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SUMMARY

A real-time hybrid comp:ter simulation of the ! OFT 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 contzins the following plant
components: reactor core, vessel, primary coolant loop, pressurizer, PPS,
high pressure injection, steam generator, air-cooled condenser, condensate
receiver, feedwater subccoler, steam generator water level control system

‘and air-cooled condenser pressure control system.
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1.0 INTRODUCTION

A hybrid computer .imulation ¢/ 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
primary 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=‘n 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
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 Dittue-
Boelter forced-convection “eat transfer correlation.

1.2 Primary Coolant Loop Mecdel

The ioop model performs the faollowing functions:
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1. Transpo- .ion of water around the primary loop at the flow rate
spec*  .G.

2. * mputation of heat transfer to and from the primary water anrd
-omputation 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 simuiate
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. rhe sive 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 s computed by the loop flow
model. Also, the heat insferred to cr from the pipe and plenum walls
is computed. The exterior surface of these walls is assumed to be per-
factly insulated. Turbulent convective heat transfer is assumed. The heat
transfer coefficient is computed as a function of primary coolant flow ~zte.

The surge flow tc anu from the pressurizer is obtained by computing
the density change of the water contained in the primary systei. The enthalpy
of the pressurizer 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 bazed 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 svstems include tne spray, the heaters, the power-
cperated relief valve, and the code relief valves. The response times of these
systems is assumed to be negligible compared to the pressurc rate of change.

3
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1.4 Plant Protection System Model

The reactor plant protection system model compares power, temgerature, ‘
flow and pressure measurements against corresponding scram setpoint values
and initiates protective action if a setpoint is exceeded. The mudel 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 stear senerator 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 aisn taken into account. I

The water level control system which regulates tine 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 ir 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 allc+ analysis of system resnonse in the event of control

logic or equipment failure.

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
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balance is performed to determine the condensate in the tupes. A heat

balance is performed between the air-side and the condensate side of the .
tubes. The air-side heat transfer coefficient is a functior of the airflow

across the finned tubes. Fan blade angle is used t> 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
Tiquid 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

cordenser and condensate receiver is neglected.

1.8 Feedwater System Model

The feedwater system is divided int> two nodes. The first node includes
wailer from the condensate receiver to the subcooler outlet., The subcooler
1eat transfer coefficient is selected such that 10°F subcooling is achieved ’
during normal full power operations. The second node includes the feedwater pumd,
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 7630
tape file for further use by the customer. Both these file structures are .

shown in Figure 1-2.
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¢.0 REACTOR CORE MODEL

The reactor core model simulates power generated by the reactor and
is subdivided into four separate categories:

Reactor kinetics
Reactivity calculations
Decay heat generation

oW N e

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

Equations:
6
dP - 5 Ly
% = P 11C1 (2-1)
dC{ 85
s B . s - = 2 -
= P 1C), =1, 2, 6 (2-2)
Where:
t = Time (seconds)
P = Reactor power
C. = Concentration of the i-th group of delayed neutrons

¢ = Effective fraction of delayed neutrons
g. = Delayed fraction of the i-th group of neutrons

o = Reactivity
. v. = Decay constant for the i-th neutron group (sec'l)
= Prompt neutron generation time (seconds)
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Table 2-1

Reactor kinetics Parameters

. Neutron Generation Time 2 21.9 x 10°6 sec. (note 1)
Delayed Neutron Fraction - .007259 (reference 1)
: Decay Constant
Fraction
Delayed Neutron = Ja . -1, ~
Group °i/' (reference 2) A5 (sec *) (reference 2)
1 .038 .0127
2 213 .0317
3 . 188 .115
4 .407 .311
5 .128 1.40
6 .026 3.87

. Note 1. The value for i given in Reference 1 is 19.52 «x 10'6. Tha value
listed in this table is given because the hybrid simulation uses

a .03 uf capacitor “o simulate ¢/8 x 10.

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
on = % - of core water
(nodes 1-4)

., is specified in the input array in units of S/(lbm/ft3)

t
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2.2.2 Doppler Reactivity
5w fuel )
f *f * \temperature ,

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

2.2.3 Boron Reactivity

Average core
= a, .| boron concentration

(nodes 1-1)

L&)

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

2.2.4 Contral 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
panel. 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
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
performs a table loeck up of control rod position and reactivity versus time.

\
|
|
Reactivity versus time is specified in the input array. Indizz* | control ' ‘
rod height versus time after scram is given in Table 2-z. This table is {

based on calculated rod 4drop times nct plant data.

10
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ro

.3 Decay Heat Generation

The 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 assumes an infinite constant power history and neglects the
efro-t of fission product neutron capture.

Equation:
{ = x -
Py(t) /P 1.02 F(t,= )/Q (2-5)
Where:
Pd(t) = Total decay heat power at time t seconds

after shutdown.

= Initial steady state power.

max

F (t,=») = Decay heat per fission t seconds after
shutdown. These values are given in Table 4
of Reference 2.

Q = Total recoverable energy associated with

one fission of US °. Equals 199.9 MeV
(Reference 4).

Table 2-3 lists the values of Pd/pmax which are used by the simulation.
Decay heat values are obtained by interpolating the logarithm of the time
after shutdown into this table. Total reactor power is found by summing
tne neutron power and decay heat power. (See Appendix H, Figure H-1.)




LTR-10-2-Rev. C

Table 2-3

Decay Heat Power

Time P,/P
(secords) log (t) F(t,= "d’ “max
n; -1 13.18* .06725
1 0 12.31 .06281
10 1 9.494 .04844
100 2 6.198 .03163

3 3.796 .01937
*Calculated using Refer-n.e 3, Table 7, for t = 0.
23
F(0,=2) = & a;/A,

2.4 Cocre Thermal Model

The transfer of energy between the fuel and the cladding is modeied by
the following equations which assume a uniform distribution of power and

temperature and constant heat capacities.

dT¢ (2-6)
(Kple @ = 7P = %ge My =l
dTC .
{ \ a - B 3 ’3_
‘“Cp’c dt KeelTe Te) Qcp (2-7)
Where: Tf = average fuel temperature (OF)

[ = average cladding temperature (OF)

‘ p = Total reactor power (Btu/sec)

Fraction of the power generated in the fuel

-
"

13
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(Mcp)f = Heat capacity of the fuel \STU/OF)

K‘c = (Overall fuel to cladding heat transfer ‘
coefficient (Btu/sec-°F)

Qcp = Heat transferred from the cladding to
the primary coolant (Btu/sec)

(MCp)C = Heat capacity of the cladding (Btu/°F)

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

-_—,—1—— - K IT + Y_____r;t_ﬁ + KA'(IT-T (2‘8)
Rfe £ T¢) ‘gap' flc c¢tc’

The value of Kfc(Tf’Tc) is approximated by the following family of straight

K = Ko(Tf) + Sl(Tf) il : (2-9) .

fc c

lines:

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.

14



Parameter

:
My
M
C
o
(c,),
(,)

fable 2-4
Core Thermal Coefficients

source

core direct core bypass

1 - heat B direct heat
.0187 L0303
(2.505 1bm/rod) x (1300 rods) =

" . An 66" active length
(0.514 1bm/rod) x (1300 rods) x 691875 clad length

Representative value for fuel temperatures

between BUOOF and lbUUUf

Representative for clad wall temperatures
less than 1500

Value

.9510

3256.6 1bm

637.4 1bm

.07646 Btu/
][h-‘ ()F

07671 Btu/
Tbm Of

Reference

16 (Table I11)

(page 11-2-27)

(&2}

6 (Table V)

o

y {Figure 75)

.

5 (Table V)

*AY-Z2-01-¥L1

g |



.able 2-5

Core Heat Transfer Coefficients

Kee = Ky(Tg) +5,(Te) * T
KO

50.510 0
52.171 .005607
53.097 .004100
53.707 0
54.339 00178
55.286 0
56. 869 -.000429
59.474 -.0

[® )Y
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3.0 PRIMARY COOLANT LOOP SIMULATION

The loop flow mode! simulates the heat transfer process in a single
closed loop. A block diagram of the primary loor model and its inter-
connections with the other plant s rstems 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 regiocas 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
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 focllowing model:

17
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TABLE 3-2

PRIMARY COOLANT FLOW RELATIONSHIPS

Location Nodes Value

95% of vessel forced flow plus
core natural circulation flow

wn
Pt
o

L:Or‘e 1'49 l s

Core bypass 51 5% of vessel forzed 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 retliood flows

2
Upper plenum bypass 18 20% of vessel forced flow
Reflood assist bypass 47-50 Variable with time

19
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where:

flow rate (cu ft/sec)

flow resistance

X
Ll

gravity head (psid)

and subscripts

C = core
BP = core bypass
L = loop

During normal 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 perturbation technique. That is:

: - | y .y - W (3-1)
"“rotaL = “rorce “ "NcP "w¢ = aH M
From the head-flow relationship, H =kW -
aw . 1 .
dH 2k (3-2)

k is the flow resistance constant calculated in Appendix A.Z2

and given in Table 3-3.

W is approximated as follows:

1 - | \ _—\\
W do F(t) (3-3)
wo = nominal flow rate given in Table 3-3
F(t) = forced flow fraction, normalized to the initial

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:
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H (3-4)

20|

Wyc

R = 2KW F(t) (3-5)

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
forced and natural circulation flow components.

The value of k is the same as was used in equation 3-5. The fo
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) = fo'

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.

HL - HC - HCRC - HLRL = 0 (3-8)
HBP - Ha = NCRC + wBP RBP 0 (3-9)
HL = HC + HBP (3-10)

The simultaneocus solution of these equations for NC' NL and
NBP is given in Appendix A.

Natural circulation gravity heads are computed by summing the
products of the density and the heights of each vertical node in each
flow Toop. The node heights are shown in Figure 3-4 and listed in
Table 3-5.

21
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TABLE 3-3

FLOW CONSTANTS .

Symbol Parameter Value
~ — 3 2
kC Core flow resistance .05483 psi/(ft~/sec)”
e [ < f1 - s e+ - Q 79134 - 3., 2
AB: Core bypass flow resistance 19.7935 psi/(ft~"/sec)
) i , - 3 2
K Primary loop flow resistance .08852 psi/(ft7/sec)"
NJ Nominal ‘low rate
o adald
Lore 19 ft"/sec
Core bypass 1 ft™/sec
Primary loop 20 ft”/sec
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3.2 Primary Coolant Density

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

o = 41.58 + ,0890337 T - 1.44741 «x 10-4 T2

+ (P - 2200)(.00025 + 3.89 x 10~/ exp(.01287 Tove)) (3-11)

Where T is the node temperature in °F, T is the average tewperature

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

See Appendix 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:

(') = LA (T (3-12)

waLL = Tnooe’ * Qorr

The overail 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:

T A, AL (3-13)

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

8
V
HDB = Href( v ) (Reference 7, Section 6.114) (3-14)
ref
V.. = 30.764 ft7/sec

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

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

WALL
calculated in the analog core thermal model.

"or the steam generator nodes, TwALL is the secondary saturation
temperature and the thermal conductivity, k, includes a boiling heat
transfer coefficient for the seconiary side of the tubes. The effect
of tube dry-out is modeled by recuciny the overall heat transfer coefficient
when the steam quality surrounding the tubes is less than XDNB according to
the following eguation:

LA' = - _- (3-15)
XDNB is specified in the input array. The dryout factor, f, is discussed

in section 6.1.5.

QDIR is the heat deposited by radiation directly into the core and
core bypass nodes. See T ole 2-4 for the fraction of reactor power that is
included in QDIR'

3.4 Primary Coolant Temperature

Primary coolant temperatures are updated using the following equations:

Tnew = Toup * @ &t/me (3-16)
PRI TP 7 S (3-17)
nooe™ Tnew ¥ TV T T Thew

TNEN = node temperature resulting from heat transfer

T node temperature from previous time step

OLD

Qat = total heat transferred into the node during the
step. Q for the core and core bypass nodes
includes direct heat.

25
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s 1 4 Primary Cooiant Boron Concentration

Primary coolant boron concentration in each node is maintained using

the following ideal mixing equation:

OLD

vat

CIn

In addition to boron

flow and pressurizer surge flow is also included.

(3-19)

= Boron concentration during previous time step

total volume of fluid entering node during the

time step

boron concentration ¢f fluid entering the node

mixing with upstream nodes, mixing due to injection
Reverse flow in the

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

the loop concentration (node 21) by selecting DAP switch 10 to the ON

position.

The borun concentration of the injection flow is controlled by DAP

switch 2.
mineralized water).

In the OFF position the injection concentration is zero (de-

With the switch in the ON position the injection

concentration is as specified in the input array.

27
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4.0 PRESSURIZER MODEL

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 ~ircuit shown in Appendix H, Figure H-4.
This circuit performs a continuous iteration on the following equation:

= o . \ -
v MH'N(hH’ P) + MGVG(hG,p; (4-1)
Where V = Total volume of the pressurizer
34.76 cu £+

Mw = mass in wat:r region

‘ h‘d = average specific enthalpy of the water region
M(J = mass in steam region

hG = average specific enthalpy of the steam region
P = pressurizer pressure

s(h,P) = average speci€ic 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.

At each time step the mass and energy terms are updated as “"1lows:

My = My - sMgyp * Mgpp = SMeori/conp (4-2)
Hy = My - Hgorisconp * SHuTR *MeoMspg
- hoyg Mgyp = tHayg + I Yy &P (4-3)
Me = Mg - aMayv * 2MgorL/conp (4-4)
. Hg = Hg - hg aMpy = (he - hgpp) 2Mgpp
- tHag * tHgorLsconp * Vg 2P (4-5)

29
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Prescurizer level is computed from the following equation:

‘ Level = ‘J“ X 2.02 (4-8)

(in) (cu ft) (in/ cu ft)

where VH is the volume of tne water region obtained from ADC 100.

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

Loop pressure is computed using the following equation:

= . \. Iy | -
PL Pp K VIV| (4-9)
Where
. .Dl = Loop pressure
Pp = P,essurizer pressure
V = Surge line volumetric flow rate from the
pressurizer to the loop (cu ft,/sec)
K = surge line resistance, specified as an

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.

The primary loop thermal expansion/compression term is computed by
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
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 cooldrwn of the pressurizer water
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caused by these small density changes, a threshold value is specified in
the input array. If the mass difference is small¢ than the threshold
value, it is not used in tnhe current step but is included with the mass
difference of the next time step.

The spray flow term is adced to the surge flow to account for the
spray mass which is lost from the primary loop mass and is made up by

pressurizer outsurge.
Makeup and drain flows = explained in Section 3.6.

The enthalpy and specific volume of the surge line rluid depends upon
t'e 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:
h = 1.25T - 140 (4-10)

where 7 is the temperacure (OF) of node 21. See Appendix D, Fiqure 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 ir" ,ited
using analog DAP switch 15. Spray can be manually initiated using switch 13.

Spray flow is calculated using the following formula:

A = { _Q_ A )
Mep = “0(22) X 0qq X Ot (4-11)
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A MSP = Mass transfer via the sprayline in one
time step
?% = Loop flow rate ratio - accounts for spray

flow changes caused by PCS pump speed

P3g = Density of cold leg node 34
At = Duration of the time step
wo = Nominal soray flow when automatic spray

1s on, otherwise the continuous spray
flow. 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 onters the water at saturation temperature. The
energy difference betwegn the spray enthalpy and saturated water enthalpy
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 2qual to (hf - h“) . LMSPR’ Equation 4-13

is used to approximate saturation enthalpy.

4.4 Pressurizer Heazers

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:-*
for the cycling heaters and 15 psi for the backup heaters. Each bar" sup-
plies 24 KW to the water region when activated. O0AP switch 1 can be used
to override the heater logic.

As an aid in establisning plant conditions, additional energy can be
added to the nressurizer. 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.
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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 Ibm/hr and the combined flow from
both safety relief valves is 45,232 1bm/hr (reference 6, Tabie XII). The
setpoints and reset dead bands are specified in the inprut array with both
safety relief valves sharing the same setpoints.

The power-operated relief valve can be controlled at the conscle
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:

where
TPRZ = Pressurizer Temperature (approxiaated
Dy hf)
) )
= +
TAMB Ambient Temperature 1007F.

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 MG(I-XG) pounds of steam
are transferred to the water at fluid saturation enthalpy. Boil-off occurs
whenever water region quality exceeds 0. In this case, dew pourds of water .
are transferred to the steam region at gas saturation enthalpy.
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5.0 PLANT PROTECTION SYSTEM

The plant protection system (PPS) provides for automatic control
rod scram and/or emergency core cocling (ECC) when any of the monitored
parameters equal or exceed their setpoint. Table 5-1 summarizes the
simulated PPS system.

5.1 Time Constants

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

dXM
o sk T (5-1)
where
:r = time constant .
Xy *= measured output signal
VA = actual value of the parameter being

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).
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RSS

ECCS

Parameter

average reactor power

hot leg temperature
loop pressure
PCS flow

RABV

loss of pump
generatcr field
current

manual scram

loop pressure

PPS_S IMULAT 10N

[Instrument Channe
_Time Constant _

yes

yes

yes

yes

included in setpoint

included in setpoint

no

yes

Trip Condition Notes

peak power trip
not simulated

high power

kigh temperature (node 20)

high or low loop pressure

low mass flow [(node 23)

actual plant trip

is based on RABY
valve position

high RABV volumetric flow

simulated by a timed trip

console DAP switch 11

low pressure
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6.0 STEAM GENERATUR AND ASSOCIATED CONTROLLERS

Cenerator Secondary Side

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

(1)

(2)

Downcomer liquid regiun

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
able liquid.

The downcomer node ‘s as<umed to consist of subcooled incompress-
The mass and energy equations are as follows:

dMD
. A = 5 1
it Wew * Wrecir < "o (6-1)
dh
ot SRR 2 ; - h) ar
it ey (hey = hp) + Woeeqpt(he = hp) + dvp 5
MD = downcomer mass
hD i downcomer specific enthalpy
hew = feedwater specific enthalpy
he = steam generator saturated liquid specific enthalpy
N, = downcomer flow
v
HRECIR = recirculation flow
NFN = feedwater flow
g = downcomer specific volume. approximated by
saturated liquid specific volume
P = steam generator pressure
J = conversion factor 0.1851 Btu/(cu ft psi)
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6.1.2 The mass &nd energy equatic.s for the saturated portion of

the steam jenerator are as follows:

daM
_S_G.:N-w - W
dt D RECIR ST™M (6-3)
thG
= -y - - -
=t = Yp'lhp - hgg) - Wagcrrlhs - hgg)
; (h. = : o 3B .
Wsrm-(hg = Ngg) * Qgg * Jdvgg Gt (6-4)

Mg = steam generator mass

hSG = steam generator specific enthalpy

hg = saturated steam specific enthalpy

OSG = rate of heat input from the primary coolant

sg T steam generator specific volume

NST = steam “low, including relief valve flow

If the downccmer flow, HD‘ is negative its associated enthalpy term is
added to na instead of hSG'

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.

L
"sTM

Xeiser = Xshroud = "stm * "RecIr (6-5)

2 is emperically determined in Appendix F-2 tc be a function of

power as follows:

21974

8 = 2.8523 +

5-6)
R (e

The following additional relationships are used to determine Woc./p.

‘shroud ~ (Vshroud ° ‘f)/(vg - v (6-7)
shroud MShroud (6-8)
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Mshroud = Msa = Mdome (6-9)
= (Vo1 = Vshroud = Vf Mp) (6-10) '
dome v
9
xshroud = steam quality in the shroud
Xpi- = steam flow quality in shroud riser
B8 =  proportionality factor
Venroud specific volumes of the shroud, down-
(SAToUGs = comer, saturated fluid, and saturated
it B gas
Yo roud shroud volume, 88.8 cu ft
M = i
Reiroud mass in the shroud
Mdome = mass in the dome and steam piptnyg up to the
main steam valve
VTOT =  total steam generator and steam piping volume,

235 + 41 = 276 cu ft (reference 6, Table XXXIV,
page 260) ‘

6.1.4 Downcomer flow is determined by solving the following natural

circulation equation:

(optp = Priser Lriser ~ “drum Lgrum! /1728
= k(o) + Ko (v M + v Mere) (6-11)
1'°D°D 2' "f RECIR g STH
Ly = downcomer level (inches)
iy * height of the riser section of the shroud,
64.44 inches
Ldrum = height of the drum section of the shroud,
97.31 inches
0 = downcomer density
Prisar density in the riser section
Odrn density in the drum section
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k1 B downcomer flow loss coefficient
2.2028 X 102 psi/(cu ft/sec)® (Appendix F-2)
kZ = shroud flow loss coefficient,

7.8888 X 10°% psi/(cu ft/sec)® (Appendix F-2)

For very small gravity head differences equation 6-11 becomes numerically

unstable. This is corrected by substituting IOHD for NDZ whenever W, is

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

function of the driving head.

Appendix E contains s;team generator dimensions, volume caiculations,
and the following downcomer level relationship.

o = Mpve
{4.8098 Yy for V. <19.41 cu ft
L - .9241 V. 4 ) \d
The r»icer and drum densities are calculated as follows:
: Y 1
e s * Xriser Vfg (5-13)

. . Mshroud “riser: 'riser
“drum ;

N 3
Vriser = 17.13 ft

4 3
Vdrum = 71.67 ft

6.1.5 Steam generator pressure is determined by a two-dimensional
table lookup. The table inputs are hSG and log (vsc)(see Figure 6-2).
Table values are interpolated logarithmically for specific volume and
linearly for specific enthalpy. The variable log (usg) is used to provide
a more uniform configuration of the table. Appendix G shows the method

used to generate the table.
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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 (ONB ) has cccurred. f is calculated by
assuming that the steam " uality in the drum is linearly distributed with
height. .

L
f = M8 01cf< 1.0 (6-15)

“DRUM
LDNB is the height where the steam quality equals XDNB' The method used to
compute LDNB is given in Appendix F-3. The resulting equations yield the
foilowing:

\ 2
(1= (Xarser = Yong! 2*orum *RISER

for 2X (6-16)

DRUM=*RISER

1 - (Xarser = *ong’/2(Xriser = “orum!

DRUM” *RISER "(6-17) .

.01 <f <1.0

for 2X

6.1.7 Two relief valves are included in the steam generator mcde..
When their respective high-pressure seipoints are exceeded they relieve
25 1bm/second of steam each (Reference 15), with a one-second response
time constant. The reset deadbands are 55 and 56 psi, respectively, and
the setpoints are specified in the input array.
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6.1.8 Saturation values of temperature, specific volume and
cnthalpy are determined as a function of pressure using a table lookup.
The tcbles extend from 100 to 1600 psia in 100 nsia increments.

