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SUtiMARY

A real-time hybrid computer simulation of the LOFT Facility has been developed
to predict dynamic plant esponse to both normal and abnormal operating conditions.
This report contains a detailed description of the analytical basis for the
LOFT plant simulation. The current simulation contains the following plant
components : reactor core, vessel, primary coolant loop, pressurizer, PPS,
high pressure injection, steani generator, air-cooled condenser, condensate
receiver, feedwater subccoler, steam generator water level control system -

m
/ and air-cooled condenser pressure control system.
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'

1.0 INTRODUCTION

O
V

A hybrid computer simulation eF the LOFT plant has been developed to
,

analyze dynamic plant performance under both normal and abnormal operating

conditions. The present simulation includes the major components of the
,

primarv system, secondary system and their associated control systems.
Figure 1-1 is a schematic of the current simulation.

1.1 Reactor Core Model

The reactor core model simulates the heat generated wit *:in the bound-

aries of the core and the associated heat transfer from the fuel to the
clad surface. Provisions are made for a percentage of the heat to be
deposited directly into the coolant. No direct structural heating is
simulated.

The power generated within the core is made up of neutron power and

O fission product decay power. The neutron power production is calculated
using the standard point neutron kinetics equations with six delay groups.
The reactivity effects of the moderator density, fuel doppler, boron
concentration, and rod bank position are computed. The power generated by

decay heat as a function of time is an input to the reactor core model.

The core heat transfer is modeled with a single fuel node and a single
clad node separated by a variable width gas gap to obtain the basic transi-
tory distribution of heat in the core material. The conductivity of fuel,|

gap,and clad are combined and used to calculate the heat transfer from the
fuel to the clad. The heat transfer from the clad to the water flowing
through the core is calculated by the loop flow model using the Diths-
Boelter forced-convection heat transfer correlation.| ,

1.2 Primary Coolant Loop Model, <
!

The loop model performs the following functions:
b'

G.

-
.

1

,. , .,- - .. -, - -. - ,. ..- , .- .,- .-... , _. _ . . - - , ,,. . . . . - . . . , _. ..,- - -
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1. Transpor ; ion of water around the primary loop at the flow rate
spec' c.

V;

2. ' mputation of heat transfer to and from the primary water and-

,

computation of the corresponding change in water temperature.

.

3. Computation of the primary system surge rates based on the
average water density change as well as computation of the
enthalpy of the pressurizer insurge and spray.

Fifty-one control volumes are used in the loop flow model to simulate
the actual primary system volume. The transportation of water around the
loop is accomplished by moving a slug of water from one control volume, then
mixing it with the next downstream volume. The si'e of the water slug moved

is proportional ~ to the system flow rate.

The heat transferred from clad surface to coolant and from primary

coolant to the steam generator secondary is computed by the loop flow
model. Also, the heat ansferred to or from the pipe and plenum walls

'''' is computed. The exterior surface of these walls is assumed to be per-
fectly insulated. Turbulent convective heat transfer is assumed. The heat
transfer coefficient is computed as a function of primary coolant flow rate.

_

The surge flow to and from the pressurizer is obtained by computing
the density change of the water contained in the primary system. The enthalpy

of the prdssurizer surge and spray is computed as a function of the water
temperature at the appropriate locations in the loop.

1.3 Pressurizer Model

The pressurizer model simulates the pressurizing system of the primary-

loop. Simulation of the pressurizer is based on a computation of the thermo-
dynamic conditions within the pressurizer. The steam can be either saturated*

or superheated. The water can be either saturated or subcooled.

The pressurizer control systems include tne spray, the heaters, the power-
operated relief valve, and the code relief valves. The response times of these

systems is assumed to be negligible compared to the pressure rate of change.
3

, . _ . . - . - ..- --.-__.- - . - . - , - - - - - - . . . - -
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1.4 Plant Protection System Model

9The reactor plant protection system model compares power, temperature,
flow and pressure measurements against corresponding scram setpoint values .

and initiates protective action if a setpoint is exceeded. The model of the

PPS includes the time response of the associated instrumentation. By asso- *

ciating a time constant with a particular protective system, the model is
capable of computing an " indicated" parameter value (as opposed to the actual
value of this parameter). The indicated value is then used to actuate the PPS,

thereby simulating actual plant operation.

1.5 Steam Generator and Associated Controller Models

The stearr r;enerator model simulates the secondary side of the steam

generator. Energy, mass, and volume balances are computed to satisfy the
saturation conditions assumed to exist in the homogeneous steam and water

mixture inside the shroud. The subcooled condition of the water in the
downcomer is also taken into account.

O
The water level control system which regulates tiie feedwater flow is

simulated. This controller has steam flow, feedwater valve position and
steam generator level as the controller inputs.

The steam flow control valve is simulated as a manually controlled

valve exceot under certain conditions. The steam valve is automatically

closed if the pressure is below a low-pressure setpoint in coincidence
with a reactor trip. The steam valve is automatically opened if the

pressure is above a high-pressure setpoint. Control system logic can
be disabled to allcw analysis of system response in the event of control
logic or equipment failure.

r

1.6 Air-Cooled Condenser Simulation
.

The air-cooled condenser simulation includes the fluid flow and heat
transfer processes occurring in the three air-cooled condenser bays. The

water in the air-cooled condenser tubes is assumed to be saturated. The

heat transfer is based on an empirical heat transfer correlation. A mass

- 4
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* ' * ' (pPf'~ TAPE (~x CDC TAPE
f !SK t ) FILE /- _ . /--- \_/ s,ss

r -- -- - - -- -- - I
| First word - file name and type.I ID 8 RAD 50 format. First 3 words contain ID|(tapeonly)| file name and type (e.g. FILENMDAT). Second word - nunter of samples +3.

I
J Next 8 words- title.,

I
TITLE 512 bytes of ASCII format. )(1-72) Title, (452-455) Nunber of samples.

|

HEADINGS 3

HEADINGS
AND ) 256 ASCII words. Same order

HEADINGS 64-8 byte ASCII words ir, each record, SUB as on PPP tape.

( Heading and subheading for 128 data llEADINGS
f channels (e.g., 'PCS PRES', ' PSIA').

.

SUB

HEADINGS
j

SUB

HEADIflGS TITLE 52 ASCll words. Same fonnat
/

| as on PDP tape.

) )m
DATA DATA

128 f'oating point, 4 byte, numbers in
'N each record. Each record contains 128

hannels corresponding to one time

Copied in floating point format-- (
/ from PDP tape record for record.

!
r-

M'

INPUT INPUT 4,ARRAY ARRAY o
i Same format as data records.

hINPUT 1

INPUT @ARRAY ARRAY <j,

.

STATUS |
.

n

ARRAY 33 integer, 2 byte, words. STATUS l

ARRAY 50 integer words

.

FIGURE 1-2
DATA FILE FORMATS
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balance is performed to determine the condensate in the tubes. A heat
balance is performed between the air-side and the condensate side of the

tubes. The air-side heat transfer coefficient is a function of the airflow

across the finned tubes. Fan blade angle is used to determine the airflow.
,

The fan blade pitch is adjusted to control condensate receiver pressure.

.

1.7 Condensate Receiver Simulation

The mass in the condensate receiver is separated into two phases, the

liquid phase which can be subcooled or saturated and the gas phase which is
either superheated or saturatec. Separate mass and energy balances are

computed for each phase. The pressure difference between the air-cooled
cor. denser and condensate receiver is neglected.

1.8 Feedwater System Model

The feedwater system is divided int ? two nodes. The first node includes
watar from the condensate receiver to the subcooler outlet. The subcooler

0ileat transfer coefficient is selected such that 10 F subcooling is achieved

during normal full power operations. The second node includes the feedwater pum: ,

control valve and piping to return the water to the steam generator downcomer.

1.9 Program Documentation

A complete set of the analog wiring diagrams are included in Appendix H.
Appendix K is a table of the Analog / Digital Interface and Appendix L contains
a complete listing of the digital program used for the simulation. Appendix M

lists all the parameters in the input array with their nominal values. Data

generated by the simulation consists of the 128 data channels listed in Appendix
0. The data is stored on PDP-11 disk or tape and can be converted to a CDC 7633

tape file for further use by the customer. Both these file structures are -

shown in Figure 1-2.
.

O
5
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,

E.0 REACTOR CORE MODEL

[
The reactor core model simulates power generated by the reactor andi

,

' is subdivided into four separate categories:
.

1. Reactor kinetics
2. Reactivity calculations

f 3. Decay heat generation

4. Core thermal model

The dynamic and steady-state behavior of the LOFT core is modeled using
the point neutron kinetics equations with reactivity feedback from fuel
temperature, moderator density, boron concentration, and control rod assembly
position. Decay heat generation following reactor scram is included in the

simulation.
.

|

2.1 Reactor Kinetics

'O Equations:

6- 0)h=( P+rAC (2-1)g $j

! dC. 8

i "I' ~"
dt - ii ' ****

i

Where:

! Time (seconds)t =

Reactor power- P =

Concentration of the i-th group of delayed nentronsC =
4

Effective fraction of delayed neutronsS =-

Delayed fraction of the i-th group of neutronss =j
Reactivity=o

Decay constant for the i-th neutron group (sec-1)A =y 9

Prompt neutron generation time (seconds)t =

.
7

_ _ _ _ _ _ _ _ _ _ _ . ... _ _ __ _ ,_ . .. _ _ _ _ ._, _ _ __ _ _ . _ _ __ _ _ _ _ ___. _ __ _
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Let

h, e {Cf = r = =j j,j
.

Then equations 2-1 and 2-2 are expressed as:
'

.

6

h = (s/t) f (r- 1) P + I A tj f (2-3)j
1

d*i
dt i

-

i i; i = 1, 2,... 6 (2-4)*I

The analog circuitry shown in Appendix H, Figure H-1, is used to solve
equations 2-3 and 2-4. Reactivity, in dollars, is transmitted to the analog
console by two digital / analog channels to maintain adequate resolution during
steady-state and transient conditions. The values of the parameters used in
the kinetics circuitry are listed in Table 2-1.

The circuit is initialized by the initialization subroutine (INIT), which

sets v$ equal to (f / Aj )P for each delayed neutron group. Hand-set potenti-j
ometer P149 is provided to balance out small accumulated errors. The circuit

integrators are held at the initial condition values until logic switch 011
is returned to its mid position.

For simulations where no change in reactor power is desired, potenti-
ometer P140 and switch 051 are provided to supply a constant power signal

to the core thermal circuitry.

The down position of logic switch 011 is used to reset amplifier 053 if
an overload condition should arise during initialization.

.

O
8
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Table 2-1

'
'

Reactor Kinetics Parameters

.

21.9 x 10-6 s'ec. (note 1)Neutron Generation Time 1'*

Delayed Neutron Fraction S .007259 (reference 1)

Decay Constant
Fraction

4(sec-I) (reference 2)
Delay Neutron 8 /S (reference 2) A

9p9 p

1 .038 .0127
i

2 .213 .0317 ji

3 .188 .115'

4 .407 .311;

5 .128 1.40

6 .026 3.87

!

The value for 1 given in Reference 1 is 19.52 x 10-6' Tha valuei Note 1. ,

listed in this table is given because the hybrid simulation uses
a .03 uf capacitor to simulate t/s x 10.

i 2.2 Reactivity Calculations

!

The simulation computes the total reactivity in dollars as a sum of

| the following:

:

| 2.2.1 Moderator Reactivity

(average density)
f core water Io * "t . I.

m
((nodes 1-4) /

3is specified in the input array in units of $/(lbm/ft )a
t

i

9
.
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2.2.2 Doppler Reactivity

[ h
fuelp ,

f ,f * (temperature /
.

af is specified in the input array in units of $/ F.
.

2.2.3 Boron Reactivity

(Average core )
0 . I boron concentration 1o = a

((nodes 1-4) /

is specified in the input array in units of $/ ppm.a g

2.2.4 Cont gl, Rod Reactivity

Control rods in the LOFT plant simulation are modeled as an
integral worth rod bank. Three methods of rod motion are provided:

2.2.4.1 Control rod shims can be made from the analog control
Ipanel. Reactivity is added or subtracted at a rate of .01$/sec. No change

is made to the rod height.

2.2.4.2 A control rod ramp can be simulated by specifying the
total change of reactivity and the total time interval for this reactivity

,

| change as input parameters. The ramp is automatically stopped when rod motion

i caused by a reactor scram is initiated. The indicated rod height remains

constant until the scram occurs so that the scram is always initiated from 54 inches.

2.2.4.3 Reactor scrams are simulated by a subroutine which
i performs a table look up of control rod position and reactivity versus time.

*Reactivity versus time is specified in the input array. Indi n' 11 control
rod height versus time after scram is given in Table 2-2. This table is

*

based on calculated rod drop times not plant data.

O'
10
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Table 2-2

Control Rod Height Versus Time After Scram
.

CRDM
Time Position.

(seconds) (inches)

0.000 54.0

0.075 53.9

0.160 52.8

0.245 51.4

0.331 49.5

0.417 47.2

0.503 43.6

0.589 39.3

0.672 34.6

0.753 29.2

0.830 23.7

0.905 19.7

0.977 16.2

| 1.050 13.5

1.127 11.1

1.211 9.0

1.265 8.0

1.336 7.0
.

1.403 5.9
.

1.514 4.1

1.590 3.0

1.9 10 0.0

11
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2.3 Decay Heat Generation

OThe simulation uses the simplified method given in section 3.6 of
Reference 3 for determining an upper bound on the decay heat fraction. '

The model ossumes an infinite constant power history and neglects the
*

efturt of fission product neutron capture.

! Equation:

1.02 F(t,= )/Q ( 2- 5)P (t)/P =
d max

Where:

Total decay heat power at time t secondsP (t) =
d

after shutdown.

Initial steady state power.P =
max

F (t,=) = Decay heat per fission t seconds after
shutdown. These values are given in Table 4

of Reference 3.
|

Total recoverable energy associated withQ =

one fission of U ' Equals 199.9 MeV.

i (Reference 4).
|

|
|

| Table 2-3 lists the values of P /P which are used by the simulation.
d

I Decay heat values are obtained by interpolating the logarithm of the time

j after shutdown into this table. Total reactor power is found by summing

toe neutron power and decay heat power. (See Appendix H, Figure H-1.)

.

O
12
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Table 2-3 '

j

: Decay Heat Power ,

,

: Time P /P,
(seconds) log (t) F(t,=) d' -

F

i .1 -1 13.18* .06725
i
i 1 0 12.31 .06281

î

10 1 9.494 .04844

I
i 100 2 6.198 .03163

3 3.796 .01937

i

; * Calculated using Refero:ce 3, Table 7, for t = 0.
! 23

F(0,=) = I aj/A$#

1

|0 -

'
| 2.4 Core Thermal Model
:

The transfer of energy between the fuel and the cladding is modeled by
|

| the following equations which assume a uniform distribution of power and !,

! temperature and constant heat capacities.

-T)(MC)f =fP .Kfc (T7 cp

|

! dT

(MC )c dt fc f- c) -
-| "

p cp

average fuel temperature ( F)*

Where: T =
f

(
|.

average cladding temperature ( F)*
T =

c

Total reactor power (Btu /sec)
! P =

!

Fraction of the power generated in the fuelf =

, t-

| 13

|
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(MC )f = Heat capacity of the fuel (BTU / F)p

Overall fuel to cladding heat transferK =
fc

coefficient (Btu /sec OF)
.

d Heat transferred from the cladding to=
cp ,

the primary coolant (Btu /sec)

U
(MC )c = Heat capacity of the cladding (Btu / F)p

The overall heat transfer coefficient, Kfc, is a combination of the
conductance of the fuel, gap and clad.

K k f) gap ( f' c} c)fc f c

The value of Kfc(T ,T ) is approximated by the following family of straightf c
lines:

K (T ) + S)(T ) * T (2-9)K "
o f f cfc

i Tables 2-4 and 2-5 list the values of the coefficients used by the

simulation model. These coefficients are based on values obtained
from Reference 14. Appendix H, Figure H-2, shows the analog circuitry
used to solve equations 2-6 and 2-7.

'

,

|

|

| <

|

O

14
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Table 2-4 r

1
'

! -

Core Thermal Coefficients
i f

Pa rameter Source Value Reference

{ [ core direct) / core bypass )
.9510 16 (Table III)4 f 1-{ heat 1 - I direct heat j =

'
( .0187 / \ .0303 /

I

| 3256.6 lbm 5 (page 11-2-27)M (2.505 lbm/ rod) x (1300 rods) ,=
f

!

'' d ie e t
M (0.514 lbm/ rod) x (1300 rods) x 637.4 lbm 6 (Table V)c .18 n

G
:

| (C ),. Representative value for fuel temperatures .07646 Btu / 6 (Figure 75) I
' l b., O F

between 800 F and 1600 F
i

i

I

(C )c Representative for clad wall temperatures .07671 Btu / 6 (Table V) :
p lbm 0F i

less than 1500 F
t

i P '

!o
L i
e

'

.% .

:

i
|
i

'
- - - . . . . . . - , . , , - - -- -- --- -. , - . -
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rable 2-5

Core Heat Transfer Coefficients
,

K (T ) + S (T ) * TK =
fc g f j f c

.

T (0F) K S
f g j

i

450 50.510 .007525

750 52.171 .005607

1050 53.097 .004100
i

! 1350 53.707 .002879

1650 54.339 .001782

1950 55.286 .000732

2250 56.869 .000429

2550 59.474 .001889

:

t

:

|

i

.

e

O
- 16

.-
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3.0 PRIMARY COOLANT LOOP SIMULATION

V
The loop flow model simulates the heat transfer process in a single

i

closed loop. A block diagram of the primary loop model and its inter-
connections with the other plant s/ stems is shown in Figure 3-1. Primary

,

coolant values of temperature, pressure, and flow are updated once each
time step.

3.1 Primary Coolant Flow

Primary coolant flow is calculated in units of cubic feet per second.
It is a combination of forced flow from the primary coolant pumps and
natural circulation. The initial total flow value is specified in the

input array in units of lbm/hr. The flows in various regions of the
primary system are related as shown in Table 3-2.

For simulating loss of flow accidents, such as pump coastdowns and
reflood assist bypass valve openings, a forced flow versus time curve is

k entered in the input array. These flow curves are obtained from the,

SICLOPS program (Reference 8) and from actual plant data. The time function
of forced flow can be activated automatically at the start of the transient
or it can be controlled manually using logic switch 010.

3.1.1 Natural circulation is calculated using the following model:

R R RpC ji BP JE L

f. H H N*
C

*
BP L- y

N
j L.

OV

17

I
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surge line

t
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bypass
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24 Steam generator inlet
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~ *vessel 37 50

outlet Reflood 5*

h 49 assist 6
bypass

Upper 16 48
loop 7

plenum 15 47 8

E Reactor vessel inlet 9
Steam generator

4 51 38 c
-

10

11
Core

2 39 12

1 40 13

j 41 Downcomer

46 42lLower Bypass --

45 | 43plenum

44 Pressurizer injection 27 Steam generator outlet
spray flow [

:o
h J,

c.>

31 30 29 28 c h37 36 35 34 33 32 -

E
Cold leg Pumps Cold leg INEL A 13 9M G

n
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TABLE 3-2 ;

PRIMARY COOLANT FLOW RELATIONSHIPS
. i

|

2
i

e

Location Nodes Value
.

.

Core 1-4, 15, 16 95% of vessel forced flow plus
core natural circulation flow '

ECore bypass 51 5% of vessel forced flow plus
bypass natural circulation flow

Vessel 39-46 Variable forced flow plus core
and bypass natural circulation
flows ;

.

Loop 5-14, 17, Sum of vessel and retlood flows
19-38

Upper plenum bypass 18 20% of vessel forced flow i

Reflood assist bypass 47-50 Variable with time

i

{
b.

!
:

'
,

i

!
.

:

i ,

|

i

- :
i

|

| 19

i
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where:

flow rate (cu ft/sec)W =

flow resistanceR =
,

,

gravity head (psid)H =
.

and subscripts '

C = core

core bypassBP =

loopL =

During nonnal operation the forced flow is much greater than the
natural circulation flow. Under these conditions the natural circulation
is added to the forced flow using a p'erturbation technique. That is:

dW (3-1)
TOTAL " " FORCE ^ "NC; WNC " BII "

2
From the head-flow relationship, H = kW ,

O
dW _ 1

dH 2kW (3-2)

k is the flow resistance constant calculated in Appendix A.2

and given in Table-3-3.

W is approxi.nated as follows:

W - W F(t) (3-3)g

nominal flow rate given in Telle 3-3W =
g

forced flow fraction, normalized to the initialF(t) =

*value of the forced component of flow

'

By combining equations 3-1, 3-2, and 3-3, the natural circulation
contribution to the flow is:

O
20

_
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H (3-4)W =
tic

2kW F( t) (3-5)R =
g,

When forced flow is reduced such that the perturbation method is'

,

no longer applicable, natural circulation flow is assumed to be a linear
| function of the gravity head. The total flow is formed as the sum of the -

i forced and natural circulation flow components.
.

H (3-6)W =
tic

o .

2kW f (3-7)R =
g gg

The value of k is the same as was used in equation 3-5. The fg
factor is specified in the input array. In order to maintain continuity

during a loss of flow transient, the transition between the perturbation

method and the linear head loss method is made when F(t) f.=
g

D'

The solution of the flow network given above is obtained by using
either equation 3-4 or 3-6 to determine the head loss terms.

0 (3-8)H -H - CC LLR R =~

L C

0 (3-9)HBP ~ NC - R RCC+ BP BP
=

(3-10)W NC+NBP
"

L

The simultaneous solution of these equations for W ' N and
C L

W is given in Appendix A.
BP,

Natural circulation gravity heads are computed by summing the
,

products of the density and the heights of each vertical node in each
flow loop. The node heights are shown in Figure 3-4 and listed in
Table 3-5.

s

,

.
21

.q,-yegy-e- -+,-e,m e- %,--ee**w-vy----ew-wwww- w-- w+ v--w--v- e v -ws= , -y- w



_ _ _ . .,

LTR-10-2-Rev. C
|
|

TABLE 3-3

FLOW CONSTANTS

.

Symbol Parameter Value
,

k Core flow resistance .05483 psi /(ft/sec)23

C

k Core bypass flow resistance 19.7935 psi /(ft /sec)23

BP

k Primary loop flow resistance .08852 psi /(ft /sec)23

L

W Nominal flow rateg

3
Core 19 ft /sec

| Core bypass 1 ft /sec
3Primary loop 20 ft /sec

|

|
,

I

i

.

.

t

0
22

'

t
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3.2 Primary Coolant Density

The density in each node is computed with the following empirical
equation: .

241.58 + .0890337 T - 1.44741 x 10-4 T=p ,

+ (P - 2200)(.00025 + 3.89 x 10-7 exp(.01287 Tave)) (3-11)

UWhere T is the node temperature in F, T is the average teinperature
ave

of nodes 25 and 26, and P is loop pressure in psia.

See Aopendix B for a derivation of this equation. The operating
range for this approximation is 400 to 650 F, and 1400 to 3000 psia.

3.3 Primary Coolant Heat Transfer

The heat transfer model assumes for :ed convection, with turbulent

flow and subcooled water. The heat transferred into each node is determined
by the following equation:

L9 (T -TN0DE) + DIR ( -12)=
WALL

The overall heat transfer coefficient, UA, is formed by combining

the heat transfer coefficient of the film, hDB, and the conductivity of
the wall surface, K, as given in the following equation:

f+g DB " DB
=

DB

kB is the Dittus-Boelter film coefficient which is dependent
on the fluid velocity as follows:

,

"ef(G
.8

h
(Reference 7, Section 6.114) (3-14)"DB

*
r ,

ref

3
h 30.764 ft /sec=

ref

O
24

-
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The values of H and K for each node are listed in Table 3-5.
ref,

In the reactor core, T is the cladding temperature which is
WALL

calculated in the analog core thermal model.,

For the steam generator nodes, T is the secondary saturation
WALL

temperature and the thermal conductivity, k, includes a boiling heat'

transfer coefficient for the secondary side of the tubes. The effect
of tube dry-out is modeled by reducing the overall heat transfer coefficient
when the steam quality surrounding the tubes is less than X according to

DNB

the following equation:

UA' = (3-15).m

X is specified in the input array. The dryout factor, f, is discussed
DNB

in section 6.1.6.

DIR is the heat deposited by radiation directly into the core and
core bypass nodes. See D ole 2-4 for the fraction of reactor power that is

included in QDIR*

O 3.4 Primary Coolant Temperature

Primary coolant temperatures are updated using the following equations:

T = TOLD + at/mc (3-16)NEW p

T
=TNEW + (T -TNEW) (3-17)N0DE yg

T = node temperature resulting from heat transfer
NEW

T = n de temperature from previous time step
OLD

'
.

hat = total heat transferred into the node during the
step. Q for the core and core bypass nodesi ,

includes direct heat.

I

j V
1

__ _. ..__ _ 25
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heat capacity of fluid and structure (see Table 3-5)mc =
p

T|iODE
updated node temperature resulting from the ideal=

mixing of T and T
f1EW IN .

h fluid /olumetric flow in the node (ft /sec)=

.

time step duration specified in the input arrayat =

node volume (see Table 3-5)V =

T of the upstream node as shown in Figure 3-1.T =
IN flew

Reverse flow is only modeled for the core bypass
node (51),

3.5 Primary Coolant Piping Wall Temperature

The wall temperature of each node, except the core and steam generator
nodes, is updated as follows:

BALL - a c (3-13)T *
WALL p

T' WALL
wall temperature during the previous time=

step

hat total heat transferred into the node during=

the time step

heat capacity of the wall (see Table 3-5)mc =
p

3.6 Primary Coolant Make"p and Drain

Injection and let down from the primary coolant system is controlled
from the analog console. When Logic Switch 110 is UP injection occurs. When

Logic Switch 111 is UP primary coolant is drained from the loop. Injection

and drain rates are specified in the input array in gpm. The program assumes

a density of 62.38 lbm/ft (60 F) for both drain and makeup. This allows a
'

feed and bleed with no net mass change to be simulated by specifying the same

gpm value for both rates.

Injection flow is added to node 27 which simulates injection via the
purification system. A temperature difference of 100 F is used to update the
node temperature.

26

______-. _ _ _ _ _ _ _ _ _ _ -
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4

3.7 Primary Coolant Boron Concentration

;

: Primary coolant boron concentration in each node is maintained using
.

,

1
!i the following ideal mixing equation:.

.,

COLD , t (CIN - COLD) (3-19)-C =-

Boron concentration during previous time stepi C =
OLD

:.

1
'

total volume of fluid entering node during theVat4 =

! time step
i
i

i C baron concentration of fluid entering the node=
IN

.

In addition to boron mixing with upstream nodes, mixing due to injection
flow and pressurizer surge flow is also included. Reverse flow in the

i core bypass node (51) is accounted for.

}

) The initial loop and pressurizer boron concentrations are specified
in the input array. Pressurizer boron concentration can be set equal to

;

i

| the loop concentration (node 21) by selecting DAP switch 10 to the ON
I. position.
i

The boron concentration of the injection flow is controlled by DAP
switch 2. In the 0FF position the injection concentration is zero (de- ;

| mineralized water). With the switch in the ON position the injection j

! concentration is as specified in the input array,
l

I
r

| .

.

>

k e

t
' 27l

|
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ICJit i 3- 5

l'itiMARY ((M ANI l'AHAMi If R SUMMARY

I 2 3 4 5 6

N00t i tR Al lON WAllR HE AT HE AI LAl't illH lil Al SlHUCIUHf NOILS

V0l bHL CAPACf|V
WAt t IRANSilR llLAT IRANS HilGill

jiL ) (htu/ f) (Is t u/DI) lBtu/Sec ul) Jis t u/ Sh of filli

1. See Appendix C for (.alculation details of the listed values.

1-4 Core 2.5% lbl.00 NA 342.55 Note 6 1.375 Program2,

5-14 SG Tube > 2.43 144.b9 NA 586.64 Note 6 -tl.408 Coluuri Array

Nundier Naucs

15-16 Upper PtN. 6.81 $3b.25 61.65 10.80 4.3/ 2./35
1 V

! 11 UP PIN. Out 1.40 526.41 62.49 11.29 4.5/ -1./$1 2 HC|

3 HCWAL

IU U? PtN. ..P. 12.30 1331.94 21/./b 63.15 2.45 riA 4 HRff
$ CK

19-23 Hot leg 2./b 1t41.9 3 83.28 23.ti4 1.56 0 6 / I

|

24 SG Inlet 11. t!4 125.62 143.66 20.b4 1.14 -2.b83 3. Ihe heat capacity, colutisi 2, ts cong>uted as-
(pVc )5 "' "'**(pyc )"* "I *

EE
25 SG Iube Sit 1.50 95.5/ 242.92 378.15 49.31 -0.958

C Assumed
26 SG Iube SH 1.56 91.Ju 242.92 184.61 49.31 0,958 p p 3 ConditionsNudes (titu/ll m f) lid /ft
27 SG autlet 11.84 693.21 18 3.t,6 21.00 1.14 2.583 o

26-46 1.2577 46.5333 2250 psia. 555 t

h 28-31 Luld Leg 3.00 175.b' 90.00 2b.90 1.68 2.813,0, o
0,-2.083 1-14, 1.3191 45.1467 2250 psia. 5/5 f

47-51

32- 33 Pucips 3.50 204.64 124.46 40.99 3.11 -0.75, 0
5771 2250 A 595"f

34-37 Cold leg 2. Ut 16/.59 94.14 31.14 1./4 0
structure 0.11 495 stainless steel

38 HV inlet 9.65 564.85 1588.40 165.89 11.51 1.858
4. lhe film heat transfer, coluesi 4, equals the film heat

The h
39 -4 3 isJN(MH 5.07 296.99 1057.8/ 131.75 12.06 2.514 transfer coefficient, hgg times the surface area. u8

3
calculation uses a flow rate of 30.7640 ft /sec.

44-46 louer PIN 7.91 462.76 115.60 3.15 1.19 o, o,

-1./07 lhe structure heat transfer, column 5, in general is5.
ce culated using the f ormula 6 A/L. Where k is the

47 RABV 3.28 195.21 101.03 29.74 1.87 NA conductivity coefficient, A is the surface area and
48 7.64 455.10 207.29 137.94 7.83 ng L is 1/4 the thickness of the slab.
49 6.69 398.59 181.13 120.81 6.8$ NA

50 3.28 195.21 101.03 29.14 1.tl7 NA lhe structure heat transfer coef ficients in the core and6.
steam 9enerator (nodes 1-14) are spicified in the input

51 Core Bypass 0.49 29.13 1 1115. 5 6 1165/.53 48.// 10.97 lhis alIUws for adjustment 5 to establish fuel rarray,
ten 4>erature and steam 9t-nerator piessure at the desired -a

N
initial conditions.

