^0.0
9202 TAU(d)=DES(19“d)*CS(19-d)*VS(20-J)/(WI*CS(19-J)+U(20-J)*AT(20-J)*

1 AC F * X V(J ) )
31 CONTINUE

DO 32 J=5, 9
TAU(J)=2.*DES(19-d)*VS(20-J)/WI

32 CONTINUE
DO 33 J=10, 11
IF(TCS(20-J).EQ.TM(20-U)) GO TO 9203
XR(d)=(TCS(19-d)-TM(19-d))/(TCS(20-d)-TM(20-d))
IF(XR(d).LE.0.0) GO TO 9203 
IF(XR(d).EO.1.0) GO TO 9203
XY(d) = ( 1 .0-( (XR(d)-l .0)/(XR(,J)*ALOG(XR(d) ) ) ) )/ALOG(XR(d) )
GO TO 9204

9203 XYId)~0.0
9204 TAU(d)=DES(19-d)*CS(19-d)+VS(20-d)/((WI/2.0)*CS(19-d)+U(20-d)*

1FFC*AT(20-d)*XY(d))
33 CONTINUE 

TAU(121=0.0
DO 34 d=13, 15
TAU(d)=DEN(d-9)*V(d-9)/W2

34 CONTINUE
DO 35 d=16, 17
TAU(J)=2.*DEN(d-9)»V(d-9)/W2

35 CONHNUE
XR(1B)=XR(11)
XR(19)=XR(10)
DO 36 d=18, 19 
1F(XR(d).LE.0.0) GO TO 9205 
IF(XR(d).EQ.1.0) GO TO 9205
XY(d)=(1.-((XR(d)-1.)/ALOG(XR(d))))/ALOG(XR(d))
GO 10 9206

9205 XY(J)=0.0
9206 TAU(d)=DEN(d-9)*V(d-9)*CP(d-9)/((W2/2.)*CP(d-9)-U(d-9)»AT(d-9)*

1 F FC'X Y(d ) )
36 CONTINUE

TAU(20)=2.*DEN(11)*V(11)/W2 
DO 37 d = 21 , 22 
TAU(d)=DEN(d-9)*V(d-9)/W2

37 CONTINUE
DO 38 d = 23, 24 
TAU(d)=DEN(d-9)*V(d-9)/W3

38 CONTINUE
DO 39 d=25, 28 
XR(d)= XRI29-d)
IF(XR(d).LE.0.0) GO TO 9207 
IF(XR(d).EO.1.0) GO TO 9207
XY(d) = (1 .-((XR(d)-l .)/ALOG(XR(d))))/A LOG(XR(d))
GO TO 9208

9207 XY(d)=0.0
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9208 TAU(J)^DEN(vl-9)*V(d-9)*CP( J-9)/(W3*CP( J-9)-U(d-9)*AT(d-9)*ACF*
1XY(dI)

39 CONTINUE
DO 40 0-29, 30
TAU( J) -DEN(,I-9)*V( J-9)/W3

40 CONTINUE
SLIP=1.-(DSPEED/SSPEED)*ALFA
DTDM5=-0KMM*DSPEED/S3PEED*((A2-A1*(SLIP**2))/((A1*(SLIP**2)+A2)** 

12) )
CALL PTIME(A LFA,WN2,AZ,TS,TR.DTRPS,DTRPF)
TAU( 31 ) = PC0N2/( DTRPF + DTRPS-DTL'MS)
T AU ( 32) = AL TDD/ ( 2 . * ( F LCDD-ETDO ) *'in2)
TAUI33)=AlTDH/(2.*(FLCDH-ETDHi*W3)
TAU(34)=9999.999/3600.0 
IAU(3D)=9999.999/3600.0 
TAUI36)=TAUS(1)/3600.0 
TAUI37) = TAUS(2)/3600.0 
TAU(3B>=TAUS(3)/3600.0 
TAUI39)=TAUS<4)/3600.0 
DO 41 1=1, 39 
NULL!I)=0

41 CONTINUE 
0=1
DO 42 1=1, 39
IF(0.7*ABS(TAU(I)).GE.S) GO TO 42 
NULL(0)=I 
0 = 0+1

42 CONTINUE
DO 43 1=1, 39 
T CM(I)= T AU(I)* 3600.0

43 CONTINUE
44 CONTINUE

IF(MODE.NE.0) GO TO 440 
DO 143 1=1, 33 
NULL(I)=I 

143 CONTINUE
NULL I 34)=36 
NULL!35)=37 
NULL!36)=38 
NULL(37)=39 
NULL!38)=0 
NU L L(39)=0

440 CONTINUE
C DETERMINE THE RECIRCULATION PUMP CAVITATION CONDITION

CALL SWATER(P(4),TSW,HSW,HSS,HWS,DSW,DSS,SSW,SSS)
IF(H(4 f .GE.HSW) DPRP = 0.0 
IF(XL(9).EO.XLT) X(10)=0.0 
IF(XL(10).LE.0.0) Y(10)=Y(9>
I F ( XI.( 10 ) . LE .0 . ) Y( 1 9) =Y( 18)
NCAY=0
IF(DPR°.EQ.0.0) NCAV=1 
IF(KMM.NE.0.) GO TO 441 
IF(N.NE.O) GO TO 441 
N=1
TTRIP=T
WRITE(6, 9100) TSEC

441 IF(NCAV.EQ.NCAVO) GO TO 4200 
IF(NCAVO.EQ.O) WRITE(6,9200) TSEC 
IF(NCAVO.EQ.1) WRITE(6,9199) TSEC 
NCAVO=NCAV

4200 IF(Y(31).GT.1.0) Y(31)=1.0
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IF(Y(32).LT.EPS1) Y(32)=EPS1 
IF(Y(33).LT.EPS1) Y(33)=EPS1 
J=1
IF(NULL(J).NE.1) GO TO 101 
J = J+1 
GO TO 201

101 F ( 1 ) = (WI*ACS( 19)*(TCS( 19)-Y( 1 ))-(}( 19) ) / ( ACS ( 1 9) * ADS (1 9 ) * VS (1 8 ) )
201 IF(NULL(J).NE.2) GO TO 102 

d = J+1
GO TO 202

102 F( 2) = ( WI* ACS( Y( 1 )-Y( 2 ) )-Q( 1 8) ) / ( ACS ( 1 8 ) * ADS ( 1 8 ) * VS ( 17) )
202 IF(NU L L(J) .NE.3) GO 10 103 

J = J T 1
GO TO 203

103 F< 3) = ( WI*ACS( 1 7) *( Y( 2)-Y( 3) )-<3 ( 1 7 ) ) / ( ACS ( 1 7 ) *ADS( 17) *VS( 16) )
203 IF(NULL(d).NE.4) GO TO 104 

d = d+1
GO TO 204

104 F(4)r(WI*ACS(16)*(Y(3)-Y<4))-Q(16))/(ACS(16)*ADS(16)*VS(16))
204 IF(NULL(d).NE.5) GO TO 105 

d^d+1
GO TO 205

105 F(5)MWI/2.0)*(Y(4)-Y(5))/(ADS(15)*VS(14))
205 IF(NU L L(d).NE.6) GO TO 106 

d = d+1
GO TO 206

106 F(6)=(WI/2.0)*(Y(5)-Y(6))/(ADS(14)*VS(13))
206 IF(NULL(d).NE.7) GO TO 107 

d = d+ 1
GO TO 207

107 F(7)=(Wl/2.0)*(Y(6)-Y(7))/(ADS(13)»VS(12))
207 IF(NULL(d).NE.8) GO TO 108 

d r d f 1
GO TO 208

108 F(8)=(WI/2.0)*(Y(7)-Y(8))/(ADS(12)»VS(11))
208 IF(NULL(d).NE.9) GO TO 109 

d = d+1
GO TO 209

109 F(9)=(WI/2.0)*(Y(8)-Y(9))/(ADS(11)*VS(11))
209 IF(NULL(d).NE.10) GO TO 110 

d = d + 1
GO TO 210

110 IF(VS(10).LE.0.0) GO TO 1100
F(10)=((WI/2.)*ACS(10)*(Y(9)-Y(10))-Q(10))/(ACS(10)*ADS(10)*VS(10) 

1 )
GO TO 210 

1100 F(10)=F(9)
210 IF(NULL(d).NE.11) GO TO 111 

d = d + 1
GO TO 211

111 F(11)=((WI/2.0)*ACS(9)*(Y(10)-Y(11))-Q(9))/(ACS(9)*ADS(9)*VS(9))
211 IF(NULL(d).NE.)2) GO TO 112 

d = d 1
GC TO 212

112 F(12)=(Y(32)*Y(12)-(Y(32)-W1)*HF(2)-W1*H(1))/(DEN(3)*V(2))
212 IF;NULL(d).NE.13) GO TO 113 

d = di 1
GO TO 213

113 F(13)=Y(32)»(Y(12)-Y(13))/(DEN(4)*V(4))
213 IF(NULUd) .NE. 14) GO TO 114 

d = d+1
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227 IF{NULL(J).NE.28) GO TO 128 
J = J +1
GO TO 228

128 F(28) = 1Q(19)+Y(33>*(Y(27)-Y(28)))/(DEN(19)* V(19))
228 IF(NULL(J).NE.29) GO TO 129 

J = 8+ 1
GO TO 229

129 F(29)=Y(33)*(Y(28)-Y(29))/(DEN(20)*V(20))
229 IF(NULL(J)-NE.30) GO TO 130 

d = J+1
GO TO 230

130 F(30)=Y(33)*(Y(29)-Y(30))/(DEN(21)*V(21))
230 IF(NULL(8).NE.31) GO TO 131 

d = J+1
GO TO 231

131 S LIP = 1 .-(DSPEED/SSPEED)*Y(31 )
TDM = QKr.’M->SLI P/( A1 *SLIP*SLIP+A2)
WN2=Y(32)/W2100
CALL PTORQ(Y(31),WN2,RPT)
CALL TFRIC(Y(31),AZ,TS,TR.TMIN,TFR)
F(31)=(TDM-RPT-TFR)/PC0N2

231 IF(NULL<J).NE.32) GO TO 132 
8 = J+1
GO TO 232

132 WN2=Y!32)/W2100
CALL PHEAD(Y(31),WN2,HRP)
DPRP=1A4.*HRP*DHEAD 
IF(H(4)-GE.HSW) DPRP=0.0
F(32)=(DPRP+DPBDD+ETDD*(Y(32)=*2)-FLCDD*Y(32)*ABS(Y(32)))/ALTDD

232 IF(NULL(8).NE.33) GO TO 133 
8 = 8+1
GO 10 233

133 F(33>=(144.*(P(2)-P(21))+DPBDH+ETDH*Y(33)+Y(33)-FLCDH*Y(33)*
1 ABS(Y(33)))/ALTDH

233 IF(NU L L(8).NE.34) GO TO 134 
8 = 8+1
GO TO 234

134 F(34)=W1 -Y(33)
234 IF(NULL(8).NE.35) GO TO 135 

8 = 8+1
GO TO 235

135 F(35)=Y(32)*(Y(22)-Y(12))+W1*H(1)-Y(33)*HG(2)
235 IF(NU L L(8).NE.36) GO TO 136 

8 = 8+1
GO TO 236

136 F(36)=(HDA-Y(36))/TAU(36)
236 IF(NULL(8).NE.37) GO TO 137 

8 = 8+1
GO TO 237

137 F(37)=((Y(33)/W1100)-Y(37))/TAU(37)
237 IF(NULL(8).NE.38) GO TO 138 

8 = 8+1
GO TO 238

138 F(38)=((W1/W1100)-Y(38))/TAU(38)
238 IF(NULL(8).NE.39) GO TO 139 

RETURN
139 EHD=HDSP~Y(36)

TFW=KFWTEHD 
EFWV=TFW+Y(37)-Y(38)
IF(ABS(EFWV).LE.0.01) EFWV=0.0 
F(39)=(KCV*EFWV)/TAU(39)
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RETURN

PROMPT JUMP APPROXIMATION

4300 DO 4301 1=1, 11
4301 TCS(19-1)=Y(I)

DO 4302 1=12, 30
4302 H(I-9)=Y{I)

ALFA=Y(31)
W2=Y(32)
W3 = Y(33)
IF(W2.LT.EPSI) W2=EPS1 
IF(W 3.LT.EPSI ) W3 = EPS1 
MT(2)=Y(34)
UI(2 )=Y(35)
HDM=T{36)
WK3=Yl37)
WM1=Y(38)
CVP=Y(39j 
J= 1
IF(NULL(J).EQ.1) GO TO 301 
GO TO 401

301 CALL PROMTT(WI,ACS(19),TCS(19),Y(l),TM(18),TM(19),U(19),AT(l9), 
1 ACFI )
J = J+ 1

401 I F ( NU LL ( 'J) . EO . 2 ) GO TO 302 
GO TO 402

302 CALL PROMTT(WI,ACS(18),TCS(18),Y(2),TM(17),TM(18),U(18),AT(18), 
1 ACFI)
J = J 1

402 IF(NULL(J).EQ.3) GO TO 303 
GO TO 403

303 CALL PROMTT(WI,ACS(17),TCS(17) ,Y(3),TM(16),TM(17),U(17),AT(1 7), 
1 ACPI)
d = J+1

403 IF(NULL(0) .EO•4) GO TO 304 
GO TO 404

304 CALL PROMT!(WI,ACS(16),TCS(16),Y(4),TM(15),TM(16),U(16),AT(16), 
1 AC FI)
U = U +1
IF(MODE.EO.O) TCS(15)=Y(4)

404 IF(NU LL(J).EO.5) GO TO 305 
GO TO 405

305 Y(5) = TCS(15)
U = U + 1
IF(MODE.EQ.O) TCS(14)=Y(5)

405 IF(NU LL(J).EO.6) GO TO 306 
GO TO 406

306 Y(6) = TCS(14)
J = U A 1
IF(MODE.EQ.0) TCS(13)=Y(6)

406 IF(NULL(J).EQ.7) GO TO 307 
GO TO 407

307 Y(7)=TCS(13)
J = J't-1
IF(MODE.EQ.0) TCS(12)=Y(7)

407 IF(NU LL(J).EO.8) GO TO 308 
GO TO 408

308 Y(8)=TCS(12)
J = Jt-1
IF(MODE.EQ.0) TCS(11)=Y(8)
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408 IF(NULL( J) .£.0.9) GO TO 309 
GO TO 409

309 y(9j=TCS(11)
J = J+ 1
IF(MODE.EQ.O) TCS(10)=Y(9)

409 IF(NULL(J).EQ.IO) GO TO 310 
GO TO 410

310 CALL PROMTT(WI,ACS(10),TCS(10),Y(10),TM(9),TM(10),U(10),AT(10), 
1 F FC 1 )
IF(XL(10).LE.0.0) Y(10)=TCS(10) 
d = J+1

410 IF(NULL(J).EQ.11) GO TO 311 
GO TO 411

311 CALL PROMTT(WI,ACS(9),TCS(9),Y(11),TM(8),TM(9),U(9),AT(9).FFCI) 
d - J + 1

411 IF(NULL(d).EQ.12) GO TO 312 
GO TO 412

312 Y(12)=((W2-W1)*HF(2)+W1*H(1))/W2 
d = d+ 1
IF(MODE.EO.0) H(3)=Y(12)

412 IF(NU LL(d).EQ.13) GO TO 313 
GO TO 413

313 Y(13)=ri(3) 
d = d+l
IF(MODE.EQ.O) H(4)=Y(13)

413 IF(NULL(J).EQ.14) GO TO 314 
GO TO 414

314 Y(14)-H(4) 
d = d-M
IF(MODE.EQ.O) H(5)=Y(14)

414 IF(NULL(d).EQ.15) GO TO 315 
GC TO 415

315 YM5!=H(5) 
d = d+ 1
IF(MODE.EQ.O) H(6)=Y(15)

415 IF(NU L L(d).EQ.16) GC TO 316 
GO TO 416

316 Y(16)-H(6) 
d =: d+ 1
IF(MODE.EQ.O) H(7)=Y(16)

416 IF'NULL(d).EQ.17) GO TO 317 
GO TO 417

317 Y ( 1 7 1 - FI ( 7 ) 
d = d+1

417 IF(NULL(d).EQ.18) GO TO 318 
GO TO 418

318 IF(XL(10).LE.0.0) GO TO 3180 
Y ( 1 8 ) ~FiF ( 9 )
GO TO 3181

3130 Y(18)=H(8)+(2.*Q(9)/W2)
3181 d=d+1
418 IF(NULL(d).EQ.19) GO TO 319 

GO TO 419
319 Y( 19)--H(9) + (2.*Q( 10)/W2)

IF(XL(10).LE.O.) Y(19)=H(9) 
d = d+1
IF1 MODE.EQ.O) H(10)=Y(19)

419 IF(NU LL(d).EQ.20) GO TO 320 
GO TO 420

320 Y(20)=H(10) 
d = d+1
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IF(MODE.EQ.O) H(11)=Y(20)
420 IF(NULL(d).EQ.21) GO TO 321 

GO TO 421
321 Y(21)=H(11) 

d = d + 1
IF(MODE.EQ.0) H(12)=Y(21)

421 IF(NULL(d).EQ.22) GO TO 322 
GO JO 422

322 Y< 22)=H(12)
J = d+ 1

422 IF(NULL(d).EQ.23) GO TO 323 
GO TO 423

323 Y(23)=HG(13) 
d — J + 1
IF(MODE.EQ.O) H(14)=Y(23)

423 IF(NULL(d).EQ.24) GO TO 324 
GO TO 424

324 Y(24)=H(14) 
d = d+ 1
IF(MODE.EQ.O) H(15)=Y(24)

424 IF(NULL(d).EQ.25) GO TO 325 
GO TO 425

325 CALL ENTH(H(15),W3,TCS(16),TCS(15),TM(15),TM(16),TDLOG(16),U(16), 
1 AT(16),ACF,P(16),Y(25))
d = d+1

425 IF(NU LL(d).EQ.26) GO TO 326 
GO TO 426

326 CALL ENTH(H( 16) ,W3, TCS( 1 7 ) ,TC5(;16) , TM ( 1 6) , TM ( 1 7) ,TDLOG( 1 7) ,U( 17) , 
1 AT(17),ACF,P(17),Y(26))
d ^ d + 1

426 IF(NULL(d) .EO•27) GO TO 327 
GO TO 427

327 CALL ENTH(H(17),W3,TCS(18),TCS(17),TM(17),TM(18),TDLOG(18),U(18), 
1 AT(18),ACF,P(18),Y(27))
d = d+ 1

427 IF(NULHd) .EQ.28) GO TO 328 
GO TO 428

328 CALL ENTH(H(18),W3,TCS(19),TCS(18),TM(18),TM(19),TDLOG(19),U(19), 
1 ATI 19),ACF,P(19),Y(28))
d = d+1
I FIMODE.EQ.O) H(19) = Y(28)

428 IF(NULL(d).EQ.29) GO TO 329 
GO TO 429

329 Y(29)=H(19) 
d = d+ 1
IF(MODE.EQ.O) H(20)=Y(29)

429 IF(NU LL(d).EQ.30) GO TO 330 
GO TO 430

330 Y(30)=H(20) 
d = d+1

430 IF(NULLId).EQ.31) GO TO 331 
GO TO 431

331 WN2=W2/W2100
CALL RPSPD(Y(31),WN2,QKMM,TDM,RPT,TFR,SLIP) 
d = d+1

431 IF(NULLId).EQ.32) GO TO 332 
GO TO 432

332 ASAV=FLCDD-ETDD 
HSAV=H(4)
DO 3325 1=1,15 
WN2=Y(32)/W2100
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3325
3329
432

333

433

334

434

335

435

336

436

337

437

338

438

339

55

56

57

CALL PHEAD(ALFA,WN2,HRP) 
DPRP=144.*HRP*DHEAD 
IF(HSAV.CE.HSW) DPRP^O. 
ARG=(DPRP+DPBDD)/ASAV 
IFIARG.LT.EPS2) ARG=EPS2 
YNEW=SORT(ARC) 
Y(32)--(Y(32)+YNEW)/2.
DIV=1.-YNEW/Y(32)
IFfDIV.LE.EPS1) GO TO 3329 
CONTINUE 
U = J+1
I F ( Nil L L ( J ) . EO • 33 ) GO TO 333 
GO TO 433
ARG=(144.*(P(2)-P(21))+DPBDH)/(FLCDH-ETDH) 
IF(ARG.LT.EPS2) ARG=EPS2 
Y(33)=SQRT(ARG)
J = J+ 1
IF(NULL(J) .EO•34) GO TO 334 
GO TO 434 
Y ( 34)=MT(2)
J = J+1
IF(NU LL(J).EQ.35) GO TO 335 
GO TO 435 
Y(35)=UI(2)
J = J+1
IFI NULL(J).EQ.36) GO TO 336 
GO TO 436 
Y(36)=HDA 
J = J+t
I F(NU LL(J).EQ.37) GO TO 337 
GO TO 437 
Y(37)-W3/W11OO 
J= J+ 1
IFiNU LL(J).EQ.38) GO TO 338 
GO TO 438 
Y(38)=(W1/W1100)
J = Ji 1
IF(NULL(J).EQ.39) GO TO 339 
GO TO 55
A LSAV =(KFW*(HDSP-HDM)+WM3)/WFMAX
V ( 39 ) =CVrv1AX +A LOG ( ALSAV ) / A LOG( W FMAX/WFMIN )
CONTINUE
DO 56 1=1, 11 
TCS(19-1)=Y(I)
CONTINUE 
DO 57 1=12, 30 
H( I-9) = Y(I)
CONTINUE 
A L F A = Y ( 3 1 )
W 2 = Y ( 3 2 )
W3=Y(33)
MT(2!=Y(34)
UI{2)=Y(35)
HDM=Y(36)
WM3=Y(37)
WM1=Y(38)
CVP=Y(39)
IF(W2.LE.EPS 1 ) W2 = EPS1 
IF(W3.LE.EPSI) W3=EPS1 
IF((TAU(32)*0.7).LT.5) F(32)=0.0 
IF((TAU(33)*0.7).LT.S) F(33)=0.0
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IF(MCDE.EO.O) F(32)=0.0 
IF (MODE.. EQ.O) F ( 33 ) = 0.0

CALCULATE LOCAL PRESSURES
CALL DRUM(P(2),UI(2),V(2),EPSItMT(2),MG(2),MF(2),PNEW)
P(2)=PNEW
P(3)=P(2)
P(4)-( (DPB(4)+E(4)»W2*W2~( CC ('!) / ADEN ( 4 ) ) *W2* W2-AL ( 4 ) *F( 32 ) )/I 44. ) + 

1 P ( 3 )
CALL PHEAD( ALFA, VJN2 , HRP)
DPRP-144.0-HRP+DHFAD
CALL SWAT ER(P(4) ,TSW,HSW,HSS.HWS,DSW,DSS,SSW,SSS)
IF(H(4).GE.HSW) DPRP=0.0
P(5)^((DPB(5) + E(5)JW2*W2-<-DPRP)/144.) + P(4)
P(6) = ( (DPB(6)+E(6)-W2*W2-(CC(C)/ADEN(6))*W2*W2-AL(6)*F(32))/1 44.) + 

1 P(5)
P( 7 ) = ( < DPB( Y ) + ( E( 7 )/4. ) * W2-( CC ( 7 ) / ( 4 . * ADEN ( 7 ) ) ) - W2 ' T - ( A L ( 7 ) / 2 .

1 )*F,32))/144.)+P(6)
P( 8) = ( ( DPBI B) + ( E(8)/4. ) »W2i'W2-(CC( 8) / ( 4. * A D E N ( 8) ) ) *W2*W2-( AL ( 8 >/2 . 

1 )*F(32))/144.)+P(7)
P(9)=((DPB|9)+(E(9)/4.)*W2*W2-(CC(9)/(4.*ADEN(9)))*W2*W2-(AL(9)/2. 

1 )*FI32))/144.)+P(8)
P(10)=((DPB|10)+(E(10)/4.)*W2-W2-(CC(10)/(4.»DF(10)))*PHI(10)*W2*

1 W2-(A L(10)/2. )* F(32))/144.)+ P(9)
IF(XLM 0).LE.0.) P(10)=P(9)
P(11)=!(DPB(11)+(E(11)/4.)»W2•W2-(CC(11)/(4.*DF(11)))*PHI(i1)*W2*

1 W2-(AL(11)/2.)*F(32))/144.)+P(10)
P( 12 ) = (. ( DPB ( 1 2) + ( E( 1 2)/4 . ) . W2-( CC ( 1 2 ) / ( 4 . *DF ( 1 2 ) ) ) *PH I ( 1 2 ) » W2*

1 W2-(AL( 12)/2.)*F(32))/144. ) + P(11 )
P(13)=P(2)
P( 14 j = | (DPB( 14)i-E( ',4 )*W3 -.3-(CC( 14)/ADEN( 14)) tW3*W3-AL( 14)*F( 33) )/ 

1 144.)+P(13)
P( 1 5)^( ( DPB( 15) + E( 1 5 )*W3 • V;3-(CC( 15)/ADEN( 15) ) »W3*W3-AL( 15)*F( 33) )/ 

1 144.)+P(14)
P( 16) = ( (DPBl 16)+E( 16) ^W3-*W3-( CC( 16)/ADEN(16)) *W3*W3-AL( 16)*F( 33) )/ 

1 144. ) + P(15)
P(17)-((DPB(17)+E(17)*W3 * W3-(CC(17)/ADEN( 1 7))+W3*W3-AL( 17)*F( 33) )/ 

1 144. ) H- P ( 1 6 )
P(18) = ((DPB(18)+E(18)*W3*W3-(CC(18)/ADEN(18))*W3*W3-AL( 18)*F( 33))/ 

1 144.)+P(17)
P(19)=((DPB(19)+E(19)*W3iW3-1CC(19)/ADEN(19))*W3*W3-AL(19)»F(33))/ 

1 144.)+P(18)
P(20)=(lDPB(20)+E(20)*W3*W3-(CC(20)/ADEN(20))*W3*W3-AL(20)»F(33))/ 

1 144. ) -i-P { 1 9 )
IF(X(9).EQ.O.) CALL SWATER(P(9),TM(9),HF(9),HG(9),HFG(9),DF(9),DG( 

I 9),SV F(9),SVG(9))
IF(XL(10).GT.0.0) H(9)=HF(9)
RETURN
ENTRY PUTSG1 
WRITE(6, 460)
IF(KCA LC.EQ. 1 ) WRIT E(6, 7200) (I, TCM(I), 1 = 1, 39)
WRITE!6, 550) WN1, WN2, WN3. WNI 
IF(TSEC.GE.TAUX) HAUWP=HAUW*ENTFAC 
IF(TSEC.GE.TAUX) WRITE(6, 9104) TAUX,HAUWP,WAUXN 
DO 9991 1=1,21 
P( I ) = P( I ) ’i PF AC 

9991 H ( I ) --h( I ) > ENT FAC
CALL TRIPCON ( 1 ,21 , TM )
CALL TMPCON(1,19,TCS)
DO 9992 1=9,10 
TDLOG!I)=TD10G(I)*T FAC
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U(I)=mI)<XHFAC
9992 XL(I)= XL(I)*XFAC 

DC 9993 1=16,19 
TDLOG!I)=TDlOG(I)*TFAC

9993 U(I)=U(I)*XHFAC
HF LUX(10)=HFLUX(10) + FLXFAC 
UI ( 2 I =UI (2 )'* EFAC 
DP.RP=Of>RP* PF AC 
WRITE(6, 600) ( I , P( I ) , 
WRITE!6, 650) (I, H(I ) ,
WRIT El 6, 700) (I , TM(I),

1 = 1 
1 = 1 
1 = 1

21 ) 
21 ) 
21 )

WRITEI 6, 8300)(I, 
WRIIE(6, 9000)(I,

W RIT E(6, 750) (I, TCS(I), 1=8, 19)
WRIIE(6, 7300)(I, TDLOG(I), 1=9, 10)
WRIT E{6, 8000)(I, U(I), 1=9, 10)

TDLOG(I).1=16, 19)
U( I ), 1 = 16, 19)

WRI1E(6. 950)HFLUX(10),X(10>,XL(9),XL(10)
W R1T E(6, 960) UI(2),HDA,CVP,ALFA,DPRP 
DO 9994 1=1,21 
P(I)= P(I)/PFAC

9994 H(I)=H(I)/ENT FAC 
CALL Tf.'PCON(0,21 , TM )
CALL TMPCON!0,19,TCS)
DO 9995 1=9,10 
TDLOG! I )= IDLOGI D/TFAC 
U( 1 ) = U(I)/XHFAC

9995 XL(I)=XL(I)/XFAC 
DO 9996 1=16,19 
TDLOG(I)=TDLOG!I)/TFAC

9996 U(I)=U(I)/XHFAC
HF LUXi 10)=HF LUX(10)/FLXFAC 
UI(2)=UI(2)/EFAC 
DPRP=DPRP/PFAC

460 FORMAT!/,2X,36('»'),3X,1S TEA M'.SX.'G E N E R A T I 0 N',3X, 
1 'L 0 0 P - 1 1 ,3X,36( 1 *' )/)

550 FORI,!AT(2X, 'FEED WATER FLOW =
1 2X, 'STEAM FLOW =' ,F 6.4,2 X, ' I NT. SODIUM FLOW 

600 FORMAT!7(2X,'P',12,' =',1PF11.4))
650 FORMAT(7(2X,'H',12,' =',1PE11.4))
700 FORMAT(7(2X, ' TM' , 12, ' = ' , F 1 0 . -T ) )
750 FORMAT! 7(2X,.'TCS', 12, ' =',F1C.4))
800 FORMAT (/, 3X ,'<«<«<«< WARNING 

1VAPORATORS UF LOOP-1 AT TIME =',F12.4 
950 FORMAT!/,2X, 'HEAT FLUX =' ,1 PE 13.6,24X

1 'OUTLET STEAM QUALITY =' ,1 PE 13.6/,2X, 'NON-BOILING LENGTH
2 1PEI3.6.13X,‘BOILING LENGTH =',1PE13.6)

960 FORMA! (/,2X, 'DRUM I NT. ENERGY =' ,1 PEI 1.4,3X

.F6.4,2X,'WATER/STEAM FLOW 
,F6.4/)

,F6.4,

DRYOUT OCCURED IN THE E 
SECONDS »»»>»>'/)

10PF7.4,3X,'GVP =',F7.4.3X,'ALFA 
7200 FORMAT(3X,'TAU:',8(13,F10.6)1

=',F7.4,3X,
, 'DRUM LEVEL = ' ,
'DPRP =' , 1 PE11 .4)

7300 FORMAT!31X,'TDLOG 
8000 FORMAT(31X,'U 
8300 FORMAT!15X,'TDLOG 
9000 FORMAT!15X,1U

, 2 ( I 3 , F 1 4.4 ) )
, 2(13,F14.4))
, 4 ( 13 , F 1 4.4 ) )
,4(13,F14.4))

9100 FORMAT!/20X,'**** RECIRCULATION PUMP #1 TRIP 
1 ' SEC *t**'/)

9104 F0RMAT(2X,'AUXILIARY FEED WATER AVAILABLE AT 
1 'ENTHALPY =‘ ,1 PE 11.4,2X, 1AUX. WATER FLOW =' 

9200 FORMAT(/,3X,1<<<<<<<<<< WARNING
100P-1 ENTERS CAVITATION AT TIME ='.F12.4, 

9199 FORMAT!/,3X, '<««<<«< WARNING
100P-1 OUT OF CAVITATION AT TIME =',F12.4,

,F8.4,

T',F8.3,' SECONDS',2X,
'.0PF6.4)
RECIRCULATION PUMP IN I 
SECONDS »»»»»'/) 
RECIRCULATION PUMP IN I 
SECONDS »»»»»'/)
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RETURN
END
SUBROUTINE SGTHD2(TISH,KMM.MODE,PD) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
STEAM GENERATION LUOP-2: C

IvATER/STEAM THERMODYNAMICS SIMULATION C

REAL KMM,KFW,KCV fMINERT
REAL NU, NUS, MF, MG, MT, MFI
DIMENSION H(21),TM(21),P(2I),TCS(19),G(21)
DIMENSION GS(19) ,AT(21 ),A(21 ),AS(19),D(2 t),DEL(21 ),DS(19),DT(21) 
DIMENSION DIS(19),DH(21),DHS(I9),PER(21),V(21),VS(19),XL(21) 
DIMENSION XLS(19),Z(21),CC(21),E(21),DPBI21),TAU(39),AL(21),XY(28) 
DIMENSION XR(28),TMC(21),TMHI21),TCM(39),MG{2),MF(2),MT(2),UI(2) 
DIMENSION X(15),VOID!15),PH!(15),HF(15),HG(15),HFG(15),DF(15) 
DIMENSION DG(15),SVF(15) ,SVG|21 ),XKF(15),XKG(21),XK(21),AXK(21) 
DIMENSION XKS(19),AXKS(19) ,V ISF(15),V ISG( 1 5) ,V IS(21),AVIS(21) 
DIMENSION V1SS(19),AVISSI19),CF(15),CG(15),CP(21),ACP(21),CS(19) 
DIMENSION DEN(21 ),ADEN(21 > ,ST ( 15),DES|19),ADS(19) ,RE(21 ),RES(19) 
DIMENSION PR(21) ,PRS(19),NU(21 ) ,NUS(19),HCN(21 ),HC(21),HPB(21 ) 
DIMENSION HSI 19) ,TDLOG(19) ,U( 19),UG(2),UF(2),Q(19),HFLUX(10),

1 CHF(10),00(21),ACS|19),XN(21)
DIMENSION TAUSI4)
COMMON/PHDR/PH,TMSHD
COMMON/MISC/T,TSEC,I COUNT,S,S5EC,IPRINT,TMAXSC 
COMMON/ARPP/DSPEED,SSPEED,A1.A2,AZ,TS,TR,TMIN 
COMMON/RUNGNO/KRUNG,KCALC
COMMON/A L LR/DUR821(438),Y(39),DUR822 ( 1 2)
COMMON/ALLF/DUF821 I 438),F(39).DUF822I 12)
COMMON/A L LNU L/DUN321 (438),NULL(39),DUN822(12)
COMMON/GET 1/WDUMI9).WIIOO.WSCI ,WI,WBRK 
COMMON/NORMS/ADUM(11),W2100,EDUM 
COMMON/SGEN2/TNOFW,TAUX
COMMON/FACT/XFAC,AFAC,VFAC,WFAC,PFAC.DFAC.CFAC,XKFAC.TFAC,XMFAC,

1 TOT AC,SPFAC,XILFAC,XHFAC,ENTFAC.GCP 
NAME 1.1 S I/SGBO 1 / EPSI ,P 
NAMELI ST/SG302/H 
NAME!IST/SG303/TCS 
NAMELIST/SCB04/XLT,XL,ACF.TKON 
NAME LIST/SGB05/Z 
NAMELI ST/SGB06/XLS 
NAMELIST/SG807/PITCH.D 
NAMELIST/SGB08/DS,DEL,XN 
NAME LI ST/SGB09/TMD,MINERT 
NAMELIST/SG81O/KFW,KCV,HDSP
NAME LIST/SGB11/WI100,W2100,Wl ,W2,W3,CVP,ALFA 
NAME LIST/SG812/TAUS
NAMELIST/SGB13/WFMlN,WFMAX,CVr.1AX,WAUXM,HAUW,HDAUX,HDMAX 
DATA PI/3.141593/,EPS1/1.E-5/.EPS2/1.E-10/
M = KRUNG + 2
IF(M.N E.1 .AND.M.NE.6) QKMM = KMM+FRICK*KMM 
GO TO (4000,4300,4100,4200,4100,997), M

RESTART OPTION 
997 DO 998 1=1,21 

P(I)= P(I)+PFAC 
H(I)= H(I)*ENT FAC 
X L(I)=XL(I)*XFAC 
Z(I)=Z(I)*XFAC 
D(Ij =D(I)*XFAC/12.
DEL(I) = DE L(I)*XFAC/12.
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IF(I.GT.19) GO TO 998 
X LS(I) = XLS(I)*XFAC 
DS ( I ) --DS ( I ) * XFAC

998 CONTINUE 
EPSI=EPSI*PFAC
CALL TMPCON(1,19,TCS)
XLT = XLT» XFAC 
PITCH=PITCHfXFAC 
TMD=TMD*TQFAC 
MINERT=MINERT*XMFAC 
TKON=TKON-XKFAC 
WI100-W1100 + WFAC 
W2100-W2100+WFAC 
ALFA=Y(31)
WI=W1'WFAC
W2=W2‘WFAC
W3=W3‘WFAC
W A U XM - W A U XM * W F AC
HAUW--HAUW*ENTFAC
I FIPD.NE.1 .) GO TO 996
W 2 1 0 0 - W 2
ALFA-1 .
WI100=W3

996 WI=W3
WF=W1/W1100
CVP=CVMAX*(1.+ALOG(WF/WFMAX)/ALOG(WFMAX/WFMIN)) 
GO TO 999

READ INPUT DATA 
4000 READ(5, SGB01)

READ(5, SGB02)
READl5, SGB03)
READ(5, SGB04)
R E A D(5, SGB05)
READ)5, SGB06)
R EAD(5, SGB07)
READl5, SGB08)
R E AD ( 5 , SGB09 )
READ(5, SGB10)
READ(5, SGB11)
READ15, SGB12)
READ)5, SGB13)

PRINT INPUT DATA
999 WRITE)6, SGB01)

W RIT T(6, SGB02)
WRITE(6, SGB03)
WRITE)6, SGB04)
WRIT E(6, SGB05)
WRIT E(6, SGB06)
WRIT E(6, SGB07)
WRIT E(6, SGB08)
WRITE(6, SGB09)
WRIT E(6, SGB10)
WRITE(6, SGB11)
WRIT E(6, SGB12)
WRIT E)6, SGB13)

CONVERT INTO THE PROPER UNITS 
FLXFAC=XHFAC*TFAC 
EFAC=ENTFAC*WFAC*3600.
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X L ( I ) = X l ( I ) / X FAC 
2(I)= 2( I)/XFAC D (I)=D(I)/XFAC*12.
DE L( I ) = DE L(I)/XFAC*12. 
1F(I.GT.19) GO TO 4001
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CALL SWAT ER(P (2) ,TM(2).H F '2).H G (2),HFG(2),D F (2),DG(2),SVF(2),



OO
O 

o o

1 SVG(2))
UG(2)=HG(2)-(144./778.)*P(2)*SVG(2)
UF(2)=HF(2)-(144-/778.)*P(2)»SVF(2)
MG(2)-V(2)/(2.*SVG(2))
MF(2)=V(2)/(2.*SVF(2))
MFI-MFJ2)
MT(2)=MG(2)+MF(2)
UI(2)^MG(2)«UG(2)+MF(2)*UF(2)
HOA=1-0+SIN((PI/2.)*((MF(2)/MFI)-1.))
HDM=HDA
DC 9300 1=1, 11 

9300 V(1)=TCS(19-1)
DO 9350 1=12, 30 

9350 V(I)=H(I-9)
Y ( 31 )=A LFA 
Y(32)=W2 
Y(33)=W3 
Y(34)=MT(2)
Y(35)=UI(2)
Y(36)=HDM 
Y(37)=WM3 
Y(30)=WM1 
Y(39)=CVP 
RETURN

COMPUTE MASS VELOCITY "G"
4100 DO 4 J=3, 6

4 G(U)='w2/A(0)
DO 5 J=7, 12

5 G(J)=to2/(2.*A(d))
G(13)=W2/A(13)
DO 6 J=14, 21

6 G(J)=W3/A(J)
DO 7 J=8, 15

7 GS(J)=WI/(2.*AS(J))
DO 8 0=16, 19

8 GS(0)=WI/AS(U)
IF(ICOUNT.GT.O) P(21)=PH 
TCS(19)=TISH 

4150 CONTINUE

COMPUTE THERMODYNAMIC PROPERTIES OF SUBCOOLED & SATURATED 
WATER, SATURATED S SUPERHEATED STEAM AND INTERMEDIATE NA 

CALL WATER ( P ( 1 ) , HO), TM(1), DEN( 1 ) )
DC 9 1=3, 8
CALL WATER(P(I ) , H(I), TM(I), DEN(I))
XK(I) = T COND1 (P(I), TM(I))
V1S(I)=DVISC1(P(I), T M(I))
CP(I)= SHEAT1(P(I), TM(I))

9 CONTINUE
DO 10 1=9. 15
CALL SWATER(P(I),TM(I),HF(I),HG(I),HFG(I),DF(I),DG(I),SVF(I), 

1 SVG(I))
IF(ICOUNT.EQ.O) H(9)=HF(9)
X(I)={H(I)-HF(I))/HFG(I)
IF(X(I).GT.1.0) X(I)=1.0
IF(X(I).LT.O.) CALL WATER(P(I),H(I),TM(I),DEN(I))
XKF(I) = TCOND1(P(I), T M(I))
VIS F(I)=DVISC1(P(I), TM(I))
CF(I)=SHEAT1(P(I), TM(I))
IF(X(I).LT.O.) GO TO 99
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XKG( I ) = TC0ND.2(TM( I ) , SVG(I))
V ISG(I)=DV1SC2(TM(I), SVG(I))
CG(I)=SHEAT2(P(I), TM(I))
XK(I) = (1 .-X(I))*XKF(I)+X(I)* XKG(I)
VIS(I)=(1.-X(I))*VISF(I)+X(I)♦VISG(I)
CP(I)=(1.-X(I))*CF(I)+X(I)*CG(I)
DEN(I)=1.0/((1.-X(I))*SVF(I)+X(I)*SVG(I))
GO TO 990 

99 XK(I)=XKF(I)
VIS(I)=VISF(I)
CP(I )=CF(I )
SV F(I) = 1 .O/DEN(I)

990 ST(I)=SURFTN(TM(I), SVF(I))
XKS(I) = THCSOD(TCS(I))
VISS< n = VISSOD(TCS(I))
CS(I)=SPHSQD(TCS(I))
DES(I)=DENSOD(TCS(I))
CALL ARMANDI. X( I ) , SVF(I), SVG(I), VOID(I), PHI(I))

10 CONTINUE 
XKS(8)=THCS0D(TCS(8) )
VISS(8)=VISS0D(TCS( 8))
CS(8)=SPHS0D(TCS(8))
DES1Q)=DENSOD(TCS(8))
DO 11 1=16, 19
TM(I )=TSTEAM(H(I), P(I))
SVG(I)=SPV0L2(TM(I) , P(I))
DEN(I) = 1 ./S V G(I)
XK ( I ) = TC0ND2(TM ( I ) , SVG(I ) )
V I S ( I ) = DVISC2(TM(I) , SVG(I))
CP(I) = SHEAT2(P(I), T M(I))
XKS(1)=THCSOD(TCS(1))
VISSII) = V ISSOD(TCS{I))
CS(I)=SPHSOD(TCS(I))
DESII)=DENSQD(TCS(I))

11 CONTINUE
DO 12 1=20, 21 
T M(I )= T S T E AM(H(I), P(I))
S VG ( I )=SPV0L2(TIV1( I) , P(I))
DEN(I)=1./SVG(I)
XK(I)=TC0ND2(TM(I), SVG(I))
V IS(I )= DVISC2(TM(I), SVG (!))
CP(I)= SHEA T2(P(I), TM tI))

12 CONTINUE
H(2) = < UI(2) + (144./778.)*P(2)»V(2))/MT(2)

CALCULATE LOGARITHMIC MEAN TEMPERATURE DIFFERENCES 
DO 13 1=16, 19

13 CALL LMTDIF(TCS(35-I),TCS(34-I),TM(34-I),TM(35-I).TDLOG(35-1))
DO 14 1=9, 10
IF(X(10).LE.0.0.AND.I.E0.9) GO TO 14
CALL LMTDIFITCS(19-1),TCS(18-I),TM(18-I),TM(19-I),TDLOG(19-!))

14 CONTINUE
IF(X(10).LE.O.) TDLOG(10j=TDLOG(9)

INTERMEDIATE SODIUM SIDE REYNOLD,PRANDTL* & NUSSELT NUMBERS 
AND HEAT TRANSFER COEFFICIENTS

DO 17 1=9, 19
ADS(I)=(DES(1-1)+DES(I))/2.0 
AXKS(I)=(XKS(1-1)+XKS(I))/2.0 
AVISS(I)=(VISS(1-1)+VISS(I))/2.0 
ACS(I)=(CS(1-1)+CS(I))/2.0
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RES(I)=GS(I)*DHS(I)/AVISSII)
PRS|I)=AVISS(I)*ACS(I)/AXKS(I)
IF(RES(I).GT.3000.0) GO TO 15 
NUS(I)=48./I 1 .0 
GO TO 16

15 NUS(I)=7.0+0.025+((RES(I)*PRS(I))**0.8)
16 HS(I)-NUS(I)*AXKS(I)/DTS(I)
17 CONTINUE

WATER/STEAM SIDE REYNOLDS,PRANDTL & NUSSELT NUMBERS 
BOILING, CONVECTION & HEAT TRANSFER COEFFICIENTS 

DO 19 1=4, 21
ADEN!I)=(DEN(1-1)+DEN(I))/2.
AXK(I)=(XK(1-1)+XK(I))/2.0
AVIS(I)=(VIS(I-1)+VIS(I))/2.0
ACPI I) = (CP(1-1 )+CP( I ) ) /2.0
IF|I.EQ.10) GO TO 18
PRi I )=AVIS(I)* ACP(I)/AXK|I)
RE(I)=G(I)*DH(I)/AVIS(I)
IF(RE(I).LT.3000.) GO TO 171 
NU(l)=0.023*(RE(I)**0.8)*(PRiI)**0.4)
GO TO 172

171 NU(IJ = 7.15
172 HC(I)=NU(I)* AXK(I)/DT(I)

GO TO 19
18 IF(X(10).LE.0.) GO TO 180

CALL BRHTCIG(I),DH(I),DT(I),ST(I),VISF(I),V ISG(I),DF(I) ,DG(I) ,
1C F(I),CG(I),XK F(I),XKG(I),HFG(I),TDLOG(I),HS(I),X(I) ,RE(I),PR(I), 
2HC(I),HPB(I))

180 IF(XI10).LE.0.) HC(10)=HC(9)
19 CONTINUE

OVER-ALL HEAT-TRANSFER COEFFICIENT 
DO 20 1=9, 10
U(I)=USTG|HS(I), HCI I), DT(I), OD(I), TKON)

20 CONTINUE
DO 21 1=16, 19
UII)=USTG(HS(I), HC(I), DT(I), 0D(I), TKON)

21 CONTINUE

DETERMINE. BOILING, AND NON-BOILING LENGTHS IN THE EVAPORATORS 
IF(TDL0G(9).EQ.O.) GO TO 72 
IF(X( 10) .LE.O. ) GO TO 690 
QNB-WPi(HF(9)-H(8))/2.0 
IF( I.GT.O.O) GO TO 69
XL(9)=QNB/|U(9)*TDL0G(9)*PI+OD(9)*XN(9))
QBL=W2*(H|10)-HF(9))/2.0
XL(10i=QBL/(U(10)*TDLOG(10)*PI*0D(9)*XN(9))
XLF=XL(9)+XL(10)
FFC=XLF/XLT 
F FCI = 1 .0/(2.0* FFC)
AC FI = 1 ,0/ACF 

69 CONTINUE
XL(9)=QNB/(FFC*U(9)*TDL0G(9)*PI*0D(9)*XN(9))
IF(XL(9).LT.O.O) XL(9)=0.0 
IF|XL(9),GE.XLT)XL(9)=XLT 
GO TO 691

690 X L(9) = X LT
691 XLB=XLT-XL(9)

IF(XL(9).EQ.XLT) U(10)=U(9)
IF(XL(9).EQ.XLT) TDLOG(10)=TDL0G(9)
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1 (W2<*2)
26 CONTINUE

DO 27 1 = 10, .12
CC(I)=4.fDF(I)*(144.«(P(1-1)-P(I))+DPB(I)+E(I)*(W2«*2/4.))/

1 ( ( W2 • 2 ) * PH I ( I) )
27 CONTINUE

CC<13)=DF(13)*(144.*(P(12)-P(13))+DPB(13)+E(13)*(W2**2))/((W2**2)» 
1 PHI(13))
DO 28 1=14, 21
CC(I)=ADEN(I)*(144.*(P(1-1)-P(I))+DPB(I)+E(I)*(W3**2))/(W3**2)

28 CONTINUE 
C C ( 5 ) = 0.0
IF(MODE.NE.O.OR.PD.EO.1. ) DHEA D=(144.»(P(5)-P(4))-DPB(5)- 

1 E(5)*(W2'* 2))/144.
DPRP = DUEAD * 144.0

280 CONTINUE
FLCDD=(CC(4)/ADEN(4))+(CC(6)/ADEN(6))+(((CC(7)/ADEN(7))+(CC(8)/

1 ADEN(8))+(CC(9)/ADEN(9))+PHI|10)*(CC(10)/DF(10))+PHI(11)*(CC(11)/
2 DF(11)HPHI(12)*(CC(12)/DF(12)))/4.)+PHI(13)*(CC(13)/DF(13))
F LCDH=(CC(14)/ADEN(14)) + (CC( IB)/ADEN(15)) + (CC(16)/ADEN(16)) +

1 (CCM 7)/ADEN(17)) + (CC(18)/ADEN(18)) + (CC(19)/ADEN(19)) + (CC(20)/
2 ADEN(20))+(CC(21)/ADEN(21))
HDA=1.0+SIN((PI/2.)*((MF(2)/MFI)-1.))
WN1=WFMAX+EXP((ALOG(WFMAX/WFMIN))*((CVP/CVMAX)-1.))
WAUXN=0.0
IF(TSEC.GE.TNOFW) GO TO 9101 
W1=WN1*W1100 
GO TO 9103

9101 WN1=0.0 
W1=0.0
IF(TSEC.GE.TAUX) GO TO 9102 
GO TO 9103

9102 IF(HUM.GT.HDMAX) CVP=0.0 
IF(HDM.LT.HDAUX) CVP=1.0 
WAUX = 'aAUXM + CVP
W1 = W A U X
H(!)=HAUW
WAUXN=WAUX/WAUXM

9103 CONTINUE
IF(W2.LE.EPS1) W2=EPS1 
IF(W3.LE.EPS1) W3=EPS1 
WN2=W2/W2100 
WN3=W3/W1100 
WNI=W!/W1100

C INTRODUCE THE DUMMY VECTOR "Yu
DO 29 1=1, 11 
Y( I ) = TCS( 1 9-1 )

29 CONTINUE
DO 30 1=12, 30 
Y(I)=H<1-9)

30 CONTINUE
Y{31)=ALFA 
Y(32) W2 
Y(33)=W3 
Y(34)=MT(2)
Y(35)=UI(2)
Y(3G)=HDM 
Y(37)=WM3 
Y(38)=WM1 
Y(39)=CVP
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39 CONTINUE
DO 40 J=29, 30
TAU(J)=DEN(U-9)*V(J-9)/W3

40 CONTINUE
SLIF=1.~(DSPEED/SSPEED)*ALFA
DTDMS = -OKMM*DSPEED/SSPEED*((A2~A1 *(SL*P**2))/((A1*(SLIP**2)+A2)** 

12) )
CALL PTIME(ALFA,WN2,AZ.TS.TR.DTRPS.DTRPF)
TAU(31)=PC0N2/(DTRPF+DTRPS-DTDMS)
TAU(32)-ALTDD/(2.*(FLCDD-ETDD)*W2)
TAU(33)-ALTDH/(2.*(FLCDH-ETDH)»W3)
TAU(34)=9999.999/3600.0 
TAU(35)=9999.999/3600.0 
T AU(36) = T AUS( 1 )/3600.0 
TAU(37)=TAUS(2)/3600.0 
TAU(38)=TAUS(3)/3600.0 
TAU(39)=TAUS(4)/3600.0 
DO 41 1=1, 39 
NULL(I)=0

41 CONTINUE 
U= 1
DO 42 1=1, 39
IF(0.7*ABS(TAU(I)).GE.S) GO TO 42 
NULL(J)=I 
d = JH-1

42 CONTINUE
DO 43 1=1, 39
TCM(I )= T AU(I)*3600.0

43 CONTINUE
44 CONTINUE

iF(MODE.NE.0) GO TO 440 
DO 143 1=1, 33 
NU L L(I) = I 

143 CONTINUE
NU L L(34)=36 
NULL!35)=37 
NULL!36)=38 
NULL(37)=39 
NUL L(38)=0 
NULL(39)=0 

440 CONTINUE
C DETERMINE THE RECIRCULATION PUMP CAVITATION CONDITION

CALL SWA TER(P(4) ,TSW,HSW,HSS,HWS,DSW,DSS,SSW,SSS)
IF(H(4).GE.HSW) DPRP=0.0 
IF(XL(9).EG.X LT) X(10)=0.0 
IF(XL(10).LE.O.O) Y(10)=Y(9)
IF(XL(10).LE.O.) Y(19)=Y(18)
NCAV=0
IF(DPRP.EQ.O.O) NCAV = 1 
IF(KMM.NE.0.) GO TO 441 
IF(N.NE.O) GO TO 441 
N= 1
T T RIP = T
WRITE(6, 9100) TSEC 

44! IF(NCAV.EQ.NCAVO) GO TO 4200
IF(NCAVO.EQ.O) WRITE(6,9200) TSEC 
IF(NCAVO.EQ.1) WRIT E(6,9199) TSEC 
NCAVO=NCAV

4200 IF(Y(31 ).GT.1 .0) Y(31) = 1.0
IF(Y ( 32).LT.EPS 1 ) Y(32) = EPS1 
IF(Y(33).LT.EPS1 ) Y(33) = EPS1
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d=1
IF(NULL(J).NE.1) GO TO 101 
J = J+ 1 
GO TO 201

101 F(1)=(WI*ACS(19)*(TCS(19)-Y(1))-Q(19))/(ACS(19)*ADS(19)*VS(18))
201 IF(NULL(J).NE.2) GO TO 102 

0 = 0 + 1
GO TO 202

102 F(2)=(WI*ACS(18)*(Y(1)-Y(2))-0(18))/(ACS(18)*ADS(18)*VS(17))
202 IF(NULL(0).NE.3) GO TO 103 

0 = 0+1
GO TO 203

103 F ( 3 ) = ( WI * ACS ( 1 7 ) * ( Y-( 2 ) - Y ( 3 ) ) -0 ( 1 7 ) ) / ( ACS ( 1 7 ) * ADS ( 1 7 ) * VS ( 1 6) )
203 IF(NULL(0).NE.4) GO TO 104 

0 = 0+1
GO TO 204

104 F(4)=(W1*ACS(16)+(Y(3)-Y(4))-Q(16))/(ACS(16)*ADS(16)*VS(16))
204 IF(NULL(0).NE.5) GO TO 105 

0 = 0 + 1
GO TO 205

105 F(5)=(WI/2.0)*(Y(4)-Y(5))/(ADS(15)*VS(14))
205 IF(NULL(0).NE.6) GO TO 106 

0 = 0+1
GO TO 206

106 F(6)=(WI/2.0)*(Y(5)-Y(6))/(ADS(14)*VS(13))
206 IF(NULL(0).NE.7) GO TO 107 

0 = 0+1
GO TO 207

107 F(7)=(WI/2.0)*(Y(6)-Y(7))/(ADS(13)*VS(12))
207 IF(NULL(O).NE.8) GO TO 108 

0 = 0+1
GO TO 208

108 F(8)=(WI/2.0)*(Y(7)-Y(8))/(ADS(12)+VS(11))
208 IF(NULL(d).NE.9) GO TO 109 

0 = 04 1
GO TO 209

109 F(9)=(WI/2.0)*(Y(8)-Y(9))/(ADS(11)*VS(11))
209 IF(NIU.L(0) .NE.10) GO TO 110 

0 = 0+1
GO TO 210

110 I F(VSMO) . LE.O.O) GO TO 1100
F( 10) = ( (WI/2 . ) * ACS ( 1 0) * ( Y(9)-Y ( 10) )-Q( 1.0) ) / ( ACS ( 1 0 ) » ADS (1 0 ) * VS ( 1 0 )

1 )
GO TO 210 

1100 F(10)=r(9)
210 IF(NULL(d).NE.11) GO TO 111 

0 = 0+1
GO TO 211

111 F(11)=((WI/2.0)*ACS(9)*(Y(10)-Y(11))-Q(9))/(ACS(9)*ADS(9)*VS(9))
211 IF(NULL(0).NE.12) GO TO 112 

0 = 0 + 1
GO TO 212

112 F(12)=(Y(32)*Y(12)-(Y(32)-W1)*HF(2)-W1*H(1))/(DEN(3)*V(2))
212 IF(NULL(0).NE.13) GO TO 113 

0 = 0 + 1
GO TO 213

113 F(13)=Y(32)*(Y(12)-Y(13))/(CEN(4)*V(4))
213 IF(NULL(0).NE.14) GO TO 114 

0 = 0+1
GO TO 214

114 F(14)=Y(32)*(Y(13)-Y(14))/(DEN(5)*V(5))
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214 IF(NULL(d).NE.15) GD TO 115 
d = d+1
GO TO 215

115 F(15)=Y(32)*(Y(14)-Y(15))/(DEN(6)*V(6))
215 IF(NULL(d).NE.16) GO TO 116 

d = d + 1
GO TO 216

116 F(16)=Y(32)*(Y(15)-Y(16))/(2.*DEN(7)*V(7))
216 IF(NULL(J).NE.17) GO TO 117 

d = J+1
GO TO 217

117 F( 17)--Y(32)» ( Y(16)-Y( 17) )/(2.*DEN(8)*V(8) )
217 IF(NULL(d).NE.18) GO TO 118 

0 = 0+1
GO TO 218

118 IF(V(9).LE.O. ) GO TO 1180
F(18)=0.0
GO TO 218

1180 FM0)--(Q(9) + ( Y(32)*(Y( 17)-Y( 18) )/2.0) ) / ( DEN ( 9 ) * V ( 9) )
218 lF(NULL(d).NE.19) GO TO 119 

0 = 0+1
GO TO 219

119 IF( VM 0) . LE. 0. ) GO TO 1190
F(19)=(Q<10)+(Y(32)*(Y(18)-Y(19))/2.))/(DEN(10)*V(10)) 
GO TO 219 

1190 Y(19)=Y(18)
F ( 1 9 ) = F ( 1 8 )

219 IF(NULL(d).NE.20) GO TO 120 
0 = 0+1
GO TO 220

120 F(20)=Y(32)*(Y(19)-Y(20))/(2.* DEN(11)*V(11))
220 IF(NULL(d).NE.21) GO TO 121 

0 = 0 + 1
GO TO 221

121 F(21)=Y(32)*(Y(20)-Y(21))/(DEN(12)»V(12))
221 IF(NUI.L(0) .NE.22) GO TO 122 

0 = 0+1
GO TO 222

122 F(22)=Y<32)*(Y(21)-Y(22))/(DEN(13)*V(13))
222 IF(NULL(0).NE.23) GO TO 123 

0 = 0+1
GO TO 223

123 F(23)=Y(33)+(HG(13)-Y(23))/(DEN(14)*V(14))
223 IF(NULL(0).NE.24) GO TO 124 

0 = 0+1
GO TO 224

124 F(24)=Y(33)*(Y(23)-Y(24))/(DEN(15)*V(15))
224 IF(NULL(0).NE.25) GO TO 125 

0 = 0 + 1
GO 10 225

125 Ft 25 ) = (QM6)+Y(33)* ( Y( 24)-Y(25) ) ) / ( DEN ( 1 6) * V ( 1 6) )
225 IF(NULL(0).NE.26) GO TO 126 

0 = 0+1
GO TO 226

126 F(26) = (0(17)+Y(33)*(Y(25)-Y(26)))/(DEN(17)*V(17))
226 IF(NULL(0).NE.27) GO TO 127 

0 = 0+ 1
GO TO 227

127 F(27)=(Q(18)+Y(33)*(Y(26)-Y(27)))/(DEN(18)*V(18))
227 IF(NULL(d).NE.28) GO TO 128 

0 = 0+1
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GO TO 228
128 F(28) = (Q(19)+Y(33)*(Y(27 5 -Y(28)))/(DEN(19)*V(19))
228 IF(NULL(J).NE.29) GO TO 129 

d = J+1
GO TO 229

129 F(29)=Y(33)*<Y(28)-Y(29))/(DEN(20)*V(20))
229 IF(NULL(J).NE.30) GO TO 130 

u = J + 1
GO TO 230

130 F(30)=Y(33)*(Y(29)-Y(30))/(DEN(21)*V(21))
230 1F(NU LL(J).NE.31) GO TO 131 

J = J+ 1
GO TO 231

131 S L1P = 1 .-(DSPEED/SSPEED)*Y(31 )
TDM=0KMM»3LIP/(A1!SLIP*SLIP+A2)
WN2=Y(32)/W2100
CALL PT0RQ(Y(31),WN2,RPT)
CALL TFRIC(Y(31),AZ,TS,TR,TMIN,TFR)
F(31)=(TDM-RPT-TFR)/PC0N2

231 IF(NULL(J)-NE.32) GO TO 132 
d = d+ 1
GO TO 232

132 WN2=Y(32j/W2100
CALL PHEAD(Y(31),WN2,HRP)
DPRP=144.*HRP«DHEAD 
IF(H(4,i .GE.HSW) DPRP = 0.0
F(32)=(DPRP+DPBDD+ETDD*(Y(32)»*2)-FLCDD*Y(32)*ABS(Y(32)))/ALTDD

232 IF(NULL(d).NE.33) GO TO 133 
J = d+1
GO TO 233

133 F(33)=(144.*(P(2)-P(21))+DPBDH+ETDH*Y(33)*Y(33)-FLCDH*Y(33)*
1 ABS(Y(33)))/ALTDH

233 1F(NULL(d).NE.34) GO TO 134 
d = d+1
GO TO 234

134 F(34)=W1-Y(33)
234 IF(NULL(J).NE.35) GO TO 135 

d = d+1
GO TO 235

135 F(35)=Y(32)+(Y(22)-Y(12))+W1*H(1)-Y(33)*HG(2)
235 IF(NULL(J).NE.36) GO TO 136 

U = d+1
GO TO 236

136 F(36)=<HDA-Y(36))/TAU(36)
236 IF(NULL(d).NE.37) GO TO 137 

d = d+1
GO TO 237

137 F(37)=((Y(33)/W1100)-Y(37))/TAU(37)
237 IF(NULL(d).NE.38) GO TO 138 

d = d+ 1
GO TO 238

138 F(38)=((W1/W1100)-Y(38))/TAU(38)
238 IF(NULL(d).NE.39) GO TO 139 

RETURN
139 EHD=HDSP-Y(36)

T FW“K FW * EHD 
EFWV=TFW+Y(37)-Y(38)
IF(ABS(EFWV).LE.0.01) EFWV=O.C 
F(39)=(KCV*EFWV)/TAU(39)
RETURN

C
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309 V(9)=TCS(11)
J = J+1
IF(MODE.EQ.O) TCS(10)=Y(9)

^09 IF(NULL(o).EO.10) GO TO 310 
GO TO ^10

310 CALL PROMTT(WI,ACS(10),TCS(10 I ,Y(10),TM(9).TM(10) ,U(10) ,AT(10), 
1 FFCI)
IF(XL(10).LE.0.0) Y(10)=TCS(10)
J = J+ 1

410 IF(NULL(J).EQ.11) GO TO 311 
GO TO 411

311 CALL PROMTT(WI,ACS(9),TCS(9),Y(11),TM(8),TM(9),U(9),AT(9),FFCI)
.1 = 0+1

411 IF(MUlL(J).EQ.12) GO TO 312 
GO TO 412

312 Y( 12) + i ( W2-W1 )+HF(2 )+W1 *H( 1 ) )/'W2 
0 = 0+1
IF(MODE.EQ.O) H(3)=Y(12)

412 IF(NULL(J).EQ.13) GO TO 313 
GO 10 413

313 V ( 13) “H ( 3 )
0 =• vl+ l
IF(MODE.EQ.O) H(4)=Y(13)

413 IF(MULL(0) .EQ.14) GO TO 314 
GO TO 414

314 Y ( 14) !1(4)
0 = 0+1
IF(MODE.EQ.O) H('i) = Y(14)

414 IF(NULL(0).EQ.15) GO TO 315 
GO TO 415

315 Y(15)=H15}
0 = 0+1
IF(MODE.EQ.0) H(6)=Y(15)

415 IF(NULMO) .EQ. 16) GO TO 316 
GO TO 416

316 Y(1C)= H(6)
0 = 0-1 1
IF(MODE.EQ.0) H(7)=Y(16)

416 IF(NuLU0).EQ.17) GO TO 317 
GO TO 417

317 Y(17)=H(7)
0 = 0+1

417 IF(MULL(J).EQ.18) GO TO 318 
GO TO 418

310 IF(XUIO).LE.O.O) GO TO 3180 
Y(18)=UF(9)
GO TO 3181

3180 Y(IB)=H(B) + t 2.*Q(9)/W2)
3131 0=0+1
418 IF(NULL(J).EQ.19) GO TO 319 

GO TO 419
319 Y(19)=H(9)+(2.*Q(10)/W2)

IF(XL( i0).LE.0 . ) Y(19)=H(9)
0 = 0 + 1
IF(MOOE.EQ.O) H(10)=Y(19)

419 IF(NULL(J).EQ.20) GO TO 320 
GO TO 420

320 Y(20)=H(10)
0 = 0+1
IF(MODE.EQ.O) H(11)=Y(20)

420 IF(NULL(0).EQ.21) GO TO 321
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GO TO 421
321 Y(21)“M(11)

J = J +1
IF(MODE.EQ.0) H(12)=Y(21)

421 IF(NULL(Ji.E0.22) GO TO 322 
GO TO 422

322 Y(22)=H(12)
J = J T 1

422 IF(tfULL( J) .E<}.23) GO TO 323 
GO TO 423

323 Y(23)=HG(13)
J = J+ 1
IF(MODE.EQ.O) H(14)=Y(23)

423 IF(NULL(J).EQ.24) GO TO 324 
GO TO 424

324 Y(24)-H(14)
J = J+ 1
IF(MODE.EQ.O) H(15)=Y(24)

424 IF(NULL(4).EO•25) GO TO 325 
GO TO 425

325 CALL ENTH(H(15),W3,TCS(16),TCS(15),TM(15),TM(16),TDLOG(16),U(16), 
1 AT(1G),ACF,P(16),Y(25))
J = J+ 1

425 IF(NU LL(J).EO.26) GO TO 326 
GO TO 426

326 CALL ENTH(H(16),W3,TCS(17),TCS(16),TM(16),TM(17),TDLOG(17),U(17), 
1 AT(17),ACF,P(17),Y(26))
J = J + 1

426 IF(NULL(J).E0.27) GO TO 327 
GO TO 427

327 CALL ENTH(HM 7),W3,TCS(18),TCS(17),TM(17),TM(18),TDLOG(18),U(18), 
1 AT(18).ACF,P(18),Y(27))
J = J+1

427 IF(NULL(iJ) .EQ.28) GO TO 328 
GO TO 428

328 CALL ENTH(H(18),W3,TCS(19),TCS(18),TMi18),TM(19),TDLOG(19),U(19), 
1 AT(19),ACF,P(19),Y(28))
d = J + 1
IF(MODE.EQ.0) H(19)=Y(28)

428 IF(NULL(J).EO.29) GO TO 329 
GO TO 429

329 Y(29)=H(19)
J = J*1
IF(MODE.EO.O) H(20) = Y(29)

429 IF(NULL(J).EO•30) GO TO 330 
GO TO 430

330 Y(30}=H(20)
J = U+1

430 IFINULL(d).E0.31) GO TO 331 
GO TO 431

331 WN2=W2/W2100
CALL RPSPD(Y(31),WN2,QKMM,TDM,RPT,TFR,SLIP) 
d = J+1

431 IF(NULL(d).EQ.32) GO TO 332 
GO TO 432

332 ASAV = FLCDD-ETDD 
HSAV=H(4)
DO 3325 1=1,15
WN2=Y(32)/W2100
CALL PHEAD(A LFA,WN2,HRP)
DPRP=144.*HRP*DHEAD
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IF(HSAV.GE.HSW) DPRP=0.
ARG=(DRRP+DPBDD)/ASAV 
IF(ARG.LT.EPS2) ARG=EPS2 
YNEW=SORT(ARG)
Y(32)=(Y(32)+YNEW)/2.
DIV=t.-YNEW/Y(32)
IF(DIV.LE.EPS1) GO TO 3329 

3325 CONTINUE 
3329 J=J+1
432 IF(NUIL(J).EQ.33) GO TO 333 

GO TO 433
333 ARG=(144.*(P(2)-P(21))+DPBDH)/(FLCDH-ETDH) 

IFIARG.LT.EPS2) ARG=EPS2 
Y(33)=SC?RT(ARG)
J = d+ 1

433 IF(NULL(J).EQ.34) GO TO 334 
GO TO 434

334 Y(34)-MT(2)
J = d+1

434 IF(NU L L(J).EQ.35) GO TO 335 
GO TO 435

335 Y(35)-UI(2) 
d = d+ 1

435 IF(NULL(d).EQ.36) GO TO 336 
GO TO 436

336 Y(36)=HDA 
d = d+1

436 IF(NULLld).EQ.37) GO TO 337 
GO TO 437

337 Y(37)-W3/W1100 
d = d+1

437 IF(NULL(d).EQ.38) GO TO 338 
GO TO 438

338 Y(38)=(W1/W1100) 
d = d+1

438 IF(NUlL(d).EQ.39) GO TO 339 
GO TO 55

339 ALSAV = (KFW*( HDSP-HDIVI)+WM3)/WFMAX
Y(39)=CVMAX+ALOG!ALSAV)/A LOG!WFMAX/WFMIN) 

55 CONTINUE
DO 56 1=1, 11
TCS(19-1)=Y(I)

56 CONTINUE
DO 57 1=12, 30 
H(I-9)= Y(I)

57 CONTINUE
A L F A = Y ( 31 )
W 2 = Y ( 3 2 )
W 3 = Y(33)
M T ( 2 } = Y ( 34 )
UI(2) = Y(35)
HDF.' = Y ! 36 )
WM3=Y{37)
WM1=Y(38)
CVP=Y(39)
IF(W3.LE.EPS 1) W3 = EPS1 
I F(W2.LE.EPS 1 ) W2 = EPS 1 
IF((TAU(32)-»C.7).LT.S) F(32)=0.0 
IF((TAU(33;*0.7).LT.S) Ft 33)=0.0 
IF(MODE.EO.0) F(32)=0.0 
IF(MODE.EQ.0) F(33)=0.0
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c
C CALCULATE LOCAL PRESSURES

CALL DiiUM( P( 2) ,UI (2 ) , V(2) , EPSI ,MT(2) ,MG(2) ,MF(,2) , PNEW)
P(2)-PNEW 
P(3)=P(2)
P(4) = ((DPB14)+E(4)*W2*W2-(CC(4)/ADEN(4))*W2*W2-A L(4)* F(32))/144.) + 

1 P ( 3 J
CALL PHEAD(ALFA, WN2, HRP)
DPRP=144.0 » HRP*DUEAD
CALL SWATER( P (4) , TSuJ, HSW , HSS , HWS , DSW , DSS , SSW, SSS)
IF(H(4).GE.HSW) DPRP=0.0
P(5)=((DPB(5)+E(5)*W2*W2+DPRP'/144.)+P(4)
P(6)=((DPB(6)+E(6)*W2*W2-(CC(6)/ADEN(6))*W2*W2-AL(6)*F(32))/144.)+ 

1 P(5)
P(7) = ( (DPB(7) + (E(7)/4.)*W2*W2-(CC(7)/(4.*ADEN(7)))*W2*W2-(AL(7)/2. 

1 )*F(32)1/144.)+P(6)
P(8) = ( ( DPB( 0) + (EIQ)/4.)*W2*W2-(CC(8)/(4.*ADEN(8I))*W2*W2-(AL(8)/2.