6.2 Main Steam Control Valve

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-

hand are specified in the input array.

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

g = C, V2P (6-18)
5 . 's6*PcR
7 (6-19 )
aP = Pgp - Pea (6<20) -
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where,
HS = steal flow (1bm/sec)
PSG = steam generator pressure (psia)
pCR = condensate receiver pressure (psia)
Cv = valve flow characteristic (see Table 6-3)

Steam valve leakage can be simulated by specifying the fraction of
50 MW assumed to be leaking past the MSCV whe it indicates shut. The
INIT program calculates a minim n steam flow, “MIN’ and steam flow equals
ws from the valve CV or HMIN’ whichever is greater.

fraction power (6-18)

: W
Wary = [ leakage ), 55 M, X —
initial values

6.3 Steam Generator Water Level Controller

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 sigral with a one-second
time constant.

Upon receipt of a PPS scram signal the model initiates a delay then
overrides the water level controller and shuts the feed valve. The delay
time and valve ramp rate are specified in the input array.

£
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TABLE 6-3
MAIN STEAM VALVE C_ VERSUS STEM POSITION
C
Stem v
Position (%) (1bm/sec/psi)
0 0
10 .0223
20 0289
30 0388
40 0520
50 0685
60 0907
70 1196
80 . 15892
30 2170
101 2805
Figu~e 154, where
’ . (2.1) VT (the C, listed in
v 3600 ) :

engineering units)

—
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-Lo
LSG 8%/inch
 S—
10 inches
100% WSG
WsG :
300,000 Ibm/hr
Lo = Level set point (specified as an input parameter)
Lgg = Indicated level signal (1 sec time constant)
Wgg = Steam generator steam flow
Z = Feed valve control signal
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7.2 Air-Cooled Condenser Heat Transfer

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

Tsar Truse

TSAT = saturation temperature of the condensate obtained from
the condensate receiver pressure by a table lookup

TTUBE = tube temperature

TAIR = log mean air temperature

UFi - heat conduction across the inside film
i . ‘ ] )
YrouL neat conduction across tube deposits

{ = i +

JTUBE heat conduction across the tube

Ufo = heat conduction across the outside film
"CD = heat capacity of tubes

The heat conduction correlations are from reference 10, modified
as follows:

. \
gy (page 7)

1 " 2
_— -5 ,1/3 hr. ft© OF
o B R A, MR g (7-3)
5 R R (Y3 & (3600)"1/3 x ol (7-4)
i 1.29 "STM™ W, 3600 sec
converts the length term converts W from 1bm/hr
from per fan to per bay to 1bm/sec
-1/3 L
Upy = hy = L77Wgry™ gec #t° O 3 Wgtw = Wegyp'bm/sec (7-3) ‘

24



YrouL

r, =
i

YrouL

Yruse®

-
"

Yruse

Yro°
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(page 3)
20
hr ft F
Btu
1 T -
- v (3800) = 2778 s re? O (7-7)
(page 6)
0184 D_E_f_f_z._f. (7-8)
Btu
r, '3600/ = .0151 S;g g;f (7-9)
(page 9)
72 hr £t OF
/ r
1620 Nmr g (7-10)
- 72
1 .72 ¥ ° .72 hr
1820 Hair_ X > x (3600) X (m} (7-11)
converts wair from fan converts W from
flow to bay flow 1bm/hr to 1bm/sec
Btu
N ) <5 .72 e )
ho = 3,784 10 wair see ft2 Of (7-12)

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

as follows:

air

= ( r Y = > AT ¥
waircp ‘Tout Tanb’ UA- AT (7-13)
wair = air flow per bay (1bm/sec)
Qair = heat rejected to air [Btwsec)
Cp = heat capacitv of air {from reference 9,

page 1909, at IOOCF) = 0.242 Bty 1bm'F
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= air temperature at outlet of bay

out
wb ° ambient air temperature. Specif 24 in the input array.
- 1 1 Y!
. haat transfer coefficient = ' - + 0
Fo TUBE
= external area per bay. From reference 6, page 258,

Table XXXIII, = 168,383 ft2/3 = 56,128 ft°

= mean log temperature difference

¥ -T

TUBE AMB

= (Tout = Tamp)/10 < (7-14)
out amb TTUBE = Tour

From equations ,-13 and 7-14:

. UA
W.:..CP
air
= . = (T a1 (1l ) (7-15
Tair = Tour = Tae = (Tryge - Tam!"'*°® )(7-13)
and

;a1r . “Cp 'Ta1r
- : < : T A
The average bay air temperature is computed as "amg * I/Z“Tair’
The heat transfer from the steam to the tube is computed by:

Qond = UA (Tepr = Trime) (7-16)

‘' SAT TUBE

ol
g
Ug; FOUL

inside surface area. From reference
10, page 6, D = 1 -2 (.083) =

.834 inches.
A = (230)(44 ft)(’ ;§3A> = 2210 ft°

=
"

The tube temperatures are updated as follows:
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8.0 CONDENSATE RECEIVER MODEL

8.1 Condensate Receiver Mass Transport

The: nass transnort in the condenser and receiver is modeled as

follows:
' = Wg — Steam > Relief Valve Flow
Mass
Condensation Flow
1 2 3 l
i Boil Condensation
Off
: ] ¢
Condenrsate
Mass in Tubes ¥, =% Water b Feed Flow
' Mass
Weond = Qcond/ g ~ bf) (8-1)
SG CR
hg and hf are determined by a table lookup of pressure
in *he steam generator and condensate receiver,
respectivaly.
¥ * Wstm = TWeond (8-2)
' /T
iy » "\ : 8-3
> Mcond Ycond TUBE {3)
vCond = velocity of condensate traveling down
the tube = 1 ft/sec (Appendix I)
CTUBE average length of tube traversed by the

condensate = 44 ft/2 = 22 ft
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| = )4 : :
“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:

cond 3 '
at Weond = V¢ (8-4)
d M, W )
d M M.
STM  _ ~B/C .
i, Mk relief (8-6)
d H =T
W Ll - AH
dt 1 e Weond “"w Wrw - -.Lt/c— (8-7)
p
+JVH A
d Hew A, =
STM _ B/C _h B
it hg e * 5t STM "relief (8-8)
SG
+ JVSTM AP
cond " mass of the condensate in the ACC tubes
Mw = mass of water in the CR
Mo = mass of steam in the CR and ACC
ST™M
H, = enthalpy of water in the CR
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enthalpy of steam in the CR and ACC

net mass exchange resulting from boiioff
and condensation during the time step At.

2 M“ X (1-X

L

W - Mot

X, and X = steam quality in water and

W STM

steam regions

net enth-1py exchange resulting from boiloff
and condensation during the time step ait.

= My Xy g - Mgy (1-Xgpy) he

hg = gpecific enthalpy of saturated steam at PCR
‘ he = specific enthalpy of saturated liquid at P.p
h
Sg = specific enthalpy of saturated steam at PSG
hy = H/My
Psrw = Horw/Msn
J = conversion factor : 0.1851 Btu/(cu ft psi)
5P = net change in pCR during time step 4t.
pCR = condensate receiver pressure
. Pcg = steam genmerator pressure
‘ Yy * volume of water in condensate receiver
v = volume of steam in condensate receiver

STM
)
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8.3 Condensate Receiver Pressure

The Condensate Receiver Pressure is determined by iterating the ‘ |
pressure until the calculated volume (V) equals the actual volume (VCR)' }
If \}>vcQ the pressure is increased. If V is less than VCR the pressure
is decreased.

V = (M ) + M

dv
cona V¢ * M (ve * G Ty - ) (&N

g_«i...

* Moy (vg * g (Mg = he))

Vep = 126.02 MSCV to ACC
135.30 ACC
72.31 ACC to CR
412.23 CR (Reference 6, page 260, Table XXXIV)
745.86 ft>
ve = specific volume of saturated water at DCR

For subcooled water,

o

Y - 13.828 x 10°° (see Figure 8-1) (8-10)

Qo
= 2

For saturated water, steam and superheated steam,

&= 2.28 1074 + .a96124/p (8-11)

CR
(see Figures 8-2 and 8-3)
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| Z
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-
| &
-

——— s = (.013474 + 13.82835 x 10~6h
Saturation and 500 psi curves
from ASME steam tables

A T TR R

A | 1

400 450 500 550
h Btu/lbm INEL-A-13 940

"

EHTHALPY-SUBCOOLED WATER

VOLUME VS.
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o

0.006

0.005 ~

0.004 }-

vig/hig (1t3/Btu)

0.003 -

0.002 -

0.001

- Vig/htg = 0.000228 + 0.496124(1/p)
ASME steam tables

L | 1

200 300 400 500
Pressure (psia) INEL-A-13 941

FIGURE 8-2
dv/dh - SATURATED WATER




v (1t3/1bm)

R=1U-<=-Kev,
I
44— \ -
|
! = ADDroximation
2‘ ASME steam tables
|
\
gt
. 5!
s
3 3l ~
{ h
|
|
|
|
200 ps1@
2 —
300 psia .
!
t
|
|
|
#
0 1 1 $ 1 1 i
1130 1150 1170 1190 1210 1230 1250 1270
h (Bte/iom) INEL-A-13 939

3-3

FIGHRE

(EATED STEAN
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VOLUME VS. ENTHALPY -
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9.0 FEEDWATER SYSTEM

Feedwater leaving the condensate receiver passes through the sub- .
cooler, main feed pump, and teed regulating valve befc-e returning to
the steam generator.

9.1 Subcooler

The equations used for the subcooler region are as follows:

dh
sC . g : )
sc at. - "rw (“w hsc) Qs (9-1)
CR
Q. = VA(T. -T, ) = B (h_-n ) (9-2)
sC 'sC amb Cp sC amb
MSC = mass of water in subcooler region
from reference 6, page 260, Table XXXIV |
7.62 CR to SC
.50 subcooler
8.12 cu ft
o @ 300 psi sat = 52.94 1bm/cu ft |
MSC=~3O1bm ‘
%5 = 2.3 1bm/sec (Appendix J)
p |
San ™ 100 BTU/1bm
hsc = specific enthalpy of water in the subcooler ‘
region
NFw = feedwater flow
hN _ specific enthalpy of water in the condensate
CR

receiver
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9.2 Feedwater Piping

‘ The equations used in the feedwater piping are:
thw
Mew 38 = Wew (Nse - Pey) (9-3)
MFN = mass of feedwater (from reference 6,
page 260, Table XXXIV)
4,72 SC to feed pump
1.20 feed pump
7.02 feed pump to control valve
18.27 control valve to steam generator
31.21 cu ft
> @ 300 psi 10°F subcooled = 53.36 1bm/cu ft
MFw = 1665 1bm
. hm = specific enthalpy of feedwater
9.3 Feed Flow
Feed flow is determined as follows:
Wey = ¢,V ;(Pp - PSGT (9-4)
wa = feedwater mass flow rate (1bm/sec)
CV = valve characteristic (from reference 12,
figure 2)
CV = 1.0725 X 0<X<.75
CV = 1.0725 (2 X -.75) .75<x<1.0
See figure 9-1 for a comparison of the Cv
. curve and power range testing data.

oY
o
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= feedwater density = 53.36 Tbm/ft> at

300 psi, 10°F subcooled

= feed pump discharge pressure (psi) =

p
P..+P - RW.SC -5
CR 0 FW (9 J)
Fb = shutoff head discharge »ressure.
Specified in the input array.
R = pump internal resistance factor =
e , 2, :
.02330 psi/(1bm/sec)” (see Appendix J).
D;“ = steam generator pressure (psi)
<3
D\ﬁ " s s
K = condensate receiver pressure (psi)

Solving equations 9-4 and 9-5 explicitly for wa yields:

Wew

(9-6)
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10.0 PROGRAM OPERATION AND CONTROL

The simulation is run on a POP-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 COFSET@. 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, Ficures 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 PLAN14. 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 *he 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 ‘

implementation.
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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.

[terative 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 (OF)

3. Pressurizer Pressure (PSIA)

4. Pressurizer Level (inches)

5. Condensate Receiver Pressure (PSIA)

6. Steam Generator Level Setpoint (inches)

PCS Loop Boron Concentration (ppm)

~

10.4 Main Operating Program

. The main operating program is contained in the MAIN14 subroutine.
This subroutine cycles once each frame time as specified in the input array.
Firure 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.
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Digital

Commands

PR

0P

CH

el

TABLE 10-1

PLAN14 OPERATING COMMANDS

Name
Parameters 1.
Title/Open
Open
Change I
List I

LTR-10-2-Rev. C

Action

Checks that the previous
data file is closed.

Requests the name of the
data file to be accessed.

eads the title, input array,
and status array from the
specified file into memory.

Decodes run time and scram
time from the status array.

Checks that the previ.us
data file is closed.

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

Opens a data file.

Initializes QI0 parameters.

Same as TO except, file name,
title, and maximum number of
samples is taken from memory.

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.

Lists on the printer the input
array, status array, and, if

a scram has occurred, run
time, scram time, and scram

¢




Digital

Commands

RN

FD

Name

Transient

Initial Condition

Run

Dump

Full Dump

TABLE 10-1 (continued)
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Action

Requests the transient type
as follows:

flow transient

not assigned
reactivity transient
feed valve transient

W N
] |

Initializes the transient
logic variables.

Initializes *he hybrid inter-
face and analog console.

Initializes the sample counter
display.

Pre computes steady state from
inputted plant conditions.

This provides for initialization
and self check of the dynamic
solution.

Sets opots on analog console.

Initializes the transient
logic variables.

Checks that a new data file

is open.

Activates the main cycling
program.

Prints selected plant parameters.

Same as DM plus printout of
blank common is included.



TABLE 10-1 (continued)

Digital
Commands

SA

Descrintion/
Save

Delete

EX

Analog Controls

DAP Variable
Switches Name

¥NOHTR

LTR-10-2-Rev. C

Action

Encodes run time and scram
time.

Writesinput and status
arrays on the data file.

Copies reader file onto
the data file.

Closes the data file.

Same as SA, except program
requests a description block
which it adds to the title
record.

Celetes the data file from
the disc.

Issues a PAUSE command wrich
allows operation of other
system commands from the
terminal.

Execution of PLAN14 resumes
when RES is entered on the
terminal.

Program execution is stopped.

Action

Inhibits pressurizer heater
logic.

Selects the boron concen- ‘
tration of the HPIS fluid:

ON - borated water

OFF - demineralized water




Analog Controls

DAP

Switches

~J

12

13
14

15

TABLE 10-1 (continued)

Variable
Name

1ZDP

ISCBP
[SVRMP

KHTR

[SMP

ISMTD
[ZDM

ICPBP

KSCMN

ID

KSPRA

KPOR

<NSPPR

74
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Action
Adds reactivity at 1¢/
second.
Inhibits scram logic.

Reduces steam valve ramp
rate by 90%.

Activates pressurizer start-
up heaters.

Initiates data recording and
starts timer at zero.

Activates transient logic.
Enables scram logic.
Activates fast sample rate.

Subtracts reactivity at
1¢/second.

Sets pressurizer boron con-
centration equal to the node
21 concentration.

Initiates a manual scram.

Stops the cycling program
and data recording.

Activates pressurizer spray.

Activates power operated
relief valve.

Inhibits pressurizer spray
and power operated relief
logic.




Logic

Switches

010 uP

011 uP

011 DOWN

110 UP
111 UP
112 UP

112 DOWN

TABLE 10-1 (continued)

Variable
Name

[FLMN

IDLZER

none

JINJ

JORAIN
[OPMSV
ICLMSV

LTR-10-2-Rev. C

Action

Initiates manual flow transient.

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

Holds clad and steam generator
temperatures at their pre-
calculated steady state values.
Holds reactivity at zero.

Resets the reactor kinetics
circuitry.

Activates injection flow.

Activates drain flow.

Opens steam valve. ‘

Closes steam valve.
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Assume core bypass flow is 5 percent of total.
W v (22 303 _ 16 3
gp = (.05) (22.3032) = 1.11516 ft°/sec
kgp = 24.6148/(1.11516)° = 19.79347 psi/(ft3/sec)?

k_ = (68.6457 - 24.6148)/(22.3032)°
= .08852 psi/(ftd/sec)?

ro
x>

C W = (2) (.05483) (19) = 2.0835

¢ Kgp Wy = (2) (19.79347) (1) = 39.5869

¢k Wo = (2) (.08852) (20) = 3.5408

A-4
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5] ~1 A0 2 1 .«\ 3y ~‘ fA07 ! { 3 ?
Kc = 24.6148 psid/(21.1880)¢ (ft2/sec)c = .05483 psi/(ft/sec)¢

C
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PCS DENSITY APPROXIMATION

Density was calculated from the ASME Steam Table specific volume
values at 2200 psia for each 209F incr . aent from 4009F to

6409, See the data plotted on Figure B-1.

A second order least squares fit gave the following polynomial
which is also plotted on Figure 8-1.

o = 41,58 + 0.0890337T - 1.44741 x 104 12

To find the dependence of the density on pressure %% was

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

ap
® _#

400 .0V0319
440 .000363
430 .000438
520 .000563
560 .000744
600 .001084 (pressure range 1800 - 3000 psi)
640 .U01863 (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:

b - 250 x 10° +ae

OX
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- A tvaluation of the coefficients yilelded
Ap c - .012877 , .=b
5 = LIV I8y € X 1V
.~

0. Combining the least squares temperature polyromial and the pressure correction

formula gives:

p = 41.58 + 0.0890337T - 1.44741 x 10-4 714
” , ~ a0 ST7T 1
: 50 + .389 e-01287T) x 10-6
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Densit, (Ibm/ft3)

1 | 1 1 !
ASME steam tables 1967
2200 psia
I”‘-\ —
rd
/
/
/
/
/
/
/
/
/ |
/ |
/
,/
/ -
,’ Approximation
0= 4158 + 0.0890337T-1.44741 x 10-472
Operating range :
00  650°F " '1l
I
|
&
|
|
—
!
|
!
-
Satuyration
\
\
'
\
L 1 1 1 1 1 A J
100 200 300 400 500 600 700
Temperature (°F) INEL-A-13 950
FIGURE B-1
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PENDIX C

|2

PRIMARY COOLANT NODE DESCRIPTIONS

Core Nodes (1-4)

—_Sta 182.925

k. 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
54 3.3843
55 3.3923
Total 10.1419 ft3
water volume per LUFT node = 2.5355 ft3

Heat Capacity

o
.

(%]
©
"

CpDV

L]

(1.3191) (45.1467) (2.5355)

151.00 Btu/oF

Wall Heat Capacity

o
.

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

O
]
b
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4, Heat Transfer Surface Area

A = 789.93 ftZ (Reference 6, Table V)

Area per node = 197.48 ftc

3 Heat Transfer Across Film

0.8 ,0.4

ok .
hDB < u.b235:- Re Pr (Reference 7 Section 6.115)

flow area

wetted perimeter (Reference 7)

- hydraulic diameter = 4

<:> : fuel pin pitch = 0.563 inches (Reference 6 Table [I1)

O
(:) (:) (:) flow area = 0.563° - I (0.4222) = 0.1771 inches?

perimeter = #(0.422) = 1.3258 inches

Dy = 0.5343 inches = 0.04453 ft ' .

Reynolds Number

D .
o pv _H o V DH
ne = = X

u u

V = reference flow = 30.7640 ft3/sec

R. L. Drexler's Notes 4-17-79 give the following fiow cross sections for

the 3 RELAP core nodes (53, 54, and 55):

53 1.8460 ft
54 1.8356 Fte
55 1.8504 ft<

Average A = 1.8440 ft2

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

p = 45,1467 Tbm/ft3

-7 1bf x sec 2 -5 3
= 19.0875 x 10 — X 32.17 ft“/sec = 6.1404 x 10 “1bm/ft ‘
: ft
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kK = 0.,3201 Btu/hr.ft.of = 88.9167 x 10-6 Btu/sec.ft.oF
Pr = 0.9292

Re = (45.1467) (%géégég

) (.04453) 1 - 546,215
6.1404 x 10~

, i
hog = (0.023) (aszgfgzagB%o ) (546,215)+8 (0.9292)0+%

= 1.7346 Btu/sec. ftl.0F

Hpg = (1.7346) (197.48) = 342.55 Btu/secOF per node

6. Structure Heat Traq;fer

Thermal conductivity
K =7.51 +2.09 x 102 T - 1.45 x 10-5 T2 + 7.67 x 10-2 13

K in W/m OK and T in OK

assume Toq,q = 655%F @ 222+ 27318 = 619.29%

K = 16.7138 W/m°k = 9.6571 Btu/nr ft°F

Diameter = 0.422 incnes (Reference 6, Table III)
Thickness = 70.0243 inches
ry =0.211 - “'024’ - 0.19885
LSRN
2 In -
In — 0.19885

K = 2031.99 Btu/sec OF

= 508.00 Lcu/sec OF per node

(The simulation uses th2 value specified in the input array for
this coefficient.)
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Steam Generator Tube Nodes (5-14)

| Yo Tume

Dimersions from Reference 6 Table XII
Average tube length = 14,93 ft
Tube outside diameter 0.50 inches
Nominal wall thickness = 0.049 inches
Number of Tubes 1845

V = - 0PLN = - (0.50 - 2x0.049)° 112

x (14.93) x (1845)
= 24,2793 ft3

= 2.4279 ft3 ner nnde

Heat Capacity

ro
.

Cp = pVep = (45.1467) (2.4279) (1.3191)
= 144,59 Btu/OF

. Je 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 DLN = » (0.402)/12 x (14.93) x (1845)
= 2899.0 ft<

= 289.90 ft2 per node

9 Heat Transfer Across Film

5 Reynolds Number

o
°
-

o V DH o
A u A u

Re = ref

L=
=

ek

’ Re o (45.1467 1om/ft3) (30.7640 ft°/sec)
x (0.0335 ft)(1845)(6.1408 x 10" 1bm/ft-sec)
= 465,985

C-5
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Dittus Boelter Heat Transfer Correlation

K 0.8 .4
023 U‘ Re Pro
H

nUB a

; -b
. (88.9167
. (.023) 3 Ufg3ﬁ;1“ )

HDB « (2.0305) (289.90) = 588.64 Btu/sec OF

(465,985)Y8(0.9292)%+% 2.0305 Btu/sec fté OF

Structure Heat Transfer

2n k LN

In (rolri)

Heat transfer across tube for cylindrical geometry =
kK for Inconel 620 = 10.8 Btu/hr«ft-OF
= 0.003 Btu/sec-ft.OF Reference 6 Table XII
K o 2» (0.003) (14.93) (1845) « 2380.1 Btu/sec®F

i U.500
g ®

Assume the heat transfer coefficient across the secondary film

= 6000 8tu/hr-ftl.0F (See Reference 17)

Tube Area - Secondary Side

A=as DLN==» (i%W (14.93)(1845)

= 3605.7 ft°

Total heat conductivity = i *'F :
» goil
1 + L ¥ 1704.9 Btu/secF
B LS 000 « 3605.7 . '

3600
= 170.49 Btu/secOF/node

(The simulation use the value specified in the input array for this

coefficient.) ’
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Upper Plenum Nodes 15 and 16

(7T = STA 248.530

— STA 235.393 (transition from intermediate to upper flow
skirt)

- STA 182.925

s Volume

Urexler's upper plenum volume notes 2-21-79 starting on pg 747
Intermediate flow skirt area = 473,050 ind

Upper flow skirt area = 473.481 in

(neclect bypass chaniels)

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

= 17.9/69 ft3 .

