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ABSTRACT 

This report develops an implicit solution technique to determine 

both the transient surface temperature and the transient surface heat 

flux of electrically heated rods given the power input and an "indicated" 

internal temperature during a simulated loss-of-coolant accident. A 

digital computer program ORINC (ORNL Inverse fade) is developed which 

solves a one-dimensional, transient, lumped parameter, implicit formula

tion of the conduction equation at each bundle thermocouple position in 

the Thermal-Hydraulic Test Facility (THTF). 
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CHAPTER I 

INTRODUCTION 

Background 1 

The Oak Ridge National Laboratory (ORNL) Pressurized-Water-Reactor 

Blowdown Heat Transfer (PWR-BDHT) Separate-Effects Program is part of the 

overall light-water-reactor (LWR) safety research program of the Nuclear 

Regulatory Commission (NRC). Other parts of the program cover a wide range 

of experimental and analytical efforts from laboratory- to small-scale ex

perimental nuclear plants; the separate-effects studies, which fall between 

these two, are designed to answer specific questions relevant to the hypo

thetical loss-of-coolant accident (LOCA). 

Specific objectives of the ORNL PWR-BDHT Separate-Effects Program are 

to determine for a wide range of parameters time to CHF (critical heat 

flux) and the following variables for both pre- and post-CHF: heat fluxes, 

6T (temperature difference between pin surface and fluid), heat transfer 

coefficients, and local fluid properties. The program also seeks to test 

the ability of existing codes, such as RELAP, to predict the behavior of 

the single- and 49-rod loops under blowdown conditions. 

The parameters to be studied include 

1. single- and double-ended coolant line breaks of varying area ratios; 

2. fast to slow depressurization rates; 

3. combinations of system power and pressure to obtain different values 

of the departure from nuclear boiling ratio (DNBR); 

4. a range of power cutoff delays; 

5. a range of power decay rates; 

6. a range of power-to~systemvolume ratios. 

Secondary objectives are (1) to obtain .CHF data under steady-state 

conditions over a range of coolant pressures, inlet and exit subcooling, 

and an inlet flow rate appropriate to PWR interests; (2) to evaluate the 

thermal-hydraulic behavior of the test loops during simulated operational 

upsets that include variations in local power, system pressure, or coolant 
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flow using the anticipated transient without scram (ATWS) as a guide;2 and 

(3) to determine the effect of different spacer grids and power distribu

tion profiles on both transient and steady-state CHF. 

Test Facilities l 

Primary test. results are obtained from the Thermal-Hydraulic Test 

Facility (THTF), a large nonnuclear experimental loop with a test section 

t,hat contains a 7 x 7 array of .12-ft stepped, chopped-cosine heater rods 

with an outside diameter of 0.422 in. 

A schematic view of the THTF is shown in Fig. I-I. Fluid discharged 

from the pump flows through two control valves, where excess pump head is 

dissipated and flow adjusted to the desired level by diverting a portion 

through the bypass line. Heat generated in the fluid by the pump is re

moved in the small .Graham "Heliflow" heat exchanger in the bypass line. 

The primary flow then passes through inlet instrumented spool pieces 1 and 

2, where flow,conditions are monitored by a combination of a drag disk, 

gamma densitometer, turbine meter, and temperature and pressure sensors in 

'each spool piece. Flow enters the test section at the top of the rectangu

lar shroud box, flows down its length, and enters the bottom of the rod 

bundle. The fluid exits the bundle through outlet spool pieces 1 and 2, 

which are identical to those on the inlet. The energy added by the test 

section heater rods is removed by Graham "Heliflow" heat exchangers A. B, 

and C. Finally, the fluid returns to the pump section past the line from 

the pressurizer, which provides the primary pressure control for the loop 

and at the same time serves as a surge tank. 

At the instant of blowdown, the contents of the primary loop may be 

discharged through either of two rupture disk assemblies and appropriately 

sized orifices into the pressure-suppression system. For approximately 15 

sec before and approximately 300 sec after blowdown, over 500 sensors 

throughout the loop will be scanned by a computer-controlled digital-data

acquisition system (CCDAS) at a rate of 20 times per second. These sensors 

include approximately 320 thermocouples in the heater rods of the test sec

tion. 
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ORNL-DWG 77-5583 

HEAT EXCHANGER 

PRESSURE 
SUPPRESSION 
SYSTEM 

PRESSURIZER 

Fig. I-I. Thermal-Hydraulic Test Facility (ORNL-PWR Blowdown Heat 
Transfer Separate-Effects Program). 

Supporting experiments are carried out in the Forced Convection Test 

Facility (FCTF). A schematic view of the principal FCTF loop components 

is illustrated in Fig. 1-2. The primary purpose of the FCTF is to qualify 

prototype heaters for use in the THTF and to obtain blowdown heat transfe~ 

and steady-state CHF results for single rods in an annular geometry. In 
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its present configuration, the FCTF is capable of conducting only single

ended break tests. 

Objectives 

One of the primary objectives of the analysis is to determine the 

transient surface temperature and heat flux of the THTF heater rods from 

internal thermocouple signals obtained during a blowdown. This analysis 

requires the solution of the inverse heat conduction problem. 

The first purpose of this report is to develop a m~thod for calculat

ing the surface heat flux and surface temperature given the power input and 

the Itindicated lt internal temperature. The second objective is to develop 

and present the inverse computer program ORING (ORNL Inverse Code), which 

solves a one-dimensional, transient, lumped-parameter, implicit formulation 

of the conduction equation at each thermocouple position. 

Literature Survey 

An extensive review of the literature on the inverse heat conduction 

problem has been made by Muzzy, Avila, and Root. 3 The following draws 

heavily from that study. 

The problem can be posed· mathematically as follows: determine an un

known function bet) which may be either the temperature or flux at the 

boundary D of a domain D if the temperature distribution T(x,t) satisfies 

V·kVT + q ......... aT for xED = pCp at (1.1) 

and the conditions 

T(x,O) = f(x) x E: D (1.2) 

T(xo, t) = get) Xo e: D, t > 0 , (1.3) 

where p denotes density, Cp is specific heat, k is thermal conductivity, 
............ 
q 1S the heat generation rate, and f and g are known functions. Most 

numerical techniques for solving Eqs. (1.1) through (1.3) are inherently 

unstable since small changes in the data can cause large changes in the 
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solution. All numerical techniques that solve this problem successfully 

require an explicit or implicit reduction in the space of functions in 

which the solution will be sought. 

There are four basic approaches to the numerical solution of the in

verse heat conduction problem: integral equation techniques, transform 

techniques, series techniques, and techniques involving minimization over 

a multiparameter family of functions. All of these methods overlap con

siderably. 

The integral equation approach exploits the fact that for linear prob

lems (i.e., where the materi~l properties are temperature and time invari

ant), the solution to Eqs. (1.1) through (1.3) employs an integral equation. 

For example, if bet) denotes the surface heat flux on D, then 

get) = g(O) +~t G(S,t) b(S) dS , (1.4) 

where G(S, t) is an appropriate "kernel." 

Stoltz4 used Eq. (1.4) to obtain numerical solutions for b equal to 

the surface heat flux. By considering ti = i 6t (i = 0, 1, 2, ••• , n), he 

approximated the integral uSing a simple integration scheme. By assuming 

b constant on each interval (t i , t i +l ), he was able to solve for b recur

sively, starting from i = O. Even when restricting the class of possible 

solutions to step functions, instabilities were observed if 6t became too 

small. Becks also used Eq. (1.4), but improved on Stoltz's method by con

sidering t. ahead of the value for which b was presently sought. Applying 
1 . 

a least-squares technique to obtain the optimum solution for Eq. (1.4) over 

several values of ti simultaneously, Beck was able to solve b for a much 

smaller ~t. In a more recent work, Agee 6 also reduced the nonlinear prob

lem to an equivalent linear problem via a relationship similar to Eq. (1.4) 

and then used an adjoint solution technique to solve the equivalent linear 

problem for either the surface temperature or heat flux. The integral 

equation approach is restricted to linear problems and can become difficult 

if the geometry is irregular. 

The second approach is characterized by the use of Laplace or Fourier 

transforms to obtain transfer functions which relate the input data g(t) to 
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the output function bet). Sparrow, Haji-Sheikh, and Lundgren,7 Kendall,8 

and Imber 9 have used this approach. Again, the linearity assumption is 

'crucial; 'if the domain is irregular or composed of maily regions -each with 

different material properties -the application of these techniques may be 

difficult. 

The third approach involves the use of infinite series with the values 

of get) and its derivatives to solve Eqs. (1.1) through (1.3) • Burggraf 1 0 

first developed this technique, and his results were later extended to other 

cases of interest by Makhin and Shmukin.11 In more recent work,'Plummer et 

a1. 12 have employed this method numerically with apparent success.' Linear

ity and a regular geometry are essential. 

The fourth approach is that of minimization over a multiparameter fam

ily of functions. In this technique the solution is assumed to be of a 

certain form, for example, step or polynomial functions which depend on 

several parameters. These are chosen such that, with the resulting bet) 

as input, a best match of the data get) in a least-squares sense is ob

tained. The major proponent of this method is Beck,13 but others had con

sidered it earlier (Frank1~ and Davies 15 ). In this technique the process 

is an iterative one; for each proposed set of parameters the forward prob

lem [Eqs. (1.1) and (1.2)] is solved, in addition to 

-K aT = bet) 
an 

for x e: D , (1. 5) 

where bet) represents the heat flux and n the direction normal to the sur

face. After the forward problem is solved, the adjustable parameters,. are 

altered by some strategy and the process is repeated. The best parameters 

are those for which Eq. (1.3) is most nearly sat'isfied. 

Beck 13 considered b to be a low-order polynomial or constant over the 

analysis interval (several time steps in the discretized data). The coef

ficients in the polynomial expansion are adjusted to most nearly satisfy 

Eq. (1.3) in the least-squares sense over the analysis interval. The solu

tion is taken as the accepted value of b over the next single time step 

only. The analysis interval is shifted by one step and the entire process 

is repeated. 
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In the mathematical literature inverse heat conduction is usually 

referred to as a parabolic continuation problem that is related to solving 

the heat equation backward in time. There are several approaches that may 

be taken to solve these problems. The first, described by Douglas, 16 is to 

solve an integral equation of the form of Eq. (1.4) subject to auxiliary 

conditions, such as requiring the solution to be bounded. Linear program

ming techniques are used to optimize the agreement in Eq. (1.3). Linearity 

.is essential, but for regular geometries this approach may be easier to 

implement than those described above. As the complexity of the domain in

creases (such as multiple regions within the domain with varying thermal 

properties), it may not be possible to find the kernel function in Eq. 

(1.4), and the difficulties of this method increase. 

A second approach, similar to the least-squares ideas described above, 

has been employed by Miller and Viano 17 and by Miller. IS Assume that for 

any b(tr, T(xo, t) can be calculated by 

A(b) = T(xo,t) • (1.6) 

The following is then minimized 

II A (b) - gil , (1. 7) 

(where I I. I I denotes some convenient vector norm), subject to the condition 

II B (b) II ~ E , (1.8) 

where B(b) expresses some operation on the function b. For example, B(b) 

might be the derivative of b, and Eq. (1.8) would restrict the acceptable 

solutions to those functions whose derivatives remained bounded by E over 

the time step under consideration. This approach is applicable to nonlin

ear problems and offers the advantages of some theoretical background. So 

far, the applications in the literature have not included the problem given 

in Eqs. (1.1) through (1.3). 

Muzzy, Avila, and RootS concluded that the most promising technique 

for solving the inverse heat conduction problem, as shown in the literature, 

is Beck t s second method,13 Miller's method,18 or some combination of the 
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two. The other techniques are restricted by the linearity assumption and 

the requirements of simple geometries and/or simple domains. 

The original algorithm for Beck's second method was implemented in the 

INVERS subroutine of the Aerojet Nuclear HEATlA code. 19 This technique has 

also been incorporated in Energy Incorporated's LEPER code. 2o Muzzy, Avila, 

and Root 3 also used a variant of Beck's second method in General Electric's 

HeODE. Muzzy introduced several improvements and additions to this method: 

(1) the "trend" of the solution for b was anticipated in the formulation 

for b(t i +l ); (2) the formulation for b(t i +l ) allowed a one-parameter rather 

than a polynomial (multiparameter) minimization; (3) by restricting the 

maximum change in b(t i +l ) over the analysis interval, the possibility of 

oscillation in the heat flux for rapid transients was minimized; (4) the 

minimization algorithm was not entered until there was reasonable (within 

preset error criterion) agreement between the indicated and calculated tem

peratures; (5) HeODE used a weighted least-squares technique; and (6) HeODE 

forced the computed temperature to lie alternately on either side of the 

indicated temperature, reducing the accumulated error in b. 

However, there are drawbacks in applying Beck's second method. The 

first is excessive computational time. Except for the improvements noted 

in HeODE, the least-squares error function may have local minima to which 

the iterative minimization process converges (these local minima may be 

relatively distant from the true minimum) and by applying the process re

cursively, the computed solution may "drift." 
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CHAPTER II 

MODEL DERIVATION 

Consider the governing differential equation for the conduction of 

heat in a solid with an internal heat source: 

VoknT + qO~~~ = C aT v p p at (11.1) 

Volume integration of Eq. (11.1) yields 

f - -. 1 aT ('V°k'VT + q~~~)dV = pCp at dV • 
V V 

(n.2) 

With the assumption that pCp (aT/at) is constant over V and with the appli

cation of the divergence theorem to the left side of Eq. (rr.2). the result 

is 

(II. 3) 

Restricting the model application to cylindrical coordinates allows expan

sion for the gradient of T. 

aT 
= pCpV at . (11.4) 

Assuming there is no azimuthal temperature dependence and no axial conduc

tion (i.e •• aT/ae = oT/oZ = 0), Eq. (11.4) reduces to 

J aT - - f· aT A k ar (ron)dA + V q~~~dV = pCpV at . (11.5) 

With the further assumption that. k(aT/ar) is a function of rand t only, 

then 

-21TkR, 
r. 
~ 

+ 21TkR, 
ro 

for the radial interval (r .• ro). 
1 

aT 
ro or 

aT = pCpV at (II.6) 
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Equation (11.6) can be further simplified with the assumptions that k 

is constant on the interval (r .• ro) and that q;;; is constant for all 
1 

regions: 

q 

Therefore. Eq. (11.6) reduces to 

aT -2TIkj(,r. -
1 3r 

r. 
1 

aT 
+ 2TIkj(,r o ar 

ro 

(II. 7) 

• + q 
aT 

= pCpVat • (11.8) 

The next step in the derivation is dependent on the assumption of the 

nature of the heat flow between two radial positions. However, it is appro

priate to first discuss the manner in which a continuous homogeneous domain 

(substrate) is replaced by a pattern of discrete points (nodes) within the 

domain. Given a substrate of domain (r. l' r. l+n)' the substrate is di-
1- 1-

vided into a finite number (n) of equal subvolumes where 

t:..v == 
TIr~_l+nj(, - TIr~_lj(, 

(II. 9) 
n 

Replacing t:..v with TIJ/,t:..r2 and eliminating TIJ/, from both sides of Eq. (11.9) 

yields 

n 

Therefore, the interface radius of each subvo1ume can be defined by 

(ri2_l + J' t:..r 2)1/2 , r i _ l +j = 

where j = 0, n.. Also, the center of mass of each subvolume is 

r. 1+' = (r~ 1+' 1- J 1- J 

(II.lO) 

(II.ll) 

(II.12) 
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where j = 1, n. The nodal points for a substrate over the domain (ri _l , 

ri-l+n) are defined by the centers of mass of the subvolumes; the tempera

ture of a subvolume is associated with its center of mass. A better under

standing of the element notation (node i, r i , r i ) can be gained by refer

ring to Fig. II-I. 

Given the cylinder depicted in Fig. 11-2 with internal heat source 

over the radial domain of (rI , r H), heat flow between internal nodes [i.e., 

radial domain of (0, r H)] is proportional to r2 (or capacitance dominated); 

however, in the radial domain of (rH, rs) the heat flow between two nodes 

is constant at any r between the nodes, making it flux dominated. Deriva

tion of the model, starting with Eq. (11.8), requires two branches which 

will be joined later. 

Over the domain 0 < r < r H (Figs. II-I and II-2), assume that heat 

flow between the nodes is proportional to r2, or 

also 

aT 
q = -k21TrR- dr • 

ORNL- DWG 77-12762 

/ 

NODE NO. 11 + 1 

I 
I 

/ 

/ 
/ 

/ 

I I - lqi,i+I 

I 
I r' 1 1- 1+ 

/ 
/ II 
I 
I 

/ 

/ 
/ 

/ 

I _ lQi-l,i 

I 
I r' 1- 1 

I ri- 1 
..... ---1 

I 

/ 
/1 II-
I 
I 
I 
I 
I 

/ 

I. rj-t 
I 
I 
I 

/ 

Fig. II-I. Schematic denoting element notation. 

/ 
/ 

(II.l3) 

(11.14 ) 
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ORNL-DWG 77-12755 

Fig. 11-2. Schematic of a cylindrical rod with an internal heat 
source (rr < r < r H). 



IS 

Combining Eqs. (11.13) and (11.14) with a constant of proportionality A 

yields 

aT 2 
q = -k2nr1 ar = Ar . 

With separation of variables, 

-2krr1aT = Arar , 

and integration of Eq. (11.16) from r i _1 to r i , we have 

-2kn~(T, - T, 1) 
~ 1-

Therefore, 

4kn~(T. 
A = _ 1 

T, 1) 
1-

SubstitutingEq. (11.18) into Eq. (11.15) yields 

4k1T~ = - -----'-'~=---- (T. - T, l)r: 1 . 
-2 -2 1 ~- 1-
(r. - r. 1) 

1 1-

(11.15) 

(11.16) 

(11.17) 

(11.18) 

(11.19) 

Applying Eqs. (11.8) and (11.19) to the ith node (Fig. II-I) with p con

stant and Cp and k evaluated at the present nodal temperatures results in 

- 2 
k. 1 .4n1r. 1 
.1-,1 1-

(r2 r: 1) i 1-

k, '+141T1r: 
( ) 1,1 1 ( ) T. - T. 1 + T '+1 - Ti 1 1- -2 . 1 

(ri +1 - ) 

(II. 20) 
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Expanding qi and the right side of Eq. (11.20) yields 

- 2 
k. 1 .41TJ{,r. 1 
1- ,1 1-

-2 -2 
(r. - r. 1) 

1 1-

- 2 
k. '+141TJ{,r, 

( T) 
1,1 1 

T. - . 1 + 
1 1- -2 -2 

(r i +1 - r i ) 
T, ) 

1 

T.(t + 6t) - T.(t) x ~1 ______ ~ __ ~1 __ _ 

6t (II. 21) 

Factoring out 1TJ{, and using an implicit formulation, Eq. (11.21) becomes 

- 2 
4ki 1 .r. 1 - ,1 1-

-2 -2 
(r. - r, 1) 

1 1-

[T.(t + 6t) - T. l(t + 6t)] 
1 1-

( A)] .~~;( 2 2) T. t + ut + q. r. - r, 1 
1 1 1 1-

T.(t+6t)-T.(t) 
= pCp.(r: - r: 1) 

1 1 1-

1 1 

6t 

Collecting terms in Eq. (11.22) yields 

+ M) 

-2 2 ] 4k '+lr. 
i,1 1 ( A ) T. t + LIt 

(~~+l ~~) 1 

pCp. (r: - r: 1) 
1 1 1-

6t 

+ [ 4ki,i+1r~ ] T. (t + 6t) 
-2 -2 1+1 
(r

i
+1 - r

i
) 

2) 1 1 1- ( .) . [pCP.(r~ ~ r~ 1)] 
r i _ l - 6t Ti t 

(n.22) 

en.23) 

Over the domain of r
H 

< r < rS (Figs. 11-1 and 11-2) assume that the 

heat flow between nodes is constant at any r between the nodes; therefore, 

in Eq. (11.14) the variables can be separated to yield 

k = k21TQ, aT 
r q 

(11.24) 
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Upon integration of Eq. (11.24) from r. 1 to r. 
~- ~ 

In ( r i ) =...:... k2TI.Q, (T. - T . ) 
- q. l' ~ ~-l r

i
_

l 
~- ,~ 

rearranging Eq. (11.25) gives 

q. 1 . 
~- ,~ 

= __ k_2TI_.Q,_(_T.:=i~-_T.-:;i=-_-=1:.-) 

(1I.25) 

(n.26) 

Applying Eqs. (11.8) and (11.26) to the ith node (Fig. 11.1), with p con

stant, Cp and k evaluated at the present nodal temperatures, and with ex-. 
pans ion of q. and the right side of Eq. (11.8) yields 

~ 

k. 1 .2TI.Q, 
~- ,~ (T ) . - T. 1 - - ~ ~

In (r./r. 1) 
~ ~-

+ .,,#, DC 2 2) = q TIIV r. - r. 1 
~ ~-

T. (t) 
pCPTI.Q, (r: - r: 1) -=~----;-----.;;::...-

~ ~-
(n.2l) 

Factoring out TI.Q, and using an implicit formulation, Eq. (11.27) becomes 

2k. 1 . 
~- ,~ _ _ [T

i 
(t + fit) - T

i
_

1 
(t + L::.t)] 

In (r./r. 1) 
~ ~-

2ki ,i+1 + _--.;;=-z..::::....;..:: __ 

pCp. (r: - r: 1) 
.~ ~ ~-

T. (t + L::.t) 
~ 

L::.t 

r~ 1) 
~-

T. (t) 
~ (II. 28) 
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Collecting terms in Eq. (11.28) yields 

2k. 1 . 
1- ,1. [ - J (t + lit) + [- --=-~

In (r./r. 1) 
1. 1-

T.(t + lit) 
1 [ 

2k. '+1 ] + 1,1. T (t + lit) 
- '+1 

In (r i+/r i) 1 

. 
...... ( 2 2) -qi r

i 
- r

i
_

1 [

pCp, (r~ - r~ 1)] 
1 1. 1-

. II T.(t) . 
t 1. 

(II. 29) 

The inverse conduction model is basically a manipulation of the for

ward conduction model where the-boundary conditions are specified and the 

rod temperature profile is desired. The torward conduction model will be 

set up using the equations developed previously, and the inverse conduction 

model will be derived from the forward conduction model. 

Given the cylindrical rod in Fig. 11-2 with a known internal heat 

source over the radial domain (rr,rH) of 

rr < r < r H and t > 0 

(II. 30) 

o 

a known convective heat transfer coefficient at r 

t > 0 , (II. 31) 

a known sink temperature of 

(II. 32) 

and a known steady-state temperature profile of 

T(r,O) o < r < rS and t = 0 , (II.33) 
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solve for 

T(r,t) o < r < rS and t > 0 • (II. 34) 

Using n nodes and applying Eq. (II.23) over (O,rH) and Eq. (11.29) 

over (rH,rS)' the matrix formulation of the forward conduction model is 

where HF is the tridiagonal coefficient matrix of the system: 

-
H = 

F 

h1,1 h1 ,2 

h2,1 h2,2 

o 

0 0 

0 0 

0 0 

0 0 

o o o 

o o 

o 

0 0 h 
n-3,n-4 

0 0 0 

0 0 0 

0 0 0 

o o o 

o o o 

o o o 

h n-3,n-3 h n-3,n-2 0 

h n-2,n-3 h n-2,n-2 h n-2,n-l 

0 h n-l,n-2 h n-l,n-l 

0 0 h n,n-l 

with interior nodes [i.e., within domain (0, r H)] 

PCPl(r~ - 0) 

t;t 

hi ' 
4k. 1 .r~ 1 

= - ~-,~ ~-
,~ 

h, '+1 "" ~,~ 

(r~ -r: 1) 
~ ~-

- 2 
4k, '+1ri 

~,~ 

pCp. (r: - ri2 1) 
1. ~ -

L\t 

- 2 
4k. '+lr, 

~,~ ~ 

h 

h 

(II.35) 

o 

o 

o 

0 

0 

n-l,n 

n,n 

(II.36) 

(11.37) 

(II. 38) 

(II. 39) 
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and with exterior nodes [i.e., within domain (rH,r
S

)] 

h = n,n 

h. . 
2k. 1 . = _____ ~l._-~t~l. __ _ 

l.,l. 
In (r. fr. 1) 

l. 1-

2ki _1 ,i 
h. . 1 = ___ :::......::;.z..;:,,--_ 
1,1- - -

In (r./r. 1) 
1 1-

llt 

2k n-1,n 
pCp (r2 - r2 ) 

n n· n-1 
llt 

In (r (i 1) n n-

r: 1) l.- 2k. '+1 l.,l. 

2 

(I1.40) 

(II.41) 

(I1.42) 

(II.43) 

(II. 44) 

(see Appendix B for explicit derivation of h ). TF is a column vector 
n,n 

of unknowns (nodal temperatures at time t + llt): 

T 
n 

(II.45) 



BF is a column vector of knowns: 

B = 
F 

b 
n 

For interior nodes within (O,rr)' 

21 

• "'...... 2) 1 1 1- ( ) ~o tPCP, (r~ - r: l)J 
b. = -q. . - r. 1 - At T. t • 

1 1 1 1- u 1 

For interior nodes within (rr,rR), 

(r~ 
1 

For exterior nodes within (rR,r
S
)' except for b

n
, 

For the last node, b , 
n 

o 
b = ......... ( ... ~ ) 

n -q~n Ln_l 

[
pCp (r2 - r2 l)J 

n n n- T (t) . 
M n 

(II. 46) 

(II.47) 

(11.48) 

(II.49) 

(II. 50) 
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Equation (11.35) can be solved by many techniques. ORINC simply inverts 
. --1 

HF to obtain HF by the Gauss-Jordan method with full pivoting. Each mem-

ber of the unknown vector TF is then determined by 

l: -1 
T. = . 1 hi' b. 

1. J=,n ,J J 
i = l,n . (II. 51) 

The inverse conduction problem is then posed. If an internal heat 

source over (rI,rH) is known: 

r
I 

< r < r
H 

and t > 0 , 
(11.52) 

an internal temperature is known: 

r = r
n

_
2 

and t > 0 (II. 53) 

with a known steady-state temperature profile of 

T (r, 0) o < r < rS and t = 0 (II.54) 

solve for the boundary function, 

<p(t) t > 0 , (II. 55) 

and the temperature distribution, 

T (r, t) t > 0 . (II. 56) 

In essence, the inverse conduction model corresponding to Eq. (11.35) 

requires the modification of four members of BF , one column of ~, one row 

of HF, and two members of TF. First, inspection of the nth equation of the 
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forward conduction model shows 

[ 2k ] 
2k pCp (r2 - r2 ) 

n-1 2n 
Tn_l(t + ~t) + [-

n-1,n n n n-1 

In (r
n
/r

n
_

1
) (r nlrn_1) lit In 

2 
_ ] Tn (t + M) 

2 rb 
(t + lit) ~ - [ 

1 In (r /r ) 
1 + 

In (r /:r ) n n n n --+ 
k rnhf rnhf k n n 

[

pCP (r2 - r2 1)] 
_ n n n- T (t) 

lit n (11.57) 

where hf and Tb are functions of time. Equation (11.57) can be restruc

tured to 

( 

2k ] n-1,n 

[ 

2k 
(t + li ) n-1,n 

t + - In (r /r 1) 
n n-

pCp (r2 - r2 1)] 
n ~ n- T (t + lit) 

t n 

[

pCp (r2 
= ¢(t + lit) - n ~t (11.58) 

where the boundary condition 

¢(t) t > 0 (II.59) 

replaces Eqs. (11.31) and (11.32). Using the assumption that the heat flow 

between nodes is constant at any r between the nodes [the basis for Eqs. 

(11.26) and (11.19)] over the domain (rH,rS)' then 

(T - T ) 
n surf 

= 2r hfCT f - Tb) . n sur (II.60) 
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In the inverse conduction problem, ¢ is unknown and Eq. (11.58) must be 

written as 

n-l,n 

[ 
2k J 

x T 
n 

[ 

2k n-l.n 
+ II t) + - -In-(...::..:r=-----=l:r:....;;,;,..-l-) 

n n-

pCp (r
2 

- r2 1)] n n n-
llt 

(t + llt) - ¢ (t + llt) ~ - [_PC_P_n_(_r~_ll_t_r~_--"l'--)] Tn (t ) • (11.61) 

Since T (~n_2,t) from Eq. (11.53) is known, there are still n unknowns 

where ¢ replaces T in TF. Also, column n-2 of HF must be set equal to 
n-2 

zero with h 2 set equal to -1 [the coefficient of ¢ in the nth equation n,n-
(11.61)] and the corresponding members of BF modified. The matrix formu-

lation of the inverse conduction model is 

where HI is the tridiagonal coefficient matrix of the system with 

HI 

h1 ,1 h1 ,2 

h2 ,1 hZ,Z 

o 

0 0 

0 0 

0 0 

0 0 

o 

0 

0 

0 

0 

o o 

o o 

o 

0 h n-3, n-4 h 

0 0 h 

0 0 

0 0 

o o o o 

o o o o 

o o o o 

n-3,n-3 0 0 0 

n-2,n-3 0 h n-2,n-l 0 

0 0 h n-l,n-l h . 1 n- ,n 

0 -1 h n,n-l h n,n 

(II. 62) 

(11.63) 
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and with the coefficient terms for the interior nodes and exterior nodes 

the same as Eqs. (11.37) to (11.43) except for the following: 

h .. 0 , 
n-3,n-2 

h = 0 , 
n-2,n-2 

h n-l,n-2 0 , 

h = -1 
n,n-2 ' 

h = 
n,n 

2k 
n-l,n 

pCp (r2 - r2 ) 
n n n-l 

l1t 

is a column vector of unknowns where 

if> 

T 
n-l 

T 
n 

(11.64) 

(11.65) 

(II.66) 

(II. 67) 

(II.68) 

(II.69) 
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(note that Tn_2 is replaced by ¢). BI is a column vector of knowns where 

b n-3 

b n-2 

b n-l 

b 
n 

Modifications required for the b's are 

PCPn_2(r~_2 - r~_3) 
fit 

x T
n

_
2
(t + L'lt) , 

(II. 70) 

(II.7l) 

(II. 72) 
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= -

b = - n n n- T (t) • 
[

PCp (r2 - r2 l)J 
n ~t n 

Equation (11.62) is solved similarly to Eq. (11.35), 

T. 
1 L 

j=l,n 

i l,n i # n-2, and 

-1 b h 2. . n- ,J J j=l,n 

The surface temperature is then calculated from ~ by 

T f(t + ~t) sur T (t + ~t) - ~(t 
n 

(II.73) 

(11.74) 

(II. 75) 

(II. 76) 

(II.77) 

The model development in this section was made for the "general" rod 

with an internal heat source shown in Fig. 11-2. The development of the 

inverse model specifically for the THTF heaters is given in Appendix B. 

A description of theTHTF heaters is presented in Appendix A. 
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The boundary condition calculated in Eq. (11.76) is the time-averaged 

linear surface heat rate divided by n for the time interval ~t, 

f
t+M 

<P dt 
t ¢ := ---=---.,..---

f
t+M 

dt 

t 

(II.78) 

where <P is the instantaneous linear surface heat rate divided by n. The 

time-averaged surface heat flux (~) is calculated from ¢ by 

¢ 
~ := -( 2-'r-) • 

n 
(II.79) 

One of the specific objectives of the ORNL-PWR-BDHT separate-effects 

program is the calculation of the local heat transfer coefficient and the 

local fluid properties during the blowdown transient; since ORINC cannot do 

the calculation independently, it is necessary that it be coupled or inter

faced with a thermal-hydraulics code which calculates these properties and 

the local fluid bulk temperature (or local saturation temperature). Conse

quently, ORINC is presently interfaced21 with a RELAP22 model of the THTF 

core (Fig. 11_3)23 which is driven by a similar model of the THTF loop 

(Fig. 11-4).23 A 'heat transfer coefficient' can be calculated from ¢ 

[Eq. (11.76)], Tsurf [Eq~ (11.77)] from OR1NC, and Tb (average local fluid 

bulk temperature) or T (local saturation temperature) from RELAP by sat 

h sat 

(T - T ) 
surf b 

(T T) • 
surf sat 

(II. 80) 

(II.8l) 

There is no a priori method at present for deciding which calculation is 

correct, so both are made. It -must be noted that hb and hare calcu---- . sat 
lated from the time-averaged heat flux (~) and the end of the time-step 

temperatures (T f' and Tb or T ). sur sat 
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CHAPTER III 

INVERSE COMPUTER PROGRAM 

Code Description 

ORINC is an inverse computer program which solves a one-dimensional, 

transient, lumped-parameter, implicit formulation of the conduction equa

tion at each thermocouple position. The code uses the techniques and 

equations presented in Section II and, more specifically, those presented 

in Appendix B for the THTF heaters discussed in Appendix A. 

The program is currently operational on the ORNL IBM 360/91 and 360/ 

195 computers. It consists of approximately 3200 lines of coding, includ

ing a main driving routine, 26 subroutines and subprograms, and a block 

data section. The programming language is FORTRAN IV. 

A complete listing of ORINC is. presented in Appendix C. Table D-l of 

Appendix D contains a list of all subroutines, subprograms, and multiple 

subroutine entry points in ORINC along with a brief description of their 

functions in the code. A flowchart (with clarifying comments) of the logic 

in the main driving routine is presented in Fig. D-l of Appendix D. 

Code Verification 

The method for testing ORNL's ability to determine the "local heat 

transfer coefficient as a function of calculated local conditions and, 

in effect, serve as an instrument for verifying ORINC was agreed upon by 

NRC2~ and ORNL,25 and is briefly outlined in the following paragraph. 

Upon receipt of RELAP-4, Version 5 from Reactor Safety Research (RSR), 

the loop and core of the THTF were modeled by the analysis group of the 

BDHT program. After the models were reviewed by RSR, a heated bundle blow

down case was to be selected from the THTF test matrix l and a RELAP4 run 

performed at ORNL. The results and input decks for the dry run were sup

plied to RSR. The local fluid conditions and pin radial temperatures (at 

the internal thermocouple locations) generated by the RELAP4 dry run ~ere 

used as forcing functions in ORINC for calculation of the sheath surface 
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temperature, surface flux, and local heat transfer coefficient. The OR1NC 

generated values were then compared with those in the RELAP4 dry run. 

Blowdown test 104 was selected from the test matrix for the transient 

specified by NRC. OR1NC runs were made for the 'hot spot' and 'average' 

nodes 26 based on the RELAP4 ORNL-THTF core model results. 27 Figures 111-1 

to 111-628 are overlays of OR1NC predictions with RELAP generated values. 

As shown by these figures, the OR1NC dry run results compare favorably with 

the RELAP4 dry run predictions. 

At the time the dry run was conducted, the automatic interfaces and 

plotting routines for OR1NC did not exist; thus, the overalys in Figs. 111-1 

to 111-6 are hand-plotted. 

Application of OR1NC for THTF B1owdown 104 

The fully interfaced version of OR1NC has been used to analyze the 

data from THTF blowdown 104. 29 The coefficient data tape contained the 

final calibration and regression data (Appendix A) for the 100 series 

tests with gap bias data for test 104. The RELAP-OR1NC interface 21 tape 

was generated by the best estimate THTF RELAP core mode1 23 which was driven 

by the THTF RELAP loop model. 23 

Four examples (at thermocouples TE-322AE, TE-3l8BG, TE-304CH, and 

TE-30lDJ) of OR1NC unit 6 output for this test case are presented in 

Appendix E. Figures 111-7 to 111-22 are four sets of graphs for these 

thermocouples. Each set consists of the following: (1) overlay of the 

OR1NC and RELAP4 predicted surface heat fluxes, (2) overlay of the OR1NC 

and RELAP4 predicted surface temperatures, (3) overlay of OR1NC and RELAP4 

predicted heat transfer coefficients, and (4) the corresponding RELAP4 core 

volume pressure, bulk averaged temperature, and saturation temperature. 
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Fig. III-2. Overlay of ORINC and RELAP predicted surface temperatures 
for core hot node (dry run 104). 
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Fig. 111-5. Overlay of ORINe and RELAP predicted surface temperatures 
for core average node (dry run 104). 
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Fig. 111-13. Overlay of ORINe and RELAP predicted heat transfer 
coefficients (THTF test 104, TE-3lBBG). 
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Fig. 111-17. Overlay of ORINC and RELAP predicted heat transfer 
coefficient,s (THTF test 104, TE-304CH). 
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CHAPTER IV 

CONCLUSIONS 

An implicit technique has been developed to determine both the tran

sient surface temperature and the transient surface heat flux of electri

cally heated rods during a simulated loss-of-coolant accident. A computer 

code (ORINC) has been developed using this technique; the code will be 

used in subsequent analysis of THTF-BDHT test data. 
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APPENDIX A 

THTF HEATERS 

Heater Rod Description l 

The indirect electric heater rods used in THTF bundle 1 are 1.0719 cm 

diam (0.422 in.) with a stepped, chopped-cosine power profile length of 

365.76 cm (12 ft) (Fig. A-I). The overall rod length is 548.64 to 640.08 

cm (18 to 21 ft), depending on its location in the bundle. The rod is 

double-ended, with the sheath and ground-lead extension welded together at 

the lower end and the power lead insulated from the sheath at the upper 

end. 

The heater rods have a dual-sheath design (see rod cross section in 

Fig. A-2). The outer sheath is 0.0254-cm-thick (O.OlO-in.) stainless 

steel; the inner sheath is 0.0762-cm-thick (0.030-in.) stainless steel and 

is grooved to accept the 0.OS08-cm (0.020-in.) chromel vs alumel thermo

couples. The next inner layer is boron nitride, which electrically insu

lates the heating element from the stainless steel sheaths. The heater 

element consists of a series of oversleeves swaged over a central base tube 

to provide the heat-generation zones. The central 'hot zone' consists of 

only the base Inconel 600 heater tube; this zone has the highest electrical 

resistance and maximum heat generation rate. Successive oversleeves of 

Inconel 600 or Cupro Nickel are swaged over the heater element with each 

succeeding oversleeve extending to the end. As oversleeves are added be

tween the central zone and the ends, the resistance and heat generation 

rates of that particular zone decrease so that the step-changes approximate 

the desired chopped-cosine power profile shown in Fig. A-3. The lengths of 

the steps for different power levels were chosen to match the integrated 

chopped-cosine power profile (Fig. A-4). Nominal heated zone lengths, 

power ratios, and local powers for THTF heaters are given in Table A-I. 

The core of the heater element is filled with MgO, which is both a filler 

and insulator between the heating element and the central rod thermocouple 

sheaths. 
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Fig. A-1. Indirect heater rod assembly. (1 in. = 2.54 cm) 
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Fig. A-2. Heater rod cross section. (1 in. = 2.54 cm) 
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Table A-I. Nominal power profile for the 
THTF indirect heater with average power 

of 12 kW/ft 

(1 in. = 2.54 em, 1 kW/ft = 3.28084. kW/m) 

Length of Local power 
heated zone Local/average rate from beginning power ratio (kW/ft) 

(in. ) 

0--18 0.422 5.06 
18-31.5 0.597 7.16 

31.5-42 1.065 12.78 
42-54 1.285 15.42 
54--90 1.67 20.0 
9<r-102 1.285 15.42 

102-112.5 1.065 12.78 
112.5-126 0.597 7.16 

126-144 0.422 5.06 

The sheath thermocouples are located in axial grooves (two per groove) 

machined in the inner sheath. After the tips of the thermocouple sheath 

are spot-welded at the proper location, a stainless steel filler rod is 

added to the remainder of the groove (Fig. A-5). The heater is then 

slipped into the 0.0254-cm-thick outer sheath and the whole assembly is 

swaged down to a 1.07l9-cm OD. 

BDHT heater 150-5 (originally S/N-5) was cross-sectioned and micro

photographed 3o by the Y-12 Development Division Metallurgical Department. 

A typical cross section (Fig. A-6) shows the peripheral location of sheath 

thermocouples and heater components. Blow-ups of the inner sheath groove 

area (Fig. A-7) reveal that the groove has been milled to a depth of 0.0394 

em (0.0155 in.), which is less than the original 0.0508-cm OD of the ther

mocouple. As a result, during swaging operations the thermocouple is 

crushed to a somewhat elliptica~ shape and the edge of the milled groove 

is pulled away from the outer sheath (Fig. A-7). A review of all photo

graphs of cross sections at thermocouple bead junctions in heater 150-5 

results in the composite drawing shown in Fig. A-8. 
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Fig. A-6. Cross section of BDHT heater 150-5. 
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Fig. A.;..8. Segment of heater rod snowing mean dimensions in the 
thermocouple area. (1 in. = 2.54 cm) 
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Heater Rod Bundle l 

The bundle consists of 49 rods in a 7 x 7 array spaced on 1.43-cm 

(0.563-in.) centers which are contained in a lO.16-cm-square (4-in.) shroud 

box. Low-pressure-drop grid spacers are provided at approximately 30.48-cm 

(12-in.) intervals along the box (Fig. A-9). The shroud box supports the 

spacer grids and forms the bundle flow channel. A cross section of the 

test section with the shroud box and bundle assembly in place is shown in 

Fig. A-lO. 

The nominal locations of thermocouples, together with locations of 

power steps and spacer grids, are summarized in Table A-2. After the 

assembly of THTF bundle 1, all thermocouples were tested for open circuits; 

337 of 348 sheath thermocouples and 75 of 106 center thermocouples were in 

good condition. The distribution of these thermocouples in bundle 1 is 

presented on a grid map in Fig. A-II. A schematic illustration showing the 

locations of thermocouples at different levels is given in Fig. A-12. 

Of the available 'good' sheath thermocouples, 50 are monitored by a 

multichannel temperature monitor (metrascope) with the thermal responses 

visually displayed. The rods that are cross-hatched in Fig. A-13 are moni

tored by the metrascope. Also, there are 19 thermocouples on level 0 for 

which the inverse model in ORINC is not applicable. Therefore, of the 

thermocouples which are scanned by the computer controlled data acquisition 

system (CCDAS), there are 266 possible positions in THTF bundle 1 for which 

inverse calculations can be made. 

Heater Rod Radial Dimensions 

For the inverse model and calculations, it is essential that the in

ternal radial dimensions of the heater rod·be as accurate as possible. 

However, due to the rod manufacturing procedure, these dimensions are not 

readily available (i.e., as specifications or in any published form). The 

following description of the manufacturing procedure clarifies the reasons 

for this problem. The internal thermocoupie cluster along with a piano 

wire stiffener are inserted into the Inconel tube; MgO cores are inserted 

over the thermocouple cluster. This as·sembly is then swaged down to a 

given outer diameter, crushing and compacting the MgO. Successive sleeves 
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Table A-2. Nominal location6f thermocouples in 
THTF bundle 1 relative to power zone steps 

and grid spacers 

(1 in. = 2.54 cm) 

Distance (in.) from Grid Nominal power Thermo-
lower end of spacer couple 
heated zone a location kW/m kW/ft level 

-3/4 to +3/4 X 

14L 1 1 A 
11 1/2 to 12 5/8 X 4.30 

13 1/8 

19ts As 
B 

18 
19 C 

23 to 24 1/2 X t t 31 1/2 
34 7/8 to 36 3/8 X t 

36 7/8 35.56 10.84 D 
42 t f 43 E 

45 1/2 to 47 X . 42.91 13.08 
54 

f f 
55 F 

58 5/8 to 60 1/8 X 
70 1/2 to 72 X 

77 55.77 17.0 G 
82 3/8 to 83 7/8 X ! ~ 89 H 

90 
93 t t I 

93 1/2 to 95 X 42.91 13.08 
101 i t J 

--102 
105 5/8 t t K 

106 1/8 to 107 5/8 X 35.56 10.84 
III 1/2 i , L 

--112 1/2 
118 to 119 1/2 X t 

125 19.95 6.08 M 
--126 t t 
129 7/8 to 131 3/8 X 

14!12 ·4t30 141 1/4 N 
141 3/4 to 143 1/4 X 

+ i --144 
145 1/4 1.21 0.37 0 

aDistances in most cases are nominal and ±1/4 in. 
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of Inconel or Cupro Nickel are swaged over the base tube to a uniform out

side diameter (further compacting the core and elongating the assembly). 

The finished heater assembly is placed inside the inner stainless steel 

sheath, and boron nitride (BN) powder is poured into the annular region and 

compacted. Another swaging operation is performed and the grooves are 

milled in the surface. The sheath thermocouples are subsequently tack 

welded in the grooves and filler rods are added; this assembly is inserted 

in the outer sheath for the final swaging operation. Obviously, each swag

ing operation compacts (and elongates) the ceramic insulators and thins 

(and elongates) the metallic annular regions of the assembly. 

The Y-12 Development Division Metallurgical Department measured the 

internal dimensions 31 of the cross sections of BDHT heater 150-5. The 

radial dimensions used by ORINC for THTF bundle 1 inverse calculations are 

tabulated in Table A-3 (see Fig. A-12 for zone designations). 

Heater Rod Component Physical Properties 

The inverse model and code requires the following physical properties 

for each component in the heater rod: density p, thermal conductivity k, 

and specific heat Cpo 

An extensive literature search 32
-

43 was conducted to collect the avail

able physical property information for MgO, Inconel-600, Cupro Nickel, BN, 

and 316 stainless steel. Except for the thermal conductivities of MgO and 

BN, the optimum polynomial fit in terms of temperature was determined for 

the heat capacity and thermal conductivity of each component. These 

least-squares fits are presented in Tables A-4 to A-B. 

The difficulty in presenting a single curve for the thermal conduc

tivity of MgO is that it is an extreme function of the packed density 

(porosity) of the ceramic. 32 As stated previously in the description of the 

rod manufacturing technique, the compaction of the MgO core varies depend

ing on the axial position in the rod. Therefore, the effective MgO thermal 

conductivity must be determined in situ and is part of the rod calibration 

procedure. 44 



Table A-3. THTF heater radial dimensions 

Zone Base Inconel 
1st lnconel 2nd Incone1 1st Cu-Ni 2nd Cu-Ni 

Bot"on n1 tride Inner SS sheath Outer 55 sheath 
(refer to outer thickness oversleeve oversleeve oversleeve oversleeve thickness thickness thic.kness 
Fig. A-12l [em (in.)J [em (itl.)J 

thickness thickness thickness thickness 
[em (in.) I [em (in.)J (em (in.)] [em (in.) I [em (in.)] [em (in.)] [em (in.)] 

I 0.5527 (0.2176) 0.0335 (0.0132) 0.1270 (0.0500) 0.0762 (0.0300) 0.0254 
II 0.5319 (0.2094) 0.0340 (0.0134) 0.0099 (0.0039) 0.1270 (0.0500) 0.0762 (0.0300) 0.0254 
III 0.5126 (0.2018) 0.0348 (0.0137) 0.0099 (0.0039) 0.0089 (0.0035) 0.1270 (0.0500) 0.0762 (0.0300) 0.0254 (0.0100) 
IV 0.4831 (0.1902) 0.0356 (0:0140) 0.0099 (0.0039) 0.0089 (0.0035) 0.0140 '(0.0055) 0.1270, (0.0500) 0.0762 (0.0300) 0.0254 (0.0100) 
V 0.4552 (0.1792) '0.0356 (0.0140) 0.0099 (0.0039) 0.0089 (0.0035) 0.0140 (0.0055) 0.0140 (0.055) 0.1270 (0.0500) .0.0762 (0.0300) 0.025!; (0.0100) ...... 

.p. 
MgO Ineanel Cu-Ni Boron nitride Inner sheath Outer sheath 

Zone outer radius outer radius outer radius outer radius , outer radius outer radius 
[em (in.)] [em (in.») [em (in.)] [em (in.) I [em (in.») [em (in.)] 

I 0.2764 (0.1088) 0.3099 (0.1220)- 0.4369 (0.1720) 0.5131 (0.2020) 0.5385 (0.2120) 
11 0.2639 (0.1047) 0.3099 (0.1220) 0.4369 (0.1720) 0.5131 (0.2020) 0.5385 (0.2120) 
III 0.2563 (0.1009) 0.3099 (0.1220) 0.4369 (0.1720) 0.5131 (0.2020) 0.5385 (0.2120) 
IV 0.2416 (0.0951) 0.2959 (0.1165) 0.3099 (0.1220) 0.4369 (0.1720) 0.5131 (0.2020) 0.5385 (0.2120) 
V 0.2276 (0.0896) 0.2819 (0.1110) 0.3099 (0.1220) 0.4369 (0.172.0) 0.5131 (0.2020) 0.5385 (0.2120) 
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Table A-4. Physical prop'erty data for Incone1 600 

1 Btu/hr-ft-OF = 1.73 W/m-oC 
1 Btu/1b-oF = 1 cal/g-0C 
1 Ib/ft 3 ~ 0.01602 g/cm 3 

°c 5/9 (OF - 32) . 
Density 526 Ib/ft 3 

Melting point = 250D-2600oF 

Temperature Specific heat, Cp Thermal conductivity, 
(OF) (Btu/1b-OF) (Btu/hr-ft-OF) 

O. 0.0977 8.4 
50. 0.1011 8.6 

100. 0.1041 8.7 
150. 0.1068 8.9 
200. 0.1092 9.1 
250. 0.1113 9.3 
300. 0.1132 9.5 
350. 0.1148 9.7 
400. 0.1163 9.9 
450. 0.1176 10.2 
500. 0.1188 10.4 
550. 0.1199 10.6 
600. 0.1209 10.9 
650. 0.1218 11.2 
700. 0.1228 11.4 
750. 0.1237 11. 7 
800. 0.1247 12.0 
850. 0.1258 12.2 
900. 0.1270 12.5 
950. 0.1283 12.8 

1000. 0.1297 13.1 
1050. 0.1314 13.4 
1100. 0.1332 13.7 
1150. 0.1353 14.0 
1200. 0.1377 14.3 
1250. 0.1404 14.6 
1300. 0.1434 14.9 
1350. 0.1467 15.2 
1400. 0.1505 15.5 
1450. 0.1546 15.8 
1500. 0.1592 16.1 
1550. 0.1643 16.4 
1600. 0.1698 16.7 
1650. 0.1759 17.0 
1700. 0.1826 17.3 
1750. 0.1898 17.6 
1800. 0.1977 17.8 

Best polynomial fit to data for Cp and k: 

Cp 9.77430344 x 10-2 + 7.11642206 X 10- 5 T 7.72415660 
x 10- 8 T2 + 3.80815379 x 10- 11 T3 , 

k = 8.42944336 + 2.88105011 x 10- 3 T + 2.42143869 
x lO-6 T 2 - 6.19365d92 X 10- 10 T3 . , 

where k has units of Btu/hr-ft-OF, Cp has units of Btu/lb-oF, and 
T has units of of. 

k 
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Table A-5. Physical property data for Cupro Nickel 

1 Btu/hr-ft-OF = 1.73 W/m-oC 
1 Btu/lb-"F 1 cal/g-0C 
1 Ib/ft 3 = 0.01602 g/cm 3 

°c = 5/9 (OF - 32) 
Density = 553 Ib/ft 3 

Melting point = 2140-2280°F 

Temperature Specific heat, Cp Thermal conductivity, 
(OF) (Btu/ lb- oF) (Btu/hr-ft-OF) 

O. 0.0950 16.8 
50. 0.0965 16.8 

100. 0.0978 17.1 
150. 0.0991 17.5 
200. 0.1004 18.0 
250. 0.1016 18.6 
300. 0.1027 19.3 
350. 0.1039 20.1 
400. 0.1049 21.0 
450. 0.1060 21. 9 
500. 0.1070 22.8 
550. 0.1080 23.8 
600. 0.1090 24.9 
650. 0.1100 26.1 
700. 0.1110 27.3 
750. 0.1119 28.6 
800. 0.1129 30.0 
850. 0.1139 31.5· 
900. 0.1149 33.2 
950. 0.1159 35.1 

1000. 0.1169 37.2 
1050. 0.1180 39.5 
1100. 0.1191 42.2 
1150. 0.1203 45.2 
1200. 0.1215 48.6 
1250. 0.1227 52.4 
1300. 0.1240 56.8 
1350. 0.1253 61. 7 
1400. 0.1268 67.2 
1450. 0.1282 73.4 
1500. 0.1298 80.4 
1550. 0.1314 88.3 
1600. 0.1332 97.0 
1650. 0.1350 106.8 
1700. 0.1369 117.6 
1750. 0.1389 129.6 
1800. 0.1410 142.9 

Best polynomial fit to data for Cp and k: 

Cp 9.50193405 x 10- 2 + 2.93776393 x 10- 5 T - 1.41008059 
x 10- 8 + 6.65068001 x 10- 12 T3 , 

k 1.68024902 x 10 1 
- 1.31225586 X 10- 3 T + 4.43458557 

x 10- 5 T2 - 4.77302819 X 10- 8 T3 + 2.50679477 x 10- 11 T~, 

where k has units of Btu/hr-ft-OF, Cp has units of Btu/lb-OF, and 
T has units of OF. 

k 

.. 
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Table A-6. Physical property data for 316 stainless steel 

1 Btu/hr-ft-OF = 1.73 W/m-oC 
1 Btu/1b-OF = 1 ca1/g-0C 
1 Ib/ft 3 = 0.01602 g/cm S 

°c = 5/9 (OF 32) 
Density = 496 1b/ft 3 

Melting point = 250D-2550°F 

Temperature Specific heat, Cp Thermal conductivity, 
(oF) (Btu/1b-OF) (Btu/hr-ft-OF) 

O. 0.1042 7.2 
50. 0.1072 7.5 

100. 0.1099 7.7 
150. 0.1124 8.0 
200. 0.1148 8.2 
250. 0.1170 8.5 
300. 0.1190 8.7 
350. 0.1209 8.9 
400. 0.1227 9.1 
450. 0.1243 9.4 
500. 0.1259 9.6 
550. 0.1274 9.8 
600. 0.1288 10.0 
650. 0.1301 10.2 
700. 0.1313 10.4 
750 • 0.1325 10.7 
800. 0.1337 1O~9 

850. 0.1348 11.1 
900. 0.1359 11.3 
950; 0.1369 11.5 

1000. 0.1380 11.7 
1050. 0.1390 11.9 
llOO. 0.1400 12.1 
1150. 0.1411 12.4 
1200. 0.1421 12.6 
1250. 0.1431 12.8 
1300. 0.1442 13.0 
1350. 0.1452 13.2 
1400. 0.1463 13.5 
1450. 0.1474 13.7 
1500. 0.1485 13.9 
1550. 0.1496 14.2 
1600. 0.1508 14.4 
1650. 0.1519 14.7 
1700. 0.1531 14.9 
1750. 0.1543 15.2 
1800. 0.1556 15.4 

Best polynomial fit to data for Cp and k: 

Cp 1.04247093 x 10- 1 + 6.05583191 X 10- 5 T - 4.37721610 
x 10-8 T2 + 2.01225703 X la-II TS - 3.16413562 x 10-15 T4 , 

k = 7.24584961 + 5.07926941 x 10- 3 T - 9.89995897 X 10- 7 T2 
+ 3.82840426 x 10-10 T3 , 

where k has units of Btu/hr-ft-OF, Cp has units of Btu/1b-OF, and 
T has units of of. 

k 
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Table A-7. Physical property data for magnesium oxide 

1 Btu/hr-ft-OF = 1.73 W/m-oC 
1 Btu/1b-oF = 1 ca1/g-0C 
1 1b/ft! 0.01602 g/eml 
°c = 5/9 (OF 32) 
Density = 212" lb/ft 3 

Temperature 
(OF) 

O. 
50. 

100. 
150. 
200. 
250. 
300. 
350. 
400. 
450. 
500. 
550. 
600. 
650. 
700. 
750. 
800. 
850. 
900. 
950. 

1000. 
1050. 
1100. 
1150. 
1200. 
1250. 
1300. 
1350. 
1400. 
1450. 
1500. 
1550. 
1600. 
1650. 
1700. 
1750. 
1800. 

Specific heat. Cp 
(Btu/1b-"F) 

0.2243 
0.2302 
0.2359 
0.2413 

.0.2463 
0.2511 
0.2557 
0.2599 
0.2639 
0.2677 
0.2712 
0.2745 
0.2776 
0.2805 
0.2832 
0.2856 
0.2879 
0.2901 
0.2920 
0.2938 
0.2955 
0.2970 
0.2984 
0.2997 
0.3009 
0.3020 
0.3030 
0.3039 
0.3047 
0.3055 
0.3062 
0.3069 
0.3075 
0.3081 
0.3087 
0.3093 
0.3098 

Best polynomial fit to data for Cp: 

Cp = 2.24258423 x 10- 1 + 1.22666359 
x 10- 4 T - 6.35191100 X 10- 8 T2 
+ 1.21040955 X 10- 11 T3 , 

where Cp has units. of Btu/1b-oF and T has 
units of of. 
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Table A-8 .. Physical property data for boron nitride 

1 Btu/hr-ft-OF = 1.73 w/m-"C-
1 Btu/lb-OF = 1 cal/g-OC 
1 1b/ft 3 = 0.01602 g/cm3 

"c = 5/9 (OF - 32) 
Density = 125 Ib/ft 3 

Temperature 
(OF) 

O. 
50. 

100. 
150. 
200. 
250. 
300. 
350. 
400. 
450. 
500. 
550. 
600. 
650. 
700. 
750. 
800. 
850. 
900. 
950. 

1000. 
1050. 
1100. 
1150. 
1200. 
1250. 
1300. 
1350. 
1400. 
1450. 
1500. 
1550. 
1600. 
1650. 
1700. 
1750. 
1800. 

Specific heat. Cp 
(Btu/1b-OF) 

0.1678 
0.1859 
0.2031 
0.2195 
0.2352 
0.2500 
0.2641 
0.2775 
0.2901 
0.3021 
0.3134 
0.3241 
0.3342 
0.3437 
0.3526 
0.3610 
0.3689' 
0.3763 
0.3832 
0.3897 
0.3957 
0.4014 
0.4067 
0.4116 
0.4162 
0.4205 
0.4245 
0.4283 
0.4318 
0.4352 
0.4383 
0.4413 
0.4441 
0.4469 
0.4495 

0.4521 
0.4546 

Best polynomial fit to data for Cp: 

Cp = 1.67812347 X 10- 1 + 3.70264053 
x 10-4 T - 1.73793524 x 10- 7 r2 

+ 3_14486215 x 10- 11 T3
, 

.where Cp has units -of Btu/lb-oF and T has 
units of OF. 
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There are several obstacles in the determination of the BN thermal 

conductivity: (1) thermal conductivity is a function of the packed den

sity;35 (2) most of the available data has been collected at temperatures 

in excess of 1089 K (1500°F), which is outside the range of our applica

tion;32 and (3) the thermal conductivity is dependent on the direction of 

the molding (or applied) pressure, i.e., the ratio of the conductivity 

measured perpendicular to the molding pressure to the conductivity measured 

parallel to the molding pressure can be as much as 2. 37 Therefore, the 

effective BN thermal conductivity must also be determined in situ as part 

of the rod calibration procedure. 44 

Heater Rod Calibration44 

Because of rod-to-rod variance in manufacture, the mechanical and 

thermal transients involved during a blowdown of the THTF, and changing of 

the bundle response due to "aging," an extensive thermocouple calibration 

procedure was developed which supplies heater rod performance information 

to the inverse heat conduction model. 

The heater rod is reduced to its final diameter by swaging, often 

creating an imperfect fit between the inner and outer sheaths at the ther

mocouple locations and resulting in a gap between the thermocouple junction 

and the outer sheath (Figs. A-6 and A_7).30 The thermocouple is welded to 

the inner sheath, causing the gap between the junction and outer sheath to 

grow with increasing fluid temperature and to close with increasing heater 

power. With successive blowdown transients the residual gap increases, 

apparently due to plastic deformation of the outer sheath. 

In order to improve the confidence band on the calculated surface heat 

flux and temperature, a four-part calibration program, ORTCAL,44 and an ex

perimental thermocouple calibration procedure were developed. Before each 

transient test, a succession of steady-state points at different heater 

rod power levels and fluid temperatures are taken. These points are accu

mulated on history tapes which contain all the information gathered for 

each thermocouple position from the first test to present. These tapes are 

then processed by the first two parts of ORTCAL. 

. 
~ 
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The first part calculates basic gap information such as width and tem

perature drop and produces the "aging" history of each location. The 

second part uses the sheath thermocouple and middle thermocouple indicated 

temperatures to produce the effective thermal conductivity of the BN insu

lator. This provides necessary in situ information for the inverse program 

and gives an indication of the mechanical integrity of the heater. 

Power drop tests are performed by the third part of ORTCAL which pro

duces the effective thermal conductivity of the MgO insulator. The results 

indicate up to 20% porosity in this region. 

The fourth part of ORTCAL does regression analysis on the output from 

part one to determine the expansion coefficients and proper bias points for 

the stainless steel annuli forming the gap. The mechanical model chosen to 

utilize this information is one-dimensional, which is consistent with the 

thermal model used in the inverse calculation. 

The combined output from ORTCAL is a coefficient data tape which con

tains the regression and bias information for each thermocouple position in 

the THTF bundle. This information is then used by ORINC to simulate the 

thermo-mechanical response of the heater rod. 
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APPENDIX B 

INVERSE MODEL FOR THTF HEATERS 

The derivation of the inverse model specifically for THTF heaters will 

be subdivided as follows: 

1. Mathematical model of heat transfer inside a continuous substrate 

where the heat flow between nodes is assumed constant at any radial 

position between nodes (i.e., for the BN insulator and the inner 

and outer stainless steel sheaths). 

2. Mathematical model of heat transfer inside a continuous substrate 

where the heat flow between nodes is assumed proportional to r2 

(i.e., for the MgO core and the laminated heater section). 

3. Mathematical model of heat transfer at the MgO-to-heater interface. 

4. Mathematical model of heat transfer at the Inconel-to-Cupro Nickel 

interface. 

5. Mathematical model of heat transfer at the heater-to-BN interface. 

6. Mathematical model of heat transfer at the BN-to-inner stainless 

steel sheath interface. 

7. Mathematical model of heat transfer at the sheath-to-sheath interface. 

8. Mathematical model of heat transfer at the outer sheath-to-fluid 

boundary. 

9. Mathematical model of heat transfer from node 1 in the MgO core to 

the pin center line (or to r = 0.0). 

10. Mathematical model of the thermal-mechanical behavior of the gap 

between the inner and outer stainless steel sheaths. 

In sections 1 to 8, a slightly different approach from the general 

model derivation is used; for increased physical understanding, a heat 

balance is made on a node. The approach is different but the resulting 

equations are the same. 

Note that in 3, 5, and 6, the derived models allow for gaps at the 

interfaces, which ORINC is coded to accept; at present, these gaps have 

zero width. 
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Mathematical Model of Heat Transfer Inside a Continuous 
Substrate with Heat Flow Constant (Fig. B-1) 

Assumptions: 

1. Heat flow between nodes (e.g., qi-l,i) is constant at any r between 

nodes, 

2. Nodal mass (pV). is constant, 
~ . 

3. Heat capacity CPi and thermal conductivity ki are evaluated at the 

present nodal temperature T.(t). 
~ 

A heat balance on the shaded area (node i) in Fig. B-1 yields 

q. 1 . - q. '+1 + q. = p(CpV). aT.fat • 
~-,~ ~.~ ~ ~ ~ 

Using assumption 1, 

(T@r. 1 - T. 1) 
~- ~-q . 1 • :: -k. 12'IT Q, ----"---"----"--'-'-

~- ~ ~- f-, In (r
i

_
1 

r
i

_
l

) 
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Fig. B-1. Schematic denoting element notation. 
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(B.2) 
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(T. - T@r. 1) 
= -k.2TI~ 1 1-q. 1 . 1- ,1 1 -

In (r./r. 1) 
1 1-

adding Eqs. (B.2) and (B.3) and with transposition 

qi-l i = [
In (r. l/i. 1) In (i./ri l)~:-l 

1.- 1.- + 1. - (T T ) t 
~. 1 ~. i- ~lTI , 

1.- 1. 

Similarly, 

For the heat generation term, 

.~~~ .~~~ 2 2 
qi = q. Vi = q. TIt(r. - r. 1) • 

1. 1 1 1.-

Expansion of the accumulation term in Eq. (B.l) yields 

aT. 
P(CPV)i at1. = PCPiTI~(r~ - r~_l) 

(t) 

After substituting Eqs. (B.4), (B.5), (B.6), and (B.7) into (B.l) and 

dividing out TIt. the implicit formulation of the equation is 

- 1 [T i (t + L'lt) - Ti _ l (t + L'lt)] 
(i.!r. 1) In (r. llr. 1) 

1 1. - + __ -:1.:;;..--=----"1.;....-=_ 

k. k. I 
1 1-

2 

+[ In 
- 1 [T i +1 (t + L'lt) - Ti (t + L'lt)] 

(r.+I!r.) In (r./r.) 
1. 1· + __ -:;1=---=1.,,-

k i +1 . k i 

2 

+ 
.,,,,( 2 
q. r. 

1 1. 
r: 1) 

1.- [

PCP
i 
(r: - r:_

1
)] 

= ! 1 [T.(t + L'lt) - T.(t)] • 
ut 1. 1 

(B.3) 

(B.4) 

(B.5) 

(B.6) 

(B.7) 

(B.8) 
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Rearranging Eq. (B.B) and collecting terms yields 

(t + fit) 

pCp,(r: - r: 1) 
1. 1. 1.-

fit 

2 

(ri+lfr i ) 

k i +1 

In (r.lr,)] 
+ 1. 1. 

k, 
1. 

[

pCp, (r~ - r~ 1)] 
1 1 1.- T (t) 

fit . i 

Mathematical Model of Heat Transfer Inside a Continuous Substrate 
with Heat Flow Proportional to r2 (Fig. B-1) 

Assumptions: 

1. Heat flow between nodes (e.g., q, 1 ,) is proportional to r2, 
1.- ,1 

2. Nodal mass (pV), is constant, 
1. 

(B.9) 

3. Heat capacity CPi and thermal conductivity ki are evaluated at the 

present nodal temperature T,(t). 
1. 

A heat balance in the shaded area (node i) in Fig. B-1 yields 

q. 1 . - q. '+1 + q, = p(CpV). dT.fdt . 
1.-,1. 1,1 1. 1. 1. 

Using assumption 1 

k. 1 . 
1.- ,1. 

4'ITR. r~ 1 
1.-

(T. 
1. 

T. 1) , 
1.-

(B.lO) 

(B .11) 
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where 

k. 1 + k. 
1.- 1. 

k. 1 . _. 2 
1.- ,1. 

(B.12) 

Also, 

q. '+1 1.,1. 
(B.13) 

For the heat generation term, 

-""'''''''''v q, . 
1. 1 

(B.14) 

Expanding the accumulation term in Eq. (B.lO), 

aT. 
P(CpV)i at 1 

= PCPiTI£ (rf r~ 1) 1.-
(B .15) 

The implicit formulation of the equation resulting from the substitution 

of Eqs. (B.1l) to (B.lS) into Eq.(B.lO) (and dividing out TIl) is 

[ 
- 2] 4k ,r, 

- i-1,1. 1-1 [T. (t + .6t) - T. (t 
-2 -2 1 1-1 
(r. - r. 1) 

1. 1.-

+ .6t)] 

[T
i
+l (t + .6t) T.(t+.6t)] 

1. 

. 
+ ...... ( 2 q. r. 

1. 1. 
(B .16) 
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Rearranging Eq. (B.16) with collection of terms, 

[
- 2] 4k, ,r, 

1-1,1 1-1 T. (t + ~t) + 
-2 -2 1-1 
(r. r, 1) 

1 1-

4k. 1 .r: 1 1- ,1 1-

(r: r: 1) 
1- 1-

) 

2 ] [- 2 ] 
4k. '+lr . 4k, '+lr, 

1,1 1 T,(t + At) + - 1,1 1 T (t + At) 
Ll 1'+1 Ll -2 -2 1 -Z-2 

(r i +l - r i ) (r i +1 - r i ) 

_ ....... ( 2 2) 1 1 1- ( ) 

[

pcp.(r: - r: 1)] 
- -qi r i - r i _ l - ~t Ti t • (B.l7) 

Equation (B.17) can be further simplified for the MgO core by employing the 

definitions of r. and r. 
1 1 

(B.18) 

where j = 0, nand 

r (r2 - 0.5 ~r2)1/2 , 
i-1+j = i-l+j (B .19) 

where j = 1, nand 

(B. 20) 
n 

where n = number of nodes. Applying the above equations to the radial 

domain of (0, r NMGO ) for MgO, 

(B.2l) 

where NMGO = number of nodes in MgO, 

2 j ~r~go r. 
J 

(B.22) 

where j O,NMGO and 

-2 
= r2 - 0.5 ~rMgO r. 

J J 
(B.23) 
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where j 1,NMGO; substituting Eq. (B.22) into (B.23) yields 

(B.24) 

• Substituting Eqs. (B.22) and (B.24) into Eq. (B.17) and with q~~~ 0, 

[ 

- • 2 J 4k. 1 . (1 - 1) ~rM 0 
1- ,1 g T. (t 

(i - 0.5 - i + 1 + O.5)~r~gO 1-1 
+ lit) 

[ 

4k. 1 . (i 1)~ 2 + ___ .........::1:...-~,..::::1 ____ .....:rM:!igC2.:0=--_ 

(i - 0.5 - i + 1 + O.5)lIr~go 

4k. '+l(i)~rM2 0 ] 
1,1 g T (t 

(i + 1 - 0.5 i + 0.5)lIr~go i 

pCp. (i 
1 

+ ~t) 

lit 

- 2 J 4k. ·+l(i)t.rM 0 
1,1 g T (t 

• 2 i+1 
+ lit) 

0.5 - 1 + 0.5)~rMgO 

...... ( . . + 1) A 2 _----'l"--_-:--___ =n;:.. () 
• [pCP. (i i + l)t.rM

2 0'0] 
= ~i 1 - 1 ~rMgO - ~t Ti t . 

Equation (B.25) reduces to 

r4k . 1 .(i-1)] T. l(t+lIt) + [-4k. 1 .(i-1) L 1- ,1 1- 1- ,1 

pCp .lIrM
2 0 

1 g 
~t 

~PCP i lIr~ 0] = - g T (t) 
lit i' 

(B.25) 

(B.26) 

Equation (B.26) is applicable only for the MgO core, whereas Eq. (B.17) can. 

be applied to the Cupro Nickel, Inconel, and MgO regions. 
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Mathematical Model of Heat Transfer at the 
MgO-to-Heater Interface (Fig. B-2) 

1. Heat flow between nodes is proportional to r2, 

2. Nodal mass (pV). is constant, heat capacity Cpo and thermal conduc-
1 1 

tivity ki are evaluated at the present nodal temperature Ti(t). 

3. A gap exists at the MgO-to-heater interface and heat can be trans

ferred via conduction, convection, and radiation across the gap. 

A heat balance on node NMGO in Fig. B-2 yields 

o 
qNMGO-l,NMGO - qNMGO.NM +~GO = P(CPV)NMGO (dTNMGO/dt) • 

Applying Eqs. (B.ll), (B.12), and (B.24) 

- 2 
~GO-l NMGO 41TR,rNMGO_1 

qNMGO-l NMGO = - -2' -2 (TNMGO - TNMGO- I ) 
, (rNMGO - r NMGO- l ) 

= -

- 2 
~GO-l,NMGO 41TR,(NMGO - l)~rMgO 

(NMGO 0.5 - NMGO + 1 + 0.5)~r~gO 
(TNMGO - TNMGO- I ) • 

Therefore, 

qNMGO-I,NMGO = - ~GO-I,NMGO 41TR,(NMGO - 1) (TNMGO - TNMGO- I ) . 

Also, for qNMGO,NM' 

qNMGO,NM = -

= __ ~-===GO=-4_1T_R,_(NM_G_0_) l1_r':'::~:lil.go=--_ 
(TMgO - TNMGO ) 

(NMGO - NMGO + O.5)~r~go surf 

and. considering a gap between the MgO and heater and that heat can be 

(B.2l) 

(B.28) 

(B.29) 
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Fig. B-2. Notation relative to the derivation of the heat transfer 
model at the MgO-heater interface. 
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transferred via conduction, convection, and radiation across the gap; via 

conduction 

via convection 

via radiation 

where 

h = af(T2 + T2 )(T + T ) rl Heatsurf MgOsurf Heatsurf MgOsurf 

and h is evaluated at present time. Also, rl 

qNMGO,NM = -

~8'ITtr~GO 
= - (T

NM 
- T

Heat 
) 

~r2 surf 
heater 

(B.30) 

(B.31) 

(B.32) 

(B.33) 

(B.34) 

Adding Eqs. (B.29), (B.30), (B.3l), (B.32), and (B.34) with transposition, 

[
~r2 

n heater 
q = -'!TN 

NMGO,NM 8k 2 
--m1 r NMGO 

+ ________ ~------------~1~---------------------
2k 

gap 1 + 2r h + 2 h 
In (rNMGO + ~rgaPl/rNMGO) NMGO gapl r NMGO rl 

I ]-1 + 8~GO (NMGO) (TNM - TNMGO ) • (B.35) 
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Substituting Eqs. (B.28) and (B.35) into (B.27) with expansion of the 

accumulation term and elimination of TI~, 

(B.36) 

Rearranging Eq. (B.36) and collecting terms gives the following equation 

for node NMGO (the last node in the MgO core): 

" . ") .[ - '--, ,,,,,,,""""-" 
2 

lir' heater + 

4~r~GO ]
TNMGO(t + lit) 

______ ~--------~------------------+ 1 
4kNMGO (NMGO) 

A development similar to Eq. (B.37) could be made for node NM in the 

heater, but since it is analogous, only the final formulation will be 

presented: 

[ ' .... ':,w • ~=~=====:;===~====-'--+-r-NM-G-o-h-g,,-p-,-+--r-NM-G-o-hr-, + ~--"-;-:;=:7 

(B.37) 

(B.38) 
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Mathematical Model of Heat Transfer at the Inconel
to-Cupro Nickel Interface (Fig. B-3) 

Assumptions: 

1. Heat flow between nodes is proportional to r 2
, 

2. Nodal mass (pV). is constant, heat capacity Cpo and thermal conduc-
1 1 

tivity k i are evaluted at the pres~nt nodal temperature Ti(t), 

3. A gap does not exist at the interface. 

A heat balance on node NOD2 in Fig. B-3 yields 

. 
qNOD2-l,NOD2 - QNOD2,NH + QNOD2 

aTNOD2 
= P(CPV)NOD2 at 

Applying Eq. (B.Il), 

and 

Equation (B.41) can be simplified since 

h.r2 
2 -2 heater 

r NOD2 - r NOD2 = 2 

and 

Thus, 

(B.39) 

(B.40) 

(B.4l) 

(B.42) 

(B.43) 

(B.44) 
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Fig. B-3. Notation relative to the derivation of the heat transfer 
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Substituting Eqs. (B.40) and (B.44) into (B.39) with expansion of the heat 

generation term and accumulation term and elimination of TIt yields 

[

k_ 4r2 J - -~OD2-l,NOD2 NOD2-l [T (t + 6t) - T . (t 
-2 -2 NOD2 NOD2-1 
(rNOD2 - rNOD2-1) 

+ M)] 

TNOD2 (t)] . (B.45) 

Rearranging Eq. (B.45) and collecting terms gives the following equation 

for the last node (NOD2) in the Inconel layer: 

[~OD2-l'NOD24r~OD2-l~ T (t + ~t) 
6r 2 NOD2-l 

heater 

+ [_ ~OD2-l,NOD24r~OD2-l 
6r2 

heater 

p Cp -~rh2 heater NODL eater 
6t ~r2 

heater 

TNOD2 (t + 6t) 

'- • ...... 6r 2 
- -qNOD2 heater 

(B. 46) 
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Similarly, for node NH in the Cupro Nickel layer 

Assumptions: 

+ [~H'NH+l4r~ J 
IJ.r2 

Cu 

TNH+ 1 (t + 1J.t) 

= .~~~IJ. 2 _ Cu NH Cu T (t) 
[

p Cp IJ.r2 ] 
-qNH rCu IJ.t NH· 

Mathematical Model of Heat Transfer at the 
Heater-to-BN Interface (Fig. B-4) 

(B. 47) 

1. Heat flow between nodes within the heater element is proportional 

to r2, 

2. Heat flow between nodes within the BN is constant at any r between 

nodes. 

3. Nodal mass (pV). is constant, 
1 

4. Heat capacity Cpo and thermal conductivity k. are evaluated at the 
~ 1 

present nodal temperature Ti(t), 

5. A gap exists at the heater-to-BN interface and heat can be transferred 

via conduction, convection, and radiation across the gap. 

A heat balance on NOD3 in Fig. B-4 yields 

. 
QNOD3-l,NOD3 - QNOD3,NC + QNOD3 (B.48) 
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Applying Eq. (B.II), 

(B.49) 

A development similar to the one for Eq. (B.35) yields 

QNOD3,NC • (B. 50) 

Substituting Eqs. (B.49) and (B.50) into (B.48) with expansion of the heat 

generation term and accumulation term and elimination of TIt gives 

[
it 4<' J _ XOD3-I,NOD3 N003-1 [T (+ A ) 

-2 NOD) t "t 

- rNOD3-1) 

(B.5l) 

Rearranging Eq. (B.5l) and collecting terms gives the following implicit 

formulation of the equation for the last node (NOD3) in the heater (either 

Inconel or Cupro Nickel): 

PNODJC~N003(r~0D3 - r~OD3-1) 
6t 

_IO_...p.-'!",,-,,_ + ___ -,-____ -"-________ + (r~OD3 - r~OD3) J 
c--;---:''''i''-'---,---_,_ + r N003\IBP' + r NOD3hr, 2~OIl3r~OD3 

_In_~-=,,,-<-- + ___ -,--____ -"--________ + (r~OD3 ;:~ODJ) 1 
,..--,-----:-''';''''----;--""7" + rNoD3hgap, + r NOll3\, 2~OD3r~OD3 

(B.52) 
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Similarly, for node NC in the BN layer 

2 

In (rNCIrNOD3) (r~ODJ - r~OD3) 
'1,c + ------;----.. -----"--------- + 

+ rNOD3hgap2 + rNOD3hrz 

[

0 Cp t:.r2 ] 
x T (t + t:.t) = _ BN NC BN T () 

:.Ie+l t:.t NC t • 

Mathematical Model of Heat Transfer at the BN-to-Inner 
Stainless Steel Sheath Interface (Fig. B-5) 

Assumptions: 

1. Heat flow between nodes is constant at any r betw.een nodes, 

2. Nodal mass (pV). is constant, heat capacity Cpo and thermal con-
~ ~ 

(B.53) 

ductivity k. are evaluated at the present nodal temperature T.(t), 
11 

3. A gap exists at the BN-to-sheath interface and heat can be transferred 

via conduction, convection, and radiation across the gap. 

A heat balance on node NOD4 in Fig. B-5 gives 

o 
QNOD4-1,NOD4 - QNOD4.NB +~4 = PBN(CpV)NOD4 (B.54) 

Since Eq. (B.4) is applicable for qNOD4-l,NOD4' 

(B.55) 
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Using the same technique required to develop Eq. (B.3S) yields 

Substituting Eqs. (B.SS) and (B.56) into (B. 54) with expansion of the 

accumulation term and elimination of rr£ gives 

(rNOD4_/rNOD4_1) + 1n 

~0D4-1 

(B.S6) 

(B.57) 

Rearranging (B.57) and collecting terms gives the implicit formulation for 

the last node (NOD4) in the BN annular region: 

(r,,004-1/rIlOD4-1) + 1n 

~0D4-1 

In In 
-----"f"-"----"='- + ----;:------=---------- + ----;'"'--"-"=-

In 
------"='--"='- + ----;------!.---------- + ----;~~~ 

(B.S8) 
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Similarly, for node NB in the inner stainless steel sheath, 

Assumptions: 

Mathematical Model of Heat Transfer at the 
Sheath-to-Sheath Interface (Fig. B-6) 

1. Heat flow between nodes is constant for any r between nodes, 

(B.59) 

2. Nodal mass (PV)i is constant, heat capacity CPi and thermal con

ductivity k. are evaluated at the present nodal temperature T.(t), 
1 1 

3. A gap exists at the sheath-to-sheath interface and heat can be trans-

ferred via conduction, convection, and radiation across the gap, 

4. The last node (NODS) temperature (TNODS ) in the inner sheath is known 

as a function of time (i.e., the known thermocouple response is placed 

in the last node of the inner sheath), 

5. The gap size is evaluated at the present nodal temperatures [TNOD5 (t) 

and TNS(t)] via the thermo-mechanical model developed in the last 

section of Appendix B. 

A heat balance on NODS in Fig. B-6 yields 

o 
GNOD5-1,NOD5 - QNOD5,NS +~5 ; psS(CPV)NOD5 (aTNODs,at) (B.60) 

Applying Eq. (B.4), 

(B.6l) 
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An equation similar to (B.56) applies for qNOD5,NS' 

QNOD5,NS ""' 

(B.62) 

Substituting Eqs. (B.61) and (B.62) into Eq. (B.60) with expansion of the 

accumulation term and elimination of TI2 gives 

In 
IT~OD'> (t + :,t) T~uj),'>_1 (t + Lt) J 

(B.63) 

Rearranging Eq. (B.63) and collecting terms gives the implicit formulation 

of the equation for the last node (NODS) in the inner sheath: 

+ 
In In 
--'7"C<-~""- +' ------;k-----=--------- + __ !!2......!!O!.!!.L 

gap~ ... h h 
In (r + fir / ) 'NODS .ap. + r NODS r. NODS gap. r NODS h • • 

(B.64) 
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Similarly, for node NS in the outer stainless steel sheath 

x T
NS

+
1 
(t + Ilt) 

In In 
-----"'7""''---'''''''-''-- + -----;------"--------- + --7-"--'='--

Also, for NOD5-1 in the inner sheath, 

+ At) 

+ [- _I n_-'7'~'----'=:::"::"'- + _I n_(_r WlD_'_-l_l_r N_OD.5-2 : 

KXOD5-1 

x TNOD5_l(t + Ilt) =- TNOD5_1 (l) . 

Mathematical Model of Heat Transfer at the Outer 
Sheath-to-Fluid Boundary (Fig. B-7) 

Assumptions: 

I. Heat flow between nodes is constant at any r between nodes, 

2. Nodal mass (pV). 
1. 

is constant, heat capacity Cpo and thermal con-
1. 

(B.65) 

(B.66) 

ductivity k. are 
1. 

evaluated at the present nodal temperature Ti(t). 

A heat balance on NOD6 in Fig. B-7 gives 

~/O dT 
QNOD6-1 NOD6 - <I> + J'flOD6 = Pss (CPV)NOD6 NOD6. • at 

(B.67) 



NODE NO. 

_ 2 <t>surf 

/ 
/ 

I~OD6 
I 
I 
I 

107 

/ 
/ 

/ 

I ----
I 
I 
1-

;N0D6 

ORNL.- OWG 77-12763 

/ 
/ 

/ 
/ I NOD6-1 

I 
I 
I 

2N006-I, NOD6 I 

I 
I -
/_rNLlD6-1 

rNUD6-_1_1 

I 
I 

/ 
/ 

Fig. B-7. Notation relative to the derivation of the heat transfer 
model at the heater surface. 

Applying Eq. (B.4), 

QNOD6-1,NOD6 .. - [1_n_.-.::.:=~_-...:..:.::.::::..:::...-=-2 - ] (rNOD6-1/rNOD6-1) In (rNOD6/rNOD6-1) 
+ 

~OD6-1 ~OD6 

(B.68) 

Substituting Eq. (B.68) into (B.67) with expansion of the accumulation 

term and elimination of n~ yields 

(B.69) 
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Rearranging Eq. (B.69) and collecting terms gives the implicit formulation 

of the equation for the last node (NOD6) in the outer sheath: 

~(t + lit) 

Since 

the surface temperature can be calculated from 

TNOD6 (t + lit) - [ 2k
NOD6 

] 

In(r~OD61 1-NO[)6 ) 

<P(t + tit) 

Mathematical Model of Heat Transfer from Node 1 in the MgO Core 
to the Heater Center Line (Le •• to r == 0.0, Fig. B-8) 

(B.70) 

(B.7l) 

(B.72) 

Consider the fundamental differential equation for the conduction of 

heat in a solid with an internal heat source: 

Volume integration of Eq. (B.73) yields 

{ ,)Cp 

J\' 
d\' . 

(B.73) 

(B.74) 
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Fig. B-S. Notation relative to the derivation of the heat transfer 
model in the MgO core to the heater center line. 

Since, for the MgO core, 

(B. 75) 

and with the application of the divergence theorem to the left side of 
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Eq. (B.74), it reduces to 

f ·- - ;: aT 
k~T'ndA = pCp ~ dV 

A V ot 
(B.76) 

Expanding the gradient of T in cylindrical coordinates, 

(B.77) 

Assuming there is no azimuthal temperature dependence and no axial conduc

tion (i.e., aT/ae = aT/aZ = 0), Eq. (B.77) reduces to 

k -- (ron)dA = pCp -- dV i aT -- Iv aT 
A ar V at 

(B.78) 

With the assumption that k (aT/ar) is a function of rand t only and that 

aTi 
ar r=O 

o , (B.79) 

then 

-2'ITkR. aT Iv pCp aT dV r-at r r 
(B.80) 

for the radial interval (O,r). Also, assuming k is constant on the 

interval (O,r), expanding the right side of Eq. (B.80), and integrating 

over the domain (O,r) yields 

aT 
2TIrR.TICp ~ dr . 

at 

Assuming that aT/at can be expressed as an average, then 

aT -2'ITkQ.r -
ar 

r 

2 aT 'lTr Q.pCp at 

(B.8l) 
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The simplification of Eq. (B.82) gives 

2k aT aT 
--- = 
rpCp ar at 

r 

Assigning aT/at at r rl 

2k 
= -

PCprl 

aT 
ar 

(B.83) 

(B.84) 

<Assuming that Eq. (B.84) is a wave propagation formulation with character

istic velocity v, 

- aT 
v ar _ . 

rl 
(B.aS) 

Also, assuming that v is constant in the MgO domain of (O,r), then the time 

lag of aT/at arriving at r = Q is 

or 

aT 

r=Q 

dT 
(t) = 

~~, (t) = ~~I _ (t - P~~~1) '. 
r=Q r=rl 

(B.86) 

(B.87) 

This formulation is known as the Hedrick Wave Theory of Heat Propagation.~5 

Mathematical Model of the Thermal-Mechanical Behavior of the Gap 
Between the Inner and Outer Stainless Steel Sheaths (Fig. B-9) 

Consider the definition for the coefficient of linear expansion 

1 (aL) 
L aT p ~ 

(B. 88) 
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which for solids is approximated by 

• I dL 
a == 

L dT 
(B. 89) 

Assuming a is a function of T only and that it can be approximated by a 

polynomial in terms of T, then 

. 
aCT) == Cl + C2T + C3 T2 • 

Substituting Eq. (B.90) into (B.89) and separating variables gives 

dL 
L 

Upon integration, 

In L C T + ~ T2 + f2 ±3 + constant • 123 

For the initial conditions of 

L = Lo at T = To , 

and referring to Eq. (B.92), 

Substituting Eq. (B.94) into (B.92) and simplifying yields 

L In -
Lo 

C2 2 2 C3 3 3 C 1 (T - To) + 2 (T - To) + 3 (T - To) • 

Exponentiation of Eq. (B.9S) gives 

L 
Lo 

exp [Cl (T 

(B.90) 

(B.9l) 

(B.92) 

(B.93) 

(B. 94) 

(B.95) 

(B.96) 

Subtracting 1 from both sides of Eq. (B.96) and mUltiplying through by Lo 

gives 

L - Lo (B.97) 
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Therefore, for a change in temperature, the resulting change in L (6L) can 

be determined by Eq. (B.9?). 

The linear gap model used in ORINC is 

(B.98) 

Expanding 6rNS and 6rNOD5 by Eq. (B.97), 

arNS - ;NS (exp [C,(TNS - TNS 1o ) + ~2 (T~S TNS1l) 

+ ~ (T 3 1 3 )] 3 NS TNS 0 
(B.99) 

and 

a;NODS = r NODS (exp [C,(TNODS - TNODSlo) + ~2 (T~ODS - TNODSll) 

+ f- (T~ODS TNODSI!)] - 1) . (B.100) 

Therefore, Eq. (B.98) becomes 

( I) C2 ( 2 12) 6gap = 6gapo + r NS exp [Cl(TNS TNS 0 + ~ TNS - TNS1 0 

+ ; , (T~S - TNS I!)] - 0 -r NODS (exp [C I (TNODS - TNODSI 0) 

+ (T~ODS - TNODSll) + 3 (T~ODS - TNODSI!)] - 1). (B.10l) 

In the above equation. 6gapo is the bias gap and TNS lo and TNOD5 1o are the 

bias nodal temperatures. 
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APPENDIX C 

ORINC LISTING 

This section contains a complete listing of the ORNL Inverse Code 

(ORINC) that is operational on the ORNL IBM 360/91 and 360/195 computers 

effective April 1, 1977. 

The programming language is FORTRAN IV. The program consists of 

approximately 3200 lines of coding with a main driving routine, 26 sub

routines and subprograms, and a block data section containing information 

pertinent to the computer data acquisition system, the THTF bundle 1, and 

the RELAP model of the core • 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORllOOOI 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *01<1100C2 c........................ . ........................ *l.1I.11000J 
C ••••••••••••••••••••••• DRIllER FuR ROJr lNE INVI:"SE .................... *tH'<II0004 C........................ . ..... * ••••••••••••• *0 .. 1 lCOO~ 
, ••••••••••••••••••••••••••••••••••••••••••••••••••••• ·*.········*·····*t}t.lIIOOC~ 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *\.1 .. 1100C7 , 
C 
C 
C 
C 
C 

I"IIERSE DETER/ilINES THE TRANSIENT HEAr TRANSftR C:Jd'FICIl.NT 
~URFACE OF AN ELECTRICALLY HEATED PIN ~IVEN rHL HtAr INPuT 
THERMOCOUPLE TEMPERATURE. ANO FLJIO 8JL( TE~PE~ATJ~f. 

O~ll00CE 
AT THf.. ORIIOC09 
• 5Ht:: A THO~ I 1 001 C 

ORI100ll 
OIHI0012 

CAK FHDGE INIIERSE CCDE IIERSION I.:> 4-1-77 OR11001.3 
EXTERNAL GAP ORll0014 
REAL K.KGAP.CC(21'.XXX(6011.0TOT(3:>1 0~110015 
OIIo€NSION 1""'(201.IIAR(55) .TUH2 •• TSAtlE(40.;C,.TOUo011 01<1 1001~ 

C 0><1100\7 
C ••••• CC/llMO"" BLOCKS OHI100tE 

eO/llMON /INPlT/ITCNU~.KICK.HED(ll •• IS(ol.TCSS(OOII.TC~M(OOtl. 0 .. 110019 
I CAIIGG(6011.TIME£(~'11.TtMR(bOII.TRR(oOll.TSATI«~011.O~1l002C 
Z PRESURC6011 .O,JALR(!>;)It. A!4Ff<Cc>OI I. HtlRt <>011. mo 10021 
:3 SFLUXR(60tl .TSJRR()011.1\400ER(oOl'.T~F'l:NO.JRP OJ .. 100.22 
4. IRP.lCS7 0~ll002.3 

COMMON /PIN/ RHT(15.7J.PFFR(15.~).TCL(15'.S~V(71.HLl:N~149) 01<110024 
COMMON /CCOAS/ITCS(3481.ICHTCS(348).ISJaCH(348J.ITC~C 10b)~ ORIIC025 

1 ICHTCIoHI06) .ICHEIE(491. lCHEEE(49Jo ICHBW I. ICHI;;WZ. ORI1002e 
Z IRIiOLCI5.31.NTRYl(3481.NTRVZ(1061.~TRV.3(491. O~II0027 
.3 NTI'V4 (491 .NBWI .N8" ... lC( 1000" ORI1002E 
4 ~TC(3481.NCHTCS(34~).NK.IRSL8(15.31.~SLAe ORIIOO,~ 

COMMON /COEFF/~TCS(348).NTCM(3431.DAr(348.3).PFAX(J4a).~04(348I. ORll0030 
1 CB"0(348 .4) .VRI (34 :II. KDt (348 It 04 GO (34th 5) .IIR 2( 3481. 0><1100.31 
2 KOZ (3481 .GAPCF (34:1.3 J. GAPS 0(348 • .3 I. VR J( 348 )'KO.3( 34810R 1 100.32 
.3 .GAP0C348, .TNOO5(3(kU. f NS (348 ).Ff:.EtJEE( 348'. ZfJ.O( 348.61OR 1100.3.3 
4 .PRSS(.34S) .TMA>< (34:11 OR 1100.34 

CCMMON /NODES/~~GO.NHT.NCU.NBN.NiSl.NSS2.NOD2.N003.N004.N005.N006.0RII00.35 
1 M/.NH.NC.~B.NS.NIN.NOJr.R(40).RBAR(40"RHEAT(71. OR' &003('; 
2 OLRMGO.OLRHTR.DLRCJ.DLI-lBN. OLRSSI. 0l.RSS2 Dl-U IOC31 

COMMON /SAVE/ T(401.HRGAP(_).OELr.HF.HEAT(40.40'.4~GO.4HTR.4CU. ORll003e 
1 AB~.ASS1.4SS2.RESI5T(4 •• rSuRF(9 •• TI.QTOT.QC40).ZZ ORll003~ 
2 .B (40' • OELGAP(4). PF A. PFR( 2 to TCS. TB OR II C04C 

COMMON /OUT/ TO(40.1ZI.TIME(121.HOC12).OO(12).TBJ(1~I.SFLUX(121. ORIIC041 
1 TSUROC1ZI .OELH.SJMCP.S~Ma.EaNRT.ERR~Rl.ERROR.2. ORll0042 
.2 FSG(t2 •• TSAT0112t.HSAfOCl21.AMFO( 12IoaUAl..0( 12.. ORII0043 
3 RHeo( 12' .RSFXO( 12 •• RrSJRO( lZ,."'OOEO( 12,.NO • .I0 ORII0044 
".DEU'(i(l21 ORII0045 

COMMON /GAPCAL/GPB.GP1(31.TNSB.TN05B.TN05.TNss.aDPI.GPCAL.FEEB. ORII004e 
1 nllAXX .1 ODE ORI 10047 
COMMON/PROP1~0/llGG.OHTR.OCUNI.OBN.OSS.C(40 •• K(401.CB~A(4'.CMGA(5). ORI1004e 

1 KGAF(4'.K002.PRS OR'10049 
C 
C-----SET UP INPUT.OUTPUT DEVICES 

ORI10050 
ORII0051 
ORII0052 
ORIIOO!:3 
ORI100!:4 
ORIIOO!:S 

C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

CARD REAOER (NIN=5. 
(NOllT=6 ) PAPER (OR MICI'CFICHfl CUTPUT 

NTAPE=9. TAPE CUTPUT FOR ORINe 
FILE t (FT09F001J. INVERSE CALCULATIONS 
FILE 2 (FT09F002). CASE INFORMATION 

NTAPf=10. TAPE INP~T----BLO.-OOwN. SET-UP IN SUBROUTINE INPTBO 
NTAPE=11. TAPE INPUT----RELAP INTERFACE TAPE. 

SET-LIP IN SlIBROUUTINE INPTRP 
N'IAPE=12. TAPE' ""PUT----COEFFIC'ENT OAT A TAPE. 

SET-UP IN SJBROJTINE COTI 
NTAPE=13.TAPE OUTPUT----USEO LArER IN CREATION OF RE_AP 

!5YSDA: 
FILE 
FILE 

PLOTT APE SET-UP IN SUBROLIT l .. e MNFLXO 
TE/ilPORARY DISK WORKING SPACE 
1. TE~FORARY STORAGE FOR CASE INFORMATION 
8. TEMPORARY STORAGE FOR RELAP INTERFACE 

I N"ORMATION. SET-JP IN INPTRP 
FILE 7. TEMPORARV STORAGE FOR 30 SECONDS OF 

BLCW-oOWN TRANSIENT. SET-LIP IN INPTBO 
hIN=S 
,",CUT=6 
REilll NO 9 

C-----REAO CARD INPUT 
CALL INPUTO 

C 
C----!Sf T- UP "ORKI NG FILES eN DISK 

CALL INPTBO 
CALL I NPTRP 

C 
C-----READ COEFFICIENT DATA TAPE 

CALL con 
C 
C----INITIALIZE MEA .. FLUX ~QUTINE 

IFUCS7.EQ.tJ CALL MNFLXO 
C 
C ••••• MAIN DC LOOP 

00 200 LOOP=l .~K 
I TC NUM=NTC (LCDP' 
IF(NCHTCSCLOOP'.LE.OJGO TO 200 
IROO=IFIX(FL~AT(ITCNUN-300000JI1000.OJ 
ISGII=IFIX(FLQAT(ITCNU~-300000-IRDO.1000)/100.0) 

ORI loose 
ORI10;)~7 
ORI10058 
ORI10059 
ORI100EO 
ORll0061 
ORJ 10062 
ORI10063 
aRt 100t:o\ 
ORll00E5 
ORll006E 
ORll0067 
ORll006B 
ORll006<;; 
ORll0070 
ORII0071 
ORll0072 
ORI10073 
oRll0074 
ORll0015 
ORI10076 
ORll0077 
ORII007B 
ORll0079 
ORI1008C 
ORll00B1 
OR 1100B2 
ORl10083 
ORll0084 
OR 1100B5 
OR1100€E 
ORll0087 
ORII008B 
ORl10C89 
oRtle090 
ORIl009l 
ORI10092 

• 
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ITCL=ITC~UM-300000 -1~QO*1000-liGV*lOO 
IF(ITCL.EO.1S'GO TO 200 
00 lO 1=1,. 