1 )*F(32))/144.)+P(7)
P(9) = ((DPB(9) + (E(9)/4.)*W2*W2-(CC(9)/(4.* ADEN(9)))*W2*W2-(AL(9)/2. 

1 )*F(32))/144.)+P(8)
P(10) = ( (DPB( 10) + (E(10)/4. )*W2 W2-(CC(10)/(4.*DF(10)))* PH I(10)*W2*

1 W2-(AL(10)/2. )*F(32))/144. )+P(9)
IF(XL( 10) . LE .0. ) P(10)=P(9)
P(11)=((DPB(11)+(E(11)/4.)*W2•W2-(CC(11)/(4.*DF(11)))*PHI(11)*W2*

1 W2-(AL(11)/2.)*F(32))/144.)+P(10)
P(12) - ( (DPO(12) + (E(12)/4. )*W2•W2-(CC(12)/(4.*DF(12)))* PH I(12)+W2*

1 W2-(AL(12)/2. )* F(32))/144.)+P(1 1)
P(13)=P(2)
P(14)=((DPB(14)+E(14)*W3*W3-(CC(14(/ADEN(14))*W3*W3-AL(14)*F(33))/ 

1 144. ) + P(13)
P(15)=((DPB(15)+E(15)*W3+W3-(CC(15)/ADEN(15))*W3*W3-AL(15)*F(33))/ 

1 144.)+P(14)
P(16)=((DPB(16)+E(16)*W3»W3-(CC(16)/ADEN(16))*W3*W3-AL(16)*F(33))/ 

1 144.)+P(15)
P(17)=((DPB(17)+E(17)*W3*W3-(CC(17)/ADEN(17))*W3*W3-AL(17)*F(33))/ 

1 144.)+P(16)
P(18)=((DPB(18)+E(18)*W3*W3-(CC(18)/ADEN(18))*W3*W3-AL(18)*F(33))/ 

1 144.)+P(17)
P(19) = ( (DPB(19) + E(19)*W3*W3-(CC(19)/ADEN(19))*W3*W3-AL(19)*F(33))/ 

1 144.)+P(18)
P(20)=((DPB(20)+E(20)*W3*W3-(CC(20)/ADEN(20))*W3*W3-AL(20)*F(33))/ 

1 144.)+P(19)
IF(X(9).EQ.O.) CALL SWATER(P(9),TM(9),HF(9),HG(9),HFG(9),DF(9),DG( 

19) ,SV F(9),SVG(9))
IF(XL(10).GT.0.0) H(9)=HF(9)
RETURN
ENTRY PUTSG2 
WRITE(6, 460)
IF(KCA LC.EO- 1 ) WRIT E(6, 7200) (I, TCM(I), 1 = 1, 39)
WRITE(6, 550) WN1, WN2, WN3, WNI
IF(TSEC.GE.TAUX) HAUWP=HAUW*ENTFAC
IF( TSEC.GE. TA'UX) WRITE(6, 9104) T AUX , HAUWP , WAUXN
DO 9991 1=1,21
P(I)=P(I)*PFAC

9991 H(I)=H(I)*ENTFAC 
CALL TMPCON(1,21,TM)
CALL TWPCON(1,19,TCS)
DO 9992 1=9,10 
TDLOG(I) = TDLOG(I)*T FAC 
U(I)=U<I)*XHPAC

9992 XL(X)=XL(I)*XFAC
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DO 3993 1=16,19 
TDLOGl I ) = TDLOG(I)^ T FAC

9993 U(I)= U(I)*XHFAC 
HFLUX(10)=HFLUX(10)+FLXFAC 
UI ( 2 ) =UI ( 2) t-EFAC
DPRP = DPRP*FJFAC
WRITE!6, 600) (I, P(l), 1=1, 21)
WRITE!6, 650) (I, H(I), I=), 21)
WRITE! 6, 700) (I,H1(I), 1 = 1, 21)
WRITE(6, 750) (I, TCS(I), 1=8, 19)
W R I E E(6, 7 30 0 ) (I, TDLOG(I), 1=9, 10)
WRITEie, 8000)(I,.U(I), 1=9, 10)
W RIT E(6, 8300)(I, TDLOG(I),I = 16, 19)
WRITE!6, 9000)(I. U(I), 1=16, 19)
WRI 16(6, 950)HFLUX( 10),X(10),XL(9),XL(10)
WRIT E(6, 360) UIi2) ,HDA,CVP,ALFA,DPRP 
DO 9094 1=1,21 
P ( I ) = P( 1 ) /P EAC

9994 H(I)= H( I)/EMT FAC 
CALL 1MPC0N{0,21,TM)
CALL IMPCON(0,19,TCS)
DO 9395 1=9,10
TDLOG!I) = TDLOG(Il/TFAC
U( I ) =U( I )/ XI!F AC

9995 X L(I) = X L(I )/ XFAC 
DO 9996 1=16,19 
TDLOG!I)=TDLOG(I)/TFAC

9996 U( I )=U( I ) /X! t F AC
HFLUX(10)=HFLUX(101/FLXFAC 
U M 2)= UI(2)/EFAC 
DF RP = DP R P/PE AC

460 FORMAT (/,2X,36( 1 * 1 ),3X, 1S T E A M'.SX.'G E N E R A T I 0 N'.SX,
1 'L 0 0 P - 2 1 , 3X , 36 ('■*')/)

550 FORMAT(2X,'FEED WATER FLOW =',F6.4,2X, 1 WATER/STEAM FLOW =1 ,F6.4,
1 2X, 'STEAM FLOW =‘ ,F6.4,2X, 1 I NT. SODIUM FLOW =',F6.4/)

600 FORMAT(7(2X,'P',12,1 =',1PE11.4))
650 FORMAT(7(2X, 'H* ,12, 1 =1 ,1 PE 11 .4 ) )
700 FORMAT(7(2X,'TM1,12,' =',F10.4))
750 FORMAT!7{2X,'TCS1,12,' =',F1C.4))
000 FORMAT(/,3X,1<<<<<<<<<< WARNING DRYOUT OCCURED IN THE E

1VAPORAT ORS OF LOOP-2 AT TIME = ',F12.4,,' SECONDS »»»»»'/)
950 FORMAT(/,2X, 1 HEAT FLUX =1 ,1 PE 13.6,24X,

1 'OUTLET STEAM QUALITY =' ,1 PE 13.6/,2X, 1NON-BOILING LENGTH =',
2 1PE13.6,13X,'BOILING LENGTH =',1PE13.6)

960 FORMAT(/,2X, 1 DRUM INT. ENERGY =1 ,1 PEI 1 .4,3X, 'DRUM LEVEL =', 
10PF7.4.3X,'CVP =',F7.4,3X,'ALFA =1,F7.4,3X,'DPRP =',1PE11.4)

7200 FORMAT(3X,'TAU:',8(I3.F10.6))
7300 F0RMAT(31X,'TDLOG:', 2(I3,F14.4))
8000 FORMAT(31X,1U :', 2(13,F14.4))
8300 FORMAT(15X,'TDLOG:',4(13,614.4))
9000 FORMAT)15X,'U :',4(I3,F14.4))
9100 FORMAT(/20X,1**** RECIRCULATION PUMP #2 TRIP AT',F8.4,

1 1 SEC ****'/)
9104 F0RMAT(2X,'AUXILIARY FEED WATER AVAILABLE AT'.FS.S,' SECONDS',2X,

1 'ENTHALPY =' ,1 PE 11.4,2X, 1AUX. WATER FLOW =',0PF6.4)
9200 FORMAT)/,3X, '<««««< WARNING RECIRCULATION PUMP IN L

10OP-2 ENTERS CAVITATION AT TIME =',F12.4,' SECONDS »»»»»'/) 
9199 FORMAT(/,3X,'<<<<<<<<<< WARNING RECIRCULATION PUMP IN L

10OP-2 OUT OF CAVITATION AT TIME =',F12.4,' SECONDS »»»»»'/) 
RETURN 
END
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SUBROUTINE TURBO! MODE , W31, Vi32 , H211, H21 2 , PD)
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 
c
C STEAM HEADER THERMODYNAMICS AND CONTROL SIMULATION
c
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc

REAL MH, K TV, KDV, IE
COMMON/RUNGNO/KRUNG,KCALC
COMMON/ALLR/DUR91(477),Y(5),DUR92(7)
COMMON/A L LF/DUF91(477),F(5),DUF92(7)
COMMON/A L LNU L/DUN91 (477) ,NULL!5),DUN92(7)
COMMON/PHDR/PH,TMH
COMMUN/MISC/T,TSEC,I COUNT,S,SSEC,I PR I NT,TMAXSC 
COL’MON/ LOOP/X LOOP
COMMON/FACT/FDUMt(2),VFAC,WFAC,PFAC,FDUM2(9),ENT FAC,GC 
NAMLLlST/SHD1/VH,KTVtKDV,TVP,DVP,TAU,PSPTV,PSPDV,PSPRV 
NAMELIST/SHD2/WT100,WNMAX,WNMIN1PH,PC,CT,CTV,CDV,CRV 
M-KRUNG+2
GO TO (4000,4300,4100,4200,4150,998),M 

C
C RESTART OPTION

998 VH = VH*-VFAC 
PSPTV =PSPTV*PFAC 
PSPDV^PSPDVt-PFAC 
PSPRV=PSPRV*PFAC 
WT100 = W T100*WFAC 
PH=PH-PFAC
PC = PC'P F AC 
CT=CI*PFAC 
CTV = CTV< PFAC 
CDV = CDV * PFAC 
CRV=CRV/PFAC 
KTV = K TV/3600.
KDV=KDV/3600.
TAU = TAU» 3G00.
IF(PD.EO.1.) WT100=WT100*WNTV 
GO TO 999

C READ INPUT DATA
4000 READI5, SHD1 )

REAU(5, SHD2)
C
C PRINT INPUT DATA

999 WRITE(6, SHD1)
WRIT E(G, SHD2)

C CONVERT INTO PROPER UNITS
VH=VH/VFAC 
PSPIV=PSPTV/PFAC 
PSPDV=PSPDV/PFAC 
PSPRV=PSPRV/PFAC 
WT100=WT1OO/WFAC 
PH--PH/PFAC 
PC=PC/PFAC 
CT=CT/PFAC 
CTV=CTV/PFAC 
CDV=CDV/PFAC 
CRV=CRV*PFAC 
L = 0
KTV=KTV*3600.0 
KDV=KDV*3600.0 
TAU=TAU/3600.0 

C
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C CALL STEAM TABLES & DETERMINE INITIAL CONDITIONS
H=H21I
TMH=T STEAM(H, PH)
SVG=SPVOL2(TMH, PH)
MH=VH/SVG
SIE=H-(144./778.)*PH*SVG
IE=SIE*MH
PM = PH
WTV=W31+XL00P*W32
WDV=0.0
WRV=0.0
XR=WNMAX/WNMIN 
A=ALOG(XR)
Y{1)=MH 
Y(2)=IE 
Y(3)= PM 
Y(4)= TVP 
Y(5)=DVP 
RETURN
SET-UP THE COMPONENTS OF NULL VECTOR 

4150 DO 1 U=1, 5 
1 NULL(U)=0

IF(TAU.LE.S) NULL(1)=3 
IF(MODE.EQ.O) NULL(1)=3 
TAUSC=TAU*3600.0
DEFINE THE FUNCTION OF VARIABLES "Y"

4100 Y(1)=MH
Y ( 2 ) - I E
Y ( 3)= PM 
Y(4)=TVP 
Y(5)=DVP
IF(MODE.EO.4) GO TO 10 
IF(MODE.EQ.5) GO TO 11 
GO TO 12

10 IF(L.EO-O) WRITE(6, 500) TSEC 
L=1
GO TO 12

11 IF(L.EQ.O) WRITE(6, 600) TSEC 
L = 1

12 CONTINUE
4200 IF(Y(4).LT.O.) Y(4)=0.0 

IF(Y(4).GT.1.) Y(4)=1.0 
IF(Y(b).LT.O.) Y(5)=0.0 
IF(Y(5).GT.1.) Y(5)=1.0 
ALFA-(EXP(-2.0*Y(4)<A))/(WNMIN**2)
WNI V - ( (PH-PC)/((CT+CTV)*ALFA))**0.5 
IF(MODE.EO.4 ) WNTV = 0.0 
WTV=WNTV*WT100 
IF(MODE.EQ.5) Y(5)=1.0 
WNDV=Y(5)*(((PH-PC)/CDV)**0.5)
WDV=WNDVtWT100 
WNRV=CRV*(PH-PSPRV)
IF(WMRV.LT.O.O) WNRV=0.0 
IF(WNRV.GT.1.0) WNRV=1.0 
WRV=WNRV*WT100 
ETV=(Y(3)-PSPTV)/PSPTV 
EOV=(Y(3)-PSPDV)/PSPDV
THROTTLE VALVE DEADBAND
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IF(ABS(ETV).LE.O.001) ETV=0.0 
IF(ETV.LT.O.O) GO TO 4 
IF(ABS(ETV).GE.O.1) ETV=0.1 
GO TO 5

4 IF(ABS(ETV).GE.O.10) ETV=-0.1
5 CONTINUE

DUMP VALVE DEADBAND 
IF(ABS(EDV).LE.O.001) EDV=0.0 
IF(EDV.LT.O.) GO TO 6 
IF(ABS(EDV).GE.0.03) EDV=0.03 
GO TO 7

6 IF(ABS(EDV).GE.0.03) EDV=-0.03
7 CONTINUE
F(1)=(W31+XL00P*W32)-lWTV+WDV+WRV)
F(2)=h31*H211+XLOOP< W32*H212~iWTV+WDV+WRV)*H 
IFiNULL)1).EQ.3) GO TO 8 
F(3) = (PH-YI 3))/TAU

8 F(4)=KTV*ETV 
F(B)=KDV*EDV 
RETURN

4300 IF(NULL(1).NE.3) GO TO 9 
Y(3)=PH

9 M H - Y ( 1 )
IE=Y(2)
PM=Y(3)
TVP=Y(4)
DVP-/(51
1F(TVP.LT.O.O) TVP=0.0 
IFITVP.GT.1.0) TVP=1.0 
IF(DVP.LT.O.0) DVP= 0.0 
IF(DV P.GT.1.0) DVP=1.0 
SIE=IE/MH 
SVH=VH/MH
CALL HEADER)PH,SIE.SVH.H,TMH,PNEW)
PH=PNEW
ALFA=(EXP(-2.0-*TVP*A) )/( WNMIN»-*2)
WNTV-((PH-PC)/((CT+CTV)*ALFA))**0.5
IF(MODE.EO.1) WNTV=0.0
WNDV DVP*(((PH-PC)/CDV)**0.5)
WNRV=CRV*(PH-PSPRV)
IF(WNRV.LT.O.O) WNRV=0.0 
IF(WNRV.GI.1.0) WNRV=1.0 
RETURN
ENTRY PUTTUR 
WRITE(6, 100)
IF(KCA LC.EQ.1 ) WRITE(6, 700) TAUSC 
WRITEI6. 200) TVP, DVP 
WRITE(6, 300) WNTV, WNRV, WNDV 
PH=PHfPFAC
CALL TMPCON)1,1,TMH)
H-H * ENT F AC
WRITE)6, 400) PH, TMH, H 
PH=PH/PFAC
CALL TMPCON)0,1,TMH)
H = H/ENT FAC

100 FORMAT)/,2X,30)'t'),3X,1S TEAM HEADER',3X,
1 'THERMODYNAMIC S',3X,30)'*')/)

200 F0RMAT(8X,'THROTTLE VALVE POSITION =',F6.4,31X,'DUMP(BYPASS) VALVE 
1 POSITION =',F6.4)

300 F0RMAT(8X, 'THROTTLE VALVE FLOW =' ,F6.4,3X,'RE LIEF VALVE FLOW =
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1',F6.4,3X,'DUMP(BYPASS) VALVE FLOW =',F6.4)
400 FORMAMBX,'HEADER PRESSURE =1,1PE11.4,7XTEMPERATURE =',0PF10.4,

1 ex, 'SPECIFIC ENTHALPY*1 ,1 PEI 1 .4)
500 FORMAT(/1OX,15(1<'),1 WARNING TURBINE TRIPPED AT TIME 

1 1-12.4,' SECONDS' , 15( ' > ' ) / )
600 FORMAT(/10X,15(' WARNING BYPASS(DUMP) VALVE',

1 ' ACCIDENTALLY OPENED AT TIME ='^12.4,' SECONDS ',15('>')/)
700 FORMAT(25X,'TIME CONSTANT OF THE HEADER PRESSURE GAUGE =',F10.6,

1 ' SECONDS')
RETURN
END
SUBRUU T I NE SCR AM ( MS CRAM , KMM 1 , F MM2 , KMS I , KRIS 2 , KMG1 , KMG2) 

CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 
C PLANT PROTECTION SYSTEM SIMULATION C
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC 

REAL KMM1,KMM2,KMS1,KMS2.KMG1.KMG2 
DIMENSION NuSCRM(1b),PMPUELI6;,TAU(7)
DIMENSION )PR T(4)
COMMON/FACT/XFAC,FDUM1(15)
COMMON/MISC/THOUR,T,ICOUNT,SHOUR,DT,iPRINT,TMAXSC 
COMMON/R UNGNO/K RUNG,KCALC 
COMMON,'A LLR / DUM 1 0 ( 482 ) ,R( 7)
COMMON/ALLF/DUF10(482),F(7)
COMMON/A L LNU L/DUN10(482) ,NULL!7)
COMMON/T RIPS/T SCRM(2),T T RIP(6)
COMMON/SCRH/A LM1 ,ALV2,PRES,WM1 ,WM2,ZRV0P 
COMMON /SCRM/ALIM1 ,ALIM2,WIM1 .ViIM2,TIHX1 , TIHX2 
COMMON/SCRP/PNRM,RO
COMMON/SCRT/HDM1,HDM2,TEVAP1,TEVAP2,WSTM1,WSTM2,WFWM1,WFWM2 
NAME LIS T/SCR1/NOSCRM.DELAY,PMPDEL
NAMELIST/SCR2/PLIWI,TC0N,A2,B2,C2,D2,A3,B3,C3,D3,A4,B4,C4,A6,B6,C6,  

1 AB.ZLEVEL.THXSCR
NAMELIST/SCR3/A11,B11,C1i,A12,B12,Cl 2,DRUMAX,TVAPSC 
NAMELIST/SCR4/TAU 
DATA L,M/0,0/
MG0=KRUNG+2
GO TO (1,4,1001,1002,2,999),MGO

RESTART OPTION 
999 CALL IMPCONt1,1,THXSCR)

CALL TMPCON!1,1.TVAPSC)
ZLEVF L = ZLEVEL*XFAC 
GO TO 1000 

C READ INPUT DATA
1 READ(5,SCR1)
READ I 5,SCR2)
READ(5,SCR3)
READ(5.SCR4)

C PRINT INPUT DATA
1000 WRIT E t 6,SCR 1 )

WRI IE(6,SCR2)
WRITE(6,SCR3)
WRIT F(6,SCR4)
CALL T’APCON (0.1 .THXSCR )
CALL TMPCON(0,1,TVAPSC)
ZLEVEL=ZLEVEL/XFAC 
R(1)=PRES 
R(2)=ZRVOP 
R(3)=PNRM 
R ( 4 ) = T IHX1 
R(5)* TIHX2
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3
1001
1002

1015 
1 020

1025
1030

1035
1040

R(6)=TEVAP1 
R(7)=TEVAP2 
DE LINT=1 .
GO TO 2080 
J=1
DO 3 1-1 ,7
IF((TAU(I)*0.7).GE.DT) GO TO 3
NULL(J)=I
d=-J‘+1
CONTINUE
CONTINUE
J=1
IF(NULL(d).NE.1) GO TO 1015
d = ij+1
GO TO 1020
F(1)=(PRES-R(1))/TAU(1)*3600. 
IF(MJLL<d).NE.2) GO TO 1025 
U = J+ 1
GO TO 1030
F(2)-(ZRVO°-R(2))/TAU(2)*3G00. 
IF(NULL(J).NE.3) GO TO 1035 
d = J + 1
GO TO 1040
F(3)-(PNRM-R(3))/TAU(3)*3600. 
IF(NULL(d).NE.4) GO TO 1045 
d = J-i 1
GO TO 1050

1045 F(4)-(TIHX1 -R(4))/T AU(4)* 3600. 
1050 IF(NULL(d).NE.5) GO TO 1055 

d = d+1
GO TO 1060

1055 F(5)=(TIHX2-R(5))/TAU(5)*3600. 
1060 IF(NULL(d).NE.6) GO TO 1065 

d = d * 1
GO TO 1070

1065 F(6)=(TEVAP1-R(6))/TAU(6)*3600. 
1070 IF(NULL(d).NE.7) GO TO 1075 

RETURN
1075 F(7)=(TEVAP2-R(7))/TAU(7)*3600. 

RE TURN 
4 d= 1

IF(NU L L(d).NE.1) 
R(1)=PRES 
d = d+1

GO TO 2020

2020 IF(NU L L(d).NE.2) 
R(2)=2RV0P 
d = d+1

GO TO 2030

2030 I F{NULL(d).NE.3) 
R13)=PNRM 
d = d+ 1

GO TO 2040

2040 IF(NULL)d).NE.4) 
R(4)= TIHX1 
d = d + 1

GO TO 2050

2050 IF(NULL(d).NE.5) 
R(5)=TIHX2 
d = J+ 1

GO TO 2060

2060 IF(NULLfd).NE.6) 
R(6) = TEVAP1 
d = d+ 1

GO TO 2070

2070 IF(NU L L(d).NE.7) GO TO 2080
R(7)=TEVAP2
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2080 PRESM-R(1)
ZRV0PM=R(2)
PNRMM=R(3)
TIHXir/l=R(4)
TIHX2M-R(5)
TVAP1M=R(6)
TVAP2M-R(7)

5 IF(TjCRM(1 ).GT.T) GO TO 6 
IF(M.EQ.O) M=1 
IF(M.E().2) M = 3
IF(M3CRAM.EQ.O) MSCRAM=1 
IFIMSCRAM.E0.2) MSCRAM=3

6 IF(T5CRM(2).GT.T) GO TO 9 
IF(M.EQ.O) M=2
IF(M.EO.1) M=3 
IF(USCRAM.EQ.O) MSCRAM=2 
IF(M3CRAM.EQ.1) MSCRAM=3 

9 J = 1
IF(M.EQ.1) GO TO 110 
IF(M.EQ.3) GO TO 200 

10 IF(NOSCRM(J).NE.1) GO TO 15 
J = Ji-1
GO TO 20

15 IF(PNRMM.LT.PEIM) GO TO 20 
M = M+1
T 1 -T + DE LAY 
WR1TE(6,901) T 
GO TO 110

20 DE LIN T=(1 .-DT/TCON)*DELINT + PNRMM*DT/TCON 
ALAVE=(ALM1+2.*ALM2)/3.
IF(NO.r.CRM(d) .NE.2) GO TO 25
JidFI
GO TO 30

25 Y = A2*DEUNT + B2*PNRMM+C2*ALAVE + D2 
I F ( RO . LT . 0 . ) GO TO 30 
IF(Y.GT.0.) GO TO 30 
M-M+1
T1= T + DE LAY 
WRIT E(6,902) T 
GO TO 110

30 IF(NOSCRM(d).NE.3) GO TO 35
0 = J+1
GO 10 40

35 Y = A3<-DEL1NT + B3*PNRMM+C3*ALAVE + D3 
IF(RO.GT.0.) GO TO 40 
IF(Y.GT.0.) GO TO 40 
M-M+1
T1= T + DE LAY 
WRITE(6,903) T 
GO TO 110

40 IF(NOSCRM(d).NE.4) GO TO 45 
0 = 0 + 1 
GO TO 50

45 Y = A4 v PRESM* + 0.5 + B4+PNRMM+C4
1 F ( Y . GT . 0 . ) GO TO 50 
M = M+1
T 1 = T 1-DELAY 
WRITE!6,904) T 
GO TO 110

50 IFINOSCRM(d).NE.5) GO TO 55 
0 = 0+1
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GO TO GO
55 IF((KMM1 *KMM2).NE.0) GO TO 60 

M = M+1
T1= T + DE LAY 
WRITE(6 t 905) T 
GO TO 110

60 IF(NOSCRM(d).NE.6) GO TO 65 
J = i j + 1 
GO TO 70

65 XY=ABS(1.-ALIMI/ALM1+C6/ALM1)-A6/ALM1-B6 
IF(XY.GE.0.) GO TO 67
XY = ABS(1 .-ALIM2/ALM2+C6/A LM1 )-A6/ALM2-B6 
IF(XY.LT.O.) GO TO 70 

67 M=M+1
T1 -T + DE LAY 
WRI1E(G,906) T 
GO TO 110

70 IF(N05CRM(d).NE.7) GO TO 75 
J = J + 1 
GO TO 30

75 IF(ZRVOPM.GT.ZLEVEL) GO TO 80 
M=r.i+1
T1=I+DELAY 
WR1T E(6,907) T 
GO TO 110

BO IF(NOSCRM(d).NE.8) GO TO 85 
J = J+ 1 
GO TO 90

85 XY-ABS(1.-WSTM1/WFWM1)-A8 
IF(XY.GE.O.) GO TO 87 
XY=ABS(1.-WSTM2/WFWM2)-A8 
IF(XY.LT.O.) GO TO 90 

87 M = 1.1+1
T1=T+DELAY 
WRIT E(6,908) T 
GO TO 110

90 IF(NOSCRM(d).NE.9) GO TO 95 
d = J+1 
GO TO 100

95 IF(TIHX1M.GE.THXSCR) GO TO 97 
IF(TIHX2M.LT.THXSCR) GO TO 100 

97 M=M+1
T1= T + DE LA Y 
WRITE!6,909) T 
GO TO 110

100 IF(NOSCRM(d).NE.10) GO TO 105
0 = J+ 1
GO TO 110 

105 CONTINUE
110 IF(M.GE.2) GO TO 200 

DO 111 1=1,11
K=I+d-1
1 F(NOSCRM(K) .EQ.O) GO TO 113 
IF(NOSCRM(K).GE.11) GO TO 113

111 CONTINUE 
113 d=K

I F(NOSCRM(d) .NE.11 ) GO TO 115 
J = d+1 
GO TO 120

115 Y = A11 *(WM1+2.*WM2)/3.+B11+ PNRMM+C11 
IF(Y.GT.0.) GO TO 120
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M = M + 2
T2= r + DE LAV 
WRITE(6,911) T 
GO TO 200

120 IF(;iUSCRM(J) .NE.12) GO TO 125 
•J = J + 1 
GO TO 130

125 XY = AUS(1 .-WIM1/WM1+C12/WM1 )-A12/WM1-B12 
IFIXY.GE.O.) GO TO 127
XY=ABS(1.-WIM2/WM2+C12/WM1)-Ai2/WM2-B12 
IF(XY.LT.O.) GO TO 130 

127 M=M+2
T2= T + DELAY 
WRITE(6,912) T 
GO TO 200

130 IF(NOSCRM(d).NE.13) GO TO 135 
J - J + 1 
GO TO 140

135 XY=AOS(1.-HDM1)-DRUMAX 
IFfXY.GE.O.) GO TO 137 
XY-A3S( 1 .-HDM2)-DRUMAX 
IF(XY.LT.0.) GO TO 140 

137 M=M-r2
T2 = T+[jCLAY 
WPITE(6,913) T 
GO TO 200

140 1FINOSCRM(d).NE.14) GO TO 145
J = .J+1 
GO TO 200

145 IF(TVAP1M.LT.TVAPSC.AND.TVAP2M.LT.TVAPSC) GO TO 150
M = Mt2
T2=T+DELAY 
WRITE(6,9l4) T 
GO TO 200

150 IF(NOSCRM(J).NE.15) GO TO 155 
GO TO 200 

155 CONTINUE 
200 J=M+1

GO TO (250,210,220,230),d 
210 1F(MSCRAM.E0.1) GO TO 240 

IF(T1.LE.T) MSCRAM=1 
GO TO 240

220 IF(M3CRAM.EQ.2) GO TO 240 
1F(T2.LE.T) MSCRAM=2 
GO TO 240

230 IF(MSCRAM.E0.3) GO TO 240 
MSCRAM=0
IF(TI.LE.T) MSCRAM=1 
IF(T2.LE.T) MSCRAM-MSCRAM+2 

240 IF(L.NE.O) GO TO 250 
L= 1
DO 245 1=1,6

245 TTRIP(I)=T+PMPDEL(I)
250 IF(TTRIP(1J.LE.T) KMM1=0.

IF(TTRIP(2).LE.T) KMM2=0.
IF(TTRIP(3).LE.T) KMS1=0.
IF(TTRIP(4).LE.T) KMS2=0.
IF(TTRIP(5).LE.T) KMG1=0.
IF(TTRIP(6).LE.T) KMG2=0.
RETURN
ENTRY PUTSCH
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WRITE(6,990)
DO 3001 1=1,4 

3001 TPRT(I)=R(1+3)
CALL TMPCON(1,4,TPRT)
IF(KCALC.EO.1 ) WRIT E(6,991) TAU
R(2) = R(2)* XFAC
WRITE(6,992) (R(I),I=1,3)
R(2)=R(2)/XFAC 
WRIT E(6,993) TPRT 
RE TURN

901 FORMATt/lOX, '**♦* HIGH FLUX TRIP OCCURS AT'.FS.A,' SEC ****'/')
902 FORMAT1/.10X, '**** FLUX - DELAYED FLUX TRIP ( RO > 0 ) AT',F8.4,

1 ' SEC *->**'/)
903 FCRMAK/IOX,1»**» FLUX - DELAYED FLUX TRIP ( RO < 0 ) AT'.FS.A,

1 ' SEC *»**'/)
904 FORMAT(/10X, '■**** FLUX - SQUARE ROOT OF PRESSURE TRIP AT’,F8.4,

1 1 SEC **»*'/)
905 FORMATI/IOX,'**** PRIMARY PUMP ELECTRICS TRIP AT'.FB.A,

1 ' SEC *+**'/)
906 FORMATI/IOX,1**** PRIMARY - INTERMEDIATE SPEED RATIO TRIP AT',

1 FO.4,1 SEC ***•'/)
907 FORMATj/I OX, '***» REACTOR VESSEL LEVEL TRIP AT'.FS.A,' SEC ****'/)
908 FCRMAT(/10X,1**** STEAM - FEEDWATER FLOW MISMATCH TRIP AT‘,F8.4,

1 ' SEC +***1/)
909 FORMAT(/10X,1**** IHX PRIMARY OUTLET TEMPERATURE TRIP AT'.FS.A,

1 ' SEC ** + *'/ )
911 FORMATI/IOX,1**** FLUX - TOTAL FLOW TRIP AT'.FS.A,' SEC ****'/)
912 FORMATI/IOX,'**** PRIMARY - INTERMEDIATE FLOW RATIO TRIP AT1,

1 F0.4,1 SEC ****'/)
913 FORMATI/IOX,'**** STEAM DRUM LEVEL TRIP AT',F8.4,' SEC ****'/)
914 F0RMAT(/10X,'**** EVAPORATOR CUTLET TEMPERATURE TRIP AT',F8.4,

1 ' SEC **♦*'/)
990 FORMAT!/2X.31( '* 1 ),5X, 'M E A S U R E D' ,5X, 'V A L U E S' ,5X,

1 'FOR',5X,'P P S',5X,31('*')/)
991 FORMAT I3X, 1 T AU : ' ,7(F9.4,6X))
992 FORMAT I3X, 1PRESNORM =' ,F9.5,1 OX, 'VESSEL LEVEL =',F9.4,

1 10X,'PTOTNORM =1,F9.5)
993 FORMAT (3X,'TIHX1 =',F9.3,5X,'TIHX2 =',F9.3,5X,1TEVAP1 =',

1 F9.3,5X, 'T EVAP2 =' ,F9.3)
END
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DATA SET UTILITY - GENERATE

IEB352I WARNING : OUTPUT RECFM/LRECL/BLKSIZE COPIED FROM INPUT 

PROCESSING ENDED AT EOD
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on **** THERMODYNAMIC PROPRETIES OF LIQUID SODIUM
FUNCTION VISSOD(X)
REAL LOGETA
XKEL-273.15+(X-32.)*5./9.
L0GETA = 23A.65/XKEL-. “4296* A LOG 10(XKEL)-1 .6814 
EP0ISE=10.**L0GETA
COMPUTE ABSOLUTE VISCOSITY IN LB/FT-HR
V ISG0D = 241 .91*EPOISE
RETURN
END

FUNCTION SPHSOD(X)
XC=(X-32.0)»5.0/9.0
SPHSOD=0,34324-(1.3868E-4)*XC+(1.1044E-7)*XC**2
RETURN
END

FUNCTION THCSOD(X)
XC=(X-32.0)>5.0/9.0 
THCS0D=57.818*(0.918-(4.9E-4)>XC)
RETURN
END

FUNCTION DENSOD(X)
DENSOD=59.566-(7.9504E-3)»X-(0.2872E-6)*X**2+(0.0603E-9)*X»*3
RETURN
END

**** THIS PROGRAM CALCULATES THERMODYNAMIC PROPERTIES OF LIQUID SODIUM

SUBROUTINE PHYPRS(N)
COMMON/PHY1/TCAVi232)
COMMON/ PH Y 2/ C ( 2 32 )
COMMON/PHY3/DH(232)
COMMON/PHY4/DEN(232)
COMMON/PHY5/VIS(232) 
COMMfJN/PHY6/CPS(232 )
COMMON/PHY7/XKS(232)
COMMON/PHY8/RES(232)
DO 1 J=1, N
DEN(J)=DENSOD(TCAV(U))
VIS(J)-VI5SOD(TCAV(J))
CPS(U)=SPHSCD(TCAV(J))
XKS(J)=THCSOD(TCAV(J)) 
RES(J)=ABS(G(J)*DH(J)/VIS(J)) 

1 CONTINUE 
RETURN 
END

**** MOODY FRICTION FACTOR FOR THE WIRE-RAPPED FUEL BUNDLE AND PIPES

FUNCTION FRFAC(RED,P,D,WL,M) 
RE=RED

WHERE: RE=REYNOLDS NUMBER, 
M=CCNTROL INTEGER (0 

IF(M.EQ.O) GO TO 1 
IF(RED.LE.2000.0) GO TO 3 
IF(RED.LT.3000.) RE-3000.0 
POD= P/D

P = PITCH, D = EQUIV A LENT DIAMETER, WL = WIRE LEAD 
: PIPE, 1 : FUEL BUNDLE)
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WLD=WL/D
CF1=1.034/(POD**0.124)
CF2 = 29.70*(POD**6.94)«(RE**0.086)/(WLD’f*2.2 39)
CFT=(CF1+CF2)**0.B8b 
FRFAC'CFTt'O . 316/(RE + *0.25)
IF(RED.GE.3000.) RETURN
FRFAC=0.032+(FRFAC-0.032)*(RFD-2000.)*1.E-3 
RETURN

1 IFIRE.LT.3000.) GO TO 2
FRF AC-0.00550 + 0.bb* (RE*-M-1./3.))
RETURN

2 IF(RE.LE.2000. ) GO TO 3
FR F AC-0.032+1 .1635E-5*(RE-2000. )
RETURN

3 FRF AC-64.0/RE 
RETURN
END

***« THIS SUBPROGRAM CALCULATES THE GRAVITATIONAL HEAD AND THE VELOCITY 
HEAD FACTORS (INITIALLY), AND THE 4F L/2GC ROW 0 A2 TERM

SUBROUTINE GHEAD(N,GC,ZO,Z,DO,CC,W,P1,P2.F.A,DE,XL,DPG,FT,XKT) 
DIMENSION Z(N),DC(N),F(N),XL(N),ADC(13),DUM(13),FR0W(13) 
COMMUN/MISC/T.TSEC,I COUNT,S,SSEC,I PR I NT,TMAXSC
COMMON/HY02/NODB,PORK,ZBRK,XLBRK,CROBBtCROAB,HEADBB,HEADAB.DENAB 
ADC ( ! ) = ( DO-tDC( 1 ) )/2.0 
DPG-ADC(1)*(ZO-ZM))
FROWI1)=F(1)*XL(1)/ADC(1)
IFIN.GT.1 ) GO TO 1 
FT=FROW(1)/(2.*GCrDE*A»Al 
IF(ICOUNT.EQ.O) GO TO 3 
RETURN

1 DUF=FROW(1)
DO 2 1=2, N
ADC(I ) = (DC(1-1)+DCI I))/2.0 
DUMl I)=ADC(I)*(Z(1-1)-Z(I))
DPG=DPG+DUM^I)
FROW(I) = F(I)* X L(I)/ADC(I)
DUF = DUF + FROW( I )

2 CONTINUE
FT=DUF/(2.»GC*DE*A*A)
IF(NODE.EO■0) GO TO 29 
DUF2=F(N0D6)*XLBRK/ADC(NODB)
HEADAB-IZBRK-Z(NODB))»ADC(NODB)
NPP=N0DB+1
IF(NODb.EO.N) GO TO 26 
DO 25 I= NPP,N 
HEADAB = HEADAB+DUr.1( I )
DL!F2 = DUF2 + FR0W( I )

25 CONTINUE
26 CONTINUE 

HEADUB=DPG-HEADAB 
FT2=DUF2/(2.*GC*DE*A*A)
FT 1 = FT-FT2

29 IF(ICOUNT.EQ.O) GO TO 3 
IF(NODB.NE.0) GO TO 31 
RETURN

3 DPF=144.*(P1-P2)
CROW=(DPF+DPG)/(W*W)
XKT=CROW-FT
IF(NODB.EQ.O) RETURN
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DP2= 1 44 . * ( PB.RK-P2 )
DPI=DPF-0P2
CR0W1=(DP1+HEADB8)/(W*W)
CRQW2=(DP2+HEADAB)/(W*W)
XKT1=CR0W1-FT1 
XKT2"CR0W2”FT2 

31 CROBB=FT1+XKT1 
CR0AB-FT2+XKT2 
RETURN 
END

*♦** OVERALL HEAT TRANSFER COEFFICIENT IN THE REACTOR CORE

SUBROUT INE UATOT(L,N,KM,KG,KC,DG,DC,H,D,R,Q,UA,TM,TSOD,TMAX,TCLAD, 
1 T F I LM)
REAL L,N,KM,KG,KC 
PINL=3.141592*N*L 
RTM*1 ./(B.-tKM)
QR2-Q1R‘ + 2 
RTG=DG/(2.*KG*R)
RTC = ALOGlD/(D-2.*DC J)/(2.*KC)
RT FILM-1 ,/(H»D)
TMAX =IM + 0R2'RTM
UO=1.0/(RlM+RTG+RTC+RTFILM)
CALCULATE THE HEAT TRANSFER RATE PER UNIT LENGTH OF A FUEL PIN 
QLNP-UO+(TM-TSOD)
T FILM = T SOD+0 LNP*RTFILM
TCLAU=TFILM+OLNP* RT C
UA = PINL*UO
RETURN
END

**** JET PENETRATION DISTANCE IN THE UPPER PLENUM SODIUM POOL

SUBROUTINE JET(ZCH,RO,WC,DB,DC,ZJET)
G = 32.0
WCP-WC/3600.0
A1=(WCP/(3.1415*R0»R0*DC))**2 
A2=DB/(G*RO+(DC-DB))
FRO = ABS(A1TA2)
ZJE T =(1 .0383*FRO**0.785)*RO+ZCH
RETURN
END

**** FUEL REGION ENERGY EQUATION

SUBROUTINE DFUEL(DF,VF,CF,QFV,UA,TF,TCIN,TCOUT,DTF)
XMF=DF*VF 
QF =QFV*VF
TCAV=(TCIN+TC0UT)/2.0 
QT=UA*(TF-TCAV)
DTF=(QF-QT)/(XMF*CF)
RETURN
END

**** COOLANT REGION ENERGY EQUATION
SUBROUT INE DCOOL(DC,VC,CC,UA,T F,TCIN,TCOUT,W,DTC) 
XMC=DC*VC
TCAV=(TCIN+TCOUT)/2.0 
QT = UA*(T F-TCAV)
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QC=W*CC*(TCOUT-TCIN)
DTC=(QT-QC)/(XMC*CC)
RETURN
END

***» FUEL REGION TIME CONSTANT
SUBROUTINE TIMECF(D,V,C,UA,TAU)
TAU=D*V*C/UA
RETURN
END

*»** COOLANT REGION TIME CONSTANT

SUBROUTINE TIMECC(D,V,C,UA,W,TAU)
A1=D-V<C
A2=(UA/2.0)+W*C
TAU=Al/A2
RETURN
END

**** FUEL TEMPERATURE IN THE PROMPT APPROXIMATION MODE

SUBROUTINE TFUEL(QFV,VF,UA,TCAV,TF)
QF =QF V< VF
TF=(QF/UA)+TCAV
RETURN
END

**** COOLANT TEMPERATURE IN THE PROMPT APPROXIMATION MODE 
SUBROUTINE TCOOL(CC,UA,W,TF,TCIN,TCOUT)
A 1=<ABS(W) )* CC/UA
A2 = A 1+0.b
A3=TF-0.5*TCIN
A4 = A I "• TC IN
TCOUT = (A3 + A4)/A2
RETURN
END

**** INNER PLENUM LOWER REGION TEMPERATURE IN THE PROMPT APPROXIMATION MODE

SUBROUTINE PLEN11(WI 1 ,WI 2,T I 1 ,TI 2,TIP2,TIP1 ,CP11 ,CPI 2)
COMMON/LOOP/XN
IF(WII.GE.O..AND.WI2.GE.0.) GO TO 1 
IF(WI1.GE.O..AND.WI2.LT.0.) CO TO 2 
IF(WJ1.LT.0..AND.WI2.GT.0.) GO TO 3 
IF < WI 1 .LT.0. .AND.WI 2.LT.0. ) GO TO 4

1 TIP1-(WI1*CPI1*TI1+XN*WI2*CP12*TI2)/(WI1*CPI 1+XN*WI2*CP12)
RETURN

2 TIP1=ViI1*CPI1*TI1/(WI1*CPI1+XN*WI2'CPI2)
RETURN

3 TIP1=WI2*CPI2*TI2/(WI1*CPI1+XN*WI2*CPI2)
RE TURN

4 TIP1=TIP2 
RETURN 
END

**** INNER PLENUM UPPER REGION TEMPERATURE IN THE PROMPT APPROXIMATION MODE 

SUBROUTINE PLENI2(MODE,CP IA.TP 11 ,TPI2)
COMMON/GET1/WI100,WLP1,WI2,WIC,WOC,WHC,WCA,WRB,WBP,WS100,WSt,WS2,
1WBRK
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COMMON/FBR1/TDUM1(14),TC1,TC2.TC3,TC4,TC5,TC6,TDUM2(14)
COMMON/PHY6/CDUM1(17),CP1,CP2,CP3,CP4,CPS,CP6,CDUM2(209)
WI1=WLP1
IF(MODE.EQ.2) WI1=WBRK
IF(WHC.GE.O..AND.WIC.GE.O..AND.WOC.GE.0..AND.WCA.GE.0..AND.WRB.GE.
10.. AND.WBP.GE.O.)GO TO 2 
A 1 = 1 .
A2= 1 .
A3= 1 .
A4= 1 .
A5 = 1 .
A6= 1 .
IF(WHC.LT.0.) A1=0.0 
IF(W1C.LT.0.) A2“0.0 
IF(WOC.LT.O.) A3=0.0 
I F ( WCA . LT.O. ) A4--C . 0 
IF(WRB.LT.O.) A5=0.0 
IF(WBP.LT.O.) A6=0.0
REV t = (1 .-A 1)*WHC*CP1*TC1 + (1 .-A2)*WIC*CP2*TC2+(1.-A3)*WOC*CP3*TC3+
1(1.-A4)*WCA«CP4*TC4+(1.-AS)*WRB»CP5*TC5+(1.-A6)»WBP*CP6*TC6 
REV2 = A1*CPHWHC+A2^CP2*WIC + A3tCP3*W0C + A4»CP4 »WCA+A5*CP5*WRB+A6*CP6 
1WBP
TPI2=((WI1+2.*WI2)*CPIA*TPI1-REV1)/REV2 
RETURN 

2 TPI2=TPI1 
RETURN 
END

**»* OUTLET PLENUM LOWER REGION TEMPERATURE IN THE PROMPT APPROXIMATION MODE 

SUBROUTINE P LEND 1 ( BET A2 , HOP , 2,J ET , AOPT , HI F , T A , TB )
COMMON/FBR1/T01(2),THC,TD2(2) ,TIC,TD3(2),TOC,TCA,TRB,TBP,TD4(22)
COMMON/GET1/WI100.WLP1,WI2,WtC,WOC,WHC,WCA,WRB,WBP,WS100,WS1,WS2,
1WBRK
COMMQN/PLNO/CHC,CIC,COC,CCA,CRB,CBP 
A 1 - 1 .
A2=1 .
A3 - 1 .
A4 = 1 .
AS- 1 .
A6= 1 .
T P- T A
IF(2JE T.GE.HOP) TP= TBP
IF(WHC.GE.O..AND.WIC.GE.O..AND.WOC.GE.0..AND.WCA.GE.0..AND.WRB.GE.
10.. AND.WBP.GE.O.) GO TO 1 
IF(WHC.LT.O. ) A 1=0.0
1F(WIC.LT.O. ) A2 = 0.0 
IF(WOC.LT.O.) A3=0.0 
IF(WCA.LT.O.) A4=0.0 
IF(WRB.LT.O.) A5=0.0 
IF(WBP.LT.O.) A6=0.0

1 TB= ( WHC*CHC«THC*A1+WlC*CIC*TIC*A2+W0C'tC0C*T0C*A3 + WCA*CCA*TCA»A4 + 
1WRB»CRB*TRB«A5+WBPiCBP*TP+A6‘BETA2+HIF*A0PT*TP)/(ABS(WHC)*CHC+ 
2ABS(WIC)*CIC+ABS(W0C)*C0C+ABS(WCA)*CCA+A9S(WRB)*CRB+ABS(WBP)*CBP* 
3BETA2+HIF*A0PT)
RETURN
END

*»** RUNGE-KUTTA ALGORITHM

FUNCTION RUNGE(N,Y,F,X,H,NO)
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INTEGER RUNGE
DIMENSION Y(N),R(N),NO(N)
DIMENSION PH I(489),SAVEYI489)
DATA M/0/
M = M+1 
L= I
GO TO ( 1 ,2,3) ,M

C PASS 1
1 RUNGE-1

RET URN
C PASS 2

2 DO 22 0= l ,N
IF(J.NE.NO(L) ) GO TO 21 
L = L + 1 
GO TO 22

21 SAVEY(U)=Y(J)
PHI(J)=F(J)
Yl J)=SAVEY(J)+H*PHl(vJ)

22 CONTINUE 
X = X t H 
RUNGE=2 
RETURN

C PASS 3
3 DO 33 J =1 , N 

IF(d.NE.NO(L)) GO TO 32 
L = L + 1
GO TO 33

32 Y(J)=SAVEY(U)+(PHI(Jl+F(J))*H/2.
33 CONTINUE 

RUNGE=0 
M = 0
RETURN
END

C
C ***» PUMP TORQUE
C

SUBROUTINE PTORQ(A,V,BP)
COMMCN'/PrRQ/BB(8) ,DD(8)
IF(A.EQ.O.) GO TO 10 
RVA=V/A
IF(ACS(RVA).LE.1..AND.A.GT.O.1 GO TO 100 
IF(ABS(RVA).LE.1..AND.A.LT.0.) GO TO 200 

10 IF;V.LQ.O.) GO TO 500 
R A V = A / y
IF(AbS(RAV).LT .1 ..AND.V.GT.0. ) GO TO 300 
IF(ADS(RAV).LT.1..AND.V.LT.0.) GO TO 400 

100 8P=A‘A‘IBBt1)+BB(2)*RVA+B8(3)•RVA+RVA+BB(4)*RVA+RVA*RVA) 
RETURN

200 BP=A‘A*(BB(5)+BB(6)*RVA+BBl7)►RVA*RVAiBB(8)*RVA*RVA*RVA) 
RETURN

300 BP = V ‘ V* (DD( 1 )-rDD( 2) *RAV+DD( 3 ) « R AV* RAV + DD( 4) * RA V* RAV* RAV ) 
RETURN

400 BP=V‘V*(DD(5)+DD(6)*RAV+DD(7)'RAV*RAV+DD(8)*RAV*RAV*RAV) 
RETURN 

500 BP=0,0 
RETURN 
END

**** PUMP FRICTION TORQUE

SUBROUTINE TFRIC(A,AZ,TS,TR,TWIN,TFR)
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TFR=TS*EXP(-A/AZ)+TR*A+TMIN
RETURN
END

**** PUMP HEAD

SUBROUTINE PHEADIA,V,HEAD)
COMMON/PHED/AA(8),CC(8)
IFtA.EQ.O.) GO TO 10 
RVA=V/A
IF(ABS(RVA).LE.1..AND.A.GT.O.) GO TO 100 
IF(AQS(RVA).LE.1..AND.A.LT.O.) GO TO 200 

10 IF(V.EQ.O.) GO TO 500 
RAV = A/V
IF(ABS(RAV).LT.1..AND.V.GT.0.) GO TO 300 
IF(ABS(RAV).LT.1..AND.V.LT.O.I GO TO 400 

100 HEAD-A + A*1AA(1 )+AA(2 ) *RVA + AA( 3 ) * RV A* RV A + AA ( 4 ) ■* RVA*RV A*R VA )
RETURN

200 HEAD-A*A*(AA(5)+AA(6)*RVA+AA(7)*RVA*RVA+AA(8)*RVA*RVA*RVA)
RETURN

300 HEAD = V*V*(CC(1 ) i-CC ( 2 ) *RA V + CC ( 3 ) *RAV*R AV+CC ( 4 ) t RAV *RAV*R AV )
RETURN

400 HEAD=V*V*(CC(5)+CC(6)*RAV+CC(7)*RAV*RAV+CC(8)»RAV*RAV*RAV)
RETURN

500 HEAD=0.0 
RETURN 
END

**** PRIMARY PUMP SPEED (SHORT TIME CONSTANT CASE)

SUBROUTINE ALPHP(A,V,GF,KMM.KPM,TMM,TDM,BP,TFR,SLIP)
REAL KMM, KPM
COMMON/ALPA/PMSSP,DSPEED,XNP,A1,A2,A3,AZ,TS,TR,TM 
SSPCED-60.»GF/XNP 
DO 100 1=1, 4
S L1P = 1 .0-(DSPEED/SSPEED)*A 
SLPM=1.0-(DS PE ED/PM S 5 P)* A 
TMM = SLIP/(At *SLIP*SL!P + A2)
TPM = A3 *SLPM/(A1*5LPMiSLPM + A2)
T DM = KMM * T MM f K PM ► T PM
DTMM=-(DSPEED/SSPEED)*(A2-A1*SUP*SLIP)/((A1*SLIP«SLIP+A2)*»2) 
DTPM=-(DSPEED/PMSSP)fA3*(A2-A1*SLPM*SLPM)/((A1*SLPM*SLPM+A2)**2) 
DT DM = KMM* DT MM+KPM•DT PM 
CALL PTORQ(A,V,BP)
CALL TFRIC(A,AZ,TS,TR,TM,TFR)
CALL PTIME(A,V,AZ,TS,TR,DTPD,OTFD)
F = TDM-BP-T FR
DF = DIDM-DT PD-DTFD
A=A-iF/DF)
IF(A.LE.O.O) GO TO 200 

100 CONTINUE 
RETURN 

200 A = 0.0 
RETURN 
END

**** SECONDARY PUMP SPEED (SHORT TIME CONSTANT CASE)

SUBROUTINE ALPHA(A,V,GF,KMM,KPM,TMM,TOM,BP,TFR,SLIP)
REAL KMM,KPM
COMMON/ALPS/PMSSP,DSPEED,XNP,A 1,A2,A3,AZ,TS,TR,TM
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SSPEED-60.*GF/XNP 
DO 100 1=1, 4
S LIP=1.0-(DSPEED/SSPEED)*A 
SLPM=1.0-(DSPEED/PMSSP)*A 
TViM = SLIP/(A1*SLIP<SLIP + A2)
TPM=A3tSLPM/(A1*SLPM*SLPM+A2)
TDM=KMM*rMM+KPM+TPM
DTMM=-(DSPEED/SSPEED)*(A2-A1*SLIP*SLIP)/((A1*SLIP*SLIP+A2)**2) 
DTPM----( DSPEED/PMSSP )*A3*(A2-A1*SLPM*SLPM)/((A1 *SLPM*SLPM+A2 ) * »2 ) 
DTDM = KMM* D1MM+'KPM*DT PM 
CALL PTORQ(A t V,BP)
CALL TFRIC(A,AZ,TStTR,TM,TER)
CALL PTIMEtA.V.AZ.TS.TR.DTPD.DTFD)
F = TDM-BP-T FR 
DF=DTDM-DTPD-DTFD 
A=A-(F/DF)
IF(A.LE.O.O) GO TO 200 

100 CONTINUE 
RETURN 

200 A=0.0 
RETURN 
END

**** RECIRCULATION PUMP SPEED FOR THE CASE OF SHORT TIME CONSTANT

SUBROUTINE RPSPD(A,V,KMM,TOM,TRP,TFR,SLIP)
REAL KMM
COMMON/ARPP/DSPEED.SSPEED,A1 ,A2,AZ,TS,TR,TM 
DO 100 1=1, 4 
S LIP = 1 .0-(DSPEED/SSPEED) + A 
TMM=SLIP/(A1*SLlPtSLIP+A2)
T DM = KMM:‘ TMM
DUlM = -( DSPEED/SSPEED)*( A2-A1 '*SLIP*SLIP)/( ( A1 *SLI P»SL I P+A2 ) **2 )
DTUM=KMM*DTMM
CALL PTGRQ(A,V,TRP J
CALL TFRIC(AtAZ,TS,TR,TM,TFR)
CALL PTIME(A,V,AZ,TS,TR,DTPD,DTFD)
F = TDM-T RP-T FR 
DF = DTDM-DTPD-DTFD 
A=A-(F/DF)
IF<A.LE.O.O) GO TO 200 

100 CONTINUE 
RETURN 

200 A = 0.0 
RETURN 
END

**** PARTIAL DERIVATIVE VALUES OF THE HYDRAULIC AND FRICTION TORQUES
W. R. T. PUMP SPEED

SUBROUTINE PTIME(A,V,AZ,TS,TR,DTP,DTF)
C0VMDN/PTRQ/BBI8),DD(8)
IF(A.EQ.O.) GO TO 10 
R V A = V / A
IF(ABS(RVA).LE.1..AND.A.GT.O.) GO TO 100 
IF(ABS(RVA).LE.1..AND.A.LT.0.) GO TO 200 

10 IF(V.EQ.O.) GO TO 500 
R A V = A / V
IF(ABS(RAV).LT.1..AND.V.GT.0.) GO TO 300 
IF(ABS(RAV).LT.1..AND.V.LT.0.) GO TO 400 

100 DTP=A*(2.*B8(1)+BB(2)*RVA-BB(4)*RVA*RVA)
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GO TO 600
200 DTP=A'(2.*BB(5)+88(6)*RVA-BB(0)*RVA*RVA*RVA)

GO TO 600
300 DTP = V<-(DD(2)+2.*DD(3)*RAV + 3. * DD ( A ) * RAV *R AV )

GO TO 600
400 DTP = VM DD(6>+2.*DD(7)*RAV + 3.*DD(8)*RAV*RAV)

GO TO 600 
500 DTP=0.0
600 DTF=-ITS/AZ)*EXP(-A/AZ)+TR 

RETURN 
END

**** PIPE SEGMENT HEAT-TRANSFER MODEL
SUBROUTINE PIPE(N,L,K,W,TCI,TC,TW,FC,FW,DI,DEL,STOT,ATOT,VCTOT, 
1XKSS,ROVCW,VCPRIM,CC,DC,VIS,XK,REC,UtUAPR,TAUC,TAUW)
DIMENSION TC(10) ,TWM 0),FC(10) ,FW(10) ,CC(10),DC(10),VIS(10),

1 XK( 10) ,RECl10) ,PRC(10),PEC(10),U(10) ,UAPR(10),HEAT(10),XNU(10),
2 HC(10),TAUC(10),TAUW(10)
XN = N
IF(K.EO•2) GO TO 8 
IF< L.EQ.1 ) GO TO 4 
DO 3 1 = 1 , N
IF(REC(I).GT.3000.) GO TO 1 
XNU(I)=4.363636 
GO TO 2

1 PRC1I)=CC(I)*VIS(I)/XK(I)
PE C(I)=REC(I)*PRC(I)
XNU(I)=7.0t0.025vPEC(I)**0.8

2 HC(I) = XK(I)<XNU(I>/(DI/1 2.)
3 U(I)=1.0/(1./HC(I)+D1/(24.*XKSS)*ALOG((DI+2.*DEL)/DI))
4 DO 5 1=1. N

IF(L.EQ.1) U(I)=0.0
5 UAPR1I)=U(I)*ATOT/XN 

IF(K.N E.3) GO TO 8 
DO 7 1=1, N
T AUC( I 1 = 3600.*DC(I)*VCTOT*CC(I)/(XN*W*CC(I)+0.5»U(I)*ATOT)
IF(L.EQ.1) GO TO 6
TAUW(I 1=3600.*ROVCW/UAPR(I)
GO TO 7

6 TAUU1 1 ) = 1000.0
7 CONTINUE
8 HEAT(1 )=UAPR(1)*(0.5*(TCI+ TCI 1 ))-TW(1 ))

FW(11=HEAT(1)/ROVCW
FC(1 ) = (W*CC(1 )*(TCI-TC(1 ))-HEAT(1))/(DC(1)*VCPRIM*CC( 1 ))
IF(N.EQ.1) GO TO 10 
DO 9 1=2, N
HEAT(I)=UAPR(I)*(0.5*(TC(1-1)+TC(I))-TW(I))
FW(I)=HEAT(I)/ROVCW
FC(I)=(W*CC(I)»(TC(1-1)-TC(I))-HEAT(I))/(DC(I)*VCPRIM*CC(I))

9 CONTINUE 
10 CONTINUE

RETURN
END

**** MOMENTUM TERM COEFFICIENT
FUNCTION DPMOM(A1, A2, DI, D2, GC)
B1=1./(A1*D1)
82=1,/(A2*D2)
B3 = 1 ./A 1
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B4=1./A2
DPMOM=(B3+B4)*(Bt-B2)/(2.*GC)
RETURN 
END

**** TUBE WALL TO BULK WATER TEMPERATURE DROP

FUNCTION TMETAL(C, HS, HW, DTTOT)
REAL NUM 
TX = DT TOT 
DO 1 1 = 1 , 6
NUM=(C/HS)*TX**3+(1.+HW/HS)*TX-DTTOT 
DENUM = 3.0*(C/HS)*TX* *2+HW/HS+1 .0 
TX=TX-NUM/DENOM 

1 CONTINUE 
TMETAL=TX 
RETURN 
END

**** STEAM GENERATOR UNITS OVER-ALL HEAT-TRANSFER COEFFICIENT BASED ON THE 
TUBE OUTSIDE DIAMETER 

FUNCTION USTG(HO, HI, XID, OD. TK)
DENOM=(CD/XID)*(1 ./HI) + (OD/(2.*TK))*A LOG(OD/XID) + (1./HO)
U S T G =1 .O/DEMOM 
RETURN 
END

*»*» ARMAND’S TWO-PHASE FLOW MULTIPLIER

SUBROUTINE ARMAND(XX,VF,VG,VO ID,PH I)
IF(XX.LE.O.O) X=0.0 
IF(XX.LE.O.O) XX=0.0 
IFI XX.GE.0.95) X = 0.95 
1F(XX.GE.1.0) XX=0.99
VOID--. (0.833+0.167 + X)*X»VG/(X> VG+( 1 .-X)*VF)
IF(VO ID.GE.0.978) VO ID = 0.978 
Y=1 .O-VO10
IF(Y.LT.1.0) GO TO 50 
PHI=1.0 
RETURN

50 IF(Y.LE.0.39) GO TO 100 
PH I = 11 .-X)*»2/(Y**1 .42)
RETURN

100 PH! = 0.478*(1 .-X)"'*2/(Y = *2.2)
RETURN 
END

*»** CRITICAL E!EAT FLUX CORRILATION

SUBROUTINE CHFLX(HFLUX,P,G,D,HFG,XLC)
PR=P/3208.5
A=(1.-PR)/((1.356*G*1.E-6)’+(1./3.))
IF(P.GT.700.) GO TO 1
B=168.MU1./PR)-1.)*’,0.4) + (D'*1.4)*G*1 . E-6 
GO TO 2

1 B = 0 .
2 XLC=(D*A*G*HFG/(4.»HFLUX))-B 

RETURN 
END

C **** NUCLEATE BOILING HEAT-TRANSFER COEFFICIENT
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SUBROUTINE BRHTC(G,D,DT,ST,V ISF,VISG,DF,DG,CF,CG,XKF,XKG,HFG,TDLOG 
1,HS,X,RE,PR,HC,HPB)
REF=G'D/VISF 
PRF=VISF*CF/XKF 
p R = P R F
CONSTl=VISF>HFG/((ST/(DF-DG))**0.5)
CONS 12 = 0.01 3*HFG*( PRF'**1 .7)
C0NST3 = C0NST1*((CF/CONST2)* * 3 ) 
HCN=0.023*(REF**0.8)*(PRF*+0.4)*XKF/DT 
TX=TMETAL(C0NST3,HS,HCN,TDLOG)
HPB-CONST3*(TX* *2)
XML--1 (X/(1 .-X) )* + 0.9)*( (DF/DG)**0.5)*( (VISG/VISF)**0.1 )
IF(XML.GE.2.) GO TO 1 
F=2.84»(XMl**0.45)
GO TO 2

1 F=2.57+0.7643*XML
2 RE = REF*(F**1 .25)

IF(RE.GT.2.5E4) GO TO 3 
S=1.05-1.3E-5+RE 
GO TO 7

3 IF(RE.GT.1.E5) GO TO 4 
S=0.833325-4.333E-6*RE 
GO TO 7

4 IF(RE.GT.6.E5) GO TO 5 
S=0.32*EXP(—1.91582E—6*RE)
GO TO 7

5 S = 0.09
7 HC=S-HPB+F*HCN 

RETURN 
END

**** LOGARITHMIC MEAN TEMPERATURE DIFFERENCE

SUBROUTINE LMTDIF(TA.TB,TC,TD,TDLOG)
DATA EPS/1.E-7/
DIFMAX= TB-TC 
DIFMIN = T A-TD
IF(DiFMAX.EO.O.O.OR.DIFMIN.EO.O.O) GO TO 1
DIFFER=D1FMAX-D1FMIN
IF(ABS(DIFFER).LE.EPS) GO TO 2
RAT 10 = 01FMAX/DIFMIN
IF(RATIO.LE.EPS) GO TO 1
TDLOG = DIFFER/A LOG(RATIO)
RETURN

1 TDLOG=0.
RETURN

2 TDLOG=DIFMAX 
RETURN
END

**** REACTOR OUTLET TEMPERATURE SET POINT

FUNCTION RVOTSP(PD)
COMMON/R T SE T P/AT 1,AT2,AT3 
RV0TSP = PD*(AT1* PD+AT2) + AT3 
RETURN 
END ****

**** GAUSSIAN ELIMINATION METHOD
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SUBROUTINE SYSTEM(A,X,M,N)
DIMENSION A(8,9), X(8)
IF(M.NE.1) GQ TO 10 
X(1)=A(1,2)/A(1,1)
GO TO 700 

10 LAST =M-1
C START OVEROL LOOP FO (M-1) PIVOTS

DO 200 1=1,LAST
C FIND THE LARGEST REMAINING TERM IN I-TH COLUMN FOR PIVOT

BIG=0.
DO 50 K=I,M 
TERM = ABS(A(K,I ) )
IF(TERM-BIG)50,50,30 

30 81G=TERM
L = K

50 CONTINUE
C CHECK WHETHER A NON ZERO TERM HAS BEEN FOUND

IF(BIG)CO,60,80 
60 RETURN

C L-TH ROW HAS THE BIGEEST TERM... IS I=L
80 IF(I-L)90,120,90

C I IS NOT EQUAL TO L, SWITCH ROWS I AND L
90 DO 100 J = 1 ,N 

T EMP = A(I,J)
A ( I , d ) = A ( L , d )