Total displacement from 182.925 to 258.406 = 8408 in3

Page 807

To adjust these displacement for our smaller voiume

3408 = 7313.5 in° = 4.2323 ft3

248.580 - 182.925
258.30b - 182.925

Wa.er volume = 17.9769
-4,2323

13.7449 ft3 = 6.8725 ft3 per node
Internal Structure Volume

4,2323 ft3 = 2.1162 ft3 per node

' 8 Heat Capacity

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

= 536.25 Btu/oF
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3. wWall Heat Capacity

Height = 248.58 - 182.925 = 65.655 in = 5.4713 ft

Average cross section area = 1%4%;%% = 3.2857
equiv dia D = 2/23837 | 5 0as4 ft

"

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

2 2 3

V== (2.1708° - 2.0454°) 5.4713 = 2.2645 ft

3
= 1.1323 ft3 per node

Cp = (1.1323) (495) (0.11) = 61.6537 Btu/OF

4, Heat Transfer Surface Area

A=xDh=x (2.0454) (5.4713)
= 35,1576 ft2

. = 17.5788 ft2 per node

5. Heat Transfer Across Film

Reference 7 Section 6.117

2 2.
hyg = 0.148 (1 + 107°T - 107°7%) EGT?, v in ft/hr and D in ft
VU.8 5
hDB = (0.5046) 537? for T = 595°F

flow area (RLD's summary sheet) = 2.5956 ftZ

Vv x 3600 -
ref 30.7640 x 3600
FTow 5763 = 2308 = 42,669 ftihr

0.8

- (0.5046) 132,669 s

Nog = 2212.5 Btu/hr ft° OF
(2.0454)

‘ = 0.6146 Btu/sec ft OF

Hpg = (0.6146) (17.5788) = 10.8039 Btu/sec OF

C-9



ess steel = 14 Btu/hr ft OF

0.003889 Btu/sec ft OF

let L = 1/4 the thickness of the slab

17.5788) 0
2 = 4,3739 Btu/sec F
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Upper Plenum Qutlet Region - Node 17

jf" -
T !
:.'__L..]L_.ng __STA 269.59

NOD® 17 | STA 258.41

- VA= STA 252.74
A~4}-- _\1 STA 248.58
} N

2
R. L. Drexler's reactor vessel volume notes

Ls yolume

From 248.58 to ¢*2.74
cross section area = 479.91 inchesd (pg 754)
volume = (479.91) (252.74 - 248.58) = 1996.4 .in3 = 1.1553 ft3

From 252.74 to 258.41 (transition area) (pg 806)
vo lumes 628.0 in3d

645.0 in3
1260.0 in3

. 609.9 ind
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 ft3
zone 2 displacement = 1234 in3 = ¢.7141 ft3 (pg 803)
zone 1 adisplacement which was not included in nodes 15 and 16
= 8408.0-7313.5 = 1094.5 in3 = 0.6334 ft3
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/OF
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- .

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 = =L
= = (14.8040) (11.5) = 534.84 in
= 3.7142 ftc

volume of node 8.7426
less vo.ume of nozzles 1.7797

Volume of barre) 6.9629 ft<

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

EQUiV dia = 2\% = 2.2503 ft
barrel surface area = =Dh = 12.3773 ft2

2 1.4426 ft°

less area 2f nszzle = % D x 2 = 5 |
10.9347 ft |

Total surface area 10.9347 |
3.7142
3.7142 |

18.3631 ft<

|
4, Wwall Heat Capacity
¢

Assume surface is a slab 0.75" thick

V = 18.3631 ft° x 94%%-ft - 1.1477 ft°

Cp = (1.1477) (495) (0.11) = 62.4923 Btu/secOF

C-12
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b.

Heat Transfer Across Film

NpB (same as nodes 15 and 16) = 0.6146 Btu/sec ft2 OF
Hpg = (0.6146) (18.3631) = 11.2860 Btu/sec OF

Structure Heat Transfer

0.01563 ft (same as nodes 15 and 16)
A 18.3631 ft<
.00388Y Btu/sec ftc OF

e
"

LS =

KA 1S THN 0

— = 44,5690 Btu/sec F
Hei1ght

g (9 11 g B 1.7508 ft
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Upper Plenum Bypass - Node 18

Node extends from the top of the nozzles (STA 269.59) to the top of the
Cl\m'Su

o Vo lume
R. L. Drexler'< 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 in
2555 in3
13,804 in° - 7.9884 f7
Internal structure volume 10.6597 ft”

e Heat Capacity

Cp = (43.5777) (12.30) (1.4058) + (495) (10.6597) (0.11)
= 1333.94 Btu/OoF

3a Heat Transfer Surface Area

Assume a cylinder which extends from 269.59 to 300.00.
HeIth = 30.41" = 2.5342 ft

Active Volume

Envelope - Spacers
= 37336 - 13804 (pg 821)
= 23532 in3 = 13.6181 ft3

ng;gégé - 2.6157 ft

Equiv dia = 2\% = 2\1'

Surface area = ndh + % d2 = 26.1983 ftz

4, wall Heat Capacity

Assume 2" slab

V = 26.1983 ft° x

.l’\)

3

ft = 4.3664 ft

o=
o

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.

Structure vol 10.6597

BTy *13%0T © 78.28 percent of the volume is blocked.
Flow channel area = (1-.7828) x 1/2 x cross section = 0.2172 X = X 2.61572
2 4
 20.5836 ft°
3 2
D = 2\ E;E%Q:Q = 0.8620 ft
0.8 ) ,
. 5 v 30.7640 x 3600
e ‘0'504'”—?57? JERLE. U.5836

hpg = €676.2 Btu/hr ft2 OF = 2.4106 Btu/sec ftZ OF

Hpg = (2.4106) (26.i%%3) = 63.1536 Btu/sec OF

6. Surface Heat Transfer

assume 2" slab

|l'\.)

s 2 3 '

L=g $3= 0.04167

A = 26.1983

k = 0.003889 Btu/sec ft OF
%ﬁ = 2.4450 Btu/sec °F
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Hot Lea Nodes 19~ '3

s Vo Tume

These nodes correspond to RELAP Noaces 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 f¢3 19.6550 ft

vol/node = 2.7576 ft3

. ') .
eqv. dia = 2\ | = 0.945] ft

s Heat Capacity

Cp = (43.5777) {2.7576) (1.4058) = 168.93 Btu/OF

o
N

wall Heat Capaci&z

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

2 3

V= X (1.1784° - 0.9451%) (19.6550) = 7.6477 ft

-
4
vol/node = 1.5295 ft3

Cp = (1.5295) (495) (0.11) = 83.2813 Btu/OF

4. Heat Transfer Area

wOL = 58.3580 ftl

area/node = 11.6716 ft2

Be Heat Transfer Across Film

0.5046 0.8 30.7640 x 360u
0‘2 v s V = - ) 2 »
0 7 (0.9451)

D = 0.9451

Mpg =

C-16



N = /353.0 Btu/hr ftd OF = 2.0426 Btu/sec ftc OF
DB = (£€.0420) (11.6/16) = £3.84U4 Btu/sec OF

Heat Transfer Across Surface

K (V.UU

889) (11.6716) _ | 5563 Btu/sec °F

()

-

£ 4 CO
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Steam Generator Inlet and Uutlet Plenums - Nodes 24 and 27

Vo Tume

11.8447 ft3 (Reference 6 Table XV)

2. Heat Capacity

Hot leg
Cp = (45.5777) (11.8447) (1.4058) = 725.62 Btu/OF

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

3. Hea. Transfer Surface Area

Assume S/G plenums are sections of a sphere.

eqv. dia:

4
1/4 (g‘w r%) = 11.8447

r = 2.2447 ft .
1/4 area of sphere = 1/4 x D2 = ¢ r = 15.8295 ft2

(Tube sheet surface is included in next node.)

Assume partition surface and piping cpening areas cancel.

4, wall Heat Capacity

Assume 2" slab

2

15.8295 ft° x %2 ft = 2.6383 ft°

(Use C, for stainless steel
neglect Inconel clad.)

Cp = (2.6383) (495) (0.11) = 143.66 Btu/OF

5. Heat Transfer Across Film

Hot ‘eg 0.5046 0.8

use average v and D .

764 :
v in tubes = 3(52;6 0 x 3600 = 68,062 ft/hr

Reference 6 Table XV










§team Generator Tube Sheet Nodes 25 and 26

1.

Vo lume

3.12 ft3 (Reference 6 Table XV)

Volume per node = 1.56 ft3

Heat Capacity

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

Cold leg
Cp = (46.5333) (1.56) (1.2577) = 91.2939 Btu/oF

Heat Transfer Surface Area

(Dimensions from Reference 6, Table XV)

Tube 0D 0.50"
Thickness U.048"
Number of tubes 1845

Thickness of tube Sheet 11.5"
tube ID = (.500 - 2 x 0.049) = 0.402"

» (0.402) (il.5) (1845)

2
A = =DhN = 144 = 186.08 ft

wall Heat Capacity

Tube bundle dia 48" (Reference 6 Table XV)

o
Va1/2 (F0% ) - Vpyppq = 112 3 (13 1452~ 1.5600

= 4,d614 ft3

Cp = (495) (4.4614) (0.11) = 242.92 Btu/OF

Heat Transfer Across Film

Hot Leg

VO.8

pY-

Nog

c-21
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v in tubes from node 24 calculations = 68,062 ft/hr l

0.402"
D = 1;2 « 0.03350 ft

hpg = 7315.8 Btu/hr ftl OF = 2.0322 Btu/sec ft2 of

HDB = (2.0322) (186.08) = 378.15 Btu/secOf
Cold Leg

0.8
(0.5135) vy ; 20
hDB = 5200 EUTZ = 2.0680 Btu/sec ft F

Hpg = (2.0680) (186.08) = 384.81 Btu/secOF

6. Structure Heat Transfer

Area of tube sheet on inlet side = 1/2 i D2

2

- 3 (i%) . 27 = 6.2832 ft°

Equivalent area surrounding each tube = 5.2832
1845
= 0.003406 ft2 « 00,4905 in?
9.3305 . 0.7903 in

Equivalent diameter = 2\ :

k for Inconel = 0.003 Btu/sec ft OF

11.5
- ( ¥ ) N
¥ mAR , 20.(0.008) 12 = 49,3052 Btu/sec °F
"t Ingamr
d
1
7. Heisht
11.5" = ,9583 ft
c-22
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Cold Leg Nodes 28-31

}s Vo Tume

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

Node Vol 2 Flow Area = Length
12 2.021910 0.895285 2.2584
13 3.947661 0.682704 5.7824
14 6.035087 0.682704 8.8400

1Z. 004858 16.8808

vol/node = 3.0012 ft3

e Heat Capacity

Cp = (46.5333) (3.0012) (1.2577) = 175.65 Btu/OF

. 3. Heat Transfer Surface Area

| v
eqv. dia = 2\ o 0.9516 ft

A= ndl - 50.4658 ft2
= 12.6165 ft2 per node

4, Wall Heat Capacity

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

2 2

- 0.9516°) (16.8808) = 6.6116 ft°

d

V o - (1.1850
= 1.6529 ft3 per node

Cp = (495) (1.6529) (0.11) = 90.0004 Btu/OF

9. Heat Transfer Across Film

1.8778 20
. hDB = -Dj—.a— = 2.0532 Btu/sec ft F

HoB = (2.0532) (12.6165) = 25.9042 Btu/secOf

c-23
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b. Structure Heat Transfer
KA .0U3889) (12.6165 . ) "
= A = 1.68Z4¢ Btu/sec r
. l Lo
—— \ ey |
“ AL -
F. Het1ght
. C ’ b ) 2 TT!
reference 6, Figure 83 and Table XIII
11 "o
drop = 1' ¢
ll 4"
2" 10" = 2.8333 ft node 28
rise i
11 "
1 )
‘.‘ L‘ = SUOSI ft r)‘AP v 4




Primary Coolant Pumps Nodes 32 and 33

LTR-10-2-Rev C

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. Vo lume

3.5 ft3 per node (Reference 6 Table ¥VII)

2. Heat Capacity

Cp = (46.5333) (3.5) (1.2577) = 204.8373 Btu/OF

s Heat Transfer Surface Area

Assume the volume is contained in a 10" pipe

of inside diameter = 0.7 1t
and outside diameter = 0.9 ft

A = #Dl; L = ;7117» = 9.0946 ft
N Sk
=
3]

4. wWall Heat Capacity

2 2

"

4
Cp = (495) (2.2857) (0.11) = 124.46 Btu/OF

- 0.7

V = (0.9

8« Heat Transfer Across Film

1.8778
o8 * pt-8

(o._s)°°8 = 2.0495

3.9 .
= 4 5T - 20.0000 ft

) (9.0946) = 2.2857 ft

2

3

“ accounts for the flow split

Hpg = (2.0495) (20.0000) = 40.9900 Btu/sec OF

C-25
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=
Assume 9" rise 75 Tt). hi
piping so that the net elevat

accounts for the

change equals zero.

3

1+ 4
2 |

erence
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Cold Leg Noges 34-37

bs Vo lume
These nodes correspond to RELAP nodes 17 thru 21.

R. L. Drexler's Loop Volume Notes

Nodr Vol . Flow Area = Length
17 1.553076 0.394063 3.9412
18 0.515827 0.394063 1.3090
19 6.463449 0.682704 9.4674
20 1.348992 0.682704 1.9760
21 1.572665 0.682704 2.3036

% 18.9972

vol/node = 2.8635 ft3

Zs Heat Capacity

Cp = (46.5333) (2.8635) (1.2577) ="167.59 Btu/OF

3s Heat Transfer Surface Area

/¥
eqv. dia = 2‘\/?{" = 0.8762
A=qaDL = 52,2929 ft<

= 13.0732 ft¢ per node

4, wall Heat Capacity

14" sch 160 pipe thickness = 0.1167 ft
outside di- = 0.8762 + 2 (0.1167) = 1.1096 ft

V. = (1.1096° - 0.8762°) (18.9972)
- 6.9154 ft3
vol/node = 1.7289 ft3

Cp = (495) (1.7289) (0.11) = 94.1386 Btu/OF

C-27
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n = E
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Ub = (£.30c21

<

\dJe

Structure Heat Tran
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- A 1 K
—  0,1167
4
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s Vo lume .

R. L. Drexler's notes 4-17-79 give the volume as 9.6515 f+3 '

2. Heat Capacity

Cp = (46.5333) (9.6515) (1.2577) = 564.85 Btu/CF

3 Heat Transfer Surface Area

Quter Annulus

A = 2x0nh=2nx (4.7875) (4.3917)
132.11 fte

Distributor Ring
A = # (CD)bh+q (ID)n
A = n (3.4355) (2.4850) “ » (2.7500) (2.4850)
A = 26.8205 + 21.4689 = 48.2894 ft2 .

4, wall Heat Capacity

Assume 2" slab except for con-~e barrel which is only 1.5" thick.

(&) (132.11 + 26.8205) + (43 ) (21.4689) = 29.1720 ft’

p = (29.1720) (495) (0.11) = 1588.4 Btu/OF

Transfer Across Film

V
ref x 3600
Vo= grreTogor < 30,397 ft/nr

Quter Annulus

ares 4 L3133 4 04167 ft

Oy = perim " 4.

h 05135 8 1.0388 Btu/sec ftl OF
DB = 3000 ?._2 il
H




—

-

Distributor ring

] 3.3301

V) = 4 : - r
H v (2.7500 + 3.4355)

V.8
] Bé%ééi Yo, = 0.5933 Btu/sec ft3 Of
0

0.6855 ft

DB = (132.11) (1.0388) + (48.2894) (0.5933) = 165.89 Btu

Struct. e Heat Transfer

kA (0.003889) (153.93 + 21.4689)\ _ 17.5057 Btu/sec®
L 71 I 2 1.5 ) T 1
() ()
Hei1ght
269.59" - 247.30" = 22.29" = 1.8575 ft

(o]
1
LS

—

R-10-2-Rev C

/sec VF

F
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Downcomer Nodes 3943

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 germetry.

[ 4 Vo lume

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

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

+

25.3732 ft3

vol/noc>» = 5.07 .5 ft3

rno
-

Heat Capacity

Cp = (46.5333) (5.0746) (1.2577) = 296.99 Btu/OF

) Heat Transfer Surface Area .

These nodes are modeled similar to Node 38.

Juter Annulus height = 150.863" = 12.5719 ft
vol = (0.31334) (12.5719) = 3.9393 ft3
area = 2« (4.7875) (12.5719) = 378.17 ft2

Downcomer Vol = 25.3732 - 3.9393 = 21.4339 ft
00 -\ ﬁ: + 1% = 3.1198 ft
A = » (3.1198) (12.5719) + » (2.7500) (12.5719)

= 123.22 + 108.61 = 231.83 ft2

4, wall Heat Capacity

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

» _ 1.5 L T
(T__) (378.17 + 123.22) + BV (108.61) = 97.1412 ft

Cp = (495) (97.1413) (0.11)/5 = 1057.87 Btu/OF

c-32
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Heat Transfer Across Film

(&3]

- NpC in annulus same as node 38 = 1.0388 Btu/sec ft2 OF
Uowncomer
V 2
flow area = h = 1.7049 ft
3.3301
V = (3()397) m—g = 59373 ft/hr
1.7049
- - 36"
Oy = 4 sz7seT+TTI9E) = 0-3698
. 0.8

0.5135 v 2 0¢

nﬂg = W -D-U-_Z - 1.1469 BtU/SEC ft F
r |

HpL = t\378.l7) (1.0388) + (231.83) (1.1469)J/5 = 131.75 Btu/sec OF

6. Structure Heat Transfer
kA 0.003889 [501.39 108.61 | L 0c
C =/ T ( T ) [ > + TS J = 60.3140 Btu/sec “F
() (=
‘ 12,0048 Btu/sec OF per node
Fe Helght

12.5719 / 5 = 2.5144 ft




Lower Plenum Nodes 44-46

These nodes are modeled as a cylinder of diameter 37".

to RELAP volumes 28 and 29.

L8]
B

‘1.

Vo Tume

From R. L. Drexler's Reactor Vessel Volume notes
28 18.96
29 4.7609
Total Vol. 23.7200 ft3

= 7.9070 ft3 per node

Heat Capacity

Cp = (46.5333) (7.9070) (1.2577) = 462.76 Btu/OF

Heat Transfer Surface Area

Cross section area = —5— 0° = 7.4667 ft
?

Eqv height = —%— - -‘;;§§%% = 3.1769 ft

wall area = «Dh = 30.7733 ft?

Total area = 38.2400 ft°

= 12.7467 ftz per node

wall Heat Capacity

Assume 2" slab

V= 12.7467 x T%‘ - 2.1285 ft3

L5

p = (2.1245) (495) (0.11) = 115.68 Btu/OF

LTR-10-2-Rev C

They correspond




LTR-10-2-Rev

S Heat Transfer Across Film

1.8778

"pg = 1.5 = 0.2474 Btu/sec ft

O
F

Hpg = (0.2474) (12.7467) = 3.1535 Btu/secOF

6. Structure Heat Transfer

b o b .
£ . (”'Uu;ifgf iéit’467) - 1.1897 Btu/sec °F
T ()
7. Helgnt
116.925
-96.437
¢U.488" = 1.7073 ft lumped into node 46

O
[

(F%)

on

C

-



LTR-10-2-Rev C

RABV Nodes 47 and S“Q

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

i Vo lume

Volume of reactor vessel nozzle
and 45 elbow 1.87:4 ft3 (R. L. Drexler's notes)

Volume of tee 1.4295 ft3 (R. L. Drexler's notes)
Total Volume each node J.27/0 ftJd

ro
-

Heat Capacity

Cp = (45.1467) (3.2779) (1.3191) = 195.21 Btu/OF

3 Heat Transfer Surface Area

for 14" Sch. 160 0D 14.000" = 1.1667 ft
D 11.188" = 0.9323 ft
S SEEt <. SR @®

4. Wall Heat Capacity

R iy et s qa032y 14.0637

v -~ lolb67 - U.9323 ) "—m

Cp = (495) (1.8555) (0.11) = 101.03 Btu/OF
5 Heat Transfer Across Film
koo = 0.148 ! 5 -
Us "R IS 0%
) Veef 0.8 < 4V 0.8 > .
'i— DZ : DO 2 - Dl.d




LTR-10-2-Rev C

for: T = 575° and Vef = 30.7640 x 3600
- 4 o] _..0.8 _-1.8
nDﬁ = (0.5097) (‘T 30.7640 x 3600) D
hyg = 6709.9 0‘1'8 Btu/hr 12 Of
= 1.8639 o'l's Btu/sec ft2 Of
hnn = 2.1146 Btu/sec ft2 Of
NB

HDB = (2.1146) (14.0637) = 29.7391 Btu/sec OF

Structure Heat Transfer

. mnaplet o 5
RS *“'U“3889>1‘}jé°°3" - 1.8672 Btu/sec

1
i 17

F

'
(%)
~J



RABV Node 48

For 10" Sch. 140 pipe

) Volume

X
a
’ i
g
|
|
00 10.75"
10 8.75"

From Reference 6 Table XVIV

Location

40
a1
42
43

44
45
46
46

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

2. Heat Capacity

Volume(ft3)

0.820
0.155
2.340
0.887

0.524
0.276
0.820
0.820
6.642

total volume =

7.6420 ft3

0
0.

8
7

958 ft
292 ft

Length

.56
.45
.22
.00

8.
15.
.94
.56

23.