1 C oELGAP( I) =0. 0 
C----SEARCH ITCS FILE FOR 
e ARRAYS FOR ITC~U~ 

00 20 1=1,348 
JC:I 

ITCNUM AND ASSIGN VALUES TO REQUIRED 

IFlITeNUM.EO,/IITCS""GC TO 28 
20 CONTI NUE 

C-----SET-UP COEFF'ICIE~T ARRAYS FROM cor 
C AXIAL PEAKING FACTOR 

C 

C 

C 

2S Pf'A=Pf'AX(X) 
KeN COEFFICIE~TS 
DO 30 1=1,. 

30 C8NACI.=C8NO(JC,IJ 
KMGO COEFFICIE/IITS 
0040 1=1.5 

40 CMGA(I '=CMGO( JC.o 
PR S=PRSS( .JC) 
K002=1(()2 ( JC, 
GAP PARAMETERS 
00 50 1=1 .3 

50 GP1(I)=GAPCF(JC.I. 
GPB=GAPO( JC. 
l ... SS=lNSC ..Ie) 
lN058=TNOD5 (JC) 
FEE8=FEEBEE( X) 
TfoIAXX=TMAX( JC) 
lODE =1(()3 ( JC J 

e----Ol. TPUT COEFFICIENT ARRAYS FOR lTCNJ'" 
CALL COT 

C-----SET-UP RADII.~OOING ETC. 
NCU=O 
DQ 60 1=1.7 

eo RHEAT(I J=RHTIITCL.U 
IF([TCL.LT.4.0R.ITCL.GT.12JNCU=2 
CALL RAOI 
PFR(1)=PFFRCITCL.1J 
PFR(Z.=Pf'FR(ITCL.2) 

C----OLTPUT INFORMATION 0"" 
C AI\.O PEAKI NG FACTORS 

CALL OUTPUT 

FIN NOOING. PIN RAOIAL DIMENSIONS. 

C-----LOAD BLOW-DOW'" INPUT ~RRAYS 
C (TCSS,QAVGG.TC ••• TIMEEJ 

CALL INBD 
C-----LOAO RELAP INTERFACE I"'PUT ARRAY~ 

ORII0093 
ORIIC094 
ORIIC095 
ORIIO()'i6 
ORIl()O'i7 
ORII00<;S 
ORIICC99 
ORII010C 
ORtlOl01 
ORIIOIO';? 
ORI10I03 
ORIIOI04 
ORIIOI05 
ORIlOI06 
ORI10I07 
ORIlOICe 
ORIIOle'i 
ORIIOI10 
OR 11 0111 
ORII0112 
ORI10113 
ORI101l4 
OR 11 0115 
ORII0116 
ORll01l7 
ORlt 011 E 
ORIt0119 
ORII0120 
ORtIOI",1 
ORII01.22 
ORt 101.23 
ORIIOl24 
ORII0125 
ORt 10126 
ORIIOl27 
ORII012e 
ORII012C; 
OR I 1 01.30 
OR I 10131 
ORII0132 
ORIIOl33 
ORII0134 
ORII0135 
OR [ 10136 
ORIIOl37 
ORIIOl38 

C (11MR,TBR,TSATR,PRESSUR.OUALR,AMFR,HBR.SFLUXR.TSURR."'00ER, 
ORIIOI3'i 
ORtl0140 
ORII0141 C lRPENO.ANO JRF) 

. CALL I NRE LP 
C 
C-----STEADy STATE TEMPERATURE 

PI =3. 1 'U 59265 

e 

OA VG=OA VGG« I ) 
TC S=Te sse 1 , 
TB=TBR( 1 J 
HFR=HeR(1)/~600.0 
'lSAT=lSATR(1. 
010T=PFA*QAVG 
GDPr =QTOT /PI 

PROFILE AND FILM COEFFICIE~T 

C-----DETERMINE GAP AT STEADY STATE 
ESP=O.OOOI 

C 

11-=TNSS 
lND5=TCS 
JF(GPB.LE.O. 00(1) GO TO 68 
CALL FALSEl'lI.IO.O.GAP.TZERO.S).I,ESP.NOUTt 
GO TO 69 

EE GPCAL=O.O 
lZERO=TNse 

6<; DELGAP(4)=GPCAL 
OELRO(t'=GPCAL.12000.0 
INSS=TZERO 

C-----OETERMINE STEADY STATE TE~PERATJRE PROFILE 
CALL STEADY(Ce~A.TSAT.HFR.KD) 
!FLUX(1)=OTOT/(2.0*PI*RCNOO~JJ*3300.0 
1!~O(1)=TSURF(9J 

C 
C---- INt TI AL PI N I NTEf<NAL E"'ERGY CONT ENT 

CALL ENTHALCHI ... 1T. 
C 
C----ZERO HEAT AND 

00 70 1=1 ,40 
8U'=0.0 

C 

00 1'0 J=1 .40 
HEAT( I • .1' =0. 0 

1C CONTINUE 

8 MATRICES 

C*****lRANSIENT CALeULATIC"'S 
C-----J"'ITIALIZE SCRATCH MATf<ICES 

llM(l'=TIMEE(l) 

OR 110142 
ORIl0143 

OETERMINATIOORI10144 
ORI10145 
OR 110146 
ORI 10147 
ORII014S 
ORII01.<; 
ORII0150 
ORIlOl51 
ORIIOl52 
ORIIOl53 
ORtlOl54 
ORI 10155 
(JRII0156 
ORII0157 
ORIIOl5S 
ORlt 015<; 
ORllOl60 
OR 110161 
ORI10162 
ORIIOl63 
ORIIOH:. 
ORIIOl65 
ORI lCHt:6 
ORII0161 
ORIIOl6E 
ORtlOl69 
OR 11 0170 
ORIIOl11 
ORI10172 
OEB 10173 
ORIIOI7. 
ORII0115 
ORII0176 
ORIIOl17 
ORU011a 
OR II 017<; 
ORll(;ISO 
ORIIOl81 
ORIIOIS., 
ORII0lS3 
ORIIOlS4 
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11 ME{ U =TI MEE( 1) 
DO eo 1=1 .N006 
lSA~(1.1)=1(l) 

EC 10(1.0=1C1) 
He( 1) =:HF *3600.0 
GO'l)=GTOT 
lBO( 1 )=TB 
FSO( 1,=PRESlIR(l) 
1 :!:ATO(1 , =TSAT 
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HSATO( 1) =SFL"xn. /CTSUROU ,-rSAro (1. , 
A .... O( l' =AMFR( 1 t 
G~ALO(l'=QUALR(l' 
,"HBO( l' =:H8R ( I • 
RSF XO( 1 J =SFLt..XR( II 
fCTSlIRO(I'=TSlIRRCl' 
~COEO(1)=MOOERC1) 
leM( I ) =T( 1 • 

C-----ZERO OTOT MATRIX 
DO 90 1=1.30 

<;O·OTOT«.I'=O.O 
c-----CALL PROP AND THEN DETERMINE TIME DELAY 

CALL PROP 

C 

OELA Y=OMG O*C U. *RBAR (1, **,21' (2.0 *II, C1' • 
ISTAR=IFIX(OELAY/O.OS. 
OELO=DELAV/O.05-FLGATCISTARI 

C-----TRANSIEN1 COUNTER INITIALIZArlON 
C AND FIRST CALLS TO OUTTAP AND MNFLXI 

LC=1 
.10=1 
II:C=1 
CALL OliTTAP(KO) 
IF(ICS7.EQ.l' CALL MNFLXl (KO.LO. 
ICO=2 
l.1NES=18 
CALL OllTSSCKO.QAVG' 

C-----1RANSIENT INPUT 
SI.MeP=O.O 
~U40=O. 0 
~~MFLX=O. 0 

<;e l.C=LO+l 
C-----TRANSIENT CALCULATIO~S AND OUTP~r 

lIM(,2 ,=TI MEECLO) 
010T=PF A*OAVGG(LG) 
DEL T:TlM(2' -TI M( U 
SI.MO=S\JMQ+QTOT*OELT 
T8=T8R(LC) 
lC S=TCSS( LO) 
HAT=TSATR(LC' 
.10=.10+1 
CALL TRANS 
00 100 1=1.1'1006 
1~AVE(l.2)=T(I , 

ICC 10(1,.I0'=T(I' 
TCM( LO'=TCM( LO-l ,,·OEl.T*( OTDT' IS r AR) +OEL D* (OT OTt ISTAR+ l' 

1 -OTOT (1ST AR)) • 
DO 120 .IA=I.29 
JB=31-.IA 

120010TC.I8.=OTOT(J6-1. 
010T(l'=(TSA~E(1 .2'-TSAVEC1.l))'OELr 
lUE' JOI=Tl M(2) 
lIM( I J=TlM(2J 
00(.)0)=010T 
1BO'",0.=T8 
S\'MF L)(=SIJMFLX+HF *OEL T 
CALL ENERGYCTSAVE.OELUt 
S "Me P= SUMe P+ OELU 
DC 130 1=1.N006 

130 lSAVEU.lJ"'''SAVEU .2. 
SFLIJX(JO'=HF*3600.0 
lSURO' ... OJ=T(N006J-2.0*R(N006'*HF/ZZ 
t40( .10) =SF LUX( Je,.I' (TSU"O (",ol-r 6) 
p SOC ,JO. =PRE SlHHl.e, 
A~FO(~O.=AMFR(LO' 
O~ALO(JOJ=QlIALR(LO' 
RHBO« ... 0. =:H8Re UiJ 
RSFXOC,JO' = SFLUXR(LO. 
RTSURO(JQ,= 1SU .. RCLO) 
~COEO(.I0'=MOOE"(LO' 
lSATOC ... O)=TSAT 
HSA TO( ..10) =SFLUX( .10) I'CYSURO(JOI-TS ArO( ... OJ) 
DELROC ... O) =OELGAP(4' *12000.0 
CAl.l. OVTTAP u:(;) 
IFCICS7.EQ.IJ CALL M~FLX1(KO.LO) 
IF((LO.GE .... RP.CR.LO.GE •• RP'.OR.~O.GE.60It GO TO 138 
IFC,J0-12J98.138.t38 

\38 LINE5=LlNES+N006+Z0 
IF(LINES-68)14S.158.158 

14e ""0=1 
CALL OUTTNS 
..10=0 

ORIIOles 
ORIIOIE6 
ORIIClE7 
ORII01se 
ORIl01S .. 
ORIICIC;;C 
ORIICl91 
OR I 1 C 1941 
ORII0193 
ORIIOl94 
ORltOl95 
OR 11 Cl 'iE 
OR1101'i7 
ORIIOI'iE 
ORII Cl 'i<; 
ORI10200 
OR I 10201 
ORllC20.2 
ORII0203 
ORll0204 
ORII0205 
OR 1102C6 
ORI10201 
ORII020e 
ORll020<; 
ORII0210 
ORI10211 
OR 110212 
ORll0213 
ORll0214 
ORI102lf 
ORI 1 C21E 
OR I 10.211 
ORII02lS 
ORI1021'i 
ORI10220 
ORII0221 
OR 110222 
ORIIC223 
ORll0224 
OR J 10225 
ORll022E 
OR 110221 
ORll0228 
OR[1022<; 
ORII0230 
ORll0231 
ORI10232 
ORI10233 
ORI10234 
ORll0235 
ORII023E 
ORII0237 
OR 110238 
OR 1102.39 
ORll0240 
OR110241 
ORll0242 
OR 11024;:_ 
OR [lC244 
ORII0245 
ORII024E 
ORll0247 
ORll024e 
ORII024C; 
ORII0250 
ORIIC251 
ORI10252 
ORII0253 
ORll0254 
ORII0255 
ORII025t 
OR 110257 
OR 11025S 
ORI 1025'i 
ORI 1 0260-
ORI102tl 
OR 11 02E2 
ORllC2t3 
ORI102t4 
ORII026S 
ORII026t 
ORll0267 
ORII026E 
OR 11026<'; 
ORIIC,27C 
ORII0271 
ORII0272 
ORI10273 
ORIIC274 
OR110,215 
ORI1C27t 
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IF«(LO.GE.JRF.CR.LO.GE.IRP,.OR.LO.GE.601) GO TO 168 
GO TO 98 

ISE "C"'2 
CALL OUTTNS 
JO=O 
LHES=NOD6+20 
IF«LO.GE.jRP.OR.LO.GE.IRP'.OR.L3.GE.6~1' GO TO 168 
GC TO 98 

lEE CONTINUE 

C-----FINAL PIN INTE~NAL ENE~GY CONTENr AND OUTPUT 
CALL ENTHALCHFINAL' 

C 

EQNLF T=SUMCF+ Sl,;MQ 
OELH"HINIT-HFI .. AL 
EONRT=Z.O.PI .RCN006, .SUMFLX 
ERROR1=ABS(EC"LFT-ECNRT)/EQNLFf.l00.0 
ERROR2=ABSCDELH+SUMQ-EQNRT'/CDEL~+5JMQ'.100.0 
CALL OUTFNL 

C---FLOT TCM VERSI,;S TCMfiI 

C 

IF( TCMM(U-10.0) 188.188.178 
17€ NDP=JRP 

IF(NOP.GE.IRP) NOP=IRP 
!)C=O.O 
E)c=TRPEND 
ANTELX=O.05 
CALL MAXMIN(TCfiI,TC,","',EY,Sy,NDP' 
I lYPE=2 
"U~=JRP 
IFCNUM.GE.IRF' "UM=IRP 
I ORO=l 
00 180 1=I.NOP 

lee )Cx(t,=TIMEEll' 
IIFlI TE(NOUT .lS7) 

lE7 FORMAT(IHl,Tll,'OVERL~Y OF MIDOLE T'C RESPONSE CASTERISES) VERSUS 
10AINC PREDICTED RESPONSE (K-S)') 

CALL PLOTCNOP.Tl"'EE.TC~"'.SX,EX.ANTELX.SY.EY.ITYPE.M.CC.NUM. 
1 XXX.TC",.IO~D' 

C-----OENOTE END OF RECORD FOR THIS r,c 
lEE VAR(I)=-lOO.O 

C 

I<B:N006+18 
DO 190 1=2.I<B 

1 .. ( VAR(I'=O.O 
IIRITE(9'(VAR(I •• I=I.t<B) 

2CC CONTINUE 
EN) FILE 9 

C ••••• FINAL CALL TO M"FLX2: TO COMPJrE MEAN FLUXES 
C AND TO OUTPUT TO RELAF PLGrTAPE 

IFCICS7.EQ.1' CALL MNFLX2 
C 
C ••••• RETRIEVE CASE INFOR"'ATIClN FROM DISK (FILE l' 
C ••••• AND WRITE TO SECOND FILE OF NTAPE=9 

E",O FILE 1 
REWIND 1 

2CE READ(1.207.E~D=218. INN 
2(1 FORMA"J(20A4) 

'RIlE (9.207) I "" 
GO TO 208 

2H! E"D FILE 9 
! lOP 1002 
END 

OR II C277 
OR11(278 
ORllC27 .. 
ORll0280 
ORII02E1 
ORI10282 
OR 110283 
ORI1CZe. 
ORll02E!': 
ORll02Sf 
OR1102S7 
ORI 1C28E 
ORII028S 
ORll02<;0 
ORI102<;1 
ORII0292 
ORI 1 0293 
ORll02 ... 
ORll0Z .. 5 
ORII0Z9t 
ORll0Z .. 7 
ORI 1 02 .. 8 
ORI1C2 .... 
ORll030C 
ORll0301 
ORll0302 
OR I 10303 
OR I 10304 
OlH 1030!': 
ORll030E 
ORII0301 
ORll030e 
ORll030<; 
ORI 10310 
ORI 10311 
OIU 10312 
ORII0313 
ORll031. 
ORl10315 
ORll03 U! 
ORI 10317 
ORII0318 
ORII031 .. 
ORI 103ZC 
ORll0321 
OR t 10322 
ORII0323 
ORll032. 
ORI 10325 
ORII032f 
ORII0327 
ORllC3c8 
ORllC32<; 
ORll033C 
ORl103.31 
ORI 1 0332 
ORll0333 
ORII033. 
OR 11 0335 
ORII0336 
ORIIC337 
ORI Ul33e 
ORII C33<; 

C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * ••••••• *oRll0~.O 
C •••••••• * •••••••••••••••••••••••• * ••••••••••• * ••••••••••••••••• *** •••• *ORII0341 
C....................... • ••••••••••••••••••• *ORII03.2 
C •••••••••••••••••••• *. SUBROUTINE RAOI ••••••••••••••• * ••• *ORII0343 
C •••••••• *.............. • ..........•.. * •••••• ORI103.4 
C •••••••• - ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORll0345 
C ••••••••••••••••••••••••••••••••• *.* ••••••••••••••••••••• * ••• * •••••••• *ORll034E 

!L8ROLTINE RADI ORll0347 
C OAt< RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORI10348 

c 
c 
C 
C 

COMMON ~NODES/NMGO.NHT."CU.NBN.NiSl.~SS2.N002.NOD3.NaD4.NODS.NOD6.0RII034~ 
1 M,I.IIti.NC.NB.NS. HI N. HOUT. R(.O •• RBAR (40 J. RHEAT( 710 OR 11 0350 
2 DLRMGQ.OLRHrR.OLRCU.OLR6N.OLRSSl.O~RSSZ ORII03~1 

N~GO= NUMBER CF NODES IN THE MGO CORE (.GE.2) 
NHT = NUMBER CF NODES [N THE INCONNE~-600 HEATER _AYER (.GE.I' 
NCU" NUMBER OF NODES IN THE CUPRO-NICKEL ~EATER LAYER (.GE.O) 

ORII03!':2 
ORI I03~3 
OR [103S4 
OR 1 103f!f! 



C 
C 
C 
C 
C 
C 

C 

c 

C 

c 

e 

e 
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~BN = NUMBER C~ NODES IN THE 
N~Sl= NUMBER OF ~ODES IN THE 
N~S2= NUMBER OF ~OOES IN THE 

BORON NITRIDE ANNUi..A~ SECTION (.GE.l.ORI1035t 
FIRiT 5.S.SHEATH (.GE.l. ORI10357 
SECOND (OUrER' S.S.SHEATH (.GE.I' ORI1035e 

~El-~P RADII (I.E. R A~D RBAR' 
••• IN THE MGO CCRE 

OLRMGO:RHEATC2 ••• 2/FLCATCNMGD) 
RBARCl':SQR1(0.5.0LR~GC. 
R(l.=SQRT(DLRMGC. 
Rt1EAT( 1 ,=RC 1) 
DC 10 I =Z .Mt4GC 
RBARCI)=SQRT(RCI-1) •• 2+0.5*DLRMGO' 

10 RCI,=SQRTCRCI-l'**Z+DLRMGO' 
* •• IN THE HEATER CIhCO~EL-600 LAYER' 

"'D02=h~GO+NHT 
OLRHTR=(RHEAT(31 •• 2-R(~.GO'**2)'FLOAr(NHT' 
"fl/=NMGO+I 
DC 20 1="'M.1\;002 
RBAR(I'=SQRTCRCI-l'.*2+0.5.0LRHTR' 

20 RCl'=SQRT(R(!-l'*.Z+OLRHTRI 
..... IN THE HEATER (CUPRC-~ICI(EL LAYER' 

NC03=N002+Neu 
Ni1:N002+1 
IF« He\i 123.23,21 

21 OLRCU=(RHEA1(4'**2-R(NCD2' •• 2,'FLOAT(NCU' 
DC 22 '=NH ,~OD3 
RBARCI'=SQRTCR(I-l).*2+0.5*OLRCU' 

22 RCI'=SQRTCRCI-l'**Z+DLRCU' 
**.IN THE BORON NITRIDE LAYER 
23 N004=N003+NBN 

OLRSN =CRHEATC5.*.2-R(N0D3'**2,'FLOAT(NBN' 
~C=N003+1 
00 30 I =NC .h004 
RBARCII=SQRTCR(I-I'**2+0.5*DLRBN' 

~c R(l)=SQRTCRCI-l,.*Z+DLReN) 
••• IN THE FIRST 5.S.SHEATH 

~005=NOD4+NSSI 
OLRSSI=(RHEAT(6)**2-R("CD4' •• 2"FLOAT(NSS1) 
... 8=N004+1 
DC 40 I=N8.IIoC05 
RBAR(II=SQRT(R(I-1,**2+0.5.DLASS1) 

4C R(I'=SQRT(RCI-l'*.2+0LRSS1' 
•• *I~ THE OUTER S.S.SHEATH 

1II006=1II005+N552 
DLRSS2=(RHEAT(7' •• Z-R(NC05'**2)'FLOATCNSS2' 
"~=N005+1 
DC 50 1=NS.~C06 
RBARCI'=SQRTCRCI-1' •• 2+0.5*OLRSi21 

SC R(I'=SQRTCR(I-I'.*2+0LRSS2' 

RETURN 
END 

ORI1C359 
ORII036C 
ORll0361 
OR I 1031:2 
ORll03f~ 
ORll0364 
OR110365 
ORll0366 
ORIIC367 
ORllC36E 
ORI1036 .. 
OR11C.37C 
ORll0371 
ORll0372 
OR 110373 
ORllC374 
ORI10375 
ORII0376 
ORII0377 
ORll037E 
ORll037 .. 
ORII0380 
ORII0aet 
ORII03e2 
ORII0383 
ORll0384 
OR11C,J85 
OR 11 03eE 
ORll03E7 
ORllC3ee 
ORll0389 
ORll039C 
ORII03 .. 1 
ORll03 .. 2 
OR 110393 
ORll0394 
OR 110395 
OR 1 1 03 <.ii 6 
ORII03 .. 7 
ORII03<.iie 
ORI 103<;<.ii 
OR 11 C4CO 
ORII0401 
ORll0402 
OR 110403 
ORII0404 
ORll0405 
ORII0406 
OFU lC407 

e •••• * •• *** ••• **.*** •• *************.*** ••••• **.*.* ••••••• ** •• * •• *** •••• *ORll04ce 
c ••••••• ** •• *** ••• ****.*.***.* •• *** •• **** •• *** •• ** •• **.**** •• * •••• ** ••• *ORII04CS 
e •••••••••• **** •••••• *ORll 041 0 
C •••••••• ** •• * GE"ERATION OF STEADY STATE TEMPERATURES IN THE PIN ••• ***ORII0411 
C ••••••• * •• **** * •• * •• *OiU 10412 
e.* ••••• *.* •• ****.** ••• ***.********* ••• *****.****.* •• *******.*.*****.***ORII041~ 
e •••••••••••• *.* •• * •••• *.*.************** •• * •••••• *.*.*** •• *** •• *******.ORll0414 

S~8ROLTINE STEAOY(CBNO.TSAT.HFR.KOI ORII041S 
COAl< RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORII041~ 

REAL 1«40).I<GAF(41.TSC401.HT(4)'.HCGAP(41,TT(2.40).TSF(2'.HSFC2' ORll0417 
1 .eBNO(4) ORII04le 

C(jMMON /NOOES/MIGO .... HT".NCU.NBN. N5S 1. NSSZ.N002. NOOl, N004.NOD5,N006.0RII 04 19 
1 "M.Hi. NC .NS.NS • NI N. NOOf. R(40 J. RBAR( 4010 RHEAT( 7 J. OR II o.~o 
2 OLRMGC.OUlHT R.OLRCJ. OLRBN. OLRSS I. DI..RSS2 ORII0421 

lCOMMON /SAVE/ ~t~is~r:!:~:!R~~i~T~:i~i:~~~~9~~:i:~~gT~~T~o1~~z g:f }g:~~ 
2 .B(40) .DELGAP(4'. PFA.PFR( 2). res. TS ORll0424 

DATA HCGAP/4*0.0/" ORI10425 
C l~ER~AL CONDUCTIVITY FUNCTIONS FOR PIN COMPONENTS ORII042e 

AKGAP(AJ=(O.013+0.0000216*A"36)0.0 ORll0427 
AKHTR(A'=(8.42944336+A*'2.8S1)5)1IE-03+A*(2.42143869E-06 ORll04~e 

1 -6.1c;i365892E-l0*A"U3600.0 ORII042S 
AI<CUNCAJ=C16.eOZ4902-A*(1.31225596E-03-A*(4.43458557E-05-A*( ORII0430 

1 4.77302819E-08-2.5067~477E-ll*A"t)/3600.0 ORII0431 
AI<BN(A) =( OA+A. (OB+A* (OC+DD*A))) '3600.0 ORI 10432 
AI<SS( At =( 7.24564961 +A*CS .07,n6~41 E-03-A. (9.89995897E-07 ORl1043~ 

1 -3. 82840426E-l0.A) It' 36)0.) ORII0434 
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C ORI10435 
C !ET-UP AKBN COEFFICIE"TS ORI1043~ 

OA=CBNO(1) ORll0437 
OB=CBNO(Z) OR1104;:!S 
OC=CBNO(3) ORll043,!; 
OO=CBNOC,n ORI10440 

C CALCLLATE STEADY STATE OUTSIDE FILN COEFFICIENT (HF'. AND TENPERATUREORII0441 
C FROFILE IN THE OUTER S.S.SHEATH ORII0442 
C-----E!TIMATE SURFACE fE_PERATURE OF OUfER S~EATH OPOSITE THERMOCOUPLE ORl1044~ 

PI=3.1415C;;265 ORII0444 
!lEFAN=0.1714E-08'3600.0 ORl10445 
ODPI =OTOT /PI OR I 1 044~ 
(F(DE LGAP(4 I. LE. 8.0E-09) GO TO 1 ~ ORl10447 
T5URF(7,=TCS-COPI'C2.0'{ALOGCRCN005'/RBAR(NOD51)/AKSSCTCSII) ORII0448 
KGAP(4J=AKGAPCT5URF(7) ORII044,!; 
1!URF(8)= TSURFC7.-QOFl/Z.O*ALOG«(R(N005)+OELGAP(4.)/R(NOOS'./ DRIl0450 
ICKGAP(4'+R(N005'*HCGAP(4J*ALOG«R(N005'+OELGAPC4.'/RCN~05')' ORIl0451 
00 ZO 1=1.10 . aRII045Z 
KGAP(4'=AKGAFCCTSURF(7.+T5URF(B"/Z.O) ORIIC453 
R1C S=TSURF (7H459.67 ORl10454 
R1SURF=TSURFCS,+459.67 ORl104S5 
HR4=SlEFAN*CRTCS**2+RTSURF**Z'*CRTCS+RTSURF' ORI104Sf 
lSUR : TSVRF{7.-QDFI/Z.0*ALOG«R(NODSI+DELGAP(41./RCNOOS •• / DRIl0457 
1(KGAP(4J+(R(~OOSI*HCG~P(41+R(NOD5'.HR41.ALOG«(R(~JD51+OELGAP(41./ ORI104S€ 
2RCN005'" ORI1045C;; 

ERROR:ABSCTSUR-TSURF(SJ'/TSUR ORIl046D 
lSURFC8.=TSUR ORltC4El 
IFCERfCOR.LT.O.0001'GC TC 2S ORII04f2 

20 CONTlt.UE ORI104f3 
IF(ERROR.GT.O.001JWAITECNOUT.71 DRII04E4 

7 FORMATC1HI.· •• WARNlhG--STEADf--DETERMINATIDN OF SURFACE TEMPERATURORII0465 
IE (GAF 41 FeR HR CALCULATION DID Nor CONVERGE (I.E •• WITHIN ERROR eaRII046E 
ZRJTERIONI'I ORl10467 

GO TO 28 ORI1046S 
IE 15URF(7)=TCS-OOPI/CZ.0/(ALOGCR(NODS'/RBAR(NODS'I/AKSSCTC5)'. ORII046~ 

lSURF(SJ=TSUAFC7, ORIlC47C 
eS R1SURF=TSURF(8,+459.67 ORllt471 

RTCS=TSURF(7)+459.67 ORI10472 
HRGAP(4)=STEFA"*CRTCS •• Z+RTS~RF •• 21.(RTCS.RTSURF) ORII0473 
KGAPC4'=AKGAPC(TSURF(7'+TSURFCS"/2.0) ORIIC474 

C-----OETERMINATION OF HF AT STEAOY Sf ATE ORII0475 
KO=O ORI1041E 
lO=TB OR 110417 

2~ ~=O ORI1047E 
KO=KD+I ORI 1C47~ 
00 30 I=NS.hC06 ORIl04SC 

~O l(IJ=TSURFCSJ DRIl0481 
~E DC 40 I=NS.NCD6 ORIIC4eZ 
40 KCIJ=AKSSCTCIJI ORll0483 

HTCN005'= ALOGCRS_R(NS)'R(NODS')/KCNS, ORII04€4 
IFCNS!2.LT.ZIGO TO 68 ORII04ES 
00 60 l=hS."CD6 ORIl04E6 
IFCI.EO.NOD6JGC TO 68 ORIl04S? 

fO HTCIJ= ALOGCRCII'RBARCI,,/KCII+ALOG(RBARCI+I)/R(IJI.IK(I+IJ ORI104SS 
Ee Hl(NOO6'= ~LOG(R(N0D6"RBAR(N0D6J)'KCN006' OR1104e~ 

!~M=O.O ORIIC4~C 
00 70 I=NOOS.~OO6 ORI1049i 

70 SlM=SUM+HTCIJ ORII0492 
IF(ODPI.LE.O.OOll GC TO 74 ORIl0493 
t<F=l.O/CR( N006. t( (TSURFCS .-TD.*2 .O'ODPI-SUM I. ORII0494 
GCi TO 76 OR1104~5 

74 HF=HFR ORII04<iE 
lSURF(9'= T("C06J ORIIC4~7 
GC TO 116 ORll04~e 

7E Z=2.0/CI.O/CHF'RCN006J'+HTCN0D6I. ORIIC4S<; 
C-----OETERMINATION OF TEMPERATURE PROFILE IN OUTER 5.S.SHEATH ORll0S00 

1~(N006'=QOPl/Z +TO ORIIOSOI 
TSURF(9J=QOPI/C2.0/11.0/CHF*R(N00611'J+fO ORIl0502 
IFCNSS2.LT.Z.GC'TO 88 ORI10503 
DO SO 1=1.N006 ORIlOS04 
NI=NOD6-1 ORIl050S 
N2=NI+I ORIIOSOE 
lS(Nl.=QDPI/CZ.0/HT(Nlll+TS(N2'· ORIIOSO? 
IF(NI.EO.NSIGO TO 88 ORIIOSCE 

EO CCNTI .. UE ORIIOS(~ 
Ee ERROR=O.O ORI1051C 

00 90 1=NS.N006 ORIIOSll 
ERROR=ERROR+ABS(TSCII-TCI" ORI10Sl2 

90 111,=lS11' ORIlC513 
IF(ERROR.LT.O.OOZOIGO TO 108 ORilOS14 
~=Jt-l ORIIOSIS 
IF(J-IOJ38.3e.98 ORIl05lE 

SE 'RITE(NOUT.107' ORIleS17 
1 C7 FORMATClH 1 • • .. WAICNI NG--STEAOY--TEMPERArU RE PROFIL.EOETERM INA TlDN IORI10S18 

IN OUTER 5.S.SHEATH 010 NOT CONVERGE. CALCULATIONS TERMINATED'. ORII(S19 
SlOP ORI10S20 

Ice CONTINUE ORIICS21 
DO 109 I=NS.~006 ORI1C522 

1(9 11(KO.l,=T(I' ORIIC5Z3 
1!F(KDJ=TSURF(9' ORIl05e4 
HSFCKD):HF ORll0S25 
TO=TSAT ORI10S2E 
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IFCKO.LT.2)GO TO 29 ORI10527 
CALL T5MINCTT.T.TSF.TSURF(9).HSF.HF.KO' ORllC52e 

C DETERMINATION OF TEMPERATURE PROFILE IN INNER 5.S.SHEATH ORII05~~ 
liE J=O ORI1053C 

00 110 I=NB .... COS ORll0531 
110 T(I)=TC5 ORIIC532 

lHIRF(6.=TCS ORIIC533 
llE 00 120 I=NB.NC05 ORII0S34 
12C K(I.=AKSSCTCI.. ORll0535 

HTeN004): ALOG(~BARCNB)/RCN004)J'KCNB) ORI10S3E 
IF(NSSt.LT.2)GC TO 138 ORll0537 
DC 130 I=NS."'C05 ORll0S3e 
IFC I.EQ.NODS.GO TO 138 ORII053~ 

l~O HTCI.= ALOGCRCI./RBARClt'/K(I.+ALOGCRBARCI+l)/RCI)J/KCI+l) ORI10S4C 
1~8 T!(NODS)=TCS ORIlOS41 

[FCNSS1.LT.2.GO TO 148 ORll0542 
00 140 I=I.,.,OOS ORI10S43 
~I=NOOS-I ORIlOS44 
~2=Nl+1 ORI10545 
lSCNl)=QOPI/(2.0/HT(Nl»+TSCN2' ORII054E 
IF(Nl.EO.NBJGO TC 148 OR 110547 

14e CCNTlNUE ORI10S41: 
14E T!UR =QOPI/(2.0/HT(N004.,+TSCNB' ORIIOS4~ 

Ef<ROR=AB SC TSI.R-TSURF (6' • ORI 1 C55C' 
1~URFC6.=TSI.R ORI10551 
DO 150 I=N8.,.,005 ORI10552 
ERROR=ERROR+ABSC TS(J , -T (l'. ORI10553 

15e 1(1'=15(1' ORI10Sf4 
IF(ERROR.LT.O.0020.GC TO 166 ORII0555 
J=J+l ORII055E 
IF(.J-10J118.1l8.158 0lHI0557 

1l:E IIIRI TE CNOUT .167' OR It 055E 
167 FVRMA1CIHl.· .... A~NlhG--STEAOr--TEMPERATURE PROFI~E DETERMINATION IORI10SS9 

l~ INNER S.S.SHEATH DID NOT CONWERGE. CALCULATIONS TERMINATED" ORII0560 
~TOP ORI105fl 

lee CONTINUE ORIIose2 
C-----CALCULATION OF BN OUTSIDE SURFACE TEMPERATURE ORII0563 

IF{OELGAPC3J.EG.O.O)GC TO 168 ORIIC564 
f(GAP( 3) =AKGAFCTSURFC61 J OR[ 1C565 
lSURF(51=TSURF(6)+QOPI/(2.0*(KGAP(3"ALOGC(R(NOD4'+OELGAP(3)'/ ORI105EE 

1 RC NO 04 • I +R (NOD4 ,*HCGAFJ ( 31' ) OR It OS67 
DC 1701=1.10 ORII0S6E 
KGAPC3.=AKGAPC(TSURFC5J+TSURF(6J),Z.O' ORll(5E~ 
RT5=TSURF(S,+459.67 ORll0570 
R16=TSURF(6.+459.67 ORI1C571 
HR3=STEFAN*CRT5**2+RT6**2'*CRT5+RT6' ORll0S72 
1~UR=TSURFC6J+CDPI/C2.0*(KGAP(31'ALOG(CR(NOD4J+OE~GAP(3 •• / ORII0573 

1 RCNOO4J J+RCNOO'U*HCGAPC3J+RC .. J04'*HR3' J ORII0574 
ERROR=AB5( T5liR-T SURF C511/TSJR ORII05Hl 
1S~(5)=TSUR QRI1C51E 
IFCERROR.LT.O.OOOUGO TO 198 ORll(577 

11C CONTI NUE ORIIOlS1E 
IFCERROR.GT.O.001IWRITECNOUT.177J ORII057~ 

177 FORMA1(IHl •••• ~A~NI ... G--STEAOY--OETERN[NATION OF SURFACE TEMPERATURORI1C5EC 
IE CGAP 3) FOR HR CALCULATION DID NOT CONVERGE (I.E •• WITHIN ERROR CORII0S81 
2RITERION'" ORII0582 

GO TO 198 ORIIC5e~ 
lEE lS~RF(5J:TSURF(6) ORllcee4 
l~e R15=TS~RF(5.+.59.67 ORIIOSES 

R16=lSURF(6)+4S9.67 ORII0SEE 
Hf<GAPC 31 =STEFA".« RTS •• 2+ F1T6 •• 2). CRT 5+RT6 » OR 11 ose7 

C OE1ERMINATION OF TE~PERATURE PROFILE IN BN ANNULAR LAYER ORIIC5Ee 
.1:0 ORIICSe~ 
DC 200 I=NC.~C04 ORI1C5~C 

~CC 1(I'=TSURFC5J ORIIC591 
1!URF(4'=TSURF(SJ ORII0S92 

2CE 00 21t I=NC.NC04 ORIIC59~ 
210 ~(I'=AKBN(TCI). ORII0594 

HTCN003'=ALCG(ReARC,.,C'/RCN003J)'K(NC' ORII0595 
IFCNBN.LT.2'GCi TC 228 ORII059E 
O() 220 I =NC."C04 ORII05<;7 
IFCI.EO.N004JGC TO 228 ORIIC5<;E 

22C H1CII=ALOGCRCI,/RBARCII'/KCI.+ALOGCRBARCI+IJ/R(I)"K(I+I' ORII059 .. 
228 HT(NOD4)=ALCG(~C"'004)/~eAR(N004))'KCN004J ORI10eCC 

T!(N004,=QOPI/(2.0/HTCN004).+TSJRF(5J ORII0601 
IFINBN.LT.2'GC TC 238 ORI1C602 
DC 230 1=1 .N004 ORI.CeO~ 
N1=NOD4-I ORll0604 
N2=Nl+1 ORIIOEOl: 
1~(Nl.=QOPI/(2.0/HT("lJJ+TS(N2) ORII060E 
IF(Nl.EQ.NC.GC TC 238 ORIlC6C7 

230 CONTIN~E ORIIC60E 
23e TSUR= QOPI/C2.0/HT(N003J'+TS(NC. OR1106C~ 

ERROR=ABSC TSI.R-TSURF (4, J ORI 1061 C 
'T!URFC41=TSUR ORII0611 
00 240 I=NC .~C04 ORII0612 
ERROR=ERROR+ABSCTS(J '-TO') ORII0613 

240 1(1)=15(1' ORII0614 
IF(f.RROR.LT.O.0050IGO TO 258 ORIle615 
J=J+l ORIIC61E 
IF( .J-10) 208 .208.248 OR 11 0617 

248 .RITECNOUT.257. ORII061E 
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2~7 FORMAT(lHl.·~~~ARNING--STEAOt--rEMPERArURe PROFI~E OETERMINATION IORI10619 
.... BN DID NCT CCNVERGE. CALCULATIONS TERMINATEO' J ORI1C6.2C 

!lOP ORIH6;<1 
2SE CCNTlNI.E ORII0622 

C-----CALCULATION OF HEATER ELEMENT OJrSIOE SURFACE TEMPERATURE ORll0623 
IFCOELGAP(2'.EO.O.0.GC TO 278 OR1106c;4 
KGAPCZ,=AKGAF(TSURFC4J. ORll0625 
lSURF(3'=TSURFC4.+QOPI~(2.0*(KGAP(2'/ALOG«(R'N0Q3)+OELGAP(21'~ ORllC62t 

1 RlN003).+R(N003'*HCGAP(2)JJ ORIIC627 
00 Z60 1=1.10 ORI1062E 
KGAP(Z'=AKGAP«TSURF(3)+TSURF(4,t/Z.O, ORll06;<9 
R13:TSURF(3J+459.67 ORll0630 
R14=TS\,;RFC4.+459.67 ORIIC631 
HR2=STEFAN*CRT3*.Z+RT4.*Z.*(RT3+RT4. ORll0632 
1!UR=TSURFC4'+QOPI/(2.0.lKGAP'2J/ALOG(CR(N003)+OE~GAP(Z)/ ORII0633 

1 R(NDQ3))+RCN003U HCGAP(ZJ+RlN003,*HRZJ' OR 110634 
ERROR=ABS(TS~R-TSURF(3"/TSUR ORII0635 
lHJRF(3'=TSUR ORI1C63( 
IFCERROR.LT.O.OOOUGO TO Z88 ORII0637 

HC CONTINI.E ORII063E 
IFCERROR.GT.0.00l.WRITECNOUT.267' ORIIC63S 

Z(7 FORMA T( lH 1. • •• IIAf;NI l'iG--STEAD'f --DETERM INAT ION OF SURFACE TEMPERATUROR II C640 
IE (GAP 2) FOR HR CALCULATION 010 Nor CONVERGE (I.E •• WITHIN ERROR CORll0641 
2RI TERION • • , ORII0642 

GO TO 288 ORIlce4:: 
27E lHJRF(3)=TSIJRF(4' ORII0644 
ZfE R13=TSURF(3t+459.67 ORlIOt4!: 

RT4=TSURF(4)+459.67 ORII064(: 
HRGAP(Z'=STEFA~.(RT3 •• Z+RT4.*2'.(RT3+RT4' ORII0647 

C DETERMINATION OF TE~PERATURE PROFILE IN HEATER ELEMENT ORII064E 
JCIJ=O ORIIC64S 
JIN=O ORlloesC 
IF(NCU)Z98.ZSS.36S ORII0651 

C-----INCONEL-600 HEATER ELEMENT SECTION ORII0652 

c 
c 
c 

2se OINCO~=PFR(I'.'OPI ORllceS3 
CIN""QINCON/FLOjlT(NHT' ORlle6S4 
IF(NC~.Ea.O'TI=TSURFl3) ORIICtS~ 
OC 300 1 =",. _"002 ORll065t: 

J CC T( I) =TI OR II 0657 
Jce OC 310 I="MoNC02 ORll0tSe 
31C ~(I'=AKHTR(T(I)' ORII06SS 

IF(NH1.LT.Z)GO TO 3Z8 ORIIC66C 
0(; 320 I= .......... COZ ORII0661 
IFCI.Ea.N002'GC TO 328 ORII0662 

32C Hl(I'=OLRHTR/R(I'/RCI'/2.0/CCK(I,+K(I+l)/Z.O) OR1106t:3 
321: Hl(N002.=OLRH1R/R(NCOZ'/R(N002,/4.0/K(N002' ORll0e64 

1~(NOO2)=QI"'CCh/(2.0/HT(N002.'+rl ORl10t6S 
IFCNHT.LT.2'GC TG 338 ORI1066t 
aSUM=CINCON ORII0667 
DC 330 1=1 ohOOZ ORI tC6eE 
a~IJM=QSUM-all'i ORIIC66S 
~l=NOOZ-I ORIIC67C 
N2=Nl+l ORII0671 
lSCN1)=aSUM/(2.0/HT(Nl.,+TS(NZ) ORllC672 
IFlNl.Ea.NM)GO TO 338 ORIIC673 

330 CONTINUE ORIIC614 
33E ERROR=O.O ORIIce7~ 

00 340 I ="",N002 ORII061t 
ERROR=ERROR+ABS(TS(IJ-T(ltJ ORI10617 

340 T(I)=TS([' ORI1067E 
IF(ERROR.LT.O.0020'GO TO 358 ORIIC67S 
JIN=JI N+l OR IICEEt 
IF(JIN-IO'308.308.348 ORI10681 

348 .RITE(NOUT.357, ORI1C682 
357 FORMAT( IHI ..... AFiNI NG--STEAOt-.fEMPERA.fJRE PROFILE OETERM INATION IORII(1683 

1'" lNeONEL HEATER ELEME~T DID Nor CONVERGE, CALCULATIONS TERMINATEOORI1C684 
2') ORIICEES 

HOP ORllC6Et 
35E CONTlNI.E ORI1C6E7 

TSURF(2'=TCN~) ORIIC6Ee 
l~URF (1. =T( Mol) OR II 068S 
DO 360 l=l.N~GC ORIICESC 

3EO l(I'=l~URF{lt ORllC691 
R1Z=TSURF (21+459.67 ORI1C6S2 
Rll=TSURFll,+459,67 ORI10693 
HRGAP(1)=STEFA .... (RT2 •• Z+RT1.*ZJ.CRrZ+RTl) ORII0694 

STEADY STATE TEMFEI'ATURE PROFILE DETERMINATION COMPLETED 

RETURfoi 
C-----C~PRo_NICKEL HEATER ELEMENT SECTION 

3tE OCliNI=PFR(ZJ *QOPI 

DIU 10695 
ORI10<;<;t 
ORIIC6C;7 
ORI H6SE 
ORI1C6SS 
ORII07CC 
ORll C701 
ORIIC7C.2 
ORII0103 
ORtlC7C4 
DIU 10705 
ORl1010E 
ORll0707 
ORllc7(e 
OR It C7(<; 
ORI1C71C 

OC \j;QCUM .IF LCA T( "CUJ 
00 370 I =NH. ~C03 

~7c T(I'=lSURF(3' 
1I=TSt.RF(3, 

37E 00 380 I=NH.~G03 
JEt K(I,=AKCUN{l(I» 

Hl(NODZ,=OLRCU/R(NQOZI/R(N002J'4.0/K(NH) 
IF( Ne I..LT.2IGG TO 398 
DC 390 I=NH."C03 
IFCI.eQ.NOD3)GO TO 398 
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3SC H1(1)=OLRC~/RCI)/R(IJ/2.0/«K(II+K(I.I)J/2.0J ORIlC711 
3Se Hl(N003J=OLRC~/RCN003'/R'N003J'4.0'K(N003) ORI1C712 

,OH,,",=COPI ORlIC713 
1~CNOO3)=QSU~/(2.0/HT(N0D3»).TSURF(3) ORllC7l4 
IFCNCI..LT.2JGO TO 406 ORIIC715 
00 400 1=1 .... 003 OR 11 C716 
Q5~~=QSUM-CC~ ORIIC717 
1111=N003-1 ORIIC71e 
1112=Nl+1 ORIIC7lS 
15(Nl'=OSU~/(2.0/HT(N1JJ+TS(N2J oRIle72C 
IF(Nl.EO.NHIGC TC 408 ORIlC7H 

4CC CONTI "UE ORIIC7';:2 
4ee Qsu~=aSUM-QCU ORIl0723 

1!I.R=aSUM/(2.0/HTC ... 002')+TSlNH' ORIlC724 
ERROR=AaS(TS~R-1I) ORIIC725 
lI=TSI.R ORIlC726 
00 41 () 1=,.., ."003 ORII07';:7 
ERROR=ERROR+ABS( 1S(I' -1 U J J ORI 1 C72e 

4le 1(1'=15(11 ORIIC72S 
IF(ERROR.LT.O.0020JGO TO 293 ORIlC73C 
JCl.'=JCU+I ORII0731 
IF(JC~IO'376.378.416 ORIIC7;:';: 

41e .RITE(NOU1.427, ORIlC733 
427 FCRMATCIHl •••• WAFiNING--STEAOV'-TEMPERATlJRE PROFILE DETERMINATION IORIlC734 

IN CU-NI HEATER ELEMENT DID NOT CO~ERGE. CALCULATIONS TERMINATEO')ORII0735 
C ORII073E 
C END OF STEADY ORll0737 
C ORlle738 

HOP ORI10739 
E~D ORIIC7_0 

~lBROI.TINE TS,",I~(TT.T,TSF.TSURF.HSF.HF.KO' ORIIC741 
C CAli RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORIIC742 

DIMENSION TT(2.40,.T(40,.TSFC2',HSF(2' ORI1C743 
CC,",MON /NOO£S/"MGO.~HT.NCU.NSN,NSS1,NSS2,N002.N003.N004.N005.NO06.0Rlle744 

1 MI, NH. NC. N8. t6, NI N. NOJT. R(40', RBAR C40'. RHEAT( 7', OR I 1 C745 
2 CU'~GO.OLRHTR.OLRCJ. CLRSN, CLRSS 1. lLRSS2 OR II C74E 

IF(H$FCZ"18.18.8 ORI 1 0747 
e IF(TSF(lJ.LT.TSF(2))GC TO 18 ORIIC74t' 

DO 1 0 I = .. s , .. C06 OR lie 7 4 S 
10 TCI) =1T(2.1' ORII0750 

lS\;RF=TSF(Z' ORIIC751 
HF = HSF(2J ORI1C752 
1(0=2 ORIIC753 
I<EHJRN ORIIC7!:4 

18 DC 20 J '" NS. ,,"C06 ORI1C755 
.;:0 ltl) = TTU.O ORIl075E 

lSURF=TSFU) ORIlCl757 
HF = HSF(I) ORIIC75E 
110=1 ORII075S 
RETURN ORII076<: 
el\D ORtlC7El 

C ••••••••••••••••••••••••••••••••••••• * •••••••••••••••••••••••••••• *.***ORII07E2 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ORI107E3 
C •••••••••••••••••••••••••• * .* •• * ••••••••• * ••••••• *ORI1C7f4 
C ••• 4 •••••• *.*............. SU6RourINE rRANS •••• * •••••••••••••••• *ORII07E5 
c •••••••••••••••••••••••• *** •••••••••••••••••••••• *ORIIC766 
c •••••••••••••••••• * •••••••••••••••••••••••••• ** •••••••••••• * ••••••••••• ORIIC767 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ** ••••••• *DRII07fE 
C ORII076S 
C ~lBROI.TINE TRA"S IS THE TRANSIENT DRIVING ROUTINE ORl1077( 
C ORIle771 

!f..SROUTI NE TRAt.S ORI10l12 
C GAl< RIDGE INVERSE CODE VERSION 1.0 4-1-77 OR1I077::! 

REAL k.kGAP ORII0774 
LOGICAL SI NG ORIl C77S 



C 
C 

C 
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DIMENSION A(.O •• 0) .AB(.O) .1(40) ORII C11t':. 
COMMON /NODES/"~GO.NHT .NCU .NBN. NSS 1. N5 52. NOD2. NO 0.30 liD D4.NODS.NOD6.0R 110177 

1 ,,~.NH.NC."B.N5.NIN.NOUT.R(.O).RBAR(.O).RHEAT(7). ORI1C17E 
2 CLRMGO.DLRHTR.DLRCJ.DLRBN.DLRSS1.D_RSS2 ORI1011e; 

COMMON/PROP1/DMGO.DHTR.OCUNI.DBN.Di5.C(40).K(.O).CBNO(4).CMGO(S). ORI1C1EC 
1 I<GAP(4) .1<002 .PRS ORII C1Bl 

COMMON /SAVE/ T(40' .HFOGAP(4) .DELT .HF. HEAT (40. 40 •• Al4GCJ. AHTR.ACU. ORI1C7B" 
1 AS" .ASSI • ASS2 .RE515 T (4" TSURF (9). T I. aTOT. Q( 40' .ZZ OR 11 C1E3 
2 .B(40) • DELGAP(4). PFA. PFR(2 •• TCS. TB ORII C1B4 

S lEF A"=O. 1 7l4E-oS/3600.0 OR 11 C1ES 
PI=3.l.1S9265 ORI101E6 

CALClLATE RADIAL HEAT GE"ERATION FOR EACH NOOE 
OINCON=(PFRC1).QTOT)/FLCAT(NHTI/PI 
CC lNI =0. 0 
IF (NC U. G T. 0) QCUNI == (PFR (2) .QTOT) IFLOAT (NCU liP I 

C-----"GO CORE 

ORI1C1E7 
ORI1C7EE 
OR 11 C7Ee; 
ORI1C7e;c 
ORIIC7e;1 
ORI1C1<;;; 
OR Il C7'i3 
OR11C1'i4 
ORI1C7<;S 
OR11C1<;6 
ORllC7'i7 
ORI1C7e;E 
ORI1C7<;e; 
ORllcecc 
ORIl CBCl 
ORI1CB02 
ORI 1 CB03 
ORIlce04 
ORIlCBC5 
ORIlCBe6 
ORI10e01 
ORIIoeOE 
ORIlCeC'i 
ORIleelC 
ORIleBll 
DRI1CB1" 
ORI1CS13 
ORI10814 
ORllcelS 
ORIl OBI t':. 
ORIlCe17 
ORI10B1E 
ORIlCele; 
ORI10e2C 
ORI1CB21 
ORI1CS22 
ORI10S23 
ORI lCE24 

C 

00 10 1=1.IIiMGC 
10 Q( I) ==0.0 

C-----HEATER SEC1IO" (INCC"EL-600 LAYER' 
OC 20 1=="M .... CD2 

2C Q( I) =QI NCON 
C 
C-----HEATER SECTICN (CUPRC-NICKEL 

IF (NC\J).3S .3S .2S 
LAYER.IF ANY' 

ZE DO 30 I=Ni."C03 
a C 0(1' ==QC UNI 

C 
C-----BCRON NITRIOE SECTIC .... ANO STAINLES5 STEEL SHEATHS 

~a 00 .0 I==NC.N006 

C 
C 

C 
C 

C 
C 
C 

C 
C 

C 
C 

400(1)==0.0 

CALClLATE GAP RADIATION HEAT TRANSFER COEFFICIENTS 
OC 50 1==1 •• 

!:O HRGAP(I'==O.O 
IF(DELGAP(1).NE.0.0'HFOGAP(1)==STEFAN.CCTCNMGO'+.59.67)*.2+CT(NM,+ 

I 459.67)**2)$CCT(NMGO'+459.67.+CTCNM,+459.67)) 
IF(DELGAP(2).NE.0.0)HRGAP(Z)==STEFAN$(CT(N0031+.59.67)**2+CT(NCI+ 

1 459.67).$2'$CCTCNOD31+459.67)+CT(NC)+.59.67), 
IF C DE LGAP( 3). "E. 0.0' HFOGAP.C3' ==ST EF AN* ( (T C N004' +459.67'*.2+( T( NB) + 

1 459.67' •• 2'$«T(N004'+.59.67,+(T(NB.+.59.67.' 
IFCDELGAP(4).NE.0.O'HFOGAP(4)==STEFAN*(CT(NOD5.+459.67) •• 2+(T(NS'+ 

I 459.67).$2'*«T(NOD5'+4S9.67,+(T(NS.+.59.67', 

SEl-lP HEAT MATRIX 
CALL FI<OP 
CALL GAPTNS 
CALL HEATR 
CALL BVECTR 

AN> CCNSTANT B VECTOR 

SOLVE THE SYSTEM OF EQUATIONS 

ZZ==2.0/(ALOGCRCN006)/REARCN0D6"/KCNOD6). 
HEAT(NOO6.NOD6,==-HEAT( ... 0D6.N006-1' -ASS2.CCN006' 
8(NOD6)=-ASS2*CC"Q06'*TCN0D6'-0(N006. 
00 60 1==1 .40 
ABCI , ==B (I, 
DO 60 J==1.40 
AC I .J,==HEATCI •• Il 
A(I.NODS' = 0.0 

tC CONTINUE 
A(NOD6.NODS) = -1.0 
ABCNOOS-l) == ABCNOOS-l) - HEAT(N0D5-l.N005'*TCS 
AB(N005+1' = A8("005+1' - HEATCN005+I.N005'*TCS 
A8CNOOS) == A8("'005) - HEATCNODS.NODS.*TCS 
CALL SOLVECA •• O.40.NC06.AB.K.SING. 
IF(.NOT.SING.GO TO 88 
Ull TE C NOUl .67. 
FORMAlC1Hl.22HTHE MATRIX IS SINGJLAR) 
WRITECNOUT.69'IJ.OEV 
FORMAlC1Hl.3HIJ==.13.10X •• HDEV==.lPE17.9) 
STOP 

OllPlT T VECTOR 
ae DO 90 1==I.NOD6 
400 1(I)=X(I) 

. T( NOD5. == TCS 
HF == XCNOOS)/C2.0*R(NOC6'. 

lRANSIENl CALCULATICNS FCR THIS TIME STEP ARE COMPLETED 
. RETURN 
ENO 

,ORI10e;;5 
ORI1CB26 
ORI1Ol!Z1 
ORI1C8c:E 
ORI1CeZ'i 
ORIlceac 
ORllce:!l 
OR 11 ce:!2 
ORI1CS3:! 
ORIlce34 
ORIlce35 
ORIlcea6 
ORIlce31 
ORI1CE3E 
oRllce3'i 
ORllCe.o 
ORIIce.1 
ORI1CS42 
ORII0843 
ORI1CB44 
ORI1CB45 
ORIICS.6 
ORI1CS.7 
ORl1C84E 
ORIICS4'i 
ORllceso 
ORIICB51 
ORI1C852 
ORllce53 
ORIlce54 
ORIICES5 
ORllC8S6 
ORIlCE57 
ORllC8SE 
ORllCE54O 
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c ••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••• * •• * •••• *ORI1C86C 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORI1C861 c....................... . ... **** •• * •• *.****.*ORIIC8~2 
c •••••••••••••••••••••• GEhEAAT10N OF HEAT MATRIX ••••• * •••••••••••• **OAI1CS63 
C....................... • •••••••••• * •••••••• *ORIIC864 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORIIC865 
C ••••••••• * •••••••••• * •••••••••••••••••••••••• **** •••••••••••••••••••••• ORIIC866 

~UBROLTINE HEATR DRI1C867 
C OAK RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORIIC86E 

C 
C 
C 

c 
C 

C 

REAL K.KGAP .HCG~P(4) ORIIOB6<i 
COMMON /NDOES/N~GO.NHT.NCU.NBN.NSS1.NSSZ.NOD2.N003.~DD4.N005.NOD6.0RII087C 

1 1\114.NH. I'<C. hB.r.s. NIN. NOIJT. R (40 .. R8AR (40" RHEAT( 7'. OR 11 (871 
2 OLRMGC.OLRHTR.OLRCU.OLRBN.OLRSS1.0LRSS2 ORllCS72 
CCMMON/PROP1/0~GO.OHTR.OCUNI.D8N.OSS.e(40 •• K(40'.eBNOC4'.CMGOC5'. ORIlCS73 

1 KGAFC4'.f(00Z.PRS ORIlCE74 
COMMON /SAVE/ T(40'.H~GAP(41.0ELr.HF.HEAT(40.40 •• AMGD.AHTR.ACU. ORtlCS75 

1 . ABh.ASS1.ASS2,RESISr(41,TSURF(9,.rl.QTOr.O(40J.ZZ ORIIC816 
2 .eC40,.tELGAPC4 •• PFA.PFRC2 •• TCS.TB ORIlCS77 

OA1A HCGAP/4tO.0/ ORIIC87E 

~El-~P MATRIX ARRAY 
*.*FOR THE MGO CORE AND CORE-HEATER BOUNDARY 

HEAT(I.2'=4.0*CKC1'+K(2J'/Z.O 
A~GO=OMGO*OLR~GO/OELT 
HEATC1.IJ=-HEATC1.2)-A~Go.e(lJ 
tlEAT(2.U=HEATU .Z, 
IFCNMGO.LT.3'GC TO 8 
00 70 1=3.N.-GC 
HEATCI-l.IJ=4.0*FLOAT(I-1'.CK(I-lJ+K(I.'/Z.0 

lC HEATCI.I-l,=HEATCI-l.I' 
e IF(OELGAP(IJ.EC.O.O'GO TO Z8 

IF(KGAPC1'+HCGAF(lJ'.EQ.O.O.ANO.HRGAP(I •• EQ.0.O'GO TO 18 
RESI Sl( l' =1. O/(KGAPCl '/ALOGCC RCNMGOJ+OELGAP( l' URCN'4GO. J+ 

1 R(N~GO)*HCGAPC1'+RCNMGO'.HRGAP(I" 
GO TO 38 

Ie '''ITE (NDUT,7) 

ORlICE7<i 
ORIICSEC 
ORIICSSI 
ORllCSS2 
ORIIcee3 
ORlloes" 
ORIIcsse 
OR 11 csee 
ORIlcee7 
ORI10eeE 
OR 11 (EE'; 
ORll0S90 
ORIIC891 
OR I lCS92 
ORllCEC;3 
ORI lCE<i4 
ORllC8C;S 

7 FOR~ATCIH1,'*.WARNING--HEATR--INFINlrE 
IFACE' , 

RESISTANCE AT MGO-HTR INTERORllC8<i6 

!lOP 
2e RESlSTCl.=O.O 
as ~EAT(~MGO.N~'=2.0'COLRHTR/R(NMGO)/R(NMGO'/4.0/KCNM'+RESIST(IJ+ 

1 OLf;MGO/f;CNMGO'i' R( NMGOJ/4 .O/K CN~GO J I 
HEATCNM.NMGQ)=HEAT(~NGC.NM' 
00 SO 1 =2.NMGC 

ec HEAT(I .1'=-HEAT(I.I-l.-HEATCI,I+I.-AMGO*C(IJ 
•• *FCR THE HEATER AND HEATER-BN3 BOJNOARV 

IFCNCU'81.81.8Z 
INCONEL-HEATER-wITH-No-CJPRO-NICKfL-oVERS~EEVES 

el AHTR=OHTR*DLRH1~'OELT 
IFCNHT.LT.2JGC TC 4S 
,J=NM+ 1 
DC 90 I =J.NDOZ 
HEAT(1-1.I.=4.0*Cf(I)+~(I-lJ"2.).R(I-IJ.R(I-1J/OLRHTR 

'!iC HEAT(I.I-IJ=HEAT(I-l.11 
48 IFCOELGAP(2J.EC.0.OJGO TO 68 

IF«KGAP(2'+HCGAP(2'J.EQ.0.O.ANO.HRGAPC2,.EO.O.OJGO TO 5S 
RESIST(2'=I.O/(KGAPC2,/ALOG«R(N002.+0ELGAP(2J)/RCN002')+ 

1 R(NCOZ'*HCG'PC2J+R(N002'.HRGAP(~') 
GO TO 76 

ORIICS'!i7 
ORI1CS'!ie 
ORI10SC;S 
ORll09CO 
ORI1CC;Ol 
ORII0902 
ORll090::! 
ORI10904 
ORIIOSOS 
ORl1090E 
OR110C;C7 
ORIIcc;ce 
OR1IC'lC<i 
ORI10910 
ORIlC91l 
ORIlC912 
ORI IOU:: 
OR110'l1" 
ORIIO'l1!; 
ORIlC9lE 
ORIIC'l17 
ORIIOC;U 
ORIIO'l1C; ~E .RITECNOUT.17, 

17 FORMA TC lH 1. • .... ARNI NG--HEATR--IiIIF INIT E 
lACE .) 

RESlsrANCE AT HTR-BN INTERFORI1C920 

~top 
eE fiESIST(2J=0.0 
78 HEAT(N002.NHJ=2.0/(DLRHTR/RCN002'/RCN002,/4.0/K(NDOZJ+RESISTC2J+ 

1 ALOG(Re~RCNHJi'RCN002))i'K(NH)J 
HEATCNH.NOOZ.aHEAT(NC02.NH, 
00 100 1="''' .NCD2 

ICC HEAT(I.IJ=-HEAT(I.I-1J-HEATCI.I+1J-AHTR.C(IJ 
GO TO 1002 . 

INCONEL HEATER WITH CUPRO-NICKEL OYERSLEEVES 
82 AHTR=OHTR*OLRHT~'OELT 

Ae U=DCtJNI .OU'CL/OELT 
IFCNHT.LT.2JGO TC 480 
J=NMt-l 
00 900 I=J."'002 
~EATCI-l,I)=4.0*(K(I'+KCI-l)'i'Z.O*RCI-1J*RCI-1)/DLRHTR 

~cc HEAT(I.I-lt=HEATCl-l.11 
4EO HEAT(NOO2.NH'=2.0/COLRHTR/RCNOOZ'/RCNOOZJ/4.0/K(N002J+ 

1 OLRCUi'R(~0D2Ji'R(NOOZ"4.0i'KCNH'J 
HEAT(NH.N002'=HEATCN002,NHJ 
DC 1000 1=~M.~OO2 

lC(O HEAT(l.I)=-HEATCI.J-l'-t-!EATU.I+l.-AHTR*C(U 
IF(NCL.LT.2.GO TC 481 
,J=NH+l 
00 901 1=,J.I'<C03 
HEATCI-I.I)=4.0*CKCIJ+K(1-1).i'Z.).RC1-l,.R(I-I'/OLRCU 

~(1 HEATCI.I-l)=HEATCI-l.I' 
481 IF(OELGAP(2).EC.0.0'GC TO 680 

IF(CKGAPczt+HCGAPC2,a.EQ.0.O.ANO.HRGAPC2).EQ.O.0.GO TO SSO 
RE SIS1(2' =1. 0/CKGAF(2UALOG (CR(NOOa)+OELGAPUH UR(N003' J+ 

1 R(N0D3t*HCG~P(Z.+RCNOD3'*HRGAP(Z)' 

OR[IC9"1 
ORI10'l22 
OR110'l2:: 
ORII0924 
DIU 10925 
OR 11 0926 
ORIlC927 
ORII092E 
ORIIC9 .. <S 
ORI10930 
ORllC931 
ORll09::2 
ORI1()'l33 
ORll0934 
ORII0935 
ORI1C936 
OR IIC937 
ORI1C93E 
ORII093'S 
ORI10940 
ORIIC941 
ORll09"2 
ORII0943 
ORll0944 
ORll0945 
ORllC946 
ORI10947 
ORII094e 
ORII C949 
ORII0950 
ORlI09!1 



GO TO 780 
sec 'RITE(NOUT.17. 

!TOP 
6ee RESIST(2)=0.0 

127 

7S0 HEATC N003.NC'=2. 0/COLRCU/R(NOD3,'R(N003,/4.0/K(N003.+RE SIST(2.+ 
I ALOG(R8_R(NC)'R(NOD3)'K(NC •• 

HEATCNC.N003)aHEATlNOD3.NCI 
DO 1001 I=~H.~OO3 

lCCI HEATCI.I'=-HEATCI.I-I.-HEATCI.I+l)-ACU*CCIJ 
C •• *",OR THE BN LAYEIC A.,O BN -551 BOJNOARY 

ICC2 ABN =OBN *CLRBN /OELT 
IFCN8N .LT.2.GO TO 88 
J=NC+1 
00 11 0 I =J • .,C04 
HEATCI-l.I)=2.0;CALOGlR(I-ll/RBARCI-1J)/I(CI-1J+ALOGCR8ARCI)/ 

1 RU-l,,/I<(lU 
llC HEATCl.I-IJ=HE~T(I-I.IJ 
ee IFCOELGAP(3J.EQ.0.OJGC TO loa 

IF( (KGAPC3J+HCGAFC3" .EQ.O.O • ANO. HRGAPC3J .eo.o.o JGO TO 98 
RESIST(3'=J.O/(I<GAPC3J/ALOG(CR(N004)+OELGAP(31)/R(NOD4JI+ 

1 RCN(04)*HCG~PC31+RCNOO4 •• HRGAPC3.1 
GO TO 118 

C;E IIRITECNOUT.27' 

ORll0952 
ORIl09!:J 
ORII09!:" 
ORII0955 
OR I I095t: 
ORII0957 
ORII095E 
ORII09SC; 
ORII0960 
ORll0<;61 
OR 1109C12 
ORIIC9E3 
OR 11 O'iE" 
ORIIC9t:S 
OR 11096E 
ORll0<;67 
OR 11 O<;EE 
ORII096<; 
OR 11 C970 
0101110<;71 
ORII0972 
ORIlC973 
ORI10974 

27 FORMA l'UHl • • •• IIARNl NG--HEATR--INFINIf E 
lACE IJ 

RESISTANCE AT BN-SSI INTERFORIlC97S 
ORII0971: 

!TOP 
ICE RESISl'C3J=O.O 
liS HEATCN004.NS'=2.0/CALCGCRCN004)/R8ARCNOD4'J/K(N004'+RESISTCJJ+ 

1 ALOGC RS ~R(NSUR CN004' J/K (NS" 
HEAT(NB.NOD4,=HEAT(NOC4.NB. 
DC 120 I :NC ."'004 

120 HEATCI.I)=-HEATCI.I-l)-HEATCI.I+l.-ABN *CCU 
C ••• FOR THE SSe SHEATH (I ..... ERI AND SHEATH-TO-S"EATH BOUNOARY 

ASS1:OSS *OLRSSI/0ELT 
IFCNSSI.LT.2'GC TO 128 
J=Ne+l 
DO 1301=.1 • .,005 
HEATCI-l.I'=2.0/(ALOGCR(I-1J'RBAR(I-1'J'KCI-1'+ALOGCRBARCI)/ 

1 R(I-l'./K(I'. 
130 HEAT(I.I-IJ=HEAT(I-l.IJ 
128 IF(OELGAP(4 •• LE.8.0E-09'GO TO 145 

IF(CKGAP(4'+HCGAP(4J).EQ.0.O.ANO.HRGAPC4J.EO.0.0)GD TO 138 
RE 51 ST( 4) = ALCG( (R( 1\(005 J+OELGAPC4. UR(NOC5' )/ 
lCKGAP(4)+(R(NC05J*HCG~F(4'+R(NOD51.HRGAP(4))* 
2ALOG(lRCN005J+OELGAP(4'J/R(N005'J. 

GC TO 158 
138 ~RITECNOUT.37. 

ORII0977 
ORII097S 
ORII0<;7<; 
ORIICC;SC 
OR 11(<;SI 
ORIICC;S2 
OR II 0983 
ORl1C9S4 
ORIICgeS 
ORIlC<;e6 
ORIICge7 
ORI10C;Se 
GRIt C<;5<; 
ORII09<;( 
OR1109<;1 
OR 110992 
ORI 10993 
ORI1(994 
ORJIC9<;5 
ORllC<;<;t 
ORIIC9C;7 
ORll09<;e 

:n FORMAT( 1Hl. • ••• ARNING--HEATR--INFINIf E RESISTANCE AT 
1A TH I NTERF ACE • J 

SHEATH-TO- SHEOR 11 C<;C;C; 
ORlll oce 

!TOP 
148 RESISTC41=O.O 
158 HEATCN005.NS,=2.0/lALOGCR(NOOSI/RBAR(NOOSJJ/K(NOD5.+RESIST(4.+ 

1 . ALDG(RBAR(NS"R(NOOS."KCNS" 
HEAT(NS.N005)=HEATC~005.NS' 
DC 140 I=NS.NCDS 

140 HEATC 1.1 J =-HEAT( 1.1-1 J -HEAT (1.1 +1 .-ASS 1* C( 1 J 
C ••• FOR THE S.S.SHEATH (CUTER. AND SH~ATH-TO-WATER BOUNDARY 

A!S2=OSS tOLRSS2/0ELT 

C 
C 
C 

IFCNS~2.LT.2)GC TO 168 
J=NS+ 1 
DO 150 1=.1 ."'OQ6 
HEAT(I-l.J':2.0/CALOG(RCI-l.'RBAR(I-l')/K(I-1J+ALOG(R8AR(III 

1 RU-U )/1«(1)) 
lSC HEAT(I.I-l'=He~T(I-l.l) 

DO 160 I =NS ."006 
(FC I.EO.N006JGO TO 168 

160 HEATCI.r'=-HEAT(I.I-1J-HEATCI.I+I.-ASS2*C(I) 
lEE CONTI HUE 

HEAT MATRIX CO_FLETEO 

RETURN 
END 

ORlll001 
ORlll002 
ORI11003 
ORlll004 
ORI11005 
ORIIlOOt 
ORlll007 
DRIll oce 
ORlll00'Si 
ORI11010 
ORlll011 
OR111012 
ORI11013 
ORl1101<' 
ORIl1015 
ORlll01t 
ORlll017 
ORIll01S 
ORI11019 
GRlll020 
ORI11021 
ORlll022 
ORII1023 
ORlll024 



128 

C •••••••••••••••••••••••••••••• * •••• **.*.* ••• *.**** •• *"'.**"*.*'******ORlll025 
C •••••••••••••••••••••••••••• **.* ••• * •••• *** •••• *.* ••• *.**"***********'ORll102E 
C........................... '.".*.*****'****.**'**ORIII027 
C*......................... SUBRourlNE BtEcrR ••• ** •••••••••••••••• *ORll102E C........................... . .......... * •• *.*.** •• *oRIllC2~ 
C ••••••••••••••••••••••••••••••••••• ********.*****.* ••••• *."***********ORll1030 
C ••••••••• * •••• * ••••••• ****.**** •••• *.*.* ••••••••••••• '.*.*'.'* •• ' •• " •• ORll1031 
C ORI11032 
C SET-UP CONSTAI\T E VECTOR ORt 11033 
C ORl11034 

!!.BROI. TI NE BVECT.. ORI 11 03S 
C CA~ RIDGE INVERSE COOE VERSION 1.0 4-1-77 ORll103E 

REAL ~.~GAP ORIll037 
COMMO~ /NOOES/"MGO.NHT.NCU.NBN.NSS1.NSS2.N002.N003.~OD4.N005.NOD6.OR11103E 

1 I\N.NH.NC.NB.NS.NIN.NOJf.R(40J.RBAR(40J.RHEAT(7J. ORlll039 
2 OLf<MGO.OLfiHTR.DLRCJ. DLRBN. [LRSS 1. D..RSS2 ORI 11040 
COMMON/PROP1/0~GO.OHTfi.DCUNI.OBN.OSS.C(40).KC40).CBNQ(4J.CMGO(5J. ORIll041 

1 KGAFl4, .K002.PRS ORI11042 
CO'-MON /SAVE/ Tl40J .HRGAPl4J.OELf.HF. HEAT (40. 40).AI4GO.AHTR.ACU. OR11404.1l 

1 AB~.A5S1.AS52.RES'Sr(4).rSURF(91.TI,QrOT.Q(40J.ZZ ORlll044 
2 ,.S(40) .DELGAPC4t.PFA.PFRC2J.TCS.TB ORlll04S 

C 
C----MGO CORE 

C 

DC 10 1=1 _"'MGC 
B(I'~-AMGO*C(IJ'TCI'-CCIJ 

1 C CCNTI NU: 

C-----HEATER SECTleN (INCCNEL-600 
00 20 I-MI.~CD2 
BCI'=-AHTR.CClttTCI,-Q(I' 

20 CONTI hue 
C 
C-----HEATER SECTION (CUPfiO-NIC~EL 

IFC NCU'38 .38 .28 

C 

~E DC 30 I=NH.NCD3 
BCI'=-ACU'CCI'.TCI,-Q(IJ 

~c CONTI NUE 

LAY'ER) 

LAY' ER, IF ANY) 

C-----BORON NITRIDE' SECTION 

ORltl04E 
ORI 11 047 
ORI1104E 
ORlll 04~ 
ORIll05C 
ORI 11 OSI 
ORI1I052 
ORI110S.1l 
ORIll0S4 
ORll1055 
ORI110fE 
ORIllOS7 
OR IlIO!:E 
ORll10S~ 
ORI11060 
ORIl1061 
ORI110E2 
ORlll063 
ORIllOE4 
ORll10E5 
ORIllOEE 
ORIllOE7 
ORI110eE 
DIU HOES 
ORIll01C 
ORl11071 
ORlll072 
ORll1073 
ORIll014 
01<111075 
ORI1107E 
ORIll077 
ORlll078 
ORI1107S 

C 

~e DO 40 I-NC.~CD4 
BCI'=-ABN*CCI.'TCI,-QCI. 

40 CONTI NIJE 

C-----INNER 5.S.SHEATH 

C 

DC 50 I-NB,NOD5 
BCI,=-ASS1'CCI'.TCI'-CCI' 

!:C CONTI NUE 

C-----OlTER 5.S.SHEATH 
Ml6=N006-1 
00 60 1= ... 5 .... 06 
BCI'=-A552'CCI"T(I'-CCI' 

6C CONTINUE 
RETURN 
END 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •••••••••• *ORll1080 
C............................ • •••••••••••••••••••••••• *ORIll081 
C •••••••••••••••••••••••••• SUBROUTINE PROP ••••••••••••••••••••••••• *ORlll082 
C............................ • •••••••••••••••••••• * ••• *01<111083 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORll1084 
C 01<111085 
C DETERMINATION OF PI .. CCMPONENr PHYSICAL PROPERTIES (I.E.;SPECIFIC ORII10ee 
C HEAT-C.ANO THERMAL COhOUCTIVITr-K , AS FUNCTIONS OF TEMPERATURE: OAll10e7 
C WiERE; ORI 11 ~ee 
C k HAS U"'TS OF Brill (SEC.FT'.UFT'F' ORlllces 
C C HAS UMTS OF BTJI CLB*F, ORlll09C 
C T HAS UMTS OF DEGREES F ORlll091 
C DEt\SITIES HAVE UNIfS OF LB/'FT •• 3 ORlll092 
C ORll1093 

HBROVTUE P';CF ORlll094 
C OA~ RIDGE INVERSE caDE VERSION 1.0 4-1-77 ORII109S 

REAL k,KGAP OAll10c;e 
COMNON /NOOES/ ... MGO .... HT.NOU.NBN.NSS1.NSS2.N002.NOD3.N004.NOD5.N006.0RIII097 

1 ...... Ni. Ne. HB.NS ,NIN. Nour. R (40 hRBAR(40" RHEAT( 7 It OR 111oc;e 
2 CLRMGC.OLRHTR.OLRCU.OLR8N.OLRSS1.~R5S2 ORII1CSS 

CCMMON/PROP1/DMGC.DHTR.DCUNI,08N.05S.C(40'.K(40 •• CB~O(4 •• CMGO(S', ORllllCC 
1 KGAPC41.tcQ02.PRS ORIIll Cl 



C 

129 

CCMMON /SAVE/ Te40 •• H~GAPC4 •• 0ELT.HF.HeATC40.40).AMGO.AHTR.ACU. 
1 AB~.ASS1.ASS2.RESIST(4 •• TSURFC9 •• Tl.QTGT.Q(401.ZZ 
2 .8 (40) .DELGAPC4 to PFA.PFR (2" T<;5. Ta 
C~GOO(A)=O.224258423+A*(1.2266635ge-04-A*(6.351911E-08 

1 -1.21040955E-l1*AI. 
AICMGOCA.=<:A+ A.(<;8+"* (CC+A*(CO+"*CEU • 
C~1R(A.=0.0977430344+A.C7.11642Z06E-05-A.(7.7241566e-08 

1 -3.8081537E-Il*A'. 
AKH1RCA)=8.42944336+,.*CZ.8810501IE-G3+A*C2.42143869E-06 

1 -6.19365892E-l0*AI. 
<;CUN(AJ=0.0950193405+A*(Z.93776393E-G5-A*el.41008059E-08 

1 -6.65068001E-12*A •• 
AKCUN(A.=16.8024902-A.(1.31225586E-G3-A*(4.43458557E-05-"*( 

1 4.77302819E-08-2.S0679477E-ll*A.') 
C8NeA. =0.167812347+A*(3.702640S3E-G4-A*(1.737935Z4E-07 

1 -3.144E6215E-l1*AI. 
AKBNe A. =OA+ A.COB+A*(D<;+OD*A. I 
csse AI =0.1 04247093+A*(6.055831!H e-G5-A* C 4.3772161E-OB-A*( 

1 2.01225703E-l1-3.1641356ZE-15*A))) 
AICSSCA) =7.24584961+A*(5.07926941E-G3-A*(9.89995897E-07 

1 -3.82E40426E-I0*AJ) 
AICGAP(A'= 0.013+0.0000216*A 
AICCONT(A) =33.2194824-A*CS.2362442e-G2-A* (3.97711992E-05-A* ( 

1 1.46937964E-08-2.1S005791E-12*A., I 

C OE~UTY DATA 
OMGO=212.0 
DHTR==526.0 
DC UNI "'553. 0 
0811'=12S.0 
OS5=496.0 

C 
C ~ET <;ONSTANTS FeR AKNGC AND AKeN 

CA=CMGOC 1 J 
CS:CMGOC2J 
CC:CMGO(3' 
CD:CMGO(4) 
CE:CMGOCS) 
DA=CBNO(l' 
08:CBNOC2) 
OC=e8NOC3' 
OD:CBNO(4) 

C 
C T~EAMAL CONDUCTIVITY AND SPECIFIC HEAT DATA 
C 
C" •••• MAGNE SI UN OXI DE CORE 

IFC KOD2-2' 8 .8.14 

C 

E OQ 10 l=ltNMGO 
CCl )=<:MGOOC TUI) 

10 KCIJ=AKMGOeTCI"/3600.0 
ICGAP(I'=AKGAFCCT(NMGO.+TCNN"/2.0'/3600.0 
GO TO 18 

14 O~ 16 l=l.NMGC 
C( I '=CMGOOCTU U 
AX=3.891*PRS 
GAMNA"'AICGAPCT(I"/AK<;C~TCTCI'.-l.O 
FAC=(1.0+AX**0.85599*GAMNA"(1.0+AX**0.85599*GANNA-AX*GANNA) 

16 1C(1'=FAC*AKCCNT(Tel).,3600.0 
. ICGAP( 11 =AICGAF «(TeNMGO,+T CNMU/2.0 1/3600.0 

C ...... HEAlER (INCOfl'EL-600 LAYERS' 
IE DC 20 1=~M.N002 

CC It =CHTR( TC It, 
2C ~{JJ=AKHTRCT(lJ"3600.0 

C 
C ...... HEAlER CCUPRC-~ICKEL LAVERS. IF ANt' 

IFCNCU'3S.38.28. 
2E DO 30 I=NH.NC03 

Cli I =CC\Jt<lC T( I J, 
30 ~(IJ=AKCUNCT(IJ./3600.0 
~E KGAP(2'=AICGAF(CTCNOO3J+TCNC'J/2.01'3600.0 

C 
C ...... SCRON NITRIDE ANNULAR LAYER 

DC 40 I==NC.N4:l04 

C 

en, =<:BN( TCI)) 
.C ICCI,=AKBNCTCI"/3600.0 

KGAP(3'=AKGAP(CT(~004J+TCNB'./2.0J/3600.0 

C ••••• FIRST S.S.SHEATH 
00 50 I=N8 ... C05 
CC I '=CSS( TC II' 

C 

!C .CIJ=AKSSCTCI"/3600.0 
KGAP(4'=AKGAP(CT(NOO5J+TCNS."2.3'/3600.0 

c ••••• !ECOND S.S.SHEATH 
00 60 I =NS. "'C06 
ce I' =csse TC III 

ec KCI'=AKS5(T(I",3600.0 
c 

RETURN 
END 

OR 1111 0.2 
ORllll 03 
ORI111 04 
DRIll 1 05 
ORI1110t! 
ORI1ll07 
ORll11C8 
ORllllCS 
ORlllUO 
ORl11111 
ORI1I1l2 
ORI11113 
ORIl1l14 
ORUlll! 
ORllll1t! 
ORI1l117 
ORll1l1E 
ORlllll,!; 
ORlll1.cC 
OR 11 1121 
ORlll1.c2 
ORI11123 
ORlll U!4 
ORll1125 
ORIll126 
00111127 
ORIl112E 
OR1l1l2,!; 
ORll1l3C 
OR111131 
ORl11132 
ORII1133 
ORll1134 
ORlllt3S 
ORII113E 
ORI11137 
ORI11138 
ORII113~ 
ORI11140 
ORII1141 
OR111l4.2 
ORll11.;' 
ORIll"'4 
ORI111.S 
ORIl114E 
ORIll147 
OR1l1148 
DRIllI4'!; 
ORll1l50 
OR I 1 \l51 
0A1l1152 
ORI11153 
ORll115. 
ORIl115S 
ORll1l56 
DR11l15? 
ORIl115E 
ORllllS'S 
ORl11160 
OR 11 1161 
ORIllIE2 
ORl1l163 
ORI11164 
ORI1llE5 
ORI11166 
ORllll e7 
ORllllEe 
OR111l64i 
ORI1117C 
ORllll71 
ORIHU2 
ORI11173 
ORIlll74 
OR 11 1175 
ORI11176 
ORlllln 
ORltll7E 
ORt 1117'S 
ORllll eo 
00111181 
ORlll1e2 
ORlllU!3 
ORIlIle4 
ORJ IllES 
ORIlIU6 
ORUllE? 
ORIllU!8 
OR 11118C; 
ORllIl C;C 
ORllll'H 
ORI11192 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *oRll11~3 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ORI11194 
C....................... • ••••••••••••••••• * ••••••• *oRll11~5 
C ••••••••••••••••••••• ENTHALPY CALCJLAfIONS ••••••••• * ••••••• *.****.*oRll11~6 
C....................... • ••••••••••••••••••••••••• *ORll1197 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ORI'11~E 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORI11199 
C ORI112C<l 
C OElERlItIIlhATI ON OF PI .. It1iTERNAL ENERGY CONTENT (VIA INTEGRATION OF ORl112Cl 
C CP*DT OVER THE INTERVAL FROM TREF ro r ,: OR1112<l2 
C WiERE; OR 111203 
C H--- HAS UNITS OF BTUSI'LBM OR11l2<l4 
C T HAS UNITS OF OEG F ORI1120f 
C TReF '" 32 OEG F ORI1120f 
C ORI11207 

!lBROUTINE EhTHALCHTeT' ORI112ce 
C OAK RIDGE INVERse ceDe VERSION 1.0 4-1-77 ORll12<l9 

COMMON ... NOOES ..... ~GO ... HT ... CU.NBN.NSS1.NSS2.NO02.N003.N004.NOOS.N006.OR111210 
1 .. ~.NH.NC.NB.NS.NIN.NOJT.R(40 •• RBAR(40J.RHEAT(7'. ORI11211 
2 OL~MGC.OLRHTR.OLRCJ.OLRBN.DLRSS1.0_RSS2 ORI11212 

COMMON /SAVE/ T(401.HRGAP(4).OELf.HF.HEATC40.401.AMGO.AHTR.ACU. ORI11213 
1 AB ... ASS1.ASS2.RESlsrC4,.TSURFC9,.TI.QTOT.Q(40'.ZZ ORI11214 
2 .e(4<l' .DELGAPC.,.PFA.PFR(21.TCS.TB ORII121f 

C ••••• !TA TEMENT F U .. CTI ONS FeR COIi4PONENf ENrHALPIES: ORI1121 E 
H~GO(AJ=-7.2383e4087+A.(O.22425S423+A.CO.613331795E-04 ORI11217 

1 -A*C2.117303667e-08-o.302602388E-l'*AJI) ORI11218 
HHTR(Al=-3.163379481+~*(O.097743D344+A.C3.55821103e-05 ORI11219 

1 -A.C2.574718867E-08-0.952D38448E-ll*A),t ORII1220 
HCUN(A'=-3.0555C7956+A*CO.0950193405+A*(1.468881965E-05 ORI11221 

1 -A*CO.470026863E-08-1.66267E-12*A." ORI11222 
HBNeAI= -5.557680254+A*CO.1678t2347+A.(1.851320265E-04 ORI11223 

I -A.(0.579311747E-07-o.796215538E-l1*A)', ORIl1224 
HSSCA,= -3.36643998+A.(0.10.247D93+A*C3.027915955E-05 ORI11225 

1 -A.Cl.45907203E-08-A*(O.503064258E-ll-O.632827124E-lS.A.tJ'OR111226 
C 
C ••••• COMPO~ENT OE~SITIES 

OMGO=212.0 
OHTR=526.0 
OCUNI=553.0 
OBN=125.0 
05S=496.0 

C 
C ••••• HEATER (INCONEL-600 LAYER) 

DO 20 I=Nte.NOD2 
20 !L~=SUM+OLAHTR*DHTR.HHTR'T(I)' 

C 
C ••••• HEATEA CCUPR~-"ICKEL LAYER. IF 

IF (NCUJ 38 .38 .28 
2E 00 30 I=NH.~o03 
30 !lM=SLM+OLRCU*DCUNI.HCUNCTCI" 

C 

. ORI1&Z.;17 

ANY) 

C ••••• BORON NITRIDE A~~ULAA LAYER 
3E DO 40 I=HC.ND04 

ORI11228 
OR11122<; 
ORII1230 
ORIll231 
ORI1l232 
ORl11233 
ORl11234 
ORl11235 
ORI1123E 
ORI11237 
ORI11238 
ORI11239 
ORII1240 
ORl11241 
ORII1242 
ORlll2";:' 
OR I 112"" 
OR1112 .. S 
ORlt124E 
ORI11247 
ORI11248 
OR11124~ 
ORI1I250 
ORI1u!S1 
ORI112!:Z 
ORI112f3 
ORlll2!4 
OR1112Sl:i 
ORI112se 
OR1112!7 
ORl112S8 
OR111259 
ORI1126C 
OR1112E1 
OR111262 
ORI11263 

40 !~~=S~M+OLR8~~e~~eN'T(IJJ 
C 
C ...... FIRST S.S.SHEATH 

DO 50 I=NB.hCiD5 
.!O !li"=SLM+DLRSS1.DSS~SSCT Cit) 

C 
C4 •••• !ECONO S.S.SHEATH 

DC 60 I =NS.Ml06 

C 
6C n"=SUM+OLRSS2*DSS~SS(TCU J 

H10T=3.1415926S.SUM 
RETURN 
E .. O 



131 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORI11264 
c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• * •• *ORll12E5 c.................... . .................. * •• *ORII126E 
c ••••••••••••••••••• INTERhAL ENERGY CALCULATIONS ••••••••••••••••••••• *ORII12E7 
C.................... • ••••••••••••••••••••• *OAI112E8 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORI11269 
C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORI1127C 
C ORl11271 
C OElER(II1INATION OF PIN INTERNAL ENEAGY CONTENT ORI11272 
C ~ERE; ORI11273 
C FIN ENEF:GY = SUM OF RHO.CP.Pl.OELR*CIFFERENCE IN T'SDR11l274 
C ORl1l27fl 

H8ROLT1NE ENEf'GYCTSAVE.OELU. OR11127E 
C CAK RIOGE INVERSE CCDE VERSION 1.0 4-1-77 ORIl1277 

REAL I<.TSAVE(40.21 ORI11278 
COMMON /NOOES/hMGO.~HT.~CU.NBN.NSS1.NSS2.NO02.N003.N004.NOOe.N006.ORI1127~ 

1 . hM.NH.NC,"B.NS.NIN.NOUT.RI40hRBAR(40 •• RHEAT( 7,. ORlll.280 
:2 DLfiMGO.OU'HTR.OLRCJ. DLRBN. CLRSS 1. D.RSS2 ORll1.2el 

C 
C** •• *CCMPONENT CP STATEMENT FUNCTIONS 

C(II1GO(A'=0.224258423+A*Cl.22666359E-04-A$(6.351911E-08 
1 -1.21 040955E-l 1.A)) 
CHTRCA'=O.0977430344+AJt,7.11642206E-05-A.C7.7241566E-Oe 

1 -3.8091537E-l1.A" 
CCUNC AI =0. 0950193405+A*(2.93776393E-05-''' (1.41008059E-08 

1 -6.65068001E-12*A" 
CeN(A. =0.167812347+A.13.70264)53E-04-A*(1.73793524E-07 

1 -3.14486215E-l1.AII 
.esseA) =0.1 04247093+A.(6.055831 ill E-oS-'" (4.3772161E-08-A.( 

1 2.01225703E-II-3.16413562E-1S.A'" 
C 
C ..... CO .. PONE ... T DE ... SITIES 

OMG0=.212.0 
OHTR=526.0 
OCUNI=553.0 
08N=125.0 
055=496.0 

C 
C* •••• MAGNESIUM OXIDE CORE 

n.M=O.O 
DC 10 (=I.NMGC 

1 c: SU~=SUMfoDLRMGC*O"GO.CMGOITSAVE( 1. IJ,* (TSAVE( I. U-TSAVE( 1.2.) 
C 
C ••••• HEATER (INCCNEL-600 LAYER. 

00 20 I =N ..... 002 
.2 C SlJM=SlJM+OLRHTfi*OHTR.CHTRCTSAVE( 1.11 •• USAVEe I. U-TSAVEC 1.211 

C 
C ••••• HEATER eCUPRO-"'ICKEL LAVER. IF ANYI 

IF( NCU.38 .38 .28 
2E 00 30 I=NH.NOD3 
30 !lM=SlJM+DLRC~.DCUNI.CCUN(TSAVEel.lll.erSAVE(I.l'-TSAVE( 1.2'. 

C 
C •••• *BCRON NITRIDE AN .. ULAR LAYER 

3E 00 40 I-NC.NCD4 
40 tLM=SlIMfoOLRBN.oe ... *CBN(TSAVECl.1J'. US All Ee I. II-TSAIIE( 1.2.' 

C 
C ••••• FIRST S.S.SHEATH 

00 50 I =NB .NC05 

C 
flO !UM=SUM+DLRSS1*OSS*CSSCTSAVECI.l) •• CTSAVEII.11-TSAVECI.21) 

C •••• *SECOND S.S.SHEATH 

c 
00 60 I=NS .... CD6 

60 ·5~M=SUM+OLRSS2.0SS.CSS(TSAVE(I.l))*(TSAVe(l.l'-TSAVE(I.2" 

OELU=3.14159265*SUM 
RETURN 
ENO 

ORl11282 
ORlll.2E3 
ORll12E4 
ORU128e 
ORl112EE 
OR 11 12E7 
ORllUEE 
OR1112e'i 
ORI112'iO 
ORI11291 
OR1112'i2 
ORll12<;3 
ORI11294 
ORI112~f! 
ORI1l29E 
OR1112'i1 
OR11l2<;e 
ORl1l2C;<; 
ORI1l3CC 
ORl1l301 
ORI11302 
ORI11303 
ORl11304 
OR11l30! 
ORl1130t 
OR1113C7 
ORI1l3U 
ORI113CC;; 
ORl1l310 
OR111311 
ORl11312 
ORl1l313 
ORI1l314 
ORIIl3Ui 
ORII13lE 
ORll1317 
ORI1l3U 
ORl1l319 
ORIl13iO 
ORIl13il 
OR1113.22 
ORl11323 
ORI11324 
ORI11325 
ORl1132t 
ORI11327 
ORIl1328 
ORI11329 
ORl11330 

C ORI11331 
C F~NCTION USED TO OETE~MINE SHEATH GAP AND NS TEMPERATURE FOR S.STAORI11332 
C ORll1333 

F~IIICTlCN GAFIT' ORI11334 
C CAK RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORI1l335 

COMMON .lNOOES.lhMGO.IliHT .fl:CU. NaN. NSSI. NSS2.NO02. NO 03. flJD04.N005.N006.0RI 11336 
I .... ,....NC.fl:B. NS .NIN. NOLIT. RC40 hABARC40loRHEATC 7 t. ORI 113~7 
2 OLRMGC.DLRHTR.OLRCL.t.OLRBN.CLRSS1.OLRSS2 ORIl133e 

COMMON /GAPCAVGFB.GPI (3' .TNSBoTND58.TN05.TNS.QIlPI. YCAL.FEEB. OR1l133C;; 
I TlltAX .ICOE ORl1l340 

C ORI11341 
C !TATEfENTFUNCTlCNS ORI1l342 

AKGAPlA':(O.013+0.0000216.A'.l36)).O ORI11343 
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AK$$CA'=C7.24S84961+A*CS.0792694IE-03-A*(9.8999S897E-07 ORI11344 
1 -3.82S40426E-IO*A.JJ'36f)O.O ORI11345 

C ORI 11346 
ROS:RBAR(NOD5J.l.0E+07 ORIl1347 
RS=RBARCNSI'U.OE+07 OR11l34E! 
GP:GPBn.2E-03 ORll1340# 
IFCGPB.EO.O.OIGO TO 6 ORI1135C 
IF(IODE-2J4.4.6 ORIlI35. 

4 Al:T-TNSB ORI1l352 
A2=TN05-TNDSB ORI11353 
81=T**2-TNSB**2 ORllt3S • 

. B2=TNOS**Z-Tf;05B**2 OR 111355 
Cl=T*.3-TNSB •• 3 ORll1356 
C2=TNDS**3-T"05S.*3 OR J 11357 
FI=(GPI(1'.Al+GPIC2'.Sl+GP1(3J*Cl'*1.OE-07 ORIl135E! 
F2=(GP1Cl'*AZ+GP1C2,*e2+GPI(3J*C2J*1.OE-07 ORll135S 
FS=EXP(FU ORIl136( 
F05=EXPCF2' . ORI1I361 
'CAL=GP+RS*(FS-l.OJ-RDS*(F05-1.0' ORl11362 
IFCYCAL.LE.O.OJYCAL=O.O ORII1363 
GO TO 8 ORl11364 

6 >tCAL=GP DRI1l365 
E! >tCAL=>tCAL*I. OE-07 OR 111366 
lSURF7aTND5-0DFI/(2.0/'ALOG'R'N005J'RaARCN005'J/A~SSCTN05JJI ORII1367 
IFCYCAL.LE.O.O'GO TC 18 OR 11 1368 
l$I,.RF e=TSURF7-00FU2.0*ALCG( (R(N005I,+rcAl. ,/R(NOD5J", OR11136'i 

1 AKGAPCTSURF7' ORI1l37C 
S1EFA ... =O.1714E-oS/3600.0 OR 111.371 
DO 10 1-1.10 ORl11372 
R17=TSURF7+4S9.67 ORI11373 
R18=TSURFS+459.67 ORI1l374 
HR4=STEFAN*(RT7**2+RTS**2,*(RT7+RTBI ORI11375 
lSI,.R=lSURF7-QOFI/2.0*ALCG(CRCN005.+rCALI/RCNOD5"/ ORIl1376 

1 (AKGAFCCTSURF7+TSURF8t'2.0t+RCNOD5,*HR4* ORIl1377 
2 ALOGCCA(NCD5.+YCAL./RCNCD5... ORll1378 
EAROR=ABS(TS~A-TSURFS)/TSUR ORI11370# 
lSURF8=lSUR ORI11380 
IF(ERROR.LT.O.0001SJGO TO 28 ORI1l381 

1 C CONTI NUE ORI113e2 
,RITE(6.17. ORI113E3 

17 FORMA1C1Hl.· •••• ARNING--GAP--oeTERMINATION OF SURFACE TEMPERATURE ORl113E4 
1010 NeT CCf\I\lEfOGE. ·.I'.T20.·JOB TERMINATED.'» ORI1l385 

STOP ORIllJEE 
IE lSURF8=TSURF7 ORI113n 
c8 lNS=TSURF 8-QDPI/C2.0/ (ALOGC RBAACNS UR(NOOS' '/A.<SSC TSURF at' t OR 11138E! 