.
O..

h3
e

"A3
(D
<
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4.0 PRESSURIZER MODEL

.O
The pressurizer model is divided into two separate tnermodynamic

*

systems corresponding to the steam and water regions. Simulation of the
pressurizer response is based upon mass and energy balances in both regions.

.

4.1 Pressurizer Pressure and Level

The pressure existing in the pressurizer is computed from a volume
balance performed by the analog circuit shown in Appendix H, Figure H-4.
This circuit performs a continuous iteration on the following equation:

M v (h , P) + M "G(h ,P) (4-1)V = gg y G G

Total volume of the pressurizerWherc V =

34.76 cu ft
mass in water regionM =

y

iO average specific enthalpy of the water regionh =y
mass in steam regionv M =

g

average specific enthalpy af the steam regionh =
G

pressurizer pressure; P =

v(h,P) average specific volume of the water or steam=

regions. These are computed as functions of
,

specific enthalpy and pressure in the AD-10.
See figures and tables in Appendix D.i

i ,

At each time step the mass and energy terms are updated as 'ollows:

- ^M (4-2)
| "W "$l-^"SUR+ANSPR BOIL /COND

*

g H(g-AHB0IL/COND + ^HiiTR + h 0 SPRH =
f

AP (4-3)-h UNSUR - AHAMB + d YW
*

SUR

G Nb-^"RV+^"B0IL/COND (4-4)N "

AM - (hf-hSPR) ANSPRg Hg - hg RV() H =

AP (4-5)- AHAMB + aHB0IL/COND + UYG

29
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H /K (4-6)h =
y g g

"G "G (4-7)Ih "
G

-

Where

'

mass and enthalpy in the water andK,H,M,H =
j g g G

steam regions. Primes indicate values
from the previous time step.

specific enthalpy of the water and steamh,h =
y G

regions

amount of mass leaving the water region viaaM =
SUR

the surge line

amount of mass added as sprayaM =
SPR

amount of mass transferred between theaM =

BOIL /COND
water and steam regions as boil off or

condensation

aH amount of energy transferred between the=

B0IL/COND
water and steam regions by boiling or
condensation'

energy added to the water by the heatersaH =
HTR

specific enthalpy of water at saturationh =
f

specific enthalpy of the surge line fluidh =
3gg

ambient heat loss termaH =
AMB

conversion factor = 0.1851 Btu /(cu ft psi)J =

mass lost via the relief "aivesAM =

RV

change in pressurizer pressure during previousaP =

time step
.

specific enthalpy of the spray fluidh =
SPR

volume of water and steam regionsV,V =
g G

O
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Pressurizer level is computed from the following equation:

V x 2.02 (4-8)Level' = y
(in) (in/ cu ft)(cu ft)

where V is the volume of the water region obtained from ADC 100.y
.

Pressurizer initialization is accomplished by specifying the desired
pressure and liquid level in the input array. The INIT subroutine computes

values for the mass and enthalpy of the steam and water regions and initializes
;

I the analog circuitry. Handset pot P150 is provided to allow fine adjustment

of the pressure.

Loop pressure is computed using the following equation:

P -Khlh| (4-9)
'

P =
L p

Where

P L oP pressure=yf L

P.'essurizer pressureP =
p

Surge line volumetric flow rate from theV =

pressurizer to the loop (cu ft/sec)
surge line resistance, specified as anK =

input parameter

4.2 Surge Flow

| The mass flow in the surge line is generated by thermal expansicn or
compression of the primary loop coolant, and makeup, drain, and spray flows.

i.

The primary loop thermal expansion / compression term is computed by
,

i* comparing the total loop mass (sum of the volume of each node times density)
|

.

with the mass from the previous time step. This mass difference is added or
|

l subtracted from the surge flow. Due to the incremental nature of the numer-
ical procedure a small but finite amount of " noise" exists in the computation
of loop density. In order to eliminate cooldewn of the pressurizer water

31
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caused by these small density changes, a threshold value is specified in
the input array. If the mass difference is smalls than the threshold
value, it is not used in the current step but is included with the mass
difference of the next time step. ,

The spray flow term is added to the surge flow to acc.ount for the .

spray mass which is lost from the primary loop mass and is made up by
pressurizer outsurge.

Makeup and drain flows ve explained in Sectior 3.6.

The enthalpy and specific volume of the surge line fluid depends upon

tile direction of the flow. For outsurges they equal the values of the

pressurizer water. For insurges the specific volume equals the inverse of
the hot leg density, node 21, and the enthalpy is approximated using the
following equation:

1.25 T - 140 (4-10)h =

where T is the temperature ( F) of node 21. See Appendix D, Figure D-13 for

a comparison of this approximation and steam table data.

4.3 Spray

Automatic spray flow is initiated whenever pressurizer pressure
increases to the spray setpoint (specified in the input array). The spray
reset point is 25 psi below the setpoint. Automatic spray can be in' sited

using analog DAP switch 15. Spray can be manually initiated using switch 13.

Spray flow is calculated using the following formula:
'

(-)
W x x At (4-11)AM =

3p g 34

O
32
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Where

Mass transfer via the sprayline in oneaM =
3p

time step'

, ,

Loop flow rate ratio - accounts for spray=

flow changes caused by PCS pump speed-

p34 Density of cold leg node 34=

Duration of the time stepat =

Nominal soray flow when automatic ' sprayW =

is on, otherwise the continuous spray
fl ow. Both flow values are specified
in the input array.

Spray flow enthalpy is approximated using equation 4-10, where T is
the temperature of node 34. The spray is assumed to absorb enough energy
from the steam that it enters the water at saturation temperature. The

energy difference between the spray enthalpy and saturated water enthalpyN

is subtracted from the steam region. Because the spray flow is included in
the surge flow, the net effect of spray on the water region is no change to

the mass and an energy addition aqual to (hf - h ) * AMSPR. Equation 4-13y

is used to approximate saturation enthalpy.

4.4 Pressurizer Heagrs

Two banks of heaters are simulated. Separate pressure setpoints are
specified for each bank in the input array. The reset dead bands are 30 p:1

i for the cycling heaters and 15 psi for the backup heaters. Each bae sup-

plies 24 KW to the wa.ter region when activated. DAP switch I can be used
to override the heater logic.-

As an aid in establisning plant conditions, additional energy can be-

added to the pressurizer. When DAP switch 6 is in the down position, a
variable amount of power, specified in the input array in Btu /sec, is added
to the pressurizer.

.

33
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4.5 Relief Valves

The operation of the pressurizer steam relief valves are simulated
by subtracting mass and energy from the steam region. The mass flow rate

,

of the power-operated valve is 7200 lbm/hr and the combined flow from
both safety relie.f valves is 45,232 lbm/hr (reference 6 Table XII). The .

setpoints and reset dead bands are specified in the input array with both
safety relief valves sharing the same setpoints.

The power-operated relief valve can be controlled at the console

using DAP switch 14 to open the valve and switch 15 to override the auto-
matic operation.

4.6 Pressurizer Ambient Losses

Ambient losses in the pressurizer are divided equally between the
steam and water regions. The heat transfer coefficient UA, is specified

in the input array. The total heat lost is calculated as follows:

UA (TPZR - TAMB) (4-12)aH =
AMB

where

T Pressurizer Temperature (approxi'aatedPRZ =

oy h )
f

.

Ambient Temperature 100 F.T =
AE

4.7 Pressurizer Boil-0ff and Condensation

In addition to calculating the pressurizer pressure, the analog

circuitry shown in Appendix H, Figure H-4, also determines the steam
quality in the water and steam regions. If the quality of the steam

.

region is less than 1, condensation occurs and M (1-X ) pounds of steam
G G

are transferred to the water at fluid saturation enthalpy. Boil-off occurs
whenever water region quality exceeds 0. In this case, M X pounds of watergg
are transferred to the steam region at gas saturation enthalpy.

34



_ ._..._____ _ _____ _ . _ . . _ . _ _ . _ _ _ . , _ _ _ _ _ _ _ _ _ _ , _ _ . _ ___ _ _

|
1 i

LTR-10-2-Rev, C
i

)
,1 The approximations used to calculate h and h are plotted in

f g ,

Appendix 0 and are as follows:

|
'| 438.1 + 0.117 x pressure (Figure D-10) (4-13)h j=

.

f

1320.x - 0.09 x pressure (Figure D-11) (4-14)h =-

9i

|
! The tables used to determine the quality of the steam and water are also
j shown and plotted in Appendix D.
i
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5.0 PLAfiT PROTECTI0tl SYSTEM

O
The plant protection system (PPS) provides for automatic control ,

rod scram and/or emergency core cooling (ECC) when any of the monitored
parameters equal or exceed their setpoint. Table 5 I summarizes the -

simulated PPS system.

5.1 Time Constants

Instrument channel tire constants are modeled as a first order system
described by the following equation:

dX

(5-1)+ *
* dt M A

where

time constant=T

measured output signalX =
3

actual value of the parameter beingX =

A measured

The solution of differential equation 5-1 is approximated by the Euler
one-step numerical method. Setpoints and time constants are specified

in the input array. Scram signals can be inhibited using console DAP switch

4.

5.2 Time Delays _

After a scram condition is detected a time delay is used to simulate
the actual PPS and control rod circuitry response. The duration of the '

time delay is specified in the input array. When the scram delay time has
*

expired, the control rod scram is initiated (see section ''.2.4.3).

O
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!
5.3 ECCS |

'O Upon receipt of an ECCS signal, high pressure injection is initiated
at a specified flow rate and boron concentration (see sections 3.6 and 3.7). |

,
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TABLE 5-1

PPS SIMllLAT10N

Instrument Channei
Pa rameter Time Constant Trip Condition Notes

RSS

average reactor power yes high power peak power trip
not simulated

hot leg temperature yes high temperature (node 20)

loop pressure yes high or low loop pressure

PCS flow yes low mass flow (node 23)

RABV included in setpoint high RABV volumetric flow actual plant trip
is based on RABVm
valve positionm

loss of pump included in setpoint simulated by a timed trip
generator field
current

manual scram no console DAP switch 11

ECCS

loop pressure yes low pressure
G
f'
*d
L
|o
0
.

b

. . . .
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6.0 STEAM GENERATOR AND ASSOCIATED CONTROLLERS

C\ 6.1 Steam Generator Secondary Side

.

The secondary side of the steam generator is modeled as two nodes:

.

(1) Downcomer liquid region
i

(2) Steam generator saturated liquid / steam mixture including steam

! dome and piping to the Main Steam Valve.

The relationship of the two nodes is shown in Figure 6-1.
,

6.1.1 The downcomer node !s assumed to consist of subcooled incompress-

able liquid. The mass and energy equations are as follow :

.
dM

NFW + NRECIR - D (6-1)
"

dt

dh

dt FW (hpg-h)+NRECIR (hf-h}+ "D
* - -

D D

downcomer massM =
D

downcomer specific enthalpyh =
D

feedwater specific enthalpyh =
pg

steam generator saturated liquid specific enthalpyh =
f

downcomer flowW =
D

W = recirculation flow
RECIR

feedwater flowW =
. py

downcomer specific volume, approximated byv =
0

"

saturated liquid specific volume

P steam generator pressure=

conversion factor 0.1851 Btu /(cu ft psi)) J =

39
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Oi Relief valve flow
,

T

.
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O* =

o
Main steam flow
control valve (MSCV)o

O Dome ,

D D
cd Steam generator

6
Steam flow

| |
6 Recirculation flow
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__ _- - - - _ _ _ _ - _ - _ - _ .

55555~ pDowncomer
-m__--_-_-:_

)5555555555$ h +$!i5_-55b5555!<+:+:+ :+:+:

;j;j;j;j;j;g 6 -j-j:!!:!: ism; = seeowater fiowe
1:25 5:2^ 9 42:-555:-----'....s

~ Shroud
.% ?

590o@_o E
% a
% O- 1
y .... 3
% d

---_ _ y _ _s^ (=z
y;::c^::: =^- - g^

% 2
% tt

k_h"O0*".c,ome,r f1,ovt_mjj--- , lNEL A-13 935
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i

6.1. 2 The mass and energy equatic ;s for the saturated portion of

) the steam generator are as follows:
;

dM; SG,

t dt D RECIR - NSTM (6-3)N -N*

2
.

S

dt D D-hSG) - NRECIR(hf-hSG)N -(h"

-WSTM.(h -hSG) + SG + U"SG (6-4)g

M steam generator mass=
SG

steam generator specific enthalpyh =
3g

saturated steam specific enthalpyh =
g

rate of heat input from the primary coolantQ =
j SG

steam generator specific volumev =
SG

steam flow, including relief valve flowW =
ST

If the downcomer flow, W , is negative its associated enthalpy term is'

D

added to h instead of h
0 3g.

i 6.1. 3 The recirculation flow rate, WRECIR, is determined by assuming

; that the steam quality in the shroud riser is proportional to the average
! shroud steam quality.

N
STM<

(6-5)NSTM + NRECIRX O ""
riser shroud

,

1

S is emperically determined in Appendix F-2 to be a function of
power as follows:

2.8523 + 21974s= (6-6).,

OSG

The following additional relationships are used to determine WRECIR:.

(" shroud - "f}!("g - "f} (-}*

| shroud

|
Yshroud'

*
' " shroud M (-}shroud

41
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(6-9)"sh roud MSG - Mdome
*

( T0T - Vshroud - "f M)D
(6-10)M "

dome v
9

steam quality in the shroudX =
shroud

rp _ steam flow quality in shroud riserX
-=

S proportionality factor=

specific volumes of the shroud, down-vshroud, = comer, saturated fluid, and saturated
f, g gas

shroud volume, 88.8 cu ftV '

shroud

mass in the shroudM =
shroud

ass in the dome and steam piping up to theM =

dome
main steam valve

total steam generator and steam piping volume,V =

T0T
276 cu ft (reference 6, Table XXXIV,235 + 41 =

page 260)

6.1.4 Downcomer flow is determined by solving the following natural

circulation equation:

riser riser drum drum)/128(DD L -P Ll -P

+ k ("N#RECIR + "g STM)k ("D"D)
=

21

downcomer level (inches)L =

D

height of the riser section of the shroud,t =
riser

64.44 inches
,

height of the drum section of the shroud,L =
drum

'

97.31 inches

downcomer density| D
=O

density in the riser section=p
riser

odrum
density in the drum section=

|

| 42



_. _ _ _ - _ _ . _ - - _ . - . - . .- --- -
-

_ _.

.

LTR-10-2-Rev. C

downcomer flow loss coefficientk =
g

2.2028 X 10 psi /(cu ft/sec)2 (Appendix F-2)-2
3.

k shroud flow loss coefficient,=
2

7.8888 X 10-4 psi /(cu ft/sec)2 (Appendix F-2)
,

For very small gravity head differences equation 6-11 becomes numerically
uns tabl e. This is corrected by substituting 10W rW whenever W is-

DL D D

less than 10 cu ft/second. W is the laminar downcomer flow and is a linear
DL

functi,on of the driving head.

,

Appendix E contains steam generator dimensions, volume calculations,
and the following downcomer level relationship.

4

V
D "D"f

*

=f4.8098V fIV 519.41 cu ftD D

'D ( 0.9241 VD + 75.43 for VD >19.41 cu ft (6-12)
|

| s

The riser and drum densities are calculated as follows:

,

1
"

riser vf + Xriser "fg (6-13)

Nshroud - Priser Yriser,
# drum

V (6-14)DRUM
317.13 ft| V =

riser
371.67 ft

| V =
drum

6.1.5 Steam generator pressure is determined by a two-dimensional
table lookup. The table inputs are h and log (v3g)(see Figure 6-2).

'

SG
Table values are interpolated logarithmically for specific volume and

'

linearly for specific enthalpy. The variable log (vsg) is used to provide
f a more uniform configuration of the table. Appendix G shows the method
i
' used to generate the table.

)
:

43
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6.1. 6 The steam generator dryout factor, f, discussed in Section
3.3 accounts for the fraction of the secondary heat transfer area in which |

departure from nuclear boiling (DNB) has occurred. f is calculated by .|
assuming that the stearr pality in the drum is linearly distributed with

hei gh t. 'IL" '

.01 f11 1.0 (6-15)f =
L
DRUM

L is the height where the steam quality equals X The method used to
Df4B DiiB .

compute L is given in Appendix F-3. The resulting equations yield the
DNB

following:

/ 1 - (X - DNB)2XDRUM RISERI
RISER

for 2XDRUtMRISER (6-16)
(f =

1 - (XRISER - XDNB)/2(XRISER - XDRUM)

-( 6- 17 )( for 2XDRUM>XRISER

.01 <f <1.0

6.1.7 Two relief valves are included in the steam generator model.
When their respective high-pressure setpoints are exceeded they relieve
25 lbm/second of steam each (Reference 15), with a one-second response

i time constant. The reset deadbands are 55 and 56 psi, respectively, and

the setpoints are specified in the input array.

|

|

.

O
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6.1.8 Satt. ration values of temperature, specific volume and

enthalpy are determined as a function of pressure using a table lookup.
The tables extend from 100 to 1600 psia in 100 osia increments.

.

4

6.2 Main Steam Control Valve
e

The Main Steam Control Valve (MSCV) stem position is controlled with

an automatic and manual controller. The valve is manually controlled from

the console using logic switch 112 to open or shut the valve. In the

manual mode valve ramp rate can be multiplied by a factor of 0.1 using

DAP switch 5.

The automatic controller uses the following logic:

(a) The valve is demanded to open when the steam generator

pressure exceeds the high pressure set point.

(b) The valve is demanded to shut when the steam generator

pressure is less than the* low pressure set point and

a PPS scram condition has been detected.

(c) Automatic operation overrides manual control.

The ramp rate, response time constant, pressure set points, and dead-
band are specified in the input array.

Steam flow in lbm/sec is calculated using the following formulas:

C d P AP (6-18 )W =
g y

- PSG + PCR
P (6-19 )2 .

(P3g - PCRAP = .

O
46
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2 where,
s

steau flow (lbm/sec)W =
3

*
steam generator pressure (psia)P =

SG
, !

i condensate receiver pressure (psia)P
- =

CR

valve flow characteristic (see Table 6-3)C =
y

i

Steam valve leakage can be simulated by specifying the fraction of
50 MW assumed to be leaking past the MSCV whel it indicates shut. The

INIT program calculates a minint 3 steam flow, WMIN, and steam flow equals
W from the valve C or Wgyg, whichever is greater.3 y

[leakagefx50M 3W x (6-18)ggy ,
y power initial values(fractionj

,

.

6.3 Steam Generator Water Level Controller,

O:
The steam generator water level control circuitry uses inputs of

steam flow and steam generator water level to determine the proper feed
valve position. Figure 6-4 schematically shows the control circuitry.

,

| The feed valve is positioned to the control signal with a one-second

| time constant.
!

Upon receipt of a PPS scram signal the model initiates a delay then

j overrides the water level controller and shuts the feed valve. The delay

time and valve ramp rate are specified in the input array.

i
:

|.

|
| *

O'

!

47
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!

TABLE 6-3

MAIN STEAM VALVE C VERSUS STEM POSITIONy

.

Stem Cy .

Position (%) (lbm/sec/osi)

,
0 0

10 .0223

20 .0289

30 .0388

40 .0520

50 .0685

60 .0907

70 .1196

80 .1592

90 .2170

100 .2805

See reference 6, Figt.*e 154, 'where

(2.1) E x (the C listed inC y=
v 3600 engineering units)

.

S

0
48

._ .. _ .- .- -----. _.



- - _ _ - _ - . _ - . -_ . -. - . - - - - . . _ _ _ - _ _ . _ . . - . . = _ - . .. _ _

LTR-10-2-Rev. C
!

i :

k

1

4

I
*

i
,

|-

|

>

I

- Lo !

i f i

LSG E 8%/ inchj
;i i l

:
i

i

j 10 inches Z-

100% WSG [-

,

! i l

WSG -

| 300,000 lbm/hr

i

Lo = Level set point (specified as an input parameter)

Lsg = Indicated level signal (1 see time constant)

WSG = Steam generator steam flow

Z = Feed valve control signal INEL-A 13 937

FIGURE 6-4.

STEAft GEllERATOR WATER LEVEL C0ilTROL SCilEllATIC
.

!
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7.0 AIR-COOLED CONDENSER

O
Steam from the main steam control valve is condensed in the air-

,

cooled condenser. The condenser is divided into three bays. Each bay

has 230 tubes and two adjustable blade air fans. The LOFT simulation
,

models each bay separately. Pressure in the condenser is assumed to
be uniform and equal to the receiver pressure.

7.1 Air-Cooled Condenser Air Flow

<

Air flow through the air-cooled condenser (ACC) is adjusted by
changing the blade angle on the fans (total of six). The blade angle

controller (shown in Figure 7-1) is used to maintain a constant pressure
at the ACC inlet. The positioner setpoint is determined by the INIT sub-
routine and depends upon the initial condenser pressure specified in the
input array.

ACC air flow in cfm (hfan) is a function of the blade angle and is
determined by a table lookup of plant data as shown in Table 7-2. The

mass flow rate per bay is calculated as follows:

f \
2h (7-1)W

air fan * 60 c) air
= P

air ;; } , T in R, 25.45" Hg (7-2)p

(See Reference 9, page 1946)

The simulation uses the average air temperature of boy 1 to compute the

density.
.

The ACC model can be operated with air flow to bay 2 and/or 3
secured by selecting BAYSW(2) and/or (3) in the input array to zero. .

)
The normal value for these variables is one. Transient air flow
conditions are simulated by reducing the air flow from its initial value
to a preset minimum at a constant rate. The minimum values for each bay

30
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j and the flow reduction rate are specified in the input array. Only the i

!
;
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.

one are affected by the transient. The normal values in the AIRSW array |
i

|
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TABLE 7-2

O
AIR FLOW VS FAN PITCH ANGLE

.

- Pitch Angle Air Flow
| (dearees) 1000 cu ft/ min / fan
i

! 0 0
i
! 2 65

4 84

1 6 100

| 8 114
I
! 10 126
!

12 137

14 148

16 156

18 164

20 170

22 174

Reference 11, Figure 4, page 11, louvers 100% open.

.

O

O
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7.2 Air-Cooled Condenser Heat Transfer

The heat transfer through the condenser tubes is modeled as follows:

.

T
SAT TUBE AIRW & '

= m xv ;

U UFi F0VL p TUBE Upg

T saturation temperature of the condensate obtained from=
SAT

the condensate receiver pressure by a table lookup

T tube temperature=
TUBE

log mean air temperatureT =
AIR

U heat conduction across the inside film=pj

U heat conduction across tube deposits=
FOUL

U heat conduction across the tube=
TUBE

U heat conduction across the outside film=
Fo

Mc heat capacity of tubes=
p

The heat conduction correlations are from reference 10, modified

as follows:

|
Upj: (page 7)

b -5 1/3 hr. ft 0F
2

1.29 x 10 Wh =
4 STM Btu (7-3)

5
i 10 1/3 )1/3 x (360 x (7-#) -

-1/3 hr
b

W TM
= x

| $ 1.29 S 3600 sec
' x

converts th length term converts W from lbm/hr ,

|
from per fan to per bay to lbm/sec

Btu
lbm/sec (7-5)1.77 W

iNSTM " NCOND
U h= =pj 4 sec ft F

I

54
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UFOUL:
(page 3)

i

20
hr ft F.001 (7-6)

~

r =j BTU,

Btu
1 / 1i .2778 2 (7-7)

FOUL { (T6D0
=

U sec ft F=
3.

l

UTUBE:
(page6)

Uhr Fr, .0184 (7-8)=

/ 1 Btu |

\3600j) = .0151
U - 1

2o (7-9) fTUBE r sec ft pw

UF0:
(page9) ;

I

[

20.72 hr ft F
(7-10)1620 W ir Btu j

=
ao ,

:

1 72

x (3600).72 x (7-11)j h
o 1620 N$r

= x 360 sec

||

| converts W from fan converts W from
air

lbm/hr to lbm/sec' flow to bay flow

Btu-53.784 10 y 2o (7-12)hU e =
Fo g r sec ft p

The heat transfer equations used from the tube to the air are derived
as follows:

*

.

UA E . (7-13)air p (T -Tamb)N c ="
air out

,

air flow per bay (1bm/sec)W =
air

h
,

heat rejected to air (Btu /sec)=
air

heat capacity of air (from reference 9,- c =
p

C Upage 1909, at 100 F) = 0.242 Btt/lbm F

55
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air temperature at outlet of bayT =
out

amb
ambient air temperature. Specif'ad in the input array.l =

1
1 1heat transfer coefficientU

U ,U= =.

pg TUBE

'

external area per bay. From reference 6, page 258,A =

2 2Table XXXIII, 168,383 ft /3 56,128 ft= =

TT mean log temperature difference=

TUBE - TAM
(T

-Tamb)/in TTUBE - TOUT
( 7,14)=

out

From equations ,-13 and 7-14:
_ UA

Wair pc

(TTUBE - TAMB)'( ~*TOUT - TAMBAT = ~=
air

and

.

b ATWC -=x
air p air

!

The average bay air temperature is computed as TAMB + 1/2aTair'

The heat transfer from the steam to the tube is computed by:

UA (TSAT - TTUBE) (~cond =

I -1[1
+U- 10 =|

(Upq FOUL

inside surface area. From referenceA =

1 - 2 (.083)10, page 6, D
* ==

34 2
A = (230)(e4 ft)

w = 2210 ft*

1
%

The tube temperatures are updated as follows:

56
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|

(Mc)hT (7-17) |"

p TUBE COND ' air

0
.12 BTU /lbm FC =

P ;

/ 2 ) .

ft
3 2 2 2

(490 lbm/ft ). g (1 .83 ) in 144inj-2M =

.

(44 ft/ tube)-(230 tubes)

8414 lbm=

0
1009.68 BTU / FMc =

p

(tube dimensions from reference 6, page 258,

Table XXXIII)

|

!
|

O
|

|

:
|

!

|
-

|

-|
|
1

O|
.

1
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8.0 CONDENSATE RECEIVER MODEL

,

8.1 Condensate Receiver Mass Transport
'

.
.

The mass transport in the condenser and receiver is modeled as
follows:

,

fj* W * Steam I Relief Valve FlowG
Mass

Contensation ilowr
a

1 2 3

Boil Condensation
Off

, e u

Condensate
Mass in Tubes W -+ Water : Feed Flow

Mass

|
'

)W / h -h*
cond cond I g f I (8-1)'

(SG CR /

h and h are determined by a table lookup of pressure
g f

in *he steam generator and condensate receiver,
respectively.

G "STM ~ IN (-W *
cond

/EM .y (8-3)W =

| f cond cond TUBE.

1

velocity of condensate traveling downv =
cond,

1 ft/sec (Appendix I)the tube =

| ) E average length of tube traversed by the=
TUBEd condensate 22 ft44 ft/2= =

53
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W
relief

relief valve flow, activated on high=

condensate receiver pressure. Values

for flow, pressure setpoint, and dead-
band are specified in the input array. '

8.2 Condensate Receiver Mass and Energy Balances *

The mass and energy equations for the condensate receiver are as
follows:

dMc"
dt cond - "f (0 )W"

dM -

g
B/c (8-5)f - "FW

at

"
dt

dM ^M
STM B/CW -N

dt G* at relief (8-6)"

O
dH

g /Cg
h W N B"

(8-7)dt f cond - W FW -
at

+J V aPg

dH Ui
N (8-8)U G+ at - STM relief"

dt g

SG

+ JV AP
STM

mass of the condensate in the ACC tubesM = -

cond

M,g mass of water in the CR= *

mass of steam in the CR and ACCM =

STM

enthalpy of water in the CRH =
g

59
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enthalpy of steam in the CR and ACCH =
STii

TM net mass exchange resulting from boil off=

B/C
and condensation during the time step At.

,

M Xg-MSTM(1-XSTM)*
g-

steam quality in water andX and X =
g STM

steam regions

~5ii net enth?.lpy exchange resulting from boiloff=
B/C

and condensation during the time step At.

M X h -MSTM (1-XSTii) hf' =
y g g

1

specific enthalpy of saturated steam at PCRh =
g

specific enthalpy of saturated liquid at PCRh' =
p

|

| h|=
i

specific enthalpy of saturated steam at PSG3
I

H /Mb =y g y

i
*N /M

STM STM STit
1

0.1851 Btu /(cu ft psi)conversion factorJ 2=

net change in P during time step at.AP =
CR

condensate receiver pressureP =
CR

.

| P steam generator pressure=
SG

volume of water in condensate receiverV =
y

,

V = volume of steam in condensate receiver
STM

i - 60
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8.3 Condensate Receiver Pressure

The Condensate Receiver Pressure is determined by iterating the

pressure until the calculated volume (9) equals the actual volume (VCR)- -
_

If V>V the pressure is increased. If V is less than V the pressure
CR CR

is decreased. .

E = (Mcond "f) * W "f * W - h )) Mf

+MSTM ("f + ( STM - h ))f

V = 126.02 MSCV to ACC
CR

135.30 ACC

72.31 ACC to CR

412.23 CR (Reference 6, page 260, Table XXXIV)
3745.86 ft

vf specific volume of saturated water at P=
CR

For subcooled water,

h=13.828x10-6 (see Figure 8-1) (8-10)

|

For saturated water, steam and superheated steam,

h=2.28x10-4 + .496124/P (8-11)CR
1

(see Figures 8-2 and 8-3)

.

O

O
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O
,
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.

1
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1
-

l

1

I
i

5
*
@'
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.

"E 5 $5
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e r2 R> ---- vfg/htg = 0.000228 + 0.496124(1/p) r

$
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|

e
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|

-

1
1
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4

-
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I

9.0 FEEDWATER SYSTEM |

9
Feedwater leaving the condensate receiver passes through the sub- ,

cooler, main feed pump, and feed regulating valve befc e returning to
the steam generator. .)

9.1 Subcooler

The equations used for the subcooler region are as follows:

dh

-hsc)- (9-1)FW (hy"sc dt *
sc

CR

(h -hamb) (9-2)UA (T -Tamb)
==

scsc sc
P

mass of water in subcooler regionM =
sc

from reference 6, page 260, Table XXXIV

7.62 CR to SC
.50 subcooler

8.12 cu ft

52.94 lbm/cu fto @ 300 psi sat =

"sc 430 lbm=

f = 2.3 lbm/sec (Appendix J)
p

100 BW/ Rmh =

amb

specific enthalpy of water in the subcoolerh =
sc

region

.

feedwater flowW =
gg

.

h
W specific enthalpy of water in the condensate

,

CR receiver

O
65
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<

9.2 Feedwater Piping

b

i
' The equations used in the feedwater piping are:

dh-

4

NFW (h -hpg) (9-3)M
] FW dt

*
sc

-
1

mass of feedwater (from reference 6,M =
pg

page 260, Table XXXIV)

<
'

4.72 SC to feed pump
I 1.20 feed pump

7.02 feed pump to control valve
]

18.27 control valve to steam generator

31.21 cu ft

U 53.36 lbm/cu fto 0 300 psi 10 F subcooled =

1665 lbmM =
pg

specific enthalpy of feedwaterh = .