23
4
67

v
/

7
23

Blowdown Cold Leg

50
06

56

LTR-10~2-Rev C

190.85 = 15.9042 ft

Co = (45.1467) (7.6420) (1.3191) = 455.10 Btu/OF

; 1 Heat Transfer Surface Area
y 7.6420 2
A = 4 6 4 b‘7292 = 41.9199 fc
C-38




LTR-10-2-Rev C

4, wall Heat Capacity

v = — [0.8958° - 0.7292° | x 17.9042 = 3.8069 ft’

Cp = (495) (3.8069) (0.11) = 207.29 Btu/OF

3. Heat Transfer Across Film
hpg = 1.8638 D-1.8 - (1.8638) (0.7292)-1.8
= 3.2906 Btu/sec ft2 of
HoB = (3.2906) (41.9199) = 137.94 Btu/secOF

6. Structure Heat Transfer

KA (0.0?3389) (61.9199) _ 5 aosy pru/sec OF
b 2 I o, '
T 7
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RABV Node 49 .

This volume includes the volume from the RABY's to the tee on the 3
blowdown loop hot leg.

For 10" Sch. 140 pipe

0D 10.75" = 0.8958 ft
10 8.75" = 00,7292 ft

ke Vo lume

From Reference 6 Table XXIV

Location Volume(ft3) Length
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 12.94
5.693 1.62

163.74 = 13.6450 ft

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

total volume = 6.6930

- Heat Capacity

Cp = (45.1467) (6.6930) (1.3191) = 398.59 Btu/OF

. 8 Heat Transfer Surface Area

6.6930

A = a—;—=dm-36.7142ft2

4. wall Heat Capacity

3

Vo= — (0.8958° - 0.7292°

C-40




Cp = (495) (3.3265) (0.11) = 181.13 Btu/oF

Heat Transfer Across Film

(same as node 48) hpg = 3.2906 Btu/sec fté OF

Hpg = (3.2906) (36.7142) = 120.81 Btu/secoOF

Structure Heat Transfer

kA (0.003889) (36.7142) e
L = 1 l = 6.\5-1«
=z 17

Btu/sec

LTR-10-2-Rev

O¢

L






g?a—lp—f-ﬁev

b. Structure Heat Transfer
KA (0.003889) (261.28 B Ty 9 ~
L - 1 — 1 L = 48.7737 Btu/sec °F
LL/
8 Height
PRSI S

To account for round off, the height of the byn2ss node equals
the combined height of nodes 1-4, 16 and 17.

4 (1.375) + 2 (2.735) = 10.9700 ft

f A7
-id 5

(@
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APPENDIX D

THERMCDYNAMIC PROPERTIES USED IN THE PRESSURIZER MODEL

Figure D-1

Figure D-2
Figure D-3

Figure D-4

‘ Tables D-5

through D-9

Figure D-10
Figure D-11

Table D-12
Figure D-13

Figure D-14

Specific Volume Versus Specific Enthalpy for
Various Pressures - Water Region. (The
specific volume of subcooled water is approxi-
mated by the saturation curve.)

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

Specific Volume Versus Specific Enthalpy for
Various Pressures - Steam Region.

Steam Quality Versus Specific Enthalpy for
Various Pressures - Steam Regicn.

Input values for AD-10 Function Generator.

Linear Approximation of Specific Enthalpy
Jorsus Pressure at Saturation Conditions -

Fluid Region.

Linear Approximation of Specific Enthalpy
Versus Pressure at Saturation Conditions -
Steam Region.

Table of Specific Volume of Saturated Steam
Versus Pressure.

Linear Approximation of Specific Enthalpy
Versus Temperature for Subcooled Water.

Linear Approximation of Specific Volume
Versus Specific Enthalpy - Fluid Region.

D-1
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TABLE D-5
AD-10 VALUES OF SPECIFIC VOLUME {CU FT/LBM) AS A FUNCTION CF ENTHALPY AND PRESSURE - WATER REGION

PRESSURE (PSIA)

H_(BTU/LBM) 1400 1500 1600 1800 2600 2200 2300 2500 2700 3000
550.00
560.00
570.00 Sub-cooled region - values above

the saturation line are necessary
580..J .0140 for accurate interpolation.
590.00 .0188 .0136
600.00 .0236 L0181 .0135
610.00 .0285 | .0227 0178
620.00 0333 .0272 | .0221  .0138
630.00 .0381 .0318 .0264 .0176 .0110
€40.00 .0430 .0363 .0306 .0215 .0144
650.00 .0478 .0409 .0349 .0253 L0179 .0122
E: 660.00 .0454 .0392 .0291 .0214 .0154 .0129

670.00 .0500 .0435 .0330 | .0249  .0186 .0159 0112
680.00 .0478 .0368 .0284 .0218 .0190 .0140 .0101
590.00 .0407 .0319 .0249 .0220 .0168 .0127
700.00 .0445 .0354 .0281 .0251 .0196 .0153 .0106
710.00 .0484 .0389 .0313 .0281 .0225 0179 L0130
720.00 .0424 .0345 .0312 .0253 .0205 .0153
730.00 .0458 .0377 .0342 .0281 L0231 0176
740.00 .0493 .0409 .0373 .0309 .0258 .0199 %3
750.00 Saturation Region .0441 .0404 .0338 .0284 .0222 Ei
760.00 .0473 .0434 .0366 .0310 0246
770.00 ors g Pl B g Lk N 0465  .0394 0336 | .0269 2
780.00 Scaled values are listed in Table H-8. .0495 .0427 .0362 0292 o
790.00 .0451 .0388 0315

800. .0479 L0414 0339
' ‘turation
= . . . ine



' TABL!_— 7 ‘

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 2500 3000

950.00 .1929 .1635 . 1407 . 1226 .1078 L1014 .0902 .0806 L0725 .0687
960.00 .1977 .1678 . 1446 L1261 L1110 . 1045 .0931 .0832 .0749 .0710
970.00 . 2025 .1721 . 1484 . 1296 .1142 .1076 .095%9 )859 0773 .0733
980.00 .2074 .1764 . 1523 .1331 L1174 .1106 .0987 .0885 0797 .0756
990.00 .2122 . 1807 . 1561 . 1366 . 1206 L1137 L1015 .0911 .0822 .0780
1000.00 .2170 . 1850 . 1600 . 1400 .1238 L1167 . 1044 .0937 .0846 .0803
1010.00 2219 .1893 . 1638 . 1435 .1269 .1198 .1072 .0963 .0870 .0826
1020.00 .2267 .1936 L1677 .1470 .1301 . 1228 L1100 .0989 .0894 .0849
1030.00 .2315 .1978 L1715 . 1505 .1333 . 1259 .1128 L1015 ] .0882
1040.00 .2364 .2021 L1754 . 1540 . 1365 .1289 .1156 .1041 .0943 0915
1050.00 2412 .2064 .1792 L1575 L1397 . 1320 . 1185 . 1068 .0978 .0948
1060.00 .2461 .2107 .1831 .1610 . 1429 .1350 L1213 .1094 . 1013 .0980
1070.00 .2509 .2150 . 1869 . 1645 .1461 .1381 L1241 . 1120 . 1049 .1015
1080.00 .2557 .2193 . 1908 . 16810 .1493 .1412 .1269 .1160 .1084 . 1050
1090.00 .2606 .2236 . 1946 L1714 .1524 . 1442 . 1298 . 1200 L1119 .1084
1100.00 .2654 .2278 . 1985 .1749 .1556 .1473 L1335 .1239 .1156 L1119
1110.00 .2702 2321 .2023 .1784 .1588 . 1503 .1380 L1279 L1194 L1154
1120.00 .2751 .2364 .2062 .1819 . 1620 546 L1424 . 1320 .1231 L1191
1130.00 L2799 .2407 .2100 . 1854 . L1594 . 1468 .1361 .1269 .1228
1140.00 .2847 .2450 .2139 . 189 L1719 . 1644 L1513 .1403 .1307 . 1264
1150.00 .2896 .2493 L2177 . 1950 L1770 . 1694 . 1559 .1444 .1346 .1301
1160.00 .2944 .2536 L2235 .2008 .1823 L1744 . 1604 . 1486 . 1385 . 1338
1170.00 .2992 : .2300 . 2066 . 1877 . 1795 . 1650 . 1528 .1424 L1377
1180.00 ‘ .2668 .2365 2125 . 1930 . 1846 . 1696 .1571 . 1463 L1415
1190.00 .3141 .2741 .2431 .2184 .1983 . 1897 .1743 .1614 . 1503 . 1453
1200.00 . 3226 .2815 .2497 .2243 .2037 . 1948 . 1790 . 1657 .1543 . 1492
1210.00 .3311 .2896 .2563 .2303 .2091 . 1999 . 1837 .1701 . 1583 .1531
1220.00 . 3396 .2964 .2629 .2363 .2145 .2051 . 1885 .1745 .1624 .1570
1230.00 .3482 .3039 .2696 .2422 .2199 .2103 .1933 .1789 . 1665 .161C
1240.00 . 3568 .3115 2762 .2483 .2254 .2155 .1981 .1833 . 1707 . 1649
1250.00 . 3655 . 3191 .2830 .2543 .2309 .2207 .2029 .1878 .1749 . 1689
Saturation Line Range + .4000 cu ft/1bm. Data

is plotted on Figure D-3.
Scaled values are listed in
Table H-10.

"ASY-2-0T-311
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TABLE D6
AD-10 VALUES OF STEAM QUALITY 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 -.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
510.00 0194 | -.0030  -.0263 - 0764  -.1332
620. 00 .0367 0149 | -.0078  -.05..  -.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
7 660. 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 L1221 .0813 .0341 0069 | -.0600  -.1516
720.00 .1939 1773 .1419 .1027 .0575 0316 | -.0324  -.1195
730.00 .1958 .1618 . 1242 .0809 0562 | -.0047  -.0875 N
740.60 . 1816 .1456 . 1044 .0808 0229 | -.0555 =
750.00 L1671 .1278 .1055 .0506 | -.0235 S
/60.00 . 1885 L1512 .1301 .0782 0085 | -.1915 7
770.00 Saturation Region .1747 .1547 .1059 0805 | -.1457 ®
780.00 Range +207%. .1981 .1794 .1335 0725 | -.1000 o
800, . 1889 .1366 0084
® @ Q. .
. - o - Line




6-0

H (BTU/LBM)

950.

960.

970.

980.

990.
1000.
1010.
1020.
1030.
1040.
1050.
1060.
1070.
1080.
1090.
1100.
1110.
1120.
1130.
1140.
1150.
1160.
1170.
1180.
1190.
1200.
1210.
1220.
1230.
1240.
1250.

TABL!I!:§

AD-10 VALUES OF STEAM QUALITY AS A FUNCTION OF ENTHALPY AND PRESSURE - STEAM REGION

1400 1600

1800

Saturation Region

.8000 . 8066
.8173 .8251
.8347 .8436
8520 .8621
.8694 .8806
.8867 .8991
.9041 .9176
.9214 .9361
.9388  .9547
.9561 .9732
.9735 .9917
~.9908 [‘“r]TﬂTT'J
.0082 .0287
.0255 .0472
.0428 L0657

1
1
1
.0602 1.0842
0775 1.1027
.0949 1.1212
. 1122 1.1337
. 1296 1.1582

[P T Qi S S S —

Saturation Line

Pt et ek Bt et Sk ek

.8168
. 8366
L6565
°/63
. 8962
L9160
.9359
L9557
.9756
.9954

0153

.035]
.0550
n74L
.0947
. 1145
. 1344
. 1542
L1741
. 1939

Pt et ot ot ok Gt fed ot o

PRESSURE (PSIA)

2000 2200
.8074
.8106 .8308
.8320 . 8542
.8535 .8777
.8749 .9011
.8964 .9245
.9178 .9480
.9393 .9714
L9607 .9948
.9822 [ 1.018
0036 1.0417
0251  1.0651
.046>  1.0886
0680  1.1120
0894 1.1354
L1109 1.1589
1323 1.1823
.1538
.1753
L1967

2300

.8197
.8443
.8690
.8536
.9182
.9429
.9675
9921

10167

.0414
.0660
.0906
.1153
.1399
. 1645
. 1892

2500 2700
. 8089
. 8409
. 8249 .8729
.8526 .9049
.8803 .9369
.9079 .9689
.9356 1.0010
.9632 1.0330
.9909 1.0650
1.0185 1.0970
1.0462 1.1290
1.0738 1.1610
1.1015 1.1930
1.1292
1.1568
1.1845

2900

. 8045
.8437
.8830
.9223
.9615
1.0008
1.0401
1.0793
1.1186
1.1579
1.1971

3000

.8155
.8613
.9071
.9529
.9986

1.0444

1.0902

1.1360

1.1817

Super heat region - values below
the saturation line are necessary

for accurate interpolation.
Range 80 - 120%.

Data is plotted on Figure D-4.
Scaled values are listed in Table

H-11.

"AY-2-0T =411

J



LTR-10-2-Rev. C

TABLE D-!

L
1
€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 9247
672.1 .0257
695.5 1267
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.

D-10
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TABLE )-12

SPECIFIC VOLUME OF SATURATED STEAM VERSUS PRESSURE ‘

Pressure Spec i_fic Volume
PSIA ft2/1bm

2000 . 1883

D-13
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. APPENDIX £

STEAM GENERATOR VOLUME VS LEVEL CALCULATIONS

1. References: LOFT Drawings 206161 through 206169

- Dimensions: Shell D 56"
Shroud ID 50.75"
0D $1.7%"
Riser ID 2a"
0D 24.75"
Tubes 0D 0.5
number 1845
Frustum base ID 49.9375"

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"

= Cross sectional areas:

-
Shell inside  F (13) = 17.1042 ft°
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2 ¢
Shroud outside % \é%ﬁlé) « 14.6066 ft°
" 2
shroud inside ¥ (33572) = 14.0475 ft? ‘
2
Riser outside ¥ (S13=2) = 3.3410 ft’
R L | n 24 ¢ 2
iser inside 7 (T?J = 3.1416 ft
Tube outside - straight sect.on
v (0.5 _ 2
2 x 1845 x 7 (=y3/ = 5.0315 ft
Inside Shroud Volume
4.1 From the top of the tuhe sheet to the tube bend line. ’

Height = 72.5"
Cross Sectional Area = 14.0475 - 5.0315 = 9.0160 ft?
Volume = (9.0160) 72.5/12 = 54.4717 ft°
Displacements:
Tie Rods - 10 rods, 1/2" diameter, 5'10-3/4" long.

Volume = 10 «/4 (0.5)2 70.75 = 138.92 1n3

Support Plates - 4 plates, 1/2" *hick, 24-7/8" radius
with 2 1/4" overlap strip. Assume volume of each plate
is equal. Use type "A" as typical.

Area of semi circle = (1/2) x (24.875)% = 971.95 in?
2

Area of overlap strip = (2.25) (2 x 24.875) = 111.94 in ;
Area °f holes
1961 17/32" holes for tubes - 434.68 in’
6 17/32" holes for tie rods =  1.33 in?
3556 3/16" holes for flow = 98.19 in®

£E-2
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2
3

Total Support Plate Area = 549.69 in
Vo lume (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 = #/4 (1.9)% (45 + »/2 1.5) = 134.27 in3

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"

Area inside shroud = 14.0475 ft

2

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
C. D. Clayton, 1-24-80:

Height Above Disr’acement of tubes

bend line (in.) (in.3) (ft3)
5.0 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 15.6.5" = 6.0385 ft3

Height Above Volume Net Volume Total
tube sheet inside shroud above tube Volume
(in.) (ft3) bend line (ft3) (£t3)
77.500 5.8531 3.6743 57.3517
82.500 11.7063 7.5503 61.1777
88.125 18.2910 12.2525 65.9299

E-3
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4,3 From the bottom of the frustum section (88.125") to the maximum
tube height (97.500").

From «i analysis of the steam generator tube displacement by
C. D. Clayton, 1-24-80.

Height above Displacement of tubes Net Displacement
bend line above 88.125"

(in) (ind) (ft3) (ft3)

.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:

C

h
ved | 0% dn=Fn (1.4431-0.05725n + 0.7569 x 107 hé)
0
V in £t°, h in inches, D = (49.9375 - 1.9809)/12.

Height above Height above  Height above Vo lume hNet Volume Total
bend line tube sheet 88.125" inside frust. above 88.125" volume
(in.) (in.) (in.) (ft3) (ft3) (ftd)
17.0 89.5 1.37% 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").
Volume of frustum = » n/3 (ri + "1 ¢ rg)
h = 101.219 - 88.125 = 13.0940"
ry = 49.9375/2 = 24.9688"
r, = 24/2 = 12.000"
3
V = 8.4674 ft

£-4
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. Net Volume = 8.4674 - 7.1636 = 1.3038 ft°

Total Volume = 71.7657 + 1.3038 = 73.0695 ft3

4.5 From the bottom of the riser (101.219") to the bottom of the
separator duct (141.625").

Height = 43.406"

Area = 3.1416 ftl

Volume = 11,3637 ft3

Total Volume = 84.4332 ft3

4.6 From 144.625" to 161.75".

For analytical purposes the volume of the riser is considered to
extend vertically to 161.75."

’ Height = 17.125"
Area = 3.1416 ft°
Volume = 4.4833 ft3
Displacements:
Level Control Cup - 6" diameter, 6-1/4" height.
Volume = 0.1023 ft3
Level Control Piping - 2 pieces, 1-1/2" sch 40 pipe,
approximately 19" long.
volume = 2 »/4 (0.840)% (19)/ 1728 = 0.0122 ft
Net Volume = 4.3688 ft3
Total Volume = 88.8020 ft3
T Downcomer Volume

3

5.1 Lower Section - from the top of the tube sheet to the bottom
of the frustum section.

E-5
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Height = 88.125"
Cross Sectional Area = 17.1042 - 14.6066 = 2.4976 fre
Volume = (2.4976) (88.125)/12 = 18.3418 ft3

Displacements:

5.2

>pacer lugs - 8 lugs 2-7/8" x 4" x 3/8"
Volume = 34.5000 in3 = 0.0200 ft3
Net Volume = 18.3218 ft3

Frustum Section - 88.125" to 101.395".

Height = 13.270"
Volume inside the shell = (17.1042) (13.270)/12 = 18.9144 ft3

Volume of frustum = »/4 / h Dzdh

Diameter of base = 49,9375 +VZ = 51.3517"

D = (51.3517 - 2.0046h)/12
V= x/dn (1.5260 - 0.05957h + 0.7752 x 10™h%)

V in ft3, h in inches.

Displacements:

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) = (51)/1728 = 0.0174 ft3

Level control piping - 2 pieces of 1/2" sch 40 pipe,

17-1/4" long each.

Volume = 2 »/4 (0.840)% (17.25)/1728 = 0.0111 ft3
Emergency cooldown pipe bosses - o each, 2" diameter, 2-5/8"
long, cut at as° éngle, located at the top of the frustum.
Volume = 6 w/4 (2)° (0.6250 + 1/2 (2))/1728 = 0.0177 ft3

E-6



LTR-10-2-Rev.,

~
-

Height Above Height Above Volume of Volume of Net Volume Total

tube sheet 88.125" Frustrum displacement above 88.125" Volume
(in.) (in.) (ft3) (ft3) (ft3) (ft3)
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 6.0 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 - 101.2:>" to 144.625".
Cross sectional Area = 17.1042 - 3.3410 = 13.7632 ft2
Displacements:

Level control piping - 2 pieces of 1/2" sch 40 pipe.
Area = 2 /4 (0.840)2/144 = 0.007697 ft2

Mist extractor drain piping - 4 pieces of 1/2" sch 40

pipe.

Assume pipe fills as level increases.
Area = 4 =/4 (0.840 - 0.6222)/144 =
0.006953 ft?

Emergency cooldown pipe - 6 pieces of 1" sch 40 pipe,
29-1/2" long, approximately 4-1/2" extends into
bosses.

Volume = 6 w/4 (1.315)% (25)/1728 = 0.1179 ft°

Feed r. g - 24" radius, 3" sch 40 pipe, located at

105.0". Assume this pipe is full regardless of the

level.

2

Volume F (3.5) 2x (24) /1728 = 0.8396 ft°

Feed ring <upports - 4 - 5 3/4" x 2-1/2" x 1/°"
Volume = 0.01664 ft3

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 = »/4 [1.92 - 1,612 25 (23)/1728 =
0.06686 ft
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 = /4 (1.9)% 2x (23.5)/1728 = 0.2423 ft3

Cooldown ring supports - 4 - 3-3/8" x 2-1/2" x 1/2"

Volume = 0.009766 ft°

gject 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 ~ve full.

Volume of cups = 8 F (5.563)° (6.5)/17¢8 = 0.7314 ft>

Area of pipes = 8 »/4 (3.5)2/144 = 0,5345 ft2

Gage glass internal piping - 1" sch 40 pipe, starts at
137.5" and extends to top of riser.

Area = n/4 (1.315)%/144 = 0.009421 ft°

E-8
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Nt Cross Sectional Area
13.7632 - 0.007697-0.006953 = 13.7486 ft°

Displacements below 122"

0.1179
0.8396
.0166
. 0669
.0181
2423
.0098
[.3112 ft3

OCCOCCOoOC

Volume at 122"

(13.7486)(122.0 - 101.395)/12 - 1.3112 =
22.2963 ft3
Total volume = 28.1017 + 22.2963 = 50.3980 ft3

Volume at 129.5"

(13.7486)(129.5 - 122.0)/12 = 8.5929 ft3

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 =

16.2078 ft>

Total volume = 58.9909 + 16.2078 = 75.1987 ft3

From 144.625" to 161.75"

m
|
O

C
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For analytical purpc.'s the volume of the downcomer is '

considerec 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 ft3
6. Analytica®’ 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).

Ltm\l:l.ﬂi(ﬂ\/

The second 1ine passes through points (/3.0695, 101.219) and

\
72.5
(84.4332, 144.625).

yrg . 184.625 - 101.219
L - 101.219 = —gzay37 = 73,0695

(V - 73.0695)

L = 3.8197 v - 177.8851

The lines intersect at (72.0474, 97.3145).

L = 1.3507 V for V < 72.0474

L = 3.8197 v - 177.8851 for V > 72.0474

V = 0.7404 L for L < 97.3145
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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

By performing a mass balance before and after a reactor scram the

normal operating mass distributions inside the steam generator can be
determined.

1.

o
.

Following <« scram the water level inside the shroud a:uy the
downcomer are «qQual. See the data sheet for a tabulation 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 1s included with the water masses.