100 A(L,d)=T EMP
C NOW START PIVOTAL REDUCTION
120 PIVOT- AI I,I)

NEXTR=I+1
C FOR EACH OF THE ROWS AFTER THE I-TH

DO 200 d=NEXTR,M
C MULTIPLAING CONSTANT FOR THE d-TH ROWS IS

CONST=A(d,I)/PIVOT
C NOW REDUCE EACH TERM OF THE d-TH ROW

DO 200 K=I,N
200 A(d,K)=A(d,K)-CONST*A(I,K)

PIVOTAL REDUCTION ENDS HERE
PERFORM BACK SUBSTITUTION 

350 DO 500 1 = 1 , M
IREV IS THE BACKWARD INDEX, GOING FROM M BACK TO 1 

IREV=M+1-I
GET Y(IREV) IN PREPARATION 

Y=A(1REV.N)
IF(I REV-M)AO0,500,40 0

NOT WORKING ON LAST ROW, I IS 2 OR GREATER 
AGO DO ABO d=2,I

WORK BACKWARD FOR X(N), X(N-1).... SUBSTITUTING PREVIOUSLY FOUND VALUES
K=N+1-d

450 Y=Y-A(IREV,K)*X(K)
FINALLY, COMPUTE X(IREV)

500 X(IREV)=Y/A(IREV,IREV)
700 RETURN 

END

¥ * * *
FUNCTION SOLVE(A,X,INDEX,EPS)

WHEN INDEX IS ZERO, SOLVE COMPUTES THE SOLUTIONS: X(1) THROUGH X(7) 
C OF THE SET OF SEVEN LINEAR EQUATIONS WITH THE AUGMENTED MATRIX OF 
C COEFFICIENTS IN A 7 BY 8 ARRAY AND IN ADDITION COMPUTES THE INVERSE
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C FIRST BY ROWS
00 28 8=1,N
DO 27 1=1,N
1 ROW I = I ROW(I )
JCOLI = JCOlI I)

27 Y(JCOLI)=A(I ROW I,J)
DO 28 1=1,N

28 A(I,J)=Y(I)
C THEN BY COLUMNS

DO 30 1=1,N 
DO 29 J=1,N 
IROWU=IROW(J)
UCOLO=UCUL(8)

29 Y(IR0WJ)= A(I,JCOLU)
DO 30 J=1,N

30 A(I ,.J) = Y( J)
C REiURN FOR INDEX ZERO

S 0 L V F = D E T E R 
RE1URN

C COMPUTE SOLUTIONS WHEN INDEX IS POSITIVE
31 DO 32 1=1,N 

X(I)=0.
DO 32 J=1 , N

32 X( I)=X( I) + A(I,J)*A(U,N1)
SGLVE=1.
RETURN
END

**** PARTIAL DERIVATIVE OF PUMP HEAD W.R.T. PUMP FLOW

FUNCTION PDERIV(A,V,DESHD,DENS)
COMLION/ PHED/ AA (3 ) , CC ( 8)
CONS r = DESHD< DENS 
IFvA.EQ.O.) GQ TO 10 
R V A = V / A
IF(A3S(RVA).LE.1..AND.A.GT.0.1 GO TO 100 
IF(ABSfRVA).LE.1..AND.A.LT.O.) GO TO 200 

10 IF(V.EQ.0.) GO TO 500 
RAV=A/V
IF(ABSfRAV). LT.1..AND.V.GT.0 . ) GO TO 300 
IF(ABSfRAV).LT.1..AND.V.LT.0.! GO TO A00 

100 PDERIV=A»(AA(2)+2.*AA(3)*RVA+3.*AA(4)’RVA*RVA)«CONST 
RETURN

200 PDERIV=A*(AA(6)+2.*AA(7)*RVA+3.*AA(8)*RVA*RVA)*CONST 
RETURN

300 PDERIV=V* 1 2.*CC(1)+CC(2)*RAV-CC(4)*RAV*RAV*RAV)*CONST 
RETURN

400 PDERIV=V*(2.*CC(5)+CC(6)*RAV-CC(8)*RAV*RAV*RAV)*CONST 
RETURN

500 PDERIV=0.
RETURN
END

**** STEAM DRUM COMPRESSIBLE FLOW MODEL

1
SUBROUT INE DRUMf POLD,UT,VT.EPS I,XMT,XMG,XMF,PNEW)
CALL SWATERf POLD,TM.HF,HG,HFG,DF.DG.SVF,SVG)
UG=HG-f144./778.)tPOLD*SVG
UF=HF-f144./778.)<POLD*SVF
VM=VT/XMT
US=UT/XMT
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A=(US-UF)*SV.G-(US-UG)*SVF 
B=(UG-UF)*VM 
PNEW=POLD*A/B 
EP=PN£W-POLD
IF(ABS(EP).LE.EPSI) GQ TO 2 
POLD=(POLD+PNEW)/2.0 
GO TO 1

2 CALL SWATER(PNEW,TM.HF,HG,HFG,DF,DG,SVF,SVG)
UG=HG-(144./778.)*PNEW*SVG 
UF=HF-(144./778.)*PNEW*SVF 
XMG = XMT *(US-UF)/(UG-UF)
XMF=XMT“XMG
RETURN
END

**** STEAM HEADER COMPRESSIBLE FLOW MODEL

SUBROUTINE HEADER(POLD, SU, SV, H, T, PNEW)
H = SU+( 144,0/773.0)*POLD*SV 
T=TSTEAM(H, POLD)
PNEW"10.731*(T+460.)/(20.*SV)
RETURN
END

»*** SODIUM TEMPERATURE IN THE HEAT EXCHANGERS (SHORT TIME CONSTANT)

SUBROUTINE PROMTP(W,C,TP 1 ,TP2.TS2,TS1 ,U,A,XN)
DO 1 1=1, 6
CALL LMTOIF(TP1,TP2,TS2,TS1.TDLOG)
HEAT = U* A* TDLOG/XN 
TDROP=HEAT/(W*C)
TP2=(TP1-TDROP+TP2)/2.0 

1 CONTINUE 
RETURN 
END
SUBROUTINE PROMTS(W,C,TP 1 ,TP2,TS2,TS1 ,U,A,XN)
DO 1 1 = 1 , 6
CALL LMTDIF(TP1,TP2,TS2,TS1.TDLOG)
HEAT=U*A‘TDLOG/XN
TRISE=HEAT/(W*C)
TS1=(TS2+TRISE+TS1)/2.0 

1 CONTINUE 
RETURN 
END

**** SUPER-HEATED STEAM REGION ENTHALPY (SHORT TIME CONSTANT)

SUBROUTINE ENTH(HIN,WS,TA,TB,TC,TD,TDLOG,U,A,ACF,POUT,HOUT)
DATA EPS I/1.E-5/
TO=TD
TLMD=TDLOG
IF(TLMD.EQ.O.O) GO TO 3
UA=ACF*U*A
DO 1 U=1 , 8
FH=WS»(HIN-HOUT)+UA*TLMD 
R=(TB-TC)/(T A“TO)
IF(R.LE.O.) GO TO 3 
X=ALOG(R)
CP = SHEAT 2(POUT,TO)
DFDH = -WS+((UA/CP)*(1.-((R-1 . )/X))/X)
HO = HOUT-( FH/.DFDH)
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TO=TSTEAM(HO,POUT)
IF(TO.GT.TA) T0=(TO+TC)/2.0 
IF(TO.GT.TA) HQ=HSTEAM(TO,POUT)
DIFF=(HOUT-HO)/HOUT
IF(AB5(DIFF).LE.EPSI) GO TO 2
CALL LMTDIF(TA,TB,TC,TO,T LMD)
IF(T1MD.E0.0.) GO TO 3 
HOUT =-HO

1 CONTINUE 
RETURN

2 HOUT-HO 
RETURN

3 HOUT-HIN 
RETURN 
END
SUBROUTINE PROMTT(WI.C.TA.TB.TC.TD.U.A.ACFI)
DATA EPSI/1.E-5/
UA=U-A/ACFI 
DO 3 U=1, 4
CALL LMTDIF(TA,TB,TC,TD,TDLOG)
Q-UA * TDLOG
FT = WI•C*(T A-TB)-Q
DIFF=(TB-TC)-(TA-TD)
DIV=(TB-TC)/(T A-TD)
IFIDIV.LE.O.) GO TO 1 
R = A LOG(DIV)
DLGDT=(R-(DIFF/(TB-TC)))/(R*R)
GO TO 2

1 DLGDT = 0.0
2 DFDT=-WI*C-UA*DLGDT 

TOUT=TB-(FT/DFDT)
TDir=(TOUT-TB)/TOUT 
IF(ABS(TDIF).LE.EPSI) GO TO 4 
T B= TOUT

3 CONTINUE 
RETURN

4 TB=TOUT 
RETURN 
END ****

**** THERMODYNAMIC PROPERTIES OF WATER, SATURATED WATER, SATURATED STEAM, 
AND SUPER-HEATED STEAM 

SUBROUTINE WATER(P. H, T, D)
IF(P.LE.1060) GO TO 50
CALL SWATER(P,T,HF,HG,HFG,D,DG,SVF,SVG)
IF(H.GE.HF) RETURN 

50 CONTINUE
IF(H.GE.350.) GO TO 100 
T1=109.72-0.02935-P 
T2=0.050093+1.81624E-4+P 
T3=0.00223464-4.02203E-7+P 
T4=-1.94529E-6+3.1477E-10+P 
T=T1+T2-H+T3*H**2+T4*H**3 
GO TO 200

100 T5=51.14-0.0034153+P
T6=1.03365+3.5916E-6+P 
T 7 =)4541 .2-0.30063* P 
T=T5+T6^H+(77/(H-754.79))

200 IF(H.GT.2BC.) GO TO 300 
01=62.4+2.14E-4+P 
D2=-8.73£-5+1.43SE-9+P
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D3=2.32E-10-6.2E-15*P 
D = D1+D2‘*H**2 + D3*H**4 
GO TO 400

300 D4=92.924+5.761E-4-P 
05 = 39440.2+1 .6386*-P 
06=1377.35 + 0.035704 + P 
D=D4+(D5/(H-D6))

400 RETURN 
END

C * * * *
SUBROUTINE SWATER(P■ T, HF, HG, HFG, DF, OG, SVF, SVG)
X L = ALOG10(P)
Y=(3?08.5-P)**0.35 
IF(P.GT.2T20.) GO TO 200 
IF(XL.GT.2.7611) GO 10 100
HF = ( 1 376.8/(5.1085-X1.) )-1 99.70 + 24.262 +XL+1.71 *XL**2 
HFG=(500./(XL-4.062))+1158.86-13.56*XL 
GO TO 300

100 HF=(25.847/(3.6635-XL))+426.45-244.*XL+89.91*XL**2 
HFG=(354.4/(XL-3.962)) + 1 1 93.33-58.3*XL 
GO TO 300

200 HF=900.67+(0.003908+P-26.833)-Y 
HFG=-22.5+(49.05-0.0042*P)+Y 

300 HG=HFG+HF
IF(P.GT.2120.) GO TO 500 
IF(P.LE.1060) GO TO 400 
DF=53.526-0.007207*P-3.5E-8*P‘*2 
GO TO 600

400 CALL WATER(P, HF, X1, OF)
GO TO 600

500 DF=19.17+(1.875-1.14E-4*P)*Y 
600 SVF=1.0/OF

IF(P.GT.130.) GO TO 700
DG=((0.0016/(P + 1 0.))+0.0028529)*P**0.948 
GO TO 900

700 I F ( P . GT . 2 1 20 ) GO TO 800
DG=0.01254+0.0021282+P-6.69E-8*P*»2+1.65E-10*P**3 
GO TO 900

800 DG=20.2-(1.148+4.6E-5*P)*Y 
900 SVG=1./DG

IF(P.GT.1080) GO TO 1100 
IF(XL.GT.1.653) GO TO 1000 
T=(2634.7/(6.026-XL))-335.486+4.484*XL 
GO TO 1200

1000 T =105.802 + 65.14 + XL+24.859*XL* *2-4.3391 *XL**3+1 .6889*XL**4 
GO TO 1200

1100 T=620.994+0.055386*P-3.56E-6*P**2-(226805./(P+768.85)) 
1200 RETURN 

END
C ****

FUNCTION SURFTN(TF, VF)
TC=(TF-32.)*5./9.
DX=1.601846E-2/VF
SIGMA=1.74716E-1*DX**(2./3.)*(368.1-TC)
SURFTN=6.852177E-5*SIGMA
RETURN
END

C * * * *
c ****

FUNCTION PSAT(T)
DIMENSION SK(9)
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DATA SK/-7.691235,-26.08024,-168.1707,64.23285,-118.9646,4.167117, 
1 20.97507,1.069,6.0/
RT=(T+459.67)/1165.14 
SUM = 0
DO 91 N=1 ,5
SUM=SUM+SK(N)*(1.-RT)**N 

91 CONTINUE
AP<3 = SUM/RT/( 1 . + (SK(6)+SK(7)*M .-RT))*(1 .-RT ) )- 

1 (1.-RT)/(SK(8)*(1,-RT)**2+SK(9))
RPSAT=EXP(ARG)
PSAr=3208.2^RPSAT 
RETURN 
END

**** CORE HEAT TRANSFER COEFFICIENT

FUNCTION HCORE(RE,PE,DEQT,XK)
REAL NUSS
IF(ABS(RE).GT.3000.) GO TO 100 
NUSS=4.363636 
GO TO 200

100 NUSS=7.0+0.025*PE**0.8 
200 HCORE=NUSS+XK/DEQT 

RETURN 
END

C * * * *
FUNCTION T CONDI(P, TF)
DATA TO/491.67/,A0/-532.99/.A 1/I 640.6/,A2/-1040.4/,A3/303.78/,

1 A4/-42.433/,B0/-3.7 738E-2/,81/0.10033/,B2/-7.9722E-2/,
2 B3/2.053E-2/,C0/4.5493E-6/,C1/-1.0693E-5/,C2/8.054E-6/,
3 C3/-1.9692E-6/
PS-PSAT(TF)
T--TF + 459.67
X -T/TO
TC0ND1=(1.E-3)*(A0+(A1+(A2+(A3+A4*X)*X)*X)*X+
1(P-PS)»(B0+(B1+(B2+B3*X)*X)*X)+ 
2(P-P5)**2*(C0+(C1+(C2+C3*X)*X)*X))
RETURN
END

C * * * *
FUNCTION TC0ND2(T,V)
DATA A1/0.8889/,B1/2.1636E-3/,C1/-0.07916E-6/,D1/3.7594E11/,

1 E 1 ,/32 . / , A2/9.59/ , B2/1 . 767E-2 / , C2/0.1 898E-4/ , D2/-0.4468E-8/
T C0ND2 = 1 .E-3*(IA1 + (B1+C1*T)*T)/V+D1/(T-E1)**4.2/V**2+A2 +

1 (B2+IC2+D2*T)*T)*T)
RETURN
END

C ****
FUNCTION DVI SC 1(P, TF)
DATA TO/559.8/,AS/3.849/,BS/5.5362E-4/.CS/-1.2204E-6/
DATA A/16.087/,B/447.07/,C/252./,D/1.E8/
PS= PSAT(TF)
T=TF+459.67
F=1.+(P-PS)*(T-TO)*(AS+(BS+CS^(T-TO))*(T-TO))/D
DVIS=(1.E-6)*A*10.**(B/(T-C))*F
DVISC1=3600.0*DVIS
RETURN
END

Q * * * *
FUNCTION DVISC2(TF,V )
DATA A1/0.33./,B1/1.3446E-2/, Cl/I . 036E-5/
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DATA A2/-0.44104/,B2/9.9675E-3/,C2/5.2886E-6/,D2/-1.5328E-9/ 
DATA E2/-1.4387E-13/,F2/6.5747E-17/
T = T F + 45G.67
DVIS=(1.E-6)*((A1+(B1+C1/V)/V)/V+

1A2+(B2+(C2+(D2+(E2+F2*T)*T)+T)*T)*T)
DVISC2=DVIS»3600.0
RETURN
END

C ****
FUNCTION TSTEAMf H, P)
CALL SWATER(P.TM.HF.HG,HFG,DF.DG,SVF,SVG)
IF(H.LE.HG) GO TO 1
PN=6894.7573*P
HJ=H*2326.0
D0 = 656.59+(9.9066E-5-2.1879E-12 * PN)* PN 
D1=-5.2569E-4+(-3.4406E-1 1+7.0081 E-1 9-* PN ) * PN 
D2“1.6221E-10+(1.8674E-18-1.4567E-26+PN)*PN 
TK=D0+(D1+D2*HJ)*HJ 
TR = 1 .80* TK 
TSTEAM=TR“459.67 
RETURN 

1 TSTEAM=TH 
RETURN 
END

C ****
FUNCTION HSTEAM(T, P)
TK=(T+459.67)/1.8 
PN=P*6894.7573
DO=656.59+19.9066E~5“2.1879E“12*PN)*PN 
DI=-5.2569E-4+(-3.4406E-11+7.0081E-19*PN)*PN 
D2=1.6221E”10+(1.8674E-18-1.4567E-26*PN)*PN 
C=DO-TK
CROGT=(D1*D1“4.*D2*C)**0.5
HU=(-D1+CROOT)/(2.*D2)
HST EAM = HJ/2326.0
RETURN
END

C +***
FUNCTION SHEAT 1(P, T)
DATA A1/9.6566E-1/,A2/4.9842E-6/,A3/8.8434E+3/.A4/8.2445/ 
DATA A5/2.0392E+4/,A6/6.6112/
H2~A 1-A2 + P 
H3=A3+A4*P 
H4=-A5+A6»P
SHEAT 1-H2+(H3/((802.“T)**2))-(H4/((T-750.)**2))
RETURN
END

C *** +
FUNCTION SHEAT2IP, T)
PN=P*0894.7573 
TK=(T*459.67)/1.8
D0 = G56.59+(9.9066E-5-2.1879E-12*PN)*PN 
D1=-5.2569E-4+(-3.4406E-11+7.0081E-19*PN)*PN 
D2 = 1 .6221E-10+(1 .8674E-18-1 .4567E-26*PN)*PN 
DENOM=D1*D1-4.*D2*(DO-TK)
CJ=DENOM**(-0.5)
SHEAT 2 = CJ/(2326.* 1.80)
RETURN
END

Q
FUNCTION SPVOL2(T, P)
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SPVOL2=10.731*(T+460.)/(20.*P)
RETURN
END

C * * * *
SUBROUTINE CONVRT
COMMON/FACT/XFAC.AFAC.VFAC.WrAC.PFAC.DFAC.CFAC.XKFAC.TFAC.XMFAC, 

C TOFAC,SPFAC,XILFAC,XHFAC,ENTFAC,GC 
COMMON/GET 1/W(13)
COMMON/F BR1/T EMP(34)
COMMON/FBR2/TX1(25)
COI«;.ON/-F L>R3/T X2 ( 25 )
COMMON/FBR4/TCI(6)
COMMON/FBR6/T11(7)
COMMON/FBR8/TI2(7)
COMMON/FBR13/DH(12),AH(14),0D(11)
COMMON/FBR14/DPX,APX,DIIV1( 18) , ASX , DIM2 ( 20 )
COMMON/FBR15/DSS,CSS,XKSS 
COMMON,' CNV 1 /X L ( 35 ) , ASG.ODSE , DELSE 
C0MM0N/CNV2/ZC(6)
C0MM0N/CNV3/ZP(60)
COMMON/CNV4/ZX(26)
C0MMCN/CNV5/ZS(80)
C OMMO N / C N V 6/ Z10 ( 10)
C0MM0N/CNV7/PP(12)
C0MM0N/CNV8/PS 1(9)
COMMON/CNV9/PS2(9)

THESE ARE THE BASIC CONVERSION FACTORS

GC=32.17 
FACLEN=.3048 
FACMAS^.453592 
FACTEM=5./9.
FACNRG=1055.06

THESE ARE THE REQUIRED DERIVED CONVERSION FACTORS

XFAC= FAC LEN 
AFAC=XFAC*XFAC 
VFAC=AFAC*XFAC 
WFAC=FACMAS/3600.
PFAC=FACMAS/FACLEN*144.*GC 
DFAC=rACMAS/VFAC 
CFAC^FACNRG/(FACMAS* FACT EM)
XKFAC=FACNRG/(3600.*XFAC*FACTEM)
tfac-factem 
XMFAC=FACMAS*AFAC 
TOFAC“GC*AFAC*FACMAS 
S P F A C = 1 ,/60.
XILFAC=GC*3600.**2/XFAC
XHFAC-XKFAC/XFAC
ENTFAC=:FACNRG/FACMAS

DO 1000 1=15,20 
1000 TEMP(I)=TEMP(14)

TEMP(23)=TEMP(21)
CONVERT ALL THE PARAMETERS FROM SUBROUTINE LMFBR

DPX=DPX/XFAC
APX=APX/AFAC
ASX=ASX/AFAC
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ASG=ASG/AFAC 
0DSE=--0DSE/XFAC*12. 
DELSE=DELSE/XFAC»12. 
DSS=DSS/DFAC 
CSS=CSS/CFAC 
XKSS=XKSS/XKFAC 
DO 1 1=1,80 
2S( I)=ZS(I)/XFAC 
IF(I.GT.60) GO TQ 1 
ZP(I)=ZP(IJ/XFAC 
IF(I.GT.35) GO TO 1 
X L(I) = X L(I)/XFAC 
IF(I.GT.26) GO TO 1 
ZX(I ) = ZX(I)/X FAC 
IF(I.GT.20) GO TO 1 
DIW2I1)=D:M2(I)/X FAC 
IF(I.GT.16) GO TO 1 
DIM) 1) = DIM(IJ/XFAC 
IF(I.GT.14) GO TO 1 
AH(I)=AH(I)/AFAC 
IF(I.GT.13) GO TO 1 
W(I)=to(I)/WFAC 
IF(I.GT.12) GO TO 1 
DH(I)=DH(IJ/XFAC 
PP(I)=PP(IJ/PFAC 
IF(I.GT.11) GO TO 1 
OD{I)=0D(I)/XFAC 
IF(I.GT.10) GO TO 1 
ZIOU ) = ZIO( I ) /XFAC 
IF(I.GT.9) GO TO 1 
PS 1 I I) = PS 1(I)/PFAC 
PS2(I)=PS2(I)/PFAC 
IF(I.GT.6) GO TO 1 
Z C(I)= Z C(I)/XFAC

1 CONTINUE
CALL TMPCON(0,34,TEMP) 
CALL TMPCCN(0,25,TX1) 
CALL TMPC0N(0,25,TX2) 
CALL TMPCON(0,7,T11 ) 
CALL IMPCON(0,7,T12) 
CALL TMPCON(0,6,TCI)
DO 2 1=1,6

2 DIM( I ) = DIM( I ) * 1 2 .
DO 3 1=13,20

3 DIM2lI)=DIM2(I)* 12. 
RETURN
ENTRY RSTCON 
DO 101 1=1,80

101 ZS(IJ=ZS(I)*XFAC 
DO 102 1=1,60

102 ZP(I)=ZP(I)*XFAC 
DO 103 1=1,35

103 XL(I) = XL(I)*XFAC 
DO 104 1=1,26

104 ZX(I)=ZX(I)* XFAC 
DO 105 1=1,20

105 DIM2(I)=DIM2(I)*XFAC 
DO 106 1 = 1,18

106 DIM(I)=DIM(I)*XFAC 
DO 107 1 = 1,14

107 AH(I)=AH(I)*AFAC



oo
o

DO 108 1-1,53
108 W(I)=W(I)*WFAC 

DO 109 1=1,12
DH(I)=DH(IJ+XFAC

109 PP(1)=PP(I)* PFAC 
DO 110 1=1,11

110 OD(I)=OD(1)* XFAC 
DO 111 1=1,10

111 ZIO(I)=ZIO(I)*XFAC 
DO 112 1=1,9
PS 1(I) = PS1(I)* P FAC

112 PS2(I) = PS2(I)* PFAC 
DO 113 1=1,6

113 ZC(1) = ZC(I)* XFAC
CALL TMPCON! 1 , 3<1 , TEMP)
CALL TMPCON', 1 ,25,TX1 )
CALL TMPCON!1,25,1X2)
CALL 1MPCON(1,7,TI1)
CALL TMPCON(1,7,TI2)
CALL TMPCON!1,6,TCI)
DPX = DPX'* XFAC 
APX=APX*AFAC 
ASX = ASXAFAC 
ASG=ASG-AFAC 
0DSE=0DSE+XFAC/12.
DELSE=DELSE-kXFAC/12.
DSS=DSS*DFAC 
CSS=CSS'CFAC 
XKSS=XKSS*XKFAC 
DO 121 1=1,6

121 D 11.1 ( I ) = DIM ( I ) / 1 2 .
DO 122 1=13,20

122 DIM2(I)=DIM2(I)/12.
RETURN
END
SUBROUTINE TMPCON(M,N,T)
DIMENSION T(N)

IF M=0, CONVERT FROM CENTIGRADE TO FAHRENHEIT 
IF M=1, CONVERT FROM FAHRENHEIT TO CENTIGRADE

IF(M.EO•1) GO TO 100 
DO 50 1=1,N 

50 T( I ) = 1.8*T(I)+32.
RETURN

100 DO 150 1=1,N 
150 T(I)=(T(I)-32•)/1.8 

RETURN 
END
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APPENDIX B
SAMPLE PROBLEM

A sample problem was chosen to show some of the versatility of the EPRI-CURL code. 
The reactor design chosen was essentially CRBRP (13). The input is found in Table 
11-1.

The critical features of the sample problem are:
reactor operating initially at 90% full power,
all primary, secondary, and tertiary pumps trip at time = 0.,
50C reactivity insertion at time = 0.5 seconds, 
pony motors are available when needed, 
all feedwater is lost at time = 0., 
the turbine is tripped at time = 0.,
all primary scrams operate except for the primary pump electrics trip, 
automatic secondary scram systems inoperable, and
a manual secondary system scram is achieved at time = 10.0 seconds.

A possible scenario for this transient would be a seismic shock causing the turbine 
and pumps trips, as well as a subsequent reactivity insertion.

In order to find a steady state for a power not equal to 100%, the code presently 
requires a steady-state initialisation at 100% be run first, in order to set up the 
proper normalization.

Thus, the sample problem consists of a steady-state run at 100% power, a steady- 
state run at 90% power, and the transient run described above. Note that the input 
data for the second and third runs consists of only the transient defining input 
of the main program (MASA MASG) (see Table 11-1) .

The transient calculation was terminated at time = 50. seconds. The total execution 
time for all three runs on an IBM 370/168 came to only 58.7 seconds.



***************************************************************
* *
* CURL- t-OOP VERSION *
* *
* *
* DYNAMIC SIMULATION of A I IQUID-METAi-COOLED *
* »
* fast breeder reactor ** *
* *
* CORNELL UNIVERSITY 1976 *
* ****************************************************************

DEtErmINATIoU of STEADY state values

****************************** INPUT DATA ******************************

0 *IPRlNTs 50,tPK= 10.SSEC= •199999988 .TMAxSC= 19.8999939

PD0= 1.00000000 «SLOPEP= .0 .PDEND= 1,00000000 ,XlOop= 2.00000000

50.0000000 , 50.0000000 ,SNEW= .199999988 , .199999988 . .199999988

.TTRTP= 50.0000000

S"ASA
mode=
SEND 
SMASR
P100= 975.000000
SEND
smasc
TNEW= 19.0000000

5,
SEND 
SMASD
TSCRM= 50.0000000 

50.0000000 
SFND 
SMASE
NOPON= 0.

.100000005E-03 
SEND 
SMASF
RWSERT= .100000024 
SEND 
SWASG
TN0FW1= 50.0000000 
SEND 
SRROl
WT100= 1740.69995
WCA= 81.4651947 .WRB= 745.718018 
WBRK= 1740.69995 
SEND 
S9R02
TC= 393.489990 . 590.129883 , 592.389893

542.189941 , 544.020020 , 444.560059

1IPNEW=

50.0000000

Oi 0« O.MTURB=

< 50.0000000

O.MDUMP=

50.0000000 . 5O.0000000 50.0000000

O.RsTART= l.EPSILN=

,TNSERT= 50.0000000 

.TNOFW2= 50.0000000 .T AUXla 50,0000000 iTAUX2= 50.0000000

,WI1= 1740.69995 .WI2= 1740.69995 .WIC= 2153.08008
,WRP= 217.225006 .WS100= 1610.25000

.WOC= 1885.17993 
*WS1= 1610.25000

T0P1= 535.169922 .T0P2= 535.169922 .TM= 460.610107
, 392.520020 . 566.669922 , 568,530029
460.739990 , 387.969971 ,T1P1= 387.969971

1876.58008 619.270020

,WHCs 139.431000 
,WS2= 1610.25000

, 392.459961
,TIP2= 387.969971

442.620117 . 1595.15991



wIN)

588.560059 , 441.419922 , 14201.46*97 , 563.600098 , 492.479980 , 550.189941
*FND

Kl= ft,K2= 8 ♦ NPs 10* 10t 10• lo, 10« 10,LP= 0,
0« 0« O'1 0*N1 = 10, 1, 2, ln,Ll= 0,
0. 0«N2= 10. 1* 2, 10»L2= 0, 0, 0,

SEND
SRR04
TP1= 535.169922 , 517.840088 t 500.080078 , 481.840088 . 463.129883 , 44J.939941 , 424.280029 ,
404.129883 , 333.489990 , 535. 169922 , 387.969971 , .0 . ,0 ,TSl=

386.360107 , 365.
502.139893 ,

484.020020 ,
343.889893 ,

465.459961 ,
502.139893 ,

446.
.0

419922
.

426.879883 ,
.0

406.870117 . 370117 ,

SEND
S9R05
TP2= 535.169922 . 517.840088 * 500.080078 . 481.840088 . 463.129883 , 443.939941 , 424,280029 ,

404.129883 . 383.489990 , 535. 169922 , 387.969971 , .0 , .0 ,TS2=
386.360107 . 365.

502.139893 ,
484.020020 .
343.889893 ,

465.459961 ,
502.139893 ,

446.
.0

419922 ,
,

426.879883 ,
.0

406.870117 . 370117 ,

SEND 
SRR06 
TCIl = 535,169922 •TCI2= 535.169922 .7013= 387.969971 .7014= 535.169922 .7015= 535.169922 ,7016= 387.969971
SEND 
SRR07 
TIll = 502.139893 .1112= 343.889893 .7113= 343.889893 .7114= 343.889893 .7811= 502.139893 .7801= 457.540039
TEI1 = 457.540039
SEND 
SRR08 
7121 = 502.139893 ,7122= 343.889893 .7123= 343.889893 ,7124= 343,889893 ,7812= 502.139893 ,7802= 457,540039 ,
TEI2=
SEND
SBR09

457.540039

DH= . 429769978E-02, .429769978E-02, . 4297&9978E-0?, ,4?9769978r-02, .429769978E'.02, ,429769978F-02, .429769978E-02,
,42976997BE-02. . 429769978E-02, .3596599918-02,> .371859991^-02, . 323700011 ,AHs .i85800o08E-01, .185800008E-01,
.iBSsonooec-ni. .320500016 , .320500016 , .320500016 ,
.715300068E-02. .985699892E-01. .82??00l79E-01.AIpTs 27.8699951

SEND

.28248001? . ,282400012
<AOPT= 27.8699951

.282400012

. .914399981 , 1.64070034 , .355700016 ,
9.31130028 .P* ,731519982e-02, .731519982E-02,

.731519982^-02, .731519982E-02, ,731519982f-02, .731519982E-02,
.302359998 , .302359998 • .302359998 , .302359998 ,

.152400017 , .101499975 ,00= ,585220009E-02,

.585220009E-02, ,585220009r-0?, ,585220009E-02,

, .355700016
2.91079998

.302359998 
,585220009p-Op,

SBR10
XL= .355700016 , .914399981 , 1.64070034

,914399981 . 1.64070034 , 2.91079998 ,
•731519982E-02, .731519982E-02. .731519982E-02,
.161539987E-01, .143259987E-01.WL= .302359998
,302359998 , ,30235999s , .302359998 ,
.585P20009E-02, .585220009E-02, .585220009E-02,
.585220009E-92, .155449994E-01, .131059997E-01

SEND 
SBR11
OPX= .S?9l79987E-01,APX= 1,93610001 ,ODP= .914399981 , ,60960000'S , ,609600008 .r>ELP= . 126999989E-01,

,126999989E-01, .126999989E-01,XIP= 37.4539948 . 32.7480011 , 52.7149963 , 37.4539948 . 32.7480011 ,
52,7149963 , 7.37919998 ,Xl.11= 2.31000042 ,XL12= 2.65799999 .Xl21= 2.31000042 ,XI_22= 2.65799999

SEND 
S9R12
D8X= .199400000E-01,ASX= .889999986 ,ODI= .609600008 , .457199991 , .609600008 . .609600008 ,DELl=

.126999989E-m, .126999989E-01, .126999989E-01, .126999989E.0l.DS6= .5166000l3E-01,ASG= .525229990 ,OOSE= .457199991
DELSr= •126999989E-01,XLS= IsO.OOOnOO . 9.14400005 , 25.9080048 . 60.6369934 . 248.679993 . 9.14400003

25.9080048 
SEND

. 110.919998 7.61999989 14.0200005 . 37.794998? 14.0200005

SBR13
ZIN1= -19.1790009 ,ZIN2= -16.1829987 ,ZON= -11.4340000
SEND
8BR14

.ZPl= -15.7980003 ,ZP2= -15.7980003 ,ZOPLEV= -6.87170029



toIu>

Zl= -11.4300003 . -7.49800014 , -7.49800014 . -5.79100037 • -5.79100037 . -5.79100037 . -8.22999954
-10.670000] . -13.2600002 , -13.7600002 ,Z?s -17.0700073 . -14.0700005 • -10.6700001 . -7.50000000
-7.50000000 . -7.50000000 , -7.50000000 . -7.50000000 , -7,50000000 . -9.51000023 ,Z3s .16.4600067
-11.0600004 .
-15.6099997 .

-5.64000034 , -5.64000034
-19.1799927

, -5.93999958 , -6,55000019 • -7.18999958 . -10.2100000 ,
SEND
XRR15
Z4= -ll.4300003 t -7.49800014 • -7.49800014 , -5.79100037 , -5.79i00037 , -5,79100037 . -8.22999954
-10.6700001 . -13.2600002 , -73.7600002 ,Z5s -17.0700073 . -14.0200005 . -10.6700001 , .7.50000000
-7.50000000 . -7.50000000 , -7.50000000 , -7.50000000 . -7,50000000 . -9.51000023 «Z6s -16.4600067 

, -10.2100000 ,-11.0600004 .
-15.6099997 .

-5.64000034 , -5.64000034
-19.1799927

, -5.93999958 , -6.55000019 . -7.18999958
SEND
SBR16
ZXls -7.18999958 , -8.O2OOOO46 . -8.84500027 , -9.67000008 . -IO.5OOOOOO . -11.3199997 . -12,1499996
-12.9750004 . -13.8000002 , -16.4649963 , -16.4649963 . .0 . .0 ,2X25 -7.18999958
.8,02000046 •
-13.800000p ,

-8.84500027 , -9.67000008
-16.4649963 , -16.4649963

, -10.5000000 ,
. .0

-11.3199997 .
.0

-17.1499996 , -12.9750004 ,
SEND
SBR17
Pis 845900.000 «P2s 253000.000 ,P3= 219900.000 ,p4s Sfi540.0000 ,p5s 1140000.00 ,P6= 1034000.00 ,P7s

938900.000 ,P8= 939600,000 ,P9= 36540.0000 .P10= 1140000.00 ,Plls 1034000.00 ,P12s 938900.000
StND
S9R18
0SS= 8000,00000 ,CSS= 502.399902 ,XkSS= 16.7469940ICND3BR19
PS1= 1568000.00 •PS2= 253000.000 .P83= 219900.000 .PS4s 1089000.00 .PS5s 813500.000 .PS6s 737600.000

751400.000 ,PS8= 754900.000 ,PS9= 682500.000
*E-N0
SRR20
PIl= 1568000.00 

751400.000 .
,PI2= 253000.

Pl8s 754900.000
000 .PT3= 219900,000 >P14=

.PT9= 682500.000
1089000.00 «P15s 813500,000 ,Pl6= 737600.000

SEND
SBR21
ZS1= -4.75000000 » -M.75000000 , -10.3599997 . -13.5000000 . -14.0200005 t -14.1700001 • -14.3299999
-14.4799995 . -14.6300001 , .100000074 , ZS2= -12.4700003 , .0 • .0 . .0
.0 .0 , .0 .0 . .0 , • 0 « ZS3= -6.18999958
.100000024 , • 0 . .0 .0 ,0 , • 0 .0 1
8 0 1

-3*26000023 *
• 0 ,

-3.05000019 ,
ZS4= -7.52999973 
-2.9S000031 ,

, -10,9700003 
-2.80000019 ,

. -10.6099997 
-2,68000031

t -3.409^9985 • •3,26000023

SEND
SR«22
ZS5s -4.75000000 , -12.6800003 , -13.0100002 . -13.1999998 • -13.4099996 . -13.7799997 • •14*0600004
-14.3599997 . -14.6300001 , .100000024 , ZSss -12.4700003 f .0 • .0 . • 0
.0 .0 . .0 .0 • • 0 • .0 * 2S7s -6,10999950
.IOO0OOO24 , .0 , .0 , .0 . • 0 1 • 0 .0 «
.0

-10,1199999 1
.0 ,

-3.40999985
ZS8= -10.9700003 
-3.17000008 ,

, -10.5500007
-2.93000031 ,

* -10.1300001 
-2,68no0o3i

* -lO.1300001 « -10.1199999

SEND
SRR23
?HX1= -5.88000011 .ZHX2= -5.88000011 .7SH1= -12.0100002 ,7SH2= -12.0l0o002 .ZEVlls .100000024 .ZEVI2s

.100000024 *ZEVOl= -12.0100002 .7EV0>= -12.0100002 .7RP1S .3.1000003s .ZSP2= -3,10000038
XEND 
XRR24
PBRKs 951900.000 .ZnRK= -19.0500031 ,XBRK= 1.00000000 ,pGV= 107000.000
SEND
XBR25
A»= 2.64999967 . -2.10000038 , .850000024 , -.399999976 . -2.6OOOO038 . 3.94999981 . ..300000012
-.850000024 .RB= 2.25000000 . -1.75000000 . .750000000 . -.750000000 . -2.60000038 . 2.60000038

«PS7s

.PI7s



DOI

.0 . -.19999998S ,CC= -.899999976 , 1.85000oS8 . -I.6O0O0O38 . 1.69999962 . 1.99999981 .
-2.5OOOOOOO . 1.69999962 , -.399999976 ,0n= -.730000000 « I.7SOO0OOO , -1.25000000 . 1.25000000 ,
1.300000JO , -2.00000000 , 1.10000038 , -.600000029

SfTND 
3KINA
LANs .199299991 . .207500011E-01t .832999995E-01. .75000o030E-n2. .136999995E-03.B= ,29925on09E-02> .507500023E-03.

.28900000?E:-P1. .210000016E-01, .3299999985-01
SEND 
SKINB
X0= .939999998 » .939999998 ,ROHAX= 31.0000000 t 8.39999962 ,ROsTUK= 2.75000000 , 2.10000038 .RINMAXs

.2400000025-01.ROSUBC= -18.0000000 ,TRrSET= 60.0000000 .XkT= 1.00000000 
SEND 
SKINC
TRON= 558.300049 ,TSTH= 482.199951 ,TSTSP= 482.199951 ,TaURO= 2.00000000 ,TaUsT= 2.00000000
SEND
SKIND
TPREFs 176.699997 «TCREF= 176.699997 .ASODs -.829999976^-06. .8639999585-05. -.8299999765-06. -.1439999965-04,

,1468999985-03. -.1439999965-04. -.1249999975-04, -.9400000275-04. -.1249999975-04, ,0 . -.389000052E-04,AOOP=
-.3575 999965-02, -.4369999845-01, -.7549999285-03, -.6l9099997f-0i, -.743799984 . -.1308999965-01 . -.53580001OF-01,

, -.113300011E-01, .0 
, -.1280000005-03. .0 
.ACR5= -.1669999915-02

-.251800001
.0

.ACA5= .0
.0

. .0
.0

,PRIMB= 10.3299999 ,S5CA= 8.96199989 

, 527.699951

.SECB= 7.16670036

-.245000005
.0 
.0

SEND 
SKINE
PRIMA= 11.6800003 
SEND 
SKINF
ATS 27.8000031 » 2.80000019
SEND
SHYDa
AX® 57.9400024 . 21.2599945 , 131.229996 , 32.8000031 . 131.229996 . 8.19999981 . 57.9400024
21.2599945 , 131.229996 , 32.8000031 , 131.229996 , 8.19999981 , 4.59000015 , 12.1499996
655.699951 . 78.3899994 , 7.13000011 , 67.2299957

SEND 
SHYDB
CA= 1.03999996 ,CB= .6490 39745F-01.CE= . 135000013E-01,HlNfRIs 1071.19995 ,TRMD= 25496.0000
POLES= 3.00000000 ,PHSSP= 2.00000000
SEND 
SHYDC
CD8RK= .809999928E-02.AX5BB= 129.919998 ,AXAB= 1.31000042

4.60000038 .ZGVNlDs -11.3999996 ,ZGVTOP= -7.60000038 
SEND 
SHYDD
CONVG= .500000000 .FREQOs 60.0000000 .XKA= .500000000
TNIN= .1199999825-01,AL0= .IOOOOOO16E-OI 
SEND 
SHYDE
FRE01= 60.0000000 ,FREQ2= 60.0000000 ,AL1= 1.00000000
SEND 
SHYDF
TAUWN= .500000000 ,TAUAM= .199999996E-01.TAUTM= 5.00000000 
SEND

matrix of inertial loss coefficients

,DSPEED= 18.6000061

.VOUGVb 81.3000031 .sSVMIOr 4.10000038 .SGVTOPs

,TK= .399999976 ,TS

.AL2= 1.00000000

,TRISPN= 387.780029

.105000019 ,TR= .229999982E-01

All s 3.954E+02 A12 s 4.198E+01 A13 =-4.5905+00 A14 S-4.590E+00 A15 =-4,5905+00 A16 =-4.590E+00 A17 =-4.590E+00
A21 s 3,9095+02 A22 s 3.280E+01 s A?4 = 0.0 A?5 z 0.0 A26 = 0.0 A27 r 0.0
A31 s 3.909E+02 A32 s 3.280E+01 A33 s 0.0 A34 s 6.557E+02 A35 s 0.0 A36 = 0.0 A37 z 0,0
A41 s 3.909E+02 A42 s 3.280E+01 A43 s n,o A44 s 0.0 A45 s 7.839E+01 A46 = 0.0 A47 z 0,0
A51 s 3.9095+02 A52 s 3.280E+01 A53 s n«o A54 s 0.0 A55 z 0.0 A56 = 7,130E+00 A57 z 0,0
A61 s 3.9095+02 A62 s 3.20OE+O1 A63 s o«o A64 z 0.0 A6*5 z 0.0 A66 = 0.0 A67 z 6-723E+01
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SHX2A
nrXTr .22220nn06E-0l.PITCH* ,25400 0016E:-01, XKSS= ,NT= 2850.00000 *6?= .300000012E-01 ,ACF= .800000012
SEND
SHX2B
VIP* 8.56200047 ,VOP= 1.99600029 .VRP* 5.69200039 tVIS= 7.12199974 .VOS= 9.49199963
1END
SIHAl
USPEEDe 18.6000061 .TMHD= 25496.0000 .MINERT= 1071.19995 ,PMSSP= 2.00000000
SEND
SIHA2
PTSPe 9996000.00 .KFT* .500000000 ,KST= .500000000 .KSr* .500000000 iTAUS= .500000000 , .199999996E-01,

4.00000000 
SEND 
STHA3
Al* 1.03999996 .a2= .649039745E-01,a3s .1350000i3e:-01,AZ= .100000016E-01.Ts= .105000019 ,TRs .229999982E-01,THIN*

.ll9999982E-01.SFI= 60.0000000 .XnP* 3.00000000 .ALFAs i.OOOOOOOO «GF= 60.0000000
SEND 
SIHB1
TNMDs 25496.0000 .MlNERTs 1071.19995 .GFI= 60.0000000 ,ALFA= I.OOOOOOOO ,GF= 60.0000000
SEND
SIHB2
PTSP= 9996000.00 .KFT* .500000000 ,KSTe .5OOOOOOOO ,KSPe .5OOOOOOOO .TAUSs .500000000 , .199999996E-01,

4.00000000 
SEND 
SSGAOl
EPSIe 345.000000 1 ps 12150000.0 , 12150000.0 , 12150000.0 , 12190000.0 , iSlgOOOO.O , 13180000.0

13170000.0 . 13130000.0 , 12890000.0 , 12430000.0 , 12330000.0 . 12200000.0 , 12150000.0 .
12080000.0 . 
9996000.00

SEND
SSGA02

11970000.0 , 11610000.0 , 11240000.0 , 10880000.0 . 10510000.0 , 10410000.0 ,

H* 1003000.00 , 1614000.00 , 1250000.00 , 1250000.00 , 1250000.00 , 1250000.00 , 1250000.00 ,
1250000.00 . 1527000.00 , 2087500.00 , 2087500.00 , 2087500.00 . 2087500.00 , 2681000.00 ,
2681000.00 • 

SEND
SSGA03

3000000,00 , 3178000.00 , 3277500.00 3331000.00 • 3331000.00 , 3331000.00

TCS* .0 . .0 . .0 . .0 • .0
457.540039 ,

, .0
343.889893 .
457.540039 .

SEND
SSGA04

381.239990 .
479.389893 ,

457.540039 ,
491.649902 ,

457.540039 ,
498.469971 ,

457.540039 .
502.139893

457.540039 ,

XUT* 14.0200005 .XL* .0 . 9.14400005 . .0 . 36.5760040 , 1.52400017 . 10.2399998
72.1459961 . 2.62300014 , .0 , .0 , 7.05500031 < 35.3569946 , 6.09599972 ,
45.7200012 ,
106.679993 <

SEND
SSGA05

2.62300014 ,
ACFs .649999976

3.50500011 , 3.50500011 .
.TKON* 37.7299957

3.50500011 » 3.30500011 . 7.05500031 ,

2* 3.81000042 , 4,26700020 , 4.26700020 , -15.0629997 , -13.4U0003 1 -14.9350004 , -17.9830017 .
-15.3599997 . .0 , -1.34000015 , 2.70499992 , 9.75399971 , 4.26700020 , -17.9830017 ,
-15.3599997 .

SEND
SSGA06

-11.8549995 . -8.35000038 . -4.84500027 , -1,34000015 * 2.70499992 , 2.70499992

XLS* .0 . .0 . >0 . .0 , .0 . .0 • .0
.0 .
7.43700027 ,

SEND
SSGA07

.0 ,
3.50500011 ,

.0
3.50500011 .

7.43700027 ,
3.50500011 ,

7.43700027 •
3.50500011

7.43700027 , 7.43700027 .

PITCH* .309999995E-01.D* .228600025 • 1.82900047 . .431999981 , .431999981 1 .380999982 . ,380999982
.228600025 , .102999993E-01, • 102999993F-01, .102999993^.011 .102999993E-01. .380999982 . .329999983 .
.278999984 . .10299999SE-01, .102999993E-01. .102999993f-Oi, •102999993E-01, .102999993f-01, .102999993E-01,
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.0 .
7.43700027 .

.0 .
S.50500011 ,

.0 7.43700027 , 7.43700027 * 7.43700027 . 7.43700027 .
3.50500011 , 3.50500011 . 3.50500011

SEND
SSGB07
PITCH* .309999995E-01.D* .228600025 . 1.82900047 . .431999981 . .431999981 » .380999982 . .380999982

.228600025 • ,102999993E-01• .102999993E-01, .tfl2999993f>0l. .102999993E-01* .380999982 , .329999983 ,

.278999984 >

.431999981
.102999993E-01. .102999993E-01• .10299999 3f;-01* .102999993E-01* • 102999993^-01 * .102999993E-01.

SEND
SSGB08
DS= .0 • .0 • .0 . .0 * • 0 < .0 * • 0 «

.926999986 . .926999986 . .926999986 , .431999981 , .431999981 * ,431999981 , .431999981 ,

.431999981 . .926999986 , .926999986 , .926999986 , .926999986 • DEL* .25400n0l6E-0l, .254000016E-01

.254000016E-01. .254000016E-01* .254000016E-01, .254000016E-01* .254000016E-01. .2768999902-02. ,276899990E-02*

.276899990E-02* .276899990E-02, .254000016E-01, ,254000016e-0i. .254000016E-01* .2768999902-02. .276899990E-02,

.276899990E-02* .276899990E-02, .276899990E-02, .276899990^-02* .254000016E-01* XNx 1,00000000 , 1,00000000 .
1.00000000 . 1.00000000 , 1.00000000 , 1.00000000 , 1.00000000 * 757.000000 , 757.000000 ,
757.000000 . 757.000000 , 1.00000000 , 2.00000000 , 1.00000000 • 757.000000 , 757.000000 ,
757.000000 , 757.000000 , 757.000000 , 757.000000 , 1,00000000

SEND
SSGB09
TMD* 25496.0000 
XEND
SSGB10

.HINERT* 1071. 19995

KFWs .499999B96E- 02,KCV= .500000000 «HDSPs 1. 00000000
SEND
SSGBll
W1100= 139.850006 •W2100s 279. 699951 .Wl* 139.850006 ,w2s 279.699951 .W3s 139,850006 *CVPs .920099974
ALFAa 1.00000000
SEND
8SGB12
TAUSs 1.00000000 , 2.00000000 , 2.00000000 • 2.00000000
SEND
SSGBlS
WFMIN= .199999988 ,WFMAX= 1.14999962 .CVHAX= l.OOOOOOOo ,WAUX|»|= x4.9270020 ,HauWs 1S5800.000 .HDAUXs

1.00000000 iHDHAXs 1.50000000 SEND
SSHOl
VH» 38.5110016 »KTVs ,300000012 ,KOUs 5.00000000 tTvps 1.00000000 ,DVPs .0 tTAUs .149999976 .PSPTV=

9996000.00 .PSPOVs 10100000.0 .pSPRVs 11030000.0
*END
SSH02
WT100* 419.550049 .WNMAXs 1.00000000 .WNMIN= .l99999996E-01.pH= 9996000.00 ,pc= .0 .CTs 9307000,00 .
CTVs 689400.000 
SEND
XSCR1
NOSCRMs 5.

,COV= 15780000.0

11.

*CRV=

12.

.145099966E-05

13. 14. 15* 0. 0* 0. 0
0* 0, 0, 0,, O.DELATs .PHPDELs •689999996 . .689999998 f

.689999998 . .689999998 , .689999998 , .689999998
SEND 
SSCR2
PLIMs 1.14999962 .TCONs 28.0000000 ,a2= 1.01000023 ,B2s -.99OOOOO1O .02* .170599997 «02s ,364000015E«01.A3=
-1.01000023 .B3* 1.01000023 ,C3= .196900010 ,03= .416000001E-01,a4s 1.31799984 .r4* -1.00000000 .C4s
,425000004E-01.A6= .588000007E-01,B6= .144999981 .C6= -.249999994E-02.a8= .300000012 .?LEVELs 4.19999981 .THxSCRs
443.000000 

SEND 
SSCR3
All= 1.19999981 .Bll= -.990000010 .C11= .870000124F-01.a12= .493000001E-01.B12s .144999981 .Cl2= -.249999994E-02.
DRUMAXs .220000029 .TVAPSCr 400.000000
SEND



*SCR4
TAU* .149999476 . ,500000000
SEND 100000024 5.00000000 5.00000000 5>00000000 5,00000000



STEP tt STEADY STATE rA 
POWER HELD CONSTANT AT

L C 
975,

U L A T I 
00 MWT

0 N

TOTAL VECTOR OF CONTROL INTEGERS
1 7 3 4 5 6 7 8 9 10 11 1? 13 19 15 16 18 19 20 21 23 24 25 26 27

28 29 30 M 32 33 34 35 36 37 38 39 90 91 92 43 44 45 46 47 48 49 50 *1 52
53 54 55 56 57 58 59 60 6l 62 63 64 65 66 67 68 69 70 Tl 72 73 74 75 76 77
78 79 80 81 82 83 84 85 86 87 88 89 9o 91 92 93 94 95 96 97 98 99 100 lOl 102

103 3 04 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127
128 l?* iso 131 132 133 184 135 136 137 138 139 190 191 192 14» 144 145 196 147 148 149 150 151 152
153 154 155 156 157 158 159 160 161 162 163 164 I65 166 167 168 169 170 iTl 172 173 174 175 176 177
178 179 180 181 162 183 184 185 186 187 180 189 190 191 192 193 194 195 1*6 197 198 199 200 20i 202
703 204 205 206 207 208 209 210 211 212 213 214 215 216 217 Pi" 219 220 221 222 223 224 225 226 227
228 229 230 231 232 233 235 236 237 238 240 241 242 293 294 245 246 247 298 249 250 251 252 253 254
255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279
280 261 28? 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304
305 306 307 306 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 3P5 326 327 328 329
330 33l 332 333 334 335 336 337 338 339 340 341 342 393 344 345 346 347 398 349 350 351 352 353 354
355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379
380 381 382 383 384 385 386 387 388 389 390 391 39g 393 394 395 396 397 398 399 400 401 402 403 404
405 406 407 408 409 410 411 412 413 414 415 416 917 918 419 420 421 422 923 424 425 426 427 428 429
430 43l 432 435 436 437 438 439 44fl 441 442 443 444 995 446 447 448 449 450 451 452 453 454 455 456
457 45A 454 460 461 462 463 464 465 466 467 468 969 470 471 474 475 476 477 480 483 484 485 486 487
488 489 0 0 0 0 0 0 0 0 0 0 0 0
******************************** P R I M A R Y c 0 0 L A N T D Y N AMI c s *******************************:

FZINrm = 1.0000 FZ2NRM = 1.0000 FZ3NRM = 1 .0000 canrm = 1.0000 RBNrM s 1.0000 BPNRM = 1 • 0000
flows: i 1. 7407E+03 2 1.7407E+03 3 1.8852E+03 9 1 • 3943E + 02 5 B.1465E+01 1. 7,,4572f+02 7 2,1723E+02
AL1= 1 • 0000 NEW1 = 1.0000 BPl = i.oooo TMOTNl= 1.0350 Hpls 1.0000 freqi= 60.000
AL2= 1 • 0000 NEw2= 1.0000 RP2= 1.0000 TM0TN2= 1.0350 Hp2= 1.0000 FREQ2= 60.000
PO = 1 • 0000 TRlSP = 387 .780 NEVJSP s 1.0000 ASP = 1 .0000 XKW s 1 . 190E-03 EPS = 1.000E-I15 N = 0
TRIMs
ET!

387.970 
0.0

387.970
0>0

newm: .0000
0.0

1.0000 alm:
n.o

1.0000
EAS

1.0000
0«0

inlet prsnrm 
o.o

0.9998

TAU 1 = 0.22482 TAU 2 = 0.20307 TAU 3 = O.O164O TAU 4 = 0.07876 tau1 5 = 0.00567 TAU 6 = 0.00541
TAU 7 r 0.01268 TAU 8 s 0,33240 TAU 9 =********** TAU10 = 5.00000 TAUll = O.5OO0O TAU12 = 0.02000
TAU13 = 0.33240 TAU14 *********** TAU15 = 5.00000 IAU16 = 0.50000 TAU17 = O.02O0O TAU18 = 0.0

****************************** R E A C T 0 R H E A T T R A N S F E R ******************************

TAU 1 = 2.0924 SEC TAU 2 = 3.0311 SEC TAU 3 = 2.093ft SEC TAU 9 = 2.0912 SEC TAU 5 = 3.0737 SEC
TAU 6 = P.0925 SEC TAU 7 = 2.0915 SEC TAU ft = 3,030ft SEC TAU 9 = 2.0926 SEC Ta'JIO = 7.280? SEC
TAUll = 11.1250 SEC TAU12 = 13.3524 SEC TAU13 = 1.4S3ft SEC TAljt4 = 0.0386 SEC TaU15 = 0.0950 SEC
TAU16 = 0.1709 SEC TAU17 r 0.0436 SEC TAU18 = 0.105ft SFC TaUi9 = 0.1909 sec 7 AU20 = 0.0941 SEC
TAU21 r 0.1066 SEC TAU22 = 0.1932 SEC TAU23 = 0.1647 SEC TAUP9 = 0.2450 Sec T AL'25 = 3.1559 SEC
TAU26 = 28.0756 SEC TAU27 = 0.0 SEC TAU28 = 0.0386 SEC T AU?9 = 0.0436 Sec TAU30 = 0.0441 SEC
TAU31 = 0.1647 SEC TAU32 = 0.P450 SEC TAU33 = 3.1559 SEC TaU

CORE HOT SPOTS MAX. coolant temp , = 699.296 MAX., clao temp. = 733.572
peak core average temperature of: fuel CENTERLINE = 2204.110 Ct ad inner = 504.016 CLAD1 OUTER = 500.394
TM 1 = 460.610 TM 2 s 1876,580 TM 3 5 619.270 TM 9 = 442.620 Tm 5 s 1595.160 TM 6 * 588.560
TM 7 = 441.420 TM 8 * 1420.470 JM 9 * 563.600 TM10 = 492,480 TMll r 550.190 TM
TC 1 = 393.490 TC 2 = 590,130 TC 3 « 592.390 TC 9 r 392.520 Tf 5 s 566.670 TC 6 = 568.530
TO 7 = 392.460 TC 8 * 542•190 TC 9 = 544.020 TC10 = 444.560 Tell s 460.790 TCI? = 387.970
TCIl = 387.'970 TCI2 = 387,970 TCI 3 = 387.970 TCI9 = 387.970 Tcl5 s 387.970 TC 16 = 387.970
lower plenum: TOP ZONE TEMP. = 3fl7•970 bottom zOnE temp. = 387.9701
upper plenum: zjet = 6.400 TOP ZONE TEMP. = 535. 170 BOTTOM zone temp. r 535.170 nozzle TEMP. = 535.1

************************* I H X thermal calculations *************************



TT
-'

PRl. SOD. 8 convection hEat-trans. COEF.
1 3.0707E+04 2 3.0875E+04 3

VALUES
3.1206E+04 4 3.1548E+04 5 3.1900E+04 6 3.2263E+04 7 3,2636E+04

8 3.3021E+04

SEC. SOD. 8 CONVECTION HEAT-TRANS. COEF. 
1 3.9118E+04 2 3.9319E+04 3

VALUES
3.9703E+04 4 4,0101E+04 5 4.0512E+04 6 4.0936E+04 7 4.1375E+04

8 4.1826E+04

8 OVERALL HEAT-TRANSF. COEF. VALUES
1 7.4259F+03 2 7,5441E+03 3 7.5795E+03 4 7.6156F+03 5 7.6524E+03 6 7.6899E+03 7 7.7282E+03

8 7.7671E+03

a log-mfan-temp-oif. values
1 3.2628E+69 2 6.1595E+01 3 6.3035E+01 4 6.4502F+01 5 6.5987E+01 6 6.7490E+01 7 6,9011F+01

8 7.0522E+01
TAUPS 1 4.0797 2 0.6947 3 0.6984 4 0.7014 5 0.7047 6 0 .7083 7 0.7119 8 0.7155 9 0.7190 10 89.7922

11 0.9856
TAUSS 12 0.3338 13 0.3355 14 0.3371 15 0.3388 16 0.3406 17 0 .34?4 18 0.3443 19 0.3463 20 3.8347 21 5.1258
TPt 1 535.170 2 517.840 3 500.080 4 481.840 5 483.130 8 443.940 7 424,280 8 404.130 9 383.490 10 535.170

It 387.970
TS! 1 502.140 2 484,020 3 465.460 4 446.420 5 426.880 6 406.870 7 386,360 8 365.370 9 343.890 10 502.140

************************* IHX-2 7 H E R M A L CALCULATIONS *************************

W
PRl. SOD. 8 CONVECTION HEAT-TRANS. COEF. VALUES

1 3.0707E+04 2 3.0875E+n4 8 3.1206E+04 4 3.1548E+04 H 3.1900E+04 6 3.2263E+04 7 3.2636E+04
8 3.3021E+04

SEC. SOD. 8 CONVECTION HEAT-TRANS. COEF. values
1 3.9118E+04 2 3.9319F+04 3 3.9703E+04 4 4,0101E+04 5 4,0512E+04 6 4.0936E+04 7 4.1375E+04

8 4•1828E+04

8 OVERALL HEAT-TRANSF. COEF. VALUES
1 7•5259E+03 2 7,5441E+03 3 7,5795E+03 4 7.6156E+03 5 7.6524E+03 6 7.6899E+03 7 7.7282E+03

8 7.7671E+03

r log-mfan-temp-dif. values
1 3.3424E+01 2 3.4220E+01 3 3.5019E+01 4 3.5834E+01 5 3.6660E+01 6 3.7495E+01 7 3,8339E + 01

8 3.9179E+01
TAUpS 1 4.0797 2 0.6947 3 0.6984 4 0.7014 5 0.7047 6 0 ,708^ 7 0.7119 8 0.7155 9 0,7190 10 89.7922

11 0.9856
TAUSS 12 0.3338 13 0.3355 14 0.3371 15 0.3388 l6 0.3406 17 0.3424 18 0.3443 l9 0.3463 20 3.8347 21 5,1258
TP! 1 535.170 2 517.840 3 500.080 4 481,840 5 463.130 6 443.940 7 424.280 8 404.130 9 383.490 10 535.170

11 387.970
TSS 1 502.140 2 484.020 3 465.460 4 446.420 5 426.880 6 406.870 7 386.360 8 365.370 9 343.890 10 502.140

************************* INTERNFDTATE LOOP-l: COOLANT DYNAMICS *************************

TAUS 1 -1.024112 2 0.332401 3 0.500000 4 0.020000 5 3.999999
sodium Flow rate = 1.0000 pump speed = 1.0000 pump head = 1.0000 motor gen. set fReo. = 60.000 cycles/sec
main motor TORQUE = 1.0000 DRIVE MOTOR TORQUE = 1.0350 PUMP ToRQUE = 1.0000 FRICTION TORQUE = 0.0350

************************* intermediate loop- r: coolant dynamics *************************

tau: 1 1.545609 2 0,332401 3 0.500000 4 0.020000 5 3.999999
sodium flow rate = 1.0000 pump spefo = 1.0000 pump head = 1.0000 motor gen. set fReq. = eo.ono cycles/sec
main motor torque a i.oooo drivf motor torque = 1.0350 pump torque = i.oooo friction torque = 0.0350
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***++********************+**+******+ sttam generattpn LOOP-1 ************************************

tau: t O.A<:6206 2 0.896492 3 0.8957n? 4 0.887388 5 1.140880 6 1.140580 7 1.140580 8 1.140580
9 1.140580 10 2,378362 11 3.090784 1* 0.0 13 14.449261 14 0.469181 15 3.152439 16 15.991289

17 0.893417 1A 1.611632 19 0.318090 20 0.418916 21 1.870427 22 0.481188 23 1.418368 ?4 0.083072
0.047594 2A 0.041209 27 0.036878 2A 0.034161 29 0.105165 30 3.557830 31 0.332401 32 0.207408

3? 0.05974s 34********** 35«**«****** 36 1.000000 37 1.999999 3fl 1.999999 39 1.999999
feed water flow si • 0000 water/steam flow =1.0000 steam flow =1 .0000 INT. i■SODIUM FLOW =1 .0000

P 1 s 1.2150E+07 P 2 = 1.2150E+07 P 3 a 1 .2150E + 07 P 4 a 1.2190E+07 P 5 r 1.3190E+07 P 6 a 1.3180E+07 P 7 a 1.3170E+07
0 e s 1.3130E+07 P 9 = 1,2890E+07 P10 a 1.2430E+07 Pll a 1.2330E+07 PI 2 = 1•2200E+07 pl3 a 1•2150E+07 P14 a 1.2080E+07
015 s 1.1970E+07 P16 = 1.1610E+07 P17 3 1 • 1240E+07 PIS a 1.0880E+07 P19 = 1.0510E+07 p2o a 1.0410E+07 P21 a 9.9960E+06
H 1 s 1•0030E+06 H 2 = 1.6142E+06 H 3 a 1•2500E+06 H 4 a l.?500E+06 H 5 = 1.2500E+06 H 6 a 1.2500E+06 H 7 a 1.2500E+06
h a s 1.2500F+06 H 9 a 1.5272E+06 H10 a 2.0875E+06 Hll a 2.087SE+C6 H12 = 2.0875E+06 Hl3 = 2.0875E+06 H14 a 2.6810E+06
H15 s 2.6810F+06 H16 = 3,OOOOE+06 H17 a 3.1780F + 06 Hl8 a 3.2775E+06 H19 s 3.3310E+06 H20 a 3.3310E+06 H21 a 3.3310E+06
TM 1 s: 232.3714 TM 2 = 325.5271 TM 3 a 281.9736 TM 4 a 281.9731 TM 5 :a 281.9648 TM 6 a 281.9651 TM 7 a 281.9648
tm a< s 281.9653 TM 9 a 330.0837 TM10 = 327.2764 TMll a 326.6553 TMJ 2 = 325.8418 TM13 = 325,5271 TM14 a 325.0847
TM151 s 324.3855 TM16 = 383.9946 TMl 7 a 433.9280 TMlB a 466.5303 TMl9 a 484.9429 TM20 a 484.4565 TM21 a 482.4404
TCS 6 = 343.8896 TCS 9 = 381.2397 TCSlO a 457.5398 TCS11 a 457.5398 TCS12 = 457. 5398 TcSl3 = 457 .5398 TCS14 a 4i
TCS15 = 457.5398 TCS16

tdlog: 
u :

16
16

479.3896
tdlog: 
u : 

113.2274 
4585.5977

TCS17 
9 
9
17

491.6497 
56.3690 10 

6288.9023 10 
74.9877 18 

3885.2039 l8

TCS18 = 498.4697
84.6359 

8768.2266
43.5664 19 

3718.3333 19

TC519 = 502.1396 TrS

23.8123
3645.6289

457.5398

HEAT FLUX = 3.020586E+05 
NON-BOILING LENGTH a 7.132591E+00

outlet steam Quality = 4.962o9?e-oi 
BOILING length = 6.B874O6E+OO

DRUM INT. ENERGY = 1.3739E+10 DRUM LEVEL s 1.0000 CVP = O.92O1 ALFA = 1.0000 DPRP = 1.4599E+08
*************4;********************** STEAM GENERATION loop-2 ************************************
tau: 1 0.896206 2 0,896492 3 0.89570? 4 0.887388 5 1.140580 6 1.140580 7 1.140580 8 1.140580

9 1.140580 10 2,378362 11 3.090784 12 0.0 13 l4.449261 14 0.469181 IS 3.152439 16 15.991289
17 0.893417 16 1.611632 19 0.318090 20 0.418916 21 1.870427 ?.?. 0.481188 23 1.418368 24 0.083072
25 0.047594 2A 0.041209 27 0.036878 0.034161 29 0.105165 30 3.557830 31 0.332401 32 0.207408
33 0.059743 ^4********** 35********** 36 1.000000 37 1.999999 3A 1.999999 39 1.999999
FEED WATER 1flow el•0000 water/steam flow al•00 00 STEAM FLOW al .0000 INT. :rODIUM Flow al .0000

Pl = 
P 8 = 
P15 = 
H 1 = 
H 8 b 
H15 = 
TM 1 : 
TM 8 : 
TM15 : 
TCS 8 
TCS15

,2l50E+07 
.3150E+07 
.1970E+07 
, OOSOe+06 
,2500f+06 
,6810e+06 
232.3714 
281.9653 
324•3855 
343.8896 
457.5398