00 30 1=1,20 ORI1l3E!'i 
1C =TSURF S-QOPI/(2. 0/ (ALOGCRSARCNS I'RCNODS. UMSSI TNS U, ORII13'i( 
ERROR=ABSCTC-Tt;StI'TC ORll1391 
l"S=TC ORI1l392 
IFCERROR.LT.O.OOOI5'GO TO 38 ORI11393 

30 CONTINUE ORI11394 
.RlTEI6,37, ORI1l39! 

37 FORMATC1Hl ••••• WARNING--GAP--DErERMINATION OF NS TEMPERATURE DIDORI1130#E 
1 "OT CONVERGE. ',I'.T20. 'JOB TERHtNATED.· , ORI1l397 

STOP ORII13'i! 
38 GAP=TN5-T ORl1130#9 

RETURN ORI1l4CC 
"'IICO ORI11401 

!t.BRO,"TlNE GAPTNS ORl1l402 
C OAK RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORIl14C3 
C ORI11404 

CClMMON I'NOOES/"'MGO.NHT .f/OJ • NaN. NSS 1. NSS2. NOD2. NO 03. .. OO .... N005.NOD6.0RI 114e5 
1 h_.NH.Nc.",a.NS.NIN.NOUT.RC401.RBARC4-0).RHEAT(7,. ORI1140E 
2 DLRMGO.DLRHTR.DLRCJ. DLRBN, CLRSSlo Il..RSS2 ORI11407 

COMMON /SAYE/ T(40t,HRGAP(4,.OELr.HF.HEAT(40.40',A~GO.AHTR.ACU. ORI114ce 
J AB"'.ASSI .ASSZ.RES ur (4" rSURF(9I.TIoQTOT.QC 40toZl ORI114CS 
2 .BC40' ,DELGAPC41.PFA.PFRC2t.TCS.TB ORll141C 

COMMON /GAFCAVGFB .GPI (3' .rNSB. TNOSB. rHOS', TNS. QOP 10 GPCAL, FEES. OR111411 
1 T .. AX .ICOE OR111"12 

C ORll1413 
FICX.V)=X-Y ORIII"14 
F2(X.Y)=X.X-Y.Y ORI11415 
F3( X ... '=X*.3-Y.*3 OR 111416 

C ORIl1417 
IF(GPS.LE.O.0001JGC TC 77 OR11141t: 
IFUOOE.EQ.3IGO TO 7s ORI1141S 
f005=RBAR(NOOS).a.OE+07 OR1114~C 
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R~=RBARC~S).1.0E+07 
GP=GPBn.2E-03 
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C-----O~TER S.S.SHEATH 
IFCTCNS'-TMAX'18.18.28 

OR111421 
ORI1l422 
ORl11423 
ORI114Z4 
OR1I142!: 

C 

18 FO=(GPl(1)*F1(T(~S'.TNSe'+GP1(2'*F2(T(NS'.TNSB)+ 
1 GP1(3)*F3CT(~S).T~Se')*1.0E-07 

FSO==EXP(FOJ 
GO TO 38 

28 FOx=«GP1(1'~1(TMAx.T~Se'+GPIC2t*F2(rMAX.TNSB)+ 
1 GP1(3J.F3(TMAX.T~S8"*1.0E-07 

DFOX=(GPI Cl.+2.0 *GPI (2' *T filAX+3.) *GPI (3,*TMAX*TMAX'*EXP( FOX J 
1 *1.0E-07 

F SC=EXP«FOXJ+OFOX*n«~. -TMAl(' 
3E CONTINUE 

ORl114ZE 
ORIl1427 
OR 11 142E 
OR11142;; 
ORI1l43C 
OR111431 
ORI11432 
ORl11433 
ORI11434 
OR11143!: 

C-----INNER S.S.SHEATH 
IF(1(NOD5'-TMAX,4B.48.S8 

ORI1143E 
DRI11437 
ORI1143E 
ORll143~ 
ORl1l440 
ORI1l441 
ORI1l442 
ORl11443 
ORI1l444 
ORfl144!: 

C 

4E F I::(GPI« U *1=1 (T( 111005) .TN056J+GPI (2UF2(f (NOD5'. TNOSe J+ 
1 GP1(3'*F3(1(~005' .TN05eU*I.OE-07 
FSI=ExP(FIJ 
GO TO 68 

Sf FCX=(GPl«1'*FI(TMAX.TND5B'+GP1CZ'*F2(rMAX.TNDS8'+ 
1 GP1(3'*F3(T.AX.T~D5B"*1.OE-07 
OFOX=(GPI(lJ+2.0.GP1(Z)*TMAX+3.0*GPlC3,*TMAX*TMAX,*eXpCFOX, 

I ."OE-07 
FSJ=E xP(FOXJ+DFCX.cr C ,,"OOS.-TMAlC J 

Ef CONTI NIJE 

C----.NE_ GAP BETWEE~ SHEATHS 
VCAL=GP+RS*(FSC-l.0'-~05*(FSI-l.0} 
IF(YCAL.LE.O.OJYCAL=O.O 
~AL=YCAL.l.0E-07 

ORI11446 
CR11l44? 
OR11l44! 
OR11144<; 
ORI1145C 
ORl11451 
ORI1l452 
ORI1l453 
ORI1l454 
ORI1l455 
OR11145~ 
ORI11457 
DRlll4!!! 
OR11145~ 

C 

C 

GO TO 88 
11 GPB=O.O 
1e lCAL=GPB/l.ZE-03.I.OE-07 
e8 DELGAP(4.=YCAL 

RET~RN 
eND 

S~RO~TINE _NFLXO ORII146C 
OAK RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORIl1461 

LCGICAL SLAB ORIl146Z 
CO~MON ~CCDAS/JTCSI348J.ICHTCS(348).IS~BCH(~48J.ITCNC106'. ORll14t3 

1 ICHTCMCI06 •• ICHEJE(49,.ICHEEE(49,.ICHBWl.ICHBW2. ORll14E4 
2 IRVOLC15.3,.NrRYl(348,.NTRY2Cl06 •• NTRY3(49'. ORI1146S 
3 NTAY4(49 •• NBWl.NBW2.ICC1000.. ORIl146E 
4 ~TC(348'.NCHTCS(348J.NK.IRSLa(15.~,.NSLAB ORIIl467 
CO~MO~ /O~T/ TOC40.12,.TIMEC12'.HOC12J.QOCI2,.TeOCI2J.SFLUX(IZ'. ORI11468 

I lSUROC12 •• 0ELH.SJMCP.SUMQ.EQNRT.EAROR1.ERRORZ. OR1114E~ 
2 FSQ 112 J .TS '-TOC 12'. HS'-TO( 12', AMFO ( 12,. QUALO( 12). OR 1114 7C 
3 ~SOCl2).RSFXOC12J.RTSURO(12,.MODEO(12J.NQ.JO ORIl147l 
4 .DELROI1Z' OAI11472 

COMMON ;1 NP\. ""I-TCHUM .KICK.HEOCl7 J .IS «6». TCSS«60Ih TCMM( 60 I J. OR [11473 
I QAVGG(601 •• TIMEEC631 •• TIMRC60I,.T8RC601).TSATR(601 •• 0RI11474 
2 P~ESUR(601'.QUALR(601'.AMFR(601J.HeR'601'. ORII14?! 
3 SFLUXR(60a,.TSURR(601'.MOOER(601 •• TRPENO.4RP ORI1147E 
4. IAF.ICS7 ORIl1417 

CC •• O~ ~L~$H/ SLAB(SO'.PFAAC1S' ORI1147E 
DIMENSION FLXM~CSO.601 •• TCMMN(53.601J.TSFMN'SO.60I'.NSUM(SO' OR11147~ 

c ••••• ZEAO ~S~M AND FLXMN A~~AYS 
DO 10 1-1.50 

ORI114EC 
ORll1481 
ORI1l482 
ORl1l483 
ORI11484 
ORIl14eS 
ORll14EE 
OR1114E7 
ORl1l4eE 
ORI114E9 
ORI114<;( 
ORIU4Ci1 
ORI11492 
ORI &&4<;3 
OR1114~4 
ORII14~5 
ORll14~E 
OR1114~7 
DR11l4~8 
ORI1149CJi 

C 

... SVM( I» =0 
DC 1 0 J=l .601 
TCMMNU .J.= 0.0 
1 9"MN(I .J' = c.o 
FLXMN(I.JJ= 0.0 

H COfllnNI£ 
fETYRN 

C ••••• !~MMATION CALL 
ENTRY MNFLXl(_C.LOJ 
GO TO C 18 .Z8. ,1<0 

C 

IE NSUM(NSLAB'= NSU~(NSLABJ+l 
ZE FL~MN(NSLAB.LC •• FLXMNC~LAB.LOJ+ SFL~X(JO' 

lCMMN(NSLAS.LCJ= TCMM~CNSLAB.LOJ + TOCI.JOJ 
T9"MN(NSLAB.LO)= TSFM~(NSLAB.LOJ + TSURO(JO} 
RETIJR~ 
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C ••••• CCMP~TATION OF MEANS 
E ... TRY MIFLX2 
00 40 1=1,50 
IF(NS~M(I).EQ.O.OR.C."'CT.SLABCIJ •• GO TO 40 
ASUM= FLOATC,.SUHIU 
00 30 .1=1 .601 
lCMMNCI ,-;I) = TCJ!JlNU .J./ASUM 
TSFMNCI.JJ= TSFM"'CI,J./ASUM 

3C FL~MN(I,JJ= FLXM",CI,J./ASUM 
40 CONTINUE 

C-----CHECK FOR SLABS ~ICH HAVE NSUMCNSLAB.=O. AND LOAD 
C CENTR~L SUBCHANNEL SLAB MEAN FLUKCNSLAB.-) VALues 
C I N THE ZEROED ItE AN FLUX ARM': 

DO 120 1=1.50 
IF ( NSUMCI .. NE. 0) GO TO 120 
IFC.NOT.SLAECIJ. GO TC 120 

C SEARCH IRSLB ARRAY FQ~ LEVEL 
00 50 .1=1.15 
.IBAR= .I 
DC SO 1(=1.3 
I<BAR= I< 
IFCI.EQ.IRSLBCJ.I< •• GO TO 58 

ec CONTI NUE 
STOP 1111 

C CHECK CENTRAL SUBCHANNEL SLAB 
U! CONTI Nt;E 

tel= 1 
IF(NSUMCIRSLECJBAR.l, •• EQ.O. GO TO 68 

S" 00 60 t<=1.601 
lCMMNCI .K) = TCJ!J!NC I RSLE (JBAR, KI •• K. 
TSFMN(I.K.= TSFMNCIRSLBCJBAR.KI •• K. 

EC FL~MN(I.K. = FLXJ!N(I~SLe(JBAR.KI •• K. 
G(l TO 120 

tE Kl a 2 
IF(NS~MCIRSLECJeAR,2 ••• NE.O. GO TO 59 
1(1=3 
IFCNS~MURSLE(JBAR.3J •• NE.O. GO TO 59 
IF(JBAR-7. 78,78.98 

7E .1.1= .IBAR 
EC .1.1= .I.J+l 

IFCNSUMCIRSLECJJ.l'J.EC.O) GO TO 80 
00 90 K=1 .601 

"C FLXMNCI.KJ= FLXNNCIRSLBC.lJ.l.,K) • PFAA(JBARJ/PFAACJJ. 
GO TO 120 

U .1.1= JBAR 
ICC .IJ= .1.1-1 

IF(NSUMCIRSLSeJJ.1JJ.EC.0. GO ro 100 
00 110 K=I.601 

110 FLXMNCI.Ka= FLXM~(I~SLee~J.lf.K •• PFAA(JBARf/PFAA(JJ' 
120 CeNT! NUE 

.RITE(6,127. (IASLB(I.IJ.I=1.3. 
127 FORMATC1Hl,T7.' •• *OUTPUT OF MEAN FLUX ROUTINE* •• •• 

1 //.T34, '(CENTRAL' ',T69.' (W ALL." .T99.' (CORNERf·.I'. 
2 17. 'RELAP SLAB NC.' .T37.13,T69. 13,TIOlo 13./1'. 
3 T13 ,'TI "E' .T27. 'FLUX', T43. "rSURF' • T59,' FLUx'. T7S.' TSURF'. 
4 T91.'FLUX',T107.'TSURF'./J 

KAP=.IRP 
IFCKRP.GE.JRP' K~P='AF 

< 00 130 1=1 .t<AP 
.RITEC6.137. TIJ!EE(I •• FLXMNCIRSLBC1.".I.,TSFMNCIAS~BCI.lf.I'. 

1 FLXMNUfiSLSn,ZJ.IJ.TSFMNCIRSLSC1.2t.IJ. 
2 FLX.N(I~SLe(1.3 •• IJ.TSFMN(IASLe(l,3).I' 

13C CCiNTUnJE 
1<37 FORMA TC Til .F6.2 .6)( .E13.6 .SK .F7 .1. 7K. E13. 6. 5X. F7 .1, 7X. E 13. 6. SX. 

t F'7.1 J 
DO 150 .1-2.14 
IFCIRSL8CJ.1).Ec.IRSLeeJ-I,I.' GO TO ISO 
.RITEC6.127. (IRSLB(J.IJ.lal,3. 
00 140 I-I.KRP 
_RITE (6.137' TUI.EEU I .(FLXMNURSLBU.K), J .. 

I TSF"'NU flSLS (.I .KI ,I •• K=I. 3 J 
14C CCiNTI N\.E 
I!O CONTINUE 

C GEl THE NUMBER OF SLABS I~ THE RELAP MODEL 
C THEN ~ITE 51 RECORDS TO U~IT 13 THAT HAS THE FLUXES SAYED FOR LATER 
C CALL! TO RPMAIN 

CALL INPSLBCISLASJ 
WRITE (13. ISLAS.TI~EE 
00 200 1=, .50 

.RITE(13) CFLXMN(I.J,.TCMMNCI.J •• fSFMNCI,J,.J=1.601' 
ZCC CONTINUE 

RETURN 
e .. o 

ORIIISCO 
ORlllSCl 
ORIl1SC2 
ORIllSC3 
ORI1l504 
ORIllS05 
ORIl15CE 
DRIIlSC7 
ORtl1SCE 
ORIU5C .. 
ORIllS10 
OR111511 
OR 111512 
OR11l51~ 
ORI1l514 
OR111515 
ORI1I5U 
ORlllSl7 
ORI115U 
OR11I51 .. 
ORI11520 
OAI1l521 
ORIllS22 
OR111523 
ORllIS"'4 
ORl11525 
ORlllS2t 
ORlllS27 
ORIl152E 
ORlllS.2S 
ORl11530 
OAI1IS::I 
OAI1l5:!.2 
ORII1S!3 
ORIll534 
ORI 1153S 
ORl1l53t 
ORI11537 
ORlllS3E 
ORllIS3 .. 
ORIllS40 
OR111541 
ORI1l542 
ORIlIS4! 
OAlll!44 
ORl1l545 
ORIllS4E 
ORIllS47 
ORI1154E 
ORI 1 154 .. 
ORlllSSO 
ORIIISU 
ORI1l5S2 
ORlllS!3 
ORI1l5S4 
ORlll!S! 
ORI1USeE 
ORllIS!1 
ORlllSSE 
OR11l55~ 
ORU1560 
ORI1l5EI 
OAI11562 
ORI11563 
ORIl1SE4 
ORI1156S 
OAIllS66 
OR11l567 
ORlllSU 
OAlllS6 .. 
OAIllS7C 
OR11l571 
OAlllS12 
ORllIS7! 
ORlllS?4 
ORI1l515 
ORlllS1E 
DRIllS71 
ORIllS7e 
DRlllS7 .. 
ORlllSeO 
ORIllS81 
ORII1Se2 
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!H.BRO," TI NE SCLIIE (A.MA • .,A.N.B.K.S I NG. 
C OA. RIDGE INVERSE CODE VERSION 1.0 4-1-77 

LOGICAL SU.G 
DIMENSION A(.A.NA).B(~ •• X(N) 
CALL INVERT(A .... ~A.Sl .. G) 
IF( SING)RETUliN 
00 10 l=l.N 
ll( 1)::0.0 
00 10 .I=I.N 

Ie )(I'=X(I)+A(I • .I'.S(J' 
I:IETURN 
E"D 

S"SROLTINE I"VE~TCA.ORDER.OIM A.SING' 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

OA. RIDGE INVERSE CODE VERSION 1.0 4-1-77 

C 

C 

tel 

ICC 

102 

20C 

201 
299 

C 

C 

~cc 

301 
3 .... 

40<' 

III/IIERT INVERTS A MATRIX IN ITS OWN SPACE USING THE GAUSS-JORDAN 
.ETHOD AS ARRAII/GEO BY H. RUTISHAUSER WITH FULL PIVOTING. 

ARGUMENTS 

ORDER 

OIM A 

SING 

IS THE MATRIX TO BE INVERTED. A IS SING-E PRECISION. 
THE I .. VERSE CF A IS RETURNED IN A. 

IS AN INTEGER VARIABLE. THE ORDER OF THE NATRIX TO BE 
INVERTED. 

IS AN I"'TEGER VARIABLE CONTAINING THE FIRST DIMENSION 
OF THE VARIABLE A IN THE CALLING PROGRAM. DIM A MAY BE 
GREATER THAN CRDER. 

IS A LCGICAL VARIABLE. WHEN THE ROUTINE RETURNS 
SING IS .FALSE. IF THE MATRIX WAS NON-SINGULAR AND 
.TRUE. IF THE MATRIX WAS SINGULAR. IF SING IS .TRUE. 
THE MATRIX A CONTAINS GARBAGE. 

I.,TEGER ORDER.DI. A 
REAL AeDIM A.l'.Bel00'.CCIOO' 
H=ORDER 
LClGICAL SI NG 
INTEGER IP(100'.10(100. 
00 1 .=lIN 
OETERNINATIOh OF PIVOT ELEMENT 
PI VOT=O. 
0(; 100 I=K.N 
00 100 .I=KIN 
IF(ABS(ACIIJ,.-A8S(PIVOT"IOO.IOOII01 
PI \lOT-/" I • .I. 
IP(K'=I 
IOCK):.1 
CCNTINU: 
IFIPIVOT'102.900.102 
IPK=lP( K) 
I OK=I O( IC' 
E)GCHANGE OF THE PIVOTAL ROW WITH THE KTH ROW 
IF( (PK-K' ZOO IZ99 .ZOO 
00 201 .1=1 IN 
Z=A( I PI< • .I. 
A(IPK • .I'=A(K • .I' 
A(I( • .I.=2" 
CONTINUE 
eXCHANGE OF THE PIVOTAL COLUMN WITH THE KTH COLUMN 
IF(IQK-K)300.399.300 
00 301 lal.N 
Z-A( 1.1 OK) 
A( I .10K'=AI I .K) 
AO_'O=Z 
CONTINUE 
JOROAN ELIMINATICN STEP 
DC 400 .1=1 .N 
IF ( J-IO 403.402.403 
S( ."'=I./PI Vell 
C(.I'=I. 
G01Q 404 
e(.I)=-A(IC.JJ/FI~Cl 
C( J}=A(.1 ,10 
A(K.J'=O. 
AeJ,K'=O. 
DC 405 1=I.N 
00 405 .I=I.N 

ORI 1158~ 
ORI11S8" 
ORI1ISE5 
OR1115EE 
ORUISe7 
ORI USEE 
ORlllsst; 
OR11l5C;0 
ORI1l591 
OR111S92 
ORI1l593 
ORI1l5C;" 

ORI11595 
ORlllSC;e 
ORlllSC;7 
ORlllSC;e 
OR 1115 .. 0; 
ORI1160C 
ORI11601 
ORI11602 
ORI11603 
ORII160 .. 
ORI11605 
ORll16CE 
ORI11607 
ORI11608 
ORI116CC; 
ORI1l610 
ORI11611 
OR111612 
ORI11613 
ORI11614 
ORI1l615 
ORI1161E 
ORI11617 
ORI116te 
ORI11619 
ORI11620 
ORll1621 
ORI11622 
ORI11623 
ORI11624 
ORI11625 
ORI1162E 
ORlll627 
OR 11 16.2e 
ORI11629 
OR1116!0 
ORI11631 
ORIlI632 
OR11l6!3 
ORIllE34 
OR111635 
ORI1163E 
ORll1E!? 
ORIllE3e 
ORI1l639 
ORI11640 
ORI11641 
ORI11642 
OR11l64! 
ORII16 .... 
OR11164! 
ORII16"E 
ORI11647 
OR11l6"e 
ORI1l6 .. '!; 
OR(116!50 
ORII16f1 
OR [11 ';:2 
ORI1l6:~ 
OR1116f4 
ORIllE!:5 
OR11l6!:f 
OR 11 HiS7 
OR 11l65E 
01<111155<; 
ORI1l6EC 
OR1116E! 



C 

405 
1 

5Cl 

He 

A(l~J)=A(I.JJ+C(I)*E(J) 
CONTlr.UE 
~EOROERING THE ~ATRIX 
I<=N 
DO 500 KOUfI=l .... 
IPK=I P( K' 
10K=1 O( 10 
IF(IPK-K'501.502.501 
DC 503 1=1.,.. 
Z=A{ 1.1 PIO 
A( I .IP,O=A( I .K) 
A(l.K):Z 
IF(IOK-K)504.500.504 
DO 506 J=l ,N 
Z=A( I 01< .J. 
A( IQK. J) :A( I< .J) 
A(IC.J'=Z 
I<=K-l 
H NG = .F ALSE. 
~E TURN 
!ING ,. .TRUE. 
FIE TURN 
END 
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ORll1662 
OR1116C':3 
ORIl1ee4 
ORII Hi65 
ORI116tf 
ORll1661 
ORIllf6E 
ORlllef<.i 
ORIl167C 
OR 111671 
ORI11672 
ORIl1673 
ORI1l614 
ORIllc75 
ORlll676 
OR111617 
ORIllc7E 
ORllle7 ... 
ORI1l6SC 
ORI1l6S1 
ORll16S2 
ORI116E3 
OR 1116 E4 

~lBRQ~TINE FALSE(Xl.Xl",C.F.XZERO.NrRIES.IERR.ESP.NaUTI ORIl16S5 
C CAt< ~IOGE INVERSE ceDE VERSION 1.0 4-1-77 ORll16E6 
C ORIlI6E? 
C ORI116Ee 
C OR1116e ... 
C )INC=X INCFtE"E ... TU.E •• INTERVAL ON THE XIAXIS BV iIIHICH X IS INCREMORl116SC 
C ENTED Lr.T1L A RCeT OF F(X) IS BRACKETED ORIIle ... 1 
C )ll=INITIAL VAL~E CF x OR11169;: 
C F=F{ XI=FUNCTIC .... SUBP~CGFiAM SUPPLIED BY USER (EXTERNAL-EO IN USER ORI1l693 
C MAl"" OR1116 ... 4 
C )lZERO=ROOT CF F(XI.WHE~E F()(ZEROI=O.O OR[1l6"'; 
C IliTRIES=NUMSeR CF TI~ES X IS INCREMENTED IN SEARCH FOR CROSSOIIER ORI116 ... f 
C POINT I" F(X) ORI1l6'i7 
C E!P=RELAUIIE ERRCR CRITERION ORll16Se 
C IERR=INOEX FeR Pj;it"'T CUT OF ERROR MESSAGE OR[ 116 ...... 
C NO~T=OLTPUT DEIIICE "u~eER ORl117CC 
C OR[ll701 
C ORI117C2 
C OR1117C3 

DELl< = Xlr.c ORIl1704 
'H = F(xl) OR[1l7C; 
)IH = Xl ORI1170e 
'rIH = VI OR[ 11707 
112 = )(1 + DELX ORIl170e 
"2 = F(X2J ORIl17CS 
)H = Xl ORI11710 
IF (VI .EQ. 0.0 .CR. '1'2 .EQ. 0.0 I GO TO 8 ORll1711 
IF «VI .GT. 0.0 ........ 0. Y2 .Lf. 0.0 •• OR. 01<111712 

1 (VI .LT. 0.0 .A"O. 11'2 .Gr. 0.0 .. C-o TO 8 ORIl1713 
IF ( AaS(V2 •• LT. AeSeYlll GO TO 58 ORll1714 
DELX .. - DELX OR11171; 

SE DC 10 [=I .... TRIES ORII171e 
)H = Xl ORll1717 
)12 = Xl + DELX ORIll 71 e 
"2 = FeX2) ORIll71S 
IF ('1'2 .EO. 0.0 GC TC 8 OR11172<: 
IF «"1 .GT. 0.0 ...... 0. '1'2 .Lr. 0.0 I .OR. ORIl17;:1 

1 ('1'1 .LT. 0.0 .A"O. '1'2 .Gr. 0.0 II GO TO 8 ORI11722 
)1 = )(2 OR[117;:3 
"1 = "2 ORI11724 

1C CONTI MJE OR III 725 
"RITE OK1UT.7) .. TRIES ORI1172C': 

7 FORMAT(IHI.· •••• ARNlhG--FALSE--UNABLE ra FINO CROSS~VER POINT tN •• ORI11727 
1110,· TRIES FCR') ORIl172e 

GC TO (208).1 EftR OR III 72S 
E DC 20 J=I.25 ORIll73C ,.1\ (XI.V2 - x2*VUI'CY2 - VU ORlll731 

IF ( ASS«XH - x"'I'x ... , .LT. ESP' GO TO 28 OR1117::2 
XH = XN ORI11733 
~ ... = F(XN' ORI1l734 
IF «VI .GT. 0.0 .11. .. 0. YN .Gf. 0.0 ) .OR. ORI11735 

1 (Yl .LT. 0.0 .A .. D. YN .LT. 0.0 J) GO TO 38 ORIl173t 
'2 = YN ORIl1737 
)2 = XN ORI1173e 
Yl = Yl*0.5 ORl11739 
GO TO 20 ORIl1740 



~E 'fl = YN 
)1 :: XN 
'"~ = '1'2.0.5 

2. ( CCiNTI NUE "E )ZERO = XN 
fiE TURN 

aCE "RITE (NOl..l.2.7, 
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2.7 FORMA1(lH ,'S.S. SHEATH GAP AND NOD5 TEMPERATURE OETERMINATION,-' 
lCCE _RITE ,NOUT.1007' X1H.V1H.DELX.Xl.tl 
lC(7 FCiRMAJ(1H .30HINITIAL INOEPENDENf VARIABLE =.E16.8. 20X, 

1 28HINITIAL DEPE~OE~T VARIABLE =.El&.8/12H STEP SIZE =.EI6.E/IH • 
2. 2.8HFINAL INDEPE~DEhT V_RIABLE =.E16.8,20X. 
3 26HFINAL DEPENDENT VA~IABLE =.E16.8' 

stop 
E~D 

!lBROI..TINE ~AX~lh('t.YC.EV.SV.NOPI 
C CA~ fllDGE INVERSE ceDE VERSION 1.0 

DIIE"SION V(MlF' .VC'''OFI 
'~lh=1500.0 
"'AX=300.0 
DC 1 0 1=1 .NOP 
IFlVCIl.GT.YIoIAX' Y"AX=Y(1) 
IF(VC(II.G,.Y~AX' VMAX=YCCI' 
IF'V'II.LT.V~I~' Y"IN:Y(I' 
IF( YC (11. LT. VM''''' VfoIl N=YCU' 

lC CONTlNI..E 
IYMAX=IFIX(YfoIAX/100.0'*IOO 
I)MIN=IFIX(Y~Ir-/100.O'.100 

IE IF(FLOAT( I Y"AX+50) .GT.'t~AX. GO TO 28 
I)MAX=I'tMAX+50 
GO TO 18 

21: EV=FLOAT(IVf;AX+50) 
31: IF(FLOAT(IY~IN+50).GT.V"INI GO TO 48 

1 .. 1011 "=1 YMI "+50 
G() TO 38 

4€ !Y=FLOAHIVlIIIN. 
fiE TIw~ N 
E"'D 

4-1-77 

ORI11741 
01'1111742 
OR1l174~ 
01'1111744 
OR 111745 
ORI11746 
ORt 11747 
ORI1174E 
ORt 11749 
OR 111750 
01'1111751 
01'1111752 
01'1111 753 
ORI tt754 
ORI11755 

OR 1117 5E 
OP1117~7 
OR 1117 SE 
OR III 75<; 
ORI117EC 
ORt 11761 
ORt1l7f2 
ORI117f3 
OR IU7f4 
OR 1117f~ 
OR III 7tt 
DIU 11767 
ORI1176E 
ORIlt76<; 
ORI1177C 
OR111771 
OR 111772 
OR 111 773 
OR 111774 
ORI1177= 
OR11l77(; 
OR [11717 
ORI1177E 

!L8ROLTINE FLCTC".X.Y.SX.EX.INTELX.Sr.EV. ITVPE.M,C.~UM,FX.FV.IORD.ORIlI77C; 
C OA~ RIDGE INVERSE ceDE VERSION 1.0 4-1-77 ORI117SC 
C ~ = • OF (X.Y, CATA PCINTS (O.Lr.N.LE.6S0) OR1117€1 
C ~ = ABSCISSA OF DATA FCINT PAIRS 01'1111782 
C V = ORDINATE OF CATA FOlhT PAIRS ORll176~ 
C ~~ = STARTING FeiNT FeR ABSCISSA AXIS ORI117E4 
C EX = END PCI"T FeR AESCISSA AXIS ORIl17E5 
C INTEI..X ::: INTERVAL 0" THE ABSCISSA AxISORI117e6 
C !) = STARTING FeINT FeR ORDINATE AXIS OR1117€7 
C E'r = END POI"T FeR CROlhATE AXIS ORI117ee 
C (TVPE = TYPE OF CALCULATION DE:iIREO FOR OVERLAV OR[117e<; 
C OF (FX.FYI CI\ (X.V) ORI1l7C;C 
C = 1 CALCULATED VIA FITrEO EQUATION OR[11791 
C ::: 2 INTEl'iFCLATED FROM (FX.F'f' TABLE ORI1l7'>2 
C = 3 "0 eVERLAV OESIREO ORIIl7'>.:! 
C " = • OF COEFFICIEt-ITS ([.E. ORDER OF FIT. (O.LT.I4.;,.E.20. ORI11794 
C C = COEFFICIENTS OF FITTED EQUATION (.EO.M+l) ORI117<;= 
C M .. M = NUMBER eF OATA FeiNTS IN (FX.FY) TABLE (NUM.L.E.1250J ORJ117<;~ 
C FX = IN TABLE eF X.V FAIRS. THE 'X' CORRESPONDING TO ORI117S7 
C FY IN (FX.FVJ---------TO BE USED FOR INTERPOLATION ORIlI7~e 
C FV = I~ TABLE OF x.y FAIRS. THE 'V' CORRESPONDING T3 ORI117'><; 
C FX IN (FX.FY'---------TO BE USED FOR INTER~OL.ATION QRIllSCC 
C lORD = OROEI< OF INTEf'FeLATION ORI lleCI 

DIMENSION X( '" .'1' (N' .C(21J.LINE(129J.STX( 1250 I. STye 12.50'.FX( 1250). ORllU!C2 
1 FY(1250J ORIlleC3 

REAL INTVX. I~TvV. I"TVL. INTvLl(. INTELX ORIllSC4 
DATA IBLAh~. IDCT, IPLUS. lAST. IX'lH .1t1 .. 1H+.IH4I.IHX/ ORIl18e5 



C 

c 

c 

C 

C 

C 

c 

C 

c 

c 

C 
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Ct-ECKI NG INPUT 
ICHECI<=O 
IF(N.LE.0.OR.h.GT.650'ICHECK '" 1 
IF(ITYPE.EO.1.A~D.(~.LE.O.OR.M.GT.20).IC"ECK'"4 
IF(SX.GE.EX' ICHECK '" 67 
IF(INTELX.LE.O.O)GO TC 438 
IF«EX-SX'/I~TELX.GT.1250.0) ICHECK = 678 
GO TO 448 

.~E IF«EX-SX,.Gl.(IO.*(EV-SV,), ICHECK 79 
44E IF( SY.GE.EY' ICHECK '" 910 

tF(ICHECK.EC.O' GO TO 178 
PFf(NT 37. ICHECK 

37 FORMAT e1Hl.26HIIIIPfiOPER INPUT AT ARGUNENT.13' 
f:E TUflN 

17E 1.,0\/ '" 1 
DE1ERMINING IhlEfiVALS 

INTYX ::: EX-SX 
IN1VY = EY-SY 
INTVL = [NT\lY/125.0 
I NTIILJ!=I lliTELX 
IF(INTVLx.LE.O.O'INTVLX=INTVL 

PRIN1ING HEADING 
PRINT 47.SV.EY.SX.EX.INTVL.INTIILX 

47 FORMAT (IH .12X.6HV FfiC.,.lPE15.B.3H TO.E15.8.24H AS A FUNCTION OF 
IX FROIII.1PE15.8.3H TO.EI5.8/22X.21H WITH Y INTERVAL SIZE.EIS.8.25H 
iAND WITH X I~TE"'VAL SIZE.E15.a//, 

IF(SX.GT.O.O.OR.EX.LT.O.O) PRINT 465.SX 
4te FOfiMAT(lH .35X.43HTHE Y AXIS HAS 8EEN SHIFTEO FROM 0.0 TO X =. 

l1PE16.8/" 
IF(SV.GT.O.O.OR.EY.LT.O.OI PRINT 456.SY 

45t FORMAT(1H .35X.43HTHE X AXIS HAS BEEN SHIFTED FROM 0.0 TO Y =. 
IIPE16.8/n 

DE1ERMINING AXIS FCSITION 
IXT = INTYX/IhTVLX + 1.5 
.IX = ABS(SX)/I~T"LX + 1.5 
J~ : ABS(SY'/I~TVL + 4.5 
IFe SY.GT.O.O.CR.EY.LT.O.O) JY=4 
IFesx.GT.O.O.CR.EX.LT.O.O) JX:1 

DE1ER~INI~G LINE CEFINITICNS 
)lL = SX 
DC 100 112=1 .IXT 

8LA~KING LINE AhO SUPPRESSING SKIP OVER PAGE PERFORATION 
DC 60 1=2.129 
LINECI' :: IBLA~K 

t C CC!NTI NI.JE 
LINE« U = lAST 

GEhERATlNG Y VALLES AND STCRING X AND V VALUES 
SlXCI12) =: XL 
GC TO (68.71.72' .ITVFE 

f.E "'1= 104+1 
l'L = 0.0 
DO 70 II =1.Ml 
IF(XL.EO.O.O.AhC.II.ec.l) VI. = cel' 
IF(XL.EO.O., GC TO 70 
YL = cell'.XL**(II-l) + YL 

7C CONTl"'UE 
GO TO 78 

71 CALL FlNOS(XL.VL.FX.FY,"'UM.[ORD.[Or, 
GO TO 78 

72 'L = C. 01 *SV 
78 CCNTINLE 

!lVCI12) = YL 
PRCOlCING SUBSCRIFT OF LI~E 

K~K = YL/lhTVL + FLOATeJV, + ~.5 
IFCSY.GT.O.O.OA.EY.LT.O.OIKKK=(YL-SY)'INTVL +FLOAT(.IY' + 0.5 

I~Pl TlNG AXES 
LINE( .IV) = IDCl 
IF( 112.NE. JX) GO TO 58 
DC 80 .1111=4.129 
LINE( ..I"" = IOCT 

EC CCNTlNUE 
ADDING PLI.SES 

DC 90 JK=JY.129.S 
LlNE( JK. = IFLl,S 

"C CONTINUE 
IPLST = "V - 4 
IF(IPLST.Ll.5) GC TC 58 
00 110 JFK=5.IFLST.5 
KFL :: JY - JFf( 
LINE(f(PL' = IFLUS 

11 C CCNTJ NUE 
es (f(112.NE.l) Gt TO 320 

DO 300 MOLL=I.IXT 
I)(IX = ..IX - 5*(1-MOLLI 
IFCIXIX.LT.S) GO TO 320 

;!CC CONTJM .. E 
;!20 IFeC(112-IXIX1-CI12-IXIX)/5*s,.eo.O) LINEeJY) = IPLUS 

ADDING PLOTTED FeiNT 
IF(KKK.LT.4) GC TO 140 
IFCKKK.GT.l29) GC TC 140 
LI NE( KKK) = IX 

14C CCIliTlNUE 

OR I 118CE 
ORIllSC7 
ORI118CS 
OR 111SCS 
ORI1l8lC 
OR111811 
ORlllSl.2 
ORIllel':: 
OIU 11814 
ORI11815 
.ORlliElt 
ORIl1817 
OR t 1181S 
ORIIISIS 
ORI11820 
OR 111821 
ORllle22 
OR 1118.2": 
ORI11824 
OR[l1E2~ 
ORIllEH 
ORIlIS27 
ORIllS2E 
ORt l1S2" 
ORI11830 
ORIll8:::} 
ORI11832 
ORll18~3 
ORIllS34 
ORt lIS3!: 
OAI1Ie3t 
OR III E37 
ORI11838 
ORIII8a .. 
ORI1IE4C 
ORIlI841 
ORI11842 
ORI1l843 
ORIllE44 
ORlll E4!: 
OR lllE4t 
ORI11847 
ORIllS4E 
ORIIIE4 .. 
ORll1eec 
ORIllSSt 
ORlllS!:2 
OR III 85':: 
ORIllS54 
ORl11855 
ORlllE5(; 
ORllIE!:? 
ORllleSE 
OR I IIESS 
OR 111 8(lC 
ORIlle61 
ORI118E2 
ORJ llEeJ 
01'11118(;4 
ORI11Et!: 
OR 111 E<:<: 
OR I11SC:7 
ORIllS6E 
ORIllse .. 
ORI llE 7C 
ORlllS71 
ORIllE72 
OR t liS 73 
ORIllS74 
OR III E 75 
ORlllS76 
ORII1Ei7 
ORIl1E78 
OR IllE 7'i 
OR Il18SC 
ORll1881 
ORIllEE2 
ORIl18E3 
ORIllEE4 
ORlllse!: 
ORI118E6 
DRIll SE7 
ORIIlSEE 
ORIlles .. 
ORI118C;C 
ORII18C;1 
OR III eC;2 
ORllle9::: 
ORIllaS4 
OR III e .. s 
01'1111 est 
OR III as? 
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C ADDING INP~l DAlA 
IF(IMC~.GT.~, GC TO 220 

l'!iC IF(XL-XCI"'.CY"200.210.230 
2CC IF(XL-X(I~O~) + INTYLX/2,O'220.210.210 
23C IF(eXL-X(I~O~).LT.I~TVLx/2.0) GO ro 210 

IMO~ = I,",OV + I 
IFe IMO\l.GT.,.., GC TO 220 
GC TO 190 

21C KKKK ;: Yel~C\l'/INTvL + FLOAT(J~I + 0.5 
IFeSY.GT.O.O.CR.eY.LT.O.O)KKKK=(r(IMOY)-SV)/INTVL+F~OATeJY)+C.5 
II"OV = IMOV + 1 
IFeKKKK.LT.4) GC TO 220 
IFeKKKK.GT.12~) GO TO 220 
LINE(KKKK) = lAST 

22C PRINT 57. LI"E 
n FORMA T (129,\11 

)L = )lL + I "TVLX 
1 CC CONTI NlJE 

RE TURN 
END 

~lBROlT'NE FI"OSexO.FxO.x.V.SIZE.ORDER.TEST' 
C CAK RIDGE INVERSE ceDE VERSION 1.0 4-1-77 
C 
C 
C 

C 

c 
C 

INTEGER.4 SlZE.C~DER.TEST 

DIMENSICN X(SIZE) .V(SIZE) 

~TER"'S=OROER + 1 
NlE=N TERM5/2 
lE 5T=0 
00 10 I=I.SIZE 
IF(XO.LE.X(I.) GC TC 8 

1 C CCNTI .. UE 
TE ST=1 
GC TO 58 

E IF(XO.NE.XeI" GC TC 18 
F)lO '" VO. 
RElUR .. 

18 IFet.LE.NTE. lEST = -1 
IF(I.Gl.SIZE-NTE' TEST = 
[Fe TE sn 28.38.48 

;<.t "START;: 1 
"SlOF '" NTEf<"'S 
GC TO 68 

4E IFCI.G T. SI ZE-NTE+lI GC TO 58 
lE ST = 0 

~e "~lARl '" SIZE-CROER 
"!:TOP = SIZE 
GO TO 68 

3E "!:lARl = I-NTE 
"STOP = NSTART + CROER 

EE F)lO = 0.0 
00 20 I=NSTART.NSTOP 
PROD = 1.0 
00 30 J=NSTART.hSTOP 
IF(I.EQ.j' GC lC 30 
PROD = PRoo*eXO-X'J))/(XU,-)( (J)) 

3C CCNTJ NUE 
2C FXC = FxO + FRCO*V(l' 

fOElURN 
E"O 

OR[ llese 
OR 1118SS 
ORll190C 
ORI11901 
OR [ 119(2 
ORI119C3 
ORI119(4 
OR 111905 
OlUI1SC6 
OR1119(7 
OR [11908 
ORlllSCS 
ORI11910 
ORIll'>ll 
ORlll<;12 
ORI11913 
OR 111 <; 14 
OR111<;15 
OfHllS1E 
OR 111917 

OR11191€ 
OR 1 1191 <; 
ORI1l92C 
DRill <;21 
ORI11922 
ORI11923 
OR1119",4 
ORI11925 
ORI11C;2f 
ORI11927 
ORI11928 
OR 1 • 19~<; 
ORI1193C 
ORI11931 
ORI11932 
ORI11933 
OR 1119.24 
ORI11935 
OR 11193f 
OR 1119.:37 
ORlll<;3€ 
OR I 11939 
OR111940 
OR 111941 
ORt 11942 
OR1l1<;43 
ORI11944 
ORlll'>45 
ORIl1<;4E 
ORll1947 
ORI1l94E 
OR11194<; 
OR11195C 
ORI119B 
OR111952 
01<111953 
ORI11954 
ORI11955 
ORl1195f 
ORI11957 
OR 111<;se 
OR11195<; 
ORlll<;EC 
ORr 119Et 
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SlBROl TI NE seA .. 
C GA~ RIDGE INVERSE CODE VERSION 1.0 4-1-77 

ORI 11 'it2 
ORI1l9f3 
ORlll'i64 
ORI119t5 
ORlllC;;6f 
ORI119t7 
ORIll .. tE: 

C . 
c ••••• PREPARAT.ON OF E"TRV "U~BER ARRAt (I.E. SCAN TAB~E ENTRV WHICH 
C CORRESPONDS TO THE DESIRED TCS.fCM.TSI.TSO.EIE.EEE.ETC •• 

COMMON /CCDAS/ITCS(34St,ICHfCS(34S •• ISUBCH(34B •• ITCM(106 •• 
1 ICHTCM(106),ICHEIE(49 •• ICHEEE(49,.ICHBWl.ICHBW2. 
2 IRVOL(15.3),NTRVl(348,.NTRV2(106'.NTRY3(491. 
~ .. TRV4 (491 .NBWl.NSW2, ICC 1000 I. 
4 .. TC(3481 ... CHTCS(34S).NK.1RSLB(15.3).NSLAB 

C 
C-----1HERMOCOUPLE SEARCH (SHEATH TC. 

OR III 'i6<; 
ORll197C 
ORlll'i71 
ORl11<;72 
ORI11973 
ORIll<;74 
OR III <;15 
ORI1197E 
ORI11977 
ORIll<;7e 
OR11l97<; 
ORI1l9St 
OR Ill'iE1 
ORl11ge2 
ORl1l983 
ORl11984 
OIH 11<;e5 
OR lll<;Ef 
ORl119E7 
ORI lIe; ee 
OR 111" 8'i 
ORI119<;C 
OR 111991 
ORI11992 
ORII19'i3 
ORI11994 
ORlll<;95 
ORIll<;<;t 
OR 1119<;7 
ORIll<;c;e 
ORI1l9 ...... 
ORI120CC 
ORI12001 
ORI12C02 
ORI12003 
ORI12004 
ORI120 05 
ORI1200E 
ORl120C7 
ORIlZOtE 
ORI120C9 
ORI12010 
ORI12011 

C 

DO 20 1=1.348 
IFlICHlCSlI •• LE.OIGC TC 20 

DC:; 10 .1=1.500 
IF(ICHlCSCII.EC.ICCJ""TRV1(1.=J 

Ie CONTI"'UE 
2<: CONTI ... ue 

C-----THERMOCOUPLE SE~RCH (~IDDLE TC. 
0(1 40 1=1.106 
IF(ICHTCMlII.LE.OlGC TC 40 

C 

DO 30 .1=1.500 
IF(ICHTCM(Il.EC.lC(Jl}NT~V2(I)=J 

~c CCNTI .. ue . 
40 CCNTlM,£ 

C-----SHlNl SEARCH 

C 

D() 60 1=1 .49 
IF(ICHEIECIJ.LE.OIGO TC 60 
00 50 .1=1 .500 
IF(ICHEIE(I,.EC.IC(J)'''TRY3CI)=J 

ec CONTI M .. E 
f C CCNT! .. UE 

C-----GENERATOR VOLTAGE SEARCH 

C 

DC 70 1 =1.49 
DO 70 .1=1.500 
IF(ICHEEE(I,.EC.ICC.lI) .. TRV4(1'=J 

1 C CCNlI NUE 

c-----eREAK _IRE SEARCH 
DO SO .1;1,500 
IF(ICHB.l.EC.IC(J')~BWl=J 
IF{ICHB~2.Ea.IC(J')"BW2=J 

e C CONlJ NUE 
C 
C-----ENO OF SCAh TABLE SEARCH 

RE lUR" 
END 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *ORI12012 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ORI12013 c.............................. . ............•.•........•........ ORI12014 c............................. OUTPJr * ••••••••••••••••••••••• * •• * •••• ORI12015 
C.............................. ..* ••• * ••••••••••••••••••••••• * •• ORI1201f 
C ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ORI12011 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *OR112018 
C ORI 1201 S 
cIa. TPUT SUBRC\. TINE ORI1202C 
C ORII20,,1 

HBROlTINE O\.TFUT OR112022 
C OAk RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORI12023 

CCMMON /NOOES/ .. MGO ... HT .NCU. N8N. N5S 1. NSS.2. N002. NODJ •. \lQ04.N005.NOD6.0RI 12024 
I ~~.NH.hC.Ne.NS.NtN.NoUr.R(40'.R8AR(40).RHEAT(7'. ORI120~5 
2 OL~MGC.OLRHTR.OLRCJ.DLRBN.OLRSS1.0_RSS2 ORI1202f 

C(iftMON /1 NPll/lTC"Uft .• UCK.HE0111 •• IS (61. TCSS (601,. TCMM( 601', OR 112027 
1 aAVGG(601J.TIMEE(b)IJ.TtMR(601,.TBR(601,.TSATR(601'.0~I1202€ 
2 F~eSUR(601J.QUALR(601 •• AMFR(601,.HBR(601), OR112029 
3 SFLUXR(601).TS~RR(601).MOOfR(601 •• TRPEND.JRP ORl12030 
4. tl<F .ICS7 ORI12031 

COMMON /SAVE/ T(40).HRGAF(4',OELf.HF.HEAT(40.40,.AMGO,AHTR.ACU. ORI12032 
1 AS ... ASSl.ASS2.RESISr(4J.TSURFC9J.TI.QTOT.Q(40).ZZ ORl12C33 
2 .8(40) .OELGAP(' •• PFA.PFR(2'.TCS.TS ORII2034 

COMMON /OUT/ TO(40.12'.TIME(121.HO'12J.QO(12).TB~(12J.SFLU~(12J. ORI12035 
I TSUROCl2) .OELH. SUMCP. SiJMQ. EQNRT. ERRO~ 10 ERROR2, ORI1203f 
2 PSO(J21.TSATO( 12 •• HSATO( 12I,AMFO( 121. QUALO( 12'. ORI 120~7 
3 RHBO« 12. ,RSFXO( 12 J. RrSIJRO( 12,. MOOEO( 12 h NO • .I0 OR 112C3E 
4 .DELROCl2. OR11203'> 



C 

C 
C 
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ceMMON /GAPe _L/GFB.GFI (3 •• TNS 6. TNDSB, TND5. TNS. OOP I. GPCAL. FEEB. OR 11204C 
ORI12041 
ORI12042 

1 T .. AX.leOE . 
OHENSI O~ 2EF<CC31 ,TCL( 15),SGV (7" ALPHA(Z. 5' 
DATA ALPHA/' F',' N','ORce'.'JCLe','o CO','ATE 

1 ,'TICN'.'.,,"G '/ 
DATA ZEI'<0/3.0.0/ 
THERMOCOUPLE FeilER LEVELS 

'.'NVEC'.'BOIL'ORI12043 
ORllC!044 
ORI12045 
ORI1204E 

DA TA TCL / IHjI .IHB ,ll1e,1 HD,1 HE. 1 HF. IHG. 1 t;h. 1111. HiJ. Itt<. IHL. ltiM. ORt 12047 
ORI1204E 1 II1"'.1HO/ . 

PIN SHEATH G~OCVE lIou~efR5: 
OATA 5GV /lHA.1HB.II1C ,IHO.IHE.IHF. lHM/ 

ORI1204<1i 
OR 11"OSC 
ORt120S1 

C ORtl.20S2 
C PI~ AND CASE OESCRIFTIC~ ORI12053 

lROO=JF.1 X(FLCAT( I TC,",U"-300000 )/1000.0» OR112054 
ISGV=IFIX(FLC_TCITC"U.-300000-IROO*1000)/100.0J ORI1.2055 
11CL=ITC"UM-300000-IROO*1000-ISGV*100 ORI1205E "8 Roo=1 Roo+300 ORI12057 
I~ECS=IFIXCFLOAT(IS(4.)/4.0» ORll.20SE 
.RIlE(NOUT.7)ITC"UM.Ne~OO.SGV(ISGVI.TCL(ITCL','S(2J. IS(3J.1SECS ORI1205~ 
IIIRI TE (1 .7)1 TC""UIiI,,,eROO,SGV ( ISGV .. TCL (1TeL. ,. IS(.2'. IS( 3 to I SECS OR (120fC 
CALL DATE( 1 S.Nel.. TI ORI1201S1 
.RIlE(NOUT,81 (~EO(I,.I=I.171.N006.NMGO.NM,N002 ORI1201S2 
UHlE(l ,8' (HEO(O.I=I.17 .. NOD6.NMGO.NI4 .... 0D2 OR11201S;: 

7 FORMAT(1Hl,I6.22(1H.,.20H CASE INFORMATION .28(1,,-,.//0 ORII.201S4 
1 T2,6(1H.I.· THEIHI,OCWPLE NUI4BER: TE-'.13.2Al.T45.'TIME:'. ORI12(;65 
2 13,' :',12.':' ,12.6X.'OATE: ') OIH 1206E 

e FORMATlT2.6UH.,.17A4, ORI12067 
1 //.T2.30HTCTAL "u~eER OF RADIAL NODES =.13,/, ORI12cee 
2 T7.38H~AG~ESIUM eXIDE CORE NODES 1 THRQUGH.14./. ORI120lSS 
3 T7.27HIM:CNEL-600 HEATER NODES • 13.8H THROUGH, 141 ORI1207C 

IF(NCu.GT. 0) "'RITE("C"T .17INH.N003 ORI12C71 
IF( NCI...GT. O'.FHTEU .17'NH.N003 OR 112072 

17 FORNAT(T7.27HC~P~~-~ICKEL HEATER NODES ,I3.8H THROUGH. 14' ORI12C73 
.RlTE(NOUT.27'~C,NCD4.~B.NOD5.NS.N006.RHEAT(2).RHEAT(3) ORI12C74 
.RI TE (1 .27) IIoC ,NCD4 .NB, NODS. NS, NOD6, .... EAT (2,. RHEAT( 3) OR 1120iS 

27 FORMAT(T7.27HBCRCN "ITRIOE NODES .13.8H TH~OUGH.14./. ORI12C7f 
1 T7.27HlIIoIloER S.S.SHEATH NODES • 13,8H THROUGH,I4./. ORI12077 
2 T7.27HC~TER S.S.SHEATH NODES • 13,SH THROUGH, 14.//. ORll"C7e 
3 T2.28H~lTSIOE ~AOIUS OF MGO CORE =.E13.6.4H FT.,/. ORI12C7S 
4 T2.33HCLTSIOE ~ADIUS OF INCONEL LAVER =.EI3.6.4H FT.) ORI12cec 

IF( NC~. G T. 0) .ElI TE ("'OUT .37' RHEAT (/I. , OR 1120131 
IF(NC~.GT.O)"'RITE(t .37)RHEAT(41 ORI120B2 

37 FORMAT(T2.38HC~TSIOE RADIUS OF CJPRO-NICKEL LAVER =.EI3.6.4H FT.' OR1120e3 
.RITE(NOUT.41'(RHEAT(I).1=5.7).GPB.PFA.PFR(II,PFR(2J ORI12084 
",RITE(l ,47'(RHEAT(IJ.I=5.71.GP8.PFA,PFR(II,~FR(2) ORI120ee 

47 FORMAT(TZ.33HO~T5IDE RADIUS OF BORON NITRIDE =.EI3.6.4H FT •• /. ORI120e6 
1 T2.36HOLTSIOE RADIUS OF INNER S.S.StiEATH =.Et3.6.4H FT .. /. ORll2Cf7 
.2 T2.36HGlTSIDE ~_D1US OF OJTER S.S.S~EATH =.EIJ.6.4H FT •• //.ORI12C8a 
:3 T2.41HRAOIAL GAF INFORMATION: (I.E. BIAS POINTJ./. ORI12CBS 
4 T7.41HGAP BET~EEN INNER ANO CUTER S.S.SHEATHS = .FB.4.' MILORI120SC 
S~', .//.T2.22HFCWE~ FEAKING FACTORS:./.T7,7tiAX1AL =.1"9.6./. ORI120S1 
t T7.18HR_OIAL (INCONEL) =.F9.6./.T7.15HRAOIA_ (CU-Nl)=.F9.6'ORII20S2 

RETURN ORI120SJ 
C ~lEADY STATE LOCAL CPERATI~G CONOITIONS AND PIN TEMPERATURE PROFILE OR[12094 
C.....· OR1120<;5 

E~TRY CLT5S(.C.OAVGI OR[120S6 
C ••• "* ORI12CC;7 

HFR=HF.3600.0 ORll.20Se 
IIF I TE (NOUT .57) lTCNUIll. .t.B ~oo .SGV US GV). T CL ( ITeL. I. IS( 2'. IS( 3 J. ISECS OR 112 0 ~C; 
.R I TE (1 ,57) I TC"U ~. NBROO, SGV« ISGV ). T CL ( lTCL I. IS( .2). I S( :3'.1 SEC SOR 1121 OC 
CALL DATE(IS."CUT) ORItZ1CI 
IIRIlE(NOUT.581 (t1EO(I).I=I.17',OAIfG.QTOT.HFR.TB ORI12102 
IRI TE (1 .56. (HED(1 ',1=1,17 to QAVG.QTOT. HFR. fB ORI12103 

S7 FCRMATClHI.I6.14UH*' .36H STEADY STATE TEMPERATURE PROFILE ,20( 10RIlZI04 
IH.'.//,TZ,6CIH*'.· THEf'MOCOJPLE NUMBER: TE-·,13.ZA1.T45.'TIME:', OR112105 
Z 13,';·,12.';'.12.6X.'OAfE: " ORI1,,10E 

Sf F(iRMAT(T2.6UH.' .17A4. ORI1Z1C7 
1 //.T.2.36HO = AlfERAGf: HEAT GENERATION PER FT;. ORI1.21Ce 
2 FIO.6.11H 8TU/SEC/FT.,.T2.24HO*AXIAL PEAKING FACTOR =.FI0.6.0RI121C9 
J 11H 8Tl/SEC/FT,/,T2.31HHF = OUTSIOE FILM COEFFICIENT =,E15,eORIl2110 
" .2ZH BT\./(HR*FT*.2*OEG F, ./. ORI1.2111 
S T2.31HT8 = BULK CCOLANT TEMPERATURE =.F8.Z.6H OEG F,//, ORl12112 
IS T2.24HPIP\ TEMf'ERATURE PROFILE:.,. QR112113 
7 T24,27H~COE TEMPERATURE (OEG F), ORll,,114 

'RITECNOUT,67) (I.T(I,.I=I.NOD6) ORI1211S 
IIRllE(! ,671 (I,T(II,I=I,N006' ORI1211E 

67 FCRMAT(Z4X.13.9X.F8.2' ORI1Z117 
IIRI lE (NOUT .691 SF LUX (1 ) • TSURO( U • PS OU I. TS ATO (J .. (A..:» HAC KO. 1»,1= I, 50R 11211 e 

l' ORI12119 
'RITE(l .69'SFLUXCl),TSURO(I'.PSOC1'.TSATO(1,.(ALPHA(KD.II,I=10RIl212C 

1,5, ORI12121 
6~ FORMAT(//.T2,IBHSURFACE HEAT FLUX=,EI5.8.14H BTU/HR/FT**2 ./. ORIl2122 

1 TZ.2.0H5I..RFACE TEMPERATURE=.F8.2.611 DEG F.///. OR11212.:3 
2 T2.9HPRES5URE=,F8.1.5H PSIA./. ORI12124 
3 T2.47HSATURATICN TEMPERAfJRE (AT T~E ABOVE PRES5URE,=.FS.2.0RI1212l: 
4 6H DEG F • .I//.T2,'HEAT TRANSFER MOOE AT THE SURFACE OF THE PORll,,12E 
!:J":'.5A41 . ORI12127 

ilRITECNOUT.77, ITCNUM.t.BF<OO.SGV( ISGVloTCL( ITCL). IS(210 IS(31, ISECS. OR1121"S 
1 (HEO(I,,1=1,l7) OR11212~ 

17 FC~MAT(lHl.J6.20(IH.).2111 TRANSIENT RESULTS ,29(1H*1,//, ORt1213C 
I TZ.6(IH.'.' THE~MOCOUPLE NIJM8ER: TE-'.I.3,2.Al.T45,'TIME:',ORI121';1 
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2 I3,':'.12.·:',I2.//.T2.6(lH*).17A4. OR'121~2 
~ //.T2.,2BHTI~E-TE~FE~_TURE-NODE fABLE:./. OR11213~ 
4 T7,,21H1I~ HAS UMTS OF SEC.I. OR1121:':4 
5 T7.30HTE~FERATU~E HAS UNIfS OF OEG F.,. ORI12135 
(; T7.25HG HAS U~ITS OF BTU/seC/FT.I. OR11213f 
7 T7.50HHB (BASED ON TB. HAS UNITS OF BTU'(HR*FT**2*DEG Fl." ORI1Zl31 
e T7.35HBULK TEMPE~ATURE HAS UNITS OF OEG F.,. ORI1,213S 
S T7.54HHSAT (BASEO C~ TSAr) HAS UNITS OF BTu'(HR*FT**,2*OEG F,./. OR112!39 
I 17.26HP~E5SURE HAS UNIrs OF PSIA./. ORll,2140 
C T7.4!HSATURATICN TEMPERArJRE HAS UNITS OF OEG F./. ORt1214! 
2 T7.46HSLRFACE FLUX (S.F •• HAS UNITS OF BTU'HR/FT**2 .1. ORt12142 
3 T7.38HS\.RFACE TEMPEI'ATURE HAS UNITS OF OEG F,/. ORtl2143 
4 T7,44HAVERAGE WASS FLUX HAS JNITS OF LBM/SEC/FT**2./. ORI12144 
5 T7.21HGAP HAS UNITS OF MILS./) ORI12145 
~ETUR'" ORI1214t: 

C OR ( 12147 
C 'kA~~IENT RESPC~SE ORI1214e c..... ORI12149 

E~TRY O~TTNS ORI121SC 
C..... ORt 12151 

GO TO (78.128).NC ORI12152 
78 WRITE(NOLT.S71(TI~E(I) .1=l.JO) OR[1215~ 
e7 FORNA1(I/.T4.6HTl~E--.12FlO.4./.T2.4HNOOE) ORI121~4 
ee DC 90 1=1 ,NG06 ORI1Z1:: 

wRITE(~OUT.97)1.(TO(I.J).J=I.JOl ORIl215t: 
.,C CONTIIIIUE ORIl21S7 .,7 FOf<MAT(IX.13.5X.12FI0.4) OR1121Se 

WRITE(NOLT.l07)(CO(I).1=10JOl OR1121:S 
le7 FCRI4ATClHO.3HQ .5X.12FIO.5) 0lH1Z16C 

wRITE(NOUT.117)(TEC(I).1=1.JO) ORl121tl 
117 FORI4AT(lx.3HTB .5X.12FIO.4) OR1l21t2 

wRITE(NOUT.127)(HO(I) .1=I.JO) ORI12163 
127 FOFiMAT(IX.3HHB .SX.12F10.U OR1121(;4 

wRITE(NOUT.131)(TSATQ(Il.l;1.JO) ORI121E5 
1'::1 FeRMAT( 1 X.4HTSAT .4X.12F10.l' OR I 121Et: 

'RITE(NOUT.129)(HSATC(II.I=I.JO) ORI12167 
12., FCRMAT(IX.4HHSAT.4X.12FI0.1. OR1121(;E 

"Fil TE(NOliT.133. (FSC( I '.I=l.JO' OR1121t<; 
1~3 FCRMAT(lx.3HP .5X.12F10.1) OR112170 

wRITE(NOLT.147)(SFLUX(I).1=1.JOI ORI1217l 
147 FCRMAT( lX.4H5.F •• 4X.12Fl0.U ORI12172 

wRITE(NOUT.157)(TSUI'O(I).1=1.JO) ORI12173 
I~i FCRMA'(lX.6H5.TE~P.2X.12FIO.2) ORI12174 

wFil TE(NOUT ,158. (AMFC( 11. I=I.JO) ORI12115 
leE FORMA1(lX.8H~ASS-FLX.12Fl0.4) ORI1217t 

.RITE(NOUT.159)(CUALC(I •• I=1.JO) ORtlZ171 
les FCRMAT(IX.8HCUALITY .12FIO.5. ORI1211E 

IIRtTE(NOUT.161J(DELI'Q'I).I=I.JO) OR11217~ 
lei FORNAT( I X.3HGAP.SX.1ZF10.5) ORI121ec 

wRITE(NOUT.1711 ORltZ1SI 
171 FOl'MAT(lx.· ••• F!ELAP PREDICTIONS (STARRED'* •• ·) ORI1218Z 

.~ITE(NOUT.172)(~HBC(IJ.I=1.JO) ORI12183 
172 FORNAlCIX.3H.HB.5x.12FIO.U ORI121S4 

_RITE(NOUT.173.'~SFXO(I).1=1.JO' oRt121es 
113 FORNAT(lX.5H.S.F.,3X.12FIO.1J ORI121e6 

_~ITE(NOUT.174)(~TSU~C'(J.I=1.JO) oRt121e1 
174 FCl'MAT(1X.7H.S.TE~P.1X.12FI0.Z' oRt121ee 

_F!ITE(NOUT.175J(~ODEO(I).1=1.~O. ORl12.e~ 
l7~ FORMAT( 1 X.9H.H.T • MODE .19 .11 I 10. OR[ 121<;C 

RETURN OR1121<il 
12e IIRtTE(NOUT.137'(Tl'-E(I) .1=I.JO) 01<11'<'19'<' 
137 FORMAT(lHl.14.6HTIME--.12FIO.4.I.T2.4HNOOEJ 01<112193 

GC TO 88 ORI121~4 
C OR 1121 SS 
C FINAL ENERGY BALAr-CE OUTPUT OR1121.,6 
c..... OR1121.,7 

E .. TRY OLTFNL ORI121se 
C..... ORI121 <;s 

WRtTE(NOUT.167)ITCNU~.Nel'OD.SGV(ISGv'.TCL(ITCL •• IS(2).1S(3).ISECS OR112200 
IIRI TE (I .167) ITCr-UtII. NBROO.SGII (ISGIf). T CL ( ITCL I. IS( 2). IS( 31. OR' 122 0 1 

I ISECS ORI12202 
CALL DATE (I S ... OUT' ORI12203 
wRI TE (NOUT .168) (I-!ED (I' • (=1.17). SUMCP. DEl. H. SUfilQ. EQNRT. OR 112204 

1 ERRQI'l.EI'''OR2 ORI1.1220: 
.RI TE (1 .168 I (HEO( I) .1=1.17). SUMCP. DELH. SUNQ .EQNRT. OR I 1220e 

1 Ef<ROfil .EFil'OR2 OR 1 122 C 1 
Ie. FCRMAT(IHl.16.21(lH*).lBH ENERGIf BALANCE .31(1H*Jo//. ORt1220e 

1 T2 .6(lH*) .' THERIilOCOUPLE NUMBER: TE-I. 13. 2A1o T45. °T IME:O. OR1122C~ 
2 I3.":'.t2.,:0.12.6X.'OATE:·) ORI1221C 

168 FOl'MAT(12.6(1H") .17A4./,. OR112211 
1 T2.39HCHANGE IN FI~ INTERNAL ENERGY CONTENT =.F13.6.7H BTUJFT,/.ORfI2212 
2 T8.72HOETE~~I~EO BY SUMMATION OF DELTA U·S OVER THE INTERVAL FROORl12213 
3'- 1=0 TO TEND •• ,.T,.39HCHANGE IN PIN INTERNAL ENERGY CONTENT =. ORI12214 
4F13.6.7H BT~/FT./.T8.53HOETERMINEO BY OIFFERENCE IN PIN END POINT ORI12215 
5ENTHALPIES •• /.T2.40HTCTAL HEAT INPJT = INTEGRAL OF QTOT*OT =.F13.60RI1221E 
6.7H BTUJFT.//.T2.54HI~TEGRAL OF S~RFACE FLUX V~SUS TINE CURVE *2.0RI12217 
7C*PI*RO=.F13.6.7H BTU/FT.I/.T2,42HPERCENTAGE ERROR IN OVERALL HEATORI1221E 
S BALANCE =.Fl1.4.8H PERCENT".T2.45HERROR IN OVER~~ HEAT BALANCE OR11221<; 
9(VtA METHOO Z)=.Fll.4.8H PERCENT. ORl12220 

RE TURN OR 1122 it 
C ORI12222 
C TAPE OUTPUT-FILE "UMBER 1 ORI12223 
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c ....... ORI12224 
ORI12225 
ORl1222E 
OR 11~221 
OR 112228 
ORI122.,<; 
OR [ 12230 
ORI12231 
ORI122.32 
ORI12233 
ORI12234 

E"TRY O!wTTAP(J(OJ 
c ••••• 

GO TO(20B.21e, .KC 
2ee .RITE(91ITC"U~.NC06.c"eAR(I,.1=1.N006).R(N006) 
21 B 11 .. 1 TE ( 9' TI ME (JC) • (T 0 ( I • JO) • I =1. N006 , • 00« JO». Tao« J 0 •• HO« JO •• 

I TSATC«JO,.HSATO(,JO,.PSO(JO •• SFLUXCJO).TSURO(JO'. 
2 AMFC(JC) .OUALC(JO).RHBO(JO).RSFXO(,JO).RTSURO(JO'. 
~ MODEC(JO).CZE"O(I,.I=1.3) 

IOETURN 
E"O 

~~eRO"'TlNE OATE(JT.NCUT' ORll~235 
C CAK RIDGE INVERSE CeDE VERSION 1.0 4-1-77 ORl1223E 

OIMENSION JT(6) .AMe"'TH(l2)'MONTH( 12' ORI12231 
OATA AMONTH/·JA".·.·FEB.·.·MAR.·.·APR.·.·MAy ••• JUNE ••• JULy •• ·AUG.·ORIIZ23€ 

I .·SEP.·. ·OCT. • ,·"ov.·.· OEC.·/ ORI122J9 
DATA ~ONTH/31.29.31.30.31.30.31.31.30.31.30.31/ ORJI224C 
L=JT(l) ORI12241 
1= 0 0lH12242 

IC 1=1+1 ORI12243 
L=L-MC"'TH(I) ORI12244 
IF(L)20.15.10 ORI1224f 

15 A~=AMCNTH(I. ORI1224E 
IOAY=~ONTH(I) ORIl2241 
.RITE(NOUT.16) A~.IOAY ORI1224B 
IIFH TE (1 .16) . AM .Ic AY OR 112249 

IE FCRMATClH+.T72.A4.13./) ORI122:C 
ICE TURN OR I 122:1 

2 C A.,=AMCNTH (I) OR 1122:2 
IOAY=L+ MOhTH(I) ORI12253 
.~ITECNOUT.16' A~.ICAY ORI122f4 
UHTECl .16) ",,,,.1CAY ORI12255 
RETURN OR1122f4: 
E"O ORI12251 

C •••• ~~ •••••••••••••••••••• * •••••••••••••••• * ••••••••••••••••••••••••••• ORI1225E 
c ............................................................ * •• * •••• ** •• ORI122:~ c............................... . .. * •••••• *.* ••••••••••••••••••••• ORll~26C 
c ••••••••••••••••••••••••••••• CARD ••••••••••••••••••••••••••••••••• ORI122~1 
c ................................ INPur ••••••••••••••••••••••••••••••••• ORI12262 c.............................. . ............................ * •••• OR(122E3 
C •••••••••••••••••••••••••• ~ •••••••••••••••••••••••••••••••••••••••••• *.ORI122t4 
c ......................................................................... ORI122ef 
C CARD INPUT ~C!wTI~E ORI122tt 
C OR[12267 
C ORI1226S 

~~BRO~TINE I"FUTC OR11226~ 
C OAK RIDGE INVERSE CODE VERSION 1.0 4-1-77 ORI1221C 

c 
C 
C 

CCMMON /CCDAS~ITCS(348'.ICHTCS(348).ISJBCH(348).ITCM(106'. OR11227. 
1 ICHTCM(1061.ICHEIE(49).ICHEEE(49).ICHBWl.ICHBW2. ORI12272 
2 IRVOL(15.3).NTRYl(348'.NTRY2(106,.NTRY3(491. OR11227~ 
3 "TJ;Y4(49,.NBW1.NSIII2.ICUOOOJ. ORI12274 
4 hTC(348J.NCHTCS(343J.NK.IRSL8(15.31.NSLAS ORI12275 

CCMMON ~INP~l/ITChUM.~ICK.HEO(17'.IS(6).TCSS(6011.TCNM(601', ORI1221E 
1 OAVGG(601).TIMEE(6Jl'.TIMR(601),TeR(601J.TSATR(601,.ORI12277 
2 P"ESUR(601J.OUALR(601J.AMFR(601J.HBR(601J. ORI1227E 
~ SFLUXR(601,.TSuRR(601J.MOOER(601,.TRPENO.JRP ORI1227S 
4. IJ;F.leS7 ORl122EC 

OIMENSION IBlCS(35).IGTCS(35,.IGCH(35,.ISTCM(35J.IGTCM(3:,. ORl122El 
1 IBEIE(49). ICS(61 ORl122S2 

NI"=5 

READ HEAOI"GFC" THIS "UN 
REAOCNIN.3'HEO 

~ FCRMAT(10X.17A4) 

OR 1122E3 
OR1122€4 
OR1122S!: 
ORll':2eE 
ORl122E1 
ORI122Ee 
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C ORI12Ze<; 
READ(~IN,7' ICS.lCS7.I~P ORl12290 

7 FCRMAT(lOX.SI5. ORI1ZZS1 
C OR I 12Z<;2 
C READ 6AO SHEATH Te ~UMBERS AND ADJUST ItHYCS ORIIZZS3 

c 
C 

C 
C 

C 
C 

C 
C 

11 

~o 

2tO 

37 

4C 

4f 

57 

H 

Ee 

17 

EC 

12E 

137 

14C 

IF(lCSU)'EO.OIGO TC 28 OR 112294 
ReAD(NI~,17)~BTcs.(IeTCS(I).I=1.NeTCS' ORI12Z9S 
FORMAT(10X.7IIO) ORllZZ9( 
DC 20 j=l,NBTCS ORI12Z97 
DC 20 1 =1 .348 OR 11229S 
IFCITCS(I).Ea.I8TCS(JIJICHTCS(II=-~99 ORI122C;<; 
CONTINUE ORI123CC 

ORI12301 
READ NEW 'GOeD' SHEATH TC NUMBERS AND THEIR CORRESPONDING SCAN CHAORl12302 
1Ft ICS( Z) .Ee.OIGC TC 48 ORI12303 
READCNIN.37JNGTCS,(IGTCS(I),IGCHlIJ.I=I,NGTCS. ORI12304 
FORMAT( 10X,7110J ORI1230e 
0040 J=I,NGTCS ORI1230E 
DC 40 1;1,348 ORIIZ3C7 
IF(ITCS(I).EO.IGTCS(JJJICHTCS(I'=IGCH(jJ ORI123C6 
CONTI~UE OR11230C; 

ORI12310 
READ BAD MIDDLE TC ~U"BERS AND ADJUST ICHYCM OR112311 
IF(ICS(3J.EQ.0.GC Te 68 ORI12312 
REAO(NIN.57INBTC .. ,(IBTC.,CI),1=1,NBrCM) ORI12313 
FORMAT(10X,71101 ORI12314 
DC 60 .I=I.NBTC.. ORI12315 
DC 60 1=1,106 ORI1231f 
IF(ITCM(IJ.EQ.IBTCM(JJJICHTCMCIJ=-999 ORI12317 
CCNTINUE ORI1Z316 

ORll~31C; 
READ NE_ 'GOOD' ~IODLE TC NO.S AND THEIR CORRESPO~OING SCAN CHANNEORI1232C 
IF( ICS(4).EO.OJGC TC 128 ORI123Cl 
READ(NIN.77INGTCM,(IGTC~(I',IGCHlll.'=I,NGTCMI ORI12322 
FCRMA1(lox.7110) ORI12323 
00 80 j=l.NGTC~ ORI12324 
DO 80 1=1 .106 OR 112325 
IF(ITCM(IJ.EO.IGTCM(j»)ICHTCM(I.=IGCHlJ) ORI1232f 
CONTINUE ORI12327 

ORI12328 
READ 6AO SHU .. T CHANNELS OR11232<; 
(FeICSlS) .eo.o.GO TO 148 OR11233<: 
READ( NI ".137) .. asCH, (I eEl E( IJ. 1= 1. NasCHI OR 1123;': 1 
FORMATCIOX.7(10) ORI12332 
DC 140 j=I,NBSCH OR11233::J 
00 140 1=1.49 OR 112334 
IF(ICHEIE(II.eO.lBEIEejl'ICHEIEell=-999 ORI12335 
CCNTl NUE . OR 11«33f 
00 142 1=1.49 ORI12337 
IF(ICHEIE(II.GT.OIGC TC 142 ORI12336 
00 141 J=I.348 OR11233<; 
JROD=IFIXlFLCATCITCS(j.-3000001/1000.01 ORI1234C 
IF ( JROO.EQ. I J lOiTCS (J' =-999 OR 11,,341 

141 C(lNTINl.E ORI12342 
142 CONTINUE ORI12343 

C ORI12344 
C !ET-UP NTC. NCHTCS AR~AYS (DEPENDING ON VALUE OF ICS(61) OR112345 

C 
C 
C 

C 
C 
C 

14E CONTI"UE ORI1",346 
I T=I(5(6) ORI12347 

HE 

lEC 

lE€ 
1E7 

GO TO (158,168.178' .IT ORl1234€ 
OR11234<; 

FOR ICS(61=1. CRlNe CALCULATIONS ARE MADE FOR ALL 'GOOD' BUNDLE ORIIZ350 
l.fC'S ON THE DATA S'(STE", ORI12351 
~~=34e ORI1«352 
00 16() 1=1.348 ORI12353 
NTCCI'=ITCS(II ORIIZ3:4 
,,"CHTCHI)=ICHTCSU' ORI12355 
RETURN ORI1235E 

ORI12357 
FOR ICS(6.=2. ORlNe CALCULATIONS ARE MADE FOR THE T/C'S BETWEEN ORI1235S 
.. TSRT ANO ~TE"D IN THE ~RRA\, ncs OR11235<; 
~EAO(N(N.167."TSRT.NTE"'D ORI123EO 
FCRMAT(10X.21101 ORI123El 
~~=O ORI123E2 
,.=0 ORI123E3 
DC 17<: 1=1,348 ORI123E4 
IF(ITCS(IJ.NE .... TSRT.A"O.M.NE.l'GO TO 170 OR1123(5 
IItI<=NK+ 1 OR 1123Et 
IItlC(NK.=ITCS(I' ORI123E7 
NCHTC S( NKI =ICHTCSU 1 OR [123ES 
M=1 OR1123E<; 
IF( I Tcse I' .EO ... TENDJ "=0 ORIl237C 

17C CCNTINUE ORI12371 
PE TIJRN ORI12372 

C ORI12373 
C FOR ICS(61=3. CRI"'C CALCULATIONS ARE MADE FOR THE T/C'S SPECiFIED ORI12374 

17S READ(NIN.177' ... K.(NTCCII.I=I.NKI ORI12375 
117 FORMAT(10X.7110) ORI1231t 

C DETERMINE CHAN~ELS FC~ THE NTC'S SPECIFIED ORI12377 
00 180 1=1 .... K ORI1237S 
00 180 .1=1,348 OR11237<; 
IF" TCS( J). Ee. "'TCn) » NCHTCS CI ,= ICHr CS (,J) ORI1236C 
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C E~O OF MAIN CC~T~GL I~FUT 
END 

ORI12381 
ORI123e2 
ORI ... 38:= 
ORI12384 
ORI123Bf 

C 
C 
C ••••• THIS RO~TINE ~eADS THe AELAP-ORINC INTERFACE TAPE C~TAPE2) AND 
C ••••• LCADS THE ENTIRE TRA~SIENT DATA ON DISK (FILE 8); ENTRY INRELP 
C ••••• RETRIEVES THE TRA~SIEhT DATA FROM DISK AND LOADS THE RELAP ARRAYS 
C ••••• REQUIREO BY fi'AI~ 
C 

ORI123Bf 
ORllc:3e7 
ORI123se 
ORI123BS 
OR 1123 'iC 
ORl12391 
OR I 1 ",3<;2 

~lBROlTINE I~FT~F ORl123S3 
C OAK RIDGE INVERSE ceDE VERSION 1.0 4-1-77 ORl12394 
C ORI12395 
C ••••• CC~MON BLOCKS A~O OI.e~SIONS OR1123'if 

COMMON /CCDAS/ITCS(348,.ICHTCS(348 •• ISUBCH(348'.ITCM(106'. ORI123S7 
1 ICHTCM(106).ICHEIE(49'.ICHEEE(49'.ICHBWl. ICHBw2. OR1123se 
;: IRVOLU5.3' .NTRYI (34!U.NTRY.2( I06J.NTRV3(.9), OR 1123<;<; 
3 ~T"V4(49J.NBWI.NBw2.IC(1000.. ORI124CC 
4 ~TC(348J.NCHTCS(34SJ.NK,IRSLB(15.31.NSLAB ORI12.01 

COMMON /INPLT/ITCNUM.KICK.HEO(17'.IS(6'.TCSS(601,.TCMM(60I'. ORI12402 
1 QAVGG(601'.TIMEE{~)1"TIMR(60IJ.TBR(601),TSATR(601 •• 0R112403 
2 FRESUR(601"QUALR(oOlJ.AMFR(601',HBR(60IJ. ORI12.04 
~ SFLUXR(601).TSURR(601),MOOERC601"TRPENO.~RP ORI12405 
4. KRF,ICS7 ORI1240f 
CC~~ON /FSTCR/FCSOOO' ORI124C7 
DIMENSION SS(SOO,.ARR_VCSOZ,.NVOL(50',IARRAYC502,.AMODERC601' ORI124oe 
EQUIVALENCE (ARRAYC1,.IARR4YC1,).{AMODER(IJ.MODERC1') ORI124C~ 

C ORIlc:410 
C ••••• ::eT-up I/O DEVICES FOR I NPUTT ING AND STORING RELAP TRANSIENT CALC .OR112411 

ISHSB=O ORl12412 
~CLT=6 ORI12413 
NTAPE2=11 OR 112414 
RE~'ND NTAPE2 ORI12415 
IRP=1 ORl1241e 

C ORI12417 
C ••••• LCAO STEADY ST_TE ARR_V ORI1241E 

J=l ORI12419 
"EADCNTAPE2)ARRAY ORI1242C 
llMR(~)=ARRAYCl) ORIt24"1 
NSLBS=IARRAVC2. ORIl2422 
DC 10 1=1.50 ORI12423 

10 ~~OL(I'=IARRAY(I+2) ORI12424 
DO 20 1=1,500 ORI12425 

;:0 SSCI'=ARRAYCI+2) ORI124c:~ 
C ORIl2427 
C ••••• READ INTERFACE TAPE AND TRANSFER TO DISK UNT IL TAPE EOF IS REACHEOORI1242E 

~=O OR11242~ 
2E REAOCNTAPE2.ERR=48.ENO=68JARRAY ORI12430 

.F(ABS(ARRAY(l)-(Tl~R(J)+O.OSOJ •• Gr.O.OOl)GO TO 28 ORll2431 
J=~+l ORI12432 
lIMR(J'=ARRAY(I. ORI12433 
NLBS=IARRAY(2' ORI12434 
IFCNSLBS.NE.~LeS'GO TO 58 ORI12435 
00 30 1=3.502 ORI1243E 
N=N+l ORl12437 

3C F(N'=ARRAY(IJ ORI1243B 
IFeN.EO.5000) GO TO 38 ORI12439 
GC TO 28 ORI1244C 

3E _RITE(8' F ORI12.41 
IRP=IRP+l ORI12442 
lFCIRP.EQ.61'GO TO 78 OR11244~ 
N=O ORI1244. 
GO TO 28 OR11 .. 445 

4E .RITECNOUTo47) ORI1244E 
47 FORMAT(1Hl • • •••• AANI NG--INPrRP--ERROR ENCOUNTERED IN READING RELAPORI12447 

1 INTERFACE TAPE.'./.T22.·~OB TERMINATED,') ORIl244E 
~TOP ORI12449 

SE lIRITECNOUT.57'~SLBS.~Les.TIMRC~'.~ ORI12450 
57 FORMAT(lHl ••••• WARNIIIoG--INPTRP--OURING Tt'E READ OF A RELAP INTERFAOR112451 

ICE TAPE. A FILE .AS',/,T22,'READ IN WHICH THE NO.OF SLABS 010 NOT ORl124S2 
2"'ATCH THE ~().CF SLABS FRCfi' FILE ONE.' .,.T22, '~OB TERM INATEO ,',/, ORI124S3 
3T22,'NSLBS=o.I7,/.T22,'ARRAYC2.=',I7./.T22,'TIME IF FILE=o.FIO.5. ORlt24:4 
4',T22, 'FILE hC.='.I7) ORI12455 
~TOP ORI1245E 

EE 'RITEe8' F ORI124S7 
IRP=IRP+l ORI1245e 
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1E JRP=J OR11245<; 
IF(KRP.EG.O) KI"F=JRP ORI12460 
1RPEND=Tl~RC.JRF) 01'1112461 
RE III NO NTAPE2 01'1112462 
RE III NO 8 OR 1124(;3 

C OR112464 
c ••••• CHECI< TO SEE THAT 8/0 TI~ES (TIMEE) AND RELAP INTERFACE TIMES (TIMORI1246S 
C ••••• AI<E CGMPATISLE 01'1112466 

DO 80 1=1 .JRP ORI12467 
J=I OR 1 124Et! 
IF(ABS(TIMEE(I)-TlMIHOJ.GT.O.:)JO)GQ TO 88 OR11246 .. 

ec CCNTINIJE ORI1247e 
RE T!..RN OR 1124 71 

fa .RlTE(NOUT.e7JTIMEE(J'.TIMR(J' ORI12472 
E7 FCRMAT(lHl.· ••• WARNI"'G--INPTRP--RELAP ANO BLOWOOw,", TIMES ARE NOT CORI12473 

leMPAT I BLE. • ./. T22, • Joe TERM INAT EO.' • /. T 22.' TIME (6/0 I "·.F 1 0 .4. /. ORI12474 
2122.'1I"'E (RELIIP) "",FIO.4) ORI12475 

!OTOP OR1124?6 
C ORI12477 
C E~lRY TO RETRIE~E THE hU~BE~ OF SLABS IN THE RELAP MODEL 01'11 1247E 

ENTRY INPSLS(,,"18BLE' ORl1247'5i 
~IBBWE=NSL8S ORI124SC 
RE TUR,.. ORl124el 

C...... ORI124e2 
C ••• **FOR CALLS TO e"'TRY INRELP, RELAP PREDICTIONS FOR VOLUME PRESSURE. ORI124e3 
C ••••• ~OLUME TEMPER~TURE. VCL.AVERAGE QUALITY. SLAB SURFACE HEAT FLUX. ORI12484 
C ••••• HEAT TRANSFEI< CCEFF •• SLA8 SURFACE TEMPERATURE. AVERAGE VOL.MASS ORI124E5 
C ••••• FL~X. SATURATIC,," TEMPERATURE. AND HEAT TRANSFER NJOE AT THE SLA8 ORI124e6 
C ••••• S~RFACE ARE RECCVERED FROM DISK STORAGE AND STORED IN THE APPROPRIORII24E? 
C ••••• ARRAyS AND RETVR"'EO TC ~AIN ORlt24ee c........ ORI124e"i 
c ORI1249C 

EI'oTRY INRELP OR1124 .. 1 
C ai'll 124'5i2 
c ••••• OETERMINE PROPER VCLUIIIE FOR THIS T/C OR 1124 .. 3 

C 

IROO"IFIX(FLCAT(ITCNU~-300000J/l000.0' OR1124'5i4 
ISGV=IFIX(FLOAT(lTC~U~-300000-IROo*lOOO)/100.0) ORI124'5i5 
I TCL=I TCM)III-300000-1 RCC.l000-ISGV*100 ORlt;;:496 
00 90 1=1.348 OR1124 .. 7 
I !OH=I OR 1124 .. e 
IF(lTCNUM.EQ,ITCS(UJGC TO 98 - OR1124 .... 

"C CONTINUE ORI',,50C 
se N~OLUM=IRVOL(ITCL.ISU8CH(ISH" ORI12501 

I'o!OLAB=IRSLB(ITCL.ISUBCH(ISH)' ORI12502 
DC 100 l=l.NSLBS ORI125C~ 
ISH=I ORI12504 
IF(NVOL(l).EC.I'oVCLUM)GO TO 108 ORI12505 

ICC CONTI ... VE ORI12506 
.RI TE( NOUT.l 07) I TC"'U~. "VOLUM, U. NVOL (1).1= 1. NSLBS' OR It25C? 

le7 FCRMAT(IHl.· •••• ARNlNG--INRELP--RELAP VOLUME NUM8ER ASSOCIATED WlTORlt25Ce 
Hi TI'C NUMBER '.11 0./. T22. 'WAS NOT FOUND IN NVOL ARRAY • .JOB TERM INA TOR 11 .. 5<: 'Ii 
2EO.· ./.T22.. 'VCLU~E fl.UIIBER ", •• 15. f. (T22.' NVOLe·. 13.' )='.15)' ORI12510 

~ lOP OR 1 1 .. 5 11 
tCE CONTINUE ORI12S12 

1Ft ISHse .EG, ISH' GC TO 128 ORIl2513 
ISHSB=ISH ORII2514 

01'1112515 
C ••••• LOAD T8R. P~ES~R. QUAL~. AMFR. HaR. SFLUXR. TSURR. AND MODER ARRAYORI1251~ 

,J=1 
FI<E SURe ,J, = 
lSRt ,J' = 
CUALR( ,J)= 
~FLUXFH .Il = 
HBR(,JI= 
l~URR(..U = 
AMFR(,J) '" 
l!OATR(..J)= 
A~OOER(.J) = 

5S(lSH+50. 
SS(lSH+I00) 
SSCISH+150) 
SS(ISH+.200) 
sse ISH+.250. 
55(1SH+300' 
SS(ISH"350) 
sse ISH"400) 

SSU SH .. 450J 
C----~T IRP TO 

IRP=I 
1 ANO START RETRIEVAL 

C 

11 e RE AD ( e) F 
IRP:I RP+l 
DC 120 1=1.10 
J=..J+ 1 
IF( J.Gl.JRP'GC TC 128 
1(=(1-11 .500 
PRE SUI< ( J) == 
TBR( J) = 
GI.;ALRe J)" 
~FL\JXR(.J) = 
HBR( Jl= 
lSURRC.",= 
A fl/FR C ..I)" 
l!OATRC.JI= 
AMOOER( J) .. 

12C CONTlNI.E 
GC TO 118 

12 E CONTlMJE 
RE III NO 8 
RETURN 

F(lSH+t(+50) 
F(lSH+t(+100) 
F(lSH+K+150' 
F ((SH+I<+200' 
F ( ISH+I<"250) 
Fe 1 SH+ 1<"30 0 ) 
F (lSH+I<+350) 
F(lSH+I<+400) 

F ( I SH+ t(+450 ) 

C ...... E ... O OF LOAOI~G 
EI'oO 

FROM OISI< (FILE 8. 

ORlt251? 
ORI1251f 
ORI1251o; 
OR11252<: 
ORll.c:5~1 
ORI12522 
OR 112523 
OR112524 
ORI12525 
OR112526 
ORI12527 
ORI1252f 
OR11252'!i 
ORl1253C 
OR1125~1 
ORI12532 
OR 112533 
01'1112534 
ORI12535 
ORI12SU 
ORI12537 
OR 11253e 
OR 11 253<; 
ORIl2.540 
ORI12541 
ORI12542 
ORl12543 
ORI12544 
ORI12545 
OR 11254E 
ORI12541 
ORII254E 
ORI12549 
ORI1255C 
ORI12551 
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C ..... THIS ROI..TINE CINCLUDES ENTRIES INPTBD AND INBD' READS THE BLOIII-DOIlORI125!:2 
C ••••• TAPE CNTAPEl'. DETER~I~ES THE INIT[ATION OF SLOWDOWN. LOADS THE OR1125!:3 
C ••••• NEXT 30 SECONDS CF THE BLOWDOWN PERIOOON DISK; THEN RETRIEVES FROOR1125!:4 
C ••••• 1HE DISK THER'-.CCQUPLE AND POWER RESPONSES AND LOADS THE TCSS. TCNMORI12555 
C ••••• A .. D OAVGG ARIUYS REC;UIRED ef MA[N OR1125!:E 
C OR1125!:7 

H.BRO\'TlNE I .. FTBO ORIl25!:E 
C OAK RIDGE [NVERSE CODE VERSION 1.0 4-1-77 OR1125!:S 
C ORI12560 
C ••••• C(M ... ON BLOCkS " .. 0 Ol'-E"S[ONS ORI125El 

COMMON /CCOAS/ITCS(348'.[CHTCSC348 •• IS~BCHC348t.ITCN(106'. OR[125E2 
1 ICHTCMCI06,.[CHEIE(49'. ICHEEE(49'. [CHBWI. ICHBIII~. ORI125E3 
~ IRVOLC15.3 •• NTRYIC348 •• NTRY2CI06,.NTRY3C49.. ORll~!:E4 
3 NT~Y4C49,.NBWl.NBW2.[C(1000', OR1125E!: 
4 ~TCC348'."CHTCSC34B,.NK.IRSLBCI5.3 •• NSLAB ORI125EE 

COMMON /[NP\'1/ITCNU~.KICK.HEDC17'.ISC6'.TesSC601'.TCMMC601'. ORI125E7 
1 QAVGGC601J.TIMEE(bOlJ.f[NR(601J.TBR(601J.TSATR(601J.OR11256E 
2 F~ESURC601'.QUALRCbOl •• AMFR(601,.HBR(601'. ORI1~!:E~ 
.3 SFLUXR(601 •• TSURR(bOl •• MODERC601,.TRPENO.JRP ORI1257C 
4. IRP.ICS7 ORI12571 

C(MMON /PI N/ ~HT(15 .7 •• PFFR( 15.2 •• TCL( 15J.SGV (7J. K...ENG(49. ORI12572 
CCMMON /FSTCR/F(5000. OR1l257.3 
DIMENSION 5U,",(500 •• S(1000'.SS(500J.JT(6' ORll~!:74 

C 
C ••••• SET-UP I/O DEVICES 

NOI..T=6 

C 

NTAPEl=10 
REIII[ND NTAPE1 
IBD=1 

FOR INPUTT[NG AND STORING 8/0 DATA 

C ••••• READ SCAN TA8\'E FROfl( 8/0 DATA TAPE AND SET-UP ENTRY NO. ARRAY 
READ(NTAPE1'[C.[O 
CALL SCAN 

C 
C ••••• ZERO SUMMAT[(N 

DO 10 [=1.500 
10 H.M( [ , =0. 0 

NSU~=O 
C 

ARRAY 

ORI12575 
OR 11257E 
ORI12577 
ORI1257E 
OR 11~5H 
ORI125EC 
OR 1125E1 
ORI125E2 
ORI12583 
OR11~584 
ORI125E5 
OR 1125Ef 
ORI125E7 
ORIl25EE 
ORll~5ES 
ORI125SC 

C ••••• FROM BEGINNI~G OF TAPE TO TRIP POINT DETERMINE 
IE READ(NTAPEl.ER~=38.E"D=48'ID.JT.S 

MEANS FOR ALL ENTRIORI125S1 

C-----CHECK BREAK IIIIRE CHA .... ELS FOR B/O 
IF(S(NBllll •• GT.l.0.0R.S(NB.2,.GT.l.0JGO TO 58 
DC 20 [=1.500 

2C SUM(I'=SU~(I'+SCI' 
NSlIM=NSlIM+l 
IFCS(NBlll1+500,.GT.1.0.CR.S(NBW2+500,.GT.1.0JGO TO 78 
DO 30 [=1.500 

3C !lM(['=SUMCI'+SCI+500' 
.. !UM=NSUM+l 
GO TO 18 

3E .RITECNOUT.37, 

ORI12592 
OR 112593 
OR 112594 
OR1125~5 
OR 1125 'it 
ORI125S7 
ORI125SE 
ORll~5~S 
ORI126CO 
ORI12601 
ORI12602 
ORI12603 

37 FORMATCIH1.· ••• IIIARNING--INPTBD--ERROR ENCOUNTERED 
ID(.N DATA TAPE. ·./.T22.·.I0B TERMINATED •••• 1 ••• • J 

STOP 

IN READING BLOW-OR I 12604 

4E .RI1ECNOUT.47, 

ORI12605 
ORr 1~60E 
OR [ 12607 

47 FORMATC1Hl.· •••• ARNING--INPTBD--EOF ENCOUNTERED 
1TRIP pOINT. "./.T22.·JCB TERMINATED." J 

DURING SEARCH FOR OR[126CE 

SlOP 
C-----BREAK FOUND IN FIRST FILE (FIRST 500 ENTRIES. 