During a scram the steam valve closes much slower than the feed
valve., This results in a net mass loss which is calculated as
follows:

W./R
by L ‘ .y
2.1 &M = Iw (t)dt % (H] - Rt) dat :W'ﬂi

“] = initial mass flow
R - flow change ramp rate

2.2 From 100%plant 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 lbom/hr,

aMc = 1/2 1/R WS, R = W, /at
sMe = 1/2 (0.7) (206,000)/3600 = 20.0 Tbnm
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2.2 Steam flow trace:

= 200K 1bm/hr
—130K 1bm/hr

Flow

-
Time 0 3.1 12.7 sec

Mass loss through steam valve while the valve was
closing.

AMS = 1/2 (70K) (3.1) + (130K) (3.1) + 1/2 (130K)
(9.6) /3600 = 315.4 1bm

2.2.3 Net &M = -295.4 Tbm

2.3 Linearized approximation for net mass lost as a function of
the initial feed flow.

lz‘i = ‘Aﬂ? = ‘293.4 2 = -U.Og
”1~ (206K /3600)
» Net aM = -0.09 w%

See data sheet for the calculated mass changes and the initial

mass values.

3. The steam oenerator shroua mass can now be found by subtracting
the downcomer, dome, and steam line masses from the total mass.

o

See the data shect for the calculated values.

- ¥Shrd

v L = 3
shrd MShT‘d

Y - =~ - \
‘shrd “Yshrd vf)/vfg

F-2




DATA SHEET F.l
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Power .evel 100 % 75 % 307 0%
Po ¢ Scram Data
Level(l) 87.9(2) 94,7(3) 109.9(4) 116 inches
Dwn Water Vol 18.3 " g 37.3 43.9 cuft
Shroud 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 Jv.02132 0.02136 0.C2126 0.02146 cuft/1bm
vfg 0.46479 0.45738 0.47543 0.44367 cuft/lbm
vg 0.48611 0.47871 0.49669 0.46513 cuft/1bm
Massés
Owncmr 858.3 1015.9 1754.5 2045.7 Tbm
Shroud 3081.6 3295.9 3541.9 3583.4 1bm
Dome 105.9 107.6 103.7 116.1 1bom
Steam line 84.3 85.6 82.5 88.1 1bm
TOTAL IT30.1 I505.0 5482.6 . 1bm
. Pre-Scram Data
Steam Flow 55.56(2)  41.67(3) 17.5(5) 0 1bm/sec
Feed Flow 57.22(2)  45,00(3) 17.5(5) 0 b /sec
Mass Change 295.4 182.3 27.6 0 Tom
Initial S/G Mass 4425.5 4687.3 5510.2 5833.3 Tum
Level(l) 126.1(2) 124.5 121.¢ N/A inches
Dwncmr Water Vol 55.1 53.3 S5U.J N/A cuft
Precsure 740 780 843 N/A psia
vf 0.02065 0.02080 0.02102 N/A cuft/1bm
vfg 0.59757 0.56377 0.51678 N/A cuft/1bm
vg 0.61822 0.58457 0.53780 N/A cuft/1bm
Masses
Dwncmr 2668.3 2562.5 2378.7 N/A 1bm
Dome 83.3 88.1 95.8 N/A 1bm
Steam line 66.3 70.1 76.2 N/A 1bm
TOTAL 2817.9 2720.7 2550.7 N/A 1bm
Shroud Mass 1607.6 1966.° 2959.0 N/A 1bm
Vshrd 0.05524 0.04515 {.03001 0.02478 cuft/1bm
A gnrd 0.05788 0.04319 0.01740 0.00748
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DATA SHEET F.1 (cont'd)

Volqui

Shroud 88.8 cuft
Downc omer 94.7 cuft
Dome 51.5 cuft
Steam line 41.0 cuft

TUTAL 276.0 cuft

The levels given here are ref
Iindicated level is referenced

[P-01.07PR Step 6.11.9, Att 1
(281:23:14:51.429).

I[P-01.07 Step 6.9.14, Att 11
(279:10:35:50.024).

[P-01.077R Step 6.7.8, Att 11
(257:22:30:09.436).

Estimated value

Assumed 5400F.

erenced to the top of the tube sheet.
to 116 inches above the tube sheet.
1 Step 6.3, Plant Proof Trip, 100

Step 6.3, Plant Proof Trip, 75

Step 6.3, Plant Proof Trip 30

C
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F.2 Steam Generator Natural Circulation Flow Calculation

1. The steam generator gravity head is calculated as follows: i ‘

sP _‘ LowN - ‘riser ~ Zdrum"\ 3 ft3
L %0 Vriser Vdrum | 1728 in°
1.1

The Lpun/vp term is calculated by assuming vy = v.

1.2 Zriser = 161.75 - 97.31 = 64.44 inches. Assume that the
velocity of the steam and recirculation flows are equal.
"hen,

S 1
x B Temng——E T .
riser HS + “R R
From LTR-115-51, Performance Evaluation of LOFT Steam ‘
Generator and Air Cooled Condenser during the Power kange

Test W. C. Townsend, nominal values of the circulation ratio

R were chosen. See Figure F.2-1. Vejger 15 then

calculatea uy.
|
|

. 'y
“riser T Yf  Ariser “fg

1.3 Zdrum = 97.31 inches. This is the height where the inside

shroud volume versus level lines (see Figure £-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.

V. é 1713 1 ‘
riser
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IIII ‘ . 2 o3
] = /1.67 ft

'dr.m

s Assume that the flow losses are proportional to the square of the
downcomer and ricer volumetric flow.

. (kyVE *+ ky vE ) (RWG)®
l = K1 T %2 "riser’! \"Wg/
3. Least square fit for Cij =a; ky *b; %y
g o3 il k: B 2"

J€ < o9 .
= U = ¢ (C, ~a, K, =D, X -a
ak =& i "1 gy
1
LR R + (N 5.) k
2 €y = \285) Ky T {23,94) Ky
o’ = 0= S 2 (c, -a, ky =b; ky)(=b.)
3k, - i i it 1
&
b.c. = (Sa.b.) ky + (Sb.%) k,
~ i & f 1 1 - 1 2
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(S G
(2a;) (Ja;b,) K (2a,¢,)
(S ab,) (\02) (S b.e
P bl AL 2 2 %%/
- \b2 -Sa.b a.c
1 2 1 & P — 1 1
. 2 - 2
(_\_a.)(lb.)-(\ab) - . ol
k2 i i ii -}_ajb] }_a] 1.ci
2 )
N
1 }_‘11D1 _b]c1
2
L 11 11 Vaibi a}
)
Ky ( as) (}_ - (Sasb, )
4 Solve the fiow loss egquation for R
P4 2 R
4P = (ky ve * Ky Vo iger! 5/
1.2 e 2 2
(i’) AP = wS \kl Vf »* ‘Z(Vf )Vfg) )
1,2 AP 2 1 1.2 2
(i) -w—z- = veky + Vf‘Z* 2-§ Vea VF Ko (R) fg kZ
S
1.2 ,aP " 1 : 2
0 = (-E{) (:é- - vfg KZ) - (E" (2 vfg vf KZ) \JF(kl + kz)
S
T2 2.2..8 2.1 24 .
2 Veq Vf k2 _\4 vfg Ve k2 4(—-2- - vfgkz) Ve (Kl k2)
1
R= AP

F-8
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r
2,2 , aP 2 2 .2
‘ 1 Vfg K2 2 \/Vfgf2 " ':«S* (ky * ko) = vgg kikp ~ vggka
g R*=f P2
g
. S
aP 2
;? a vfng
R = %— . —
f 2P 2 aP
ve Ky * . [ky (&5 = WS k,) + 5k
fg2 - - fg 2 2 2
Vg =

5. The least squares method given in step 3 was used to estimate
kl and k2 using R values from Figure F.2-1. Then the
equation given in step 4 was used to determine corresponding

values of the circulation ratios, R. This process was repeated
several times unti]l 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 15 30
Initial R's 5 7 13
Final R's 5.2104 6.6717 13.0688
ky = 2.2028 x 107 psi/(cuft/sec)?
k2 = 7.8888 x 10'4 psi/(Cuft/sec\Z
' 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 ;s

hrd:
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From the values of R computed in Step 5 and the shroud gquality
values calculated on Data Sheet F.l, the following values of g
were obtained:

Percent Power
igg 75 30
8(P) 3.3159 3.4704 4.3976

A least squares fit yields:

46.359( ,
8 = 2.8523 + _9_%§29’ Power in percent
B = 2.8523 + 21?/4 , Power in Btu/sec
Q

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.

B 89
- ¥
X _ ‘shrd ~ Vf Mshrd f
Shrd N Ve . - V¢ .
fg fg

1

8(P) X
AT Ashed

See plot of data on Figure F.2-1.

3583.4 - 19.758 P, Power in percent (from Mass vs Power curve)



DATA SHEET F.2
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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 ps i
Riser Gravity Head
- 5 7 13
vfg 0.59757 0.56377 0.51678 cuft/1bm
vriser 0.1402 0.1013 0.0608 cuft/1bm
AP 0.2660 0.3681 0.6133 ps 1
Orum Gravity Head
Shroud Mass 1607.6 1966.6 2959.5 1bm
Riser Mass 122.2 169.1 281.7 Tbm
Drum Mass . 37. 2677.8 1bm
vdrum 0.04825 0.03987 0.02676 cuft/1bm
aP 1.1671 1.4124 2.1044 ps i
TOTAL Head
AP 2.1008 1.6834 0.6301 ps i
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W.C. Townsend's LOFT Model

W.C. Townsend's
steam generator
stability analyses -

Hybrid model R = ——

Y

® Power range test data
& Values used to compute gravity heads N
® Values used for least squares fit of
AP and flows
| ! | | 1 | | | |
9 10 20 30 40 50 60 70 80 0 100
INEL-A-13 9441

Power (% of 50 MW)

FIGURE F.2-1

LOFT STEAM GENERATOR PERFORMANCE
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F.3 Steam Generator Dry Jut Factor

Assume that the quality inside the steam drum is linearly

distributed with height.

'RISER P
b - - - --—_-X
> |Case 2 DNB
-
S Case 1
o
1
Height .
3 DRUM
X{h) =mh +# D
Determine b.
{1 - {
“t-DRuM’ = "RISER
- - Y
Lorum T 2 = *RISER
{ - T‘IL
O = TRISER DRUM
X(h) =mh +%X_ ... -mL,..
RISER CRUM
:K-,.,‘- ",,‘ “h
NiIIGN Jf‘qu '
Determine m,
| ."DRUM
e = (h) dh
X DRWM = T AR
uﬁﬁ h




>

I TD 1 ~

LiIR=lU=Zd=REV.,

“DRUM
| = m (Ln " ") Gh
‘DRUM “DRUM (*RISER ‘L oRuM
h_
~
m 7
Lo Raiias 1o - Nh ) =% (Laciaa = h )
X DRUM “DRUM RISER ‘“DRuM ~ "o’/ = 2 ‘“pRiM ~ "o
( X \
. RISER DRUM “DRUM
= L - 2
aanas * B.J I— '
\Cormt = Mo/ ‘Lormm T Mo/ |
Vetermine h_
o
ror case 1, no is the X-uxis intercept.
X(h,) = U
U
X ’ . - m {1 , - h ) = \
RISER ‘*DRWM o’ "
n s Lo “ Rosooni®
o) “DRUM RISER'™
For case 2, h_ = 0
4]
Solve for m.
Case 1
x . — . , -
. RISER DRUM “DRUM
M= ¢ -
i . X -
RISER/m * RISER/m’
2 2

nf2=m-m X

-
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¥
RISER
¢X DRuM

m =

L

ORWM .

X

, | _RISER X prum “pRuM
1 "
DRUM DRUM

ms=

2 (“riser - “orum)
“DRWM

6. Detemmine Case 1 and 2 Criteria.
D1 1 2 i = x
Division between case 1 and 2 occurs winen m RISER/LDRLM

Case 1 applies for m 2Xprser/LorRum

~

2 X

X RISER : RISER
¢ Xppum LoRuM LoRUM
XriseR 2 2 Xppu

Case 2 applies for m < Xpropre/Lppum

¢ Xprser = Xorum! < *riser

“DRUM LORUM

XR1seR < 2 Xoput

1s Determine LDNB'

= X
(Long’ = "ong

Xrrser = ™ (Lorum ~ Long? = Xons
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- ] e e O
Log = Lorm = Riser ~ Xpng /™

8. Solve for the dryout factor.

f /L

“ons/ “oRuM
F«1-(prser = *ong!/™-prum
Case 1:  Xprser 2 2 Xppum
fal=2 (Rovers = R of X &
RISER ~ “DN8’ " DRuM/*R1sER
Cose 2: Xorsen £ 2 Xpmum

f=1-(Xrser = *ong?’? %Riser = *prum’

‘. Values of f are limited to 0.01 < f < 1.0.

The upper limit is reached when XONB ZXRISER‘ In this case

no reduction 01 the heat transfer will occur and f cquals 1. The
minimum value of f is held at 0.0l to simulate the reductirn of
heat transfer by a factor of 1/100 when DNB is exceeded.

g

«17
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APPENDIX G
Computer Program Used to Generate the
Pressure Versus Volume and Enthalpy Table
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APPENDIX H

ANALCG WIRING SCHEMATICS

FIGURE Title
H-1 Reactor Kinetics Analog Circuitry
H-2 Core Thermal Analog Cirr.iitry
H-3 Primary Coolant Control and Indication

Circuitry

H-4 Pressurizer Analoq Circuitry
H-5 Secondary Coolant System Analog Circuitry
H-6 Timer and Data Counter
H=7 [HI Program Used to Set Potentiometers
H-8 - AD10 Tables Used to Set Up the Function
H=-12 Generator

H=1
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FIGURE H-1
REACTOR KINETICS ANALOG CIRCUITRY
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FIGURE H-2
CORE THERMAL ANALOG CIRCLITRY
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PRESSURIZER ANALOG CI
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URE H

FI
HI Prcgram Used to Set Potentiometers
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FIGURE H-9
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FIGURE H-10
AD-10 INPUT TABLE
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APPENDIX I

CONDENSATE VELOCITY IN THE AIR-COOLED CONDENSER TUBES

I.1 Flow Method
Assume that at maximum flow the tubes are nalf full of
condensate.

"max = Qmax/mg = h¢)
SG CR
Omax = 194,626,016 Btu/hr (Reference 6, page 258, Table XXXIII)
hg = 1200 Btu/1bm
SG
hf at 300 psi = 394 Btu/lbm
CR
N = 67 lbm/sec
max
) 1 -
vmax . | o e = 3.01889 (saturated water at 300 psi)
Jmax = 1.2656 cu ft/sec
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fraction of cross number .

Cross sectional area = tubes filled section of
with condensate of tubes tubes

2
‘L n 0.83 I 2
A = (2) (4 (—TE-) ) (230 x 3) = 1.2963 ft
V = Vmax A = 0.9763 ft/sec

Friction Loss Method

Assuming that the tubes are half full

area
wetted perimeter

Equiv. Diameter = 4 x hydraulic radius = 4 x

T (0.83)°
= 0.83 inches

» (0.83)

PO = i -

Absolute rougnness from Reference 10, page 3:

e = 0.001

Relat ive Roughness

| -

0.001 \ 12 . 0.01446
U.83

O™
(0 4]

[-2



F

Reynolds number

x
|

.

3/1¢Z

ft)

(assume 1 ft/sec)

(1 ft/sec)

]

A9 N
4C,JUU

Friction Factor

uids, page A-Z4:
= Ve _,“;(-‘A

_ o
Darcy's Formul3:

(VO
3
9 ft~
‘N-v-’ /
1bi

(0.83/12 ft)

> Y4

f

+ /
-/

\

w . ;0.000672 1bm/ft sec
(0.13 centipoise) | < it ne )

centipoise X

sec )

\V

AT

/
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‘ APPENDIX J

YSTEM CALCULATIONS

b 2 ]
m
m
o
>

>
m
X

w

Assume 10 subcooling at feed flow corresponding to 50 Mw
operation.

|

3 - - Y

(l/‘ y = N : \T,~~. T } TC 2 an %
P CR FW FW CR NLD

A
= Ur |

o UA I Q h )
& = 7.— A\ Ay - - AMR
‘VD “K ~ N0
. N A” Al
UM - Q - -
 oandti = =
L Neg = N - A
p Nag = N = = Ci M8 Cp 45
U AMB N

~ = 60 Tbm/sec
aT = 100F

C. = 1.093 Btu/1bm °F



—
mno

LTR=10-2-Rev.

hCR = 394.0 Btu/lbm
2 - (°8 (10.93)  _ 5 3167 1bm/sec.
p & o» . J}

Feedwater Pump Internal Resistance

Shut off head 2360 ft (Pacific Pump Data Sheet)

e

3 2 e L :
(2360 ft) (53.36 lbm/ft ) (ft /144 in ) = 874.5]1 psi

head at 600 gpm = 2040 ft
ah = 2360 - 2040 = 320 ft 118.5778 psi
L 3
600 gal R 1 ft . 53.36 1bm g min
min /.48 gal P 60 sec
118.5778

“ 2 K : 2
R, = m = 0.02330 psi/(1bm/sec)

T

J=2

71.3369 1bm/sec



APPENDIX K

ANALOG/DIGIT INTERFACE

LTR-10-2-Rev.

'

(8% ]

o N oy 0 B

(Ve

>

._.._.,..‘
PO b

1DAC

14
15
16
17

18

DAC

000
0ol
002

003

Variable

QcLap/MCCL * 264
SGLVL/400

SOL/ 20

asOL/2

WFW/ 500
WS/500
WPCS * FLOSC * E-7

PRLEV/100

Variaple

Use

Core Thermal
Chart 2-3

RKS

RKS/Chart 2-8
Core Thermal
RKS

TAVE/Chart 1-2
Tayg/Chart 1-4
Chart 1-8
Chart 1-7
Chart 2-6
Chart 1-6

use

(CBAR-1500) * 5e-4
XMSCV

PCR/500

VWCR/400

PSG * 5E-4

(THLI-600)/100

K-1

Chart 2-
Chart 2
Chart 2-1
Chart 2-2
Chart 2-4

Misc. Indication
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APPENDIX K (Cont'd) .

ANALOG/DIGIT INTERFACE

[ARY ADC Variable Use
1 040 (TeLap-600)/500 AD55
2 041 -VWP /200 0050
3 042 (PPR=2000) * E-3 All0
4 043 XW * 5 T131
5 044 (1-XG) * 5 T133
b 045 -(TFUEL-1000) *.E-3 A018
7 046 RPA/100 AU47
JDAC DAC Variable Use
1 032 (nw - 675)/125 Pressurizer
2 033 (hg - 1100)/150 Pressurizer
3 050 -M 12000 Pressurizer
4 051 Mg/ 500 Pressurizer




ZTVIRLIW RS /AWM

PrLANTA b
nuny PROCEEY PLAN) A
onn? 1HCLUNE DKL ICOMMY 3 FINZLISY!Y
onny ¢ DIMFNSION  DAT(I20) ,PA(256),TPAC3) FSET(23,19)
nong o« COMMON /DATY/
. T, HPA, vVinne, PLA, PPR, t 1=5
, 2 Wi, OCLAD, snL, asG, PSG, t 6=10
. i POH, XSFwW, WhW, (MSCV, (v, 1 11-1s
' 4 PANG, TCLAD, CHAR, T™7e, PLRMW, ! 1A=20
' S PZANHY, WKARV, DIMSPT, Wh, HEW, ' 2125
’ 6 wWLnC, WHNC, wiene, PZRMG, Y 26-29
. 7 wWpes, WONRE neynT, TTUBRE (), GATR( 3), t yn=3n
. LB CI R T HONPOS, PZRNG, nLMOD, pLF, ! 1G-a8
' c DLA, NCKR, KHISER, PMASS, HWCH, tAR=50
. 0 pMSHET, TAM(S)), SGLVE, sGv, HDWN, ! St=10%
. 1 DWMASS, SOMASS, wn, SHRDX H5G, f106=110
) o WSORY, CHUASTM, CHUSTM™, CONDME, CRHA, =118
. 1 HWAPR, HGPR, P7RNOMT, CRMwW, DELMAT, Y 1I6=-120
* 4 VORP, nEXT, kP, THLT, PLT, f 121 =17%
. s VLT, PRIEV, AL t 126=178R O
noons COMmNN ZPA/ g: )
- 1 RPACem, HTSCRM, VSChM, HPSCKRM, LPSCRM, 1 o1=5 =
’ 2 TCKRP, TOHLT, TCLF, 1CLe, KSURGE, ! b=10 ::
. I PELT, SMTSLN, WwPCST, RLPMHAR, SChLY, t 11-15 )
. 4 SMTFST, sSVTe, noec, nepo, TCCLT, ! VL=20 o
» § SIWiKG, VSFRIRD), 58P, HISHP, ' 21-R3 E;
. 6 SUMYar2yY, FLTHMD, FLTYMX, RESP, RCSP, ! H4-n9 — >
- ' 7 WTise, HI2SP, HASCRM, SPACIO(Y), ' a0-95 == -
' * 9 Suwmin, cLic, cPIC, VOKRAIN, t 96=-90 — m
et ' 9 VINI, HAKFR(oG), SPECI(Y), t 100=161 o &
L N FFRMN, SPACF2(11), DLS(2V), RIRSVI ), HAYSWIY), ! 164-704 o) —
. 1 SPACH), ATRTEL, WATR®NOY)Y, CRELSP, CHRLOK, t 2057211 E% -
. ?2 CHRELF, TAMK, FeRMp FYpLy, TIASCM, ! 242-216 el - )
’ 1 SPACFaA, ncow, REACHY, TIMEX, SPACES, f =20 %;
' 4 SVRMPN, PEMSVNS, PMSVLS, PMSVDP, CIND, ! 222720
' S CKCNKE, CKSaG, RXPWH, THOT, 3GLSP, ¢ 221-29) e
. & PCRY, SPACENT 2), PrLOOwY, WAPZR, t 2372=-23¥6 w
. 7 SPRCONT, FZLEVT, LPHPIS, SPRNOM, RCOA, Y 247-241 :j
. P RPDR, SGXDhiky, SCRSY, SCHS2 1 242-245% =
0nne * COMMON /7 IPA/ &
. 1 1TENTP, KSCHAM, TRINT™, PSMTM, IDLZER, f 1=8
. 2 KNOHTH, 1CONC, 17ng, YSCRP, 15VRMp, ! h=10
’ A KHTR, 1Swp, ISMTD, 170w, 1CPHP, ! 11=-18
» 4 KSCMN, n, KSPra, KBk, KNSPRE, ! 16h=20
. S JiNng, INRA LN 10PMSY, ICLMSY, ! 21-24
B £ OIFLMN, IHPTS, ¢ 25-% e
. 7 Icovs, Icne, oy, t 27-29 73
* R ICOLR, 1°n2s, Icn2e6, 1Co27 'ojo=-33 :_
nnny COMMAN o
' N AIRFLOCYIS)Y, ATHRDOZ, Cesvy, COPFW, CFLTRHE, ,L
: 1 CIND, CK(S1), coesy, COMNDAR, COMNME L, 1
. 2 CPAIR, cen, CHOM, CROM, CROVYZ, -y
. { CHHF, CRNG, CHHSTY, CHHWT, CHMW), <
' 4 CRWL., CRELT, CHSTMY, CRVF, s
. S CREG, Choaw, CYEW, o
. & CVruy, CUNSCFI14), TVes” Y, C2R0, PECAY(H),
. 7 DFLTAD, NENCNR, DHHPF, DHME ,