P 2 
P 9 
P16 
H 2 
H 9 
H16 
TM 2 = 
Tm 9 = 
TM16 = 
TCS 9 
TCS16

tdlog: 16
u : 16

1.2150E+07 
1.2890E+07 
1.1610E+07 
1.6142E+06 
1.5272E+06 
3.OOO0ETO6 

: 325.5271
330.0837 
383.9946 

381.2397 
479.3896 TCS17 
TDLOG: 9
U : 9
113.2274 17 

4585.5977 17

P 3 
Pin 
P17 
H 3 
H10 
H17 
TM 3 = 
TM10 = 
TMt 7 = 

TCSlO

.2150E+07 

.2430E+07 
• 1240E+07 
.2500E+06 
.0875E+06 
.1780E+06 
281.9736 
327.2764 
433.9280 
= 457.5398
= 491.6497
56.3690 10 

6288.9023 10 
74.9877 18 

3885.2039 18

P 4 : 
Pll : 
Pl8 J 
H 4 : 
Hll : 
H18 : 
TM 4 
TMll 
TMlfl

l.?190E+n7 
1.2330E+07 
1.08B0E+07 
1.2500E+06 
2.0875E+06 
3.2775F+06 

r 281.9731 
= 326.6553
= 466.5303

P 5 = 
P12 = 
P19 : 
H 5 = 
HI? 1 
H19 : 
TM 5 
TM1? 
TM19

1.3190E+07 
1.2200E+07 
1.0510E+07 
1.2500E+06 
2.0875E+06 
3.3310E+06 

s 281.9648 
= 325.8418
: 484.9429

TCS11 = 457.5398
TCS18 s 498.4697 

84.6359 
8768.2266

43.5664 19 
3718.3333 19

TCS12
TCS19

457,
502,

P 6 ! 
Pl3 ! 
p20 ! 
H 6 : 
H13 : 
H20 : TM 6 TM13 TM20 

5398 1396

1 ,3180E + 07 
: 1.2150E+07 
: 1.0410E+07 
: 1.2500E+06 
: 2.0875E+06 
: 3.3310F+06 
= 281.9651
= 325.5271
= 484.4565
TrS13 = 457
TrS

P 7 = 1.3170E+07 
P14 s 1.2080E+07 
P21 s 9.9960E+06 
H 7 = 1.2500E+06 
H14 = 2.6810E+06 
H21 = 3.3310F+06 
TM 7 = 281.9648
TM14 = 325.0847
TM21 = 482.4404
,5398 TCS14 = 457, 5398

23.8123
3645.6289

HEAT FLUX s 3.020586E+05 
NON-BOII.ING I ENGTH s 7.132591E+00

outlet steam Quality = 4.96?n92E-oi 
BOILING LENGTH = 6.8874O6E+OO

DRUM INT. ENERGY = 1.3739E+10 DRUM LEVEL s 1.0000 CVP a 0.9201 ALFA = 1.0000 DPRP a 1.4599E+08
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****************************** STEAK HEAflER THerhOOTNAKICS ******************************

tike constant of the header pressure gauge = 0.150000 seconds
throttle VALVE POSITION =1.0000 dUHP(RYPaSS) VALVE POSITION =0.0
THROTTLE VALVE FLOW Bl.OOnO RELIEF VALVF FLOW =0.0 DUMP(BYPaSS) VALVE FLOW =0.0
HEADER PRESSURE = 9.9960E+06 TfkPERATuRE = 482.9909 SPECIFIC ENTHALPY* S.S310E+06

***** NO CONVERGENCE IN 1 STEPS. VARIABLE H 49 CHANGED BY 1.09154 % *****

***** NO convergence IN 2 STEPS. VARIABLE tf 36 changed BY 0.48926 % *****

***** NO convergence IN 3 STEPS. variable tf 45 changed BY 0.34203 % *****

***** NO convergence TN 4 STEPS. VARIABLE tf 110 changed by 0.16218 % *****

***** NO convergence IN 5 STEPS. VARIABLE tt 120 changed BY 0.16218 96 *****

***** NO convergence IN 6 STEPS. VARIABLE tt 120 changed BY 0.14791 % *****

***** NO convergence TN 7 STEPS. VARIABLE tf 402 CHANGED BY 0.02795 % *****

***** NO convergence IN 8 STEPS. VARIABLE tf 403 changed BY 0.02435 96 *****

***** NO CONVERGENCE IN 9 steps. VARIABLE ft 416 changed BY 0.03508 96 *****



1-14

*************** convcrgcncf in in iterations ***************

****************************** INPUT DATA ******************************

DETERMINATION OF STEADT state values

****************************** input data ******************************

w

10>SSEC= .199999988 .TmAxSC= 19.8999939

50.0000000

,SNEW= .199999988

.TTRTPS 50.0000000 50.0000000

.199999988

50.0000000

, .199999988

50.0000000

SMASA
MODE* O.IPRINTr 50.IPK*
AENO
AMASS
P100= 975.000000 .PDO* .899999976 «SLOPEP= .0 .PDEND* .899999976 .XuOoP= 2.00000000
AEND 
AMASC
TNEW* 19.0000000 , 5O.OOO0OOO . 5O.OOOOOOO

5, 5
AEND 
AMASD
TSCRM* 5O.0000000 

50.0000000 
AEND 
AMASE
NOPON= 0. 0. 0. O.MTURB* O.MDUMPs O.RSTaRT*

.1000000052-03 
AEND
anasf
RNSERTe .100000024 
AEND 
AMASS
TNOFWls 50.0000000 
AEND 
ASR01
VI100= llRO.69971 
WCA* 81•3656311 
WRRKs 1740,69971 
AEND 
ARR02
TC* 393.400879 . 590.043701 , 592.302002

»IPNEW*

50,0000000

l.EPSILN*

.TNSErTs 50.0000000

,TN0FW2* 50.0000000 .TAUXls 50.0000000 .TAUXRs 50.0000000

,WI1* 1740.67310 .UI2* 1740.67407 .WtC= 2153.09619
,WRB* 745,695801 ,WBP* 217.227707 .WSinOr 1610.24976

.HOC* 1885,19702 
•WS1* 1610.24512

,WHC* 139.432144 
,US2= 1610.24512

542.112061 , 543.941162 . 439.545166
, 392,434082
460.352783

TOPI* 534.703125
588.495117 

AEND

,T0P2= 534.703125
• 441.368652 . 1420.69067

,TM* 460.573730

. 566.583496 . 568.442627
, 387,580127

392.366943 
,TIP2s 387,880127

563.532471

.TIPI* 387.880127
1876.92920 . 619.207764 , 442.572510 . 1611.25049

. 492.454346 . 549.467041



tiUbfcfefctl’A- * 
65666622*9* *

2S669XA8*9- =A31dOZ*

2966699•U X• ‘ 
Xti66606X.*S* *

S966i.6Z*SX* =2dZ*

98666 X U * 9X* • 
I*>666U6X*S* *

•20-3Z£9bXe«9S* ,20-JZ£96X2S9S* 'ZO-SifiSbXZSgS*
*20*3Z£96X2595* =00* SX6669X0X’ • ZS666£esX*
* 6£66S£20£* * 6£66S£2o5* • 6£66S£dO£* •

*20*30X96XSX£Z* •20-30X96xSX£A* •20-30X96XSX£Z*
•20-30X96XSX£i* *20*30196XSX5Z* =d* XSSb2XX£*6

* 9X1669SS£* * 6£66904i9*X * 226665<)X6* *

9696699*12 =ldOW*
256665292’ • 2S666£262‘ • 2s666£262*

*X0-3X16661S9X* *XO-jXz666iS9X* =HV* I5bb69£2£*

•20-3i£96»2S8S*
• 6£66S£205*
6£66S620£* *

• 20*30t96X5X51*
• £06610X6*2 9X1669S5E* •

X0*3096650l£X * * X0-31S6666SSX•
*20-31596X2595’ *20-31£96X259S*
* 65665£20£ * • £>£6655204. ’
656655205’ =XH*I0-30S66S2£6X*

•20*30X96X5X56* *20-30X96XSX£l*
* £0661016*2 • 6£669069’X
65669069*1 * 2266656X6’ *

X266690’ll* =2Z* £966652•£ X* • £g666S2’5t* * 296b699’0X*
X6666061’S- * 92166166*1- • Wez66i66’i- • 6966626*tx* =XZ

6X968 
0N35

S96616i*SX- =XdZ* X966556'IX- =NOZ* 6£9629X*9X- =2NIZ* 9S8691I*6X* =XNiZ
5X968
UN3S

99666lO*6X • 628b661*l£ • 99666X0*6X • £69666X9*1 * 2S66X6*0XX • 5696106*52
0X66656X *6 * 256619*962 • X9169£9*09 * S69610b*52 * 0X666561*6 * 596666*661 =STX*X0-32S666692X* =33330

21966X156* =3300* 118622525* =9s«*X0-396666S915’ =930• 10*3256666921’ *X0-325666692X* * 10-3256666921 * •X0*325666692t*
= 1330* 999665609’ * 999665609* * 21966X156* • 988665609* =100* 999666699* =XSV* 10*3158665661’ =XSO

2Xdti9
QN39

60666159*2 =223X* 16666605*2 =X23x* 60666139*2 =2l3x* 16666605*2 =XX3X* 1256X615*1 * (X866Iz*2S
• 8596161*25 • 861b£S6*i£ • X1866Xl*2S • 9586^61*25 • 5616556*15 =d3x*X0-325666692X* * X0*3256666921 *

* X0-325666692X* =d330‘ 989665609* * 998665609* • 298668616* sdUO* 50660956*1 =Xdtf* 10*35X661X625* =XdO
11968 
UMJS

•20-31596X2595* 
•2U-31596I2S9S*
* 656655205*
* 10*3666655X9X* 
*20-3019615X51*
* 2266656X6*
9X1669558* =3X

01968 
QN3S

•20-39696625X1* 
•X0-3X16661S9I*

* *20-3509691626*
*20-330969^626* =H0

60968 
□N38 

=2131 
= 1211 90968 
UN38 

= 1131 
= 1X11 10998 
QN38 

= 1131 
90998 
QN38

S698S9*S6£ 
8X69£8*S86 
162620*606 

X9820Z* 655 =2dl 
50998 
QN38

S69«S8*S6£ 
019958 *£86 
162620*606 

X88201*6£S =Xdl 
60968 
0N38

9»96699*12 =ldI9*X0-3£6566l229* * 10-3001969586 * 
* 156666025’ * 13666602£* * 156666025* 
•20-3si96S8Xl£* •20-3S666S96SE* *20*3So9691626*

*20-3509691626* *2o-3So9691626* ‘20-3509691626* *20-3509691626* '^o-^S096916^6• *20-3509691626*

12X095*156 =20S1*

12X095*156 =1031*

601919*196 =9131*

261588* XOS =2ISi*

966588*105 =XIS1* 

S96669*6£s =5X31*

S622S8*£66 =62X1*

562258*666

X882ol*66S

=6X11*

=6X31*

08S6X9*S6£ =£2X1*

085£X8*56£ =5X11*

6019l8*19£ =£131*

1£9128 * £6£ =22X1*

1£9128*S6£

596669*655

=2X11*

=2X31*

12 logs * 5.36
261699*X0S

Z2X09S*iS6 
966598* X05

198201*665

* 266655*595 * 89lHi£*99£ 
261599* X05 =231* 0* 
660511*626 * 196509*566 *

* 266655*395 * 2X6l6£*98£
966598*106 =XS1* 0*
660511*626 * £22509*666 •

* 118968*906
• 0* 159256*296 *

• 118868*906
• 0*
159256*296 *

0* ' Xi6668*926
1 601918*195
12X665*196 •

0* • 5X2569*926
* 601918*198
X2X66S*X86 *

• 160265*966
• X89201* 655
655191*666 *

* 0* * X60265 *966
• 189201 * 6£9
815191*666 •

* 261589*105
* £69s££*596
* XUSX6*£8£
866166*1X5 *

* 966599*105
* £69555*596
* XllSX6*69£ 
6Sli66*lXS *

0
•0‘U =n*oi=21*01 •X

•0=dl* OX• 01
•2
•ox

•X
= XN*0

*01

=2N * 0
*0 *0 

=dN*8=2X*8= XX 
£Udb8

m

SI
-!



-7.49999714
-11.0599976
-15.6099987

SEND
8RR15
74= -11.4299984 
-10.6699982 
-7.49999714 
-11,0599976 
-15.6099987 

SEND 
SBR16
ZXls -7.18999767 
-12.9749975 
-8.01999760 
-13.7999983 

SEND 
S9R17
Pl= 845918.750 

938915.750 
SEND 
SBR18
DSS= 7999.99609
SEND
SRR19
PSlr 1567991.00 

751401.312 
SEND 
SRR20
PI1= 1567990.00 

751401.312 
SEND 
SBR21
ZS1= -4.74999905 
-14.4799986
.0
.999999642E-01
.0

-3,25999928
SEND
SRR22

. -7.49999714 
, -5.63999939 
. -19.1799774

-7.49999719
-5.63999939

, -7.49999719
, -5.93999981

, -7.99999714 
, -6.59999924

-9.50999928 ,Z3= -16.4599915
-7.18999767 , -10.2099991

, -7.49799728 
. -13.2599983 
. -7.49999714 
. -5.63999939 
. -19.1799774

. -7.49799728 
-13.2599983 
-7.49999714 
-5.63999939

, .5.79099941 
,Z5= -17,0699921 
, -7.49999714 
. -5.93999481

. -5.79099941 
« -14.0199986 

-7.49999714 «
-6.54999924 .

. -5.79099941 

. -10.6699982 
-9.50999928 
-7.18999767

. .8.22999859 
, -7,49999714 

.Z6= -16.4599915 
, -10.2099991

, -8.01999760 . -8.84499836 , -9.66999912 , -10.4999952 . -11.3199959 , -12.1499968
-13.7999983 . -16.4649811 , -16.4649811 . .0 , .0 ,ZX2s -7,18999767
-8.84499836 , -9.66999912 . -10.4999952 , -11.3199959 . -12.1499968 , -12. 9749975
-16.4649811 , -16.4649811 . .0 , .0

,P2= 253006.375 ,P3= 219905.000 ,p4= 36553.7773
•P8= 939617,187 ,p9s 36554.3047 ,P10= 1140012,00

,P5s 1140012.00 
,Pll= 1034008.19

,P6= 1034007.94
,P12= 938915,750

iP7 =

CSSs 502.399658 tXKSSs 16.7469788

PS2= 252999,812 • PS3= 219900.375 »PS4s 1088992.nO >PS5= 813501.562 ,PS6s 737597.687
.PS83 754901.375 .PR9= 682499.875

,PI2= 252999.125 .PI3= 219899.625 .PI4= 1088993,00 .PI5= 813501.562 .PX6= 737597.687
«PI8s 754901.375 .PI9= 682499.875

, •4*74999905 . -10.3599987 . -13.4999971 . -14.0199986 . -14.1699982 . -14.3299980
-14.6299982 , .999999642E-01, ZS2= -12.4699955 . .0 . .0 . .0

• 0 1 .0 .0 . .0 < .0 ,ZS3s -6.18999767
• 0 * .0 .0 • 0 I .0 . .0
• 0 «

-3.04999924 ♦
ZS4= -7.52999496 
-2.92999935 ,

. -10.9699984 
-2.79999924 ,

. -10.6099977 
-2.67999935

* -3.40999889 * -3.25999928

ZS5s -4.74999905 . -12*6799965 . -13.0099993 . -13.1999969 • -13.4899979 1 -13.7799988 , -14.0599957
-14.3599958 • -14.6299982 . .999999642E-0l,ZS6= -12.4699955 « *0 . .0 • .0
.0 , • 0 ♦ .0 • .0 . .0 « .0 ZS7= -6.18999767
.999999642E-01. • 0 . .0 t .0 , • 0 » * 0 .0
.0 ,

-10.1199951 .
SEND

.0 •
-3.40999889 ,

ZSB= -10.9699984 , -10.5499964
-3.16999912 , -2.92999935 ,

* -10,1299992 
-2.67999935

« -I®,1299992 . -10.1199951

SRR23
ZHX1= -5.87999821 .ZHX2= -5.87999821 .ZSH1= -12.0099955 ,ZSH?= -12.0099955 ,ZEVlls .999999642E-0l,ZEV12=

.999999642E-011ZEVol= -12.0099955 .ZEV02= -12.0099955 tZSP1= -3.09999943 *ZSP2= -3.09999943
SEND 
SBR24
PBRKs 951899.937 .ZBRKs -19.0499878 ,XBRK= .999999881 .pGVs 101999.937
SEND
SBR25
A4= 2.64999962 . -2.10000038
-.850000024 t BB= 2.25000000
.0 . -.199999988

•2.50000000 . 1.64999962

, .850000024
, -1.75000000 

•CC= -.899999976 
, -.399999976 • DDs

,399999976
.750000000
1.85000038
.750000000

. -2.60000038 
• -.250000000
> -I.6O0O0O38
< 1.75000000

. 3.94999981 

. -2.60000038 
• 1.64999962 
. -1.25000000

, -.300000012 
. 2,60000038 
. 1.44999981 
1 1.25000000

.PS7=

1 PI7s



. 1.10000038 , -.6000000241.30000019 , -2.00000000
SEND 
SKINA
LAM= •199299991 . .207500011E-01. .832999945E-01. .750000030E-02. .136999995E-03.B* .?99?50009E-0a. .50750002SE-03,

•28400000PE-01. .210000016E-01. .3P9999998E-01
SEND 
SKINB
X0= .939999998 . .939999998 ,ROMAX= 31.0000000 . 8.39999962

.P40000002E-01.ROSllBC= -18.0000000 
XEND 
SKINC
TROMs 558.299805 .TSTMs 482.199707
SEND 
SKIND
TFREFs 176.699875 .ICREFs 176.699875 .ASODs -.829999749E;.06. .863999685E-05. -.829999749e:-06. -.143999923E-04,

•146899954E-03. -.143999923E-04, -.124999970E-04. -.939999882e-04. -.124999970E-04,

.ROsTUK= 2.75000000 . 2.10000038
.TRESETs 60.0000000 .XKls I.OOOOOOOO

■TSTSPs 482.199707 ,TAURO= 2.00000000 .TaUsTs 2.00000000

.RINMAXs

-,357l99996E-n2. - .436999984E-01, -.'754999928E-03, -.6l9099997E-0l
-.245000005 • • •113300011E-01. .0 -.251800001
.0 « • •127999985E-03, .0 .0
.0 .ACRE® -•166999968E-02

SEND
SKINE
PRII»A= 11.6800003 .PRIMBs 10. 3299999 .SECAs 8.96199989
SEND 
SKINF 
AYS 27 .7999878 . 2.79999542 , 527.699707
SEND 
SHYDA 
AX» 57 .9399872 . 21.2599792 . 131.229919 , 32.7999878

21.2599792 , 131.229919 , 32.7999878 , 131.229919
655.699707 . 78.3899841 , 7.12999630 , 67.2299805

SEND
SHYDB
CA= 1. 03999996 •CB= .649039745E-01,cE= .135000013E-01.HINfrYs
POLES® 3.00000000 •PMSSPs 1,99999905
SEND
SHYDC
CDBRK* .809999555E i ra 1* m CD 7 S vfi .919998 .AXABs 1.30999947

.0 . -,388999906E-04.AOOPs

.ACAE= .0. .0
. -.130899996F-01, -.53580001Oe-01,

• 0
.0 .0

.0

iSECB= 7.16670056

. 131.229919 . 8.19999886 . 57.9399872
.229919 , 8.19999886 . 4.58999920 , 12,1499949

»DSPEED= 18.5999908

4.59999847 .ZGVNIDs -11.3999958 
SEND 
SHYDD
CONVG= .500000000 .FREQOs 60.0000000
THINs .119999982E-Ol,ALO= ,100000016E-01
SEND 
SHYDE
FREQ1= 60.0000000 ,FREq2s 60.0000000
SEND 
SHYDF
YAUWMs .500000.000 
SEND

»VoLGV= 81.2999878 .SGVNIDs 4.09999847
•ZGVYOPs -7.59999561

»XKAs .500000000

, Al_l= 1.00000000

,SGVYoP=

.YK= .399999976 iYS= .105000019 ,YRs .229999982E-01,

.YAUAHs .199999996E-01«YAUYMs 5.00000000

,AL2= 1,00000000

.YRISPNs 387.779785
MAIRIX OF INERYIAL LOSS coefficienys

All s 3.954E+02 A12 r 4.198E+01 A13 s-4.590E+00 A14 S-4.590E+0O Al 5 3-4.590E+00 Al6 3.4.590E+00 A17 3-4.590E+00
A21 s 5.909F+02 A22 s 3.280E+01 A23 « 1.215E+01 A24 s 0.0 A2S * 0.0 A26 3 0.0 A27 3 0.0
A31 s 3.909E+02 A32 s 3.280E+01 A53 s 0.0 A34 s 6.557E+02 A35 3 0.0 A36 3 0.0 A37 3 0.0
A41 s 3.909E+02 A42 s 3.280E+01 A43 s 0.0 A44 s 0.0 A4S 3 7.839E+01 A46 s 0.0 A47 3 0.0
A51 s 3.909E+02 A52 s 3.280E+01 ASS s 0.0 A54 s 0.0 ASS 3 0.0 A56 3 7•130E+00 A57 3 0.0
A61 s 3.909E+02 A62 s 3.280E+01 A63 s 0.0 A64 s 0.0 A6S * 0.0 A66 s 0.0 A67 s 6.723E+01
A71 s 2.099E+01 A72 s 4.164E+02 A73 S.4.590E+00 A74 3-4.590E+00 ATS 3-4.590E+00 A76 3-4.590E+00 A77 3.4.590F+0O
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VALUE OF DETERMINANT IS 1.039E+14

inverse matrix of infrtial loss coefficients

All s 1.309E-03 A12 = 4.076E-04 A13 s 7.552E-06 Am = 6.317E-05 A15 s 6.945E-04 Al6 s 7.366E-05 A17 S-2.301E-04
A21 S-1.362E-03 A22 = 4.076E-04 A23 s 7.552E-06 A24 = 6.317E-05 Ap5 s 6.945E-04 A26 s 7.366E-05 A27 s 2.440E-03
A31 S-3.843F-02 A32 s 6.809E-02 A33 s.2.633E-04 A34 S-2.203E-03 A35 S.2.422E-02 A36 S-2.568E-03 A 37 s B.151E-04
A4i S-7.122E-04 A42 S-2.633E-04 A43 s 1.520E-03 A44 S-4.082E-05 A45 S-4.487E-04 A46 S.4.759E-05 A47 s 1.510E-05
A51 S-5.957E-03 A52 S-2.203E-03 A53 S.4.082E-05 A54 s 1.242E-02 A55 S.3.754E-03 A56 S.3.981E-04 A57 s 1.263E-04
A61 S-6.549F-02 A62 S-2.422E-02 A63 S-4.487E-04 A64 s*3.754E»03 A65 s 9.898E-02 A66 S-4.377E-03 A67 s 1.369E-03
A7l S-6.946E-03 A72 =-2.568E-03 A73 S-4.759E-05 A74 S-3.981E-04 A75 S-4.377E-03 A76 s 1.441E-02 A77 s 1.473E-04

.1?67B9991f-01. 
705999732E-01

DESIGN PUMP HEAD IS 134.04768 
COVER GAS PRESSURE Is 1.8305E+05

SRTH1
pFs .lOllOOOOlE-02, .355210006E-O1, ,405000n57E-03.

.366693974 t .4443001OOE-O2, .549999997E-02 
SEND 
8RTH2
VX= .650999695E-02. .169999972E-01, .305999778E-01, .113999963

.257999957 . .462999880 , .20B999962E-01, .276999950

.410999730E-02. .410999730E-02, .410999730E-02.

.337999966E-02* .465999544E-02,VIPl= 81.1669922 
SEND 
SRTH3
OF* 10999,9961 

10999.9961 
326.569824 
326.569824 
3.76799774

,486384988 .515199825E-02, .111100003E-01,

• .292999923
.797999740 «I 

4i0999730e-02, .410999730E-02.
VIP2= 9.01799297

.525999844 
,410999730E>02.

.100999951 •

.410999730E-02.
.410999730E-02, ,4l0999730E-02,

, 10999.9961
. 10999.9961
. 326.569824
.XKFa 3.T6799774 
. 3.53399849

, 10999.9961
2450.79980 ,
326.569824 ,

t 3.53399849 
3.76799774 

.165199992E-03. .165199992E-03.

.l90499937E-03.XKS= .308099926

.380999845E-04. .380999845E*04.

.210999958E-01. .821199641E-02, .139499962 • .358599961 » .139499962 t .123099923 , 
.123099923 , .155899942 . 1.70099926 ,XL= .507799745 . .914399922 . .507799745 . 
.914399922 , .507799745 , .507799745 . .914399922 . .507799745 . 1,98099899 ,

R= .237499899E-02, .237499899E-02. .237499899E-02, .237499899E*02« .23T499899E-02. .237499899E-02. 
.737499899E-02, .237499899E-02, .596699491E.0?, .603499636E-02.XNa 13O2.OOOOO , 1302.00000 ,
22134.0000
9150.00000

22134.0000

.165199992E-03.

.165199992E-03,

.380999845E-04.
16.7469788 

SEND 
SRTH4
VF= .821199641 E*>02«

,316399932 
.507799745
1.62499905 
.237499899E-02
1302.00000
703.000000 

SEND 
SRTH5
RO= .643099904 
SEND 
SRTH6
HCFAC= 1.53999996 
SEND 
SHX1A
DEXTs .222l99894E-0l,PITCH=
SEND 
SHX1B
VIPs 8.36199760 ,VOPs 1,99599934 
SEND 
SHX2ADEXT= .222199894E-01,PITCH5 .253999904E-01,XKSS=

. 10999.9961 . 10999.9961 ,
• 326.569824 . 326,569824 ,
326.569824 . 1297.89966 ,

, O' rb'y* r1 3,33399773 • 3,76799774 .
10.3849993 , 3.76799774 1DGt .l65i99992E»03, .165199992E-03*
.165199992e-03. .165199992E-03, .165i99992e-03. .165199992E-03.
.DCs ,380999845E"04, .380999845E-04, .380999845E-04, .S80999845E-04.

.380999845E-04, .380999845E-04, .162589981F-02, .380999845E-04.XKCL*

, 10999.9961 . 10999.9961 
10999,9961 ,cf= 326.569824 
326.569824 , 326.569824

3.76799774 , 3.76799774

22134.0000 19530.0000 19530.0000 19530,0000

,ZCH= 3.40999889

,FLFAC= 3.48999977

,OON= .914399922 «HlF= 559.879639 

.CLFACs 1.19200039

.253999904E-0l,XKSS= 16.7469788 .NTs 2850.00000 •BPs •300000012E~01,ACFs .800000012

VBPs 5.69199944 iVISs 7.12199879 .VOSs 9.49199581

16.7469788 ,NT= 2850.00000 ,BPs .3000oOOl2E-01,ACFs .800000012



SEND
SHX2B
VIP= 8.56199760 .VOP= 1.99599934 .VRPs 5.69199944 iVIS= 7.12199879 .VOS* 9,49199581
SEND
SIHA1
DSPEEDb 18.5999908 ,TMMOs 25495.9922 .MINER!* 1071.19971 .PMSSP* 1.99999905
SEND
SIHA2
PTSP= 9995999,00 .KFT* .500000000 tKSTs .500000000 .KSF* .500000000 .TAUSs .500000000 , .199999996E-01,

4.00000000 
SEND
SI HA 3
Al* 1.03999996 . A2= •649039795e-.01.a3* . 13500001 3e-0i , AZ= ,lOOn000i6E'-01,TS* .105000019 ,TR* ,P29999982E-0l,THlN=

.ll9499982E.01.GFIs 60.0000000 .XNP* 3.00000000 .ALPAe 1.00000000 .GF* 60.0000000
SEND 
SIHP1
TMMDs 25495.9922 .MINErTs 1071.19971 .GFIs 60.0000000 .ALFAs 1.00000000 .GF* 60.0000000
SEND
SIHP2
PTSP* 9995999.00 .KFT* ,500000000 .KST* ,500000000 .KSF* .500000000 .TAUS* .500000000 , .199999996E-01,

4.00000000 
SFND 
SSGAOl
EPSIs 344.999756 .Ps 12149997 •0 * 1?147447 .0 . 12147447 0 . 12187420 .0 , 13187421 .0 , 13177417.0

13167411.0 . 13127411.0 , 12887396.0 • 12427452.0 « 12327452.0 « 12197441.0 t 12147447.0 9
12077493.0
9994064.00

11967467.0 , 11607491.0 * 11237524.0 ♦ 10877595,0 • 10507732.0 • 10407771.0 •

SEND
SSGA02
H* 1002999.06 , 1614063,00 , 1250212.00 , 1250212.00 , 1250212,00 . 1250212.00 , 1250212,00 •1250212.00 • 1527081.00 , 2086737.00 2086737.00 « 2086737.00 ♦ 2086737.00 * 2681379.00 •

2681379.00 . 2999643.00 , 3178060.00 t 3277147.00 • 3330386.00 3330386.00 « 3330386.00
SEND
SSGA03
TCS* .0 . .0 . .0 * . 0 < .0 • .0 • .0

343.827637 . 381.180908 , 457.380127 • 457.380127 457.380127 • 457.3*0127 « 457.3*0127 %
457.380127 .

SEND
SSGA04

479.191162 , 491.432861 • 498.236084 • 501.885498

XI T= 14.0199986 .XL* .0 , 9.14399910 , .0 . 36.5759888 , 1.52399921 , 10.2399969
72.1459808 . 2.62299919 , 7.13330746 f 6.88669014 « 7.05499649 « 35.35*9794 « 6.09599876 9
45.7199860 . 2.62299919 , 3.50499916 « 3.50499916 » 3.50499916 • 3.50499916 * 7.05499649 *
106.679977 . ACFs .649999976 •TKON* 37. 7299652

SEND
SSGAOS
2= 3.80999947 , 4.26699924 , 4.26699924 . -15.0629950 . -13.4109983 • -14.9349985 « -17.9829865 9
-15.3599958 . -8.22668743 , -1.33999920 • 2.70499897 • 9,75399876 * 4.26699924 ♦ -17.9829865 9
-15.3599958 . -11.8549957 , -8.34999657 « -4.84499931 • -1.33999920 • 2.70499897 « 2.70499897

SEND
SS6A06
XLS* .0 , .0 • .0 • .0 • .0 . .0 • .0

.0 , 7.13330746 , 6.88669014 « 7.43699646 « 7.43699646 « 7.43699646 « 7.43699646 9
7.43699646 . 3.50499916 . 3.50499916 « 3.50499916 I 3.50499916

SEND
SSGAOT
PITCH* .309999920E-01.D* .228599906 . 1.82899952 . .431999505 , .431999505 . .380999923 • .380999923

.228599906 • ,102999955E-01, .102999955E-01, .102999955e-Oi, .102999955E-01• .380999923 . .329999804 .

.27*999865 . .102999955E-01, .102999955E-01, .102999955E-01. .102999955E-01. .102999955F-01. .102999955E-01.

.431999505 
SEND



*SGA08
OSs .0 . ,0 . .0 , .0 . .0 • .0 . • 0 «

.926999688 . .926999688 , .926999688 , .431999743 , .431999743 . .431999743 . .431999743 .

.431999743 , .926999688 , .926999688 , .926999688 , .926999688 , DELs .253999867E- 01, ,253999867E-01,

.253999867E-01. .253999867E-01, .253999867E-01, .253999867^-01. .253999867E-01. .276899827E-02. .276899827E-02,

.276899827E-02. •276899827E-02, .255999867E-01, ,253999867^-01. •253999867E-01• ,276899827f-02. .276899827E-02.

.276899827E-02. •276899827E-02, .276899827E-02. ,276899827e-0?. •253999867E-01, XNs 1.00000000 , 1,00000000 ,
1,00000000 . 1.00000000 , 1,00000000 , 1.00000000 , 1.00000000 , 757.000000 , 757.000000 ,
757.000000 . 757.000000 , 1.00000000 , 2.00000000 . 1.00000000 , 757.000000 , 757.000000 ,
757.000000 .

send
SSGA09

757.000000 , 757.000000 , 757.000000 , 1.00000000

Al= 1.0s9999qfi ,A2= .699039745F-Oi,a2= .1OOOOOO16E-O1tTS= .105000019 ,TRs .229999982E-01,TMIN= .1199999822-011OSPECDs
18.5999908 .SSPEEDs 19.9999847 ,TMn= 25495.9922 .MinErTs 1071.19971 

SEND 
SSGAlO
KPWs .499999896E-02,KCVs .500000000 .Hn5P= 1.00000000
SEND
SSGAll
U1100= 139.849960 .W2100= 279.699463 «W1= 139.832062 ,w2= 279.699463 .W3z l89.’832062 .CVP= .920026481 .
ALFA= 1.00000000
SEND
SSGA12
TAUSs 1.00000000 , 2.00000000 , 2.00000000 , 2,00000000
SEND
SSGA13
WFI1IN= .199999986 ,WFMAX= 1.14999962 .CVMAX= 

1,00000000 ,HDMAX= 1.50000000
SEND 
SSGBOl
EPSIs 344.999756

13167411.0 •
12077493.0 .
9994064.00 

SEND 
SSGB02
Hs 1002999.06

1250212.00 •
2681579.00 . 

SEND
SSGB03

.Pe 12149997
13127411.0 ,
11967467.0 ,

, 1614063,00
1527081.00
2999643.00

0 , 12147447.0
12887396.0 ,
11607491.0 ,

, 1250212.00
2086737.00
3178060.00

1.00000000 .wAUXMs 34.9269867 .HauHs 155799.937 .HDAUXs

, 12147447.0 , 12187420
12427452.0 , 12327452.0 .
11237524.0 , 10877595.0 .

0 , 13187421
12197441.0 .
10507732.0 ,

0 , 13177417.0
12147447.0 .
10407771.0 .

1250212.00
2086737.00
3277147.00

, 1250212.00
2086737.00
3330387.00

. 1250212.O0
2086737.00
3330387.00

. 1250212.00
2681379.00
3330387.00

TCSs .0 
343.827637 
457.380127 

SEND 
SSGB04
XLTs 14.0199966 

72.1459808 
45.7199860 
106.679977

. .0
381,180908
479.191406

.XLs ,0 
2.62299919 ,
2.62299919 ,

ACFs .649999976

. .0
457.380127
491.432861

• .0
457.380127
498.236572

. 9.14399910 , .0
7.13330746 , 6.88669014
3.50499916 , 3.50499916
.IKONS 37.7299652

• .0 . .0 • .0
457.380127 . 457.380127 , 457.380127 «
501.885742

. 36,5759886
. 7.05499649 .
. 3,50489916 .

, 1.58399921
35.3569794 .
3.50499916 .

. 10.2399969
6.09599876 .
7.05499649 .

SEND
SSGB05
?s 3.80999947 
-15,3599958 
-15.3599958 

SEND

, 4.26699924
-8.22668743
-11.8549957

, 4.26699924
-1.33949920 
-8.34999657

. -15.0629950 
2.70499897 

-4.84499931
. -13.4109983 

. 9.75399876

. -1.33999920

. -14.9349985 
. 4.26699924
. 2.70499697

. -17.9829865 
-17.9829865 
2.70499897

SSGB06 
XL.Ss .0

.0
7.43699646

. .0
7.13330746
3.50499916

. .0
, 6.88669014
, 3.50499916

t .0
7.43699646
3.50499916

• .0 . .0 • .0
7.43699646 , 7.43699646 , 7.43699646 •
3.5049Q9l6
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a

SEND
SSGB07
PITCH5 .309999920E-01.D5 .228599906 i 1,82899952 , .931999505 , .431999505 * .3a0999923 . .380999923

,228599906 . .102999955E-01, .102999955E-01, .102999955E-01, •102999955E-01, .380999923 , .329999804 ,
.278999865 ,
,431999505

•102999955E-01, .102999955E-01, . 102999955e;-Oi . .102999955E-01. ,102999955e:-01. ,102999955E-01.

SEND
SSGB08
DSs .0 . .0 • .0 . .0 • .0 . .0 » • 0 ,

,926999688 , .926999686 , .926999688 , .431999743 , ,431999743 , .431999743 . ,431999743 .
.431999743 , .926999688 , .926999688 , .926999688 , .926999688 . DELS .2SS999867E- Ol, .253999867E-01,
.253999867E-01. ,253999867E-01. .253999867E-01, .253999867e-0i . .253999867E-01. .276899827F-02. .2768998276-02,
.276899827E-n2» •276899827E-02, .253999867E-01. .253999867^-01 . .253999867E-01. .2768998276-02. ,2768998276-02.
.276899827E-02. .276899827E-02, .276899827E-02, 4276899827e:-02. .253999867E-01. XNs 1.00000000 , 1.00000000 ,
1,00000000 • 1.00000000 , 1.00000000 . 1.00000000 , 1.00000000 . 757.000000 , 757.000000 ,
757.000000 , 757.000000 , 1.00000000 , 2.00000000 , 1.00000000 • 757.000000 , 757.000000 ,
757.000000 . 757.000000 , 757.000000 , 757.000000 , 1.00000000

SEND
SSGR09
TMDs 25495.9922 ,MINERT= 1071. 19971
SEND
SSGB10
KFW5 .499999r96E-02,KCV= .500000000 .HDSP= 1.00000000
SEND
SSGBll
WllOOs 139.849960 .W2100= 279.699463 ,W1= 139.832062 .U|2= 279.699463 .H3= l39,83?062 .CVP* .920026481 ,
ALPS5 1.00000000
SEND
SSGBlZ
TAUSs 1.00000000 , 2.00000000 , 2.00000000 . 2.00000000
SEND
SSGBlS
HF«IN= .199999988 ,WFMAX= 1.14999962 .CVHAX= 1.00000000 ,WAUXM= 34.9269867 ,HauW= 155799.937 .HDAUXs

1.00000000 .HDHAXs 1.50000000 
SEND
SSHD1
VH* 38.5109863 .KTV= .299999952 .KDVs 5.00000000 ,TVPs 1.00000000 .DVP= .0 «TAU= .149999917 .PsPTVs

9995999.00 .PSPDWs 10099998.0 ,PSPttV= 11029999.0
SEND
SSH02
WT100S 419.549805 .WNHAXs 1.00000000 .WNMINS .l99999996E-.nl.PHs 9994064.00 .PCs .0 .CT= 9306999.00 .
CTVs 689399.937 
SEND
SSCRl
NOSCRMs 5.

•coys 15779999.0

11,

»c*v=

12*

.1450998756-05

13, 14. 15, 0* 0* 0« 0.
0, OO Ol, 0,DELAYS .669999998 ,PMPDEL* •689999998 * ,689999998 *

,68999999b . ,68999999b , .689999998 , .689999998
SEND 
SSCR2
PLIHS 1.14999962 .TCONs 28.0000000 ,ft2s 1.01000023 ,B2s -,9900000l0 .C2* .170599997 ,02s ,3t4000015E-01,A3=
-1.01000023 .B3s 1,01000023 ,C3s .196900010 ,D3s .41600000ie.01,a4* 1.31799984 .B4s -1.00000000 ,C4s
.425000004E.01.A6s .588000007E-01.B6s .144999981 ,C6s -.249999994E-02.ASs .300000012 .7UEVEL= 4.19999886 .THXSCrs
442.999756 

SEND 
SSCR3
All® 1.19999981 .Bll* -.990000010 .Clls ,870000l24E-01.a12s .493000001E-01.B12s .144999981 ,C12= -.249999994E-02.
DRUHAXs .220000029 .TVAPSCs 399.999756
SEND
SSCR4
TAUs .149999976 . .500000000 , .100000024 , 5.00000000 , 5.00000000 , 5.00000000 , 5.00000000
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STEP # teaoy state calculati 
POWER HELD CONSTANT AT 877,50 liWT

0 N

1 3 3 * 5 6 7 8 9 10 11 12 13 i» 15 16 18 19 20 21 23 24 25 26 27
28 29 30 31 32 33 3* 35 36 37 38 39 *0 *1 *2 *3 4* *5 *6 47 *8 49 50 51 52
53 5* 55 56 57 56 59 60 61 62 63 6* 65 66 67 68 69 70 7l 72 73 74 75 76 77
78 79 80 81 82 83 8* 85 86 87 88 89 90 91 92 93 9* 95 96 97 98 99 lOO lOl l02

103 10* 105 106 107 ioe 109 110 111 112 113 11* 115 116 117 118 119 120 l2l 122 123 1?4 125 126 127
128 129 130 131 132 133 13* 135 136 137 138 139 1*0 1*1 1*2 1*3 14* 1*5 1*6 1*7 1*8 149 150 151 152
153 15* 155 156 157 158 159 160 161 162 163 16* 165 166 167 168 169 170 171 172 173 174 175 176 177
178 179 180 181 182 183 16* 185 186 187 188 189 190 l9l 192 193 19* 195 l’6 197 198 199 200 20i 202
203 20* 205 206 207 208 209 210 211 212 213 2l* 215 216 217 2l8 21? 220 22l 222 223 224 225 226 227
328 229 230 231 232 233 235 236 237 238 2*0 2*1 2*2 2*3 2** 2*5 2*6 2*7 2*8 2*9 250 25l 252 253 254
355 256 257 258 259 260 261 262 263 26* 265 266 267 268 269 270 271 272 273 27* 275 276 277 278 279
380 281 282 283 28* 285 266 287 268 289 290 291 29a 293 29* 295 296 297 2*8 299 300 SOl 302 303 304
305 306 307 308 309 310 311 312 313 31* 315 316 317 318 319 3pO 321 322 323 32* 325 S26 327 328 329
330 331 33* 333 33* 335 336 337 336 339 3*0 3*1 3*2 3*3 3** 3*5 3*6 3*7 3*8 349 350 351 352 353 354
355 356 357 358 359 360 361 362 363 36* 365 366 367 368 369 370 371 372 373 37* 375 376 377 378 379
380 381 382 383 36* 385 366 387 368 389 390 39i 392 393 39* 395 396 397 398 399 400 40l *02 *03 *04
*05 *06 *07 *08 *09 *10 *11 *12 *13 *1* *15 *16 *17 *18 *19 *20 421 *22 *23 *2* 425 426 *27 *28 429
*30 *31 *32 *35 *36 *37 *36 *39 **n **1 **2 **3 *** **5 **6 *47 448 **9 *So *51 *52 453 *5* *55 456
*57 *58 *59 *60 *61 *62 *63 *6* *65 *66 *67 *68 *69 *70 *71 47* *75 *76 *77 *80 *83 464 *85 *86 *87
*88 *89 0 0 0 0 0 0 n 0 0 0 0 0

•**•••**•**•***•***••***•**•*•*• P R I M A R Y C 0 OLA N T D Y N AMI C S ************** *****!* ***********

FZ1NRH * 0,9000 F22NRM s 0.9000 FZSnRM = 0 .9000 c»nRm * 0,9000 RBNRM s 0.9000 BPNRM * 0 .9000
FLOWSt 1 1.!5666003 2 1.5666003 3 1.6967E+03 * 1 ,25*9E+02 7.3229E+01 €. 6.JIISe+OZ 7 1.9550E+02
AL1* 0 ,9000 NEU1> 0.9000 BPl= 0.8100 TMOTNl= 1.0350 HPls 0.8100 FREQIs 54.000
AL2= 0 .9000 NEW2= 0.9000 BP2* 0.8100 TM0TN2= 1.0350 HP2= 0.8100 FRE02= 54.000
PD « 0 .9000 TRlSP » 387 .780 NEuSP s 0.9000 ASP s 0 .9000 XKW ■ 1 .316E-03 EPS e l.OOOE-O!5 N = 0
TRIHt 557.876 387.876 newm: 0.9000 0.9000 alms 0.9000 0.9000 INLET PRSNRM = 0,8676
ETs OO 0.0 EWS -1.3590E-05 -1,»3173E-05 EAS 0.0 0.0
TAU 1 s 0.2*978 TAU 2 x 0.22562 TAU 3 a 0.01822 TaU 4 = 0,08695 TAU 5 x 0.00629 TAU 6 = 0,00601
TAU 7 a 0.01*09 TAU 8 x 0.31122 TAU 9 a*********, TftUln a 5.00000 TAUll a O.5OO0O TAU12 a 0.02000
TAU13 a 0.31122 TAU1* x********** TAU15 a 5.00000 TaU16 a 0.50000 TAU17 a 0.02000 TAU18 = 0.0
****************************** R E A C T 0 R HE AT T R A N S F E R ******************************

TAU 1 a 2.092* SEC TAU 2 x 3.0311 SEC TAU 3 = 2.0938 SEC TAU * a 2.0912 SEC TAU 5 a 3,0737 SEC
TAU 6 = 2.0925 SEC TAU 7 a 2.0915 SEC TAU 6 = 3.0305 SEC TAU 9 a 2.0926 SEC TAU10 a 7,2801 SEC
TAUll s 11.1250 SEC TAU12 a 14.8366 SEC TAU13 = 1.6*84 SEC TAUl* a 0.0*27 SEC T AU15 a 0,10*8 SEC
TAU16 = o:i691 SEC TAU17 a 0.0*82 SEC TAUlA = 0.1166 SEC TAUl9 a 0.2111 SEC TAU20 a 0.0*87 SEC
TAUZl s 0.1175 SEC TAU22 a 0.2137 SEC TAU23 = 0,1784 SEC TAU2* a 0,2657 SEC TAU25 a 3,5066 SEC
TAU26 x 31.1919 SEC TAU27 a 0.0 SEC TAU26 = 0.0427 SEC TAU29 a 0.0*82 SEC TaUSO a 0,0*87 SEC
TAU31 = 0.178* SEC TAU32 a 0.2657 SEC TAU33 = 3.5066 SEC TAU
CORE HOT SPOTS MAX. COOLANT TEMP, a 699*212 MAX.. CLAD TEMP, a 733.496

PEAK CORE AVERAGE TEMPERATURE 0F8 FUEL CENTERLINE x 2171-705 CLAD INNER a 503.932 CLAD OUTER a 500.308
TM 1 a *60.573 TM 2 * 1876.929 TM 3 = 619.208 TM * a 442.572 Tm 5 = 1611.250 TM 6 * 588.495
TM 7 a 4*1.368 TM 8 = 1*20.690 TM 9 a 563.532 TMlO a 492.45* TMll a 5*9.*67 TM
TC 1 x 393.401 TC 2 = 590.0*3 TC 3 = 592.302 TC * a 392.43* Tc 5 a 566.583 TC 6 a 568.4*2
TC 7 a 392.367 TC 8 a 5*2.112 TC 9 = 543.9*1 TClO a *39.5*5 Tell * *60.353 TC12 = 387,880
TCIl x 387.880 TCI2 x 387.880 TCIS » 387.880 TCI* = 387.880 TcI5 = 387.880 TCI6 = 387.880
LOWER PLENUM! TOP TONE TEMP, a 387.880 BOTTOM ZOnE TEMP. * 387.880
upper plenums zjet * 6.400 TOP ZONE TEMP, a 534 .703 BOTTOM ZONE TEmP. = 534.703 NOZZLE TEMP, a 534.71

************************* I H X • 1 T H C R n A L CALCULATIONS ft************************



PRl. SOD. 8 CONVECTION HEAT-TRANS. COEF. 
1 3.0716E+04 2 3.0883E+04 3

VALUES
3.1213E+04 4 3.1553E+04 5 3.1904E+04 6 3.2266E+04 7 3.2638E+04

8 3.3023E+04
SEC. SOD. 8 CONVECTION HEAT-TRANS. COEF. 

1 3.9124E+04 2 3.9323r+n4 3
VALUES
3.9707E+04 4 4.0103E+04 5 4.0513E+04 6 4.0937E+04 7 4.137&E+04

8 4,1829E+04
8 OVERALL HEAT-TRANSF. COEF. VALUES
1 7.5266E+03 2 7.5448E+03 3 7.5800E+03 4 7.6160E+03 5 7.6527E+03 6 7.6901E+03 7 7.7283E+03

8 7.7672E+03
8 lOg-mean-temp-dif. VALUES
1 3.2628E+69 2 6.1236E+01 3 6.2718E+01 4 6.4226E+01 5 6.5753E+01 6 6.7301E+01 7 6.8850E+01

8 7.0407E+01
TAUp: 1 4.5337 2 0.7547 3 0.7584 4 0.7619 5 0.7654 6 0 .7691 7 0.7728 e 0.7769 9 0.7811 10 99.7843

11 1.0951
TAUS« 12 0.3622 13 0.3641 14 n.3658 15 0.3676 16 0.3695 17 0 .3715 18 0.3736 19 0.3757 20 4.2608 21 5.6955
TP: 1 534.703 2 517.448 3 499.767 4 481.599 5 462 .952 6 443. fl03 7 424.175 0 <404.029 9 3831.416 10 534.703
U 387.876
TS: 1 501.885 2 f83.836 3 465.335 4 446.342 5 426.845 6 406.849 7 386.347 8 365.354 9 343.858 10 501.885
************************* I H X • 2 THERM A L C A L C U L A T IONS *************************

PRl. SOD. 8 CONVECTION HEaT-TRANS. COEF. 
1 3.0716F+04 2 3.0883E+04 3

values
3.1213E+04 4 3.1553E+04 5 3.1904E+04 6 3.2266E+04 7 3.2638E+04

8 3.3023E+04
SEC. SOD. 8 CONVECTION HEaT-TRANS. COEF. 

1 3.9124E+04 2 3.9323E+04 3
VALUES
3.9707E+04 4 4.0103E+04 5 4.0513E+04 6 4.0937E+04 7 4.1S76E+04

8 4.1829E+04
8 OVERALL HEAT-TRANSF. COEF. VALUES
1 7.5266F+03 2 7.5448F+03 3 7.5800E+03 4 7.6160E+03 5 7.6527E+03 6 7.6901E+03 7 7.7283E+03

8 7.7672E+03
a lOg-mean-temp-dif. values
1 3,3214E+01 2 3.4021E+01 3 3.4844E+01 4 3.5681F+01 5 3.65S0E+01 6 3.7391E+01 7 3.8251E+01

8 3.9115E+01
TAUp: 1 4.5337 2 0.7552 3 0.7587 4 0.7622 5 0.7654 6 0 • 7690 7 0,7733 8 0.7771 9 0.7811 10 99.7842

11 1.0951
TAUs: 12 0.3622 13 0.3641 14 0.3658 15 0.3676 16 0.3695 17 0 .3715 18 0.3736 19 0.3757 20 4.2608 21 5.6955
TPt 1 534.703 2 517.448 3 499.767 4 481.599 5 462.952 6 443.803 7 424,175 8 404.029 9 383.416 10 534.703

11 387.876
TSt 1 501.885 2 483.837 3 465.335 4 446.342 5 426.845 6 406.849 7 386.347 8 365.354 9 343.858 10 501.885
************************* intermediate coop* i: coolant dynamics *************************

TAU! 1 1.137913 2 0.311219 3 0.500000 4 0.020000 5 3,999999
sodium flow rate = 0.9000 pump speed * 0.9000 pump head = o.bioo motor sen. set fReo. * 54.000 cycles/sec
main motor TOROUE = 1.0000 DRIVE MOTOR TORoUE « 1.0350 PUMP ToRQUE = 0.8100 FRICTION TORQUE = 0.0327
************************* INTERMEDIATE loop* 2: coolant dynamics *************************

TAUl 1 1.717360 2 0.311219 3 0.500000 4 0.020000 5 3.999999
sodium flow rate = 0.9000 pump speed = 0.9000 pump head = o.sioo motor gen. set fReq. = 54.000 cycles/sec
MAIN motor torque = 1.0000 DRIVF MOTOR TOROUE = 1.0350 PUMP TORQUE = 0.8100 FRICTION TORQUE = 0.0327



i-24

************************************ stfam gcnfratton LOOP-1 ************************************ 

TAU* 1 0.992A28 2 0.9930frl 3 0,9919(i0 4 0.981507 5 1.267370 6 1.267370 7 1.267370 8 1.267370
9 1.267370 10 2.536993 11 3.342580 12 0.0 13 18.447732 14 0.469131 15 3.152107 16 15.989627

17 0.893324 is 1.610137 19 0.318660 20 0.419236 21 1.871841 22 0.481551 23 1.575138 28 0.092253
25 0.052009 26 0.045010 27 0.040285 28 0.037319 29 O.H6863 30 3.953700 31 0.332400 32 0.207408
33 0.053783 34********** 35********** 36 1.000000 37 1.999999 38 1.999999 39 1.999999
feed water flow =0.9999 WATER/STEAM FluW al.0000 STEAM flow a0.9000 INT. SODIUM flow a0.9000

ro

P 1 = 1.2150F+07 
P 8 = 1.3127E+07 
P15 « 1.1967E+07 
HI* 1.0030E+06 
H 8 = 1.2502E+06 
HIS * 2.6814E+06 
TH 1 = 252.3711
TN 8 = 282.0032
THIS = 324.3694
TCS 8 s 343.8274 
TCS15 = 457.3799

P 2 = 1.2147E+07 
P 9 s 1.2887E+07 
P16 = 1.1607E+07 
H 2 = 1.6141E+06 
H 9 = 1.5271E+06 
H16 = 2.9996E+06 
TM 2 * 325,5110
TIM 9 s 330.0681 
TM16 * 383,8831
TCS 9 s 381.1807 
TCS16 * 879.1909

TDLOG!
U ! 
113.1140 

4366.0352
TDUOG! 16 
U ! 16

P 3 : 
P10 i 
P17 :
H 3 
H10 
H17 
TM 3 s 
TMlO = 
TMl 7 = 

TCSlO 
TCS17 

9 
9
17

1.2147E+07 
1.2427E+07 
1.123SE+07 
1.2502E+06 
2.0867E+06 
3.1781E+06 
282.0112 
327.2607 
833.9324 

457.3799 
891.4326 

56.2987 10 
6263.6211 10 

78.8187 18 
3679.7884 l8

p 4 3 
Pll = 
Pl8 : 
H 8 3 
Hll = 
H18 3 
TM 4 
TMll 
TM1S

1.2187E+07 
1.2327E+07 
1.0878E+07 
1.2502F+06 
2.0867E+06 
3.277lE*06 

= 282.0107
3 326.6392

466.3872
TCS11 = 457.
TCS18 = 498.

84.5514 
8712.9180 

43.8189 
3517.0022

P 5 3 
P12 3 
P19 s 
H 5 s 
H12 s 
H19 3 
TM 5 
TM19 
TM19 

3799 
2358

1.3187E+07 
1.2197E+07 
1.0508E+07 
1.2502E+06 
2.0867E+06 
3.3308E+06 

: 282.0027
s 325,8257 
s 488,6918

TCS12
TCS19

857
501.

P 6 * 
P13 : 
p2o i
H 6 : 
Hl3 :
h20 ! 
T" 6 
T«13 TH20 

3799 
8853

: 1.3177E+07 
: 1,2187E+07 
: 1.0808E+07 
: 1.2502E+06 
: 2.0867E+06 
: 3.3304E+06 
= 282.0027
* 325.5110
* 888.2086
TrSl3 * 857
TcS

19
19

23.7732
3846.8858

P 7 = 1.3167E+07 
P18 = 1.2077E+07 
P21 * 9.9941E+06 
H 7 a 1.2502E+06 
H18 a 2.6818E+06 
H21 a 3.3308E+06 
TM 7 a 282,0029 
TM18 a 325.0688 
TM21 a 882,1868 
3799 TCS18 a 857.3799

HEAT FLUX 3; 3.013982E+05 
NON-BOILlNG LENGTH a 7.125531E+00

outlet steam Quality a 9,95S75eE>oi 
BOILING LENGTH = 6.894462E+00

DRUM INT. ENERGY a 1.3738E+10 DRUM LEVEL a 1.0000 CVP = 0.9200 ALFA a 1.0000 DPRP a 1.8399E+08
******•******,«********************* STEAM GENERATION LOOP-2 ****»**»*»»*****»»»*»*»****»**»»**** 

TAU! 1 0.992829 2 0.993061 3 0.991960 4 0.981507 5 1.267370 6 1.267370 7 1.267370 8 1.267370
9 1.267370 10 2.536993 11 3.342580 12 0.0 13 18.487732 14 0.469131 15 3,152107 16 15.989627

17 0.893324 is 1.610137 19 0.318660 20 0.419236 21 1.871841 22 0.481551 23 1.575138 28 0.092253
25 0.052009 26 0.045010 27 0,040285 28 0.037319 29 O.1I6863 30 3.953697 31 0.332800 32 0.207808
33 0.053783 ^4********** 35a**«****** 36 1.000000 37 1.999999 38 1.999999 39 1.999999
FEED WATER 1flow a0.9999 water/stfam flow al.0000 STEAM flow 80.9000 INT. SODIUM FLOW a0.9000
PI* 1.2150F+07 P 2 a 1.2147E+07 P 3 a 1.2147E+07 P 8 a 1.2187E+07 P 5 a 1.3187E + 07 P 6 a 1.S177E+07
P 8 a 1.3127F+07 P 9 a 1.2887E+07 P10 a 1.2427E+07 Pll a 1.2327E+07 PI? a 1.2197E+07 Pl3 a 1.2187E+07
P15 a 1.1967e*07 P16 a 1•1607E+07 P17 a 1•1238E+07 pl8 a 1.0878E+07 P19 a 1 • 0508E+07 p20 a 1.0808E+07
H 1 = 1.0030r+06 H 2 a 1.6141E+06 H 3 a 1.2502E+06 H 8 a 1.2502E+06 H 5 a 1.2502E+06 H 6 a 1•2502E+06
H 8 a l.2502r+06 H 9 a 1.5271E+06 HI0 a 2.0867E + 06 Hll a 2.0867E+06 HI? a 2.0867E+06 HlS = 2,0867E+06
H15 a 2.6818F+06 H16 a 2.9996E+06 H17 a 3.1781E+06 H18 a 3.2771E+06 H19 a 3.3304E+06 H20 a 3.3308E+06
TM 1 a 232.3711 TM 2 a 325.5110 TM 3 a 282.0112 TM 4 a 282.0107 TM 5 a 282.0027 TN 6 a 282.0027
TM 8 a 282.0032 TM 9 a 330,0681 TMlO a 327.2607 TMll = 326.6392 TMl? a 325.8257 TM13 a 325.5110
TM15 a 324.3698 TM16 = 383.8831 TM17 = 433.9324 TMlO a 466.3872 TM191 a 488.6921 TM20 a 888.2051
TCS 8 a 343.8274 TCS 9 a 381,1807 TCSlO a 457.3799 TCS11 a 457.:3799 TCS12 = 857. 3799 TrSIS a 857
TCS15 a 457.3799 TCS16 a 479.1912’ TCS17 a 491.4326 TCS18 a 498.2363 TCS19 = 501. 8855 TcS

TDLOG! 9 56.2987 10 84.5514
U ! 9 6263.6211 10 8712.9180

TDLOG! 16 113.1142! 17 78.8188 18 83.4191 19 23.7730
u ! 16 4366.0352! 17 3679,7848 18 3517.0022 19 3846.8866

P 7 a 1.3167E+07 
P18 a 1.2077E+07 
P21 a 9.9941E+06 
H 7 a 1.2502E+06 
H14 a 2.6814E+06 
H21 = 3.3308E*06 
TM 7 a 282.0029 
TM18 a 325.0688 
TM21 a 482.1875 
.3799 TCS14 a 457.3799

HEAT FLUX a 3.013942E+05 
NON-BOIllNG I ENGTH a 7.125531E + 00

outlet steam Quality * 4,955758E-oi
BOILING LENGTH a 6.B94462E+00

DRUM INT. ENERGY a 1.3738E+10 DRUM LEVEL a 1.0000 CVP a O.9200 ALFA a 1.0000 DPRP a 1.4599E+08



ft***************************** steam header thermodynamics ******************************

TIME CONSTANT OF THf HEADER PRESSURE GAUGE = 
THROTTLE VALVE POSITION si.0000
throttle valve flow *0.9909 relief valve flow so.o 
header PRESSURE s 9.9941E+06 TEMPERATURE s 482.1868

***** NO CONVERGENCE IN 3 STEPS. VARIABLE

***** NO convergence TN 10 STEPS. VARIABLE

***** NO convergence IN 15 STEPS. VARIABLE

***** NO convergence IN 20 STEPS. VARIABLE

***** NO convergence TN 25 steps. VARIABLE

***** NO convergence IN 30 STEPS. variable

***** NO convergence IN 33 STEPS. VARIABLE

***** NO convergence IN 40 STEPS. VARIABLE

***** NO convergence TN 45 STEPS. VARIABLE

0.150000 SECONDS
DUmP(BYPaSS) VALVE POSITION sO.O 
DUMP(BYPASs) valve FLOW =0.0 

specific enthalpy* 3,3so4e+06

no changed BY 1.97781 % *****

232 changed BY 0.70130 % *****

436 changed BY 0.41212 % *****

476 changed BY 0.36457 % *****

476 CHANGED by 0.26499 % *****

237 changed BY 0.15881 % *****

235 changed BY 0.17716 % *****

237 changed BY 0.13793 % *****

237 CHANGED BY 0.07627 X *****
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STEP # STEADY STaTE calculati 
POWER HELD CONSTANT at 87T.50 MWT

TOTAL VECTOR OF CONTROL INTEGERS

0 N

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 6 18 19 20 ?i 23 24 25 26 27
28 29 30 51 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 Si 52
53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 7l 72 73 74 75 76 77
78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 lOO lOl 102

103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 l2l 1?2 123 124 125 126 127
128 129 130 151 132 133 134 135 136 137 138 139 14o 141 142 143 144 145 146 147 148 149 150 l5l 152
153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 l7l 172 173 174 175 176 177
178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 20i 202
203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 2l8 219 220 221 222 223 224 225 226 227
228 229 230 231 232 233 235 236 237 238 240 241 242 243 244 245 246 247 248 249 250 251 232 253 254
255 258 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 276 279
280 281 282 283 284 285 286 287 288 289 290 29i 292 293 294 295 296 297 298 299 300 30l 302 303 304
305 308 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329
330 331 338 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354
355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379
380 381 382 383 384 385 386 387 388 389 390 391 392 593 394 395 396 397 398 399 400 401 402 403 404
405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429
430 431 432 435 436 437 438 439 44o 441 442 443 444 445 446 447 448 449 45o 451 452 453 454 455 456
457 458 459 460 <*6l 462 963 464 465 466 467 468 469 470 471 474 475 476 477 4A0 483 484 485 486 487
488 489 0 0 0 0 0 0 0 0 0 0 0 0
•*••••***•**•****•**•**•***•*•** P 11 I M A R Y C 0 OLA N T D Y N AMI C S *******************************:

FZINrm = 0.9035 F72NRM = 0.9036 FZ3NRM * 0 .9021 canrm = 0.8738 RBNRM a 0.8900 BPNRM = 0 .9099
FLOWS! 1 1. 5690E+03 2 1.5690F+0S 3 1.7034E+03 4 1 .257BE+02 5 7.1095E+01 € 6.•6366E+02 7 1.9766E+02
AL1* 0 .9034 NEWl* 0.9014 BPl* 0.8178 TMOTNl= 0.8506 HP1* 0,8189 FREQIs 53.399
AL2* 0 .9034 NEW2= 0.9014 BP2s 0.8179 TMOTN2= 0.8507 HP2s 0.8190 FREQ2= 53.401
PD 8 0 .9000 TRlSP * 387 .780 NEuSP * 0,9000 ASP 3 0 .9000 XKW = 1 • 316E-03 EPS = i.000E-(>5 N * 1
TRIM! 379*973 379.972 newm! 0.9014 0.9014 ALM! 0,9034 0*9034 INLET PRSNRM = 0.8791
ET! 1.4053E+01 1.4054E+01 EU! 1.7098E- 02 1,.7133E-02 OO 0.0
TAU 1 » 0.24830 TAU 2 = 0.22393 TAU 3 e 0.01788 TAU 4 a 0,08521 TAU 5 a 0,00598 TAU 6 a 0.00583
TAU 7 r 0.01393 TAU 6 s 0.28745 TAU 9 a****«***** TAUIO a 5.00000 TAUll a O.5OO0O TAU12 a 0,02000
TAU13 s 0.28746 TAU14 r*»**»»**** TAU15 a 5.00000 TAU16 a 0,50000 TAU17 a 0.02000 TAU1B a 0,0

****************************** R E A C T 0 R H E A T T R A N S F E R ******************************

TAU 1 = 2.0927 SEC TAU 2 a 3.0316 SEC TAU 3 a 2.0942 SEC TAU 4 a 2.0915 sec Tau 5 S 3.0742 SEC
TAU 6 = 2.0929 SEC TAU 7 a 2.0917 SEC TAU 8 = 3.0310 SEC TAU 9 a 2.0929 SEC TAUIO s 7.2813 SEC
TAUll = 11.1267 SEC TAU12 a 14.8466 SEC TAU13 = 1.6495 SEC TaU14 a 0.0427 SEC TAU15 s 0.1048 SEC
TAU16 = 0.1892

0.'1174
SEC TAU17 a 0.0481 SEC TAU18 * 0.1165 SEC TAU19 a 0.2109 sec T aU20 s 0.0487 SEC

TAU21 = SEC TAU22 a 0.2135 SEC TAU23 a 0.1827 SEC TAU24 a 0.2686 Sec T AU25 s 3.4760 SEC
TAU26 = 31.2203 SEC TAU27 a 0.0 SEC TAU28 a 0.0427 SEC TAU29 a o.048i sec T AU30 s 0.0487 SEC
TAUSl a 0.1827 SEC TAU32 a 0.2686 SEC TAUSS a 3.4760 SEC TAU

CORE HOT SPOT! MAX. COOLANT TEMP, a 690.375 MAX.. CLAD TEMp. a 721.930
peak core average TEMPERATURE OF! FUEL CENTERLINE a 2025.194 clad inner a 494.694 CLAD OUTER s 491.432
TM 1 a 445.696 TM 2 » 1730.418 TM 3 * 607.942 TM 4 a 429.442 Tm 5 « 1489.920 tm 6 = 577.704
TM 7 a 428.355 TM 8 * 1317.219 TM 9 a 552.893 TMlO a 477.472 TMll = 529.447 TM
TC 1 a 385.477 TC 2 * 581.532 TC 3 a 583.821 TC 4 = 384.507 Tc 5 a 557.844 TC 6 a 559.732
TC 7 a 384.440 TC 8 * 533.478 TC 9 = 535.335 TClO a 433.167 Tell = 453.212 TCI 2 = 379.972
TCIl a 379.972 TCI2 * 379.972 TCIS * 379.972 TCI4 a 379.972 TcI5 a 379.972 TCI6 = 379.972
LOWER PLENUM! TOP ZONE TEMP, a 379.972 BOTTOM ZOnE TEMP, a 379.972.
UPPER PLENUM! ZJET a 6.400 TOP ZONE TEMP. = 526. 469 bottom ZONE TEmP. a 526.469 NOZZLE TEMP, a 526.41
************************* I H X - 1 THERMAL CALCULATIONS *************************



TAUP I 1 <l.*376 2
11 1.0959
TAUS* 1? 0.3617 13

0.7577 3 0.7615 0.7649 5 0.76S1 6 0.7720 7 0,7758 8 0.7789 9 0.7856 10 99.8685
0.3635 14 0.3653 15 0.3671 l6 0.3690 17 0.3709 l8 0.3730 l9 0.3751 20 4.2383 21 5.6654

TPt 1 526.469 2 509.418 3 491.890 4 473.838 5 455.249 6 436.118 7 416.442 8 396.231 9 375.493 10 526.469
11 379.941
TSS 1 496.887 2 479.031 3 460.679 4 441.782 5 422.339 6 402.348 7 381.824 8 360.767 9 339.226 10 496.887
************************* I H X * 2 THERMAL

0.7575 3 0.7614 4 0,7648 5

CALCULATIONS *************************

0.7684 6 0.7720 7 0.7755 8 0.7796 9 0.7839 10 99,8722TAUPS 1 4.5377 2
11 1.0959
TAUSS 12 0.3617 13 0.3636 14 0.3653 15 0.3671 16 0.3690 17 0.3710 18 0.3730 l9 0.3752 20 4.2389 21 5,6662
TPS 1 526.469 2 509.422 3 491.897 4 473.847 5 455,258 6 436.126 7 416.449 8 396.235 9 375.492 10 526.469

11 379.941
TSS 1 496.896 2 479,043 3 460.692 4 441.794 5 422.350 6 402.356 7 381.829 8 360.765 9 339,218 10 496.896
************************* INTERMEDIATE LOOP coolant dynamics *************************

TAUl 1 1.128484 2 0.288562 3 0.500000 4 0,020000 5 3.999999
SODIUM Flow rate = 0.9059 PUMP speed = 0.9062 PUMP head = 0,8222 MOTOR gen. SET FREO. = 53.586 CYCLES/SEC
main motor TOROUE = 0.8258 DRIVE MOTOR TORoUE b 0.8547 PUMP ToRQUE = 0.8218 FRICTION TOROUE = 0.0328
************************* intermediate loop COOLANT DYNAMICS *************************

TAUS 1 1.702390 2 0.288571 3 0.500000 4 0.020000 5 3.999999
SODIUM Flow rate = 0.9058 PUMP speed = 0.9062 PUMP head s 0.8225 MOTOR GEN. SET FREO. s 53.586 CYCLES/SEC
MAIN motor TOROUE = 0.8259 DRIVE MOTOR TOROUE s 0.8548 PUMP TORQUE = 0.8220 FRICTION TORQUE * 0.0328
************************************ STEAM GENERATION LOOP-1 ************************************

TAUS 1 0.988237 2 0.988510 3 0.987433 4 0.977060 5 1.260592 6 1.260592 7 1.260592 8 1.260592
9 1.260592 10 2.458376 11 3.400341 1 2 0.0 13 14.311958 14 0.464765 15 3.122768 l6 15.840751

17 0.885004 1A 1.664355 19 0,336943 20 0.453204 21 2.022572 22 0.520252 23 1.572708 24 0.092106
25 0,051660 26 0.044781 27 0.040190 28 0.037351 29 0.116929 30 3,955304 3l 0.332548 32 0.207196
33 0.053813 3U********** 35********** 86 l.000000 37 1.999999 38 1.999999 39 1.999999
FEED WATER 1flow Vfl

1oII WATER/STEAM 1plow =0.9983 STEAM flow E0.P052 INT. SODIUM FLOW =0,9059

P 1 a 1.2150E+07 p 2 = 1.2181E+07 P 3 = 1.2181E+07 p 4 a 1.2218E+07 P 5 a 1•3221E+07 P 6 = 1« 3211E+07 p 7 a 1.3200E+07
P 8 = 1.3160E+07 P 9 = X.2918E+07 P10 a 1.2463E+07 Pll = 1•2362E+07 PI 2 a 1.2231E+07 Pl3 = 1.2181E+07 P14 a 1.2116E+07
P15 = 1.2005E+07 P16 a 1•1641E+07 PIT = 1•1268E+07 P18 a 1.0905E+07 P19 a 1,05S4E+07 p20 = 1,0433E+07 P21 a 1.0016E+07
H 1 a 1.0030F+06 H 2 = 1.6155E+06 H 3 = 1.2734E+06 H 4 a 1.2734E+06 H 5 a 1.2734E+06 H 6 = 1.2734E+06 H 7 a 1.2734E+06
H 8 a 1.2734E+06 H 9 a 1.5283E+06 H10 = 2.0358E+06 Hll a 2.0358E+06 H12 a 2.0358E+06 Hl3 a 2.0358E+06 H14 a 2.6807E+06
HIS « 2.6807E+06 H16 a 3,0025E+06 HIT = 5.1779E+06 Hi8 a 3.2728E+06 H19 a 3.3226E+06 H20 a 3.3226E+06 H21 = 3.3226E+06
TM l s 232.3710 TM 2 = 325.5107 TM 3 a 286,0425 TM 4 a 286.0425 TM 5> a 286,0425 TM 6 a 286.0425 TM 7 a 286,0430
TM 8 = 286.0425 Tm 9 a 330.2527 TMlO = 327.4780 TMll a 326.8572 TMl?1 a 326.0369 THIS a 325.7212 TM14 a 325.3093
TM15 = 324.6064 TM16 a 384.8784 TM17 = 434,0586 TM18 a 464.9470 TM19' = 481.7961 TM20 a 481.2996 TM21 a 479.2344
TCS 6 = 339.1775 TCS 9 a 377.0586, TCSlO a 453.1650 TCS11 = 453.:L650 TCS12 = 453. 1650 TrSl3 a 453 .1650 TCS14 a 4!
TCS15 = 453.1650 TCS16 = 475.1301 TCS17 = 487.0876 TCS18 a 493.5298 TCS19 = 496. 8875 TcS

TDLOGS 9 49.9035 10 79.8564
U S 9 6270.4102 10 8672.1367

TDL0G8 16 108.2781 17 69.9985 16 39.5547 19 21.1237
u S 16 4382.1641 17 3690.7529 16 3530.8376 19 3462.0576

HEAT FLUX * 2.833262E+05 
NON-BOILING LENGTH a 7.382018E+00

outlet steam ouality = 4.515266E-01 
BOILING LENGTH = 6.6S7975E+00

DRUM INT. ENERGY = 1.3754E+10 DRUM LEVEL = 1.0000 CVP a 0.8628 AlFA = 0.9999 DPRP a 1.4631E+0S
************************************ R T C A M generation LOOP-2 ************************************



TAUi 1 0.988364 2 0.988638 3 0.987539 4 0.977185 5 1.260765 6 1.260765 7 1.260765 8 1.260765
9 1.260765 10 2.458522 11 3.400727 12 n.O 13 14.311878 14 0.464762 15 3.122749 16 15.840656

17 0.884998 1ft 1.664430 19 0.336967 20 0.453250 21 2.02277s 22 0.520303 23 1.572760 2'* 0.092109
25 0.051661 26 0.044782 27 0.040190 28 0.037352 29 0.116933 30 3.955463 »1 0.332548 32 0.207197
3$ 0.053815 34********** 35********** 36 1.000000 37 1.999999 3ft 1.999999 39 1.999999
feed water flow Io

water/steam flow =0.9983 steam flow =c1.9051 INT. sodium Flow =0'.9038
P 1 s 1.2150E+07 P 2 = 1.2181E+07 P 3 c 1.2181E+07 P 4 = 1.2218E+07 P 5 a 1.3221ET07 P 6 = 1.3210E+07 P 7 = 1.3200E+07
P ft s 1.3160E+07 P 9 = 1.291BE+07 P10 = 1.2462E+07 Pll = 1.2362E+07 P12 = 1.22S1E+07 plS = 1.2181E+07 P14 = 1.2115E+07
Pl5 s 1.2005r*07 P16 = 1•1641E+07 P17 = 1.1268E+07 plR = 1.0905E+07 P19 a 1.0534E+07 p20 = 1.0433E+07 P21 = 1.0016E+07
H 1 s 1.00S0F+06 H 2 = 1.6155E+06 H 3 = 1.2734E+06 H 4 = 1.2734E+06 H 5 s 1.2734E+06 H 6 = 1.2734E+06 H 7 * 1.2734E+06
H ft s 1.2734E+06 H 9 = 1.5283E+06 H10 s 2.0357E+06 Hi1 = 2,0357E+06 HI? a 2.0357E+06 Hl3 = 2.0357E+06 H14 = 2.6807E+06
M15 3 2.6807r+06 H16 = 3.0025E+06 H17 s 3.1779E+06 Hl8 = 3.2728E+06 H19 a 3.3226E+06 H20 = 3,3P26E+06 H21 * 3.3226E+06
TM 1 = 232.3710 TM 2 ® 325.5107 TH 3 s 286.0444 TM 4 = 286.0444 TH 5 =i 286.0447 TM 6 = 286.0444 TM 7 = 286.0444
TM ft> s 286.0444 TM 9 = 330.2520 TMl 0 = 327.4768 TMn = 326.8560 TM1? = 326,0356 TMiS = 325.7200 TM14 = 325.3081
TM15' s 324.6052 TM16 = 384.8816 TW17 s 434.0637 TM18 = 464.9548 TM19 a 481.8044 TM20 * 481.3081 TM21 = 479.2432
ICS e = 339.1687 TCS 9 = 377.0569 TrSlO = 453.1670 TCSll = 453.1670 TCS12 = 95S. 1670 TrS13 = 453 .1670 TCS14 = 4!
TCS15 = 453.1670 TCS16 =

tdlog: 16
ii : 16

475.1348
TDLOG!U ! 
108.2804 

4382.0156

TCS17 
9 
9 
17

487.0950 
49.8983 10 

6270.3828 10 
70,0006 18 

3690.6169 18

TCS18 = 493.5376
79.8570 

8672.0117
39.5557 19 

3530.7141 19

TCS19 = 496.8965 Tc$

21.1242
3461.9370

HEAT FLUX s 2.83S240E+05 
NON-BOILlNG LFNGTH = 7.382274E+00

outlet stfam Quality = 4,5i4s89E-oi
BOILING LENGTH * 6.637719E+00

DRUM INT* ENERGY = 1.3754E+10 DRUM LEVEL = 1.0000 CVP = 0.8628 AlFA = 0.9999 DPRP = 1.46S1E+08
****************************** STEAM header thermodynamics ******************************

TIME CONSTANT Of THf header pressure gauge S 
ThROTTlf valve POSITION =0.9738
THROTTLE VALVE Flow =0.9035 REl TEF VALVE FLOW =0.0 
HEADER PRESSURE = 1.O016F+07 TEMPERATURE = 481.1809

0.150000 SECONDS
nUMP(BYPASS) VALVE POSITION =0.0 
DUMP(PYPASS) VALVE FLOW =0.0

specific enthalpy® s.sztge+os

***** NO CONVERGENCE TN 50 STEPS. variable 237 CHANGED BY 0.04426 * *****

***** NO CONVERGENCE IN 55 STEPS. VARIABLE ft 475 changed BY 0.02827 % *****

***** NO convergence TM 60 STEPS. VARIABLE n 436 CHANGED BY 0.02092 % *****

***** NO convergence IN 65 STEPS. VARIABLE n 437 CHANGED BY 0.01269 % *****
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**t************ CONVERGENCF IN 69 ITERATIONS ft**************

****************************** INPUT pATA ******************************

****************************** TRANSIENT CALCULATION begins ******************************

REACTOR INITIALLY AT STEADY - STATFi OPERATING AT 90.0 * OF FULL POWER

PIPING INTEGRITY MAINTAINED

****************************** INPUT DATA ******************************

UMASA 
MOOEs 
SEND 
SMASB
PlOOs 975.000000
SEND
SMASC
TNEWs 1.98999977 

50.
SEND
SMASO
TSCRM= ?00.000000 

.0 
SEND 
SMASE
NOPONs 0.