FW

9.3 Feed Flow

Feed flow is determined as follows:
|

C V p(P -PSG) (9-4)W =
FW v p

i

feedwater mass flow rate (lbm/sec)W =
pg

valve characteristic (from reference 12,C =
y

figure 2)
.

1.0725 X 0<X<.75C =
y

1.0725 (2 X .75) .75<X<1.0C' =
y

See figure 9-1 for a comparison of the Cy

curve and power range testing data.
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3o feedwater density 53.36 lbm/tt at= =

300 psi,10 F subcooled

P
|feed pump discharge pressure (psi)= =

p
2 -|

PCR + - "FW (9-5)o

.,

P shutoff head discharge pressure.=
g

Specified in the input array. I

R = pump internal resistance factor =

.02330 psi /(lbm/sec)2 (see Appendix J).
1

P gg steam generator pressure (psi)=

P
CR condensate receiver pressure (psi)=

Solving equations 9-4 and 9-5 explicitly for W yiel ds :pg

C CR + P -Pg SG)W =
FW (9-6)

Y 1+C oR2
y

1

|

|

.

.

| e'
|
'

67
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|
|

10.0 PROGRAM OPERATION AND CONTROL

O1
The simulation is run on a PDP-11 with an Applied Dynamics, AD-5, .|

analog console and an AD-10 function generator. The operating system is
RSX-11M, version 3.2. .

10.1 Analog Initialization

The values of the analog potentiometers are preset using an Inter-
active Hybrid Interpretor (IHI) program called C0FSET0 This program sets

the pots to a tolerance of +.015% of the total range. The source program
_

listing is in Appendix H, Figure H-7.

The AD-10 function generator is loaded with the values given in
Appendix H, Figures H-8 through H-12 by an AD-10 program called F12V.

Both of these programs are activated frcm the operating terminal
by a command file named HYSETUP.

10.2 Program Execution

The simulation computer program is named PLAN 14. Table 10-1 lists
__

the commands used to control the program.

10.3 Digital Program Initialization
.

|

The INIT14 subroutine initializes the program to precomputed steady -

state values. This is accomplished by using the same modeling equations used
*for tne dynamic solutions except that the time derivatives are set to zero.

Because this computation is performed by a separate subroutine which is inde-
pendent of the dynamic solution, INIT14 serves as a check of the main program
impl ementation.
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,

The steady state temperatures in the primary coolant loop are deter-
mined by using a recursive solution which is given in Appendix N.,

'

Iterative solutions are used to determine the initial steam generator.
,

shroud mass and air-cooled condenser mass flow rate.
,

|
; .

Input parameters used for initialization are:

1. Reactor Power (MW)-

| 2. Hot Leg Temperature (UF)

3. Pressurizer Pressure (PSIA)
4. Pressurizer Level (inches)
5. Condensate Receiver Pressure (PSIA)

j 6. Steam Generator Level Setpoint (inches)

7. PCS Loop Baron Concentration (ppm)
:

10.4 Main Operating Program

I

() The main operating program is contained in the MAIN 14 subroutine.
,

This subroutine cycles once each frane time as specified in the input array.
1 .

|
Figure 10-2 is a block diagram of the logic flow paths. Appendix H, Figure

H-2, shows the analog clock and data counter display used by this subroutine.,

!

.

4

.

.
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TABLE 10-1

PLAN 14 OPERATING COMMANDS

.

Digital
*

Commands Name Action

PR Parameters 1. Checks that the previous
data file is closed.

| 2. Requests the name of the
data file to be accessed.

3. Reads the title, input array,

| and status array from the
|

specified file into memory.
l

: 4. Decodes run time and scram
time from the status array.

TO Title /Open 1. Checks that the previ;us
data file is closed.

2. Requests file name, title,
and maximum number of samples.

3. Opens a data file.

4. Initializes QIO parameters.

OP Open 1. Same as T0 except, file name,
title, and maximum number of
samples is taken from memory.

|
1

| CH Change 1. Changes values in the input
| array by requesting index

number and new values. Values
can be inserted from the card
reader or from the terminal. .

| tI List 1. Lists on the printer the input .

array, status array, and, if
I

l a scram has occurred, run
time, scram time, and scram
type.

,

71
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TABLE 10-1 (continued)

Digital,

Commands Name Action.

TR Transient 1. Requests the transient type,

as follows:

; 1 - flow transient
2 - not assigned
3 - reactivity transient
4 - feed valve transient

2. Initializes the transient

] logic variables.
|

IC Initial Condition 1. Initializes the hybrid inter-
face and analog console.

2. Initializes the sample counter
display.

4

'

3. Pre computes steady state from
inputted plant conditions.

),
( This provides for initialization

and self check of the dynamic'

i solution.

4. Sets cots on analog console.

5. Initializes the transient
logic variables.

;

6. Checks that a new data filei

i is open.
I

RN Run 1. Activates the main cycling
j program.
I

DM Dump 1. Prints selected plant parameters..

.

| FD Full Dump 1. Same as DM plus printout of
| blank common is included.

,

i

1
4

I

\sp

|-
|
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TABLE 10-1 (continued)

O
Digital
Commands Name Action -

SA Save 1. Encodes run time and scram .

time.

2. Writesinput and status
arrays on the data file.

3. Copies reader file onto
the data file.

4. Closes the data file.

DS Descrintion/ 1. Same as SA, except program
Save requests a description block

which it adds to the title
record.

DE Delete 1. Deletes the data file from
the disc.

MC MCR 1. Issues a PAUSE command which
allows operation of other
system commands from the
terminal.

2. Execution of PLAN 14 resumes
when RES is entered on the
terminal.

EX Exit 1. Program execution is stopped.

Analoa Controls

DAP Variable ,

Switches Name Action

1 KN0HTR 1. Inhibits pressurizer heater
logic.

2 ICONC 1. Selects the baron concen-
tration of the HPIS fluid:
ON - borated water
0FF - demineralized water

73
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TABLE 10-1 (continued)

k
j Analog Controls

DAP Variable
Switches Name Action*

!

3 IZDP 1. Adds reactivity at ic/
second.;

4 ISCBP 1. Inhibits scram logic.
4

5 ISVRMP 1. Reduces steam valve tamp1

rate by 90%.

6 KHTR 1. Activates pressurizer start-
up heaters.

i 7 ISMP 1. Initiates data recording and
' starts timer at zero.

2. Activates transient logic.

3. Enables scram logic.

8 ISMTD 1. Activates fast sample rate.
:

9 IZDM 1. Subtracts reactivity at

ic/second.

10 ICPBP 1. Sets pressurizer boron con--

centration equal to the node
21 concentration.

|

11 KSCMN 1. Initiates a manual scram.'

12 ID 1. Stops the cycling program
and data recording.

i

t

13 KSPRA 1. Activates pressurizer spray.'

14 KPOR 1. Activates power operated' '

relief valve.

15 (NSPPR 1. Inhibits pressurizer spray*

and power operated relief
logic.

74
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TABLE 10-1 (continued)

Logic Variable
Switches Name Action

*

,

010 UP IFLMN 1. Initiates manual flow transient.
.

011 UP IDLZER 1. Holds analog integrators for
the reactor kinetics and core
thermal circuits in the 1C
mode.

2. Holds clad and steam generator
temperatures at their pre-
calculated stcady state values.

3. Holds reactivity at zero.

011 DOWN none 1. Resets the reactor kinetics
circuitry.

110 UP JINJ 1. Activates injection flow.

111 UP JDRAIN 1. Activates drain flow.

112 UP 10PMSV 1. Opens steam valve.

112 DOWN ICLMSV 1. Closes steam valve.

:
!

!

.

0

0
.
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APPENDIX A

.

PCS FLOW CALCULATIONS

.

A.1 Solution of the Flow Network Equations

1. Given (Section 3.1.1)

H -H -WR - LL =0
C CC

HBP - "C - N RC C + "BP BP = 0R

W =W *
C BP

2. Solve for WC' WBP, and W -L

3. In matrix form the equations are:

- -. . . -

R
- L C "L - "CC

R -R 0 W
HBP- HC

=
C BP BP

1 1 1 (-W ) 0
L ,

- -. . . .

(-WL was used so that the flow network would be
symme trical . )

4. Determine tne inverse of the R matrix

-1 "
R - jRi*

R 0 -R
C L

.

R R
- BP * -( C BP LC L gp)R=

C

1 1 1

A-1



l

'

LTR-10-2-Rev. C

,T
-

-R -R (R + RBP) R R RR
BP C g BP

5. adj R = -R (R + R ) -R R -( C+R}=-
L C L C C L CL

.

-R E -E R -R -(R + BP) RL BP CL C BP C C C BP

|
-

- .-

1

1

- H -H -1 0 1 H
C C

1

-1 1 0 H6. Hgp- HC gp=

0 0 0 0 H
L

_ - - . -.

- - . .
_ _ _

W -

"CC BP L L BP

BP |R C -( C L) RR -1 1 0 H7. W +" CL BP

(-W ) -(R BP) R 0 0 0 H
C C C BP L

- .
_ _ _

. .

- .
. . . .

C -( BP+R) HW
L L BP C

BP | L -( C+ R ) R HW
L C BP

"

(-W ) R R ~( C 'BP) H+
BP C L

. - .. .
,

.

(note symmetry as a check of correctness)

-(R L} "C L "BP BP "LBP
8. W *

C K "BP * # dL C * "L"BPC
,

| RH -(C L "BP + R HC L_
+ *

C
W "

BP K "BP ' "L C + # RL BPd
C

O

/A-2 J
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-RBP"C - C"BP +(C BP) "L
+

' W "
L M "BP ' "L"C * "L KC SP

A.2 Derivation of the PCS Flow Resistances
.

1. H = kW2
,

2. LOFT Plant Data recorded during Power Range Testing, IP-01.07 Step
6.7.17, Att 8, Step 6.1, Natural Circulation Test 30 percent.

PLD 263:10:04:06 September 20, 1977

PDT-P 139-030 Vessel aP = 24.6148 psid
PDE-PC-001 Pump aP = 68.6457 psid
FT-P 13 9-2 7-1 PCS Flow = 3.79162 MLBM/HR
TT-P139-32 Hot Leg Temp = 544.1820F
PT-P 139-002 Hot Leg Pres = 2235.93 psig

33. Specific volume at 544.1820F and 2235.93 psig = .021176 ft /lbm

fb x 3600 sec
63.79162 x 10 x .0211764. W =

r

3E2.3032 ft /sec=

5. Assume core flow is 95 percent of total.

3WC = (.95) (22.3032) = 21.1880 ft /sec

.

|

.

I-

.. A~'L______________________________________ _____



[
l LTR-10-2-Rev. C

6. kC - 24.6148 psid/(21.1880)2 (ft /sec)2 = .05483 psi /(ft /sec)23 3

O
7. Assume core bypass flow is 5 percent of total.

.

3WBP - (.05) (22.3032) = 1.11516 ft /sec
.

8. kgp = 24.6148/(1.11516)2 - 19.79347 psi /(ft /sec)23

9. kl = (68.6457 - 24.6148)/(22.3032)2
3= .08852 psi /(f t /sec)2

10. 2k Wo - (2) (.05483) (19) = 2.0835C

11. 2kBP Wo - (2) (19.79347) (1) = 39.5869

12. 2k Wo = (2) (.08852) (20) = 3.5408L

O

.

.

O

A-4
. _ _ _ _ .
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APPENDIX B

PCS DENSITY APPR0XIMATION

.

1. Density was calculated from the ASME Steam Table specific volume
values at 2200 psia for each 200F incr..nent from 4000F to-

6400f. See the data plotted on Figure B-1.

2. A second order least squares fit gave the following polynomial
which is also plotted on Figure B-1.

o = 41.58 + 0.0890337T - 1.44741 x 10-4 T2

3. To find the dependence of the density on pressure was

tabulated over a pressure range of 1400 to 3000 psi at the
following temperatures:

Ao
a T p

1<

400 .000319

| 440 .000363
! 480 .000438
! 520 .000563

560 .000744

| 600 .001084 (pressure range 1800 - 3000 psi)
1 640 .001863 (pressure range 2200 - 3000 psi)

4. By inspection of the data (see Figure B-2) it was decided to use
a least squares fit of the form:

9

h = 250 x 10-6 +ae*D
.

R-3
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5. Evaluation of the coefficients yielded:

h = (250 + .389 e.01287T) x 10
-6

.

6. Combining the least squares temperature polynomial and the pressure correction
formula gives: -

!,

|41.58 + 0.0890337T - 1.44741 x 10-4 T2p -

+ (P - 2200) (250 + .389 e.01287T) x 10-6

!

|

1
I

O

!

|
.

b

e

O

B-2 J
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.

I

!

,

60 , , , , , ,
'

.

ASME steem tables 1967
,

2200 psia

'- % 's55

,/'s \
--

/
i /

/
/ \

'

/
/

i /
/'

i /
-

/ <

: / |

50 -

/
-

{
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i

i APPENDIX C
| .

PRIMARY COOLANT N0DE DESCRIPTIONS
!

|. Core Nodes (1-4)
!

|
Sta 182.925

4;

|

!

| 3
1

.

2

:
!

| 1

I Sta 116.925

| 1. Volume
!

R. L. Drexler's LOFT Volume Notes 4-17-79 give the volume for the 3 RELAP
core nodes (53, 54, and 55) as:

53 3.3653
i 54 3.3843
j, 55 3.3923

Total 10.1419 ft3

Water volume per LOFT node 2.5355 ft3=

2. Heat Capacity

Cp = cp p V

(1.3191) (45.1467) (2.5355)=

= 151.00 Btu /oF,

3. Wall Heat Capacity
,

The heat capacity of the core cladding it accounted for by the core
thermal model, Section 2.4.

C-1
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O
4. Heat Transfer Surface Area ;

*

A = 789.93 ft2 (Reference 6, Table V)

Area per node = 197.48 ft2 .

5. Heat Transfer Across Film

P *4 (Reference 7 Section 6.115)
0R*h0B = 0.0230 e r

D - hydraulic diameter - 4 (Reference 7)H we t d pe eter

O CJ \J''

O GHD)f
fuel pin pitch = 0.563 inches (Reference 6 Table III)

2 2 2

Q Q Q flow area = 0.563 - (0.422 ) = 0.1771 inches

perimeter - w(0.422) = 1.3258 inches
*

DH = 0.5343 inches = 0.04453 f t

Reynolds Number

H oV HRe = ov = g

h = reference flow - 30.7640 ft3 sec/

R. L. Drexler's Notes 4-17-79 give the following flow cross sections for
the 3 RELAP core nodes (53, 54, and 55):

53 1.8460 ft2
54 1.8356 Ft2
55 1.8504 ft2

Average A - 1.8440 ft2
.

Water properties from ASME 1967 Steam tables
2250 psia and 5750F

,

o = 45.1467 lbm/ft3

x 32.17 ft /sec = 6.140a x 10-51bm/ftu - 19.0875 x 10~
*
2

C-2
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k = 0.3201 Btu /hr.ft.0F = 88.9167 x 10-6 Btu /sec.ft.oF
*

Pr = 0.9292

Re = (45.1467) (h4q0 ) (.04453)76
1 = 546,215-

(6.1404x10-5
'

= (0.023) (88.9167 x 10--6) (546,215)0.8 (0.9292)0.4h
DB (0.04453)

1.7346 Bru/sec. ft .op2=

HDB = (1.7346) (197.48) - 342.55 Btu /sec F per nodeo

6. Structure Heat Transfer

Thermal conductivity

k = 7.51 + 2.09 x 10-2 T - 1.45 x 10-5 T2 + 7.67 x 10-9 T3

k in W/m oK and T in oK

O
655j2 0

astume Tclad = 655 F + 273.18 619.29 K: =

Uk = 16.7138 W/m K 9.6571 Btu /hr ft F=

0.422 incnes (Reference 6, Table III)Diameter =

0 23
r 0 = 0 19885

1

(2w) (9.6571) (3600) (5.5) (1300)K = 2w k h N =
U.211r

2 1nIn 0.19885
1

K = 2031.99 Btu /sec oF.

= 508.00 Ecu/sec oF per node
,

(The simulation uses the value specified in the input array for
this coefficient.)

O
C-3
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7. Height .

i

182.925 - 116.925 = 66" .

I :

| = 5.5 ft
*|

= 1.3750 ft per node
:
6

P

.

O.

D

%

1 0
1 C-4
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'

]
Steam Generator Tube Nodes (5-14)

.
*

1. Volume
4

Dihiensions from Reference 6 Table XII I
,

Average tube length = 14.93 ft,

: Tube outside diameter = 0.50 inches
Nominal wall thickness = 0.049 inches
Number of Tubes = 1845<

i

| V= D LN = (0.50 - 2x0.049)2 /12 x (14.93) x (1845)
" 2 * 2

= 24.2793 ft3

= 2.4279 ft3 per node -

2. Heat Capacity

C = pVc = (45.1467) (2.4279) (1.3191)p p

i = 144.59 Btu /oF
!

.

3. Wall Heat Capacity

; The heat capacity of the steam generator secondary is accounted for in
; the steam generator model, Section 6.1.

4. Heat Transfer Surface Area

A = w DL N = w (0.402)/12 x (14.93) x (1845)

= 2899.0 ft2
|

= 289.90 f t2 per node

5. Heat Transfer Across Film

Reynolds Number| .

| . . .

| p VD aV D oV. g ref efRe = Au A u "wDu"
<

T

3
Re 4(45.1467 lbm/ft )(30.7640 f t /sec)

[ w (0.0335 f t)(1845)(6.1404 x 10 *1bm/f t-sec)
-

= 465,985

C-5
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Dittus Boelter Heat Transfer Correlation

k 0
DB .023 p Re .8Pr .40 *

h
H

.

(.023) }(465,985)0.8(0.9292)0.4 2.0305 Btu /sec ft F
8.9 7x 2

- -
u 33b

HOB - (2.0305) (289.90) - 588.64 Btu /sec 0F

6. Structure Heat Transfer

" "
Heat transfer across tube for cylindrical geometry -

In (r /rj)g

k for Inconel MO - 10.8 Btu /hr f t OF

- 0.003 Stu/sec ft oF Reference 6 Table XII

2w (0.003) (14.93) (1845) - 2380.1 Btu /sec FK -

j" 0.500
OR

Assume the heat transfer coefficient across the secondary film
i

2- 6000 8tu/hr ft .oF (See Reference 17)1

Tube Area - Secondary Side

(h(14.93)(1845)A=n DLN-w
|

- 3605.7 ft

!1 ~1
1

Total heat conductivity - l +
g g

| N
|

[ \-11 1 o -

O W Btu /sec F-
| 2380.1 6000 1

-

x3605.j/
| g
1 -

170.49 Btu /secoF/ node| -

(The simulation use the value specified in the i::put array for this
coefficient.)

C-6
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; @
; 7. Height
!

i

| .

j Max height 107.5" (Reference. 6 Table XV)
; Min height 84.5"
| . 1R" *2 , 96" - 11.5" (height of tube sheet)
I

I 84.5" 7.0417 ft= -

I
1.4083 ft/ node! =

:
1

|

l

!

I

1

9
|

|

|

|

e

e

|

l

O'

,

.

C-7'
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O )1Upper Plenum Nodes 15 and 16

.

@- STA 248.580
.

STA 235.393 (transition from intermediate to upper flow-

skirt)
STA 182.925u -

1. Volume
|

Drexler's upper plenum volume notes 2-21-79 startin9 on pg 747

Intermediate flow skirt area - 473.050 in2

Upper flow skirt area = 473.481 in2

(neglect bypass cnan:iels)

Total Volume = (235.393-182.925) 473.05 +
(248.580-235.393) 473.481 = 31064 in3

= 17.9769 ft3

Page 807

Total displacement from 182.925 to 258.406 - 8408 in3
| To adjust these displacement for our smaller volume

| 0 - 182.925 3 3

| 258.400 - 182.925 = 7313.5 in - 4.2323 ft
.

8408

| Weer volume = 17.9769
-4.2323

13.7449 ft3 - 6.8725 ft3 per node

Internal Structure Volume

| 4.2323 ft3 - 2.1162 ft3 per node
.

2. Heat Capacity
.

I Cp = (43.5777) (6.8725) (1.4058) + (495) (2.1162) (0.11)

= 536.25 8tu/oF

C-8
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\

2

3. Wall Heat Capacity
*

Height = 248.58 - 182.925 - 65.655 in = 5.4713 ft

Average cross section area = 1 3 = 3.2857
9*

2.3857
equiv dia 0 = 2 = 2.0454 ft

,

assume core filler is 0.75" thick - adds 1.5" to dia = 0.1250 ft

V={(2.1704 - 2.0454 ) 5.4713 - 2.2645 ft
= 1.1323 ft3 per node

Cp = (1.1323) (495) (0.11) = 61.6537 Btu /0F
,

4. Heat Transfer Surface Area

A = w D h = w (2.0454) (5.4713)

= 35.1576 ft2

= 17.5788 ft2 per node

!

5. Heat Transfer Across Film

Reference 7 Section 6.117

! 0.8

DB = 0.148 (1 + 10-2T - 10-ST) v in ft/hr and D in ft#
h

D . 2,O

0.8

DB = (0.5046) V
Uf r T = 595 Fh 0D .2

,.

j flow area (RLD's summary sheet) = 2.5956 ft2

x 3600
ref 30.7640 x 3600 ,= 42,669 f t/hr jy= "
flow area 2.5956

| -

08

DB = (0.5M6) MU(2.0454)O.2 = 2212.5
2oBtu /hr ft p

| h
'

= 0.6146 Btu /sec ft2 or

( HDB = (0.6146) (17.5788) = 10.8039 Btu /sec 0F

C-9
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6. Structare Heat Transfer

k for stainless steel = 14 Btu /hr ft OF '

= 0.003889 Btu /sec ft 0F
.

let L = 1/4 the thickness of the slab

= 1/4 {2 = 0.01563 ft

kA (0.003889) (17.5788) 0= 4.3739 Btu /sec F, _
L 0.01563

7. Height

5.4713 f t = 2.735 f t per node

O

.

.

O
C-10
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:
,

Upper Plenum Outlet Region - Node 17i

,.

'N ~
, ,

s. s./

# _____3 b _ STA 269.59'
.

i NODE #7 STA 258.41

T '1 /Kf STA 252.74
N

f STA 248.58g - - - -
, s

/N fi s& . k,

1. Volume

R. L. Drexler's reactor vessel volume ndtes

From 248.58 to ' 2.746
] cross section area = 479.91 inches 2 (pg 754)

volume = (479.91) (252.74 - 248.58) = 1996.4.in3 = 1.1553 ft3i

From 252.74 to 258.41 (transition area) (pg 806)

volumes 628.0 in3
645.0 in3

1260.0 in3
609.9 in3O 3142.9 in3 = 1.8188 ft3

From 258.41 to 269.59 (zone 2) (pg 803)

volume = 9967.9 in3 = 5.7685 ft3

Total volume = 8.7426 f t3

zone 2 displacement = 1234 in3 , o,7141 f t3 (pg 803),
,

zone 1 displacement which was not included in nodes 15 and 16

= 8408.0-7313.5 - 1094.5 in3 = 0.6334 ft3,

|

i Total displacement = 1.3475 ft3

!, Water volume = 7.3951 ft3

!- 2. Heat Capacity
,

Cp = (43.5777) (7.3951) (1,4058) + (495) (1.3475) (0.11) = 526.41 Btu /0F
,

J

1

C-ll
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O
3. Heat Transfer Surface Area

'

The node is approximated by 3 cylinders

Volume of nozzles = 3075.4 in3 (includes both nozzles) (pg 802) .

= 1.7797 ft3

Length of nozzles = 1/2 (57.615-28.007)

= 14.8040 in

Nozzle diameter = 11.5"

Surface area of each nozzle = wDL

(14.8040) (11.5) = 534.84 in2=w

= 3.7142 ft2

volume of node 8.7426
less voiume of nozzles 1.7797

Volume of barrel 6.9629 ft2

Height = 21.01" = 1.7508 ft
| ave barrel cross section = 3.9770 ft2
i

equiv dia = 2 h=2.2503ft
barrel surface area = wDh = 12.3773 ft2

2 1.4426 ft
less area cf nczz?e = { 0 x2=

i 10.9347 ft
|

Total surface area 10.9347
3.7142
3.7142;

1
18.3631 ft2

.

4. Wall Heat Capacity
.

Assume surface is a slab 0.75" thick

2 0.75V = 18.3631 ft x ft = 1.1477 ft
2

| Cp = (1.1477) (495) (0.11) = 62.4923 8tu/sec Fo

C-12
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5. Heat Transfer Across Film
*

h0B (same as nodes 15 and 16) = 0.6146 Btu /sec ft2 0F
HDB = (0.6146) (18.3631) = 11.2860 Btu /sec oF

.

6. Structure Heat Transfer

L 0.01563 ft (same as nodes 15 and 16)=

18.3631 ft2A =

.003889 Btu /sec ft2 oFk =

kA o
7- - 4.5690 Btu /sec F

7. Height

21.01" 1.7508 ft=

( -

I

,

|

| .

1

C-13
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OUpper Plenum Bypass - tbde 18

'Node extends from the top of the nozzles (STA 269.59) to the top of the
CRDM's.

'

1. Volume
!

R. L. Drexler's notes

Water Volume = 12.30 ft3 (page 821)

| Displacements 32,224 in = 18.6481 ft (pg 785)
less spacers 4635 in3 (pg 785)
and fillers 6614 in3

2555 in3

13,804 in 7.9884f!=

3Internal structure volume 10.6597 ft

2. Heat Capacity

C (43.5/77) (12.30) (1.4058) + (495) (10.6597) (0.11)p = 1333.94 Btu /oF
i

=

l 3. Heat Transfer Surface Area

Assume a cylinder which extends from 269.59 to 300.00,

Height = 30.41" = 2.5342 f t

Active Volume = Envelope - Spacers

= 37336 - 13804 (pg 821)

= 23532 in3 = 13.6181 ft3

If. 2 = 2.6157 ftEquiv dia = 2 =2

2

Surface area = ndh + f d 26.1983 ft=

'

4. Wall Heat Capacity

Assume 2" slab

3
hft=4.3664ftV = 26.1983 f t x

| C-14
|
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Cp = (495) (4.3664) (0.11) = 237.75 Btu /oF
.

5. Heat Transfer Across Film
.

Assume flow channel equals half of available free space.

= 78.28 percent of the volume is blocked.=
ci vol

Flow channel area - (1.7828) x 1/2 x cross section = 0.2172 x !' x 2.6157
2

2 4

2= 0.5836 ft
0.583260= = 0.8620 ft

0.8

hDB = (0.5046) v = 30.7640 x 3600V
'U u. mD.

hDB = 8678.2 Btu /hr ft2 oF = 2.4106 Btu /sec ft2 of

HOB = (2.4106) (26.1983) = 63.1536 Btu /sec oF

i

6. Surface Heat Transfer

assume 2" slab

L=fh=0.04167
|

| A = 26.1983
k= 0.003889 Btu /sec ft oF|

l 2.4450 Btu /sec F-

|
1

-

.

; -

|

| C-15
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Ho t i a n Node s 19,' 3

*1. Volume

These nodes correspond to RELAP Noces 3, 4, 5, and 6.
.

From R. L. Drexler's loop volumes notes:

Node Vol Flow Area Length-+

3 2.92940 0.6827 4.2909
4 6.03149 0.6827 8.8348
5 3.27072 0.6827 4.7909
6 1.55642 0.8953 1.7384

13.78803 ft3 19.6550 ft

vol/ node 2.7576 ft3-

2 = 0.9451 fteqv. dia - g

2. Heat Capacity

Cp = (43.5777) (2.7576) (1.4058) = 168.93 Btu /oF

3. Wall Heat Capacity

14" Sch 160 pipe thickness 1.4" = 0.1167 ft outside dia - 1.1784 ft

2

V-{(1.1784 - 0.9451 ) (19.6550) - 7.6477 ft
'

vol/ node - 1.5295 ft3

Cp - (1.5295) (495) (0.11) - 83.2813 Btu /oF

|

4. Heat Transfer Area

| wDL - 58.3580 ft2
'

|

area / node - 11.6716 ft2
*

| 5. Heat Transfer Across Film
1

V ;V" D = 0.9451h DB " 2 2,

|

| C-16
1

'
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! h = 7353.5 Btu /hr ft2 of = 2.0426 Btu /sec ft2 oF
.

HDB = (2.0426) (11.6716) = 23.8404 8tu/sec of

| .

| 6. Heat Transfer Across Surface

kA (0.003889) (11.6716) 0= 1.5563 Btu /sec FL, 1 1.4
T Y

.

*

C-17
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O
Steam Generator Inlet and Outlet Plenums - Nodes 24 and 27

'

1. Volume

11.8447 ft3 (Reference 6 Table XV) -

2. Heat Capacity

Hot leg
Cp = (43.5777) (11.8447) (1.4058) = 725.62 Btu /oF

Cold lea
Cp = (46.5333) (11.8447) (1.2577) = 693.21 Btu /oF

3. Hy'c Transfer Surface Area

Assume S/G plenums are sections of a sphere.

eqv. dia:

fwr1/4 - 11.8447

r = 2.2447 f t

| 1/4 area of sphere = 1/4 w D2 = w r2 = 15.8295 ft2
| (Tube sheet surface is included in next node.)
1

Assume partition surface and piping opening areas cancel.

4. Wall Heat Capacity

Assume 2" slab

xf2
3f t = 2.6333 f t (Use C for stainless steel15.8295 ft p

neglect Inconel clad.)

Cp = (2.6383) (495) (0.11) = 143.66 Btu / F
.

5. Heat Transfer Across Film
.

Hot leg 0.5046 0.8
h VDB " D .2U

use average y and D

30.7640 x 3600
v in tubes = = 68,M2 Mr

127 x 1845g\
Reference 6 Table XV

J-
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, , 30.7640 x 3600 = 123,674 ft/hry
inlet pipe .e33d-

Vave = 95,868 ft/hr 16" sch 160 pipe
,

95,868 = 30.7640 x 3600

, }D
D = 1.2128 ft

0.5046
(95868)0.8- 4693.8 Btu /hr ft F

2o
h

DB " (1.2128)0*2
- 1.3038 Btu /sec ft2 og

HDB = (1.3038) (15.8295) = 20.6385 Btu /secoF

Cold leg

2 0.8

hDB = 0.148 (1 + 2 - 5) D .20
10 10

V f r T = 555 FhDB = 0.5135 0.