2=

Pk TEAN
PLANTA ¢ TN

00NR

nnng
ann
oo
002

PR B B T T T R T I B I B I N I I B I

IV=iae,

Se®

DTN P ew -

P~

Ve SN LA ew N =D OD NPT Ba V™ 0BV S aN-

Vi de%)

158445 04

FTRIRILOCKS /HN

th=bbiiean

nEm,
nLesSPE,
DVDH,
FANFROY),
FLTNSC,
GHILP,
HOTFF,
MG,
HEFF(S1),
HSP,
HY9n,
1ARY(16),

1PARMIB),
TTMSH,
ASFT(4),
LISTPA(69),
MKP,
PANFAD(69),

PCRSP,
PRESSF,

PZRNGT,
WCLAK(4),
uniIRl,
RCSPT,
RMPMEY,
SCMAS,
scnpz,
SGK2,
SCRA?,
SCwiIC,
SORAYW,
TANCE,
TCMD,
T™OUT,
TSATSGE(19),
WATHEY),

ASEG,
VAR,
VETABI(19),

VSFRYV,
VWiR,

wWORRY,
woACe,
WSCRVL,

7Z(51)

NELUSHR, DELMNEN, NLMIND,
DILMRC, DL MEM, niMEp,
DNMEW ATATEEY), nrTor?,
GUEEES | Rl FXTARA,
FLNAC, FLATRAN, FLOW,
FUuTIM™, CHHP, GHOP,
HAME WSy, HCOWALISY)Y,
WF, HECRT, HETAR(19),
HGCR, HOTAK{19), WL,
WS, nsace, nsan,
HSIP, HTaQ, HTIN,
HT2T, HIDK, H2DW,
IDACEIR), INFLTa,
InIsc, ins, INSKR(2Y,
I1SFT(%), L 1TYINF,
IThEY1Y), ITRNP, JOAC (4,
KSCSHFT, 1sP2, LASTT,
meey, MCTUR, MRC,
NHE, ASPY, NDATC12R),
COMMON
PANCYE,, PCNRRK, PCRO,
PLIIC, PMSVHT, PMSYL Y,
PsCN, PSOETI(23,10),PS5CY2(23,9),PZRDKH,
PZRNHCY, PZRNHw], P/RLNOS,
Gis), QAR 0enet,
OCONDT, OCORF, ange,
HARFRY, RA, RC,
HHOIS1)Y, Ry, RMPM™,
RPSPT, RXRTH, wcwe,
SCHMTM, SHiR, SCRFETA,
SCHF , s6nG, Scxy,
SaLvia, SGmMasSt, SGRAY,
SGRT2, S6VF, sava,
SHEDVY, SLPI11), SPRAYG,
SURFLN, SVGaTIiNH), TAIR,
TRN(SY1), TCALC(SY), TOoLADC,
TimM, TIN, T™OT,
TSaAT, TSATC, TSAT K,
TTUREL, THALLISt)Y, LaccCe,
HAOUTC Y)Y, vAONTE, UASC,
HK(S1), HRCONE , URF,
HINFL Y, HWonTEe ., Vist)y,
VOORK, VOORA, VDR
VOTARIIS), VRAWP,
VRFY, VRISFR, VSFRO
voTn, VSTCR, VVESSH,
vep, WATROF(3), WwHAY,
WCANKR(YY, wCNNDC ), WCONNT,
WDRAIN, wnsa, WEACC,
wWing, WS, wseor,
XDRIM, X6, XMSCVLL,
XMSCVN, XSEWY, Xw,
COMMOM /DATIN/

FOAT(S12), THAM _UNAM, Ni'\

PaAGE 2

DLMSH .,
NwiLL,
Fione,
FPMAS,
Hist),
HOWNT ,
HGAS,
HsC,
HST™E ,
HTIT,
IBSPR,

IPRINT,

KSCHMS,
LPACIY),

PANGIH

PMASSD,
PSatl,
PZROM,
PZRMUT,
GOONDC ),
0sc,
REACTN,
kPILIC,
SCRAM(R),
SGHEAD,
scuy,
SGRT1,
SHENDM,
SSPY,

THLIIC,

TSICRIY,
HAINE,

uenm,,
VAPH,

VSINCR,
VNCHT,

WOMIN,
WSGRV?,

LASP'S INSFRTED SO
IVARTARLFS ARF 0N
14 RYTE BOUNDARIES,

FOQUIVALFRCE (DaT,TI0), (PA RPSCRMY, (177 ITRNTP), (PSGT,PSGTE)
DONRLE FEFCTISTION PAHEAD, SCHAM, LPA, TNAM, HNAM

LOGICALY

IDAT ,PARF (20) ,DUMMY(S512)

r~
-
=
'
[
o
'
nN
'
X
o
<
o









AT A

LAY
AIMYL 1SHL 4 AWy
SAIvA dtidul

YL 40 NOUISNAwLY

(RN R TTTR AT AN 2|
IS R TS R A |
121°NOD" 1 "My

440 401 vA Luduni

LERLFEL ]

Snlovds

SAlnuixlly

Levouu

-

()
9i
col

UNS4
Nl 4

HASTLL )44 401 ) 4=4 1MV

"PHOUMM/LLAS 440

‘4

.

x)

ol

g |
(]

(¢

.

)

N
N

ld)

4

.

JUNIn=]
Juniw=1
Il=ld4=44
NIz
Jalu=ld
(L)a=n
145440
JA=Ji'mH

L1)d NULSNImIU
fivedl NOLLOUNDA

= dasvoully

ETAVIVAITY]

vPouvu

vitouo
1218

SNUTLOAS

1ovdS Iviug

SHYAS
Vivuls
LAUuOs

AnYN

wWYHDUNAG

tftue
Zilu

iou
vioo
bULY
R
tuou
YuuL
SUuw
LAV
tyuu
AT
oo

"rlaviA



9~

LN ] ' ' ELE R FLE R | 55495 v LR B 1]

PLENTA Y FTRIBLIM ES /WM

oanny SHRROUTINE ZFROGFUNCTY, X))
 of
c THIS SHRPOUTINE FINDS X SUCH THAT FUNCTIX)=0
C PFUNCTY 1S THFE NAME OF THF FUNCTION SHRRODTING

?

FHE INPUT VALUE OF X IS USFD AS THF INITIZL Gty

YAk o

WHICH DREFINFS FUNCTY)

88,

c THE DHTPUT VALUOE OF X IS NDETERMINFD TO WITHIN 001N,
C
non? PXzXe) Fe=d
nnny nn on ¥s31,20
nnng YOSPUNCT(X=NY)
nons Y2=FUNCT X 4DX)
N0os YIZFUNCT(X)
nony NY=(Y2=-Y0)Y72,
nnone IFI(DY FO_0.) NYsY) P OINFLECTION POINT, BUMP X RY DX,
nnn9g KzX=yYloDXx/ny I OSF NEFHTON'S METHOD TO VPDATE X
non IF(YORY2 LT O, RETURN P1E YO AND Y2 UMAVE DIFFEFRFNT SIGNS
r i THEY BRACKET THE ZeEKROD VALUF
anun 300 CONTINDE
nnN2 TYPF YV, X, YO _¥1,Y¥2
ooy 1 FORMATI Y SURRNITINE ZERO #ATLED TO CONVERGF, Xz ' 20,3107
' YYD LYL,Y2: fLAE20,10)
nNntva RETHREN
nnys FNh

PROGCRAM SPCTINONS

NaMF SI2E ATTRIBUTES

SCNDFY  NDD4YA 134 RW,1,CON,LCL
SPDATA  NNOONA ? T, DL, CONLLEL
SIPATA NODJ04 14 W, 0, 00N CH
SVARS 000026 " H,D,C0M, LeY

TOTAL SPACFKE ALLOCATED = 000552 181

DXLIPLANI S, PLANTASDK] IPLANIE . FTNZLO/COI60/1121

11
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TR LA ) var pey 193445 T e )
INITEY, JTHIRLOCKS /Wi

nom SURROUTINE INIT
ann? INCLUDE DRI sCOMMYY FTN/NOLTIST?
0nnis FXTFRNAL SGDP ATHDG
nn1k DATA PANFAD/'RPSCHM!' _THTSCRMY YVSCRYY  VHPSCRM!  VEPSCRNM! P TORP,
CYCHLT L 'TOLE Y L TCLP L 'RSHRGF Y L 'DFLT ,'SETSLO 10w , *ALPHAR",
CSODLY L' SMTEST L 'SVTC L, 'DOPCY L 'DPPOY 'TOCLTY Y, 'STMLEG,
CSSPYL,HTSHP® 'FLTMD ' FLTMX Y,
CPPSPY  'RCSPL, "HTISP! , 'HTISPY,
YRASCRMY CSURMIN' ‘CLIC ,rCPICY,
CVRRATINY , "VIND'  "FFRMN'  'ATRTSE Y,
YCRALSPY  'CRRIDA , "CERRLE" ,"TAMR! [ "FURMPT!' ,"F¥DLY ', "TIMSCNW',
IDCORY ,'REACEX ,*TIMEL® , *SVEMPEN?,
TOMSINS > TpuMSsSYLSY 3 TPMSVIIRY crTane > CCECORE » tCESe »
CREPHRY, YTHOTY, '"SCLSP '2CRTY, 'PLOGEYY,
TURRZRY VSPRONT ,'PZLEVIY ' LPHPIS ,'SPRNOMY "RCDR Y, "NPDR Y,
FSGYDNRY  YSGRST Y, Y SGRS2Y 7
nu1? DATA LISTPA/Z1,2,0.4,5,6,7,8,.9,10,
PR 02,00, 04.05,06,10,1R,19,20,2Y,
H2,HY, 86,87 88,849,590,
91,92,96,97,98,99,100,
164,206,210,201,212,7201,
204,215, 216,218,219,220,222,22)Y,
224,225,200 ,227 ,220,2729,230,23%1 ,242,
235 796,237,734 ,239,240,741 ,242,733,
244,248/
nnLe DATA [ DAy
CITANTRY IKSCRAM' ' TRUNTM?Y (VTSMTMY SV ID] ZFRY,
CEMOPTR _CICONC! Y1200, *TISCRP Y,V ISVRMPY
TKHTRY " ISMP! YV ISMTID' ' 120M! Y ICPRP,
CKSOMNY v IDY,'KSPRAS VKPR L YENSERRY
CHINDY L VODRAINY Y OPMSY Y Y ICTI RSV,
CAFLMNY  YVTHPIS?Y , CICOISY 100860, Y TC08 T,
PICO1AY LV ICO28 LN ICh 28, IC020Y 2
nn1e DATA SCRAM/YHMAMUAL CLYHT PORERY,'HT TF#P','HI PPESS’,
1 IO PRESS  'Luw FLOW' , '*RARY 'LUTIMED ',
on20 DATAE NASC/2.%7
0021 DATA BACC ,UF WL, CPAT /0, 0151,.2778,.242/
0n2? NATA EXTARA/SnI2R,/
on23 DATA CONDAR/Z2210,/
an24 DATA DWFIL/22 877
n"ts PATA MCYURSIOOY B0/
0n2e PDATA HAMR _SCHMAS/Z100, 400,/
02} PATA PPMAS/IAGS,/
na2w GATA ATRELOZ2,,0,,15,,0,,65%,,04,,100,,114,,126,,137,,148,,156,,
1 1IR3, 100, ,174,7

B T

- -

B - A I

nn29 DATA ISFT/70.0, . 6,7,8,9,10,11,12,13,14,15,64,65,66,67,68,69/
0030 DATA ISFT/72.,3,4,57
uny DATA SLP/Z3On, 350, 1), , T N7S5F=3, 5, 607F~4,4 100F=3,2,R19k-)},
| VL IR2F =3, 0, 732F=3 ,~0,429F«),~) 889¢ -3/
nny? DATA ITR/300, 850, ,11,,.50,510,82.171,.53.,087,%3,.1707,
1 SALVIG .55 296, Sn 869,59 9747/
noll DATA v/
1 192,540,009 2 33,206, 80,0,80,072, 40,592, 76,101,.084,2¢)_%6,11.n4,

1
1

403,000,203, 50,402 Re,9.65,505,.07,307.91,3,2R0,7.64,6.09,),78,
n.49/
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g8-1

'R Y

be=b "ELF R | 1%id4 8800 NP Fhsun vALE 2

THITIA _FTIN FTRIRLOCKS /WR
¢
UET ) DATA WCy
1 %151 ,.,100144 59, 20536,.25,526.401 1303, 94 50 1A0,9)3,
' 178.62,95,.57,91,.30,693, 21,4017 A5, 20204 R 4% 107,565,508 RS,
1 $0296.99, 390462,.76,195,21 455,01, 19R 59,195 ,.21,29, 1R/
P
UTER Y NDATA HCWAL/
1 1890, 0,3061.85,62.49,237, 75,503 28,1473, A6,29242,92,1 6K,
1 3090, 20124 4K, 4094 14, 15HR 4, 501057 K17 ,39115 88,
1 101,03,207,29,181.13,101,03,0185,.56/
¢
onie NATA hKFF/
1 40342 SS,1005HR_ A3, 2010, RO, 11,289,863, 15,5423, K4,20,64,370,15,
1 IHNA R, 21, 00,3825 _9,2940_ 99,4973 . 14,165.89,50131,75,3%3.,15,
1 29.74,037.94, 120 R1,29.74,11857, 5%/
"
0oniy DATA Chy/
1 4OSNR A0 100170, 49,2048_ 37,3, ST, 2, 45,501, 56,1,.14,2¢49,31,01.,14,
1A% 6R, 291 101,401 74,07, 51,501 2,06, 301 19,1 . 8R,7,.83,6,R5,1. .88,
1 4R 170/
o
nnas NDATA 2/
1 481 375,5¢=1 A0OR_ 5| 408,292, 735,=1,.75%1,6%0_0,-2_5R),
1 =0,9SR,0,9%8,2.541,2.433,2%0,0,-2.08)3,=-_7%,5%0,0,1,R58,
1 S82,.514,2¢0 . 0,-1,707,4%0,0,10,97/
c
nnas NATE SCKY ,SGK272 . 2028k=2.1, 08888F=-4/
0nngon DATA WSORVY WSORV2/725,,25.7
no4t DATA SGHRY,SGRK2/55,,56.7
0ng? DACA HIDR H2DAZI0, 15,7
LURR] PATA UTYO NT2Q72922.1052/ | 74KwW FACH
anag OAT A MEC MEP/745232.,1200,7
nanas DATA SDR/2S ./
¢
onan NATA MCCL /4K, R9507
nng? NATA VEFF/730, 704/
OOaR NATA RC,RA KRL/2,0835,39.5%809,131,5408/
c
onae DATA TSATSG/Z100,,100, 19,327, 8,368 % 417.4,444, 6,487,0,
1 48K 2,503,1,.510,2,532,.0,544.6,556.3,567.2.5717.4,
1 SH7.1,596,.2,604_ 82/
unsn NATA HFTAR/ZINDO, 100, 19, , 29R,.%5,355,5,394,0,424,.2.449.5,471.?,
1 491 ,6,506 9, 52A.7,542,.6,557.5,571.9,58%,6,598 . 8,611,7,624,2/
onsy DATA HGTAR/ZLO0,,100,,19,, VIR, 2, 019R,.3,1202.9,1204.4,1204.7,
T 1203, 0,0200, 8, 0199,.3,1196,4,1192,9,1989_ 1,1184,8,1180,2,
I DR A RATE PERR LIS I REY V)
nns?2 DATA VETAR/IOO, 100, ,19,, 01774, 01839, . 61886, 01934, 01915,
1 .02013,,.02080,,02087,,02123,,02189, 02198,,.02232,.022646G,
1 .N2307, ., 023%46, 02387/
nns 3y DATA VOETAR/ZIN0, 100, ,19,, 4, 4310, 2 /R813,1.54274,1.16098,
1 .92762,.16975, 65556, 56096, 50091, 44596, 40058, , §6245,
! L1299 ,,I00178,.27719, ,25%4%/
nnsq DATA CVNSOFZ,1,0,,14.,0,,.0224, 07289, .N0)AR, 0520,
1 O8RS, 0907, 1196, 1592, . 717,.28087
6nss DAYA OFCAY /N, =V, ,.68,,.9%725, ,062R), ,08Ra84, 0316813, . 019377
NLEY DATA SVGTZ100,,2000, ,8,,  YRRY, 1750, 1627, ,.1513,,.14087

9Y-2-01-411
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Pt aran i Yozt NN ERY BT HE ekt heun 3
INITIA ZTRIFILAOCES /NN

0087 NATA PSGTY/
\ IR9, AT, TRA. TR, 1R 05, 17R.82, 173,41, 167,34, 160,39, 152,57,
1 143,96, 134,60, 124,67, 114,37, 10X M7, 93,40, BIAN, 73,37,
1 nd,15, 55,60, 47,82, 40,82, A 60, 29,06, 2443,
1 374,00, 316.7Y, YOR.05, 297,94, 286,32, 273,14, 258,50, 242,47,
1 225,37, 207,43, 1R9,.00, 170,53, 152,31, 134,73, 11R, 09, 102,57,
1 AR, 37, 75.54, nd,12, S4.06, 35,31, 31.77, %N ,.))3,
1 810, 6K, SOY_.39, 4HI . 62, 464,36, 440,54, 415,32, MR, 05, 159,11,
1 379,04, 298,47, 268,01, 238,27, 209,82, THI, 05, 1SH.31, 1i5,.60,
1 115,61, 97.72, H2,9R, AR,.54, SA,92, 47,05, 3IN, 72,
1 TIR. TR, 750,03, 717,00, ARO 1S, AY9.T5, S96,.14, 550,18, 502,67,
1 454,63, 401,01, 360,80, N6, T8, 275,54, 237,61, 203,25, 172,55,
\ 145,47, 121,86, 101,44, RA,07, 4932, Sb6,91, 45,54,
1 120,08, 10R9, 78,10013,47, 951,56, AAS_ 79, KI16,05, 744,85, K127,
1 601,04, S31.95%, 466,20, 403,96, 14R,.65, 297,75, 252,135, 212,40,
1 177,63, 147.69, 122,14, 100,53, 82,139, 87,26, SA,02,
TOOANE7 19, 14A5, 35 1375 80, 1279,03, 11 TR 69,1074, R9, 970,04, RAE 90,
1 166,97, AT1,.96, SAI,I), 501,96, 428,41, K285, 305,16, 255,00,
] 210,82, 175,01, 143,90, 117,86, Nb, 06, TR, 05, 61,22,
1 O 206m6.80,19387,97, 1004 . 5T,1661, 47,1516, 77, 1350,95, 1224 ,R7,1084_,49,
1 950,61, R25,67, 110,84, 690 .86, S14,09, 452,37, 361,26, 100,03,
1 247,82, 293,87, tub.64, 135,80, 110,24, R9 24, 172,02,
1 2659,44,2483.11,22908,.75,2097 68,1896, 41, 109K _41,1506,48,1322,70,
1 11S0,.SF, 991 .80, H4T7,.73, 718.86, 6OS 09, S05 k&, 420,32, 347,26,
1 205,43, 233,53, 190,27, 154,44, 124,94, 100,74, H1,07,
1 000,00, 3600_ 00,28 35,49, 25713, 16, 2315,17,2087 41,1611 43,1579, 68,
1 13I64,90,1169,.00, 993,08, RIT,21, T00_,RT7, SHD,95, 4H2.03, 398,47,
| 324,52, 264,47, 214,70, 173,68, 140,06, 112,04, G036,
1 3000,00,3000,00,3000,00,3000,00,2751,85,24387,02,21135%,62,1R%),96,
1 1591.62,1355.94,1145,.86, 961,27, ROO_96, 663,25, S46.16, 44 .46,
1 1C4,.92, 295,39, 239,45, 193,46, 155.5R, 124,79, 99,817/
00SA PATA PSGT2/
1 FONO, 00, 3000,00,3000,00,3000,00,3000,00,2837,36,2473.02,21136,.84,
1 1R2A 57,1551 ,.2R,1105,.34,1090,3%), 904 R, T714F .45, 612,47, S00_ 0K,
1 406,56, 329,22, 265.67, 213,72, 171,46, 137,21, 109,57,
1 30006,00,3000,00,3000,00,3000,00,3000,00,3000,00,2824,57,2430,35,
1 2073,40,1753.59,1470,42,1223.99,1012,26, HI2,.34, 680,77, S54,109,
1 449,28, 12,86, 292,10, 23445, 1R7.6R, 149 K9, 119,47,
1 ¥I0060,20,3000,00,3000_00, 3000,04, 36000,90,3000,00,3000,00,2734_.50,
1 2124 75,1901 33,1640 62 1361 .S6, 112273, 920,55, 150,84, 609 49,
1 491,04, 397,29, M9,.11, 255.59, 29%4.2), 162, .00, 129.53,
1 3000,60,3000,00,3000,00,3000,00, 3000,00,3000,00,3000,00, t600,00,
1 2578, 8, 2172,02,1813,90,1502,64,1216.09,1010_,.91, R22.68, 6KhG. 42,
1 S31.74, 432,40, 146,064, 207,03, 221,04, 175,93, 139.7n,
1 3000,00,3000,00,3000,00,3000,00,3000,00,3000,00, $000,060, 1000.,00,
Y O2RA0 AT L,23RR 35,1990 B2, 1846 R, 1351 R0 1103 1R, A9S . RT7, 724,29,
) SRY. 12, 46R_ 20, 374,87, 299,04, 23IR_14, 1H9 2k, 150,14,
1 3000,00,3000,00,3000,00,3000,00,3000,00,3600_00,3000,00,3000_00,
1 INOO. 00,2601 6R,2168,.51,1792,23,140A9,58,1197,26, 910,64, TR} 10,
1 629,73, S04 "9, 303,107, 421,30, 255,50, 202,78, 160,67,
1 3006,00,3000,00,3000,00,3000,00,3000,00,3060,00,3000,00,3006,00,
1 INOO,00,2027,13,2350,11,1940 7R, 1SRG, 31,1293,24,1046,39, w43, 30,
1 - 676,90, 541,57, 432,00, 343,89, 273.10, 2im.468, 171,33,
1 3I000,00,3000,00,3000,00,3000,00,3000,00,3000,00, 4000,00, 3000,00,
1 3000,00,3000,00,2530.20,208R,4R,1710,94,1390,02,1123.5), 904,09,
1 124,72, S719,08, 461,42, 366,77, 290,93, 230,37, 182,12,