.lOOOOOOOsE-OS
SEND
smasf
RNSERTs .500000000
SEND
SMASG
TNOFWls .0
SEND
SBR01
WI100S 1790.89946 
WCAs 71.09300?3 
WRRKs 1740.69946

11IPRlNTs 20 *IPK= 100.SSEC= .100000024 .TnAXSC= 49,6999939

,PDO= .899999976 .SLOPEPs .0 .PDFND= .899999976 .XlOOP= 2.00000000

, 9.98999977 . 39.9900055 ,SNEW= .199999988 , .199999988 . .399999976

9.98999977

0.

.TTRIP= .0

0.

.0 .0 .0

O.MTURgs I.MDUMPs O.RsTaRTs

.TNSErTe .490000010 

,TN0FW2s .0 t TAUXlr 29.9996033 .TAUX2s 29.9996033

.WIls 1569.09644 
»WRBS 663.677979

•WI2s 1569.03882 
.WRP= 197.667816

.WTCs 1945.48975 
«WS100= 1610.24951

.WOCs 1703.45581 

.WSls 1458.46899

«IPNEWs

.0

O.EPSILNs

,WHCs 125.784042 
■WS2s 1458.26880

10,



SEND
JBR02
TC» 385*027832 

533.001953
. 581.052979
539.898773

583.325689 
932.701172

, 389.058i05
952.799191

557.365967 . 559.237599
379.525635 .TIP1= 379.525635

383.991211 ,
,TIP2= 379.525635

TOPls 525,9731.45 ,T0P2s 525. 973145 ■TM= 445.240479 . 1729.94043 , 607, 442627 , 428.986572 . 1489,44409
577. 206055 « 427.899658 . 1316.74365 , 552.397705 . 477 ,007812 . 528.981689

SEND
SBR03
Kls S.K2s e.NPs 10. 10. 10, 10, 10. 10,LP= 0,

0, 0, 0, O.Nls 10. 1. 2, 10.L1= 0, 0.
0. 0,N2s 10. 1. 2, 10.L2e oe 0, 0

SEND
SBR04
TPls 525.972900 , 508.828613 . 491.233398 , 473.139160 , 454.540527 , 435.432373 . 415.814209 ,

395. 687988 . 375,061523 . S25.'972900 , 379.507568 . .0 , .0 ,TSl= 496.245361 •
478. 341064 « 459.969971 . 441.087646 , 421,690430 , 401 .778320 , 381,354736 . 360 .427490 9
339. 009277 . 496.245361 . • 0 , .0

SEND
SRR05
TP2s 525.972900 , 508,833496 . 491.241943 , 473.150391 , 454.552734 , 435.444092 . 415.823975 ,

395.694580 • 375.062988 , 525.972900 , 379.508789 , .0 « .0 ,TS2= 496,256104 .
478. 354980 , 459.985107 , 441.103027 , 421.704346 . 401 .790039 . 381,362061 , 360 .428467 «
339. 002197 . 496.256104 . .0 .0

SEND
SBR06
TCI1= 525.972900 ,TCI2s 525. 992676 .TCI3= 379.507568 .TO 14= 525.972900 ,TCI5= 525.992676 ,TCI6= 379.508789
SEND
S8R07
Tills 496.245361 •TIl2s 338. 990967 .TI13= 338.993652 .7114= 339.004395 ,TSIl= 496.245361 ,TS01= 452,382568
TEIls 452.382568
SEND
SBR08
TI21s 496,256104 ,Tl22s 338. 981934 ,TI23s 338.987549 .7124= 338.995361 ,TSI2* 496.256104 .TS02= 452.386719
TEI2s
SEND
SBR09

452.386719

OHS . 429769233E-02, .429769233E-02, .429769233E-02, .429769233F-02. •429769233E-02 , 42976923 3E-02, ,429769233E-02,
.929769233E-n2.
.183799897E-01.
,7l5298951E-02.

SEND
3BR10
XL= .355699920 

,919399922 ,
.731519237E-02. 
•161539912E-01. 
.302359879 •
• 585219269E-02. 
,585219269E>02, 

SEND 
SBR11

•02..429769233E. 
.320999837 
.985698104E-01,

.359659878E-02, .371859758^-02. 

.320499837 , .320499837 , 

.822198987E-01.AIPT* 27.8699493

. 1.64069843
2.91079807 ,
.731519237E.02,

. .914399922
1.64069843 .
.731519237E-02, 
.143259913E.01.WLs .302359879
.302359879 , .302359879 .
.585219264E.02, .585219264E.02,
.155449919E-01. .131n59922E*01

, .355699420
2.91079807 ,
.7315l9237E-02. 
, .302359879
.302359879 ,
.585219264E-02.

.323699653 .AHe .185799897E-01. .185799897E-01.

.282399893 . .282399893 , .282399893 .
.AOPTs 27.8699493

. .914399922 , 1.64069843 . .355699420 ,
9.31129074 .P= .731519237E-02. .731519237E-02,
.731519237E-02. .7315l92S7r-02. .731519237E-02.
. .302359879 . .302359879 . .302359879 ,
.152399898 . .101499856 .ODs .585219264E-02.
.585219264E-02. .5852192647-02, .585219264E-02,

DPXs .329179727E-01,APX* 1.93609810 .OnP* .914399445 . .609599471 , .609599471 ,nELP= .126999915E-01,
.126999915E-01. .126999915E-01,XLP* 37.4539642 , 32.7479706 , 52.714965* , 37.4539642 . 32.7479706 ,
52.7149658 . 7.37919044 .XLlls 2.30999851 .XLl2= 2.65799809 ,Xl21s 2.30999851 ,XL22s 2.65799809

SEND 
SBR12
DSXs .199399665E-01.ASXS .889999807 ,ODI= .609599471 . .457199454 , .609599471 , .609599471 .DELI=

•126999915E-01. .126999915E-01, .126999915E-01, .126999915E-0l,nsG= .516399752E-0l,ASGs .525229812 ,ODSE= .457199454
DELSE= .126999915E-01.XLSs 149.999908 . 9.14399433 . 25.9079742 , 60,6369629 , 248.679855 . 9.14399433 .

25.9079742 , 110.919876 . 7.61999416 . 14.0199938 , 37.7949677 . 14.0199938
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SFND
SBR13
ZIN1= -lg,1789703
SFNDIBRlg
Zl= -11.4299936 
-10.6699934 <
-7.49999237 .
-11.0599928 t
-15.6099939 .

SEND 
SBR15
Z4“ -11.4299936 
-10.6699934 i
-7,49999237 .
-11.0599928 .
-15.6099939 .

SEND 
SBR16
2*1= -7.18999?90 
-12.9749928 ,
-8.01999283 .
-13.7999935 .

SEND 
SBR17
Pl= 745133.250 

821193.512 
SEND 
SBR18
DSSs 7999,99219
SEND
SBR19
PS1= 1415l59.‘0O 

757797.625 
SEND 
SBR20
PIls 1415368.00

.Z1N2= -16.1829681 •ZON= -11.4339933 ,ZPl= -15.7979918 «ZP2= -15.7979918 tZOPLEVs -6.87169075

. -7.49799252 
-13,2599936 
-7.49999237 
-5.63999462 
-19.1799622

. -7.49799252 
-13.2599936 
-7.49999237 
-5.63999462 
-19,1799622

, -8.01999283 
-13.7999935 . 
-8.84499359 , 
-16.4649658 ,

. -7.49799252 
-13.2599936 
-7.49999237 
-5.63999462

, -7.49799252 
-13.2599936 
-7.49999237 
-5.63999462

i -8,84499359 
-16.4649658 , 
-9.66999435 . 
-16.4649658 ,

, -5.79099464 
iZ2s -17.0699768 
i -7.49999237 
, -5.93999004

, -5.79099464 
Z5= -17.0699768 
-7.49999237 
-5.93999004

. -9.66999435 
-16.4649638 ,
-10,4999905 ,

.0 .

• -5.79099464
• -14.0199938 

-7,49999237 
-6.54999447

. -5.79099464 

. -14.0199938 
-7.49999237 
-6.54999447

, -5,79099464 , -8.22999382
. -10.6699934 . -7.49999237

. -9.50999451 .ZS= .16,4599762

. -7.18999290 , -10.2099943

. -5.79099464 . .8.22999382

. -10.6699934 . -7.49999237
. -9.50999451 ,Z6= -16.4599762
. -7.18999290 , -10.2099943

. -10.4999905
.0

-11.3199911
.0

. -11.3199911 . -12,1499920
. ,0 .ZX2= -7,18999290
« -12.1499920 , -12.9749928 ,

•P2= 249716.125 ,p3= 219998.500 ,p4= 73801.3750 ,P5=
p8= 826056,062 ,P9r 73723.6250 ,P10= 983433.437 .Pll=

983380.375 ,P6= 887585.000
887574.750 ,pl2= 821192.062

,P7=

,CSS= 502.399414 •XKSS= 16.7469635

•PS2= 335587.812 ,PS3= 313135.375
PSe= 761350.625 .PS9= 682499.750

757805.625 
SEND 
SBR21
ZS1= -4.74999809 
-14.4799938 .
.0 .
.999999046E-01•
.0

-3,25999832 ,
SEND 
SBR22
ZS5= -4.74999809 
-14.3599911 ,
.0 .
,999999046E-01.
.0

-10.1199903 •
SEND 
SBR23
ZMX1= -5.87999344

.999999046E-01.ZEVol= 
SEND 
SBR24

,PI2= 335973.187
iP18= 761358.687

iPI3= 313534.062 
•PI9= 682499.750

tpS4= 1016924.44

.PI4= 1016907.94

.PS5= 808656.750 .PS6* 728168.687 ,PS7=

iPI5= 808650.312 ,Pl6s 728156,875 .PI7=

, -4,74999809 
-14.6299934
.0
.0
.0

-3,04999828

, -12.6799917 
-14.6299934
.0
.0
.0

-3.40999794

« -10,3599939 , -13.4999933
.999999046E-Ol,ZS2= -12.4699907
.0 • .0 «• 0 , . 0 ,

ZS4= -7.52999020 , -10.9699945
-2.92999840 , -2.79999828 .

« -13.0099955 , -13.1999931
.999999O46E-01.ZS6S -12.4699907
.0 . .0 .
.0 , ,o *

ZS8= -10.9699945 . -10.5499916
-3.16999817 , -2.92999840 ,

-14.0199938 , -14.1699934 « -14.3299932
.0 f .0 i .0

• .0 ,ZS3= -6.18999290• , 0 , , 0 .
. -3.40999794 . -3,25999832

.0■ 0
. -10.6099930 

-2.67999840

. -13.4899931 , -13.7799940 , -14.0599909

..o , .0 *.o
.0 , ,0 *ZS7= -6.18999290
.0 ,«0 . . 0 ,

. -10.1299944 . -10.1199903-10.1299944 
-2.67999840

ZHX2= -5.87999344 ,ZSH1= -12.0099907 ,7SH2= -12.0099907
12.0099907 .ZEVnP* -12.0099907 <ZSP1= -3,09999847

.ZEVIls ,999999046E-01,ZEVI2s 
<ZSP2x -3.89999847



PBRK* 951899.812 ,ZBRK= -19.
SEND
SBR25

0499725 ,XBRK* .999999*83 ,pGV= 101999.875

AA* 2.64999962 , -2.10000038 , .850000024 , -.399999976 • -2.60000038 . 3.94999981 , -.300000012
-.85OOOOO24 .BB= 2.25000000 , -1.75000000 , .750000000 , -.250000000 . -2.60000038 , 2.60000038 «
.0 , -.199999988 .CC= -.899999976 , 1.85000038 • -I.6O0O0O38 , 1,64999962 , 1.44999981 •

-2.50000000
1.30000019

. 1.64999962

. -2.00000000
. -.399999976 
. 1.10000038

.DDs -.750000000 .

. -.600000024
1.75000000 • -1.25000000 , 1.25000000 »

SENDSKINA
LAN= .199299991 , .207500011E-01. .83?999945E-0i, .750000030E-02, .l3ft999995E-03,B= .299?50009E-02. .307500023E-0S,

.284000002E-01. .210000016E-01, .329999998E-01
SEND 
SKINB
XOa .939999998 . .939999998 ,ROMAX= 31.0000000 . 8.S9P99962 .rOsTUK=

.240000002£.01«ROSUBC= -18.0000000 ,TRESET= 60.0000000 ,XkT= 1.00000000 
SEND 
SKINC
TROMs 558.299561 ,TSTH= 482.199463 ,TSTSP= 482.199463 ,TauRO= 2.00000000
SEND
SKIND
TFREF= 176.699738 .TCREFs 176.699738 .ASOD= -.829999237^-06. .863998A66E-05.

.146899823E-03, -,143999841E-04. -.124999RRBE-04, -.939999736E-04. -.124999888E-04, 
-.357199996E-02, -.436999984E-01, -.754999928E-03. -.6i9099997e-0i. -.743799984 i 
-.245000005 . -.113300011E-01. .0 , -.251800001 .ACAE= .0
.0 . -.127999971E-03, .0 . .0 • .0 .
.0 .ACRE* -•166999944E-02

SEND 
SKINE
PR1MA* 11.6800003 ,PRIHB= 10.3299999 .SFCA* 8.96199989 ,SFCB= 7.16670036
SEND
SKINF

2.75000000 . 2,10000038 .RINMAXs

.TaUsT* 2.00000000

-.829999237F-06. -.143999841E-04,
.0 , -.388999761E-04.ADOP*

-.130899996E-01, -.535800010E-01,
. . 0 . . 0 . 

.0 . .0 .

AT* 27.79997?6 2.79998684 527.699463
SEND
SHYDa
AX* 57.9399719 , 21.2599640 . 131.229843 , 32.7999725 . 131.229843 . 8.I99994O9 , 57.9399719 ,

21.2599640 .
655.699463 •

SEND
SHYDB

131.229843 .
78.3899689 ,

32.7999725 ,
7.12999153 ,

131.229843 ,
67.2299652

8,19999409 , 4.58999825 , 12.1499901 ,

CA* 1.03999996 ,CB= .649039745E -OI.CE* .135000013E-01.MINerTc 1071.19946 .TMMD* 25495.9883 .DSPEED* 18.5999756
POLES* 3.00000000 ,PHSSP= 1.99999809
SEND
SHYDC
COBRK* .809999183E-02.AX5BB* 129.919998 .AXAB* 1.30999851 .VnLGVs 81.2999725 .SSVHI0= 4.09999752 .SGVTOP*

4,59999752 «ZGV"1ID* -11.3999910 .ZGVTOP* -7.59999084 
SEND 
SHYDD
CONVG* .500000000 .FREOOr 60.0000000 .XKAr .500000000 ,TK= .399999976 <TS= .105000019 ,TRs .229999982E-01,
TWIN* .119999982E-01.ALO* .100000016E-01
SEND
SHYDE
FRE01*
SEND
SHYDF
tauwh*
SEND

53,3993225

.500000000

•FREQ2= 53.4010468 «AL1= .903365552 ,AL2= .903388023

,TAUAH* .199999996E-01.TaUTM* 5.00000000 ,TRISPN= 387.779541

All = 3.954F+02
matrix of inertia*, loss coefficients
M2 = 4.198E + 01 A13 =-4,590E+00 A14 =-4,690E+00 A15 =-4.590E+00 Al6 S-4.590E + 00 A17 S-4.590E+00
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NTs 2850.00000 •BP= .300000012E-01,ACF= 800000012OEXTs
SEND
SHX1B
VJPb
SEND
SHX2A
DEXTb
SEND
SHX2B
VIP=

.222199708E-0i,PJTCH= .253999718E-0i,XKSS= 16.7469635 

8.36199093 .VOPs 1.99599838 .VRPe 5.69199848 «VISa 7.12199783

.222l99708E-0l,PITCH= .253999718E-01,XKSSs 16.7469635 ,NT= 2850.00000

8.36199093 .VOPs 1.99599838 .VBP* 5.69199848 .VIS= 7.12199783

.VOSs 9.49198818

.BP* .300000012E-01.ACFS

,VOSs 9.49198818

,800000012

SEND
STHA1
DSPEEOb 18.5999756 ,TMMO= 25495.9883 «MlNERT= 1071.19946 .PHSSPs 1.99999809
SEND
SIHA2
PTSPs 9995998.00 ,KFT= .500000000 .KST= .500000000 ,KSp= ,500000000 .TAUS= ,500000000 , .199999996E-01,

4.00000000 
SEND 
SIHA3
Al= 1.03999996 «A2= .649039745E-01, a3= . 1S5000013E-01, AZ= ,1 OOOOOOl6E-nl,TS= .IO5OOOO19 ,TR= ,229999982E-0l,TI«IIN=

•119999982E-01tGFIs 60.0000000 .XNP= 3.00000000 ,ALFA= .906249166 »GF= 53.5860138
SEND
SIHB1
TNHDe 25495.9883
SEND
SIHB2PTSPs 9995998.00

4.00000000 
SEND 
SSGAOl
EPSIs 344.999512

13195170.0 .
12110594.0 •
10001032.0 

SEND 
SSGA02
H= 1002997.37

1272522.00 >
2680753.00 • 

SEND
SSGA03 
TCS* .0

338.990967 «
452.382568 .

SEND 
SSGA04
XLTs 14.0199938 

72.1459656 «
45.7199707 »
106.679916 •

SEND 
SSGA05
Z= 3.80999851 
-15,3599911 ,
-15.3599911 ,

SEND 
SSGA06 
XLSi .0

.0 ,
7,43699169 .

.MINErTs 1071.19946 •GFI= 60.0000000 ,ALFA= .906235397 ,GF= 53.5857697

,KFT= ,500000000 ,KSTs ,500000000 ,KSF* .5OOOOO0OO <TAUS= ,500000000 , .199999996E-01

,P= 12149991.0
13155222.0 ,
11999104.0 ,

, 12175901.0 , 12175901.0
12913103.0 . 12457882.0 ,
11633878.0 , 11258571.0 ,

, 12213583
12357681.0 «
10894070.0 .

0 , 13215937.0 , 13205655.0
12226174.0 , 12175901.0 ,
10520077.0 , 10419020,0 ,

, 1615281,00
1528115.00
3000574.00

, 1272522.00
2031189.00
3175462.00

, 1272522.00
2031189.00
3270524.00

, 1272522.00
2031189.00
3320623.00

1 1272522.00
2031189.00
3320623.00

, 1272522.00
2680753.00
3320623.00

1 .0
376.950439
474.315918

• .0
452.382568
486.316650

• .0
452.382568
492.828369

• .0
452.382568
496.245361

. .0
452.382568

, , 0 «
452.382568 ,

•XLs .0
2.62299824 .
2.62299824 , 

ACF* .649999976

, 9.14399433 . ,0
7.41022110 . 6.60977268
3.50499821 . 3.50499821

f TKONs 37.7299500

. 36.5759735 , 1.59399826
7.05499172 « 35.3569641 ,
3.50499821 • 3,50499821 1

. 10,2399921
6,09599400 ,
7.05499172 ,

, 4.26699829
-7.94976902
-11,8549910

, 4.26699629
-1.33999825
-8.34999180

. -15.0629902 
2.70499802 
-4.84499836

, -13,4109936 
. 9.75399399
, -1.33999825

» -14.9349937 
• 4.26699829
. 2.70499802

« -17.9829712 
-17.9829712 
2.70499802

. .0
7.41022110
3.'5049982l

• .0
6.60977268
3.50499821

< .07.43699169
3.50499821

1 .0
7.43699i69 
3.50499821

. .0
7.43699169

« • 0 • 
7.43699169 ,



SEND
SSGA07
PITCH* .309999734E“01tD= •228599846 J.82899857 .431999087

.228599846 » .102999881E-01, .102999881E-01, ,10299988lE-Ol,

.278999805 . .102999881E-01, .102999881E-01, .102999881e>01.

.431999087
SEND
SSGA08
DS= .0 • .0 . .0 . .0

.926999390 . .926999390 , .926999390 , .431999445 ,

.431999445 . .926999390 , .926999390 , .926999390 ,

.253999718E-01. .253999718E-01, .253999718E-01, .253999718p.01.

.276899710E-02. .276899710E-02, .253999718E-01, ,253999718^-01,

.276899710E-02, .776899710E-02, .276899710E-02, .276899710^-02.
1,00000000 , 1.00000000 , 1.00000000 , 1.00000000 ,
757.000000 , 757.000000 , 1.00000000 , 2,00000000 ,
757.000000 , 757.000000 , 757.000000 , 757.000000 ,

.431999087
.102999881E-01.
.102999881E-01.

. .380999625
.380999625 
.102999881E-01.

.431999445

.380999625
.329999506 .
.102999881E-01.

.0
.431999445

SEND
SSGA09
Al= 1.03999996 

18.5999756 
SEND 
SSGA10

1.00000000
1.00000000
1.00000000

.A2= .649039745E-0i,aZ= .100000016E-01,TS= .1O5OOOO19 ,TR=
iSSPEEDs 19.9999695 ,THn= 25495.9883 .MinErTs 1071.19946

.431999445

.926999390 .DEL* ,2539997l8E-0l. .253999718E-01,

.253999718E-01. .276899710r-02. .276899710E-02,
• 253999718E-01. .276899710e:-02.
.253999718E-01.XNs 1.00000000

757.000000
757.000000

,276899710E-02. . 1.00000000 
757.000000 
757.000000

.229999982E.01,THIN= .119999982E-01,DSPEED=

KPW= .499999R96E-02.KCV* .500000000 .HDSPs 1.00000000
SEND
SSGAll
W1100= 139.849838 ,W2100= 279.699219 ,W1= 126.936295 ,W2= 279.245H7 ,W3= 126.936295 ,cVPs .864712059
ALFAs .999889493
SEND
S5GA12
TAUSs 1.00000000 , 2.00000000 , 2.00000000 , 2.00000000
SEND
SSGA13
HPHIN* .199999988 ,WFMAX= 1.14999962 .CVMAXs 1.00000000 .WAUXrs 34.9269714 .HauWs 155799.875 .HOAUXs 

1.00000000 ,HDWaX= 1.50000000 
SEND 
SSGBol
EPSI= 344,999512 ,P= 12149991. 0 , 12175599. 0 , 12175599 .0 , 12213279. 0 , 13215631 .0 , 13205349,0

13194864.0 . 13154916.0 , 12912793.0 , 12457577.0 • 12357378.0 • 12225871.0 • 12175599.0 «
12110305.0 .
10001032.0

11998829.0 , 11633652.0 , 11258394.0 • 10893942.0 t 10520000.0 • 10418956.0 «

SEND
SSGB02
H= 1002997.37 , 1615268,00 , 1272538.00 , 1272538.00 , 1272538.00 . 1272538.00 , 1272538,00 t

1272538.00 , 1528102,00 , 2031115.00 , 2031115.00 « 2031115.00 « 2031115.00 « 2680760,00 «
2680760.00 < 3000597.00 , 3175492.00 , 3270554.00 3320652.00 * 3320652.00 • 3320652.00

SEND
SSGB03
TCS= .0 . .0 • .0 . .0 • .0 . .0 , .0

338.981934 . 376.948242 , 452.386719 , 452.386719 t 452.386719 • 452.386719 • 452.386719 *
452.386719 ,

SEND
SSGB04

474.323242 , 486.326172 , 492.838135 • 896.256104

XLTs 14.0199938 ,XL= .0 , 9.14399433 , ,0 , 36.5759735 , 1.52399826 , 10.2399921
72.1459656 . 2.62299824 , 7.41031361 , 6.60967922 t 7.05499172 • 35.3569641 • 6.09599400 «
45.7199707 . 2.62299824 , 3.50499821 . 3.50499821 * 3.50499821 « 3.50499821 t 7.05499172 «
106.679916 , ACF= .649999976 ,TKON= 37.7299500

SEND
SSGB05
Z= 3.80999851 , 4.26699829 , 4.26699829 . -15.0629902 , -13.4109936 . -14.9349937 . -17.9829712 «



wI
<T>

-15.3599911 
-15.3599911 

*END 
XSGB06 
XLSs .0 

.0
7.43699169 

SEND 
SSGB07
PITCH® .309999734E-01iD*

-7.94967651
-11.8549910

7.41031361
3.50499821

-1,33999825
-8.34999180

6.60967922
3.50499821

2.70499802
-4.89499836

• .0
7.43699169
3.50499821

9.75399399
-1.33999825

7.43699169
3.50499821

4,26699829
2.70499802

. .0
7,43699169

-17.9829712
2.70499802

7,43699169

.228599846
.228599846 
.278999805 
.431999087 

3END 
SSGB08
ns= .o 

.926999390 

.431999445 

.253999718E-01 
,2768997l0E-02 
.276899710E-02 
1.00000000 
757.000000 
757.000000 

SEND 
SSGB09
TMD® 25495.9883 
SEND 
SSGB10
KFWs ,499999896E-02,KCV= 
SEND 
SSGBll
W1100= 139.849838
ALFAs .999889553 
SEND 
SSGB12
TAUSs 1.00000000 
SEND 
SSGBlS
WFHINS .199999988

.102999881E.01,

.102999881E-01.

1.82899857 .431999087 .431999087
. 102999881E-01, 
.102999881E-01,

.102999881^-01. 

.1029998816-01.
.102999881E-01.
.102999881E-01*

,380999625 .380999625
.380999625 
.102999881F-01.

.329999506 ,

.102999881E-01.

.926999390 , .926999390 , .431999445 ,

.926999390 , .926999390 , .926999390 ,

.253999718E-01, .2539997185-01, .2539997185-01.

.276899710E-02, ,253999718E-01, .2539997185-01,
•276899710E-02, .2768997105-02, .2768997105-02,
1.00000000 , 1.00000000 , 1.00000000 ,
757.000000 , 1.00000000 , 2.00000000 ,
757.000000 , 757.000000 , 757.000000 ,

.MINERTs 1071. 19946

I .0 t •0 . .0 t
,431999445 i .431999445 . ,431999445 .
.926999390 .DEL= .253999718E-01. .253999718E-01,
.253999718E-01. .276899710^-02, .276899710E-02,
,25399971BE-01, .276899710F-02,
.253999718E-01,XNs 1,00000000
1.00000000
1.00000000
1.00000000

757.000000
757.000000

.276899710E-02, , 1.00000000 
757.000000 ,
757.000000 •

,w2= 279.245361

500000000 ,HDSPs 1.00000000

,W2100s 279.699219 ,W1= 126.926254

2.00000000 , 2.00000000 , 2.00000000

,WFMAX= 1.14999962 ,CVMAX= l.OOOOOOOo .wAUXMs 34.9269714

,U3s 126.926254 •CVFs .864666820

,HAUWs 155799.875 ,HDAUXr
•HDHaXs 1.50000000

,KTVs .299999893 
<PSPOV= 10099997.0

1.00000000 
SEND 
SSHD1
VHs 3f.5109711

9995998.00 
SEND 
SSHD2
WTlOOs 419.549561 
CTV* 689399.875 
SEND 
SSCR1
NOSCRMs 5

0,
,689999998 ,

SEND
SSCR2
PLIMs 1.14999962 ,TCON= 28.0000000 
-1.01000023 ,B3= 1.01000023 ,C3s
•4250000045-01,A6= .588000007E-01,B6s
442,991512

•KDVs 5.00000000 
,PSPRVS 11029997.0

,TvP= .974957764 ,DVP= .0 ,TAU= .149999857 .PSPTVs

,WNHAX= 1.00000000 ,WNHIN= .1999999965-01.PH= 10001032.0 
,CDV= 15779997.0 ,CRVs .145099784E-05

,PCs .0

.689999998

12,
0, 0,

.689999998

3. 14,
0,OELftYs 

.689999998

15,
.689999998 ,PMPDELs .689999998

,CTs 9306997.00

.689999998

,A2s 1.01000023 ,B2s -.99OOOOO1O
.196900010 .DSs ,4160000015-01,a4=
.144999981 ,C6= -.249999994E-02,a8=

«C2= .170599997 ,D2s ,364000015E-01,A3=
1.31799984 ,r4s -1.00000000 ,C4a 
,300000012 ,2LFVEL* 4.19999790 .THXSCRs



SEND
SSCR3
All* 1.19999981 
ORUMAXr .220080029
SEND
SSCR4
TAUs
SEND

149999976

.611= -.990000010 ,Cll= .870000l24F.01.A12s 
,TVAPSC= 399.999812

, ,500000000 • .100000024 . 5.00000000

4930000016-01.612=

. 5.00000000

.144999981

5.00000000

,C12= -.249999994E-0?,

. 5.00000000

»*** PRIMARY PUMP 41 TRIP AT 0.0 SEC *«**

»«** PRIMARY PUMP 42 TRIP AT 0.0 

*«** INTERMEDIATE PUMP 41 TRIP AT 

*«** INTERMEDIATE PUMP 4? TRIP AT 

**** RECIRCULATION PllMp 41 TRIP AT

SEC ****

0.0 SEc »***

0.0 SEc ****

o.o Sec ****

**** RECIRCULATION PUMP 42 TRIP AT 0.0 SEC «»*»

«««««««< warning turbine tripped at time s o.o seconds»»»»»»>»



STEP # 0 TIME s 0.0 SFC s S 0 .100001 SEC
TOTAL VECTOR OF control INTEGERS

11 19 13 14 15 20 25 26 40 41 43 44 46 47 53 54 55 56 81 82 83 84 106 107 108109 233 238 251 252 253 254 255 258 257 258 259 262 263 264 265 266 267 263 269 291 292 293 294 295
296 297 29ft 299 302 303 304 305 306 307 308 309 33i 332 333 334 335 336 337 338 339 342 343 344 345
346 347 348 349 371 372 373 374 378 376 377 378 379 382 383 384 385 386 387 388 389 411 423 424 425
426 427 428 432 450 402 403 464 465 466 467 471 485 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ft
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** N E II T R 0 M KINETICS calculations ********t*****************

wIU)
CO

PTOT s 
PON ! 1ROTOT = 
ROOOP =
TRO s PD «
PTOTNORH =

877.499 MWT 
2.410 MWT 

0.0 S
.1.604891 S 549.025 
0.9000 0.9000

TAU 1 * 5.0176
TAU 5 s 7299.2695

PN = 805.193 MWT 0.409 MWT PFP
ROCR1 = ROSOO s 
TROM ETST a 

PNNORM TAU 2 a 
TAU 6 s

21.265539 -0.019278 558.299 
0.00.8258

48.1928
2.0000

PFP *3 24.921R0CR2 s ROCRE = 
TSTH = 

ETRO s 
PFPNOrM 3 TAU 3 3 
TAU 7 s

72.306 MWT MWT 4 
0.0-1.097449
482.19944.708008
0.074212.0048

2.0000

18.427 MWT 5 28.957 MWT
$ ROFDBK a .3.265839 $
S ROCAE s .0.544421 S

EF s 0.050000 DELRO =SCRAM RODS! PrIh = 0.0
TAU 4 = 133.3333
TAU 8 * 60.0000

%
0.0SEC s 0.0 g

******************************** PRIMARY Coolant dynamics ********************************
FZlNRM
flows:
AL1*ALP*PD 3

= 0.9036 1 1.5691E+03
0,9034 NEW1= 0.9034 NEW23 
0.9000 TRISP

1.5690F+03 
9014 BPl= 9014 BP2s

FZ2NRM s 0.9036 3 1.7035E+03
0.8178 TMOTNls 
0 .*8179 TMOTN2*

FZ3NRM * 0.9021 4 1.2578E+02

* 387.779 NEwSP 3 0.9000
0.0
0.0

HPls
Hp2s

,9000 XKW

CANRM * 0.8737 5 7.1093E+01
0.8189 FREOls 0.8190 FREQ2s 

1.316E.03

RBNRM 3 0.8900 
6 6,636SF+0253.399 
53.401

BPNRM s 0.9100 
7 1.9767E+02

1.000E-05 N *
TRIM! 379.507 37?».509 NEWM! 0.9014 0.9014 ALM! 0,,9034 10*9034 inlet prsnrm s 0
ETl 1 .4890E+01 1.4887E+01 EW! 1.8161E-02 1,.8192E-02 ea: 10*0 0.0
TAU 1 s 0.'24827 TAU 2 s 0.22391 TAU 3 * 0.01788 TaU 4 - 0,08521 TAU 5 x 0,00598 TAU 6 x 0.00583
TAU 7 = 0.01393 TAU 8 s 1.79495 TAU 9 s*»*****»»* TaUIO X 5.00000 TAUll x O.5OO0O TAU12 x 0.02000
TAUlS s 1.79486 TAU14 =******»*** TAU15 s 5.00000 Tau16 E 0.50000 TAU17 x 0.02000 TAUlS a 0.0
****************************** REACTOR h Eat t R A N S F E R ******************************
TAU 1 s 2.0927 SEC TAU 2 s 3.0316 SEC TAU 3 = 2.0942 SEC TaU 4 s 2.0915 sec tau 5 X 3.0742 SEC
TAU 6 s 2.0929 SEC TAU 7 = 2.0917 SEC TAU 8 * 3,0310 SEC TAU 9 s 2.0929 sec TAUIO x 7.2813 SEC
TAUll s 11.1266 SEC TAU12 * 14.8478 SEC TAUlS » 1-6497 SEC T AU14 s 0.0427 sec TAU15 x 0.1048 SEC
TAU16 s 0.1892 SEC TAU17 x 0.0481 SEC TAU1B * 0.H65 SEC TAU19 s 0.2109 sec TAU20 x 0.0487 SEC
TAU21 s 0.1174 SEC TAU22 x 0.2135 SEC TAUP3 * 0.1828 SEC TAU24 s 0.2686 sec T AU25 x 3.4762 SEC
TAU26 s 31.2235 SEC TAU27 x 0.0 SEC TAU28 x 0.0427 SEC TAU29 s 0.0481 sec TaUSO X 0.0487 SECTAUSl s 0.1828 SEC TAU3p x 0.2686 SEC TAUSS = 3.476? SEC tau

CORE HOT' SPOT! MAX. COOLANT TEMP. * 689.871r MAX,> CLAD TE»P. s 721,425
PEAK CORE AVERAGE TEMPERATURE OF! fuel centerline * 2024.717 clac1 INNER X 494.227 CLAD OUTER x 490.966



TM 1 s 445.240 TM 2 s 1729.940 TM 5 s 607.442 TM 4 = 428.986 Tm 5 s 1489.444 TM 6 = 577,206
TM 7 = 427.899 TM 8 s 1316.743 TM 9 s 552.397 TM10 = 477.008 TM11 s 528.9«1 tm
TC 1 = 385.028 TC 2 s 581.053 TC 3 r 583.325 TC 4 = 384.058 TC 5 s 557,386 TC 6 = 559.237
TC 7 = 383.991 TC 8 s 533.002 TC 9 s 534.843 TC10 = 432.701 Tell s 452.744 TC12 = 379.525
TCIl = 379.525 TCI2 s 379.525 TCI* s 379.525 TCI4 = 379.525 Tel5 s 379.525 TCI6 s 379.525
LOwEr PLENUM: TOP ZONE TEMP, s 379.525 BOTTOM ?OnP TEMP,. = 379.!525
upper plenum: zjet 6.400 TOP ZONE TEMP. = 525 .973 BOTTOM ZONE TCMP. s 525.973 NOZZLE TEMP. = 52!
************************* I H X - 1 T H E R M A L C A L C U L A T I 0 N s *************************

wI
u>U3

PRI. SOD. 8 CONVECTION HEaT-TRAnS. coef. values
1 3.0262E+04 2
3.2550E+04

3.0427E+04 3 3,0754E+04 4 3.1091F+04 5 3.1439E+04 6 3.1798E+04 7 3.2168E+04

SEC. SOD. 8 CONVECTION 
1 3.8058E+04 2
4•0713E+04

HEAT-TRANS.
3.8253E+04

COEF. VALUES
3 3,8629E+04 4 3.9018E+04 5 3.9421E+04 6 3.9837E+04 7 4.0268E+04

8 OVERALL HEAT-TRANSF 
1 7.4544E+03 2
7.6973E+03

. coef. values
7.472BE+03 3 7.5083E+03 4 7.544SE+03 5 7.5616E+03 6 7.6194E+0S 7 7.6580E+03

8 LOG-MEAN-TEMP-DIF.
1 3.2628E+69 2

VALUES
5.5S73E+01 3 5.6982E+01 4 5.8410E+01 5 5.9853E+01 6 6.1302E+01 7 6.2746E+01

8 6.4I80E+01
TAUp! 1 4.5381 2 0.7578 J 0.7611 4 0.7648 5 0.7685 6 0,7721 7 0.7760 8 0.7796 9 0.7838 10 99.8794

11 1.0960
TAUS! 12 0.3619 13 0.3637 14 0.3654 15 0.3672 l6 0.3691 17 0,3711 18 0.3731 l9 0.3752 20 4.2395 21 3.6668
TP! 1 525.973 2 508.828 3 491.233 4 473.139 5 454.540 6 435.432 7 415.814 8 395.688 9 375.061 10 525,973

11 379.507
IS! 1 496.245 2 478,341 3 459.970 4 441.087 5 421.690 6 401.778 7 381.354 8 360.427 9 339.009 10 496,245

************************* IHX-2 THERMAL calculations *************************

PRI. SOD. 8 CONVECTION HEAT-TRAnS. COEF. values
1 3.0262E+04 2 3.0427F+04 3 3.0754E+04 4

8 3.2550E+04

SEC. SOD. 8 CONVECTION HEAT-TRANS. COEF. values
1 3.8O56E+04 2 3.8251E+04 3 3.8627E+04 4

8 4•0712E+04

8 overall heaT-transf. coef. values
1 7.4544E+03 2 7.4727E+03 3 7.5082E-f03 4

8 7.6972E+03

3,1091E+04 s 3.1439E+04 6 3.1798E+04 7 3.2168E+04

3.9016E+04 5 3.9419E+04 6 3.9836E+04 7 4.0266E+04

T.5444E+03 *$ 7.5815E+03 6 7.6193E+03 7 7.6579E+03

8 lOG-MEAN-TEMP-DIF. VALUES 
1 3•0097E+01 2 3.0866E+01 3

8 3.5662E+01
TAUp! 1 4.5382 2 0.7578 3 0.7612

11 1.0960
TAUs! 12 0.3619 13 0.3637 14 0.3655
TP! 1 525.973 2 508.833 3 491.24? 4

11 379.509
TSi 1 496.256 2 478.355 3 459.985 4

3,1651E+01

4 0.7648

15 0,3673
473.150 5

441.103 5

4 3.2447E+01 5

5 0.7683 6 0.7720

16 0.3692 17 0.3711
454.552 6 435.444

421.704 6 401.790

3.3250E+01 6

7 0.7755 8

18 0.3731 19
7 415.824 8

7 381,362 8

3.4056E+01 7 S.4863E+01

0.7798 9 0,7838 10 99.8831

0.3752 20 4.2401 21 5,6676
395.694 9 375.063 10 525.973

360.428 9 339.002 10 496.256

transport calculations*************** PRIMARY R 0 0 I U M ***************



i-40

W

TAUCi: 1 1.22003 2 1.22003 3 1.22003 4 1.22003 5 1.22003 6 1.22003 7 1.22003 8 1.22003 9 1.22003 10 1.22003
tauwi: 1 43.91223 2 43.91223 3 43.91223 4 43.91223 5 43.91223 6 43.91223 7 43.91223 8 43.91223 9 43.91223 10 43.91223TAUC2: 1 0.46120 2 0,46120 3 0.46120 4 0.46120 5 0,46120 6 0.46120 7 0.46120 8 0.46120 9 0.46120 10 0.46120
tauwp: 1 41.21223 2 41.21223 3 41.21223 4 41.21223 41.21223 6 41.21223 7 41.21223 8 41.21223 9 41,21223 10 41.21223TAUC3: 1 0.77307 2 0.77307 3 0.77307 4 0.77307 5 0.77307 6 0.77307 7 0.77307 8 0.77307 9 0.77307 10 0.77307Tauws: 1 41.11650 2 41.11850 3 41.11650 4 41.11850 3 41.11850 6 41.11850 7 41,11850 8 41.11650 9 41,11850 10 41.11850TAUC4! 1 1 .'22003 2 1.22003 3 1.22003 4 1.22003 K 1.22003 6 1.22003 7 1.22003 8 1.22003 9 1.22003 10 1.22003TAUW4: 1 43.91237 2 43.91237 3 43.91237 4 43.91237 5 43,91237 6 43.91237 7 43.91237 8 43.91237 9 43.91237 10 43.91237TAUC5: 1 0.46120 2 0.46120 3 0.46120 4 0.46120 5 0.46120 6 0.46120 7 0.46120 8 0.46120 9 0.46120 10 0,46120TAUW5: 1 41.21230 2 41.21230 3 41.21230 4 41.21230 5 41.21230 6 41.21230 7 41.21230 8 41.21230 9 SCJCM*■9 10 41.21230
TAUC&: l 0.77307 2 0.77307 3 0.77307 4 0.77307 5 0.77307 6 0.77307 7 0,77307 8 0.77307 9 0.77307 10 0,77307TAUW6: 1 41.11858 2 41.11858 3 41.11858 4 41.11858 5 41.11838 6 41.11858 7 41,11858 6 41.11858 9 41.11858 10 41,11858
tci: 1 525.973 2 525.973 3 525.973 tt 525.973 5 525.973 8 525,973 7 525.973 8 525.973 9 525.973 10 525.973
twi: 1 525.973 a 525.973 3 525.973 4 525.973 5 525.973 6 525.973 7 525.973 8 525.973 9 525.973 10 525.973TC2: 1 525.992 a 525.992 3 525.992 4 525.992 5 525.992 8 525.992 7 525.992 8 525.992 9 525.992 10 525,992TW2S 1 525.992 a 525.992 3 525.992 4 525.992 5 525.992 8 525.992 7 525.992 8 525.992 9 525.992 10 525.992TC3: 1 379.507 a 379.507 3 379.507 4 379.507 5 379.507 8 379.507 7 379.507 8 379.507 9 379.507 10 379.507TWSs 1 379.507 a 379.507 3 379.507 4 379.507 5 379.507 8 379.507 7 379.507 8 379.507 9 379,507 10 379.507TC4: 1 525.973 a 525.973 3 525.973 4 525,973 5 525.973 8 525.973 7 525.973 8 525.973 9 525.973 10 525.973
TW4 J 1 525.973 a 525.973 3 525.973 4 525.973 5 525.973 8 525.973 7 525.973 8 525.973 9 525.973 10 525.973
tcs: 1 525.992 a 525.992 3 525.992 4 525.992 5 525.992 6 525.992 7 525.992 8 525.992 9 525.992 10 525.992TW5: 1 525.992 2 525.992 3 525.992 4 525.992 5 525.992 6 525.992 7 525.992 8 525.992 9 525,992 10 525.992TC6: 1 379.509 2 379.509 3 379.509 4 379.509 5 379.509 6 379,509 7 379.509 8 379.509 9 379.509 10 379.509TW6i 1 379.509 2 379.509 3 379.509 4 379.509 5 379.5o9 8 379.509 7 379.509 8 379.509 9 379.509 10 379.509
************************* intermedtate loop-i: coolant dynamics *************************
tau: 1 1.128694 2 1.790452 3 0.500000 4 0.020o00 5 3.999999
SODIUM Flow rate = 0.9057 PUMP speed = 0.9062 pump head = 0.8220 MOTOR gen. SET FREO. c 53.586 CYCLES/SEC
MAIN MOTOR TOROUE a 0.8256 DRIVE MOTOR TORQUE = 0.0 PUMP ToRSUE = 0.8217 FRICTION TORQUE * 0.0328
****••**•*****««•***•**** INTERMFDiATE LOOP- 2! COOLANT DYNAMICS **»*»**»«»*»*************

TAu: 1 1.702707 2 1.790388 3 0.500000 4 0.020000 5 3.999999
sodium flow rate = 0.9056 pump speed = 0.9O62 pump head = 0.8222 motor gen. set fReq. = ss.sbg cycles/sec
MAIN MOTOR TORQUE s 0.8258 DRIVE MOTOR TORQUE = 0.0 PUMP TORQUE = 0.8218 FRICTION TORQUE s 0.0328
******************** INT Z 1R M E D I A T E L 0 1o P - i: s 0 D I II P1 T R A N S P 0 R T ********************

TAUCi: 1 2.27537 2 2.27537 3 2.27537 4 2.27537 5 2.27537 6 2,27537 7 2.27537 8 2.27537 9 2.27537 10 2.27537
TAUWI: 1 41.33817 2 41.33817 3 41.33817 4 41.33817 5 41.33817 6 41,33817 7 41.33817 6 41.33817 9 41.33817 10 41.33817
TAUC2: 1 1.58555
TAUW2: 1 41.'23648
TAUCS: 1 2.05661 a 2.05661
TAUW3: 1 41.22624 a 41.22624
TAUC4: 1 0.96675 a 0.96675 3 0.96675 4 0.96675 5 0.96675 6 0.96675 7 0.96675 8 0.96675 9 0.96675 10 0,96675
TAUW4; 1 41.22624 a 41.22624 3 41,22624 4 41.22624 5 41.22624 6 41.22624 7 41,22624 6 41.22624 9 41.22624 10 41.22624
tcsi: 1 496.245 a 496,245 3 496.245 4 496.245 5 496.245 * 496.245 7 496.245 8 496.245 9 496.245 10 496,245
twsi: 1 496.245 a 496.245 3 496.245 4 496.245 5 496.245 6 496.245 7 496.245 8 496.245 9 496.245 10 496.245
TCS2: 1 336.991
TWS2: 1 33a.991
tcss: 1 339.004 a 339.004
TWS3: t 338.993 a 338.993
TCS4 : 1 339.004 a 339.004 3 339,004 4 339.004 5 339,004 6 339,004 7 339.004 8 339.004 9 339.004 10 339,004
TWS4: 1 339.004 a 339.004 3 339.004 4 339.004 3 339.004 6 339.004 7 339.004 8 339.004 9 339.004 10 339,004
******************** I N T Z 1R M E D I A 'I E L 0 io P - 2: R ODIUM1 TRANS: P 0 R T ********************

TAud: 1 3.74972 a 3.7497? 3 3.74972 4 3.74972 5 3.7497? 6 3,74972 7 3.74972 8 3.74972 9 3.74972 10 3.74972
tauwi: 1 41.33830 a 41.33850 3 41.33850 4 41.33850 5 41.33850 6 41.33850 7 41.33850 8 41.33850 9 41.33850 10 41.33850



i-41

0)

TAUC2: 1 1.58577
TAUW2: 1 41.23676
TAUCS: 1 2.05690 2 2.05690
TAUW3; 1 41.22649 2 41.22649
tauchs 1 1.76324 2 1.76324 3 1#76324 4 1.76324 5 1.76324 6 1.763?4 7 1.76324 8 1.76324 9 1.76324 10 1.76324
TAUW4: 1 41.22646 2 41.22646 3 41.22646 4 41.22646 5 41.22646 6 41.22646 7 41,22646 8 41.22646 9 41.22646 10 41.22646
tcsi: 1 496.256

496:256
2 496.256 3 496,256 4 496.256 5 496,256 6 496.256 7 496,256 8 496,256 9 496,256 10 496.256

twsi: 1 2 496.256 3 496,256 4 496.256 5 496.256 6 496,256 7 496.256 A 496.256 9 496,256 10 496.256
TCS2: 1 338.982
TWS2 S 1 338.982
TCS3: 1 338.995 3 338.995
twss: 1 338.987

338.995
2 338.987

TCS4: 1 2 338.995 3 338,995 4 338.995 5 338,995 6 338.995 7 338.995 8 338.995 9 338.995 10 338.995
TMS4: 1 338.995 2 338.995 3 338,995 4 338.995 5 338,995 6 338,995 7 338,995 8 338.995 9 338,995 10 338.995
************************************ <5 T E A H G E N E R A T T ON LOO P - 1 ************************************

TAU: 1 0.9A8413 2 0.988702 3 0.987633 4 0.977283 5 1.261121 6 1.26U21 7 1.26u2i 8 1.261121
9 1.261121 10 2.454725 11 3.410241 12 0.0 13 14.317135 14 0.464932 15 3.123891 16 15.846477

17 0.885323 I* 1,668951 19 0.337935 20 n.456025 21 2.035048 22 0.523451 23 1.567528 28 0.091797
25 0.051604 ?£ 0,044744 27 0,040156 28 0.037308 29 0.116579 30 3.942929 31 1.623410 32 0.207237
38 0.053679 34********** 35********** 36 1.000000 37 1.999999 3A 1.999999 39 1.999999
feed water flow eO.O WATEr/STEaH Fi uw eO•9984 steah FLOW eO .9077 INT. rODIUH FLOW =0 .9057

P 1 e 
P 8 * PIS = HIE 
H 8 ® 
HIS = TH 1 : 
TH 8 i THIS : TCS 8 TCSlS

i2150E+07
.3155E+07
.1999E+07
,0030f+06
,2725e+06
6808^+06
232.3707
285.8982
324.5708
338.9907
452.3823

P 2 
P 9 
P16 
H 2 
H 9 
H16 
Th 2 = 
Th 9 = 
TH16 = 
TCS 9 
TCS16

tdlog: 16 
u : 16

2176C+07 
2913E+07 
1634E+07 
6154E+06 
5281E+06 
0006E+06 
325.6902 
330.2227 
384.3271 

376.950? 
474.3157 
TDLOG: 9
U : 9

107.7964 17 
4387.8633 17

P 3 = 1 
Pin = 1 
P17 = 1 
H 3 = 1 
H10 = ? 
H17 = 3
Th 5 = 
thi n =
TH1 7 = 

TcSln 
TCS17

.2176E+07 

.2458E+07 

.1259E+07 

.2725E+06 

.0312E+06 

.1755E+06 
285.8984 
327.4492 
433.2097 
= 452.3823
= 486.3164
49.8424 10 

6270.1172 10 
69.9342 18 

3697.8660 18

P 4 : 
pll : 
pin : 
H 4 : 
Hll = 
H18 = 
TH 4 
TH11 
TM18

1.2214E+07 
1.2358E+07 
1.0894E+07 
1.2725E+06 
2.0312E+06 
3.2705E+06 

= 285.8984
: 326.8276

464.0471

P 5 : 
P12 t 
P19 : 
H 5 s 
HI? s 
H19 : 
TH 5 
THI? 
TM19

TCSll = 452.3823
TCS18 = 492.8281

79.8221 
8668.4687

39.7098 19 
3537.2048 19

1•3216E+07 
1.2226E+07 
1.0520E+07 
1•2725E+06 
2.0312E+06 
3,3206E+06 

= 285,8982
= 326,0061
: 480,9570

TCS12
TCS19

452
496

P 6 : 
pl3 i
p20 !
H 6 i 
H13 ! H20 : 
TH 6 
THIS 
TH20 

,3823 
.2451

: 1•3206E+07 
: 1.2176E+07 
: 1.0419E+07 
= 1.2725E+06 
« 2.0312E+06 
: 3.3206E+06 
s 285.8984 
= 325.6902
= 480.4551
TcSlS = 452
TCS

P 7 = 
P14 = 
P21 s 
H 7 = 
H14 = 
H21 = 
TH 7 
TH14 
TH21 
,3823

1•3195E+07 
1.2111E+07 
1.0001E+07 
1.2725E+06 
2.6808E+06 
3.3206E+06 

s 285.8982 
: 325.2781
= 478.377?
TCS14 s 452, 3823

21.3280
3467.7969

HEAT FLUX s ?.820754E+05 
NON-BOILlNG LENGTH a 7.408863E+00

OUTLET STFAH OuALITT = 4.476406E-01 
BOILING LENGTH = 6.611126E+00

DRUH INT. ENERGY s 1.3745E+10 DRUM LEVEL = 1.0000 CVp = 0.8647 ALFA = 0.9999 DPRP = 1.4663E+08
I;*********************************** STEAM GENERATION L 0 0 P - 2 ************************************

tau: 1 0.988541 2 0.986830 3 0.98776? 4 0.977409 5 1.261292 6 1.261292 7 1.261292 8 1.261292
9 1.261292 10 2.454868 11 3.410754 12 n.o 13 14.317001 14 0*464928 15 3.123863 16 15.846330

17 0.885315 18 1.669097 19 0.337946 20 0.456059 21 2.03519ft 22 0.523489 23 1.567602 21* 0.091801
25 0.051605 28 0.044745 27 0.040157 28 0.037309 29 0.11658ft 30 3.943178 31 1.623410 32 0.207238
33 0.053682 34********** 35********** 36 1.000000 37 1.999999 3A 1.999999 39 1.999999
feed water flow sO'O watEr/steah flow an,9984 STEAH FLOW eO1.9076 INT. :rODIUH FLOW aO1.9056

P 1 » 1.2150E+07 
P 8 = 1.3155E+07 
P15 » 1.1999F+07 
Hl« 1.0030E+06 
H 8 = 1.2725E+06 
H15 e 2.6R08E+06

P 2 e 1.2176E+07 
P 9 e 1.2913E+07 
P16 = 1.1634E+07 
H 2 = 1.6154E+06 
H 9 = 1,5281E+06 
Hl6 = 3.0006E+06

P 3 = 1.2176E+07 
Pin s 1.2458E+07 
P17 = 1.1258E+07 
H 3 a 1.2725E+06 
HI 0 = ?•0311E + 06 
HIT = 3.1755E+06

P 4 s 1.2213E+07 
Pll s 1.2357E+07 
PlR c 1.0894E+07 
H 4 s 1.2725E+06 
HU = 2.0311E + 06 
Hl8 s 3.2706E+06

P 5 e 1.3216E+07 
P12 e 1.2226E+07 
P19 e 1.0520E+07 
H 5 e 1.2725E+06 
H12 = 2.0S11E+06 
H19 e 3.3207E+06

P 6 e 1.3205E+07 
pl3 = 1•2176E+07 
p20 e 1.0419E+07 
H 6 = 1.2725E+06 
Hl3 = ?,0311E+06 
H20 s 3.3207E+06

P 7 e 1.3195E+07 
P14 s 1.2110E+07 
P21 e 1.0001E+07 
H 7 e 1.2725E+06 
H14 e 2.6808E+06 
H21 e 3.S207E+n6



TM 1 z 232.3707 tm 2 s 325.6882 TM 3 s 285.9014 TM 4 s 285.9014 TM 5 = 285 .9009 TM 6
TM 8 z 285.9009 TM 9 a 330.2207 TM10 s 327.4470 TM11 s 326.8257 TM12 s 3?6*0042 TM13
TM15 s 324.5691 TM16 a 384.3313 TM17 s 433.2185 TM18 a 464.0578 TM19 s 480 .9675 TM20
TCS 8 z 338.9817 TCS 9 z 376.9480 tcsio a 452.3865 TCSll a 452. 3865 TCS12 * 852. 3865
TCS15 s 452.3865 TCS16 3 474.3230 TCS17 = 486.3259 TCS18 s 492. 8379 TCS19 a 896, 2559

TDLOGS 9 49.8367 10 79.5242
u : 9 6270.0859 10 8668.3555

TOLOGS 16 107.8008 17 69.9360 18 39.7097 19 21. 3279
11 S 16 4387.6367 17 3697.6650 l8 3537.0205 19 3867. 6235

a 285.9009 TH 7 = 285.90n
= 325.6882 TM19 = 525.2766
s 480.9666 TM21 z 478.3892
TcSlS z 452.3865 TCS14 z 452.3865 
TCS

HEAT FUlX z 2.820624E703 
N0N-B0ILXN6 LENGTH z 7.409361E+00

outlet steam Quality = 4.4758O6E.01 
BOILING length 3 6.610628E+00

DRUM INT. ENERGY z 1.37RSE+10 DRUM LEVEL s 1.0000 CVP s 0,8647 ALFA = 0.9999 DPRP z 1.4663E+08

•zzzz***zzz*************z*«*«* STEAM HEADER THERMODYNAMICS *******»****»»»**»**»********»

time constant op the header pressure gauge ■
THROTTLE VALVE POSITION 30.9750
THROTTLE VALVE Flow 30.0 RELIEF VALVE Flow z0*0
HEADER PRESSURE 3 1.0001E+07 TEMPERATURE a 478.3772

0.150000 SECONDS
DUMP(BYPaSsI VALVE POSITION bO.O 
DUMP(BYPaSS) VALVE FLOW rO.O 

SPECIFIC ENTHALPYs 3.3206E+06

******************************* measured values for pps *******************************

Tau i 0.1500 0.5000 0.1000 5.0000 5,0000 5,0000 5.0000
PRESnORM z 0.87915 VESSEL LEVEL 3 4.5623 PToTnoRM a 0.9oOoO
TIHXl z 379.507 TIHX2 a 379.509 TEVAP1 * 338.991 TEVAP2 a 338,982

•••* REACTIVITY INSERTION OF S 0.500 AT 0.5000 SEC ****

*»»* steam - feedwater flow mismatch trip at o.tooo sec *•**

««««« WARNING 

««««« WARNING

DRYOUT OCCURED IN THE EVAPORATORS OF LOOP-1 AT TIME a 0.8000 SECONDS »»»»»

DRYOUT OCCUREO IN THE EVAPORATORS OF l°0P-2 AT TIME * 0.8000 SECONDS »»»»»

z*** pRiMARY SCRAM INITIATED AT TIME a 1.400 SEC *•»»



STEP « 20 TIME S = 0.20000 SFC1.99999 SFC
TOTAL VFCTOR OF CONTROL INTEGERS

11 12 13 14 15 20 25 26 40 41 42 43 44 46 47 49 53 54 55 56 57 61 62 63 64106 107 10a 109 233 236 251 252 253 254 255 256 257 ?56 259 26? 263 264 265 266 267 266 269 291 29?
293 294 293 296 297 296 299 302 303 304 305 306 307 306 309 331 332 333 334 335 336 337 338 339 342
343 344 345 346 347 346 349 37l 37? 373 374 375 376 377 376 379 382 383 384 365 366 367 368 369
423 424 423 426 427 426 431 432 450 462 463 464 46s 466 467 470 471 480 483 465 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 » 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** N E II T RON K I N E T I C S CAL c u L A T IONS **************************

PTOT = 132.381 MWT PN = 59.121 MWT PFP S 73*.260 MWT
pdn : 1 2.595 MWT 2 0. 413 MWT PFP : 3 25.807 MWT 4 18.494 MWT 5 P8.959 MWT
ROTOT a -13 ,534317 i ROCR1 s 7. 854942 s R0CR2 a 0.0 S ROFDBK a -3 .389259 S
RODOP = -1 .678378 S ROSOD 5 -0. 017169 $ ROCRE a -1.0974.38 $ ROCAE a -0 .596275 S
TRO a 614 .969 TROM 3 571 .702 TSTM a 490.680
PD * 0 .9000 ETST s -11. 749756 ETRO a 29.025635 EF *a -0.050000 DELRO a •0. 000333
PTOTNORM e 0 ,1358 PNNORWl = 0. 0606 PFPNORM a 0.0751 SCRAM Rons: PRIM a 62 .145 S SEC a 0.1