!:E 00 60 1=1.500 
EO SSCI'=SUMCIJIFLCATC"SUM, 

00 70 1=1.6 
7C I SC II =JTCI , 

"=0 
G( TO 109 

C-----BREAK FOUND IN SECOI\D FILE CI.E •• SECONO 500 ENTRIESJ 
7E DC 80 [=1.500 

C 

EC 55(1'=SU~CIJ/FLCATC"SU'-J 
DC 90 1=1.6 

~c ISClJ=JT(U 
1'1=0 
00 100 1 =501 .1000 
~=N+l 

ICC FCN)=SU) 

C ••••• REAO BLOIll-OO.~ TAPE A .. O STORE FIRST 
Ice READCNTAPE1.ERR=138.EhO=148JI0.JT.S 
I(S 00 110 1=1.500 

~::N+1 

lie FCN'=SCIJ 
NO SK=2 
IFCN.EQ.5000' GC TO 128 

liE DO 120 [=501.1000 
N=N+1 

12C FCN'=SCU 
NOSK=l 
IFCN.EQ.5000J GO TC 128 
GO TO 108 

12E lRITE(7' F 
IBO=180 + 1 
IFCIBO.EO.61'GC TO 158 

30 SEes OF B/D ON DISK 

ORll~6CS 
ORI12610 
OR[12611 
ORr 12E12 
OR[12613 
ORI12614 
ORr 1~615 
ORll .. 61E 
ORI12617 
OR 112618 
ORI1261S 
OR1126~C 
ORI12621 
OR [ 126 .. 2 
OR11262.3 
ORI12624 
ORr 1~625 
OR[1262E 
ORI12627 
OR1126~E 
ORIl262S 
OR[12630 
ORI12E31 
ORI12632 
ORI12633 
ORr 12634 
OR11~635 
ORr 1263E 
ORI12637 
ORI1263E 
ORr 1263S 
OR [12640 
ORI12641 
ORI12642 
ORI12643 
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~=O ORI12644 
G(! Toe 108,118) '''051( OR 11264!: 

1:: I: ltlU TE (NOliT .137) OR I 1264f 
137FORMAT(IHl.· ••• ~ARNING--INPraO--ERRaR ENCOUNTERED IN READING SLOW-GRII2E47 

lDCWN OATA TAPE.·./ .T22 •• .JOB TERMINATED •• **2***" ORI12648 
~TOP ORI1264~ 

141: ItRI TE(NO\;T .147' OR112t:50 
147 FORMAT(lHl.· •••• ARNING--INPrSo--EOF ENCOUNTERED DURING TRANSFER OFORI12651 

1 FIRST 30 SECGNDS OF 60 DATA FROM rAPE TO 0ISK.·./.T22.·.J06 TERMINORI12652 
2AlED.·, ORI12653 

elOP ORI 12654 
151: CONTI NUE ORI12E55 

REltiND NTAPEI ORI12t:SE 
REltiNO 7 OR11265; 

C 
''' •• ''.eET-UP Tl ME .. f< .... Y 

OC16CI=1.601 

c 
lEC lIMEECI)=FLGATCI-l).0.05 

f'ETURN 

C ...... * 
, •••• *FOR CALLS'TO eNTf<Y INSD. THE SHEATH T~C RESPONSE. MIDOLE 
, ••••• CIF ANY •• ROO AMFEf<AGE. AND GENERATOR VOLTAGE DURING THE 
C ••••• TRANSIENT ARE RECOVEREO FROM DIS~ STORAGE. STORED IN THE 
' ••••• ARRAYS AND S~CCTHED (THREE POINT SMOOTHING) 
c •••••• 
C 

E" TRY I NBO 
' ••••• eET-UP ENTRY NUMseRS FeR THIS CALL 

IROO=IF[X(FLCA1('TC"UM-300000)~1000.OJ 
leGV=IFIX(FLCAT(IT'''U~-300000-IROD*1000)/100.0) 
I1CL=ITCNU~-300000-IACD*IOOO-ISGV*100 
Il'MO= 300000+IRCO.IOOO+700+1TCL 

'-----DElERMlNE IF THERE IS A 'GOOD' MIDOLE T/C CORRESPONOING 
00 170 1=1.106 
1104=1 
IF(ITCMO.EQ.ITCMCI)'GC TO 178 

17 e CONTI NUE 
.. lCM=O 
GC TO 198 

171: IF(ICHlCM(IM,.GT.O'GO TO 188 
.. lCM=O 
GO TO 198 

l£f NlCM=NTRY2(1~) 
C-----OETERMINE THE SHEATH T/C ENTRY N~MBER 

l'iE DO 200 1=1.348 
I eH=I 
IF(lTCNUM.EO.ITCS(U)GO TO 208 

2ee CCNTlNCE 

ORI1265e 
OR I 126S~ 
ORI126t:O 
OR1126f1 
OR I 126t:2 
ORl12663 
ORI126E4 

T/C RESPOORI126E5 
BLOW-OOWNORI126EE 
APPROPRIAORIl26E7 

ORI126tS 
ORI126tS 
ORI1267C 
OR112671 
ORl12672 
ORI12673 
ORI12674 
ORI12615 
ORI12676 

TO ITCNUM ORI126?7 
OR 11267S 
OR 11261S 
ORI1268C 
ORI126S1 
ORI126E2 
ORI126S3 
ORI1261:4 
ORI126SS 
ORI 1261:t 
ORI126f1 
ORI126fe 
OR1126ec;; 
ORIl26C;;C 
OR I 126S1 
OR1126C;;2 
ORI126S3 2 (I: II. TC S=NTRYH I SH' 

C-----eET ~E ENTRY NUMBERS 
"E IE =NTRY3 (I FoCO) 

F(lR THE SHlINT AMPERAGE AND GENERATOR VOL TAGEORI 126C;;4 

~EEE =NTRV4 ( I I:CO) 
C 
C ••••• LeAO TC SS. TCfoI ~. AND OAVGG ARRAY S 

..1;1 

C 

leSS(.J) = SS(~TCS) 
QA VGG ( ..I) :SS( NEIE' *5S ( .. £EE'I' 1000.0 * (3412.9/3600 .O)/tt.. ENG( IROO) 
[F(NTeM.NE.O)GG TO 218 
'1CMMC .. "=O.o 
GO TO 228 

21E TeMM(.J):: SSCNTCM) 
"H CCNTlMJE 

IBO;:I 
23f REAO(7) F 

IBO:160+ 1 
00 250 1=1.10 
J;.J+ I 
1(=(I-l).SOO 
lCeS( .J)= F(IIoTCS+I(' 
QAVGGC.J)=F(NEIE+K'*F(NEEE+K)I'IO)O.0*(3412.9/3600.0)/HLENG(IROO) 
IF(NTCM.NE.O.GC TO 246 
TC~"'( J) =0. 0 
GC TO 250 

24E TCMM(.J'= F("TCMfoKI 
2f 0 CONTI NI.E 

IF(IBD.NE.61)GC TO 238 

c ••••• e~oo~ TCSS. TC ••• ~AVGG DATA 
CALL S~OO~(601.TCSS) 

C 

CALL S"'GGTH(601.TCM~) 
DO 260 1=1.601 
IF(QA~G(IJ.LE.0.001JCAVGG(IJ;:O.0 

2fC C(lNTI HUE 
.. elllND 7 

c ••••• eNO OF LOADIIIoG AND SMCCTHING. RErURN 
RETtJRH 
END 

OR 1126SS 
OR I 126C;;6 
ORIl26S7 
ORII26SE! 
ORI126C;;'i 
QRI127CC 
OR I 1.27Cl 
ORll,2702 
ORI127C3 
OIU 12704 
OR11270S 
ORI1270f 
OR 112707 
ORI127ce 
OR1127CC;; 
ORI1271C 
ORII,,711 
ORI12712 
ORI12713 
ORl12714 
OR112715 
ORI H7U 
ORI12717 
ORI1271S 
OR1127l'i 
ORI1272C 
ORII",7'" 
OR 112722 
ORI12723 
ORI127Z4 
ORI12725 
OR Il272E 
ORI12727 
ORI1272t.! 
OR11272'1O 
OR11273( 
ORIt27:!t 
OR1127::2 
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!lBRO~TINE S~OOTH(~.YJ 
C OAK RIDGE INveRSE CCDE VERSION 1.0 4-1-77 

ORI12733 
ORI12734 
ORI12735 
ORI1273E 
ORl12737 
OR11273e 
OR11273<; 
ORl1274C 
ORl12741 
ORI12742 
OR11274.3 
ORI12744 
OR 112745 
ORl1274E 
ORI ... 747 

C 

C 

DIMENSION YO» .YStlOOO) 
DC 5 1= 2.N 
IF(ABS(Y(I-1,-Y(I' •• GE.I00.0. Y(l.= Yll-i. 

~ CONTI HUE 
YSO) =y(u 
NN=N-l 
00 10 1=2.NI\ 

lC YS(I,=(Y(I-l'+Y(I)+Y(I+l)'3.0 
Y!(NJ =( Y(N-2HY(N-l .+Y.(N' "3.0 
DC 20 l:l.N 

.2C 'f( I) :YS( It 
FIE TURf\! 
e ... o 

SlaRO~lINE COTI ORI1274f 
OAk RIDGe INVERSE CODE VERSION 1.0 4-1-77 OR11274<; 

COMMON 'COEFF' .. lCS(348,.NTCM(34S,.OATC348.3,.PFAX(34B',K04(348J. ORI1275C 
1 CeNO(348.4 J .VR11348 J.KOI (:348). CMGO( 348.5). VR 2( 348). ORI12 751 
.2 K02 (348' .GAPCF( 348.3 .. GAPS D(348 • .3 .. VR3( 348' ,KD3( 348JORI 12752 
3 ,GAPO(348).TN005(348J.TNS(348).FEeaeE(34BJ.ZERO(348.6)ORl12753 
4 .P~SS(348' .TMAX(349' ORll.27S4 

COMMON 'INP~T'ITCNUM.KICk.HED(17,.IS(6).TCSS(601),TCNMI601'. ORI127SS 
1 QAVGG(601J,TIMEE(6)lJ.TIMR(601J.T8R(601J.TSATR(601,.ORI1275E 
2 PRESUR(601 •• GUALR(601.oAMFR(601',HBR(601" ORI127S7 
3 SFLUXRC60 I) ,TSIJRR(60 lltMOOER(601 .. TRPENO.JRP ORU27SE 
4. IRP.JCS7 ORII.27S~ 

OUENSION SG\;(7) .TCLU5 •• ALPHM(2,6.. ORH27EC 
1 ALPHAI ( .... 12) • ALPHA2 (4, 11,. A1..PHA3( 4, 13) OR 1127EI 

OA TA SG V/ IHA ,I He ,I HC.l HO .IHE ,I HF. IHW OR I :1.2 7E2 
DATA TCL/IHA.IH8,IHC.1HO.IHE.IHF. lHG.1HH.l~I.1HJ.1HK. ORI127E3 

1 IHL,lM/I!,IHh.1HCV ORI127f4 
DATA ALPHA4/'BY ,".·BY C·.·NOllf·.·RNL-·.· RES·.·.DWG '. ORI-127f5 

1 ·ISlA·.'76-3·.·NCE '.'668 ·.·CIIL.·.··/ ORI-127ft 
DAlA ALPHAl'·OETE·.·OETE·.·OETE·.· ••• C·.·RMIN·.·RMIN·.·RMIN·. ORI12767 

1 ·OEFF'.'EO F','EO F·.·EO F'.'ICle'.'OR T'.·OR T', ORIl.27tf 
2 oCR ",'NTS ·.'HE A".'HE S','~E B'."NOT '. Okl127E9 
3 'eC"E'.'PECI'.'IJNOL'. 'LOAO',' SPE·. 'Fle ','e '. ORI-I.c77C 
4 'ED F'.·eIFI',·CT'C·.· ','ER T','C IT'.') PO'. OR11.2771 
!: • '.'HE A','CS'I', 'IfER '.' " 'SOVE','TCM " ORI'12772 
6 ·LEVE·.· ',' DAT·.·PAIR'.·L '.' '.·E ••• '/ ORI:1277:': 

DATA ALPHAZ./·OETE·.·OETE·.·OETE·.·.COE' .·RMIN·. ·RMIN'."RMIN', 01011:12774 
1 °FFIC' .·EO F' ,'EO F', 'ED B'.' IENT'.'OR T·. 'O~ T". ORI:l.277S 
.2 'Y A ',"5 ... co ."HE A'." HE S". 'PORO', 'T L()I. 01011 1277f 
3 'ecvEo.'PECI·.'SITr·.·AOEO',' SPE·.'FIC '.' FIT', ORI~2777 
4 ' FE .. •• 'CIFI'.'TfC '.' •• t THE·.·C T/·.·LEVEt, ORI I1277e 
5 "'. t ABC' o'C PA', 'L ',' ". 'VE D'.' IR·. ORI'I2779 
E ".' '.' ATE.·f ORl'1.27EC 
DAlA ALPHA3/ 'DETE' ,·DETE'.· DETE·. ' •••••• • RMIN' ,'R'4IN·, • RM IN', OR lil.276 1 

1 ' CDe','ED F','EO F·.·ED a·,·FFIC·.'OR T·.·JR T'.'Y US'. ORI1~7S2 
2 'rEflT','HE A'.·HE S','ING ','S NO'.' 6OVE·,'PECI'.'THE 'f ORIiI27e;; 
:.3 'T Le',' SHe't'FIe '.·BIAS','Aoeo·.·ATH ','T.le ',' GAP'. ORl:127E4 
4 ' PER','T'C '.'Leve· t" "AL' " THE',' '. 'L. '. 'UE A', ORI'1.27E!: 
!: 'ASC',' '.' '.'S A '.'ve 0',' ',' ','MEAN', ORI-127fE 
e 'ATE '.' ',' ',' GAp·.· •••• ·" ORI1~7f7 

C-----INPUT DATA FR~~ COEFFICIENT OArA TAPE 
ORI127ee 
ORI127ES 
DIU 127<;C 
ORII27 ... 

c 

.. lAPE3=12 
REIlINO NTAPE3 
DO 10 1:1.348 
REAO(NTAPE3.ENO=148'NTCS(IJ.NTCMCI).(OATCI,~'oJ=I.3' 
REAOCNTAPE3,ehO=148JPFAXCI,.KD4(f' 
READ(N1APf3,EhD=148.eCBNO(I,J,.J=I.4).VR1CI"K01Cf) 
READ(NTAPf3.fND=148'(C.GOCI.J',J=1,5"VR2(1"KD2(1,.PRS5(1) 
READCNTAPE3.e"'0:148)'GAPCFCI,JJ,J=1,3,.CGAPSOCI,JJ.J=I.3J,VR3(IJ, 

1 K03( I. ,GAP~U' ,TNOOS'" ,TNS( U .FEEBEE( I ',TMAX( I) 
REAO(NTAPE3.eNO:148'CZE~O(I.J'.J=1.6' 

1 C CONTI NLE 
RE III NO NTAPE3 
RETURN 

14E IIRllEe6.17) 
17 FORMAT(IHl •••••• ARHING--CDTl--ERROR ENCOUNTERED 

- IIENT DATA TAPE. '.,.TZO,·JOB TERMINATED." 
SlOP 

ORI12792 
OR 1127'i3 
ORI12794 
0101112_7"5 
ORI127S': 
ORU27'i7 
01011 127U 
ORIt27"'; 
01011 12e( 
ORI126Cl 
ORI12802 
ORI12S(;; 

c ••••• 

IN READING cOEFFICORIl2804 
0101112805 
ORll.28(E 
ORIl2EC7 
ORI1280e 
ORll.2BCS 
0101112810 

ENTRY COT 
C ••••• 



C 

C 

C 

2CC 
2CE 

NOlo T=6 

DO ZOO .1=1.348 
I=J 
IFC ITC"'.M.EC.~TCS(.JI' 
CONTINUE 
CCNT! NIJE 
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GC TO 208 

ORIIC811 
ORI12812 
ORI12813 
ORI12814 
ORI12815 
ORI1281E 
OR112817 
ORl12818 
OR11281~ 

NROO=IFIXCFLCATCNTCSCI'-300000'/1000.0' ORI12820 
hSGV=IFIXCFLOATChTCSCI)-300000-NROO.1000"100.0' ORI12821 
~lCL=NTCSCII-300000-~~OO.1000-NSGV.l00 ORI12822 
NBROO=NROO • 300 ORI12823 

C----'RI TE DATA F~e .. COEFFICIENT T APE FOR ITCNUM ORI12824 
ItRllE C NDUT.3' I TC~UM.MED OR 112825 
IIIRllECl.3' ITC~U".HED ORI1282E 

3 FORMATC1H1.16.20C1H.,.25H CALISRATION INFORMATION .25C1H*,.". ORI12827 
112 .6C lH.' .1 7A4 ." OR 11282E 

IIIRllE C NOI,;T .13' ... ERGO .SGV CNSGV I. TCL CNT CL' OR11282~ 
IIIi'll TE Cl .13' ... SReo.SGVCNSGVI .TCLCNTCL' ORI12830 

13 FORMATCT2.' ••••• THER"OCQJPLE NO. ·.13.·-',2Al,") ORI12831 
IFCNTCMCI).NE.OI GO TC 32 ORI12832 
ItRITECNOUT,231 ORI12833 
ItR I TE Cl .23) OR 112834 

23 FORMATC '.'.' ••••• "IDDlE T/C -- NONE'.", ORI12835 
GO TO 42 ORI1283E 

32 IIIRITECNOUT.33' NEROD.SGVC71.TCLCNTCLI ORI12837 
IIIRITECl .33' ... BRCO.SGVC7,.TCLCNTCL' ORl1283E 

~3 FORMATC'.'.· ••••• MIODlE T" --- '.I3.·-'.2Al.", ORI12839 
42 ItRllECNOUT.43' CO~T(l • .J' • .J=1.3' ORI12840 

"RITEll .431 CDATCI • .JI • .J=1.31 ORI12841 
43 FeRMATC'.'.' ••••• DATE OF LAST MODIFICATION: '.3A4.", ORI12842 

IIIRITECNOUT.53' PFAXCI) OR11284~ 
'RlTEU .53IFFAXCI) ORI12844 

e3 FeRMAT('.·.' ••••• AXI~L POWER PEAKING FACTOR IS: '.F7.4." ORI12845 
ItRITECNOUT.631 C~LPHA4CK04CII • .J' • .J=1.61 ORI1284E 
ItRITE C 1 .631 CALPHM CK04 (I I.J 1 • .1=1. 61 ORI12847 

E3 FCRMAT('.·.T7.'OETERMI ... EO '.6M./" ORI1284E 
IIIRITECNOUT.73' C~LPH~lCK01(1'.J' • .J=1.121.CCBNOCI.JI.J=1.4J.VRICI' OR11284~ 
IIIi'll TE C1 .731 C ALPHAI CKOI CI toJ 1 • .1=1.1210 (CBNOC I.J 10.1= 1. 4,.VR 1C l'OR112850 

13 FORMAT(· .......... CCEFFICIENTS FOR TEMPERATURE PO~YNONIAL FIT OF KORl12851 
lBN'.,.T7.12A4.,.T7.·C(lJ= ·.E1S.9./.T7.'CC2'= '.E15.8.,. ORI12852 
2 T7. 'CC31= ·.E15.8.,.T7.·CC41= • .E15.8.".T7. ORI128e3 
3 'VARIA~CE (F FIT= '.E15.8./.T7.·UNITS FOR KeN FIT: STU'C~.FT*oRI128e4 
4.2/FT*F,' .,,, ORI128e5 

IIIRITECNOUT.83' C~LPHA2CKD2CIJ.J,.J=1.11'. CCMGOC I.J,.J=1.51 ORI1285E 
IIIRllECl .831 C ALPHA2 CK02C I tool , • .1=1.11 I. CCMGOC I.J , • .1= 10 5' ORI12857 

83 FORMATC·.·.· ••••• CCEFFIEIENTS FOR TEMPERATURE PO~YNOMIAL FIT FOR ORI12858 
IK~0·.',T7.11A4.'.T7.'CC1'= ·.E1S.S./.T7.'CC2J= ·.EI5.8.,.T7.·CC3JORI128es 
2= ·.E15.S.,.T7.·CC41= ·.E15.S./.T7.'CCS'= '.E15.S.,,) ORI12860 

IIIRITECNOUT.93J V~2(J'.PRSS(JI ORI12861 
ItR llE C1 .931 VR2 ( II • FRSS CI I OR I 12862 

S3 FCRMAT('.·.T7.·VARIA~CE OF FIT= ·.E1S.8.,.T7.'UNITS FOR KMGO FIT :OR1128E3 
1 BTU/CHR*FT •• 2'FT.F'· ." .T7.· ACTUAL MGO POROSITY CALCULATED VIA MORI128t4 
200IFIEO'.,.T15.·RUSSEll EQUATION: ·.E15.8.", ORI12E65 

III RIlE C NO U T • 1 031 C ~ l PH ~ C K 03 CI , • .I J • .1= 1 • 13 J OR lie 8 t E 
IIIRllEU .103ICALPHA3CK03CU.JIoJ=1.13' ORI12867 

1(3 FORMAT(·.· ••••••• CCEFFICIENTS FOR THE THERMAl.. EXI>AIIISION GAP MOOELORI128EE 
1 FIT'.,.T7.13A4.,,' OR1128E~ 

.RITECNOUT.113'CGAPCFCI.JJ.GAPSDCI.JJ • .J=1.3' ORI12870 
111,.1 TE ( 1 .113 I C GAPCF C I • J I. GAPS DeI. J J. J= 1.3 I OR I 12871 

113 FeRMATC·.'.T7.·CC1,= '.EI5.8.4x.·SD= ·.E15.8.'.T7.'CC21= ·.E15.8. ORI12872 
1 4X.·SO= ·.E15.8.,.T7.·CC31= ·.E15.8.4X.·SD= ·.EI5.8.", ORI12873 

IIIRllE C NOUT .1231 VR3 (I I .GAPOC II ORI12874 
IIIRITECl .123,VR3(lI.GAPO(l1 ORI12815 

123 FORMATC'.'.T7,'VARIAhCE (F FIT= ',E15.8""T7,'GAP CA~CULATION AT ORI1287E 
ITME BIAS POINT :',T53.F7.4.T63.'CMllS".,,' ORI12817 

ItRlTECNOUT.133J TNOO5CIJ.TNSCIJ.FEEBEECIJ ORI12878 
Ill'll TE Cl .1331TNC05 C I' .TNS (I I. FEEBEEC I I ORI1287S 

133 FORMATC '.',T7,'SIAS TE"P. INSIDE 5.5.5. NODAL TEMP. :'.T53.F7.1. ORI1288C 
1 T63.'OEG. F'.,.T7,'BIAS TEMP. OUTSIDE 5.5.5. NODA~ TEMP. :·.T53,ORI12881 
2 F7.1.T63.·DEG. F'.,.T7.·SIAS FLJX : '.F10.l.· BTU'HR'FT •• 2'",J ORI128B2 

wRllECNOlJT.1431 TMAX(l) ORI12883 
ItRllECl ,143JT .. AXCIJ ORI12884 

143 FORMATC'.'.T7,'THE foI.AXIMUM TEMPERAfJRE FOIC WHICH THE ABOVE'.',T7. ORI12BEe 
1 'REGRESSION FIT IS ~PFLICABLE IS '.F8.2.' DEG. F" ORI128EE 
RETUR~ ORllceE7 
END ORI12888 
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BLOCK DATA 
CA~ RIDGE INIIE~SE ceDE IIERS ION 1.0 4-1-77 

0><11288S 
0I'<Il'<:8SC 
OIH 128S1 

LeGICAL SLAB ORI128S2 
CC~MON /NOOES/~~GO.~HT.~CU.NBN.N5S1.NSS2.N002.N003.~004.NOD5.NOD6.0HiI28S~ 

1 ~~.NH.~C.~B.NS.N[N.Nour.R(40).RBAR(40».RHEAT(7', ORI128<;4 
2 tL~MGC.CL~HTR.DLRCJ.DLRBN.DLRSS1,OLRSS2 ORi128ge 
CO~MO'" /PIN/ RHTU5.7J.PFFRClS,2t.rCL(151.SGII(71.H_ENG(49. ORI128Sf 
ceMMON /CCOAS; UCS(3481 .ICHTCS (348)>. ISJBCt«348 to [fe'4( 106,. OR 1128S7 

1 ICHTC~(106).ICHEIE(49,.lCHEEE(49J.ICHBW1.ICHBW2, ORI128~€ 
2 I~~OL(15,31.NrRY1(34a),NTRY2(106),NTRY3(49). ORI128SS 
3 "TI'<Y4(491 ,t'lBW1,NBII2, IC(1000" ORI12':;CC 
4 "TC(3481 • NCHTes (34~" NK, IRSLB( IS, 31. NSL. Au ~ OR I 12<;Cl 

ceMMON .tFL\..SH/ SLAB(501,PFAA(15. ORI12<;C2 
OI~NHON ITC1(SO,.ITC2(50.,nC3(:;".ITC4(491.1TCt)(Sll,ITCf(481. OR112<;C3 

1 ITC7(501.ICH1(501.ICH2(501.ICH3(50),ICH4(49,.ICH5(511. OR112<;C4 
2 ICH6(481.1CH7(501 ORI12<;C!: 

EOUIVALENCE (ITCSOt,ITCIU) •• (IfC:;(51JoITC2(1.)' ORI12<;CE 
1 (lTCS(101. dTC3(t II d ITCS( 151" HC4( 111. ORl129C7 
.2 (lTCS("01)1.ITC5(l1'.(HCS(251)'ITC6(I)h ORI12SCE 
3 (lTCS(299).IlC7(l)).(ICHrCS(u.ICHltl)). ORI12<;C'i 
4 ( I CHTCS (51 ) • I CH2( U 10 ( I CHT CS ( 101" ICH3( 1) It ORI 12<; 1 C 
e ( I eH T CS ( 151 •• I CH4 (J ) J • ( I C HT CS ( 200 J. I C H5( 1 ) I. OR I 12 <;11 
t: ( I CH T CS (251 I • I CHo (1 J J • ( I CHT CS (·299 ), IC H7 ( 1 I ) OR I 12 <; 12 

C OIU 12S13 
C ORI12Sl4 
C-----SECTIGN CNE CF THIS SLCCK DATA SJBPROGRAM CONTAINS INFORMATION OR112<;15 
C PERTINATE TC THE HEATER FIN (I ,E •• PIN RADIA~ DI~ENSIONS. PEAKINGORI12<;lE 
C FACTORS--RAOIAL. I~ITIAL FIN NODING OR112"17 
C ORI 12 .. 1 e 
C * ••• *SEe T[ eN ONE OR 112<;1 c; 
C ORI12<;2C 
C ORI12C;21 
C RADIAL PEAKI"G FACTCRS(CO~RESPONDING TO TC POSITIJNS A.B,C.O,E. ORI12<;22 
e F .G.H. I .... K.L. M. N. AND a I OR 112"2~ 

e 
C 

C 
C 

C 
C 
C 

DATA PFFR / 2*0.402283.0.573754,9*1.0.0.573754,2*0.402283. ORI12S24 
1 2.0.597717,0.426246.9*0.0.0.426246,2*0.597717; ORI12S25 

ORII2C;2f 
PIN RADIAL D(~E"SIC~S (SI~ILAR eORRESPONCENCE) ORI12 .. 27 
DATA RHT / 15*0.0.2*0.0074$7.0.007925.0.008406,0.008725. ORI12<;2€ 

1 3*0.009067.2*0,008725.2*0.008406.0.007925.2*0,007467.0R112C;2S 
2 2*0.009250.J.009708.9*0.010167.0.00970S. OR112C;3C 
,; 2'0.009250.3*0.0101~7.9*0.O.3*0.010167.1S*0.01433~. OR112S~1 
4 15*0,016833,15*0.017667' ORlt2C;.:!2 

FIN NCDI NG 
OATA ~~O."HT.~CU.~BN.NSS1,NSS2'4.2.0.3.3.3' 

HEATER PIN TCTAL HEATEO LENGTH (ROOS 1 Tt1RU 49' 
DATA HLENG/ 11.92708. 1l.8~063. 11.89063.11.92188. 

1 11.89583.11.89323.11.8::>323, 11.93749. 11.94271. 
2 11.94271.11.92448.11.90586. 11.89063. 11.88021. 
'" 11.94010.11.94792.11.92448. 11.89.323. 11.92710. 
4' 11.92708. 11.93489. 11.93229. ll.89583. 11.88542. 
!: 11.9218e. 11.92188. 11.92448. 11.93750. 11.92968. 
6 11.92188.11.89844.11.94271.11.95573.11.934910 
7 11.85679. 11.88542. 11.89843. 11.88603. 11.88803. 
e 11.88542. 11.95573' 

11.SE803. 
11.'90104. 
11.eES41. 
11.90104. 
11.90365. 
II. S.,323. 
11.92448. 
11.90105. 

ORI 12S~3 
OR[12C;,;4 
ORI12S.3~ 
OR I 12C;3t: 
OR[12"37 
OR 112<;3€ 
OR 112<;3<; 
OR 11294C 
ORI12941 
OR 112942 
OR11294.:! 
OR 112944 
ORI12945 
OR11294t: 

c---- ~EC TI ON ): .. 0 OF THI S BLClCK OAT A SJ aPROGRAM CONT A INS INFORMAT ION 
OR112S!47 
OR 11294E 
OR 112949 
OR 11295C 
ORI12951 
ORI12952 
OR11295.::! 
ORI129!:4 
OR1129!:5 
ORl1295E 
ORI12957 
OR1129S1.1 
OR11295<; 
ORl129EC 
OR 112<;451 
ORI129E2 
OR112C;E3 
OR1129t:4 
OlH 12965 
OR 1129ft 
ORI12967 
ORI1296E 
ORI129ES 
OR [ 12970 
OR 112971 
OR 112972 
OR112<;73 
OR I 12<; 74 
ORI12975 
OR11297c: 

C I~ERENT TO THE EXISTING THTF SYSTEM (5'31;76'---THAT IS. THE 
C eUNDLE 1 INSTRU_ENTATICN (SHEATH AND MIDDLE THERMOCOUPLES AND 
C lHEIR ASSOCIATEC CCDAS SCAN CHANNEL N~NBEAS'. AND THE INDIVIDUAL 
C ROO SHUNT AND VOLTAGE CCOAS SCAN CHANNEL NUMBERS 
C 
C ••••• !ECTICN TWO 
C 
C 
C THERMOCOUPLE PCWER LEVELS 

DATA TeL ;IHA.IHe.IHC.IHO.1HE.1HF.1HG.1HH.IHI.IHJ.IHK,ltL.IHM. 

C 
C 

C 
C 
C 

1 IH",lHO; 

PIN SHEATH G~COVE "u~eERS: 
DATA SGV ;lHA.1He.IHc.1HO.IHE.IHF.1HM/ 

eUNDLE SHEATH THER~CCOUPLE NUMBERS (ITCI-7) ANO CCDAS SCAN 
CHANNEL "UMeE~S (ICHI-7) 
CATA [TCI /301104. 304104. 

1 317104. 318104, 
2 326104. 33ll04. 
3 301105. 304105. 
4 318105. 320105. 
5 326105. 331105. 
6 349105. 301206. 
7 313206. 317206. 
8 325206. 326206' 

DATA ICHI; 202. 32. 
1 255. 84. 
2 108. 364. 
3 203. 33. 
4 85. 95. 
5 109. 365. 

309104. 
320104. 
338104. 
309105. 
322105. 
333105. 
304206. 
320206. 

226. 
94. 

382. 
227. 
324. 
193. 

310104. 
322104, 
339104. 
312105. 
323105. 
338105. 
309206. 
322206, 

237. 
323. 
424. 
61. 

334. 
383. 

312104. 
323104. 
341104. 
313105. 
324105. 
339105. 
310206. 
323206. 

60. 
333. 
162. 
71t 

343. 
"25. 

31:3104. 
32el04. 
34<;104. 
:;:17105. 
325105. 
341105. 
:3122015. 
324206. 

70. 
352. 
178. 
314. 
353. 
163. 

ORI12977 
OR112<;7E 
ORt 1297<; 
OIU 1298C 
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6 179. 204. 34. 228. 239. 62. ORI12C;U 
7 72. 315, 96. 325. 335. 344. OR112"e2 
8 354. 110' DIU 12983 

DATA I TC2 I' 331206. 333206. 336206. 341206. 349206. 301207. ORl12984 
1 304207, 309207. 310207. 312207. 313207. 317207. ORI129E5 
2 318207. 320207. 322207. 323207. 325207. 32E207. OR 1129Et: 
3 3.31207, 333207. 338207. 339207. 341207. ::!4<i207, OR1l29E7 
4 301308. 302108. 303108. 304308. 305108. 306108. DR I 12SeE 

= 3071 08. 308108. 309:.308. 310308. 311108. ;: 12.308. OR112ge<; 
e 313308. 314108. 315108. 316108. 317308. 311!308. ORI129<;0 
7 320308. 321108. 322308. 323308. 324308. 32f308. OR 112991 
8 326308. 327108' ORIl2992 

DATA ICH2 I' 366. 194. 'U6. 164. 180. 205. ORl12993 
1 35. 229. 240. 63. 73. 316. ORI12994 
2. 87. 97. 326, 336. 355. lit. ORIl299S 
3 367. 195. 417. 427, 165. 181. OR1129C;E 
4 206, 214. 218, 36, 44. 48. OR1129<i7 
5 52. 222. 230. 241, 56. 64. OR I 12<;<i1: 
c: 74. 80. 247. 251. 317. 88. ORll .. 9 .... 
7 98. 104. 327, 337. 346. 356, ORIIlOOC 
8 112. liS' DRI13001 

DATA I TC3 I' 328108. 331308. 333308. 336108. 337108, 338308. ORI13002 
1 339308. 340106. 341308. 342108. 343108. 344108. ORI13003 
2 345108. 346106. 348108. 349308. 301309. 302109. ORI13004 
3 303109. 304309. 3)5109. 306109. 307109. 308109. ORl13005 
4 309309. 310309. 311109. 312309. 313309. :314109. ORI130Cf 
5 315109. 316109. 317309. 318309. 320309. 321109. ORI13007 
IS 322309. 323309. 324309. 325309. 326309. :327109. ORll~OOI: 
7 328109, 331309. 333309. 336109, 337109. 338309. OR 11300" 
e 339309. 340109.1 ORll.3010 

DATA ICH3 I' 122. 368. 196. 374. 378. 41 e. OR113011 
1 428. 126. 11l16. 172. 434. 438. ORI13012 
2 442. 446. 188. 182. 207. 215. OR1130!3 
3 219. 37. 45. 49. 53. 223. ORI13014 
4 231, 242. 57. 65. 75. 81. ORI &;3015 
f 248. 252. 318. 89. 99. 105. ORl13C1E 
E 328. 338. 347. 357. 113. 119. OR113017 
7 123. 369. 197. 375. 379. 419. ORI13Dle 
8 429. 127' ORI130lS 

DATA I TC4 I' 341309. 342109. 343lG9. 344109. 345109. 34fl09. ORlll0Z0 
1 348109. 349309. 301410. 302310. 303310. 304410. ORI13021 
2 305310. 306310. 307310. 308310. 309410. 310410. ORl13022 
3 311310. 312410. 313410. 314310. 316310. 3174'0. ORl13023 
4 318410. 320410. 321310. 322410. 323410. 324410. ORl13024 
5 325410. 326410. 327310. 328310. 331410. :33:=410. ORI &;3025 
E 336310. 337310. 338jHO. 339410. 340310. 341410. OR1130.2E 
7 342310. 343310. 344310. 346310. 347310. ORI13027 e 349410. 301411' ORlllDZe 

DATA ICH4 I' 167. 173. 435. 439. 443. 447. ORI130ZS 
1 189. 183. 208. 216. 220. 38. ORll:3030 
.2 46 • 50. 54. 224. 232. 243. OEU 1.3031 
3 58. 66. 76. 82. 253. 319. ORl13032 
4 90. 10:) • 106. 329. 339. 348. ORI13033 
5 358. 114. 120. 124. 370. 198. ORl13034 
c: 376. 380. 420. 430. 160. 168. ORI13035 
7 174. 436. 440. 448. 176. ORI1303E 
e 184. 209 .... OIU 13037 

OATA ITes , 304411. 309411. 310411. 312411, 313411. 3174110 ORI1303e 
1 318411. 320411. 322411. 323411. 324411. 32f411. OR11303 .. 
2 326411 • 331411. 333411. 338411. 339411. 341411. ORlll0 .. C 
! 345311 • 349411. 301512. 332312. 303312. 304512. 30!312. ORl13041 
4 306312. 307312. 308312. 309512. 310512. 311312. ORlll042 
! 312512. 313512. 315312. 316312. 317512. 31eS12. OR1130"3 
45 320512. 321312. 322512. 323512. 324512. 32S512. ORI13044 
7 326512. 327312. 328312. 331512. 333512. 3311:312. ORI13045 
I: 337312. 3385121' ORI1304e 

DATA lCH5 I' 39. 233. 244. 67. 77. 320. ORI13047 
I 91. 101. 330. 340. 349. 359. ORI1304e 
2 liS. 371. 199. 4210 431. 169. ORl13C4S 
3 444. 185. 210. 217. 221. 40. 47. ORI1305C 
4 51. 55. 225. 234. 245. 59. ORI13051 
5 68. 78. 250. 2S4. 321. 92. ORI13052 
c: 102. 107. 332. 341. 350. .360. ORl13053 
7 116. 121. 125. 372. 200. 377. ORI13054 e 381. 4221' ORI13055 

DATA 1 TC6 / 339512. 340312. 341512. 342312. 343312. 344312. ORl130Sfl 
1 345312. 346312. 3.7312. 348312. 349512. 301513. OR 113057 
2 304513. 309513. 325513. 301614. 304614. 325f114. ORI130SI: 
3 301615. 304615. 309615. 310515. 312515. 317515. OR11305<i 
4 318515. 32051S. 322515. 323S1S. 324S15. 325C:15. ORll.30eC 
5 326S15. 331S15. 33351S. 338515. 339515. 341515. ORl13061 
6 349515. 324104. 309614. 333104. 310105. 31e206. ORl13062 
7 339206. 324207. 315310. 3~8310. 314312. 3135151' ORl13063 

OATA ICH6 I' 432. 161. 170. 175. 437. 441. ORl130E4 
1 445. 449. 177. 191. 186. 211. ORIIlOE5 
2 41. 23S. 361. 212. 42. 362. ORIIJOtE 
3 213. 43. 236. 246. 69. 322. ORI13067 
4 93. 103, 331. 342. 35t. 363. ORlllC6f 
S 117. 373. 201. 423. 433. 171. OR I 1.:3 C6<i 
e 187. -999. -999. -999. -999. -999. ORl1307C 
7 -999. -999. -999. -999. -999. -9991' OR113071 



153 

DATA t TC7 / 329108. 329109, 329310. 329312. 330104, 330105. ORI13072 
1 330206. 330207. 330306. 330309. 330410. 330411, ORt 13073 
2 330512. 330515. 332104. 332105. 332206, 332207, OR113074 
3 332308. 332309. 332410. 332411, 332512. 332515. ORI1307S 
4 334104. 334m os, 334206. 334207. 334308. 334309. ORI130le 
5 334410. 334411. 334512. 334515. 335108. 33~1 09. ORII3077 
6 335310. 335312. 319104. 319105. 319206. 31«;207, ORI1307S 
7 319308. 319309. 319'10. 3194ll. 319512. JI9!:15. OR 113 C 7«; 
S 347108. 347109/ ORI130ec 

DATA ICH7 / 50*-499/ OR1130e1 
C ORl13082 
C BlNOLE MIDDLE THERMCCCUPLE NUMBERS (ITCM) AND CCOAS SCAN CHANNEL ORI130e3 
C NlMBERS ((CHTC") ORI130e4 

DATA I TCM / 301705. 301706. 301107. 301708. 301710. 302710. ORI13CSS 
1 30371 O. 304705. 3047:l6. 304707. 304708. 304710. ORl130Et 
2 305710. 306710. 307710. 308711. 309705. 309706. ORI130e7 
.3 309707. 309708, 309710. 310707. 310710. 311710. ORI130ee 
4 312707. 312710. 3137:>7. 313710. 314710. 31!:710. ORII.308"i 
5 316710. 317707. 317710. 318705. 318706. 31E707. OR1130C;C 
6 318708. 318710. 319707. 319710. 320707. 320710. OR1130«;1 
7 321710. 322705. 322706. 322707. 322708. J22710. ORII3092 
e 323707. 323710. 324707. 324710. 325705. 32!:706. ORt 13093 
9 325707. 325701.'1. 325710. 326705. 326706. 32~707. ORll.3094 
0 326708. 326710. 327710. 328710. 329710. 330707. ORtl3095 
1 330710. 331705. 331706. 331707, 331708. 331710. ORt Hl0ge 
2 .332707. 332710 • 3337:l7. 3.33710. 3.34707. 334.,10. OR 1130«;7 
3 335710. 336710. 337710. 338705. 338706. 3JS707. OR t130C;E 
4 338708. 338710. 3397:l5. 339706. 339707. 33970e. ORI1309«; 
!: 339710. 340710. 341707. 341710. 342710. 343710. ORI13100 
6 344710. 345710. 346110. 347710. 348710. 34<;705, OR113101 
7 .349706. 349707 • 349708. 349710/ OR113102 

OAIA ICHTC .. / 456. 455. 457. -999. 458. -999. ORI131 C3 
1 83. O. O. O. 190. O. ORI13104 
2 -999. O. O. 79. -999. -999. ORI13105 
3 249. O. O. 345. 426. -999. ORI1310t 
4 O. O. O. O. -999. O. ORt 13107 
!: -999. 192. 503. 450. -999. 452. ORI13ICe 
e -999. 453. -499. -499. O. -999. ORt 1310<; 
7 o. 459. 461. 460. 462. 463. ORII3110 
e 86. 238. O. 451. -999. -999. OR113111 
9 -999. -999. 454. O. O. O. ORII3112 
0 -999. O. O. O. -499. -499. ORlI31l3 
1 -499. O. -999. -999. -999. -0;99. ORI13114 
2 -499. -499. -999. -999. -499. -499. ORt13115 
3 -499. O. O. O. O. O. ORt1311'; 
4 O. o. O. O. O. O. OR113117 
5 O. O. -999. O. O. -999. ORI1311 e 
t o. -99;1. O. -499. -999. O. OR11311«; 
7 o. :> • -999. 0/ ORI13120 

C ORI13121 
C "'01 VIOI.iAL f:lto SHUNT CHA"''''ELS CICHEIE) ORI13122 

OATA ICHEIE / 409. 149. 410. 150. 391. 3. ORll,;123 
1 390. 4')8. 411. 151. 2. 389. ORI13124 
2 386. 5. 407. 412. 148. 4. ORII':1 .. !: 
J 5. 387. 7. 414. 41.3. 406. ORt13126 
4 134. 397. 396. 398. 405. 415. ORIl3127 
! 145. 144. 403. 396. 399. 404. OR 11312E 
e 147. 146. 133. 402. 401. 400. OR11312«; 
7 130. 131. 132. 392. 393. J94. ORI U1JC 
e 395/ OR1131';1 

C ORI13132 
(. I Il001 VI QUAL RCO VCLTAGE CHANNELi (ICHEEE) ORI1313J 

OA fA ICHEEE / 158. 159. 156. 159. 156. 156. ORI13134 
1 156. 156. 158. 159. 156. 156. 01'<1131.35 
2 156. 155. 158. 158. 159. 156. ORl13136 
.3 156. 156, 1$6 • 158. 158. 158. ORl13137 

" 156. 157. 156. 157. 158. 158. OR11313E 
!! 159, 159. 157. 157. 157. 158. OR11313'li 
t 159. 159. 159. 157. 157. 157, ORIlJ14C 
7 159. 159. 159. 157. 157. 151. OR113141 
e 157/ ORI13142 

(. ORI13143 
C B\.N)LE PARAMETE" (TCI-OESIGNATING WHICH SUBCHANN~ A TC SHOULO ORI13144 
C BE ASSOCI ATEO 1111 TH.( I. E •• ISVBCH= l-CENTRAL.=2-W ALL.:3-CORNER) ORI13145 

O"TA I SI.iBCH/ 2. 2. 7"'1, 2. 7"'1. 3. 3. 1. 6*1. I. OR11314~ 
1 9*1, 3. 1 • 1 • 6 *1 • 1. 4* 1. OAIlJ147 
2 4 "1 • 2. 2. 1. 7*1. 2. 8'1<1. I" 2. ;0. ORI1314E 
..3 2 • 1 • 1 • 1 • 2. 2. 5*1. 2. 2. 4*10 1. 2. OR11314«; 
4 s ••• ORl1315C 
!; 2. 2*1 • 1 • 5*1. 1. 3. 2. 1. 1. 2. ORI13151 
~ 1 • 2. 2. 2. 1 • 2. 1. 3. 2. 5*" 2. 2. ORl131S2 
7 4 *1. 2. 2. 5 *1. 2. 2*1. 2. .*1. ORI13153 
e 1 • 2. 2. 2. 2. 2. 2. 2. 3. 2. OR 11315" .. 2. 1 • 1 • 2. 3. 2. 5* •• 2. 4*10 It 2 • s* .. ORI13155 
0 2. 2* •• 2. 5 *1 • 2. 3. 2. 2. 2. I. 3. ORIIJ1Se 
1 2. 7*,-. 2. 9.,. 2. 3. 3. 2. 2. 1. ORItJ1S7 
2 2. 1 • 1 • 2. 5.1. 2. 4*1. 2. 2, 5* 1. 2. 2 ... ORl1315E 
.J 2. 2 *1 • OR11315«; 
4 3 ••• 2 • 2. 2. 2. 2. 2. 2. 2. 3. ORI13160 
!! 2. 2 *1 • 3. 1 • • • 3. 1. 6.1. 2. 9* .. 3. 1*1 • ORI13161 
6 2.. 2. 2. 1 • ORl13162 
7 2. 2. 2. 2.30*1. 2. 2. 2. 2.10* I. 2. ;0' ORl13163 



c 
C BREAK-.IRE CCDAS CHA~~EL NJMBERS 

OA TA ICHB.,.I CHS.Z". 4Z .1431' 
C 
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C ••••• R~LAP REF.~CLU~S (~EFER TO RELAP rEST SECTION MOOCL)---MOOEL FOR 
C ••••• TESTS 10. TH~OUGH 105 HAS 27 HEATER SLABS (SLABS 1-25.44.ANO 45'. 
C ..... ~OLU"'E S 7-15 f;EFRESENT CENTRAL CHANNELS. VOLUMES 16-24 REPRESENT 
c •••••• ALL CHANNELS. VVLU~ES 25-33 REPRESENT CORNER CHANNELS 
C 

DATA I R~OLI' 7. 7. 6. 9. 10. 11. 11. 12. 12. 13. 
1 13. 14. 15. 15. 15. 
2 16. 16. 17. lB. 19. 20. 20. 21. 210 2~. 
3 22. 23. 24. 24. 24. 

" 25. 25. 26. 27. 28. 29. 29. 30. 30. 31. 
S 31. 32. 33. 33. 331' 

C 
C ••••• !LABS 1-9 REPflESEIIoT SLABS FACING CENrRAL Ct1ANNEL.S. 
C ••••• SLASS 10-18 REPRESE .. T SLABS F AC I NG " ALL Ct1ANNELS. 
C ••••• SLASS 19-25.44045 REPRESENT SLABS FACING CORNER CHANNELS 

DATA IRSLS/ 1 • 1 , 2. 3. 4-. 5. 5. 5. 6. E. 
1 7. 7. 8. 9. 9. 
2 10. 10. 11. 12. 13. 14. 14. 14. 15. IS. 
3 16. 16. 17. 18. 18. 
4 19. 19. 44. zo. 21. 22. 22. 22. 23. 23. 
5 24. 24. 25. 45. 45/ 

C 
C ••••• LCGICAL VARIABLE FC" SLABS IN RELAP 

DATA SLAB/25 •• TRUE •• IS •• FALSE.,z*.rRUE •• 5*.FAL.SE./ 
C ••••• A~RAGE (MEA'" AXIAL FEAKING FACTORS (PER T"C LEVEL' 

DATA PFAA/2_0.420S1. 0.59566. 1.04775, 1.29236. 3* 1.67942. 
I 2. 1.29091. 2. I.037~5. 0.59l43. 0.42068. 0.08/ 

END 

ORI13164 
ORll':IES 
ORl13166 
ORI13167 
ORI1316E 
OR11316'1; 
ORI1317C 
OR113171 
ORI13172 
ORI13173 
OR 1131 7" 
ORI1317S 
ORI1317E 
ORI13177 
ORl1317E 
OR 1 I;: 1 7'; 
ORI131SC 
OR 113181 
OR1I31e~ 
ORI13183 
ORll':1e4 
ORI 1::11 S5 
OR1131S,; 
ORI13187 
ORI131S8 
ORI1318'; 
OR I 131';C 
OR 1131 91 
OR1131';2 
ORI13193 
ORll::194 
OR'131';5 
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APPENDIX D 

ORINC SUBROUTINE LIST AND ORINC MAIN LOGIC 

This section consists of one table and one figure. Table D-I con

tains a list of all subroutines, subprograms, and multiple subroutine 

entry points in ORINC along with a brief description of their function 

in the code. Figure D-I is a flowchart (with clarifying comments) of 

the logic in the main driving routine. The logic flow in Fig. D-1 may 

be subdivided into six distinct areas: program set-up, individual prob

lem set-up, steady-state calculations, transient calculations, final 

individual problem output, and program wrap-up. Program set-up and wrap

up are once-through sections. The other four stages are nested inside 

a main control loop with each pass through the loop evaluating one ther

mocouple throughout a transient. 
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Table D-l. ORINC subroutines and subprograms 

Subroutine name Description and/or comments 

RADI 

STEADY 

TSM1N 

TRANS 

HEATR 

BVECTR 

PROP 

ENTHAL 

ENERGY 

Sets up rand r arrays [via Eqs. (11.11) and (II. 
12)], given the pin geometry (RHEAT) and number 
of nodes per substrate; also calculates ~r2 for 
each substrate and sets up element noding. 

Generates steady-state temperature profile in the 
pin given the power input (QDPI) and the sheath 
thermocouple response (TCS); also determines 
mode of heat transfer at the surface via a call 
to TSMIN 

Determines mode of heat transfer based on minimum 
surface temperature (if nucleate boiling heat 
transfer coefficient is realistic, i.e., >0), 
then loads proper nodal temperatures, surface 
temperature, and heat transfer coefficient in 
the steady-state arrays 

Directs transient calculations: calculates ra
dial heat generation for each node (loads Q ar
ray), calculates gap radiation heat-transfer co
efficients, calls PROP which loads component 
physical properties, calls GAPTNS which calcu
lates the sheath gap width, calls HEATR which 
loads the HF matrix, calls BVECTR which loads 
the BF vector, manipulates the forward matrices 
to form the HI matrix [Eq. (11.63)] and the ~I 
vector [Eq. (11.70)], calls SOLVE which solves 
the system of equations, loads the TI vector 

Loads the forward tridiagonal coefficient matrix 
HF [Eq. (II. 36)] • 

Loads the forward column vector of knowns BF [Eq. 
(11.46)] 

Determines pin component physical properties 
(i.e., density p. heat capacity CPi' andther
mal conductivity ki ) and loads the C, K, and 
KGAP arrays 

Calculates total pin internal energy content 
given the pin radial temperature profile. (Sum
mation of TI~r~p.H.) 

1. 1. 1. 

Calculates ~he change in pin internal energy con
tent for the present integration step from the 
'previous time' nodal temperatures and the 'pre
seRt time' nodal temperatures. {Summation of 
TI~ri2p.CPi[T.(t+At) - T.(t)]} 

1. 1. 1. 



Subroutine name 

GAP 

GAPTNS 

MNFLXO 

MNFLXl 
(multiple entry 
point in MNFLXO) 

MNFLX2 
(multiple entry 
point in MNFLXO) 

SOLVE 

INVERT 

FALSE 

MAXMIN 
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Table D-l. (Continued) 

Description and/or comments 

Mathematical model of the thermo-mechanical be
havior of the gap between the sheaths and the 
thermal transfer across the gap. Since the in
side node temperature (TND5) is determined by 
the steady-state sheath thermocouple response, 
the solution of GAP(T) for GAP(TNS) = 0 (by sub
routine FALSE) allows the calculation of the gap 
at the steady-state conditions just prior to 
blowdown 

Calculates the gap between the sheaths during the 
transient from the previous time nodal tempera
tures [i.e., T(NOD5) and T(NS)] using the linear 
thermo...:mechanica1 gap model. (Appendix B, last 
section) 

Computes mean transient surface heat flux, sur
face temperature, and pin first node temperature 
for each heat slab in the RELAP core model for 
THTF bundle 1. A call to MNFLXO initiates the 
summation routines 

Computes sums of the surface heat flux, surface 
temperature, and pin first node temperature for 
each heat slab for each transient time step 

Computes means of the surface heat flux, surface 
temperature, and pin first node temperature for 
each heat slab for each transient time step 

Writes mean arrays to tape (unit 13) and to paper 
(or microfiche). 

Solves a system of n equations with n unknowns by 
obtaining the inverse of the coefficient matrix 
of the system (i.e., HIl via a call to INVERT) 
and then solving for the unknown column vector 
II by Eqs. (11.75) and (11.76). 

Inverts a matrix in its own space using the 
Gauss-Jordan method as arranged by H. Rutishau
ser with full pivoting 

Given a function of x, F(x), FALSE determines the 
value of x for which F(x) = 0 via the method of 
false position or reguli falsi 

Determines the maximum and minimum required for 
the plotting subroutine (PLOT) 



Subroutine name 

PLOT 

FINDS 

SCAN 

OUTPUT 

OUTSS 
(multiple entry 

point in OUTPUT) 

OUTTNS 
(multiple entry 
point in OUTPUT) 

OUTFNL 
(multiple entry 
point in OUTPUT) 

OUTTAP 
(~ultiple entry 
point in OUTPUT) 

DATE 

INPUTO 

INPTRP 
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Table D-l. (Continued) 

Description and/or comments 

The line plot routine (PLOT) plots y vs x on the 
normal computer output device (line printer or 
microfiche). The capability exists for overlay
ing (FX, FY) on (X, Y). 

This interpolation routine (any order) calculates 
the dependent variable value (FXO) given an (X, 
Y) table and the independent variable value (XO). 

Sets up the entry number arrays; i.e., given the 
CCDAS scan table (500 channels) SCAN determines 
the position (entry number) in the scan table 
for given channel numbers. The entry number.ar
rays are 'indexes' or 'pointers'~ 

Primary output subroutine with multiple entry 
points. Outputs pin and case information: 
thermocouple number, time, date, noding, radial 
dimensions. (To the primary output device, unit 
6, and to disk, file No.1.) 

Outputs steady-state local operating conditions 
and steady-state pin temperature profile. (To 
the primary output device, unit 6, and to disk, 
file No.1.) 

Outputs results of transient (inverse) calcula
tions to the normal computer output device (unit 
6, line printer or microfiche). 

Outputs results of the overall energy balance. 
(To the primary output device, unit 6, and to 
disk, file No.1.) 

Outputs results of transient (inverse) calcula
lations to tape (file No. I of unit 9.) 

Decodes CCDAS time code [JT(l)] into the month 
and date and outputs to unit 6. 

Reads primary controls input (unit 5) and adjusts 
'base case' channel arrays to account for failed 
instruments and/or additional instruments, also 
creates the NTC and NCHTCS arrays (arrays which 
contain the thermocouple numbers and CCDAS chan
nel numbers for which inverse calculations are 
to be made). 

Reads the RELAP-ORINC interface tape (unit 11) 
and transfers entire transient data to temporary 
storage on disk (direct access device), file 
No.8. Also loads the RELAP steady-state arrays. 



Subroutine name 

INPSLB 
(multiple entry 
point in INPTRP) 

INRELP 
(multiple entry 
point in INPTRP) 

INPTBD 

INBD 
(multiple entry 
point in INPTBD) 

SMOOTH 

CDTl 

CDT 
(multiple entry 
point in CDT1) 

BLOCK DATA 
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Table D-l. (Continued) 

Description and/or comments 

Retrieves the number of slabs in the RELAP core 
model for output in MNFLX2. 

Retrieves RELAP predictions for volume pressure, 
volume temperature, volume average quality, slab 
surface heat flux, heat transfer coefficient, 
slab surface temperature, average volume mass 
flux, saturation temperature, and heat transfer 
mode at the slab surface from disk storage and 
loads the appropriate arrays for return to MAIN. 

Reads the blowdown engineering units tape (unit 
10), determines the initiation of blowdown, de
termines the steady-state conditions prior to 
blowdown (calculates the mean responses for ap
proximately 15 sec before blowdown initiation), 
and transfers 30 sec of transient data to tempo
rary storage on disk (direct access device) file 
No.7. 

Each call to INBD retrieves the following transi
ent information from disk for the specified 
thermocouple (ITCNUM): the sheath thermocouple 
response, the middle thermocouple response (if 
any), .rod amperage, and generator voltage. The 
linear heat rate is computed and loaded (QAVGG), 
the thermocouple responses are smoothed (via 
call to SMOOTH) and loaded (TCSS and TCMM). 

Three point smooths the Y array and returns the 
smoothed array in its own space. A 100.0 point 
discriminator (between time steps) is included. 

Reads the coefficient data tape (unit l2). 

Outputs the regression information for the speci
fied thermocouple (ITCNUM) to disk (file No. I) 
and the normal computer output device (unit 6, 
paper or microfiche). 

Initiates arrays and variables with information 
pertinent to THTF bundle 1 heaters, bundle 1 in
strumentation, and the RELAP core model for bun
dle 1. Part one of the BLOCK DATA contains in
dividual pin total heated lengths, initial pin 
noding, pin radial dimensions (as a function of 
thermocouple level), and pin radial power peak
ing factors (as a function of thermocouple 
level). 



Subroutine name 

BLOCK DATA 
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Table D-l. (Continued) 

Description and/or comments 

Part two of the BLOCK DATA contains the sheath 
thermocouple levels, groove numbers, the sheath 
thermocouple numbers and their corresponding 
CCDAS scan channel numbers, the middle thermo
couple numbers and their corresponding CCDAS 
scan channel numbers, the individual rod shunt 
and voltage channels, the break-wire channel 
numbers, and a parameter which designates which 
subchannel flow the thermocouple is associated 
with. 

Part three of the BLOCK DATA contains information 
relative to the RELAP test section model for 
THTF blowdown tests 100 through 105: core ref
erence volumes and slab numbers. 
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Fig. D-l. Logic flow in ORING Main. 

SET-UP STAGE: set-up of primary 1-0 devices, input of main control 
parameters, read tape input, create temporary files on disk. 

CALL INPUTO 
Read card input 

CALL INPTBD 
Reads NTAPE = 10, creates 

file No. 7 on SYSDA 

CALL INPTRP 
Reads NTAPE = 11. creates 

file No. 8 on SYSDA 

CALL CDTI 
Reads NTAPE = 12 

Set-up primary 
input-output 
devices. 

Reads case heading, main 
control parameters, adjusts 
base-case CCDAS scan table, 
sets up NTC and NCHTCS arrays. 
(Thermocouple number array 
and the respective CCDAS 
channel number array) 

Reads blowdown engineering 
units tape, determines ini
tiation of b1owdmffi, loads 
30 sec of b1owdown on disk. 

Reads RELAP-ORINC interface 
tape, loads RELAP transient 
calculations on disk. 

Reads coefficient data tape, 
loads regression and calibra
tion arrays. 

Check on control variable 
lCS7 (i.e., is creation of 
NTAPE = 13 desired?) 

Initializes summation 
arrays. 
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Problem Set-Up: start of main control loop, load all pertinent infor
mation for one thermocouple (ITCNUM): load coefficient arrays, load 
transient data, load RELAP interface data. 

DO 200 LOOP = I.NK r------
I 

• I 
I 

o 
ITCNUM = NTC(LOOP) 

Calculate IROD, ISGV and 
ITCL from ITCNUM 

Yes 

1-. 
Zero DELGAP array 

Main control loop, NK 
thermocouples are evaluated. 

Thermocouple number to be 
evaluated for this pass; 
ITCNUM is a six digit number 
where . 

r-designates bundle TIC 
3 

-::"'=TTlevel number I groove number . 
rod number 

Check to see if the thermocouple 
is good for the blowdown that is 
being evaluated. 

Break ITCNUM down into rod 
number, groove number and 
level number. 

The INVERSE calculations 
are not applicable for 
'0' level thermocouples. 

Zero the interface gap 
array. 



DO 20 I = 1,348 1-------
I 
I 
I JC = I 
I 
I 
I .. 
I 
I 
I 
1 
I 
I 
I 
I 
I 
I 
'--------

Yes 

28 PFA = PFAX(JC) 

DO 30 I = 1,4 r--------
1 

t 30 CBNA(I) = CBNO(JC, I) 

I 
I '--------

DO 40 I = 1,5 r-------' 
I 

, 40 CMGA(I) =CfvfGO(JC,I) 
I 
I 
1 ____ .;...._--

PRS = PRSS (JC) 
KOD2 = KD2(JC) 

DO 50 I = 1,3 1--------.. 
I 
I 
I 

50 GPI(r) = GAPCF(JC,I) 

L _______ _ 
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Search coefficient data tape 
thermocouple number array 
(NTCS) for ITCNUM 

Load axial peaking factor. 

Load thermal conductivity 
coefficients for boron nitride. 

Load thermal conductivity 
coefficients for magnesium 
oxide. 

Load the porosity and the 
method (KOD2) by which the kMgO is to be calculated. 

Load regression coefficients 
for linear gap expansion model. 
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GPB, bias gap 
TNSB, bias node NS temperature 
TNDSB, bias node NODS temperature 

FEEB, bias surface flux 

TMAXX = TMAX(JC) 
lODE = KD3(JC) 

CALL COT 

DO 60 I = 1,7 r----------
I I ,-____________ L-__________ __ 

+ 60 RHEAT(I) = RHT(ITCL, I) 
I 
I '------------

Load gap bias data 

Load maximum temperature for 
which the GPl are applicable 
and the method parameter (lODE) 
by which the gap is to be 
calculated. 

Output the calibration and 
regression coefficient arrays. 

Initialize No. of nodes for 
Cupro-Nickel substrate at o. 

Load radii given the thermocouple 
level (ITCL). 

Check to s.ee if the thermocouple 
is on a level which has Cu-Ni 
oversleeve in the heater section, 
if so, set NCU = 2. 



CALL RADI 

Load PFR array 

CALL OUTPUT 

CALL INBD 

CALL INRELP 
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Set up Rand RBAR arrays and 
pin element noding. 

Load radial peaking facto~s 
given the level (ITCL). 

Output information on pin 
noding, radial dimensions 
and peaking factors 

Load blowdown input arrays: 
TCSS - sheath TIC response; 
QAVGG - linear heat input rate; 
TCMM - middle TIC response, if 

any, otherwise zeros loaded; 
TlMEE - time in seconds from 

blowdown 

Load RELAP interface input arrays: 
TIMR - time in seconds from blowdown; 
TBR - bulk fluid temperature; 
TSATR - saturation temperature; 
PRESSUR - volume pressure; 
QUALR - volume fluid quality; 
AMFR - average volume mass flux; 
HBR - heat transfer coefficient; 
SFLUXR - surface heat flux; 
TSURR - surface temperature; 
MODER - mode of heat transfer 

at surface 
TRPEND - time of last file on 

RELAP interface tape 
JRP - number of files on RELAP 

interface tape 
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STEADY-STATE: adjust ~gap4 at steady state, if necessary; calculate 
steady-state pin temperature profile and heat transfer coefficient; 
calculate steady-state pin internal energy_content; zero BI and HI; 
set-up output scratch matrices; calculate v; initialize transient 
counters. 

Load·QAVG, TCS, 
TB, HFR, TSAT 

QTOT ::: PFA*QAVG 
QDPI = QTOT/PI 

ESP = 0.0001 
TI = TNSB 

TNDS = TCS 

69 DELGAP(4) = GPCAL 
DELROCI) ::: GPCAL*12000.0 
TNSS = TZERO 

Load steady-state sheath TIC 
response, heat input rate, 
bulk temperature (RELAP), 
heat transfer coefficient 
(RELAP) - used only if Qav = 0, 
saturation temperature CRErAP) 

Calculate local linear heat 
input rate (QTOT) and QTOT/PI. 

Determine ~gap4 at steady state. 
ESP - convergence criterion for FALSE 
TI - initial guess for TNS 
TZERO - the solution of GAP(T) for 

GAP(TNS) = a 
GPCAL - steady-state gap 

= 0.0 
= TNSB 



. 
" 

CALL STEADY 

SFLUX(1) = -
TSURO(l) = TSURF(9) 

CALL ENTHAL (HINIT) 

Zero B(-) and 
HEAT(-,-) matrices 

Initialize scratch 
output matrices 
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Determine steady-state tempera
tu"re profile in pin 

Calculate steady-state surface 
temperature and surface heat flux. 

Determine pin initial internal 
energy content (HINIT) 

Initialize scratch output matrices: 
TIME (-) 
TO(I,-) - pin 5.5. nodal temperatures 
HO(-) - heat transfer coefficient 
QO(-) - local linear heat input rate 
TBO(-) - fluid bulk averaged 

temperature (RELAP) 
PSO(-) - fluid volume pressure (RELAP) 
TSATO(-) - volume saturation temperature 

(RELAP) 
HSATO (-) - heat transfer coefficient 

based on difference between 
TSURO and TSATO 

AMFO (-) - average volume mass flux 
(RELAP) 

QUALO(-) - average volume quality 
(RELAP) 

RHBO(-) - heat transfer coefficient 
(RELAP) 

RSFXO(-) - surface heat flux (RELAP) 
RTSURO(-) - surface· temperature (RELAP) 
MODEO(-) - heat transfer mode at the 

surface (RELAP) 



Load TIM(I), TCM(I) 
TSAVE (1,1) 

Zero DTDT matrix 

ISTAR = IFIX(DELAY/O.OS) 
DELD = fraction of one analysis 

interval 

LO = 1 
JO ;:: I 
KO = I 

CALL OUTTAP(KO) 
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TCM - calculated center line 
temperature array 

TIM(l), TSAVE(-,l) - time and pin 
node temperatures at time = t 

TIM(2), TSAVEE(-,2) -time and pin 
node temperatures at time = 
t + fit 

(See Appendix B) Zero matrix for 
aT/at at r = rl 

Determine physical properties for 
pin substrate nodal temperatures 
at steady state 

Calculate time lag (v. Appendix B) 

Determine the time lag in terms of 
number of analysis intervals 

Initialize transient counters. 

Output TIC number, number of nodes, 
and nodal radial dimensions to tape 
(file 1, unit = 9) 

Check on control variable rCS7 (i.e., 
is cr~ation of NTAPE ; 13 desired?) 

Su~~ation call to mean 
flux routine 

.j 



KO = 2 
LINES = 18 

CALL OUTSS (KD,QAVG) 

Zero SUMCP, SUMQ, 
and SUMFLX 
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Initialize lines counter at 18 
(includes No. of lines for headings 
for transient output) 

Output the steady state local 
operating conditions and pin 
temperature profile and headings 
for transient ou.tput. 

Zero summations for change in 
internal energy, heat input, 
and surface heat flux. 
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TRANSIENT CALCULATIONS: solves the inverse heat conduction problem for 
every analysis interval; outputs inverse results to tape (file 1, unit 9) 
every analysis interval; outputs scratch matrices to unit 6 every 12 
analysis intervals; computes sums of change in internal energy, heat 
input and surface heat flux. . 

98 LO = LO + I 

Load Tn-f(2) ,QTOT, 
TCS, TB, TSAT, DELT 

SUMQ = SUMQ+QTOT*DELT 

JO = JO+1 

CALL TRANS 

Load TSAVE(-,2) and TO(-,JO) 

Calculate TO,l(LO) I 

Increment LO - time step counter. 

Load time for step LO, local 
linear heat input rate, sheath TIC 
response, bulk temperature (RELAP) 
saturation temperature (RELAP), 6t 

Summate linear heat input. 

Increment JO-scratch matrix counter 

Solves the inverse heat conduction 
problem at t+6t (time step LO) 

Calculated from TCM(LO-l) and 
OTOT (ISTAR) 



Update DTDT array 

Calculate DTDT(I) 

Load scratch output matrices 

SUMFLX = SUMFLX+~*DELT 

CALL ENERGY (TSAVE, DELU) 

SUMep = SUMCP+DELU 

Reload TIM(I) and TSAVE(-,l) 

CALL OUTTAP(KO) 
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That is, DTDT(2) = DTDT(l) 
DTDT(3) = DTDT(2) 

etc. 

Calculated from [TICLO) - T (Lo-l)]/~t . 1 

Load output matrix for time step LO. 

Summate surface linear heat rate. 

Calculate change in internal 
energy (DELU) 

Summate change in internal energy. 

That is, TIM(I) = TIM(2) and 
TSAVE(-,l) = TSAVEC-,2) 

Output inverse results to tape 
(file 1, unit 9) for time step LO 
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Check on control variable lCS7 
(i.e., is creation of NTAPE = 13 

Yes desjred?) 

Yes 

138 LINES = LINES+NOD6+2Q 

Summation call to MNFLXI. 

Check on time step counter: 
if > JRP (No. of files on RELAP tape), 
if>" IRP (time trip - input), 
if > 601 (30 seconds of blowjown 

data at a 50 msec acqui
sition rate), output 

Check on scratch matrix counter: 
if equal to 12, output; if < 12, 
go to 98 and start the next tran
sient time step calculation. 

Increment lines ~ounter by NOD6+20. 



+ 

o 

148 NO = I 

CALL OUTTNS 

JO = 0 

158 NO = 2 
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Check on LINES: 
if <68, print on same page as 
the last call to OUTTNS; 
if >68, skip to the top of 
the-next page and call OUTTNS. 

Output the scratch matrices to unit 6. 

Zero the scratch matrix counter. 

Check on time step counter: 
if FALSE, return to 98 and 
start the next transient time 
step calculation; 
if TRUE, kick out of transient 
loop 



CALL OUTTNS 

JO = 0 
LINES = NOD6+20 
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Output the scratch matrices to 
unit 6. 

Zero the scratch matrix counter and 
initialize the line counter. 

Check on time step counter - same 
as before 
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FINAL OUTPUT FOR ITCN~1: computes final pin internal energy content, 
computes error (by two methods) in overall heat balance, outputs heat 
balance calculations, checks for presence of middle thermocouple [if 
so, a line plot overlaying the calculated center line temperature 
(TCM) \dth the observed response (T01M) is made]. 

CALL ENTHAL(HFINAL) 

EQNLFT == SmlCP+SU~lQ 

DELH == HINIT-HFINAL 

EQNRT = 21TR(NOD6)SUMFLX 

ERRORI 

ERROR2 

= (EQNLFT-EQNRT)*IOO 
EQNLFT 

= (DELH+SUMQ-EQNRT)*lOO 
. (DELH+SU~IQ) 

CALL OUTFNL 

Determines final pin internal 
energy content (HFINAL). 

Sum of 
change 

La 

the linear heat input and 
in internal energy (i.e., 

LO 
E QTOT.*~t. + E DELU.). 

i=2 1 1 i=2 1 

Change in end point internal 
energy content 

Total heat flow out of the pin 
for the transient interval 
studied. 

Percent error in overall heat 
balance (method No.1) 

Percent error in overall heat 
balance (rilethod No.2) 

Final energy balance output. 



o 

176 

o 

178 NDP = JRP 1---..... 

,-_----L __ -, 

Set SX,EX and ANTELX 

CALL ~IAXMIN 

Check for pTes~nce of middle 
thermocouple -
if there is no corresponding 
middle TIC for ITCNUM, zeros 
were loaded in the TC~W array 

No. of data points in the TeM 
and TCMM arrays 

Check to see if time trip (IRP) 
is less than the number of 
RELAP files (JRP) whic.h is 
always < GOI (the number of 
blowdown files loaded on disk). 

Plotting parameters for PLOT. 

Determine the maximum and 
minimu~ values in the rCM 
and TCi'·~f arrays 



rTYPE = 2 
NUM = JRP 

lORD = 1 

Yes 

NUM = IRP 

Load the ordinate array 
XXX for PLOT 

Write title for line plot 

CALL PLOT 

188 VAR(1) = -100.0 

177 

No. of data points in the TCM 
and TCMN arrays. ITYPE specifies 
the type calculation required for 
the overlay plot in PLOT. 

If interpolation is required 
for the overlay, the order of 
interpolation. 

Produces line plot overlay of 
TCM and TCMM versus TIME on unit 6. 



I 

a 

Load VAR array 
with zeros 

Write VAR array 

200 CONTINUE 

L ______ _ 

178 

Loading VAR array. 

Write VAR array to tape (file 1, 
unit 9) - denotes end of data 
for ITCNUM. 



179 

Wrap-up Stage: closes files on unit 9, retrieves case information from 
disk, computes mean fluxes. 

END FILE 9 Writes EOF mark on unit 9 (i,e., 
closes out file 1 on unit 9). 

Check on contrQl variable ICS7 
(i.e., is creation of NTAPE = 13 
desired?) 

CALL MNFLX2 
Computes mean fluxes for each core 
heat slab in the RELAP core model 

~----,-----~ for each transient time step. 

END FILE 1 

REWIND 1 

Writes results to tape (unit 13) 
and unit 6. 

Writes EOF mark on unit 1 (direct 
access device-disk-contains all 
case information). 



READ (1, END = 218) INN 

WRITE 9, INN 

218 END FILE 9 

180 

Retrieves case information from 
unit 1 until the end of file 
mark is encountered. 

Writes case information to file 2 
of unit 9. 

Closes out file 2 on unit 9. 

Finis~ 



Example 
No. 

1 

2 

3 

4 

181 

APPENDIX E 

Examples of ORINC Unit 6 Output 

Description 

THTF Blowdown Test 104 (Preliminary, BDl04.BE.Pl), 
Thermocouple No. TE-322AE 

THTF Blowdown Test 104 (Preliminary, BD104.BE.Pl), 
Thermocouple No. TE-3l8BG 

THTF Blowdown Test 104 (Preliminary, BDl04.BE.Pl), 
Thermocouple No. TE-304CH 

THTF Blowdown Test 104 (Preliminary, BDl04.BE.Pl), 
Thermocouple No. TE-30lDJ 

Page 

182 

203 

224 

245 



Example 1. THTF Blowdown Test 104 (Preliminary, BDl04.BE.Pl), 
Thermocouple TE-322AE 

322105** •••• * ••••• ** •••••• CAL,BRATION INFORM_fION ***.**** •• ***** •••••••• *. 
** ....... THTF eLOIll-DOWN TEST NO.l)4"PRELIMINARY*BDI04.BE.PI* 

u* .. * THER~OCOUPlE NO. 322-AE 

* ...... MIOOLE T/C --- 322-ME 

"* .... OATE OF LAST MOOIFICATlO,~ : FEB. 17.1971 

...... AXI"L POWER PEAKING FACT\JH IS: 1.28117 
DETERMINEO BY INOIV RESISTANCE CAL • 

....... * COEFFICIENTS FOR TEMPERATURE PQl.YNOMIAL FIT OF KBN 
DETERMINEO FOR THE ABOVE ~PECIFIC ITCS/ITCM P"IR 
C(I'= O.19255920E 02 
CI2'= C.64025931E-02 
C13. O.39B11744E-06 
C(4'= O.4~3IB349E-09 

VARIANCE OF FIT: O.20306~OOE 02 
UNITS FOR KBN FIT: BTU/(HR"FT"*2/FT>ilF • 

....... COEFFIEIENTS FOR TEMPERATURE POLYNOMIAL FIT FOR KMGO 
DETERMINED FOR THE ABOVE ~PECIFIC TIC PAIR 
CII.= O.e0919914E 01 
C12. -O.11090215E-Ol 
C{ 3. O. 75405496E-05 
C("'= -O.2359B552E-08 
C(51= 0.30eOI392E-12 

VARIANCE OF FIT: 0.64749~42E 02 
UNITS FOR KMGO FIT: BTUlIHR"FT*.2/FT"F) 

ACTUAL MGO POROSITY CALCU_ATEl> VIA MODIFIED 
RUSSELL EQUATION: O.17787468E 00 

.u** IC IENTS FOR THE THE~MAL EXPANS ION GAP MODEL FI T 
INEO BY USING THE BIAS ",AP VALUE AS A MEAN GAP 

CII.= 
C(2)= 
C(3'= 

0.0 
0.0 
0.0 

VARIANCE OF FIT: 0.0 

.;;to: 
;;0= 
",0= 

0.0 
0.0 
0.0 

GAP, CALCULATION AT THE BIAS P~'NT : 

BIAS TEMP. INSIDE 5.5.5. ,~ODAL TEMP. 
BIAS TEMP. OUTSIOE 5.5.5. NODAL TEMP. 
BIAS FlUX: 404005.6 BTU/HR/FT.*2 

THE MAXIMUM TEMPERATURE FJR WHICH THE ABOVE 
REGRESSION FIT IS APPI.ICA3LE IS 0.0 DEG. F 

0.0341 

722.7 
657.7 

I MILS) 

DEG. F 
DEli. F 

I-' 
OD 
N 



322t05 ••••• * ••••• ** ••••• * ••• \,;,ASE ItlFORMAT[ON .'*.* ...•... *.* •••••••• ** ••• -
••••• * THERMOCOU~E NUMBER: T~-3~~AE TINE' 13'33:18 

........ THTF a.OW-DOWN TEST NO.l?4*PREl..tMINARY"SOIO".BE.Pl. 

TOTAl.. NUMBER OF RADIAl.. NODES = 15 
MAGNES IUM OXIDE CORE NODE$' 
INCONEI..-600 HEATER NODES 
BORON NITRIDE NODES 
INNER S.S.S~EATH NODES 
OUTER S.S.SHEATH NODES 

1 THROUGH 
:l THROUGH 
7 THROUGH 

1,) THROUGH 
l.J THROUGH 

OUTSIDE RAOIUS OF MGO CORE = 0.812:l00E-02 FT. 

" 6 
9 

12 
15 

OUTSIDE RADIUS OF INCONEI.. ~AYER = 0.101670E-01 FT. 
OUTSIDE RADIUS OF BORON NlrRID~ = 0.1.3330E-Ol FT. 
OUTSIDE RADIUS OF INNER S.S.~ATH = 0.168330E-Ol FT. 
OUTSIDE RAOIUS OF OUTER S.S.~ATH = 0.116670E-01 FT. 

RAOIAI.. GAP INFORMATION: II.E. dlAS POINT' 
GAP BETWEEN INNER AND OUT~R S.S.SHEATHS = 0.0341 MII..S 

FOWER PEAKING FACTORS: 
AXIAl.. 1.288719 
RADIAl.. (INCONEI..I = 1.000000 
RADIAl.. ICU-NII= 0.0 

CATE: JUI..Y 8 

322105*** •••• ***.*** STEA~Y STAT~ TEMPERATURE PROFILE ** ••• * •••••••••••••• 
......... THERMOCOUPI..E NUMBER: T~-32,AE TIME: 13:33: 18 

........ THTF a.OW-DOWN TEST NO.1 O~.PREI..INI NARY"BDI04 .BE .PI. 

o : AVERAGE "'EAT GENERATION PER FT = 9.667375 BTU/SEC/FT 
O*A)(1A1.. PEAKING FACTOR = 12.45d530 BTV/SEC/FT 

OATE: JUI.. Y 8 

HF OUTSIOE FII..~ COEFFICIENT 0.71955742~ 04 BTU/IHR.FT.*2'DE~ FI 
TB BUI..K COOl.-ANT TEMPERAT",RE 572.72 DEG F 

PIN TEMPERATURE PROFII..E: 
NODE 

1 
2 
3 
4 
5 
I) 

7 
6 
9 

10 
II 
12 
13 
14 
15 

TEMPeRATURE (DEG FI 
102 •• 73 
1024.73 
1024.73 
1024.73 
1024.73 
1004,21 
947.24 
884.02 
63 •• 38 
792.84 
755.59 
721.63 
656.82 
645.41 
634.31 

SURFACE HEAT FLUX: 0 •• 0404256E 06 aTv/HR/FT .... 2 
SURFACE TEMPERATURE: 628.67 O"G F 

PRESSURE: 2341.7 PSI" 
SATURATION TEMPERATURE (AT THE ABOVE PRESSUREI= 658.51 DEG F 

HEAT TRANSFER MODE AT THE SURF~CE uF THE PIN: FORCED CONVECTICN 

I-' 
00 
W 



322105.................... TRANSieNT RESULTS •••••• * •••••••••••••••• * ••••• 
•••••• THERMOCOUPLE NUMBER: T~-3"AE TIME: 13:33:18 

••• ~ •• THTF BLOW-OOWN TEST NO.l04.PRELIMINA~Y.B0104.BE.PI. 

TIME-TEMPERATURE-NODE TABLE: 
TIME HAS UNITS OF SEC 
TEMPERATURE HAS UNITS OF ~EG F 
o HAS UNITS OF BTU/SEC/FT 
HB (BASED ON TBI HAS UNIT~ OF BTU/(HR.FT •• 20DEG FI 
BULK TEMPERATURE HAS UNIT~ OF DEG F 
HSAT (BASED ON TSAT. HAS JNITS OF BTU/(HR*FT**2*DEG F. 
PRESSURE HAS UNITS OF PSI. 
SATURAT ION .TEMPERATURE HA~ UNI TS OF DEG F 
SURFACE FLUX (S.F.' HAS U,HTS OF BTU/HR/FT**2 
SURFACE TEMPERATURE HAS UNITS OF DEG F 
AVERAGE ,.ASS FLUX HAS UNITS OF LBM/SEC/FT".2 
GAP HAS UNITS OF MILS 

TIME-- C.O 0.0500 0.1000 0.1500 0.2000 
NODE 

I 1024.7349 1024.7334 IJ .24.7319 1024.7302 1024.7290 
2 1024.7349 1024.7334 IJ.24.7317 1024.7307 1024.7329 
3 1024.7349 1024.7358 1~24.7341 1024.7361 1024.7542 
4 1024.7349 IC24.7478 IJ.24.7358 1024.7520 1024.8271 
5 1024.7349 1024.7732 lJ24.7263 1024.7817 1024.9558 
6 1004.2126 1004.2432 1~04."019 1004.2708 1004.4861 
7 947.2422 947.2456 lII47.4:!317 947.3276 947.6392 
8 884.0190 883.9954 084.0022 884.1870 884.7158 
9 834.3799 834.3240 ~34.3608 834.6868 835.5229 

" 792.8420 792.7412 792.d333 793.3740 794.6433 
II 755.5901 755.4103 7:>5.0164 756.4990 758.4001 
12 721.6270 721.33,,7 721.7476 723.1367 725.9204 
13 656.8223 656.3140 057.:) 027 660.4319 665.7122 
14 645.4092 644.81~9 o 46 ... :! 0 14 649.4644 655.2700 
15 634.30106 633.6101 035.2.571 638.9099 645.3145 

0 12.45853 12.46942 J. 2.4;;;228 12.46151 12.46151 
TB 572.7200 575.1228 :>93.9583 614.7683 629.6624 
HB 7195.6. 7712.9 11013.7 19943.6 32598.7 
TSAT 656.5 629.7 6,9.3 629.0 629.7 
HSAT -13630.5 -258498.8 o202b4.4 78432.2 32598.7 
P 2341.7 1915.5 1910.0 1905.6 1914.9 
S.F. 404042.6 408700.7 .J961q. 5.4 379657.2 354900.6 
S.TEMP 626.87 628.11 629.93 633.80 640.55 
"'ASS-FLX 742.5525 32.8101 :)25.0885 573.3679 706.3606 
OUAL ITY o.c 0.0 0.0 0.0 0.00973 
GAP 0.03410 0.03410 Il.O..l410 0.03410 0.03410 
."RELAP PREOICTIONS (STARRED)." 
·HB 6055.7 27296.3 41076.2 40262.4 41325.2 
-S.F. 412871.1 459763.8 422404.9 411720.9 423242.6 
""S.TEMP 640.90 646.ti9 639.51 638.79 639.95 
*H.T.MOOE I 4 2 2 2 

0.2500 0.3000 

1024.7288 1)24.7307 
1024.7427 1024.7668 
1024.8~30 1024.9048 
1024.9919 ln5.3000 
1025.2820 1025.8562 
1004.8918 1005.5554 
948.2207 949.0493 
885.6299 686.7612 
836.8508 838.3018 
796.4946 798.2739 
700.9277 763.0039 
729.2576 731.4A22 
670.9878 672.9724 
660.8848 662.7051 
6.51.2556 652.7859 

12.45228 12.46151 
63001345 628.5176 
20867.5 18596.1 

630.1 628.5 
20867.5 18596.1 

1921.4 1899.4 
344487.1 361503.2 

646.64 647.96 
739.2546 546.0664 
0.07176 0.15023 
0.03410 0.03410 

41341.5 40687.7 
419295.1 423628.1 

640.32 638.96 
2 4 

0.3500 0.4000 0.4500 0.5000 0.55CO 1-' 
(Xl 

1024.7380 1024.7e17 1024.7761 1024.E127 1024.8655 ~ 
1024.8142 1024.8914 1025.0039 1025.1538 1025.3420 
1025.0708 1025.3118 1025.6206 1025.9932 1026.4143 
1025.7366 1026.3062 1026.9441 1027.6553 1028.3730 
1026.5671 1027.4417 1028.3042 1029.2507 1030.1030 
1006.3669 lOO7.3~91 1008.2700 1009.2583 1010.1279 
950.0488 951.1382 952.2C48 953.2080 954.0544 
888.0469 889.3C81 890.4e66 891.4565 892.1775 
839.8699 841.2524 842.4824 843.3394 843.8621 
800.1384 801.5e23 802.e230 803.4795 803.7354 
765.1846 766.5737 767.7164 168.0B13 767.9180 
733.9841 735.0959 736.2080 735.9299 735.3740 
676.2637 676.1418 (;77,0725 674.C;390 673.3293 
666.1758 665.7 C78 666.(;399 664.0679 662.2876 
656.4890 655.5~13 656.5298 653.4089 651.4875 

12.45228 12.46018 12.44::!06 12.46018 12.46018 
628.0981 627.3<;38 626.8413 626.6548 627.5305 

14783.6 16149.5 14942.4 18403.0 21385.6 
628.1 627.4 626.8 626.7 627.5 

14783.6 16149.5 14942.4 18403.0 21385.6 
1893.7 1884.2 1876.8 1874.3 1886.1 

350544.1 37419C.0 369918.6 3953EO.7 398584.3 
651.81 650.56 651.60 648014 646.17 

384.0720 398.3225 454.0791 454.0647 373.0400 
0.21029 0.24214 0.26308 C.2804) 0.28418 
0.03410 0.03410 0.03410 0.03410 0.03410 

8093.6 1621.6 1401.6 1442.9 1271.7 
260073.1 119622.3 146372.9 172060.8 163427.4 

660.29 701.14 731.28 745.91 755.92 
4 4 9 9 9 



TI ME-- 0.6000 0.6500 0.7000 0.7500 0.8000 0.8500 0.900') 0.9500 1.0000 1.050e 1.100" 1.1 500 
NODE 

I 1024.9353 1025.0232 1.25.12961025.2571 1025.4070 1025.5842 1025.7961 1026.0520 I026.3e45 IC26.7456 1027.2092 1027.7646 
2 1025.5632 1025.8135 1_26.v896 1026.3955 1026.7439 1027.1602 1027.6775 1028.3264 1,)29.1355 1030.1255 1031.3076 1032.6855 
3 1026.8613 1027.3215 IJ27.79~r 1026.3206 1028.9570 1029.7952 1030.9082 1032.3411 1(134 • I (91 1036.2C58 1038.6074 1041.2712 
'I 1029.0486 1029.6868 1.30.33571031.1570 1032.3159 1034.0305 1036.3572 1039.2612 1042.6746 1046.5007 1050.6433 1054.9722 
5 1030.8252 1031.4919 1'32.~290 1033.3923 1035.1938 1037.9778 1041.5869 1045.8459 I050.6C55 1055.6931 1060.9880 1066.2737 
6 1010.8569 1011.5251 1_12.3120 1013.6187 1015.7092 1018.6821 1022.9280 1027.6233 1032.7783 1036.2112 1043.7915 1049.3252 
7 954.76,10 955.4026 956 • .:!9B3 957.9109 960.6301 964.5581 969.3916 974.8240 980.5803 986.49:34 992.4114 996.2412 
8 892.7747 893.3433 094.4854 696.e042 900.7852 906.1516 912.2898 918.7986 925.3:!11 931.7957 938.0242 944.0701 
9 844.3245 644.8267 046.3975 849.7456 855.3877 862.4343 869.9009 877.3997 884.5498 891.4194 897.7961 903.9421 

I? 804.0728 804. 53li3 <106.6315 811.6572 819.4998 62B .4939 837.2969 645.7207 853.3552 1360.5483 1366.9617 873.1846 
II 768.2322 768.7112 772 • .:!446 779.2368 790.0732 801.2595 1311.2600 820.4871 628.3774 835.7869 842.0532 848.3435 
12 735.652l 736.2078 741.7634 751.7563 766.4607 779.7661 790.5676 800.2534 807.9985 S15.4t31 821.2661 827.6199 
13 674.0786 674.94 .. 3 ,,81. J908 705.3701 730.1338 746.8730 757.9131 767.9663 774.4612 781.9365 786.0613 792.8425 
14 663.2012 664.1264 077.6403 697.8044 724.5667 741.6182 752.4861 762.5554 768.7146 776.1 S62 77<;.8875 786.8219 
15 652.6572 653.64Z 6 069 • .J I 86 691.1370 720.0771 737.1016 747.5891 757.6465 763.3291 770.Be57 774.0232 781.2253 

0 12.45094 12.45094 12.44306 U!.45094 12.43382 12.45094 12.45094 12.44171 12.44171 12.44171 12.45094 12.43382 
TB 626.4170 624.0879 021.3520 620.8040 619.5569 617.7588 616.1692 615.0168 613.55"5 613.E!357 611.9167 609.9553 
HS 18251.3 15664.1 6b76.7 3239.4 1319.2 1263.2 1332.5 1239.0 134 e.6 125(;.9 I 389. I 1223.1 
TSAr 626.4 624.1 6.1.1.6 620.6 619.6 617.8 616.2 615.0 61 ::.6 6.~.8 611.9 610.0 
HSAT 18251.3 15684.1 6616.7 3239.4 1319.2 1263.2 1332.5 1239.0 134 e. 6 12se.9 1389.1 1223.1 
P 1871.1 1840.2 16J7.0 1797.3 1781.2 1758.2 1738.0 1723.5 1705.2 1708.8 1685.0 1661.0 
S.F. 385056.2 383287.3 ,92834.3 21845701 130350.7 148326.1 172157.8 173952.4 19656€.0 194260.5 221270.8 206274.8 
S. TE"IP 647.51 648.53 66:;.41 668.24 71 6.36 735.18 "45.37 755.41 760.79 768.39 771.21 778.60 
MASS-FLX 432.3967 505.::1437 465.49"9 449.2795 480.7263 471.7012 445.82S6 423.1553 413.7556 232.6629 204.6960 211.7186 
OUAL ITY 0.26549 0.286<>0 0.28563 0.26414 0.28526 0.28775 0.29163 0.29745 0.30566 O.31f57 0.33387 0.36121 
GAP 0.03"10 0.03'H 0 0.03410 0.03410 O. a 341 0 0.03410 0.03410 0.03410 .,.03410 0.03410 0.C3410 0.03410 
•• *PELAP PREOICTIONS (STARREDI ••• 
*HB 1360.0 1550.6 1412.2 1356.0 1414.9 1363.4 1312.5 1263.1 124~.9 831.7 727.1 776.4-
*S.F. 194269.4 224175.6 ,15877.6 217222.6 234195.3 236323.6 233340.3 232783.1 237058.9 166522.6 161145.4 18.,307.8 
_s. TEMP 767.28 768.71 774.46 761.01 765.15 7e8.66 794.06 799.48 804.44 816.56 633.69 842.26 
*H.T.MOOE 9 9 9 9 9 9 9 9 9 9 9 <; 

..... 
00 
Vl 

TIME-- 1.2000 1.2500 I. -lOOO 1.3500 1.4000 1.4,00 1.5000 1.5500 1.6 COO 1.6500 1.7000 1.7500. 
NODE 

\ 1028.4231 1029.1926 Iw30.0789 1031.0864 1032.2166 1033.471)0 1034.8433 \036.3333 1037.9329 1039.6360 \041.4351 1043.3223 
2 1034.2556 1036.0103 IJ31.9390 1041'*0271 1042.2595 1044.616') 1047.0769 1049.6179 1052.2202 1054.6684 1057.5505 1060.2581 
3 1044.1646 1047.Z512 I~SO ... 966 1053.6662 1057.3188 1060.8159 1"6 •• 3118 1067.7808 1071.2000 1074.5601 1077.8730 1081.1450 
4 105<;.4666 1064.0576 1068.7002 1073.3438 1077.9075 1082.3445 1"86.5767 1090.6240 1 094.4 763 1096.t 702 1101.7959 1105.3479 
5 1071.6746 1077.0413 IJ82.~594 Il87.5601 1092.5078 1097.1931 1101.41383 1105.5522 1109.3455 1112.9814 1116.6560 1120.2402 
6 1054.9314 1060.4775 IJ65.9485 1071.2649 1076.2834 1080.9827 1085.2544 1069.2771 1093.043: 1096.6755 1100.3635 1103.9817 
7 1004.0366 1009.7412 11l15.-l.311 1020.6946 1025.6758 1030.2178 1034.2925 1036.0872 1041.7078 1045.2654 1048.6~45 1052.5334 
6 949.9932 955.7590 '16t..J555 966.5845 971.2520 975.3119 978.8591 962.1926 98S.5C78 968.9C36 992.4634 996.0881 
9 909.9202 915.6741 "21.,,095 926.1833 930.3716 933.8132 936.7197 939.6099 942.6,843 945.9<;32 949.5752 953.2178 

10 679.2207 884.95BO 1:190. If 343 895.0110 6913.6563 901.3811 903.6272 906.1868 909.lt43 912.5195 916.2529 919.9722 
11 854.4309 860.11<> 2 <165.5149 ,869.6467 872.4250 874.2954 875.8499 878.2468 881.3005 884.8467 888.8640 692.6846 
12 633.6951 839.2163 1:144.4597 847.7705 849.4258 850.2534 851.0811 853.5632 856.8726 860.1329 e65.1438 669.0027 
13 7913.7966 603.7673 d08.0152 809.4502 808.1824 606.6450 806.11 II 809.5950 613.8~69 818.5994 824.0563 827.7517 
I" 192.7229 797.5527 tlO2.~174 802.5601 800.6626 798.7024 797.9519 801.7529 806.1682 811.1262 616.7949 820.3918 
15 787.0300 791.6860 196d662 795.8816 793.3428 790.9263 790.0063 794.2656 798.9(i94 604.0~61 809.9338 B13.3696 

0 12.45094 12.45094 12.4:;094 12.45094 12.44306 12.45094 12.44306 12.46018 12.45228 12.44306 12.46018 12.44306 
TB 609.1816 608.9900 0'J6.2332 606.9800 606'.0125 606.0676 605.1770 603.7092 602.6318 601.71!76 600.7195 599.4822 
H8 1211.5 1227.8 1211.6 1399.8 1566.9 1683.4 1708.4 1521.8 1433.5 1352.0 1260.2 1260.9 
TSAT 609.2 6"9.0 0\18.2 601.0 606.0 606.1 605.2 603.1 602.6 60108 600.7 599.5 
HSIIT 1211.5 1227.6 1211.6 1399.6 1568.9 1683.4 1706.4 1521.8 1433.5 1352.0 1260.2 1260.9 
p 1651.6 1649.3 1640.2 1625.1 1613.6 lE14.2 1603.6 1566.3 157:!.1 1563.9 1551.5 1537.3 
S.F .. 2122C5.1 220884.6 "Z4516.5 259635.5 268204.8 304715.6 3"9102.6 264521.4 276365.0 268860.3 259!537.7 269629.8 
S.TEMP 784.34 788.89 793.53 792.61 789.71 787.08 786.10 790.67 795.42 800.65 806.67 809.99 
M ... SS-FLX 212.5670 210.6915 193.1590 180.0952 171.5675 12e .6263 100.3062 84.1991 89.9C94 69.3552 84.7270 84.6661 
OUAL lTV 0.39664 0.43735 0.47846 0.51700 0.55334 0.58996 0.62297 0.65617 0.69423 0.74C65 0.79249 0.84926 
GAP 0.03410 0.03410 0.OJ410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 O.O:!410 0.03410 0.03410 
••• PELAP PREOICTIONS (STARRED) ••• 
*HB 817.5 865.9 8~3.7 831.8 636.2 710.4- 597.7 522.0 56501 SB7.8 586.7 609.9 
"S.F .. 195510.9 210384.7 01.11662.7 212996.3 217490.1 190027.6 167447.6 153771.1 17208e.1 182661.9 186224.3 197276.8 
*S.TEMP 848.35 651.97 850.25 861.31 866.14- 873.61 885.45 898.43 907.19 912.59 918.20 923.04 
.ti.T .... ODE 9 9 9 9 9 9 9 9 9 9 9 9 



T1"1E-- 1.8000 
NODE 

1.8500 I. ,;000 1.9500 2.0000 2.0500 2.1000 2.1500 2.200') 2.2~00 2.3000 2.350C 

I 1045.290B 1047.3347 IJ49,~"75 1051.6240 1053.7930 I ass .B540 1057.7061 1059.2661 1060.4768 1061,J035 IObl.7334 1061.7703 2 1062.9B83 1065.7378 lJ68.~O"6 1071.2908 1073.43"8 1 C74. 5466 1074.5269 1073.4534 1071.4902 1068. B303 1005.6536 1'62.1191 .3 1(,84.3916 1087.0167 lu90.S2al 109 ... 0396 1093.2505 1 OB9 .1353 1082.9448 1075.6929 1068.0!:59 I C60. 4 eB3 1053.2002 1046.3176 4 1108.8933 1112.3962 H 15.6967 1119.4231 1104.2092 IOB6.2039 1069.5305 1055.0425 1042.6~12 1032.1~53 1023.2356 1015.5161 
5 1123.9082 1127.4790 U31.1040 1134.8013 1088.7654 1061.3813 1042.2627 1027.7595 1016.3157 10.,7.0e08 999.4141 992.9492 
6 11 07.6824 1111.2966 1114.9634 1I18.7H2 1017.1541 1051.5637 1033.4556 1019.7376 1008.geoo 1000.3276 993.2002 987.1738 7 1056.2131 1059.8538 liH'3.;;251 1'.)67.2979 1048.3401 1030.2888 IC15.8979 1004.6284 995.7232 988.5571 982.6135 977.5266 
8 999.7231 1003.3281 1')06.Y800 1010.7935 1004.6663 995.9592 988.0015 981.3420 975.9258 971.4e23 967.4941 9"3.9524 9 956.8247 960.3909 ,;004 ... 505 967.9688 967.5662 965.0142 962.4285 959.9653 C}57.B39$3 955.7998 953.7717 951.0140 10 923.5867 927.t .. ti7 ,;jO .tl875 935.0212 937.7402 939.3513 941.0330 941.9614 942.58'1 q42.5557 942.0354 940.9399 

II 896.31C8 899.8906 'IJ301886 908.2678 913.2402 9\6.0630 923.3984 926.9780 929.'3311 931.3174 931.9214 931.5447 
12 872.5854 876.1675 I:H10 • .!996 8a5.2578 892.4170 900.1252 908.9331 914.4365 919.\ 138 921.51196 922.9651 922.9651 
13 83101431 834.7559 639.0267 845.9211 858.2349 871.55 .... 887.2834 894.6616 902.2336 905.4<)80 907.6265 907.6194 
14 823.732 .. 827.35'>5 632.'>970 838.9753 852.4294 866.8005 883.8701 891.3035 899.4053 902.5593 9C4.e977 904.8137 
15 816.6509 820.2874 625.,,454 832.4558 847.2424 662.6665 881.1223 888.2935 896.9338 699.9023 902.3313 90:;>.0947 

Q 12.46C18 12.44306 1..2.4:;C94 12.46018 0.04832 0.0 0.0 O.~ ().~ 0.0 o.~ 0.0 
TB 598.3796 597.4302 .. 16.8521 635.8396 651.8127 660.5007 667.62"6 675.0261 683.9626 693.7253 70&.4443 7C5.77,,0 .,B 1268.2 1238.2 1273.5 1276.5 957.6 716.2 401.0 524.8 41 e. 4 503,,5 502.7 565.0 
TSAT 5ge.4 597.4- 596.2 595.0 594.8 ~93.4 592.0 591.1 59C.6 S8~.8 5B8.5 587.7 
HSAT 1268.2 1238.2 l1a7.4 1054.0 739.4- 536.5 295.7 375.9 28e.4 334.1 321.1 351.9 
P 1524.7 151.3.9 150 0.7 1486.5 1484.9 1469.0 1453.4 1443.4 143e.4 142~.2 1416.) 1406.6 
S.F. 272483.1 271731.8 .:616..2 1 .t 247057.8 184940.7 143521.2 65191.4 111203.5 8802e.7 1031e5.8 100365.7 110168.1 
S. TEMP 813.24 816.69 82".28 829.38 844.94 860.89 880.08 886.94 895.86 898.65 901.12 900.76 
MASS-FLX 84.1456 e3.26S8 82.'il724 86.2875 34.5206 24.7935 11.9955 32.4712 41 .. 7 591 28.6443 20.3015 30.5~25 
OUAL I TV 0.91306 0.98323 1.,,;lOOO 1.00000 1.00000 1.00000 1.00000 1.00000 1.00COO 1.00000 1.00000 I.OOOOC 
GAP 0.03410 0.03410 0.0.:1410 0.03410 (1.03410 0.03410 0.03410 0.03410 0.03410 0.03410 C.C3410 0.03410 
••• ~ELAP PREDICTIONS (STARRED) ••• 
'HB 636.9 673.5 593.5 550.4 246.4 183.5 97.3 192.1 25C.7 192.3 133.3 174.4 
*S.F. 208798.9 223147.4 1890110.3 171556.5 77437.1 59926.5 3:;>842.4 65635.3 8415<;.4 63577.2 43810.5 57231.3 
*S. TEMP 926.26 9213.77 9J.;J.20 945.53 965.08 986.56 1005.02 1014.95 1017.9a 1022.46 1029.82 1033.26 
*H.T.MOOE 9 9 8 8 8 8 a 8 8 8 8 8 

I-' 
<Xl 
CI'> 

T (ME-- 2.4000 2.4500 2.::.000 2.5500 2.6000 2.6500 2.7000 2.7500 2.8000 2.8500 2.9000 2.9500 
NODE. 