V
refv= w 2

T

0.8 4V
~

<

( ref) 1y
"

920 , 981

0.8

DB = 0.5135 ( 4 30.7640 x 3600)h
D

26760.0 1.8778 Btu /sec ft 7h Btu /hr ft FDB =
- =

D .8D .8l 1

for D = 1.2128 ft
,

hDB = 1.3269 Btu /sec ft2 oF

HDB = (1.3269) (15.8295) = 21.0042 Btu /sec0F

C-19
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6. Structure Heat Transfer

k for Inconel - 0.003 Btu /sec ft oF
-

L = 1/4 = .04167 ft .

h = 1.1396 Btu /secF

( 7. Hei :'ht
|

2'7" (Ref. 6, Fig. 87 Section AA) = 2.5833 ft

O
.

.

&

0
.

C-20
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Steam Generator Tube Sheet Nodes 25 and 26
'

l. Volume

3.12 ft3 (Reference 6 Table XV).

Volume per node = 1.56 ft3 '

,

1 2. Heat Capacity

Hot leg
Cp = (43.5777) (1.56) (1.4058) = 95.5680 Btu /0F

'

Cold leg
Cp = (46.5333) (1.56) (1.2577) = 91.2989 Btu /0F

,

3. Heat Transfer Surface Area

i (Dimensions from Reference 6, Table XV)

Tube 00 0.50"
N Thick ness 0.049"

'

Number of tubes 1845
Thickness of tube Sheet 11.5"

! tube ID = (.500 - 2 x 0.049) = 0.402"

A wDhN = * 186.08 ft* *

i 144
= -

i
'

i

4. Wall Heat Capacity

Tube bundle dia 48" (Reference 6 Table XV)

2
V = 1/2 ({ 0 h ) - VTubes = 1/2 {( - 1.5600

|
~

4 4614 ft3=

i

Cp = (495) (4.4614) (0.11) = 242.92 Btu /0F.

1

5. Heat Transfer Across Film-

Hot Leg

O 0.8
V

hDB = (.5046) 020

C-21
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v in tubes from node 24 calculations - 68,062 f t/hr

0 = 0.402"
-

0.03350 ft=
12

hDB = 7315.8 Btu /hr ft2 0F = 2.0322 Btu /sec ft2 oF -

HDB = (2.0322) (186.08) = 378.15 Btu /secoF

Cold Leg

20= 2.0680 Btu /sec f t 7h 0B " 3600
0

HDB = (2.0680) (186.08) = 384.81 Btu /sec0F

6. Structure Heat Transfer

2
Area of tube sheet on inlet side = 1/2 { 0

{(h)2 22x 6.2832 ft= = =

O
Equivalent area surrounding each tube =

0.003406 ft2 0.4905 in2= =

*Equivalent diameter -2 0.7903 in=
,

k for Inconel 0.003 Btu /sec ft OF-

l 11.5 g

| K = 2 wkh N , 2s (0.00 12
49.3052 Btu /sec F=

I" -. In2
0.402

d y

7. Height -

11.5" .9583 ft-

.

O
C-22
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i

j Cold Leg Nodes 28-,31 r

)' 1. Volume
;

1 r

i These nodes correspond to RELAP nodes 12,13, and 14. R. L. Drexler's.

! loop volume notes.
I I

| Node Vol Flow Area Length ;=

! .

12 2.021910 0.895285 2.2584
1 13 3.947661 0.682704 5.7824 i

14 6.035087 0.682704 8.8400 1<

12.004658 16.8808

| vol/ node 3.0012 ft3= *

i
!

2. Heat Capacity

! Cp = (46.5333) (3.0012) (1.2577) = 175.65 Btu /0F
!

| 3. Heat Transfer Surface Area
i

eqv. dia 2 0.9516 ft= =

|

| A= wdL o 50.4658 ft2

12.6165 ft2 per node=

!

4. Wall Heat Capacity

14" sch 160 pipe thickness = 0.1167 f t
outside diameter = 0.95156 + 2(0.1167) = 1.1850 ft

2 2 3j (1.1850 - 0.9516 ) (16.8808) 6.6116 ft jV = =

1.6529 ft3 per node=
(,

Cp = (495) (1.6529) (0.11) = 90.0004 Btu /oF
.

5. Heat Transfer Across Film #

2.0532 Btu /sec ft2 ogh " -
DB 1

D

HOB = (2.0532) (12.6165) = 25.9042 Btu /sec F
'o

C-23
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O
6. Structure Heat Transfer

*

kA (0.003889) (12.6165) o1.6822 Btu /sec F| L 1 ( 1.4 )
" -

4 12 .

7. Height

Reference 6, Figure 83 and Table XIII
1' 2"drop =

l' 8"
2' 10" 2.8333 ft node 28-

rise l' 1"'

! l' 0"

| FT' 2.0833 ft rode 31-

|

9

|

.

.

O
C-24
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Primary Coolant Pumps Nodes 32 and 33
'

These nodes are not connected in parallel as are the actual PCP's. The
properties of the pumps are lumped together and then split into two equal
nodes in series.,

1. Volume

3.5 ft3 per node (Reference 6 Table XVII)
,

2. Heat Capacity

: Cp = (46.5333) (3.5) (1.2577) = 204.8373 Btu /0F !
!

3. Heat Transfer Surface Area

Assume the volume is contained in a 10" pipe

0.7 ftof inside diameter <-=

and outside diameter 0.9 ft=

,

A wDL; L 9.0946 ft= = =
w 2

4

10 2
4 20.0000 ft4 4A = =- *

2 0
w0

4. Wall Heat Capacity

" 2 2 3(0.9 - 0.7 ) (9.0946) 2.2857 ftV ==
4

Cp = (495) (2.2857) (0.11) = 124.46 Btu /oF

5. Heat Transfer Across Film
'

" x (0.5) 2.M95h =
0B 18

.
accounts for the flow split

HDB = (2.0495) (20.0000) = 40.9900 Btu /sec 0F

O
C-25
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6. Structure Heat Transfer

kA (0.003889) (20.0000) 3.1112 blu/sec F, -
L 1 0.1

4
,

7. Height

Assume 9" rise (0.75 f t) . This accounts for the cifference in the cold
leg piping so that the net elevation change equals zero.

:

,

O-

,

6

O
C-26
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O
Cold Leg Nodes 34-37

1

2 .

1. Volume;
*

These nodes correspond to RELAP nodes 17 thru 21.

R. L. Drexler's Loop Volume Notes

Node Vol Flow Area Length=

17 1.553076 0.394063 3.9412
18 0.515827 0.394063 1.3090q"

19 6.463449 0.682704 9.4674
i 20 1.348992 0.682704 1.9760
1 21 1.572665 0.682704 2.3036
' 11.454009 18.9972

vol/ node 2.8635 ft3=

e

2. Heat Capacity

Cp - (46.5333) (2.8635) (1.2577) =*167.59 Btu /oF
4

3. Heat Transfer Surface Area

eqv. dia 2 0.8762= =

52.2929 ft21 A = wDL =

'

13.0732 f t2 per node=

4. Wall Heat Capacity
|

| 14" sch 160 pipe thickness = 0.1167 f t
! outside dir. - 0.8762 + 2 (0.1167) = 1.1096 ft

* 2j V= (1.1096 - 0.8762 ) (18.9972)*

6.9154 ft3=
.

1.7289 ft3vol/ node -

l Cp = (495) (1.7289) (0.11) = 94.1386 Btu /0F

C-27
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5. Heat Transfer Across Film

2o -

2.3821 Btu /sec ft ph0B * 8
-

D

H
'

OB - (2.3821) (13.0732) - 31.1417 Btu /sec of

E. Structure Heat Transfer

kA (.003889) 13.0732 1.7426 Btu /sec F, -

0.11674

i

O

|

.

O
C-28
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O
Reactor Vessel Flow Distributor Node 38

.

-- -- - STA 300.00
-"--. STA 277.1233".

L core barrel A - STA 269.59
! !

'
r g

a

filler / - - STA 247.30

This node is modeled as two concentric annuluses and corresponds to RELAP
nodes 22 and 25.

Annulus between vessel ID and filler
\\

From R. L. Drexlers notes:
,

.1 ,

flow area 0.31334 ft2=

\ 52.70" - 4.3917 ftheight =

(57.2 + 57.7)/2ave. diaO
-

57.45" - 4.7875 f t=

(0.31334)(4.3917)vol -

1.3761 ft3=

Distributor ring

Height (277.12 - 247.30) = 29.82" - 2.4850 ft=

33" 2.7500 f tID = -

Define 00 such that vol = 9.6515 - 1.3761 - 8.2754 ft3

" 2 2V= (00 - 10 ) h

fn
2 4 (8 4)OD + 10 + 2.7500 = 3.4355 ft= ,

, g

Y 8. 54 2flow area 3.3301 ft= = =
n 50,

.

O
C-29
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1. Volume

R. L. Drexler's notes 4-17-79 give the volume as 9.6515 ft3 -

'

2. Heat Capacity

Cp - (46.5333) (9.6515) (1.2577) = 564.85 8tu/cF

3. Heat Transfer Surface Area

Outer Annulus

A 2w Dh-2w (4.7875) (4.3917)-

132.11 ft2=

Distributor Ring

(CD) h + w (10) hA - w

w (3.4355) (2.4850) + w (2.7500) (2.4850)A =

26.8205 + 21.4689 = 48.2894 ft2A -

4. Wall Heat Capacity

Assume 2" slab except for co e barrel which is only 1.5" thick.

h)(132.11+26.8205)+h)(21.4689)-29.1720ft
Cp - (29.1720) (495) (0.11) = 1588.4 Btu /0F

5. Heat Transfer Across Film

ref x 3600 30,397 ft/hrv - =
0.31334 + 3.43u1

.

Outer Annulus

# # 0.31334 *

4 4 0.04167 ftD = -=
H perim 2 w 4.7875

DB .h6 0h " " "

D'

C-30
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;

1 Distributor ring |

|- . (b s . 3.e,,,o o 68ss <t :4= =
H

I 0.8|- 0.5933 Btu /sec ft3 op
DB 560h " -

D .20
; t

| HDB = (132.11) (1.0388) + (48.2894) (0.5933) = 165.89 Btu /sec 0F ;

i
j

| 6. Structu e Heat Transfer

M , ((0.003889)!)(4-)
158.93 . 21.4689i = 17.5057 Btu /sec F

' '* '
:
,

i

j 7. Height

j 269.59" - 247.30" 22.29" 1.8575 ft= -

i

!

!

!
!

i

|

|

|

|

.

.
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Downcomer Nodes 39-43

These nodes include the downcomer and outer annulus between station '

247.30 and 96.437. These correspond to RELAP4 nodes 23, 24, 26, and 27. See
Reference 6, Figure 78 for genmetry.

,

1. Volume

From R. L. Drexler's Reactor Vessel Volume notes.

2 x 5.8104 (notes 23 and 26)
+ 2 x 6.8762 (nodes 24 and 27)

25.3732 ft3

5.0h G ft3vol/ nod =

2. Heat Capacity

Cp = (46.5333) (5.0746) (1.2577) = 296.99 Btu /0F

3. Heat Transfer Surface Area

| These nodes are modeled similar to Node 38.
l

12.5719 ft150.863"| Outer Annulus height -=

(0.31334) (12.5719) 3.9393 ft3| vol = =

378.17 ft2| area = 2w (4.7875) (12.5719) =

21.4339 ft25.3732 - 3.9393Downcomer Vol =-

2 3.1198 ftOD + 10= =
n

x (3.1198) (12.5719) + w (2.7500) (12.5719)A =

123.22 + 108.61 = 231.83 ft2=

4. Wall Heat Capacity
~

| Assume 2" slab except for core barrel which is only 1.5" thick.

(378.17 + 123.22) + 2 (108.61) = 97.1413 ft
*

Cp = (495) (97.1413) (0.11)/5 = 1057.87 Btu /oF|

O
C-32
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|'

| S. Heat Transfer Across Film

hDC in annulus same as node 38
*

1.0388 Btu /sec ft2 of=

Downcomer ;

'

V 2
flow area - p - 1.7049 f t

i 3.3301y= (30397) 59373 ft/hr-
1.7049

E (2.75b7 + 3.1198) = 0.3698
"

H

DB 5600 02= 1.1469 Btu /sec ft2 oph "

D

HDE = (378.17) (1.0388) + (231.83) (1.1469) /5 = 131.75 Btu /sec oF

6. Structure Heat Transfer

kA 0.003889 ~501.39 108.61'
I"/1)/1 ) . 2 1. 5 _ = 60.3140 8tu/sec oF

\ 4 / \T/

| 12.0628 Btu /sec oF per node
i

7. Height.

i

! 12.5719 / 5 - 2.5144 ft

,

|

,

!
'

.

|

*
|

t

9

i

!
,

,
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Lower Plenum Nodes 44-46

*These nodes are modeled as a cylinder of diameter 37". They correspond
to RELAP volumes 28 and 29.

.

1. Volume

From R. L. Drexler's Reactor Vessel Volume notes

28 18.96
29 4.7609

Total Vol. 23.7209 ft3

7.9070 ft3 per node=

2. Heat Capacity

Cp = (46.5333) (7.9070) (1.2577) = 462.76 Btu /0F

3. Heat Transfer Surface Area

" 2 2
0 7.4667 ftCross section area =-

4

*29
| Eqv height 3.1769 ft= = =

,46 7

230.7733 ftWall area wDh ==

!

Total area 38.2400 ft=

12.7467 ft per node=

4. Wall Heat Capacity

Assume 2" slab
*

3
V= 12.7467 x 2.1245 ft=

1

Cp = (2.1245) (495) (0.11) = 115.68 8tu/0F -

O
C-34
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! @ 5. Heat Transfer Across Film
i

* 2o0.2474 Btu /sec ft gh - -0B

,1 .

HDB = (0.2474) (12.7467) - 3.1535 Btu /sec0F|
I

) 6. Structure Heat Transfer

kA (0.003889) (12.7467) 0F1.1897 Btu /sec: C, 1 /2 \
-

j 4 \12 /
,

7. Height.

.

116.925
| -96.437
; 20.488" 1.7073 ft lumped into node 46-

i

i
|

!

u

:

|

|

.

.

O
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RABV tiodes 47 and 50

'

Each of these nodes includes the volume from the reactor vessel nozzle to
the 14x14x10 tee.

.

1. Volume

Volume of reactor vessel nozzle
and 45 elbow 1.8tM ft3 (R. L. Drexler's notes)
Volume of tee 1.4495 ft3 (R. L. Drexler's notes)

Total Volume each node 3.2779 ftJ

2. Heat Capacity

Cp = (45.1467) (3.2779) (1.3191) = 195.21 Btu /0F

3. Heat Transfer Surface Area

for 14" Sch. 160 OD 14.000" = 1.1667 ft
ID 11.188" = 0.9323 ft

2area = 4 "4 = 14.0637 ft'

0 0.

4. Wall Heat Capacity

2 2V = "- II.1667 - 0.9323 ) a3

Cp = (495) (1.8555) (0.11) = 101.03 Btu /0F

5. Heat Transfer Across Film

2 0.8
T v

0.148 1+ _h =
0B 020

10 10
,

V 0.8 4Vref .8 y0
ref v

*
V " "

D .8102 \ /
0 "w

D

O
C-36
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|
t

575 F and href = 30.7640 x 3600! for: T =
,

-1.8
(0.5097) ( 30.7640 x 3600)0.8h D=

DB

-1.8 206709.9 D Btu /hr ft 7h =
DB

2*1.8639 D Btu /sec ft F=

. .

2o2.1146 Btu /sec ft fh =
0B

HDB = (2.1146) (14.0637) = 29.7391- Btu /sec 0F

6. Structure Heat Transfer
1

! kA (0.003889) (14.0637) 1.8672 Btu /sec oFI" 1 1.406
=

4 12'

4

1
e

l'

>

<

.

6

|

@
C-37
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O
RABV Node 48

c 5- - E,
|:i -

'
i i i

_ _ _ _ _ . ,___ , ,

! -
,

| | Blowdown Cold Leg

For 10" Sch. 140 pipe -

OD 10.75" = 0.8958 ft
ID 8.75" = 0.7292 ft

|

1. Volume

j From Reference 6 Table XVIV

Location Volume (ft3) Length

. 40 0.820 23.56
| 41 0.155 4.45

42 2.340 67.22
43 0.887 17.00'

l 8.50
44 0.524 15.06
45 0.276 7.94
46 0.820 23.56
46 0.820 23.56

6.642 190.85 = 15.9042 f t

Add 0.5 ft3 volume and 1 ft length for each valve.

total volume 7.6420 ft3-

| 2. Heat Capacity

Cp , (45.1467) (7.6420) (1.3191) = 455.10 Btu /oF
1

.

3. Heat Transfer Surface Area

4 41.9199 f tA 4 *== = 0.

| 0
C-38
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,

i

f 4. Wall Heat Capacity
t

! ' -

2 2- 3w'
0.8958 - 0.7292 x 17.9042 = 3.8069 f tV =

4 _ _

Cp = (495) (3.8069) (0.11) = 207.29 Btu /0F-

i
5. Heat Transfer Across Film .

.

1.8638 D-1.8 = (1.8638) (0.7292)-1.8h0B =

3.2906 Btu /sec ft2 of=

I

HDB (3.2906) (41.9199) = 137.94 Btu /sec0F=

i

j 6. Structure Heat Transfer

kA (0.003889) (41.9199) 7.8253 Btu /sec oF* =
L 1 1

4 T
i

i

| -
i

t

I

I

!

!
,

'

I

i
>

t-

'

.

)

L.

O
.

(
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RABV tbde 49

This volume includes the volume from the RABV's to the tee on the '

blowdown loop hot le9

For 10" Sch. 140 pipe *

OD 10.75" 0.8958 ft=

0.7292 ft10 8.75" -

1. Volume

From Reference 6 Table XXIV

Location Volume (ft3) Leng th

49 0.820 23.56
50 0.820 23.56
51 0.348 10.00
52 0.452 13.00
53 0.887 17.00

54 0.820 8.50
55 1.490 23.56
56 0.056 42.94

5.693 1.62
163.74 - 13.6450 ft.

Add 0.5 f t3 volume and 1 f t length for each valve.

total volume 6.6930=

2. Heat Capacity

Cp - (45.1467) (6.6930) (1.3191) - 398.59 Btu /0F

3. Heat Transfer Surface Area
*

2
4 "4 - 36.7142 f t~

A -
0 0.

.

4. Wall Heat Capacity

3

} (0.8958 - 0.7292 ) x 15.6450 3.3265 ftV O
--

C-40
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@
'

| Cp = (495) (3.3265) (0.11) = 181.13 Btu /oF
I i

5. Heat Transfer Across Film:
j .

j (same as node 48) h0B = 3.2906 Btu /sec ft2 oF
i
! HDB = (3.2906) (36.7142) = 120.81 Btu /secoF
!

|

| 6. Structure Heat Transfer

i kA (0.003889) (36.7142) o .

6.8535 Btu /sec F| T* 1 1
=

j 4 T

] - !

! I

;
!

i

9
,

.

!

I
'

;

|

.

9

6

@
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Core Bypass Node 51

E

1. Volume

Bypass cross section area 5.430 in2 (R. L. Drexler's notes on pg 749).
*

0.04465 ft2=

Assume length of bypass extends from station 116.925 to 248.58

131.655" M.9713 f t- -

volume 0.4899 ft3=

2. Heat Capacity

Cp = (45.1467) (0.4899) (1.3191) = 29.1750 Btu /0F

3. Heat Transfer Surface Area

This node is modeled as several annuluses with a gap width of
0.045" - 0.00375C f t, and diameter of 28". (R. L. Drexler's notes pg. 749)

=2f'.00 50 = 261.28 ft
2A-2x

;

4. Wall Heat Capacity

3
12 (261.28) 21.7733 ftAssume 1" slao =

Cp = (495) (21.7733) (0.11) = 1185.56 Btu /oF

5. Heat Transfer Across Film

0.8
0.5097 v 30.7640 x 3600 6= 2.4804 x 10 ft/hrh

0 i V ""
DB 3600 D .2 0.04465

H
5

.

0. 4
4 = 0.01218Dg=

E .

2o44.6170 Btu /sec ft gh =
DB

HDB = (44.6170) (261.28) = 11657.53 Btu /sec 0F

C-42
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!
| 6. Structure Heat Transfer ,

k
i

'

kA (0.003889) (261.28)'

48.7737 Btu /sec oF- |; p= y 1
=

4 TE- ',.

7. Height
i
i To account for round off,-the height of the byoass node equals +

the combined height of nodes 1-4,16 and 17.

4 (1.375) + 2 (2.735) - 10.9700 ft i,

! i
:

!
I

&

t

9 -

I

!

!

!
I
I

,

!

i

!

') !

i .

I

1

|

[ .

, |

|
'

|
< :

: 1
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APPENDIX D

THERMODYNAMIC PROPERTIES USED IN THE PRESSURIZER MODEL

!'

Figure D-1 Specific Volume Versus Specific Enthalpy for
,

Various Pressures - Water Region. (The

specific volume of subcooled water is approxi-
mated by the saturation curve.)

Figure D-2 Steam Quality Versus Specific Enthalpy for
Various Pressures - Water Region.

Figure D-3 Specific Volume Versus Specific Enthalpy for
Various Pressures - Steam Region.

Figure D-4 Steam Quality Versus Specific Enthalpy for
Various Pressures - Steam Region.

Tables D-5 Input values for AD-10 Function Generator,

through D-9

Figure D-10 Linear Approximation of Specific Enthalpy
Versv; Pressure at Saturation Conditions -

Fluid Region.

Figure D-11 Linear Approximation of Specific Enthalpy
,

Versus Pressure at Saturation Conditions -
Steam Region.

>-

1

Table D-12 Table of Specific Volume of Saturated Steam.

Versus Pressure.

.

Figure D-13 Linear Approximation of Specific Enthalpy

.

Versus Temperature for Subcooled Water.

, o,

Figure D-14 Linear Approximation of Specific Volume
Versus Specific Enthalpy - Fluid Region.
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TABLE D-5

AD-10 VALUES OF SPECIFIC VOLUME (CU FT/LBM) AS A FUNCTION OF ENTHALPY AND PRESSURE - WATER REGION

PRESSURE (PSIA)
H (BTU /LBM) 1400 1500 1600 1800 2000 2200 2300 2500 2700 3000

__

550.00

560.00
Sub-cooled region - values above

570.00
the saturation line are necessary

580.;) .0140 for accurate interpolation.

590.00 .0188 .0136

600.00 .0236 .G181 .0135

610.00 .0285 .0227 .0178

620.00 .0333 .0272 .0221 .0138

630.00 .0381 .0318 .0264 .0176 .0110

640.00 .0430 .0363 .0306 .0215 .0144

650.00 .0478 .0409 .0349 .0253 .0179 .0122

660.00 .0454 .0392 .0291 .0214 .0154 .01294
670.00 .0500 .0435 .0330 .0249 .0186 .0159 .0112

680.00 .0478 .0368 .0284 .0218 .0190 .0140 .0101

690.00 .0407 .0319 .0249 .0220 .0168 .0127

700.00 .0445 .0354 .0281 .0251 .0196 .0153 .0106

710.00 .0484 .0389 .0313 .0281 .0225 .01'/9 .0130

720.00 .0424 .0345 .0312 .0253 .0205 .0153

730.00 .0458 .0377 .0342 .0281 .0231 .0176 r

740.00 .0493 .0409 .0373 .0309 .0258 .0199 y;

750.00 .0441 .0404 .0338 .0284 .0222 ySaturation Region
760.00 .0473 .0434 .0366 .0310 .0246 7

fRange .01 to .05 cu ft/lbm.
, .0465 .0394 .0336 .0269770.00 Data is plotted on Figure D-1.

780.00 Scaled values are listed in Table H-8. .0495 .0422 .0362 .0292 n

( 790.00 .0451 .0388 .0315

800. .0479 .0414 339

turation
ine. .. .
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AD-10 VALUES OF SPECIFIC VOLUME (CU FT/LBM) AS A FUNCTION OF ENTHALPY AND PRESSURE - STEAM REGION

PRESSURE (PSIA)
H (BTU /LBM) 1400 1600 1800 2000 2200 2300 2500 2700 2900 3000

950.00 .1929 .1635 .1407 .1226 .1078 .1014 .0902 .0806 .0725 .0687
960.00 .1977 .1678 .1446 .1261 .1110 .1045 .0931 .0832 .0749 .0710
970.00 .2025 .1721 .1484 .1296 .1142 .1076 .0959 JJ859 .0773 .0733
980.00 .2074 .1764 .1523 .1331 .1174 .1106 .0987 .0885 .0797 .0756
990.00 .2122 .1807 .1561 .1366 .1206 .1137 .1015 .0911 .0822 .0780

1000.00 .2170 .1850 .1600 .1400 .1238 .1167 .1044 .0937 .0846 .0803
1010.00 .2219 .1893 .1638 .1435 .1269 .1198 .1072 .0963 .0870 .0826
1020.00 .2267 .1936 .1677 .1470 .1301 .1228 .1100 .0989 .0894 .0849
1030.00 .2315 .1978 .1715 .1505 .1333 .1259 .1128 .1015 .0918 I .0882
1040.00 .2364 .2021 .1754 .1540 .1365 .1289 .1156 .1041 .0943 .0915
1050.00 .2412 .2064 .1792 .1575 .1397 .1320 .1185 .1068 .0978 .0948
1060.00 .2461 .2107 .1831 .1610 .1429 .1350 .1213 .1094 .1013 .0980
1070.00 .2509 .2150 .1869 .1645 .1461 .1381 .1241 .1120 .1049 .1015

? 1080.00 .2557 .2193 .1908 .1680 .1493 .1412 .1269 .1160 .1084 .1050
1090.00 .2606 .2236 .1946 .1714 .1524 .1442 .1298 .1200 .1119 .10 84
1100.00 .2654 .2278 .1985 .1749 .1556 .1473 .1335 .1239 .1156 .1119
1110.00 .2702 .2321 .2023 .1784 .1588 .1503 .1380 .1279 .1194 .1154
1120.00 .2751 .2364 .2062 .1819 .1620 | .1546 .1424 .1320 .1231 .1191
1130.00 .2799 .2407 .2100 .1854 | .1667 .1594 .1468 .1361 .1269 .1228
1140.00 .2847 .2450 .2139 .1893 .1719 .1644 .1513 .1403 .1307 .1264
1150.00 .2896 .2493 .2177 .1950 .1770 .1694 .1559 .1444 .1346 .1301
1160.00 .2944 .2536 | .zz3b .2008 .1823 .1744 .1604 .1486 .1385 .1338
1170.00 .2992I .2595 .2300 .2066 .1877 .1795 .1650 .1528 .1424 .1377
1180.00 .3057 .2668 .2365 .2125 .1930 .1846 .1696 .1571 .1463 .1415
1190.00 .3141 .2741 .2431 .2184 .1983 .1897 .1743 .1614 .1503 .1453 E;
1200.00 .3226 .2815 .2497 .2243 .2037 .1948 .1790 .1657 .1543 .1492 ja
1210.00 .3311 .2890 .2563 .2303 .2091 .1999 .1837 .1701 .1583 .1531 g
1220.00 .3396 .2964 .2629 .2363 .2145 .2051 .1885 .1745 .1624 .1570 L
1230.00 .3482 .3039 .2696 .2422 .2199 .2103 .1933 .1789 .1665 .1610 j,
1240.00 .3568 .3115 .2762 .2483 .2254 .2155 .1981 .1833 .1707 .1649 Q
1250.00 .3655 .3191 .2830 .2543 .2309 .2207 .2029 .1878 .1749 .1689 -

n

Saturation Line Range + .4000 cu ft/lbm. Data
is plotted on Figure D-3.
Scaled values are listed in
Table H-10.
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TABLE D-6

AD-10 VALUES OF STEAM QUALITY AS A FUf1CTI0ft 0F EllTHALPY AllD PRESSURE - WATER REGI0fl

PRESSURE (PSIA)
H (BTU /LBM) 1400 1500 1600 1800 2000 2200 M00 2500 2700 3000

550.00 .0847 .1105 .1373 .1955

560.00 .0674 .0926 .1188 .1756

570.00 .0500 .0747 .1003 .1558 Sub-cooled region - values above
580.00 .0327 .0568 .0818 .1359 .1976 the saturation line are necessary

for accurate interpolation.
590.00 .0153 .0389 .0633 .1161 - 1761.

600.00 .0020 .0210 .0448 .0962 .1547

610.00 .0194 .0030 .0263 - 0764 .1332

620.00 .0367 .0149 .0078 .05u. .1118 .1768

630.00 .0541 .0328 .0107 .0367 .0903 .1534 .1901

640.00 .0714 .0507 .0292 .0169 .0689 .1300 .1655

650.00 .0888 .0686 .0478 .0030 .0474 .1065 .1408

4 660.00 .1061 .0865 .0663 .0228 .0260 .0831 .1162 .1983

670.00 .1235 .1044 .0848 .0427 .0045 .0597 .0916 .1707

680.00 .1408 .1223 .1033 .0625 .0169 .0362 .0669 .1430

690.00 .1582 .1402 .1218 .0824 .0384 .0128 .0423 .1154

700.00 .1755 .1581 .1403 .1022 .0598 .0106 .0177 .0877 .1836

710.00 .1928 .1760 .1588 .1221 .0813 .0341 .0069 .0600 .1516.

720.00 .1939 .1773 .1419 .1027 .0575 .0316 .0324 .1195

730.00 .1958 .1618 .1242 .0809 .0562 .0047 .0875

740.00 .1816 .1456 .1044 .0808 .0229 .0555

750.00 .1671 .1278 .1055 .0506 .0235 y
760.00 .1885 .1512 .1301 .0782 .0085 .1915 '?

,k770.00 Saturation Region .1747 .1547 .1059 .0405 .1457

780.00 Range +20%. .1981 .1794 .1335 .0725 .1000 n

790*00 Data is plotted on Figure D-2. .1612 .1046 .0542
Scaled values are listed in Table H-9.