******************************** P RIM ARY C 0 0 L A N T n Y N AMI C S *******************************1

FZlNRM = 0.6843 FZ2NRM a 0.6832 FZ3NRM a 0i •6797 CANRM = 0.6177 RBNRM a 0.6504 BPNRM s 0 .6981
flows: 1 1.1813E+03 2 1.1809E+03 3 1.2880E+03 4 9.4771E+01 5 5.0258E+01 i; 4.8501E+02 7 1 •5165E+02
AL1= 0 .6569 NEWl = 0.6766 RPla 0.4174 TMOTNla O.o Hp Is 0.4090 FREQla 78.784
AL2= 0 .6569 NEW2= 0.6784 BP2a 0.4175 TM0Tn2= 0.0 Hp2s 0.4091 FREQ2a 78.791
PD * 0 .9000 TRISP a 387 .779 NEUISP 3 0*9000 ASP a 0.9000 XKW = 1L.316E-03 EPS s 1 .000E-05 N a 3
TRIM: 379. 506 37s>,507 mEWm: 0*7311 0.,7309 alm: 0.6569 0.6569 INLET PRSNRM * 0. 6330
ET: 1.4892E+01 1.4890E+01 ew: 1.8849E-01 1.8864E-01 ea: 3.3737E-01 3.3746E-01
****************************** R E ACT 0 R H E A T T R A N S F E R ******************************

CORE hot spot: MAX. COOLANT TEMP. a 823.231 MAX. CLAD TEMP. s 860,560
peak core average temperature ofs fuel centerline * i92««05i cl ad inner = suo.gss clad outer * S37.094
TM 1 a 453.964 TM 2 a 1883.580 TM 3 s 640.516 TM 4 a 435.557 TM 5 = 1614.47s TM 6 a 604.632
TM 7 a 434.327 TM 8 a 1423.168 TM 9 s 576.417 TM10 a 482.266 TMll = 534.508 TM
TC 1 a 387.572
TC 7 = 386.027

TC 2 = 667.645 TC 3 s 665.797 TC 4 a 386.114 Tc 5 * 634.956 TC 6 = 628.957
TC 8 a 600.398 TC 9 s 595.244 TC10 a 449.018 Tell * 471.395 TC12 = 379.524

TCIl a 379.523 TCI2 a 379.523 TCI3 s 379.523 TCI4 a 379.523 TcI5 a 379.523 TC 16 * 379.523
LOWER PLENUM: TOP TONE TEMP, a 379.523 BOTTOM zone temp. * 379.523
UPPER PLENUM; zjet = 6.400 TOP ZONE temp, a 527.115 bottom zone TEMP. * 527.115 NOZZLE TEMP, a 527.115
************************* I H X - 1 T H ERMA L C A L C U L A T I 0 N s *************************
TP: 1 525.978 2 507.514 3 489.494 4 971 .259 5 452.592 6 433.422 7 413. 713 8 393 .392 9 372.285 10 525.973

11 378.498
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rs: 1 499.460 2 481.283 3 462.900 4 444.069 5 424.718 6 404.784 7 384.129 8 362.434 9 339.006 10 496.588
************************* I H X - 2 T H E R 0t A L C A L C U L A T I 0 N S *************************
tp: 1 525.978 2 507.226 3 489.133 4 470.879 5 452,203 ft 433,028 7 413.324 8 393.042 9 372.073 10 525.973
Ll 378.i429
rs: 1 498.560 2 480.306 3 461.890 4 443.036 5 423.66e 6 403.737 7 383.151 8 361.707 9 338.999 :10 496.504
*************** P R I M Ai R Y SOi n I U M T R A N s P 0 R T r A L C U L At T IONS ***************
TCI: 1 526.250 2 526.03i 3 525.982 4 525,973 5 525.972 6 525.972 7 525.972 8 525.972 9 525.972 10 525,972
twi: 1 525.979 2 525.973 3 525.972 4 525.972 5 525.972 6 525.972 7 525.972 8 525.972 9 525.972 10 525.972
tc2 : 1 525.973 2 525.974 3 525.977 4 525.981 5 525.985 6 525.987 7 525.989 8 525.990 9 525.990 10 525.990
tw2: 1 525,990 2 525.990 3 525,990 4 525.991 5 525.991 ft 525.991 7 525.992 8 525.99? 9 525.992 10 525,992
tcs: 1 379.110 2 379.371 3 379.465 4 379.495 5 379.503 6 379,505 7 379.505 8 379.505 9 379.506 10 379,506
TW3: 1 379.497 2 379.503 3 379.505 4 379.506 5 379.507 6 379.507 7 379.507 8 379.507 9 379.507 10 379.507
TC4: 1 526.250 2 526.031 3 525.982 4 525.973 5 525.972 6 525,972 7 525,972 8 525.97? 9 525.972 10 525,972
TW4: 1 525.979 2 525.973 3 525.972 4 525.972 5 525.972 6 525.972 7 525.972 8 525.972 9 525.972 10 525.972
TC5: 1 525.973 2 525.974 3 525.977 4 525.981 5 525.985 6 525.987 7 525.989 8 525.990 9 525.990 10 525.990
TW5: 1 525.990 2 525.990 3 525.990 4 525.991 5 525.991 6 525,991 7 525.992 8 525.992 9 525,992 10 525,992
TC6: 1 379.085 2 379.364 3 379.464 4 379.496 5 379.504 6 379.506 7 379.507 8 379.507 9 379.507 10 379.507
TW6: 1 379.498 2 379.504 3 379.507 4 379.507 5 379.508 6 379,508 7 379,508 8 379.508 9 379.508 10 379,508
************************* i n T E R M E D TATE L 0 o p - i: c 0 0 L A N T D Y N A M I c s *************************

sodium flow rate B 0.7082 PUMP SPEED = 0.6616 PUMP HEAD = 0.3898 MOTOR GEN. SET PREC • * 35. 441 CYCLES/SEC
main motor TOROUE S 1.8459 DRIVE MOTOR TORQUE ■ 0 .0 PUMP TORQUE * 0 .4078 friction torque = 0.0272

************************* i n T E R M E 0 I A T E L 0 0 P - 2t c 0 0 L A N T 0 Y N A M Its *************************

SODIUM FLOW RATE S 0.7429 PUMP SPEED = 0.6660 PUMP HEAD s 0.3650 MOTOR gen. SET FREfl . s 55. 313 CYCLES/SEC
MAIN motor torque 3 1.8550 DRIVE MOTOR TORQUE = 0 .0 PUMP TORQUE a 0 .3945 FRICTION TORQUE * 0.0273
******************** INT E r m E n I ATE L 0 o p - i: s 0 D T II M TRAN S P 0 R T ********************

tcsi: 1 496.304 2 496.252 3 496.245 4 496.245 5 496.245 6 496.245 7 496.245 6 496.245 9 496,245 10 496.245
twsi: 1 496.247 2 496.245 3 496.245 4 496.245 5 496.245 6 496.245 7 496.245 6 496.245 9 496.245 10 496,245
TCS2S 1 339.031
TWS2S 1 338.991
TCS3S 1 339.007 2 339.002
TWS3: 1 338.993 2 338.993
TCS4: 1 339.00? 2 339.002 3 339.002 4 339.002 5 339.002 6 339.002 7 339.002 8 339.002 9 339.002 10 339,003
TWS4: 1 339.004 2 339.004 3 339.004 4 339.004 5 339.004 6 339.004 7 339.004 8 339.004 9 339.004 10 339.004

******************** INT E R M E D I ATE L 0 OP-?: R 0 D I U M TRAN S P 0 R T ********************

tcsi: 1 496.282 2 496.257 3 496.256 4 496.256 5 496.256 6 496.256 7 496.256 8 496.256 9 496.256 10 496,256
twsi: 1 496.257 2 496.256 3 496.256 4 496.256 5 496.256 6 496.256 7 496.256 8 496,256 9 496.256 10 496,256
tcs?: 1 339.154
TWS2: 1 338.987
TCS38 1 339.023 2 338.997
TWS3* 1 338.988 2 338,987
tcsr: 1 338.994 2 338.994 3 338.994 4 338.994 5 338.994 6 338.994 7 338.994 8 338.995 9 338,995 10 338.995
TWS4 : 1 338.995 2 338.995 3 338.995 4 338.995 5 338.995 6 338.995 7 338.995 6 338.995 9 338.995 10 338.995

t****#*******^********************** STEAM GENERATION LOOP-1 ************************************
FEEO WATER Flow =0.0 WATER/STEAM Flow =0.7513 STEaH FLOW =0,(1130 INT. SODIUM FLOW =0.708?
P 1 = 1.2150E+07 P 2 = 1.2242E+07 P 3 = 1.2242E+07 P 4 = 1.P321E+07 P 5 = 1.2788E+07 P 6 r 1.2790E+07 P 7 1.2819E+07
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P 8 5 1.2789E+07 P 9 = 1.2647E+07 P10 = 1.2385E+07 Pll a 1.2332E+07 P12 = 1.2264E+07 Pl3 = 1•2242E+0T P14 a 1.22252+07
P15 as 1.2174E+07 P16 = 1.2008E+07 PIT a 1.18392+07 plS a 1.1680E+07 P19 s 1.1521E+07 p2o a 1.1478E+07 P21 a 1.1300E+07
H 1 « 1.0030E+06 H 2 = 1.6240E+06 H 3 a 1.4984E+06 H 4 a 1.2968E+06 H 5 a 1.29022+06 H 6 a 1.27582+06 H 7 a 1.27262+06
H 8 s 1.2725E+06 H 9 = 1.51742+06 H10 a 2.17442+06 Hll a 2.1438E+06 HI? s 2.06012+06 Hl3 a 2.0454E+06 H14 a 2,68022+06
H15 » 2.6802E+06 H16 = 3.04972+06 H17 = 3.21612+06 H18 = 3.2927E+06 H19 = 3.3270E+06 HZO = 3,32692+06 H21 a 3.32152+06
TM 1 a 232.3706 TM 2 = 325.6899 TM .3 a 309.1121 TM 4 a 289.9421 TM 5 = 288.8733 TM 6 a 286.4548 TM 7 a 285.9138
TM 8 r 285.9023 TM 9 a 328.6133 TMl 0 a 326.9978 TMll a 326.6685 TMj ? = 326,2444 TM13 a 326.1042 TM14 a 325.9956
TM15 = 325.6750 TM16 a 400.2351 TM1 7 = 450.1682 TM18 = ' 476.3013 TMl 9 = 488,3032 TM20 a 488.0789 TM21 = 485.1472tcs a
TCS15

339.018s
455.0775

TCS 9 
TCS16

TDLOGS 16 ii : 16

372.3481 
477.9290 
TDLOGS 
U S 

101.7411 
3620.7017

TCSIO 
TCS17 

9 9
17

= 452.3872
= 488.7278
48.2737 10 

5662.0117 10 
55.8603 18 

2966.9624 l8

TCSll = 452.4150
TCS1B - 493.9797

77,5241 
8515.1445

26.7755 19 
2853.4548 19

TCS12
TCS19

452,5430
496.2449

TCS13
TcS

= 453.0010 TCS14 = 454.1841

12.1677
2812.2305

HEAT FLUX = 9.701242E+05 
NON-BOIlING LENGTH s 5.944664E+00

outlet steam Quality = 5,7oa<?56E..oi 
BOILING LENGTH = 6.77048JE+00

DRUM INT* ENERGY a 1.3526E+10 DRUM LEVEL 3 0.9583 CVP = 0.9885 ALFA r 0.7064 OpRp s 6.8986E+07
************************************ STEAM GENERATION LOOP ************************************

FEED WATER Flow rO.O WATER/STEAM Flow =0.7313 steam FLOW rO.6129 INT, SODIUM FLOW =0.7429
P 1 a 1.21502+07 P 2 a 1.22422+07 P 3 a 1.22422+07 p 4 a 1.2321E+07 P 5 a 1.27872+07 P 6 a 1,27892+07 P 7 a 1.28192+07
P B = 1.2789F+07 P 9 a 1.2648E+07 Pin a 1.2385E+07 Pll a 1.2332E+07 P12 a 1.2264E+07 Pl3 = 1.2242E+07 P14 a 1.22242+07
“15 a 1.2173E+07 P16 a 1.2008E+07 PIT a 1.18392+07 Pl8 a 1.1680E+07 P19 a 1.15212+07 p2o a 1.1478E+07 P21 a 1.1300E+07
H 1 = 1.00S0r+O6 H 2 = 1.62402+06 H 3 a 1.49842+06 H 4 a 1.29682+06 H 5 a 1.29022+06 H 6 = 1,27582+06 H 7 a 1.27262+06
H 8 a 1.2T26F+06 H 9 a 1.5l742+06 

H16 a 3.05112+06
H10 a 2.17472+06 Hll = 2.14432+06 H12 a 2.06032+06 Hl3 a 2.04552+06 H14 a 2.68022+06

H15 ■ 2.68022+06 HIT a 3.21722+06 HIS a 3.29342+06 H19 a 3.32722+06 HZO = 3.32722+06 H21 = 3.32162+06
TH 1 = 232.3706 TM 2 = 325.6880 TM 5 a 309.1123 TM 4 = 289.9438 TM 5 = 288.8757 TM 6 = 286,4575 TM 7 a 285.9165
TM 8 = 285.9050 Tm 9 a 328,6143 TM10 a 326.9966 TMll a 326.6672 TM12 a 326.2432 TM13 = 326.1030 TM14 a 325.9946
TM15 a 525,6741 Tm16 = 400.6309 TM1T s 450.5471 TMIS a 476.5366 TMi9 a 488,4131 TM20 = 488,1724 TM21 a 485.1675
TCS 8 = 339.4619 TCS 9 a 373.0388 TCSIO = 452.3933 TCSll = 452.4280 TCS12 * 852, 5825 TcSl3 a 453 .1216 TCS14 a 4!
TCS15 = 456.6853 TCS16 =

TDLOGS 16 
U S 16

478.3179 
TDLOGS U 5 
102.0375 

3623,4604

TCS17 
9 
9
17

488.9277 
48.8487 10 

5671.4062 10 
55.7431 18 

2967,9551 18

TCS18 = 494.0630
78.0311 

8539.7500
26.6049 19 

2854,9492 19

TCS19 = 496.2556 TcS

12.04242814.0132
HEAT FLUX s 2.726601E+05 
NON-BOIlING LENGTH s 5,8657112+00

OUTLET STFAM QUALITY = 5.7lls2sE.0l 
BOILING LENGTH * 6.708176E+D0

DRUM INT. ENERGY = 1.3526E+10 DRUM LEVEL a 0.9583 CVP s 0.9884 ALFA a 0.7064 DPRP = 6.8975E+07
****************************** STEAM HEADER THERMODYNAMICS ******************************

THROTTLE VALVE POSITION =1.0000 DUMP(BYPaSS> VALVE POSITION =0.2632
THROTTLE VALVE FLOW =0.0 RELIEF VALVE FLOW =0.3914 OOMP(BYPaSsS VALVE FLOW =0.2227
header PRESSURE = 1.1300E+07 TEMPERATURE = 495.2581 SPECIFIC EntHALPY= 3.3477E+06

******************************* MEASURED VALUES for pps *******************************
PRESNORM = 0.65389 VESSEL LEVEL = 4.5623 PTOTNORM a O.RflOoOTIHXl = 379.401 TIHX2 = 379.396 TEVAP1 a 339.010 TEVAP2 = 339,058



3.99999 SCC S = 0.80000 SECSTEP # 30 TIME *
TOTAL VECTOR OF CONTROL INTEGERS

11 1? 13 14 15 20 25 26 40 41 43 44 46 47 53 54 55 56 81 82 83 84 84 106 107
108 109 233 238 251 252 253 254 255 256 257 258 259 262 263 264 265 266 267 268 269 291 292 293 294
295 296 297 298 299 302 303 304 305 306 307 306 309 331 332 333 534 335 336 337 338 339 342 343 344
345 346 347 348 349 37l 372 373 374 375 376 377 37s 379 382 383 364 385 386 387 388 389 411 423 424
425 426 427 428 432 450 462 4&3 464 465 466 467 47i 46O 483 485 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

WI
0>

************************** N E U T RON K I N E T I C S C A L C U L A T I 0 N S •***••*•*•**••****•******•

PTOT s 102,016 MWT PN s 32.486 MWT PFP s 69.530 MWT
PDN S 1 1.775 MWT 2 0. 397 MWT PFP 1 3 22.325 MWT 4 ,253 MWT 5 28.952 MWT
ROTOT s ;i8.139771 $ ROCR1 s 2.749999 S R0CR2 s 0,0 % ROFOBK = .2,889784 $
ROoOP s .1.372159 * ROSOD s -0.020969 S ROCRE s -1.097430 $ ROCAE s .0.399226 $
TRO s 574.549 TROM s 566«863 TSTm s 491.730
PD * 0.9000 ETST s -11.749756 ETRO s 29,025635 EF * -0.050000 DELRO * -0.000333
PTOTNORM s 0.1046 PNNORM1 a 0.0333 PFPNOrM s 0.0713 SCRAM RODS* PRIM s 100.000 % SEC s 0

******************************** primary coolant dynamics ********************************
FZlNRM = 0.5329
flows: 1 9.1783E+02
AL1* 0.5132 NEW1= 1
AL2* 0.5132 NEW2=
PO = 0.9000 TRISP s
TRIMj 379.505 379
ETt 1.4894E+01

FZ2NRM r 0.5331
2 9.1723F+02 3 1.0050ET03
0.5273 BPI* 0.2563 TMOTNl*
0.5269 BP2s 0.2563 TM0TN2*
387.779 NEUSP = 0.9000 ASP
.506 NEWM! 0.5608 0.5605
1.9092E+01 EWt 3.5879E-01

FZ3NRM * 0.5283 
9 7.3665E+01
0.0 HPls
0,0 HP2s

0.9000 XKW
alm:

3.5910E-01

CANRM * 0.4576 
5 3.7234E+01
0.2520 FREOls 
0.2522 FRE02s

RBNRM s 0.4945 
6 3.6671E+02
146.777 
146.807

BPNRM s 0.5557 
7 1.2028E+02

1.316E-03 EPS s 1.000E-05 N = 3
0.5132 0.5132 INLET PRSNRM s 0.5102

EAS 5.6618F-01 5.6639E-01
****************************** ft E A C T 0 R H E AT T R A N S F' E R ******************************

CORE HOT SPOTS MAX . COOLANT TEMP. » 712.473 MAX . clad temp. = 735.315
peak core average temperature of: fuel centerline s 1329.390 CLAD INNER 3 497.957 CLAD OUTER s 495.853
TM 1 s 414.939 TM 2 s 1295.120 TM 3 * 636.776 TM 4 = 406.284 Tm 5 s 1139.340 TM 6 3 604,256
TH 7 s 4O5.7O6
TC 1 S 384.330

TM 8 s 1018.375 TM 9 a 574.473 TMlO s 468,333 TMll s 519.361 TM
TC 2 = 595.724 TC 3 a 613.618 TC 4 s 383,463 TC 5 s 570.413 TC 6 3 586.686

TC 7 s 383.405 TC 8 = 543.240 TC 9 S 557.844 TC10 s 452.398 Tell s 480.193 TC12 * 379.522
TCH s 379.522 TCI2 s 379.522 TCI3 « 379.522 TCl1* 3 379.522 TCI5 * 379.522 TCI6 3 379.522
LOWER PLENUMS TOP TONE TEMP, s 379.5?2 bottom zone temp. * 379.521
UPPER PLENUM* 2jet a 6 .400 TOP ZONE TEMP. * 528.840 BOTTOM ZONE temp. s 528.840 nozzle TEMP. 3 528.839
************************* I H X - 1 T H ERMA L C A 1L C U L A T I 0 N s *************************

TP: 1 525.980 2 506.288 3 486.881 4 468 • 885 5 450*105 6 430.760 7 410. 765 8 389. 905 9 367.772 10 525.97J
ll 375.529
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TS! 1 503*4^0 2 484,525 3
************************* j

465.901
H X - 2

4 447.115
T H E R

5
M A

427.705
L C

6

A L
407.589
C U L A

7

T I
386.500
0 N S

8 363,937 9 339,005 10
*************************

497,667

TP! 1 525.980
11 375.179

2 505.366 3 486.314 4 467.608 5 448.700 6 429.340 7 409.392 8 388.713 9 367.075 10 525.973
TS: 1 501.665 2 482.534 3 463.771 4 444.796 5 425.353 £ 405.281 7 384,404 8 362.449 9 338.997 10 497.346
*************** P R I M A R Y R o n I U M T R A N s P 0 R T C A L C U L A T I 0 N S ***************
TCI: 1 527.511 2 526.637 3 526.209 4 526,043 5 525.990 6 525.976 7 525.972 e 525.972 9 525.972 10 525,972TWI: 1 526.041 2 525.999 3 525.980 4 525.974 5 525.972 6 525.972 7 525.972 e 525.972 9 525.972 10 525.972TC2: 1 525.972 2 525.972 3 525.973 4 525.974 5 525.975 6 525.978 7 525.981 A 525.984 9 525.986 10 525.987TW2: 1 525.988 2 525.988 3 525.989 4 525.989 5 325.990 6 525,990 7 525.991 A 525.991 9 525,991 10 525.991
tcs: 1 377.189 2 378.281 3 376.918 4 379.249 5 379.403 6 379.468 7 379.493 6 379.501 9 379,504 10 379.504
tws: 1 379.411 2 379.460 3 379,485 4 379.497 S 379.503 6 379.505 7 379,506 8 379.506 9 379.506 10 379.506TC4: 1 527.511 2 526.637 3 526.209 4 526.043 5 525.990 6 525.976 7 525,972 8 525.972 9 525.972 10 525.972TW4 : 1 526.041 2 525.999 3 525.980 4 525.974 5 525.972 6 525.972 7 525.972 6 525.972 9 525,972 10 525.972TC5: 1 525.972 2 525.972 3 525.973 4 525.974 5 525.975 6 525,978 7 525.981 8 525.984 9 525,986 10 525.987TW5: 1 525.988 2 525.988 3 525.989 4 525.989 5 525.990 6 525.990 7 525.991 8 525.991 9 525.991 10 525.991TC6: 1 376.998 2 378.186 3 378.876 4 379.232 5 379.398 6 379.467 7 379.493 8 379.502 9 379.505 10 379.505TW6: 1 379.405 2 379.458 3 379.485 4 379.498 5 379.504 6 379.506 7 379.507 8 379.507 9 379.507 10 379,507
************************* j n T E R M E D I A T E L 0 iCLo r 0 0 L A N T 0 Y N A M I C S *************************

SODIUM flow rate s 0.5609 PUMP SPEED = 0.5209 PUMP head = 0.2390 MoToR GEN. SET FREO , s 81. 246 CYCLES/SEC
MAIN motor torque 3 1.4926 DRIVE MOTOR TORQUE = 0 .0 PUMP TORQUE = 0.2511 FRICTION TORQUE s 0.0240
************************* I n T E R M F D I A T E L 0 o p - 2: c 0 0 L A N T D Y N A M ICS *************************

SODIUM flow rate 3 0.6012 PUMP SPEED = 0.5294 PUMP HEAD = 0.2222 M0T0R GEN. SET FREO. a 80. 807 CYCLES/SEC
MAIN motor TORQUE 5 1.5128 DRIVE MOTOR TORQUE = 0 ,0 PUMP torque a 0.2440 friction TORQUE = 0.0242
******************** INT € R M E 0 I ATE L 0 o P - i: S ODIUM TRAN S p 0 R T ********************

tcsi: 1 496.668 2 496.348 3 496.265 4 496.248 5 496,245 6 496.245 7 496.245 8 496.245 9 496.245 10 496.245
twsi: 1 496.270 2 496.250 3 496.245 4 496.245 5 496,245 6 496.245 7 496.245 8 496.245 9 496.245 10 496.245
TCS2: 1 338.758
twsp: 1 338.980
tcss : 1 338.972 2 339.000
TWS3: 1 338.991 2 338,993
TCS4: 1 334.002 2 339,002 3 339.002 4 339.002 5 339.002 6 339.002 7 339,002 8 339.002 9 339.002 10 339.002
TWS4 : 1 334.003 2 339.003 3 339.003 4 339.003 5 339.003 6 339,003 7 339.004 8 339.004 9 339,004 10 339.004
******************** INT € R M E D I ATE L 0 0 P - 2: R ODIUM TRAN S P 0 R T ********************

tcsi: 1 496.476 2 496.290 3 496.260 4 496.255 5 496.255 6 496.255 7 496.255 8 496.255 9 496.255 10 496.255
twsi: 1 496.273 2 496.258 3 496.255 4 496.255 5 496.255 6 496.255 7 496.255 8 496.255 9 496.255 10 496.255
TCS2S 1 334.353
TWS2S 1 334.005
tcss: 1 339.157 2 339.045
twss: 1 338.996 2 338.989
TCS4: 1 339.007 2 338.996 3 338.994 4 338.994 5 338,994 6 338.994 7 338.994 8 338,994 9 338.994 10 338.994
TWS4: 1 338.995 2 338.995 3 338.995 4 338.995 5 338.995 6 338.995 7 338.995 8 338.995 9 338,995 10 338.995
************************************ STEAM GENERATION LOOP 1 •ft**********************************
feed water flow =o.o water/steam flow =0.5766 steam flow =o.657? int. sodium flow =o.S609

P 1 = 1.2150E+07 p 2 = 1.2171E+07 P 3 = 1.2171E+07 p 4 = 1.227nE+07 p 3 = 1.2533E+07 p 6 = 1.25S8E+07 P 7 a 1.2564E+07
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P 8 = PIS = M 1 = 
H 8 *
ms =
TH 1 : 
TM 8 : 
THIS : 
TCS 8 
TCSI 5

1.2538r+07 
1.2092F+07 
1.0030C+06 
1.27?8f+06 
2.6801t: + 06 

: 232.3704
: 285.9485

325.1606 
= 337.9612
= 453.2322

P 9 
P16 
H 2 
H 9 
H16 Tm 2 =
Tm 9 = 
TM16 = 

TCS 9 
TCS16

tdlog: 16 u : 16

1.2439E+07 
1.1912E+07 
1.6264E+06 
1.5090E+06 
3,0411E+06 

325.6897 
327.3325 
397.1941 

366.6172 
477.2371 

TDLOG: 9
U : 9

102.1829 17 
3666.9460 17

Pin = 1 
P17 a 1 
H 3 a 1 
H10 a 2 
H17 a 3 
TM 3 = 
TM10 a 
TMl 7 a 

TCSIO 
TCS17

.2261E+07 
•1730E+07 
.4984E+06 
•2420C+06 
.2109E+06 
325.6616 
326,2268 
447.7944 
a 452.5291 
= 488.5334
45.3515 10 

5184.4297 10 
58.1955 18 

3019.9648 18

Pll a 1.P227E+07 
Pl8 a 1.1557E+07 
H 4 = 1.3145E+06 
Hll a 2.2212E+06 
H18 a 3« 2907E + 06 
TM 4 a 292,7563 
TMll a 326.0112 
THIS a 474.9141 

TCSll a 432 
TCS18 a 493 

74.5114 
8356.7187 

28.4435 
2901.4612

P12 : 
P19 = 
H 5 ! 
H12 s 
H19 : 
tm 5

1.2183E+07 
1.1363E+07 
1.3083E+06 
2.1244E+06 
3.3268E+06 

= 291.7932
TM12 = 325.7334
TM19 a 487.5779 

7981 TCS12 = ‘♦SS 
8264 TCS19 = 496

Pl3 : 
p20 i 
H 6 : 
Hl3 ! H20 : 
TM 6 
THIS 
TM20 

.3530 
2446

> 1.2171E+07 
: 1.1337E+07 
s 1.2840E+06 
: 2.0998E+06 
t 3.3269E+06 
a 287.8433 
a 325.6616 
a 487,3752 
TcSlS a 454 
TcS

P14 a 1.2147E+07 
P21 a 1.1144E+07 
H 7 a 1.2732E+06 
H14 a 2.6801E+06 
H21 a 3.32S0E+06 
TM 7 a 286.0071 
TM14 a 325.5100 
TM21 a 484.9414 

,1558 TCS14 a 454.6035

19
19

13*1300
2857.8882

HEAT FLUX a 2.547964E+05 
NON-BOIllNG i fNGTH a 5.256315E+00

outlet steam Quality = 6.287921E.01
BOILING LENGTH a 6.245241E+00

DRUM INT. ENERGY a 1.3263E+10 DRUM LEVEL a 0.9201 CVP = 1.2282 AlPA a 0.5456 DPRP a 3.9670E+07

************************************ STEAM GENERATION LOOP it***********************************
FEED WATER Flow rO.O WATEr/STEAM FLOW aO,5769 STEAM FLOW a0.6370 INT. SODIUM FLOW a0.60l2

p 1 s 1.2150E+07 P 2 a 1.2171E+07 P 3 a 1.2171E+07 P 4 a 1.2270E+07 P 5 a 1.2533E+07 P 6 a 1•253SE+07 P 7 a 1.2564E+07
P 8 s 1.2538F+07 P 9 a 1.2440E+07 P10 a 1.2262E+07 pll a 1.2227E+07 P12 a 1.2183E+07 Pl3 a 1.2171E+07 P14 a 1.2147E+07
015 s 1.2092E+07 P16 = 1.1912E+07 P17 = 1.1730E+07 PlR a 1.1556E+07 P19 a 1,1363E+07 P20 a 1.1336E+07 P21 a 1.1144E407
M 1 c 1.0030E+06 H 2 a 1.6265E+06 H 3 a 1•4984E+06 H 4 a 1.3145E+06 H 5 a 1.3083E+06 H 6 a 1.2840E+06 H 7 a 1.2732E+06
H A s 1.2728F+06 H 9 a 1.5091F+06 Hln a 2.2422E+06 Hll a 2.2214E+06 H12 a 2.1247E+06 Hl3 a 2,1001E+06 H14 a 2.6801E+06
H15 s 2.6801E+06 H16 a 3.0441E+06 HI7 a 3.2132E+06 Hl8 a 3.2920E+06 H19 a 3.3274E+06 H20 a 3.3274E+06 H21 a 3,3231E+06
TM 1 !a 232.3704 TM 2 = 325.6877 TM 3 := 325.6624 TM 4 = 292.7588 TM 5 = 291.7959 TM r a 287.8459 TM 7 a 286.0100
TM 8 :a 285.9514 TM 9 a 327,3386 TMlO a 326.2280 TMll a 326.0122 TMl2 a 325.7341 TM13 a 325.6624 TM14 a 325.5107
TM15 :a 325.1614 Tm16 a 398.8161 TM17 a 448.5857 TM18 a 475.4028 TM19 a 487.8108 TM20 a 487.5847 TM21 a 484.9976
TCS 8 a 339.3235 TCS 9 a 368.5408 TcSln a 452.5867 TcSll a 452.9360 TCS12 = 453. 6467 TcSlS a 454 .7092 TCS14 a 4!
TCS15 a 454.8467 TCS16

TDLOG: 16u : 16

478.1023
TDLOG!
U i 

102.9012 
3671.0356

TCS17 
9 
9 
17

488.9504 
47.0245 10 

3196.0742 10 
57.9751 18 

3021.0103 18

TCS18 493.9861 
75.9889 

8391.6445 28.0800 
2903.6682

19
19

TCS19 = 496.2554 TCS

12.8543
2860.7288

HEAT FLUX a 2.609192E+05 
NON-BOILlNG LENGTH a 5.061234E+00

outlet steam Quality = 6.290042E-01
BOILING LENGTH a 6.100469E+00

DRUM INT. ENERGY a 1.3263E+10 DRUM LEVEL a 0.9201 CVP = 1*2281 ALFA a n.5456 DPRP a 3.9645E+07

*»**«»»*****,**»»**«*****»***» STEAM HEADER THERMODYNAMICS **a*»»**»*«***»***»»**a**»**»*

THROTTLE valve POSITION al.0000 
THROTTLE VALVE FLOW aO.O 
HEADER PRESSURE a 1.U44E + 07

REl TEF VALVE FLOW a0.l652 
TEMPERATURE a 489.8846

DUMP(BYPASS) VALVE POSITION aO.5632
dumpibypass) valve flow *0.4733

SPECIFIC ENTHALPYa 3.3S59E+06

******************************* measured values For pps *******************************
PRESNORM a 0.51018 
TIHXl a 378.607 TIHX2

VESSEL LEVEL a 4.5623 
378.535 TEVAP1 = 338.866

PToTnoRM
TEVAP2

0.13578
339.202
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1X3

Step ft 40 TIME = 5.99999 SEC: s = o ,20000' SEC

TOTAL VECTOR OF CONTROL integers
11 12 13 14 15 20 25 26 40 41 43 44 86 47 53 54 55 56 81 62 83 84 84 106 107

108 109 233 238 251 252 253 ?54 255 256 257 256 259 26? 263 264 265 266 267 268 269 291 292 293 294
295 296 297 298 299 302 303 304 305 306 307 306 309 33l 332 333 334 335 336 337 338 339 34? 343 344
395 346 347 348 349 37i 372 373 374 375 376 377 37a 379 382 363 384 385 386 387 388 389 411 423 424
425 426 427 426 432 450 462 463 464 465 466 467 47i 460 483 465 0 0 0 0 0 0 0 0 n

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 n 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** NEUTRON kinetics calculations **************************

PTOT = 
PDN : 
ROTOT = 
ROOOP I 
TRO s 
PD =
PTOTNORM

90,629 MWT 
1.222 MWT 

.17.A08S48 S 
.1.150915 * 

534.842 
0.9000 
0.0930

PN a

ROCR1 = 
ROSOD = 

TROM 
ETST = 
PNNORM

24.355 MWT
0.381 MWT PFP !

2,749999 * 
-0.023098 * 
565.122 

-11.749756 
0.0250

PFP a 
3

66*2T3 MWT 
19.317 MWT 4

R0CR2 
ROCRE 

TSTm 
ETRO = 
PFPNOrM

0.0 
-1.097424 
489.251 

29.025635 
0.0680

18.011 MWT
ROFDBK
ROCAE

28.945 MWT 
.2.558554 $ 
.0.287718 *

EF a -0.050000 
SCRAM RODS! PRIM

DELRO * -0.000333
s 100,000 X SEC a 0.0

******************************** PRIMARY Coolant DYNAMICS ********************************
FZlNRM = 0.4X57
FLOWS! 1 7.4467E+02
ALl* 0.4185 NEwl=
ALga 0.4185 NEW2=
PD = 0,9000 TRISP
TRIM! 379.503
ETl 1.4897E+01

2 7.4393E+02
0.4278 BPla 
0.4274 BP2= 
387.779 NEWSP

379,504 NEWM!
1.4895E+01 EW!

FZ2NRM = 0.4336 
3 8 *1742E + 02

0.1713 TMOTNla 
0.1714 TM0Tn2= 

0.9000 ASP
0.4503 0.449s

4.6928E-01

FZ3NRM = 0.4281 
4 5.9694^+01
0.0 HPla
0.0 HP2a

a 0.9000 XKW 
ALM!

4.6969E-01

rANRM = 0.3563 
5 2.8992E+01
0.1690 FREQla 
0.1692 FRE02a 
a 1.S16E-03 

0.4185 
EA!

RBNRM a 0.3932 
6 2.9322E+02
241.120 
241.168

EPS = 1.O0OE-O5 
0.4185 
6*8146F-01

BPNRM a 0.4574 
7 9.9361E+01

N a 3 
INLET PRSNRM a 0.4441 

6•8155E-01

****************************** REACTOR HEaT transfer ******************************
CORE HOT SPOT! MAX. COOLANT TEMP, a 634.857 MAX. CLAD TEMP, a 649.446

PEAK CORE AVERAGE TEMPERATURE OF! FUEL CENTERLINE a 996» 351 CLAD INNER a 469 •042 clad outer a 467.730
TM 1 a 398.578 TM 2 = 965,907 TM 3 * 600.902 TM 4 a 393.966 Tm 5 a 870.464 TM 6 a 574.282
TM 7 a 393.659 TM 8 a 790.816 TM 9 * 547.535 TMlO a 457.771 TMll = 506.960 TM
TC 1 a 382.672 TC 2 a 545.324 TC 3 = 565.116 TC 4 a 382.099 TC 5 = 526.467 TC 6 = 544.803
TC 7 = 382.062 TC 8 a 505.052 TC 9 = 521.266 TClO a 453.765 TCH = 485.700 TC12 a 379.521
TCIl a 379.521 TCI2 a 379.521 TCI3 s 379.521 TCIA a 379.521 TcI5 a 379.521 TC 16 a 379.521
LOWER PLENUM! TOP ZONE TEMP, a 379.521 bottom zone temp. = 379.520
UPPER PLENUM! ZJET a 6.400 TOP ZONF TEMP. = 529 .044 1SOTTOM ZONE TEmP. = 529.044 NOZZLE TEMP, a 529

************************* IHX-1 THERMAL calculations

TP! 1 525.980 2 505,385 3 485.938 4 467.087 5 448.108 6 428.580 7 408,272
11 372.251

ft************************
8 386,666 9 363.812 10 525,973



0S
-!

DO

TSt 1 506.429 2 486.891 3 467.945 4 448,979 5 429,500 6 409.228 7 387.831 6 364.739 9 339.004 10 498.984

I •Xz T H E R l«1 A L C A L C U L A T I 0 N S *************************

tp: 1 525.980 2 503.869 3 483.990 4 464.822 5 445.637 6 426.053 7 405.841 e 384.794 9 362.650 10 525,973
11 371.!541
TSI 1 504.146 2 484.024 3 464.797 4 445.598 5 426.029 6 405.819 7 384,759 e 362.583 9 338.996 10 498.427

*************** P R I M A. R Y SOi 0 I U M T R A N s P 0 R T r A L C U L A T IONS ***************

TCIl 1 528.372 2 527.440 3 526.713 4 526.290 3 526.090 6 526,010 7 525,982 a 525.974 9 525,972 10 525.972
TWI 1 1 526.14S 2 526.061 3 526.011 4 525.987 5 525.976 6 525.973 7 525.972 a 525.972 9 525.972 10 525.972
TC2I 1 525,972 2 525.972 3 525.972 4 525.972 5 525.973 6 525,974 7 525.975 a 525.977 9 525.980 10 525.982
TW2I 1 525.986 2 525.987 3 525.987 4 525.988 5 525.988 6 525.989 7 525.989 a 525.989 9 525.989 10 525.989
TCSI 1 374.545 2 376.346 3 377.639 4 378.485 5 378.988 6 379.262 7 379.399 a 379.461 9 379.488 10 379.498
TWSI 1 379.202 2 379.328 3 379.409 4 379.456 5 379.482 6 379.495 7 379.501 a 379.503 9 379,504 10 379.504
TC4I 1 528.372 2 527.440 3 526.713 4 526.290 5 526.090 6 526.010 7 525.982 a 525.974 9 525.972 10 525.972
TW4I 1 526.143 2 526.061 3 526.011 4 525.987 5 525.976 6 525.973 7 525.972 a 525.972 9 525,972 10 525.972
TCSI 1 525.972 2 525.972 3 525.972 4 525.972 5 525.973 6 525.974 7 525.975 a 525.977 9 525.980 10 525.982
TWSI 1 525.986 2 525.987 3 525.987 4 525.988 5 525.988 6 525.989 7 525.989 a 525.989 9 525.989 10 525.989
TC6I 1 374.083 2 376.067 3 377.483 4 378.403 5 378.949 6 379.245 7 379.393 a 379.460 9 379,488 10 379.499
TW6! 1 379.177 2 379.315 3 379.403 4 379.454 5 379.481 6 379.496 7 379.502 a 379.504 9 379.505 10 379.506

************************* | N T E R M E D I A T E L 0 0 P - it COO L A N T 0 Y N A M I C S *************************

sodium Flow rate s 0.4616 PUMP SPEED * 0.4276 PUMP head s 0.1604 MOTOR GEN, SET FREO. a 69.104 CYCLES/SEC
MAIN motor TOROUE a 1.2820 DRIVE MOTOR TORQUE a 0.0 PUMP TORQUE a 0.1688 friction torque 8 0.0218

************************* x N T E R M E 0 I A T E L 0 0 P - 21 COO L A N T D Y N A M I C S *************************

sodium flow rate = 0.5004 PUMP SPEED = 0.4380 PUMP HEAD s 0.1502 MOTOR GEN, SET FREO. a 68,524 CYCLES/SEC
MAIN motor torque a 1.2988 DRIVE MOTOR TORQUE * 0.0 PUMP TORQUE a 0.1658 FRICTION TOROUE s 0.0221

******************** I N T E R M E D I ATE LOOP- i: SOD I U M T R A N S P 0 R T ********************

TCSI I 1 497.301 2 496.587 3 496.339 4 496.267 5 496.248 6 496.245 7 496,244 a 496,244 9 496.244 10 496.244
TWSI I 1 496.332 2 496.271 3 496.250 4 496.245 5 496.294 6 496.244 7 496,244 a 496.244 9 496,244 10 496.244
TCS2I 1 337.839
TWS21 1 338.919
TCS3I 1 338.705 2 338.940
TWS3I 1 338.973 2 338.989
TCS4I 1 338.982 2 338.996 3 339.000 4 339.001 5 339.001 6 339.001 7 339,001 a 339.001 9 339.001 10 339.001
TWS4I 1 339.002 2 339.002 3 339.002 4 339.002 5 339.002 6 339.002 7 339.003 a 339.003 9 339.003 10 339.003

******************** INT E R M E D I A T E L 0 0 P - 2! s 0 D I II M TRAN s P 0 R T ********************

TCSI 1 1 496.846 2 496,385
496.268

3 496.278 4 496.258 5 496,255 6 496.255 ■7 496.255 8 496.255 9 496,255 10 496.255
TWS1I 1 496.318 2 3 496.257 4 496.255 5 496.255 6 496.255 7 496.255 a 496.255 9 496.255 10 496.255
TCS2I 1 339.037
TWS2I 1 339.005
TCSS! 1 339.188 2 339.107
TWS3I 1 339.006 2 338,995
TCS4* 1 339.043 2 339.010 3 338.997 4 338.994 5 338,993 6 338,993 7 338.994 a 338.994 9 338,994 10 338.994
TWS4! 1 338.997 2 338.995 3 338.994 4 338.994 5 338.994 6 338.994 7 338.994 a 338.994 9 338.994 10 338.994

************************************ STEAM GENERATION L 0 0 P - 1 ************************************
feed water flow =o.o water/steam flow =o.4eiT steam flow so.gssa int. sodium flow *o.4&i6

PI* 1.2150E+07 P 2 = 1.2026E+07 PS* 1.2026E+07 P 4 a 1.213SE+07 P 5 a 1.2293E407 p 6 a 1.2302E+07 P 7 a 1.2326E+07
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ro

P 8 a 1.2302F+07 P 9 a 1.2224E+07 P10 a 1.2089E+07 Pll a 1.2064E+07 P12 a 1.2032E+07 Pl3 a 1.2026E+07 P14 a 1.1996E+07
P15 a 1.1938E+07 P16 a 1.1752E+07 P17 a 1.1563E+07 PlS a 1.1584E+07 P19 a 1,1204E+07 P20 a 1.115SE+07 P21 a 1.0921E+07
H 1 = 1.0030E+06 H 2 a 1.62S6E+06 H 3 a 1.4984E+06 H 4 a 1.3278E+06 H 5 a 1.3221E+06 H 6 a 1.2931E406 H 7 a 1.2741E+06
H 8 a 1.2734E+06 H 9 a 1.5003E+06 H10 a 7.2994E+06 Hll a 2.2798E+06 H12 a 2.18S9E+06 Hl3 a 2.1583E+06 H18 a 2.6815E+06
H15 = 2.6815F+06 Hi6 a 3.0321E+06 H17 = 3.2044E+06 H18 a 3.2877E+06 H19 a 3.3266E+06 H20 a 3.3266E+06 H21 a 3.3240E+06
TM 1 a 232.3703 TM 2 = 325.6895 TM 3 a 324.7397 TM 4 a 294.7893 TM R = 293,9280 TM 6 a 289.3516 TM 7 a 286.1753
TM 8 a 286.0540 Tm 9 a 325.9941 TMlO a 325.1414 TMll a 324.9834 TM12 = 324.7781 THIS a 324.7397 TM14 a 324.5508
TMl5 a 324.1841 Tm16 a 393.5879 TM17 a 444.6536 THIS a 472.9465 TM19 a 486,6299 TM20 a 486.3948 TM21 a 484.2476
TCS 8 a 335.8564 TCS 9 = 360.48391 TCSIO = 452.8616 TCS11 a 453.3008 TCS12 * '♦SS. 7563 TeSl3 a 453 .6714 TCS14 a 4!
TCS15 a 447.5061 TCS16 a 474.2988 TCS17 = 487.0967 TCS18 a 493.2419 TCS19 = 496. 2484 TcS

TDLOGS 9 41.6784 10 71.2129
u : 9 4821.4844 10 8248.6562

TDLOGS 16 100.5157 17 59.5413 18 30.0198 19 14.2961
II S 16 3659.3503 17 3030.1140 18 2908.1416 19 2862.8575

HEAT FLUX s 8.4036T7E+05 OUTLET STFAH QUALITY = 6.77SS23E-01
NON-BOILlNG LFNGTH a 4.934828E+00 BOILING LENGTH = 6.029021E+00

DRUM INT. ENERGY z 1.2969E+10 DRUM LEVEL a 0.8827 CVP a 1.5173 ALFA a 0.4440 DPRP a 2.5067E+07

Ii*********************************** STEAM GENERAttON LOOP-2 ************************************
FEED water Flow aO.O WATEr/STEAM Fi OW a0.4822 STEAM FLOW a0.6455 INT. rOdIUM FLOW a0.5004

p 1 a 1.2150E+07 P 2 a 1.2027E+07 P 3 = 1.2027E+07 P 4 a 1.2134E+07 P 5 a 1.2296E+07 P 6 a 1.2303E+07 P 7 a 1.2326E+07
P A s 1.2303f+07 P 9 a 1.2227E+07 P10 a 1.2090E+07 Pll a 1.2065E+07 P12 a 1.2033E+07 Pl3 a 1.2027E+07 P18 a 1.1997E+07
PIS = 1.1939E+07 P16 a 1.1753E+07 P17 = 1.1564E+07 PlS a 1.1384E+07 P19 a 1.1204E+07 p20 a 1.1155E+07 P21 a 1.0921E+07
His 1.0030F+06 H 2 a 1.6257E+06 H 3 a 1.4984E+06 H 4 a 1.327SE+06 H 5 a 1.3221E+06 H 6 a 1.2932E+06 H 7 a 1.2742E+06
Ha = 1.2734E+06 H 9 a 1.5004E+06 H10 a 2.2996E+06 Hll a 2.2800E+06 H12 a 2.1882E+06 Hl3 a 2.1586E+06 H18 a 2.6815E+06
HIS e 2.6815F+06 H16 a 3.0363E+06 HIT a 3.2079F+06 H18 a 3.2897E+06 H19 a 3.3275E+06 H20 a 3.3274E+06 H21 a 3.3243E+06
TM 1 = 232.3703 TM 2 a 325.6875 TM 3 a 324.7461 TM 4 a 294.7927 TM 5 a 293.9321 TM 6 a 289.3552 TM 7 a 286.1780
TM a s 286.0566 Tm 9 a 326.0098 TMlO = 325.1489 TMll a 324.9905 TM12 = 324.7849 THIS = 324.7461 TM18 a 324.5574
TMIS = 324.1902 TM16 a 394.7532 TMl7 a 445.8064 TMIS a 473.6755 TM19 a 486,9509 TM20 a 486.7053 TM21 a 484,3647
TCS 6 a 338.1323 TCS 9 a 363.5491 TCSIO = 453.0667 TCS11 a 453.6750 TCS12 = 854. 3738 TcSlS a 454 .6287 TCS14 a 4*
TCSlS = 449.8508 TCS16 a 475.5874 TCS17 a 487.7268 TCS18 a 493.4878 TCS19 = 496. 2551 TCS

tdlog: 9 44.4117 10 73.7181
u : 9 4834.0156 10 8288.6328

TDLOG: 16 101.6046 17 59.2631 18 29.4983 19 13.9026
u : 16 3664.5227 17 3031.3284 18 2911.0530 19 2866.3225

HEAT FLUX a 2.500151E+05 
NON-BOILlNG LFNGTH a 4.626612E+00

outlet steam Quality = g.ttspTte-oi
BOILING LENGTH = 5.799929E+00

DRUM INT. ENERGY a 1.2969E+10 DRUM LEVEL a 0.8827 CVP a 1.5173 ALFA a 0.4441 DPRP a 2.5028E+07

****************************** steam header thermodynamics ******************************

THROTTLE valve POSITION al.0000 
THROTTLE VALVE Flow aO.O 
header pressure a 1.0921E+07

RELIEF VALVE flow aO.O 
TEMPERATURE a 405.7788

DUmP(BYPaSS) VALVE position b0.8632 
DUMP(BYPaSs) VALVE FLOW aO.7181 

SPECIFIC ENTHALPYa 3.3273E+06

******************************* measured values for pps *******************************

PRESNORM a n.44410 VESSEL LEVEL a 4.5623 PToTnoRM a 0.10463
TIHXl a 377.010 TIHX2 a 376.784 TEVAP1 = 338.222 tEVaP2 a 339.061



wIuito

STEP n 50 TIME = 7»99999 SEC s s 0 •200001 SEC
total vector OF CONTROL INTEGERS

11 12 13 14 15 20 25 26 40 41 43 44 46 47 53 54 55 56 63 81 82 83 84 106 107
10ft 109 109 233 236 25l 252 25.3 254 255 256 257 258 259 262 263 264 265 266 267 268 269 291 292 293
294 ?95 296 297 298 299 302 303 304 305 306 307 30a 309 331 332 333 334 335 336 337 338 339 342 343
344 345 346 347 348 349 371 372 373 374 375 376 377 378 379 362 383 384 3S5 386 387 368 389 411 423
424 425 426 427 428 432 450 462 463 464 465 466 467 47i 480 463 485 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 c 0 0 0 0 0 0 0 0 0 0 0 0
0 n 0 0 0 0 0 0 0 0 0 0 0 0

************ **************** NEUTRON KINETICS calculations **************************
PTOT s 
PDN ! 
ROTOT 
RODOp 
TRO

81.988 MWT 
0.891 MWT 

.17.592834 * 
-0.997528 * 

505.151

PN =
2 0. 

ROCR1 
ROSOD 

TROM
PD = 0.9000 ETST =
PTOTNORM = 0.0841 PNNORM *

******************************** P R

FZlNRM * 0.3634
flows: 1 6.2248E+02 2 6,2166F+0P
AL1 = 0.3513 NEW1= 0.3576 BPl= 1
AL2= 0.3512 NEW2= 0.3571 RP2a
PD = 0.9000 TRISP x 387.779 NEWSP
TRIM: 379.497 379.498 NEWm:
et: 1,49O8E+O1 1.4906E+01 1

18.553 MWT 
MWT PFP 

2.749999 
-0.024454 
538.473 
11.749756 
0.0190

I M A R Y

PFP s 63.435 MWT
3 16.727 MWT 8 17.770 MWT 5

R0CR2 = 0.0 * ROFDBK *
ROCRE = -1.097416 * ROCAE s

TSTm = 483.007
FTRO = 29.025635 EF a -O.OsOOOO

0.0651

28.938 MWT 
.2.342841 S 
.0.223444 S

DELRO = •0.000333
PFPNORM x

coolant

SCRAM RODS! PRIM X 100.000 X SEC X 0.0

DYNAMICS x*******************************
F72NRM X 0.3631 
3 6.8i(58E+02

0.1212 TMOTNl=
0.1213 TM0Tn2= 

a 0.9000 ASP =
0.3738 0.3733

Ew: 5.8386E-01

FZ3nRM x n.3574 
4 4.9832E+01
0.0
0.0

Hplx
Hp2=

.9000 XKW 
alm:

5.4632E-01

CANRM = 0.2887 
5 2.3487E+01
0.1199 FREQla 
0.1200 FREQ2= 
a 1.316E-03 EPS

0.3513
ea:

RBNRM x 0.3235 
6 2.4123F+02
348.136 
348.199

1•000E-05

BPNRM x 0.3881 
7 8.4301E+01

0.3512
7.4871E-01

INLET
N= 3 
PRSNRM

7.4881E-01
x 0.4045

****************************** R E A C T 0 R HE AT transf E R ******************************

core hot spot: MAX. COOLANT TEMP. = 561.553 MAX. CLAD TEMP, a 591.388
PEAK CORE AVERAGE temperature of: FUEL CENTERLINE a 805.8ifi CLAD INNER a 449'.672 clad outer x 448.804
TM 1 x 391.478 TM 2 s 778,274 TM 3 * 561.56? TM 4 a 388.598 Tm 5 s 715.482 TM 6 = 540.476
TM 7 a 388.406 TM 8 = 660,450 TM 9 = 517.841 TMlO a 449.603 TMll s 496.730 TM
TC 1 a 381.855 TC 2 s 510.710 TC 3 = 529.167 TC 4 = 381.424 TC 5 s 496.014 TC 6 x 513.362
TC 7 a 381.398 TC 8 s 478,81R TC 9 = 494.029 TClO a 453,662 Tell s 488,8*3 TC12 = 379.520
TCH a 379.519 TCI2 r 379.519 TC I 3 = 379.519 TCI4 a 379.519 TcI5 8 379.519 TCI6 = 379.519
lower plenum: TOP 70NC temp. X 379.519 BOTTOM ZOnE TEMP. = 379.!517
upper plenum: 7JET a 6.400 TOP ZONE TEMP, a 528 .463 BOTTOM ZONE TEmP. S 528,4*3 NOZZLE TEMP. = 526

************************* IHX-1
TP: 1 525.979 2 504.691 3 484.926

ll 369.269

THERMAL CALCULATIONS »**»»*»**»************»«*

465.737 5 446,50g 6 426.773 7 406.182 8 384.322 9 360.546 10 525.973



TS! 1 508.725 2 488.563 3 469.404 4 450.21?. 5 430.609 6 410.206 7 388.595 8 365,169 9 339.002 10 500.300

************************* I H X - 2 T H E R M A L C A L C U L A T I 0 N S *************************

TP! 1 525.979
11 358.221

2 502.516 3 461.861 4 461.681 5 442.733 A 423.154 7 402.751 8 381.437 9 359.015 10 525.973

TS! 1 506.009 2 484.833 3 464.838 4 445.442 3 426.041 6 405.793 7 384.635 8 362.403 9 338.995 10 499.530

*************** prim A R Y S 0 0 I U M T R A N s P 0 R T r a L C U L A T IONS ***************

TCI! 1 528.573 2 527.978 3 527.236 4 526.648 5 526.285 6 526,100 7 526.018 8 525.986 9 525.975 10 525.972
TW1: 1 526.245 2 526.144 3 526.065 4 526.016 5 525,990 6 525.978 7 525.973 8 525.972 9 525.972 10 525.972
tc?: 1 525.972 2 525.972 3 525.972 4 525.972 5 525.972 6 525.972 7 525.973 8 525.974 9 525.975 10 525.977
TW2: 1 525.985 2 525.985 3 525.985 4 525.986 5 525.986 6 525.987 7 525.988 8 525.988 9 525.988 10 525,988
TC3! 1 371.892 2 374.144 3 375.949 4 377.292 5 378.215 6 378,801 7 379,145 8 379.332 9 379.426 10 379.471
TW3! 1 378.074 2 379.096 3 379.255 4 379.360 5 379.426 6 379.465 7 379.485 8 379.495 9 379.500 10 379.502
TC4 ! 1 528.573 2 527.978 3 527.236 4 526.648 5 526.285 6 526.100 7 526.018 8 525.986 9 525.975 10 525,972
TW4! 1 526.245 2 526.144 3 526.065 4 526.016 5 525.990 6 525,978 7 525.973 6 525.972 9 525,972 10 525.972
TC5! 1 525.972 2 525.972 3 525.972 4 525.972 5 525.972 6 525.972 7 525.973 8 525.974 9 525.975 10 525.977
TW5! 1 525.985 2 525,985 3 525.985 4 525.986 5 525.986 6 525.987 7 525.988 8 525.988 9 525.988 10 525.988
TC6! 1 371.136

378.816
2 373.632 3 375.624 4 377.099 5 378.108 6 378.745 7 379.118 8 379.320 9 379.422 10 379.470

TM6! 1 2 379.061 3 379.235 4 379.349 5 379.421 6 379.463 7 379.485 8 379.496 9 379.501 10 379.504

************************* I ft1 T E R M E D T ATE L 0 0 P - 1! C 0 0 L A NT D Y N A !M I C S *************************

SODIUM 1flow rate - 0.3906 PUMP SPEED S i0.3610 PUMP HEAD a 0. 1138 MqTqR GEN. SET FREQ. = 78. 165 CYCLES/SEC
main motor torque 1 • DRIVE MOTOR TORQUE = 0.0 PUMP TORQUE = 0.1200 FRICTION TORQUE ' s 0.0203

************************* I ft1 T E R M E D I ATE L 0 0 P - 2! C 0 0 L A N 1r 0 Y N A iM I C S *************************

SODIUM 1flow rate s 0.4268 PUMP SPEED ~ 10.3720 PUMP HEAD = 0. 1075 motor GEN. SET FREQ. = 77, 423 CYCLES/SEC
MAIN motor torque 1.1767 DRIVE MOTOR TORQUE * 0.0 PUMP' TORQUE a 0.1191 FRICTION TORQUE s 0.0206

******************** I N T' E R M E n I A T E L 0 0 P - 1! S 0 D I U M TRAN S 1PORT ********************

TCS1! 1 498.065 2 496.944 3 496.477 4 496.311 5 496.260 6 496.247 7 496,244 8 496.244 9 496.244 10 496.244
TWS1I 1 496.437 2 496.312 3 496.264 4 496.249 5 496,245 & 496.244 7 496.244 6 496.244 9 496.244 10 496.244
TCS2! 1 336.375
TWS2! 1 338.778
rcss: 1 338.139 2 338.760
TWS3S 1 338.919 2 338.973
TCS4! 1 338.901 2 338.963 3 338.988 4 338.996 5 338.999 6 339.000 7 339.000 8 339.000 9 339.000 10 339.000
TWS4! 1 338.997 2 339.000 3 339.801 4 339.001 5 339.001 6 339.001 7 339.001 8 339.001 9 339.001 10 339.002

******************** I N T' E R M E 0 I A T E L 0 0 P * 2! S 0 D I 11 M TRAN S 1PORT ********************

tcsi: 1 497.326 2 496.542 3 496.318 4 496.266 5 496,256 6 496.255 7 496.255 6 496.255 9 496.255 10 496.255
TUSl! 1 496.395 2 496.290 3 496.261 4 496.255 5 496.255 6 496.255 7 496.255 8 496.255 9 496,255 10 496.255
TCS2S 1 338.144
TWS2« 1 338.954
TCS3S 1 338.965 2 339.101
TWS3t 1 338.998

339.072
2 339.000

TCS4! 1 2 339.031 3 339.007 4 338.997 5 338.994 6 338.993 7 338,993 8 338.993 9 338.993 10 338,993
TWS4! 1 339.000 2 338.996 3 338.994 4 338.994 5 338,994 6 338.994 7 338,994 8 338.994 9 338.994 10 338.994

************************************ £ f E AM G E N E R A T 1' 0 N L 0 I0 P . 1 ************************************

feed water flow =o>•0 water/steam flow *0 .4186 STEAM FLOW =0.7625 INT. sOnlUM FLOW at1.5906

P 1 = 1.2150e: + 07 P 2 = 1.1768E + 07 P S = 1.176SE + 07 P 4 = 1.188nE + 07 p 5 = 1.1985E + 07 p 6 = 1.1993E + 07 P 7 = 1.2015E + 07



P 8 * 1.1993E+07 P 9 
P15 B 1.1630^+07 P16
HIP 1.0030F+06 H 2 
H 8 p 1.27if3r+06 H 9 

.6848^+06 H16
232.3703 TH 2 P 
286.2090 Tl3 9 s 
322,1909 TH16 p 
333.1003 TCS 9 
438.9026 TCS16

TDLOG! 16 
U ! 16

HIS 
TH 1 p 
TH 8 p 
THIS = 
TCS 8 
TCSlS

1.1927E+07 
1.136SE+07 
1.6202E+06 
1.9882E+06 
3.0021E+06 

325.6892 
324.1101 
382.6736 

353.9302 
968.9556 

TDLOGI U : 
100.7321 

3922.6077

P10 p 1.1816E+07 
P17 p 1.1096E+07 
H 3 p 1.4984E+06 
H10 P 2.3571E+06 
H17 p 3.1805E+06
TH 3 p 
TH10 P 
TM1 7 p 

Tcsin 
TCS17 

9 
9
17

323.0854 
323.3958 
433.8542 
p 453.1487 
p 484,2253 

37.7140 10 
4537.6875 10 

66.7236 18 
3307.2439 l8

1.1796E+07 
1.0837E+07 
1.S385E+06 
2.3357E+06 
3.2756E+06 

p 296.3521

Pll 
Pl8 
H 4 
HU 
Hl8 
TH 4
TH11 p 323.2703 
THIS p 465.6130

TCSH p 453.4167 
TCS18 x 491.9912 

67.9607 
8191.1797

37.0902 19 
3l63;9294 19

P12 t 
P19 ! 
H 5 i 
H12 i 
H19 i 
TH 5 
TH12 
TH19

1.1771E+07 
1.0573E+07 
1.33S1E+06 
2.2390E+06 
S.3242E+06 

p 295,5725 
p 323.1067 
= 482.5979

TCS12
TCS19

453,
496.