1 1061.4292 1060.7344 IJ59.7146 1058.4004 1056.8235 1055.0154 1053.0044 1050.8188 I 04a.4 €36 IC46.C20e 1043.4509 1040.7932 
2 1058.3567 1054.4644 IJ50.5178 1046.5679 1042.6521 1036.7930 1035.0046 1031.2939 1027.6643 1024.1162 1020.6494 1011.2615 
3 1039.8828 1033.8928 1~~8.~198 1023.1279 1018.2766 1013.7258 1009.4395 1005.3826 1001.5298 997. Bf:lJ 994.3574 991.0027 
4 I C08.7817 1002.8362 997.5171 992.7036 988.2971 984.2231 980.4185 976.8413 973.4<053 970.2732 967.2456 964.3645 
5 987.3547 982.4287 1118.0068 973.0;873 970.2769 966.8164 963.5481 960.4534 957.5232 954. 7~93 952.1318 949.6282 
6 981.9431 977.325C >173.1599 969.3589 965.835C 962.5332 959.3997 956.4248 953.6 C82 <l50.ge43 948.4277 946.C176 
7 973.0408 969.03'>0 >l65.J623 961.9766 958.7949 955.7822 952.a882 950.1 304 947.5190 945.0<069 942.7197 940.4734 
8 960.6484 957.5974 IIS4.b 148 951.9160 949. :;>356 946.6465 944.0908 941.6545 939.3582 937.2207 935.1 331 933.1272 
9 949.3528 947.1726 \/44.9004 942.7122 940.4661 938.2537 935.9822 933.8552 931.8<094 930.0525 928.1943 926.4155 

10 939.4763 <;38.0193 "l6.;!34 .. 934.5303 932.6111 930.7095 928.6438 926.8123 925.1228 923.<0206 921.9312 920.3606 
II 930.6389 929.79.>5 1128.JI62 927.0437 925.3301 923.6938 921.7471 920.2363 918 .8~94 917.6606 916.0540 914,6941 
12 922.4150 922.1399 >120.7644 919.9390 918.2886 916.9128 914.9871 913.8867 912.7859 911.9E04 910.3093 909.2087 
13 907.4333 908.3157 ~06."752 906.8210 904.8716 904.0947 90 1.9287 901.9717 901.4C31 <;01.3407 899.2026 898.8379 
14 904.6868 905.8188 1103.9236 904.4333 902.3557 901.7268 899.4709 899.7983 899.3066 899.4e .. 7 897.1050 896.9358 
15 902.0259 903.4375 'ilOl • .!944 902.1360 899.8513 899.4163 897.0195 897.7C63 897.2<034 897.5.366 894.9998 895.0884 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.\) 0.0 0.0 
TB 709.5271 714.4919 717.7949 719.9673 722.4253 724.1836 725.9236 727.8562 729.8030 731.1~42: 733.6936 735.4868 
HB 563.0 502.2 5';18.7 506.1 591.3 539.4 601.2 494.5 498.7 455.6 550.7 408,.2 
TSAT 587.0 58Q.0 585.0 584.1 583.2 582.3 581.5 580.6 57<;.8 S7e.9 578.0 577.1 
HSAT 343.1 298.2 346.2 289.1 330.3 297.2 324.9 26 ... 2 262.3 23c.4 27Q.3 :;>34.4 
P 1399.0 1388.5 1377.8 1368.6 1359.2 1350.4 13 .. 1.7 1332.7 1 32 ~. a 1315.0 1306.1 1297.2 
S.F. 107638.7 94316.4 109002.4 91632.t 104172.7 93914.1 102125.4 83492.8 8301S.8 75118.7 88235.4 74308.4 
S. TEMP 900.72 902.JO 899.9$ 901 • ~3 898.59 898.28 895.78 896.69 896.:;>6 896.63 893.93 1394.19 
"'ASS-FL x 32.2408 25.5824 25.7629 27.2751 26.0412 27.0832 27.0509 26.5267 26.5270 26.4233 26.0724 25.7435 
~UAL lTV I.OOOOC 1.00000 I.O~OOO 1.00000 1.00000 I .00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03"10 0.C3410 0.03410 0.03410 0."3410 0.03410 C.C3410 C.03411) 
***RELAP PREDICTION5 (5TAR'tED)" •• 
-HB 197.9 163.4 1:::16.0 165.2 158.9 161.7 162.6 159.'.) 15e.1 151.3 155.2 153.0 
*5.F. 64236.0 52496.6 49797.7 52451.4 50066.5 50!:49.6 50568.5 49100.5 "841~.5 47779.3 46734 • .3 45709.8 
*S.TEMP 1033.21 1034.76 1030 .61 1036.97 1037.13 1037.08 1036.59 1036.19 1035.71 IC35012 1034.52 1033.93 
*H.T.Il40DE S 8 8 8 8 8 8 8 8 8 1\ . 



Tl ME-- 3.0000 
NODE 

3.0500 3.1000 3.1500 3.2000 3.2500 3.3000 3.3500· 3.4000 3.4500 3.5000 3.5500 

1 1038.0627 1035.2751 1,)32.4421 1029.5762 1026.6855 1023.7795 1020.8655 1017.94~2 1015.0~61 1012.1301 1009.2354 1006.3555 
2 1013.9497 I010.71il2 Il07.""47 1004.4434 1001.4045 998.4241 995.4993 992.6265 989.8025 987.0247 984.2891 981.5911 
3 91l7.71l30 91l4.6841 981 • .,943 978.Il020 975.9939 973.2620 970.5981 967.9971 965.4~39 962.9617 960.5095 958.0828 
4 961.6086 958.9646 956.4163 953.9487 951.5471 949.2041 946.9165 944.6809 942.4 'i54 940.3425 938.1997 936.0291 
5 947.2207 9!~4 .90Z8 il42.0575 940.4668 938.3179 93e.2083 934.1448 932.1257 930.1519 928.\836 926.1816 924.0891 
6 943.6934 941.4534 >139.2778 937.1492 935.0547 932.9968 930.9822 929.0127 927.0859 92501533 92301694 921.0688 
7 938.2920 936.1863 iI.34.1301 932.1021 930.0952 9Z8.1221 926.1909 924.3027 922.4548 920.5737 918.6055 916.4675 
8 931.1443 929.23Z9 ,,27.3376 925.4419 923.5471 921.6899 919.8774 91801 052 916.3C!99 914.5::17 912.5378 910.2747 
9 924.6003 922 •. 8745 921.1155 919.3259 917.5222 915.7742 914.0752 912.4148 910.7e34 908.9385 906.8616 904.3870 

10 918.6667 917.1189 915.4573 913.7412 912.0037 910.3606 908.7698 907.2104 905.6721 9C3.7468 901.5198 898.7351 
11 913.0627 911.7095 910.~916 908.4182 906.7288 905.2017 903.7173 902.2515 900.7964 898.6787 896.2253 892.9932 
12 907.5576 906.4568 ~04.8054 903dS41 9CI.5027 90C .1265 898.750'l 897.3735 895.9<;71 893.5190 890.7656 886.9104 
13 896.8743 896.4993 1194.:;C98 892.8938 891.3069 890.3367 889.1523 887.9338 886.6938 683.0127 879.5713 874.0293 
14 894.8613 894.6729 .. 92.;i671 690.9712 889.3962 886.5225 867.3657 886.1760 884.96,)9 880.9775 877.4199 871.5007 
15 892.8455 892.6982 .. 90.0 I e7 889.0561 887.4985 886.7383 885.6006 664.4365 883.2437 878.6794 875.2229 868.8616 

Q 0.0 0.0 0.0 0.0 0.') 0.0 c.C 0.0 c.o O.C C.o 0.0 
TB 737.103B 738.3354 739.1409 739.3486 739.3147 739.0989 738.6792 738.2217 737.8413 737.6379 737.739C 736.2351 
HB 543.9 464.3 541.1 531.2 532.5 495.2 495.9 491.2 487.5 641.5 6BO.7 881.8 
T5AT 576.2 575.4 574.5 573.7 572.9 S72.1 571.3 570.5 56~.7 5ee.9 56S.0 567.2 
HSAT· 266.6 225.3 2.:;)8.4- 251.3 25C.0 231.6 231.1 228.0 22~.3 291.C 303.3 379.5 
P 1288.2 1279.5 127 I .1 1263.4 1255.6 1247.6 1239.8 1231.9 122'''0 121!;!.1 120S.2 1200.3 
S.F. 84146.4 71354.1 814.JO •• 79008.9 78398.5 72670.6 72421.6 71388.6 70463. B 89900.6 92814.9 113957.6 
S.TEMP 891.82 892.03 889.63 888.10 886.55 885.85 884.72 883.57 882.39 877.78 874.09 667.47 
MASS-FLX 25.0829 25.1169 211.11616 25.0093 24.0862 22.9850 21.9921 20.7431 19.3629 17.9C18 16.2756 14.5174 
QUAL lTV 1.00000 1. COOCO 1.00000 1.'lOO'lO 1.00000 I.OOCOO 1.000')0 I.CCOOO I. CCOOO I.COCOO 1.00000 1.00000 
GAP 0.03410 0.03410 0.OJ410 0.03410 0.03410 
'''''.RELAP PREDICT IONS (STARREO ..... 

o .03'HO C.03410 0.03410 0.03410 0.C3410 0.03410 0.03410 

• tIS 150.S U8.4 147.3 147.8 144.1 13(:1.4 133.5 127.5 12 C.5 113.2 t 04. 9 95.7 
*S.F. 44646.4 43726.8 43100.3 43168.2 41979.8 40268.6 38829.9 37088.6 35089.6 3295e.l 30544.8 27838.2 
*S.TEMP 1033.33 1032.60 1032..11 1031.31 1030.64 1030.11 1029.65 1029.28 1029.02 lC28.87 1025.86 1029.00 
*H.T .• MOOE 8 8 8 8 8 B 6 8 6 8 8 8 

I-' 
(Xl 
....... 

T (ME-- 3.6000 3.6500 3.1000 3.7500 3.aooo 3.8500 3.9COO 3.950C 4.0 COO 4.0500 4.1COO 4.1500 
NODE 

I 1003.4910 ICOO .61136 997.8115 994.9937 992. 188C 989.:!91l 986.5996 983.B101 981.0188 ~78.2;;:29 975.4202 972.6082 
2 978.9226 976.;!744 913.1>367 970.9993 968.3508 965.6846 962.9961 960.2800 957.5354 954.7620 951.9590 949.1282 
3 955.6611 953.2231 >150.1483 948.2217 945.6348 <;42.9856 940.2778 937.5156 934.7C61 931.8~33 928.9626 926.C381 
4 933.7959 931.4631 929.0103 926.4304 923.7368 920.9495 918.0911 915.1758 912.21411 909.2180 906.1936 903.1416 
5 921.8633 919.4619 ,/16.678" 914 .1316 91102617 ~08.3105 905.3096 902.2656 899.1921 896.0974 892.9871 889.8552 
6 918.Il1l8 916.3555 g13.b995 910.8757 907.9346 904.9214 901.8677 898.7786 895.61:28 892.5:310 889.3875 886.2229 
7 914.1323 911.5562 908.7546 905.7917 902.7307 899.6248 896.4995 893.3467 890.1775 887.0007 883.B184 88C.6143 
B 907.7542 904.9255 \101.0530 898.6589 895.4233 892.2004 888.9946 885.7671 B82. 5 383 879.3164 876.0974 872.8469 
9 901.6128 898.4565 695.0696 fl91 .6440 811B.2559 884.947C 881.6880 878.3940 875.1213 871.8e84 868.625C 865.3271 

10 895.64e4 892.0903 cl88 • .>640 88'1.7305 881.2241 877.8662 874.5737 871.2092 867.9021 864.6238 861.3582 857.9973 
II 889.5364 885.4768 1181.J962 877.6030 874.0249 870.6614 867.3530 863.8950 860.5676 857.:U88 853.9788 850.5242 
12 883.0542 878.3713 ,173.9631 870.1052 866.5222 863.2144 859.9058 856.3210 853.0115 849.7e17 846.3914 642.80,," 
13 869.4365 863.1900 .. 58.JI18 854.6001 85101360 848.C579 844.7380 840.7710 837.6204 834.2795 830.9192 826.9382 
I" 861/;.8091 860.2310 cl55 • .J079 851.6653 848.2334 845.2117 841.8840 ~~!:~;f~ 834.7346 831.3831 828.0164 823.9443 
IS 864.1101 857.1438 1152.2375 848.7021 845.3088 842.3560 839.C093 831.8:!74 828.4e78 825.0916 820.9087 

Q 0.0 0.0 0.0 0.0 o.C 0.0 ,.0 0.0 0.0 0.0 C.c 0.0 
TB 739.0547 739.7585 740 ... 982 740.8914 741.2268 711 I .4089 741.4280 741.3035 74 .. 0488 740.6650 740.4944 741.3647 
HB 920.9 1141.C 11.,4.4 1148.3 1l72.0 1173.7 1226.4 1338.9 132 1.3 1379.6 1435.0 1596.9 
TSAT 566.4 565.7 564.9 564.1 563.::! 562.6 561.8 5tH .C 56C.2 55;.4 55e.7 551!. 1 
HSAT 384.3 455.7 449.3 431.2 428.7 419.6 427.5 452.4 43~.8 44S.0 450.2 476.7 
P 1192.7 1185.7 1118.5 1171.2 1164.0 1156.8 1149.6 1142.4 1135.2 1121.9 1121.5 1116.2 
S.F. 113879.8 132084.9 128389.8 122069.1 120242.5 116786.7 1l7887.7 123190.9 118022.4 119087.6 119268.2 124548.5 
S.TEcMP 862.71 855.32 850.66 fl47.20 843.82 840.91 837.55 833.31 830.37 826.99 823.61 819.36 
MASS-FL X 13.0758 12.6044 12.0654 11.7767 11.6405 11.5223 11.4712 11.4274 11.4041 11.4084 11.1112 9.3902 
OUAL ITY 1.COOOO 1.00000 t. 00 0 00 I.OOOCO I.OOOCO I.OOOOC 1.00000 1.00000 1.00000 1.00000 1.0000':) 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.C341C 0.03410 0.03410 0.03410 0.03410 C.03410 0.031110 
***RELAP PREOICT IONS (STARRED).". 

77.8 77.0 76.5 76.2 7~.8 75.7 74.7 67.5 *HB 87.0 84.0 80.8 78.8 
*S.F. 25273.5 24336.8 23377.6 227411.5 22434.6 22165.2 22000.9 2188701 21783.2 21750.5 21447.2 19327.6 
*5. TEMP 1029.27 1029.43 1029.48 1029.47 1029.35 1029.18 1028.95 1028.67 1028.36 1028.01 1027.66 1027.51 
*H.T.MOOE 8 B a 8 8 8 B 8 8 e B 8 



TI"E-- 4 .2000 4.2500 40J 000 4.3500 4,4000 4.4500 4.5000 4.5500 4.6000 4.6500 4.7000 4.7500 
NODE 

I 969.7861 966.9497 ~64.J986 961.2319 958.3494 955.4497 952.5325 949.5962 946.6340 943.6348 940.5781 937.4360 
2 946.2698 943.3850 ~40 •• 749 937.5420 934.5884 931.6155 928.6206 925.5898 922.4893 919.2554 915.8059 912.0515 
3 923.0820 920.0919 '117.0916 914.0693 911.0344 ~07.9832 904.8982 901.7156 898.3C54 894.4741 890.0254 884.8313 
4 900.0632 896.9658 6~3. 6645 690.7673 687.6719 684.5557 661.3472 877.8433 873.6702 866.4036 861.7778 853.8274 
5 666.6970 683.5339 cl80. 3 911 877.2720 874.1563 670.9927 667.6311 663.6636 858.4243 851.3352 642.2922 831.7361 
6 863.0303 679.8403 d76.b799 873.5486 870.4175 867.2209 863.7727 659.5637 853.6032 845.6~26 835.6523 824.3206 
7 677.3764 87401624 cll0.9949 867.8645 864.7219 eol.474l 857.8557 653.1460 646.3206 836.8135 824.9746 811.8616 
8 869.5569 866.3315 cl63.1899 860.0876 856.9351 853.5876 849.6077 843.8191 634.7993 822.2664 807.3972 792.0549 
9 861.9617 858.7763 d55.0946 652.6311 849.4546 645.9514 841.4338 834.0666 622.0 ~OO 605.7~66 787.6047 770.3896 

10 654.5637 651.4409 cl46.4390 645.4102 842.1699 838.4233 633.1130 623.4766 607.3452 786.4492 764.6972 746.3135 
11 647.0264 844.0122 d41.1194 638.1042 834.7336 830.6028 824.0857 811.0471 789.1648 762.5227 737.5015 718.4336 
12 839.2166 636.4563 cl33.o 956 630.6582 827.0679 622.3716 614.0793 796.0923 766.4 ~29 733.1201 705.3066 667.4707 
13 623.1714 821.2856 cl18.1615 815.5303 811.2405 804'.9214 791.4629 759.25118 706.6758 659.9760 626.7671 616.1206 
14 620.1550 81,6.4912 clI5.~915 612.7021 8 )8. 2512 60 1.5728 786.9685 751.5463 696.5859 645.2212 614.0786 605.5127 
15 617.1055 815.7314 013.2244 609.6535 605.2087 798.1069 76201 064 742.8643 662.9854 62901016 598.6673 592.9312 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 742.9492 744.95,1 146. J762 741.8247 753.6232 765.3979 779.4712 795.0879 809.8274 615.3052 800.0037 767.4019 
HB 1713.2 1581.6 lo'l4.S 1908.6 2503.4 4665.S*.******·· -6745.3 -441(:.9 -3422.0 -2854.7 -2537.6 
T5AT 557.3 556.7 556.3 555.6 554.9 554.3 553.6 552.9 552.6 554::.5 552.1 551.9 
HSAT 481.7 426.1 435'.9 457.4 501.4 595.7 927.7 2080.6 4837.9 9636.3 15501.1 13176.6 
P 11 09.5 1104.1 1099.8 1093.6 1087.7 1082.4 1076.8 1070.8 1067.4 1066.6 1063.1 1061.3 
S.F. 124383.8 109775. I 111419.5 115635.6 124727.2 141\169,,, 209507.6 385033.4 594012.3 6672ge.5 597708.6 456635.4 
5 .TEMP 815.55 814.36 611 .63 606.41 803.65 796.30 779.47 738.01 675.34 620.30 590.63 566.67 
"AS5-FLX 5.3187 1.9251 0.1865 1.5312 3.1408 5.3327 7.1626 10.6873 14.8668 22.1!:75 26.2749 31.0536 
QUAL lTV 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.0000" 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
•• *RELAP PREDICTIONS (STARRED)." 
*HB 42.4 22.8 5.0 12.9 24.3 37.5 49.5 66.2 6~.1 122.4 140.1 157.7 
*S.F. 12087.3 6491.3 1425.9 3679.6 6799.4 10085.3 12514.6 16109.3 19596.5 2589~.1 31366.7 3901B.6 
*S.TE"P 1028.20 1029.00 1031.24 1032.07 1032.07 1031.62 1031.05 1030.14 1026.98 1027.22 1025.14 1022.45 
*H.T.NOOE 8 8 8 6 8 6 8 8 8 8 8 6 

t-' 
00 
00 

TI"E-- 4.8000 4.8500 4.'1000 4.9500 5.0000 5.0500 501 0 00 5.1500 5.2000 5.2500 5.3000 5.350C 
NOOE 

I 934.1758 930.7615 ~27 .16 02 92303425 919.2856 914.9753 910.4043 905.5720 900.4e29 895.1499 889.5874 883.6142 
2 907.9187 903.3625 ,,9803657 892.9436 887.1301 880.9714 874.5232 867.8420 860.9841 854.0005 846.9370 839.8335 
3 878.8643 872.1885 cl04.9270 857.2241 649.2205 841.0417 832.7949 824.5676 816.4277 806.4238 800.5869 792.9348 
4 844.8293 835.1558 el25.1599 615.1125 805.1990 795.5439 786.2266 777.2966 768.7725 760.6526 752.9106 745.5178 
5 820.3398 808.7109 197.,664 786.2344 775.7144 765.7627 756.3958 747.6147 739.3840 731.6580 724.3647 717.4553 
6 812.1096 799.87<>7 186.0203 776.7265 766.0593 756.0461 746.6899 737.9736 729.8433 722.2410 715.0766 706.3035 
7 798.5100 785.5845 173";901 761.9973 751.3779 741.5330 732.4182 724.0042 716.2009 708.9326 702.0854 695.6125 
8 777.4778 764.13<>2 152.1)442 741.0271 730.9158 721.6895 713.2424 705.5320 698.4077 691.7e17 685.4996 679.5500 
9 755.2112 742.07J2 130.5611 720.3003 710.9573 702.5703 094.9505 688.0667 6131.7236 675.7<;64 670.0950 664.6863 

I J 731.2021 718.8225 70803 105 696.9963 690.5679 663.1694 676.4893 670.5549 604.9907 659.7e81 654.6458 649.7842 
II 704.3398 693.4150 o84 • .J127 676.2017 668.8418 E62.6416 657.0188 652.1624 647.4338 642.9983 638.3726 634.0916 
12 675.7478 667.0862 <>59.6152 653.0994 646.9395 642.1770 637.6924 634.0471 630.1199 626.4712 622.2595 616.6062 
13 614.2021 611.5807 008.0128 604.6743 601.3037 600.0715 597.9370 597.0916 594.5481 592.5532 586.8044 586.6563 
14 603.2734 601.80.;5 ::i99.:i962 596.3667 593.2705 592.7498 591.0022 590.6951 568.3369 566.6545 582.9272 581.1021 
15 592.5579 592.2395 ;)90.7539 587.9910 585.3572 585.6187 584.2046 584.4729 562.2244 560.8684 577.0935 575.6467 

Q 0.0 0.0 0.0 0.0 0.0 0.0 1).0 0.0 0.0 0.0 0.0 0.0 
TB 726.9551 696.2903 gSO.9104 673.2656 668.4712 E64.2974 659.6862 655.6111 651.2515 646.4395 639.2183 634.2302 
HB -2748.1 -3148.3 -3303.0 -3383.9 -3280.1 -3087.5 -3065.4 -2980.9 -3057.!! -3031.1 -3259.3 -3187.4 
T5AT 551.6 551.3 551.1 550.6 550.5 550.2 549.9 549.4 54<;.0 54E.5 546.1 547.6 
H5AT 10757.0 9451.7 89115.2 9156.1 9232.9 7955.2 7672.7 6905.1 7291.5 7032.0 8126.8 7714.2 
P 1059.3 1056.8 10:i4.5 1052.2 1049.8 1047.5 1044.4 1040.4 1036.7 1032.8 1029.2 102503 
S.F. 383771.4 342348.4 317834.8 302596.9 285473.8 253675.7 243838.6 221114.3 220331.1 207400.7 211992.1 195313.6 
5.TE"P 587.30 587.55 580.40 563.84 561.44 582013 580.66 561.43 579.20 576.02 574.18 572.95 
"ASS-FLX 37.0354 40.4790 42.;)74. 44.0215 45.3427 46.7698 46.5401 49.3328 50.5~.2 51.3417 53'.C552 54.2000 
QUAL lTV 1.00000 1.00000 1.0001)0 1.00000 1.00000 I .00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.0.>410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
••• RELAP PREOICTIONS (STARi'lED) ••• 
*HB 185.2 205.8 2,0.5 229.5 230.6 243.7 252.3 257.3 26~.2 26e.6 278.4 287.9 
·S.F. 52508.5 64328.1 117,.9.9 75650.3 76220.3 80664.2 83636.6 85461.9 87591.0 89675.6 93773.3 97393.9 
*S.TE"P 1018.45 1013.53 1006.56 1004.05 999.96 996.14 992.34 988.61 985.00 981.35 977.51 973.32 
*H.T.MOOE 6 6 8 6 8 8 6 6 8 8 6 8 



'. 

TIME-- 5.4000 5.45"0 5.$000 5.5500 5.6000 5.6500 5.7000 5.7500 5.8COO 5.8500 5.9000 5.9500 
NODE 

I 877.8511 871.71»5 '1:165.4409 859.0383 852.5334 645.9482 839.3047 832.6213 825.9171) 619.2C95 812.5156 805.8496 
2 832.7209 825.6270 ,H8.:;745 811.5835 604.6707 797.8489 791.1289 784.5183 778.0229 771.6'187 765.4001 759.2813 
3 785.4756 778.2178 771.1675, 764.3289 757.7007 751.2786 745.0579 739.0317 733.1<;65 727.5469 722.0776 716.7859 
4 738.4485 731.6956 725.2527 71'h1069 713.2395 707.6274 702.2544 697.1045 692.1719 687.4453 682.9170 678.5786 
5 710.8933 704.6838 698.6184 693.2696 688.0071 682.9954 678.2217 673.6665 669.3325 665.2026 661.2686 657.5234 
6 701.8818 695.8286 09001323 684.7583 679.6711 674.8313 670.2312 665.8486 661.6<;29 657.7400 653.9858 650.4204 
7 689.4873 683.7510 o78 • .s 792 673.3252 668.511117 663.9963 659.6855 655.5820 651.7122 646.0376 644.5593 641.2663 
8 673.9268 668.7256 063.8813 659.3257 655.0063 650.6631 646.99~1 643.2869 639.6291 636.5~9a 633.11431 630.5259 
9 659.5847 654.9629 050.6680 6116.6125 6112.71156 639.0320 635.5616 632.2354 62901931 626.2690 623.5437 620.9851 

10 645.21 B8 64[.2407 ".H.5195 633.9697 630.5515 627.2378 6211.2056 621.2544 618.6E26 616.0<;50 613.7559 611.5645 
11 630.1052 626.9097 023.7981 620.7690 617.8049 C!11I.8923 612.3574 609.7791 607.7256 605.4976 603.5952 601.7974 
12 615.2363 612.9678 ,,10.4573 607.9258 605.3940 602. B611 600.6904 598.6379 597.2291' 595.2578 593.8489 592.11399 
13 564.6162 584.6308 :>63.2678 581.6868 579.9802 576.1694 577.6045 575.8176 57601335 e74.3.364- 574.1982 573.5422 
111 57<;.2996 580.0217 a78.~657 577.1469 575.5830 f73.8945 573.6177 571.8669 572.5574 570.7161 570.8550 570.3101 
15 5711.0781 575.3626 ,,13.9531 572.6992 571.2629 569.6899 569.71122 567.9797 56901147 567.1416 567.61911 56701569 

Q 0.0 0.0 C.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 630.2737 626.4106 ,,22.3694 618.1165 613.4421 609.8430 604.6436 596.1917 569.9~85 586.7395 585.6079 563.5525 
HB -3162.7 -3054.5 -32~9.2 -3342.7 -31190.3 -3567.6 -3721.2 -4633.4 -5336.1 -5507.1 -5609.4 -6234.0 
T54T 547.2 5116.8 54(.:..3 545.9 545.4 5114.9 5114.3 543.8 54 ~.3 542.6 !542.3 541.7 
HSAT 7700.1 6166.0 6513.9 6459.0 6511.6 6625.2 5825.3 6260.2 496E.I 5700.6 4780.0 4666.3 
p 1021.7 1017.9 1014.2 1010.5 1006.4 1002.2 997.9 993.5 989.7 985.1 961.0 976.7 
S.F. 187067.8 162724.4 l652" 7.8 159163.2 1511673.9 150680.3 136921.3 139667.4 120202.3 126749.9 113644.9 111650.0 
S.TEMP 571.50 573.14 571 .67 570.50 569013 567.61 567.85 566.05 567.45 565.36 566.05 565.61 
NASS-FLX 55.6045 56.7197 57.9038 59.0979 60.3751 57.9783 58.11206 56.6474 61.4489 60.1 :!33 59.2920 56.6155 
QUAL tTY I.COOOO 1.00000 1.000,)0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 I.OOOCO 
GAP 0.03410 0.03410 O. OJ, 410 0.031110 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
••• flELAP PREDICTIONS (ST"R~EOI.*" 
"'He 294.7 301.8 308.5 315.9 324.5 317.6 32103 338. I 33 e.5 350.5 346.8 349.9 
*S .. F. 99687.4- 102030.6 l()4292.2 106819.3 109846. :3 107603.2 109192.0 116931.5 116552.2 120652.9 1189011.9 119702.1 
*5. TEMP 969.32 965.29 961.27 957.17 952.94 949.54 945.78 941.36 936.65 932.16 928.22 924.45 
*H.T.MOOE e e 8 8 8 8 8 6 8 6 8 8 

I-' 
00 
\0 

T 11'41"-- 6.0000 6.0500 6.1000 6.1500 6.2000 
NOOE 

6.2500 6.3000 6.3500 6.4000 6.4500 6.5000 6.5500 

1 799.2261 792.6577 786.1553 779.7295 773.3901 767.11131 760.9954 754.9531 749.I)~J7 743.2156 737.5366 732.0042 
2 753.2935 747.4397 74107212 73601372 730.6660 725.3635 720.1692 715.1055 710.1836 705.4219 700.8403 696.4566 
3 711.6c77 706.7160 701.11272 697.2859 1;92.7631 e66.4102 684.1650 680.0657 676.1469 672.4563 669.0206 665.8594 
4 674.4246 670.4417 666. <> I 08 662.9131 659.3313 655.6535 652.5015 6119.3374 646.4502 643.9045 641.72119 639.8906 
5 653.9622 650.5601 0047.'<686 644.1:;!45 6111.0535 6313.0637 635.2166 632.63115 630.4507 626.7207 627.4255 626.41380 
6 647.0422 6113.6176 040.7131 637.7075 634.7656 631.9375 629.2542 626.8865 624.9863 623.5<;28 622.6553 622.0664 
7 638.1643 635.1970 b32 • .s3~6 629.54112 626.8267 624.1709 621.7266 619.6946 618.2473 617.3660 616.9558 616.8545 
6 627.79112 625.15;111 022,587. 620.0679 617.5974 615.1726 613.0686 611.5552 610.8132 610.6909 611.0112 611.5325 
<} 618.6145 616.2761 1>13.9634 611.6758 609.4199 607.1956 605.4695 604.5645 604.6375 605.3225 606.3713 607.4539 

10 609.5701 601.5078 005."'268 603.3521 601.2949 :99.2576 596.0193 597.91111 599.0193 EOO .6255 602.4492 604.0566 
11 600.2227 5~8.3900 .:i96,32.7 594.6514 592.78117 590.9265 590.4211 591.4585 593.97211 596.6365 599.2622 601.3247 
12 591.3125 589.6206 5a7.~Z90 586.2368 564.51139 ~82.a51t 563.4153 565.9539 590.11:41 593.8486 597.2295 599.4627 
13 573.41112 571.61308 ;),70. J 308 566.9607 567.6162 566.2402 570.1648 576.7944 565.3367 590.6104 595.2419 597.2512 
14 570.4043 566.5625 ':>07.,971 566.0093 564.7036 563.3782 566.0901 575.4846 51311.8262 590.2=20 595. C728 596.9443 
15 567.11651 565.5085 ;)04, .... 135 563.0825 561.6313 560.5591 566.2266 574.11775 564.6616 590.0<;74 595.07611 596.7153 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Q.? 0.0 0.0 0.0 
T8 579.4507 5711.8318 !>12.o758 568.6511 564.6460 1:53.4353 543.8569 537.2666 536.6656 536.1289 535.51130 538.6611 
H8 -7705.6 -10215.5 -10647.11 -14912.9 -24229.5 17624.3 2716.5 687.7 -140.S -22.9 -107.2 106.4 
TS"T 541.2 540.8 540.2 539.6 539.0 :38.5 536.4 537.3 53".7 53E.l S35.5 536.7 
HSAT 4168.9 4779.4 4712.6 4756.2 11607.0 11674.6 2170.5 667.7 -140.6 -22.9 -107.2 106.4 
p 972.6 966.8 904.1 959.6 954.9 950 •• 950.0 941.3 931;.5 932.2 921.6 952.1 
S.F" 1 03390.4 110931.1 1 067:>5.4 104669.2 102727.0 100875.3 58600.7 25333.7 -6767.8 -1235.S -639C:.l 6167.4 s. TEMP 566.03 563.97 562.83 561.63 560.41 559.16 565.41 574.13 584.75 590.11 595.17 596.63 
MASS-FLX 60.1586 61.6806 60.'+270 6~.2721 59.2686 59.9636 59.5647 57.5838 57.3335 55.9~36 55.4841 54.6233 
QUALITy I.OOOCO 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.991175 ':).99348 0.98519 0.99055 0.96963 
GAP 0.03410 0.03410 0.0 .. 410 0.03410 0.031110 0.03410 0.03410 0.03410 0.034!':) 0.03410 0.03410 0.03410 
."RELAP PREOICT IONS (STARKEDI .... 
• He 356.8 ,354. a 300.9 362.5 363.8 375.5 561.6 529.7 662.6 561.8 842.6 355.3 
*S.F. 121902.3 120600.0 1.!2402.5 122895.2 123399.1 12B946.6 205686.9 181266.6 216367.9 164125.2 252625. e 103322.6 
"'S.TSMP 920.72 916.74 91.:::.49 908.52 904.46 900.14 891.54 879.61 663.:33 652.73 635.116 626.67 
*H.T.MOOE 6 8 8 6 6 B 3 3 3 3 3 8 



TIME-- 6.6000 
NOOE 

6.6500 6.TOGO 6.7500 6.6000 6.6500 6,9000 6.9500 7.0000 7.0500 7.1000 701500 

I 726.6245 721.41l1 716 • .3740 711.5222 706.8611 702.3931 698.1191 694.0386 690.1475 686.4412 662.9131 679.5576 
2 692.21171 61111.3369 084.6074 661.0930 677.7844 674.6667 671.7319 668.9607 666.3423 663.8635 661.5120 659.2773 
3 662.9700 660.3384 057.9407 655.7490 653.7349 651.8704 650.1335 648.5042 646.9t66 645.5C78 644.1157 642.7791 
4 638.3589 637.0745 635.9856 635.0398 634.1973 633,4250 632.7029 632.0154 631.3530 630.7012 630.0552 629.4080 
5 625.11306 625.3677 625,Q376 624.7769 624.5522 624.3328 624.1145 623.8804 623.6340 623.3579 623.0547 622.7.190 
6 621,7358· 621.5686 021.S024 621.4707 621.4458 621.3997 621.3391 621.2449 621.1262 620.9617 620.7603 620.5146 
7 616.9639 617.17511 617.4375 617.6760 617.811211 618.0291 616.1465 618.2029 618.2251 61801770 616.0837 617.9302 
6 612.17411 612.8125 013.4277 613.9299 614.3567 614.6731 614.9595 615.1440 615.2942 615.3350 615.3325 615.2473 
9 608.5601 609.5366 010.4265 611.1016 6lt.6804 612.0957 612.5066 612.7600 613.0012 613.0769 613.1328 613.0745 

10 605.5942 606.8428 607.9585 608.7285 609.4170 609.8735 610.3977 610.6667 610.9875 61100447 611.1477 611.0803 
11 603.2563 604.6704 ,,05.9597 606.7065 607.4734 607.8926 608.5481 608.7476 609.1616 609.1138 609.2771 609.1443 
12 601.7351 603.1426 004.::;500 605.1128 605.9568 606.2383 607.0823 607.0823 607.6448 607.3':35 607.6448 607.3635 
13 600.1165 601.0259 ",02.6611 602.3865 603.5405 603.2339 604.7615 603.8970 605.0.,54 603.8547 604.6641 603.7964 
14 599.9460 600.7002 002.3997 601.9141 603.1709 602.7134 604.4233 603.3259 604.6697 603.2161 604.2104 603.1569 
15 599.8865 600.4114 6G2.2051 601.4397 602.8589 602.1926 604.1553 602.7341 604.3345 602.5459 603.7874 602.5049 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 534.4099 533.8198 :.33.2869 532.6951 532.0369 531.5337 531.0869 530.4033 529.8176 529.2041 528.5549 527.9197 
HB -27.6 145.6 08.3 261.9 133.4 276.5 98.0 319.0 134.9 359.4 181.4 337.2 
T5AT 534.4 533.8 533.3 532.7 532.0 S31.5 531.1 530.4 52<;.8 52<;.2 528.6 527.9 
HSAT -27.6 145.6 68.3 261.9 133.4 276.5 98.0 319.0 134.9 359.4 161.4 337.2 
P 918.8 914.3 910.2 905.6 900.6 896.8 893.4 888.3 883.9 679.3 874.4- 869.7 
S.F. -1810.5 9677.2 4703.0 17943.0 9428.1 19464.0 7150.9 22974.6 10037.4 26231.4 13614.0 25032.3 
S. TEMP 599.91 600.28 602.14 601.19 602.73 601.93 604.06 602.42 604.20 602.19 603.60 602.16 
MASS-FLX 54.5808 53.7207 52.5600 52.0223 49.7620 50.0416 49.5159 47.6918 47.0538 46.2380 44.8848 44.6310 
OVAL lTV 0.96243 0.96233 0.96075 0.98541 0.95181 0.98152 0.97566 0.98093 0.97395 0.97326 0.97093 0.96910 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 ~.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
••• RELAP PREDICTIONS (STARREO •• .... 
*HS 858.6 958.2 996.7 1304.7 325.9 1395.4 1905.5 1682.3 1727.5 165~.3 1820.4 1905.6 
*S.F. 242315.3 260309.7 ,,"60912.6 325907.8 78263.5 316275.3 408622.1 337748.1 327654.8 297374.9 309186.2 305447.4 
*S.TEMP 816.74 805.61 79;; .16 782.56 772.49 758.24 745.40 731.23 719.48 706.80 698.41 688.25 
*H.T.MOOE 4 4 4 3 8 3 3 3 3 3 3 3 

I-' 
\0 
0 

TIME-- 7.2000 7.2500 7"; 000 7.3500 7.4000 7.4500 7.5000 7.5500 7.6000 7.6500 7.7000 7.7500 
NODE 

I 676.3652 673.3298 go70.4431 667.6963 665.0801 e62.5764 660.1743 657.6467 655.5747 653.3384 65101204 648.9072 
2 657.1504 655.1216 1:»53.1858 651.3306 649.5347 647.7637 645.9783 644.1426 642.2341 640.2434 638.1699 636.0215 
3 641.4927 640.2539 639.05136 637.8831 636.6680 e35.3335 633.8152 632.0869 630.1584 626.0620 625.8374 623.5237 
4 628.7649 6211.1284 ,,2-' •• 985 626.8030 625.8928 624.6177 622.9255 620.8738 618.5635 616.0942 613.5432 610.9702 
5 622.3701 622.01.J2 021.6477 621.1116 620.1521 618.5828 616.4473 613.9331 611.2249 608.4473 605.6763 602.9668 
6 620.2549 619.9649 619.7002 619.1772 618.1091 616.3110 613.9070 611.1575 608.2712 ':05.3713 602.5217 599.7720 
7 617.7698 617.5957 017.4011 616.8337 615.5081 613.2705 610.4126 607.3135 604.196ry 601.1582 598.2373 595.4717 
8 615.1846 615.10335 014.9915 614.2256 612.3262 609.2683 605.7012 602.1558 598.6054 595.6682 592.7305 590.0190 

" 613.0977 613.0837 013.(1273 611.8872 609.1563 605.0635 600.7666 596.8770 593.4064 590.2649 587.3821 584.7893 
D 61102061 611.2427 "H."239 609.4177 605.4517 600.0049 594.9763 590.6672 587.4309 584.3726 581.6128 579.2114 
11 609.4331 609.4675 009.4873 606.4453 600.5681 593.3162 587.7087 583.7305 580.4866 577.6384 575.0920 572.9900 
12 607.92tO 607.9260 007.9260 602.8586 594.4060 S85.1057 579.4631 576.0740 573.2488 570.7051 568.4429 566.7458 
13 605.3657 604.9402 .,04.9412 593.0964 571'.7095 563.8770 560.1968 559.2451 557.5552 555.7644 554.2114 553.6270 
14 604.9871 604.4172 .. 04.4331 591.0098 574.3186 559.7720 556.7981 556.3636 554.8440 553.1782 551.7561 551.3958 
IS 604.6851 603.8926 603.9436 588.5229 570.4470 555.2822 553.3987 553.5579 552.1621 550.6138 549.3267 549.2214 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ').0 0.0 0.0 0.0 
TB 527.3064 526.6711 :.2c>.0325 525.3975 524.7588 524.1167 523.4729 522.8267 522.1462 521.4834 520.8254 520.1099 
HB 104.8 257.6 225.4 1758.6 3688.4 6184.2 4312.7 3347.9 3340.6 3297.1 3177.6 2119.1 
TSAT 527.3 526.7 526.0 525.4 524.8 524.1 523.5 522.6 52".1 52105 ~20.8 520.1 
HSAT 104.8 257.6 2Z5.4 1758.6 3688.4 6184.2 4312.7 3347.9 3340.6 3297.1 3177.6 2719.7 
P 865.2 860.5 855.8 851.2 846.5 841.9 637.2 832.6 827.7 623.0 818.3 813.3 
S.F. 8095.2 19824.2 175il3.9 108413.6 160401.4 177553.4 121752.2 96299.2 95811.9 91825.6 86720.9 76278.4 
S. TEMP 604.57 603.02 60~. 71 587.05 568.25 552.83 551.70 S52019 550.83 549.33 548.12 548.16 
MASS-FLX 43.9321 42.9963 42.Z590 41.5277 40.7342 39.9429 39.1522 38.3496 37.5406 36.5683 34.7149 32.8503 
OVAL ITY 0.96712 o .965Z I 0.96323 0.96119 0.95913 0.95706 0.95497 0.95288 0.95086 0.94E67 0.94544 0.94268 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
*.*RELAP PREDICTIONS (STAR~EOI •• * 

2680.7 2498.0 "'HB 1999.8 2079.9 2164.1 225201 2338.1 2423,S 2508.4 2590.9 2674,6 
*S.F. 303211.9 298214.7 293119.3 288363.1 282972.7 277267.8 271362.2 265245.1 259453.6 248731.9 2 219207.8 
.5. TEMP 678.97 670.c)8 661.55 653.49 645.84 638.58 631.72 625.26 619.16 614.32 607.91 
*H. T .MODE 3 3 3 3 3 3 3 3 3 3 3 

~ 



T IME-- 7.8000 7.8500 7.9000 7.9500 8.0000 e.0500 8.1000 6.150~ 8. 2 OO~ 8.2500 8.3000 6.3500 
NODE 

1 646.6882 644. <1\583 042.,( 136 639.9539 637.6607 e35.3977 6330108<1 630.8159 628.5~42 ~26.2~61 623.9553 621.6653 
2 633.8103 631.5513 o29.~ 610 626.9553 62<1.6467 622.3467 620.0608 617.7913 615.5422 613.3157 611011<15 608.9429 
3 621.151:7 618.7686 oI6 • .J877 614.03<14 611.7236 f09.4578 601.2321 605.0.39 602.ee99 /:00.77.9 598.703. 096.6797 
<I 608.4167 605.91114 Q03.~078 601.1929 598.9729 e96.8250 594.7273 592.6689 590.6521 588.60;1. 586.7925 58 •• 9604 
5 600.347<1 597.8511 ~ 95 •• 993 593.28.<1 591.1882 599.1560 59701587 585.1951 583.2776 581.43.8 579.6672 577.9805 
6 597.1401 594.6621 :>92 • .J525 590.1917 58801531 586,1663 58 •• 2029 5S2 .271 0 580.3899 578.50;59 576.8831 575.2568 
7 592.8616 590.<141>3 :)8a.~ 300 58601707 58 •• 2327 582.3123 580.3960 578.5103 576.687? 574.9731 573.3.25 571.8091 
8 587.<1993 585.2329 :;6301963 581.3066 579.522') ~77.6"82 575.8157 573.9927 572.2539 570.6f75 569.1563 567.7561 
\I 582.4060 580.3411 ,,78.:;217 576.9169 575.1892 573.3989 571.5637 569.8042 569.IE09 566.7253 565.3335 56 •• 0754 

10 577.0115 575.2227 573.6733 57201699 570.7075 568.89.5 567.0942 565 •• 099 563.8e70 S62.6499 561.3799 560.2917 
II 571.0313 569.6455 :iGB .4358 567.1409 565.8511 563.9045 562.1299 560.5549 559.2012 558.2520 557.0876 556.2253 
12 565.0483 56 •• 1995 ,,63 • .3506 562.2183 561.0857 558.8201 557.1204 555.7039 554.5701 S54.C032 552.S691 552.3020 
13 552 •• 341 553.12<1\3 ;j,~2.97e8 551.9966 551.1670 5<17.6119 546.3784 5.5.<1338 5" •• 8909 545."e31 543.9937 544.3333 
I. 550.2688 551.28,,1 ,,51.~297 550.2434 549.4695 545.6008 544.5295 543.6765 543.2476 543.9795 542.4561 543.0107 
15 54801296 5.9.54i!5 :;49.:;347 548.5093 547.7986 543.51.9 5.2.7017 541.9<134 541.6416 542.6272 540.9114 541.748S 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 519 ..... 1 518.78 .. 4 :"8.~955 517.4031 516.7227 516.06.2 515.3381 51 •• 6191 513.8 .. 38 513.1e58 512.4343 511.6982 
HB 2759.9 1981.5 1940.5 2049.1 1962.6 2968.9 2451.9 2321.2 2093.6 1595.5 2022.6 1459.2 
TSIIT 519 •• 518.8 518 .. 1 517.4- 516.7 516.1 515.3 514.6 51~.9 513.2 512.4 511.7 
HSAT 2759.9 1981.5 194 O. 5 204901 1962.6 2968.8 2451.9 2321.2 209:!.6 1595:.5 2022.6 1459.2 
P 808.6 804.0 7"9.2 794.4 789.7 785.2 780.2 775.3 770.4- 765.5 760.6 755.7 
S.F .. 76234.0 59305.5 59399.3 61968.3 59364.2 78251.0 64667.9 61429.0 56.31.4 <15978.5 56012.3 .2970.2 
S. TEMP 547.07 5.8.71 548.71 547.64- 5.6.97 542.42 541.79 541.09 540.85 541.98 540.13 541.15 
MII5S-FLX 31.38 .. 3 29.5428 28.11450 27.4903 25.9290 2<1.2 .. 13 22.5148 21.2122 19.9t42 18.7148 17.4.11 1601 077 
QUilL lTV 0.9.186 0.9421)1 0.942"1 0.94 .. 29 0.94600 0.95140 0.95329 0.95511 0.957')5 0.95911J 0.90126 0.96358 
GAP 0.03410 0.034, 0 0.0;1410 0.03410 0.03410 0.03410 0.03.10 0.03410 ".03410 0.03410 0.03410 0.03410 
**-RELAP PRED leTIONS (STAR'l.EDlo.* 
'"He 2.09.3 2355.0 22"'5.3 2167.4 2095.0 1925 •• 17.6.3 1598.4 1459.2 1322.3 1187.2 1051.8 
lfIS.F. 206878.9 198933.6 , 'Jl.~2.6 179876.4 172906.4 159435.1 146343.6 13613 •• 9 126.34.9 116826.7 107224.8 97387.0 
*S.TEMP 605.3. 6D.:s.~4 601.62 600.47 599.39 599.01 599.28 599.93 600.69 601.66 602.89 604 •• 4 
-H.r.MODE 3 3 J 3 3 3 3 3 3 3 3 3 

..... 
\0 ..... 

6.4000 8.4500 8.,,000 8.5500 6.6000 8.6500 8.7000 8.7500 8.8000 8.8500 8.9000 8.9500 

619.4290 017.1897 014.970$ 612.7744 610.6040 e08.4607 606.3.69 604.263. 602.2104 600.1902 598.2031 596.2483 
606.8044 60 •• 6997 ooa • .,301 600.5974 596.6030 596.6460 594.7263 592.8418 590.9924 589.1777 587.3975 585.6499 
594.7043 592.7149 :>90.6909 589.0537 587.2629 ~85.5139 583.8018 582.1240 580 •• eI2 578.6723 577.2957 575.7476 
583.1892 581.4663 ;\79.1935 578.1750 576.6067 575.0750 573.5716 572.0967 570.6555 569.2.68 567.6660 566.5046 
576.3530 574.1'664 ,,73 • .2324 571.7615 570.3379 568.9360 567.5527 566.1951 564.6757 563.5859 562.3198 561.0598 
573.6849 572.1.82 570.6672 569.2546 567.8872 566.5295 565.18'1'7 563.8713 562.5989 561.3525 560.1277 558.8999 
570.3152 569.6452 ,,67.4390 566.1113 56<1\.6186 563.5151 562.2251 560.9636 559.7549 558.5652 557.3933 55~.Z021 

6 566.3582 564.9~75 :»63.0631 562.4526 561.2507 559.9990 556.7673 551.5735 556 •• 509 555.326. 554.2158 553.0544 
9 562.7551 561.4312 ;a60.&!351 559.1<184 556.0222 556.797. 555.618. 554.4910 553.4600 552.3867 551.3296 550.1768 

10 559.0229 557.75!11 356.Q995 555.7581 554.6895 553.4592 552.3419 551.2900 550.3711 549.3333 5.8.3296 547.1555 
11 55 •• 94.9 553.7311 :>52.8806 552.1204 551.0642 549.7725 5.8.7515 541.7944 547.0293 545.98<19 545.0442 5.3.7905 
12 550.8840 549.7495 ,.49.182. 546.6147 547 •• 795 S46.0605 545.2090 544.3569 5.3.7591 542.6531 541.8008 540.3804 
13 542.1470 541.3162 ~4' .0448 541.4539 539.8291 537.9685 537.6003 537.1516 537.1 ~55 535.48<1<1 534.9697 532.86.8 
14 5.0.6036 539.8745 :>40 • .J953 540.2495 538.4895 536.5725 536.55.9 535.9250 536.024<1 534.2268 533.8105 531.5579 
15 539.0247 538.4512 :>39.,(034 539.0769 537.1306 535.1328 535.3.S1 53 •• 7131 53 •• 9507 532.9456 532.6729 530.1926 

Q 0.0 0.0 t),O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 510.9597 510.2190 S09.4734 508.7241 508.0146 e07.3279 506.6318 505.9336 505.2~14 5'.14 .... 63 503.7607 503.1094 
HB 2145.8 1626.9 13112..3 1376.7 1750.7 1943.6 1.83.0 1523.3 1268.5 1692.8 1406.4 191 •• 5 
TSAT 51l.0 510.2 5~9.5 508.7 508.0 :01.3 506.6 505.9 505.2 504.5 503.8 503.1 
H5AT 2145.8 1826.9 1392.3 1376.7 1750.7 1943.6 ,483.0 1523.3 126e.5 1692.8 1406.4 1914.5 
P 750.8 745.9 741.0 '1'36.1 731.5 727.0 722.6 n801 713.6 70e.9 704.3 700.2 
S.F. 55.64.7 50290.3 40599.3 40996.4 49751.5 52605 •• 41717.5 42922.6 37<)38.5 47041.2 39873.5 50491.4 
S.TEMP 538.21 537.75 538.63 536.50 536 •• 3 53 •• 39 53 •• 76 53A.1l 534.'13 532.28 532.11 529.49 
"'ASS-EL)( 14.7500 13.3833 11. ~971 10.4812 8.6361 7.414. 6.1937 ... 9852 3.6785 2.8 •• 1 1.2305 0.7907 
QUilL lTV 0.96600 0.96849 0.97107 0.97376 0.97673 0.91913 0.98156 0.98388 0.98617 0.96798 0.990.7 0.99339 
GilI' 0.03<110 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03<110 
**"RELAP PREOICTIONS (ST~~EOJ •• * 
*HB 919.9 792.5 673.6 555 •• .29.2 ~43.8 269.5 203.3 14:!.4 e~.o 26.3 17.6 
'*S.F. 87576.4 7778 •• 8 68204.3 58252.6 46754.9 39876.2 31.34.1 2.599.4 17920.9 114S8.3 3504.2. 2432.6 
*s. TEMP 606.31 606.52 610.96 613.76 617.08 620.54 623.85 621.09 630.35 633.70 636.99 639.96 
*H.T.MODE 3 3 3 3 3 :3 :3 3 3 3 3 :3 



T IME-- 9.0000 9.0500 9.1 000 '" .1500 9.2000 9.2500 9.3000 9.3500 9.4000 9.4500 9.5000 9.5500 
NODE 

I 594.3264 592.4363 :>90.;;779 588.7505 586.9546 585.1897 583.4563 581.7551 580.0eS4 578.4473 576.8396 575.2610 
2 583.9321 582.2'U7 ;;80.;;796 578.9441 577.3379 575.763. 574.2219 572.7129 571.2332 569.7795 568.3513 566.9456 
3 574.2217 5'72.7156 :>71.2290 569.1'695 568.3435 566.9563 565.6040 564.2798 562.9768 561.6~21 560.4233 559.1719 
4 565.1479 563.8008 :>62.4695 561.1768 559.9329 558.7388 557.5757 556.4253 555.2 eoo 554.1404 553.0083 551.8894 
5 559.7861 558.5200 557.,744 556.0898 554.9722 553.9082 552.8582 551.7991 550.7:!17 549.6636 546.6001 547.5532 
6 557.6492 556.4094 ;i55.1946 554.0581 552.9958 551.9861 550.9763 549.9451 548.9004 547.8552 546.8147 545.7954 
7 554.9729 553.7664 :.52.,,928 551.5306 550.5479 549.6133 548.6494 547.6436 546.6226 545.6030 544.5906 543.6067 
8 551.8330 ,550.6702 :;;49.;;527 548.6091 547.7380 546.8970 545.9683 544.9729 543.9709 542.9783 541.9971 541.0610 
9 548.9441 547.8347 546.7764 545.9814 545.2222 544.4658 543.5376 542.5310 541.5417 540.5745 539.6213 538.7373 

10 545.8879 544.8630 I>43.67U 543.2930 542.6484 541.9712 540.9937 539.9531 538.9797 538.C410 537.1182 536.3020 
II 542.4553 541.5947 ;;40.0851 540.4509 539.8975 539.2866 53801 582 537.0613 536.1252 535.2258 534.3376 533.6233 
12 538.9592 538.3909 537.5378 537.8223 537.2537 536.6848 535.2629 534.1252 533.2717 532.4180 531.5642 530.9949 
13 531.29(8 531.7969 ;;30.1:1860 532.8574 531.7563 531.2688 528.1'646 527.7102 527.1860 526.4199 525.6333 525.5156 
14 529.9521 530.7U.8 :>29.7439 532.1025 530.7991 !!30.3472 527.5894 526.6025 526.1 !O28 525.3~33 524.6174 524.5994 
15 528.5994 529.69:;1 :>28.0030 531.4543 529.8269 529.4399 526.3547 525.4956 525.1 ~67 524.3728 523.606" 523.7114 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 502.2568 505.8306 :>21 ... 409 544.1860 584.3757 631.5386 679.6421 729.1270 764.6899 786.0122 795.8357 803.6597 
HB 1907.3 1455.4 6407.7 -1459.3 .,649.6 -31t.1' -303.0 -193.1 -148.4 -138.5 -131.8 -109.1 
TSAT 502.3 501.6 501.4 500.9 500.7 500 .. 3 499.9 499.7 499.3 49€.9 498.5 496.4 
I'ISAT 1907.3 1234.2 15$5.3 627.3 1248.8 1115.0 1811 .4 1560.0 1406.1 1455.3 1460.5 1230.6 
P 694.8 690.8 669.2 686.5 684.9 682.1' 680.4 678.7 676.4 674.1 671.5 671.1 
S.F. 48929.2 34033.4 40919.2 18970.1 35764.4 31963.2 46645.1 39427.7 35630.2 36299.9 35944.9 30581.9 
S.TEMP 527.91 529.,2 526.03 531.19 529.32 528.99 525.70 524.94 524.63 523.86 523.10 523.26 
MA5S-FLX 0.5175 0.0202 4.3966 5.5550 7.4572 9 ... 606 10.0326 13.4984 14.61':16 15.3052 13.9231 20.9437 
QUALITY 0.99492 1.0000 0 1.0"000 1.00000 1.00000 1 .00000 1.00000 10 00000 1.00000 1.00000 to 00000 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 ().03410 0.03410 0.03410 0.03410 0.03410 0.03410 
•• *AELAP PREDICTIONS (STARRED'* •• 
*1'18 18.7 5.0 41.3 42.2 56.0 64.1 66.8 79.7 Bf.9 ae .. s 83.7 I 10.7 
*S.F ... 2613.7 690.6 6070.2 4543.9 3951.2 1686.6 -1567.9 -5534.9 -9499.9 -11309.1 -11534.6 -16067.9 
*S.TEMP 642.19 643.96 644.91 645.86 646.65 647.78 649.24 651.09 653.12 655.05 656.69 658.19 
*H.T.MOOE 3 8 8 8 8 8 8 8 8 8 8 8 

I-' 
\0 
N 

TIME-- 9.6000 9.6500 9.7000 9.7500 9.8000 9.8500 9.9000 9.9500 10.0000 10.0500 10.1000 10.1500 
NOOE 558.4800 1 573.7112 572.1897 :;;70.0948 569.2278 567.7878 566.31'60 564.9924 563.6367 562.3C81 561.C066 559.7312 

2 565.5632 564.2043 :>62.8711 561.5637 560.2839 559.0317 557.8069 556.6096 555.4:368 554.2856 553.1541 552.0393 
3 557.9395 556.7285 ;;55.:>442 554.3887 553.2632 lO52.1672 551.0989 550.0535 549.0256 548.0098 547.0029 546.0044 
4 550.7898 549.7192 548.6199 547.6768 546.7075 545.7664 544.8501 543.9453 543.0464 542.1416 541.2349 540.3286 
5 546.5327 545.5508 544.0064 543.1031 542.8328 541.9885 541.1633 540.3337 539.4998 538.6428 537.7803 536.9185 
6 544.8052 543.8606 ,,42.9561 542.0950 541.2659 540.4597 539.6667 538.8635 538.0!!IO 537.2036 536.3545 535.5066 
7 542.6594 541.7683 ;i40.9177 540.1147 539.3401 S38.5811 537.8328 537.0520 536.2e07 535.4170 534.5825 533.7517 
B 540.1707 539.3555 538.5742 537.8484 537.1384 536.4333 535.7322 534.9624 534.1912 533. 3~06 532.5149 531.7034 
9 537.9077 537.1760 S36.4622 535.8132 535.1609 !!34.5002 533.8372 533.0571 532.3000 531.3994 530.6125 529.8179 

10 535.5449 534.9194 ;;34. i!727 533.7148 533.1143 532.4932 531.8655 531.0410 530.3CJ5 529.3235 528.5957 527.8140 
11 532.9570 532.4805 531.8921 531.4541 530.8899 530.3000 529.7043 526.7683 528.0793 526.9360 526.3538 525.5659 
12 530.4255 53001409 :>29.,,713 529.2866 528.7170 528.1475 527.5779 526.4382 525.8684 524.4434 524.1582 523.3030 
13 525.1343 525.3948 :>24.1>919 524.8765 524.1270 S23.5955 523.0771 521.1973 521.1975 518.7058 519.6851 518.3582 
14 524.2400 524.6145 ;;23.8550 524.1 .. 97 523.3362 522.8186 522.3105 520.2571 520.4211 517.6626 516.9780 517.4893 
IS 523.3616 523.8726 ;;23.0171 523.4575 522.5 .. 20 522.0496 521.5500 519.2744 519.6768 516.5532 518.3403 516.5945 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 801.6873 797.0525 186.0802 772.S855 759.0271 748,3477 740.6931 734.8271 730.3C71 726.5906 723.3770 719.6609 
HB -110.6 -91.5 -113.7 -93.8 -120.8 -120.1 -122.6 -170.2 -119.6 - 200.1 -96.4 -162.2 
TS4T 497.8 497.4 497.0 49fh6 496.1 495.7 495.2 494.e 494.3 493.9 493.5 493.2 
1'1 SAT 1228.2 959.3 117 .... 882.0 1100.0 1047.6 1038.2 1533.5 1010.0 190e.l 806.1 1438.1 
p 667.4 665.0 662.6 659.9 657.3 654.6 652.0 649.2 646.6 643.9 641.7 639.7 
S.F. 30835,1 25039.0 300$ 1.3 23426.7 28609.5 27220.7 26913.4 36765.6 25244.6 42140.2 19801.0 33020.5 
S.TEMP 522.93 523.52 522.59 523.13 522.14 521.67 521.17 518.75 519.32 515.96 518.06 516.13 
MASS-FLK 1901489 21.6087 22.4202 23.8378 25.1974 26.1049 26.7236 27.6931 27.3714 27.8410 28.4523 29.5616 
QUAL ITY 1.00000 1.00000 I.OIJOOO 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.0'1410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410' 0.03410 0.03410 0.03410 
.*.PELAP PAEOICTIONS (STAR~EOI.*. 

146.3 *H8 103.2 113.3 117.7 123.2 129.4 132.9 135.1 139.2 131'.6 140.0 141.8 
*S.F. -14675.1 -15457.1 -14893.5 -13842.3 -12329.3 -11196.5 -10422.1 -9698.2 -8967.4 -8592.1 -8192.8 -7696.2 
*5. TEMP 659.90 661.27 66.0(.51 663.40 664.04 664.51 664.92 665.27 665.60 665.91 666.20 666.50 
*H.T.MOOE 8 8 8 8 8 8 8 8 8 8 8 8 



T IME-- 10.2000 10.2500 10.3000 10.3500 10.4000 10.4500 10.5000 10.5500 10.6000 10.6500 10.7000 10.7500 
NODE 

I 557.2512 556.0449 :;54.8599 553.6960 552.5518 SSt .4270 550.3201 549.2302 548ol!!63 547.0<;67 546.0508 545.0181 
2 550.9414 549.8594 ~48. 7944 547.7468 546.7144 545.6970 544.6909 543.6948 542.7080 541.7312 540.7639 539.8047 
3 545.01f>4 544.0415 (;43.0815 54201372 541.2058 540.2810 539.3579 538.4365 537.5205 536.6125 535.7107 534.8123 
4 539.4324 538.5520 :>37.6892 536.8435 536.0002 53501497 534.2849 533.4189 532.5e05 531.7122 530.8672 530.0154 
5 536.0732 535.2505 ",34.4475 533.6609 532.8618 !!32.a405 531.1924 530.3525 529.5261 528.7144 527.8987 527.0637 
(; 534.6821 533.8833 ,,3301 052 532.3435 53105549 530.1378 529.8887 529.0586 528.2451 527.4487 526.6421 525.8081 
7 532.9565 532.1907 531.4453 530.7139 529.9321 529.1138 528.2559 527.4414 526.6475 525.8718 525.0737 524.2344 
8 530.9509 530.2295 ::>29.5244 528.8291 528.0352 527.2024 526.3218 525.5405 524.7737 !!24.0264 523.2285 522.3684 
9 529.1187 528.4419 S27.7737 527.1113 526.2776 S25.4216 524.5083 523.7834 523.0430 522.3245 521.5112 520.6172 

10 527.1914 526.5635 ::>25.9321 525.3015 524.3811 ~23 .4966 522.5356 521.9177 521.1968 520.5U5 519.6560 518.7063 
11 525.0735 524.4907 "23.d933 523.2949 522.1897 521.2876 520.2529 519.8572 519.1201 518.4795 517.5239 516.4861 
12 523.0178 522.4418 521.8174 521.3069 519.8806 519.0247 517.8831 517.8831 517.0269 516.4558 515.3137 514.1711 
13 518.8116 518.1042 "17.S852 517.0693 514.4998 514.0706 512.5476 514.0068 512.4053 512.1387 510.2691 508.9370 
14 518.1372 517.3512 516.d538 516.3472 513.5125 S13.2329 511.6067 513.4182 511.5798 511.4138 509.3879 508.0203 
15 517.5024 516.6060 516.1279 515.6306 512.4570 512.4126 510.6392 512.9131 510.7173 510.7065 508.4451 507.0837 

Q 0.0 0.0 0.0 0.0 0.0 0.0 'l.0 0.0 0.0 0.0 0.0 0.0 
TB 715.1501 71001345 704.5188 697.8138 691.6248 686.0400 679.9990 673.6016 666.1910 653.1250 644.5898 639.2454 
HB -105.1 -139.2 -135.7 -138.7 -224.2 '-162.1' -209.0 -90.8 -207.9 -170.6 -257.8 -255.1 
TSAT 492.8 492.5 492.1 491.7 491.4 491.1 490.7 490.4 490.0 ,489.6 489.3 488.8 
H5AT 852.7 1136.6 1082.9 1076.8 196f>.4 1352.8 1826.7 653.3 1596.4 1170.8 1886.7 1905.1 
P 637.7 635.7 633.6 631.5 629.4 t27.6 625.4 623.4 621.1 61S.9 617.3 614.8 
S.F. 20799.1 27000.9 25614.1 25328.2 40294.1 28310.8 35508.9 U60 •• 0 32417.1 2435<;.9 35224.9 33837.7 
S.TEMP 517.21 516.22 515.71 515.27 511.89 512.01 510.14 512.71 510.26 510.36 507.94 506.60 
MASS-FLX 30.7087 31.4148 32 • .J948 33.5978 34.6796 35.0123 36.8652 37.7274 37.6e92 40.1529 43.3178 42.3826 
QUAL tTY 1.00000 1.00000 1. OJ 000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.OJ410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
**.RELAP PREDICTIONS (STARRED) ••• 
*HB 150.9 153.7 1:16.5 162.1 166.3 167.9 175.5 177.9 IBC.3 1ee.1 187.2 195.5 
*S.F. -7398.8 -6789.6 -60~6.8 -5029.3 -4271.1 -3371.6 -2540.2 -1450.2 -215.2 1924.9 3748.9 4890.9 
.S.TEMP 666.77 666.98 667. II 667.16 667.14 667.06 666.95 666.76 666.49 666.01 665.35 664.72 
.H.T.MOOE 8 8 8 8 8 e 8 8 8 8 e 8 

I-' 
\0 

'\..oJ 

TIME-- 10.8000 10.8500 10.9000 10.9500 11.0000 11.0500 11.1000 11.1500 11.2000 11.2500 11.3000 11.3500 
NOOE 

1 543.9<;171 542.980e ;;41.91166 540.9956 540.0137 539.0432 538.0867 537.1487 536.2~36 535.3455 534.4885 533.6660 
2 538.8518 537.9038 ::>36.9563 536.0188 535.0908 534.1833 533.3057 532.4666 531.6726 530.9265 530.2292 529.5808 
3 533.9121 533.0018 :>32.1016 531.2053 530.3362 529.5132 528.7517 528.0593 527 .4~82 526.8850 526.3906 525.9490 
4 529.1492 528.2688 :127. JII67 526.5366 525.7534 525.0649 524.4829 524.0010 523.6133 523.2974 523.0356 522.8176 
5 526.202. 525.3213 ",2 •• 4495 523.6472 522.9573 522.4072 521.9937 521.6912 521.4863 521.3403 521.2300 521.1545 
6 524.9404 524.0540 S23.1865 522 •• U 55 521.7842 521.3145 520.9915 520.77<13 520.6626 520.5S18 520.5442 520.5278 
7 523.3528 522.4556 li21.5984 520.8860 520.3528 520.0100 519.821e 519.7341 519.7366 519.7585 519.7861 IH9.8416 
8 521.4578 520.5457 ",19.7139 519.1145 518.7461 518.5996 518.6016 51e.6746 518.8:176 518.9487 519.0520 519.1885 
9 519.6687 Sill. 7427 :>17.11568 517.51e3 517.3501 517.4271 517.6265 517.8491 518.1472 518.3372 518.4958 518.1065 
I~ 517.7063 516.7732 ::>16.06S8 515.e816 515.9802 516.:!396 516.7595 517.1306 517.5879 517.8135 518.0149 51e.3108 
11 515.4163 514.4985 513.9548 514.1907 514.6523 515.3804 516.0413 516.5435 517.1877 517.3e94 517.6060 51B.0186 
12 513.0283 512.1711 :>11.8855 512.7427 513.5999 514.7424 515.5991 516.1702 517.0269 517.C269 517.3123 517.8831 
13 507.6470 507.0791 ,,07.6438 510.4121 512.0476 514.1758 515.2454 515.7793 517.2244 516.3535 516.9065 517.9587 
14 506.7090 506.2158 ",06.9634 510.1282 511.8513 514.1602 515.2273 515.7351 517.3101 516.2102 516.8596 518.0093 
15 505.7537 505.36111 .. 06.J308 509.9663 511.7231 514.2280 515.2468 515.7100 517.4492 516.0334 516.8381 51801006 

0 0.0 0.0 0.0 0.0 o.a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 633.3782 602.6013 .. 95.1987 599.1204 607.8367 600.e884 576.7332 544.e416 518.0776 507.9927 514.0215 499.5779 
HB -268.7 -305.0 -2JO.l -12.4 -23.6 62.3 31.6 -10.0 13085.8 990.7 -83.4 -252.2 
TSAT 488.2 487.9 467.5 487.0 486.6 486.2 485.7 485.3 481\.8 484.8 4e3.1 483.7 
HSAT 2016.0 1749.0 1106.9 48.4- 90.5 -191.8 -65.7 9.6 -212.1 25201 -7.0 -136.2 
p 611.1 609.5 6~7.2 604.6 602.3 599.8 597.4 594.7 592.4 592.0 5e2.7 586.4 
S.F. 34423.9 29782.9 20519.5 110e.1\ 2268.0 -5395.2 -1939.5 291.7 -6939.0 7855.6 -235.2 -4681.3 
S.TEMP 505.26 504.94 506.04 509.95 511.69 514.30 51S.27 515.71 517.55 515.92 516.84 518.17 
MASS-FLX 37.8660 43.7496 44.51170 43.7525 43.2380 43.1884 42.8978 44.5030 46.0740 56.8~58 31.8698 55.0892 
QUAL ITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 10 00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.0.:1410 0.03.10 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 C.03410 * •• RELAP PREIlICTIDN5 (STARRED) .... 
*H8 187.4 205.5 212.7 217.9 209.2 205.1 204.9 220.8 234.4 27E.7 206.2 225.2 
*S.F. 5461.7 11480.0 13979.5 13802.9 10979.2 11876.5 15532.5 24298.9 30569.3 4-0073.2, 28264.2 31456.0 
.S. TEMP 664.15 662.96 661.39 66C.26 659.90 659.56 658.55 656.44 653.62 650.46 648.08 647.08 
*H.T.MOOE 8 8 8 8 e e 8 e 8 8 8 8 



TIME-- 11.4000 II .45QO 11.:;;000 1l.5500 11.6000 11.6500 11.7000 11.7500 11.6000 11.8500 11.9000 11.9500 
NODE 

1 532.8796 S:!'2 .I.U 1 :>:J1 •• 216 530.7527 530.1235 529.5339 528.9834 5213 •• 695 527.9<;12 527.5464 527.1323 526.7463 
2 528.9792 528.424 I 527.il136 527.4453 527.0166 526.6257 526.2673 525.9399 525.6389 525.3589 525.0974 524.8533 
3 525.5571 525.2131 :>24.9111 524.6472 524.4175 524.2161 524.0369 523.8765 523.7275 523.5845 523.4446 523.3123 
4 522.6467 522.5198 :>22 •• 260 522.3594 522.3167 522.2874 522.2651 522.2437 522.2153 522.1729 522.1191 522.0728 
5 521.1250 521.1353 ;;21.1685 521.2153 521.2808 521.3440 521.4006 521.4.73 521.4724 521.4663 521.4443 521.4446 
6 520.5613 520.6294 ;;20.7141 520.8064 520.9160 521.0122 521.0964 521.1660 521.20.8 521.2051 521.1921 521.2146 
7 519.9551 520.0950 :>0!0 .. !397 5010.3833 520.5.54 520.6738 520.7859 520.8765 520.9236 520.9209 520.9141 520.9690 
8 519 •• 026 519.6230 ;;19.lt286 520.0210 520.2417 520.3899 520.5227 520.6265 520.6648 520.6409 520.6387 520.7465 
9 519.0247 519.3110 519.:>610 519.71193 520.0652 520.2068 520.3518 520.4573 520.4697 520.4092 520.4172 520.6052 
l' 518.7588 519.0977 :.19 ... 796 519.6355 519.9771 520.0747 520.2319 521>.3276 520.2(186 520.1736 520.2104 520.5239 
U 518.6465 519.0015 019.2949 519.5693 520.0056 519.9768 520.1663 520.2314 520.0950 519.9001 520.0173 520.5496 
12 518.7393 519.0247 :>19 ... 101 519.5952 520.1660 f19.B806 520.1660 520.1660 519.8806 519.5955 519.8606 520.7366 
13 519.4329 519.2395 ;;19.5083 519.8142 520.8191 519.5203 520.3345 520.0361 519.2871 516.8279 519.7822 521.6140 
14 519.6008 519.Z678 019.;;520 519.8613 520.9646 519.4128 520.3923 520.0032 519.1616 518.6833 519.11015 521.8264 
15 519.82Z3 519.2839 :>19.c>040 519.9194 521.1448 519.2544 520.4836 519.9592 519.0107 518.5271 519.8599 522.1042 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 504.6780 483.5964 481.9180 4S1.4116 480.9099 460.3608 479.8064 479.2693 476.7146 47801870 477 .6323 477.0906 
He -636.7 2.7 -58.2 -61.7 -191.5 200.9 -114.4 53.8 158.7 148.5 -66.3 -273.5 
TSAT 483.0 483.6 461.9 481.4 .80.9 480.4 479.6 .79.3 47E.7 47S.2 477.6 47701 
H5AT -263.0 2.7 -58.Z -61.7 -191.5 200.9 -114.4 53.8 158.7 148.5 -86.3 -273.5 
I' 562.1 585.6 576.5 573.7 571.0 568.1 565.1 562.3 559. J 55e.5 553.6 550.8 
S.f" • -9730.5 96.4 -2HI4.0 -2378.1 -7726.3 7792.4 -4660.3 2187.3 6379.7 5977.1 -3648.0 -12360.3 
S.TEMI' 519.96 519.Z8 519.64 519.95 521.25 519.14 520.55 519.93 518.92 518.44 519.91 522.26 
MASS-FLX .4.8253 42.4930 44.7625 43.0932 43.5436 43.8060 43.4091 43.0652 43.2135 43.0065 43.2758 42.3739 
QUAL lTV 1.00000 0.99021 :>.98603 0.97822 0.97133 0.96231 0.95226 0.93763 0.90951 0.88536 0.86369 0.84399 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.(3411) 0.03410 0.03410 0.03410 
• *.RELAI' I'REOICTIONS (STARRED) ••• 
*He 222.3 234.3 999.0 1446.2 1990.5 2.94.8 3012.5 3501.7 362e.9 3648.5 3707.2 3644.7 
*S.F. 30646.7 37823.3 1427\10.1 177698.8 208136.4 219390.1 219698.7 214351.4 196106.3 164044.3 174594.6 162503.3 
.5. TEMP 646.15 644.05 624.89 604.32 585.55 5«;8.38 552.66 540.53 533.40 528.75 524.76 521.72 
*H.T.Mooe 8 8 3 3 3 3 3 3 3 " 3 3 

..... 
\0 
.c-

T IME--
NODE 

12.0000 12.0500 1201 000 1201500 12.2000 12.2500 12.3000 12.3500 12.4000 12 .4500 12.5000 12.5500 

1 526.3872 526.0527 :>25.7407 525.4517 525.1829 524.9329 524.7014 524.4673 524.20;00 524.1077 523.9390 523.7825 
2 524.6255 524.4133 li24.2173 524.0352 523.8672 523.7124 523.5708 523.4421 523.3254 523.2176 52301167 523.0195 
3 523.1907 523.0796 liZ2.9785 522.81.155 522.80te S22.7278 522.6631 522.6096 522.5615 522.5139 522.4614 522.4050 
4 522.0405 522.0144 :>21.9912 521.9705 521.9592 521.9539 521.9573 521.9700 521.9771 521.9700 521.9421 521.9050 
5 521.4656 521.4851 ,,21.5027 521.5181 521.5476 521 .5796 521.6230 521.6738 521.7056 521.7051 521.6724 521.6379 .. 521.2598 5Z1.29.7 ::;21.:f267 521.3550 521.4036 521.4490 521.5098 521.5762 521.6121 521.6077 521.5664 521.5330 
7 521.0461 521.0959 ;;21.1433 521.1848 521.2563 521.3179 521.4004 521.4866 521.5195 521.5007 521.4402 521.4094 
II 520.8657 520.9199 :;20.98tO 521.0330 521.I.Z6 521.2109 521.3247 521 •• 307 521.4417 521.3884 521.2937 521.2771 
9 520.7559 520.7954 "ZO.8694 520.9268 521.0825 521.1458 521.2979 521.4177 521.3821 521.2622 521.1479 521.1660 

II) 520.6951 520.6890 520.1852 520.6428 521.0713 521.1025 521.3164 521.4404 521.3162 521.1e43 520.9719 521.0667 
11 520.6934 520.5813 :;;20.7344 520.7791 521.1372 521.0703 521.4070 521.5039 521.2083 520.9719 520.7354 520.9998 
12 520.7366 520.4512 520.7363 520.7363 521.3069 521.0211' 521.5923 521.5923 521.0217 520.7366 520.4512 521.0217 
13 520.6201 520.0234 520.9064 520.6516 521.9792 520.7539 522.2942 521.7625 520.3137 520.1035 519.7224 521.4041 
14 520.6040 519.9229 :>20.~705 520.6279 522.1392 520.6646 522.4673 521.7708 520.1438 519.90;12 519.5886 521.5293 
15 520.7537 519.7959 ;;21.0674 520.5933 522.3477 520.5269 522.6990 521.7561 519.9207 519.8767 519.4443 521.7205 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 C.O 
TB 476.5239 475.9919 "75.4009 474.7124 474.0862 473.4275 472.7961 472.1511 471.5024 470.8208 470 .1606 469.4937 
HB 77.0 127.7 -107.5 38.6 -193.8 149.2 -213.2 3 •• 2 205.8 61.5 111.9 -179.1 
T5AT 476.5 .76.0 475.4 474.7 474.1 473.4 472.6 472.2 471.5 470.6 470.2 469.5 
HSAT 77.0 127.7 -107.5 38.6 -193.6 149.2 -213.2 34.2 205.8 61.5 111.9 -179.1 
P 547.8 5.5.1 542.0 5311.5 535.3 531.9 528.7 525.4 522.2 51e.8 515.5 512.2 
S.F. 3403.1 5585.0 -4914.8 1771.3 -9377.5 7012.4 -10672.8 1695.4 9934.9 3992.4 5504.3 -9376.3 
S.TEMI' 520.71 519.72 521 .14 520.57 522.46 520.43 522.65 5210 73 519.78 519.82 519.37 521.85 
14ASS-FLX 43.3881 42.5988 42.7911 42.1607 40.5437 40.7900 39.6996 39.1105 36d 065 37.1514 36.5135 35.5799 
QUAL lTV 0.62418 0.60568 0.76822 0.77292 0.76055 0.74907 0.73920 0.73058 O. 72 ~29 0.71692 0.71153 0.70665 
GAP 0.03410 0.03410 0.0.$410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03.10 
•• ,"REI-AI' PREDICTIONS (STARRED)".* 
.HB 3723.0 3670.6 369 1.4 3622.0 3535.0 3511.6 3449.4 3366.6 331~.7 32.~.6 3197.3 3130.0 
*S.F. 157431.9 147766.9 142087.1 135047.3 126143.0 123923.1 116322.3 11356 •• 0 108677.8 104167.6 100547.1 96736.2 
*S.TEMP 518.83 516.34 514.02 512.09 510.44 508.79 507.22 505.72 504.3. 502.95 501.75 500.49 
*H.T.lilooe 3 3 3 3 3 3 3 3 3 3 3 3 



TlME-- 12.6000 12.6500 12.7000 12.7500 12.8000 12.8500 12.9000 12.9500 13.0000 13.0500 13.1000 13.1500 
NODE 

1 523.6365 523.5000 523.3728 523.2551 523.1465 523.0466 522.9558 522.8728 ·522.7<;83 522.7314 52'h6714 522.6179 
2 522.9263 522.8386 ",22.7573 522.6841 522.6201 522.5647 522.5164 522.4744 522.4397 522.4102 522.3845 522.3616 
3 522.3484 522.2971 522.2551 522.2246 522.2043 522.1914 522.1824 522.1790 522.1799 522.1819 522.1831 522.1814 
4 5U.8733 521.8560 ",21.8545 521.8711 521.8975 521.9243 521.9485 521.9775 522.0100 522.0364 522.0535 522.0627 
5 521.6221 521.6309 521.0628 521.7173 521.7722 521.8188 521.8564 521.9048 521.9541 521.91l75 522.0061 522.0142 
6 521.5269 521.5496 521.5996 521.6724 521.7383 521 .7905 521.8311 521.8892 521.9448 521.9768 521.9917 521.9968 
7 521.4204 521.4670 :>21.5420 521.6411 521.7178 521.7722 521.8127 521.8857 521.9475 521.9734 521.9802 521.9797 
8 521.3206 521.4038 :>21.5149 521.6477 521.7263 521.7751 521.8105 521.9097 521 .9739 521.9800 521.9114 521.9634 
9 521.2529 521.3172 521.5259 521.6926 521.7563 521.7920 521.8186 521.9583 522.0134 521.9861 521.9612 521.9465 

10 521.2146 521.3882 52105796 521.7839 521.8030 521.8186 521.8347 522.0444 522.0676 521.9851 521.9451 521.9277 
U 521.2258 521.4578 521.0970 521.9431 521.8557 521.8499 521.8557 522.2001 522.1287 521.9558 521.9155 521.9028 
12 521.3069 521.5923 :>21.<1774 522.1626 521.8772 521 .8772 521.8772 522.4476 52201 626 S21.en4 521.6174 521.817" 
13 521+6331 522.0249 ,,22.J971 522.7600 521.7466 521.9287 521.9182 523.2695 522.0569 521.5515 521.8008 521.8247 
14 521.6958 522.1Ul 522.4983 522.8733 521.6890 521.9426 521.9238 523.4556 521.9941 521.4197 521.7971 521.8174 
15 521.7625 522.2090 :>22.6091 522.9958 521.5903 521.9673 521.9299 523.6912 52108831 521.3914 521.6052 521.803 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 466.7151 467.6328 466.9614 466.0598 465.1956 464.3091 463.4072 462.5046 461.5 .. 45 460.6115 459.7893 458.9382 
HB -44.6 -72.8 -77.9 -82.9 90.8 -22.6 -2.7 -167.6 101.0 60.2 -12.9 3.4 
TSAT 466'" 467.8 4 .. 7.0 466.1 465.2 464.3 463.4 462.5 461.6 460.7 459.8 456.9 
HSAT -44.6 -72.8 -77.9 -82.9 90.8 -22.6 -2..7 -UH.6 101.0 60.2 -12.9 3.4 
I' 50e.3 504.0 4>19.8 495.4 491.3 487.0 482.8 478.5 474.3 410.0 465.9 462.0 
S.F. -2370.0 -3963.0 -4339.8 -4725.3 5112.7 -1302.2 -156.1 -10280.4 6076.9 3652.0 -800.4 213.6 
S.TEMP 521.80 522.26 522.67 523.06 521.52 521.99 521.93 523.64 521.60. 521.34 521.82 521.81 
M.SS-FLX 35.3755 33.7587 32.::i 185 31.8353 30.2921 29.5630 26.3881 27.2527 26.1209 24.q~76 23.6289 23.3156 
QUAL lTV 0.70230 0.69924 0.69753 0.69641 0.69675 0.69748 0.69928 0.70204 0.70571 0.71031 0.71594 0.72158 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03UO 0.03410 0.03410 0.03410 
..... REL.p PRE01CT10NS (STARREDl .... 
"HB 3120.4 3023.7 29,9.0 2873.3 2775.6 2734.5 2658.3 2581.3 2507.3 24ze.6 2338.6 2309.5 
*S.F. .94584.0 90422.6 87068.9 84674.6 81266 • .3 19423.6 76721.3 74250.6 7194::!.6 69632.8 67129.9 66109.8 
"5. TEMP 499.20 497.92 49b.86 495.72 494.65 493.53 492.45 49 1.45 490.41 489.53 48E.67 487.73 
*t-t.T.MOOE 3 3 :3 3 :3 3 3 3 3 3 3 3 

...... 
\.0 
VI 

TIME-- ·13.2000 13.2500 13 • .:1000 13,3500 13.4000 13.4500 13.5000 13.5500 13.6000 13.6500 13.7000 13.7500 
NODE 

I 522.5701 522.52b4 :;22.48163 522.4490 522.4146 522.3826 522.3525 522.3245 52'!.2~86 522.2744 522.2512 522.2297 
2 522.3401 522.3186 :i22.l961 522.2737 522.2522 522.2319 522.2131 522.1956 522.1787 522.1621 522.1465 522.1326 
:3 522.1760 522.161>3 :;22.1509 522.1353 522.1213 522.1113 522.1023 522.0928 522.0815 522.CE93 522.0586 522.0535 
4 522.0610 522.0498 522.0322 522.0208 522.0149 522.0166 522.0154 522.0107 522.0015 521.9905 521.9863 521.9944 
5 522.0061 521.9673 ::i21.9639 521.9578 521.9602 521.9731 521.9734 521.9697 521.9563 521.9448 521.9487 521.9134 
6 521.9639 521.960 2 521.9333 521.9333 521.9407 521.9592 521.9583 521.9534 521.9 ~160 521.9253 521.9355 521.9712 
7 521.9565 521.92"3 :;u .<1933 521.9065 521.9207 521.9495 521.9412 521.9338 52109106 521.9021 521.9236 521.9773 
6 521.9214 521.8177 521.8420 521.8857 521.9067 521.9507 521.9216 521.9126 521.8774 521.8157 521.9199 522.0034 
9 521.8799 521.8267 521.7900 521.8818 521.9016 521.9641 521.8962 521.8923 521.8391 521.8535 521.9299 522.0491 

10 521.8220 521.7634 :>21.7310 521.9053 521.9028 521.9954 521.8540 521.8728 521.7881 521.8372 521.9617 522.1267 
11 521.7283 521.6807 ::i21.0604 521.9873 521.9026 522.0581 521.7629 521.8591 521.7085 521.831'2 522.0349 522.2590 
12 521.5923 521.5923 :;21.:>923 522.1626 521.8774 522.1626 521.5923 521.8774 521.5923 521.8174 522.1626 522.4478 
13 521.1536 521.4172 521.4565 522.6442 521.6558 522.5361 520.9155 522.0811 521.1921 52201255 522.5806 522.9851 
14 521.0566 521.3989 l:i21.4358 523.0085 521.5759 522.6306 520.7437 522.1570 521.0920 522.2007 522.6670 523.0894 
15 520.9363 521.3923 521.4167 523.2231 521.4475 522.1593 520.5107 522.2822 520.9595 522.3132 522.7668 5Z3.2056 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 458.0654 457.18115 456.3083 455.4209 454.5273 453.6287 452.7236 451.8105 450.9614 450.1731 449.3525 448.5322 
HB 83.5 -5.4 9.3 -142.1 98.6 -87.8 159.8 -91.8 89.0 -77.0 -54-.8 -61.1 
TSAT 458.1 457.2 4::i6.3 455.4 454.5 453.6 452.7 451.8 451.0 45C.2 449.4 448.5 
HSAT 83.5 -5.4 9.3 -142.1 98.8 -87.8 159.8 -91.8 89.0 -77.0 -54.8 -61.1 
I' 458.0 454.1 4:>0.1 446.2 442.2 438.2 434.3 430.3 426.1 423.3 419.8 416.3 
S.F. 5245.3 -348.6 606.5 -9653.9 6601.1 -6077.1 10807.1 -6480.6 6221.8 -5558.2 -4028.8 -4564.3 
S.TEMP 520.86 52 .. 40 521.41 523.36 521.35 522.84 520.36 522.37 520.87 522.39 522.82 523.27 
MASS-FLJ( 23.0733 22.6754 22.4313 22.1588 21.8893 21.16152 21.3254 21.0462 20.4039 20.6483 20.6421 20.4620 
QUAL lTV 0.72712 0.73280 O.7J841 0.74392 0.74926 0.15438 0.75924 0.76386 0.76853 0.71226 0.77529 0.77794 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03<110 0.03410 0.03410 0.03410 
".*RELAp PREDICTIONS (STARilEDI ••• 

2233.4 2220.6 2182.5 2195.3 2213.5 .HB 2308.1 2287.5 2279.0 2269.2 2258.2 2246.9 2203.7 
*S.F. 65354.3 64094.4 631.17.3 62115.5 61101.6 60100.2 59080.8 58142.3 56594.8 56236.0 55701.2 54674.9 
"5. TEMP 486.56 485.38 484.19 482.97 481.76 480.56 479.36 478.17 477.05 475.95 474.68 473.51 
*t-I.T .MODE 3 3 3 3 3 3 3 3 3 3 3 3 



TlME-- 13.8000 13.8500 13.11000 13.950'.l 14.'.l'.lOO 14.0500 14.1'.lOO 14.1500 14.20'.lO 14.2500 14.3000 14.3500 
NODE 

I 522.2104 522.1929 322.1770 522.1628 522.1 501 522.138" 522.1274 522.1165 522.1055 S22.0942 522.0833 522.0720 
2 522.1213 522elU3 ,,22.1069 522.1013 522.0952 522.0881 522.0793 522.0691 522.0581 522.0466 522.0349 522.0220 
3 522.0544 522.'.)591 :;ZZ.(l613 522.0598 522.0557 522.0491 522.0386 522.0249 522.0117 5Z 1.9990 521.9854 521.9685 
4 522.0144 522.0327 522.0376 522.0337 522.0254 522.0156 521.9968 521.9766 521.9604 521.9495 521.9333 521.9082 
5 522.0115 522.0352 :>22.0313 522.017!! 522.0044 521.9924 521.9636 521.9387 521.9241 521.9177 521.8970 521.8604' 
6 522.0190 522.0410 322.0286 522.0090 521.9937 521.9817 521.9456 521.9197 521.9075 521.9043 521.8782 521.8345 
7 522.0386 522.0527 522.0215 521.9946 521.9778 !!21.9666 521.9165 521.8921 521.8870 521 .8e92 521.8511 521.7954 
8 522.0808 522.0703 322.0029 521.9709 521.9563 521.9475 521.8689 521.8562 521.8650 521.6750 521.8108 521.7368 
9 522.1379 522.0836 :.21.9673 521 .9417 521.9343 521.9294 521.8069 521.8230 521.8494 521.8665 521.7583 521.6665 

1') ;~~:~~~:, g~~:g:~~ 321."014 521.9075 521.9116 'S21.9Itt 521.7139 521.7969 521.8430 521.8638 521.6765 521.5745 
11 321.1771 521 .8752 521.8906 521.8926 521.5537 521.7993 521.8523 521.8679 521.5359 521.4473 
12 522.4478 521.8774 :i21.5923 521.8774 521.8774 521.8774 521.3071 521.8774 521.8774 S21.8774 521.3071 521.3071 
13 522.6807 521.2556 :;21.0586 522.0498 521.8506 521.8464 520.4812 522.3706 521.9250 521 .8933 520.5176 521.0320 
U 522.7090 521.1008 :>20.9619 522.1160 521.8374 521.8403 520.2942 522.5210 521.9163 521.8950 520.3359 521.0051 
15 522.7219 520.8938 320.86S5 522.2197 521.8,174 521.8364 520.0596 522.7463 521.8'875 521.8970 52001060 521.0029 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 447.7080 446.8767 446.0410 445.1995 444.3525 443.4998 442.6777 441.8643 441.0415 440.2231 439.3948 438.5686 
HB 1.6 127.2 41;'4 -68.4 15.7 1'.7 133.6 -136.8 25.5 -0.7 126.0 -12.6 
T5AT 447.7 446.9 446.0 445.2 444.4 443.5 442.7 441.9 441.0 44C.2 439.4 438.6 
HS"T 1.6 127.2 45.4 -68.4 15.7 1.7 133.6 -136.8 25.5 . -0.7 126.0 -12.6 
P 412.9 409.4 4il5.9 402.5 399.0 395.5 392.2 388.9 385.7 382.4 379.2 375.9 
S.F. 120.9 9396,1 33~8.3 -5273.3' 1219.6 133.6 10322.0 -11084.5 2060.7 -59.8 10153.4 -1042.9 
S .TEMP 522.72 520.76 52,) .82 522,29 521.80 521.83 519.91 522.90 521.86 S2t.90 519.96 521.02 
"ASS-FL)( 20.3768 20.2563 20.1477 20.0414 19.9344 19.8297 19.5514 19.4818 19.6184 19.5~15 19.5058 19.4')17 
QU"LITV 0.78008 0.78174 0.7d292 0.78363 0.78393 0.78384 0.78360 0.78291 0.78170 0.78024 0.77858 0.77673 
GAP 0.03410 0.03410 0.0.$410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
...... PELAP PReDICTIONS (STARRED1 .... 
*He 2203.4 2200.2 2197.0 2194.1 2190.7 2187.2 2171.1 2185.5 2175.5 2183.3 2175.3 2161.9 
*S.F. 53916.1 53118.7 52359.2 51631.5 50921.9 50238.2 49299.4 4891S.1 48169.7 47641;.3 46976.2 46466.8 
-S.TEMP 472.34 471.19 47Q .04 468.90 467,77 466.64 46!;'54 464.39 463.31 462.21 461.11 460.03 
*H.T.NoDe 3 3 3 3 3 3 3 3 3 3 3 3 

f-' 
1.0 

'" 
TIME-- 14.4000 14.4500 14.:>000 14.5500 14.6000 14 .6500 14.7000 14.7500 14.8000 14.8500 14.9000 14.9500 

NOOE 
I 522.0601 522.0469 ;;22.0325 522.0166 521.9988 521.9790 521.9578 521.9341 521.9C67 ~21 .ee09 521.8491 521.8130 
2 522.0068 521.9893 :;21.9688 521.9453 521.9185 521.8899 521.8589 521.8259 521.7898 521.7485 521.7002 521.6416 
3 52109475 521.9211 321.8899 521.8545 521.8169 521.7781 S21.7385 521.6956 521.6460 521.5859 521.5112 521.4177 
4 521.8760 521.8354 :;21.7891 521.7400 521.6912 521.6443 521.5972 521.5425 521.4719 521.3826 521.2666 521.! 187 
5 521.8171 521.7646 521.7058 521.6482 521.5938 ~21 .5452 521.4924 521.4272 521.3350 521.2170 521.0601 520.8613 
6 521.7861 521.7263 :>21.0624 521.6013 521.5464 521.4976 521.4417 521.3699 521.21;39 521.1296 520.9492 520.7231 
7 521.7400 521.6704 521.5996 521.5356 521.4805 521.4338 521.3738 521.2898 521.1609 521.0020 520.7847 520.5176 
8 521.6746 521.5891 ",21.5110 521.4470 521.3953 521.3545 521.2839 521.1802 521.0112 520.8169 520.5408 520.2153 
9 521.6025 521.4983 :.21 •• 160 521.3567 521.31l8 521.2773 521.1909 521.0603 520.8406 520.6101 520.2625 519.8745 