8004 e a084-
.1889 .1366 0

' Line- ~-



- - _ _ _ - _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

'' ~-
/

i / ( )
"' ' ' ''TABL -8

AD-10 VALUES OF STEAM QUALITY AS A FUNCTION OF ENTHALPY AND PRESSURE - STEAM REGION

PRESSURE (PSIA)
H (BTU /LBM) 1400 1600 1800 2000 2200 2300 2500 2700 2900 3000

950.00
960.00
970.00
980.00 .8155
990.00 Saturation Region .8045 .8613

1000.00 .8437 .9071
1010.00 .8089 .8830 .9529
1020.00 .8409 .9223 .9986
1030.00 .8249 .8729 .9615 | 1.0444
1040.00 .8074 .8197 .8526 .9049 1.0008 1.0902
1050.00 .8106 .8308 .8443 .8803 .9369 1.0401 1.1360
1060.00 .8000 .8066 .8168 .8320 .8542 .8690 .9079 .9689 1.0793 1.1817
1070.00 .8173 .8251 .8366 .8535 .8777 .8936 .9356 1.0010 1.1186

? 1080.00 .8347 .8436 .c565 .8749 .9011 .9182 .9632 1.0330 1.1579
*

1090.00 .8520 .8621 C/63 .8964 .9245 .9429 .9909 1.0650 1.1971
1100.00 .8694 .8806 .8962 .9178 .9480 .9675 1.0185 1.0970
1110.00 .8867 .8991 .9160 .9393 .9714 .9921 1.0462 1.1290

.9948 | 1.0167 1.0738 1.16101120.00 .9041 .9176 .9359
.9607 _ 1.0183 1.0414 1.1015 1.19301130.00 .9214 .9361 .9557 .9822 i

1140.00 .9388 .9547 .9756 1.0036 1.0417 1.0660 1.1292
1150.00 .9561 .9732 .9954 1.0251 1.0651 1.0906 1.1568
1160.00 .9735 .9917 | 1.0153 1.0465 1.0886 1.1153 1.1845
1170.00 .9908 | 1.010? 1.0351 1.0680 1.1120 1.1399
1180.00 1.0082 1.0287 1.0550 1.0894 1.1354 1.1645
1190.00 1.0255 1.0472 1. 071P, 1.1109 1.1589 1.1892 Super heat region - values below r

1200.00 1.0428 1.0657 1.0947 1.1323 1.1823 the saturation line are necessary $
1210.00 1.0602 1.0842 1.1145 1.1538 for accurate interpolation. L
1220.00 1.0775 1.1027 1.1344 1.1753 ?

R "9
hote on Figure D-4.1230.00 1.0949 1.1212 1.1542 1.1967 D ta i1240.00 1.1122 1.1397 1.1741 Scaled values are listed in Table E

1250.00 1.1296 1.1582 1.1939 H-11. h
Saturation Line
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TABLE D-9

O
AD-10 VALUES OF SPECIFIC VOLUME AS A

FUNCTION OF ENTHALPY - SATURATION CONDITIONS -

.

H (BTU /LBM) V (CU FT/LBM)

550.0 .0218

598.8 .0231
,

|

| 611.7 .0235

( 624.2 .0239

648.5 .0247

672.1 .0257

695.5 .0267

707.2 .0273
'

731.7 .0286
;

| 757.3 .0303

800.0 .0341

Data is plotted on Figure D-1.

Scaled values are listed in Table H-12.

|

|

9

e

O

D-10
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SPECIFIC VOLUME OF SATURATED STEAM VERSUS PRESSURE
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Pressure Specific Volume
3ft /lbmPSIA

2000 .1883

2100 .1750

2200 .1625

2300 .1513

2400 .1408
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I APPENDIX E

i .

|

|, STEAM GENERATOR VOLUME VS LEVEL CALCULATIONS

:.

1. References: LOFT Drawings 206161 through 206169

!
2. Dimension s: Shell ID 56"

Shroud ID 50.75" !
,

| OD 51.75"
! Riser ID 24"

0D 24.75" |
Tubes OD 0.5" .

number 1845 ;

Frustum base ID 49.9375" i

Heights (referenced to top of the tube sheet):

tube bend line 72.5"

bottom of frustum section 88.125"

max tube height 97.5"
bottom of riser / top of frustum 101.21875"

bottom of separator duct 144.625"

top of riser 161.750"

3. Cross sectional areas:,

{ (h)
~

= 17.1042 ftShell inside

E-1
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7 (51.75)2
w 2Shroud outside = 14.6066 ft

12

.

{(5 75)2
2Shroud inside 14.0475 ft

,

{(2 75)2 2= 3.3410 ftRiser outside

2
{ (h) = 3.1416 ftRiser inside

Tube outside - straight section

2x1845x{(f2 - 5.0315 f t

4. Inside Shroud Volume

4.1 From the top of the tube sheet to the tube bend line.
Height = 72.5"

?
Cross Sectional Area = 14.0475 - 5.0315 = 9.0160 ft '

3
Volume - (9.0160) 72.5/12 - 54.4717 ft
Di splacements:

Tie Rods - 10 rods,1/2" diameter, 5 '10-3/4" long.

Volume - 10 w/4 (0.5)2 70.75 = 138.92 in
3

l
.

l Support Plates - 4 plates,1/2" thick, 24-7/8" radius
with 21/4" overlap strip. Assume volume of each plate

| is equal. Use type "A" as typical.

Area of semi circle - (1/2) w (24.875)2 = 971.95 in2
2Area of overlap strip - (2.25) (2 x 24.875) = 111.94 in .

Area ,f holes
2434.68 in1961 17/32" holes for tubes = ,

21.33 in6 17/32" holes for tie rods =

298.19 in3556 3/16" holes for flow =

E-2
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2549.69 inTotal Support Plate Area =

3
Volume (4) (0.5) (549.69) = 1099.38 in

.

Bottom Blowdown Pipe - 1-1/2" sch 40 pipe, 3'9" long
,

with a 1 1/2" elbow.
Volume = w/4 (1.9)2 (45 + w/2 1.5) = 134.27 in3

,

j Net volume - 54.4717 - (138.92 + 1099.38 + 134.27)/1728
! = 53.6774 ft3

4.2 From the tube bend line to the bottom of the frustum section.
,

Height = 15.625"
2Area inside shroud = 14.04/5 ft

|
The displacement of the upper tube support structure is neglected
because of its small volume and irregular geometry.

! From an analysis of the steam generator tube displacement by

i C. D. C1ayton, 1-24-80:
1

Height Above Disr'acement of tubes
3bend line (in.) (in.3) (ft )

| 50 3765.00 2.1788

| 10.0 7268.00 4.2060
15.5 10377.14 6.0053
16.0 10606.46 6.1380

; Interpolate to find volume at 15.6:3" - 6.0385 f t3
!

| Height Above Volume Net Volume Total
tube sheet inside shroud above tube Volume

(in.) (ft3) bendline(ft31 (ft31.

| 77.500 5.8531 3.6743 57.3517
82.500 11.7063 7.5003 61.1777

,

88.125 18.2910 12.2525 65.9299

1

O
,

E-3
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4.3 From the bottom of the frustum section (88.125") to the maximum
tube height (9 7.500") .

'

From e. analysis of the steam generator tube displacement by
C. D. Clayto n,1-24-80.

,

Height above Displacement of tubes Net Displacement
bend line above 88.125"

(in) (in3) (ft3) (ft )3

17.0 11035.98 6.3866 0.3481
19.0 11765.17 6.8085 0.7700
21.0 12304.09 7.1204 1.0819
23.0 12634.77 7.3118 1.2733
25.0 12728.98 7.3663 1.3278

Volume of frustum:

h

V={fD db=yh(1.4431-0.05725n+0.7569x10-3 h)2
o

V in f t , h in inches, D = (49.9375 - 1.9809h)/12.

Height above Height above lleight above Volume Net Volume Total
bend line tube sheet 88.125" inside frust. above 88.125" volume

(in.) (in.) (in.) (ft3) (ft3) (ft3)

17.0 89.5 1.375 1.4750 1.1269 67.0568
19.0 91.5 3.375 3.3359 2.5659 68.4958
21.0 93.5 5.375 4.8853 3.8034 69.7333
23.0 95.5 7.375 6.1517 4.8784 70.8083
25.0 97.5 9.375 7.1636 5. 358 71.7657

4.4 From the top of the tubes (97.500") to tne bottom of the riser

(101.219").

Volurre of frustum = w h/3 (r2 + rir+rf)
|

2

h = 101.219 - 88.125 = 13.0940"

r1 = 49.9375/2 = 24.9688"
2 = 24/2 = 12.000"r

,

3| V = 8.4674 ft
'

.

O

E-4
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dNet Volume - 8.4674 - 7.1636 - 1.3038 ft
3

! Total Volume - 71.7657 + 1.3038 - 73.0695 ft
: , t

!

4.5 From the bottom of the riser (101.219") to the bottom of the,
'

separator duct (141.625").
:
'

1
i Height - 43.406" '

| Area = 3.1416 f t2
! Volume - 11.3637 ft3 ,

; I

| Total Volume = 84.4332 ft3 ;
4

I 4.6 From 144.625" to 161.75".
4

!
; For analytical purposes the volume of the riser is considered to ,

.

extend vertically to 161.75."
I
;

; Height = 17.125"
2

] Area = 3.1416 f t
I Volume - 4.4833 ft3

I Di splacements: |

) Level Control Cup - 6" diameter, 6-1/4" height.
3Volume = 0.1023 ft

i

|
Level Control Piping - 2 pieces, 1-1/2" sch 40 pipe,
approximately 19" long.j

'

volume = 2 w/4 (0.840)2 (19)/ 1728 - 0.0122 ft3 i

3Net Volume - 4.3688 f t
Total Volume - 88.8020 ft3

5. Downcomer Volume

-e

5.1 Lower Section - from the top of the tube sheet to the bottom
of the frustum section,

,

t

[

E-5
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Hei ght = 88.125"

Cross Sectional Area = 17.1042 - 14.6066 = 2.4976 ft2
'

Volume = (2.4976) (88.125)/12 = 18.3418 ft3
Di splacements:

,

spacer lugs - 8 lugs 2-7/8" x 4" x 3/8"
Volume = 34.5000 in3 = 0.0200 ft3

3 -

Net Volume - 18.3218 ft

5.2 Frustum Section - 88.125" to 101.395".

Height = 13.270"
3Volume inside the shell = (17.1042) (13.270)/12 = 18.9144 f t

h 2Volume of frustum = w/4 0 dh

Diameter of base = 49.9375 + E = 51.3517"

D = (51.3517 - 2.0046h )/12
V = w/4 h (1.5260 - 0.05957h + 0.7752 x 10-3 2)h

3V in ft , h in inches.

Di splacements:

Shroud Upper lip and weld - Ring 51" diameter,
approximate cross section 3/8" x 1/2", located around

bottom of frustum

Volume = (0.375) (0.5) w (51)/1728 = 0.0174 ft3
Level control piping - 2 pieces of 1/2" sch 40 pipe,
17-1/4" long each.

Volume = 2 w/4 (0.840)2 (17.25)/1728 = 0.0111 ft3
Emergency cooldown pipe bosses - 6 each, 2" diameter, 2-5/8"
long, cut at 45 angle, located at the top of the frustum.
Volume = 6 w/4 (2)2 (0.6250 + 1/2 (2))/1728 = 0.0177 f t3

.

.

O

E-6
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f ;

V'
Height Above Height Above Volume of Volume of Net Volume Total
tube sheet 88.125" Frustrum displacement above 88.125" Volume*

3 3 3 3(in.) (in.) (ft ) (ft ) (ft ) (ft )
*

90.125 2.000 2.2148 0.0191 0.6168 18.9386
92.125 4.000 4.0845 0.0207 1.5962 19.9180
94.125 6.000 5.6383 0.0224 2.8914 21.2132
96.125 8.000 6.9056 0.0241 4.4731 22.7949
98.125 10.000 7.9154 0.0258 6.3123 24.6341

101.395 13.270 9.0883 0.0462 9.7799 28.1017

5.3 Riser Section - 101.Ld" to 144.625".
Cross sectional Area = 17.1042 - 3.3410 = 13.7632 ft2
Di splacements:

Level control piping - 2 pieces of 1/2" sch 40 pipe.
Area = 2 w/4 (0.840)2/144 = 0.007697 ft2

Mist extractor drain piping - 4 pieces of 1/2" sch 40
pipe.

--

[ 'I Assume pipe fills as level increases.

2 2~' Area = 4 w/4 (0.840 - 0.622 )ji44 ,
20.006953 ft

Emergency cooldown pipe - 6 pieces of la sch 40 pipe,
29-1/2" long, approximately 4-1/2" extends into
bosses.

Volume = 6 w/4 (1.315)2 (25)/1728 r 0.1179 ft 3

' Feed ri.19 - 24" radius, 3" sch 40 pipe, located at
105.0". Assume this pipe is full regardless of the

level.

3
volume {(3.5) 2w (24) /1728 = 0.8396 f tI

!

l .

Feed ring supports - 4 - 5 3/4" x 2-1/2" x 1/'"

, Volume = 0.01664 ft3
|

|

|
| ,m

)
:

|

(, E-7
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Surface blowdown ring - 23" radius,1-1/2" sch 40 pipe,
located at 109.5". The inside of this pipe is assumed

.

to fill up as the level increases.

Volume =w/4[1.92 - 1.61 ] 2w (23)/1728 =2
,

0.06686 ft3
Surface blowdown ring supports - 4 - 6-1/4" x 2-1/2" x
1/2"

Volume = 0.01808 ft3

Emergency cooldown ring - radius varies from 23" to
24", 1-1/2" sch 40 pipe, located at 120.5".

Volume = w/4 (1.9)2 2w (23.5)/1728 = 0.2423 ft 3

Cooldown ring supports - 4 - 3-3/8" x 2-1/2" x 1/2"

3Volume = 0.009766 ft

Eject pipes - 8 each - 3" sch 40 pipe with 5" sch 40

6-1/2" high cup. Bottom of cup is at approximately
129.5" and extends to the mist extractors. Assume the
cups rre full.

|

|

Volume of cups = 8{(5.563)2(6.5)/17z8=0.7314ft3

Area of pipes = 8 w/4 (3.5)2/144 = 0.5345 ft 2

|
Gage glass internal piping - 1" sch 40 pipe, starts at .

137.5" and extends to top of riser.

1
'

Area = w/4 (1.315)2/144 = 0.009431 ft2
,

i

O
|

|
E-8

,

t >



_ . _ _ _ . . _ _ _ . . . _ _ _ _ - - _ _ _ _ . _ _ . _- - _ ._ - . _ _ _ _ _ __. ._ _ _ _- .__._

-

I I

I !
4 :

i 1

4 !

l !

:|
LTR-10-2-Rev. C

! Net Cross Sectional Area (
! !

i~
2 ;13.7632 - 0.007697-0.006953 - 13.7486 ft

i.
| Displacements below 122"
i

! 0.1179 - ;
j o.8396 l

j 0.0166 |
0.0669
0.0181 i

! 0.2423 '

I 0.0098
! 1.3112 ft3 .

i r

i l

i
!

] Volume at 122" ;

] 1

! (13.7486)(122.0 - 101.395)/12 - 1.3112 =
'

; 22.2963 ft3
.

Total volume = 28.1017 + 22.2963 = 50.3980 ft3
J

f Volume at 129.5"
1

3
i (13.7486)(129.5 - 122.0)/12 - 8.5929 ft

.

| Total volume = 50.3980 + 8.5929 = 58.9909
: !

! )

| Volume at 144.625
|

[ !

(13.7486)(144.625 - 129.5)/12 - 0.7314 !
|

- (0.5345)(144.625 - 136.0)/12
*

|

|
| - (0.009431)(144.625 - 137.5)/12 = .

3 !~

16.2078 ft

Total volume = 58.9909 + 16.2078 - 75.1987 ft3 ;'

1

|

i 5.4 From 144.625" to 161.75" '

l

, E-9
!
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For analytical purpc:as the volume of the downcomer is

considered to extend to 161.75". The displacement of the
.

moisture separators is neglected.

.

Height - 17.125"

Volume - (13.7632 - 0.006953 - 0.5345 -
0.009431)(161.75 - 144.625)/12 - 18.8551 ft3

Total Volume - 94.0538 f t3

6. Analytical fits for the level versus volume curves

6.1 Inside Shroud - Comprised of two straight line segments.

The first line passes through points (0,0) and
(53.6774,72.5).

L 53 67 4 V = 1.3507 V

The second line passes through points (/3.0695,101.219) and
(84.4332, 144.625).

f4 -b (V - 73.0695)L - 101.219 - _j

L - 3.8197 V - 177.8851

The lines intersect at (72.0474, 97.3145).
.

L - 1.3507 V for V 1 72.0474
.

L - 3.8197 V - 177.8851 for V > 72.0474

V - 0.7404 L for L 1 97.3145

E-10
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V = 0.2618 L + 46.5704 for L > 97.3145

~

6.2 Downcomer - comprised of two straight line segments.

.

The first line pt.sses through the points (0,0) and (18.3218,

88.125)

8
L=183218 V = 4.8098 V

The second line passes through the points (28.1017,101.395)
and (50.3980, 122.0)

L - 101.395 = (V - 28.1017)
'

5 90- 8. 0 7

L = 0.9241 V + 75.4250

p The lines intersect at (19.4109, 93.3626)

L = 4.8098 V for V i 19.4109

L = 0.9241 V + 75.4250 for V > 19.4109

V = 0.2079 L for L 1 93.3626

V = 1.0821 L - 81.6200 for L > 93.3626

,

9

e

\
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APPENDIX F

*

ANALYSIS OF STEAM GENERATOR SHRINK DATA RECORDED
! DURING POWER RANGE SCRAMS
; .

F.1 Steam Generator Mass Distribution During Normal Operation,

;

j By performing a mass balance before and af ter a reactor scram the
! nonnal operating mass distributions inside the steam generator can be

determined.

1. Follnwing c scram the water level inside the shroud and the
downcomer are equal. See the data sheet for a tabulatior, of the

total steam generator mass. Because the level instrument
actually measures differential pressure and is calibrated for
saturated water, the mass of the steam in the downcomer and

shroud is included with the water masses.

| 2. During a scram the steam valve closes much slower than the feed
i valve. This results in a net mass loss which is calculated as
'

follows:
!

W /Rj

[W (t)dt = (Wj - Rt) dt = 2R iI 2.1 AM = W

i

W initial mass flowj =

flow change ramp rateR =

&

l 2.2 From 100%plar.t proof trip (281:23:14:51.429)
,

|

2.2.1 Mass added through feedwater valve while the valve was,

closing. Feed valve shut in 0.7 sec. Feed flow was

206,000 lbm/hr.

2
aMf = 1/2 1/R W , R = W /atj 5

aMf = 1/2 (0.7) (206,000)/3600 = 20.0 lba

F-1
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2.2 Steam flow trace:

.

- 200K lbm/hr
g 130K lbm/hr ,

C
f I

Time 0 3.1 12.7 see

Mass loss through steam valve while the valve was
closi ng .

AM = [1/2 (70K) (3.1) + (130K) (3.1) + 1/2 (130K)s

(9.6)]/3600 = 315.4 lbm

2.2.3 Net AM = -295.4 lbm

2.3 Linearized approximation for net mass lost as a function of

the initial feed flow.,

h=$" (206K/ 3600)2 = -0.09
4

2
W j

* Ne t AM = -0.09 W{

See data sheet for the calculated mass changes and the initial

mass values.

3. The steam generator shroud mass can now be found by subtracting
the downcomer, dome, and steam line masses from the total mass.

See the data sheet for the calculated values. .

*
- shrd
"shrd * M*

shrd

_shrd " (_"shrd - "f "fgX
.

F-2
;
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U
DATA SHEET F.1

.

Power cevel 100 % 75 % 30 % 0%

P_o't Scram Data

Level (l) 87.9(2) 94.7(3) 109.9(4) 116 inches
Nn Water Vol 18.3 21.7 37.3 43.9 cuft
Shmud Water Vol 65.7 70.4 75.3 76.9 cuft
Pressure 925.0(2) 938.0(3) 907.0(4) 963.0(6) psia

vf 0.02132 0.02136 0.02126 0.02146 cuft/lbm
vfg 0.46479 0.45738 0.47543 0.44367 cuft/lbm
vg 0.48611 0.47871 0.49669 0.46513 cuft/lbm

Masses
Dwncmr 858.3 1015.9 1754.5 2045.7 lbm
Shroud 3081.6 3295.9 3541.9 3583.4 lbm
Dome 105.9 107.6 103.7 116.1 lbm
Steam line 84.3 85.6 82.5 88.1 lbm
TOTAL 4130.1 4505.0 ETE2.6 5833.3 lbm

, / Pre-Scram Data
! \

55.56((2)
41.67(3) 17.5(5) 0 lbrr/secSteam Flow

57.22 2) 45.00(3) 17.5(5) 0 lbm/secFeed Flow
Mass Change 295.4 182.3 27.6 0 lbm

Initial S/G Mass 4425.5 4687.3 5510.2 5833.3 lbm

Level (l) 126.1(2) 124.5 121.6 N/A inches
Nncmr Water Vol 55.1 53.3 56.0 N/A cuft

Pre nure 740 780 843 N/A psia
vf 0.02065 0.02080 0.02102 N/A cuf t/1M
vfg 0.59757 0.56377 0.51678 N/A cuft/lbm
vg 0.61822 0.58457 0.53780 N/A cuft/lbm

Masses
Dwncmr 2668.3 2562.5 2378.7 N/A lbm
Dome 83.3 88.1 95.8 N/A lbm,

Steam line 66.3 70.1 76.2 N/A lbm

i TOTAL 2817.9 2720.7 2550.7 N/A lbm
,

Shroud Mass 1607.6 1966,' 2959.0 N/A lbm

v hrd 0.05524 0.04515 0.03001 0.02478 cuft/1bms

shrd 0.05788 0.04319 0.01740 0.00748X

F-3
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DATA SHEET F.1 (cont'd)

.

Volumes
.

Sh roud 88.8 cuft
Downcomer 94.7 cuft
Dome 51.5 cuft
Steam line 41.0 cuft

TOTAL 276.0 cuft

(1) The levels given here are referenced to the top of the tube sheet.
Indicated level is referenced to 116 inches above the tube sheet.

(2) IP-01.07PR Step 6.11.9, Att 11 Step 6.3, Plant Proof Trip,100
(281:23:14:51.429).

(3) IP-01.07 Step 6.9.14, Att 11 Step 6.3, Plant Proof Trip, 75
(279:10:35:50.024).

(4) IP-01.07?R Step 6.7.8, Att 11 Step 6.3, Plant Proof Trip 30
(257:22:30:09.436).

(5) Estimated value
'

(6) Assumed 5400F.

|

.

|

|

0

F-4
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FIGURE F.1-1*

STEAM GENERATOR MASS AS A FUNCTION OF POWER.

i i.

I
r

F-5

. _ . . . . . _ _ __ _ _ - _ _ _ __ _ -_,-



- ,-

LTR-10-2-Rev . C

F.2 Steam Generator Natural Circulation Flow Calculation

*
1. The steam generator gravity head is calculated as follows:

.

L
DWN _ Zriser _ Z

-

3
drum ft3p ,

3, "O " riser " drum 1728 in
,

1.1 The LDWN "D term is calculated by assuming v0 " "f'/

l.2 Zriser = 161.75 - 97.31 = 64.44 inches. Assume that the
velocity of the steam and recirculation flows are equal.
Then,

S 1

X riser " W +W "E*
3 g

From LTR-115-51, Performance Evaluation of LOFT Steam

Generator and Air Cooled Condenser during the Power Range
Test W. C. Townsend, nominal values of the circulation ratio
R were chosen. See Figure F.2-1. v iser is thenr

calculatea uy.

" riser " "f Xriser "fg

1.3 Z = 97.31 inches. This is the height where the insidedrum
shroud volume versus level lines (see Figure E-1) for the
upper and lower volumes cross. The specific volume of the
drum is found by dividing the drum volume by the shroud mass
minus the riser mass. The distribution of the mass between -

the riser and the drum affects the gravity head calculation
because the cross sectional areas are not the same.

3

V iser = 17.13 ft

F-6
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! $ 3

Vdrum = 71.67 f tj
!

;
,

j 2. Assurae that the flow losses are proportional to the square of the
!. downcomer and riser volumetric flow.
!

! i
s ., tV.g+k YAP = k
| g D 2 iser
|
!

l "O I S* R)2 + k2 ("g S + "f R)2
2 '

' =k
i

i
!

R 92+k2 ("g * "f (R-1))2
2 2=k 9gv

;

kl "f + k ("f + Xriser "fg)2 - * (RW )2
.

-

2
=

2 3

!

2 " riser) (RW )2= (k v +ky 3

|
'

3. Least square fit for c j = aj k) + bj 2 Ik

'
.

j j)2c = { (cj-aj g-bk t

| 9

'

Minimize c with respect to ki and k2

a 12(c;-aj y - b; k )(-a )k=0=
2 j,

1acj = (la ) ky + (la b ) k2j jj
,

!
,

= 0 = 1 2 (c; - aj g-bjk k )(-D )2 ia

.

1 b c; = (la b ) kg + (l bj)k2; j jj
i :
'

[
,

|

|

p

i F-7
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,

2
~

- -. -

(la$) (la b ) k (la c )jj y jj

= .

_ lab) (lbf),( k _lbc)(jj 2, jj

-

2
. . -

'k ' lb -la b la cy y gj jj

Ilaf)(lbf)-(lab)2 _gjk,7

lbfla c4 - la bj lb cj j j4

'k _laf lb cj - la bj la cj j,1 j j

(laf) (lb ) - (la b )2
2

k
2 jj

. ,

4. Solve the flow loss eqbation for R

AP = (k 2+k2 "ri w ) (R W )2 'vy f 3

(f)2 k ("f + ( )"fg) )AP = W * (ky v7 +
2

(f)2
2 k +() "fg 2=vk +vk+2 k

y 2 "fg "f 2
S

0=(f)2 [
2

k ) - v (k +k)k ) - ( ) (2 v_y v
g 2 fg f 2 1 2

S

k * v k2 4[
2g 2) v (ky+k)k2 vfg vf 2- 4"g *_y

2

1 S

E"
2 (aP

2
- vfg k) '

2
S

O
F-8
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k + k2+ y2-"gfy+k)-"gvfg 2- "g (k kk k
2

1 S

A " "f AP 2
k*

J-"fg2 ,

S ->
.

.

AP 2

J-"fg2
R=1 S I

;

I
4 v k + kg( g 2) + 2

k k '-v
fg 2 -

5 S4

!

5. The least squares method given in step 3 was used to estimate
k and k using R values from Figure F.2-1. Then theg 2
equation given in step 4 was used to determine corresponding

; values of the circulation ratios, R. This process was repeated
several times until the R's used for the least squares fit

equaled the results of the step 4 equation. The following
results were obtained:

Percent Power
100 75 30

Initial R's 5 7 13

| Final R's 5.2104 6.6717 13.0688

k = 2.2028 x 10-2 psi /(cuf t/se c)2

k2 = 7.8888 x 10 psi /(cuf t/sec)

Figure F.2-2 shows the gravity head and flow losses as a function.

of power.
~

.

6. Assume that R is a function of power and Xshrd

R= ; 8(P) - A0+Ayh
s(P) * ishrd

F-9
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From the values of R computed in Step 5 and the shroud quality
values calculated on Data Sheet F.1, the following values of 8

.

were obtained:

.

Percent Power

100 75 30

8(P) 3.3159 3.4704 4.3976

A least squares fit yields:

B = 2.8523 + 46.3590, Power in percent.

p

8 = 2.8523 + 21974 , Power in Btu /sec
.

0

7. Determine the resulting circulation ratio as a function of

power. Assume that the pressure varies linearly with power:
Press - 954 - 2.38 x percent Power.

_ 89
~ "'hrd - "f M _ I

s shrd
shrd " *

v7g vfg

Msnrd = 3583.4 - 19.758 P, Power in percent (from Mass vs Power curve)

1

R=
8(P) _Xshrd

See plot of data on Figure F.2-1. '

O
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O- DATA SHEET F.2

.

I

Power Level 100 % 75 % 30 %

| Downcomer Gravity Head

Level 126.1 124.5 121.6 inches
vf 0.02065 0.02080 0.02102 cuft/lom
aP 3.5339 3.4639 3.3478 psi

Riser Gravity Head

R 5 7 13
~

,

vfg 0.59757 0.56377 0.51678 cuft/lbm ,,

v i ser 0.1402 0.1013 0.0608 cuft/1bm1 r
AP 0.2660 0.3681 0.6133 psi

Drum Gravity Head

Shroud Mass 1607.6 1966.6 2959.5 lba
Riser Mass 122.2 169.1 281.7 lbm
Drum Mass 1485.4 1797.5 2677.8 lbm

vdrum 0.04825 0.03987 0.02676 cuft/lbm,

AP 1.1671 1.4124 2.1044 psi
;

TOTAL Head

AP 2.1008 1.6834 0.6301 psi

i

1

!

l

!

|

!

,

$
i

!

O
.
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*

| | 1 I | | | |'

e
e

14 - _

3 W.C. Townsend's
steam generator

12 - * stability analyses -

*

*e e*
10 e --

o e
* l

h Hybrid model R =
p_x%

cj s - ,e _

. $
*o' - f0

6 *

f
W.C. Townsend's LOFT Model e e ,g

.

4 -

e Power range test data

2 -
+ Values used to compute gravity heads

_

e Values used for least squares fit of
AP and flows

0- 1 I I I I I I I I

0 10 20 30 40 50 60 70 80 90 100

Power (% of 50 MW) INEL-A 13 9441

|

I

FIGURE F.2-1
.

LOFT STEAM GENERATOR PERFORMANCE

.

I

O
F-12



-___ _ - __ ___ __ - _ .-__- ___ _--- - - _ _ _ _ - _ . _ _ _ _ . - - - - _ - ..

) LTR-10-2-Rev. C
i
!

IO
.

.

~

3 i i i i

e Total gravity head
e Downcomer loss
a Riser loss

,

e
2 - -

.=

E
! e

R /e
2
0 a
8

*

1 _
,

-

r -.

e
e

'

t i I i0-
0 20 40 60 80 100 120

Power (%) INEL A 13 9381

FIGURE F.2.2
.

STEAM GENERATOR FLOW LOSSES AS A FUNCTION OF POWER
.

4

O
F-13
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F.3 Steam Generator Dry Out Factor

.

1. Assume that the quality inside the steam drum is linearly
distributed with height.

,

X
RISER

-

---- X_______.

Case 2 DNB3
2
3 Case 1
cr

i

Height L
DRUM

X (h ) = mh + b

,

2. Detemine b.

X (LDRUM) " RISER

O*'DRUti +b=X RISER

b=XRISER - * DRui

X (h ) = mh + X RISER - * DRui

* -* -

RISER DRU4

3. Detemine m.

l *
DRU4

XNMX DRUM " L
DRUi j g ,

O

'

O

F-14
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F DRUM !
b

DRUM ' DRUM hRISER-m(L -h)) dh* *
DRUMX

Jh
o

j . ,

I' DRUM-h)-f(LDROM - b )2X DRlN 'DRlN " RISER g g
,

.

I ;

! X X b
RISER DRlN DRUM

i m-2

(LDRlN - b ) (LDRUM - b )2 [
g g

i
A. Determine h , jg

! I'
For case 1, h is the X--sxis intercept. [o

!
'

X (h ) " 0; 0

X * IlDRUM - h ) = 0 (RISER - g
l

h =LDRlN - XRISER *I '-g

For case 2, h =0g

5. Solve for m. j

Case 1 ,
.

:

m-2 -
DRUM ' DRUMX

RISER

X (XRISER/m)2RISER /m.

!

2*

m/2 = m - m X L /XDRlN DRUM RISER

9 i

t

F-15 i!
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RISER
m

2X DRui 'DRU4 *

Case 2 .