1.1768E+07 
1.0502E+07 
1.3019E+06 
2.2134E+06 
S.3245E+06 

290.7742 
TH13 p 323.0854 
TH20 p 482.3879 

1714 TcSl3 p 451, 
2441 TeS

PIS = 
p20 = 
H 6 p 
Hl3 » 
HZO p TH 6

P14 p 
P21 p 
H 7 p 
H14 p 
H21 p 
TH 7

1,1712E+07 
1.0209E+07 
1.2754E+06 
2.6848E+06 
3.3247E+06 

> 286.3943
TH14 p 322.7241 
TH21 * 480.9944
5608 TCS14 p 447.3638

19.3179
3105.5122

HEAT FLUX p 2.277921E+05 
NON-BOIlING LENGTH p 4.747912E+00

OUTLET STEAH QUALITY p 7.248732E-01 
BOILING LENGTH p 6.037077E+00

DRUH INT. ENERGY p 1.2609E+10 DRUH LEVEL p 0.8434 CVP x 1.8357 ALFA x 0.3742 OPRP x 1.6759E+07

*««*••••••**•*•***•*****•*********** STEAH GENERATION LOOP ************************************
feed water flow bo.o WAtEr/STEAH Fi OW pO.4196 STEaH FLOW =0.7625 INT. rOdIUH FLOW p0.4268

P 1 » 1.2150E+07 P 2 p 1.1770E+07 P 3 = 1.1770E+07 P 4 = 1.1882E+07 P 5 = 1.1986E+07 P 6 = 1.1994E+07 P 7 a 1.2017E+07
P 8 p 1.1994E+07 P 9 = 1.1931E+07 P10 b 1.1818E+07 Pll * 1.1798E+07 P12 = 1.1773E+07 pl3 a 1.1770E+07 P14 b 1.1714E+07
PIS x 1.1632E+07 P16 = 1.1367E+07 P17 x 1•1097E+07 Pl8 a 1.0837E+07 P19 = 1,0574E+07 p20 a 1.0503E+07 P21 p 1.0209E+07
Hi* 1.0030E+06 H 2 p 1.6203E+06 H 3 b 1.4984E+06 H 4 = 1.3385E+06 H 5 s 1.3332E+06 H 6 a 1.3020E+06 H 7 = 1.2755E+06
H 8 * 1.2744E+06 H 9 p 1.4B84E+06 H10 p 2.3573E+06 Hll * 2•3359E+06 HI 2 = 2.2393E+06 Hl3 * P.2138E+06 H14 * 2.6848E+06
H15 * 2.6848F+06 Hl6 x 3,009ie+06 HI7 b 3.1850F+06 H18 b 3.2785E+06 H19 = 3.3255E+06 H20 p 3.3258E+06 H21 * 3.S252E+06
TH 1 = 232,3703 TH 2 * 325.6873 TH 3 B 323.0989 TH 4 * 296.3579 TH 5 a 295.5786 TH 6 * 290.7805 TH 7 = 286.3979
TH 8 b: 286.2122 TH 9 » 324.1362 TH10 p 323.4102 TH11 p 323.2847 

THIS * 466.6599
TH12 p 323.1204 TH13 p 323.0989 TH14 = 322.7373

THIS p 322,2041 TH16 p 384.5244 TH17 x 435.3733 TH19 = 483.1208 TH20 * 482.8931 TH21 b 481.2053
TCS 8 p 336.1169 TCS 9 = 357.948? TCS10 = 453.5344 TCS11 * 454.0090 TCS12 * 454, 0266 TrSlS * 452 .7913 TCS14 * 4‘
TCS15 s 441.8599 TCS16 b

tdlog: 16
II : 16

470.6782 
tdlog: 
u :

101.9894
3927.8672

HEAT FLUX p 2.407779E+05 
NON-BOILlNG LENGTH x 4.331699E+00

TCS17 p 485.1111 TCS18 x 492.3582 TCS19 * 496.2549 TeS
9 41.3376 10 71.4655
9 4551.3711 10 8234.0039
17 66.2870 18 36.4046 19 18.7186
17 3307.2466 18 3167.3315 19 3110.2422

OUTLET STEAH QUALITY b 7.250452E-01 
BOILING LENGTH = 5.718166E+00

p 449.2146

DRUH INT. ENERGY p 1.2610E+10 DRUH LEVEL b 0.8434 CVP p 1.8355 ALFA x 0.3743 DPRP x 1.6708E+07

*«****»*****«**»*****»»»*»»*»* STEaH header THERHODYNAHICS »**»****»»****»****»»»»*****»*

THROTTLE valve POSITION =1.0000 OUHP(BYPaSS) VALVE POSITION =1.0000
THROTTLE valve flow =0.0 RELIEF VALVE Flow =0.0 nUHPIBYPASSI VALVE FLOW =0.8044
HEADER PRESSURE p 1.0209E+07 TEHPERATURE p 475.0684 SPECIFIC EnTHALPYp 3.3089E+06

******************************* heasured values for pps *»»»**»****»»*»»*»***»»*******»

PRESNORH s 0.40450 VESSEL LEVEL b 4.5623 PToTnoRH b 0.09295
TIHXl = 374.906 TIHX2 = 374.459 IEVAP1 = 336.971 TEVAP2 p 338.420

**** SECONDARY SCRAH INITIATED AT TIHE p 10.000 SEC ****



step » time = 9,99998 SFC S = 0.20000 SEC

TOTAL VECTOR OF cONTROl INTEGERS

raiU1Ul

11 1L2 13 14 15 20 25 26 40 43 46 53 54 55 56 81 82 83 84 84 106 107 108 109 109
233 238 25i 252 253 254 255 256 257 258 259 26? 263 ?64 265 266 267 268 269 291 292 293 294 295 296
297 298 299 302 303 304 305 306 307 308 309 33l 332 333 334 335 336 337 338 339 342 343 344 345 346
397 398 349 371 372 373 374 375 376 377 378 379 382 383 384 385 386 387 388 389 411 423 424 425 426
927 928 43? 450 462 463 464 465 466 467 471 480 483 485 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** N E U T ROW K I N E T I c s CAL c u L A T IONS **************************

PTOT a; 75.397 MWT PN = 14.435 MWT PFP 3 6n .962 MWT
PDN i 1 0.581 MWT 2 0. 352 MWT PFP i 3 14.502 MWT 4 1 7.529 MWT 5 28.931 MWT
ROTOT s -17.959519 * ROCR1 s 2. 749999 s R0CR2 = 0*0 S ROFDBK a -2 .204514 t
RODOp s • 0.696204 $ ROSOD s -0. 025126 $ ROCRE a -1.097405 $ ROCAE a .0 .185779 *
TRO s 985.469 TROM = 509 .278 tstm r 477.277
PO ■ 0.9000 ETST X -11. 749756 ETRO a 29.025635 EF a -0.050000 DELRO a •0 • 000333
PTOTNORH s 0.0773 PNNORM; S 0. 0148 PFPNOrM 5 0.0625 SCRAM RODS* PRIM a 100 .000 * SEC a 0.0

******************************** P RIM ARY C 0 0 L A N T 0 Y N AMI C S ********************************

FZiNrmi = 0.3109 P22NRM a 0.3106 FZ3NRM a 0 .3048 CAnRM = 01.2403 RBNRM a 0.2726 BPNRM a 0 .3355
flows: i 5. 3156E+02 2 5.3072E+0?‘ 3 5.8550E+02 4 4. 2497E+01 5 1.9551E+01 6 2.0325E+02 7 7 •2878E+01
ali= 0. 30m NEM1= 0.3054 BPl= 0.089? TmoTn1= 0*0 Hpla 0.0885 FREQla 464.005
AL2* 0. 3008 NEM2- 0.3049 BP2= 0.0893 TMOTn2= O.o Hp2a 0.0886 FREQZa 464.086
PD = 0. 900f) TRISP = 387 .779 NEWSP a 0.9000 ASP s 0, 9000 XKW = 1,,316E- 03 EPS = 1•000E-05 N e 3
TRIM: 379 .477 379'.476 NEWm: 0.3175 0,,3l7o ALM! 0.3010 0.3008 inlet prsnrm = 0, 3789
et: 1•4944E+01 1«4945E+01 Ew: 6.0213E-C11 6.0262E-01 EA* 7.9905E-01 7.9917E-01

************************ REACTOR heat TRANSFER ******************************

core hot spot: MAX. COOLANT TEMP, a 549.721 MAX . CLAD TEMP, a 556.749
peak core average temperature of: FUEL CENTERLINE a 694.417 Cl AD INNER a 438 .177 Cl AD OUTER a 437.567
TM 1 a 388.238 TM 2 a 669.088 TM 3 a 528.732 TM A a 386.139 Tm 5 = 624.663 TM 6 a 512.604
TM 7 a 386.000 TM 6 = 584.539 TM 9 a 493.726 TM10 3 443,176 TM11 = 488.211 TM
TC 1 a 381.484 TC 2 a 490.039 TC 3 = 504.208 TC 9 a 381.115 TC 5 = 478.708 TC 6 = 492.446
TC 7 a 381.094 TC 8 a 464.072 TC 9 a 476.130 TClO 3 452.805 TC11 = 490.554 TC12 a 379.518
TCI1 a 379.517 TCI2 a 379.517 TCI3 = 379.517 TCI9 a 379.517 TcI5 a 379.517 TCI6 = 379.517
lower plenum: TOP ZONE TEMP, a 379.517 bottom zone temp. * 379.513
UPPER plenum: ZJET a 6.400 TOP ZONE TEMP, a 527 .530 BOTTOM ZONE TEMP, a 527.530 NOZZLE TEMP, a 527

************************* ihx-i thermal calculations *************************

TP! 1 525,976 2 509.068 5 985.936 9 969.176 5 995.037 6 925,217 7 90R.393 8 382.165 9 357.859 10
11 366.683

.530

525.973



95
-'

to

is: 1 510.498 2 469,886 3 470,157 4 450,800 5 431.267 6 410.785 7 389.020 a 365.376 9 339.001 10 501.532

**********+************** I H X - 2 T H E R M A L C A L C U L A Y I 0 N S *************************

tp: 1 525.978 2 501.224 3 479.95fe 4 459.834 5 440.35s 6 420.581 7 400.033 a 378.553 9 356.045 10 525.973
11 365.;551
ts: 1 507.454 2 485.336 3 465.027 4 445.385 *5 425.T37 6 405,434 7 384,235 a 362.043 9 338.994 10 500,567

**4I**« ********* P R I M A R Y son I U M T R A N s P 0 R T C A L C U L A T IONS ***************

TCI! 1 528.312 2 528.181 3 527.619 4 527.003 5 526.531 6 526.239 7 526.085 a 526.014 9 525.985 10 525.975
TW1S 1 526.324 2 526.228 3 526.132 4 526,059 5 526.013 6 525,989 7 525.978 a 525.973 9 525,971 10 525.971
TC2! 1 525.973 2 525.972 3 525.972 4 525.972 5 525.972 6 525.972 7 525,972 a 525.972 9 525.973 10 525,974
TW2; 1 525.983 2 525.984 3 525.984 4 525.985 5 525.985 6 525.985 7 525.986 a 525.986 9 525.986 10 525.986
tcs: 1 369.472 2 371.990 3 374.147 4 375.885 5 377.193 6 378.113 7 378.714 a 379.081 9 379.290 10 379.402
TW3: 1 378.445 2 378.772 3 379.022 4 379.202 5 379.324 6 379.403 7 379.450 a 379.476 9 379,490 10 379.497
TC4: 1 528.312 2 528.181 3 527.619 4 527.003 5 526.531 6 526.239 7 526.085 a 526.014 9 525.985 10 525.975
TW4: 1 526.324 2 526.228 3 526.132 4 526.059 5 526.013 6 525,989 7 525.978 a 525.973 9 525,971 10 525,971
tcs: 1 525.973 2 525.972 3 525.972 4 525.972 5 525.972 6 525.972 7 525.972 a 525.972 9 525.973 10 525.974
TW5: 1 525.983 2 525,984 3 525.984 4 525.985 5 525.985 6 525,985 7 525.986 a 525.986 9 525,986 10 525.986
TC6: 1 368.448 2 371.242 3 373.631 4 375.549 5 376.987 6 377.994 7 378,650 a 379.048 9 379.275 10 379,395
TW6: 1 378.344 2 378.704 3 376.979 4 379.176 5 379.3i0 6 379,395 7 379,447 a 379.476 9 379.490 10 379.498

************************* I N 7' E R M E D TATE L 0 o p - i: C 0 0 L A N T 0 Y N A M I C S *************************

SODIUM flow rate = 0.3374 pump speed s 0.3109 PUMP HEAD = 0,,0840 MOTOR GEN. SET FREQ. = ae,,103 CYCLES/SEC
MAINt motor torque = 1.0917 DRIVE MOTOR TORQUE = 0.0 PUMP TORQUE = 0.0887 FRICTION TORQUE = 0.0192

************************* I N 7' E R M E D TATE L 0 o P - 2: C 0 0 L A N T D Y N A M I C S *************************

SODIUM FLOW RATE = 0.3708 PUMP SPEED = 0.3220 PUMP HEAD = 0.0798 MoToR GEN. SET FREo. s 87.196 CYCLES/SEC
MAIN MOTOR TORGUE = 1.1020 DRIVE MOTOR TORQUE s 0.0 PUMP TORQUE * 0.0888 FRICTION TORQUE = 0.0194

******************** INT r. r m E n I A T E L 0 0 P - 1! s 0 0 M TRAN s p 0 R T ********************

TCSI 1 1 498.871 a 497.377 3 496.670 4 496.385 5 496,284 a 496.253 7 496.245 8 496,244 9 496,244 10 496.244
twsi: 1 496.581 a 496.378 3 496.290 4 496.257 5 496,21(7 6 496.244 7 496.244 8 496.244 9 496,244 10 496.244
TCS2S X 334.522
TWS2* 1 338.541
TCS3S 1 337.301 a 338.437
TWS3* 1 338.814 a 338,936
TCS4S X 338.730 a 338.880 3 338.951 4 338.981 5 338.993 a 338.997 7 338,998 a 338.998 9 338,999 10 338.999
TWS4S X 338.983 a 338.993 3 338.998 4 338.999 5 339,000 a 339.nnn 7 339.000 a 339.000 9 339.000 10 339.000

******************** I N T r. R M E D I A T E L 0 0 P - 2! s 0 0 I II H TRAN S P 0 R T ********************

TCSI! X 497.856
4 96 .'503

a 496,746 3 496.381 4 496.281 5 496.258 a 496.255 7 496.255 a 496.255 9 496.255 10 496.255
TWSI! X a 496.326 3 496.271 4 496.257 5 496.255 a 496.255 7 496,255 a 496,255 9 496.255 10 496.255
TCS2! X 336.759
TWS25 X 338.828
TCS3S X 338.455 a 338,971
TWS3! X 338.958 a 338.994
TCS4! X 339.059 a 339.044 3 339.018 4 339.002 5 338,995 a 338.993 7 338.993 a 338.993 9 338,993 10 338.993
TWS4! X 339.002 a 338.997 3 338.995 4 338.994 5 338.994 a 338.994 7 338.994 a 338.994 9 338.994 10 338.994

************************************ g t e AM G E N E R A Y T 0 N LOO1 P „ 1 ************************************
feed water flow =o.o wayer/steam flow =0.3747 steam flow =0.742* int. sodium flow *0.3374

P 1 = 1.2150E+07 P 2 = 1.14S3E+07 P 3 * 1.1433E+07 p 4 * 1.1549E+07 p 5 = 1.1618E+07 p 6 * 1.1626E+07 P 7 a 1.1648E+07



LS
-'

.m

P 6 = 1.1626F+07 P 9 = 1.1567E+07 PlO = 1.1471E+07 pll 3 1.1455E+07 P12 = 1.1434E+07 Pl3 = 1.1433E+07 P14 a 1.1374E+07
Pl5 = 1.1293E+07 P16 = 1.1035E+07 P17 = 1•0774E+ 07 plS = 1.0521E+07 P19 = 1.0264E+07 p2fl = 1•0195E+07 P21 a 9.9309E+06
Hi® 1.0030E+06 H 2 = 1.6114E+06 H 3 = 1.4964E+0& H 4 = 1.3474E+06 H 5 = 1.3423E+06 H 6 * 1.3101E+06 H 7 a 1.2769E+06
H 6 s 1.2755E+06 H 9 = 1.4735E+06 HlO = 2.4210E+06 Hll = 2.3976E+06 H12 = 2.2946E+06 H13 = 2.2679E+06 H14 a 2.6906E+06
H15 s 2.6906E+06 H16 = 2.9931E+06 H17 = 3.1714E+06 Hl8 = 3.2706E+06 H19 = 3.3237E+06 H20 a 3.3236E+06 H21 a 3.3244E+06
TM 1 = 232.3702 TM 2 = 325.6890 TM 3 = 320.8948 TM 4 = 297.6079 TM 5 = 296.8955 TM 6 a 292.0720 TM 7 a 286.6477
TM 8 = 286.4019 TM 9 = 321.7817 TM10 = 321.1475 TMH = 321.0430 TM12 = 320.9062 TM13 a 320.8948 TM14 a 320.5059
TM15 = 319.9683 TM16 = 377.7112 TM17 = 428.8491 TM18 = 462.0442 TM19 a 480.9065 TM20 a 480.4912 TM21 a 479.5002
TCS 8 
TCS15

329.9H34
429.2488

TCS 9 
TCSlS

TDLOG! 16U ! 16

346.6646
462.2927

TDLOG!
U ! 
96.4044 

3822.5444

TCSln 
TCS17 

9 
9
17

453.1763 
480.4048 

33,3467 10 
4313.0234 10 

66.7116 18 
3245.2927

TCS11 = 452.9309
TCS18 = 490.3333

64.2037 
8186.9531

38.7655 19 
3102.1267 19

TCS12
TCS19

451.5588
496.2439

TcSlS
TeS

= 447.9915 TCS14 = 440.9084

21.1566
3042.2080

HEAT FLUX s 9.150886E+05 
NON-BOILlNG lfNGTH s 4.682474E+00

OUTLET STEAM OuALITY = 7.758678E-01 
BOILING LENGTH s 6.246250E+00

DRUM INT. ENERGY = 1.2206E+10 DRUM LEVEL s 0.8032 CVP a 2,1897 ALFA = 0.3232 DPRP a 1.1593E+07

STEAM GENERATION LOOP-2 ************************************
feed water Flow =o.o WATEr/sTEAM Flow =0.3761 STEAM FLOW =0.7431 INT. SODIUM FLOW =0.3708
P 1 = 1.2150E+07 P 2 a 1.1436E+07 P 3 a 1.1436E+07 P 4 a 1.1552E+07 P 5 a 1.1621E+07 P 6 a 1«1629E+07 P 7 a 1,1651E+07
P 8 a 1,1629E+07 P 9 a 1.1573E+07 Pin a 1,1475E+07 pll a 1.1459E+07 P12 a 1.1438E+07 Pl3 a 1.1436E+07 P14 a 1.1377E+07
PIS a 1.1296F+07 P16 a 1.1037E+07 P17 a 1.0775E+07 pl8 a 1.0522E+07 P19 = 1.0265E+07 p20 a 1.0196E+07 P21 a 9.9309E+06
H 1 = 1.0030E+06 H 2 a 1.6115E+06 H 3 a 1.4984E+06 H 4 = 1.3475E+06 H 5 = 1.S424E+06 H 6 = 1.3102E+06 H 7 a 1.2770E+06
H 8 = 1.2755E+06 H 9 a 1.4738E+06 HlO a 2.4210E+06 Hll a 2.3978E+06 H12 = 2.2950E+06 Hl3 a 2.2684E+06 H14 a 2.6906E+06
H15 a 2.6906E+06 H16 a 2.9995E+06 H17 a 3.1772E+06 Hi® = 3.2743E+06 H19 a 3.3254E+06 H20 a 3.3253E+06 H21 a 3.S252E+06
TM 1 a 232.3702 Tm 2 a 325.6870 TM 3 a 320.9175 TM 4 a 297.6169 TM 5; a 296.9050 TM 6 a 292.0820 TM 7 a 286.6521
TM 8 = 286.4060 Tm 9 a 321.8213 TM10 a 321.1719 TMH = 321.0667 TM131 a 320.9294 TMlS a 320.9175 TM14 = 320.5281
TM15 = 319.9902 Tm16 a 379.4131 TM17 a 430.7644 TM18 a 463.4150 TMl^1 a 481.5442 TM20 a 481.1731 TM21 a 479.8433
TCS 8 a 333.4758 TCS 9 a 351.4087 TLS10 a 453.7063 TcSll a 453.6541 TCS12 = 852, 5242 TrS13 a 449 .3477 TCS14 a 4i|
TCS15 = 432.7937 TCS16 a 464.5237 TCS17 = 481,6284 TCS18 a 490.8760 TCS19 = 496. 2546 TeS

tdlog: 9 37.6546 10 6.8.6546
U ! 9 4328.5312 10 8230.5906

TDLOG! 16 98.3080 17 66.5246 16 37.9679 19 20.4268
u ! 16 3828.86721 17 3246.1218 1© 3105.6050 19 3047.3914

HEAT FLUX = 2,31220QE+05 
NON-BOILlNG lENGTH = 4.152223E+00

OUTLET STEAM QUALITY = 7.75R825E-01 
BOILING LENGTH = 5.R21755E+00

DRUM INT. energy * 1.2208E+10 DRUM LEVEL = 0.8032 CVP = 2.1896 ALFA = 0.3235 DPRP = 1.15.40E + 07

****************************** STEAM HEADER THERMODYNAMICS ******************************

THROTTLE VALVE POSITION =0.9998
throttle valve flow =o.o 
header PRESSURE = 9.9309E+06

RElIEF VALVE FLOW =0.0 
TEMPERATURE = 473.2505

dUmP(ByPaSs) VALVE position =0.9608 
oUmP(BYPaSs) VALVE FLOW =0.7622 

SPECIFIC ENTHALPYs 3.3082E+06

******************************* MFASUREO VALUES FOR PPS *******************************

PRESNORM = 0.37890 VESSEL LEVEL = 4.5623 PToTnoRM = 0.08409
TIHXl = 372.581 TIHX2 = 371.885 TEVAP1 = 335.150 TEVftP2 = 337.214



ro
Ul
CO

STEP n 110 TIME * :19.99994 SEC: s s 0 .200001 SEC

total vector OF CONTROL INTEGERS
u 13 14 15 20 25 26 40 43 46 53 54 55 56 si 02 83 04 04 106 107 108 109 109 233

936 ?5l 25? 253 254 255 256 ?57 25ft 259 262 263 264 ?65 266 267 268 269 ?9l 292 293 294 295 296 297
290 299 30? 303 304 305 306 307 30A 309 33i 332 333 334 335 336 337 330 339 342 343 344 345 346 347
340 349 37i 372 373 374 375 376 377 370 379 302 303 304 385 306 387 388 3®9 4ll 423 424 425 426 427
420 43? 450 402 463 464 465 466 467 471 400 483 405 ft 0 0 0 0 0 0 0 0 0 0 ft

0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** neutron kinetics CALCULATIONS

PTOT = 
PON ! 
ROTOT a 
RODOP s 
TRO = PO =
PTOTNORM 
TAU 1 a

56.993 MWT 
0.09i* MWT 

-23.527359 * 
-0.723748 * 

447.667 
0.9000 
0.0585 

5.0176

PN = 4.438 MWT
0.287 MWT

TAU 5 a 7299.2695

ROCR1 = 
ROSOD a 

TROM 
ETST a 
PNNORM 
TAU 2 a 
TAU 6 a

PFP :
$s

PFP a 
3

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

2.749999 
-0.025864 

a 451.037
-11.749756 

a 0.0046
48.1928
2.0000

PRIMARY

R0CR2 
ROCRE 

TSTm
ETRO a 
PFPNOrm 
TAU 3 a 
TAU 7 a

52.555 MWT 
7,303 MWT 4

-6.299999
-1.097217
480.172

29.025635
0.0539

12.0048
2.0000

16.358 MWT
ROFDBK
ROCAE

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

28.893 MWT 
-1.977362 * 
-0,130534 $

EF a -0.050000 DELRO = 
SCRAM RODS* PRlM = 100.000 

TAU 4 * 133.3333
TAU 8 = 60.0000

•0,000333
X SEC a 100.000 X

coolant DYNAMICS ********************************
FZINRM
flows*
AL1*
AL2*
PD *

a 0.1694 
1 2.8796E+02
0.1640 NEW1= 
0.1638 NEW2= 
0.9000 TRISP

2 2.8729E+02
0.1654 BPl* 
0.1650 BP2a 
387.779 NEWSP

F72NRM a 0.1691 
3 3.1872E+02

0.0266 TMOTNla 
0.0266 TMOTN2- 

0.9000 ASP

FZ3NRM a 0.1675 
4 2.3S54E+01

O.o HPla
0.0 HP2a

a 0,9000 XKW

CANRM a 0.1196 RBNRM a 0.1408 BPNRM a 0.1884
5 9.7278E+00 6 1.0498E+02 7 4.0928E+01
0.0265 FREQla 1121.600
0.0265 FREQ2a 1121.785
a 1.316E-03 EPS a 1.000E-05 N = 3

0.3275TRIMs 378.848 37<J.792 NEWM: 0.1699 0.1695 alm: 0,,1640 10.1638 INLET prsnrm a 0
et: 1.6077E+01 1.6177E+01 Ew: 7.5123E-01 7,.5175E-01 ea: ■9.3605E-01 9,3619E-01
TAU 1 S 1.30600 TAU 2 s 1.13528 TAU 3 a 0.07323 TaU 4 a 0.33449 TAU 5 a 0.01805 TAU 6 = 0,02077
TAU 7 3 0.06668 TAU 8 s 9.59087 TAU 9 a»»»**»**»* TaUIO a 5.00000 TAUll a 0.50000 TAU12 a 0.02000
TAU13 S 9.58971 TAU14 a**»******* TAU15 = 5.00000 TAU16 = 0.50000 TAU17 a 0.02000 TAU18 a 0.0

****************************** reactor h Eat t R A N S F E R ******************************

TAU 1 3 2.0970 SEC TAU 2 a 3.0374 SEC TAU 3 = 2.0979 SEC TAU 4 s 2.0957 SEC TAU 5 a 3.0797 SEC
TAU 6 3 2.0965 SEC TAU 7 a 2.0958 SEC TAU 8 = 3,0363 SEC TAU 9 s 2.0965 sec TAUIO a 7.2947 SEC
TAUll 3 11.1483 SEC TAU12 a 81.0239 SEC TAU13 = 9.0029 SEC TAU14 s 0.1944 SEC TAU15 a 0.4368 SEC
TAU16 3 0.'8915 SEC TAU17 a 0.2143 SEC TAU18 = 0,4724 SEC TAU19 s 0.9674 SEC TAU20 a 0,2169 SEC
TAU21 3 0.4734 SEC TAU22 a 0.9757 SEC TAU23 = 0,4903 SEC TAU24 s 0.7330 SEC TAU25 a 16.7892 SEC
TAU®6 3 168.0855 SEC TAU27 a O.o SEC TAU28 = 0.1944 SEC TAU29 a 0.2143 sec TAU30 a 0.2169 SEC
TAUSl 3 0.4903 SEC TAU32 a 0.7330 SEC TAU35 = 16.7892 SEC TAU

CORE HOT SPOT: MAX. COOLANT TEMP, a 500.89S> MAXc1 clad te«p. s 503.850
PEAK CORE AVERAGE TEMPERATURE of: fuel centerline a 531.733 clad1 INNER :: 420.895 CLAD OUTER a 420.653
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TM 1 a 384.717 TM 2 a 512.588 TM 3 # 464.452 TM 4 = 383,468 Tm 5 s 491,453 TM 6 = 454,568
TM 7 = 385.386 TM 8 a 474.116 TM 9 * 444.035 TM10 = 425.317 TmU s 461.524 TM
TC 1 = 381.456 TC 2 a 458.320 TC 3 c 461.216 TC 4 = 381.091 TC 5 s 449.065 TC 6 a 451.967
TC 7 = 381.070

a 379.482
TC 8 a 439.279 TC 9 s 441.755 TClO = 446.724 Tell s 489.791 TCI? a 379.508

TCI1 TCI2 a 379.48? TCI3 « 379.482 TCI4 a 379.48? TCI5 s 379.482 TCI6 a 379.48?
LOWER PLENUMS TOP TONE TEMP, a 379.482 bottom zone temp. = 379.1*23
UPPER PLENUM! ZJET a 6.400 TOP ZONE TEMP. = 522 .443 bottom ZONE temp. s 522.443 NOZZLE TEMP, a 522.443

************************* I h X - 1 T H E R M A L C A L C U L A T t 0 N s *************************

TAUPI 1 24.7281 2 2.1515 3 2. 2166 4 2.2494 5 2,2703 6 2.288i 7 2 .3064 8 2.3230 9 2,3244 10 544,2476
11 6.00?9

TAUS« 12 1.0178 13 1.0081 m
TP t 1 525.^73 2 301.172 

11 338.178
TSl 1 515,458 8 498.961

0.9955 15 0.9922 l6
3 479.980 4 459.886 5 439.939

3 471.868 4 451.931 5 431.856

0.9904 17 0.9902 18 0,9920 l9
6 419.469 7 397.893 8

1.0019 20 19.8873 21 26.5991
374.661 9 349.410 10 525.973 

6 411.080 7 388.855 8 364.843 9 338.994 10 506.128

************************* I H X - 8 THERMAL calculations *************************
2.8831 7 2.2910 8 2.3027 9 8.2272 10 545.5227TAUP8 1 24.7860 2 2.0842 3 2.1922 4 2.2362 5 2.2787 6

11 6.0261
TAUSl 12 0.9851 13 0.9575 14 0.9461 15 0.9421 16 0.9418 17 0.9448 18 0,9533 l9 0.9838 20 17.6957 2l 23.6485
TP! 1 525.973 2 495.224 3 472.193 4 451.419 5 431.216 6 410.802 7 389.756 8 368.070 9 346.889 10 525.973

11 355.724
TS! 1 511.482 2 484.898 3 463.101 4 442,691 5 422.467 6 401.826 7 380.498 8 358.874 9 338.993 10 504.469

*************** P F( I M A R Y SOD I U M T R /1 N s P 0 R 1 C A L C: U L A T I c1 N S ***************

TAUCl: 1 6,58571 2 6.58185 3 6,57948
56.26701

4 6.57851 5 6.57853 6 6,57909 7 6.57979 B 6,58041 9 6.58085 10 6.58113
tauWi: 1 56.24971 2 56,26044 3 4 56.26971 5 56,26959 6 56.26805 7 56.26611 B 56,26442 9 56,26318 10 56.26242
TAUC2S 1 2.49519 2 2.49520 3 2.4952? 4 2.49523 5 2.495?3 6 2.49524 7 2,49524 A 2.49524 9 2,49524 10 2.49524
TAUW? s 1 47.45781 2 47,45779 3 47.45773 4 47.45769 5 47,45766 6 47.45766 7 47,45766 A 47.45766 9 47,45766 10 47,45766
TAUC3S 1 4.18795 2 4,18456 3 4.18131 4 4.17825 * 4.17543 6 4.17294 7 4.17082 8 4.16909 9 4.16775 10 4.16676
TAUWBj 1 47.01898 2 47,02719 3 47.03505 4 47.04245 •i 47,04926 6 47.05524 7 47,06035 B 47.06451 9 47.06773

6.58089
10 47.07008

TAUC4: 1 6.58575 2 6,58189 3 6.5795? 4 6.57855 5 6,57857 6 6.57913 7 6,57984 6 6.58045 9 10 6.58117
TAUW4S 1 56.27673 2 56.28752 3 56.29410 4 56.29678 5 56.29672 6 56.29515 7 56.29323 A 56.29149 9 56.29025 10 56.28951
TAUCS! 1 2.49519 2 2.49521 3 2.4952? 4 2,49524 5 2,49524 6 2.49524 7 2.49525 6 2.49525 9 2,49525 10 2.49525

47,47186TAUW5S 1 47.47202 2 47,47198 3 47.47192 4 47.47188 5 47,47188 6 47.47186 7 47,47186 8 47.47186 9 47,47186 10
TAUC6! 1 4.19065

47.02574
2 4.18689 3 4.18319 4 4.17971 3 4.17655 6 4.17377 7 4.17141 8 4.16950 9 4,16803 10 4,16695

TAUW6! 1 2 47,03493 3 47.04391 4 47.05238 5 47,06000 6 47,06670 7 47.07239 8 47.07701 9 47.08054 10 47,08315
TCI I 
THIS 
TC2 ! 
TU2S 
TC3S 
TW3S 
TC4S 
TW4: 
TC5: 
TW5S 
TC6S 
TU6.

524.921
526.233
526.036
525.984
361.146
375.452
524.921
526.233
526.036
525.984
358.955
375.002

526.563
526.381
526.014 
525.982
364.015 
376.275 
526.563 
526.380 
526.014 
525.982 
362.213 
375.929

527.397 
526.389
525.998
525.980 
366.750
377,000
527.397 
526.389
525.998
525.980 
365.337 
376.742

527.581
526.321
525.987
525.980
369.299
377,620
527.581
526.321
525.987
525.980
368.218
377.431

527.367
526.224
525.980
525.979 
371.601
378.132 
527.367 
526.224
525.980
525.979 
370.793
377.998

526.997
526.133 
525,976
525.979 
373,600 
378.539
526.997
526.133 
525,976
525.979 
373.013 
378,448

526.633
526.064
525.973
525.979 
375,262 
378.850
526.634
526.064
525.973
525.979 
374.852 
378.790

526.355
526.020
525.972
525.979
376.579
379.077
526.355
526.020
525.972
525.979
376.303
379.040

526.172
525.993
525.972
525.979 
377.570 
379.235 
526.172 
525.993
525.972
525.979 
377,394 
379.213

10
10
10
10
10
10
10
10
10
10
10
10

526,066
525.979
525.973
525.979
378.280
379.341
526,066
525.979
525.973
525.979
378.171
379.329

************************* INTERMEDIATE L 0 0 P * 1t coolant dynamics ****»*«»***********»»*«**

TAU! 1 5.103650 2 9.595160 3 0.500000 4
sodium flow rate * 0.1930 pump speed = 0,1735 
MAIN motor torque a 0.9612 DRIVE MOTOR TORQUE a

0.020000 5 3.999999
PUMP HEAD s 0.0249 MoTqR SEN. SET FREQ, a 145.624 CYCLES/SEC 
0.0 PUMP TORQUE a 0,0268 FRICTION TORQUE a 0.0160

*••••******•«*****••**«** INTERMEDIATE LOOP* 2! COOLANT DYNAMICS **»»**»****»*****»**»»»»*

J
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TAU* 1 fi.794784 2 9.383678 3 0.500000 4 0.020000 3 3.999999
sodium flow rate = i).2170 PUMP SPEED = 0 .1828 PUMP HEAD = 10.0240 MOTOR GEN. SET FREQ. = 182S.943 CYCLES/SEC
MAIN motor torque 3 0.9651 DRIVE MOTOR TORQUE = 0,,0 PUMP torque = 0. 0275 FRICTION TORQUE ** 10.0162

******************** INT E PI M E D I A T E L 0 c1 P - i: s 0 D I U l«1 TRAN S P 0 R T ********************

TAUCl: X 10.35221 2 IO.36182 3 10.36845 4 10.37248 3 10.37465 6 10,37569 7 10.37614 8 10.37630 9 10.37637 10 10.37638
TAUWl: 1 46.95613 2 46.94862 3 46.94347 4 46.94032 5 46.95860 6 46.93779 7 46.93747 8 46.93730 9 46.93727 10 46.93727
taucz: 1 7.29022
TAUW2: X 46.75505
TAUC3: X 9.44886 2 9.43366
tauw3: X 46.50749 2 46.52324
TAUC*»: X 4.48893 2 4.48748 3 4.48651 4 4.48589 5 4.48553 6 4.48532 7 4.48520 8 4.48515 9 4,48512 10 4.48511
TAUW1*! X 46.53088 2 46.53409 3 46.53619 4 46.53754 5 46.53833 6 46,53876 7 46.53903 8 46.53914 9 46.53922 10 46.53925
TCSI! 1 507.431 2 499.740 3 498.022 4 497.059 5 496.580 6 496.368 7 496.283 8 496.253 9 496.285 10 496,244
twsi: X 497.733 2 497,029 3 496.618 4 496.404 5 496,305 6 496.263 7 496.248 8 496.244 9 896.284 10 496,244
TCS25 1 323.555
TWS2S 1 335.889
TCS3i 1 330.906 2 335.186
TWS3! X 337.361 2 338.264
TCS4: X 336.592 2 337.545 3 338.160 4 338.537 5 338.756 6 338.877 7 338.940 8 338.971 9 338.985 10 338.990
TWS4S 1 338.659 2 338,803 3 338.890 4 338.941 5 338.969 6 338.983 7 338.990 8 338.993 9 338.993 10 338.998

******************** INT E P! M E 0 I A T E L 0 c1 P - 2: S 0 0 I II 81 TRAN S P 0 R T ********************

TAUCl: X 14.98871 2 15.00276 3 15.01035 4 15.01377 5 15.01508 6 15.01551 7 15.01563 8 15.01566 9 15.01566 10 15.01566
TAUWl: X 46.79887 2 46.29208 3 46.28838 4 46.78671 5 46.28606 6 46.28584 7 46,28577 8 46.28577 9 46.28577 10 46.28577
TAUC2: X 6.49930
TAUW2: X 45.69514
TAUC3: X 8.42284 2 8.41060
TAUW3: X 45.90024 2 45.91319
TAUC**! X 7.22649 2 7.22418 3 7.22318 4 7.22282 5 7.22272 6 7.22271 7 7.22272 8 7.22273

45.92427
9 7.22273 10 7.22273

TAUW4! X 45.91965 2 45.92249 3 45.92369 4 45.92413 5 45.92427 6 45,924p7 7 45.92427 8 9 45.92427 10 45.92427
tcsi: X 500.384 9 498,029 3 496.912 4 496.465 5 496.312 €> 496,266 7 496.254 8 496.254 9 496.254 10

496.254 10
496,254

twsi: X 497.390 2 496.715 3 496.415 4 496.302 5 496.265 6 496.255 7 496.254 8 496.254 9 496.254
tcs2 : X 325.802
tws2 : X 336.680
tcss: X 337.621 2 336.305
twss: 1 337.878 2 338.557
TCS45 X 337.908 2 338.627 3 338.903 4 338.987 5 339.002 6 338.999 7 338,994 8 338,993 9 338,993 10 338.993
TWS4 1 X 338.846 2 338.949 3 338.984 4 338.991 5 338.994 & 338.994 7 338,994 8 338.994 9 338.994 10 338.994

************************************ «5 t E AM G E N E RATI 0 r1 LOO P ■• 1 ************************************

tau: X 4.148453 2 4.148062 ’i 4.1^8745 4 3.989085 5 5.980364 6 5.963360 7 5. 987426 8 5.,934986
9 5.926722 10 2.158783 11 13.990131 12 0.0 13 52.178253 14 1.695069 15 11.591403 l6 60.600037

17 3.390615 18 3.737224 19 0.613876 ?0 1.072028 21 4.249234 22 1.072855 23 2.768442 24 0.163329
25 0.087560 76 0.076395 27 0.069742 78 0.066306 29 0.237930 30 8.324181 3i 9.358294 32 0.814383
33 0.103421 34********** 35********** 3fi 1.000000 37 1.999999 3fi 1.999999 39 1.999999

FEED WATER Flow *0.0 WATER/STEAM Flow =0.2581 steam flow =0.4305 INT. SODIUM FLOW =0.1930

P X s 1.2150E+07 P 2 = 1.0590E+07 P 3 a 1.0590E+07 P 4 3 1.0714E+07 P 3 3 1.0719E+07 P 6 = 1,0729E+07 P 7 = 1.0750E+07
p e s 1.07302+07 p 9 = 1.0664E+07 PXO = 1.0611E+07 PH 3 1.0602E+07 PX2 = 1.0589E+07 pl3 = 1.0590E+07 P14 = 1.0573E+07
PX5 s 1.0542E+07 P16 = 1.0448E+07 PX7 = 1•0355E+07 Pia 3 1.026SE+07 PX9 a 1.0177E+07 p2o = 1.0153E+07 P21 = 1.0067E+07
H X s 1.0030F+06 H 2 = 1.5984E+06 H 3 a 1.4984E+06 H 4 S 1.3780E+06 H 5 a 1.3740E+06 H 6 = 1.3829E+06 H 7 = 1.2859E+06
H fi s 1.28S0F+06 H 9 = 1.4360E+06 HXf) a ?,2318E+06 Hll S 2.2736E+06 HX2 s 2.4095E+06 Hi 3 = 2.4367E+06 H14 = 2.7108E+06
HX5 = 2.7108E+06 H16 = 3.0232E+06 HX7 = 3,1978E+06 HlB S 3.2899E+06 HX9 s 3.3369E+06 h20 = 5.3367E+06 H21 = 3.3298E+06
TH 1 != 232.3700 TM 2 <= 325.6887 TM 3 s 315.1523 TM 4 81 301.5678 TM 3 s 301.0742 TM 6 = 296.9487 TM 7 :* 288.1418
TM 1B := 287.6707 Tm 9 = 315.6699 TM10 = 315.3020 TMll 8 315.2346 TM12 s 315.1850 TM13 = 315.1523 TM18 := 315.0352
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TM15 = 
TCS 8 s 
TCSlS =

314.8188 TMlfe = 315.?180 TCS 9 407.P554 TCSlfe

TDLOG! 16 II ! 16

381.2471 = 320.3560
= 449.7612

TDLOG!U ! 
79.8794 2756,9060

TM17 s 434.9990 TMlfl = 467.8972 TM19 = 485.6501 TM20TCS10 = 448.0515
TCS17 = 474.7136

9 12.9062 109 3597.5076 10
17 52.8120 1817 2327.6504 18

TCS11 = 443.1326
TCS18 = 488.7559

38.2975 
7403.7773

29.2817 19 
2231.2263 19

TCS12 = 435.7246
TCS19 * 496.2437

15.1509
2194.4602

= 485.4465 TM21 = 482.3091
TrS13 * 426.2317 TCS14 = 416.0908
TeS

HEAT FLUX s 1.160271E+05 
NON-BOILlNG LENGTH = 7.714686E+00 outlet steam Quality = 6.237263E-01 

BOILING LENGTH = 6.305303E+00

w

DRUM INT. ENERGY s 1.0B74E+10 DRUM LEVEL 3 0.6529 CVP = 3.7186 ALFA = 0.1902 DPRP 3 2.4806E+06
Jr*********************************** STEAM GENERATION LOOP-2 *»»*******»«*»*****»*****»***»**«***
TAU! 1 3.749331 2 3.749028 3 3.734439 3,621024 5 5.310940 6 5.298656 7 5.286373 8 5.2761609 5.268980 in 2.122417 11 12,575969 12 o.o 13 51.445328 14 1.671246 15 11.428211 16 59.75573717 3.343400 1* 3.582349 19 0.548836 20 0.919251 21 3.850746 2? 0.992176 23 2.694365 24 0.15893029 0.084314 5>6 0.073652 27 0,067370 0.064168 29 0.230565 30 8.060205 31 9,318667 32 0.801297

39 0.099994 -34********** 35********** 36 1.000000 37 1.999999 3ft 1.999999 39 1.999999FEED WATER 1flow 30.0 water/steam flow =0.2617 STEaM FLOW =01.4441 INT. SODIUM FLOW =0 .2170
P 1 = 
P 8 = 
PIS = 
H 1 = 
H 8 = M15 = 
TM 1 : 
TM 8 : 
TM15 : 
TCS 8 
TCS15

1.2150E+07 
1.0768E+07 
1•0576E+ 07 
1.0030E+06 
l,2832r+06 
2.7105E+06 

232.3700 
287.6960 
315.0562 

= 317.5830
= 413.3320

P 2 P 9 
P16 H 2 
H 9 
H16 
TM 2 = 
Tm 9 = 
Tm16 = TCS 9 TCS16

TDLOG! 16 II ! 16

1.0629E+07 
1•0704E+07 
1•0476E+07 
1.6007E+06 
1.4377E+06 
3.0329E+06 

325.6868 
315.9541 
384.1936 

320.8281 
454.2502 
TDLOG!U ! 
83.3720 

2808.8630

P 3 PlO P17 
H 3 
HlO H17 
TM 3 = TM10 = TM17 = Tcsin 

TCS17 
9 
9
17 
17

• 0629E + 07 . 0649E+07 
,0376E+07 
•4984E+06 •3455E+06 
•2061E+06 315.4260 315.5701 
438.1411 
= 448,2507
= 477.3564
13.7928 10 

3628.9988 10 
53.1530 18 2368.5295 18

P 4 : 
Pll s p!8 : 
H 4 1 
Hll « 
Hla : 
TM 4 
TMll 
TM18

1.0753E+07 1.0640E+07 
1.0282E+07 
1.3784E+06 2.4229E+06 
3.2951E+06 301.6143 315.5039 
469.9697

PS: P12 : P19 : 
H 5 : H12 : 
H19 : 
TM 5 
TM12 TM19

1.0758E+07 1.0628E+07 1.0187E+07 
1.3744E+06 2.5116E+06 
3.3389E*06 = 301.1238s 315,4197 s 486.4937

TCS11 = 443.4448
TCS1S 3 489.8735

38.6824 
7650.503928.4764 19 2273.9202 19

TCS12
TCS19

436
496

P 6 1 
Pl3 1 
p20 1 H 6 1 
Hl3 1 H20 i TM 6 
TMlS 
TM20 

.6052 
2544

: 1.0767E+07 : 1.0629E+07 
: 1.0161E+07 
: 1•3433E+06 ■ 2.5165E+06 
: 3.3387E+06 
= 297.0115= 315.4260= 486.3076
TcSlS = 428,
TCS

P 7 = P14 s 
P21 3 H 7 3 
H14 s 
H21 s 
TM 7 TM14 
TM21 3738

1.0788E+07 1.0609E+07 1.0067E+07 
1.2860E+06 2.7105E+06 
3.3318E+06 

: 288.1697
e 315.2842 

483.1128 
TCS14 s 420, 1377

14.2350
2238.5916

HEAT FLUX s 1.210910E+05 
NON-BOILlNG I ENGTH 3 7.331756E+00

outlet steam Quality = 7.126595F-01
BOILING LENGTH = 6.688232E+00

DRUM INT. ENERGY 3 1.0881E+10 DRUM LEVEL = 0.6512 CVP 3 3.7238 ALFA 3 0.1912 OpRp = 2.4170E+06
*****3****3****»3************3 STEAM HEADER THERMODYNAMICS *»******»*****»*»********»»***

time constant of the header pressure gauge *THROTTLE VALVE POSITION 31.0000
THROTTLE VALVE FLOW 30.0 RELIEF VALVE FLOW rO.OHFADER PRESSURE 3 1.0067E+07 TEMPERATURE = 481.0422

0.150000 SECONDSDUMP(BYPaSs) VALVE POSITION =0.5530 DUMP(BYPaSs) VALVE FLOW 30.4417SPECIFIC ENTHALPY3 3.3266E+06
******************************* MEASURED VALUES for pps *******************************

tau ! o.isooPRESNORM = 0.32749
TIHXl = 362.264

0.5000 0,1000 5.0000
VESSEI LEVEL = 4.5623TIHX2 3 360.223 TEVAP1 = 321.662

5.0000 5.0000PToTnoRM s 0.07733 
TEVAP2 3 324.583

5.0000
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STEP n 160 TIME = 2S1.99988 SFC s = 0 .200001 SEC

total vector OF CONTROL INTEGERS
11 13 14 15 20 25 26 53 81 82 83 84 84 106 107 108 109 109 233 238 251 252 253 254 255

J>56 257 25S 259 262 263 264 265 266 267 268 269 29l ?9? 293 294 295 296 297 298 299 302 303 304 305
*06 307 30ft 309 33l 332 333 334 335 336 337 338 339 34? 343 344 345 346 397 348 349 371 372 373 374
^75 376 377 378 379 382 383 384 385 386 387 388 389 411 423 424 425 926 427 432 450 462 463 464 465
466 471 4dn 483 485 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 n 0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 n
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n
0 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** neutron KINETICS

PTOT s
pdn :
ROTOT s 
RODOp = 
TRO a 
PO *
PTOTNORM

51.114 MWT 
0.022 MWT 

-23.504547 * 
.0.706582 S 

454.381 
0.9000 
0.0524

PN a 2.970 MWT
2 0.233 MWT PFP

ROCR1 s 2.749999
ROSOD = -0.024863

TROM a 451.799
ETST s -11.749756
PNNORM = 0.0030

PFP 3 
3 4.031

R0CR2 3 
ROCRE 3 

TSTm s 
ETRO s 
PFPNOrm s

CALCULATIONS 

48•145 MWT
MWT 4 15.258 MWT 5

-6.299999 S ROFDBK *
-1.096786 $ ROCAE t
482.964

it*************************

28.856 MWT 
-1.954556 $ 
-0.126375 S

29.025635 EF a -0.050000 DELRO = -0.000333
0,0494 SCRAM RODS< PrIM s 100.000 X SEC s 100.000 X

******************************** PRIMARY coolant dynamics ********************************
fziNrm 
FLOWS! 
AL1* 
AL2*
PD = 
TRIM:

= 0.1052 
1 1.7734E+02
0.0995 NEW1= 
0.0997 NEW2a 
0.9000 TRISP a

FZ2NRM s 0.1047
2 1.7722F+02 3 1.9742E+02
0.1019 BPla 0.0098 TMOTNla
0.1018 BP23 0.0097 TmoTnZs
387.779 NEWSP 3 0.9000 ASP

FZ3NRM = 0.1040 
4 1.4497E+01
0.0138 HPls 
0.0139 Hp2a 

0.9000 XKW
377.417 377.222 NEWm: 0.1043 0.1042 alm:

CANRM a 0.0695 RBNRM a 0.0838 BPNRM a 0.1158
5 5.6534E+00 6 6.2474E+01 7 2.5150E+01
0.0096 FREOls 1849.606
0.0096 FREQ2s 1849.884
s 1.316E-03 EPS = 1.000E-03 N a 2

0.0998 0.0997 INLET PRSNRM a 0.3131
Et: 1.8653E+01 1.9003E+01 EW! 8.2025E • 01 8.2080E-01 1£A: 1.0002F+00 1•0003E+00

****************************** R E A C T 0 R HE A T T R A N S F E R ******************************

core hot spot: MAX. COOLANT IILJ 528.458 MAX. CLAD TEMP, a 530.848
PEAK CORE AVERAGE temperature of: FUEL CENTERLINE a 518.291 CLAD INNER a 429'.967 CLAD OUTER 3 429.779
TH 1 3 384.445 TM 2 a 501.120 TM 3 * 470.898 TM 4 = 383,263 tm 3 s 481.424 TM 6 = 459.050
TM 7 = 383.191 TM 8 = 466.307 TM 9 s 448.314 TM10 s 418,692 TMll s 449.234 TM
TC 1 s 382.128 TC 2 = 476.188 TC 3 s 470.812 TC 4 = 381.618 TC 5 s 463.728 TC 6 S 458.848
TC 7 = S8i;595 TC 8 = 452.315 TC 9 a 448.051 TClO 3 444,181 Tell s 487.601 TC12 = 379.480
TCIl s 379.393 TCI2 a 379.393 TCI 3 = 379.393 TCI4 3 379.393 TcI5 s 379.393 TCI6 a 379.393
lower plenum: TOP 70NE TEMP, a 379.393 BOTTOM ZOnE TEMP. a 379,231
upper plenum: zjet = 6.400 TOP ZONE TEMP. * 519 .177 BOTTOM ZONE TEMP. s 519.177 nozzle TEMP, a 519

************************* I H X THERMAL
TP1 1 525.973 2 498.073 3 476.465

11 353.610

CALCULATIONS

415.167 7 393,173

*************************
8 369.524 9 344.905 10 525,9734 456.163 5 435.968 6
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Cd

TSl 1 517,636 2 492,205
*************************

tP: 1 525.973 2 488.838
11 351.313
TSS 1 512.927 2 481.729

3 471.105

I H X - 2 

3 465.399

3 459.283

4 450.919

T H E R 

4 444.469

4 438.606

5 430,634

M A L C

5 424.054

5 418.171

6 409.584

A L C U L A 

6 403.388

6 397.379

7 387.204

T I 0 N S 

7 382.246

7 376.181

8 363.104 9 338.985 10 508.888
*************************

8 361.185 9

8 355.500 9

342.771 10 

338.993 10

525.973

506.771
*************** PRIM/t R Y R (3 n I U M T R A N s P 0 R T C A L C U L A T IONS ***************

TCI 2 1 521.947 2 524.254 3 525.911 4 526.877 5 527.251 6 527,219 7 526.978 8 526.683 9 526.423 10 526.231
TW1! 1 525.570 2 526.060 3 526.327 4 526.417 5 526.390 6 526.305 7 526.205 a 526.119 9 526.056 10 526.015
TC2 * 1 526.168 2 526.117 3 526.076 4 526.044 5 526.021 6 526.003 7 525.991 8 525.982 9 525.976 10 525.973
TW2I 1 526.007 2 525.997 3 525.990 4 525.985 5 525.981 6 525.979 7 525,978 8 525.977 9 525.976 10 525.975
TC3S 1 356.666 2 359.597 3 362.417 4 365.113 5 367.655 6 369.998 7 372,097 8 373.914 9 375.426 10 376.633
TW3: 1 372.038 2 373.259 3 374.379 4 375.389 5 376.280 6 377.045 7 377.683 8 378.196 9 378.594 10 378.892
TC4J 1 521.947 2 524.254 3 525.911 4 526.877 5 527.251 6 527.219 7 526.978 8 526.683 9 526,423 10 526.231
TW4: 1 525.570 2 526.061 3 526.327 4 526.417 5 526.390 6 526,304 7 526,205 6 526.119 9 526.056 10 526,015
tcs: 1 526.168 2 526.117 3 526.075 4 526.044 5 526.021 6 526.003 7 525.991 8 525.982 9 525.976 10 525.973
TW5l 1 526.007 2 525.997 3 525.990 4 525.985 5 525.981 6 525.979 7 525.978 8 525.977 9 525.976 10 525.975
TC6l 1 354.375 2 357.434 3 360.492 4 363.490 5 366.346 6 368.979 7 371,327 8 373.349 9 375.025 10 376.359
TW6: 1 371.236 2 372.573 3 373.818 4 374.946 5 375.941 6 376.795 7 377.503 8 378.071 9 378.509 10 378.837

************************* I N T E R M E D T ate L 0 0 P - 1: C 0 0 L A N T D Y N A M I C S *************************

SODIUM flow rate s 0.1267 PUMP SPEED - 0.1082 PUMP HEAD = 0,,0087 MOTOR GEN. SET FREQ, s 210. 243 CYCLES/SEC
MAIN motor torque = 0.9285 DRIVE MOTOR TORQUE = 0,0 PUMP TORQUE = 0.0098 FRICTION TORQUE s 0.0145

************************* J N T E R M E 0 1 ate L 0 0 P - 2! C 0 0 L A N T D Y N A M I C S *************************

SODIUM FLOW RATE = 0.14&1 PUMP SPEED = 0.II6I PUMP HEAD = O.OOSS motor gen. SET FREO. s 207.918 CYCLES/SEC
MAIN motor torque s 0,9306 DRIVE MOTOR TORQUE = 0 .0 I TORQUE = 01.0102 FRICTION TORQUE s 0.0147

******************** INT E R M E D I A T E L 0 0 p - 1: s 0 D I u M TRAN S P 0 R T ********************

tcsi: 1 504.848 2 501.638 3 499.339 4 497.865 5 497,018 6 496.580 7 496,375 8 496.288 9 496.255 10 496,243
twsi: 1 499.221 2 498.005 3 497.199 4 496.718 5 496.458 6 496.330 7 496.273 8 496.251 9 496.243 10 496.243
TCS28 1 316.316
TWS21 1 331.977

324.969TCS3I 1 2 331.222
twss: 1 334.756 2 336,776
TCS4I 1 333.538 2 335.312 3 336.606 4 337.506 5 338.103 6 338,48? 7 338.712 8 338.844 9 338.918 10 338.956
TWS48 1 337.790 2 338.219 3 338.514 4 338.707 5 338.829 6 338.903 7 338.945 8 338.968 9 338.980 10 338.985
******************** INT E R M E 0 I A T E L 0 0 P * 2: fi 0 D I u M TRAN S P 0 R T ********************

tcsi: 1 502.226 2 499,207 3 497.531 4 496.739 5 496,414 6 496.298 7 496.261 8 496.254 9 496.254 10 496.254
twsi: 1 498.560 2 497.340 3 496.703 4 496.416 5 496.303 6 496.264 7 496,254 6 496.254 9 496.254 10 496.254
tcss: 1 317.501
twss: 1 332.900
tcss: 1 325.979 2 332.042
twss: 1 339.426 2 337.220
TCS4: 1 335.391 2 337.308 3 338,289 4 338.736 5 338.914 6 338.974 7 338.989 6 338.991 9 338.991 10 338.992
TWS4! 1 338.183 2 338,638 3 338.8®3 4 338.943 5 338.978 6 338.988 7 338,991 8 338.992 9 338.993 10 338.993
************************************ steam generation LOOP 1 ************************************

FEED WATER Flow *0.0 WATEr/STEAM Flow =0.2098 steam flow 50.2458 INT. sOoIlJM FLOW =0.1267

AUXILIARY feed water AVAILABLE AT 30.000 SECONDS ENTHALPY = 1.5580E+05 AUX. WATER FLOW =1.0000
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p 1 = 
P 8 = 
PIS = 
H 1 = 
M 8 = 
HIS = 
TM 1 i 
TM 8 i 
TMlS : 
TCS 8 
TCSlS

1.2l50r+07 
1.0358P+07 
l.t>223r + 07 
1.5580F+05 
1.2917fr+06 
2.7i83f+06 

: 232.3699
: 289.0999

312.5422 
= 308.1962
= 402.3930

P 2 
P 9 
P16 
H 2 
H 9 
Hi6 
TM 2 = 
TM 9 = 
TM16 = 
TCS 9 
TCS16

TDLOG! 16 
u : 16

1•0228E+07 
1•0283E+07 
1.0190E+07 
1.5994006 
1.4198E+06 
3.0668E+06 

325.6885 
312.9712 
391.8882 

315.585? 
450.0356 
tdlog:U : 
72.831? 

1927,0884

P 3 
PlO 
P17 
H 3 
HlO 
HIT 
TM 3 = 
TM10 = 
TM17 = 

TCS10 
TCS17 

9 
9
17 
17

.02285+07 
•0245E+07 
.0158E+07 
.49845+06 
.02315+06 
23435+06 
312.5757 
312.7007 
446.7979 
a 439.3267 
= 476.?749

8.2742 10 
3228.0015 10 

42.2013 18 
1602.6482 18

p 4 : 
pll : 
PlS : 
H 4 : 
Hll =
Hl8 :
TM 4 
TMll 
TM18

1.03545+07 
1.02375+07 
1.01275+07 
1.39715+06 
2.05455+06 
3.31315+06 

= 303.7229
i 312.6406 

476.0901

P 5 : 
P12 s 
P19 : 
H 5 : 
H12 : 
H19 : 
TM 5 
TM12 
TM19

1.03445+07 
1.02255+07 
1.00975+07 
1.39375+06 
2.17205+06 
3.34895+06 

s 303.3557 
= 312.5557
= 490.0461

TCS11 = 431.7590
TCS18 = 489.8916

31.9591
7026.1328

20.6573 19 
1543.5420 19

TCS12
TCS19

422
496

P 6 ! 
Pl3 i 
p2fl 
H 6 
HlS i 
H20 ! 
TM 6 TM13 
TM20 

,9417 
,2434

: 1.03535+07 
: 1.02285+07 
: 1.00885+07 
= 1.36595+06 
: 2.20125+06 
: 3.34835+06 
s 300.0415 
a 312.5757 
a 489.7654 
TrSl3 a 4i4, 
TCS

P 7 * 1.03745+07 
P14 a 1.02355+07 
P21 a 1,00625+07 
H 7 a 1.29545+06 
H14 = 2.71835+06 
H21 = 3.33775+06 
TM 7 a 289.6987 
TM14 a 312.6243 
TM21 a 485,4241 
0818 TcSl4 a 406.6677

9.4973
1523.5625

HEAT FLUX a 9.1885315+04 
NON.BOILING LENGTH a 9.1350185+00

OUTLET STEAM QUALITY = 4.6454555-01 
ROILING length = 4.B84971E+00

DRUM INT. ENERGY a 1.01325+10 DRUM LEVEL a 0.5645 CVP a 1.0000 ALFA a 0.1302 OPRP a 1.66455+05

************************************ STEAM GENERATION LOOP-2 ******»»»»******»*»***»***»*»»*»»*«*
FEED WATER FLOW bO.O WATEr/STEAM Flow a0.2l39 STEaM flow aO•2804 INT. sOoIUM FLOW aO.1461

auxiliary feed water available at 30.000 seconds enthalpy = 1.55805+05 AUX. WATER FLOW =1.0000
Pis 1.21505+07 P 2 a 1.0282E+07 P 3 a 1.0282E+07 p 4 a 1.04075+07 P 5 a 1.03975+07 p 6 = 1.04065+07 P 7 a 1.0427E+07
p 8 = 1.04075+07 P 9 a 1,0339E+07 PlO a 1.0299E+07 Pll a 1.02915+07 P12 a 1.02795+07 PlS a i.0?82E+0t P14 a 1.0284E+07
P15 = 1•02705+07 P16 a 1.0228E+07 P17 a 1.01865+07 PlB a 1.01475+07 P19 a 1.01085+07 p20 a 1.00975+07 P21 a 1.0062E+07
HlS 1.55805+05 H 2 a 1.60465+06 H 3 = 1.49845+06 H 4 a 1.39775+06 H 5 a 1.39435+06 H 6 a 1.36665+06 H 7 a 1,29575+06
H 8 = 1.29205+06 H 9 a 1.4222E+06 HlO a 2.10095+06 Hll = 2.12955+06 H12 a 2.24355+06 Hl3 a 2.27255+06 H14 a 2.71735+06
H15 = 2.71735+06 H16 a 3,06685+06 H17 a 3.2350F+06 HlS a 3.31345+06 H19 a 3.34855+06 H20 a 3.34805+06 H21 a 3.33935+06
TH 1 s 232,3699 TM 2 a 325.6865 TM 3 a 312.9626 TM 4 a 303.7869 TM 5 = 303.4231 TM R a 300.1348 TM 7 a 289.7563
TH 8 = 289.1545 Tm 9 a 313.3748 Tmio = 313.085? TMll = 313.0271

a 476.2993
TM12 = 312.9453 TM13 a 312.9626 TM14 a 312.9829

THIS S: 312.8801 Tm16 = 392.1814 TM17 = 447.2185 TMlS T»l9 a 489.9407 TM20 a 489.6748 TM21 = 486.0410
TCS 8 = 309.6357 TCS 9 a 316,2944 TCS10 a 438.8733 TCS11 a 431.9829 TCS12 = 824. 4753 TcSlS a 417 .2803 TCS14 a 41
TCSlS = 407.1428 TCS16 a 453.3604 TCS17 a 478.0623 TCS18 a 490.!5195 TCS19 a 496. 2542 TeS

TDLOG? 9 9.0151 10 32.6509
u : 9 3266.3203 10 7118.9453

TDLOG: 16 76.5328 17 44.2934 18 21.4699 19 9.7376
u : 16 2098.1108 17 1748.8782 18 1685.0640 19 1663.5762

411.2185

HEAT FLUX a 9.5108695+04 
NON-BOILlNG LENGTH a 8.585405E+00

outlet steam Quality = 5.238r235-oi 
BOILING LENGTH = 5.434584E+00

DRUM INT. ENERGY a 1.00885+10 DRUM LFVEL a 0.5541 CVP a 1.0000 ALFA a 0.1314 OPRP a 9.88525 + 04 
****************************** steam header THERMODYNAMICS ***»*»»»»*«**»»***»»***«***»**

THROTTLE VALVE POSITION 31,0000
THROTTLE VALVE flow =0.0 REl IEF VALVE FLOW aO.O
HEADER PRESSURE a 1.00625+07 TEMPERATURE a 483.5171

DUmP(BYPaSS) VALVE POSITION 80.3389 
nUMP(BYPASS) VALVE FLOW aO.2706 

SPECIFIC ENTHALPYa 3.3329E+06

******************************* MEASURED values for pps *******************************
PRESNORM = 0.31306
TIHXl a 355.974

VESSEL LEVEL a 4.5623 
TIHX2 a 353.654 TEVAP1 a 3H.774

PToTnoRM
TEVAP2

0.05845
313.661
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STEP * i>10 TIME = •39.99983 SEC: s s 0 .400001 SEC

total vector OF CONTROL INTEGERS
11 12 13 14 15 19 20 24 25 26 40 43 46 53 54 55 56 81 82 83 84 64 106 107 108

109 1 09 232 233 237 238 251 252 255 254 255 25* 257 258 259 262 263 264 265 266 267 268 269 291 292
295 294 295 296 297 298 299 302 303 304 305 306 30? 308 309 331 332 333 334 335 336 337 338 339 342
3**5 344 345 346 347 348 349 371 37? 373 374 375 376 377 378 379 362 363 384 385 386 387 388 389 411
425 424 425 426 427 428 432 450 462 463 464 463 466 467 47i 460 483 484 485 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0
0 ft 0 0 0 0 0 0 ft 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 ft
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

t****************** ******* NEUTRON kinetics calculations **************************

PTOT = 
PON : 
ROTOT s 
RODOP = 
TRO = 
PD -
PTOTNORM 
TAU 1 =

47.913 MWT 
0.009 MWT 

-23.506256 * 
-0.708551 * 

467.466 
0.9000 
0.0491 

5.0176
TAU 5 = 7299.2695

PN =
2 0.1 
ROCR1 = 
ROSOD s 
TROM 

ETST = 
PNNORM 
TAU 2 = 
TAU 6 =

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

2.322 MWT 
90 mWT PFP

2.749999 
-0.024144 

= 465.368
-11.749756 

= 0.0024
48.1928
2.0000

primary

pfp s
3 2.542
ROCR2 = 
ROCRE s 
TSTM = 

ETRO = 
PFPNOrm = 
TAU 3 s 
TAU 7 s

45.590 MWT 
MWT 4 14,
-6.299999 * 
-1.096045 * 
485.463 

29.025635 
0.0468 

12.0048 
2.0000

230 MWT
ROFDBK
ROCAE

28.819 MWT 
-1.956256 $ 
-0.127517 *

EF s -0.050000 DELRO = 
SCRAM RODS* PRIM = 100,000 

Tau 4 = 133.3333
tau s * 60.0000

-0.000333
S SEC s 100.000 %

coolant dynamics ********************************
0.09*8FZINRM = 0.0909 FZ2NRM = 0.0907 FZ3NRM = 0.0882 CANRM1 = 0.0587 RBNRM = 0,.0713 BPNRM' Z 1

FLOWS! 1 1.5237E+02 2 1.5305E+0? 3 1 .7101E+02 4 1.2300E+01 5 4 .7786E+00 6 5.3185E+01 7 2 .14!
AL1= 0. 092S NEW1= 0.0875 PPl= 0.0090 TMOTNl= 0.0221 HPls 0.10093 FREQIs 2603.426
AL?= 0. 09?5 NEW2= 0.0879 BP2= 0.0090 TM0TN2= 0.0221 HP2= 0.10092 FREQ2s 2603.722
PO s 0. 9000 TRISP = 387.779 NEWSP = 0 .9000 ASP s 0.9000 XKW s 1.316E-0S EPS s 1.000E-03 N s 1
TRIM! STM.847 37*5.488 NEWM! 0 .0877 0,,0881 ALM! 0. 0925 0 .0925 INLET PRSNRM c 0
ET! 2.1478E+01 2.2124F+01 EW! 8.4054E-01 8,,4l02E-0l EA! 1 •0075F+00 1■0075E+00
TAU 1 = 2.35044 TAU 2 = 2. 01674 Tau 3 = 0.1230? Tau 4 = 0.56213 TAU 3 = 0.02844 TAU 6 * 0.03369
TAU 7 = 0.12623 TAU 8 = 16. 06007 TAU 9 =********** TAUIO s 5.00000 TAUll s O.sOOqO TAU12 s 0.02000
TAU13 = 16.08324 TAU14 =********** TAU15 = 5.00000 T AU16 = 0.50000 TAU17 s 0.02000 TAU1R s 0.0

****************************** R E A C T 0 R H E A T T R A N S E E R ******************************

TAU 1 = 2.0979 SEC TAU 2 = 3.0390 SEC TAU 3 = 2.0993 SFC TAU 4 s 2.0964 SEC TAU 5 s 3.0811 SEC
TAU 6 = 2.0976 SEC TAU 7 = 2.0966 SEC TAU 8 = 3.0379 SFC TAU 9 s 2.0976 SEC TAUIO s 7.2969 SEC
TAUll = 11.1518 SEC TAU12 r 152.4114 SEC TAU13 s 16.9387 SEC T AUl4 = 0.3152 SEC T aU15 s 0.6517 SEC
TAU16 = 1.4303 SEC TAU17 = 0.3397 SEC TAU18 = 0.8915 SEC T AUl 9 z 1.5204 SEC T AU20 s 0.3434 SEC
T AU2i = 0.6908 SEC TAU22 = 1.5331 SEC TAU23 = 0.5683 SEC TAU24 z 0.8760 SEC T AU25 x 32.0244 SEC
TAU26 = 313.0940 SEC TAU27 = 0.0 SFC TAU28 = 0.3152 SFC TAU?9 z 0.3397 sec tauso x 0.3434 SEC
TAUSl = 0.5683 SEC TAU32 = 0.8760 SEC TAU33 = 32.0244 SFC TAU

core hot spots MAX. coolant temp. = 550.847 MAY., CLAD TEMP. z 553.145
PEAK CORE AVERAGE temperature of! fuel centerline = 520.831 Cl ad INNER :s 437.313 CLAD OUTER s 437.135



99
-'

w

TM 1 s 389.335
383.'089

TM 2 s 509.736 TM s s 988.599 TM 4 s 383.157 Tm 5 = 989,178 TM 6 = 973.200
tm 7 : TM 8 s 968.885 TM 9 s 960.696 TMIO = 915.990 TMll = 992.849 tm
TC 1 s 382.393 TC 2 s 990.682 TC 3 s 987.983 TC 4 s 381.779 TC 5 = 975.012 TC 6 = 972.633
TC 7 = 381.799 TC 8 5 962.075 TC 9 s 960.081 TClO s 991.715 Tell = 981.901 TC12 = 379.936
TCIl s 379.266 TCI2 S 379.266 TCI3 s 379.266 TCI4 s 379,266 Tc 15 = 379.266 TC 16 = 379.266
LOWER PLENUM! TOP ?ONE TEMP. ■ 379.2*6 BOTTOM ZONE TEMP. = 578.988
UPPER PLENUM! ZJET = 6.900 TOP zone temp. = 517.282 BOTTOM ZONE TEMP. = 517.282 NOZZLE TEMP, s 517.281
************************* IHX-1 THERMAL CALCULATIONS *************************

TAUPS 1 96.7523 2 2.5938 3 P.7693 9 2.8989 5 2.8892 6 2.9077 7 2.9337 8 2.9306 9 2,8129 101028,5957
11 11,3779
TAUS8 1? 1.9039 13 1.3901 19 1.3086 15 1,2992 16 1.2991 17 1.2908 18 1.3033 l9 1.3661 20 90,0695 21 53.5697
TP! 1 525.973 2 996.535 3 979.950 9 959.051 5 933.T2a 6 912.798 7 390.532 8 366.793 9 393.293 10 525.973

11 350,859
TS! 1 519.086 2 991.752 3 970.255 9 999.951 5 929.555 6 908.386 7 385.855 8 361.843 9 338.967 10 510.686

************************* IHX-2 THERMAL CALCULATIONS *************************

TAUP! 1 96.5263 2 2.3508 3 2.7903 9 2.8076 5 2.8688 6 2.9211 7 2.8938 8 2,8181 9 2,5159 101029,0103
11 11.3338
TAUS! 12 1.9956 13 1.3027 19 1.2760 15 1.2619 16 1.2912 17 1.2817 18 1.3007 l9 1.9309 20 35,9997 21 97.3978
TP! 1 525.973 2 989.689 3 960.783 9 939.906 5 919.068 6 398,515 7 377.156 8 357.168 9 391.319 10 525.973

11 348.789
TS! 1 519.213 2 978.951 3 955.998 9 939.920 5 919.692 6 393.770 7 372.667 8 353.130 9 338.987 10 508.203

*************** PRIMARY SOOIUM TRANSPORT CALCULATIONS ***************

TAUCl: 1 12.36089 2 12.35185 3 12.34377 4 12.33752 5 12.33340
TAUWl! 1 69.78662 2 64,80974 3 64,83034 4 64.84634 64.85684
TAUC2! 1 9.68960 2 4,68471 3 4,68480 4 4.68487 3 4.68493
TAUW2! 1 52.08653 2 52.08620 3 52.08594 4 52.08568 5 52.08548
TAUC3! 1 7.89898 2 7.84264 3 7.83634 4 7.83024 5 7,82440
TAUW3! 1 51.31136 2 51.32491 3 51.33839 4 51.35139 5 51.36382
TAUC9! 1 12.36062 2 12.35158 3 12.34350 4 12.33724 5 12.33312
TAUW9! 1 69.71877 2 64,74184 3 64.76234 4 64.77823 3 64.78874
TAUC5! 1 9.68955 2 4.68465 3 4.68474 4 4.68482 3 4.68488
TAU«5! 1 52.04892 2 52.04858 3 52.04829 4 52.04807 5 52.04784
TAUC6! 1 7.85344 2 7.84718 3 7.84077 4 7.83436 3 7,82805
TAUW6! 1 51.26669 2 51.28001 3 51.29372 4 51.30733 3 51.32074

tci : 1 519.902 2 522.375 3 524.42? 4 525.880 5 526.729 6
TWl! 1 524.693 2 525.481 3 526,020 4 526.321 5 526.451 6
TC2! 1 526.310 2 526.237 3 526.176 4 526.125 5 526.083 6
TW2! 1 526.051 2 526.031 3 526.015 4 526.003 5 525.993 6
TC3! 1 353.746 2 356.689 3 359.551 4 362,301 5 364.922 6
TW3: 1 368.746 2 370.284 3 371.723 4 373.049 5 374.255 6
TC4: 1 519.902 2 522.375 3 524.423 4 525.880 5 526.729 6
TW4: 1 524,692 2 525.481 3 526.020 4 526.321 5 526.431 6
TCS! 1 526.310 2 526.237 3 526.176 4 526.125 5 526.083 6
TW5! 1 526.051 2 526.031 3 526.015 4 526.003 5 525.993 6
TC6! 1 351.598 2 354.539 3 357.498 4 360.437 5 363.310 6
TW6! 1 367.694 2 369.328 3 370.888 4 372.348 5 373.687 6