10 521.5164 521. 3e.! 8 521 • .$032 521.2542 521.2202 521.1953 521.0784 520.9104 520.6167 520.3496 519.8999 519.4419 
11 521.4116 521.2227 321.1638 521.1357 521.1182 521.1055 520.9268 520.7041 520.2949 519.9998 519.3870 518.8564 
12 521.3071 521.0217 321.0217 521.0217 521.0217 521.0217 520.7366 520.4512 519.8806 519.5955 518.7393 518.1685 
13 521.1008 520.4558 520.1427 520.7961 520.8320 520.8557 520.1931 519.7839 518.7268 518.6306 516.9551 516.4771 
14 521.0698 520.3384 :;20.7058 520.7607 520.8015 520.8293 520.0786 519.6584 518.4961 518.4e78 S16.5994 516.1790 
15 521.0420 520.1992 :>20.6853 520.1290 520.7744 520.8052 519.9412 519.5232 518.2324 518.3086 516.1873 515.8755 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 437.7314 436.8950 436.0496 435.2'.)21 434.3552 433.5083 432.6597 431.8101 430.9521 430.0959 429.2251 428.3640 
He 10.8 70.2 1.6 12.2 10.2 9.2 66.4 59.3 122.7 61.1 193.7 123.9 
TSAT 437.7 436.9 4.$6.0 435.2 434.4 433.5 432.7 431.6 43100 43001 429.2 426.4 
HSAT 10.8 70.2 1.6 12.2 10.2 9.2 66.4 59.3 122.7 61.1 193.7 123.9 
P 372.7 369.5 366.2 363.0 359.8 ~56.6 353.4 350.3 34701 344.0 340.9 337.8 
S.F. 903.2 5843.1 1.$5.0 1045.7 a85.5 801.7 5791.6 5196.4 10686.8 5382.0 16796.8 10821.2 
S.TEMP 521.03 '520.12 520.68 520.71 520.76 520.79 519.86 519.45 518.08 518.23 515.95 515.72 
M"SS-FL )( 19.3888 19.2915 19. <! 760 I'll .1845 19.0773 16.9194 18.7571 18.5246 18.3546 1801051 17.9106 17.5702 
QUALITY O.7747!) 0.77251 0.77024 0.76786 0.76558 0.76332 0.76132 0.75951 0.75799 0.75678 0.75591 0.75549 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
.... RELAP PREDICTIONS (Sf"PRED' ••• 
.H9 2172.7 2179,7 2170.7 2177.5 2162.8 2160.6 2141.2 2135.5 2113.0 2105.6 2084.0 2073.2 
*S.F. 45854.0 45354.8 448£3.0 44322.5 43773.0 43127.8 42565.7 41985.0 41380.2 40899.3 40290.7 39661.8 
*S.TEMP 458.94 457.87 450..79 455.73 454.66 453.64 452.62 451.64 450.66 449.69 448.73 447.76 
"H.T .MODE 3 :3 3 " 3 3 3 :3 3 3 3 :3 



T (ME-- 15.0000 15.0500 15.1000 15.1500 15.2000 15.2500 15.3000, 15.3500 15.4000 15.4500 15.5000 15.5500 
NODE 

I 521.7708 521.7209 ~21.o628 521.5952 521.5161 e21.4238 521.3147 521.1848 521.0283 !:20.e-276 520.6018 520.3091 
2 521.5708 521.4861 :;21.3865 521.2712 521.1367 520.9783 520.7874 520.5562 520.2710 519.9133 519.4592 518.8850 
3 521.3013 521.1643 ,,21.,)081 520.8313 520.6235 520.37l6 520.0623 519.6807 519.2014 518.5S40 517.7854 516.7788 
4 520.9346 520.7292 !;I20.5051 520.2529 519.9463 519.5601 519.0786 518.4788 517.7122 516.6992 515.3782 513.7495 
5 520.6172 520.3616 :;20.0908 519.7800 519.3848 !S18.8721 518.2349 517.4380 516.4036 515.0110 513.2012 511.0391 
6 520.4463 520.1697 , .. 9.8782 519.5376 519.0901 518.5054 517.7822 516.8779 515.6914 514.0786 511.9937 509.5527 
7 520.1929 !S19.89l1 !;I19.~759 519.1904 518.6606 517.9644 517.1152 516.0498 514.6296 512.6753 51001799 507.3521 
8 519.8:118 519.5095 519.1599 518.7051 518.0398 517.1721 516.1'H4 514.8379 513.0564 510.5E86 507.4712 504.1455 
9 519.4060 519.1082 ::i18.7214 518.1792 517.3423 516.2776 515.0532 513.4773 511.2E44 508.1404 504.3823 500.59 .. 7 

10 518.8796 518.6440 ::i18.1968 517.5276 516.4443 515.1274 513.6741 511.7400 508.9363 504.9490 500.3806 496.1416 
11 518.1655 518.1028 ::i17.l>234 516.6521 515.1831 513.5356 511.801'1 509.3523 505.6616 500.4058 494.8232 490.2366 
12 517.3123 517.5971 516.7''12 515.5989 513.5996 ~11.5991 509.5981 506.4512 501.5820 494.7002 48B.0979 483.5000 
13 515.1252 516.7716 514.0936 512.8459 509.2896 506.5898 504.0471 498.8418 490.5935 479.2407 470.7168 467.2673 
14 5\4.7131 516.7019 :>14.2773 5U.3220 50B.4460 505.6614 503.0361 491.3923 488.4136 476.2(;93 461.5366 464.4690 
15 514.2622 516.7002 513.7896 511.7463 507.4915 504.6643 501.9629 495.7881 486.1023 472.9548 464.1 414 461.6465 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 427.'1810 426.5972 425.7236 424.8645 423.9988 423.1'172 422.2937 421.'1'187 420.5334 '119.6465 418.7505 '117.8484 
H8 202.3 -32.'1 2.12.4 258.2 458.9 465.9 507.1 851.0 1445.3 2503.4 2882.2 2316.7 
TSAT 427.5 426.6 425.1 424.9 424.0 423.1 422.3 421.4 42e.5 419.6 418.8 417.8 
HSAT 202.3 -32.4 232.4 258.2 '158.9 465.9 507.1 851.0 1'145.3 2503.4 2882.2 2316"7 
P 334.6 331.5 3,,8.4 325.4 322.4 319.5 316.5 313.6 310.6 307.6 304.6 301.6 
S.F. 1750'''3 -2923.2 20395.8 22351.4 38064.7 37729.1 40113.0 62526.1 92849.8 128823.0 125595.7 98166.8 
S. TENP 514.01 516.74 513.50 511.43 506.95 504013 501.39 494.90 484.11 471.10 462.33 460.22 
MA5S-FLX 17.2669 17.3512 16.8653 16.6648 16.6591 ,16.2704 16.1415 16.1020 15.7<;88 15.6029 15.3856 1'5.1721 
QUAL ITY 0.75545 0.75548 0.75627 0.75728 0.15840 0.76002 ,0.76176 0.76362 0.76597 0.76855 0.77140 0.77450 
GAP 0.03410 0.03410 0.03410 I), 03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
.... RELAP PREDICT IONS (STAlH,EOI ••• 
.He 2044.8 2050.6 2015.1 2014.0 2001.8 1986.8 1966.6 1970.2 1947.0 1933.9 1920.0 1905.7 
*S.F. 39172.9 39150.2 38352.0 38133.5 37173.6 37297.5 36805.0 36726.5 36211!.,1 35913.9 35600.4 35298.7 
*S.TEMP 446.81 445.87 444.92 443.96 443.04 442.06 441.18 440.24 439.31 438.40 437.47 436.55 
.H.T .MODE 3 3 3 3 3 3 3 3 3 3 3 3 

..... 
\0 

"" 
T IME-- 15.6000 15.6500 15.7000 15.7500 15.8000 15.8500 15.9000 15.9500 16.0000 16.0500 16.1000 16.1500 

NODE 
1 519.9451 519.4918 ::i18.9597 518.3252 517.5916 516.7615 515.8391 514.8291 513.7,405 f12.se08 511 .3!!74 510.0796 
2 518.1750 517.3267 516 • .1452 515.2427 514.0352 512.7397 511.3733 509.9514 508.4863 506.9944 505.4800 503.9507 
3 5 l!lo 5691 514.1851 !;I12.6648 511.0413 509.3496 f07.6174 505.8672 504.1157 502.3760 500.6543 498.~541 497.2754 
4 51t.8843 509.8694 507.7773 505.6543 503.5393 501.4614 499.4392 497.4771 495.5eOI 493.7458 491.9666 490.2275 
5 508.6770 506.2463 ,,03.8232 501.4387 499.1296 496.9177 494.8079 492.7920 490.870e 489.0~03 487.2546 485.5203 
6 506.9595 504.3555 ::iOl.6064 499.3281 496.9580 494.7119 492.5864 490.5669 488.6528 486.8232 485.0593 483.3306 
7 504.4729 501.6824 499.0132 496.4539 494.0466 491.7971 489.6870 487.6921 485.8125 484.0178 482.2830 480.5728 
8 500.9724 498.0376 495.3015 492.7085 490.3262 488.1350 486.0952 484.1694 482.3691 480.6416 478.9604 477.2791 
9 497.2358 494.2600 491.5313 488.9553 486.6565 484.5701 482.631\ 480.7957 479.0957 477.4436 475.8203 474.1624 

I':> 492.7231 489.6123 4117.1563 484.6370 482.4927 480.5637 478.7605 477.0383 475.4709 473.<;023 472.3411 470.6953 
It 487.0310 484 .35.13 461.6530 479.4329 477.5679 475.8677 474.2417 472.6592 471.2761 469.7898 468.2913 466.6262 
12 480.9106 478.6069 • 76.~ 022 473.9963 472.5544 471.1\21 469.6689 468.2256 467.0706 465.6260 464.1809 462.4465 
13 467.1194 465.7390 463.6181 461.7310 461.6580 460.7302 459.6489 458.4797 457.9558 456.4141 455.0706 453.0149 
14 464.8491 463.5759 .61.7007 459.6448 459.8713 458.9983 457.9714 456.8440 456.4470 454.8530 453.5339 451.4001 
15 462.6626 461.4360 459.5818 457.5503 458.1489 457.2891 45<[>.3086 455.2190 454.9722 453.2839 451.9980 449.7600 

Q 0.0 0.0 0.0 0.0 0.0, 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB' 416.9719 416.111107 415.,,432 414.3674 413'.4832 412.5935 411.6963 410.7925 409.8813 408.9629 408.0640 407.1787 
HB 1621.6 1662.4 1699.9 1730.7 1303.1 1333'.5 1302.0 1280.8 1121.9 1256.1 1228.4 1381.3 
TSAT 417.0 ' 416.1 415.2 414.4 413.5 412.6 411.7 410.8 409.9 409.0 408.1 407.2 
HSAT 162106 1662.4 1699.9 1730.7 1303. I 1333.5 1302.0 1280.8 1121.9 1256.1 1228.4 138 1.3 
P 298.8 296.0 293.2 290.4 287.6 284.8 281.9 279.1 27E.3 273.5 270.8 268.1 
S.F. 72386.6 73564.2 73553.9 72900.6 57122.6 58466.1 57006.9 55e58.1 49772.2 ,54671. ,; 53019.3 57653.6 
S.TEMP 461.61 460.37 456.51 '456.49 457.32 456.44 455.48 454.41 454.25 452.49 451.22 448.92 
MASS-FLX 14.8689 14.8235 ' 14.0384 14.4636 14.2882 14.1022 13.9359 13.7654 13.5989 13.4327 13.2052 13.1490 
QUAL I TY 0.77794 0.78132 0.76486 0.78859 0.79247 g':~~:i~ 0.80070 0.80501 0.80945 0.81402 .0.81881 0.82349 
GAP 0.03410 0.0'3410 O.0.J410 0.03410 0 .. 03410 0.03410 0.03410 0.03~10 0.03410 0.03410 0.03410 
••• "ELAP PREOICT IONS ISTAR~EDI ••• " 

1838.7 16'28.7 1617.7 1807.0 '1796.2 1779.0 1777.0 .H6 1883.5 1882.2 1813.6 1862.1 1852.0 
• S.F • 34852.1 34728.8 344:; 7.2 34176.6 33932.3 33658.6 33448.1 33232.1 3303301 32842.6 32539.0 32467.3 
*5.1'EMI" 435.65 434.74 43.$ • 81 .32.90 431.98 431.08 430017 ' 429.26 428.34 427.43 426.53 425.63 
.H.T.MODE 3 3 3 3 3 3 3 3 3 J 3 3 



TIME-- 16.2000 16.25QO 16.JOOO 16.3500 16 •• 000 16 •• 50Q 16.5000 16.5500 16.6000 16.6500 16.7000 16.7500 
NODE 

1 !Se8.7544 507.3894 605.9897 504.5608 503.1077 50 1.6340 500.1421 498.6326 497.IC7. 495.5669 494.0110 492.4434 
,2 502.4116 500.86.(09 499.3181 497.7661 496.2119 494.6538 493.0906 491.5178 489.9326 488.3352 486.7273 485.1196 

3 495.6157 493.9761 492.3538 490.7439 489.1428 487.5432 485.9402 484.3240 482.6<;07 481.0437 479.3965 477.7771 
4 488.5273 486.8616 485.2251 483.6040 481.9912 480.3730 478.7429 477.0857 475.4 C09 473.7C58 472.0398 470.4607 
5 483.8284 482.1760 480. :;;549 478.9399 477.3284 475.6963 474.0439 472.3474 470.6172 ,,61'-8<;14 467.2383 465.742" 
6 481.6477 480.0049 478.3936 476.7778 475.1628 473.5176 471.8472 470.1216 468.3621 466.6208 464.9839 463.5527 
7 478.9121 477.2917 475.6982 474,.0833 472.4678 470.8027 469. I 096 467.3413 465.5444 463.7935 462.2014 460.8904 
8 47!506606 474.0786 472.5161 470.8958 469.2820 467.5820 465.8596 464.0259 462.1 e5e 460.4443 458.9551 457.8604 
9 472.5969 471.05:;9 "69.5249 467.8850 466.2744 464.5232 462.7715 460.8555 458.9800 457.2751 455.9407 455.1304 

10 469.2046 467.70110 466.2092 464.5176 462.9172 461.0762 459.2942 457.2507 455.3!!06 453.7258 452.6411 452.2502 
1I 465.2622 463.8071 462.3376 460.5256 458.9648 456.9470 455.1514 452.8865 451.0071 449.5564 448.9104 449.1848 
12 461.2896 459.8430 ... 58 • .3960 456.3691 454.9211 452.6025 450.8630 448.2527 446.5110 445.3501 445.3501 446.5112 
13 452.6228 451.01.34 "49 ... 069 446.7839 445.9126 442.4456 441.1675 437.3154 436.3779 436.1599 438.1858 441.8616 
.4 451.1958 449.5144 448.1230 445.1191 444.4143 440.6653 439.5435 435.3965 434.6982 434.6619 437.1003 441.2456 
15 449.8059 448.0029 446.1>357 443.3984 442.9382 438.8047 437.9312 433.3870 433.0464 433.2100 436.137~ 440.7988 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 406.2783 405.3733 404.4602 403.5396 402.6125 401.6772 400.7346 399.7837 398.6689 397.2627 396.1917 395.1194 
H8 1084.1 1260.4 12J9.11 1575.9 1257.7 1853.7 1504.3 2222.2 1646.6 1362.5 719.9 203.0 
TSAT 406.3 405.4 404.5 403.5 402.6 401.7 400.7 399.8 3ge.7 397.3 396.2 395.1 
HSAT 1084.1 1260.4 12J9.11 1515.9, 1257.7 1853.7 1504.3 2222.2 16415.6 1362.5 719.9 203.0 
I" 265.4 262.8 200.1 257.4 254.7 252.0 249.3 246.7 243.5 239.6 236.7 233.8 
S.F. 46452.7 527511.6 513:;;9.5 61397.3 49799.5 67003.5 !l4746.4 72312.5 55266.4 4801 f. 5 28455.7 9246.0 
S.TEMP 449.13 447.23 44:;;.89 442.50 442.21 437.82 437.13 432.32 432.23 432.50 435.72 440.66 
MASS-FLX 12.9954 12.8516 12.1140 12.5606 12.4191 12.2762 12.1325 11.9902 10.7320 4.4094 1.0244 1.5517 
QUAL lTV 0.82827 0.83316 0.8J813 0.84322 0.84840 0.85369 0.85910 0.86463 0.87191 0.88e37 0.89885 0.92244 
GAP 0.03410 0.03410 1>003410 0.03410 0.03410 0.03410 0.03410 0.03410 0.0341 0 0.03410 0.03410 0.03410 
••• RELAP PREDICTIONS (STARiiEOI ••• 
.HB 1768.5 1757.7 17 ... 9.1 173801 1727.3 1716.7 1705.3 1693.7 162E .1 94e.8 62.6 320.3 
*S.F. 32277.2 32080.7 319::10.2 31754.1 31598.8 31454.4 3131l.2 31176.2 30246.4 19721.3 1633.9 9103.4 
.S.TEMP 424.71 423.1:11 42, .90 421.99 421.09 420.19 419.28 418.38 417.53 418.23 422.35 423.67 
..... T.MODE 3 3 3 3 3 3 3 3 3 3 3 3 

I-' 
\0 
00 

TIME-- 16.8000 16.8500 16.9000 16.9500 17.0000 
NODE 

17.0500 17.1000 1701500 17.2000 17.2500 17.3000 17.3500 

1 490.8677 489.2913 487.1224 486.1692 484.6367 483.1257 481.6367 480.1677 478.71e8 477.2696 475.8833 474.5037 
2 483.5259 481.9644 "80.4487 478.9822 477.5591 476.1665 474.7932 473.4331 472.0864 470.7629 469.4739 468.2314 
3 476.2178 474.7458 .. 73.3687 472.0662 470.8030 469.5454 468.2786 467.0068 465.7490 464.5332 463.3870 462.3235 
4 469.0220 467.7418 466.1>089 465.5303 464.4321 463.2764 462.0706 460.8523 459.6768 458.5981 457.6533 456.8325 
5 464.4653 463.4015 462.483" 461.5519 460.5259 459.3762 458.1621 456.9617 455.8569 454.9150 454.1663 453.5532 
6 462.3845 461.4575 460.6467 459.1791 458.7458 457.5698 456.3359 455.1428 454.0854 453.2324 452.6038 452.1028 
7 459.9021 459.1724 458.:>088 457.6890 456.6172 455.3804 454.1125 452.9382 451.ge44 451.2551 450.8069 450.4546 
8 457.1614 456.7139 456.2170 455.3892 454.1921 452.8398 451.5293 450.4080 449.5854 449.1 C79 448.9250 448.7498 
9 454.7734 454.6221 454 • .:!454 453.3179 451.9167 450.4294 449.0974 448.0718 447.4541 447.2581 447.3689 447.3376 

10 452.35011 452.5437 452.o!219 451.0466 449.3162 447.6721 446.3604 445.5107 445.2036 445.3<;67 445.8787 445.9495 
11 449.9204 450.4958 .50. Q518 448.3293 446.0693 .44.2944 443.1165 442.6045 442.8013 "3.5645 444.5254 444.5576 
12 447.9624 448.83.33 "47.9622 445.3491 442.4448 "0.7017 439.8296 439.8296 440.7014 •• 2.1 S45 443.6074 443.3169 
13 444.9365 446.0410 443.2307 437.7415 433.3420 432.3738 432.6616 434.2402 437.0210 440.2285 442.6707 440.6458 
14 444.5610 445.6299 442 • .1596 436.3032 431.7021 430.9888 431.5125 433.3958 436.5295 440.0369 442.6104 440.1315 
15 444.3176 445.2705 ,,41.3979 434.6921 429.9478 429.6226- 430.4187 432.6458 436.1682 439.9788 442.6455 439.5576 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 394.0608 392.8596 396.u 151 407.5991 419.8606 425.9944 427.0549 427.7295 428.5308 429.2476 429.6208 430.3618 
HB 77.2 207.4 819.8 2357.5 6994.7 15470.8 12412.5 4834.9 1034.9 -244.8 -333.5 2603.6 
TSAT 394.1 392.9 391.5 390.4 389.0 387.7 385.8 383.4 38100 378.3 375.6 373.2 
HSAT 77.2 207.4 745.5 1421.8 1600.7 1107.7 799.7 453.9 14104 -42.7 -65.1 349.6 
P 231.0 227.8 224.4 221.3 217.9 214.5 209.7 204.0 1ge.1 191.8 185.7 180.4 
S.F. 3813.2 10838.7 36162.4 61737.5 63973.6 45705.9 35292.1 221118.0 7785.5 -2636.3 -4364.6 23061.7 
S.TEMP 444.26 445.11 440.86 433.79 429.01 428.95 429.90 432.32 436.05 440.02 442.71 439.22 
MA55-FLX 4.0460 6.4821 11.3682 15.0541 19.0740 22.8220 27.7830 34.8479 41.3717 46.9014 51.5937 54.5806 
QUAL lTV 0.97019 0.99573 I.O~OOO 1.00000 1.00000 1.00000 1.00000 1.00000 1000000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.,)3410 0.03410 0.03410 
••• RELAP PREDICTIONS (STAR'IEOI ••• 
*HB 509.3 136.5 01.7 18.0 94.0 108.3 124.3 149.3 171. e 189.7 207.2 213.8 
*S.F. 14621.6 4263.2 19:>8.6 1739.1 934.8 354.8 255.9 289.4 248.5 21f.2 162.6 21.5 
_S.TEMP 422.98 424.31 420.00 427.04 427.84 428.54 429.09 429.50 429.82 430.09 430.34 430.55 

-.H.T .MODE 3 3 8 e 8 8 8 8 8 8 8 8 



TlME-- 17.4000 11.4500 11.aOOO 17.5500 11.6000 17.6500 17.7000 17.7500 17.8000 17.8500 17.9000 17.9500 
NODE 

I 473.15~3 47a.84C8 .70.5649 469.3188 468.1013 466.9087 465.738S 464.5906- 463.4E51 462.3640 461.2925 460.2546 
2 467.0408 46S.8960 464.7864 463.6973 462.6196 461.5498 460.4897 459.4465 458.4 ~02 457.4502 456.5161 45S.6350 
3 46103313 460.3787 .. 59.4324 458 •• 71. 457.4911 456.5034 .5S.524. .54.5747 453.6143 452.8::89 452.0779 451.3933 
4 456.0776 455.3127 454 •• 866 453.5891 4S2.6487 451.7036 450.7939 449.9509 449.2012 448.5574 448.0203 447.5813 
5 -452.9622 452.2813 451.4678 450.5503 449.5964 448.6682 447.8179 447.0754 446.4675 445.9<;41 445.6436 445.3936 
6 4!!I.S811 450.9124 .50.0732 449.1226 448.1!!43 447.2368 446.4268 445.7473 445.2249 444.8506 444.6033 444.4514 
7 450.0012 449.3105 .-"'1 •• 045 447.3936 446.4058 445.5125 444.7715 444.1904 443.7<;54 443.5598 443.4517 443.4260 
8 448.3262 447.5330 •• 6 •• 880 445.3828 444.3855 443.5496 442.9285 442.4973 442.2898 442.2422 442.3120 442.4353 
9 446.8689 44\!h8899 444.6641 443.4680 442.4929 441.7480 441.2825 441.0237 441.0283 441.1753 441.4192 441.6775 

10 445.3174 444.1)178 442. :>476 441.2693 440.3755 .:J9.7810 439.5435 439.5095 439.7<;30 "40.IE99 440.6106 441.0044 
II 443.5161 441.6577 439.~777 438.5806 437.9023 437.5647 "37.6836 437.9495 438.6287 .. 39.2720 439.9368 440.4536 
12 441.5730 438.9565 436.9209 435.7571 435.4661 435.4661 436.0 .. 81 436.6301 437.7937 438.6e63 .. 39.5388 440.1201 
13 436.5815 431.8815 429.6811 429.3342 430.3713 431.2361 433.1179 434.3391 436.8416 437.9937 439.2847 439.8125 
14 435.6228 430.5686 .. 28.4353 428.2825 429.5869 430.5862 .. 32.7146 434.0146 436.7815 437.9282 439.2908 439.7825 
15 434.5313 429.1089 427.1460 427.2598 428.8757 429.9927 432.4031 433.7490 436.8242 437.9072 439.3479 439.7717 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 430.1982 430.141> 7 429.a027 431.7043 431.8230 431.5989 43 t .1582 430.'1'397 430.0474 429.5081 428.9829 428.2786 
HB 1142102 -29773.9 -13570.9 -6825.0 -6620.3 -9762.7 6579.6 2489.0 -143.7 -69.0 -346.2 -12.7 
TSAT 370." 367.7 305.0 363.8 362.8 361.2 359.6 358.0 35t.4 354.7 353.0 351.3 
HSAT 667.8 908.1 1.13.6 535.5 328.9 267.5 102.7 95.5 -63.3 -1.0 -41.7 -1.7 
P 174.3 168.6 103.0 160.5 158.5 155.4 152.3 149.2 146.2 143.0 139.9 136.9 
S.F. 42383.2 54990.2 .. 5079.5 33733.6 21625.7 18319.4 741'6.4 7225.2 -5096.0 -580.4 -3606.7 -146.0 
S.TEMP 433.91 428.l0 42 ... 48 426.76 428.56 429.72 432.29 433.64 436.90 .. 37.92 439.40 439.77 
MASS-FLK 57.4907 59.7514 61.6383 57.2470 51.3117 48.0753 44.60 .. 2 41.2163 37.5988 33.7143 29.5296 24.7981 
QUAL lTY 1.00000 1.00000 1000000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.0.1410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
••• REL,lP PREDICTIONS (STARlitEOI ••• 
",HB 223.0 229.3 233.7 223.4 202.1 190.7 179.6 169.7 156.8 142.4 127.8 113.5 
.S.F. 100.8 166.9 208.3 -91.5 -133.9 -54.5 29.5 93.8 218.0 282.1 318.9 358.1 
*5.TEMP 430.73 4_30.S7 430.98 431.10 431.26 431.37 431.45 431.50 431.54 431.56 431.59 431.60 
*H.T.MODE 8 8 8 8 8 8 8 8 8 8 8 8 

I-' 
\0 
\0 

TIME-- 18.0000 18.0500 18.1000 18.1500 18.2000 18.2500 18.3000 18.3500 18.401)0 18.4500 18.5000 18.5500 
NODE 

I 4~9.2546 458.2959 457 • .s813 456.5120 455.6875 454.9094 454.1768 453.4885 452.8440 452.2 .. 19 451.6e04 45101575 
2 454.8108 454.0"iO ~53.;S284 452.6646 452.0 .. 79 451.4763 450.9475 450.4597 450.0107 449.5;64 449.2151 "48.8638 
3 450.7832 450.2363 .49.7419 449.2925 448.8833 "8.5132 448.1807 447.8835 447.6167 447.31"5 4"7.1553 446.9553 
4 447.2197 446.9133 446.6409 446.3992 446.1873 "46.0081 445.8606 445.7402 44!;'6~92 4"5.5481 445.4688 445.3965 
5 .. 45.2102 445.0608 ... 4.9221 444.8040 444.7097 444.6477 444.6140 .. 44.6016 444.5 <;47 444.5842 444.5833 44 ... 5786 
6 "4".3550 4"4.2759 444.1941 444.1304 444.0894 444.0815 44401001 444.1362 4"4.1 E94 "4.1<;04 444.2234 444.2456 
7 .. 43.4343 443.4338 .. 43 •• 102 443.4080 443.4280 443.4858 443.5654 443.6555 443.7310 443.7820 4 .. 3.853B 443.9011 
8 •• 2.55£7 442.6272 442.6516 442.7156 442.8020 .. 42.9355 443.0808 443.2273 .... 3.3372 443.4087 443.5247 443.5881 
9 441.8860 442.0015 442.0510 442.1802 442.3242 442.5320 442.7334 442.92S0 443.0525 443.1294 443.2935 443.3555 

10 441.281!9 441.4199 .. 41.4763 441.6904 441.8958 "42-.1934 442.4482 442.681" 442.8C81 442.8770 443.1116 443 •• 443 
11 440.7727 440.8718 .40.9089 441.2642 441.5293 441.9504 442.2449 442.5129 442.6021 442.6426 443.0068 4"2.9399 
12 440.4109 440.4109 .. 40.4 109 440.9924 .. 4102830 441.8643 442.1548 442.4456 442.4456 442.4456 443.0266 442.7361 
13 439.8643 439.4834 439.4084 440.8086 440.9680 442.0520 442.1533 442.4900 442.1292 442.0488 443.4275 442.1445 
.4 43<;.7781 439.3198 439.2441 440.8311 440.9233 442.1235 442.1572 442.5107 442.0642 441.9814 443.5439 442.0012 
15 439.6953 439.1"53 439.0833 4"0.9106 440.8843 442.2366 442.1628 442.5432 441.9866 .. 41.9141 443.714 .. 441.8071 

Q 0.0 0.0 0.0 D.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 427.1943 425.7520 425.4551 424.8667 483.1694 573.3796 579.0037 571.4351 551.6114 530.7415 523.6860 519.0659 
H8 229.7 487.5 402.6 -300.6 -32.0 4 •• 0 0.6 11.9 -29.9 -26.3 97.8 -113.4 
TSAT 349.5 347.7 346.6 345.9 345.1 3 .. 4 ... 343.5 343.1 342.1 341.3 340.6 339.8 
HSAT 31.7 70.9 59.0 -50.9 14.1 -54.9 -0.9 -15.5 32.9 23.3 -75.7 86.1 
P 133.7 130.6 lZ8.8 127.5 126.3' 125.2 123.7 122.9 121.4 120.1 119.0 117.7 
S.F. 2862.1 6482.8 54;;4.9 -4843.9 1353.2 -5372.1 -84.1 -1537.5 3281.5 2331.9 -7811.2 8774.8 
S. TEMP 439.65 439.05 439. 00 440.98 440.86 .. 42.32 442016 442.57 441.94 441.88 443.83 441.68 
MAS5-FLX 19.2543 12.1569 5.7998 1.3868 4.0321 8.0387 9.4238 12.S192 14.0116 15.6456 17.0018 17.9879 
OU"LITY 1.00000 1.00000 1.00000 1.00000 1.00000 1 .00000 I. 00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03"10 0.03 .. 10 0.03410 0.03410 
.**RELAP PREOlCTIONS (STARREO ..... 
.HB 94.0 68.4 37.9 16.9 22.4 .. 2.2 50.1 59.0 6<;.0 74.9 80.7 83.3 
*S.F. 394.2 378.7 239.7 112.5 -644.5 -5419.9 -7369.3 -8109.4 -8216.5 -7304.6 -70'1'8.3 -6944.7 
.S.TEMP 431.61 431.63 431.67 431.72 431.8J 432.65 433.86 434.69 435.51 435.94 . 436.25 436.55 
*H.T.MOOE 8 8 8 8 8 8 8 8 8 8 8 8 



tINE-- 18.6000 18.6500 18.1000 18.1500 18.8000 
NODE 

16.8500 18.9000 18.9500 19.0000 19.0500 19.1000 19.1500 

I 450.6711 450.2190 449.1991 449.4102 4 .. 9.0491 448.7148 448.4045 448.1160 447.8481 447.5~77 447.3643 447.1475 
2 4"8.5398 .. 48.2401 441.9639 447.71)87 "47.4736 447.2554 447.0513 446.8599 446.6792 446.5095 446.3511 446.2036 
-3 446.7717 .. 46.6023 ·446.4478 446.3064 .. 46.1763 446.0522 445.9333 4 .. 5.8171 445.1065 445.6011 445.5029 445.4136 
4 4 .. 5.3301 4 .. 5.261.1 445.2191 445.1697 445.1252 445.0740 445.0188 .... 4.9570 444.8999 444.8462 444.7976 - 444.7595 
5 44 ... 5740 444.5664 444.5723 444.5791 444.5771 444.5559 444.5288 444.4905 444.4e22 444.4~55 444.4160 444.4111 
6 444.Z656 444 .2795 444.3121 444.3401 444.3535 444.3406 444.3235 444.2915 444.2776 444.2629 ,444.2563 444.2686 
7 443.9465 4 .. 3,.9817 ..... 4.,;)47 .. •••• 0955 .. 44.1223 4"4.1113 444.1035 444.0752 444.0806 444.0774 444.0869 444.1206 
8 .. 43.6561 443.1081 •• 3.8169 .43.8784 443.9099 443.8882 443.8901 443.8589 443.8936 443.8<;94 443.9280 443.9919 
9 443.4431 443.5049 .43.6621 443.7214 443.7488 . 443.7036 443.7202 443.6765 443.7537 443.7583 443.8083' 443.9060 

10 443.2581 40$3.32.1:5 443.,,532 443.5837 443.5989 443.5107 443.5586 443.4866 443.6377 443.6216 443.7051 443.8486 
II 4 .. 301082 4"3.'1580 •• 3.5217 443.45 .. 1 443.4507 443.2830 443.4104 ·443.2673 443.5715 443.4761 443.6282 443.8396 
12 443.0266 443.0266 443.6077 443.3171 443.3171 443.0266 443.3171 443.0266 443.6074 443.3169 443.6074 443.8979 
13 443.0422 442.7615 44404416, 442.8591 443.0469 442.3303 443.3101 442.3608 444.0408 442.8145 443.7463 444.1936 
14 443.0786' 4 .. 2.7085 444.£l786 442.7380 443.0107 442.1914 443.3452 442.2183 444.1736 442.6882 443.8030 444.2590 
15 44301528 442.6445 444.4697 4 .. 2.5649 442.9858 442.0276 443.4224 442.0400 444.3733 442.5129 443.8994 444.3384 

Q 0.0 0.0 0.0 0.0 0.0 . c.o 0.0 0.0 0.0 0.0 0.0 0.0 
TB 516.3308 515.8794 515.J804 514.9597 513.5566 512.5134 512.5039 513.4895 515.0540 517.1589 521.5642 522.8782 
H8 55.9 -37.7 1.1:0.6, -111.3 -4.7 -93.9 61.2 -106.4 134.0 -108.4 62.6 40.5 
TSAT 339.3 338.9 3J8.5 338.1 337.6 ~37.3 336.8 336.4 335.9 335.5 335.7 336.0 
HSAT -39.3 26.6 -80.5 77.3 3.1 63.3 -39.6 72.1 -87.1 75.8 -44.9 -29.3 
P 116.9 116.3 115.7 11S.0 114.3 113.7 1l3.1 H2.4 111.8 111.1 111.4 111.8 
S.F. -4086.0 2759.5 -85J8.S 8070.2 331.4 6625.8 -4224,3 7610.7 -9456.1 8103.4 -4857.3 -3177.1 
S.TENP 443.21 442.60 444.59 442.45 442.98 441.93 443.48 441.93 444.51 442.39 443.97 444.38 
NA5S-FLX 18.1964 17.7511-5 17.1199 16.0962 15.0688 14.0077 12.7075 11.3609 9.8358 8.0676 6.9388 7.5697 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.0(1)00 1.00000 1.00000 
GAP 0.03410 0.03410 0.OJ410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 
••• RELltP PREDICTIONS (STARRED' ••• 

lllo0 .H8 85.6 83.8 77.7 73.7 69.0 63.7 58.8 52.4 44.4 39.1 41.6 
*S.F. -6827.1 -6633.5 -63l! 7.5 -6025.4 -5621.3 -5167.3 -4768.2' -4451.7 -4045.3 -3530.9 -3259.6 -3537.5 
*S.TEMP 436.83 437.07. 437.28 437.43 437.55 437.62 437.66 437.68 437.68 437.66 437.60 437.66 
-H.Y.MOCE 8 8 8 8 8 8 8 8 8 B 8 8 

N 
0 
0 

T I ME-- 19.2000 19.2500 III.JOOO 19.3500 19.4000 19.4500 19.5000 19.5500 19.6000 19.6500 19.7000 19.7500 
loDe 

1 446.9451 446.7578 446.585. 446.4268 446.2825 446.1516 446.033. 445.9268 445.8~C8 445.7444 445.66.8 445.5918 
2 .46.0681 445.9458 445.8376 445.7424 445.6589 445.5862 445.5234 445.4690 445.4199 445.3130 445.3264 445.2795 
3 4 .. 5.3372 445.2766 445.£l310 "'4~.1960 445.1697 445.1492 .45.1357 445.1250 445.1116 4 ... 5.0891 445.0579 445.0249 
4 444.7412 .. 44.7.61 4 ..... 7637 ... 44.7839 444.8064 44 •• 8303 444.8589 444.8816 4.4.8884 444.8694 444.8362 444.8103 
5 444.4358 44 ... 4893 ... 4.,:::;"69 444.5952 444.6445 444.6917 44 •• 7441 444.1791 444.7842 444.7476 444.7039 444.6865 
6 444.3167 4.4.3967 .4".4714 444.5300 444.5891 444.6453 444.7090 444.7451 444.7424 444.6895 444.6399 444.6321 
7 444.2036 444.3193 444.4099 .44.4751 .44.5447 444.6099 4.4.6875 444.7178 444.6982 444.6160 444.5608 444.5718 
8 444.1243 4 .... 2841 444.l828 444 •• 451 444.5264 44 •• 5989 444.6931 444.7021 444.6489 444.5181 444.4656 444.5193 
9 444.0969 .4 •• 3015 444 • .:1882 444.4385 .44.5339 4.4.6099 4.4.7239 444.6921 444.5<;52 444.4028 444.3752 444.4917 

10 44401228 444.3738 it44.4170 444.4458 444.5676 444.6416 444.7852 444.6741 444.5168 444.2~78 444.2788 444.4968 
11 444.2437 .44.5339 44 ••• 614 444.4624 444.6438 444.6992 444.8961 444.6167 444.3818 443.9727 444.1943 444.5774 
12 444.4788 444.7693 .44.4790 ...... 4790 .. 44.7693 444.7693 445.0596 444.4788 444.1885 443.6077 444.1885 444.7693 
13 445.3096 445.4197 444 • .J323 444.5107 445.2007 444.9080 4.5.5652 443.8389 443.6184 442.5127 444.5376 445.5154 
14 445.4861 445.5286 "'4 •• 0!673 444.5227 445.2966 44 •• 9192 .45.6709 .43.6716 443.5183 442.2935 444.6699 445.6726 
15 445.7017 445.6372 4.4.160. 444.5437 445.4175 444.9180 445.8020 •• 3 •• 375 443.4165 442.0388 444.8838 445.8616 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 522.0464 520.5693 518.9102 517.1921 515.7136 ~13.7607 510.2747 505.6765 502.2<;59 501.1921 500.0610 498.3384 
H8 115.7 47.0 -7107 16. I 72.3 -9.8 84.1 -170.9 -58.4 -17106 191.8 142.7 
T5AT 336.3 336.6 336.9 337.1 337.4 337.7 338.0 338.3 338.1 337.8 337.5 337.2 
H5AT -80.5 -32.3 5001 -10.9 -47.0 6.3 -50.2 10t.5 32.7 97.7 -98.1 -68.7 
P 112.3 112.7 113.1 113.5 114.0 114.4 114.9 115.3 ll5.1 114.6 ll4.2 113.7 
S.F. -8818.1 -!!~!6 ~ 5307.5 -1167.4 -5078.5 672.2 -5417.4 10663.2 3441.8 10173.4 -10552.3 -7472.5 
5.TENP 445.83 4 ••• 08 .44.56 445.49 444.91 445.88 443.28 443.37 441.89 445.04 445.97 
NAS5-FLK 8.1354 8.7512 9.3247 10.0632 10.5452 10.9980 11.4578 11.8600 12.5062 12.2024 12.0506 11.9589 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 0.03410 (1.03"10 0.03410 0.03410 
•• *RELAP PREDICTIONS (sTARRED •••• 
.HB 44.4 47.2 .9.7 52.8 54.7 56.8 58.4 60.0 63.2 6106 60.9 60.4 
*S.F. -3746.8 -3904.7 -4014.8 -4170.1 -4234.3 -4276.7 -4201.4 -4042.7 -404e.5 -3a3e.3 -3725.8 _3589.3 
.5. TEMP 437.77 .31.92 438 .07 438.24 438.40 438.56 438.71 438.82 438.93 439.02 439.10 439017 
*H.T.Mooe 8 8 8 8 8 8 8 8 8 B 8 ·8 



TIME-- 19.8000 19.8500 19.9000 19.9500 20.0000 
I 445.5242 445.46l!4 .45.4058 445.3547 445.3088 
2 445.2358 445.1975 445.1648 .45.1379 445.1152 
3 445.0002 444.9851 444.9780 444.9739 4.4.9724 
4 444.8076 444 .8237 .44.8440 444.8606 444.8765 
5 444.7122 444.7578 .4 •• 79.4 44 •• 8179 444.8420 
6 444.6792 444.7.02 •• 4.7820 44 •• 8054 .44.8328 
7 444.6553 .44.7358 •• 4.7786 4.4.7979 444'.8296 
8 444.6616 44 •• 7607 •••• 7903 •••• 7971 444.8372 
9 444.7063 444.8079 •• 4.8074 .4 •• 7988 444.8547 

10 444.8086 444.8811 •• 4.11242 444.7981 444.8870 
11 445.0208 444.9810 .44.8210 444.7878 444.9507 
12 445.3501 445.0596 .44.7693 44 •• 7693 445.0596 
13 446.3699 445.0344 .44.4832 4 ••• 7302 445.4558 
1. .46.5667 4 ••• 9800 ••••• 158 .4 •• 7327 .45.5.79 
15 446.7905 444.8n3 •••• 3311 4.4.7.80 .45.6663 

Q 0.0 0.0 0.0 0.0 0.0 
T8 .95.3.45 492.6504 490.0681 487.58.5 485 •• 363 
H8 177.0 -124.3 -75.9 23.2 127.2 
TSAT 336.9 336.6 336.3 336.0 335.7 
H5"T -77.9 55.0 32.2 -9.1 -45.9 
P 113.2 112.8 112.3 11 1.8 111 •• 
S.F. -8573.6 5947.7 3417.5 -99 •• 9 -5049.5 
S.TEMP 446.92 444.78 444.28 4.4.76 445.74 
IIAS5-FLX 11.7144 11.5489 11 • .1315 1101058 10.9061 
QUALITY 1.00000 1.00000 1000000 1.00000 1.00000 
GAP 0.03410 0.03410 0.03410 0.03410 0.03410 
•• *REI.AP PR ED IC T IONS CSTAR~EO' ••• 
·He 59.4 58.7 57.7 56.9 56.3 
*S.F. -3332.1 -3153.7 -2934.9 -2753.6 -2626.5 
* S.TEMP 439.22 439.24 .39.26 439.27 439.28 
*H.T.MOOe 8 8 8 8 8 

N 
0 ..... 

322105..................... E.\lERGY 8ALANCE .............................. .. 

....... THERMOCOUPLE NUMBER: T"-32l!AE TIME: 13:33: 18 OATE: JUI.V 8 

•••••• THTF 81.0w-oOWN TEST NO.IO •• PREI.IMINARy.eOIO •• eE.PI* 

CHANGE IN PIN INTERNAL ENERGV !';ONTENT ~ 23.693939 8TUI'l"T 
DETERMINED 8V SUMMATION UF OaLTA U'S OVER THE INTERVAL FROM T=O TO TEND. 

CHANGE IN PIN INTERNAl. ENERGY CONTeNT ~ 23.661026 BTU/FT 
DETERMINED BY DIFFERENCE IN PIN END POINT ENTHALPIES. 

TOTAL HEAT INPUT ~ INTEGRA~ OF OTor.OT ~ 24.28\754 8TU/FT 

INTEGRAL OF SUPFACE FLUX VERSU" TillE CURVE *2.0"PI.RO= 

PERCENTAGE eRROR IN OVERAL~ HEAT BALANCE = 0.0446 PERCENT 
ERROR IN OVERALL HEAT 8ot.1.ANCe (VIA lIETHOD 2.= 0.0241 PERCENT 
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OVERLAY OF MIDDLE THERMOCOUPLE RESPONSE (ASTERISKS) VS ORINC-PREDICTED RESPONSE 
Y from 400.0 to 

Y interval 
X axis 

1100.0 as a function of X from 0.0 to 20.0 with 
size 5.6 
has been 

and with X interval 
shifted from 0.0 to 

size 0.05 . 
Y = 400.0 . 

The 

(XS) 
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.... , .. , .. ,.... .. ................................ " ....... " ...... . ................ .................... ............. .. . .. .... ·•·· ...... ·· .. ····· ........... U................... .. .......................................... . 

....... ..... ..... ...... ... . ~ ................................................ ,. .......................... ,. ......•....•.........•........................•....•.. , ............................ " ...•....• ,. .... ",. .... ,. .................................•..............•.............................•........................•..............•...................•..... "' ..................•........ ~. 
/. . 



,. 

Example 2. THTF B1owdown Test 104 (Preliminary, BD104.BE.P1), 
Thermocouple TE-318BG 

318207 •••••••••••••••••••• CAL!SRAflON INFORMATION •• *.********* ••• ****.*** • 
•••••• THTF BLC.-OO.N TEST NO.i04*PRELIMINA~Y.BOI04.BE.PI. 

*.* •. * THERMOCOUPLE NO. 31e-Be; 

* .... ** MIOOLE T/C --- 318-Me; 

••••• OATE OF LAST MODIFICATIU~ : FEB. 17.1977 

••••• AXIAL PO.EI< PEAKING FACTUR IS! 1.6659 
DETERMINED BY INDIV RESISTANCE CAL • 

..... * COEFFICIENTS FOR TEMPERATURE POLYNOMIAL FIT OF KBN 
DETERMINED FOR THE ABOVE ~PECIFIC (TCS/(TCM PAIR 
C(I': 0.2c228317E 02 
C(2,= -0.75014196E-02 
C(31= 0.38024659E-07 
C(4'= 0.58936656E-09 

VARIANCE OF FIT= O.14253d93E 02 
UNITS 1'01< KBN FIT: dTU/IHR*FT •• 2/FT*FI 

..... * COEFFIEIENTS FOR TEMPERATURE POLYNOMIAL FIT FOR KMGO 
DETERMINED FOR THE AeaVE SPECIFIC T/C PAIR 
C(I'= 0.72101288E 01 
C(21= -0.10450333E-01 
C(31= 0.79769443E-05 
C(4,= -0.29365270E-08 
C(51= 0.45424298E-12 

VARIANCE OF FIT= O.43312~66E 03 
UNITS FOR KMGO FIT: BTu/(HR.FT"*2/FT*F' 

ACTUAL MGO POROSITY CALC~ATE~ VIA MODIFIED 
RUSSELL EQUATION: 0.18648702E 00 

**.** COEFFICIENTS FOR THE TH~NAL E~ANSION GAP MODEL FIT 
DETERMINED FOR THE AeaVE ~HEATH T/C 

C(I'= 0.3~019318E 02 
e(2'= -0.34422360E-Ol 
C(3'= O.14774037E-~4 

,jD= 
SO: 
:>1)= 

0.98535595E 01 
o .14225680E- 01 
0.'1'0639'1'17£-05 

VARIANCE OF FIT= 0.57968035E-04 

GAP CALCULATIO~ AT THE BlAS POINT 

BIAS TeMP. INSIOE 5.5.5. NODAL TEMP. 
BIAS TEMP. DUTSIOE S.S.S. NODAL TEMP. 
BIAS FLUX: 533145.6 BTV/HR/FT.*2 

THe MAXIMUM TEMPERATURE F~R WHICH THE ABove 
REGRESSION FIT IS APPLIC~LE IS 817.17 OEG. I' 

0.0553 

817.2 
701.4 

( "ILSI 

DEG. I' 
DeG. F 

N 
o 
w 



~la207 ••••••• * .. **.......... CASE INFORMATION ••••••••••••••••••••••• ** ••• 
•• ***. THERMOCOUPLE NUMBER: Te-31dBG TIME: 13:33: 18 

•••••• THTF BLOW-DOWN TEST NO.104.PRELIMINA~Y.BD104.BE.Pl. 

TOTAL NUMBER OF RADIAL NODES = 15 
MAGNESIUM OXIDE CORE NODE~ 
tNCONEL-600 HEATER NODES 
BORON NITRIOE NODES 
INNER S.S.SHEATH NODES 
OUTER S.S.SHEATH NODES 

1 THROUGH 
5 THROUGH 
7 THROUGH 

10 THROUGH 
1..1 THROUGH 

CUTS IDE RAD.IUS OF MGO CORE" O.906700E-02 FT. 

4 
6 
9 

12 
15 

OUTSIDE RADIUS OF INCONEL LAYeK = 0.101670E-OI FT. 
CUTSIDE RADIUS OF BORON NITRIOo; = ~.143330E-01 FT. 
CUTSIOE RADIUS OF INNER S.S.SH~ATH .. 0.168330E-Ol FT. 
OUTSIDE RADIUS OF OUTER S.S.SH"ATH .. 0.176670E-OI FT. 

RADIAL GAP INFORMATION: (I.E. dlAS POINTI 
GAP BETWEEN INNER AND DUT~R 5.S.SHEATHS = 0.0553 MILS 

FOWER PEAKING FACTORS: 
AXIAL .. 1.665879 
RADIAL (INCONELI .. I.OOOOJO 
RADIAL (CU-NI'" 0.0 

CATE: JULY 8 

318207 •••• *.* ••••• ** STEAJY STATE TEMPERATURE PROFILE •••••••••••••••••••• 

•••••• THERMOCOUPLE NUMBER: T,,-3IdSG TIME: 13:33: 18 

••••• * THTF BLOW-OOWN TEST NO.104*PRELIMINARY*BOI04.BE.PI* 

o = AVERAGE ~EAT GENERATION PER FT" 9.877511 BTU/SEC/FT 
a.AXIAL PEAKING FACTOR = 16.454727 BTU/SEC/FT 

CATE: JULY 8 

HF = OUTSIDE FILM COEFFICIENT 0.1140e825E 06 BTU/(HR*FT*.2*OEG FI 
TB = BULK COOLANT TEMPERATuRE 597.23 OEG F 

PIN TEMPERATURE PROFILE: 
NODE 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 

fEMPtiRATURE (OEG FI 
1180.47 
11 80. 47 
11 80.47 
1180.47 
1160.47 
1161.45 
1095.68 
1017.79 
956.90 
905.26 
8se.05 
8u.8e 
699.25 
684.42 
669.98 

SURFACE HEAT FLUX= 0.53364325E 06 dTU/HR/Fr •• 2 
SURFACE TEMPERATVRE= 662.91 D;G F 

PRESSURE= 2337.2 PSIA 
SATURATION TEMPERATURE (AT THE ABOVE PRESSURE'= 658.24 OEG F 

HEAT TRANSFER MODE AT THE SURFACE OF THE PIN: NUCLEATE BOILING 

N 
o 
.j::. 



318207*****.********** •• ** TRANSI~NT RESULTS * ••••••• * ••• * ••••• **** •• ***** 

*****. T~ERMOCOUPLE NUMBER: T~-318BG TIME: 13:33:1B 

•••••• T~TF BLOW-DOWN TEST NO.104.PRELIMIN~~Y.B0104.BE.PI. 

TIME-TEMPER_TURE-NOOE T~BLE: 
TIME HAS UNITS OF SEC 
TEMPERATURE HAS UNITS OF ~EG F 
Q HAS UNITS OF BTU/SEC/FT 
HB IBASEO ON TBI ~AS UN1T~ OF BTU/IHR*FT*.2*OEG FI 
BULK TEMPERATURE ~AS UNITS OF nEG F 
~S.T IBASED ON TSATI HAS UNIT~ OF BTU/IHR*FT •• 2.DEG FI 
PRESSURE ~AS UNITS OF PSIA 
SATURATION TEMPERATURE ~~ UNITS OF nEG F 
SURFACE FLUX (S.F.I HAS UNITS OF BTU/HR/FT •• 2 
SURFACE TEMPERATURE HAS UNITS OF DEG F 
AVERAGE MASS FLUX ~AS UNITS OF LBM/SEC/FT.*2 
GAP HAS UNITS OF MILS 

TIME-- 0.0 0.05.:1 0 001 000 0.1500 0.2000 
NODE 

1 1180.4722 1180.4697 1180.46f6 1160.4636 1160.4600 

0.2500 0.3000 0.3500 0.400., 

1160.4539 1160.4434 1180.4275 1160.4C3E 

0.4500 0.5000 0.5500 

1160.~706 1180.3279 1180.2764 
2 1180.4722 1160.4690 1180.4641 1180.4556 1160.4377 1180.4043 1160.3479 1160.2649 1160.1516 1160.0107 11 79.8511 1179.6946 
3 1180.4722 1180.4636 1180.4492 1160.4126 1180.3345 1180.1982 1179.9885 1179.7139 1179.3e46 1179.0276 1176.7036 1178.5164 
4 1180.4722 1180.4399 1180.3943 1160.2527 1179.9739 1179.5457 1178.9534 1176.3013 1177.6182 1177.0C73 1176.7019 1177.0222 
5 1180.4722 1180.3857 U80.3066 1179.9753 1179.4031 11711.6245 1177.6250 1176.7305 1175.8542 1175.2527 1175.4312 1176.9229 
6 1161.4534 1161.3589 U61 .. !505 1160.8801 1160.2439 1159.3809 1158.3250 1157.3779 1156.4873 1155.9092 1156.2280 1158.0259 
7 1095.8621 1095.7729 1095.5691 1095.1096 1094.3215 1093.2646 1092.1445 1091.1091 1090.2517 1089.7942 1090.5356 1093.1472 
8 1017.7920 1017.6101 1017.,449 1016.5522 1015.4258 1014.0161 t012.6074 1011.7297 1011.0200 1010.9243 1012.7878 1017.3059 
9 956.9048 956.5945 956.0322 955.0344 953.4790 951.6936 950.5037 949.4468 948.9 .. 71 949.4199 952.9146 959.9299 

10 905.2571 904.7366 91)3.9187 902.5083 900.3660 898.1750 697.1616 896.1445 896.0945 897.2~54 903.1316 913.4924 
11 858.0500 857.1733 ~56.0161 854.0264 851.1328 848.4631 847.9485 846.9504 647.5530 849.7~14 859.3567 874.2964 
12 814.8789 813.4260 ~11.8 704 809.1050 805.2339 e02.1919 802.7449 801.6384 603.2979 806.8923 822.0879 842.7920 
13 699.2451 695.56Q5 693.0342 687.5110 660.6467 677.6426 683.9348 679.9312 687.3e76 694.8989 733.62,36 771.6287 
14 684.4226 680.2608 077.6167 671.5936 664.2161 661.2737 668.6172 664.091l 672.4844 680.8013 723.7019 764.2820 
15 669.9849 665.2297 062.:>073 655.8799 647.9480 645.2163 653.9377 648.5024 658.3~01 667.3584 715.5166 758.5225 

0 16.45473 16.4 .. 67S 1( .... 0910 16 ... 5723 16.45723 16.46910 16.44675 1(;'46910 16 ... 5723 16 ... 5723 16.45723 16 ... 4536 
T6 597.2317 603.5637 616.,478 628.9021 629.8120 630.8357 628.7839 628.,3586 627.6l!t6 627.2026 627.0391 627.6384 
~B 114086.3 10362.8 144::;3.8 30652.5 60610.0 91538.1 29059.4 46661.7 21204.0 14325.8 2829.3 1255.2 
TSAT 658.2 629.7 629.7 628.9 629.8 630.8 626.8 628.4 627.7 621.2 627.0 627.6 
HSAT 114093.4 20042.3 22138.2 30652.5 60610.0 9153801 29059.4 46661.7 21204.0 14325.9 2829.3 1255.2 
p 2337.2 1916.3 1915.9 1904.6 1917.0 1930.9 1903.0 1997.2 1888.1 1 6e 1.6 1879.5 1867.5 
5.F. 533643.3 561665.2 ;;009::>5.6 587516.2 607979.4 591801.8 526197.3 579295.3 506307.2 48309E.5 241272.4 161649.1 
5. TEMP 662.91 657 "'8 655.06 646.07 639.64 637.30 646.99 640.77 651.56 660.92 712.32 756.42 
"ASS-FLK 742.5525 10.7608 459.1338 509.7434 360.0901 412.7217 362.8401 290.1663 374.0C44 429.6~01 445.6406 400.2319 
QUAL lTV 0.0 0.0 0.0 0.00003 0.04106 0.09500 0.16403 0.21226 0.23<.153 0.25893 0.26670 0.26126 
GAP 0.05528 0.05528 0.05498 0.05483 0.05443 0.05399 0.05395 0.051174 0.05434 0.OSel3 0.05569 0.05900 
•• *RELAP PRECICTIONS (STARREO) ..... 
.HB 64313.2 8637.5 48336.3 46930.9 47180.7 48066.2 12650.3 2957.2 1147.2 1319.2 1366.5 1242.2 
*S.F. 524929.9 185175.4 577192.5 562913.4 550866.1 557951.9 393252.4 237615.5 156606.4 216795.0 247865.6 233632.3 
"5. TEMP 666.40 651.21 641.79 640.26 641.45 642.51 659.90 708.78 764.17 791.54 805.82 815.58 
*M.T.MODE 2 4 2 2 2 2 4 4 9 9 9 9 

N 
0 
VI 



TIME-- 0.6000 0.6500 0.7000 0.1500 0.8000 0.8500 0.9000 0.9500 1.0000 1.0500 1 .t 00 0 1.1500 
NODE 

I 1180.2190 1180.1643 1180.1235 1180.1113 1'180.1448 1160.2411 1160.4211 1180.7014 11111 .0<;84 1181.6214 1182.2996 1183.1260 
2 1119.5789 1179.5544 1179.0743 1179.9907 1180.5483 1181.3826 1182.5149 1183.9561 1185.7053 1187.7549 1190.0947 1192.7100 
3 117B.60!!2 1119.1189 1180.1543 1161.1695 1183.9858 1186.7849 1190.1248 1193.9397 1198.1621 1202.7393 1207.6201 1212.7700 
4 1118.3247 1180.8015 1184.4615 1169.1648 1194.8381 1201.2211 1208.1619 1215.4482 1222.9E34 1230.6e04 1238.5168 1246.4932 
5 1180.2307 1185.320 I U91.8914 1199.5017 1208.0132 1211.0190 1226,2886 1235.5603 1244.8008 1254.1399 1263.3960 1272.7778 
6 1161.7944 1161.4292 1114.~610 1182.1156 1191.7163 1201.1526 1210.7903 1220.3721 1229.8826 1239.4541 1246.9460 1256.5447 
7 10913.0269 1104.8552 U13.0979 1122.2700 1132.0830 1142.1626 1152.2947 1162.2422 1172.0503 1181.8201 1191.5818 120103914 
8 1024.6112 1033.7810 1043.9761 1'54.7329 1065.7358 1076.6089 1067.2480 1097.4263 1107.4121 1117.2<;54 1127.2776 1137.2666 
9 970.1946 961.8728 \/93.9751 1006.1629 1018.2156 1029.66'U 1040.6174 1050.8049 1060.6<091 1070.81!!1 1081.0325 1091.1616 

I? 927.4575 941.9077 955.9485 969.5981 982.6184 994.5300 1005.7449 1015.8391 1026.0E98 1036.1 741 1046.B042 1057.2012 
\I !!92.9326 910.2397 926.~81l 941.0674 954.9272 967.0503 976.4102 988.2004 99B.7268 1009.0430 1020.3044 1030.9583 
l:i! 866.7915 886.3555 903.4265 919.3865 933.6699 945.5142 956.7654 965.8562 976.B499 987.2~27 999.3845 101001025 
13 612.2356 633.6612 1:152 .l8 72 670.20007 884.5161 693.6604 904.3161 909.6611 924.0764 934.2461 950.0405 959.7007 
14 60701545 82!!.3049 647.,;)889 665.0906 879.2776 887.9146 898.5313 903.4595 918.2830 926.3152 944.7214 954.0791 
15 803.66C6 823.7952 1:142.:>723 860.7302 814.6675 662.6279 693.2725 897.4"99 913.1514 922.8~23 940.t 006 948.9336 

0 16.44536 16.44536 16.44536 16.42302 16.43349 16.43349 16.43349 16.42162 16.41115 16.43349 16.41115 16.42162 
TB 626.6B21 624.5212 021.9367 621.1951 620.0125 618.1607 616.57B4 615.3967 613.9:341 613.B~36 612.050B 610.0916 
HB 428.6 756.5 691.6 625.0 653.7 767.2 716.6 853.4< 627.7 67E.O 501.7 591.9 
T5AT 626.9 624.5 621.9 621.2 620.0 E16.2 616.6 615.4 612.9 613.9 612.1 610.1 
HSAT 428.6 756.5 691.8 625.0 653.7 167.2 716.6 853.4 627.7 676.0 507.7 591.9 
P 1677.3 1645.9 1812.0 1602.3 1767.0 1763.5 1743.2 1726.3 1710.0 1709.5 1686.1 1662.7 
S.F. 15351.1 149326.6 1526;19.6 146562.8 165153.6 200999.9 197107.3 238201.9 186405.3 207192.8 165534.1 199143.6 
5.TEt04P 602.70 821.92 84.;).67 858.69 872.64 860.17 890.87 694.52 910 .89 920.40 938.11 946.56 
to4ASS-FLX 420.4333 496.2314 462.9072 446.1666 412.7065 461.2659 434.6104 410.2717 398.0786 212.3235 111.3579 171.6697 
QUAL ITY 0.26169 0.26125 0.25998 0.25696 0.26045 0.26285 0.26704 0.27316 0.28134 o .29~56 0.31569 0.34655 
GAP 0.06122 0.06345 0.06373 0.06399 0.06425 0.06430 0.06416 0.06401 O.O6~47 0.0<0409 0.06413 0.06457 
.**RELAP PREDICTION5 (STARRED." •• 
·HB 1282.9 1455.1 13J 6.8 1285.9 1325.5 1266.8 1216.9 1169.2 1141.9 134.9 601.3 650.2 
*S.F. 261618.4 301116.5 ,89371 .6 269202.1 306945.5 306427.6 300625.3 298660.1 301386.6 206069.6 185624.9 211233.1 
*S.TEI4P 630.88 831.53 838.43 846.11 651.65 856.40 663.73 671 • I 0 878.19 694.42 920.67 935.06 
*H.T.MOOE 9 9 9 9 9 9 9 9 9 9 9 9 

N 
0 
0\ 

TIME-- 1.2000 1.2500 1.,3 000 1.3500 1.4000 1.4500 1.5000 1.5500 1.6COO I.Eeoo 1.7000 1.7500 
NODE 

I 11 64.1143 1185.2710 1186.0021 1188.1094 1189.7937 1191.6563 1193.6963 1195.9102 1198.2971 1200.8523 1203.5720 1206.4521 
2 1195.5872 1196.7109 1,02.0667 1205.6379 1209.4097 1213.3667 1217.5017 1221.7949 1226.2366 1230.8123 1235.5107 1240.3230 
3 121!!.1550 1223.1495 1,29.3208 1235.4451 1241.5059 1247.6843 1253.9646 1260.3262 1266.7473 1273.2161 1279.7229 1286.2651 
4 1254.5716 1262.7302 1~10.9116 1279.1133 1267.3452 1295.5774 1303.6062 1311.9741 1320.0615 1328.0191 1336.0454 1343.9766 
5 1282.1436 1291.5032 lJOO.7322 1309.9226 131901 157 1328.2100 1337.2495 1346.0789 1354.7371 1363.2<;20 1371.7669 1380.2466 
6 1268.1082 1277 .6433 1'87.~376 1296.3826 1305.7200 1314.9570 1324.1145 1333.0496 1341.7927 1350.4360 1359.0220 1367.5647 
7 1211.1233 1220.777 6 I'JO.'927 1239.1417 1249.1550 1258.4912 1267.6680 1276.6160 1285.3240 1293.9617 1302.5563 1311.0806 
6 1147.0605 1156.7175 1166.,0<03 1175.6519 1185.0442 1194.3679 1203.3665 1212.1311 1220.5747 1229.0S28 1237.5867 1245.9590 
9 1100.9590 1110.5796 U 19.9941 1129.4368 1138.8069 1 14e .1079 1156.8653 1165.3667 1173.4875 1161.9407 1190.3626 1198.5923 

10 1066.9744 1076.6421 lil86.0515 1095.6250 1105.0742 1114.4524 1122.9751 1131.2563 1139.1011 1147.7213 1156.2214 1164.3257 
11 1040.6477 ICSO.4258 1059.6542 1069.6670 1079.2664 1086.7859 1096.9319 1105.0627 1112.6292 1121.7173 1130.3062 1136.2930 
12 1019.4468 1029.3416 1036.6885 1046.8613 1058.4666 1068.1138 1075.5422 1063.5234 1090.6609 1100.5942 1109.1343 1116.6494 
13 967.0986 976.0410 986.7246 998.5525 1007.8672 1017.7632 1021.7698 1030.0105 1035.5(l37 1049.7783 1056.6408 1063.4697 
14 961.1567 972.2966 "'80.8342 992.9465 1002.1697 1012.1169 1015.4717 1023.8433 1029.0361 1044.1140 1050.8115 1057.2766 
15 955.6272 967.09,,3 .. 75.J 955 967.9019 996.9216 1006.9409 1009.4692 1018.1272 1022.9302 1039.1011 1045.1770 1051.4587 

Q 16.42302 16.43349 16.4,302 16.42302 16.43349 16.42302 16.43349 16.42302 16.42302 16.42302 16.42302 16.43349 
TB 609.3411 E09.1477 o06.J826 607.1267 606.1621 606.1372 605.2087 603.7473 602.6E53 601.8362 600.7664 599.5352 
HB 635.8 560.8 561.3 509.3 532.6 510.1 619.3 555./1 601.8 437.1 523.6 533.0 
TSAT 609.3 609.1 608.4 601.1 606.2 60601 605.2 603.7 602.7 601.6 600.8 599.5 
H5AT 635.8 560.8 5<17.3 509.3 532.8 510.1 619.3 555./1 601.8 437.1 523.6 533.0 
P 1653.6 1651.2 <1642.0 1626.9 1615.3 11015.1) 1604.0 1566.8 1574.3 1564.4 155201 1537.9 
S.F. 216526.6 199405.6 .!14049.7 192775.1 206689.6 203225.6 248576.0 228683.6 251153.6 190166.5 231290.6 239416.2 
S.TEMP 953.03 964.73 912.87 985.63 994.50 1004.57 1006.58 1015.47 1020.02 1036.90 1042.52 1046.71 
MA5S-FL)( 184.6804 185.9746 171.60<05 161.1350 156.1641 113.6466 85.7692 70.2507 76.2E96 75.1~59 71.3272 71.7362 
QUAL ITY 0.38483 0.42188 0.45719 0.48982 0.52080 0.55355 o .5!!433 0.61787 0.65623 0.70154 0.75107 0.80453 
GAP 0.06461 0.06426 0.00450 0.06454 0.06456 ?06461 0.06466 0.06430 0.06433 0.06411 0.06498 0.06463 
*"*RELAP PR ED ICT IONS (STARREO"" 
*HB 704.6 751.1 730.6 723.7 729.7 612.6 492.3 421.1 464.5 482.4 478.7 499.7 
*S.F. 235710.3 255060.0 ,54966.5 256584.$ 264167.3 227773.6 < 191685.1 172550.9 196804.6 208673.4 211551.7 225101.8 
*5. TEMP 943.S8 946.73 954.64 961.75 966.23 916.01 994.73 1013.63 1026.44 1034.46 1042.79 1050.07 
.H.T.MOGE 9 9 9 9 9 9 9 9 9 9 9 9 



TIME-- 1.13000 1.8500 1.\/000 1.9500 2.0000 2.0500 2.1000 2.1 500 2.2000 2.Ze:OO 2.3000 2.3500 
NOOE 

1 1209.4871 1212.6709 Il15.1198e 1219.4648 1223.0215 1226.5984 1230.1179 1233.5081 1236.7C95 1239.6785 1242.3638 1244.8083 
2 1245.2388 1250.24513 1,55.3450 1260.5186 1265.2349 1269.1223 1272.0220 1273.9302 1274.9338 1275.1606 1274.7476 1273.8293 
3 1292.8318 1299.4124 1~05.9954 1312.5815 1315.2075 1314.2695 1310.8718 1306.0001 1300.3782 1294.4e07 1268.6038 1282.9185 
4 1351.8367 1359.6067 U67.283O 1374.9009 1359.8916 1340.9541 1323.1545 1307.6819 1294.5671 1283.4956 1274.1033 1266.0688 
5 1388.5242 1396.6492 1404.0265 1412.5791 1352.9656 1~20.3611 1298.7930 1283.0249 1270.8740 1261.1~92 1253.1243 1246.3901 
6 1375.9167 1384.1011 U92.1309 1400.1426 1345.5525 1314.5352 1293.1401 1278.5459 1266.8740 1257.5339 1249.8486 1243.3899 
7 131 ... 4116 1327.5315 1335.4907 1343.4563 1318.9363 1296.7380 1279.8203 1267.0081 1257.0391 1248.9653 1242.2634 1236.5876 
8 1254.0718 1261.9094 1269.6116 1277.4473 1271.1929 1261.5938 1252.7322 1245.3445 1239.1756 1233.7864 1229.1069 1224.9990 
9 1206.4304 1213.9355 1'21.~899 1229.1970 1230.8301 1229.4829 1227.2537 1224.8020 1222.1871 1219.2759 1216.5220 1213.9177 

10 1171.9185 1179.1421 U86.47S1 1194.4731 1200.1370 1204.1267 1206.7075 1207.9907 1208.0662 1206.9670 1205.7566 1204.3694 
11 1145.6145 1152.5745 11 59.9167 1168.3462 1176.6997 1184.5969 1190.7090 1194.6646 1196.5801 1196.6099 1196.6196 1196.1697 
12 1123.7417 1130.3604 1137.8083 1146.9180 1157.6897 1169.0186 1177.8674 1183.6772 1166.7212 1187.2747 1188.3823 1188.6589 
13 1068.6472 1074.4136 1082.8057 1094.9402 1113.3386 1134.3259 1148.5842 1157.1663 1161.2~24 1161.3979 1166.0144 1167.6492 
14 1062.1655 1067.8086 1(176.3943 1089.0244 1108.5803 1130.8477 1145.5898 1154.3369 1158.4150 1158.3e82 1163.5549 1165.2695 
15 1056.0383 1061.5850 1070.4446 1083.6846 H04.5823 1128.1785 1143.1499 1151.8728 1155.7981 1155.4800 1161.3408 1163.0149 

(I 16.42302 16.42302 16.42302 16.43349 0.04740 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 598.4329 597.4661 596.3242 608.2871 622.2966 629.S186 635.4766 637.7815 642.7<;27 652.0583 658.9065 6511.6653 
HB 562.1 561.3 515.5 447.5 300.5 169.3 171.2 188.8 21601 257.8 179.9 194.1 
TSAT 598.4 597.5 596.3 595.0 594.8 593.4 592.0 591.1 590.6 589.8 588.5 587.7 
HSAT 562.1 561.3 515.5 435.3 284.2 157.8 157.7 173.0 196.2 229.4 157.6 170.1 
P 1525.3 1514.3 1501.4 1487.3 1485.0 1468.9 1453.3 1443.6, 143e.6 1429.2 1416.0 1406.8 
S.F. 255562.4 258862.9 242991.6 211666.8 144414.9 84263.8 86750.9 96852.4 110621.0 129435.2 90229.6 97676.4 
S.TEMP 1053.11 1058.62 1067.67 1081028 1102.95 1127.23 1142.18 1150.80 1154.57 1154.05 1160.34 1161.94 
MASS-FLX 72.0197 72 .7241 72.11979 79.2067 30.8836 19.6705 8.7965 30.8260 39.1776 25.0899 18.2113 29.6162 
QUALUV 0.86422 0.92795 0.98823 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06466 0.06430 0.00432 0.06455 0.06497 0.06580 0.06720 0.06782 0.06823 0.06844 0.C6844 0.06664 
••• RELAP PREDICTIONS (STARRED) ••• 
.He 523.8 561.5 576.3 577.3 . 257.6 167.5 80.2 200.5 26e.2 192.8 130.0 187.8 
*S.F. 239148.6 259019.8 ,68522.1 '265401.7 120190.8 81843.2 40854.5 104152.1 137360.5 98872.6 66948.8 97409.6 
*S.TEMP 1055.05 1058.16 1062.34 1066.63 1087.82 1117.77 1144.46 1156.88 1157.42 1162.69 1173.69 1177.42 
*H.T.MOOE 9 9 9 8 8 8 8 8 8 8 e 8 

N 
0 ...... 

TIME-- 2.4000 2.4500 2.:;000 2.5500 2.6000 
NODE 

2.6500 2.7000 2.7500 2.8000 2.8500 2.9000 2.9500 
I 1246.9434 1248.7900 1,50.3550 1251.6477 1252.6829 1253.4744 1254.0364 1254.3857 1254.5~64 1254.5027 1254.2~88 1253.9373 2 1272.5215 1270.9241 1,69.1152 1267.1575 1265.0972 1262.9668 1260.7903 1258.5847 1256.3608 1254.1257 1251.8833 1249.6377 3 1277.5164 1272.4307 1,61.6584 1263.1770 1256.9539 1254.9536 1251.1445 1247.5002 1243.9<;46 1240.6060 1237.3230 1234.1333 4 1259.1:340 1253.0459 1l47.o057 1242.6492 1238.0554 1233.1351 1229.6357 1225.7185 1221.9402 1218.2781 1214.7449 1211.3162 5 1240.6470 1235.5420 1,30.8916 1226.5349 1222.3860 1218.3823 1214.5308 1210.8027 1207.1438 1203.5635 1200.1411 1196.7903 6 1237.8809 1232.9509 "26.4338 1224.1731 1220.0916 12U;.1365 1212.3247 1208.6267 1204.9844 1201.4175 1198.0205 1194.6816 7 1231.7200 1227.2441 1,23.0657 1219.0437 1215.1335 1211.3008 1207.5989 1203.9883 120Q.3~75 1196.8777 1193.5681 1190.2705 8 1221.3940 1217 .1087 1214.1243 1210.4927 1206.8630 1203.2334 1199.7485 1196.3032 1192.7935 1189.3794 1186.2993 1163.0669 9 1211.5442 1208.4519 1205.3879 1202.0508 1196.6462 1195.1619 1191.9375 1188.6436 1185.1133 1181.8e62 1179.1399 1175.8940 10 1203.0305 1200.1445 1197.4902 1194.2820 1191.0256 1187.6638 1184.6790 1181.4822 1177 .9758 1174.8479 1172.5466 1169.1133 11 1195.6846 1192.5071 1190.,483 1186.9766 1183.8184 1160.5005 1177.8313 1174.6440 1171.0098 116801150 1166.4199 1162.4900 12 1188.9358 1184.7842 U83.1235 1179.5261 1176.4841 1173.1646 1170.9521 1167.6355 1163.7656 1161.2778 1160.4490 1155.4775 13 II 70.0427 1159.7278 1161.8225 1155.7258 1153.5496 1149.9585 1149.8965 1145.2935 1140.3665 1140.0672 1142.8835 1131.7007 14 1167.9338 1156.5188 1i59.4089 11S2.7825 1150.8123 1147.1531 1147.4478 1142.5654 1137.5027 1137.6245 1140.9500 1128.6194 15 1165.9800 1153.0540 1157.1650 1149.7283 1148.1035 1144.3210 1145.0920 1139.7729 1134.5698 1135.2393 1139.1792 1125.2544 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TB 660.7651 665.4280 667.2693 668.5454 670.8047 672.1626 674.0364 676.2876 678.3538 680.3689 682.2783 683.8689 He 164.3 353.2 191.8 303.5 256.3 276.5 219.2 282.3 299.5 228.6 158.9 380.4 TSAT 587.0 586.0 505.0 !S84.! 583.2 eS2.3 581.5 580.6 57<;.8 57e.9 578.0 577.1 HSAT 143.3 303.5 164.2 258.1 216.4 232.2 183.1 233.9 246.1 t87.0 129.4 . 306.1 P 1399.1 1368.5 1377.9 1368.6 1359.2 1350.5 1341.8 1332.8 1323.9 1315.1 130e.2 1297.3 S.F. 82864.9 171548.9 93775.0 145551.4 121980.8 130139.0 103001.8 130450.9 136189.8 103805.8 72484.1 167199.6 S.TEMP 1165.07 1151.17 1150.13 1148.12 1146.75 1142.88 1143.95 1138.33 1133.06 1134.08 1138.37 1123.40 MASS-FLX 3C.4905 23.7299 24.6488 26.0847 24.8519 26.0654 25.9021 25.3837 25.4~46 25.3441 25.0257 24.7617 QUAL ITY 1.00000 1.0000 0 1.00000 1.00000 1.00000 1.000CO 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 GAP 0.06903 0.06942 0.06843 0.06901 0.06860 0.06879 0.06858 0.06896 0.06875 0.oee54 0.06892 0.06950 *.*RELAP PREOICTIONS (STARRED) ••• 
"He 207.3 164.6 161.4 171.9 163.4 168.0 167.5 163.0 162.0 160.8 156.3 15601 *5. F. 106866.8 84371.4 82748.9 87892.8 83103.1 85135.6 84390.6 61605.0 80564.1 79475.1 77735.1 76203.6 *5. TEMP 1175.38 1177.,6 1179.65 1179.38 1179.13 1178.51 1177.30 1176.38 1175.37 1174.16 1173.02 1111.87 *H.T.MOOE 8 8 8 8 8 8 8 8 8 8 8 8 



T IIo1E-- 3.0000 3.0500 3.1000 3.1500 3.2000 3.2500 3.3000 3.3500 3.4000 3.4500 3.5000 3.5500 
NOOE 

1 1253.4299 1252.1'871 1~52.0186 1251.1335 1250.1396 1249.0435 1247.8516 1246.5691 1245.2 COO 1243.7502 1242.2227 1240.6208 
2 1247.3896 1245.1355 1~42.8735 1240.6008 1238.3140 1236.0098 1233.6851 1231.3369 1228.9617 1226.5576 1224.1235 1221.6567 
3 1231.0159 1227.9480 1<t24.9133 1221.9011 '1218.901'0 1215.9197 1212.9302 1209.9302 1206.9185 1203.e<;38 1200.8508 1197.1'834 
4 1207.9338 1204.5430 llOI.1477 1197.7595 1194.3850 1190.9971 1187.5820 1184.1372 1180.671'5 1177.2144 1173.7241 1170.1907 
5 1193.3801 1189.8525 1186.3130 1182.7935 1179.2954 1175.7324 1172.1116 1168.4497 1164.7~54 1161.H97 1157.4553 1153.6753 
6 1191.2581 1187.6968 1184.1335 1180.5952 1177.0791 1173.4832 1169.8250 1166.1274 1162.4441 1158.7837 1155.0400 1151.2148 
7 1186.8145 1183.1755 1179.5784 1176.0212 1172.4866 1168.8257 1165.1011 1161.3398 1157.6199 1153.9304 1150.1123 1146.2039 
8 1179.4907 1175.6624 1172.0562 1168.5066 1164.9678 1161.1670 1157.3345 1153.4861 1149.7529 1146.0527 1142.0825 1138.0349 
9 1172.0745 1167.9871 1164.4761 1160.9592 1157.4268 1153.4026 1149.4744 1145.5537 1141.8633 1138.1719 1133.9688 1129.7B17 

10 1164.8979 1160.5076 1157.2646 1153.7654 1150.2275 1145.8508 1141.8726 1137.8909 1134.3071 1130.et67 1126.0457 1121.7458 
11 1157.7075 1153.0027 1150.3118 1146.74391143.1807 1138.2520 1134.3381 1130.2942 1126.9080 1123.1775 1118.0239 1113.6970 
12 1149.9534 1144.9834 1143.~271 1139.4636 1135.8770 1130.0840 1126.4985 1122.3623 1119.3~01 1115.4709 1109.4092 1105.2764 
13 tl23.8528 1118.5598 1122.3506 1115.8081 1112.3855 1102.4978 1101.6218 1096.7532 1095.5388 1090.6245 1080.2695 1078.2742 
14 1120.5764 1115.3245 1120.0376 1112.87991109.5679 1098.9912 1098.7109 1093.6338 1092.7498 1087.6035 1076.5774 1075.0B23 
15 tl1701553 1112.0273 1117.9436 1109.8213 1106.7393 1095.2734 1095.8779 1090.4534 1090.0208 1084.5154 1072.6563 1071.9421 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 685.2668 685.8110 085.9431 685.3210 684.6699 683.7747 682.6472 681.5798 680.66BO 680.0315 679.8413 6BO.1917 
HB 374.2 355.7 193.2 342.3 303.2 433.6 296.2 356.7 290.9 350.1 474.6 34B.7 
TSAT 576.2 575.4 574.5 573.7 572.9 572.1 571.3 570.5 56'!:.7 568.9 568.0 567.2 
HSAT 298.5 282.3 153.5 270.8 239.6 340.7 233.2 280.3 228.7 274.4 369.0 270.4 
P 1288.2 1279.5 1271.2 1263.5 1255.7 1247.7 1239.8 1231.9 1224.0 121 €.1 1208.2 1200.3 
S.F. 160953.4 151005.0 83271.4 144741.6 127546.9 177553.4 121998.6 145268.9 118687.8 141070.4 185427.5 136077.9 
5.TENP 1115.36 1110.34 1111.01 1108.20 1105.31 1093.28 1094.50 1088.81 1088.68 1082.92 1070.56 1070.39 
MASS-FLX 24.0610 24.3423 24.1977 24.4573 23.5022 22.4472 21.4779 20.2049 18.7'!:75 17.2913 15.5975 13.7723 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06851 0.06829 0.0 .. 808 0.06885 0.06863 0.06843 0.06802 0.06820 0.06818 0.06836 0.06834 0.06774 
***RELAP PRECICTIONS (STAR~EOI •• * 
*HB 152.7 152.3 151.4 153.3 149.1 143.3 138.4 131 .9 124.2 116.0 106.6 96.1 
*S.F. 74172.6 73692.9 73023.1 73769.7 71626.0 68815.6 66491.1 63388.6 59792.2 55891.3 51392.7 46337.3 
*S.TEIo1P 1170.70 1169.62 116.1.25 1166.70 1165.25 1164.20 1163.28 1162.54 1162.07 1161.84 1161.89 1162.26 
*H.T.MOOE 8 8 8 6 8 8 8 8 8 8 8 B 

N 
0 
00 

TIIo1E-- 3.6000 3.6500 3.7000 3.7500 3.8000 3.8500 3.9000 3.9500 4.0000 4.0500 4.1000 4.1500 
Ill00E 

I 1238.9473 1237.2048 1~35.3953 1233.5205 1231.5811 1229.5767 1227.5083 1225.3755 1223.1185 1220.9172 1218.5891 1216.1870 
2 1219.1541 1216.6135 1214.0322 1211.4045 1208.7231 1205.9846 1203.1853 1200.3247 1197.4031 1194.4155 1191.3367 1188.1079 
3 1194.f>855 1191.5513 1188.3687 1185.1201 1181.7917 1178.3811 1174.8975 1171.3499 ,1167.7463 1164.0488 1160.1113 1155.6489 
4 1166.6057 1162.9651 1159.2273 1155.34161151.3142 1147.1799 1143.0012 1138.7947 1134.5686 1130.0837 1124.7122 1117.5151 
5 1149.8254 1145.9021 1141.8035 1137.4443 1132.9302 1128.3533 1123.8416 1119.3398 1114.8462 1109.6687 1102.3950 1091.3679 
6 1147.3179 1143.3450 1139.1748 1134.7197 1130.1199 1125.4709 1120.9155 1116.3679 1111.8313 1106.4e02 1098.7173 1086.7612 
7 1142.2227 1138.1602 U33.8403 112901782 1124.4180 1119.E514 1115.0537 1110.4441 1105.8521 1100.0688 1091.0479 1076.7815 
8 1133.9231 1129.7185 1125.0906 1120.0090 1115.0171 1110.1184 1105.5737 1100.8982 1096.2605 1089.3481 1077.1511 1057.4500 
9 1125.5422 1121.1885 1116.1396 1110.5393 1105.4075 I 100 .4495 1096.1033 1091.3242 1086.6729 1077.9175 1061.0117 1033.9558 
I~ 1117.3782 1112.8584 UQ7.c261 1101.0093 1095.9131 1090.9570 1086.9678 1081.9485 1077.3196 1065.6680 1042.1526 1005.5962 
11 11 09.1897 1104.4709 1097.9971 1091.0647 1086.3142 1081.3848 1077.9751 1072.4277 1067.9177 1051.6460 1018.7795 969.7827 
12 1100.5933 1095.6370 1087.9280 1080.2202 1076.3674 1071.4148 1068.9387 1062.3369 1058.2114 1034.5691 9B8.6616 923.7495 
13 1072.6052 1066.7278 1~53.4280 1043.8035 1045.4097 1039.2925 1041.3943 1028.4285 1027.5642 967.5950 872.0981 759.4753 
14 1069.1868 1063.1987 1.)49.0049 1039.2334 1041.8452 1035.3745 1038.2729 1024.1045 1023.9705 957.8992 854.6799 733.8240 
15 1065.6914 1059.5933 1044.~734 1034.4980 1038.4702 1031.3762 1035.3364 1019.4661 1020.4e54 946.3~87 834.4163 704.8113 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 680.7842 681.0352 1>81.,986 681.3306 681.1729 680.B760 6BO.4209 679.8589 679.1929 678.4331 677.9304 679.2695 
HB 414.3 432.7 619.3 612.6 387.5 515.0 336.6 647.1 428.9 2237.8 6780.7 142648.4 
TSAT 566.4 565.7 5~4.9 564.1 563.3 562.6 561.8 561.0 560.2 55<;.4 558.7 558.1 
HSAT 319.1 331.2 41>8.1 459.2 29100 384.5 252.1 478.4 317.6 1537.3 3718.4 10083.7 
I' 1192.7 1185.7 1178.5 1171.2 1164.0 1156.8 1149.6 1142.4 1135.2 1127.9 1121.5 1116.1 
S.F. 158721.8 162980.3 223216.1 214847.9 137823.5 179448.1 119016.1 218117.5 145649.0 5B4507.9 981840.2 1314936.0 
S. TEIo1P 1063.89 1057.74 1041.72 1032.03 1036.88 1029.31 1033.96 1016.95 1018.80 939.63 822.73 688.49 
..,ASS-FLX 12.4021 11 .9607 11.4136 11.1643 11.0478 10.9458 10.9136 10.8772 10.8E90 10.8807 10.6388 8.6545 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 I. 00000 1.00000 1.00000 1.00 000 1.00000 1.00000 1.00000 
GAP 0.06792 0.06789 0.00768 0.06687 0.06665 0.06741 0.06719 0.06777 0.06677 0.06733 0.06257 0.05579 
•• *RELAP PREOICTIONS (STARRED .... 
*HB 86.9 84.1 dO.5 78.6 77.7 76.9 76.5 76.2 7!.9 7!.8 75.0 65.9 
*S.F. 41889.6 40548.4 3882 6.7 37874.1 37455.9 37058.5 36865.1 36708.4 36580.3 36549.1 36163.2 31690.2 
*5. TEIo1P 1162.88 1163.i!2 1I6~. 36 1163.38 1163.19 1162.89 1162.48 1161.99 1161.45 1160.84 1160.22 1160.01 
*H.T.MODE e 8 8 8 8 8 8 8 8 8 8 8 



TIME-- 4.2000. 4.250.0. 4,,;lo.OO 4.3500 4,4000 4,4500. 4.5000 4.5500. 4.600.0. 4.6500 4.70.00. 4.750.0. 
NODE 

I 1213.6973 1211.0.974 1./08.3560. 120.5.4368 1202.2993 1198.90.60 1195.2180 1191.20.31 1l86.8~64 1182.0<;72 1176.9719 1171.4529 
2 1184.6321 1180.7864 1176.4485 1171.5146 1165.9170 1159.6238 1152.6350 1144.9778 1136.6995 1127.8606 1118.5278 1108.7722 
3 1150..30.76 1143.7842 1135.9146 1126.697.5 1116.2542 1104.7786 10.92.4841 10.79.5796 10.66.2627 lo.52.7t41 10.39.0464 10.25.40.36 
4 110.7.7249 10.95.1450. lQ8o..1545 10.63.4465 10.45.7395 10.27.6282 10.0.9.5198 991.6929 974.3643 957.6587 941.6221 926.2847 
5 10.75.9373 10.56.8418 IG35.~547 10.13.5203 991.7136 970.6667 950..5627 931.4949 913.5823 896.7810 880.9878 866.1685 
6 10.70.0762 1049.6616 10.27.20.70. 100.4.2539 981.7712 960..2429 939.7930. 920. .4885 90.2.4441 885.580.3 669.7666 854.9722 
7 1o.57.19:!1 10.34.0349 100.9.4610 96501799 961.9446 940.0.732 919.5115 90.0.2676 862.4531 865.8921 850.4075 835.9863 
e 10.31.7852 10.03.7744 976.3374 950.9014 927.6252 90 6.30.44 886.5017 868.1890 851.5139 636.0.627 621.6082 808.2373 
9 1001.190.9 968.63<:8 ~39.3984 914.0.603 891.7441 871.7229 853.1853 836.2395 821.1255 607.0435 793.8013 781.6799 

10 964.9192 928.4221 1198.5166 874.2888 853.5532 835.1943 818.0554 80.2.6499 769.3455 776.6765 764.6650 753.90.80. 
11 920..3906 881.0359 851.9998 83001123 811.5850 795.2341 779.5449 765.9197 754.8174 743.5461 732.7817 723.6135 
12 865.9382 826.4990 80.1.0757 78!.3657 767.8472 75!.9766 739.8164 728.4207 720.0771 710.0532 70.0..5791 693.3340 
13 694.8870 666.7549 656.4717 650.9502 642.1965 634.4773 622.9661 619.2871 619.2744 610..0466 604.2964 60.3.7637 
14 667.9436 642.6411 1>35.7056 632.6987, 625.1863 ~I 8.5725 607.4634 605.1187 606 .5~74 597.2876 592.1580 592.7075 
15 639.3291 618.1475 015.1516 614.7686 608.330.6 602.8313 591.9641 591.2271 594.1772 584.5430 580..160.4 581.9668 

Q 0.0 0.0 0.0. 0.0 0.0. 0.0. 0.0. 0.0 0..0 0.0 0.0 0.0 
T8 682.2871 686.0571 <>88.2327 694.5254 708.5454 731.2786 759.5784 794.2678 834.6743 876.8357 907.3147 919.1575 
HB -19954.7 -11496.2 -8997.4 -7328.8 -56B5.0 -4213.6 -3253.7 -2372.5 -1777.6 -1567.0 -1300.0 -lt09.0 
TSAT 557.3 556.7 5~6.2 555.6 554.9 554.3 553.6 552.9 55:;:'5 S5i.4 552.0 551.8 
HSAT 17347.5 18832.8 15356.5 12878.6 13695.0 14089.1 18680.0 15821.3 12298.1 18215.2 19536.2 15248.3 
P 1109.4 1104.1 1099.7 1093.7 1087.6 1082.3 1076.7 1070.7 1067.2 1066.4 1062.9 1061.1 
S.F. 1159519.0. 923169.7 748790.0 649031.2 617330.4 574135.9 570688.4 497898.4 43817701 46807109 4330.48.8 379755.5 
S.TENP 624.18 605.76 605.01 605.97 599.96 595.02 584.18 584.41 588.17 578.14 574.21 576.74 
MAS5-FLX 4.3142 1.1321 0.ti615 2.8554 5.1585 7.6980. 9.7879 13.3247 17.1156 23.9423 26.90.27 30..5689 
QUALITY 1.0000.0 1.00000 1.000.0.0 1.00000 1.00000 1.00000 1.00000 1.0.0000 1.00000 1.00000 1. 00000 1.00000. 
GAP 0..04950 0.048:i9 0.0.4945 0.05115 0..05256 0.05324 0.05384 0..05391 0.05478 0.05584 0.05572 0.0.5605 
•• *RELAP PREDICTIONS (STARRED) ••• 
*HB 36.4 17.0 9.6 23.0 38.4 52.4 64.3 82.0 100.2 130.0 143.8 158.2 
*S.F. 17467.6 8123.7 .606.8 10924.7 1770801 23018.4 26234.0. 30391.3 3295!!.6 37064.7 36130.4 37604.0 
*S.TEMP 1161.53 1164.31 1167.0.6 1167.74 1166.99 1 U;5.65 1164.33 1162.70 1161.06 1159.0.6 1157.53 1156.15 
*H.T.MOOE 8 8 II 8 8 8 8 8 8 8 8 8 

N 
0 
\0 

TIME-- 4.8000. 4.850.0 4.9000 4.9500 5.0000 5.050.0 5.1000 5.1500 5.200.0 5.2500 5.3000 5.3500 
NODE 

1 11 ~S.5398 1159.2373 1152.;;547 1145.5042 1138.1038 1130.3730 1122.3333 1114.00.78 1105.4231 1096. f035 1087.5757 1078.3647 
2 1098.6650 1088.2756 1077.~709 1066.9111 1056.0481 10.45.130.6 10.34.2036 1023.3069 1012.4761 1001.7385 991.1155 980.6223 
3 101108757 998.546" 985.4741 972.6941 960..2319 948.1121 936.360.1 924.9919 914.0098 903.4006 893.1453 883.2227 
4 911.6831 897.8438 884.7183 872.2334 860.3706 849.1274 838.5173 828.50.49 819.0!47 810.0178 801.3999 793.1355 
5 852.3496 839.5125 827.4688 8U.0808 80.5.3823 795.3833 786.1169 777.4656 769.3301 761.5542 754.1182 746.9766 
6 841.2300 828.5132 016.:;908 805.3218 794.7661 784.9365 775.8689 767.4182 759.4766 751.8687 744.5964 737.6079 
7 822.6875 810.4543 798.9636 788.0859 777.9561 768.5808 760.0068 752.0154 744.4<;73 737.2407 730.3081 723.630.6 
8 796.0693 784.9634 774.3843 764.3025 755.0537 746.5779 738.9526 731.7683 724.9648 718.2515 71108711 705.6819 
9 770..8542 761.02:53 751.J701 742.1084 733.8518 726.3589 719.7747 713.3821 707.2771 701.0317 695.2039 689.4714 

10 744.6011 736.1641 727.J259 718.8660 711.7625 705.3518 699.9580. 694.3184 688.9116 683.0266 677.8032 672.4949 
11 716.1365 709.2415 700.9941 693.3591 687.7561 682.5801 678.6431 673.6282 668.9480 663.2251 658.7795 653.8320. 
12 688.0334 682.7290 074.6318 667.9253 664.2915 660.:3760 658.1377 653.380. 1 649.4~02 643.5776 640.2153 635.4492 
13 604.9949 603.3918 :;92.7588 590.1912 594.3086 592.8499 596.6311 589.9309 589.1318 580.7664 583.0459 576.9268 
14 594.9714 593.8372 ~a2.0677 580.8303 586.1760 584.9441 589.6609 582.440.9 582.1873 573. !091 576.5769 570.0925 
15 585.2991 584.5056 ;;72.4663 571.6611 578.4583 577.2190 583.0.544 574.9150. 575.4282 565.7546 570.4070 563.2300 

0 0.0 0.0. 0.0 0..0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 910.4165 Be8.8319 867.8442 853.2283 843.7104 836.7766 830.5757 82501924 819.8677 814.5281 807.9626 800.8184 
HB -1031.0 -1079.4 -12;.\8.5 -1139.2 -985.1 -1047.3 -90.6.4 -1093.4 -964.4 -1107.6 -881.9 -1043.9 
TSAT 551.6 551.3 5:;1.0 550.8 550.5 550.2 549.8 549.4 54e.9 54e.5 54e.0 547.6 
HSAT 11713.1 11645.4 23294.0 19865.8 10891.8 11877.9 7550..7 12781.9 10294.7 20837.4 10911.7 20665.3 
I' 1059.0 1056.4 1054.2 1051.8 1049.4 1047.1 1043.9 1039.9 1036.2 1032.3 1028.7 1024.8 
S.F. 340029.6 333433.9 J782<>5,4 325893.7 264895.1 275e04.9 227199.3 277820.1 238919.3 279829.2 212101.3 251656.6 
S.TEMP 580.62 579.93 567.27 567.16 574.80. 573.42 579.92 571 .09 572.13 561.89 567.47 559.75 
lOASS-FLX 35.6966 39.0863 41.b306 43.4784 45.0080 46.5377 48.3855 49.2194 50.3e32 51.1864 52.7075 54.0126 
OUAL tTY 1.0.0000 1.00000 1.00000 1.00000 1.00000 I. 00000 1.00.000. 1.0000.0 1.00000. 1.00000. 1.0.0.0.0.0 1.00000 GAP O. 05691 0.05778 0.0:;824 0.05764 0.0.5812 0.05927 0.0.5957 0.0.60.47 0.06006 0.06047 0..05993 0.060.79 
***RELAP PREDICT tONS (STARRED) ..... 
*HB 179.4 192.2 203.0 211.7 218.4 224.6 231,8 235.7 239.5 242.9 247.2 253.1 
*S.F. 43146.6 49572.3 56172.8 61212.5 64671.5 67408.3 70292.5 72055.5 73766.3 75406.4 77514.2 80417.5 
*S.TEMP 1154014 1151.47 1148.2" 1144.80 1141.45 1138.23 1135.06 1131.94 1128.96 1125.98 1123.00 1119.76 *H.T.l400E 8 8 8 8 8 8 8 8 8 8 8 8 



TI ME-- 5.4000 5.4500 5,:j 000 5.5500 5.6000 5.6500 5.7000 5.7500 5.8000 5.8500 5.9000 5.9500 
NODE 

I 1068.9958 1059.49a7 1~49.8787 1040.1765 1030.4082 1020.5942 1010.7563 1000.9143 991.0e59 981.21:76 971.5356 961.8452 
2 970.271a 960.0706 1150.0273 940.1516 930.4526 920.9402 911.6221 902.5007 893.5737 864.8425 676.3037 867.9551 
3 813.61a6 864.3037 855.l!913 846.5196 838.1775 830.0864 822.2935 814.7717 807.4986 800.41541 793.6563 767.0593 
4 765.1976 777.5637 770.3098 763.4041 756.8613 750.7214 744.8552 739.2156 733.7710 728.5471 723.5247 716.6702 
5 740.1292 733.6023 727.4453 721.7114 716.3979 711.431'7 706.6682 702.0637 697.5776 693.3323 689.2520 685.2683 
6 730.9146 724.5491 718.5730 713.0422 707.9473 703.2019 698.6392 694.1772 669.8477 685.7786 681.8628 678.0515 
7 717.2476 7tl.2003 70S .,,635 700.4426 695.7495 691.3616 667.1284 662.9292 678.6555 675.0891 671.4397 667.6672' 
6 699.7974 694.2837 069.,461 684.7490 680.6943 676.8857 673.0342 669.1587 665.4307 66201274 658.6259 655.5559 
9 664.0854 61'9.1135 674.0941 670.6604 667.4717 E64.1653 660.6414 657.0190 653.6133 650.8088 647.7866 644.7690 