J "AY-2-0T-¥11






L EREEE BN

INITIA,

0100
o101}
nyn2
010
a1ng
0108
nine
0ornr
NInR
n1oe
aryn

Oids
m3
0148

L e T B |

940

PR R

220

930
LR
93?2

250
97
251

Q
Vit =% 195:48:5n UL B +

TR S/nR

TYFE 1 0}
FURMATO Yo' 10X, 'CLOSE OLD FILFEY)
G TOH ROND

CALL DATIDCAS(NRR=7)74,2,.0)
1PARMI2)Y=512

IPapsrayz=n

IPARMIS )z

CALL SFTFF(Y)

NSk

IDIsSC=)

GO TH /800

LIST HONTINE

NPENIUMIT=D, TYPF S ' NEW'  NAMFZ'INIT ) ST RFCARDSIZE=1132)

WRITF(A,908) (IDAT(I), 130, 72),(IDATIT),1=456,49%)

WRITF(6,910) (IPAT(1),1=73,144)

IFIXECRAY FO_NDYGO TO 211

IENINTIINGIFLNATIKSCHAM)Y ) ZEN0G(2,0) 010

PRINT 940, TIM, SCRMIM, SCRAMIT)

FORMATOIX, "RUN TIME=" FH, 2,'S¢C SCHAM TIMF=' Fu,2,
‘SEC SCHAM TYPF= ',2R0)

PRINT 930

nn 220 1=0,%

WRITE(R 40T (PAMEADCIOS T+ ) L ISTPA(IN®T ), 021,10)

WRITE(A,008) (PATLISTPA(YOSTRO) ), Jd50,10)

CONTINNE

WRITF(A,907) (PAHFADC(I) LTISTPACD) J=6),69)

WATTH(A SO6) (PRILISTPACI) Y, 0261 ,69)

PRINT 914, ATRSW (199=2001)",'RAYSW (202«204)" ,"WAIRMY (207-209)"

FRINT Q12 ATHRSW RAYSH, WA TRMN

PHINT 914,'VSFP (22<H1)"

WRITEIA,S9)17) VSHFR

PRINT SI1Q,'"RARFR (101=180)"

WETTRER,4912) RAKMK

PHINT G14,'DLS (1T76=194)"

WRITF(E,912) DLS

HRINT SI0,(LPACT),131,4) (1PACTY. 1=221,2

PHINT 931, (IPACR),I=0,4),CTPRET)Y . ¥=2%,27)

PRINT 930, (LPACTY _'=25,5,-1)

PRIMT S, 00PALT),I220,5,=-1)

PRINT Q30 ,(LPACT)Y,1=28,10)

PRINT Q32 (TPACT),1=26,00)

FOPMAT(IX ,15%R)

FORMAT(IX,T15,151n8)

FORMAT(IX,17,1518)

PRINT 30

WRITFIG,210) {IDAT(I), 1=21,52)

CINSEIUNTIT=n DISPz'PRINTY)

GO TH ROO

CHANGE ROUTINF
TYPF G117

FORMATO "o 10X, "ENTFRIINDEX VALHE NR TNDFEX1«INDFX2 (<CHR>ZRTN)')
TYVF 918

) ASY-2-01-y1



o2 ¥ . IN=Fih v i “ EYE R FRL) ek bt o VALF b

INITIA P TN FIRIRLOCR L ZNKE ()
nyas Q1R FUBMAT(IX,"CHE2Y _2K,.8)
0150 ACCEPT S0 10, (DM (1), 121,10)
n1s1 919 FOARMAT(O,7241)
6182 1FI1Q, FQ 0)GO TH w00
01513 na 272 1=1,10
Nise TFEDUMMY 1) FQ. ', )00 To 7?5)
0n18s IF(DUMMY (L) FO_ "= )G T 254
0156 252 COAMTINUE
n1s? GN TH 250
N1SA 2513 DECODE(TO,92) ,DIMMY ) INDEX, X, PA(INDFX)
D159 92 FORMATOICTI=1> A Felu=1>,0)
nyA0 G ThHh 2%
n1s 254 NDECONEFLIN, S22, DUMMY Y NSTRT X _NSTOP
0162 922 FORMAT(I<I=1>,A),1<lu=1>)
WA R | TYVFE 923
n1ka 921 FORMATE AX, *CARDS Y ,2X,8)
016% ACCHPT Q02,1ICARDS
N16A IV ("CARDS EQ 'Y )N TH 758
167 TYPFS, 'ENTFR VALUES?
N1&6AR DO 258 I=NSTRT, NSTOP
0169 TYPF 257.,.1
0170 257 FORMAT (1X,013,', '.,.8)
orm 258 ACCFEPT  FALT)
0172 GNOTO K00
N 259 READCY,®) (PACT),I=NSTHRT NSTOP)
0174 PEANCI,* ENDZRONIDUMMY
0175 GOTO ’ON
e
c 10 SETUHP
c
0176 260 CALYL ASHYLN[O,T)
oM CALYL SPHYFF(OD,1)
0178 CALL ATTACH(Y)
0179 CALL CONSDOID)Y
0180 CALL HONIO)
018 CALL LFX(O)
NIR2 CALL STRFF(NO)
Ni1R3 CALL TSCAL(N)
NI1RY CALL LREUN
n18s CALL IC
0146 CALL SFTCL(Y,0)
0187 CALL SFTCL(2.1)
D188 CAlLL SETCLI2,0) LINITIALIZF THF SAMPLE CDUNTFR
c
c COMPUTE INITIAL STEADY STATE TEMPFRATURES
¢
0189 RABRTH=K(PWR*G4R
n1s0 ODINI=HXRATHS D)1RT74, ! DIRFCT HEAT PER NODE
0194 OCAPI=HXRTIS 0303 ! HYPASS HFAT e
0192 OCOREZRXRTH=OCHPT ! CORF HFAT:CID#DIR ;;
0193 BHOHOT=Z41 SR+ DRSO FIISTHOT=1 . 44741 F <4 s THNT S THOT ’
1 $IPLOOPEI=2200 080 0002543 . R9F«10FUP( 012879THAT}) ES
n194q FLOWZWPCS I/ (RHOHUT® 1600,) '
01498 WOFLOGONC (1Y /VEY) g
0196 TCOLD=THOT=NXRTH /WO 1'3
2

o

o




LA R L M gl | P34 88 M=t rn=ni)

INITIA, JTRIPL W RS/ WN
019 HISHNEF(II O (FLOWE _SS/7VErEiIee R
0198 HACORES(1, /CKCOME ) /N1 ) 00=)
n199 FOORF=(1 4V Z0 9950 (WO ZUNACORF=DFLYSFINOW/VIL)I)) )00
0200 TCLADBCETCOLPAOCORE /{ L958RC (1, =FCNHRE®0d) Y=ODIRT/UACOKE
62010 HSZHERF(S)I®(FLURK/VREF )Y R
0207 HASG=()  /CKGGe) L /hn) e8]
0203 FSOS 1 o)l L7 INCAUASG=DFLTSFLANZVISYI I ® =)
nang TSATCETHONT 2 LTCOID=THOT )Y Z( ) . ~FSCa10)
0208 TSAT=TSATC
¢
C NDETFRMINE THF TEMP OF FACH NODF (TCALC'S) AND INTITIALIZE THM AND TWALI
c
c CNORE
n206 XAS(TCLADCHOQDIRIZUACOHEF I8 (), =FTDRF
0207 TCALCOIIZXXS (1 o~ 95 FLONMDFET/ZVIL ) I+ (FCORES . SS50FLLWY
1 DELT/VOLY®0) ,=FCURE) ) *TCOLD
N208 THM(1)=TCALCIY)
nng TWALLOI)=TCLADC
n210 Do 281 K=2,4
UFAR} TCALCIEYSXX+TCALC (K= ) *FCORFE
n212 THMIKY =TCOALCIK)
n213 281 TWALL(K)=TCLANC
C STEFAM CFNFRATNR
Nn214 YY=TSATCH() ,~FS5G) .
n21s TCALCISISYY S (L. =FLOWMDELT/ZVE )14 (FSCeaFLOWDFLT/VIS )
1 (1.=FSCY)ETHOT
0216 TRMIS)=TCAIC(S)
0217 TWALLIS)ISTSATC
n218 NN 2R2 K=b,14
n219 TCAICIKIZYYATCALC(K=1)*FSG
na2e TRAM(K) =TCALC(K)
nNn 282 TWALL(K)Y=TSATC
c CHORF UPPER PLENIM
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6224 TRAM(K)=TCALC(K)
n272s 2825 TWALLIK)ZSTCALC(K)
o HOT [ FEG
0226 nn 2R3} K=11,25
n221 TCALC(K)Y=THOT
N228 Th™(K) =THOT
0229 LR TWALLIK)Y=THNT
¢ COLD LFG AND RARY
0230 DO 284 K=26,50
0723 TCALC(K)I=TCOLD
n232 TRAMIK)=TCOLD
n21i13 284 TWALLIKY=TCOLD
n234 TCLI=TCNLD
021s TAUCL=PELT/TCCLT L
! ¢ COHRE RYPASS =
02136 TCALCISII=ETCOIDR (20, /7WC=De L. T/HC(S1))S0OCHPT ’
0217 THRMIS1Y=TCALC(51) =
¢ 0238 TWALL(SI)=TCALT(51) <
c v
C DETEYRMINFE THF TINITIAL CUOMDITIONS OF THE STFAM CENFRATOR \ x
c 3+]
<
()



3

P rall
IMTITIA . FTN ZYVIRLIWKES 7o

0239
n240
oza
0242
nran

Nn7244
024%
(246

0247
N24%
n724s
0250
0251
0282
n2513

n254
n28s
n2s5e
0257
0258
02s9

0260
0261

N262
026%
n726a
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T ED Yureh ) (PR E P ) Un=kt n=nh

¢ STHAM DRFSSHEF
DO 286 12S M

286 IFCTSATC LT TSATSGOL)) GuTn 287
TYPFe,'"PSATI FRREOK®
GOTH RANO

2R PSATI=100, 4100 8 ((1=S)+(VSATC=TSATSG(1=1))/
1 (TSATSGOI)=TSATSG(I=1))
PRGEPSAT]

PSCN=PSATI
TSAT=TSAYC
c STFAM Fliw
HASTMIZTARLF(PSATI  HOGYAR)
HECRIZTARLE(PCRY  HFTAR)
RE(UPASCO(HSTMI < {AMB) =RXHT J/ZIHSTHMI=HFCRD)
Cl1z=RXATUSHASC / (HSTMI=HFCRT)
BSGIS{-ReSOHRTIRO 24 YY)V /72.,
WOMINZWSGISSTMLEG/ i RXPWKS 07)
WG=wSGl
¢ NSOV PNSTITION
CUYMSCISNSCI/SORT((PSATI*O2=-PCHI®2)/2.,)
N 2RR 135,194

78R IFICVMSCTI LT CVMSCF(T)) GOTO 289
TYPF®, ' XMSCVO ERROKR'
GOATN ROND
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C FEED YALVFE POSITION
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IFICHENOM GT . 0,0) GOTI0D »9)
TYPES  'CYFW FRROR' CDENOM
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URT YA CALL STRFECL)
03”7 CALL MOFF O
D16k RPIzRKPWE
LETE] PLIzPLONP)
n3mn VLI=WPRCST
oIn THI T=THNAT
LR R Whwzwsol
UR R ] WiINIZYINI® 1390 TCONVERTS CPM INTOD
UERE ) WDRATNZVORATIN® 1§90 ILBM/SEC RY 60 F
¢
Ny, DOEELLEE FE I
UR R 100 coiry = CLIC
0377 cPn s cPIC
NiTw yromn = o,
N VPL = 0,
0ien DELTANZO O
03wy FLOSCz)Y
D3R PMSVHTZPMSVYHS
UR LR} PMSVIET=PMSVLS
NIRg RMpMSYzo, 0
nins Fulimzn o
OIRK WSCRyYzA 0O
RN SCRTI=S5CKSY
NDIRN SOPT2=86GKS?

"ARY-2~01-Y]7

J



“
RUREL ' . ' % ) oy s s " ’ '
INIYIALF ATHIALOW RS /Wl

DR L] CHRELT=CRELSP

niLo0 SMPTz=SMT

019) PDHAPFZO 030149, 38
0192 DHMEZN DN4AKRTSE9 AN
LELR DILMRCEMRC ZAIRON, $DFLT
0194 DELMRPMEP/Z 3600, *DELT

c CONDENSFER

R
0398 TSATCRETARLFE(PORI, TS TS5G)
0H4%6 CRUFESTARLF(PORT HETAY,
NS Lk CRUGETARIF(PCRY HGTAB)
DRRL CRVF=TARLE(PCR] ,VFTAK)
G399 CRVCSTARLF(PORT VGTAN)
nine AAYNZHAYSWI) ) +PAYSHIZ2)+HAYSHIT)
nq4m IF(BAYN GT D) €N TO &20
0402 TYPF& ,'ACC SFECUKED = SET RAYSW TO !
HELR ) N TR RON
nqa0 620 TFCRAYSNOIYI FO_ 1. GO TO 625
H40ns PAISWI)IZRAYSHI2)
DE LY RAYSWIZ2V)=TAYSHIY)
asn? HAYSWI3)=0,
Nalk G Th 220
DE DL ho28 WOONDE Y Y=wECT/BAYN ol
n4gr0 QCOND(LI=WCONDEYT ) S (HSTMI=CHHE)
n4an HINFCILISY, TT4WCONDCL)Se=_3314)
w412 VAINCIYSUINE (L #UFOULZ(NINFO) ¢ JEDNL) SCONDAR
N4 TTURF {1 =TSATCR=UCONDIYL ) ZUAIN{Y)
DERR ) WATREY =200,
0415 CALL ZFRO(ATRDO,WATIKR)
0414 650 TATHR=TAMH 459 67+ SYOAIR(II/WCATR(Y)
DEE N VATKRZWATK(YT)ISTATRS® HHEIHE=-]
LERR] N eS1 125,148
n4qye 651 IS(VRIR L ALRFLOCTIY) G T 652
0420 TYPFe, "ACC ATRFLO GT 1740060 CUFT/AINY
UE PR GUr T AGD
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Vo Pany 153400 MRk P =N
FTHIRLICKS 7k

CIK) =2 COEEYVINAVIK I (CUis=10=C0(F D))

TAM(N) = TEUIOK)o(VID/VIR ) ISITENI(K=L ) =TRN(K]))

non 476 Kk=19,43%

TRU(K) 2 TRANI(KISIVVN/VIK))S{TANI{NK=-) )=TEN(EK))

CIRY) = COURGaVYDZVIK IS (CI{KE=1 =TI Y
TRM (AR IZTIRNIAR I (VUDS(THN{AS)I=THN(AN) )¢
! VOHRDOITENI(AS ) =THNISTI Y IPPRFVIZVIAS)
CLARIECIM AR+ VYD (CIHEASI=Cilan) )

1 VOADS(CIHARY-CNISL)I*HRPRFVY VAR

TRAMIAT)Y 2 THUN(ADI4(VRLZVEAD ) SITENCIR)Y=THN(4T s

Cia1) = CNEQIIQVRDZVIANI V(T AN ) =CO(aTY))

N 480 F=aR S50

THM(K) = THENIKYL(VED/ZVIE) IS (TENIE=1)=THEN(K))

CIK) = COEYSVRD VIR IS (CUO(E=1Y=CHI(KY)
THMISEIISTHRHISI Y4 (VOBRDOLTENTAR) ~TRN(SI)IIS( L ~HPNEV )
Y ONCHROS(THN(SI)=TRN(IT))*RPREVI/ZVISY)

CIS1Y = COUSIIAINCRDOIC(ARY=TSTININEN . ~BPREV) ¢
P VOROSENISIY=COCIT ) )IRPRFYIZVISH)
CPCPOIMINEANRFTIN, 0, 0)OF LTS (CPO=COI21)) /NPy

DIMSP/PIRMNICO I =CPD)

IFCICPRP EGVICP = C(21)

DO Si6 1=1 .50
coely = Ce )

cen = Cp

CRARZ(CI1I+CI2)eCE3)2CLRY)00, 25
THACI L §)=(CRAR-1500) S5,

PN S50 1=15,51

TWRILICI)=TWALL AT Y=GE D) ODELT/HCHALLT)

TOLI=TCL I TAUCLA(THM( ) -TCLL)
FOR RFACTOR SCRAM

KSCRPzO

KSCHT=0

KSCHP =N

KSClLez0o

KSCLF=0

KSCRAzZO

KSCRTz0
TOW POWER SCRAM
RPISPPIADFITY(RPA-RP L) /ICHP
TF(RP]_GF _RPSCEM) KSChE=2
THFMPFRATURE SCRAM
THLIZTHLIAPFLTO(TRM( 20)=THLI)/TCHIT

INACHIRAY=(THLI=ANDD ) %100,
IFITHLT GF _HTSCRMY KSCHT=4
PRFSSHEF SCRAM
PLIZVLI+DELTY (I A=PLINV/TCLP
IF(PLI CF  HPSCREM) KSCHP=H
PHESSHKF SChaw
IF(PLY _LF _LPSCEM)Y KS5CLP=10
Fi.nw SCrpam
YEISVLIRDELTY (UPCS-VIT)/0CHF
IF 38" LE VSCHRM) KSCILF=)2
NOD ASSIST AYPASS SCRAM

“Ady-2-0T-311

J



R-10-2-Rev, C

LT

LHI30e LLINDS=IA DS )Y LID =) 1S Hat O
60 O L2 UMA L0 1 bwnIds 1 4L Lstu
S0 Ul O 04 duS e daNMLE 2 40 Yt
e
Vid Vddd D
J
VO 00N~ LHEIWHL) = (KB)ovul S5to
Ve latTwnYe(nldnna) = L) Ioval st
"OULeLNADY = (9 OvYL LSO
J
J
HMAXHeN = LAY Zst
CAVO4U  (LURWL IO I I AUV E=Y L 9" Lund )4l IStu
PR TR Osto
J
INTLODAMOS LY 4R AVD 40 LIV ) J
J
TO0LADAN- =Ls)avul (128
COEYTIYmMLe IS SN = 4N HEtu
CHAL I INA0 ) 4 IMva =iy Lytu
CATIS " 14040 ) S MV =4S Jtr o
tnpole S I="27us)=Ly), UL Sk o
noelsiasi=te ) oval vrto
fessEuy 5230
ZA0LU=L0b Q=" 1US o
ALIALLOVAY OUHAd=L i LULO=21000 (L1 Ud4 d420ul ) st ey
UYL 4002 X304 1 U Ut S 10 OUW U= LU LY urto
ALYALLOYAY “IViUL 0
(WUZI=dUZI)eSo00 04UVl I du=uv L 1 40 btto
AN IANG) Yol sty
XAV Ad=LX 40 COXFADVAHISHY " A0 LA 3U)IsSwy) 4 (ee 0
NLOYAHOM LA X An LI /X 400 4 )= L X 4u IR Ry
V901 UL 0D e surusR) 4) Stto
ALIALLOVAH ‘tynNHd4Lxd 434S O
HYMOsUYHA Y= = WY (22 R0
ALIATLIOV A NUMUM J
Jdudst4ndr = 41 LR
(*st9)anvt="0o0i=" 140044 ALY
ALEATL OvAd tand J
HUJU RO AU=OUN JU Itiu
SZ 0P IONHS (L YUNNMLZIULES L I)UNA) =HUIN AU Urto
ALIALLOVAd HOULVAAUOKR 4Llnidwi) J
CLASY I MO0 ' SUAUON " S IO LUNL JIWYHOS 1'lv) orul Y4 %]
AMUJOS=0LlwHoS= Lunad LI4 %]
1=5wWn s A Levo
VROL DLOD (A TIIS I 1 UdweOs ) 41 Yl
WAWHIS =W LAz iwHIS ALY
ANN1ANGD 0k ot L ZA Y]
Wll=winnos teto
AHISI=1204S08% LLO LD WIA) "UNY (0 LD " WYHIS N ) 41 24
AHISHOTHIL AN A JISN A IO A AHISHYLHOS A AHIOS N O NN IS A2 YIS N IZvo
VEOL OLOD 1'0ATLAsSUNN 4] T4 %Y
wYaJs 4S5S4l J
HEI=WMOSE (HISHIL 4D Wil ) 4t bito
nYHIS  dwiL D
PYTYMISH (WHISYA 4D Andvun) 41 Bito
HM/ZSH M IMEnL s NAATHINIYN

Hoodt TR I N T 1) (519t b ~7uAN Sivig=an

LY AR |



LT3Jes LANDS

JLAS71'14U e LAD
1

JIAUsINYRAS

)A

“" L) eNdnHAS
Nd

HiZwui=1\
I=1)eld4S oSN

SWH1)eldnHASTL#6

(L2070




HMHASAR Ao CTAHT " LAALMLOSAYIAHA=" 1) a4l 10
SUHM A= " TISANAL I ML I*AL I LYSA P LANA=" 1)t HH4="

O0SE1 LU LLZC AL A " U LI LT M)