6 12,33127 7 12.33068 8 12.33105 9 12.33184 10 12,33269
6 64.86226 7 64,66375 8 64.86281 9 64.86079 10 64.85866
6 4.68499 7 4.68503 8 4.68506 9 4.68508 10 4,68510
6 52.08537 7 52.08522 8 52.08514 9 52.08505 10 52.08501
6 7.81886 7 7.81370 8 7.80899 9 7,80480 10 7,80118
6 51,37560 7 51.38652 8 51.39655 9 31,40547 10 51.41307
6 12.33100 7 12.33041 8 12.33077 9 12.33156 10 12,33241
6 64.79414 7 64.79567 8 64.79471 9 64.79271 10 64,79057
6 4.68494 7 4.68498 8 4.68500 9 4.68503 10 4.68504
6 52.04773 7 52.04759 8 52.04747 9 52.04741 10 52.04738
6 7.82193 7 7.81618 8 7.81090 9 7,80622 10 7.80221
6 51.33366 7 51.34589 8 51.35704 9 31.36691 10 51,37541
527.068 7 527.058 6 526.864 9 526.616 10 526.392
526,415 7 526,331 A 526.228 9 526,139 10 526.070
526.051 7 526.026 6 526.007 9 525,993 10 525.983
525.986 7 525.981 6 525.977 9 525.975 10 525.975
367.390 7
375,329 7

369,673
376,265

A 371,730 9 373,530 10 375.031
8 377.056 9 377.706 10 378,221

527.068 7 527.058 8 526.864 9 526,616 10 526.392
526,414 7 526.331

526,026
A 526.228 9 526.139 10 526,070

526.051 7 8 526.007 9 525.993 10 525,983
525.986 7 525.981 8 525.977 9 525.975 10 525.975
366.056 7 368,608 8 370.909 9 372.915 10 374.605
374,886 7 375.928 8 376.809 9 377.528 10 378.098

************************* intermediate loop-ii coolant dynamics *************************

TAU I 1 10.036556 2 16.928899 3 0.500000 9 0.020000 5 3.999999
SODIUM Flow rate * 0.0958 pump speed S 0.0936 pump head s 0.0089 MOTOR gen. SET FREO. s 277.931 CYCLES/SEC
MAIN motor TOROUE a 0.9203 DRIVE MOTOR TORQUE * 0.0212 PUMP TORQUE * 0.0086 FRICTION TORQUE a 0.0192

************************* INTERMEDIATE LOOP- 2! COOLANT DYNAMICS *************************
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TAUS 1 13.220416 2 17.178556 3 0.500000 4 0.020o00 5 3.999999
sodium flow rate is 15.1083 PUMP SPEED = 0 .0948 PUMP HEAD 3 13.0070 MOTOR GEN. SET FREO. s 27!>.363 CYCLES/SEC
MAIN motor toroue 3 0.9206 DRIVE MOTOR TORQUE * 0,.0201 PUMP TORQUE s 0 .0078 FRICTION TORQUE =i I1.0142
******************** INT E 1R M E D I A T E L 0 c) P - 11 s 0 0 1 l) 11 TRAN S P 0 R T ********************

TAUClS 1 20.19737 2 20.21983 3 20.23769 4 20.25067 5 20.25926 6 20.26442 7 20.26723 8 20.26863 9 20.26926 10 20.26952
TAUWl: 1 51.90466 2 51.88837 3 51.87544 4 51.86600 5 51.85974 6 51.85597 7 51,85393 8 51.'85292 9 51,85245 10 51,85225
TAUC2S 1 14.31790
TAUW2S 1 50.30977
TAUCS! 1 18.58925 2 18.54776
TAUW3: 1 51.04572 2 51.08313
TAUC4! 1 8.94214 2 8.93585 3 8.93077 4 8.92686 5 8.92399 6 8.92196 7 8,92060 8 8.91971 9 8.91917 10 B,9i884
TAUW4: 1 51.10619 2 51.11806 3 51.12759 4 51.13495 5 51.14035 6 51.14420 7 51.14676 6 51.14839 9 51,14941 10 51,15004
TCSI S 1 506.476 2 503,010 3 500.383 4 498.574 5 497.449 6 496,815 7 496.490 8 496.338 9 496.273 10 496.250
TWSI • 1 500.746 2 499,079 3 497.898 4 497.133 5 496,683 6 496.441 7 496.322 8 496.269 9 496.249 10 496.243
TCS2S 1 311.928
TWS2S 1 327.921
TCS35 1 320.854 2 327.969
TWS3S 1 331.786 2 334.848
TCS4S 1 330.773 2 333,082 3 334.896 4 336.255 5 337.230 6 337,898 7 338.338 8 338.615 9 338.782 10 338.879
TWS4S 1 336:523 2 337,296 3 337.866 4 338.270 5 338.545 6 338.725 7 338.836 8 338.905 9 338.944 10 338.965
******************** I N T t 1R M E D I A 'T E L 0 C1 P - 2* S- 0 D I U 11 TRAN S P 0 R T ********************

TAUCl; 1 28.70914 2 28.74286 3 28.76544 4 28.77843 5 28.76487 6 28,76767 7 28,78874 8 28.70911 9 28.78920 10 28.78920
TAUui: 1 50.89523 2 50.87973 3 50.86934 4 50.86339 5 50,86041 6 50.85916 7 50,85861 8 50.85844 9 50.85840 10 50.85840
TAUC2: 1 12.74428
TAUW2; 1 49.50925
TAUCS; 1 16.54039 2 16.50426
TAUWS: 1 50.12859 2 50.16202
TAUC1*; l 14.21530 2 14.20078 3 14.19163 4 14.18644 5 14.18377 6 14.18254 7 14.18202 8 14.18184 9 14.18179 10 14,18178
TAUW9; l 50.18631 2 50,20184 3 50,21162 4 50.21716 5 50.22000 6 50.22134 7 50,22189 8 50.22206 9 50.22212 10 50.22212
tcsi : 1 503.486 2 500.H7 3 498.074 4 497.012 5 496,532 6 496.341 7 496.275 6 496.254 9 496.254 10 496.254
twsi: 1 499.'769 2 498.057 3 497.073 4 496.583 5 496.368 6 496.285 7 496.259 8 496.254 9 496.254 10 496.254
TCS2S 1 312.564
TWS2S 1 328.806
TCSS* 1 321.240 2 328.282
TWSS* 1 332.418 2 335.286
TCS4* 1 332.717 2 335,632 3 337.350 4 338,263 5 338,700 6 338.887 7 338,958 8 338.980 9 338,985 10 338.985
TWS4* l 337.047 2 338.009 3 338.535 4 338.798 5 338,917 6 338.964 7 338.981 8 338.985 9 338.986 10 338.987

************************************ s j E iAM G E N E: R A T t 0 h1 LOO p • 1 ************************************

tau* 1 8,060769 2 8.050859 3 8.007442 4 7,639487 5 12.084133 6 12.068241 7 12. 094953 8 12. 017323
9 11.989758 10 1 .968162 11 23.202072 12 0.0 13 64.187469 14 2. 060058 15 13,524072 16 70.761871

17 3.961038 18 5 .079752 19 0.860580 20 2.219094 21 8.095321 22 i. 990541 23 5.189256 29 0.306850
25 0.141049 26 0 .123444 27 0.114107 28 0.109893 29 0.460677 30 16. 218338 3l 14.955339 32 0.988346
33 0.199982 S4***«*»***» 35*»***»**** 36 1.000000 37 1.999999 38 1. 999999 39 1.999999
feed water flow so.o water/steam flow =0.2187 STEAM FLOW =0.2195 INT. SODIUM FLOW =(>.0958

AUXILIARY feed WATER AVAILABLE AT 30.000 SECONDS ENTHALPY = 1.5S80E+05 AUX. WATER FLOW *1.0000
PI* 1.2150E+07 P 2 = 1.0203E+07 P 3 s 1.0203E+07 P 4 = 1.0354E+07 P 5 = 1,0S31E+07 P 6 = 1,0341E+07 P 7 = 1.0361E+07
P 8 = 1.0341E+07 P 9 = 1.0259E+07 PlO s 1•0225E+07 Pll = 1.0215E+07 P12 = 1.0199E+07 PlS = 1.0203E+07 pih s 1.0216E+07
PIS * 1.0207E+07 P16 = 1.0180E+07 P17 a 1.015SE+07 Pl8 = 1•0129E+07 P19 = 1.0105E+07 p2o = 1.0097E+07 P21 9 1.0075E+07
HI* 1.5580E+05 H 2 s 1.5966E+06 H 3 a 7.3163E+05 H 4 = 1.3012E+06 H 5 = 1.3197E+06 H 6 = 1.3619E+06 H 7 X 1.3052E+06
H 8 * 1.3015F+06 H 9 = 1•4188E+06 HlO a 1.8116E+06 Hll * 1.8299E+06 H12 = 1.9569E+06 Hl3 * 1.9915E+06 H14 S 2.7201E+06
HlS * 2.7200E+06 H16 s 3.0758E+06 H17 a 3.244SE+06 HlS = 3■3197E+06 H19 = 3.3516E+06 h20 = S.3513E+06 H21 a 3.3438E+06
TH 1 = 65.1202 TM 2 * 325.6882 TM 3 = 172.6357 TM 4 = 290.6458 TM 5 = 293.5320 TM 6 = 299.5227 TM 7 = 291.2732
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TM 8 r 
TMlS s 
TCS 8 = 
TCS15 =

290.8926 T«| 9 =
3l2.4?2‘t TM16 = 
S03.S991 TCS 9 
400.2437 TCS16

TDLOG: 16
U s 16

312.8013 
394.5120 

= 315.7480
= 451.9731

TDLOG!
U ! 
71.5713 

1784.0374

TMIO = 312.5562 TMll = 312.4805 TM12 = 312.3711 TMi3
TM17 = 450.4014 TMlS = 478.6570 TM19 = 491.1609 TM20

TCS10 = 431.8298
TCS17 = 478.3350

9 6.7431 10
9 3288.1504 10
17 40.9377 18
17 1479.5876 18

TCS11 = 423.6724
TCS18 s 490.8777 

31.4337 
6850.6094

19.0067 19 
1426.0757 19

TCS12 = 415.4907
TCS19 = 496.2495

8.1405
1408.9807

= 312.3987 TM14
s 491.0205 TM21 
TCS13 3 408.5920
TeS

= 312.4900
r 487.8945 
TCS14 3 403.8831

HEAT FLUX s 8.811694E+04 
NON-BOILlNG LENGTH s 1.049555E+01

OUTLET STEAM QUALITY 3 3.024436C-01 
BOILING LENGTH = 3.524435E+00

DRUM INT. ENERGY 3 1.0161E+10 DRUM LEVEL 3 0.5707 CVP = 1.0000 ALFA s O.1016 OPRP 3-1.5391E+06

************************************ STEAM GENERATION LOOP-2 ************************************
TAU! 1 7.211903 2 7.205088 3 7.166917 4 6.856581 5 10.680674 6 10.668674 7 10,652209 8 10.632288

9 10,611320 10 1.975670 11 21.854080 12 n.O 13 63.150223 14 2
17 3.897620 18 4.863976 19 0.846487 20 2.004570 21 7.419954 22 1
25 0.130097 26 0.113627 27 0.105185 28 0.101426 29 0.418930 30 14
55 0.181573 34********** 35********** 36 1.000000 37 1,999999 38 1
feed water flow 30.0 WATER/STEAM flow r0,2222 STEAM flow =01.2415

23
31
39

4.733278 24 
14.736311 32 
1.999999

0.279828
0.971152

AUXILIARY FEFD WATER AVAILABLE AT
P 1 =
P 8 s
PlB *
H 1 3 
H 8 3
HlB 3 
TM 1 : 
TM 8 - 
TM15 = 
TCS 8 
TCS15

1.2150E+07
1.0370E+07
1.0233E+07
1.5580P+05
1.3021E+06
2.7194E+06

65.1202
290.7805
312.6130
304.7625
404.2925

P 2 
P 9 
P16 
H 2 
H 9 
H16
tm 2 =
tm 9 s 
Tm16 = 
TCS 9 
TCS16

TDLOG!
u :

16
16

1.0234E+07 
1•0292E+07 
1.0201E+07 
1.6024E+06 
1.4202E+06 
3.0772E+06 

325.6863 
313.0342 
395.0869 

316.0269 
454.5562 
TDLOG!
U ! 
74.4160 

1898.8452

30.000 SECONDS ENTHALPY 
P 3 3 1.02S4E+07 P 4 3 
PlO 3 1.0255E+07 
P17 s 1.0169E+07 
H 3 s 7.4373E+05 
HlO 3 1.8590E+06 
HIT s 3.2456E+06 
TM 3 s 175.2680
tmio =
TM17 =

tusio
TCS17 

9 
9
17 
17

312.7727 
450.9463 
= 431.2375
= 479.6213

7.1286 10 
3319.0635 10 

42.2166 18 
1577.1348 18

pll s 
PlS s 
H 4 s 
Hll 3 
HlS s 
TM 4 
TMll 
TMlS

= 1.5B80F+05 
1.0384E+07 p 
1.0245E+07 
1.0140E+07 
1.3021E+06 
1.S799E+06 
3.3202E+06 

290.7803 
312.7000 
478.9009

AUX 
5 3

PI? s 
P19 3 
H 5 3 
H12 3 
H19 s 
TM 5 
TM12 
TM19

, water flow
1.0361E+07
1.0231E+07
1.0111E+07
1.S202E+06
2.0083E+06
3.3514E+06

293.6064
312.5952
491.1309

=1. 
P 6 
PlS 
p20 
H 6 
Hl3 
H20 
TM 6 
TMlS 
TM20

TcSll 3 424.2253
TcSlS s 491.2922 

31.3918 
6902.2461

19.4077 19 
1520.9065 19

TCS12
TCS19

417.5605
496.2539

0000
: 1.0370E+07 
: 1.0234E+07 
: 1,0102E+07 
: 1.3624E+06 
: 2.0431E+06 
: 3.3512E+06 
3 299.5881
s 312.6194 
3 490.9934
TcSlS s 412 
TeS

P 7 s 1.0390E+07 
P14 s 1.0244E+07 
P21 s 1.0075E+07 
H 7 s 1.3057E+06 
H14 s 2.7194E+06 
H21 s 3,3449E+06 
TM 7 = 291,3613
TM14 s 312,6926 
TM21 = 488.3503
0479 TCS14 * 408.0308

8.2290
1503.0120

HEAT FLUX e 8.865737E+04 
NON-BOILlNG LENGTH 3 1.006517E+01

outlet steam Quality « 3.383766E-01
BOILING LENGTH = 3.954823E+00

DRUM INT. ENERGY 3 1.0060E+10 DRUM LFVEL 3 0.5531 CVP s 1.0000 ALFA 3 0.1032 DPRP S-1.5928E+06

♦♦it************************** STEAM header THERMODYNAMICS ******************************

time Constant of the header pressure gauge 
throttle valve position 31.0000
THROTTi E valve flow 30.0 RELIEF VALVE Flow 30.0
header PRESSURE 3 1.0075E+07 TEMPERATURE 3 485.6484

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

0,5000

MEASURED

TAU ! 0.1500
PRESNORM s 0.31089 
TIHXl s 352.262

0.1000
VESSEI LEVEL 1 4.5623

TIHX2 3 350.097 TEVAP1 « 305.947

VALUES
5.0000

0.150000 SECONDS
DUMP(BYPASS) VALVE POSITION sO.2956 
DUMP(BYPaSs) VALVE FLOW =0.2362 

SPECIFIC ENTHALPYs 3.3381E+06
for pps ******************************* 

5.0000 5.00005,0000
PToTnoRM s 0.05243 

TEVAP2 3 307.285
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STEP * TIHE = 43.99980 SEC S = 0.90000 SEC

TOTAL VECTOR OF control INTEGERS
11 12 13 14 15 19 20 24 25 26 40 43 46 53 54 55 56 61 *2 83 84 84 106 107 108

109 109 232 233 237 238 251 252 253 254 255 256 257 258 259 262 263 264 295 266 2*7 268 269 29i 292
293 294 295 296 297 298 299 302 303 304 305 306 307 308 309 331 332 333 334 335 336 337 338 339 342
M3 34 4 345 346 347 348 349 37i 372 373 374 37? 37fi 377 378 379 382 383 394 365 386 387 388 389 411
423 424 425 426 427 432 450 462 463 464 465 466 47i 4*0 483 484 485 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** N E II T R 0 M KINETICS calculations **************************
PTQT s
pdn :
ROTOT = 
RODOP = 
TRO = 
PO =
PTOTNORM

46.975 HUT 
0,008 MWT 

-?3.504410 $ 
.0.707361 * 

469.577 
0.9000 
0.0482

PN a 2.129 MWT
0.175 MWT

ROCR1 = 
ROSOD = 

TROM 
ETST = 
PNNORM

PFP : 
$ s

PFP a 
3

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

2.749999 
-0.024010 

= 468.396
-11.749756

= 0.0022

PRIMARY

R0CR2 
ROCRE 

TST„ 
ETRO = 
PFPNOrm

44.846 MWT 
2.203 MWT 4

-6.299999
-1.095684
486.037

29.025635
0.0460

13.839 MWT
ROFDBK
ROCAE

28.804 MWT 
-1,954412 S 
-0.127358 *

EF = -0.050000
SCRAM RODS* PRIM

DELRO a -0.000333 
: 100,000 % SEC e 100.000 *

coolant DYNAMICS ********************************
fzinrm = 0.0900
flows: 1 1.5077E+02
ali= 0.0919 NEwl=
AL2= 0.0919 NEW2=
PD = 0.9000 TRISP =
TRIM: 375.198 379
ET: 2.2697E+01

F72NRM s 0.0899
2 1.5163F+02 3 1.6943E+02
0.0866 BPla 0.0089 TM0TNl=
0.0871 BP2= 0.0089 TMOTn?=
387.779 NEWSP = 0.9000 ASP

.768 NEWm: 0.0866 0
2.3421E+01

FZ3NRM * 0.0872 
4 1 • 2159E + 01
0.0226 Hpls 
0.0226 HP2=

= 0.4000 XKW
,087i alm:

BPNRM = 0.0977 
7 2.1233E+01

Ew: 8.431BE-01 8,4S71E-01

CAnRM = 0.0581 RBNRM = 0.0705
5 4.7255E+00 6 5.2600E+01
0,0092 FREQla 2905.766
0.0092 FREQ2= 2906.056
= 1,316E-03 EPS a 1•000E-03 N * 1

0.0919 0.0919 INLET PRSNRM * 0.3108
ea: i.oneiE+oo i.oosie+oo

****************************** p E A C T 0 R HE AT TRANSF € R ******************************

core hot spot: MAX. COOLANT TEMP, a 551.847 MAX. CLAD TEMP. = 554.126
peak core average temperature of: fuel centerline a 520.177 CL*D INNER a 437 .580 clad outer a 437.403
TM 1 = 384.213 tm 2 = 504.397 TM 3 = 491.468 TM 4 a 383.049 Tm 5 s 483.794 TM 6 * 475.401
TM 7 = 382.976 TM 8 a 468.575 TM 9 a 462.565 TMIO a 415.131 TMll s 440.735 TM
TC 1 = 382.313 TC 2 = 491.308 TC 3 = 490.783 TC 4 = 381.697 TC 5 s 475.333 TC 6 * 474.852
TC 7 = 381.665 TC 8 = 462.355 TC 9 = 462.026 TClO a 440.405 TCIl s 478.766 TC12 * 379.412
TCIl = 379.199 TCI2 = 379.199 TC 13 = 379.199 TCI4 a 379.199 TCI5 e 379.199 TCI6 a 379,199
lower plenum: TOP 70N€ TEMP, a 379.199 BOTTOM ZONE temp. = 378.86?1
upper plenum: zjet = 6.400 TOP ZONE TEMP, a 516 .644 BOTTOM ZONE TEMP. s 516.644 NOZ7LE TEMP, a 516
************************* I H X THERMAL calculations *************************
tp: 1 525.974 2 496.810 3 474.353 4 453.890 5 433.523 6 412.511 7 390.245

11 350.178
8 366.527 9 343.202 10 525.973
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t

w

TS! 1 519,5A7 2 492,092
*************************

3
I
470.303
H X - 2

4 449.946
T H E R

3
M A

429.514

L C
6

A L
408.322
C U L A

7

T I

385.740
0 N S

8 361,915 9 338.956 10
*************************

511,292

TPt 1 525.974
11 548.164

2 484.598 3 459.958 4 438.650 5 418.259 6 397,588 7 376,397 8 356.599 9 341.266 10 525.973
TS! 1 515.045 2 478.888 3 455.393 4 434.373 5 414.031 6 393.161 7 372.128 8 352.931 9 338,986 10 508,703
*************** PRIM A R Y S 0 n I U M T R A N s P 0 R T C A L C U L A T IONS ***************

TCI S 1 519.185 2 521.658 3 523.800 4 525.414 5 526.437 6 526.931 7 527.033 8 526.905 9 526,682 10 526.456
TWl: 1 524.308 2 525.199 3 525.842 4 526.234 5 526.4H 6 526.437 7 526.372 8 526.271 9 526.176 10 526.097
tc2: 1 526.371 2 526.293 3 526.224 4 526.166 5 526.117 6 526.078 7 526.046 8 526.023 9 526.005 10 525.992
TW2 S 1 526.075 2 526.051 3 526.031 4 526.014 5 526.002 6 525.992 7 525.986 8 525.980 9 525.977 10 525.975
tcs: 1 352.786 2 355.627 3 358.475 4 361.238 5 363.884 6 366,389 7 368,724 8 370.853 9 372,744 10 374,371
TW3: 1 367.481 2 369.116 3 370.663 4 372.100 5 373.4j7 6 374.603 7 375.649 8 376.546 9 377.294 10 377.899
tc4: 1 519.185 2 521.658 3 523.800 4 525.414 5 526.437 6 526.931 7 527.033 8 526.905 9 526.682 10 526.456
TW4: 1 524.307 2 525,199 3 525.842 4 526.234 3 526.4H 6 526,436 7 526.371 8 526.272 9 526.176 10 526.097
tc5: 1 526.370 2 526.292 3 526.224 4 526.166 5 526.117 6 526.077 7 526.046 8 526.023 9 526.005 10 525.992
tw5: 1 526.075 2 526.051 3 526.031 4 526.014 5 526.002 6 525.992 7 525.986 8 525.980 9 525.977 10 525.975
TC6: 1 350.701 2 353.514 3 356.416 4 359.323 5 362.186 6 364.948 7 367,549 8 369.928 9 372,038 10 373.848
tw6: 1 366.351 2 368.071 3 369.732 4 371.302 5 372.758 6 374.078 7 375,242 8 376.241 9 377.072 10 377.742
•*•«•*****••***•**•*•**** intermediate loop-u coolant dynamics *************************

sodium flow rate * o.osio pump speed s 0.0937 pump head s o.nosa motor gen. set freq. s 305.iss cycles/sec
MAIN motor TOROUE a 0.9188 DRIVE MOTOR TOROUE s 0.0230 PUMP TORQUE s 0.0087 FRICTION TOROUE s 0.0191
************************* x N T E R M E 0 I ATE L 0 0 P - 2! c 0 0 L A N T D Y N A M leg *************************

sodium flow rate * 0.1007 |PUMP SPEED = c1.0936 PUMP HEAD = 0.0077 motor gen. set FREO. s 302.!535 CYCLES/SEC
MAIN motor toroue s 0.9190 DRIVE MOTOR TORQUE * 0,,0212 PUMP TORQUE = 0 .0081 FRICTION TORQUE s 0.0142
******************** INT E R M E D I A T E L 0 0 p - 1: s 0 0 I u M TRAN S p 0 R T ********************

tcsi: 1 507.032 2 503,490 3 500.761 4 498.844 5 497.623 6 496.915 7 496,542 8 496,363 9 496.283 10 496.253
twsi: 1 501.346 2 499.516 3 498.194 4 497.318 5 496,789 6 496.496 7 496.348 8 496.280 9 496.252 10 496.244
TCS2* 1 310.482
TWS2! 1 326.328
TCS3J 1 319.465 2 326.800
twss: 1 330.574 2 334.015
TCS4: 1 329.740 2 332.208

336.856
3 334.191 4 335.715 5 336,833 6 337.621 7 338,152 8 338.495 9 338,708 10 338.835

TWS4: 1 335.944 2 3 337.545 4 338.044 5 338,392 6 338.625 7 338,773 8 338,866 9 338,921 10 338.951
******************** INT t R M E D I A T E L 0 0 P - 2: R 0 D I U M TRAN S P 0 R T ********************

tcsi: 1 503.900 2 500.429
498,352

3 498.272 4 497.119 5 496.582 6 496.361 7 496,281 8 496.255 9 496.254 10 496.254
twsi: 1 500.243 2 3 497.234 4 496.660 5 496,400 6 496.297 7 496,262 8 496.254 9 496.254 10 496.254
tcss: 1 311.031
twss: l 327.188
tcss: 1 319.714 2 326.970
twss: 1 331.173 2 334.427
TCS4: 1 331.702 2 334.938 3 336.925 4 338.029 5 338,583 6 338,835 7 338.937 8 338.973 9 338.982 10 338.984
tws4: 1 336.502 2 337.683 3 338.357 4 338.709 5 338.876 6 338.948 7 338.975 8 338.983 9 338.985 10 338.986

************************************ s t E AM G E N E R A T I 0 1V LOO P . 1 ************************************

FEED WATER Flow =0.0 WATER/STEAM Flow 30.2185 steam FLOW 30.1348 INT. SOoIUM FLOW =0.0910 
AUXILIARY feed WATER AVAILABLE AT 30.000 SECONDS enthalpy = 1.5580E+05 AUX. WATER FLOW =1.0000
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w

pi* 
P 8 * 
PlB = 
Hi* 
H 8 * 
HlB * 
TH 1 ! 
TH 8 i 
THIS i 
TCS 8 
TCSlB

1.21S0E+0T 
1.0296E+07 
1.0172E+0T 
1.5B80E+05 
1.5049E+06 
2.7208E+06 

6B.1202 
: 291.2261

512.1689 
* 302,1956
= 399.8425

P 2 
P 9 
P16 
H 2 
H 9 
H16 
TH 2 * 
TH 9 * 
TH16 = 
TCS 9 
TCS16

tdlog: 16
U i 16

0158E+07
0213E+07
0160E+07
5929E+06
8168E+06
0942E+06
325.6880
312,4658
399.9868
315.5249
452.5415
tdlog:U : 
68,6230 

1285,4038

P 3 
PlO 
PIT 
H 3 
HlO 
H17 
TH 3 = 
TH10 = 
TM17 = 

TCS10 
TCS17 

9 
9
17 
17

.0158E+07 

.0180E+07 
•0150E+07 
.2036E+05 
•7820E+06 
2549E+06 
170.1942 
312.2312 
454.2429 
* 429.1924
= 478.8799

6.1944 10 
3262.8337 10 

36.8498 18 
1052.6687 18

P 4 3 
Pll = 
pia : 
H 4 i 
Hll a 
HIS a 
TM 4 
TMll 
THIS

1.0310E+07 
1.0169E+07 
1.0140E+0T 
1.2670E+06 
1.7981E+06 
3.3248E+06 

a 284.9592 
a 312.1541 

480.7151

P 5 a 
P12 s 
P19 a 
H 5 a 
H12 a 
H19 a 
TM 5

1.0286E+07 
1.0154E+07 
1.0130E+07 
1.2849E+06 
1.9026E+06 
3.3537E+06 

a 287.9834

TCS11 = 421.0981
TCS18 = 491.1313

31.P594 
6821.9648

TM12 = 312.0410
TH19 = 492,1265

TCS12 * 913,
496,

1016.3093 19

TCS19

6.7929
1004.9570

P 6 : 
Pl3 a 
p20 a 
H 6 a 
HlS a 
HZO a 
TM 6 
THIS 
TM20 

3723 
2532

: 1.0295E+07 
1.0158E+07 

: 1.0126E+07 
: 1•3465E+06 
: 1.9311E+06 
: 3.3530E+06 
= 297.4468
* 312.0730
a: 491.8396
TcSlS * 407,
TCS

P 7 s 1.0316E+07 
P14 = 1« 0176E+07 
P21 = 1.0113E+07 
H 7 a: 1.3079E+06 
H14 s 2.7208E+06 
H21 = 3.3455E+06 
TH 7 * 291.6985
TM14 s 312.2009 
TM21 = 488.7600
1274 TCS14 = 402.7705

HEAT FLUX c B.726206E+04 
NON-BOILlNG LENGTH a 1.083017E+01

OUTLET STEAH OuALTTY = 2.806481E-01 
BOILING LENGTH = 3.189814E+00

DRUH INT. ENERGY s 1.0181E + 10 DRUM LEVEL a 0.5770 CVP a 1.0000 ALFA a 0.0939 OPRP a-1 .'7729E + 06

t*********************************** STCAfl GENERATION l 0 0 R - 2 ************************************
FEED WATER Flow aO.O WATER/STEAM Flow aO.2186 STEaM FLOW aO.lGOl INT. SODIUM FLOW aO.1007

AUXILIART feed water available at
Pl« 
P 8 * 
PlB a HI* 
H 8 * 
HlB * 
TH 1 i 
TH 8 ! 
THIS i 
TCS 8 
TCS15

1.2150E+07 
1.0317E+07 
1.0190E+07 
1.5580E+05 
1.3055E+06 
2.7203E+06 

65.1202 
a 291.3208 
a 312.3059 
= 303.2847
= 403,3872

P 2 
P 9 
P16 
H 2 
H 9 
H16 
TH 2 * 
TM 9 * 
TM16 * 
TCS 9 
TCS16

tdlog:
u :

16
16

1.0180E+07 
1.0236E+07 
1.0175E+07 
1.5986E+06 
1.4179E+06 
3.0937E+06 

325.6860 
312.6370 
399.9451 

315.6331 
454.7776 
tdlog: 
u :
71.4306 

1447.7463

30.000 seconds enthalpy
P 3 a 1.0180E+07 p 4 a 
PlO a 1.0202E+07 
P17 a 1.0161E+07 
H 3 a 7.3149E+05 
HlO a 1.8191E+06 
H17 a 3.2553E+06 
TM 3 a 172.6089
tmio a 312,3882
TM17 a 454.4363

= 1.5580E+05 
1.0332E+07 p 
1.0192E+07 
1.0147E+07 
1.2680E+06 
1.8387E+06 
3.S249E+06

AUX 
5 a

285.1267

TCS10 
TCS17 

9 
9
17 
17

428.7258 
479.9685 

6.4769 10 
3290.1216 10 

38.3340 18 
1189.1826 18

Pll 
P18 
H 4 
Hll 
HlS 
TM 4
TMll = 312.3135
TMlS a 480.7891 

TcSll a 421 
TCS18 a 491 

30.9747 
6858.6797 

17.0407 
1148.5095

P12 a 
P19 a 
H 5 a 
H12 a 
H19 s 
TM 5 
TM12 
TM19

, water flow
1.0307E+07 
1.0176E+07 
1.0134E+07 
1.2856E+06 
1.9477E+06 
3.3534E+06 

a 288,0884 
a 312,2046 
a 492,0420

8918
4690

19
19

TCS12
TCS19

415.
496.

=1.0000
p 6 a 1,0317E+07 
Pl3 a 1.0180E+07 
p20 a 1,0129E+07 
H 6 a 1.3468E+06 
HlS a 1.9769E+06 
HZO a S.3529E+06 
TM 6 a 297.4895 
TMlS a 312.2332 
TM20 a 491.8276 

6582 TcSlS a 410 
2537 TeS

p 7 a 1,0337E+07 
P14 a 1.0196E+07 
P21 a 1.0113E+07 
H 7 a 1.3085E+06 
H14 a 2.7203E+06 
H21 a 3.3465E+06 
TM 7 a 291.7905 
TM14 a 312.3472 
TM21 a 489.1646 
6138 TCS14 a 406.7021

6.9513
1135.8804

HEAT FLUX a R.6927S1E+04 
NON-BOILlNG LENGTH a 1.046056001

OUTLET STEAH DUALITY = 3.0864T4E..OI 
BOILING LENGTH = 3.559428E+00

DRUM INT. ENERGY a 1.0062E+10 DRUM LEVEL a 0.5572 CVP a 1.0000 ALFA a 0.0955 Dprp r-1.8136E+06

*******«•«**•*****•*•*«•*«•*** STEAM HEADER THERMODYNAMICS **»»****»***»»*************«**

THROTTLE valve POSITION El.0000 
ThROTTLF VALVE FLOW ao.0 
HEADER PRESSURE a 1.0U3E+07

RELIEF VALVE FLOW aO.O 
TEMPERATURE a 407.0974

DUHP(BYPASs) VALVE POSITION a0.2377 
DUMP(BYPASs) VALVE FLOW aO,1903 

SPECIFIC ENTHALPYa 3.3413E+06
******************************* measured values for pps a******************************

PRESNORM a 0.31078 VESSEI LEVEL a 4.5623 PToTnoRM a 0.04914
TIHXl a 351.265 TIHX2 a 349.171 TEVAP1 = 304.207 TEVAP2 = 3fl5.425
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stfp n ?30 TIME = 41’.99979 SFC s s 0 •400001 SEC
total vector OF CONTROL INTEGERS

11 1? 13 14 15 19 20 24 25 26 40 43 46 53 54 ?5 56 81 82 63 84 84 106 107 108
109 3 09 23? 233 23? 238 251 ?52 253 254 255 256 257 258 259 26? 263 264 265 2A6 267 268 269 29i 29?
?93 ?94 29? 296 297 298 299 302 303 304 305 306 307 308 309 331 332 333 334 335 336 337 338 339 342
343 344 343 346 347 348 349 371 372 373 374 375 376 377 378 379 382 383 384 385 386 387 386 389 411
423 424 425 426 427 428 432 450 460 483 464 485 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 D 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0ft ft ft ft 0 0 0 ft ft 0 0 ft 0 ft 0 ft 0 ft 0 0 0 ft 0 0 ft
0 0 0 0 0 0 0 0 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

PTOT =
pon :
ROTOT 
RODOP 
TRO 
PO *

46.157 MWT 
1 0.007 MWT

.73.501400 S 
-0.705384 * 

470.202 
0.9000

PTOTNORM = 0.0473

NEUTRON KINETICS

PN s 1.956 MWT
2 0.161 MWT PFP !
R0CR1 = 2.749999 S
ROSOD = -0.023890 *
TROM a 469.863

ETST a 
PNNORM =

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

-11.749756
0.0020

primary

calculations

PFP = 44.201 MWT
3 1.953 MWT 4 13.459 MWT
R0CR2 = -6.299999 * ROFDBK
ROCRE s -1.095261 * ROCAE

TSTH s 406,464
ETRO a 29.025635 EF a
PFPNOrm a 0.0453

a*************************

70.789 MWT 
-1.951494 S 
-0.126960 *

0.050000 DELRO a •0.000333
SCRAM RODS* PRIM a 100.000 X SEC a 100.000 X

coolant DYNAMICS a*******************************
fzinrm = 0.0096
flows: 1 1.4998E+02
ali= 0.0916 NEWla
AL2= 0.0917 NEW2=
PO a 0.9000 TRISP a
TRIM: 374.521 374
ET: 2.3066E+01

2 1.5098E+0?
0.0862 BPl=
0.0867 BP2= 
387.779 NEWSP 
.015 NEWM:
2.4776E+01 Ew:

F72NRM a 0.0«95 
3 1.686SE+02

0.0089 TMOTNla 
0.0089 TM0TN2a 
a 0.9000 ASP

0.0862 O.O867
8.4524E-01

FZ3NRM = 0.0868 
4 1.7105E+01
0.0228 Hpla 
0.0227 Hp2a 

a 0,9000 XKW 
alm:

8.4586E-01

rANRM a 0.0578 RBNRM a 0.0701
5 4.6996E+00 6 5.7305E+01
0.0092 FREQla 3208.233
0.0091 FREQ2a 3208.513

BPNRM a 0.0973 
7 2.1134E+01

1.316E-03 EPS = 1.000E-03 N a 1 
0.0916 0.0917 INLET PRSNRM a 0,3107

EA! 1.0084F+00 1.00B3E+00
****************************** reactor HEAT

core hot spot: MAX. COOLANT TEMP, a 550.989

TRANSFER 

MAX. CLAD TEMP.

******************************
553.243

PEAK core average temperature of: FUEL CENTERLINE a 518-802 CLAD inner a 937.229 CLAD OUTER a 437.050
TM 1 = 384.069

= 382.850
TM 2 B 503.297 TM 3 a 992.422 TM 9 3 382.922 TM 5 a 982.833 TM 6 a 476,107

TM 7 TM 8 a 467.760 TM 9 a 463.187 TMIO a 919,316 TMll a 938.751 jM
TC 1 = 382.204

= 381 .*564
TC 2 a 490,724 TC 3 a 491.711 TC 9 a 381.595 Tc 5 * 979,791 TC 6 a 475.568

TC 7 TC 8 a 461.888 TC 9 = 462.681 TClO a 939.122 Tell = 975.713 TC12 = 379.382
TCIl
lower

= 379.121
PLENUM!

TCI2 a 379.121 TCI3 a
TOP 70NE

379.121 
TEMP, a

TCI9 a 
379.121

379.121 Tcl5 =
bottom zone temp.

379.121 TCI6 =
= 378.735

379.121

upper plenum: ZJET = 6 .400 TOP ZONE TEMP. = 516.027 BOTTOM ZONE TEMP, a 516.027 NOZZLE TEMP, a 516.027
************************* IHX-1 T H ERMA L C A L C U L A T I 0 N s *************************
tp: 1
Ll 349

525,975 2
.711

497.313 3 474.988 4 453 .932 5 933.528 6 912.990 7 390. 186 8 366.584 9 343.268 10 525,973
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-'
.tJ0

ts: 1 520.014 2 492.608 3

************************* j
470.506

H X - ?
4 450.078

T H E R
5

M &

429.614

L C

6

A L

408.402

C U L A

7

T I

385.785

0 N S

8 362.170 9 338.943 10
*************************

511.865

TP! 1 525.975
11 347.730

2 485.015 3 459.588 4 438.249 5 417.793 6 397.071 7 375.989 8 356.414 9 341.307 10 525.973

TS! 1 515.884 2 479.244 3 455.176 4 434.131 5 413.T05 6 392.847 7 371.883 8 352.999 9 338.984 10 509.199
*************** P R I M A R Y S 0 D I U M T R A N s P 0 R T C A L C U L A T IONS ***************

tci : 1 518.501 2 520.955 3 523.164 4 524.912 3 526.099 6 526.749 7 526.974 8 526.923 9 526,737 10 526,5i8
TWl! 1 523.906 2 524.892 3 525.636 4 526.119 5 526.369 8 526.443 7 526.404 8 526.312 9 526,213 10 526.126
TC2! 1 526.431 2 526.350 3 526.276 4 526.211 3 526.155 6 526.109 7 526.072 8 526,042 9 526.019 10 526,002
TW2! 1 526.101 2 526.073 3 526.049 4 526.029 5 526.0i3 6 526.001 7 525.991 8 525.984 9 525.979 10 525.977
TCS! 1 351.979 2 354.641 3 357.427 4 360.185 5 362.850 6 365.386 7 367.767 8 369.960 9 371.933 10 373.657
TW3! 1 366.257 2 367.964 3 369.604 4 371.144 3 372.565 6 373.856 7 375.006 8 376.005 9 376.850 10 377,545
TC4i 1 518.501 2 520.955 3 523.164 4 524.912 5 526.099 6 526.749 7 526.974 6 526.923 9 526.737 10 526,5i8
TW4: 1 523.905 2 524.892 3 525.635 4 526.119 5 526.369 6 526.443 7 526.404 8 526.312 9 526.213 10 526.126
TC5! 1 526.431 2 526.350 3 526.276 4 526.211 5 526.155 8 526.109 7 526,072 8 526.042 9 526.019 10 526.002
TW5! 1 526.101 2 526.073 3 526.049 4 526.029 5 526.013 6 526.001 7 525.991 8 525.984 9 525.979 10 525.977
TC6: 1 349.946 2 352.570 3 355.37“ 4 358.239 5 361.083 6 363.859 7 366.488 8 368.931 9 371.132 10 373,053
TW6! 1 365.058 2 366.842 3 368.587 4 370.255 5 371.8i7 6 373.249 7 374.528 8 375.641 9 376.580 10 377.350

************************* INTERHEDTATE LOOP-1: coolant dynamics *************************

sodium flow rate = o.obsi pump speed = o.osai pump head * 0.0091 motor gen. set preo. * ssa.ssi cycles/sec 
MAIN motor torque a O.SlTfe DRIVE MOTOR TORQUE = 0.02R4 PUMP TORQUE a 0.0089 FRICTION TORQUE = 0.0141

************************* intermediate loop-2: coolant dynamics *************************

SODIUM Flow rate a 0.0954 PUMP SPEED = 0.0929 PUMP HEAD a 0,0083 MoToR GEN. SET FREq. a 329.735 CYCLES/SEC
MAIN motor torque a 0.9178 ORIVF MOTOR TORQUE a 0.0218 PUMP TORQUE a 0.0084 FRICTION TORQUE a 0.0141
******************** INT e: R M E D I A T E L 0 0 P - 1! s 0 0 I u M TRAN S P 0 R T ********************

TCSI! 1 507.568 2 503.956 3 501.135 4 499.116 5 497.801 6 497.021 7 496,599 8 496.390 9 496.296 10 496.257
TWSI! 1 501.939 2 499,956 3 498.497 4 497.511 5 496.902 6 496.557 7 496,378 8 496.294 9 496.258 10 496,246
TCS2! 1 309.132
TWS2! 1 324.763
TCS3! 1 318.141 2 325.660
TWS3! 1 329.358 2 333.156
TCS4! 1 328.715 2 331.325 3 333.464 4 335.143 5 336,405 6 337.312 7 337.940 8 338.355 9 338.619 10 338.781
TWS4! 1. 335.330 2 336.381 3 337.190 4 337.789 5 338.215 6 338.506 7 338.696 8 338.818 9 338.892 10 338.935
******************** I N T r R M E D I A T E L 0 0 P - 2! S 0 D I II "1 TRAN S P 0 R T ********************

TCSI! 1 504.292 2 500.728 3 498.465 4 497.226 5 496,632 6 496.382 7 496,289 8 496.257 9 496.253 10 496•?53
TWSI! 1 500.710 2 498,648 3 497.400 4 496.741 5 496.436 6 496.311 7 496.266 8 496.254 9 496.253 10 496.253
TCS2I 1 309.644
TWS21 1 325.599
TCS3! 1 318.307 2 325.725
TWS3! 1 329.923 2 333.537
TCS4! 1 330.705 2 334.229 3 336.475 4 337.770 5 338.449 6 338.771 7 338,909 8 338,962 9 338.979 10 338.982
TWS4! 1 335.917 2 337.320 3 338.151 4 338.602 5 338.825 6 338.925 7 338.966 8 338.979 9 338,983 10 338.984
************************************ 3 j F AM G E N E R A T r 0 1N LOO P - 1 ************************************

FEFD 1water flow ao • 0 water/steam fi qw = 0 • 2118 STEaM FLOW =0.3427 INT. SODIUM1 FLOW sO .0881

AUXILIARY feed WATER AVAILABLE AT 30.000 SECONDS ENTHALPY = 1.5S80F+05 AUX. WATER FLOW *1.0000
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a

P 1 = 1.2lf0r+07 P 2 
P 8 * 1.0SP9c; + 07 P 9 
P15 = 1.0157P+07 P16
H 1 = 1.5580e:*05 H 2 
H 8 * 1.S074F+06 H 9 
HIS = 2.7211^+06 H16

65.1202 Tl 2 = 
291.6228 TM 9 s 
312.0625 TM16 b 
300.9851 TCS 9 
801.2153 TCS16

tdlog: 16 
u : 16

TM 1 i 
TH 8 s 
TMlS s 
TCS 8 b 

TCS15 s

1.0170C+07 
1.0221C+07 
1.009BC+07 
1.5912E+06 
1.8172E+06 
3.0616E+06 

325.6877 
312.5264 
389.6421 

316.5251 
449.2756 
TDLOG!
U : 
73.4067 

2339.8416

P 3 
PlO 
P17 
H 3 
HlO 
H17 
tm 3 e 
tmio =
TM17 b Tcsin 

TCS17 
9 
9
17 
17

.01702+07 

.01922+07 

.00462+07 

.06692+05 
73432+06 
.36752+06 
167.2324 
312.3181 
311.2578 
b 426.7002 
= 473.9255

6.3050 10 
3234.4824 10 

102.6756 18 
2237.3550 18

p 4 : 
Pll : 
PlO : 
H 4 : 
Hll : 
HlS : 
TM 4 
TMll 
TM18

1.0324E+07 
1.0181E+07 
9.998BE+06 
1.2352E+06 
1.7663E+06 
2.0482E+06 

b 279.3311 
b 312.2385 
e 310.9089

P 5 = 
P12 i 
P19 = 
H 5 : 
H12 : 
H19 : 
TM 5 
TM12 
TM19

1.02982+07 
1.01652+07 
9.9477E+06 
1.25242+06 
1.86052+06 
3.13932+06 

b 282.4104 
s 312,1213 
= 412.8604

TCS11 s 418.7754 
TCS18 = 487.4421

32.9155 
6819.5859 

169.5059 19 
2423.5547 19

TCS12
TCS19

911.
496.

P 6 ! 
Pl3 : 
p20 • 
H 6 : 
Hl3 ‘ 
H20 i 
TM 6 THIS 
TM20 

5305 
2573

: 1.03082+07 
: 1.01702+07 
: 9.9303E+06 
t 1•3270E+06 
t 1.88502+06 
: 3.06822+06 
b 294.6228 
b 312,1589 
3 390.3533
TCS13 b 405, 
TeS

P 7 s 
P14 s 
P21 3 
H 7 s 
H14 s 
H21 s 
TM 7 
TM14 
TM21 
8931

1,0329E+07 
1.0178E+07 
1.00242+07 
1.30942+06 
2.72112+06 
3.34682+06 

: 291,9441
: 312,2134
: 488.8730
TCS14 b 402, 4536

124,1988
2208.2192

HEAT FLUX s 9.185300E+04 
NON-BOILlNG LENGTH a 1.0345642+01

OUTLET STEAM OuALfTr = 2.439135E-01 
BOILING LENGTH s 3.674352E+00

DRUM INT. ENERGY b 1.0252E+10 DRUM LEVEL a 0.5870 CVP b 1.0000 AlFA b 0.0876 Dprp S-1.9152E+06
************************************ steam GENERATION L 0 0 P • 2 ************************************

FEED HATER Flow sO.O WATEr/STEAM Flow aO•2157 STEAM FLOW =0.0630 INT. rOdIUM FLOW BO.O954

AUXILIARY feed WATER AVAILABLE AT 30.000 seconds enthalpy » 1.55802+05 AUX. WATER FLOW =1.0000
PlB 1.21502+07 P 2 a 1,01632+07 P 3 a 1.01632+07 p 4 a 1.0516E+07 P 5 = 1.02892+07 P 6 = 1.02992+07 P 7 a 1.03192+07
P 8 = 1.03002+07 P 9 a 1.0219E+07 PlO a 1.01852+07 Pll a 1.0174E+07 P12 a 1.0158E+07 Pl3 = 1.0163E+07 P14 a 1.02622+07
PIS B 1.02642+07 P16 a 1.02662+07 P17 a 1.02692+07 Pl8 s 1.0272E+07 P19 a 1.0275E+07 p20 = 1•0285E+07 P21 a 1.0024E+07
H 1 ■ 1.S5B0E+05 H 2 a 1.59602+06 H 3 = 7.2127E+05 H 4 s 1.2362E+06 H 5 a 1.25322+06 H 6 = 1.3271E+06 H 7 a 1.31002+06
H 8 B 1.30802+06 H 9 a 1.41712+06 HlO = 1.78882+06 Hll a 1.7999E+06 H12 = 1.89922+06 Hl3 a 1.92522+06 H14 a 2.72082+06
HIS * 2.72082+06 H16 a 2.77162+06 H17 b 2.53172+06 HlS a 2.46992+06 H19 e 2.61422+06 H2o = 3.146BE+06 H21 a 3.34552+06
TM 1 b 65.1202 Tm 2 = 325,6858 Tm 3 = 170.3913 TM 4 a 279.5286 TM 5 = 282.5486 TM 6 a 294.6472 TM 7 a 292.0359
TM 8 = 291.7190 TM 9 = 312.5103 tmio = 312.2651 TMll s 312.1875 TM12 = 312.0737 TMlS = 312.1052 TM14 = 312.8191
TMlS a 312.5352 Tm16 b 320.1602 TM17 = 312.8716 TM18 b 312.8923 TM19 = 312.9133 TM20 a 417.5703 TM21 b 488.3433
TCS 8 a 302.'n085 TCS 9 a 315.8171 TCS10 a 426.4399 TCS11 a 419.8437 TCS12 B 414. 0134 TrSlS = 409 .3730 TCS14 = 4(
TCS15 b 409.8281 TCS16 s

tdlog:u : 16
16

457.8403
TDLOG!u : 
116.1512 
826.0146

HEAT FLUX b 8.756887E+04 
NON-BOILlNG LENGTH b 1.062642E+01

TCS17 = 481.4836 TCS18 a 492.0493 TCS19 = 496.2534 TeS
9 6.1514 10 31.3033
9 3267.2185 10 6836.7539
17 152.6239 18 173.8311 19 181.2399
17 785.1709 18 799.9067 19 799.9626

OUTLET STEAM OuALITY b 2.858016E-01 
BOILING LENGTH b 3.393564E+00

406.2739

DRUM INT. ENERGY b 1.0102E+10 DRUM LEVEL s 0.5647 CVP a 1.0000 ALFA s 0.0892 OpRp =-1.98782+06
••••a************************* STEAM HEADER THERMODYNAMICS ******«***»»»*»»*»*****»***»»*

THROTTLE valve POSITION sO.9985 
ThROTTLF VALVE FLOW =0,0 
HEADER PRESSURE a 1.0024E+07

REl.IEF VALVE FLOW sO.O 
TEMPERATURE b 484.0427

DUMP(BYPASS) VALVE POSITION =0,1909 
DUMP(BYPaSs) VALVE flow =0,1522 

SPECIFIC ENTHALPYa 3.33612+06

**=***********«************«*** MEASURED VALUES For pps *******************************

PRESNORM a 0.31073 
TIHXl a 350.512

VESSEL LEVEL a 4.5623 PTOTNORM
TIHX2 * 348.473 TEVAP1 = 302.714 TEVAP2

0.04818
303.841



toI
D!

STEP t» TIME = H9.99977 SFC S * 0.40000 SEC

TOTAL VECTOR OF CONTROL INTEGERS
ii la 13 14 15 19 20 24 25 26 40 43 46 53 54 55 56 81 82 83 84 84 106 107 108

109 109 232 233 237 238 251 252 253 254 255 256 257 258 259 262 263 264 265 266 267 268 269 291 292
293 294 295 296 297 298 299 302 303 304 305 306 30? 308 309 331 332 333 334 335 336 337 338 339 34?
343 344 345 346 347 348 349 371 372 373 374 375 376 377 378 379 382 383 384 385 386 387 388 389 411
423 424 425 426 427 432 450 462 463 464 465 466 467 471 480 483 484 485 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 n 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0

************************** N t II T RON K I N E T I c s CAL c u L A T ION s **************************

PTOT = 45.784 MWT PN « 1.876 MWT PFP s 42i.908 MWT
pdn : 1 0,007 MWT 2 0. 154 MWT PFP ! 3 1.854 MWT 4 1[3.273 MWT 5 P8.781 MWT
ROTOT = -23 .499786 * ROCRl s 2. 749999 $ R0CR2 * -6.299999 % ROFDBK = •1 .949793 SRODOP s .0 .704228 $ ROSOD s -0. 023830 % ROCRE s -1.095026 % ROCAE s -0 .126709 S
TRO s 470 .267 TROM s 470 .132 tsth s 487.224
PD s 0 .9000 ETST s -ll. 749756 ETRO 3 29.025635 EF s 0.050000 DELRO = -0. 000333
PTOTNORM s 0 .0470 PNNORMI 3 0. 0019 PFPNOrm 8 0.0450 SCRAM RODS8 PRIM s 100 .000 % SEC s 100.000
******************************** P RIM ARY c 0 0 L A N T D Y N AMI C S ********************************

FZINRM = 0.0895 FZ2NRM = 0.0894 FZ3NRM = 0>•0867 rANRM * 01.0577 RBNrM = 0.0700 BPNRM s 0 .0972
FLOWS! 1 1.4974E+D2 2 1.5079E+0S» 3 1.6846E+02 4 1. 2O89E+01 5 4.6922E+00 6 5.2217E+01 7 2 •1108E+01
AL1= 0 .0918 NEW1S 0.0860 BPl* 0.0089 tmotni= 0.0228 Hpls Cl. 0092 FREQIs 3359.493
AL2= 0 .0916 NEU2s 0.0866 BP2s 0.0088 TMOTn2= 0.0228 HP2= 0.0091 FREQ2s 3359.767
PD = 0 .9000 TRISP s 387 .779 NEWSP = 0.9000 ASP = 0. 9000 XKW = jl.316E- 03 EPS = 1•OOOE-03 N s 1
TRIM! 374. 171 3731.625 nEWm: 0.0860 0.,0666 ALM! 0.0915 0*0916 INLET PRSNRM = 0. 3107
ET! 2.4495E+01 2.5477E+01 EW! 8.4621E-C11 8.4689E-01 EA! 1 • 0085F + 00 1.0084E+00
**************4*************** reactor heat TRANSFER ******************************

CORE HOT SPOT! MAX. COOLANT TEMP. S 550.201 MAX . clad temp. = 552.440
PEAK CORE AVERAGE TEMPERATURE OF! fuel centerline s 517.963 Cl AO INNER s 436.925 CLAD OUTER s 436.752
TM 1 s 585.992 TM 2 = 502.585 TM * S 492.410 TM 4 s 382.854 tm 5 = 482.229 TM 6 = 476.076
TM 7 s 58?.785 TM 8 « 467.245 TM 9 S 463.162 TMIO s 413.921 TMll s 437.798 TM
TC 1 s 582.145
TC 7 = 581.507

TC 2 = 490.197 TC 3 S 491.695 TC 4 s 381,538 TC 5 = 474.330 TC 6 a 475.569
TC 8 = 461.489 TC 9 S 462.670 TClO s 438.493 Tell = 474.226 TC12 a 379.365

TCIl s 579.077 TCI2 = 579.077 TCI3 S 379.077 TCI4 s 379.077 TcI5 = 379.077 TCI6 = 379.077
lower plenum: tOp 70NE TEMP, s 379.077 BOTTOM ZONE TEMP. « 378.662>
UPPER PLENUM! ZJET = 6.400 TOP ZONE TEMP. S 515.722 BOTTOM ZONE temp. * 515.722 nozzle TEMP. = 515.722
************************* j h X - 1 T H E R M A L C A L C U L A T I 0 N S ********«***»*»*»*»***»**

TP! 1 525.976 2 497.«>11 3 474.618 4 454 .005 5 433.584 6 412.534 7 390.218 8 366. 781 9 343.315 10 525.975
11 349.S42
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TSS 1 520.201 2 492.907 3 470.654 4
************************* I H X * ?

TPS 1 525.976 2 465.354 3 459.536 4
11 347.571
TSS 1 516.278 2 479.544 3 455.168 4

450.180 5 429.703 6

THERMAL CAL
438.148 5 417.662 6

434.088 5 413.627 6

408,477 7
C U L A T I 
396.924 7
392.774 7

385.875 
0 N S 
375,885 

371.845

8 362.354 9 338.934 10 512.141
*************************

8 356.423 9 341.347 10 525.973
8 353.102 9 338.984 10 509.448

*************** primary SOoIUM TRANSPORT calculations ***************

tci: 1 518.168 2 520.609 3 522.843 4 524.649 5 525.9i4 6 526.642 7 526.931 8 526.923 9 526.760 10 526.548
THIS 1 523.700 2 524.730 3 525.522 4 526.051 5 526.389 6 526.439 7 526.416 6 526.330 9 526.231 10 526.141
TCP • 1 526.462 2 526.379 3 526.303 4 526.235 5 526.176 6 526.126 7 526,086 6 526.053 9 526,028 10 526.009
TW2: 1 526.115 2 526.084 3 526.059 4 526.037 5 526.019 6 526.005 7 525.995 8 525.986 9 525.981 10 525.978
tcs: 1 351.635 2 354.183 3 356.918 4 359.664 5 362.333 6 364.884 7 367.286 8 369.508 9 371.518 10 373.287
tw3: 1 365.’664 2 367,397 3 369.077 u 370.663 5 372.133 6 373.475 7 374,675 a 375.724 9 376.617 10 377.356
TC4S 1 518.168 2 520.609 3 522.843 4 524.649 5 525.9i4 6 526.642 7 526,931 8 526.923 9 526,760 10 526.548
TW4: 1 523.698 2 524.729 3 525.521 4 526.051 5 526.339 6 526.439 7 526.416 a 526.331 9 526.231 10 526.141
TCSS 1 526.461 2 526.379 3 526,303 4 526.235 5 526.176 6 526.126 7 526.086 a 526.053 9 526.028 10 526.009
TWSS 1 526.115

349.623
2 526.085 3 526.059 4 526.037 5 526.0i9 6 526.005 7 525.995 8 525.986

368.428
9 525.981 10 525.978

TCS: 1 2 352.134 3 354.879 4 357.709 5 360.539 6 363.308 7 365.957 8 9 370.669 10 372.641
TW6S 1 364.434 2 366.239 3 368,020 4 369.732 5 371.343 6 372.827 7 374,160 8 375.328 9 376,320 10 377.141
************************* I f T E R M E D T ATE L 0 OP* IS COOLA N 1r 0 Y N A 1K X c s *************************
sodium flow rate s 0.0871 PUMP SPEED = ().0919 PUMP HEAD = 0.0091 MoToR GEN. SET FREQ, a 345.'980 CYCLES/SEC
MAIN MOTOR torque a 0.9170 DRIVE MOTOR TORQUE = 0.0226 PUMP TORQUE a C1.0069 FRICTION TORQUE s 0*0141
************************* x ?M T E R M E D T ATE L 0 OP- 25 C 0 0 1 A r 0 Y N A 1M X c s *************************

sodium flow rate s 0.0935 PUMP SPEED a 0.0926 PUMP HEAD = 0.0085 MoToR GEN. SET FREO. = 343.:343 CYCLES/SEC
MAIN motor torque = 0.9172 DRIVF MOTOR TOROUF = 0.0220 PUMP TORQUE a C1.0085 FRICTION TORQUE s 0.0141
******************** I N 1r e R M E D I A T E L 0 0P-1S SODItl m TRAN S 1PORT ********************
TCSI t 1 507.831 2 504.187 3 501.322 4 499.254 5 497,893 6 497,076 7 496,630 8 496.406 9 496.302 10 496.260
twsi: 1 502.234 2 500.176 3 498.652 4 497.611 5 496.962 6 496.590 7 496.395 6 496.301 9 496.261 10 496.246
TCS2! 1 308.487
TWS2: 1 323.991
tcss: 1 317.497 2 325,095
twss: 1 328.749 2 332.717
TCS4: 1 328.203 2 330,878 3 333.091 4 334.845 5 336.177 6 337.146 7 337,823 8 338.277 9 338,569 10 338.750
TWS45 1 335.011 2 336.130 3 337.000 4 337.650 5 338,117 6 338.439 7 338,653 8 338,790 9 338.875 10 338.925
******************** I N 'r e R M E D I A T E L 0 0P-2S SODIU M TRAN S 1PORT ********************
TCSI S 1 504.484 2 500.873 3 498.561 4 497.280 5 496.659 6 496.393 7 496,292 6 496.259 9 496,253 10 496.253
twsi: 1 500.941 2 498.797 3 497.485 4 496.784 5 496.455 6 496.318 7 496,268 8 496.254 9 496.253 10 496.253
TCS2S 1 308.994
TWS2S 1 324.817
TCS3S 1 317.638 2 325.121
TWS3S 1 329.298 2 333.083
TCS4S 1 330.211 2 333.869 3 336.239 4 337.631 5 338.374 6 338.735 7 338.893 8 338.955 9 338.976 10 338.981
TWS4S 1 335.611 2 337.125 3 338.038 4 338.541 5 338.795 6 338,912 7 338.960 8 338.977 9 338.982 10 338,983
************************************ £ x E AM G E N ERATTON loc) P . 1 ************************************

FEED |water flow =c>•0 WATER/STEAM FLOW = 0..2118 STEAM flow =0.1193 INT. sOnlUM FLOW =()•0871
AUXILIARY feed WATER AVAILABLE AT 30,000 SECONDS ENTHALPY = 1.5«>ftnr+05 AUX. WATER FLOW *1.0000
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p 1 = 1.2150F+07 P 2 = 1.015BE+07 P 5 = 1•0158E+07 p 4 = 1.031PE+07 P 5 = 1.0285E+07 P 6 = 1•0296E+07 P 7 = 1•0316E+07
P 8 = 1.0296E+07 P 9 = 1.0211E+07 PlO = 1•0180E+07 Pll = 1.0169E+07 PI 2 = 1.0]53E+07 p!3 = 1,015SE+07 P14 = 1•0217E+07
ol5 = 1.0216F+07 P16 = 1.0210E+07 P17 = 1.0205E+07 PlS = 1.0201E+07 Pt9 = 1.0197E+07 p20 = 1•0200E+07 P21 = 9.9733E+06
H 1 = 1.5560F+05 H 2 = 1.5895E+06 H 3 = 7.0681E+05 H 4 = 1.2200E+06 H 5 = 1.2369E+06 H 6 = 1.3161E+06 H 7 = 1.3098E+06
H 8 = 1•3083E+06 H 9 = 1.4168E+06 HlO = 1.7422E+06 Hll = 1.7608E+06 H12 = 1.8427E+06 Hl3 = 1.8654E+06 H14 = 2.7213E+06
HlS = 2.7213f+06 H16 = 3,0142E+06 H17 = 2.7709E+06 HlS = 3,0550E+06 H19 = 3.2960E+06 H20 = 2.8021E+06 H21 = 3.3129E+06
TM 1 = 65.1202 TM 2 = 325.6875 TM 3 = 167.2605 TM 4 = 276.5630 TM 5 = 279.6406 TM 6 = 292.9790 TM 7 = 291.9954
TM 8 = 291.7598 TM 9 = 312.4521 TM1 0 = 312.2324 TMll = 312.1519 TMl 2 = 312.0332 TMlS = 312.0713 TM14 = 312.5012
TM15 = 312.9895 TM16 = 376.8252 TM17 = 319.3660 TMlS = 388.4749 TM19 = 469.8481 TM20 = 325.4795 TM21 = 475.2266
TCS 8 = 300.4263 TCS 9 = 316.1646 TCSln = 425.5032 TcSll = 417.6943 TCS12 = 910. 7012 TpSlS = 405 .3877 TcS14 = 4C
TCS15 = 402.6633 TCS16 = 444.1516 TCS17 = 461.8416 TCS18 = 478.0393 TCS19 = 496. 2598 TeS

TDLOG! 9 5.8436 10 32.0524
U ! 9 5234,4768 10 6806.2969

tdlog: 16 78 #194fl 17 100,2499 18 113.9805 19 51.7157
u ! 16 1201.5811 17 1122,3337 18 1113.1074 19 971.8298

HEAT FLUX r A.WTOlgE+O't 
MON-BOILlNG LENGTH s I.IO3O9OE+OI

outlet steam Quality = a.soifiSfeE-oi 
BOILING LENGTH = 2.989091E+00

DRUM INT. ENERGY e I.0280E+10 DRUM LEVEL = 0.5921 CVP s 1.0000 ALFA = 0.0849 DPRP =-2.0306e+06

************************************ STEAM GENERATION L00P.2 ************************************

FEED WATER FLOW =0.0 WATER/STEAM FLOW =0.2134 STEaM FLOW =0.3010 INT. SODIUM FLOW =0.0935

auxiliary feed water available at
1R 8 =

Pis =
H 1 = 
H 8 = 
HlS = 
TM 1 : 
TM 8 = 
TMlS : 
TCS 8 
TCS15

1.2150E+07 
1.0379E+07 
1.0235E+07 
1.5580e+05 
1.3089f*06 
2.7209E+06 

65.1202 
291.8562 
312,6270 

= 301.4336
= 412.2534

P 2 
P 9 
P16 
H 2 
H 9 
H16 
TM 2 =
Tm 9 =
TM16 = 
TCS 9 
TCS16

TDLOGS
u :

16
16

1.0241E+07 
1.0295E+07 
1.0188E+07 
1.5984E+06 
1.4204E+06 
3.1002E+06 

325.6855 
313.0583 
402.0422 

316.5256 
956.0601 
TDLOG!
U ! 
74.5101 

2161.4758

30.000 seconds enthalpy
P 3 = 1.0241E+07 p 4 = 
PlO = 1.0263E+07 Pll = 
PIT = 1.0144E+07 pl8 * 
H 3 = 7.1290E+05 H 4 * 
HlO = 1.7564E+06 Hll = 
HIT = 2.3120E+06 HlS = 
tm 3 = 168.5625 TM 4 : 
Tmio = SlP.BSlS TMll : 
TM17 = 311.9702 TMlfl :

* 1.5580E+05 
1.0395E+07 p 
1.0252E+07 
1.01OflE+07 
1.2212E+06 
1.7831E+06 
4.1245E+06 

276.7749 
312.7527 
909.2000

AUX 
5 =

P12 = 
P19 s 
H 5 s 
HlO 3 
H19 = 
TM 5 
TM12 
TM19

TCSln 
TCS17 

9 
9
17 
17

425.3689 
476.7327 

6.0138 10 
3250.9961 10 

99.3055 18 
2066.2688 18

TCS11 = 418
TCS18 s 488 

31.3431 
6812,8906 

0.0
2083.7502

9058
9958

. water flow
1.0368E+07 
1.0236E+07 
1.0062EA-07 
1.2S78E*06 
1.8784E*06 
9.491SE+05 

279,8042 
312.6375 
3H.3713

TCS12 
TCS19 «

413.
496.

*1.0000 
P 6 * 1•03T8E+07 

1.0241E+0T 
1.0051E+07 
1.3163E+06 
1.9030E+06 
3.37S4E+06 

293.0061 
TMlS = 312.6721
TM20 = 499.8030

2786 TcSlS = 408,
2532 TeS

PlS = 
p2o * 
H 6 3 
HlS = 
H20 a 
TM 6

P 7 = 1.0399E+07 
P14 = 1,0251E+07 
P21 = 9.9733E+06 
H 7 = 1.3104E+06 
H14 = 2.7209E+06 
H21 = 3.3356E+06 
TM 7 = 292.0867
TM14 = 312.7446
TM21 = 484.1477
9524 TCS14 = 406.9539

19
19

0.0
2077.9666

HEAT FLUX = 8.737419E+04 
NON-BOILlNG LENGTH = 1.104369E+01

outlet steam Quality = 2.59sn98E-oi 
BOILING LENGTH = 2.976296E+00

DRUM INT. ENERGY e 1.0185E+10 
******************************

DRUM LFVEL = 0.5716 CVP 3 1.0000 ALFA = 0.0865 DPRP »-2.0230E+06

steam header thermodynamics ******************************

throttle valve position =1.0000 
THROTTLE VALVE Flow =0.0 
header PRESSURE = 9.9733E+06

DUMP(BYPaSS) VALVE position =0.1791 
RELIEF VALVE flow =0.0 DUMP(BYPASS) VALVE FLOW =0.1424
TEMPERATURE = 485.4158 SPECIFIC ENTHALPY* 3.3385E+06

******************************* measured values for pps *******************************

PRESNORM e 0.31072 VESSEL LEVEL = 4.5623 PTOTNORM = 0.04734
TIHXl = 350.217 TIHX2 = 348.199 TEVAP1 = 302.043 TEVAP2 = 303.134