10 667.6494 663.2813 659.5840 656.5737 653.8787 651.1096 647.7688 644.3499 641.2 .. 88 639.1331 636.3042 633.5171 
Il 649.6436 646.0071 043.':297 641.2322 639.3428 637.0559 633.7161 630.4583 627.8708 626.6294 623.7,668 621.2144 
12 632.0828 629.2781 627.5942 626.7522 62!;'6296 623.6641 620.0120 616.9226 614.9556 614.9556 611.5815 609.3318 
13 577.3813 577.1511 :;79.4719 582.5466 583.2217 581.2793 575.1274 573.2822 574.0764 579.4619 571.0630 571.1230 
1 .. 571.1943 571.2839 574.1804 577.7610 578.5847 !!7E .5762 570.0012 568.4167 569.6265 575.7903 566.4009 566.9680 
15 565.2224 565.5908 ,,69.1450 573.2 .. 24 '574.1165 S71.9·U4 564.7966 563.6369 565.3508 572.4443 561.5493 562.9546 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 795.0313 789.9636 785.0313 779.9402 774 ... 170 770.9326 765.9956 757.9016 750.2849 745.1506 741.5986 738.2598 
He -894.2 -882.4 -793.9 -740.4 -776.1 -826.7 -946.8 -864.4 -794.7 -626.9 -1013.9 -787.5 
TSAT 547.1 546.7 546.2 545.8 545.3 544.8 544.3 543.7 54~.3 54~.7 542.2 541.7 
HSAT 13689.5 12426.8 8449.3 6105.9 5894.9 6712.4 10805.3 9685.6 741 !.8 386e.2 11 021.4 7214.4 
P 1021.1 1017.3 1013.6 1009.8 1005.8 1001.6 997.3 992.9 989.0 984.4 980.3 976.1 
S.F. 208082.9 200445.4 173296.3 154617.2 157129.8 166806.3 193020.0 169959.6 148607.8 10921:a.3 185147.3 139574.4 
S.TEMP 562.34 562.81 566.74 571.10 571.95 5E9.64 562.13 561.28 563.29 570.93 558.99 561.02 
MA5S-FLX 55.4391 56.5908 57.7557 58.9245 60.1972 57.8850 58.1923 58.9303 60.7089 60.4886 59.5219 59.2232 
OUAL tTY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06046 0.06101 0.06137 0.06200 0.06261 0.06289 0.06285 0.06238 0.06252 0.06295 0.06383 0.06294 
***RELAP PREDICTIONS CSTARRED) ••• 
*He 257.8 262.8 267.1 271.6 276.6 269.3 269.8 274.3 271:.6 282.1 278.7 279.1 
*S.F. 82615.7 84707.9 8654- 1 .8 884 .. 9.9 90657.7 88561.1 89222.4 91863.4 93883.4 96427.2 95462.1 95690.0 
.S.TEMP 1116.55 1113.27 111.,).00 11 06. 70 1103.32 1100.64 1097.76 1094.70 1091.16 1087.64 1084.54 1081.61 
*ti.T.MODE 8 8 8 8 8 8 8 6 8 8 8 8 

N 
I-' 
0 

TlME-- 6.0000 6.0500 6.1000 6.1500 6.2000 6.2500 6.3000 6.3500 6.4000 6.4500 6.5000 6.5500 
NODE 

1 952.2283 942.6963 933.':607 923.9280 914.7063 905.6021 896.6221 887.7710 879.0!!49 870.4783 862.0481 653.7712 
2 859.7908 851.8035 1143.9856 836.3308 828.8352 821.4954 814.3093 807.2773 800.4016 793.6887 787.1 504 780.7996 
3 780.6504 774.4070 768.3157 762.3708 756.5718 750.9165 745.4111 740.0554 73 ... 8e06 729.8525 725.0635 720.5220 
4 713.9319 709.2844 704.7363 700.3027 695.9995 691.8306 687.7949 663.9207 680.2295 676.7981 673.6897 670.9233 
5 681.3521 677.4482 073.0321 669.9346 666.3789 662.9565 659.6619 656.5613 653.6741 651.1 599 649.0762 647.3940 
6 674.2402 670.4539 666.7600 663.1938 659.7759 656.4922 653.3374 650.3940 647.6768 645.3787 643.5447 642.1262 
7 664.2422 660.6348 057.1375 653.7817 650.5859 647.5222 644.5862 641.8960 639.4495 637.5110 636.0854 635.0818 
8 652.1265 648.7334 645.5037 642,"419 639.5569 636.7903 634.1470 631.8289 629.7700 628.4109 627.6150 627.2117 
9 641.4492 638.2397 035.'7 .... 632.4988 629.9153 627.4211 625.0486 623.1245 621.41502 620.7f73 620.6277 620.8169 

10 630.2041 627.1897 024 ... 371 622.0806 619.8337 I!I 7 .6204 615.5352 614.1138 612.8781 613.1079 613.7852 614.6416 
11 617.7209 614.981:13 012.7615 610.6836 608.8396 606.9138 605.1570 604.4619 603.7317 605.3865 607.0381 608.6362 
12 605.3938 603.1421 601 ... 536 599.7642 598.3560 e96.6665 595.2578 595.5393 595.2578 598.9189 601.4529 603.7056 
13 564.0986 565.0398 "'65 • .s"72 564.6851 564.7881 563 ... 917 563.4038 568.2026 568.5840 582.1570 586.1470 590.1963 
14 559.3777 560.9208 ;;;61.,.492 560.8848 561.1887 559.8955 559.9968 565.4631 565.7830 580.8840 584.7126 588.9519 
15 554.5291 556.9888 $57.6877 557.1792 ·557.7102 556.3618 556.6934 562.9998 563.0776 580.1824 583.4583 587.8958 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 733.3076 729.4922 725.0973 721.6921 717.4629 710.6589 698.0679 693.6643 691.3494 689.1184 686.9277 687.7175 
He -999.8 -775.4 -773.2 -786.8 -753.3 -806.5 -808.5 -597.8 -734.3 -32.6 -386.7 -319.4 
T5AT 541.2 540.7 540.1 539.5 538.9 538.4 537.8 537.2 531!.6 53!!.1 535.5 534.8 
H5AT 16687.4 9363.8 83,8.7 8267.8 7124.0 7744.2 6704.7 3191.6 3787.7 80.6 852.6 608.3 
P 971.9 968.0 9.63.4 958.9 954.2 949.6 945.5 9 .. 0.6 936.0 931.6 927.0 921.7 
S.F. 181255.6 135226.9 131323.8 130871.6 121611.3 125855.8 115598.4 78762.9 95161.8 3552.8 40431.1 32028.4 
5.TEMP 552.01 555.11 555.86 555.36 556.02 554.61 555.09 561.91) 561.76 580.13 582.90 587.46 
MASS-FLX 60.4022 61.0815 60.4535 60.1763 59.2219 59.0032 59.6851 57.5655 58.0:a56 55.4989 55.6454 49.9046 
OUAL lTV 1.00000 1.00000 1001)000 1.00000 1.00000 1.00000 1.00000 1.00000 1.000?0 1.00000 1.00000 1.00000 
GAP 0.06:!28 0.06269 0.06319 0.06349 0.06364 0.06386 0.06390 0.06410 0.06488 0.06498 0.06666 0.06691 
•• *RELAP PREDICTIONS (5TA~~ED)* •• 
*He 280.2 279.7 211 1.6 280.3 278.1 276.1 274.3 275.5 27".6 26".1 267.9 267.4 
*S.F. 96535.6 96519.1 97441.6 97251.2 96874.4 96965.9 98659.6 100058.2 101410.6 97912.6 96942.1 97015.6 
*5. TEMP 1078.65 1075.58 1072.44 1069.51 1066.59 10e3.87 1060.92 1057.40 1054.42 1051.79 1049.16 1046.80 
*H. T .MOOE 8 8 8 8 8 8 8 8 8 8 8 8 



TlME-- 6.6000 6.6500 6.7000 6.7500 6.6000 6.8500 6.9000 6.9500 7.0000 7.0500 7.1 000 7.1500 
NODE 

1 845.6567 637.7139 829.9509 822.3794 815.0076 e07.8442 600.8967 794.1702 767.6l:99 761.3<;82 775.3572 769.5474 
2 774"6519 768.7205 163. il190 757.5576 752.3396 747.3643 742.6282 738.1243 733.8455 729.7844 725.9331 722.2627 
3 716.2429 712.2424 708.5286 705.1003 701.9348 69<;1.0132 696.3132 693.6US 691.4<;85 689.3613 687.3877 685.5549 
4 666.4902 666.4016 064.0487 663.1987 661.9646 EC ,', .9224 660.0344 659.2744 656.6409 656.1396 651.7421 657.3955 
5 646.0615 645.1133 044.:>110 644.1841 643.9663 643.8926 643.9080 643.9973 644.1860 644.4<;95 644.8618 645.1812 
6 641.0586 640.3914 640.0713 640.0149 640.0254 E40.1760 640.3960 640.6775 641.0514 641.5596 642.0945 642.5535 
7 634.4182 634.1829 034.2854 634.6216 634.9373 635.4006 635.8953 636.4333 637.0750 637.8416 638.6033 639.2295 
8 627.1050 627.4880 628.1648 629.0042 629.6377 630.4863 631.2859 63201123 633.0691 634.1641 635.1638 635.9185 
9 621.2395 622.2581 023.4180 624.7654 625.5920 626.6113 627.8391 628.9038 630.1506 631.5486 632.7100 633.4954 

10 615.6471 611.45:>3 619.2634 621.0090 621.8943 E2~ .5869 624.7842 626.0925 621.6138 629.4106 630.6638 631.3728 
11 610.2878 613.1689 ,,15.:;793 617.7720 616.4331 620.8765 622.0820 623.6753 625.6885 627.6220 629.0085 629.4600 
12 605.9563 610.1143 012.9875 615.5173 615.5173 E19.1704 620.0132 621.9792 624.5059 627.0327 627.8750 627.8150 
13 594.3386 604.6660 .. 01.3721 610.7166 60601 501 617.2202 614.1638 618.4316 623.1353 626.9229 625.0344 622.7852 
14 59:3.2949 604.4744 b06.9021 610.3501 ,605.0396 617.4197 613.4646 618.2241 623.16E3 627.0479 624.6802 622.1907 
15 592.4348 604 .6792 o06.530J 610.1157 603.7711 618.0435 612.6497 618.1692 623.3665 627.3035 624.2561 621.5269 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 672.6287 666.1575 ,,66.4297 669.8625 676.6660 669.9233 612.2966 671 .5229 671.0516 669.S<;35 668.2000 666.4676 
HB -309.7 357.7 -183.1 -65.6 -721.7 783.4 -600.5 106.6 289.3 336.8 -433.1 -604.3 
TSAT 534.4 533.8 533.2 532.6 532.0 531.5 530.9 530.4 52<;.8 52<;.2 528.5 ' 521.9 
HSAT 432.0 -317.3 ISO .3 50.1 750.0 -461.6 444.6 -64.6 -146.5 -144.2 200.8 293.6 
P 918.3 913.1 9~9.6 905.1 900.4 896.3 892.2 887.7 88:!.2 818.9 873.9 669.3 
S.F. 24943.5 -22591.7 109\14.2 3924.6 53267.6 -40211.1 3611 0.3 -5676.5 -13141.0 -14118.3 19111.0 27382.2 
S.TEMP 592.09 604.99 606.38 610.06 603.05 618.59 612016 618.27 623.55 621.49 624.00 621.16 
MASS-I'LX 54.2948 54.0596 52.1426 53.0820 41.2810 50.4327 50.3941 48.3242 47.3741 46.4290 45.1991 44.9471 
QUAL lTV 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06723 0.06154 0.0,,853 0.06853 0.06868 0.06798 0.06912 0.06854 0.06S90 0.06<;23 0.06945 0.06904 
.**RELAP PREDICTIONS (STARRED) ... 
• Ha 262.2 265.3 2:>8.4 250.1 251.9 239.9 233.6 232.9 231.5 231.0 224.5 224.0 
:4IS.F. 96990.2 98795.2 960:;4.1 9208401 91376.7 67217.6 63746.4 83096.6 82516.0 8230E.2 79918.1 79724.7 
*S.TEMP 1044.04 1041.03 1038.50 1036.76 1035.05 1033.26 1031.36 1029.53 1027.69 1026.00 1024.26 1022.57 
*H.T.MOOE 8 6 8 6 8 8 8 1:1 8 8 8 8 

N 
I-' 
I-' 

TIME-- 1.2000 7.2500 703000 1.3500 7.4000 1.4500 7.5000 7.5500 7.6000 7.6500 1.1000 7.7500 
NODE 

I 763.9670 758.6138 753.4839 748.5725 143.6745 739.3848 735.0967 731.0032 727.0<;45 723.3577 719.1761 116.3293 
2 718.6196 715.5313 712 ... 063 709.4365 706.6157 703.9363 701.3882 696.9565 696.6165 694.3325 692.0581 689.7490 
3 683.8362 682.2153 080.66S1 679.2473 671.8994 676.6316 675.4231 674.2351 673.04:34 671.6348 670.0376 668.1628 
4 657.0463 656.7163 ,,56.4155 656.1711 655.9773 655.6008 655.5884 655.2441 654.6135 653.4973 651.7825 649.5212 
5 645.4036 645.6213 045.d645 646.1765 646.5159 1546.8130 646.9805 646.8530 646.1782 644.6655 642.2837 639.2971 
6 642.8872 643.2249 643.:; 896 644.0310 644.4905 644.8848 645.1196 645.0027 644.2488 642.5432 639.9028 636.6160 
7 639.6665 640.1787 b40.7041 641.3252 641.9414 642.4524 642.7413 642.5872 641.6282 639.5203 636.3965 632.7700 
8 636.4436 631.1123 o37.a208 638.6689 639.4500 640.0461 640.3245 639.9487 636.4761 635.5144 631.5042 627.2134 
9 634.0066 634.8591 635.7263 636.1969 637.6890 638.2993 636.4701 631.7292 635.5215 631.4362 626.4146 621.6433 

10 631.7942 632.9219 033.\)476 635.2922 636.2424 636.7664 636.7292 635.3130 632.0352 626.3293 620.0479 614.8152 
11 629.6936 631.3357 .. 32.4890 634.2168 635.0957 635.4377 634.9502 632.5422 627.4011 619.2586 611.4951 606.1243 
12 627.6150 630.4004 031.:>227 633.7671 634.3279 634.3279 633.2061 629.2773 621.6<;43 610.4512 60104514 596.6665 
13 622.0562 629.6242 029.4693 634.4736 632.3921 630.7632 626.5564 615.1279 596.5127 572.5464 562.5422 563.4370 
14 621.4365 630.0447 029 • ..:117 634.7229 632.1228 630.'3457 625.7297 613.2737 593.2415 567.6858 557.9675 559.8657 
15 620.8142 630.5511 ,,29.0354 635.1536 631.7717 629.8769 624.7693 611.0469 589.3128 562.0776 553.1668 556.4666 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 6154.9211 1563.2986 061.;; 857 659.676. 658.1692 656.4446 654.7795 653.1252 651.4 C67 650.0606 648.6671 646.9326 
H8 -527.2 950.0 -3~0.5 954.9 -637.5 -719.5 -1348.1 -2252.6 -2585.6 -2564.1 -1632.1 -1251.1 
TSAT 527.3 526.6 5l6.0 525.4 524.7 524.1 523.5 522.8 52c.l 521.5 520.8 520.1 
HSAT 251.2 -294.3 101.8 -211.7 158.9 182.9 409.0 1124.8 2558.1 6253.1 6006.8 3314.2 
p 864.7 860.1 8S5.4 650.8 846.2 841.5 836.9 832.3 827.4 822.7 818.1 813.0 
S.F. 23421.9 -30109.3 10418.3 -23308.6 16912.6 1930105 41206.9 97761.4 166232.3 233871.6 179493.8 115194.1 
S.TEMP 620.50 630.97 628.89 635.41 631.54 629.62 624.21 609.73 587.11 558.81 550.70 554.66 
MA5S-I'LX 44.2149 43.2645 42.5238 41.7841 40.9830 40.1889 39.3977 38.5958 37.8307 36.6114 34.8626 33.0547 
QUALITY 1.00000 1.00000 1.0~000 1.00000 1.00000 1 .00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.061370 0.06859 0.00939 0.06918 0.06960 0.06920 0.06891 0.06851 0.06735 0.06558 0.06335 0.06303 
***RELAP PREDICTIONS (ST ARR EO '* ** .He 220.7 216.9 214.1 211.1 207.9 204.7 201.5 198.2 194.7 190.3 181.9 174.6 
*S.F. 78528.6 17184.2 76201.8 75175.7 14051.0 72949.1 71646.6 70719.6 69551.9 67966.4 65020.9 62642.7 
*5 .. TEMP 1020.95 1019.30 1017.68 1016.09 1014.54 1013.02 1011.53 1010.06 1008.67 1001.44 1006.38 1005.31 
*H.T.Mooe 8 8 8 8 8 8 8 8 8 a 8 8 



TIME-- 7.8000 7.8500 7.9000 7.9500 8.0000 6.0500 8.1000 8.1500 8.2000 8.2500 6.3000 8.3500 
NODE 

1 712.9949 709.7502 706.5752 703.4504 700.3606 697.2921' 694.2373 691.1660 666.1~45 685.0796 662.0186 678.9529 
2 687.3726 684.9075 o62 • .s467 679.6921 61'6.9512 674.1343 61' 1.2534 666.3213 665.3496 662.3491 659.3342 656.3179 
3 666.0115 (;63.6201 .,61.0276 658.2627 655.4221 652.4824 649.4919 646.4700 643.4343 640.4C06 637.3946 634.4407 

" 646.8557 643.9500 040.6765 637.7322 634.5459 631.3706 626.2170 625.0925 622.0146 618.9946 616.0691 613.3230 
5 636.0022 632.6401 029.1975 625.8196 622.4619 619.2031 616.0103 612.8767 609.6:!37 606.8e16 604.1367 601.5923 
6 633.1956 629.7144 02601687 622.7344 619.3279 616.0505 612.6445 609.7048 606.6677 603.7319 601.0378 598.5593 
7 629.0156 625.3884 021.7080 618.2260 614.7717 611.4993 608.2966 605.1663 602.1609 599.2673 596.6848- 594.3291 
8 623.1914 619.4644 015.0313 612.1858 608.6948 605.5027 602.3359 599.2510 596.3:308 593.5308 591.1814 589.0417 
9 617.3477 613.6514 009,6694 606.3669 602.6381 599.7998 596.6716 593.6482 590.6455 588.1565 58601230 564.2166 

10 610.4387 606.9329 602.7175 599.7388 596.1025 S93.3452 590.2236 587.2842 584.6528 582.0989 580.5559 578.9111 
11 601.9358 598.9043 :;94 • .< 036 591.9583 587.9841 585.7996 582.5562 579.7551 577.3970 575.0C15 574.2981 572.8862 
12 593.0024 590.7478 585.1072 584.2607 579.4626 578.3330 574.6619 572.1177 570.1:394 567.8772 568.4429 567.0288 
13 562.0422 563.3511 551.4182 559.6848 548.1721 554.1250 546.3496 545.8567 545.5383 543.3062 550.5859 547.0156 
14 558.6809 560.4673 ';47.4348 557.3618 544.4792 551.7698 543.1082 543.0715 542.9448 540.6609 548.9849 544.8281 
15 555.3796 557.7742 ';43.1118 555.4585 540.4473 549.7415 539.6636 540.3704 540.4253 536.0142 547.7273 542.5615 

Q 0.0 0.0 0.0 O.G 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 645.9287 645.4150 045.0925 645.4543 646.8140 !!i48.9932 650.9814 652.6812 654.3037 655.91541 657.7598 659.7207 
HB -1272.7 -1038.0 -1629.6 -564.9 -1474.4 -592.4 -1176.0 -82t.4 -762.6 -798.6 -288.3 -723.5 
TSAT 519.4 518.8 518.1 517.4 516.7 Sl6.1 515.3 514.6 51 ;:!.9 513.2 512.5 511.7 
HSAT 3419.6 2446.3 75\)7.1 1372.5 7450.6 1805.5 5925.9 3819.9 3471.3 4053.8 914.5 2888.1 
p 808.4 803.6 7119.0 794,,2 789.5 785.0 780.1 775.2 770.3 765.4 760.5 755.6 
S.F. 117318.2 92305.9 170041.6 5124 ... 7 160117.6 59293.5 133086.9 93326.9 87783.8 95260.9 31853.0 85630.8 
S.TEMP 553.75 556.49 540.715 554.74 538.22 548.91 537.81 539.06 539.20 536.68 547.28 541.37 
MASS-FLK 31.6784 29.9626 2,9.3168 27.9640 26.4308 24.7906 23.0706 21.7498 20.5C17 19.2531 17.9843 16.6571 
QU"lITY 1.00000 1.00000 1.00000 1.00000 1000000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06390 0.06422 0.06.78 0.06363 0.061U8 0.06394 0.06515 0.06439 0.06471 0.06497 0.06495 0.06613 
•• *RELAP PREDICTIONS .5TARRED) ••• 
·HB 168.2 164.2 1:>9.5 150.7 145.6 136.8 129.0 122.4 11 e.3 110.2 104.1 97.6 
*S.F. 60258.4 58863.1 57061.8 53805.8 51802.4 48313.9 45304.5 42757.6 4046106 38165.6 35853.5 33454.4 
.S.TEMP 1004.34 1003.55 1002.90 1002.45 1002.08 1001.89 1001.78 1001.78 1001.19 1001.84 1001.94 1002.11 
*H.T.MOOE 8 8 8 8 8 6 8 6 8 8 8 8 

N .... 
N 

TlME-- 8.4000 8.4500 8.;;000 8.5500 8.6000 8.6500 8.7000 8.7500 8.8000 8.8500 8.9000 8.9500 
NODE 

t 675.8850 672.8169 669.7529 666.6968 663.6516 660.6213 657.6074 654.6126 651.6:394 648.6e90 645.7629 642.8647 

2 653.3140 650.3352 0.7.3867 6.4.4722 641.5923 638.7476 635.9375 633.1611 630.4163 627.7053 625.0317 622.4026 

3 631.5562 628.7471 026.0037 623.3157 620.6741 618.0769 615.5210 613.0000 610.5115 608.0E45 6C5.6750 603.3586 
4 610.7012 608.1960 005.7612 603.3647 601.0027 598.6863 596.4067 594.1470 591.9124 589.1473 587.6853 585.7480 
5 599.2275 596.9731 594.7339 592.5032 590.2952 588.1431 586.0186 583.8899 581.7905 579.8127 577.9907 576.3364 

6 596.2666 594.0742 ,,91.8748 589.6748 587.4968 585.3828 583.2903 581.1651 579.1130 577.1877 575.4375 573.8647 
7 592.1626 590.0691 ",87.9226 585.7661 583.6348 581.5825 579.5383 577.4629 575.4353 573.6042 571.9734 570.5334 
8 567.0769 585.12G" ::;83 • .:1154 560.9053 578.8354 576.8799 574.8933 572.8423 51'0.8816 569.2205 567.7864 566.5547 
9 582.4673 580.6179 378.5059 576.4326 574.4236 572.5791 570.6306 568.5823 566.7007 565.2593 564.0464 563.0371 

10 577.4133 575.6416 ::;73.4465 511.4165 569.4829 567.7903 565.8479 563.7112 562.0115 560.9080 559.9761 559.2432 

II 571.6941 569.9072 :>67.4800 565.5464 563.7190 562.2612 560.2380 558.0825 556.5520 556.0183 555.4346 555.0549 
12 566.1799 564.1995 561.3682 559.6694 557.9705 556.8367 554.5696 552.3020 551.1677 551.4512 551.1677 55101677 
13 547.6655 544.1443 539.2817 539.4727 538.0881 53!!.5171 534.2932 531.7803 532.9773 537.11;24 537.1809 538.6802 
14 546.0051 541.9441 S36.6215 537.3821 535.9849 536.6426 532.0588 529.5681 531.1428 535.8479 535.7588 537.4653 

15 544.2434 539.6682 ",34.2,549 535.3762 533.8970 534.8486 529.7305 527.3352 529.4204 534.7422 534.3787 536.3484 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 661.8396 664.1245 066.5554 669.2473 672.5054 675.5649 678.9460 682.4944 686.0854 689.2937 692.7290 695.4736 
HB -501.6 -677.5 -719.4 -507.2 -533.1 -432.2 -580.2 -514.5 -362.6 -205.5 -304.7 -226.1 
T5AT 511.0 510.2 509.5 508.7 508.0 S07.4 506.7 506.0 505.3 504.5 503.8 503.1 
115AT 1831.6 3014.8 4106.5 2664.4 3000.7 2297.5 3995.3 3972.3 2445.9 1069.7 1619.0 1113.3 
I" 750.7 745.9 741.0 736.1 731.5 727.0 722.5 718.1 713.6 708.9 704.2 700.2 
S.F. 59404.0 85130.6 961J9.7 68387.1 74451.1 61194.9 87286.3 80415.1 5713109 31852.9 48450.3 36407.9 
S.TEMP 543.41 538 •• 8 532.91 534.42 532.85 533.99 528.50 526.20 528.62 534.29 533.70 535.84 
MASS-FLX 15.3057 13.9384 12.:;629 11.0546 9.1884 7.9511 6.7199 5.5066 401972 3.3C09 1.6464 0.4115 
QUAliTY 1.00000 1.00QGO I.OGOOO 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06573 0.06602 0.06569 0.06529 0.06559 0.06563 0.06589 0.06552 0.06543 0.06585 0.06656 0.06660 
••• RELAP PREDICTIONS (5TARfilEOI ••• 
'"HB 90.9 64.0 17.2 69.6 60.1 53.0 46.3 39.6 32.2 22'.7 10.5 5.0 
*S.F. 31002.8 26492.2 26024.9 23311.9 19983.1 17504.8 15171.6 12861.3 10364.5 7570.7 3328.0 1579.2 
>os. TEMP 1002.36 1002.70 100J .12 1003.64 1004.33 1005.14 1005.92 1006.74 1007.62 1008.64 1009.77 1010.94 
.H.T.MODE 8 8 8 8 6 8 II 8 6 8 8 8 



TIME-- 9.0000 9.0500 9.1000 9.1500 9.2000 9.2500 9.3000 9.3509 9.4000 9.4500 9.5000 9.5500 
NODE 

1 639.9968 637.1636 634.J662 631.6079 628.8899 626.2131 623.5786 620.9871 618.4!87 US.9!38 613.4722 611.0544 
2 619.8242 617.2991 014.8281 612.4084 610.0356 601.7018 605.4258 60,3.l885 600.9934 591:1.8386 596.1266 594.6614 
3 601.1194 598.95:>1 0.96.8528 594.1930 592.1708 590.1816 588.8518 586.9565 585.0945 583.2659 581.4807 579.7605 
4 583.9148 582.1616 580.4453 578.7221 571.0190 575.3560 573.1583 572.1821 570.6165 569.0823 561.6118 566.2639 
5 574.7764 573.2749 571.7585 510.1748 568.6274 567.1315 565.7483 564.3289 562.9004 561.5210 560.2458 559.1733 
6 572.3162 570.9385 ::>69.4639 567.8999 566.3901 564.9448 563.6150 562.2251 560.8264 559.4868 558.2686 551.2861 
7 56<;.1511 567.80<17 :166.3752 564.8247 563.3735 561.9956 560.7593 559.3992 558.0!74 556.7588 555.6316 554.8003 
8 565.3057 564.0642 562.6616 561.0835 559.7305 558.4495 557.3613 555.9915 554.6680 553.4e41 552.5051 551.9331 
9 561.8896 560.7354 :l59.J088 557.6614 556.4497 555.2666 554.3491 552.8945 551.6155 550.5457 549.7415 549.4863 

10 558.1584 557.0884 :155.5605 553.7820 552.8281 551.7495 551.0747 549.3875 548.1 «;85 547.2<;93 546.7411 546.9553 
11 553.9158 552.9358 ::151.1467 549.1431 548.1349 547.1222 547.4355 545.1611 544.2332 543.6086 543.4236 544.3867 
12 549.7495 548.898. ::146.6279 544.3564 '544.9241 543.7878 544.0118 540.6643 540.3801 540.0«;59 540.3804 542.3687 
13 534.9214 535.1194 :129.6843 526.8352 533.3003 529.9573 533.5168 522.1444 527,7742 528.4688 530.8105 531.7608 
14 533.2842 533.12<!2 $27.9912 524.9307 532.3467 528.4382 532.5767 520.5451 526.6694 521.3179 529.9307 537.5762 
15 531.5491 532.3848 ::125.9536 522.9780 531.6863 526.8286 53108130 511.9895 525.8154 526.2283 529.1721 537.6475 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T6 696.5220 700.2012 709.<1810 722.7036 144.0547 761.3350 79103198 614.6692 830.6716 639.2319 842.8232 839.9215 
HB -399.5 -269.7 -425.1 -355.3 -57.3 -256.3 -78.4- .,354.6 -65.2 -118.8 -72.2 42.8 
TSAT 502.3 501.6 50 1.4 501.0 500.7 500.3 500.0 499.7 49«;.3 4ge.9 4ge.5 498.5 
HSAT 233\1.2 1508.6 3351.0 3393.3 395.3 2413.6 644.1 6281.4 15!!.3 1391.6 146.7 -328.1 
P 694.9 690.8 689.2 686.6 684.9 682.7 680.4 678.7 676.4 674.1 671.5 611.2 
S.F. 66273.3 45427.1 78665.6 71323.3 12186.1 61864.3 20351.2 105142.7 19890.8 37262.9 22670.9 -12920.6 
S.TEMP 530.62 531.15 524.85 521.97 531.51 525.96 531.53 516.50 525.53 525.70 528.85 537.83 
MASS-FLX 1.0583 0.42$3 2.9732 4.0580 5.6965 7.7591 8.6380 12.3319 14.1257 14.8627 13.6449 20.8317 
QUAL ITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06688 0.06644 0.06662 0.06606 0.06587 0.06697 0.06655 0.06115 0.06516 0.C6E74 0.06691 0.06129 
.... RELAP PREDICT IONS (STARRED) ••• 
"HB 11.8 5.0 26.0 24.9 39.5 48.5 55.3 70.7 81.7 8!.4 82.0 111.6 
*S.F. 3718.7 1561.1 7945.2 7269.1 10681.8 12040.0 12304.8 14049.8 14644.5 14552.6 13590.9 18623.9 
.S.TEMP 1011.75 1012.41 1012.26 1012.17 1011.45 1010.86 1010.28 1009.45 1008.89 1008.44 1008.15 1007.77 
"H.T.MODE 8 8 8 8 8 8 8 8 8 8 8 8 

N 
I-' 
Vol 

TIME-- 9.6000 9.6500 9.7000 9.7500 9.8000 
NODE 

9.8500 9.9000 9.9500 10.0000 10.0500 1001000 10.1500 

1 608.6824 606.3512 004.0796 6010 8496 599.6675 597.5330 595.4465 593.4072 591.4148 589.4673 587.5632 585.7007 
2 592.6470 590.68S5 :>88.7727 586.9055 585.0840 583.3086 581.5789 579.8906 578.2400 576.6238 515.0371 573.4756 
3 578.1079 516.511 7 ,,74.9502 573.4236 511.9424 570.5061 569.1099 567.7390 566.31i28 565.0576 563.7305 562.4082 
4 564.9976 563.7671 " .. 2.50 134 561.2893 560.1318 559.0188 557.9291 556.8250 555.7319 554.6096 553.4717 552.3206 
5 558.1494 557.1104 055.9675 554.9004 553.9451 553.0117 552.0781 551.0725 550.0«;96 549.0425 547.9124 546.8823 
6 556.3<154 555.3293 :>54.1970 553.1763 552.2825 551.3948 550.4966 549.5056 548.5649 547.5110 546.4536 545.3140 
7 553.9211 552.97.39 0501.8350 550.8894 550.0940 549.2639 548.4094 541.4216 546.5293 545.4626 544.4221 543.3530 
8 551.1233 550.2046 ",48.99" 548.1943 547.5525 546.7708 545.9546 544.9263 544.1167 542.9785 541.9663 540.8982 
9 548.6675 541.7422 546 • .3 962 545.8240 545.3477 544.5674 543.7725 542.6541 541.9709 540.6860 539.7310 538.6499 

10 545.9731 545.0112 ",43.4131 543.2795 542.9958 542.1338 541.3555 540.0574 539.6184 538.0221 537.2134 536.0835 
II 542.8289 541.8347 :139.7561 540.5752 540.4429 539.2986 538.5652 536.9016 537.0085 534.6946 534.3021 533.0129 
12 539.5256 538.6729 ::135.8.315 538.3906 53801062 536.3992 535.8308 533.5541 534.6'>29 530.91i41 531.5635 529.8560 
13 525.8943 527.6389 ,,20.3235 533.8726 530.1719 525.2639 526.4089 520.4065 528.3323 515.1890 523.3147 511.8774 
14 524.1042 526.5862 ,,18.4929 533.9106 529.2478 523.9697 525.5017 518.8699 527.9795 513.1 ~65 522.7751 516.4792 
15 521.8962 525.6531 ",16.4336 534.4954 528.1892 522.5310 524.6780 517.1462 527.9619 510.6240 522.5938 514.9036 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 834.3450 822. 19<!5 805.6060 786.9619 771.8052 761.1768 153.3423 74101326 142.4 :390 738.0903 733.8005 128.6406 
He -306.9 -92.9 -284.7 168.0 -182.4 -237.5 -112.9 -298.4 5901 -473.4 39.9 -297.9 
TSAT 497.8 491.4 49701 496.6 496.2 495.7 495.3 494.8 .. 9 ... 4 493.9 493.5 493.2 
HSAT 4241.1 993.1 45J 7.6 -1098.8 l'U8.8 2185.9 890.6 3226.7 -374.6 1136.6 -288.8 3075.1 
P 667.5 665.2 662.8 660.0 657.4 654.8 652.2 649.5 641:.8 644.1 641.9 640.0 
S.F. 96295.4 27639.2 82657.0 -42304.3 44555.9 56870.9 25857.1 68912.4 -12655.4 108411.4 -8428.1 63945.4 
S.TEMP 520.55 525.26 51".27 535.09 527.56 521.73 524.31 516011 528.14 509.10 522.71 514.00 
MASS-FLX 19.1883 21.9293 22.8458 24.3148 25.5086 26.2775 26.8410 21.7001 27.3818 27.8484 28.5189 29.6685 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 I .00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06821 0.06654 0.0<>701 0.06614 0.06818 0.06758 0.06697 0.06727 0.06655 0.06782 ' 0.06602 0.06745 
*"*RELAP PREDICTIONS (STARREOH •• 
*H8 103.6 114.0 U 8.1 123.5 129.7 133.1 135.2 139.2 137.6 140.0 141.7 146.3 
*S.F. 17693.5 20699.1 230";1.2 26244.3 29719.5 31659.6 32860.0 34644.2 34640.6 35590.5 36428.9 38097.3 
.5. TEMP 1006.80 1005.81 1004.46 1,)02.97 1001.24 999.47 991.80 996015 994.63 993.17 9910 15 990.20 
*H.T.MOO£ 8 8 8 8 8 8 8 8 8 8 8 8 



TIME-- 10.2000 10.2500 10 • .3000 10.3500 10.4000 10.4500 10.5000 10.5500 10.6000 10.6500 10.7000 10.7500 
NODE 

1 5e3.8774 582.0913 :>80.3416 578.6265 576.9458 575.2993 573.6853 572.1016 570.5461 569.0178 567.5164 566.0410 
2 571.9382 570.4253 :>680>1380 567.4783 566.0464 564.6411 563.2583 561.8928 560.5420 559.2073 557.8948 556.6079 
3 561.0977 559.8059 :>58.5400 557.2998 556.0867 554.8931 553.7053 552.5105 551.3125 550.1333 548.9897 547.8826 
4 551.1873 550.08:02 :>49.J215 547.9841 546.9751 545.9646 544.9185 543.8267 542.7239 541.6<;07 540.7346 539.8250 
5 545.8433 544.8518 ;>43.9109 542.9841 542.0913 541.1577 540.1423 539.0530 537.ge27 537.0742 536.2710 535.4897 
6 544.3635 543.4045 :>42.4988 541.5994 540.7385 539.8171 538.7974 537.6978 536.6~55 535.7786 535.0269 534.2795 
7 542.3884 541.4783 :>40.6250 539.7620 538.9475 538.0330 536.9927 535.8679 534.8232 534.0618 533.3896 532.6860 
8 540.0190 539.1787 :;38.3987 '537.5710 536.8218 535.8801 534.7791 533.6006 532.6011 532.0~47 531.4756 530.8066 
9 537.8884 537.1145 ;;36 ... 109 535.5979 534.9221 533.9080 532.7153 531.4739 530.5!!88 530.2634 529.7969 529.1262 

10 535.5276 534.8164 :;34.2087 533.3801 532.8159 !!31.6357 530.3010 528.9819 528.2393 528.3e55 527.9663 527.2393 
11 532.8657 532.1677 :;31 • .,938 530.7734 530.4160 528.8508 527.3145 525.9175 525.5500 526.4631 525.9011 525.0098 
12 530.4255 529.5713 529.2866 528.1475 528.1475 525.8677 524.1572 522.7327 523.0178 525.0132 523.8728 522.7319 
13 523.0786 520.2446 :>21.1716 518.4548 520.7629 !513.8464 512.2126 510.9753 515.0732 522.2700 516.0242 514.1360 
14 522.5308 519.2102 :;20 • .3933 517.3870 520.1084 512.3948 510.9509 509.7471 514.4258 522.2615 515.0227 513.2114 
15 522.2134 518.0913 519.6807 516.2458 519.5701 510.7156 509.6785 508.5159 513.9E53 522.5305 513.7976 512.2515 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T6 722.7920 716.3992 708.9368 700.6281 693.7424 687.5039 679.5471 671.7224 662.1362 644.4434 632.1643 632.7810 
H6 -9.8 -219.9 -119.5 -235.6 -82.9 -387.4 -264.3 -267.2 -61.7 162.6 -445.7 -288.9 
TSAT 492.9 492.5 492.2 491.8 491.4 491.1 490.8 490.4 490.0 48<;.6 489.4 488.9 
HSAT 66.7 1752.6 8.32.6 1831.1 517.9 3701.6 2465.2 2504.2 364.4 -596.2 2243.7 1531.5 
P 637.9 635.9 6.33.9 631.8 629.7 628.0 625.8 623.8 621.5 61<;.3 617.9 615.3 
S.F. 1956.4 43745.5 22645.8 43626.6 14457.1 68859.5 45065.8 43767.2 9156.9 -19781.4 53094.4 34963.6 
S.TEMP 522.19 517.47 519.36 515.63 519.37 509.74 509.04 507.89 513.83 522.81 513.05 511.76 
MASS-FLX 30.7914 31.56.35 32 • .,272 33.7682 34.8305 35.0966 37.0241 38.0041 38.0 E24 40.8341 45.1368 41.9313 
QUAL ITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06674 0.06761 0.0.,722 0.06745 0.06714 0.06758 0.06668 0.06667 0.06670 0.06743 0.06842 0.06746 
••• RELAP PREDICTIONS (STARRED) ••• 
.H6 150.9 153.7 1;;6.5 162.2 166.3 167.9 175.8 178.3 180.8 186.4 187.7 196.6 
*S.F. 39980.2 41342.4 42925.6 45692.9 47515.1 48675.9 51902.9 53583.0 55536.6 59659.2 61204.8 65563.0 
*S.TEMP 988.49 986.71 984.88 982.88 980.76 978.64 976.42 974.07 971.63 968.84 966.01 963.43 
.H.T .... ODE 8 8 8 8 8 8 8 8 8 8 8 8 

N 
...... 
.f:-

TIME-- 10.8000 10.8500 10.9000 10.9500 11.0000 11.0500 11.1000 11.1500 11.2000 11.2500 11.3000 11.3500 
NOOE 

1 564.5920 563.1687 "61.7710 560.3989 559.0535 557.7356 556.4482 555.1958 553.ge22 552.8118 551.6863 550.6057 
2 555.3462 554.1064 "52.8884 551.6948 550.5310 549.4045 548.3252 547.3037 546.3469 545.4609 544.6301 543.8411 
3 546.7976 545.7258 544.6709 543.6479 542.6716 !!41.7615 540.9363 540.2146 539.5<;84 539.0613 538.5535 538.0393 
4 538.9067 537.9739 537. J6U 536.2207 535.4661 !!34.8372 534.3564 534.0437 533.8706 533.7236 533.4907 533.1448 
5 534.6345 533.7510 :>32.9246 532.2188 531.6416 531.2463 531.0496 531.0679 531.2112 531.2!!83 531.0676 530.6931 
6 533.4290 532.5527 531.7542 531.0977 530.5820 !530 .2700 530.1716 530.3020 530.5430 530.6279 530.4172 530.0117 
7 531.8257 530.9551 :;30.2029 529.6292 529.2114 529.0325 529.0869 529.3909 529.7676 529.8745 529.5930 529.1184 
8 529.8838 529.0159 :;28 • .3525 527.9248 527.6594 !!27.6963 527.9873 528.5515 529.0<;26 529.1328 528.6489 528.0398 
9 528.0864 527.2358 ,,26.6973 526.4485 526.3477 526.6377 527.1860 528.0308 528.6968 528.5500 527.7659 527.0156 

10 525.9802 525.1973 :;24.8696 524.8804 524.9871 525.6399 526.5181 527.7290 528.4746 527.9189 526.6570 525.7729 
11 523.3386 522.7876 :022.8357 523.2351 523.5923 !!24.8127 526.1155 527.8240 528.4939 527.0671 525.0625 524.1660 
12 520.4512 520.4512 521.0217 521.8774 522.4478 524.4431 526.1528 528.4324 528.7170 525.8665 523.0166 522.4470 
13 508.7373 512.8530 515.6489 518.2749 519.2449 525.2366 528.0122 532.7690 529.7498 518.9<;88 513.4590 516.2727 
14 507.3711 512.2429 :;15.o!I78 518.0146 518.9661 525.5344 528.2942 533.3657 529.7397 517.9348 512.3066 515.7598 
15 505.8401 511.8235 :i14.9065 517,.8625 518.7288 526.0554 528.6667 534.1238 529.6016 516.4844 510.9900 515.3848 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T6 614.3127 585.2900 :;83.8147 599.1086 601.9143 582.9619 548.6565 513.9753 485.9963 493.8467 507.9263 545.0974 
H6 -553.8 -95.9 -100.6 -20.0 -85.4- 477.8 814.2 -1600.2 238.3 3059.1 22425.7 -251.9 
T5AT 488.2 488.0 467.6 487.1 486.7 486.3 485.8 485.3 484.9 484.9 482.9 490.3 
H5AT 3618.9 297.2 255.1 53.0 222.9 -672.2 -373.6 -669.7 232.6 2168.7 1907.7 300.6 
P 611.5 610.0 607.7 605.0 602.8 600.3 597.9 595.2 592.9 592.9 581.9 623.0 
S.F. 60551.0 7052.5 6942.3 1627.6 7115.6 -27006.4 -16090.2 -32984.6 10355.9 66391.3 5214401 7512.9 
S.TEMP 504.98 511.72 514.81 517.84 518.63 526.44 528.89 534.59 529.46 515.55 510.25 515.28 
MASS-FLX 40.4889 44.4141 44.3821 41.4377 42.3818 44.5766 45.2395 47.0118 48.5<;05 49.5<;79 44.7542 45.9685 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06729 0.06667 0.06746 0.06789 0.06824 0.06831 0.06908 0.06928 0.06<;74 0.06914 0.06765 0.06713 
••• RELAP PREDICTIONS (STARRED) ••• 
*H6 188.5 211.5 214.7 212.7 210.2 209.5 214.9 238.3 257.0 267.5 215.4 826.4 
*S.F. 63446.6 78044.4 79l.31.2 76076.0 73039.9 75526.3 62750.9 100054.7 112338.1 112048.3 85604.9 341764.3 
*S.TEMP 960.57 956.41 952.19 949.10 947.11 944.77 941.20 935.48 928.49 916.82 910.09 896.97 
.H.T.MODE 8 6 8 8 8 8 8 8 8 8 8 3 



TIME-- 11.4000 n .4500 11.5000 11.151500 11.6000 11.6500 11.1000 11.1500 11.800() 11.8500 11.9000 11.9500 
NOOE 

1 549.5684 548.5125 :;;47.6165 546.1002 545.8231 ~44.9856 544.1858 543.4229 542.60;63 542. CC42 541.3445 540.1151 
2 543.0831 542.3562 541.0591 540.9963 540.3696 539.1186 539.2201 538.6938 536.1910 537.1244 531.2698 536.6296 
3 537.5222 537.0166 ;;36.;;;479 536.1152 535.7266 535.3696 535.0359 534.7239 534.4 !14 534.1436 !!33.8462 533.5464 
4 532.7813 532.4539 ;;32.1987 531.9961 531.6572 531.7195 531.5796 531.4526 531.3384 153101802 530.9112 530.7573 
5 5.30.3616 530.1646 530.0661 530.0139 530.0396 529.9963 529.9429 529.9080 529.8e28 529.1424 529.5244 529.3451 
6 529.7214 529.5442 ,,29.5024 529.4937 529.5723 529.5474 529.5120 529.5027 529.5020 529.3516 529.1216 526.9563 
7 528.8716 528.1625 528.8096 528.8594 529.0166 528.9951 528.9627 529.0066 529.0391 528.8525 528.5957 528.4568 
6 527.9133 527.9194 ,,26.1108 528.2219 528.4951 526.4182 526.4329 528.5073 528.5713 526.2759 527.9668 527.8955 
9 527.1138 527.2466 527.1>033 527.7419 528.1511 527.9363 527.9973 52801267 528.2146 527.7363 527.3823 527.4280 

10 526.3276 526.5994 527.1831 527.2915 527.9121 527.3894 527.5713 527.7749 527.8762 527.0593 526.6934 526.9646 
11 525.6895 526.0115 :;26.9399 526.8547 527.8716 526.6367 527.1853 521.4136 527.5549 526.0701 525.8445 526.510 I 
12 525.5625 525.5825 :;27.Q063 526.4368 52601472 525.5833 527.0068 527.2917 527.20;11 524.7280 525.0129 526.4380 
13 528.3750 524.1504 526.6638 524.4676 530.7791 519.4673 527.8464 526.9758 526.4192 517.7041 522.5774 527.4390 
14 529.0974 523.8562 :>26.9917 524.1226 531.2703 518.4567 528.2373 526.9116 526.3135 516.6 .. 48 522.5134 527.7156 
15 530.2693 523.3810 :>29.4907 523.6155 531.9976 517.0295 528.9634 526.8047 526.1891 515.3767 522.6587 528.1675 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 485.0237 482.4258 482.11 254 481.511 0 481.0144 460.4692 479.9156 479.3806 476.6203 478.2932 477.7390 477.1956 
HB -1273.0 609.7 -516.7 593.6 -669.5 191106 -799.9 134.8 106.3 1625.2 -308.9 -437.0 
TSAT 483.3 482.4 462.0 481.5 461.0 480.5 479.9 479.4 478.8 47E.3 477.7 477.2 
H5AT -1227.2 609.7 -518.7 593.6 -689.5 1911.6 -799.9 134.8 106.3 1625.2 -308.9 -437.0 
P 564.0 579.2 577.0 574.3 571.6 568.1 565.7 562.9 559.9 557.1 554.2 551.3 
S.F. -58656.9 24762.4 -246~0.9 24795.4 -35499.0 66057.0 -39683.5 6378.3 5025.5 58918.6 -13935.5 -22411.0 
s. TEMP 531.10 523.04 529.64 523.27 532.50 516.07 529.53 526.71 526.12 514.55 522.86 528.48 
MASS-FLX 44.6144 46.7351 46.1729 44.4303 44.4220 44.6144 44.2099 43.9434 44.1 ~82 43.6517 43.9591 43.1491 
DUALITY 1.00000 0.92366 0.86992 0.83381 0.80873 0.16929 0.77301 0.75640 1),74410 0.73075 0.71763 0.70536 
GAP 0.06775 0.06945 0.00867 0.06925 0.06857 0.06943 0.06778 0.06910 0.06e61 0.06876 0.06161 0.06847 
••• RELAP PREDICTIONS (STARREO) ••• 
*HB 410.2 233.3 2.10.1 211.6 211.2 207.9 202.5 196.6 19E.6 191.5 188.9 182.4 
*S.F. 170111.1 97333.8 96293.8 90753.4 86012.8 66547.7 84106.6 81576.3 8127t.5 78996.0 71747.9 74936.4 
*S.TEIoIP 897.62 899.17 899.46 696.66 897.90 8<;6.78 895.37 694.00 692.39 890.99 689.46 888.03 
*H.T .MODE 3 9 9 9 9 9 9 9 9 9 9 9 

N .... 
VI 

TIME-- 12.0000 12.0500 12.1000 12.1500 12.2000 12.2500 12.3000 12.3500 12.4000 12.4500 12.5000 12.5500 
NOOE 

1 540.1140 5~9.S396 :;36.9921 536.4731 537.9819 537.5166 537.0630 536.6729 536.2e69 535.9436 535.5806 535.2573 
2 536.4053 536.0012 .. 35.0235 535.2769 534.9624 534.6741 534.4075 534.1577 533.9211 533.6958 533.4619 533.2810 
3 533.2600 533.0017 :;;32.1893 532.6245 532.4961 532.3774 532.2617 532.1416 532.0190 531.6992 531.7669 53106641 
4 530.5876 530.4656 530.4113 530.5296 530.5986 531),6140 530.6001 530.5603 530.5085 530.4634 530.4319 530.4153 
5 529.2668 529.2927 :>29.4 !S78 529.6599 529.8291 529.8557 529.8621 529.6330 529.6000 529.7<;61 529.6115 529.8464 
6 528.9141 528.980 1 :>29.,146 529.4604 529.6516 529.6624 529.6711 529.6404 529.6118 529.6223 529.6531 529.7029 
7 528.4785 526.6250 :;28.9551 529.2559 529.4661 529.4292 529.4402 529.4011 529.3762 529.4124 !S29.4651 529.5361 
a 528.0359 528.3008 ::>26.7969 529.1440 529.3438 529.1158 529.2056 529.1416 529.1296 529.2070 529.2681 529.3875 
9 527.7197 528.1121 528.8018 529.1472 529.2993 528.9292 529.0256 528.9170 528.9275 529.0635 529.1661 529.2954 

10 527.4773 528.0264 :;;28.9927 529.2437 529.2957 528.5766 526.6694 528.6592 528.1253 528.9543 529.0759 529.2361 
11 527.3967 528.12«8 ~29.:;215 529.4299 529.3093 521.9670 528.8040 528.3174 528.5354 528.9172 529.0196 529.2265 
12 527.5779 528.4321 :>30.4250 529.5703 529.2854 527.0076 529.0017 527.8623 528.4321 529.0015 529.0015 529.2861 
13 529.3320 530.3254 :;;35.4410 529.1646 528.9150 521.5305 531.6479 525.1690 ·526.6631 529.8557 526.9395 529.7627 
14 529.5728 530.5457 :;;J6.llH3 526.6962 526.8699 520.7219 532.2822 524.6926 526.8135 529.9836 528.6994 529.8394 
15 529.67U 530.7937 :>36.9775 526.3604 526.6254 519.6523 533.3054 523.9_31 529.1061) 530.1462 526.8237 529.9478 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 476.6304 476.0942 ... 15.5020 474.81«3 474.1755 413.5206 472.6626 472.2356 471.5837 470.8977 470.2366 469.5662 
t<B -233.2 -116.0 -600.6 536.4 18.4 1064.5 -852.2 733.2 -284.6 -116.1 73.1 -84.9 
TS~T 476.6 476.1 475.5 414.8 474.2 473.5 472.9 472.2 471.6 470.9 470.2 469.6 
HSAT -233.2 -178.0 -600.6 536.4 16.4 1064.5 -852.2 733.2 -284.6 -11 8.1 73.1 -64.9 
p 548.4 545.6 542.5 539.0 535.7 532.4 529.1 525.9 522.6 519.1 515.9 512.5 
S.F. -12456.2 -9760.3 -37235.3 28521.0 1003.0 46362.6 -52120.6 37526.7 -16437.0 -1007.3 4277.9 -5132.8 
S.TEMP 530.05 530.93 537.50 527.98 528.61 516.97 534.04 523.42 529.34 530.25 528.76 530.02 
IOA5S-FLX 44.2705 43.4636 43.:;;415 42.7076 40.9966 41.1098 39.9719 39.2602 36.1 e14 37.1181 36.4591 35.4326 
QUIlL (TY 0.69249 0.68032 0.61>816 0.65732 0.64659 0.64085 0.63443 0.62675 0.62402 0.61<;91 0.61644 0.61352 
GAP 0.06912 0.06926 0.01> 929 0.06988 0.06889 0.06889 0.06793 0.06944 0.06e45 0.06!99 0.06911 0.06694 
***RELAP PR EO I CT IONS (STIIF!'I EOI."* 
"t<S 163.5 178.6 17 7.1 171.0 165.3 162.4 156.4 154.2 14<;.6 145.5 142.1 138.1 
*S.F. 75194.8 730"9.4 722:;;1.1 69681.9 67245.9 66037.6 64311 .5 62547.8 60663.1 58936.0 57544.0 55676.1 
.S.TEMP 886.54 8S5.11 2 883.55 682.30 881.22 8eO.16 879.07 678.03 877.05 676.06 875.25 874.40 
*H.T.fI400e 9 9 9 9 9 9 9 9 9 9 9 9 



TIME-- 12.6000 12.6500 12.7000 12.7500 12.8000 12.8500 12.9000 12 .9500 13.0000 13.0500 13.1000 13.1500 
NOOE 

1 534.9534 534.6675 ::i34 • .j984 534.1455 533.9082 533.6951 533.4744 533.2756 533.0e81 532.9102 5:!2.7410 532.5781 
2 533.0930 532.9177 ;;32.7549 532.6030 532.4604 532.3250 532.1931 532.0667 531.9463 531.8286 531.7100 531.5999 
3 531.5930 531.5132 ,,31.4419 531.3743 531.3062 531.2344 531.1577 531.0842 531 .0 132 530.9324 530.8372 530.7324 
4 530.4146 530.4185 530.4250 530.4207 530.4023 530.3655 530.3152 530.2849 530.2498 530.1741 530.0662 529.9517 
5 529.8992 529.9436 529.9863 530.0012 529.9902 529.9531 529.9014 529.9077 529.8e60 529.7747 529.6328 529.5083 
6 529.7720 529.82b2 ,,29.8782 529.8938 529.8821 529.8418 529.7874 529.8108 529.7883 529.6560 529.5020 529.3770 
7 529.6274 529.6919 ;;29.7546 529.7656 529.7490 529.7002 529.6401 529.6965 529.6658 529.4919 529.3193 529.1978 
8 529.5088 529.5740 ::i29.6479 529.631'2 529.6052 529.5361 529.4680 529.5969 529.5288 529.2639 529.01'20 528.9119 
9 529.4460 529.4976 529.5825 529.5317 529.4814 529.3875 529.3132 529.5522 529.4016 529.0117 528.8237 528.7651 

10 529.4236 529.43.38 ::i29.::i393 529.4116 529.3428 529.2112 529.1357 529.5713 529.2 :!19 528.6506 528.5217 528.5393 
11 529.4629 529.3704 ;;29.::i295 529.2415 529.1733 528.9810 528.9236 529.7393 528.9:!85 528.0740 52801597 528.3081 
12 529.5708 529.2856 329.5706 529.0012 529.0012 528.7166 52!'!. 7166 530.1406 528.4312 527.2922 527.8616 52801467 
13 530.2153 528.7151 529.9924 527.6267 528.4314 527.5527 528.0305 532.9058 525.0049 523.5740 527.4502 527.8984 
14 530.2942 528.6052 ::i30.()793 521.4058 528.4043 527.4055 527.9795 533.3555 524.3828 523.1!l45 527.5520 527.8904 
15 530.3877 528.4375 ::i30.2168 527.0972 528.4136 527.2290 527.9521 533.9817 523.4629 522.7053 527.8064 527.8948 

Q 0.0 0.0 1).0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 468.7866 467.8970 467.0220 466.1199 465.2500 464.3616 463.4558 462.5505 461.6:!72 460.7173 459.8257 458.9763 He -61.4 135.5 -11 Q.O 239.1 -31.0 121.0 1.2 -405.3 733.8 266.9 -221.0 -3.9 
T5AT 468.8 467.9 467.0 466.1 465.3 464.4 463.5 462.6 461.6 4ee.7 459.8 459.0 
HSAT -61.4 135.5 -11 0.0 239.1 -31.0 121.0 1.2 -405.3 733.8 266.9 -221.0 -3.9 
P 508.7 504.3 500.1 495.7 491.5 487.3 483.0 478.7 474.5 470.2 466.1 462.2 
S.F. -3784.1 8186.0 -6963.5 14532.7 -1956.6 7593.5 80.3 -29116.3 44902.1 16482.3 -15070.4 -268.0 
s. TEMP 530.44 528.32 530'.31 526.89 528.44 527.12 527.95 534.39 522.83 522.47 528.02 527.90 
MASS-FLX 35.1192 33.3368 32.0315 31.2440 29.6422 28.8420 27.5687 26.3691 25.1713 23.9276 22.6090 22.3163 
QUALITY 0.61088 0.60921 0.60837 0.60824 0.60920 0.61071 0.61307 0.61618 0.62001 0.62460 0.62995 0.63555 
GAP 0.06904 0.06908 0.06885 0.06903 0.06870 0.06886 0.06874 0.06882 0.060;46 0.06e32 0.06826 0.06888 
•• *RELAP PREDICTIONS (STARRED) ••• 
• HE! 136.3 130.6 125.5 122.0 116.9 114.4 110.3 106.4 102.7 98.8 94.7 93.4 
*S.F. 55162.5 52853.6 50813.5 49447.0 47414.2 46423.9 44824.6 43285.8 41815.0 40297.7 38662.1 38190.3 
.5. TEMP 873.54 872.73 87~ .14 871 .56 871.00 870.43 869.89 969.42 868.98 868.59 868.25 867.86 
*H.T.MOOE 9 9 9 9 9 9 9 9 9 9 9 9 

N ..... 
0\ 

TIME--' 13.2000 13.2500 13.3000 13.3500 13.4000 13.4500 13.5000 13.5500 13.6000 13.6500 13.7000 13.7500 
NODE 

1 532.4207 532.2671 :;3201145 531.9622 531.8081 e31.6519 531.4934 531.3333 531. I 711 531.0C66 530.8398 530.6707 
2 531.4661 531 .3359 1>31.1938 531.0393 530.8735 530.70.1 530.5334 530.3623 530.1890 530.0115 529.8298 529.6472 
3 530.6172 530.4783 530 • .:1057 530.1096 529.9067 529.7175 529.5381 529.3601 529.1746 528.9783 528.7751 528.5854 
4 529.8206 529.6270 529.3667 529.0940 528.8562 528.6794 528.5139 528.3335 528.1257 527.8959 527.6660 527.4956 
5 529.3557 529.0820 ::i28.7234 528.4070 52801838 521100684 527.9177 527.72.9 527 •• 802 527.2173 526.9758 526.8667 
6 529.2151 528.9055 :;28.1>100 528.1877 527.9802 527.8940 527.7432 527.5413 527.2810 527.0066 526.7646 526.6885 ., 529.0188 528.6418 :028.1877 527.8701 527.7004 527.6685 527.5083 527.2866 526.9978 526.7078 526.4702 526.4604 
8 528.7571 528.2446 527.7046 527 •• 317 527.3542 527.4255 527.2122 526.9500 526.6096 526.3022 526.0874 526.2217 
9 528.4907 527.7910 ::i27.1750 527.0215 527.0554 527.2505 526.9194 526.61t3 526.2 C95 525.8970 525.7251 526.0667 

10 528.1467 52701416 526.4705 526.5566 526.7615 527.1250 526.5322 526.1843 525.6946 525.4009 525.3101 526.0010 
11 527.6519 526.1174 :;25.:>020 526.0974 526.5220 527.1172 525.9238 525.6165 524.9863 524.7793 524.8428 526.1667 
12 527.0071 524.7285 524.4.34 625.8679 526.4377 527.2930 525.0132 525.0132 524.1 e80 524.1580 524.4429 526.7219 
13 523.7192 517.8618 :i20.b 873 526.5452 526.7329 528.7417 519.6697 523.0322 520.5681 522.1082 523.4092 530.8606 
14 523.2432 516.9709 ;;20.4170 626.8262 526.7698 !l28.9561 518.8162 522.9580 520.1143 521.9E31 523.3560 531.5408 
15 522.6184 515.8838 ::i20.2791 527.3264 526.8018 529.2427 517.6313 523.0349 519.5830 521.8875 523.3533 532.4888 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 458.1033 457.2261 456.3462 455.~587 454.5654 453.6667 452.7617 451.8486 450.9976 450.2126 449.3918 448.5718 
HB 438.8 790.1 -9.6 -359.0 -6.8 -170.3 863.7 -130.0 331.1 -3.3 -23.2 -520.7 
T5AT 458.1 457.2 4:>6.3 455.5 454.6 453.7 452.8 451.8 451.0 460.2 449.4- 448.6 
HSAT 438.8 790.1 -9.6 -359.0 -6.8 -170.3 863.7 -130.0 331.1 -3.3 -23.2 -520.7 
P 458.2 454.2 4:>0.3 446.3 442.4 438.4 434.5 430.5 426.8 423.5 420.0 416.5 
S.F. '28132.9 45834.6 -616.8 -25929.8 -491.8 -12903.6 !l5357.5 -9272.1 22602.2 -236.8 -1719.7 -44016.4 
S.TEMP 522.22 515.24 520.29 527.69 526.81 529.42 516.85 523.17 519.26 521 .89 523.38 533.11 
MASS-FLX 22.0573 21.6789 011.4666 21.2169 20.9834 20.7442 20.4861 20.2414 19.6768 19.9931 20.0048 19.8718 
QUALiTY 0.64146 0.64754 0.65354 0.65938 0.66498 0.67029 0.67531 0.68003 0.68464 0.68861 0.69215 0.69524 
GAP 0.06890 0.06834 0.06765 0.06823 0.06906 0.06899 0.06920 0.06794 0.06e56 0.06825 0.06854 0.06874 
••• PELAP PREDICTIONS (STARREO)_·. 
"HB 93.2 92.3 91.9 91.5 91.1 90.7 90.t 89.5 8e.o 8e.8 89.4 8901 
.S.F. 38112.0 37764.2 37640.1 37489.1 37321.1 37139.8 36911.4 36687.9 36077.9 36403.0 36661.0 36495.3 
*5.TEMP 867.26 866.bO 861>.89 865.13 864.35 863.55 862.74 861.94 861.16 860.37 859.43 858.52 
*H.T.MOOE 9 9 9 9 9 9 9 9 9 9 9 9 



TIME-- 13.8000 13.8500 13.9000 13.9500 14.0000 14.0500 14.1000 14.1500 14.2000 14.2500 14.3000 14.3500 
NDOE 

I 530.5007 530 .3335 "lO.1701 530.0134 529.8618 529.1139 529.5674 529.4194 529 .2~B6 529.1135 528.9548 528.1910 
2 529.4744 529.32~8 529.1865 529.0649 528.9463 528.8208 528.6821 528.5213 528.3584 528.1199 521.9956 521.8049 
3 528.4402 528.3491 528.2900 528.2268 528.1331 521.9998 521.8240 521.6147 527.3<;38 527.1748 526.9597 526.7354 
4 527.4600 527.5220 :;27.:;174 527.5435 527.4065 527.1870 526.8989 526.5872 526.3074 526.0667 525.8381 525.5728 
5 526.9990 527.2153 :H!1.3149 527.2141 526.9666 526.6362 526.2375 525.8604 525.5828 525.3657 52501438 524.8276 
6 526.8960 527.1636 ;;21 • .c 595 527.1150 526.8196 526.4500 526.0134 525.6213 525.3579 525.1548 524.9333 524.5918 
7 526.8037 527.1433 :S27.<1.068 526.9719 526.5947 526.1658 525.6731 525.2700 525.0432 524.8665 524.6433 524.2520 
8 526.8210 527.2334 527.1733 526.7461 526.2375 525.7300 525. t 587 524.7737 524.6440 524.5115 524.271 0 523.7729 
9 526.9941 527.4153 ;;27.1309 526.4529 525.8176 525.2478 524.5967 524.2754 524.2908 524.1 <;26 523.9092 523.2585 
1~ 527.4204 527.7141 :;27.H 12 525.9719 525.2197 !!24.6042 523.8499 523.6821 523.9~58 523.8418 523.4656 522.5603 
11 528.3508 528.1212 :;26.6465 525.1133 524.3354 523.7175 522.8074 523.0005 523.6479 523.4407 522.8706 521.5173 
12 529.8560 528.4309 525.8667 523.8730 523.3027 !!22.7324 521.5923 522.4475 523.5881 523.0176 522.1624 520.1660 
13 538.0681 527.9856 320.6924 517.8030 519.3457 518.9167 516.4453 521.4905 524.5442 521.0310 518.9568 513.6951 
14 53 ... 1292 527.5750 ;;19.9182 517.0955 519.0085 518.5237 515.8450 521.5808 524.7493 520.7085 518.5664 512.8647 
15 540.4236 526.7690 ;;18.8962 516.3098 518.7520 518'.1255 515.1704 521.8713 525.0608 520.2!!37 518.1118 511.8574 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 447.7480 446.9170 .46.0815 445.2405 444.3938 443.5415 442.7188 441.9045 441.0e57 440.2666 439.4399 438.6125 
H8 -586.0 566.1 624.1 428.7 79.2 194.8 373.5 -227.5 -174.4 271.8 233.8 583.7 
TSAT 447.7 446.9 446.1 445.2 444.4 443.5 442.7 441.9 44101 44C.3 439.4 438.6 
HSAT -586.0 566.7 624.1 428.7 79.2 194.8 373.5 -227.5 -174.4 271.8 233.8 583.7 
P 413.0 409.6 406.1 402.6 399.2 395.7 392.4 389.1 385.8 382.6 379.3 376.1 
S.F. -54755.9 44897.8 45049.3 30285.2 5883.2 14481.1 26920.2 -18251.7 -14684.1 21661.1 18330.4 42401.1 
S. TEMP 541.19 526.14 518.26 515.88 518.67 517.92 514.19 522.13 525.21 519.95 517.85 511.26 
MASS-Ft.X 19.8244 19.7393 19.6644 19.5871 19.5055 19.4226 19.1844 19.1324 19.2e33 19.2227 19.2001 19.1162 
QUAL lTV 0.69777 0.69978 0.70131 0.70238 0.70305 0.70337 0.70348 0.70326 0.70264 0.70180 0.70072 0.69941 
GAP 0.06970 0.07046 0.00887 0.06797 0.06780 0.06818 0.06820 0.06794 0.06e74 0.06910 0.06856 0.06832 
•• *RELAP PREDICTIONS (STARRED) ••• 
• HB 89.0 88.8 88.5 88.2 87.8 87.4 86.5 86.8 8e.1 85.9 85.4 85.1 
*S.F .. 36465.5 36362.6 36244.2 36109.6 35948.1 35770.0 35400.2 35520.4 35253.2 35169.0 34933.9 34804.5 
.5. TEMP 857.62 856.72 855.82 854.93 854.04 853.17 852.32 851.43 850.58 849.10 848.84 847.99 
.H.T.MODE 9 9 9 9 9 9 9 9 9 9 9 9 

N 
....... 
"-J 

T I ME-- 14.4000 14.4500 14.:> 000 14.5500 14.6000 14.6500 14.7000 14.7500 14.8000 14.8500 14.9000 14.9500 
NODE 

1 5211.6218 528.4465 ;;28.2644 528.0737 527.8726 ~27.~555 527.4153 527.1421 526.8250 526.4!!26 526.0176 525.5137 
2 527.6040 527.3916 527.1658 526.9248 526.6582 526.3467 525.9658 525.4912 524.9053 524.2019 523.3862 522.4690 
3 526.4885 526.2224 325.i351 525.6235 525.2458 1524.7527 524.0928 523.2349 522.1782 520.9563 519.6145 518.1934 
4 525.2498 524.9094 524.5396 524.1331 523.5466 522.7021 521.5190 520.0107 518.2444 516.3540 514.4290 512.5222 
5 524.4192 524.0320 :;;23.5991 523.1187 522.2815 521.0530 519.3411 517.2600 514.9570 512.61050 510.4573 508.3574 
6 524.1492 523.7522 :;23.,979 522.7913 521.8416 520.4624 518.5479 516.2671 513.7920 511.3931 509.1184 506.9773 
7 523.7524 523.35il8 :>22.8601 522.3145 5.21.1599 519.5293 517.2871 514.7095 511.9968 509.4832 507.1494 504.9824 
B 523.1777 522.8054 522.<1478 5.21.6440 520.0776 518.0334 515.2549 512.2644 509.21083 506.7058 504.3738 502.2375 
9 522.5608 522.2710 !S21.o 111 520.9485 518.8003 516.3005 512.9014 509.5281 506.3064 503.8203 501.5518 499.4919 

10 521.7451 521.6489 :>20.7852 520.0620 516.9211 513.8608 509.5854 505.8242 502.4089 500.1<;41 498.0459 496.1177 
11 520.6089 520.9609 :;;19.6216 518.8816 513.8711 510.2437 504.6245 500.6216 497.1128 495.5906 493.5901 491.8745 
12 519.3098 520.4504 518.1658 517.5947 509.5938 !!05.8740 498.4319 494.7024 491.21003 490.9734 488.9612 487.5244 
13 514.1863 519.9187 :;11.0283 512.8025 487.4570 488.3140 471.1042 472.4163 469.1565 475.9407 471.9199 472.0134 
14 513.6970 520.0771 :.10.0029 512.3916 484.3394 486.5369 467.6946 470.1394 466.7e73 474.6475 470.0552 470.447'8 
15 513.2515 520.4570 :>08.6531 512.0786 480.3223 484.8931 463.7161 468.0190 464.3303 473.6780 468.0845 468.9456 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 O~O 0.0 0.0 0.0 
T8 437.7778 436.9402 436.0969 435.2480 434.4031 433.5544 432.7070 431.8550 430.9<;83 43001401 429.2698 428.4065 
He 180.6 -261.5 852.3 85.5 4080.7 992.8 5611.9 1880.9 2702.4 494.0 1945.5 1247.1 
TSAT 437.8 436.9 4J6.1 435.2 434.4 433.6 432.7 431.9 431.0 43001 429.3 428.4 
HSAT 180.6 -261.5 852.3 85.5 4080.7 992.8 5611.9 1880.9 2702.4 494.0 1945.5 1247.1 
P 372.9 369.6 366 •• 363.2 360.0 356.8 353.6 350.5 347.3 344.2 341.0 337.9 
S.F. 13597.0 -21918.5 611 04.5 6562.9 177123.9 50249.2 161035.6 66214.4 86684.9 21356.4 73452.1 49658.2 
S.TEMP 513.06 520.17 507.79 511.99 477.81 484.17 461.40 467.06 463.07 473.37 467.02 468.23 
MASS-FLX 19.0995 19.0193 18.9953 18.9170 18.7990 18.6443 18.4623 18.2276 18.0<139 17.7764 17.5629 17.2040 
QUAL lTV 0.69802 0.69647 0.69481 0.69310 0.69141 0.68980 0.68835 0.68713 0.68613 0.68545 0.68505 0.68505 
GAP 0.06768 0.06793 0.06880 0.06753 0.06797 0.06446 0.06534 0.06317 0.06416 0.06414 0.06563 0.06517 
•• "RELAP PREDICTIONS CSTARRED) .... 
"'JoB 84.4 84.1 83.4 83.0 82.1 81.4 80.2 79.4 78o! 77.3 76.0 75.1 
*S.F. 34536.8 34394.2 341<l0.0 33963.7 33591 • ., 33306.6 32844.6 32504.6 32011.2 31663.2 31146.9 30B2109 
.S. TEMP 847.14 846.30 84:1 •• 7 844.64 843.83 843.05 842.29 841.56 840.85 840.16 839.49 838.80 
*H.T.Mooe 9 9 9 9 9 9 9 9 9 9 9 9 



TI"'E-- 15.0000 15.0500 15.1000 15.1500 15.2000 15.2500 15.3000 15.3500 15.4000 15.4500 15.5000 15.5500 
NODE 

1 524.9392 524.2922 ::i23.:> 757 522.7927 521.9458 521.0381 520.0715 519.0505 517.9783 516.8594 515.6985 514.5002 
2 521 •• 653 520.3904 :>19.2583 518.0784 516.8538 515.5850 51 •• 2776 512.9365 511.5691 510.1836 508. 783? 507.3723 
3 516.7180 515.2219 :>13.7188 512.2056 510.6675 509.0994 507.5125 505.9214 504.3425 502.7795 501.2258 .99.6880 
4 510.6372 508.8267 ::i07.07.7 505.3271 503.5.27 501.7253 499.9246 498.1694 496.4824 494.8430 493.2153 491.6313 
5 506.3135 504.4338 ::i02.0 250 500.7803 498.8579 496.9038 495.0266 493.2415 491.5674 489.9373 488.2878 .86.7219 
6 50 •• 8958 503.0159 ::iOt.1975 .99.:3188 .97.3457 495.3474 493.4565 491.6714 490.0120 488.3860 486.7256 485.1719 
7 502.8662 501.0198 499.l024 497.2747 495.2288 493.1755 .91.2859 489.5193 487.8997 486.2856 484.6082 483.0879 
8 500.1062 498.3831 496.5776 494.5676 492.4116 490.3032 488.4702 486.7646 485.2336 483.6362 481.9226 480.4885 
9 497.3511 495.830/.8 494.0166 491.8894 489.6089 487.4697 485.7539 484.1301 482.7151 481.1145 479.3433 478.0496 

10 493.9436 492.7996 490.e923 488.5596 486.1077 483.9719 482.4861 4eO.9702 479.7278 478.0742 476.1973 475.1726 
11 .89.5781 489.1819 486.9150 .8 •• 2146 .81.5356 .79.5081 .78.4880 477.0752 476.1 e99 .7 •• 2561 472.1873 .71.7415 
12 484.9387 .85.8015 482.0355 479.4688 .76.5908 .74.8608 474.5725 473.1313 472.5542 470.2458 .67.9368 468.5139 
13 467.3071 .75.7288 465 •. H55 .60.9.80 457.7686 .58.1194 461.5730 458.7715 460.3816 454.7490 .51.7671 458.5940 
14 465.3547 475.0212 463.2788 458.9106 .55.7385 456.4338 460.3916 457.2351 459.2:212 452.9983 450.0322 .57.8499 
15 .63.2810 474.6831 460.8262 456.7786 453.6587 454.827. 459.3882 455.6318 458.1682 451.0779 448.:2444 457.4116 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 427.5229 .26.6409 ~25. 765. 424.9050 .24.0417 423.1875 422.3357 421.4612 420.5754 419.6885 418.7922 417.8899 
H8 2218.5 -50.4 2967.5 2490.0 2578.6 1699.4 767.6 1752.4 868.9 2408.6 2217.3 91.6 
TSAT 427.5 426.6 .a5.8 424.9 424.0 423.2 422.3 421.5 420.6 419.7 418.8 .17.9 
HSAT 2218.5 -50.4 2907.5 2490.0 2578.6 1699.4 767.6 1752.4 868.9 2408.6 2217.3 91.6 
P 334.8 331.6 3as.5 325.5 322.5 319.6 316.7 313.7 310.7 307.7 304.8 30108 
S.F. 76861.6 -2421.3 99770.3 76593.7 73608.1 52469.9 28127.7 58393.3 32255.8 73043.8 63257.9 3613.9 
S. TE"'P 462.17 474.72 459.39 .55.67 452.59 .54.06 458.98 454.78 457.70 450.02 447.32 457.36 
MASS-FLX 16.8828 16.9399 16.4564 16.2.38 16.2260 15.8327 IS.7011 15.6365 15.3291 15.1254 14.8999 14.6797 
QUAL ITY 0.685.0 0.68586 0.6S691 0.68819 0.68962 0.69149 0.69347 0.69559 0.69804 0.70065 0.70348 0.70653 
GAP 0.06548 0.06499 0.06661 0.06503 0.06471 0.06459 0.06502 0.06583 0.06552 0.06599 0.06522 0.06504 
•• *RELAP PREDICTIONS (STAR~ED)"** 
*He 73.6 73 •• 71.7 71.4 70.6 69.8 68.8 68.6 67.5 1i1i.8 66.1· 65 •• 
*S.F. 30218.2 30163.4 29.e5.0 29351.8 29049.6 28728.4 28347.1 28286.2 27850.5 27578.2 27290.5 27008.1 
*5. TE"'P 838.16 837.52 836.88 836.24 83S.62 834.97 834.35 833.71 833.08 832.47 831.86 831.26 
*H.T.MODE 9 9 9 9 9 9 9 9 9 9 9 9 

N 
I-' 
<Xl 

TIME-- IS.6000 IS.6500 15.7000 15.7500 15.8000 15.8500 15.9000 15.9500 16.0000 16.0500 16.1000 16.1500 
NODE 

1 513.21i90 512.0093 :>10.7273 509.4282 508.1167 506.7954 505.4700 504.1438 502.8:208 !Ol.SC27 500.1897 .98.8799 
2 505.9578 504.54a3 503.148. 501.7617 500.388. .99.0305 497.6924 496.3784 495.087. 493.8132 492.5439 491.27:22 
3 498.1814 .96.7197 495 • .;.1025 493.'1;175 492.5623 491.2393 489.9602 488.729:2 487.5288 486.3303 485.1050 483.8525 
4 490.1 321 .88.7292 487.3904 486.0764 484.7939 .83.5618 462.4102 481.3293 .80.2S05 .79.1067 .77.8677 .76.5789 
5 485.2993 484.0051 482.7578 481.491il .60.2722 479.1235 478.0979 477.1421 47601 194 .74.9458 473.6201 472.2727 
6 .83.7861 482.5361 481 •. 11 7. 480.0659 .78.8608 477.7.2. 476.7664 .75.8523 474.8345 473.6309 472.2595 470.8906 
7 481.7734 480.5979 479.4187 478.1750 477.0012 .75.93.1 475.0386 47 •• 1643 473.1 !!82 471.8~09 470.4399 469.0476 
8 479.3127 478.2583 477.1196 475.8660 474.7.63 473.76.9 .73.0066 472.2271 .71.1384 469.7317 468.1 •• 8 466.7490 
9 477.0505 476.1233 .. 7 •• 9961 473.7053 472.6633 471.7859 471.1926 470.4678 469.2524 467.6555 465.9158 464.56S2 

10 47 •• 4329 473.6565 412 •• 878 .71.1150 470.2175 .69 •• 902 469.1440 468.4.07 466.9tl51 465.0691 .6301304 461.9268 
11 471.3770 470.7480 "69.4001 467.8672 467.2871 466.7786 466.8279 466.02.9 .64.0024 '161.6379 .59.4692 458.6748 
12 468.5139 467.9360 466.2039 46 ••• 700 464.4700 46 •• 1812 464.7593 463.6028 460.7102 457.8169 .55.5007 455.5007 
13 459.0708 458.05<!5 453.1.1943 451.5630 .S5.2393 455.2878 458.5056 454.3499 446.8445 .42.369. 440.1987 •• 501267 
14 .58.1548 .57.0396 452.5215 450.1919 45'1.4556 454 •• 133 .58.0090 453.2915 .45.1<;95 .40.61!16 438.5852 444.2725 
15 457.2788 456.0183 451.0310 448.7786 .53.8501 453.5662 457.6587 452.0957 443.3157 .38.8416 436.9468 443.6501 

Q 0.0 0.0 ;).0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 417.0127 416.1584 'H5 • .!847 414.4087 413.5244 412.6346 411.7375 410.6335 409.922. 409.0039 408.1042 407.2200 
H8 742.0 909.8 1604 •• 1486.0 351.9 709.8 1.8.8 1154 •• 2280.0 2287.9 2026.4 348.6 
TSAT 417.0 .16.2 415.3 414.4 413.5 412.6 411.7 410.8 409.9 400;.0 406.1 407.2 
H5AT. 742.0 909.8 16;) 4.4 1486.0 351.9 709.8 148.8 1154.4 2280.0 2287.9 2028.4 3.8.6 
P 298.9 296.1 293.3 290.5 267.7 28 •• 9 282.1 279.3 276.5 273.6 270.9 268.3 
S.F. 29557.5 357910 4 56043.2 49988.8 1.119.4 28755.9 6818.3 46845.2 73685.3 66052.9 56812.2 12635.1 
S.TEI4P 456.85 .55.50 45.).21 441.1.05 453.64 453.15 457.56 451 •• 1 .42.24 .37.87 436.11 4.3.46 
NASS-FLX 14.3911 14.3488 14.1560 13.9805 13.8048 13.6207 13.4542 13.2846 13.1185 12.9528 12.7413 12.6887 
QUAL ITY 0.70986 0.7130/.1 0.71677 0.72044 0.72421 0.72810 0.73208 0.73616 0.7.035 0.74466 0.7.913 0.75358 
GAP 0.06643 0.06654 0.06643 0.06587 0.06571 0.06653 0.06661 0.06718 0.06652 0.06544 0.06505 0.06503 
***RELAP PREDICTIONS (STARRED) .... 
"H8 64.4 64.3 b3.8 63.3 62.8 62.2 61.7 61.2 6C.7 IiC.2 59.6 59.5 
*S.F. 26642.3 26592.7 26400.2 26202.5 26013.6 25785.0 25606.6 25418.1 25237.7 25058.2 24813.2 24791.4 
*5. TEMP 830.67 830.07 829.4. 828.83 828.21 827.61 827.01 826.40 825.80 825.21 824.62 824.02 
*H.T .MODE 9 9 9 9 9 9 9 9 9 9 9 9 



T J ME-- 16.2000 16.250 0 16 • .s000 16.3500 16.4000 16.4500 16.5000 16.5500 16.6000 16.6500 16.700') tt .. 7500 
NODE 

1 4'97.5728 496.2688 494.9656 493.6646 492.3655 491.0686 489.7749 488.4832 487.1 '1056 485.9119 484.6335 483.3611 
2 489.9961 488.7170 487,4377 4811 .. 1616 484.8889 483.6201 482.3547 481.0930 479.8386 478.5942 477.3596 476.1345 
3 482.5847 481.3147 480.0544 478.8059 477.5662 1176.3271 475.0896 473.8630 472.6533 471.4607 470.2815 469.1106 
4 475.2903 4711.0278 472.8037 ..,71.5999 1170.4023 469.1668 467.9753 466.7969 465.6!!26 464.5300 463.4150 462.3000 
5 470.9768 469.7393 468.:>6117 467.3977 466.2241 465.0059 463.6093 462.6804 461.5945 460.5195 459.4404 458.3496 
6 469.5969 466.3723 467.,175 466.0601 464.8904 463.6628 462.4712 461.3633 460.2<;71 459.2356 458.1641 457.0776 
7 467.7686 466.5713 465.45111 464.3066 463.1404 461.8938 460.7146 459.6455 458.6096 457.5657 456.5027 455.4199 
8 465.5222 464.3779 463.3191 462.1802 461.0122 459.7231 458.5781 457.5830 456.5898 455.5620 454.5017 453.4170 
9 463.4224 462.3420 461.3530 460.1997 459.0227 457.6702 1156.5681 115lh6897 454.7312 453.7080 452.6428 451.5508 

10 460.9246 459.9263 459.0339 1157.6215 1156.62811 455.16211 454.2161 453.4651 452.5276 451.4915 450.4089 449.3018 
11 457.8926 456.9829 456.Z295 454.8433 453.6379 451.9539 451.3318 451),8074 449.8267 448.7419 447.6235 446.4902 
12 454.9211 454 .0516 453.4724 451.7327 450.5725 4411.5430 446.51130 4411.2527 447.0<;18 .. 5.9307 444.7693 443.6074 
13 1144.4980 443.4619 443.7756 439.6528 439.2693 435.2102 439,.3689 439.4651 436.8071 435.4304 434.1206 432.8579 
14 443.4458 442.3792 442.8286 438.3086 438.1372 433.7400 436.6121 438.6057 435.6<;90 434.3440 433.0225 431.7524 
15 442.3977 441.2915 441.9282 436.84110 437.0337 432.1560 438.0562 437.7742 434.5205 433.2429 431.9114 430.6353 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1) 0.0 0.0 0.0 
T8 406.3193 406.4146 404.,,016 403.5808 402.6638 401.7185 400.7756 399.8250 398.6953 397.2422 396.1746 395.1096 
HB 1025.7 1063.5 790.0 1692.2 1077.3 1977.6 306.2 745.8 1224.4 1074.9 1093.9 1103.2 
TSAT 406.3 406.4 404.5 403.6 402.7 401.7 400.8 399.8 391:.7 397.2 396.2 395.1 
HSIH 1025.7 1063.5 7110.0 1692.2 1077.3 1977.6 306.2 745.8 1224.4 1074.9 1093.9 lt03.2 
P 265.6 262.9 260.2 257.5 254.8 252.1 249.5 246.8 243.6 239.6 236.7 233.8 
S.F. 36458.0 37670.2 292,9.8 54926.9 36461.6 58492.1 11364.8 27997.5 43081l.0 38096.2 38472.8 38563.7 
S. TEMP 441.86 440.74 441 .50 436.04 436.50 431.30 437.89 437.36 433.89 432.68 431.34 430.07 
"'AS S-Fl. X 12.5354 12.3956 12.2610 12.1105 11.9723 11.8313 11.6896 11.5487 10.0562 3.6065 1.4157 2.6014 
QVAL ITY 0.75816 0.76279 0.76747 0.77223 0.77707 0.78200 0.76703 0.79218 0.79894 0.81109 0.81916 0.63619 
GAP 0.06616 0.06616 0.00609 0.06629 0.0657Z 0.06588 0.06538 0.~6636 0.06643 0.06606 0.06601 0.06595 
*.*RELAP PREDICTIONS (STAR~ED).". 
*He 59.1 58.7 :is •• 58.0 57.6 57.2 56.8 56.4 5~.S 2e.8 7.8 17.4 
*S.F. 24654.0 24501.5 24378.9 24226.6 24085.1 23946.2 23803.4 23662.9 2245::!.2 12140.5 3333.5 7459.1 
*S.TEMP 823.41 822.80 82, .20 821.60 821.0t 820.42 819.83 819.24 618.73 819.65 822.35 823.27 
*H.T.MaOE 9 9 9 9 9 9 9 9 9 9 7 9 

N ..... 
~ 

TtME-- 16.8000 16.8500 16.9000 16.9500 17.0000 
NOOE 

17.0500 17.1000 17.1500 17.2000 17.2500 17.3000 17.3500 

1 482.0946 480.8340 479.$784 478.3293 477.0879 475.8552 474.6348 473.4270 472.2~36 471.0!:69 4E9.8<;75 468.7561 
2 474.9150 473.69~7 472.4888 471.2866 47001003 466.9333 467.7893 466.6665 465.5671 464.4941 463.4441 462.4160 
3 467.9390 466.7637 466.5928 464.4446 463.3340 462.2612 461.2209 460.2063 459.2246 458.2749 457.3613 456.4417 
4 461.1621 460.00113 468.6770 457.6076 456.8225 455.8838 464.9736 454.0798 453.2~66 452.4321 461.6404 450.8342 
5 457.2083 456.0547 454.9556 453.9744 453.1130 452.2722 451.4441 460.6174 449.8777 449.1677 448.4465 447.6750 
6 455.9268 454.7690 453.08111 452.7429 451.9312 451.1199 450.3152 449.5071 448.8076 448.1274 447.4243 446.6560 
7 454.2480 453.08:> 2 462.0303 451.1577 450.4253 449.6494 448.8740 446.0876 447.4!!14 446.8098 446.1240 445.3486 
6 46201985 451.0349 450.0439 449.2964 448.6877 447.9338 447.1892 446.4219 445.6%5 445.2<;20 444.6111 443.8015 
9 450.2627 449.1123 .. 48.Zt46 4'17.6267 447.1499 446.3799 446.6614 444.9043 444.5264 .. 3.9319 443.2363 442.3694 

10 447.8889 446.781>6 446.0518 445.7117 445.4026 444.5391 443.8613 443.105Z 442.9795 442.3396 441.6023 440.6299 
11 444.6359 443.8916 .43 ... 595 443.5227 443.4058 442.2488 441.6790 440.8965 441.2612 440.3940 439.5776 438.4094 
12 441.5732 440.9922 440.9922 441.5737 441.5737 439.8289 439.5383 438.6660 439.8;196 438.3752 437.5024 436.0481 
13 428.6599 430.8345 .,32.8049 436.6697 435.4353 429.9028 432.1326 430.2910 436.2629 430.0383 429.6768 426.6411 
U 427.2312 429.91~4 432.0737 435.2007 434.8303 428.7310 431.4875 429.4066 436.1375 429.0032 428.8975 425.6108 
15 425.6851 429.1106 431.44113 434.8596 434.2305 427.3760 430.9626 428.4753 436,.2598 427.7422 428.1394 424.4944 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ' 0.0 0.0 0.0 
TB 394.0427 392.8242 419.4231 610.3137 552.8372 565.6096 564.2002 659.9050 557.1206 655.4014 553.9226 552.6008 
HB 1856.9 620.7 1535.7 -95.4 -173.7 -382.7 -97.9 -256.5 111.0 -406.8 -195.0 -321.1 
TSAT 394.0 392.8 393.8 390.3 388.9 387.5 385.5 383.0 380.4 377.5 :374.6 372.1 
HSAT 1856.9 620.7 482.5 162.1 459.0 1 :361.3 288.5 752.7 -23S.7 1053.0 462.8 797.6 
P 2:30.9 227.7 230.2 221.1 217.6 214.0 209.0 202.9 196.6 189.9 183.5 177.8 
S.F. 57191.8 22318.0 18052.4 7210.9 20658.5 53198.5 13058.2 33841.7 -13369.6 52117.4 24600.5 41335.3 
S.TEIIIP 424.84 428.78 431.18 434.76 433.93 426.59 430.77 427.96 436.46 426.98 427.78 423.88 
MASS-FLX 5.5157 7.9873 13.0592 16.5793 19.7532 23.1834 28.1561 35.2649 41.8091 47.2584 52.0652 54.9957 
QUAL tTy 0.87338 0.93348 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06592 0.06537 O. 00602 0.06648 0.06702 0.06697 0.06606 0.06666 0.06641 0.06754 0.06642 0.06652 
.**RELAP PREDICTIONS ISTAR~EOl*** 
*H8 32.7 44.9 70.1 79.5 91.0 104.6 120.4 144.8 166.9 185.1 202.9 209.7 
*S.f='. 13992.3 19210.1 29912.2 25557.1 24414.6 26208.4 29867.6 36Z69.8 41611.1 45979.7 50347.2 51592.3 
*5. TEMP 822.74 821.36 818.72 816.89 815.99 814.90 813.39 811.01 808.08 804.84 801.73 798.86 
.H.T.MODE 9 9 9 8 8 8 8 8 6 8 8 8 



T I ~E-- 17.4000 17.4500 17.5000 17.5500 17.6000 17.6500 17.7000 17.7500 17.8000 17.8500 17.9000 17.9500 
NODE 

I 461.6333 466.5278 465.4395 464.3647 463.3030 462.2524 461.2126 460.1838 459.1650 458.1560 457.1541 456.1575 
2 461.4050 460.4070 ~59.4177 458.4324 457.4495 456.4712 455.5000 454.5376 453.5840 452.6345 451.6838 450.7261 
3 455.5386 454.6331 453.7197 452.7930 451.8616 450.9336 450.0190 449.1184 448.2239 447.3210 446.3938 445.4402 .. 450.0173 449.1694 448.c!930 447.3855 446.4802 445.5955 444.7439 443.9104 443.0686 442.1841 441.2312 440.2354 
5 446.8875 446.0386 445.1560 444.2334 443.3408 442.4944 441.6963 440.9082 440.0833 439.1724 438.1531 437.1040 
6 445.8728 445.0154 444.1255 443.1914 442.3054 441.4741 440.6913 439.9231 439.0972 438.1660 437.1111 436.0415 
7 444.5713 443.6911 442.7888 441.8357 440.9658 440.1609 439.4180 438.6597 437.8257 436.8557 435.7412 434.6455 
8 443.0288 442.0972 441.1743 440.1885 439.3599 438.6021 437.9124 437.1655 436.3013 435.2527 434.0364 432.9207 
9 441.6091 440.5971 439.0606 438.6338 437.8770 437.1736 436.5430 435.7920 434.8757 433.7197 432.3823 431.2751 

10 439.9104 438.7490 437.8159 436.7217 436.1091 435.4773 434.9270 43401401 433.1262 431.7947 430.2813 429.2412 
11 437.8206 436.3433 435.4924 434.2688 433.9788 433.4175 432.9824 432.0742 430.8750 429.2415 427.4722 426.6677 
12 435.7571 433.7190 433.1367 431.61107 431.9719 431.3896 43100981 429.9326 428.4756 426.4343 424.3923 424.1008 
13 428.5808 422.7944 424.7107 421.5154 425.5896 423.9753 424.4795 421.5220 418.9492 414.9521 412.0671 4l5.2986 
14 427.9504 421.5159 423.9548 420.4045 425.1169 42301963 423.8555 420.5951 417.9233 413.6787 410.7456 414.5510 
15 427.4253 420.0452 423.3 103 419.2000· 424.8308 422.3708 423.2747 419.5806 416.8~18 412.2925 409.3584 413.9663 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 551.3008 549.9956 :;48.0911 553.8120 554.1445 555.0986 556.1257 558.1531 559.4934 560.8<;62 563.2314 567.2527 
H8 -111.6 -439.6 -IJ 7.9 -330.4 -21.0 -226.7 -135.9 -272.7 -274.1 -342.0 -317.3 -89.2 
TSAT 369.0 366.1 303.2 362.2 361.5 l60.0 358.5 357.1 355.6 354.0 352.4 350.9 
HSAT 237.9 1083.9 289.7 79304 42.8 487.8 280.6 612.6 646.9 888.0 873.2 217.8 
P 171.3 165.3 1:;9.4 157.3 156.0 153.1 150.2 147.5 144.6 141.8 139.0 136.2 
S.F. 13842.2 57498.4 173JO.8 44698.2. 2111.2 30186.1 18092.3 37946.2 39261.7 51087.0 49062.9 13697.8 
S.TEMP 427.22 419.20 423.05 418.54 424.79 421.92 423.01 419.02 416.25 411.53 408.63 413.76 
MASS-FI.X 57.9796 60.1999 62.(1837 57.2475 51.5596 48.3070 44.8595 41.4753 37.8061 33.9~30 29.7458 25.0281 
QUAI. tTy 1.00000 1.00000 1.0,)000 l.OOOOO 1.00000 1.00000 1.00000 1.00000 1.00000 l.OOOOO 1.00000 1000000 
GAP 0.06613 0.06606 0.00574 0.06633 0.06589 0.06681 0.06655 0.06674 0.06629 0.06600 0.06550 0.06526 
.*.RELAP PREDICTIONS (STARRED' ••• 
*H8 219.6 226.3 231.2 221.3 200.8 189.9 179.2 169.6 157.2 143.1 128.8 114.5 
*S.F. 53713.1 55099.3 559119.8 52185.6 46979.2 44122.6 41413.9 38960.3 35769.0 32339.1 28822.9 25349.4 
*5. TEMP 796.06 793.40 79(l.88 78e.86 .788.18 787.60 787.18 786.90 786.80 786.92 787.23 787.77 
-H. T .MODE 8 8 8 8 8 8 8 8 8 8 8 8 

N 
N 
0 

TI~E-- 18.0000 18.0500 18.1000 18.1500 18.2000 1 e .2500 18.3000 18.3500 18.4000 18.4500 18.5000 18.5500 
NODE 

I 455. U,58 454.1777 453.1965 452.2266 451.2725 450.3394 449.4312 448.5508 447.6~90 446.6760 446.0815 445.3159 
2. 449.7642 448.8071 447.8706 446.9675 446.1074 445.2959 444.5305 443.8057 443.1140 442.4509 441.8152 441.2095 
3 444.4827 443.5603 442.1034 441.9275 441.2349 440.6155 440.0457 439.5073 438.ge80 438.4e34 437.9985 437.5544 .. 439.2756 438.4426 437.7571 437.2087 436.7766 436.4146 436.0635 435.7061 435.3342 434.9607 434.6108 434.3445 
5 43601719 435.4817 434.9912 434.6545 434 •• 316 .3 •• 2402 433.9968 433.7151 433.3972 433.0811 432.6110 432.6887 
6 435.1323 434.5151 434.1069 433.8528 433.7063 433.5696 433.3513 433.0862 432.7793 432 •• 800 432.2400 432.1807 
7 433.7876 433.3013 433.0210 432.8857 432.6452 432.7727 432.5708 432.3184 432.0173 431.7397 431.5425 431.5835 
8 432.1855 431.9414 431.8511 431.8187 431.9719 431.9541 431.7302 431.4751 431.1 <:58 430.9165 430.7664 430.9988 
9 430.7297 430.7964 430.8938 431.0801 431.2952 431.2954 43100044 430.7400 430.4109 430.1992 430.1509 430.5818 

10 429.0396 429.5930 429.6984 430.2769 430.6292 430.5940 430.1577 429.8901 429.5229 429.3806 429.4612 430.2468 
11 427.1309 428.4761 428.9219 429.5344 430.0276 429.8193 429.0852 428.8726 428.4297 428.4409 428.7390 430.1548 
12 425.5591 427.8926 428.1843 429.0586 429.6414 429.0581 427.8923 427.8923 427.3068 '127.6003 428.1831 430.515. 
13 421.8210 428.3833 425.9695 428.3689 428.9436 425.8457 422.6196 424.5906 422.8948 425.0710 426.9133 434.2131 
14 421.7014 428.6760 425.6694 428.3928 428.8994 425.4241 421.9937 424.3455 422.4087 424.9087 426.8599 434.8394 
15 421.8457 429.2122 425.l700 428.5149 428.8740 424.8894 421.2617 424.1931 42 t .8li:65 424.8413 426.8796 435.7346 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 572.1650 581.1753 :;93.6484 606.7629 619.7505 627.3528 613.5051 598.1687 572.9204 550.4246 543.3792 536.6208 
H8 94.3 175.0 -106.4 44.5 -2.1 -110.8 -148.0 -8.7 -136.5 11.0 26.7 401.0 
TSAT 349.2 347.6 346.6 345.9 345.2 344.5 343.6 343.2 342.3 341.5 340.8 340.1 
HSAT -194.3 -323.3 228.8 -95.7 . 4.7 280.6 369.1 18.7 260.8 -Hi.5 -36.1 -417.8 
P 133.3 130.4 1<1.8.7 127.6 126.4 125.3 123.6 123.2 121.7 120.5 119.3 118.1 
S.F. -14149.2 -26524.6 17942.9 -7922.3 392.4 22461.4 28506.9 1514.7 2066<:.5 -1375.9 -3107.2 -40220.5 
S.TEMP 422.06 429.60 425.01 428.63 428.87 424.56 420.84 424.17 421.56 424.86 426.93 436.33 
fIIAS5-FI.X 19.4992 12.4407 5.9221 1.5756 3.5230 7.8439 9.4385 12.7648 14.2161 15.6824 16.8385 17.9892 
QUAI.ITY 1.00000 1.00000 1.011 000 1.00000 1.00000 1.00000 1.00000 1.00000 1000000 1.00000 1.00000 1.00000 
GAP 0.06612 0.06737 0.061140 0.06177 0.06813 0.06814 0.06753 0.06702 0.06749 0.06123 0.06769 0.06799 
*.*RELAP PREDICTIONS (STARRED) ••• 
-HB 95.3 69.11 J8.8 11.9 18.8 41.3 50.5 59.5 6<;.4 7e.2 80.3 83.4 
*S.F. 20735.5 14735.2 777 1.4 3420.5 3377.3 6918.2 9069.8 11565.0 15148.0 18054.4 19949.7 21060.0 
*s. TE~P 788.63 789.97 791.98 794.01 795.79 796.19 795.97 795.58 794.58 793.26 791.97 790.80 
*H.T.MODE 8 8 8 8 8 8 8 8 8 8 8 8 



TIME-- 18.6000 18.6500 18.l000 18.7500 18.8000 18.8500 18.9000 18.9500 19.0000 19.0500 19.1000 19.1500 
NODE 

1 444.5803 443.8782 443 • .a 102 442.5791 441.9834 441.4219 440.8933 440.3972 439.9319 439 •• <;61 439.0l!76 438.7046 
2 440.6421 440.1199 439.6431 439.2080 438.8059 438.4312 438.0811 437.7568 437.4583 437.1807 436.9194 436.6733 
3 437.1733 436.8611 436.0021 436.3743 436.1570 435.9487 435.7546 435.5847 435.4360 435.2937 435.1497 435.0122 
4 434.2004 43401489 434.1267 434.0923 434.0168 433.9338 433.8672 433.8428 433.8301 433.7<;00 433.7207 433.6663 
5 432.7488 432.8889 432.9958 433.0396 432.9946 432.9619 432.9661 433.0408 433.0991 433.0818 433.0234 433.0183 
6 432.3252 432.5325 432.0733 432.7317 432.6846 432.6677 432.6980 432.8120 432.8e92 432.8E87 432.8079 432.8242 
7 431.8574 432.1526 432.3228 432.3845 432.3186 432.3252 432.3926 432.5649 432.6584 432.6196 432.5498 432.6030 
8 431.4707 431.8601 432.0227 432.0557 431.9329 431.9B41 432.1067 432.3689 432.4553 432.3577 432.2705 432.3960 
9 431.2744 431.7190 .31.8220 431.8003 431.5952 431.7241 431.9077 432.2744 432.3142 432.1250 432.0261 432.2612 

10 431.2410 431.6819 431.6345 43105234 4310 1833 431.4797 431.7427 432.2678 432.1738 431.8298 431.7412 432.1775 
11 431.5496 431.7939 43104138 431.1836 430.6172 431.3167 431.6538 432.4424 431.9883 431.3889 431.4001 432.2380 
12 432.2634 431.9722 431.1)979 430.8069 429.9326 431.3894 431.6804 432.8459 431.6807 430.8069 431.0981 432.5544 
t3 436.5876 432.2705 429.0852 429.2175 426.6794 433.1726 432.0791 435.4644 429.3784 427.9082 430.3835 435.1755 
14 437.0840 432.1370 428.7756 429.0703 426.2742 433.5872 432.0764 435.8396 428.9343 427.5154 430.4065 435.6045· 
15 437.6448 431.8301 428.3530 428.9390 425.7793 434.2527 432.0188 436.331H 428.2537 427.2039 430.5325 436.2080 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 535.2744 534.4780 633.4182 533.7588 5:31.5793 530.7544 531.3875 533.6389 536.4270 540.5242 546.0708 545.0857 
HB 215.1 -167.1 -172.3 -34.8 -189.8 335.0 -4601 224.2 -297.4 -119.4 70.7 247.1 
TSAT 339.6 339.2 ~8.8 338.3 331.8 .:!37.4 336.9 336.5 33E.O 335.5 335.7 336.0 
HSAT -212.7 186.1 203.2 40.3 229.8 -330.6 48.3 -21701 352.1 148.2 -85.9 -266.6 P 117.3 116.7 116.1 115.4 114.6 114.0 113.3 112.6 111.9 111.1 111.4 111.9 S.F. -20934.0 17197.2 18149.9 3647.2 20137.8 -32170.5 4584.7 -21747.2 32307.9 13552.4 -8154.4 -26808.5 
S.TEIiIP 437.95 431.58 428.09 428.89 425.48 434.73 431.95 436.66 427.76 427.00 430.65 436.60 MASS-FLX 18.1481 17.7063 17.0787 16.0473 15.0292 13.9495 12.6426 11.2865 9.7594 7.9851 6.9834 7.6048 
QUIILITY 1.00000 1.0:)000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 10 00000 1.00000 1.00000 1.00000 
GAP 0.06918 0.06933 1).06840 0.06784 0.06793 0.06753 0.06873 0.06842 0.06894 0.06778 0.06762 0.06815 
••• RELAP PREOICTIONS (STARREO) ••• 
·He 85.7 83.9 80.8 77.7 73.4 68.7 63.6 58.5 52.0 43.9 39.3 41.8 ·S.F. 21842.9 21354.9 20505.1 19738.7 18768.3 17592.4 16268.2 14833.3 13063.2 I085t.9 9517.2 10132.5 
*5. TEMP 789.64 788.78 7811.12 787.65 787.30 787.06 786.96 787.00 787.17 7137.49 787.92 788.05 *H.T.Mooe 8 8 8 8 8 8 8 8 II 8 8 6 

tv 
tv ..... 