X L
m-2, _ DRUM DRUMRISER

L
DRlfi DRU4

, ,2 ( RISER - DRlfi)
'DRlli

6. Detemine Case 1 and 2 Criteria.

Division between case 1 and 2 occurs when m X /lRISER DROM

Case 1 applies for m zX RISERIL DRui-

2 X
X RISER RISER

2XDRui 'DROM 'DRifi

RISER 1 2
DRui

Case 2 applies for m < X ILRISER DRUM

( RISER - DRUM) RISER<

' DRUM ' DRUM

5 2XRISER DRU!
'

| 7. Determine L
D f8 "

.

IlDNB} " DNB

X - m (L -LDNB) " DNBRISER DRui

F-16
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,

'D N8 - LDRUM RISER - DNB}I*-I

*

8. Solve for the dryout factor.
,

. .

# " 'D NB/LDRUM
,

i f - 1 - (X - DNB)/mLDRUMRISER

Case 1: X 22XRISER DRUM

i

f = 1 - 2 (XRISER - DNB) DRUM RISERI

1 Case 2: X
RISER 1 DRUM

f . 1 - (XRISER - DNB) ( RISER - DRUM)

Values of f are limited to 0.01 < f < l.0..

.i

The upper limit is reached when XDNB 2 XRISER. In this case
;
'

no reduction oi the heat transfer w111 occur and f cauals 1. The

minimum value of f is held at 0.01 to simulate the reduction of
| heat transfer by a factor of 1/100 when DN8 is exceeded.
!
;

!

i

;

'
.

|

h

,

i
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FIGURE H-1

REACTOR KINETICS ANALOG CIRCUITRY
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FIGURE H-2

CORE THERf1AL ANALOG CIRCUITRY
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PRESSURIZER ANALOG CIRCUITRY
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Counter 030 FF 023

P: Cl DGS(1)
1 msec Co VAR SET CUT :

I F d CLRE CLRL E 1' | 40 10 ISW | 100 psecI I

1:
_

50 msec timer

DYsplays samplh
[ counts 0-99 |
I I

OR 050 FF 55 I ICounter 050

DGC(1) \ f00: SET DIFF Cl

) CLR E E CLR -

1
DGC(2) 1

:

CO LD E CO LD E

FF51 FF 50 FF54 FF 53
|

OUT I OUT T-

OUT T OUT T-- --

I

- - - - - - - - - - - ---------- - - - - - - - - - -F ---- '
i OR 52 OR 53 OR 54 OR 55 I

! | D D D D!800 400 200 100 |
;

'

L__.______________.._______ Used for display onlyj
INEL A 13 9461

|
*

| Data cou.: er

FIGURE H-6
O

| TIMER AND DATA COUNTER

'

H-7



, , . - - - - - - - - - - . -

LTR-10-2-Reve C

FIGURE H-7

IHI Program Used to Set Potentiometers
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FIGURE H-9
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APPENDIX I

i
.

CONDENSATE VELOCITY IN THE AIR-COOLED CONDENSER TUBES
,

.

!

!

!
! I.1 Flow Method
i

i

! Assume that at maximum flow the tubes are half full of
! condensate.

i

! f
1
; *

9 max /(h -h)|
"

g fmax

SG CR -
j
:

194,626,016 Btu /hr (Reference 6, page 258, Table XXXIII)=
max

1200 Btu /lbmh -

i 9
SG

t

h at 300 psi 394 Btu /lbm=
f

'

CR

67 lbm/sec" max=

1 (saturated water at 300 psi)
Wmax / AV * "" 0.01889max

|

1.2656 cu ft/sec| V =
max

>

.

&

' I-1
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} [ cross |section}| [ number)[fractionofCross sectional area tubes filled 1 of I
=

withcondensatej|(oftubesj tubes .

2 '

2()(f('2))(230x3) 1.2963 ftA ==

h A 0.9763 ft/secv = =
max

I.2 Friction Loss Method

Assuming that the tubes are half full

4 x hydraulic radius 4xEquiv. Diameter ==
wetted perimeter

f { (0.83)2
4 0.83 inches1

- - =
1

7x (0.83)
|

Absolute roughness from Reference 10, page 3:

0.001c =

| Relative Roughness
|
|

h= x 12 0.01446=
8

1

.

O
I-2
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t

h Reynolds number (assume 1 f t/sec)

i
! (0.83/12 ft) (1 ft/sec) !l R-

e 3 |
='

(0.01889 ftlbm ) (0.13 centipoise) (0.000672 lbm/ft sec) !
centipoise |. -

|
1
' 42,000=

1

! Friction Factor from Crane Technical Paper No. 410, Flow of

! Fluids, page A-24:
! f

I

i

) f 0.04 4=
1

!

!

! Darcy's Formula:
l j

,

L

lh D2g
v = tf

I (1 ft) (0.83/12 ft) 2 (32 ft/sec ) 1.512 ft/sec !V " =
i (44 f t) (0.044) '
.

:
i !

*
,

{

'
,

I

:

f
I

i

.

!

!-
.

..

!@
.
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; APPENDIX J

.

1
.

FEEDWATER SYSTEM CALCULATIONS
4

i
; -

J.1 Subcooler Heat Transfer Coefficient
.

I
1 Assume 100F subcooling at feed flow corresponding to 50 MW |

operation. !'

|

WCp (TCR - Tpg) Tpg = TCR ~ W(1) Q =

P

|

UA (Tpy - TAMB} [(2) Q' =

r

'

i

UA (T -TAMB)i Q =
CR g

i P
I

!

'

UA Q
(hCR Ti - hAMB)0 - C| P

|
i

^
UA 0 p

p hCR - hAMB
g " hCR - hANB - Cp AT
W

|
'

60 lbm/secW =

100F iaT =

*
1

0C 1.093 Btu /lbm F=
p

,

- JL-3 - . . . _ _ _ _ - _ , _ , _ -
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h 394.0 Btu /lbmCR =

h 100 Btu /lbm
*

=MB

E = (60) (10.93) 2.3167 lbm/sec.=
C (294 - 10.93)p

J.2 Feedwater Pump Internal Resistance

i

!
Shut off head 2360 f t (Pacific Pump Data Sheet)

(2360 f t) (53.36 lbm/f t ) (f t /144 in ) = 874.51 psi

head at 600 gpm 2040 ft-

2360 - 2040 = 320 ft 118.5778 psian =

O
600 gal 1 ft 53.36 lbm min* * * * "

min 7.48 gal
ft

3 60 sec

R 0.02330 psi /(lbm/sec)2*

= =
p

(71.3369)2

.

.

O

J-2 ]
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ANALOG / DIGIT INTERFACE*

f

.

IDAC DAC Variable Use

;
i

1 030 Q /MCCL * 2E-4 Core ThermalCLAD
? 03 1 SGLVL/400 Chart 2-3
3 052 SDL/ 20 RKS;

,

'

4 05 3 ASDL/2 RKS/ Chart 2-8

i 5 130 -KFC/100 Core Thermal
'

6 131 DECAY /100 RKS

7 132 (TBM(19) - 600)/100 T / Chart 1-2AVE
8 133 (TBM(38) - 600)/100 T / Chart 1-4

O ' '10
AVE

9 150 WFW/500 Chart 1-8:

I 151 WS/500 Chart 1-7 '

, 11 15 2 WPCS * FLOSC * E-7 Chart 2-6
! 12 153 PRLEV/100 Chart 1-6
,

!

! .

IDAC DCU's Variable Use

13 000 (CBAR-1500) * SE-4 Chart 2-7
I 14 001 XMSCV Chart 2-5

'

15 002 PCR/500 Chart 2-1
16 003 VWCR/400 Chart 2-2

*
17 0 04 PSG * SE-4 Chart 2-4
18 005 (THLI-600)/100 Misc. Indication

;

.

K- 1
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APPENDIX K (Cont'd)

.

'

ANALOG / DIGIT INTERFACE

-

IARY ADC Variable Use

1 040 (TCLAC-600)/500 A055

2 041 -VWP/200 0050

3 042 (PPR-2000) * E-3 A110

4 04 3 XW * 5 T131

5 044 (1-XG) * 5 T133

6 045 -(TFUEL-1000) *.E-3 A018

7 046 RPA/100 A047

JOAC OAC Variable Use

1 032 (hw - 675)/125 Pressurizer
2 033 (hg - 1100)/150 Pressurizer
3 050 -M /2000 Pressurizerw

4 051 Mg/ 500 Pressurizer

.

|

|

t K-2 ___
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* ~* ~p ,p ~
. ., .. . . . . . . . . . . . . . - . .... .

gag k
) Pl. a N l 1. F( /1Ptol.Of>S/WH

*

L % s
OuGI Phon A* Pt. A r i 4
0n07 I rJ C I.lln F 'nic | 3 CnMMI 1.FTN/l l ST 8
000) * DIMFNSin4 DAT(179),PA(256),lPA(il),PSCT(2),19)
0004 9 COMMON /DAT/

9 i TIN, HPA, V I.nnP , Pl. A . PPH, t 1-5
* 7 WG, Orl. AD , S DI. , OSC, PSG, t 6-10
* 1 PCH, X8FW, WFW, VMSCV, CP, ! Il-l%
e 4 PANG, TCl. A D, CHAH, TCI. I , PZRMW, t 16-70
9 % PZRHW, . WHARV, DI.M S P T , W it , HFW, t 71-75
9 6 WIr:C, WHNC, WCHC, P2RMC, t 76-79
e 7 WPCS, MCONF, DCVHT, TTHHF()), OAIR(3), t 10-1R ,

* R W A l e3 ( 13, 14 00 P O S , P7RHG, D t. MOD , D t.F . i 19-45
9 C DI.H . DCH, XRISFR, PMASS, HWCH, t 46-50
* n DMSilDT, TRM(51), SGl.VI , SCV, HDWN, ! 51-105 ,

* 1 DWMASS, SGnaSS, WD, SHRDX, HSC, t 106-110
* ''' WsG9V. ,'HMSTM, CRilSTM, OnNDMF, CRHW, t 111-115
e 1 Ildpp, HCPR, P7pnMT, CPMW, DI,M R T , ! 186-170 )
9 4 VCHP, DO T, HPI, T Hl. I , P I,1, t 171-17%
* % V I. I , PHl.E V, TFHFl. .t 176-179 o

0005 * COM*HH /PA/ r-- -

i
t 1 H P Sri'4, HTSCRM, VSCHM, HPSCHM, i.PSCHM, I t-5 $

?8 7 TCHP, TC H l.T . TCl.l , 1 CI.P . F SilH GE , ! b-10 *-*
#* 1 del.T. S M T SI.0, b PCSI, AI. Plt A R , SCliLY , t 11-15 ')

f 4 SMTFST, SVTC, DOPC, DPPO, TCCI.T . ! t i.-7 0 C
* 5 .%f4fkC, V9FHf60), SSP, ll1 SH P , t 75-R) [
* 6 SPN'5'9(7), F l.T M D , ti.TMX, HPSP, PCSP, t 94-R9 - > *

'

$ 7 HTISr', e4 a'7 S e , HASCHM, SPAClD()), ! 40-95 $ $,_
s * 9 SHHul ts, Cl.I C , CPIC, VDRA]N, t 96-90 r- m

W e 9 VINI. It A HFRi o O) , SPt01(1), t 100-16) n 6 j

# 0 FFHMN, SPACF2(ll), DI.S f ? 1) , AIRSP(;). H4fSW(3), t 164-?04 :o -
X* 1 SPACF), S I RTSI. , W A I R pin ()) , CRHl.SP, CHHLDH, t 70$=71)

* 2 CHHl.F. TAMH, FW H M b"* , F WDI.Y , TIMSCM, ! 787-716 rg )
* 1 SPACF4, nC O'4 , 14 C AC F v , TIMFX, SPACES, ! 737-771 3
e 4 SV84MPN, PMSVHS, P M S V I.S . PMSVDP, CINO, t ??? 47ti
9 5 CkCOkF, OkSG, HXPWH, THOT, SGI.5 P , ! 727-?)1 [ ,

9 6 PCR1, SPACFh(2), Pl.OOP l . HLP7R, 1 737-))6 v)
* 7 SPRONT, P7.t.F V I , I.PHPIS, SPRNOM, PCDH, ! 747-741 H

,

* 8 RPDH, SGXDHH, SCHSt. SGliS2 1 747-245 2
0006 # COMMap / IPA / C)

* 1 ITRNTP, KSCHAM, IRHNTM, ISMTM, IDL7FR, t 1-M
e 2 NNnHTH, ICONC, 170P, I SC T;P , ISVHMP, | 6-10 i
* 1 kHYR, TSMP, ISMTD, 170M, ICPHP, t 11-15
* 4 KSCMN, ID, KSPHA, KF0H, K N SPl4 R , t 16=70
0 5 .J I N.I . .1DR a l N ., 10PMSV, I CI.N S V , ! 71-74
* 6 I F I.M N , IHPTS, ! 75-76 h
9 7 10015, 10016, IPoll, ! 77-79 30
* A IColR, IC075 10n76, ICO27 1 30-1) h ),

0003 * CnMMnN o

A.,
. n AiHFi.n(is), Aipnoz, C<so, CDPFW, C Fl.T H u ,
. i C i vi . Ox(s o , On(s o , ConnAR, ConMFi, i.

'

* 2 CPAiR. CPn, CHnn, CHnM. CHDvz, g
* 1 CHHF, CRHG, CHHSti, CHHNI, CHMWI, <
9 4 CHHl., C R H l.T . CHSTMI, CRVF, *

b,

o 5 CRwG, Chaw. CVFW, c's
* 6 CVFWI, CVMSCF(14), mas **, C7PO, DECAY (U),
9 7 DFl. TAD, DFNCOR, M. DHHPF, DHMF,1, ,

)



F ei t 't ** A N | d -l' t.18 7, vee )-% B 15:44;14 is h - > U l* - .4 0 PQGF 7
Pl.ANS4,FTN / TR I Hl.fif M S /bf R $

# a Dr.HSHe, D r.MnH N , D i.M i u.i . ni.M n ,
* 9 DI.NRC, DIMHH, DI MHP, DI.W S P , til.M Sil' ,e.

* O DOMFM, DTAlHfI). OTOT7, DVDH, D W F l.l. ,
* I O W H t '*. I _ F F ld , FXTARA, F A P'FR f l) , F101.P .
* 2 Ft.0SC, FI.O T R N , F t.0W , Ft.TNSC, FPMAS,
* 1 FWTIM, CHkP, CHCP, CHI P, H($I),
# 4 HAMB, llc ( % ) ) , HOW Al.( % l ) , HDIFF, HOWNI,
* 5 HF, HFCRI, HFTAH(19), HC, HGAS,3 ,

* 6 HGC9, HGTAh(19), ilHl. , HRFF($1), ilSC ,,

* 7 HSci. HSGC, HSGI, HSP, HSTMI,
* H HSHP, HTO, HTlO, H T ? rt . HTit,g g

* 9 HT77, HIDH, H20H, IAPY(th). Ils S PR ,
* O IDAC(IR). I DFI.T A ,
* 1 1D150, 105, IHSH(2), IPARM(6), IPHINT.
* 2 1%FTild). IT, ITIHF, ITMSW,
* 1 ITH(ll), ITRNP, .lDAC(41, .l SFT ( 4 ) , tr SC H M S , l.ISP'S INSFRTFD SO
* 4 FACSFT, .lSP7, l. A ST I , I.1STP4(69), l.P A( l l), IVARIAPI.FS ARF ON,

,

* 9 MCel., Mc TilR , HHC, hkP, 14 RYTF HOUMDARTES,
* 6 NHk, .lSP ), NDATil2R), PAHFAD(69), PANGl

DOOR * COMMON, y
* 1 P A ngl., PCnHR, PCRO, PCPSP, PMASSO,
* 2 Pl.lle. PMSVHT, P MS VI, s', PRFSSF, PSATI,

>, * 1 PSGO, PSGTl ( 2 ),10 ), PSGT7 ( ? ),9 ), P7 ROH , PZHOM,
y

* 4 P7HHCl, PZRHal, P / R I.0 S , P7HHCI, PZHMWI,
* 5 0(%)), OAIHl. OfHPI, OCI. Hit ( 4 ) , GCOND(}),
* 6 OCONDI, OCORF, ODID, ODIR1, OSC,

)
r- * 7 HARFHV, RR, HC, RCSPT, REACTN,

8 * 8 HHOf%I), pl., 64MPM, HNPMSV, it P I I C ,
* 9 RPSPT, RXRTil, OCHP, SCHAS, SCHAM(R),

,

e n SCP"TM, ShH, SGHFTA. SCDPZ, SGHFAO,
e i SCHF, SGHG, SGK1, SGil 2, S G1,1,
* 7 SGl.V I. I , SGMASI, SGRHl. SCHR7, SGRTI, ,
9 i SGPT2, SGVF, SGVC, SGWIC, SHkDu,
# 4 S H 5? D V , St,P f i l ) , SPHAfC, S Pl4 4 Y W , SSPT,
9 *s Si4HFl.n , SVGT(H), TAIR, T AllCI.,

#

* 6 THN(51), Tr a l,C ( % l ) , Tet. A DC . TCnt.D. T Hl. I I C ,
* 7 T I M t. , TIN, T t107, 7 01:7,
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'

* 9 TTilHFI, TW Al.l.( % l ) , HAfC, HAIH(1), llAINI,
* 0 ll AnilT( l), D AOllT I , HASP,
e i IIH( 51 ) , llHCnH E , UHF, linSG, llF nsil. ,
* 2 til NF( l), IIOllT F ( ) ) , Vi%I), VAlH, VHPH,
* 1 VCOHV, VCORR, V DH it'' , VFTAH(19),
# 4 VGTAH(19), VRAHP,

'
* 5 VHFF, V R I SF64 VSFRD, VSFRV, VS1MCH,
* 6 VnTO, VSTCRI, VVFSSI., VWCR, V t= C H I ,
* 7 VWP, WATBDF())t I'"AI' '

* 9 WCAlk(1), WCOND(t), WCnNDT, WCRHV, '

* 9 WDRAIN, WDSO, WFAPC, WGACC, WG4tN,
* O W I N,1, WS, W S(II , WSCRVI, WSGRV7,
* 1 XORHM, XG, X MSC VI. , r-
e ? XMSCVn, it S F W I , XW, 7(51) H
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0001 SilHROllTINF 7FNO(FHNCT, X )
(*
C THIS AHHPfillT I'4F F I ND5 X SilC H THAT FilNCTfX)so.
C ' FilNC T ' IS TflF N44F OF THF FIINP T I O N SilH ROl'T I N F WHICH ptFINVS FHWCT(X)
C THV I N Pt|T WAI.HF I)F X IS Il%FD AS THF I f4 I T 18,l. GHF.( S .

C THF Hil1Pil? V Al.liF fif X IS DFTFRMIhVD TO WITHIN 01%.
C

0007 D4:nei.F-4 , ,

000) DD 100 Nat,20
0004 YO FliNC T ( X-D r ) e

0003 Y 2 sFilNCT f X 4 DX )
0006 Y ) = FilN(* T ( X )
0007 DYmiV2-YO)/2
0009 IFfDY.F0.0.) DYsVI ! INFITCT IO*a PO1 HT, HilMP X HY DX.
000'l Est-YisDX/DV i it!F NFWTOf3''s MFTHOD TO IIPD ATF X
0010 I F( Yo * V 2. l.T. O. l HFTURN ! IF YO AND Y2 't4VE DIFFFRF'#T MIGNS

P I ThFY HRACPFT THE ZFivu V Al.IIF. ,

0011 300 CnNTINIff
0012 TYPF 1, X,Yo,V1,17
0011 1 FORMATf' SilRHO'ITINE ZEk0 v A ll.FD TO CONWFWGF, Xz ',F20.lO/

g
I ' Yo,Yl,Y2s ',3F20.10)

0014 RETilHN .

001% FND ),

PROGRAN SFOTIONS ),

NAMF SIZE ATTHIDitTFS
r-

ee sCODFl 000414 114 14 W ,1, C O N , l.C l.
O $PDATA 000004 2 i ed , D .CO N ,I.C l.

$1 DATA 000104 14 - w , D ,00N ,1 C f.
}SVARS 000026 11 84W,0,CHH.I,rl.
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e s i . e s, e. en . .. / . s a s t i s s Se, ..-ee....

} INITil.\ ( $4/THtMIOCFS/dR

\~
0001 SHHPOHTIMF INIT
0007 I NC E.flDF e DE l a rOMM14. FTN / NOl,IST '

*

0015 FXTFRNAl SGDP,AIHp4
0016 DATA P AHF AD/ ' kPSCM M' , o gyscpu s , e y3cp w e , e ppscpp e , o g,p3 cpu s , e gr pp e ,

I ' TC Hl.T * , * Tel.F ' , * TC l.P * , ' k SilP CF ' , ' DFl. F ' , ' S ea T.".1 O ' , * Fl.Had * , * A l-PH A B ' ,
t ' SCOI.V , ' SMTF9T ' . ' S W TC ' , ' DOPC ' , a pppo s , e yccg,y e , e g yptu n e ,
I ' S S P ' , ' HTSUP ' , ' Fl.T MD ' , ' Fl.TM X ' ,
I *pPSP','HOSPs,eHrlspe,epyggpe, ,

I ' p A $rHM e , e gi RM y N o , e cg,gr e , o rp gr e , ;

I e ypp a y g o , e yi n,le , e FFHMN o , e a g pygg,e ,
*s t ' OP RI.SP' , 'f kRI.DR ' , 'CHHl.F' , ' T AMh e , o rw pMpy e , e rvpg,y e , e y g gscu e ,

t 'DcOH',*RFACFX',81tMFA','SVRMPN',
t ' P4M 4HS ' , * P45VI.S ' , ' PMSVOR ' , 'OIlan * , 'CKCORF ' , e c y Sc e ,
l 'RXP>=He, syHaye, 8 3cg,3p e , e pcp g s , e pg,00py e ,"

t ' h A pZH ' , ' SPRCNT e , e pgl,p,y g e , o g pepp g s e , e SP H h0M * , ' PCDR * , ' PPDH 8,
I 'SGXDNR','SGRSl','SCPS2'/

Obl7 DATE I.lSTPA/l.2.1,4,5,6,7,A,9,10,"
,

I 11.87,11,14,85,36,87,1R,19,20,73,
I H2,M),R6,97,A8,H9,90,

p I 99,92,96,97,98,99,100, i

1 164,706,210,213.212,711,
1 214,21%,216,719,219,220,227,221,

r. t 724,22%,22h,127,22d 279,210,211,747, )
1 71%,716,717,714,239,240.241,242,74),
t 244,24S/

( 0019 DATA IP4/ s

i elTRNTP','KSCRAM',elHhNTM8,*ISMTM',*IDIFFH',
2 'kNOPTH8,*ICONC','l2ppe,elscppe,elsypppe,
I 'kHTp','ISMP','ISMTD',817DM',elppppe, ,i
4 'MSCNN8,' I D 8 , * E SP R A ' , ' N Poll' , ' F N SF P R ' ,

e 5 '.Il w.l e , * JDp a l N ' , ' I flPMSV e , e ] cl.H$y e ,
6 'fFI.4N',81HPIS','ICal58,*lC0168 810017', i[
7 'tCatas,egen2ge,eiro?68,*Ir027'/

0019 DATA SCR AM/ 'l4 APfl Al. 8 , 8 H I Po w f P ' . ' ll t TFMP','HI PPFSSe,

I 'I.0 PHFSS','lud FI.nN o , e p a py e,eTIMFD */ .

0020 D4TA II A 9C / 7.1/
,

00?! DATA Il4CC,liF0Hl. CPalk/0.0151 2779,.242/ >

0022 DATA EXTARA/5h12R./ i[- 002) DATA CONDAP/22to./
4024 DATA DW F l.l./ 2 2. 9 7 /

[ 0471 D '.f 4 McTilH /1049. 6 H / ,

0076 DATA HAMR.SCM45/100. 4to./
0 ~s 2 7 DATA FPMAS/l6h%./

j* 00?H h474 AIHFI.0/2.,0.,85.,0.,6%..R4.,100.,114.,126. 117. 149.,l56., ',

1 164. 170. 174./ i

C
'

7
0079 DATA ISVT/0,l.6.7,9,9,10,ll,12,ll,14.15,b4,65.66,67,68,64/

i

0010 D%T9 .1SFT/2,1,4,5/
on11 DAT4 St.P/100.,450..ll.,7.%2%F-1,5.607F-s 4.100F-1,2,979E-1, r-

I l . 7 4 2 F- 1,0. 712 F- 1,- 0. 4 2 9 F- 1, - 1. 9 9 4 r' .1/ -4g#
0017 DAT4 ITP/100. 450.,II.,50.510,52.tll.51.047,51.707, l'

t 54.149.55.286,%h.H69,59.474/ bd

5001) DATA V/
1 19 7.5 4.10 * J. 41,2 t h . H 1,7. 40.17. sa ,8. * 2. 76 I I . 9 4,2 9 8 .56, l l . n 4, DO*

e
1 4 81.0 0,2 91.50,4 * ? . 8 6,9. hs ,5 * S . 0 7, l' 7. 91,1. 2 9,7.6 4,6. 6 9, l . 7 8, 23
t 0.49/
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C
0014 OATA HC/

1 4*151.,10*t44.%9,7851b.25,%26.41,1411.94,58168.91,
1 775.67,9%.%7,91.10,69).71.4*l1%.6%,76704.Rt.48167.54,5h4.95,
1 58796.99,)*462.76.195.21,455.1.19H.59,19%.79,29.19/

r
00]% DATA HCW Al./

1 14 * 0. 0. 2 8 61. 6 % ,6 2. 4 9,2 3 7. 7 5,5 6 u ) .? H ,141. 66,7 * ? 4 7. 9 2.1 66,

1 4*90 ,7*124.46,4*94.14,154H.4,%'165J.N7,)*ll%.h9,
i 101.01.707.19,141.11,108.01.110%.56/

0
i

0016 DATA hkFF/
1 48147.5%,10*%hR.h4,2*lo.HO,ll.?9,65.1% 5e?).H4,70.64,17H.IS,
1 1H4.Al,71.00,4*?5.9,2*40.99,4*14.14,165.R9,5*l11.75,3*1.15, ,

t 29.74,117.94,170.Rt.29.l4.11657.51/
r

0017 DATA CP/
I 4*50A.00,10*l10.49,2*4.17,4.57,?.4%,591.96,1,84,2*49.31,l.14,
4 491.64,79).11.4*l.74.17.51,5897.06,141.19,1.04.7.81.6.H5,l.BR,
t 48.77/ i

C
n018 DATA Z/

1 4*1,175,58-1,40A,5*l.40H,262.715,-1.751,600.0,-2.SR), )
1 -0.959.0.958.2.54),2.411,2'0.0,-2.083, .75,500.0.l.450,
I %*2.514.280.0,-l.107,4*u.0,10.97/

0 )
0019 DATA SGK l SGK 2 ' ? . '/0 7 8 F.-2 . 7. n e R R F-4 /

r- 0040 DATL WSCHVI,WSGHV2/7%.,25./

$) 004) DATA SGHRl,$GHB2/55. 56./ i
0047 oar 8 HIDR,H703/30.,85./
004) DATA HTto,HT74/2*22.7%?/ I 74kW FACH
0044 0%TA Mhc.MhP/45212.,7200./
004% DATA SOR/25./

C
004(, DATA MCel./ 4H. A950/
0047 DATA VHFF/10.7h4/
0049 DATA RC , H R . HI,/ 2. 0 9 3 5,19.b e 69.1. 5 4 0 0 /

C
0049 DATA TSAT5G/100.,100. 19.,177.9,1Rl.h,417.4,444.6,467.0,

t 4 0 6. 7, %O ) .1,51 R . 2. 5 3 2. 0,5 4 4. 6,5 5 6. 3,5 6 7. 7. 5 7 7. 4,
1 SR7.1,596.2,604 H7/

00%0 DATA HFTa3/300.,100.,39., 79R.%,35%.5.194.0,474.2,449.5,471.7,
1 491.6,509.9.5?h.7,542.h,557.5,571.9,58%.6,598.8,611.7,674.7/

n051 DATA HGTAH/100 ,100.,19., 11R7.),ll4R.1.1702.0,1238.h 1204.7,
,

I 1703.1,1701.R.1199.4.1196.4,1192.9,11R9.1,1194.9,1180,7.
I 1975.1,3170.1,1164.S/

0032 DATA VFTAR/100.,100. 19., 01774 01019. 01889,.01914. 01975,, ,
t 0701)..f.70%0. 020H7,.0217). 02159. 0719%,.0??12,.07269
l 07107..w/146,.02)R7/

005) DATA VGTAR/100.,100. 19., 4. 4110,7. '# R ,1,3 .5 4 ? ? 4, l .16 095,

I .w,762,.,6975. 655s6. 56a96,.50n9i. 44%96 40058..is/45 E;
1 17991,.10878 27719. 75545/ so

0054 n&TA conscF/.i,0.. . 0.. 0274,.0?a9. 0iR.. 0520, '
, .

1 0hp5. 0907. 1996,.859),.el7..)A05/ c)0025 navA .. c 4T/ i . .-i . . a. . 0bi?%, .n62 a i . 0 4 R * 4. .O u 6 i . .Di s iv/ g,
0056 DATA AVGT/100.,7000..M.. 1H9) 1750. 1647,.I51). 1400/

e

:o

G. G 9 >

.
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L
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** *f%[Qwa von * t 1414485n e4 * 6 t em u o a \6 e se t ,e 4 N

/TRtPl.WF%#WH k p(IssITl4.F /) C b
0057 OATA PSGTl/

l lH9.R7 tR6.7R, 141.05, 11R.67, 171.41, 167.14, 160.19, 1%7.51,
1 14).96, 114.b0, 174,67, 114.17, 101.H7, 91.40, 81.1R, 71.17,

I no.1%, 55.60, 47.H2, 40.97, 14.hn, 29.36, 24.41,

1 174.00, 816.11, 100.05, 297.94, 2R6.17, 77).14, 254.50, 747.47,
1 22%.17, 207.41, 109.00, 170.51, 1% 2. 11, 114.74, llR.09, 107.57,

,

t RR.17, 15.54, h4.12, %4.06, 45.11, 17.77, 11.11,

1 %1h.64, 501.19, 4Hl.67, 4 6 't .16, 440.54, 415.)?, )RR.05, 4%9.11. ;
,

1 )?9.04, 29R.47, 26H.01, 2)R.71, 709.97, lH).05, 354.31, 11%.90,
I 115.61, 97.72, H2.9R. 6R.54, 56.97, 47.n5, 3H.72,

*
t 17R.7R, 750.0), 187.01, 690.1%, 619.7%, 596.14, $50.10, 507.67, 3

1 444.6), 407.nt, 160.00, 116.16, 775.54, 717.61, 201.25, 177.5%,
t 14%.17, 121.9h, 105.48, 94.07, 69.17, 56.98, 46.54,

* 1 |170.0),1069.78,101).17, 951.56, RR5.79, bl6.05, 744.65, 677.17,
t 601.04 514.95, 466.29, 404.46, 14R.6%, 797.75, 252.15, 717.40,
t 117.61, 147.69, 127.14, Inn.51, 97.19, 67.76, 54. 82,
t 1%47.19,846%.4%,1175.H0,1279.n4,1tlh.69,in74.R9, 970.04, R66.90, ,}
1 766.97, 67s.96, 545.11, Snt,96, 4?d.41, 162.R5, 105.36, 7%5.00,
1 218.R2, 175.08, 14).90, 117.96, 96.06, 7R.05, 61.22,
l 2066.a0,1917.97,1R04.57,1661.47,8516.77,8170.95.1224.87,00R4.49, )'

1 950.61, R25.67, 750.84, 60n.R6, 514.09, di?.17, 3bl.?b, 100.01,
t 247.R7, 701.67, 1b6.64, 11% 90, 110.76, 99.74, 72.02,

r- t 7659.44,2401.11,7298.75,2097.6R,1696.11,1h44.43,3506.48,1127.70, )
I 1 11%n.5R, 991.90, H47.7), 719.R6, 605.09, 505.6k, 470.12, 141.26,
"' I ?R5.41, 213.51, 190.27, 154.44, 174.94, ino.7R, p3.07,

t 1000.00,10n0.00,7R35.49,7%71.16,2115.17,2057.41,1011.41,8%79.6R, )
1 11h4.90.1169.00, 991.06, R17.21, 700.97, SR?.9%, 4H2.01, 196.47,
i 174.57, 764.47, 214.70, 171.6R, 140.06, 117.h4, 90.16,
t 1000.00,1000.00,3000.00,4000.00,7751.H5,7417.07.2115.62,1R51.96, )
I 1591.67.1155.94,1145.86, 961.77. Ann.96, 66).7%, 546.16, 447.46,
i 164.97, 796.19, 219.H5, 194.46, 155.5R, 174.79, 99,87/

005R DATA PSGT2/ ).