AR 1|
Ol LA

i+

NMJAR L BL

1S9 aAS LS d=9S
He dHOS I eHMN=(HSH=OIHLE I eUM - A UM LDSH

ISHI 2 AA090 UL Sd=8d) +SSYnAL/ L TG LIS

SLOSH MUK ) sUME ENMUY=4HDS ) oMM (NMUN

L'13uets
Ll4detum

(Z404A0Se NS IZLLALDADS UM 4AL
BZLL/7LmNdUAZ LY h=d4C 1 HA




PN IHAN e dulent 153405 Da=rbn=-mbs U

MATNIY, FIRIRILOCRES /Wl
N4as PANGLZ 10, 0 UMSCV o PCR=-PCRSPI S _HATS
naa IF(PANGL LT, . N,) PANGLEN,
N44n IF(PANCL . GT, 25,) PANCL=2S,
naqgo PANCZOANGH (PANGL=PANGI®OFLTZ 212
0n4sn VATRSTARIF(PANG , ATHELD) Y1000 CUFT/ZMIN PER FaN
nasy ROAIKR=3Y 72/TATR
nas? WAAYSVAIRSHOATHR® ], 10y
nasy TSATCHSTARLF(PCR,TSATSG)
Nasa o 1216 Is) 0
n4ss FANPROPISMAX(Y ~TIMOAIRTSLOATIHSWIT) , WATRMN(T))OBAYSW )
NaASK WATRIT)=WAAYSEANFRIT)
nas? HOUTF (IS I, TRAF=SoWATH( T ) T2
N4sSA HAOUTEIY=UNNTFALISUACCZENOUTF(IYsDACCI*FXTARA
LWELY) WCATR( I )SWAIR(TISCPALR
naun FnT=0,
nasy TE(WATROTIY CT, 1) EDTSEXP(«UAMITCL ) /WCAIR(T))
Nany CTAIRCII=S(TTUR (L )=TAMK) S (), =EDT,
9483 QATREIISDTATRCTI*SACAIR(ED
nany WCONDEL)EACONDIT )/ (SGHG=CHAF )
N4es TF(NCONDCTYLLF,0,) GO TO 1200
(LR T UINFOIY=L 770 WCOND(T )= _334)
fan? HAINCTISOINFOT)IOOROL/ZTHINYC )« U ODUL)Y SCONDAR
LRI 1200 QEOEDCTIIZVAINCI) S (TSATCR=TTHRF (1))
0469 1210 TTHURECII=TTURF (T I+ (QACORDITY=QAIR(T))ISLEIT/MUTHRA
0470 TRAIHR=TAMBAAS9 674DTAIR{T) .S I ARSOLNTE TEMP
c
c CONDENSATF RECTIEVER
c
04MNn CRRLED,O
0472 TFE(PCR_CF CURLT) CHAL=L,
n473 CHERLTZCRPLSP=CRRLONWYCRREL
n474 WORRYSCRBFLSCRRI I RETIFF VALVE FiOw
nars WCNNDT=WOONDIL )+ WCOND(2) +NCOND( YD) ! CONDENSATFE pLOW INTO ACC
047~ WEACCZCONDMF ZDWELL I CONNENSATE FLOW FeOM ACC
0477 WOACT W G=WCONDT | ST7AM FLOW THRU ACC
N47H CRDMZCERMWICRIN=CRMSTME( ) ,~CRED)
n479 CRDHSCRMWACHAWSCHHG=CHMSTMO (), ~CRXG)SCRHF
0480 CONOMEZCONDME S (WCONDT=WFACC)SDFLT
nam) CHRMUZ( MW (WFACC=WFW)ISDELT=CRDM™
048? CHHWZCRHW=CHENH 4 (WFACCOCHHF =WFWOHNCR)ISDFLTAVHCRE(POR=PCHINI ® L 18S )
N4R CRMSTMECHMSTM (WGACC=WURRVIODFLT+CRNDM
GELE ) CRHSTMCRHSTMACHDH 4 (WGACCISGHO=HORRVEHGCR))SDFLT
1 tVSTHCRS(POR=PCHII)®, 1HS]
Nans HWCRZCRHW/CHMW
048k HGCRSCRHSTM/CRMSTH
e
c CONDENSATF RFECIEVER PHESSUNE
e
Nan7 PCROzZPCR
N4RN CALL ZFRO(CRDV,PCR)
0489 1220 CHHGETARBILF(PCR HOTAR) -
0490 CRXW=MBX(HDIFF/(CRHG=CRHEY 0, ) ;
N4y FFIH:MIN((NCAS-PR“F)I(V“HG-CNMF).l.l '
04672 IDACOISV=PCRe 20, E;
0493 INACCI6)ISVNCHEDS, '
€ ¥
]
g
<

)



pE-T1

CRTLEE 0 B

IV=PLIN VO2=%)  BEERI T Y DR AR Rl

MAIMI FTN

0494
n4ss
0490
048

0498
nass
nsonn
0snl
0sn2
asnl
Nsn4e
0508
0506
nsnl
NSNK
nL09
0510
ns1
nsy?2
ns1y
0514
0s1s%
ns1e
nsy?
NSIR
0s19
0820
as21
0522
0823
ns24
ns2%
0826
0827
NS 2R
0529
nsion
0s 3
nsiy2
os

PHOCRAM
NAME

SCNNFY
SPNATA
SINATA
SVRRS
STFMPS
DAT

JTRIRINDCKS/WR

¢ SHRCOH P
c
ASCUASCHINSC =HAMK)
HESCZHSC e (WE WS (HWCH=HSC)=OSCINFLT/SOMAS
HEWEHF WA (WHEWS (HSC=HEW) I SDELT/FIPMAS
12310 CONTINUF
-
o
IFCTISHMP _FOQ . O)Y GO TO 1320
IF(TIM_NF _D)IGO TN 1238
CALL CFOADR{IPARMIL )  NUAT(Y))
GOr TH 1210
1238 IFCIPARNMES ) GT . NPAS) GO TN 1310
INCREZIDO0 _$(SMTSLOY(1=ISMTD)Y+SMTESTSISMTD )+ S
VF (IPRINTAINCRE=ITIME) 1236,1236,1 010
1216 IPRINT= 7 M
1260 CALL wAITFH(3,INDS)
IFCIRS NF_ 1Y G0 TO 1260
nn 1240 121,128
1240 NDAT(CTYSDAT(T)
IFCINSA(L) FG 1) GO TH 1270
TYPF Q000, INSK
GO TH 1330
1270 CALL SETCLOY, 1) ! DATA COUNTER
1280 CALL QIN(460R8,2,3,50,10S58,1PARM,IDS)
TFCIDS NF_1)GD TN 1280
IPARM(S)I=TIPARM(S ) +1}
DLMET=0,
NLMSPT=0,
NMSHRT=N,
PZEDMT=EN,
CALL SETCLOY, D) ! DATA COUNTER
1300 CONTINDF
1310 ITIMESITIMFSIDFLTA
TIM=ITIMES 00
1320 IFCID FQ. 26O TH 110
1330 CONTINUE
RETUHRN
1400 TYPFe , 'STEAM GEFNERATOK [RY!
RFETHAN
1450 TYPES ,'SC PRESSURE TABRLE FXCFEDED?
RETHKN
0060 FORMAT(Y #28DISC FRROKS*Y' 207
SND
SFCTIONS
S12¥ ATTHRINJIIFS
N22G472 4825 KW, [,CONILCL
nonk24 202 Re D . CONILCL
0nngaq 14¢ RW,D,CON,LCL
LA RN 190 RW, D, CONLCL
nnnn2o L] RW,D,CON_LCE,
noronn 256 KW, D, OVR, Gl

PR

J "ASY-2-01-¥11
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PROGRAM
NAME

$CNDFY
SPNATA
SIDATA
SVAKRS
DAT

PA

1ea
.588§,
DATID

911

' LE R TR Whel gt =wan Phor
FTHIRIDCKS /7 9k

PRINT Q12 0T 0TMEUR PZELOS  DMLMEH , DLHSHR  SPRAYS, SPHAYW

PRINT 910, '"PZRNWY  "PZRHW , "PZRNGY  YPZRHG? ,'PZRMW L *PIRHWT Y,
YPZRMGLY L "PZHHGLY

PRINT 912, P7RMY _PZRUA PZRMG PIRNHG PIZRMWT  P7ZENWT  PZRMG] ,PZRNGT

PRINT QI0, 'REPER L VTCOLDY L'THOT Y L'YCLANDC Y _'PZROMY L 'PZRONY

PRINT 912, RXPwR, TCOLD, THOT , TCLADC ,PZRDOM, PZEDH

PRINT 914, Dav

PRINTS Y IDACY

PRINTS , IDAC

PRINTS , Y IODACY

PHRINT _JDAC

PRINTS ' JARY"

PRINTS  IAPY

TFINAR _FO,2) PRINT 913,0MP)

CLOSE (UNIT=6,DISP='PRINT')

FORMATI(Y 1" ZSC10010E13. 57237200

900 FORMAT(Y Y ,72A1)
9n? FNRMAT(Y * _72a1)

90 FORMAT( 'O , TIO,'NOGE® ,T21,'Q0" , T34, "TRM'  TAT, *VYBN' T6G, 'RHNY ,TT2,

1
304 F0
ans
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912
914
s0n KF
EN
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SIZF

011034
0n204?
0on1sin
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NOI0OD
0nn2000
0nn102
WARLTY |
001n2?2
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RMATL® " T10,12,9F13,.2)
FORMAT(E 1 LAX H(PH,9X))
FORMAT( 'O L IX A(26,9X))
FORMATOIX , HOIPGLIS, 7))
FORMAT('O 44X, B(AB,T7X))

TURN
n
ATTRIBUTES
2318 KW, 1,C0N,LCHL
579 HW,D,CON,LCL
424 RW ,D,CON,LCH
294 RA,D,CON,ILCH
256 RW,D, VR ,CRIE,
512 KW, D,LVR,GHIL,
I RW ,D,OVR,GAL
4058 Rw , D, OVK,GRAL
265 HA D, OVR,GRL

TOTAL SPACE ALLOCATED = 041752 8n93

DEKTIDHMPY A DUMPIEA=DK LI INUMPLIE FTNII1O/COI60/1.T 21
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INPUT ARRAY
Inde x Name Variable Nominai 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 1bm/nr
4 HPSCRM High pressure scram setpoint 2281 psia
5 LPSCRM Low pressure scram setpoint 2058 psia
6 TCRP Reactor power instrument time
constant C.25 sec
7 TCHLT Hot leg temperature instrument
time constant 18 sec
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)?
11 DELT Program step time interval 50 msec
12 SMTSLO Slow sampling interval 1 sec
13 FLOW PCS initial flow rate 3.8 x 106 1om/hr
14 ALPHAB Boron worth 0.0103 $/ppm
15 SCOLY Scram delay time 0.05 sec
16 SMTFST Fast sampling intervel 0.2 sec
17 SVTC Steam valve time constant 1.25 sec
18 DoPC Doppler reactivity coefficient -0.00125 $/oF

M1
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APPENDIX M (Cont'd)

INPUT ARRAY
Index Name Variable Nominal Value
19 DPPO 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-J
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 FL TMX 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 HT1SP Pressurizer cycling heaters
setpoint 2153 psia
91 HT2S Pressurizer backup heaters
setpoint 2148 psia
92 RASCRM RABV fiow fraction scram setpoint 0.2354
93-95 Not Assigned
96 SURMIN Surge line mass flow threshold 0.2 Tbm
97 CLIC PCS Toop initial boron con-
centration 1510 ppm

M-2
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APPENDIX M (Cont'd)

INPUT ARRAY
Index Name Variable Nominel Value
98 CPIC Pressurizer initial boron
zoncentration 1500 ppm
99 VORAIN PCS loop drain rate 6 gpm
100 VIN HPIS Injection rate 6 gpm
101-160 RABFR RABV variable flow fractior table See Table M-3
161-163 Not Assigned
164 FFRMN Natural circulation transition
tlow fraction 0.08
165-175 Not Assigned
176-198 DLS Scram curve See
Table M-1
199-201 AIRSW ACC transient switches 0
202-204 BAYSW ACC operating bay select switches 1
205 Not Assigned
206 AIRTSL ACC air flow reduction rate 0.2/sec
207-209 WA [RMN ACC minimum air flow fractions 0
210 CRRLSP Condensate receiver relief
setpoint 400 psia
211 CRRLDB Condensate receiver relief valve
reset dead band 10 psia
212 CRRLF Condensate receiver relief valve
flow 81 lbm/sec
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INPUT ARRAY 4
Index Name variable Nominal Value ’
213 TAMB ACC air temperature 800F
214 . ARMPT Feed water valve ramp rate -0.3/sec
215 FWOLY Feed water valve delay time 1.25 sec
216 TIMSCM Timed scram setpoint v
217 Not Assigned
218 OCOR Moderator reactivity coefficient 0.765 $/(1bm/ft3)
219 REACEX Reactivity insertion
Accident - total reactivity 8.35$%
220 TIMEX Reactivity insertion accident ‘
time interval None
221 Not Assignead
227 SURMPN Steam valve ramp rate 0.05/sec
223 PMSVHS Steam valve high pressure
seipoint 1020 psia
224 PMSVLS Steam valve low pressure
setpoint 920 psia
225 PMSVDB Steam valve reset dead band 10 psia
226 CINO HPIS boron concentration 3000 ppm
227 KCURE Core clad heat transfer
coefficient 496.6 Btu/secOF
228 CKSG Steam generator heat transfer

coefficient

188.0 Btu/secOf
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APPENDIX M (Cont'd)
INPUT ARRAY

Not Assigned

Index Name Variable Nomi~al Value
229 RXPWR Initial reactor power 50 Mw
230 TMOT Initial hot leg temperature 588.30F
231 SGLSP Steam generator level setpoint 116 inches
232 PCRI Initial ccndensate receiver

pressure 300 psia

233234 Not Assigned

235 PLOOPI Initial PCS loop pressure 2262 psia
236 UAPZR Pressurizer ambient loss heat

transfer coefficient 0

‘ 237 SPRCNT Pressurizer continuous spray flow 0 gpm

238 PZLEVI Initial pressurizer level 44.5 inches
239 LPHPIS HPIS Tow pressure setpoint 1800 psia
240 SPRNGH Pressurizer nominal 20 gpm

spray flow
241 RCDB Satety relief valve reset

dead bana 50 psia
242 RPDB Power operated relief valve

reset dead band 20 psia
243 SGXDNB Steam generator shroud steam

guality at which DNB begins 85%
244 SGRSI Steam generator relief valve

R136 setpoint 1100 psia

. 245 SGRS2 Stcam generator relief
vaive R137 setpoint 1200 psia

‘ 246-256

Me 5
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TABLE M-1 ’

SCRAM REACTIVITY TABLES

3 BANK WORST CASE 4 BANK BEST

TIME INPUT ARRAY REACTIVITYL ESTIMATE
{sec) INDEX $ REACTIVITY2 S
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-n40
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 b, M. A. Bray on 5-31-79
and the rod worth curve in LTR-111-82, Figure Al.
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TABLE M-2

PCS FLOW TRANSIENT TABLES

INPU 1 ARRAY ONE PUMP TWO PUMP TWO PUMP FLYWHEEL

INDEX RAPID COASTDOWNL RAPID COASTDO4NZ ASSISTED COASTDOWN3
22 1.0000 1.0200 1.0000
23 0.9340 0.9800 0.9361
24 0.8395 0.9750 0.8530
25 0.7595 0.9100 0.7821
26 0.6975 0.7450 0.7224
27 0.6501 0.6150 06710
28 0.0l4l 0.5120 0.6266
29 0.5874 0.442C 0.5877
30 U.5632 0.3850 0.5534
31 0.5461 0.3450 0.5227
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
41 0.5133 0.1620 0.3304
4z 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 0.26.8

M-7
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INPUT ARRAY UNE PUMP

INDEX RAPID COASTDOWN

TWO PUMP
RAPID COASTDOWN

TWO PUMP FLYWHEEL
ASSISTED COASTDOWN

0.5267
49 0.5271
50 0.5274
51 0.5276
52 0.5279
53 0.5280
54 0.5282
55 0.5283
56 0.5284
57 0.5285
58 U.5485
59 0.5286
60 0.5286
61 0.5287
62 U.5287
63 0.5287
64 0.5287
65 0.5287
b6 0.5288
67 0.5288
68 NA
69 NA
70 NA
71 NA
72 NA
73 NA
74 NA

NA

B

0.0780
0.0660
0.0540
0.0420
0.0300
0.0180
0.0060
0.0000
0.0000
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

0 0 0 © 0 O 0O O ©

c O O 0 O

(=

.2532
.2439
.2350
2263
.2178
.2095
.2014
.1935
.1856
1779
.1701
.1624
.1547
.1469
.1390
.1310
.1228

0.1143
0.1055

o

.0961
.0830
.0730
.0620
.0520
.0420
.0320
.022v
.0140
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‘ TABLE M-2 (cont'd)

INPUT ARRAY UNE PUMP TwO PUMP TWQ PUMP FLYWHEEL
INDEX RAPID COASTDOWN RAP ID COASTDOWN ASSISTED COASTDOWN

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

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 flcw.

(2) LTR 111-104, page 163.

(3) SICLOPS Analysis, Loss of Prime Mover Motor,
3.295 MLBM/HR iritial flow.

M-9
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TABLE M-3 (con't)

RABV OPENNING AT 10%/sec

-10-2-Rev. C

M-11

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
27 0.596 106 0 435
28 0.582 107 0.492
29 0.575 10¢ 0.500
‘ 30 0.571 109 0.506
31 0.569 110 0.511
32-33 0.567 111-112 0.514
34-81 (not used) 113-160 (not used)
FLTMD = 1 sec
FLTHA = lu sec
Reference: LTR 112-58, Figures 2 and 5
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Recursive Solution For PCS Steady State Temperatures

From Section 3, equations 3-16, 3-12, and 3-17 are:

T + N ]
J at/mc
p

VA (Tyarr = Tnooe! * Q1R

Q =
v
, Ly N, ol voat e )
NUUE NEw v IN NEW’
Solve f . F T
olve for Tyopg in terms of Ty, and Tpy.
- Q at V at ~ /-
[PIPRe ! + - | - hb T
wooe = Towo * me ™ " Hin T How
For steady state conditions igLp = TNODE.
let k = iﬁﬁ
e v
Q at Q Aat,
0= ac "% Tin-kTyope =% (ne )
| D &l p

N-1




(%)
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0 o At

= (UA (T
me

WALL = TnoDe! * Qprr) (1 = k) * k (Tyy = Tyope)

T UA ot - k) + i At x - ,
NOUE< mc, (k) *k e, (A Tuace * Qore) (1 = k) *+ KTy,
' ™p
r o WA Ty * Q) (1 -Kk)+ 5= KTy
NODE = me,
UA (1 - k) + 2t K
mc mc Vat N
P P _m Vg
for it K = AtV = V P = Ncp
. (VA Tua L * Qppg) (1 - k) * Wey Ty
NODE ~ UA (Il -k) + ucp
wcp - kUA 1
Define F = G +TIXTHR " 77—
P W
B -k
A
(l-l") = U‘.A X
Wc_ + (1-k) UA
Q

DIR, . "“p ]
"nooe = (1-F) Ifl'” (Tuart * &) * T/ T

Solve for Tyone in terms of the upstream node temperature. Let
TJ = Tnope @nd define Tj-l as the upstream temperature. [t

is assumed the T 1 QDIR’ k, UA, and Wc_ are the same for each

Wal P

node.
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then,
r“ .
- K-1 n .
1’ = M F + r 3
¥ N;‘L J=-n
Proof for n = 1
1
= _m-l
- i r~ -~
= A r v P T‘. 1 =AY FI. 4
J u-l J©e

i-l1 :
- m=1 i-1 .
T. = A F P i 2 N
J n=l J=1
i-1
= A o=l o pi-l (A+FT. .)
m=1 o
]°l 1
. M=1 ey I ' -
= A ':‘ v Ar l’ F |
~=1 J"]
5 1 <
=1 & y 9 ' -
AN - ~1=l+ AN - - -
= A P'l"*’XLI;-"le F L*" -]_]
m=1 v m=1
: n
o OIR m-1 A -
T' = ’1—F/ { . + s F‘ +r |
J wAlLL - =l J=n
=4
n f
n=-1 l-:q
for F = T
1 A-r
m=1
l‘\
NE1R n
;3 N \ N +
T. = (1=-F ) (Tua,y, * =) *+F T.
) NAL\. UA J-”
6. Find the node outlet temperature. TO ¢ = Tin see step 4 above. =
u
3 141
J J




7. Find the core Tc‘

From the core model

LTR-10-2-Rev.

n tems of Tcold’ Qcore’ ODIR’

ad

cold L-J . 3 4 = Tout
Qn1n
T . = UA_ {,_E_ T k (T + ‘J_IK)
out We 1-F 4 clad UA
i
3 Q1R 3
T = - ‘T + i -
4 = (1 F ) clad UA ) + F 11
Qprp.  We

‘ T, = (1-F) |(1-k) (T

clad " UA ) * UA ‘cold

N-5

And W.

"
~



) |

- ucp
I‘F . JH itk
. (" b ]
= o N UIR R
- l\L—f‘ ) T 1 + I. ) + !' ]
out clad JA coid
- 4 .
1 - F .
= out ‘cold ‘Dik
l,:vldd - 1 '__-'l & ‘JA
\ 4=1
& + 5. Sy e .
- g (.L-'i' ) | nt
ut cold cold DIR
= ) - 7 L/-
\l-F*/ :
. 2 Q core Q p1r —
R e ————— w
~01 4, UA ' -
coid WC \I—F ) A




L iIK=lU= -REev.
o Tsae in the steam generator. The method is the same as
for the core, except Qir = 0» the number of nodes is 10, and

F is computed using steam generator properties including heat

conductivity of the secondary film

!
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WPLADI A

OUTPUT |

PLAN14 HDR; 08083

TINE 33 - T TUBE 1 63
POKER 34 - T TUBE 2 66
LOOP FLO 335 - T TUBE 3 67
PC5 PRES 36 - GAIR 1 68
PZR PRES 37 - QRIR 2 6"
STH FLOW 38 - QAIR 3 70
QCLAD 39 - AIRFLOW1 4
REACT 40 - AIRFLOMW2 72

Q@ SG 4! - AIRFLOL3 73

PRES SG 42
PRES CR 43

XFRV 44 - HOD REAC 76
FH FLOM 45 - FUELREAC 77
XNSCV 46 - BOR REAC 78

PZR CONC 47 - ROD REAC 79
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BLD ANG 48 RISER 8o
TCLAD 1 49
CORE BOR 58 - HK CR 82
T COLD 91 - PZR SRGE 83
MW PZR 92 - T CORE 1 84
HW PZR %3 - T CORE 2 85
RABV FLO 24 - 7 CORE 3 86
PZR SPRY 93 - T CORE 4 867
RECIRFLO 5 - T SG S 88
H FW 37 - T 8G 6 89
NAT CIRC 98 - T SG 7 90
NAT CIRC 99 - T SG 8 91
NAT CIRC 60 - T SG 9 92
MG PZR 61 - T SG 18 93
PCS FLOMW 62 - T SG 11 94
CORE FLO 63 - T SG 12 93
DECRY HTY 64 - T SG 13 36
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