1 3000.00,1000.00,1000.00,1000.00,)nno.no.2R17.)R,2473.02,7116.94,
t 1R74.57,1556.?R,ll05.14,1040.11, 9n4.97, 746.45, 612.47, 500.09,

; I 406.56, 129.27, 265.67, 211.72, 171.46, 137.?l, 109.57,
t 1000.00,1000.00,3000.00,1000.00,10no.00,3000.00,2024.57,2410.35,
1 7071.44,175).99,1470.42.l??).99,1017.26 H17.14, 680.77, 554.10,
t 449,7R, 162.86, 292.10, 214.4%, 1R7.68, 149.R9, 119.47, i,

1 1000.a0,5000.00,3000.00,1600.00,1000.00,1000.00,1000.00,7734,50,
t 7174.75,1961.11,1640.62,1161.59,ll??.71. 970.%%, 750.R4, 609.69,
1 491.04, 197.79, 114.11, 7%5.59, 214.71, 167.00, 129.51, 6,,

1 1000.00,1000.00,1000.00,1000.00,1000.00,1n00.60,1000.00,1600.00,
t 2 S 7 H . l R ,217 7. 0 2, l H l ) . 9 0,15 0 7. 6 4,1216. 0 9,1410. 91, 827.68, 666.43,
t 517.74, 417.40, 146.64, 777.91, ??1.04, 315.9), 139.76,,

t )0 00.00,1000.00,10 00.0 0,1000.n0. 3n00.00,100n .00, so00.00, in 0 0.00,
t 2R40.R7,7)RR.15,1990.82,1646.R1,3151.R041101.lE, 895.87, 774.79,
1 SR).17, 468.20, 174.67, 299.04, 718.14, lH9.26, 150.14,"

,

t 1000,00,1000.00,1000,00,1000.00,1000.0n,1000.n0,1000.00,1000,00, [}
1 10no.00,7601.6R,2868.51,1797.7),1169.5R,tiq1.76, 970.64, 7R).10, PO
i 629.2i, %04 '9, 403.i7, .2i.io, 255.so, 202.78, i60.67, '.
I 1000.00,1000.00,1000.00,100n.00,1000.00,1n0n!00,3000.00,1000.00, C3
i inno.on,2R77.ii,2 ISO.ii.i 40.7R,i5a9.u i29i.74,iO46.39 4i.io, A,
t 676.90 541.57, 417.00, 14).R9, 77).10, 716.4R, 171.1), e

i inon.n0,in00.no,3000.00,100n.00,ino0.on lood.no. 000.00,in00.on, gro

I 1000.on )n00.00,251D.2H.20RR.4R,1710.94.1190.07,117).51, 904.09, <
l 774.72, 579.09, 461.42, 366.77, 290.9), 710.17, 182.12, *

O
.

O
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r 6 e es A =t I d-el ils V a. * . N s I S : I e s '.e. * * e e s * > i' a AGF 4
pg

] IMITil.FTU / T H i Hl.04'D S / d4

i 10 n n . o n ,1n 0 0. 0 0,10 0 0. 0 0,10 n o . v a , ln 0 0,0 0,10iin . O n ,100 0 . 0 0,10 00. O n ,
i

1040.06.1000.00,2i?2.92,221R.01,lR12.14,l4RR.41,4208.h?, 4h%.91,
1 771.78, 617.11, 498.14, 149.96, 108.98, 244.41, 195.01/

C
C DF Fn CH IC FX M* OP kN OM PH TO SA l, I TR DS

4059 CO TO(550,Ano,750,260,800.hn0,110,N00, von,400,110,500,750,1??,500)
i NPR

0060 80 TYPfe,8|NVal.ID COMMAND'

0061 CO TO Ron
C
C PARAuVitH.% FROM DISC HOLITINF()
C

0062 400 CONTINilF

( 006) IF(IDISC.F4.0) GO TO 401
no64 TYPF lit

1 006% CO TO 900

h- 0066 40) TYPF 405
nnb7 4n5 FORMAT ('+',10Y,'ENTEH PAHM F il.F NAMFI e,g)
006R ACCFPT 401, PARF

(i 00h9 409 FORMAT (20All
0070 PanF(20)so
0078 OPEN(llNITz2, N A MFsP ARF,7YPFs ' OI.D e , ACCESSa 'DlHECT' ,

*

(. I tORM='HNFORMATTED',FHRzR00)
un17 READf?'t rHRzgnol(IlsAT(I),las,5tJ)
8107 ) DFCODV(4,40J,IDAT(4S2))NPAR
0074 407 FOHMAT(14) }

0015 HFADt2'NPAPt6,FRRz409)(PA(1),lal.12R)
r-
8 0076 br&9(3't:PADt7,FHH=404)(PA(I),Ist29,256)

$$ 0077 97 An( 2 * AP AP* R,t HHs409)IP A )

007R 409 (I,OSFftlNITz2.DISPOSFa* SAVES FRPsR00)
n079 TIMzitpilMTM+12768)*DELT

GORO SCHMTM:(ISMTM+177n8)* del.T )

8:031 CO TO NOS
C

0002 500 19 t|N T*is T I M / s)F LT- 12 7 6 8,

One) I S M T M z SC R M T'l/ D Fl.'f- 12 7 h 8
00R4 W 4 |TF'( 2 81 P A RM(5 ), FHH 40 00 )( P A ( I), I41.12 R )
0085 WRITE (?'IPAHM(5),1,FHH=800) (PA(I),Ist?9,256)

,

OnR6 WHITF(2*1PANM(%)+2,ERH:800) IPA
00R7 Call, DATID(77/NRH,2,lphkM($)=b)
00HR IDIScan .

<

00R9 C070 han
0040 %%0 P LOSF( tlN 1 T 3 2, DI SPOSE= ' del.F TF ' )
on95 TYPF $51 i

,;
Ont? 551 FOR" A T( ' + ' ,10 X , ' FI LF l>FI,F Te la ' )
0091 IDISezo

(, 0094 COTO A00 1

C r-
004% 177 T(DF 970 -4

0096 920 FORMAT (IV,'fMTFR TRANSIENT TYPf',2X,5) g
,

0097 ACCFPT* lTRNTP **

009R CD 70 171 53
C no t

C 0150 SFTUP $3
C m

0099 lin IV(IDISC.FO.0)CO To 112 7 -i

O. O 0" .

. .
.

-
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Fe ep i l. a .. ps visf-SI 1 % : 4 8 4 $'. em -' 8 * - s se oc .

) INIT14,F / T R I SI.fsC E S / W R g

0100 TYF F t il

0103 I nt FORMAT ('+',80X,'CI.HSF Ot.D FilF')
0107 Cel 70 N00
0801 1 87 CAI.I. 04 TID (1+(NRR-7)/4,2,0)
0104 IPARM(?)=5t?
080% IPAHM(4):0
n106 IPAHM(%):6
0107 CAI.L SFTFF(1) )
010R IH9hsI)31
0100 IDISCal
0110 CO TO 900

C
e 1.157 RnHTINE
C ')

Allt 210 HPFN(UNITch TYPraeNFWe,NAMFa*INIT,3.57',RFCARDSI2 Fall 2)
'

0117 WRITF(6.909) (IDAT(I),lat,72),(IDAT(I).I:456,495)
Oll) WRITFt6,980) (IDAT(I) I271,1,44) )
0114 IF(WF. CRAM.F0,0)CO TO 218
olj% I z N IN f(i.0G( Fl.0 4T( M SCH AM ) )/l.OC( 2,1) + 1
0: 16 PRINT 940, TIM,5CH4TM,50 RAM (T) )
0117 940 FORMAT (IX,'RUN TIMF ',FA,7,'S$~C SCHAM TIMFa',F0,2,

I 'SFC SCRAM TYPFa * ,A4)
0189 711 PdINT 910 ')

'

olt9 DO 220 1:0,5
.

0170 WRitf(6,407) ( P A HF AD( 10 t i +.11,l. I STP A ( l o+ I + J ) , Js l .10 )
tel ? l WRITF(6,a06) (P A f f*ISTP A t t o+ ItJ)),Jal ,lo) y ,

0122 270 CohTINttr
017) NRITF(6.907) ( P A HE AD ( J ) ,I.1 %TP4 (.9 ) ,J s 6 3 ,69 )
0124 WRITF(6,906) (PA(LISTPA(J)) Jz69,69) , t

017% PRINT 914,'AIRSW (199-20ll','RAYSW (202-704) e,eWAIRMN (207-209)'
097h PPINT 912.AIRSW,HAYSW,WAIRMN ;
0177 PkiNT 914,'VSFR (22-81)' ) i
0179 WRITE (6,98?) VSFH +

0179 PRINT 914,'RAHFR (101-160)e t

0110 kPITE(b,412) RAHFH *

0118 PH l ft? 914. * DI.S (17h-198)' !
*

4

0117 WRITF(6.912) DI.S i
i asel PAINT 910,(f.P A t l),Isl 4 ),(I P A f f ) Is21,77)
'

e.1 e t PWINT 9 )l , ( IP A ( l ), Is t ,4 ) ,( IPp ( i l r i-?l ,2 7 )

i .e t e s PRINT 9)D,(f.PAff),!=2G,4,-1)
|

al in PRfMr 9is,(IPA (I),Is20,5,-lI !, ,

| til 4 7 PkINT 910,(LPA(I),I:28,13) '

) Olip PHINT 917,(IPA (il,Iz28,ll) |

| 0119 910 FORMAT (IX,th*S) , i
0140 919 FORMAT (l*,15,3%ie)
0141 917 Fein N A T( I X , I 7,1518 )
0142 PR J te r 410 g [,

' 014) WRITF(6,910) (1D4T(1),131,%2) f

0144 941 Cf.OSF(llNITsh DISPu'PHINT')
0345 GO TO R00 r- ,

i e is
-| C CHANGE RDtTINF 8

p.I
C3 : >-

0146 250 TYPV 917 e|

j D147 917 FORMAT (*+',10X,'FNTFR81NDF1,VAI.18F OR INDFXI-INOFX2 (<CR>zRTN)') $# ,

i 0142 251 TYPF 914 30
i rD 8

|
|C

c) i !
.
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I * =l 1 to . u se . 'e l l'e g 4 6 3 * h Het.>&D-ee. l* At;F 6tot se ' .

) 121714.6 7N /7HINIOCPS/NH
PA

0149 91R FilRWAF(1X,'CHG?' ?X,$)

0150 ACC&PT 919,10,(DHMMYill,Ist,10)
0151 919 FnRMAT(0.7?A1)
01%? I F i l G. FO . 0 ) C.O TO N00
01%) DO 7%7 Int.IQ
0154 IVfDHMMY(I).F4.',')GO TO 1%)
0155 IFsDHmMV(t).FO.' ')Get Til 754
0156 752 Cou T I hllF
01%7 Go 70 ?%0
015R 25) DFCODF(IO,42),DHMMY)thDVX.X,PA(INDEX)
0159 971 F0puAT(l<!-l),Al,F<ld-1).0)--g

0160 GO TO 751
0161 7%4 0FCHDF(10,972 DilMMi) NSTRT,X,NSTOP

{ 0167 9?? FORMATil<I-1),41,1Clo-!>)
0169 T1DF 971
0164 971 FOHMAr()n,' CARDS?',7X,5)
016% ACCVPT 907,ICARDS{,
0166 IF (tCARDS.FO.'Y')C0 TH 759
0167 TYPF*, 'FNTFR V AlllFS e

{3 016R DO 75R IzNSTRT,fdSTOP
i

0169 TYPF ?%7,5
0170 757 FORMAT (lX,1),', ' ,s)

0171 250 ACCFPT*,PA(I)
[

0172 GnTn 400
017) 759 HFAD(),*) (P&fl),IENSTHT,NSTOP)
0374 PFAn(),*,FNDaGOO) DUMMY

,

017% GnTO 900

r- C
)a, p ye ggggtp

ha C
0176 760 C AI.I. ASHYLN(0,7) -

3

0177 CAI.I. SPHYFF(0,5)
017R cal.I, ATTACH (l)

0179 C AI.1, CONSO(Q)
3

0100 C Al.I, HnN t o)

0191 C AI.I. I.F X ( 0)
f 0187 Call. ATRFF(0)

OlR) C AI.I. TSC AI.( 0 )
OIR4 C AI.I. l.PIIN

( 0805 C AI.I. 10
OIR6 C AI.I. SFTCI.( 1,0 )

0l97 C Al.I, SFTCI.( ? ,1 )
r, OlGR C AI.I. SF TCl.( ? ,0 ) IINITI Al.17F THF S AMPl.E CollNTFP

C .

C COMP 11TF INITIAL. STFADY STATE TEMPFRATilRFS
C

01R9 REBTil=HtDWR*94R.
0190 On l 41 sH X RTil e . n l R 7 / 4, 1 DIRFCT HEAT PFR NODE

'

019) OCRPlzpIRTit*,010) | HYPASS HFAT,,

F]0197 GCORf =H XRTil-0CHPI I CORF liF A T I Cl.D * D I R pg019) HHOHOT=41.5R+.OR901)*THOT-1.44741F-4*THnT*THnf a
1 *(PI40PI-1700.)*(.00025*).R9F-7*FXP(.012R7+THOT)) E$0194 Fl.nw=wpCSI/(HHOHHTelh00.)

019% WC z FI.Ds * HC ( l ) / V i l l ',
s0196 Truf.D= T110T- H X HTil/ hC P3
it

G,. 9 G ;< -

.
.
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- -
.g .s [m n

ll /t e es* f a# 4 ts/ 1 st . vs / %I I S s 4 S I 5 t. 4 W = t t p = t* 0 (

V)g IblT14.k f / Tl* Il'l OC P S / W k f g pg
L/ V

0197 H l = Hut Fi l ) + ( FI.nwe .95 / vprF l e e . R
'

Ol9R tl ACORFs ( l ,_ /CF CHH F e i . / H1 ) # # -l
0149 FCORF=( l . * 1. / ( . 95 9 ( WC /II ACOR F-DVI,T * FI flW/ V( l )) ) ) e e- 1
0700 TCl. A DC r TCOf.De OCON F / ( .9*. * WC * ( l . -FCD'IF 4 9 4 ) )-0D I H I /II ACOH F
0?Of H5 = HR FF ( 5 ) * ( Fl.OW/ V H FF) * * . R
0707 al ASG=( l ./C KSG41./ hS ) e 9-1
020) FSGs ( l . t t . / ( WC / tl A$i;-DFI.T * Fl.OW / V ( 5 ) ) ) * * -1

- 6704 Ts al e s THOT + ( 1001.D-THOT I / ( l . -FSG e e 101
0205 TSAT=TSATC

C
- C DFTFHMINF THF TFMP OF FACH NelDF ( TC A I.C ' S ) AND I N I T I A!.!Zt' THM AND TWAI.I.

C
C CORF

( 0206 X Y a ( TCI. ADC * 0D l H l /II ACOP F l * ( 1. -FCOH F )
0207 TC A LP ( l 1 s X X 9 ( 1. ~.9 5 ' Fl OH 9 0Ff.7/ V ( 1 ) ) t ( FCOH E+ .95 * Fl.hW e

i DFI.7/ V ( 1 ) * f t . -FCOHF) ) * TCol.a
(', 0209 THN ( I ) sTP AI.C ( l ) '

0709 TW A l.I.( 1 ) zTC f. ADC *

0210 00 ?RI K=?,4

() 0211 TC Al.C( e ) = X X + TC AI.C( F - 119 FCOR F ,

0712 *t H M ( M ) =TC A I.C ( k )
071) 2RI TW ALI.( k )=TCl. ADC

( C STFAM GFNFRATOR ,

0714 YY=TSATC#(1.-FSG) .

0215 TC A L.C ( 51 sYY 9 ( 1. -FI.0W 9 DFI,7/ V f ' ) ) t ( FSG+ Fl.0W o DFl.7/ V ( 5 ) *
1 (1.-FSG))*THHT )

0216 TH4( 5 ) sTC AI C ( 5 )
0211 TW AI.I.15) mTS ATC
0218 DO 297 Kzb,14

{ 0219 TC Al.C( M ) YYeTCAl.C(k-l)*FSG
e-. 0220 TPM(K) =TCAI.C(K)
W 0721 ?R2 Ted AI.l.( K ) =TS A TC

C CHBF t|PPFP Pl.FNilH
0??? DO ?R?5 F=15,16
022) TC AI.C l F ) =TCOI.D e OCO HF/ ( . 95 t WC )
6224 TR M I k ) = TC A I.C ( K 1
0??5 7R25 TW AI.l.( F i s TC AI.C ( F )

C HnT I FG
0??6 Dn ?H) kat7,75
0227 TCAI.CfK):THOT
0??R Tbp(F) =THnT.

0729 ?R1 TW Al.l.( M ) zTHOT
C C01.D I.FG AND HARV

0710 00 294 K=76,50g,
-

0711 TC A I.C ( K ) s TCOI.D .
02)? TRM f K 1sTCol.D
021) 2R4 TW AI.I.( K ) = TCO!.D
0214 TC l.I =TCol.D
0215 T A tic (.=DFLT / TCCI.T hC COHE HYPASS M
0716 TC A l,C ( 51 ) = TCOI.D e ( 2 0. / WC-pe l.T / HC ( 51 ) ) * 0CHP I
0?)7 ThM( S t ) =TC Al,C( 5 ) ) O

( 0210 TWAI.L(58)=TCAIO(51)
k.C

C DFTFHMINF THF INITIAL. CilHDITIONS OF THE STFAM GFNFPATOH %s

C *
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t s ee's .s e ta 6 4 e-4 ti.. W is ' *. I l ' 4 6 L 'a e. O H-F# 64- M O P A C P: 61

] INITl4.FTN / T l8 5 Hl.flCUS / W H dL

C STFAu PkF.%SHPF
0219 DO 2P6 IL%.lH
0740 286 I F(TS A TC .I.T.TS ATStif l ) ) GOTH 797
0241 TVPFe,'PSATI FRROH'
0742 COTO ROO
074) 7A7 PSAflal00.*100.*((I-51*(YSATC-TSATSG(I-1))/

1 (TSATSG(I)-TSAfSGII-l)))
0744 PSGzPSATI .

0745 PSCOzPSATI
6246 TSATzfSATC

r. C STFAM F I.nw
0747 HST M i sT AHl.F(PS ATI .HGT AH)
074R HFORIzTAHl.F(PCHI,HFTnH)

[ 0749 H z (l' ASC # ( HSTM I-W A MH )-R X HT".1/ ( HSTM I-HFC P I ) ,

0750 Cl =-R X RTH oll A SC / ( HSTM I-HFC RI )
0258 h9Glat-k+SOHT(R**?-4.*Cl))/7

{ 0757 WGulN:WSGl*STMI.kG/(HXPWho.07) -3
075) WGzWSGI

C MSCV POSITION

{ 0234 CWHScizHSGI/50HT((PSAT!**?-PCHT**2)/2.) )
0235 DO 2RR Iss,14
0256 ?dR IF(CVMSCI.I.T.CVMSCF(!)) COTO 2R9

[ 0257 TYPFS,'XMSCVO VHHHH' )
07%R GnTO ROO
0259 2A9 XMSCV0an.lef(I-5)*(CVMNCI *VMSCF(I-l))/

1 (CVMSCF(I)-CVMSCF(I-1))) )
0760 XWSCVEXMSCVO
0261 XMSCVI.zFNSCWO

C FFFn VAI.VF POSITION )
]" 0762 CDFNOM=5).16*(PCHieDPPO-PSATI-0.021)*WSGI*WSGI)
we 026) IF(CDFNON.GT.O.0) CH10 '91/
Sb 0764 TYPFe,8CdFW FHROR',CDFNOM )

0265 COTO ROD
0266 298 ObFWisWSGI/SQRT(CDFNOM)
0247 XSFWI*CVFWI/1.0725
0768 XSFhz1SFWI

C STEAM GFN l.F V F I,

[' 0269 SGI.VI l aSGI.SPe .27 * WSGI-12.5 6 XSFWI
0270 S CI. I = S GI.V I. I
0271 SGl.VI.=SGl.1

(- C SG MASS
6277 SCVG=T APl.F( PS ATI,V GT Ab)

077) SGVF=TAhlF(PSATI.VFTAD)
0274 l'WM A SS= 1. 0 8 719 ( SGI.V' -7 5. 41) /SGVF T,

0275 DOMFMa(IR7.2-DWMASS$5GVF)/SGVG
0 2 7 f. SGR ET A z 2. H 52 ) * 219 7 4. / H X hill
0777 SGMA%5:2000,

s
077R CALI. 7FWOfSGDP.EGMASS)
0779 SDRDV=99.H/SHROM r-
02R0 ?94 WDzbR*WSGI hj ,

C SG F4f WGY 8

029; SCHFsTABI.FtPSATI,HFTAH) $$
0792 HDwH"(WSG)*HSTMI*wH*SGHt-PMRTil)/hp s

3
026) SGVa(786.=0WMASS*SGVF)/SGMASS
0 2 r. 4 Vt0GSGaAl.nG10(SGV)*lo.+19 30
t. ? A 5 I V = V l.HG SG

g

9. 9 9" -
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ten.ena le s :. v.*il 6 4 3 e 6 3 *.e. ou-e k ee- M O #

} INITl4 / T h l RI.DCIE S / 4 g

0296 FHVsVI.nGSG-IV -

07R7 00 797 I H a l .18'
079R 6 % eSGT(IV.IH)+(PSGTIawel,lH)-PSCT(IV.IH)19FHV
07P9 I F( PS A T I .I.F.P2 ) Gil TO 290
0?90 747 Plzp?

0791 29) TYPF*.*PSGT FRROH'
0242 GO 70 000
0791 790 IFilH.VO 1) CD TO 7'A )
0794 HSGIz50.4iIH-(P2-PSATI)/(P7-P1))+100,
0795 itSCCz f HSTM I *DOMFMt (SGH ASS-DOMFM) * (SGHFtSHRDX ;I:3STM1-SCHF)))/

| 1 SGMASS 1

0796 SCHASIzSGHAS,%
' 0297 DWMASisDWHASS

(, et */ 4 0 HOWNisHDWN )
0799 llS Gz H 9GI

C FFFD WATFR
p; 0100 HSCIsHSTMI-RXHTII/WSCI ',

0101 NSPzHSCI
0307 HFWaHSCI

{j C' Cf.AD TFMP IC POT SF.T .

010) Iro t R s( Trl, ADC-600. ) t 2 0

C PH FS Sl'H l 2 FR INITI AI.12 ATION
0101 H Fs 4 ) R .14 0.1 17 6 Ps,t hip I ")[
0105 If Cs I ) ? O . 7-0.0 9 8 Pl,OOP I
0)nA SVFs0.4957E-4tHF-0.00778
0107 P Z H k W i s ( P ZI.EV l / 2. 0 21/ S Wl' ')

SVG T A FilS( Pl.00PI .SVGT )0109 -

0109 PZRHGis(14.75-P7tEVl/2.021/SVCr.-
s 0110 P 7 5.HW l s P Zk M W i e H F ')
[ Olli PZPHr.IsP7HMGl'HG

'

0117 .30APIlis(HF-675.)*80
Gil) .lDAC(7)=(HG-l100.)#66.67 )
0114 J D AP( )) s-P7RMWi t $.
0315 JDAC(4)=P7R%GI470,

7
0186 Cal.I. STRI.M (JSET,JD AC. 3,4 ) 1

0117 IRSPpzo i

0119 SSPTzSSP
( 0139 PPSPTzRPSP )

0120 PCSPTsPCSP
0)?! HT1TzHTISP

g Ol?? HT773HT2SP e

0171 P7PMWzF79HWI
0)?4 P7PHW=P7HHWI

(' 032% PZHHG=P7HMCI )
0176 PZHHGEP7HHGI

,

0177 HWPHzHF
0)?R HGPRsHC I,

0179 DI.MSPTz0
0110 DI.MHTz0
0111 DMSilHTao,

g .

0117 P7RO4Tso. r'-
-l

Oll) PPR zPl.OOP I W
0)14 P P p 0 = Pl.00 P ) b i'

011% Pl. A zPl OOPI O
0116 PHA6Sze.0

. k0137 PC81HPs(PI,A-2200 t0(.0002St1.R9E-74FXP(.012979 8 ),

p
CD
<
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eg.pg-f* 4W e. 8 3 .e/* 4 t 'e 1 4 * . ' e l' " & t " * " ' 8 l' A 8.6 la

O ' ' ' ' ' ' * ' ' " ''"'"''"C"*'""
f*

1 (THM(75)+THNf26)l/2.))
0))P On 570 kal.51
0))9 R'iH( E I z ( . 0 R 90117-1. 417 4 6 -4 * TPM ( V ) ) * Tl4M f k ) S PCHRH
0140 PMASSsPMASSeV(k)#pHH(E)
(e141 570 RHO (F)sNH0(Kit 41.58 l A DI) DFFSFT
0117 PMASNOzPMASS

C R1(5 10
014) PNFilT=RXPWR'(l.-0.06725)olHO.<

'
0144 I C015 m PN Flf f * 0. 2 9't ? l
0145 IColdzPNFHT*0.67892

g 0146 10017aPNFilT40.lbl4R
0147 1 CD )S E P NFHT 4 0.1 la)S 7
0549 IC07hsPNFHT90.09441

p 0149 I C O 2 7 a P P'FilT * 0. 0 0 0 718
s'

0150 TYPF 450
( ,' , 01st no FnkMA'r(8,* .10X,'SFT POTS (Y/N)e,g)

03%? ACCFPT 907.1CRF3r
01'i l I FI ICI:FST.NF. * Y ' ) GOTO 2 r45

( n154 C Al.l. SF7 POT (l 01 R ,1 Col H )
0155 C AI.I. SFTPOT(lol5,1ColS) ,

0156 CAI1. SFTPnT( 1016,10016)
oli? C al.I. SFTPOT(1017, IC017 )
019R C A 1.1. SFT*OTE 1075.10025) )
0159 C AI.I. SFTPGT(10 76,ICO26 )
0160 C Al.l. SFTPnT(1077,ICO27 )
0163 TYPF 915, ' H X P W R ' , ' TCol.D ' , ' T HOT ' , ' E l.0W ' , ' T S A TC ' , ' PS A T I ' , ' W SG ( * , '

e

| 'XMSCV08
f~ 0162 915 FORMAT (9()X.A6))
s 016) TYPF Q 16, p r PW R , TCul.8), THilT. Fl.OW, TS A TC . PS A T I , WSG I , X MSC VO ,

G 0164 916 FORMAT (7F9.7,F9.9)
0165 795 CONTINtlF ,

0166 f* AI.I. STRFF( l ) ,

0167 C Al l. HOFF + 0 )
036R RPT=RIPWP
0169 Pl. I = PI.00P I
0170 V I. l = W PCS I '

0171 THlizTHn?
0172 WFwaW4CI
017) W1N.IsVIN19.I190 f CHedy[?pT3 (pH JWyp
0)?4 WDRAINzVDRAIN9,1190 al.PM/SFC A T 60 Ff'

C
011., nn inq I:1,58
0176 100 00(lI z C 8.1 C{,

' 0377 CPO a CPIC ,

017H V TO10 a 0
, 0179 V PI, s 0

O)PO DFl. TAO =n.0
r-01A1 FI.O Sc a l . -401R7 PMSVHTsPMSVHS
e01R) P M S VI.1 = PMS VI.S >-*

0)R4 RMPMSVz0.0 O
< 01R5 FWTIMan.0 bOm WSCuV=0.0 '

DIR7 SCRTlsSCHS1 M
rD01AR SCPT7=SGPS2 [

, .

<
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0 a C R t. =P iSp

0190 SMPTsSMT
0191 DHRPFs0.010149.4H
0197 DHMFan.00461599.4H
019) DI.F PC a M RC /1600, $ DF t.T
0194 DI.M RP a w R P /160 0. * del.T

C
C CONDFNSFP
C *

019% TS ATORsT AHl.F f PCRI,T.%5:TSG)
0416 CR HF m T A RI.F ( PC R I .HFT A WJ
0197 P RHGzT A HIT ( PCR I , HGT A3 )
019R CHVFatARI.E(PCR),VFTAH)
0199 CRVGsTAHIV(PPPI.VGTAH) ,,

0100 AAVNzHAYSW(1)+PAYSW(21eHAYSW())
0401 IF(BAYN.Ct 0.) CO 70 h?O
0407 TYPFe, s App syclipyn . sgy H Ay3W ygg ge ,

,

046) GO TO R00
0408 670 IVfMAYSN(1).FO.l.a Gu TO 675
0405 ItA(AWillsPAYSW(?).

040% HAYSW(?)mDAYSW(in
0407 HAYSWf))sp.
440R Go 70 670 1

0109 67% WCilND(1) b.*GI/HAYH ,

0410 OCONO(t)sWCOND(t)9(llSTMI-CHHF) *

0411 til N Fi l l :1.17 8 WCfsND ( 1 ) * * = . )) )3 )
0417 II A I N ( 1 ) allI NF ( 1 e e llf alil./ f ilT NF( 1 ) +ilfullt.) * COND A R
041) TTI:hF( t )-T S ATCR-0 CON 0( l ) /II A I N ( 1 )
e) 44 WA1Hella?DO. y

041S CAI,I. 7FR0(AIHOO,WAIR)
0416 650 TAIH=TAMHe459.67+.590A!Hil)/WCAIR(t)
0437 VA1HzWATH(1)*TAIH*.HH9AE-) )

04th 00 658 Is%,1%
4414 651 I Ff V e t P.I.f. A l HFt.0( l ) ) Gft f u f.% ?
0470 TYPF+. e ACC A T HFl.tl GT 174000 CHFT/ MIN' .

0471 GO TO M60
04?? hS? P ANGw?. 4 ( ( {-5) t ( V A lH- A lHFl.0( 1- 3 ) )/ ( A IRF1,0( T )- A T RFLO( I-1)))
OA?) P A NGI.= P A Hr.

0424 PCHSPzPCH1-(PANC.)D.9XMSCVO)/ H475
0175 PCR=PCPI

", 0476 PCH0zPCPI
0427 DO 65% Tz?.)
04?h T TheF( i ) =*e'TilRF( 1 ) * ft AYSW( I ) o TS A TCP 9 ( 1.-H A YSW( I))

'
0429 000ND( 14 =4 CON D ( 1 ) 9 5t A Y S W ( !)
0410 65% ll& I N( I t all A I W(1 )
e)( 11 (V t.TW pF l.bP

01)? C urlW V 2 WC ON D ( 1 18 84 Y N 9 0H EI.I.
66 ..w4437170
.. c u'a$ 1 *tz e 7 4%. R6-(CHMW tCONDMF) *CHVF)/PRVG p.

--t..s. C F .4.'se ia s..# 4 0 !!I' F 73
.p .' *4 k ST '$ r C H M ST M * C H H G e

.. t 11 H WC P ar p t4F g
0 4 's R H r.C t'sC R ilG e

h304)9 CRWWaO.
0440 rktGzt. 30

CD0441 VWCH=CPVF4CHPW
.

O
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() INill4.FTh /Tk H l.OC M .S / W P WL

0447 WStdCRacPVGoCRMSTM
044) TsTPPlzTSATCH
0444 PANGlsPANG
044% CONkFisCONDwF
0446 CHudisrHMk
0447 CNSTMimCHMSTM
044R C hilW i z r Ris k
0449 CRHSTisCkHSTMg

04%n VWChlsVWCP
04%) VNTCHlaySTuCH
04%? T TitP F l:TTIIRF ( l )( ,

04%) OCONDi=OCOND(1)
04%4 Q4Ipt:0 Alp (l)
045% ll 4 I N i sit a l N i l )
0456 II AOllT I all AOllT( 1 )

r

(, 0457 V I.feO P z F l.(IW
04%R ITl" Van
04S9 I DFl.T A = D> l.T o l 00 0. t . 2

(, 0460 IPPINTan
,

0461 TMOT s 0
0467 TIMs0.0

(: 046) PkiNTMs0.0
30464 0FmTao.0

0465 ITMSWs0
0466 1D5:0

,

0467 IHPISz0
04h2 MSCHMS=0
0469 FSCRAMs0

$~ 0470 PSCSFTz0 )

wa 0471 1. A S T i s t00 0477 17) Fl.OTR N a n . 0
)047) I F ( I TR N TP. FQ. 9 ) Fl.OTH W= 1. 0

0414 C FI.TR N a t . -Fl.0TP N
047% TIMiz0.0

.0476 F l.T N Sc a l . + 19. * Fl o f H H
0477. RFArTNan.O

(, 047R IFitThNTP.FO.1)RFACfNat.0
0419 IFilDISC.FO.1)GOTO 296 *

04R0 TYPFS.*OPFN F il.F 8
04R1 GOTO 400
04H? 796 I F ( I P A H t8 ( 5 ) . FO. (, ) GO TO llo
048) 1YPF*.e Cl.OSF 01.0 Fil.F AND OPFN NEW Fil F'
04R4 110 4*ON T l hilF,

04R5 407 FORMAT (3Al)
04R6 906 FilR M A T ( 10 V I ) . 4 / )

4 04R7 907 FOH4AT(IO()y,46.14))
049R 00N FORM 4T('l'.77Al.10X.'TASA '.4041) r-
04RO 910 FORMAT (a e,y?gg} --4

700490 9t? FORMATil0FI4.4) '

0498 914 FORMtf(808.?X.l(A'6.2)X)) C$0442 400 H e' Tl'H N '
019) FND PO.

e ,

N
CD

PROGRAM SFCTIONS <
.
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001% HntlTV ( l i s 1. F H 4 F="t e FI,it o e . 7 7
0016 li A OttT f I ) allOllT F ( l ) 9 814C0 / ( HOllTFi 1 ) * ll ACC ) * F X T A P A
0017 WCAIPf1)zFIHeCPAlk
001fl O A IH f i 1 a f TTilHF( l 1 -T 4 W ) * ( 1,-FX P(-II A0187( l ) /WC A IP(l )) ) 9 WC A I R(l )
0019 A I hllO7 3 0 A I H ( ! ) .QCONia( 1 )
0020 A IPnt3x A IHDOZ ,

00?l H F filH N
0077 FND

e

PPDGHAM SFCTIDHS
'

NAMF SIZF ATTRIHilTFS

SCOOFI 000214 70 14 W ,1, C O N , l.C l. y

3PDATA 000010 4 H W . D . C O N , l.C l,

Sif 3 A T A 000004 2 H W , D . CON ,l.Cl,
$UARS 001040 772 H W . D . C O N , l.C I.

3

DAT 001000 756 R W , D ,ilV H . GHl.
PA 007000 $17 HW,0,OVH.GBl.
IPA 000107 il RW ,D ,ilVH.GHl. )
.b8Ss. 017664 4050 14 W ,0,0 V R , Glit,
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. .e l h i l 6 8 =.4 e s e - s e t - .e n PAiW le.see s .

I~Dtippl4,FTN /THgplOCUS/wk Ah
l
*

0819 PklNT 917, HTO ,0f ASIIH ,l*ZPI.OS . DlMP H DI.H SilR SPH A Y G,5 PH A y W
0816 Ph l NT 910, ' P7RHW' , 'PZl4HW' , ' PZHMG s , e p7 ppg e , e py ppw g e , , p7;pyw g e , ,

1 epyppcle,epypncle
0817 PPINT 917, P7 PHW , PZ Hild , PZ H MG ,5*7 R HG , P7 PMW I P7p HW I , PZio4G I , P7 R HG I
OllR P R I N T 9 t o , ' H K P W H ' , ' TCol D ' , e T H0T ' , ' TCl. A DC ' , ' P 7.PD % ' , ' P Z H DH '
0139 PRINT 912, H X Pw H , TCul.D, THnT. TC1. A DC . PZ PDH , PZF DH,
0120 PRINT 981, DAT
0171 PRINT *,81DAC'
0177 PRINT *,10AC
0121 PRINT *,'JnApe
0124 PHINT*,JDAC
0175 PRINT *,'IAHY'
0176 PHlhte,lAPY
0127 IF(NMR.FO,7) PH I NT 91 ),1)MP I

Ol?R C l.0 5 F (tjNIT=6,DISPs'PHINT')
0129 91) FORMAT (('l'/5fl0(10FI),5/1/)))
0110 900 t0RMAT('l',72All )
0838 907 FORMATge e,17Al)
0112 90) FO R M A T ( ' en ' , T 10, ' NOD E ' ,7 21, 8 0 s , y 3 4, s TH M ' , T 4 7, ' *e'b M 8 , f 6 0, ' P Hn ' , T 7 2,

I ' TW Al.l. ' , TP S ' TC AI.C ' ,19 7, ' anHON ' , T i l 2, 8 UH ' ,712 5, ' H 8 ) ',
0111 904 FORMATl' ', Tin,12,9Fl],4)
0134 409 FORMAT (ege,4X,4(#6,9X))
0115 910 FORwAT('O',4X,R(A6,4X))

)0116 912 F0HMAT(IX,4(IPC15.7))
0117 914 VnPMAT('0*,4X,8(48,7X))
0119 500 HFTilRN

)0130 END
,7

I
g

):) PROGRAM SFCTIONS

NAME SIZE ATTHIRilTES
)

$ C OD F.1 011014 2119 HW ,1 ,0 0 N ,I.Cl.
$PDaTA 007047 529 H W . D , CON e l.C l.

,SIDATA 001510 429 H W , D ,CO N ,I.CI.
SVARS 001114 794 R d ,0, CON , l.C l.
DAT 001000 256 H W , D .IIV H . GBl.
P4 002000 512 HW.D,GVR,GHl.
IPA 000102 )) H W , H , O V R , GRI.
.S$$$. 017664 4054 64 W , D ,0 V H . GHl.
DATID 001022 265 H4 ,0 ,0VH ,G81.

TOTAI, SPACE AI.I.0CATFD a 041757 8h93

DK1 :nHMP14,DHuR14 =Dk t :DilMP14.FTN 310/Cul60/l.i t t
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APPENDIX M

INPUT ARRAY,

1

*

Index Name Variable Nomina Value
;

1 RPSCRM Reactor power scram setpoint 54 MW

2 HTSCRM High hot leg temperature scram
setpoint 6050F

3 VSCRM Low PCS flow scram setpoint 3.23 x 106 lbm/hr|

4 HPSCRM High pressure scram setpoint 2281 psia

5 LPSCRM Low pressure scram setpoint 2058 psia
i

6 TCRP Reactor power instrument time
constant 0.25 sec

7 TCHLT Hot leg temperature instrument'

time constant 18 sect

i 8 TCLF PCS flow instrument time constant 1 sec

9 TCLP PCS pressure instrument time
constant 1 sec

10 KSURGE Surge line resistance 0.1
psi /(ft3 sec)2/

11 DELT Program step time interval 50 msec
1

12 SMTSLO Slow sampling interval 1 sec

i 13 FLOW PCS initial flow rate 3.8 x 106 lbm/hr

14 ALPHAB Boron worth 0.0103 $ / ppm
,

15 SCDLY Scram delay time 0.05 sec

16 SMTFST Fast sampling interval 0.2 sec

17 SVTC Steam valve time constant 1.25 sec*

| 18 00PC Doppler reactivity coefficient -0.00125 $/oF

,
I

4

M-1
- , - _ . _ . _ _ - , . . . _ . , . _ . _ . _ . _ . _ . _ _ . . . _ . _ _ _ _ _ . . _ _ _ _ _ _ . _ . _ . _ _ _ . _ . , . . _ . _ . _ . . _ - , . _ . . - . _. . _ _ .



_

LTR-10-2-Rev. C

APPENDIX M (Cont'd)

INPUT ARRAY
s

*

Index Name Variable Nominal Value

19 DPP0 Feed pump zero flow discharge
pressure 874 psia

20 TCCLT Cold leg temperature instrument
time constant 18 sec

21 STMLKG Steam leakage fraction 0.00

22-81 VSFR Variable flow fraction table See Tables M-2 and
M-3

82 SSP Pressurizer spray setpoint 2275 psia

83 HTSUP Start up heaters 455 BTU /sec

84-85 Not Assigned

86 FLTMD Flow table spacing See Tables M-2
and M-3

87 FLTMX Flow table end point See Tables M-2
and M-3

88 RPSP Power operated relief setpoint 2422 psia

89 RCSP Safety relief valves setpoint 2525 psia

90 HTISP Pressurizer cycling heaters
( setpoint 2153 psia

91 H T25 ' Pressurizer backup heaters
! setpoint 2148 psia

92 RASCRM RABV flow fraction scram setpoint 0.2354
,

93-95 Not Assigned

96 SURMIN Surge line mass flow threshold 0.2 lbm '

97 CLIC PCS loop initial boron con-

centration 1500 ppm

I

M-2
. _ .
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APPENDIX M (Cont'd)
T

'

INPUT ARRAY
: r,

1

*
Index Name Variable Nominel Value

4

.

98 CPIC Pressurizer initial boron
'

concentration 1500 ppm

99 VDRAIN PCS loop drain rate 6 'gpm

100 VINJ HPIS Injection rate 6 gpm

101-160 RABFR RABV variable flow fraction table See Table M-3-

161-163 Not Assigned

164 FFRMN Natural circulation transition
flow fraction 0.08

165-175 Not Assigned
,

176-198 DLS Scram curve See

f Table M-1
,

'

199-201 AIRSW ACC transient switches 0

'202-204 BAYSW ACC operating bay select switches 1

! 205 Not Assigned
i

| 206 AIRTSL ACC air flow reduction rate 0.2/sec

207-209 WAIRMN ACC minimum air flow fractions 0

210 CRRLSP Condensate receiver relief
setpoint 400 psiai

211 CRRLDB Condensate receiver relief v&lve
reset dead band 10 psia

.!
212 CRRLF Condensate receiver relief valve:

flow 81 lbm/sec'

!
*

i
l

V

M-3;
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APPENDIX M (Cont'd)

INPUT ARRAY I3

'

Index Name Variable hominal Value

213 TMB ACC air temperature 800F

214 :ARMPT Feed water valve ramp rate -0.3/sec

215 FWDLY Feed water valve delay time 1.25 sec

216 TIMSCM Timed scram setpoint =

217 Not Assigned

218 DCOR Moderator reactivity coefficient 0.765 $/(lbm/ft3)

219 REACEX Reactivity insertion
Accident - total reactivity 8.35 $

220 TIMEX Reactivity insertion accident
' time interval None

221 Not Assigned

22? SURMPN Steam valve ramp rate 0.05/sec

223 PMSVHS Steam valve high pressure
setpoint 1020 psia

224 PMSVLS Steam valve low pressure
setpoint 920 psia

225 PMSVD8 Steam valve reset dead band 10 psia

226 CINO HPIS baron concentration 3000 ppm

227 CKCORE Core clad heat transfer
coefficient 496.6 Btu /sec Fo ,

228 CKSG Steam generator heat transfer
coefficient 188.0 Btu /secoF

,

G~

l

M-4
-
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J APPENDIX M (Cont'd)

INPUT ARRAY
T /g

'

Index Name Variable Nominal Value

i

j 229 RXPWR Initial reactor power 50 MW

i
230 TMOT Initial hot leg temperature 588.30F

'

231 SGLSP Steam generator level setpoint 116 inches

232 PCRI Initial condensate receiver
|

pressure 300 psia

233-234 Not Assigned

| 235 PLOOP I Initial PCS loop pressure 2262 psia

236 UAPZR Pressurizer ambient loss heat
transfer coefficient 0

237 SPRCNT Pressurizer continuous spray flow 0 gpm
i

238 PZLEVI Initial pressurizer level 44.5 inches

239 LPHPIS HPIS low pressure setpoint 1800 psia

: 240 SPRN0ii Pressurizer nominal 20 gpm

| spray flow
,

241 RCDB Safety relief valve reseti

dead band 50 psia

242 RPDB Power operated relief valve
| reset dead bdnd 20 psia

243 SGXDtB Steam generator shroud steam
quality at which DNB begins 85 %

,

|

| t 244 SGRS1 Steam generator relief valve
R136 setpoint 1100 psia'

245 SGRS2 Stc.am generator relief.

valve R137 setpoint 1200 psia

246-256 Not Assigned

_ _ _ _ _ _ _ _- -__ _
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TABLE M-1

SCRAM REACTIVITY TABLES
,

'

3 BANK WORST CASE 4 BANK BEST
TIME INPUT ARRAY REACTIVITY 1 ESTIMATE

(sec) INDEX $ REACTIVITY 2$

0.000 176 0 0.5642

0.075 177 0.00171 0.5711

0.160 178 0.00806 0.6482

0.245 179 0.02028 0.7460

0.331 180 0.04026 0.8791

0.417 181 0.07052 1 040

0.503 182 0.11372 1.482

0.589 183 0.17231 2.084

0.672 184 0.25592 2.876

0.753_ 185 0.37906 4.425

0.830 186 0.54421 6.464

0.905 187 0.76336 8.66/

0.977 188 1.0548 11.46

1.050 189 1.4890 12.50

1.127 190 2.2810 17.49

1.211 191 3.3843 19.94

1.265 192 4.1556 21.10

1.336 193 5.1377 22.18

1.403 194 6.0083 22.61

1.514 195 7.4449 23.11

1.590 196 8.3554 23.42

1.710 197 9.4449 23.55
'

198 (not used)

.

1 Supplied by S. A. Atkinson, 2-13-79.
2 Computed from rod drop time test data supplied bj M. A. Bray on 5-31-79

and the rod worth curve in LTR-111-82, Figure A1.

M-6 m
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,-
TABLE M-2

, ,
PCS FLOW TRANSIENT TABLES

|

-:.

'
INPUI ARRAY ONE PlEP TWO PUMP TWO PUMP FLYWHEEL

INDEX RAPID C0ASTDOWN1 RAPID C0ASTDOWN2 ASSISTED C0ASTDOWN3

22 1.0000 1.L300 1.0000

23 0.9340 0.9800 0.9361

24 0.8395 0.9750 0.8530

2 25 0.7595 0.9100 0.7821

26 0.6975 0.7450 0.7224,

27 0.6501 0.6150 0.6710

28 0.6141 0.5120 0.6266
*

29 0.5874 0.442C 0.5877

30 0.5632 0.3850 0.5534

31 0.5461 0.3450 0.5227
N 32 0.5348 0.3150 0.4952

'

.

33 0.5267 0.2900 0.4702

34 0.5206 0.2620 0.4475

35 0.5160 0.2400 0.4277

36 0.5128 0.2220 0.4076

37 0.5108 0.2100 0.3900

38 0.5099 0.1980 0.3735

39 0.5102 0.1860 0.3582

40 0.5113 0.1740 0.3438

i 41 0.5133 0.1620 0.3304

42 0.5162 0.1500 0.3176

43 0.5202 0.1380 0.3056

44 0.5233 0.1260 0.2941,

45 0.5247 0.1140 0.2832

46 0.5256 0.1020 0.2728
,

47 0.5262 0.0900 0.2628

O
,

4

|

M-7
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TABLE M-2 (cont'd)

+

IhPUT ARRAY ONE PLNP TWO PLNP TWO PUMP FLYWHEEL
INDEX RAPIO C0ASTDOWN RAPID COASTDOWN ASSISTED C0ASTDOWN

1

48 0.5267 0.0780 0.2532

49 0.5271 0.0660 0.2439

50 0.5274 0.0540 0.2350

51 0.5276 0.0420 0.2263

52 0.5279 0.0300 0.2178

53 0.5280 0.0180 0.2095

54 0.5282 0.0060 0.2014

55 0.5283 0.0000 0.1935

56 0.5284 0.0000 0.1856

57 0.5285 NA 0.1779

58 0.5285 NA 0.1701

59 0.5286 NA 0.1624

60 0.5286 NA 0.1547

61 0.5287 NA 0.1469;

62 0.5287 NA 0.1390

63 0.5287 NA 0.1310

64 0.5287 NA 0.1228

65 0.5287 NA 0.1143

66 0.5288 NA 0.1055
| 67 0.5288 NA 0.0961

68 NA NA 0.0830

69 NA NA 0.0730

| 70 NA NA 0.0620

71 NA NA 0.0520

| 72 NA NA 0.0420 ,

73 NA NA 0.0320

74 NA NA 0.0220 .
,

| 75 NA NA 0.0140
:

O
l

i M-8
-
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TABLE M-2 (cont'd)
:
>

| INPUT ARRAY ONE PUMP TWO PUMP TWO PUMP FLYWHEEL-

INDEX RAPID COASTDOWN RAPID C0ASTDOWN ASSISTED C0ASTDOWN

76 NA NA 0.0080
77 NA NA 0.0040
78 NA

~

NA 0.0020
,

79 NA NA 0.0010
80 NA NA 0.0000
81 NA NA 0.0000

i FLTMD 0.2 sec 0.2 sec 1 sec

FLTMX 8.8 sec 6.6 sec 58 sec

!

(1) SICLOPS Analysis, Loss of One Pump Flow,
3.295 MLBM/HR initial ficw.

,

(2) LTR 111-104, page 163.

(3) SICLOPS Analysis, Loss of Prime Mover Motor,
3.295 MLBM/HR ir.itial flow.

<

o

O

M-9
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TABLE M-3

RABV FLOW TRANSIENT TABLES

RABV OPENING AT 57#sec

i

INPUT ARRAY VESSEL INPUT ARRAY RABV

INDEX FRACTION INDEX FRACTION

22 1.000 101 0.000

23 0.924 102 0.113

24 0.854 103 0.215

25 0.781 104 0.297

26 0.724 105 0.356

27 0.684 106 0.400

28 0.655 107 0.428

29 0.635 108 0.449

30 0.620 109 0.465

31 0.605 110 0.478

32 n.596 111 0.485

33 0.591 112 0.491

34 0.582 113 0.495

35 0.577 114 0.499

36 0.575 115 0.500

37 0.573 116 0.503

38 0.571 117 0.506

39 0.570 118 0.510

40 0.569 119 0.511

41 0.568 120 0.513

42-43 0.567 121-122 0.514'

44-81 (not used) 123-160 (not used) -,

FLTMD = 1 sec ,

FLTMX = 20 sec

O

M-10
.. _ _ _ -
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,

TABLE M-3 (con 't)

,

RABV 0 PENNING AT 10Wsec a>

;

!, s

INPUT ARRAY VESSEL INPUT ARRAY RABV

INDEX FRACTION INDEX FRACTION

22 1.000 101 0.000

23 0.854 102 0.215

24 0.724 103 0.356

25 0.655 104 0.428

| 26 0.620 105 0.465
I 27 0.596 106 0.485

28 0.582 107 0.495

29 0.575 108 0.500

30 0.571 109 0.506

31 0.569 110 0.511-

32-33 0.567 111-112 0.514
.

34-81 (notused) 113-160 (not used)
,

|

,

!

FLTMD = 1 sec
,

FLTh = 10 sec

Reference: LTR 112-58, Figures 2 and 5
f

I.

i

.

4

i

i

4
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APPENDIX N

:
Recursive Solution For PCS Steady State Temperatures! s

l

: i

t
'

1. From Section 3, equations 3-16, 3-12, and 3-17 are:

i
;

i

| TNEW = TOLD p
+ at/mc

,

UA (TWALL - TN0DE) * DIR; =

i
| .

I '

V at
IN0DE = TNEW * V (TIN - TNEW)|

2. Solve for T in terms of TWALL and TIN-N0DE

TNODE = (TOLD + at) + V at (T - (T at) )+
mc V IN OLD mc'

P P
'

i For steady state conditions TOLD = T ODE. '

N
!
,

i .

Y at
i let k = y

. .

(mc0 at}Q at *0= IN - k TNODE - kmc
P P

.

I t) (1 - k) + k (Tig - TN0DE)0=
mc

P
t

*

N-1

-. _ .;
. _ ~ . _ - _ _ . _ _
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O
0= (^I - NODE) * DIR) (1 - k) + k (TIN - TRIODE)mc WALLp ,..

T ~ " (UA T
r4 ODE c mc WALL DIR) (1 - k) + kTIN

+

k /
mc.

(UA TWALL * ODIR) (1 - k) + at INTN0DE * mc

UA (1 - k) + k
at

.

mc mc Vat
p p m 'cfor k-

at at V "V p=Wc
p

WALL DIR) (1 - k) + Wc T(UA T *
p IN

NODE " UA (1 - k) + Wc p

Wc - kUA
, p 13. Define F = Wc + (1-k) UA " 1p y.

We
-k

(1-F) = Wc -k) UA+
p

.

-

Q Wc
-

TNODE = (1-F) (1-k) (TWALL * U )* UA IN.

4. Solve for T in terms of the upstream node temperature. Let
NODE

Tj=TNODE and define Tj_1 as the upstream temperature. It

. . i

is assumed the TWal l ' ODIR, k, UA, and Wc are the same for eachp

'
node.

O

N-2
)
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G .

-T_y+0at|

TIN - THEW j mc
Pj-1'

+fc (UA (TWALL - j-1) + DIR)-T
j _1

p

.

0UA UA DIR
= T _$ (1 - k wc)+k (TWALL + Y )j wcp p

P' _j (UA - k) + k (TT
UA yg - j WALL

.

O
1 DIR

T + k (TWALL * T)"
1 j _yF~y

. . .
-

Q T Q

)Tj = (1-F) (1-k) (TWALL + A)*1 + k (T +
WALL

.
T~y -

Tj = (1-F) (TWALL UA } + (1 )
*

- F .

.

O

DIR) + F T _7j = (1-F) (TWALLT *
UA j

5. Solve for T in tenns of T Use induction to show that if
j j-n.

Tj-A+FT_yc j

a

N-3

_ _ _ _ _ _ _ _ _ _ _ - _ _ _
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n '

T.=A T Fk-1 + F" T. '

J m'= 1 J-n

#Proof: for n = 1

1

j=A [ F +FTj-1 - A + FT _;T
j

.

Show that if the formula is valid for n=i-1 it is valid for n=i.

I-

T3=A [ F*- +F T _j 1j
m=.

i-1
F*-1 + F -I (A+FT. .)

.

I-A T

c=1 J-l

I1
J p -1 + AF -1+ Fim i,4 T. .

m=1 J-1~

F -1 + F TA iF -1 + F -ITg -AA i=A g
m=1 m=1

*

n
O

DIR)
y -1 * n

Tj = (1-F) (TWALL l' A j-n* ~

m =1

" -1 1-F"
for zF 7

m=1

.

j = (1-F") (T ) + F" T
'

T *
WALL O j-n

6. Find the node outlet temperature. T -T see step 4 above.
out in .

j j +1

O
I

t

N-4

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

Wc Q

R)T P
i out " ( UA -k) T) + k (TWALL

,

P'
j . .

\s . .

7. Find the core T in terms of Tcold' Ocore' ODIR, and W.clad

| From the core model

T T T T T-Tcold out- _ ___,

i

. . .

OUA F DIR
T + k (Tclad + UA )l out " Wc 1-F 4

i P
.

,
.

!
.

T4 = (1-F ) (Tclad U )+ T+
1

. . .

O C
DIR p

Ty = (1-F) (1-k) (Tclad + UA ) + UA coldI

( . .

i
.

O' DIRlet T =T +
clad UA

|

Wc
' '

'

| T4 = (1-F ) T +F3 (1-F) (1-k) T
3

T'-

UA cold
i

,
.

.

Wc
1-F3p3 (1-F) (1-k) T +F (1-F)UA T

''

=; cold
|

,

!~( We'

'4 3 3) (1-F ) - k(F ) (1-F) T + F (1-F) UA T=
cold

~, -
.

.

t

'

N-5
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c

T - (F (1-F ) - kF 4) T +F T
F ' 4
pp 4 1_p g cow

- .

c
UA

(F(1-F )out " Wc l-F
- 4}

4 ,' ,

UA cold
P

, ,

- .

F(1-F ) + l-F ) +F T
UA ' 4 4

T, Wc 1-r coldp
- .

4

T (1-F ) (1 F + k) + F T"
W old

from definition of F

Wc
F p

1-F " UA -

.

O4 DIR 4
Tout = (1-F ) (Tclad UA ) T*

cold

4-F T
I out cold Dix

clad " 4 - UAg_p )
|

h4
(T -Tcold) + (1-F ) Tgout

4 UA
(1-F )

. .

O Ocore DIR ,whereh C I out - Tcold}=T * -

UA
*core " pcold 4

p (1-F )Wc

O

N-6

)
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8. Find T in the steam generator. The method is the same assat
for the core, except = 0, the number of nodes is 10, andDIR

F is computed using steam generator properties including heat, ,

conductivity of the secondary film.

.

OSG
Tsat - Thot *

Wcp (1-F10)

.

O

t

0

N-7
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OUTPUT P.A. & ETER;

!

! PLAH14. HOR;883
i 1 - TIME 33 - T TUBE 1 65 - T SG 14 97 - T LP 46-

2 - POWER 34 - T TU8E 2 66 - T UP 15 98 - T RA8U47
-

3 - LOOP FLO 35 - T TUBE 3 67 - T UP 16 99 - T RA8"48
4 - PCS PRES 36 - QAIR 1 68 - T HZL 17 188 - T RABU49i

j 5 - PZR PRES 37 - QAIR 2 69 - T TH0 18 181 - T RA8U50
6 - STM FLOW 38 - QAIR 3 78 - T HL 19 182 - T C8P 51
7 - QCLAD 39 - AIRFLOW 1 71 - T HOT 28 183 - SG LUL4

: 8 - REACT 48 - AIRFLOW 2 72 - T HL 21 184 - U SG
! 9- Q SG 41 - AIRFLOU3 73 - T HL 22 185 - H DWHC
: 18 - PRES SG 42 - CHTR ROD 74 - T HL 23 186 - M DWHC
! 11 - PRES CR 43 - HG PZR 75 - T SGP 24 187 - M SG
l 12 - XFWU 44 - H00 REAC 76 - T HOT 25 188 - W OWNC
j 13 - FW FLOW 45 - FUELREAC 77 - T COLD 26 189 - X SHR0
| 14 - XMSCU 46 - BOR REAC 78 - T SGP 27 118 - H SG

15 - PZR CONC 47 - R00 REAC 79 - T CL 28 111 - SG RU; T*! 16 - 8LO AHG 48 - RISER 88 - T CL 29 112 - MG CR
i 17 - TCLAD 1 49 - PCS MASS 81 - T CL 38 113 - CR-GAS
i 18 - CORE 80R 58 - HW CR 82 - T CL 31 114 - MG ACC
i 19 - T COLD 51 - PZR SRGE 83 - T P1 32 115 - CR-WTR
! 28 - MW PZR 52 - T CORE 1 84 - T P2 33 116 - HW PZR
| 21 - HW PZR 53 - T CORE 2 85 - T CL 34 117 - HG PZR
! 22 - RABU FLO 54 - T CORE 3 86 - T CL 35 118 - PZR BOIL
! 23 - PZR SPRY 55 - T CORE 4 87 - T CL 36 119 - MW CR
i 24 - RECIRFLO 56 - T SG 5 88 - T COLO37 128 - RU FLOW
! 25 - H FW 57 - T SG 6 89 - T DC 78 121 - C8P FLOW
j 26 - NAT CIRC 58 - T SG 7 98 - T DC 3) 122 - EXT REAC c-

! 27 - NAT CIRC 59 - T SG 8 91 - T DC 48 123 - PWR IND 2
1 28 - HAT CIRC 68 - T SG 9 92 - T DC 41 124 - T HOT '
' 29 - MG PZR 61 - T SG 18 93 - T DC 42 125 - PCS PRES Y38 - PCS FLOW 62 - T SG 11 94 - T DC 43 126 - PCS FLOW P
4 31 - CORE FLO 63 - T SG 12 95 - T LP 44 127 - PZR LUL F
| 32 - DEC6Y HT 64 - T SG 13 96 - T LP 45 128 - T FUEL 5

] o

4

1
i
i
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