TIME-- 19.2000 19.2500 
HooE 

19 • .1 000 19.3500 19.4000 19.4500 19.5000 19.5500 19.6000 19.6500 19.7000 19.7500 
1 438.3459 438.0107 437.0978 437.4063 437.1360 436.6845 436.6521 436.4375 436.2380 436.0527 435.8799 435.7185 2 436";;4451 436.2354 436.0432 435.8674 435.7061 435.5603 435.4272 435.3044 435.1882 435.0779 434.9707 434.6657 3 434.8948 434.7979 434.7129 434.6367 434.5718 434.5173 434.4670 434.4165 434.3E13 434.3030 434.2388 434.1667 

" 433.6589 433.6731 433.6807 433.6855 433,7041 433.7292 433.7407 433.7388 433.7156 433.6870 433.6404 433.5762 5 433.0974 433.1787 433.o!231 433.2622 433.3286 433.3958 433.4241 433.4338 433.4082 433.3e67 433.3347 433.2607 6 432.9402 433.04.!2 433.0925 433.1414 433.2256 433.3052 433.3333 433.3440 433.3135 433.2947 433.2373 433.1563 7 432.7771 432.9006 4.l2.9492 433.0090 433.1194 433.2131 433.2329 433.2417 433.1992 433.1e51 433.1157 433.0232 8 432.6648 432.7944 ",.l2.8198 432.8936 433.0457 433.1477 433.1382 433.1414 433.0713 433.0713 432.9724 432.8623 9 432.6392 432.7405 432.7224 432.8196 433.0227 433.1204 433.0601 433.0623 432.9531 432.ge05 432.8347 432.7070 10 432.7085 432.7095 432.6145 432.7654 433.0510 433.1162 432.9622 432.9788 432.7<;93 432.8906 432.6509 432.5100 II 432.9673 432.6750 432.4636 432.7588 433.1799 433.1343 432.8015 432.8933 432.5696 432.6245 432.3679 432.2461 12 433.4282 432.5544 4J2.~632 432.8455 433.4282 433.1370 432.5547 432.8459 432.2E32 432.8455 43109717 431.9717 13 435.9385 431.2048 431.2722 "'33.7566 434.8936 432.8337 431.0926 432.9924 430.5981 433.5313 429.6875 431.0408 14 436.2043 430.90tl 431.1804 433.9365 435.0752 432.7283 430.8879 433.0767 430.3496 433.7063 429.3269 431.0020 15 436.4839 430.4143 ",31.1018 434.2097 435.2917 432.5413 430.6235 433.2380 430.0ltO 433 ... 973 428.8191 431.0251 
Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T8 543.5596 541.2883 :;38.9490 536.2090 534.3076 ~31.3525 526.0776 520.7659 517.7937 516.2e59 515.1072 512.1047 HB 89.8 -210.8 -16.6 125.8 86.0 -96.1 -115.7 97.2 -171.6 175.9 -266.0 42.3 TSAT 336.3 336.6 3.l6.9 337.2 337.5 :!37.S 338.1 338.4 33e.2 337.9 337.7 337.4 HSAT -95.8 250.9 19.0 -131.8 -86.9 100.5 119.8 -89.4 164.9 -150.0 253.7 -36.5 p 112.4 112.8 113.3 113.7 114.2 114.5 115.0 115.5 11 S. 3 114.8 114.4 113.9 S.F. -96C5.3 23442.5 1793.0 -12807.2 -8509.2 9507.4 11063.4 -6492.3 15098.8 -14438.6 23047.2 -3424.0 S.TEMP 436.63 430.07 4l1.08 434.40 435.42 432.40 430.46 433.36 429.79 434.21 428.48 431.08 MA5S-f'LX 8.1899 8.8222 9.4042 10.0825 10.5945 11.0623 11.5427 11.9234 12.4748 12.1896 12.0271 11.9519 QUALITY 1.00000 1.0000 0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 loOOOOO 1.00000 GAP 0.06895 0.06892 0.00801 0.06808 0.06854 0.06868 0.06825 0.06799 o .06e37 0.06793 0.06849 0.06778 ***RELAP PREDICTIONS (STARRED).". 
*He 44.7 47.5 ",9.9 53.0 54.9 57.1 58.6 60.2 63.2 61.5 61.0 60.6 *S.F. 10907.7 11691.8 12387 .... 13283.7 13814.3 14507.0 151 ... 3.8 15834.3 16779.5 1637e.1 16290.0 16322.0 .S.TEMP 787.91 787.60 787.20 786.71 786.18 785.60 784.98 784.30 783.55 782.94 782.42 781.92 *tt.T.MOOE 8 8 8 8 8 8 8 e 8 8 8 8 



TIME-- 19.8000 19.8500 19.9000 19.9500 20.00b\) 
1 435.565<' 435.4192 435 • ..! 786 435.1426 435.0105 
2 434.7603 434.6519 434.5422 434.4307 434.3171 
3 434.0813 433.9873 433.d884 433.7839 433.6741 
4 433.4817 433.3806 433.2822 433.1699 433.0544 
5 433.1 ~77 433.0286 432.9321 432.8059 432.6843 
6 433.0183 432.9089 432.8157 432.6799 432.5586 
7 432.8599 432.7542 432.0658 432.5139 432.3938 
8 432.6521 432.5671 432.4'897 432.3025 432.1934 
9 432.4355 432.3982 432.3298 432.0884 432.0076 

10 432.1367 432.20~5 432.1431 431.8000 431.7893 
11 431.6821 432.02f>9 43109172 431.3f>69 431.5483 
12 431.0981 431.9722 431 ... 807 430.8066 431.3889 
II 428.1836 432. 7 Of> 8 430.5610 427.9114 431.4629 
14 427.7983 432.9473 430.3750 427.6035 431.6003 
15 427.3096 433.;:'655 430.1016 427.1475 431.8792 

Q 0.0 0.0 0.0 0.0 0.0 
T8 508.5386 505.1780 ,,02.0151 499.0686· 496.6904 
HB -253.2 295.3 -179.9 -258.1 230.5 
TSAT 337.0 336.7 336.4 336.1 335.8 
HS"T 229.5 -217.8 138.8 205.3 -154.6 
P 113.4 113.0 112.5 112.0 111.6 
S.F. 20646.0 -21113.9 12911.4 18637.2 -14B87.3 
S.TEMP 421.01 433.08 429.91 426.87 432.10 
MASS-F1..X 11.7,"9 11 .5.194 11.3248 11.094B 10.8900 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06811 0.06163 0.00849 0.06806 0.06764 
••• RELAP PREDICTIONS (STARREO •• ** .He 59.5 58.8 :;;7.8 56.9 56.3 
*S.F. 16233.4 16192.0 16096.7 15974.8 15925.3 
.S.TEMP 781.43 780.96 780.50 780.06 779.64 
*H.T.MDDE 8 8 8 8 8 

N 
N 
N 

318207..................... ENERGY 8AL~NCE •• * •• * •••••••• * ••••• * •••••••••• 
* •••• * THERMCCOUPLE NUMBER: T~-31dBG TINE: 13:33:18 OATE: JULY 8 

•••••• THTF 8LOW:-OOWN TE5T NO.104*PRELIMINARY*BD104.BE.PI. 

CHANGE IN P IN INTERNAL ENERGY ~ONTENT .. 31.644226 BTUJ'FT 
OETERM1NEO BY SUMMATION iJF Oi:LTII. U'S OVER THE INTERVAL FROM T=O TO TEND. 

CHANGE IN P IN INTERNAL ENERGY CONT':;NT " 31.547119 B TUJ'FT 
DETERMINED BY DIFFERENce IN PIN END POINT ENTHALPIES. 

TOTAL HEAT INPUT = INTEGRAL OF OTOT.OT" 32.052841 BTUJ'FT 

INTEGRAL OF SURFACE FLUX VERS~ TIME CURVE *a.o.PI*RQ= 63.674576 BTUJ'FT 

PERCENTAGE ERROR IN OVERAL~ HEAT BALANce = 0.0353 PERCENT 
ERROR IN OVERALL HEAT eALANCE (VIA METHOO 2l" 0.1173 PERCENT 
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OVERLAY OF MIDDLE THERMOCOUPLE RESPONSE (ASTERISKS) VS QRINC-PREDICTED RESPONSE 
I 

Y from 400.0 to 1300.0 as a function of X from 0.0 to 20.0 with 
and with X interval size 0.05. The 
shifted from 0.0 to Y = 400.0 . 

Y interval size 712 
X axis has been 

(XS) 
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Example 3. THTF Blowdown Test 104 (Preliminary. BD104.BE.Pl). 
Thermocouple TE-304CH 

304308 •••••••••••••••••••• CALIBRATION INFORM~TION ••••••••••• * ••••••••••••• 
••••• * THTF BLOW-OOWN TEST NO.l04*PRELIMINA~V.BDI04.BE.PI • 

••••• THERMOCOUPLE NO. 304-CH 

•• *.* MIDDLE T/C --- 304-MH 

••••• DATE CF LAST MODIFICATION: FEe. 17.1977 

U ••• AXIAl.. POWER PEAKING FACT",R ,,.: 1.6820 
DETERMINEC 8V INOIV RESISTANCE CAL. 

**.** COEFFICIENTS FOR TEMPERATURE POLVNOMIAL FIT OF KBN 
DETERMINED FOR THE ABOVE S~EC'FIe ITeS/ITCM PAIR 
C(I'= 0.25013443E 02 
C121= -0.92~54452E-02 
C(31= -0.57008589E-06 
C(41= 0.11126001E-09 

VARIANCE OF FIT'" 0.12019492E 02 
UNITS FOR KeN FIT: BTU/(HR$FT •• 2/FT.FI 

* •••• COEFFIEIENTS FOR TEMPERATURE POLVNOMIAL FIT FOR KMGD 
DETERMINED FOR THE ABOVE SPECIFIC T/C PAIR 
Clll= 0.81721716E 01 
C121= -0.11537734E-Ol 
C(31'" 0.80284162E-05 
C(41= -0.27536375E-08 
C(SI= 0.42359909E-12 

VARIANCE OF FIT- 0.6773406IE 01 
UNITS FOR KMGD FIT: BTU/IHR.FT •• 2/FT.FI 

ACTUAL MOO POROSITY CALCU .. ATEO VI A MODIFIED 
RUSSEl..L EOUATlON: J .18026149£ 00 .* ... COEFFICIENTS FOR THE T~MAL E~ANSION GAP MODEl.. FIT 

DETERMINEO BV USING THE BIAS ~AP VALUE AS A MEAN GAP 

C(I'= 
Cl21 
C( 31= 

0.0 
0.0 
0.0 

VARIANCE OF FIT= 0.0 

.;iD= 
SO: 
so= 

0.0 
0.0 
0.0 

GAP CALCULATION AT T~ BIAS PQINT 0.0826 « MIL!:' 



30.308 •••••• *** ••••••••• **.. CASE INFORMATtON ••••••• ** ••••••••• ***.**.**. 
*****. THERMOCOUPLE NUMBER: T~-30.CH TINE: 13:33: 18 

•••••• THTF BLOW-DOWN TEST NO.l0 •• PRELININA~Y.BOI0 •• BE.Pl. 

TOTAL NUMBER OF RADIAL NODES s 15 
MAGNESIUM OXIOE CORE NOD~ 
INCONEL-600 HEATER NODES 
BORON NITRIDE NODES 
INNER S.S.SHEATH NODES 
OUTER 5.S.SHEATH NODES 

1 THROUGH 
5 THROUGH 
1 THROUGH 

10 THROUGH 
13 THROUGH 

OUTSIDE RADIUS OF MGO CORE = 0.906700E-02 FT. 

4 
6 
9 

12 
15 

OUTSIOE RADIUS OF INtONEL LAY~ = 0.101670E-01 FT. 
OUTSIDE RAOIUS OF BORON NITRI~ = 0.143330E-OI Fl. 
OUTSIOE RADIUS OF INNER S.S.SHeATH = 0.168330E-OI FT. 
OUTSIDE RADIUS OF OUlER S.S.S~ATH • 0.176670E-OI FT. 

RADIAL GAP INFORMATION: II.E. dlAS POINT' 
GAP BETWEEN INNER AND OUT~R S.S.SHEATHS = 0.0826 MILS 

FOWER PEAKING FACTORS: 
AXIAL = 1.681979 
RADIAL (INCDNELI = 1.000000 
RADIAL (CU-NII. 0.0 

CATE: JUL'f 8 

304308 •••••• ***.*... STEADY SrATE TEMPERATURE PROFILE * •• *********.***.* •• 

•••••• THERMOCOUPLE NUMBER: Te-304CH TIME: 13:33: 18 

•••••• THTF BLOW-DOWN TEST NO.l04*~REl.IMINARY.BDI04.BE.PI. 

Q = AVERAGE HEAT GENERATION PER FT = 9.790415 BTU/SEC/PT 
O.AKIAL PEAKING FACTOR = 16.467270 STU/SEC/FT 

CATE: JUl.'!' 8 

HF = OUTSIDE FILM COEFFICIENT ~ 0.10329156E 06 BTU/(HR*FT**Z*DEG FI 
T6 : BULK COOLANT TEMPERATURE 619.45 OEG F 

PIN TEMPERATURE PROFILE: 
NODE 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

TEMPeRATURE COEG FI 
1229.66 
1229.66 
1229.66 
1229.66 
1229.66 
1211.02 
1142.37 
1059.90 
997.21 
945.42 
898.89 
856.36 
699.47 
684.64 
670.19 

SURF ACE HEA T PLU". 0.5340500 6E 06 iI TUI'HR/F t •• 2 
SURFACE TEMPERATURE- 663.11 ~G F 

PRESSURE= 2332.5 PSIA 
SATURATION TEMPERATURE (AT tHE AeO~E PRESSURE': 657.94 OEG F 

HEAT TRANSFER MODE AT THE SURFACE UF THE PIN: NUCLEATE BOILING 

N 
N 
VI 



3043~6** ••• *.............. TRANSIENT RESULTS ••••••••••••••••••••••••••••• 

•••••• THERMOCOUPLE NUMBER: Tc-304CH liME: 13:33:18 

••• * •• THTF BLeW-DOWN TEST NO.I04.PRELIMINARY*6D104.BE.PI. 

TIME-TEMPER.TURE-NOOE TA6LE: 
TIME H.S UNITS OF SEC 
TEMPER.TURE HAS UNITS OF uEG F 
Q HAS UNITS OF BTU/SEC 1FT 
HB (BASED ON TBI HAS UNIT~ OF BTU/(HR*FT*.2*OEG PI 
BULK TEMPERATURE HAS UNIT~ OF OEG F 
HS~T ceASED ON TSAT' HAS uNIT~ OF BTU/CHR*FT •• a*OEG F' 
PRESSURE HAS UNITS OF PSIA 
SATURATION TEMPERATURE HAS UNITS OF OEG F 
SURFACE FLUX (S.F.I HAS ~ITS OF BTU/HR/FT.*a 
SURFACE TEMPERATURE HAS UNITS OF OEG F 
AVERAGE MASS FLUX HAS UNITS OF LBM/seC/FT •• 2 
GAP HAS UNITS OF MILS 

TIME-- 0.0 0.0500 0.1 CO? 0.1500 0.2000 
NOOE 

0.2500 

I 1229.6633 1229.66H 1,29.0592 1229.6570 1229.6543 1229.6492 
2 1229.6633 1229.6606 Ill9.o570 1229.6504 1229.6377 1229.6126 

0.3000 0.3500 0.4000 

1229.6409 1229.6279 1229.6069 
1229.5681 1229.4998 1229.4048 

3 1229.6633 1229.6597 1,29.6499 1229.6248 1229.5642 1229.4514 1229.2788 1229.0437 1228.7466 
4 1229.6633 1229.6521 1229.0187 1229.5178 1229.2859 1228.9033 1228.4048 1227.8079 1227.1~38 
5 1229.6633 1229.6357 1'29.~574 1229.3169 1226.6069 1228.0757 1227.2605 1226.3611 1225.4131 
6 1211.0220 1210.9929 1~10.9028 1210.6279 1210.0532 1209.2524 1208.3853 1207.4485 1206.4E95 
7 1142.3672 1142.3359 1142.2139 1141.8433 1141.1064 114001641 1139.2280 1138.2766 1137.2991 
8 1059.8962 1059.6467 IG59.o360 1059.0193 1057.6999 1056.6992 1055.7112 1054.7539 1053.7e59 
9 997.2068 997.1211 \196.7763 995.8135 994.2067 992.7949 991.8633 990.9114 989.9446 

" 945.4236 945.2815 944.1410 943.2734 941.0313 939.4653 938.7041 937.7258 936.7285 
11 898.8909 898.6526 897.8069 895.5845 892.4902 890.9453 890.5525 889.4636 888.4077 
12 856.3579 855.9656 854.0665 651.3562 847.2188 846.11 55 8'16.3914 845.0117 843.9082 
13 699.4697 698.6863 094.7378 685.1206 675.7334 678.9028 683.2842 679.3518 678.1472 
14 684.6375 683.7292 079.4216 669.0054 659.1299 66:!.1580 667.9819 663.5200 662.4045 
15 670.1899 669.1377 064 • ..J552 652.9504 642.6062 641.9502 653.2434 647.9465 647.0293 

0 16.46727 16.46417 16.46417 16.46417 16.46417 16.46411 16.46417 16.45212 16.44008 
T8 619.4534 617.2334 027.1915 628.5891 630.0339 631.0908 626.9185 628.5107 627.9131 
H8 103291.6 12089.6 19337.4 37212.9 144076.2 51846.4 31020.4 49368.4 4861e.6 
fS.I\T 657.9 630.5 6l9.6 628.6 630.0 631.1 628.9 628.5 627.9 
HSAT 103294.6 17211.4 20619.0 37212.9 144078.2 57846.4 31020.4 49368.4 48816.6 
p 2332.5 1927.1 1914.2 1900.3 1920.0 1934.4 1904.6 1899.3 1891.2 
S.F. 534050.1 540846.9 ;,62706.5 606653. J 619684.0 549300.4 533299.1 578415.4 564571.9 
S.TEMP 663.11 661.97 656.69 644.89 634.33 640.59 646.11 640.23 639.48 
I'ASS-FLK 742.5525 13.42~O ~96.il356 "01.5842 15601764 133.1134 198.1660 199.9494 361.0011 
QUAL lTV 0.0 0.0 a.o 0.03692 0.07285 0.116"6 0.17392 0.21075 0.22149 
GAP 0.08264 0.08204 0.0<1264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08~64 
••• RELAP PRECICT IONS 15TARRED) ••• 
-HB 55751.2 21067.4 42793.8 41513.4 41525.3 42255.0 40086.4 11939.6 3400.7 
*S.F. 397408.0 2734010 4 4548:;7.1 438704.7 424706.7 428682.7 429040.4 330527.2 206075.4 
*S.TEMP 665.07 643.05 640.22 639.03 640.22 641.30 639.66 656.27 668.49 
*M.T.MOOE 2 4 2 2 2 2 4 4 4 

N 
N 
0\ 

0.4500 0.5000 0.5500 

1229.seu 1229.5459 1229.4963 
1229.2813 1229.1279 1228.9480 
1226.4021 1228.0212 1227.6108 
1226.4524 1225.7712 1225.0920 
1224.5847 1223.7834 1222.9993 
1205.6160 1204.8101 1204.0093 
1136.4448 1135.7024 1134.9050 
1053.0203 1052.4312 1051.6211 
989.3274 986.9197 988.0022 
936.3230 936.1174 934.9297 
686.3~40 888.3835 886.6370 
844.4602 844.7361 841.9763 
662.6116 683.7590 674.1560 
667.4424 668.5608 657.9277 
652.8430 653.7996 641.7610 

16.45212 16.44008 16.44008 
627.5:!44 627.4136 627.7139 

288911.7 26207.1 102856.1 
627.5 627.4 627.7 

26899.7 28207.1 102856.1 
166601 1864.5 1888.5 

527447.6 540e93.7 609025.8 
645.79 646.58 633.64 

423.4"85 452.9277 435.7056 
0.20e31 0.18314 0.16151 
0.08264 0.08264 0.06264 

232 ... 5 2562.0 3238.8 
202946.8 251507.6 316586.3 

714.66 725.59 725.34 
4 4 4 



TIME-- 0.6000 0.6500 0.7000 0.7500 0.6000 0.B500 0.9000 0.9500 1. 0 OO~ 1.0S00 1 .1000 101500 
NODE 

1 1229.4377 1229.3640 1.:29.,764 1229.1736 1229.0559 1226.9219 1228.7712 1226.6047 1228.4236 1226.2283 1228.0166 1227.7957 
2 1228.7417 1228.50~6 14'6.~498 1227.9658 1227.6589 1227.3326 1226.9912 1226.6369 1226.2776 1225.9089 1225.5330 122501467 
3 1227.1711 1226.7004 1,26.2007 1225.6755 1225.1387 1224.6021 1224.0747 1223.5630 1223.0~98 1222.5593 1222.0547 1221.5439 
4 1224.3B09 1223.6272 1'22.~569 1222.0732 1221.3342 1220.6563 1220.0435 1219.4910 1218.9~70 1216.3518 1217.7471 1217.1284 
5 1222.1301 1221.1960 1,20.2910 1219.3601 12U3.6331 1217.9966 1217.4556 1216.9819 1216.3752 1215.7529 1215.0605 1214.3760 
6 1203.1060 1202.1362 1201.1967 1200.2769 1199.5278 1198.9165 1198.4014 1197.9282 1197.3101 1196.6631 1195.9592 1195.2627 
7 1133.9556 1132.9497 1131.,)839 1l31.t091 1130.4097 1129.9265 1129.5234 1129.0576 1128.4J09 1127.7405 1127.0557 1126.3699 
8 1050.5500 1049.4944 1~48.~393 1047.7925 1047.2654 1041.0659 1046.6440 1046.3564 1045.6436 1044. e823 1044.2391 1043.5618 
9 986.73J!2 985.6501 984.7434 984.1753 983.8601 983.9965 983.8909 983.2737 982.4<:65 961.5745 981.0151 980.3669 

10 933.3540 932.2766 ~ll.4404 931.1082 931.0349 931.5952 931.5024 930.6033 929.5088 928.6(79 928.1843 927.4993 
II 884.6'323 883.6777 cl82.9531 882.9709 863.1904 884.3279 884.0549 882.6445 881.2590 680.3308 880.1599 879.3481 
12 839.4927 836.9407 tI.18 • .1 8e7 836.9407 839.4924 e41.4246 840.5967 838.3884 836.7~24 635.9043 836.le04 835.0759 
13 669.6389 672.3518 072 ... 021 676.3169 678.3066 684.7361 679.3176 672.4150 669.9~OO 670.2234 673.3413 669.8806 
14 653.3992 656.6816' 056.9353 661.0713 663.1401 670 .. 1511 663.8816 656.4773 654.0<;lf e54.5162 658.0659 654.1511 
15 631.4150 641.5308 041.,,736 646.3633 648.4397 f56.1885 648.63Jl 640.6892 636.5!:86 639.3428 643.3057 638.6975 

Q 16.44008 16.44008 16.45049 16.44008 16.45049 16.43843 16.42801 16.43843 16.421101 16.4.3E43 16.42801 16.42801 
T8 627.3049 624.9048 022 • .1184 621.5581 620.4299 618.5605 616.9456 615.7295 614.2fOO 613.8 .. 72 1512.1338 610.1890 
H8 267630.7 59085.3 469QO.3 30070.0 25696.0 16230.1 23656.6 34428.6 3.245.5 30837.7 22237.7 27367.9 
TSAT 627.3 624.9 6<!2.3 621.6 620.4 1518.6 616.9 615.7 614.3 6t~.9 612.1 610.2 
HSAT 267630.7 59085.3 46900.3 30070.0 25696.0 16230.1 23656.8 34428.8 3"24 !.5 30837.7 22237.7 27367.9 
P 1883.0 1851.0 1617.0 1807.0 1792.4 1768.4 1747.8 1732.5 1714.1 170<;;.5 1687.7 1663.9 
S.F ,. 589623.9 547635.3 :>572~ 0.6 531540.0 535550.9 501793.5 569911.4 566433.3 57015<;.3 554897.9 533835.1 570850.8 
5.TEMP 629.51 634.17 634.20 639.23 641.27 1549.48 641.04 632.82 630.91 631.69 636.14 631. OS 
MASS-FLIC 410.9890 488.3894 458.~015 443.1011 464.9485 449.1670 421.4880 395.7139 381.3660 176.8(89 125.8027 142.3015 
QUALITY 0.16470 0.15772 0.16016 0.16158 0.16276 0.16458 0.16982 0.17528 0.18145 O. I 9927 0.24891 0.28548 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.06264 '0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
••• RELAP PREDICTIONS (STARRED) ••• 
*H8 3580.9 3356.9 3149.0 2952.2 2597.2 2296.5 2014.6 1738.7 1424.9 195~.9 2 C09. 0 1064.1 
*S.F. 323612.1 319124.1 lI31~2.8 307777.8 269230.0 276045.6 263161.3 246550.1 221067.2 311297.1 303785.1 182301.2 
.S.TEMP 717.74 720.05 721.eo 725.82 731.86 739.60 747.68 757.78 769.73 773.15 7E3.47 78 1.58 
.H.T.MODE 4 4 " 4 'I 4 4 4 4 4 4 4 

N 
N 

" 

TIME-- 1.2000 1.2500 1 • .1000 1.3500 1.4000 1.4500 1.5000 1.5500 1.6COO 1.6500 1.7000 1.7500 
NODE 

1 1227.5598 1227.3108 1,27.0498 1226.7769 1226.4927 1226.1973 1225.8909 1225.5728 1225.2441 1224.9053 1224.5552 1224.1934 
2 1224.7561 1224.3504 1,23.9502 1223.5354 1223.1135 1222.6646 1222.2476 1221.8030 1221.3462 1220.6170 1220.3933 1219.8953 
3 12210 0288 1220.50118 1219.~866 1219.4568 1218.9250 1218.3879 1217.8420 1217.2815 1216.6970 1216.0872 1215.4558 1214.8049 
4 1216.5168 1215.9001 1~15.28e8 1214.6528 1214.0376 1213.4106 1212.7610 1212.0667 1211.3057 1210.5000 1209.6804 1206.8618 
5 1213.7383 1213.07571':12.43701211.72141211.1047 1210.4241 1209.6951 1208.8760 1207.9402 1206.9873 1206.0661 1205.1855 
6 1194.6072 1193.9319 1193.':747 1192.5471 1191.9094 1191.2222 1190.4741 1189.6233 Il'l8.6470 .1187.6663 1186.7319 1185.8384 ., 1125.6968 1125.0234 1124.~438 1123.6343 1122.9622 1122.3037 1121.5364 1120.6431 1119.6084 1118.f228 1117.7134 1116.8479 
8 1042.9089 1042.2512 1~'U.55el 1040.8674 1040.1885 1039.5881 1038.7524 1031.7590 1036.6013 1035.6606 10J!4.S435 1034.0522 
9 979.6e46 979.0447, ;118 • .1252 977.6497 976.9680 976.4424 975.4551 974.3254 973.0107 972.1968 971.4924 970.7625 

10 926.7615 92601504 1125 • .:1655 924.6970 923.9927 923.5615 922.2815 920.9641 919.4277 918.8494 918.2537 917.5461 
II 878.5696 877.9561 1117.0476 876.4021 875.6489 875.3723 873.5476 872.0161 870.1763 810.0762 669.5591 866.8206 
12 834.2478 833.6958 d32.~913 832.0391 831.2107 e31.2107 628.4467 826.7917 624.5e20 825.4109 824.S584 824.0295 
13 668.9697 668.8670 666.4722 666.7168 665.3347 667.1624 658.1196 656.6365 652.3e33 E59.6497 657.9287 656.3777 
14 653.325" 653.3206 050.7009 651.1147 649.6274 651.7446 641.7285 640.5276 635.9956 644.2842 642.1438 640.5247 
15 636.0566 638.1541 ".15.~434 635.9331 634.2759 E36.7976 625.4133 624.7913 619.8660 629.5S72 626.6877 625.0251 

Q 16.44008 16.44008 16.4:; 049 16.44008 16.46255 16.45212 16.45212 16.45212 16.45212 16.45212 16.45212 16.45212 
TB 609.4617 609.2601 008.4922 607.2402 606.2776 606.1819 605.2251 603.7729 602.7217 601.6718 600.7991 599.5723 
HB 26451.6 25782.5 296 .. 9.2 25983.7 27468.5 23198.4 50761.5 43043.9 64595.3 25118.9 30952.8 31688.6 
TSAT 609.5 609.3 608.5 607.2 606.3 606.2 605.2 603.8 602.1 1)01.9 600.8 599.6 
HSAT 26451.6 25782.5 29669.2 25983.1 27468.5 23196.4 50761.5 43043.9 64595.3 25116.9 30952.8 31686.6 
P 1655.0 1652.6 1043.3 1628.2 1616.7 1615.6 1604.2 1587.1 1574.8 1564.9 1552.4 1538.3 
S.F. 558144.7 553228.5 ~67!>l8.7 552502.4 561669.1 541304.8 609212.7 572159.8 591435.1 519732.5 565424.4 564955.6 
S.TEMP 630.56 630.72 627.62 628.50 626.73 629.52 617.23 617.07 611 .88 622.56 619.07 617.40 
MAS5-FLX 160.0267 164.8113 151.tl504 143.1043 141.7212 100.7939 68.6199 53.5345 61.5;;79 61.2524 57.0447 57.8241 
QUAL iT'!' 0.30316 0.31668 0.32733 0.34049 0.35425 0.36732 0.39260 0.43246 0.46285 0.49375 0.521)90 0.56339 
GAP 0.06264 0.08204 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
••• RELAP PREDICTION5 (STARRED ..... 
·"8 553.7 582.5 5';401 533.9 537.7 440.6 338.6 369.2 317.5 328.3 321.8 336.9 
*S.F. 112369.1 129596. I 131307.7 133563.8 140380.5 119867.5 97557.4 109781.3 99447.5 106520.3 107630.7 116148.2 
*s. TEMP 812.42 831.78 84,..55 857.50 861.42 678.33 893.46 901.24 915.97 92E.36 935.96 944.44 
* .... T.MODE 9 9 9 9 9 9 4 4 9 9 9 9 



TIME-- 1.8000 1.8500 1.9000 1.9500 2.00eo 2.0500 2.1000 2.1500 2.2000 2.2500 2.3000 2.3500 
NODE 

1 1223.8193 1223.43,j8 1.:23. J 361 1222.62651222.1584 1221.5579 1220.7390 1219.6211 121801~55 1216.2268 1213.8577 1211.0015 
2 1219.3833 1218.8582 1'18.~188 1217.7673 1216.6125 1214.4277 1211.0171 1206.3569 1200.5293 1193.6641 11 85.9136 1177.4231 
3 1214.1416 1213.4666 1,12.7800 1212.0796 1207.0044 1197.9412 1186.0623 1172.4294 1157.8~13 1142.8e59 1127.6919 1112.6887 
4 1208.0461 1207.2290 '1,06.3994 1205.5500 1180.6240 1151.6960 1123.9939 1098.6851 1075.7844 1054. <;785 1035.8884 1018.1648 
5 1204.3154 1203.4375 1,,02.:;313 1201.5920 1130.6399 1088.1230 1056.9084 1031.4497 1009.5el1 990.1633 972.4744 956.0325 
6 11 84.9556 1184.0620 1183.1360 1182.1755 1116.6589 1075.4902 1044.7788 1019.6594 998.0732 978.8e70 961.3728 945.0542 
7 1115.9829 1115.0979 1114.1694 1113.2053 1078.3218 1045.8455 1018.7478 995.7744 975.7078 957.6584 941.0024 925.3347 
8 1033.2266 1032.35d6 1J31.4238 1030.4583 1013.9661 993.8608 974.4121 956.4883 939.9805 924.5154 909.7593 895.5234 
9 969.9482 969.0750 968.1060 967.1250 958.4402 946.0188 932.5793 919.1157 905.9180 892.8813 879.9036 867.0173 

10 916.6936 915.7729 ~14.7190 913.6946 909.0083 901.5647 892.6064 882.7024 872.2~32 861.1738 849.6057 837.7832 
11 867.8689 866.8618 865.6660 864.5842 862.3704 858.4712 852.9663 845.8591 837.5586 827.9807 817;3989 806.3274 
12 822.9246 821.8196 B20.43n 819.3328 819.0564 e17.9509 815.1868 810.2112 803.5730 794.9S58 785.0303 774.5017 
13 654.3247 652.7388 ,,50.2820 649.2471 657.0278 665.9243 672.1067 673.0603 670.9238 f63.9578 654.5378 645.0410 
14 638.3691 636.7583 ,,34.1702 63301958 642.0571 651.9500 658.8909 660.2393 658.4~90 651.4790 642.0513 632.6816 
15 622.7478 621.1292 618.3845 617.5217 627.7769 638.6804 646.2739 647.8103 646.2244 639.0981 629.5779 620.3306 

Q 16.45212 16.45212 16.4:;212 16.45212 0.15536 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 598.4775 597.4971 ;;;96 • .J687 595.1104 594.8521 593.4011 592.0039 59101313 590.6545 589.7725 588.5706 587.7175 
HB 34372.4 35662.3 40431.2 3B618.B 19300.0 12016.5 9352.0 8947.3 9060.5 10707.5 13443.5 17431.4 
TSIIT 598.5 597.5 5;16.4 595.1 594.9 593.4 592.0 591.1 590.7 58<;.8 588.6 587.7 
HSIIT 34372.4 35662.3 40431.2 38618.8 19300.0 12016.5 9352.0 8947.3 9060.5 10707.5 13443.5 17431.4 
P 1525.8 1514.7 1501.9 1487.8 1484.9 1468.8 1453.4 1443.8 143e.6 1429.1 1416.1 1406.9 
S.F. 569746.8 568637.1 ;,,75413.8 568278.9 503730.7 468202.3 450911.2 452886.3 449063.5 461948.3 466998.2 460333.2 
S.TEMP 615.05 613.44 610.60 609.83 620.95 1532.36 640.22 641.75 640.22 632.91 623.31 614.13 
MIISS-FLX 59.5925 63.3138 65.1625 73.9920 27.2237 13.7930 5.3472 28.2524 36.2568 21.1229 15.9<;01 29.1J80 
QUilL ITY 0.60319 0.629;;5 0.6~759 0.63588 0.64131 0.65762 0.66947 0.68636 0.70176 0.71373 0.72097 0.72190 
GIIP C .08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08.64 0.08.64 0.08264 0.08264 
••• RELIIP PREDICTIONS (STIIRRED) ••• 
*HB 355.1 387.0 3114.9 436.9 205.9 118.8 51.0 181.9 25E.2 19C.6 130.6 202.8 
*S.F. 125235.3 138963.4 144333.1 162079.8 79062.7 48140.5 21664.3 78655.9 111119.1 82528.3 57684.6 89814.1 
.S.TEMP 951017 956.61 961.97 966.21 978.79 9<;8.67 1017.05 1023.76 1021.13 1022.89 1030.23 1030.71 
*H.T .... OOE 9 9 9 9 9 9 9 9 9 9 9 9 

N 
N 
ex> 

T IME-- 2.4000 2.4500 2.:;000 2.5500 2.6000 2.6500 2.7000 2.7500 2.8 COO 2.8500 2.9000 2.9500 
NODE 

1 1207.6450 1203.7839 1199.42.1 1194.5708 1189.2483 1183.4790 1177.2920 1170.719. 1163.7<;35 1156.5471 1149.C0981141.2090 
2 1168.3289 1158.7476 U48.7834 1138.5361 112801040 1117.5828 1107.0532 1096.5750 1086.1821 1075.8921 1065.7070 1055.6216 
3 1097.9048 1083.3977 1J69.'307 1055.4912 1042.2917 1 C29.7117 1017.7576 1006.3630 995.4282 984.8611 974.5806 964.5156 
4 1001.5381 985.8391 971 .0896 957.4495 945.0862 933.9380 923.7092 914.0393 904.6765 895.5005 886.4294 877.4045 
5 940.5645 925.9749 912.:>486 900.6516 890.4797 881.6121 873.3452 86501428 856.8508 848.5154 840.1089 831.6074 
6 929.6750 915.1687 901.9033 890.2915 880.5195 872.0427 864.0552 856.0010 847.7798 839.4846 831.0881 822.5703 
7 910.4810 896.4580 883.8320 873.0845 8M.3420 856.7546 849.3367 841.5642 833.4949 825.3262 817.0059 808.5259 
8 881.e447 868.9326 857.8206 849.0081 842.3948 836.3733 829.7241 822.1746 814.2153 806.2117 797.9834 789.5491 
9 854.5024 842.7744 833.5105 827.0242 822.8359 818.2383 811.9827 804.3176 796.3271 788.4595 780.2495 771.8047 

10 826.2705 815.7087 808.7454 80501243 803.7791 800.3164 793.8762 785.6289 777.4529 769.6880 761.3340 752.7476 
11 795.6970 786.3965 782.6646 782.8042 784.9045 781.8472 774.2388 764.7844 756.3745 748.7698 740.0137 731.1360 
12 764.7996 757.0344 757.8665 762.5815 768.4067 764.2449 754.2544 743.1523 734.8169 727.se72 718.1279 708.9399 
13 639.2876 639.1194 066.,712 692.9446 714.2336 695.9961 670.7336 651.6382 645.9~58 641.1 ~43 626.5037 615.9761 
14 627.4656 628.2339 ,,58.8201 687.5063 710.0220 689.0996 662.1819 642.5774 637.6104 633.0747 617.6516 607.1692 
15 615.7788 617.6702 052.6321 683.2153 706.7041 681.6934 652.9524 633.0942 629.3464 625.0930 608.5154 598.2402 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 586.9829 585.9866 :;84.9897 584.1069 583.2068 582.3638 581.5232 580.6509 579.7810 578.9155 578.0400 577.1587 
HB 18637.5 14281.3 2754.9 1216.5 761.8 3242.2 5699.8 7850.2 6712.4 6987.5 13670.0 20195.8 
TSIIT 587.0 586.0 585.0 584.1 583.2 582.4 581.5 580.7 579.8 578.9 57e.o 577.2 
HS4T 18637.5 14281.3 2754.9 1216.5 761.8 3242.2 5699.8 7850.2 6712.4 6987.5 13670.0 20195.8 
P 1399.1 1388.5 1378.0 1368.7 1359.3 1350.5 1341.8 1332.8 1323.9 1315.1 1306.2 1297.4 
S.F. 428588.8 379083.3 179644.6 118639.9 93147.9 308963.9 378666.3 372644.5 30S13!:.8 294885.9 351676.7 334014.5 
S.TEMP 609.98 612.53 650.20 681.63 705.48 677.66 647.96 628.12 625.24 621.12 603.77 593.70 
~ASS-FLX 28.3790 21.4997 2301621 24.4101 23.1776 24.5344 24.2368 23.7682 23.9.68 23.9105 23.6945 23.5662 
QUAL ITY 0.72631 0.73407 0.7,+ 029 0.74770 0.75683 0.76587 0.77572 0.78531 0.79396 0.80152 0.80765 0.81204 
G4P 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08.64 0.08264 0.08264 0.08264 
•• *PELAP PREDICTIONS (STARRED) ••• 
*HB 220.8 173.3 175.1 188.4 18001 188.6 189.8 187.0 18e.4 18<;.3 188.4 187.6 
·S.F. 97058.4 76436.1 77573.9 83304.8 79595.3 83206.3 83493.2 82062.6 82486.4 82679.6 82056.5 81502.9 
.S. TEMP 1026.76 1027.25 1028.12 1026.56 1025.31 1023.66 1021.53 1019.74 1017.85 1015.79 1013.78 1011.82 
*H.T.MODE 9 9 9 9 9 9 9 9 9 9 9 9 



• 

TIME-- 3.0000 3.0500 3.1000 3.1500 3.2000 3.2500 3.3000 3.3500 3.4000 3.4500 3.5000 3.5500 
NOOE 

I 1133.1707 1124.9107 1116.4673 1101.8416 1099.0514 1090.1309 1081.0784 1071.9153 1062.6~65 1053.3174 1043.9136 1034.4601 
2 1045,6243 1035.1046 l025.~538 1016.0696 1006.3521 996,1031 981.1212 917.6289 968.2168 958.9021 949.6951 940.6052 
3 954.6179 944.8618 935 • .:468 925.7800 916.4722 S07.3216 898.3508 889.5471 880.9316 872.5,,29 864.3315 856.3599 
4 868.4248 859.5391 1150.aI88 842.3040 834.0107 825.9333 818.0708 810.4362 803.0754 796.0151 789.2422 782.7339 
5 823.1018 814.7305 1106.6160 798.7734 791.1877 783.8245 776.6912 769.8196 763.2<;03 757.t~16 751.2661 745.6497 
6 814.0508 805.6899 797.6184 789.8367 782.3213 775.0281 767.9734 761.1948 754.7869 748.7112 743.0471 737.5696 
7 800.0651 791.8262 783.9377 776.3564 769.0493 761.9514 755.1035 746.5535 742.4209 136.7095 131.2656 726.0520 
8 181.2363 773.26a8 765.d093 756.6375 751.1163 144.9707 738.4973 732.3579 726.7302 721.e479 716.~427 7\ 1.7344 
9 763.6685 756.08S6 749.0969 742.3572 135.8367 729.4314 723.3481 717.6462 712.5820 707.9583 703.3584 698.9353 

10 744.8052 737.6753 731 .. ~610 724.9534 7\ 8. 8279 712.7368 707.0767 701.8635 697.4893 693.4g95 689.2703 685.2419 
11 723.5171 717.0291 711.3633 705.4705 699.7495 693.9375 688.7979 684.1843 680.7473 677.4983 673.5415 669.9546 
12 701.9763 696.4016 691.6599 686.0801 680.7766 e75.1907 670.7207 666.8081 664.5713 662.0~44 658.1375 655.0596 
13 613.5625 612.8813 ,,12.5210 607.1978 603.6265 598.4895 597.6484 596.9846 601.1313 601.1e80 595.8562 595.5159 
14 605.4788 605.3210 005.3855 599.9189 596.5776 591.4380 591.0896 590.7314 595.6«:99 595.7!;42 590.1306 590.2170 
15 597.5596 597.97,2 598.4546 592.6572 589.6152 564,.4099 584.7026 584.6482 590.4622 590.5034 584.3767 585.0786 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0." 0.0 0.0 
TB 576,2532 575.3855 ,,74.:>400 573.7646 572.9678 572.1482 571.3396 570.5261 569.7043 568.8e13 568.0542 567.2222 
HB 16323.3 13821.8 12052.9 17527.2 19142.2 29443.8 22138.9 19433.2 9640.9 9825.6 15879.9 1185100 
TSAT 576.3 575.4 574.5 573.6 573.0 572.1 571.3 570.5 56<;.7 568.9 568.1 567.2 
HSAT 16323.3 13821.8 12052.9 17527.2 19142.2 29443.8 22138.9 19433.2 964 C.9 9825.6 15879.9 11851.0 
P 1288.3 1279.6 1271.2 1263.6 1255.7 1247.7 1239.8 1232.0 1224.0 121eol 1208.2 1200.3 
S.F. 284377.8 262593.6 ,,474116.6 267169.5 252484.3 257194.6 226832.2 216597.2 176712.9 187232.6 212866.6 161977.9 
S.TEMP 593.67 594.38 59:>.07 589.01 586.16 580.88 581.59 581.67 588.03 587.94 581.46 582.56 
NASS-FLX 22.8788 23.4653 Z3.:> 197 23.9393 22.9719 21.9853 21.0433 19.7313 18.2756 16.6<;64 14.9018 12.9779 
QUAL ITY 0.81489 0.81553 0.81453 0.81169 0.80789 0.80335 0.79839 0.79363 0.78939 0.78589 0.78336 0.78194 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
.... RELAP PREOICTIONS (5TARRED' .... 
• H8 184.1 185.9 ld5.3 188.1 182.0 174.1 167.1 157.7 147.1 136.0 123.6 11 0.1 
*S.F. 79817.6 80409.6 79944.8 80903.3 78074.4 74578.0 71521.1 67510.0 63055.3 58380.4 53171.2 47507.3 
*5. TEMP 1009.89 1008.11 I OOb • 09 1003.92 1002.05 1000.73 999.64 998.63 998.38 996.22 998.39 998.90 
.M.T.MOOE 9 9 9 9 9 9 9 9 9 9 9 9 

N 
N 
\0 

TII14E-- 3.6000 3.6500 3.7000 3.7500 3.6000 3.8500 3.9000 3.9500 4.0000 4.0500 4.1000 401500 
NOOE 

1 1024.9741 1015.4680 1~05.~563 996.4512 986.9656 977.5095 968.0957 958.7349 949.4~65 940.2109 931.0674 922.0144 
:2 931.6414 922.8069 ~14.0999 905.5181 897.0627 888.7375 680.5471 872.4951 864.5830 856.8135 849.1875 841.7060 
3 648.5940 841.0101.6 <133.:>969 826.3318 819.2246 812.2869 805.5271 798.9409 792.5200 786.2593 780.1611 774.2302 
4 776.4219 770.2581 764.1995 758.2722 752.5305 746.9993 741.6765 736.5266 731.5259 726.6733 721.9949 717.4963 
5 740.1455 734.7209 729.3320 724.0908 719.1052 714.3682 709.8513 705.4626 701.1 <;38 697.01:67 693.1411 689.4106 
6 732.1763 726 .841! I 721.:>386 716.3970 711.5417 706.9465 702.5745 696.3147 694.1702 690.1721 686.3914 682.8125 
7 720.8582 715.7048 710.5396 705.5906 700.9844 696.6458 692.5234 688.4736 684.5325 680.7468 677.2085 673.8743 
8 706.7910 701.8713 <>96.<1872 692.2549 688.0674 684.1233 680.3679 676.5886 672.9226 669.4363 666.2600 663.2722 
9 694.1556 689.4346 ,,84.5796 680.3076 676.5872 673.0298 669.6230 666.0535 662.6411 659.4460 656.6487 653.9917 

10 680.4939 675.9541 071 0160. 667.3799 664.2512 661.1003 658.0608 654.6353 651.5007 648.6384 646.3142 644.0115 
11 664.9758 660.6594 C>55.8171 652.8464 650.5210 647.7646 645.1245 641.7041 638.9346 636.4922 634.8237 632.8665 
12 649.4602 645.5386 b40.495& 638.8142 637.4126 634.8682 632.6445 628.9973 626.7517 624.7674 623.9451 622.2598 
13 584.7639 583.9580 :;76.6862 583.7161 586.2754 583.4238 582.9451 576.8547 576.0591 578.2!;07 581.8115 580.1904 
14 578.6409 578.4788 :>71.0076 579.1006 581.8604 578.7876 578.5532 572.0483 573.8247 574.1733 578.2456 576.4460 
15 572.2927 573.1501 :>65.i;;4,00 574.9038 577.6753 574.1829 574.2842 567.1587 569.7783 570.2319 574.9312 572.7520 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 566.4167 565.6687 564.1198" 564.1189 563.3445 562.5620 561.7766 560.9875 560.1946 559.3984 558.6772 556.0813 
HB 94690.6 38346.3 -7590:5.8 15261.0 11744.2 18008.7 14493.4 49749.3 18247.7 15561:.3 7568.1 10410.3 
TSAT 566.4 565.7 504.9 564.1 563.3 5E2.6 561.6 561.0 56C.2 55~.4 55e.7 55801 
HSAT 94690.6 38346.3 -75925.8 15261.0 11744.2 18008.7 14493.4 49749.3 18247.7 15566.3 7568.1 10410.3 p 1192.7 1185.7 11 76.5 11710 2 1164.0 1156.8 1149.6 1142.4 1135.1 1127.9 1121.4 lI16.1 
S.F. 241812.6 187537.6 ,ZI34S.2 135855.3 144833.3 167661.6 151055.9 162017.4 13960e.8 138762.6 111357.6 133542.0 
S.TEMP 568.97 570.56 561 .98 573.02 575.68 S71.S7 572. ZO 564.65 567.85 568.31 573.39 570.91 
MASS-FLX 11.6846 11.2599 10.b87. 10.4726 10.3660 10.2706 10.2493 10.2108 10.2106 10.2H8 10.0522 7.7566 
QUALITY 0.78t19 0.78056 0.78031 0.78017 0.78015 0.78028 0.78053 ?78093 0.78146 0.78217 0.78313 0.78555 
GAP 0.08264 0.08264 0.06264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
••• RELAP PREDICTIONS (STARRED) ••• 
.HB 99.0 95.9 9 t. 3 89.0 88.0 86.9 86.4 85.9 85.5 8'!.3 84.7 73.0 
*S.F. 42868.5 41625.3 39738.1. 38811.6 38404.3 37977.5 37777.0 37578.5 37425.4 3735e.o 37088.6 31998.5 
*5. TEMP 999.64 999.99 1000.15 1000015 999.93 999.58 999.12 998.57 997.97 997.30 996.61 996.37 
*H.T.1t400E 9 9 9 9 9 9 9 9 9 9 0;1 9 



TIME-- 4.2000 4.2500 4.JOOO 4.3500 4.4000 •• 4500 4.5000 4.5500 4.6000 4.6500 4.7000 4.7500 
NODE 

I 913.0605 904.2146 895.4644 886.8770 876.3997 870.0583 861.6577 853.8035 845.8 .. 94 838.1492 830.5535 823.1133 
2 834.3'1'96 627.2029 020.1802 813.3142 806.6035 800.0481 793.6462 787.3970 781.29'1'9 775.3420 769.5220 763.8318 
3 768.4678 762.8704 tS7.4377 752.1660 747.0459 742.0718 737.2405 732.5503 727.9844 723.5244 719.1543 714.8694 
4 '1'13.1716 709.0054 705.0029 701.1443 697.4106 693.7969 690.3140 686.9487 683.6~1l 680.3<;48 677.1626 673.9736 
5 685.846'1' 662.42Z6 .. 79.166'1' 676.0273 672.9827 670.0435 667.Z395 664.5334 661.8250 659.0957 656.3569 653.6592 
6 679.3982 676.1199 073.0 181 670.0212 667.1 136 E6411.3115 661.6516 659.0833 656.4e56 653.8521 651.2041 648.6035 
7 670.6951 667.641106 .. 64.7761 661.9922 659.2854 656.6851 654.2402 651.8706 649.4177 646.9106 644.3838 641.9226 
8 660.4109 657.6487 655.1140 652.5920 650.1343 E47,7930 645.6372 643.5096 641.le73 638.e005 636.4023 634.1174 
9 651.4197 648.9167 046.7122 64 ••• 026 642.1621 640.0596 638.1660 636.2603 633.ge60 631.6802 629.3635 627.2710 

10 641,7395 639.5083 037,7004 635.5659 633.5522 631.7195 630.1843 626 •• 399 626.1152 1523.8664 621.6689 619.7737 
11 630.9260 628.9790 ,,27.7175 625.6494 623,9045 1522.4048 621.3162 619.6865 617.1072 614.9421 612.8513 EII.2786 
12 620.5750 616.8696 018.3276 616.0796 614.6743 61~.5500 612.9860 611.3008 606.2C68 606.2380 604.2683 60301423 
13 579.5276 578.82l2 582.1119 577.3692 57801553 578.1795 560.8586 577.7112 571.0:!61 570.9~46 569.4851 570.9958 
14 575.9072 575.2927 ::i79.1299 573.8330 '574.9915 575.7676 578.1301 574.6682 567.5549 567.9233 566.4023 566.2554 
15 572.3792 571.6445 576.;$ 162 570.2011 571.9651 572.8738 575.5664 571.5957 563.9262 56 •• 9563 563.359. 565.6606 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Te 557.3303 556.7288 ::i56.2427 555.5610 554.6689 554.2590 598.2097 673.3020 754.0E52 83401561 890.2017 921.0120 
HB 9409.7 9133.7 5006.0 10681.7 6697.1 5879.1 -3660.6 -110103 -717.2 -381.6 -332.7 -248.2 
TSAT 557.3 556.7 5;16.2 555.6 554.9 554.3 553.6 552.9 55~.5 55<:.4 552.0 551.8 
HSAT 9409.7 9133.7 5006.0 10681.7 6697.1 5879.1 4206.9 6646.6 14507.8 929105 11112.4 7011.3 

'" 1109 •• 1104.0 IOil9.7 1093.7 1087.6 1062.2 1076.6 1070.5 1061.1 106t.1 1062.7 1060.9 
S.F. 125317.3 122593.2 93985.1 136305.9 104790.6 101215.2 87300.9 113735.3 13773E.7 103284.5 109233.4 88512.8 
S.TEMP 570.65 570.15 57:i.02 568.32 570.52 571.48 574.36 570.03 562.02 563.52 561.85 564.43 
MASS-FLl( 3.1102 0.2112 2.1723 5.5477 9.1231 12.1836 15.5119 18.1027 20.8059 26.8825 28.5131 31.0706 
QUAL lTV 0.78903 0.79206 0.800.9 0.83179 0.68973 0.97552 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.06264 0.08264 0.0826. 0.08264 
••• RELAP PREOICTIONS (STARilEOI" •• 
*He 34.3 14.8 Z6.3 55.9 91.5 122.4 126.8 119.1 122.9 141;'1 153.5 162.6 
*S.F. 15132.6 6576.9 11743.8 24966.4 40586.7 53784.9 50475.0 36Z63.7 29612.3 2377!.4 16095.6 12658.0 
*s. TEMP 998.21 1001.41 100ol.20 1002.03 996.53 993.85 990.07 989.61 990.52 991.52 993.11 994.61 
*H.T.MODE 9 7 9 9 9 9 8 6 6 8 8 8 

N 
W 
0 

T I ME-- 4.8000 4.6500 4.'iIOOO •• 9500 5.0000 5.0500 5.1000 5.1500 5.2COO 5.2500 5.3000 5.3500 
NODE 

1 815.8291 e08. 700 0 1101.1253 794.9050 768.2373 781.7214 775.3564 769.1431 763.0eOl 757.1648 151.3970 745.7732 
2 758.2654 752.8Z01 747.,.941 742.2656 737.1929 132.2175 727.3630 722.6304 716.0176 713.5186 709.1261 104.8394 
3 710.6662 706.5535 702.52e6 698.5896 694.7402 690.9924 687.3552 683.8262 680.3E67 677.0183 673.1153 670.4171 
4 670.8413 667.7803 1>64.1981 661.8701 659.0229 656.2932 653.6904 651.1741 648.6863 646.2048 643.7460 641.3328 
5 651.0232 648 •• 606 645.9922 643.5352 641.1812 636.9858 636.9336 634.9209 632.8572 630.7517 628.6719 626.6404 
6 646.0710 643.6211 041.l573 638.8950 636.6536 63 •• 5889 632.6709 630.7690 628.7876 626.7539 624.7561 622.8115 
7 639.5381 637.2444 035.0393 632. e035 630.7271 626.6562 627.1350 625.3789 623 •• 907 621.5452 619.6589 611.8340 
8 631.9214 629.8284 .. 27.8269 625.7185 623.8755 622.2852 620.8179 619.2056 617.3752 615.5046 613.7590 612.0830 
9 625.2510 623.3404 .. 21.5327 619.4968 617.9131 616.6133 615.3840 613.8474 612.004. 610.1631 608.58.7 607.0466 

10 617.9495 616.2615 .. 14.0565 612.6274 611.4250 610.4937 609.5217 607.9734 606.0303 604.2e07 602.8682 601.4836 
11 609.6775 608.2563 606.8933 604.7253 604.1931 603.7378 603.0215 601.2666 599.0e06 597.4180 596.3643 595.1414 
12 60107351 600.6091 :i99. 411 827 596.9478 597.5110 597.5110 596.9475 594.6941 592.1!!77 590.7483 590.1846 569.0566 
13 570.0259 570.3276 570.1042 56 •• 5750 572.7668 573.9314 573.3174 567.2510 562.9978 563.7917 566.0635 564.6765 
14 567.2336 567.7018 ~67 .:i.52 561.5623 570.9182 571.9285 57102413 564.6504 560.3159 561.4e66 564.0596 562.5154 
15 564.4912 565.1846 ;;'65_.0581 558.4341 569.4553 510.0239 569.2168 561.9011 557.5642 559.2922 562.2066 560.3694 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 928.2585 917.0403 <196.6767 883.4353 872.9165 e6!! .E372 859.5659 854.3550 849.5725 844.7571 639.4563 832.9995 
He -268.9 -249.5 -21>2.2 -362.8 -124.4 -224.5 -249.7 -361.4 -348.5 -26106 -221.2 -284.4 
TSAT 551.6 551.3 551.0 550.7 550.4 550.1 549.8 549.3 54!!.9 54e.4 54e.o 547.5 
HSAT 8483.9 693104 6833.8 19487.3 204 •• 2 3511.5 3946.7 9544.6 14041.0 7613.4 4596.5 6608.0 
P 1058.7 1056. I 1053.8 1051.4 1049.0 1046.6 1043.5 1039.4 1035.7 1031.8 1026.1 1024.3 
S.F .. 98165.4 88095.7 67643.6 118517.6 37616.3 66558.7 72745.3 106209.3 102259.3 7495~.2 61527.2 77853.6 
S.TEMP 563.13 563.96 563.84 556.79 568.93 569.10 568.21 560.43 556.15 558.25 561.35 559.29 
MASS-I'Ll( 35.2010 38.08<l4 40.7432 42.9141 44.6683 46.3069 48.2628 49.1473 50.2 e94 51.1097 52.4936 53.8526 
QUALITY 1.00000 1.00000 1.00000 to 00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08264 0.08264 0.06264 0.08264 0.06264 !)'08264 0.08264 0.08264 0.08264 0.08264 0.08264 
*.*RELAP PRE01CTION5 (STARRED~ •• * 
.HB 179.7 191.3 201.8 210.8 216.0 224.5 231.9 236.0 23 ... 6 243.3 247.5 253.3 
*s. F. 12019.4 14509.6 18780.1 2284701 25623.1 26019.9 30054.0 31529.8 3284 E.3 34156.4 35644.5 37687.8 
*5. TEMP 995.78 996.09 99:i.57 994.47 993.13 991.75 990.34 968.91 967.53 986.11 ge4.66 983.04 
*H.T •• ODE 8 8 8 8 8 6 8 8 8 6 8 8 



TIME-- 5.4000 5.4500 5.:>000 5.5500 5.6000 5.6500 5.7000 5.7500 5.8000 5.8500 5.9000 5.9500 
NOOE 

I 740.2905 734.9463 129.7375 724.6626 719.7200 714.1l082 710.2211:1 705.6707 701.2::!90 11:96.<;;253 692.7258 688.6362 
2 700.6509 696.5598 ",92.5645 688.6687 684.8779 681.1931 677.6108 674.1206 670.7119 667.3770 664.1121 660.9172 
3 667.3049 664.1956 .. 61.1565 658.2112 655.3694 652.6250 649.9502 647.3154 644.7~56 64201201 639.5706 637.0667 
4 638.9600 636.62016 c>311.S601 632.2344 630.2327 628.3042 626.3669 624.3718 622.3:!41 620.2~13 618.2878 616.3347 
5 624.6428 62Z.6646 ,.ZO.7981 619.1433 617.6108 616.0952 614.11609 612.68111 610.8513 e09.0!17 607.2976 605.6233 
6 620.6972 618.9971 .. 17.2312 615.7083 614.2986 612.8779 611.2957 609.5483 607.7~O2 E05.ge05 E04.3162 602.7119 
7 616.0325 614. Z356 012.6181 611.2976 610.0516 608.1549 601.2144 605.4802 603.7217 602.0200 600.4609 598.9541 
8 610.4097 608.7a53 c>07.3Z62 606.3159 605.Z195 604.0803 602.5068 600.7236 599.0C17 597.3926 595.9927 594.6055 
9 605.47E8 603.871/6 002.7312 60Z.0720 60101914 600.0305 59a.~315 596.4561 594.7795 593.2751 592.0579 590.7690 

10 600.0071 598.4875 :>97.713. 597.5447 596.7617 595.5632 593.5869 591.5640 589.ge44 588.15309 587.6763 566.4678 
II 593.7Z95 592.2747 :>92.14Z3 592.6948 591.8093 590.4291 587.8955 585.6965 584.31547 583.2437 58Z.699Z 581.4890 
12 587.6462 586.2306 5&7.Q828 S8&.4932 S87.0828 585.3901 582.0039 579.7456 S78.e~81 578.0515 578.0515 576.6396 
13 562.9370 561.6819 :i68.tlZ13 574.1790 567.5986 564.3479 555.7627 554.4841 557. 0959 557.3145 560.3650 556.5864 
14 560.7358 559.5129 oi67.:;j029 573.1384 565.6782 562.4106 553.1860 552.2588 555.3108 555.5366 558.9517 554.7224 
15 558.5415 557.3694 :>66.5076 572.3267 563.5557 560.4211 550.3630 550.0684 553.6e90 553.8218 557.7041 552.7678 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TS 8Z7.0959 821.89c>5 d17.;)439 812.1265 81)6.8354 eo) .337Z 798.979Z 79301714 78S.4482 779.9126 776.1519 772.8953 
H6 -294.7 -289. Z -1/4 •• -89.0 -351.5 -303.4 -446.7 -315.7 -225.1 -264.3 -178.0 -338.1 
TSAT 547.1 546.6 546.2 545.7 545.2 544.7 544.2 543.7 54~.2 54;;.6 542.1 541.6 
HSAT 7664.3 79Z8.4 1162.7 812.1 5008.9 5041.3 24176.3 14454.9 5342.4 5784.4 2590.0 7377.9 
P 1020.6 1016.8 1013.0 1009.2 1005.1 1001.0 996.7 992.3 98e.3 983.8 979.7 975.5 
S.F. 7947Z.5 76818.1 Z3675.8 21380.4 85934.9 74007.1 111744.4 77095.0 5Z325.4 59982.0 38971.1 74771.4 
S.TEMP 557.44 556.S0 566.18 572.03 562.37 559.39 548.81 5.8.99 552.96 552.99 557.16 551.73 
"ASS-FLX 55.:3063 56.5044 57.6617 58.8185 60.0977 57.8784 58.1192 58.6773 60.3<;07 60.5297 59.6035 59.4052 
QUAL tTY 1.00000 1.00000 1.0aooo 1.00000 1.00000 1.00000 1,00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.0826. 0.08Z~ 0.08264 0.08Z64 0.08Z64 o .08Z64 0.08264 0.08264 0.08264 0.08264 0.08264 
••• RELAP PREDICTIONS (STARRED' •• " 
"HB 257.8 262.5 206.5 270.5 275.1 267.7 268.0 271.9 274.1 279.3 276.2 Z76.4 
*S.F. 39473.7 41134.8 425112.8 44077.4 45751.3 45114.8 45873.8 47503.6 49.64.4 51463.6 51507,1 51985.8 
*5. TEMP 981.36 979.6Z 977.115 976.06 974.20 972.67 971.06 969.35 967.33 965.19 963.29 961.54 
*H.T.Mooe 8 8 8 8 8 8 8 8 8 8 8 8 

N 
W 
f-' 

T IME-- 6.0000 6.0500 601 000 6.1500 6.2000 6.2500 6.3000 6.3500 6.4000 6.4500 6.5000 6.5500 
NODE 

I 6811.6536 680.77';!9 076.9949 673.3149 669.7317 666.2422 662.8457 659.5381 656.3176 653.le16 650.1Z62 64701484 
2 657.793Z 654.7419 Co51.1644 648.8616 646.0315 643.2712 640.5806 637.9558 635.3923 632.8865 630.4343 628.0344 
3 634.6196 632.Z356 .. 29.9148 627.6526 625.4458 623.2908 621.1860 619.1235 617.0<;67 615.0<;72 61301284 611.1921 
4 614.4529 612.6382 610.8806 609.1636 607.4790 605.8308 604.2146 602.6089 601.0090 599.3994 597.8135 596.Z512 
5 604.0466 602.5376 001.0713 599.62Z6 598.1917 596.7937 595.4150 594.0149 59Z.6047 591.1541 589.7529 588.3738 
6 601.2175 599.7869 31/8.3933 597.0098 595.6396 594.3044 592.9834 591.6277 590.2598 588.8403 587.4883 586.1555 
7 597.5784 596.2561 5094.9590 593.6575 59Z.3652 S91.IlZ8 589.8662 588.5608 587.2444 585.8560 584.5762 583.30Z2 
8 593.3979 592.2058 591.i:l1 76 589.8018 588.5938 587.4414 586.2744 585.0027 583.7373 582.3599 581.1907 579.9824 
9 589.7437 588.6589 :>87.:;601 586.4050 585.Z668 584.2092 583.1023 581.8311 580.6C79 579.2104 578.1841 577.0186 

10 585.6985 584.7073 583.6941 582.5845 581.5217 580.58Z0 579.5215 578.2048 577.0:366 575.5E91 574.7896 573.6287 
11 56101370 580.1702 579 • .!385 578.1438 577.1741 576.4001 575.3472 573.8943 572.8325 571.1882 570.9001 569.6155 
12 576.9221 575.7920 ,,74.9443 573.8142 57Z.9663 572.4011 571.Z705 569.5737 568.7258 566.7456 567.3113 565.6140 
13 56102046 557.8621 557.6348 556.0420 555.9729 !!56.5273 554.4548 551.1655 552.0869 547.5271 554.2615 548.4187 
14 560.0188 556.1987 5560.1365 554.4563 554.5095 555.1836 552.9348 549.4644 550.6917 54!;' 7117 553. :3875 546.7319 
15 559.0574 554.4521 :>54.0841 55Z.8604 553.0933 553.9050 551.3843 5.7.6943 549.3840 543.7776 552.8125 544.8640 , 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TB 768.5737 764.96bl 16101440 757.4097 753. 57Z3 748.9214 739.5273 732.1157 728.4e19 726.4690 7Z4.9343 7Z2.9465 
HB -123.6 - 317.3 -244.7 -283.6 -245.3 -224.0 -304.5 -359.2 -Z43.0 -406.2 -51.9 -420.4 
T5AT 541.1 540.6 540.0 539.4 538.9 538.3 537.8 537.1 5341:06 53E.0 535.4 534.8 
H5AT 1471.5 5182.4 3629.0 4621.8 3645.6 2918.Z 4486.3 6922.4 3575.7 11083.9 517.7 8316.7 
P 971.2 967.3 96Z.7 958.2 953.6 948.9 944.8 940.0 935.4 931.0 926.4 9Z 1.4 
S.F. 25937.5 67083.6 506'013.2 58250.2 49354.2 43816.8 57541.5 66570.4 43666.7 746216.8 8942.7 75305.Z 
!i.TENP 558.70 553.52 553.98 552.05 552.41 553.29 550.58 546.77 548.77 542.74 552.69 543.81 
NASS-FLX 60.3948 60.8964 60.4885 60.1810 59.2Z86 58.6484 58.7164 57.6031 58.7747 55.9193 55.6972 51.8655 
QUAL tTy 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08Z64 0.08Z64 a.082M 0.08264 0.08264 0.08264 0.08264 0.08Z64 0.08264 0.08264 0.08264 0.06264 
••• PELAP PREOICTIONS (STARREDI ••• 
.HB Z77.0 Z76.6 278.2 276.7 274.3 271.8 268.3 270.0 27e.2 263.7 262.0 261.0 *s. F. 52709.8 53137.8 54024.4 54256.3 54376.7 54560.4 55573.4 57723.1 59697.6 56989.7 56564.9 56594.0 
"5. TENP 959.75 957.1/1 950.04 954.Z8 952.51 geo.86 949.11 946.86 944.86 943.13 941.35 939.9l 
"'H.T.MODE 8 8 8 8 8 8 8 8 8 8 8 8 



TIIIIE-- 6.6000 6.6500 6.7000 6.7500 6.8000 6.8500 6.9000 6.9500 7.0000 ' 7.0eoo 7.1000 7.1500 
NODE 

1 644.2458 641.4105 .,38 • .,575 635.9670 633.3428 630.7832 628.2883 625.8574 623.4 e83 621.IM2 618.9307 616.7388 
2 625.6865 623.39J'I 1>21.1'155 618.9504 616.8059 614.7136 612.6755 610.6917 608.7585 606.8733 605.0344 60l.2375 
3 609.2971 607.4419 005.6230 603.8403 602.1013 600.4146 598.7805 597.1929 595.6406 594.1216 592.6348 591.1714 
4 594.7415 593.2595 ';91.7976 590.3621 588.9785 587.6680 586.4065 585.1733 583.9438 582.7346 581.5457 580.3484 
5 587.0759 585.7810 ;;84.4900 583.2266 582.0437 580.9590 579.9033 578.8489 577.7620 576.7C39 575.6638 574.5745 
6 584.9180 583.6672 ;;82.'" 77 581.1995 580.0750 579.0588 578.0576 577.0466 575.9905 574.9739 573.9722 572.9026 
7 58201548 580.9573 579.7585 578.6006 577.5623 576.6450 575.7126 574.7534 573.7285 572.7678 571.8149 570.7605 
8 578.9685 577.8108 ;;76.,,653 575.5828 574.6724 !73.8953 573.0308 572.1155 571.1 e23 570.2202 569.3206 568.2502 
9 576.1614 574.9983 1>73.0994 572.8938 572.1301 571.4995 570.6653 569.7732 568.7446 567.9590 567.0977 565.9709 

l? 573.01!54 571.7634 ,,10.7290· 569.8267 569.2786 568.8350 567.9780 567.0930 566.0115 565.3<;01 564.5469 563.2900 
1I 569.4453 567.8826 ;;66.9885 566.2~OO 566.0413 565.8325 564.8113 563.9238 562.7173 562.4260 561.5269 559.9897 
12 566.1802 563.9163 ;;63.J503 562.7844 563.0674 563.0674 561.6519 560.8025 559.3867 559.EE99 558.5369 556.5532 
13 554.3735 546.2()41 ;;'18.1979 548.9451 552.0474 552.5305 547.9817 547.9077 545.0366 549.4680 545.8220 541.1311 
14 553.5784 544.3892 ;147.6455 547.7666 551.2183 551.6453 546.6475 546.8010 543.7C43 5'18.7566 544.6018 539.6423 
15 553.0493 542.3074 ::146.6448 546.6277 550.5356 550.8042 545.1760 545.7346 542.3047 548.2466 543.2742 538.0242 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Te 714.7258 707.9949 105.7412 704.8206 710.6980 707.1394 709.4021 710.0281 709.2231 708.2~22 106.6628 705.1860 
HB -51.7 -516.8 -lil5.5 -250.8 -118.6 -185.9 -354.0 -221.9 -316.9 -65.3 -320.3 -374.6 
TSAT 534.3 533.7 5.i13.2 532.6 532.0 531.4 530.9 530.3 529.7 52<;.1 528.5 527.8 
HSAT 448.8 11639.5 2265.2 2945.7 1040.7 1534.3 4330.7 2448.5 4478.2 55103 3734.4 6761.2 
P 917.7 913. I 909.1 90'1.4 900.0 895.7 891.6 887.2 882.8 878.4 873.5 868.9 
S.F. 8368.1 86244.5 29593.2 39813.5 19033.5 29130.9 58430.2 36562.4 5313 E.5 10464.2 52576.5 62954.2 
S.TEIilP 552.93 541.11 54 ... 23 546.07 550.27 550.40 544.36 545.22 541 .56 5411.10 542.54 537.14 
MASS-F"'K 53.8370 54.1586 52.8560 53.5255 49.4245 50.4765 49.5883 48.1822 47.3171 46.6838 45.3325 45.1467 
aU"L ITY 1.00000 1.00000 I.OJOOO 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.082C>4 0.01:1264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
**'PELAP PREDICTIONS (ST"PilEOI.** 
.HB 253.6 257.5 2'; 1.2 243.2 245.3 233.4 235.0 230.1 227.5 224.8 220.2 219.5 
*S.F. 56157.6 58600.0 57395.3 55678.1 54318.3 52214.2 51798.1 50306.8 49667.6 49054.2 48156.4 48104.1 
*S.TEMP 938.37 936.44 934.71 933.24 932.02 930.92 929.71 928.60 927.53 926.52 925.44 924.40 
*H.T.IIIDDE 8 8 8 e 8 8 8 8 e 8 8 8 

N 
W 
N 

TIME-- 7.2000 7.2500 7.3000 7.3500 7.4000 7.4500 7.5000 7.5500 7.6000 7.6500 7.7000 7.7500 
NODE 

I 614.6013 612.5166 010.4807 608.4929 60b.5513 e04.6548 602.8013 600.9907 599.2197 597.4e7B 595.7949 59401416 
2 6el.4775 599.7488 :;;98.0505 596.3865 594.7590 593.1677 591.6077 590.0764 588.5747 58701045 585.6699 584.2737 
3 589.7161 588.2671 :;86.6374 585. ~451 584.0913 582.1649 581.4529 580.1541 578.8794 577.6382 576.4429 575.2952 

" 579.1160 577.8660 ;;76.0533 575.5176 574.4204 ~73 .3267 572.2065 571.0913 570.0154 568.90;29 568.0479 567.1553 
5 573.4087 572.2297 ;;7101445 57001860 569.2354 568.2451 567.1873 566.1558 565.2012 564.3198 563.5503 562.8147 
6 571.7422 570.5781 :;69.5361 568.6387 567.7253 566.7556 565.7036 564.6963 563.7815 562.9458 562.2363 561.5457 
7 569.5938 568.4478 :;67.4761 566.6743 565.8040 !!64.8506 563.79'19 562.8232 561.9712 561.2021 560.5E130 559.9487 
8 567.0430 565.9226 :>65.07E19 564.4294 563.5808 ~6l!o6201 561.5286 560.6204 559.8704 559.1 <;60 55E1.7168 558.1343 
9 5e4.696E1 563.6199 ;;62.9490 562.4709 561.5886 560.5938 559.4407 558.6311 558.0CI? 557.4229 55701047 556.5374 

10 561.9053 560.9248 :;60.5415 560.2935 559.2681 558.2065 556.9463 556.3289 555.8743 555.4C84 555.3276 554.7091 
II 55E1.4414 557.6990 ;157.825" 557.8701 556.4277 555.2815 553.8369 553.6433 553.4307 553.0823 553.3870 552.5332 
12 554.8535 554.5701 ;;55.4204 555.7039 553.4353 552.3013 550.6003 551.1677 551.le77 550.8840 551.7349 550.3167 
13 539.1521 542.2595 ;;47.<!090 547.7646 539.3887 539.5737 536.2336 542.3420 542.51~1 542.1511 546.4067 540.2104 
14 537.7402 541.3220 ';46.6885 547.1074 537.8843 538.4946 534.8865 541.8127 541.7847 541.3936 546.1077 53901233 
15 536.3022 540.5398 ';46.3743 546.4854 536.1023 537.4707 533.4541 541.5439 541.0752 540.6460 545.9846 537.8247 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 703.8315 702.3662 700.8457 699.3464 697.8474 69(:.3367 694.8386 C>93.3523 691.8093 690.6707 689.6836 68E1.4065 
HB -310.0 -135.6 -.!4.3 -140.9 -461.4 -213.0 -3l8.1 4.4 -167.4 -176.7 16. I -366.4 
TSAT 527.2 526.6 526.0 525.3 524.7 524.0 523.4 522.8 52 ~.1 521.4 520.8 520.1 
H5AT 6244.9 1611.1 1114.4 1034.6 7245.7 2622.0 5909.2 -35.6 1351.3 1410.3 -91.4 3265.7 
P 864.3 859.7 11;15.0 850.4 845.8 El41.2 836.6 831.9 827.1 822.4 817.8 812.8 
S.F. 52159.5 219E11.2 37;15.5 21582.9 75110.4 33946.6 54823.0 -668.6 2529109 26580.9 -2306.5 55451.8 
S. T EIilP 535.57 540.ill 54c>.32 546.18 535.05 536.99 532.68 54\ .55 540.72 540.27 546.02 537.05 
MASS-F",X 44.3799 43.4335 42.7168 41.9S47 4101895 40.4040 39.6194 38.8233 38.0e40 37.0698 35.0482 33.2611 
au" ... I TV 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
* •• PELAP PREDICTIONS (STARREDh.* 
*H8 216.0 212.3 209.5 206.5 203.2 200.1 196.9 193.6 19C.3 18~.9 177.3 170.9 
*S.F. 41397.6 46672.7 46104.8 45603.8 44989.6 44389.a 43786.4 43164.6 42568.0 41636.9 39757.1 38438.2 
* s. TEfI4P 923.39 922.35 921 .32 920.32 919.33 918.35 917 .40 916.46 915.55 914.75 914.05 913.35 
*H.'t .... OOE 8 8 8 8 8 8 8 8 8 8 8 8 



TIME-- 7.8000 7.8500 7.9000 7.9500 8.0000 8.0500 801 0 00 8.1500 8.2000 8.2500 8.3000 8.3500 
NODE 

1 592.5278 590.9534 ,,89.4167 587.9160 586.4482 585.0112 583.6021 582.2185 580.8601 579.!~56 578.2141 576.9238 
2 582.9180 58105981 ;;80.308l' 579.0398 577.7859 576.5 ... 42 575.3162 574.10"'5 572.9089 571.7297 570.5642 569.4155 
3 57 .... 1902 573.1089 :>72.0342 570.9482 569.8481 !!68.7444 56" .6519 566.5789 565.5176 564.4636 563.4167 562.3906 
4 566.3025 565.4231 :;64.:;068 563.5217 562.4968 561.4805 560.5000 559.5596 558.6101 557.6577 556.7048 555.8010 
5 562.1050 561.2925 560.4138 559.4150 558.3904 551.4192 556.5186 555.6694 554.7627 553.8525 552.9414 552.1 323 
6 560.8770 560.0679 :;59.1895 558.1697 551.1409 556.1865 555.3145 554.4958 553.5<;18 552.6<;14 551.7903 551.0195 
7 559.:3315 558.5066 ,,57.b 187 556.5537 555.5190 554.5972 553.7727 552.9980 552.0e47 551.1965 550.3074 549.6018 
8 557.5754 556.6689 :;55.7527 554.5874 553.5574 552.7048 551.9590 551.2454 550.2798 549.4128 548.5371 547.9539 
9 556.0~15 554.9119 :;54.0305 552.7229 551.7314 550.9788 550.3230 5 ... 9.6658 548.5~55 541.7705 546.9026 546.4912 

10 554.2759 552.9084 :H>I.9709 550.4158 549.5466 548.9614 548.4258 547.8276 546.5~71 545.8203 544.9492 544.8381 
11 552.2385 550.22<:9 :;49.4341 547.4021 546.8960 546.5869 546.1965 545.6409 543.8777 543.4705 542.5 ... 30 5 ... 3.0137 
12 550.3161 547.19:;1 546.9114 544.0728 544.3567 ~44.3567 544.0725 543.5046 540.9485 541.2::27 540.0~59 541.5166 
13 542.9644 531.9978 536.8979 528.0115 53 .... 9246 535.8066 535.6033 534.6565 526.7~61 532.9583 529.3811 537.4282 
14 542.4375 530.3030 :;36.,<:31 526.3213 534.3762 535.11<:5 534.8755 533.8696 525.2400 532.4836 528.3420 537.3755 
15 542.0454 528.2332 :;;35.7815 524.3318 534.1292 534.4658 534.1624 533.0710 523.4834 532.2195 521.1865 531.6443 

Q 0.0 0.0 0.0 0.0 0.0 0.0 (),o 0.0 0.0 0.0 0.0 0.0 
'fa 681.4978 681.0708 086.1651 686.9951 688.0332 t89.8706 691.8577 693.1964 695.6128 691.4165 699.2627 701.2153 
H8 -58.1 -551.4 -.0.1 -508.2 22.8 -141.6 -159.1 -180.4 -420.4 22.8 -268.3 135.9 
TSAT 519.4 518.8 518.1 517.4 516.7 516.0 515.3 514.6 51 ~.9 51~. 2 512.4 511.1 
HSAT 375.7 10849.5 344.0 14385.7 -200.4 1217.7 1361.0 1610.2 8494.4 -196.5 3287.3 -845.1 
P 808.1 803.6 798.8 794.0 789.4 784.9 780.0 775.1 710.2 765.3 760.4 755.5 
S.F. 8459.8 89224.9 6063.5 83262.2 -3502.3 22049.8 25151.9 29064.8 72797.8 -3166.6 46345.3 -22185.6 
S.TEMP 541.93 526.98 53:;.70 523.16 534.18 534.16 533.81 532.66 522.46 532.33 526.53 537.96 
MASS-FI..l( 31.9890 30.3353 <1:9.1135 <1:8.3969 26.9266 25.3005 23.5975 22.2538 21.0021 19.7529 18.4878 17.1673 
QUAI..ITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.0826" 0.08264 0.08264 0.08264 0.08264 0.08264 
***REI..AP PREDICT IONS (STAR~ED) ••• 

0.08264 0.08264 0.08264 0.08264 0.08264 

"HB 165.1 161.3 1:;7.2 149.0 144.4 136.0 128.9 122.5 11 e.7 110.9 105.0 98.9 
.S.F. 37179.7 36338.6 35380.6 33434.1 32259.2 30115.6 28279.4 26613.8 25149.3 23700.4 22256.9 20772.7 
*S.TEMP 9Ui!.70 912.16 911 .70 911.37 911.08 910.90 910.79 91(1.76 910.75 910.77 910.81 910.90 
.M.T.MODE 8 8 8 8 8 8 8 8 8 8 8 8 

N 
W 
W 

TIME-- 8.4000 8.4500 8.5000 8.5500 8.6000 8.6500 8.7000 8.7500 8.8000 8.8~00 8.9000 8.9500 
NODE 

1 575.6553 574.4089 ;; 73.1829 571.9761 570.7881 569.6182 568.4658 567.3316 566.2158 565.1182 564.0396 562.9790 
2 568.2861 567.17~0 :'66.0828 565.0022 563.9333 562.8787 561.8408 560.8208 559.8203 558.8391 557.8765 556.9321 
3 561.:!894 560 .... 092 :;59.4321 558.4556 557.4846 556.5322 555.6003 554.6929 553.8103 552.9451 552.0933 551.2634 
4 55 .... 9353 554.0830 S53.1892 552.2849 551.3921 550.5427 549.7227 548.9360 548.1812 547.4260 546.6153 545.9624 
5 551.3577 ~:~:;~~~ 549.6819 548.8008 547.9517 547.1843 546 .... 382 545.7341 545.01520 5 ... 4.3e28 543.6516 543.0225 
6 5'50.2717 S48.5991 547.7239 546.8896 5.6.1541 5"'5.4304 544.7532 544.1072 543.4060 542.7160 542.1201 
7 548.8906 54110 1416 :;47.1 975 546.3357 545.5264 ~44.8430 544.1412 54.3.5090 542.8<;84 542.1<;75 541.5288 540.9817 
e 547.2791 546.5.306 :;45.4941 544.6714 543.9041 543.3137 542.64<:1 542.0618 541.4<;56 540.71576 540.128 ... 539.6697 
9 545.8225 545.0688 543.<1733 543.1370 542.4112 541.9448 541.2727 540.7612 540.2341 539.4446 538.8513 538.5076 

l' 544.1079 543.3188 ,,41.0447 541.3201 5.0.6543 ~.O.3713 539.6455 539.2488 538.7593 537.8352 537.3411 537.1846 
II 542.0071 541.1592 539.15U 539.1753 538.5196 538.5115 537.6311 537.4156 536.9954 535.7176 535.536 ... 535.6973 
12 539.8113 538.9583 :;36.1162 537.2534 536.4001 536.9690 535.5474 535.8316 535.2f32 533.5559 533.8403 534.4092 
13 529.4128 529.5063 521.1326 531.1624 527.2678 531.4751 525.8628 529.8416 527.9470 523.0159 527.6436 53001257 
14 528.2373 528.1076 :;19.S557 531.0369 526.3496 531.1631 524.8372 529.4792 527.2'573 521.9429 527.2869 529.8547 
15 526.7771 527.9500 ;; 11.1 031 531.3030 525.2957 531.0315 523.6199 529.2930 526.5107 520.7144 527.1333 529.6821 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T6 703.3020 705.5242 701.<1621 710.3774 7tl.3186 716.1511 11901514 722.1965 725.1055 727.5298 129.7241 731.2839 
HB -362.0 -139.4 -401.6 144.7 -233.1 13.6 -261.8 2.8 -1"'7.2 -239.3 12.6 -14.0 
TSJ\T 511.0 510.2 !;;)9.5 508.7 508.0 ~()7.3 506.7 506.0 50e.3 504.5 503.8 503.1 
HSAT 4309.1 1427.4 107.,6.1 -1128.1 2642.2 -105.9 3162.7 -22.9 140 5. 3 320J.4 -108.6 106.6 
P 750.7 745.8 7100.9 736.0 731.4 127.0 722.5 118.0 71 :!.6 70e.8 704.1 700.2 
S.F. 64236.8 24794.5 76797.9 -25665.2 43969.4 -2512.6 5131104 -533.9 29291.0 49663.2 -2542.1 2824.9 
S.TE"P 525.88 527.1>0 510.62 531.67 524.68 531.07 522.90 529.30 526.10 520.01 527.17 5<:9.64 
MASS-FL)( 15.8216 14.4556 13.0898 11.5901 9.7131 8.4578 7.2)74 5.9986 4.6e41 3.7468 2.0547 001324 
OUAI..IT'f 1.00000 1.00000 1000000 1.00000 1.00000 .1. 00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.06264 0.06264 0.0<1264 0.06264 0.0826 ... 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
..... REI..AP PREDICTIONS (STARRED) ••• 
·HB 92.5 85.9 19.4 72.1 62.9 55.9 49.3 42.7 3e:.4 27.1 13.8 5.0 
*S.F. 19258.0 11111.7 16202.0 14558.1 12553.3 11008.4 9593.9 8200.9 6719.6 5069.4 2559.1 924.8 
"S.TEMP 911.05 911.24 911 • 48 911.78 912.18 912.65 913.11 913.58 914.09 914.68 915.33 916.03 
.H.T.MODE B 8 8 8 8 8 8 8 8 8 6 8 



THIE-- 9.0000 9.0500 9.1000 9.1500 9.2000 9.2500 9.3000 9.3500 9.4000 9.4500 9.5000 9.5500 
IoIOOE 

I 561.9382 560.9160 :i:;9.9116 558.9224 557.9473 556.9846 556.0332 555.0928 554.1 E31 553.2463 552.3430 551.4539 
2 556.0085 555.1025 :i,,4.2075 553.3164 552.4272 e51.5405 550.6614 549.7915 548.9338 548.0930 547.2722 546.4712 
:3 550.4585 549.6643 548.a574 548.0298 54701907 546.3540 545.5315 544.7266 543.9443 543.1899 542.4673 541.7681 
4 54!5.2842 544.5842 :i43.8147 542.9902 542.1658 541.3677 540.6104 539.8840 539.1951 538.5505 537.9526 537.3640 
5 542.4299 541.7529 :i40.9414 540.0732 539.2556 538.4963 537.8022 537.1362 536.5188 535.9597 535.4565 534.9236 
6 541.5554 540.8733 :;40.0327 539.1438 538.3335 ~37.5916 536.9226 536.2756 535.6e43 :;35.1560 534.61363 53401653 
7 540.4539 539.7490 :i38.8508 537.9312 537.1416 536.4316 535.8025 535.1816 534.6287 534.1462 533.7244 533.2092 
8 539.1860 538.4041 :>37.3887 536.4314 535.7046 535.0505 534.4873 533.8958 533.4023 532.ge78 532.6321 532.0947 
9 538.0535 537.1357 535.9692 534.9968 534.3774 533.7864 533.2979 532.722·4 :;32.3008 531.9602 531.6719 531.0720 

10 536.7329 535.5491 :i34.1567 533.2185 532.&037 532.21369 531.9048 53103235 531.0178 ~30. 7771 530.5737 529.8264 
11 535.1477 533.4270 :>31.7178 :;30.9692 :;30.9543 530.11832 530.2617 529.6067 529.5203 529.4099 529.3118 528.2180 
12 533.5549 530.9934 :i29.Q020 528.71"0 529.2866 528.7170 528.7170 527.8628 528.1"75 528.1475 528.1475 526.4382 
13 526.4382 518.6321 :>1601841 519.6865 523.5266 521.2502 522.7642 520.111115 523.1 <;07 523.2881 523.6653 517.5784 
14 525."014 517.2991 :i 15. 0 083 519.0508 523.1809 520.5356 522.3184 519.3982 522.8840 522.8816 523.2998 516.6082 
15 524.8403 515.7112 :i13.7896 518.5801 522.9922 519'''''88 521.9473 518.5686 522.7102 522.4e71 522.9611 515.4294 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 131.3252 132.4883 737.0696 741.6553 "48.7246 753.3213 154.6611 "50.0<;:"4 "41.3276 731.6965 723.4829 710.8174 
He -173.0 -304.1 -1118.3 -46.5 -4.8 -133.1 -43.3 -141.2 -4.2 -66.4 -55.4 -254.9 
TsI.T 502.3 501.6 501.4 501.0 500.7 500.3 500.0 499.1 499.3 "9E.9 49!!.5 498.5 
HSI.T 1624.6 5034." 3764.4 593.4 48.6 1641.1 461.7 1778.5 3e.8 595.1 457.4 3074.1 
P 694.9 690.8 689.1 686.6 684.9 682.7 680.4 678.8 616.5 674.2 6710 5 671.3 
S.F. 35812.7 66205.3 44395.6 10369.4 1083.8 31142.9 10090.3 32762.7 90e.3 13898.7 11111.7 49990.9 
S. TEMP 524.34 514.78 513.16 518.43 522.98 519.31 521.80 518.11 522.70 522.29 522.80 514.72 
MASS-FLX 1.5559 (l.8434 2.<l657 3.34"0 4."501 6.8401 ".8373 11.7398 13.7568 ·14.6743 13.5024 20.8646 
QUI.LITY 1.00000 1.00000 1000000 1.00000 1000000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08264 0.08264 0.082611 0.08264 0.C8264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
.*"RELAP PREOICTIOIoiS (STAR>! EO)* •• 
.He 15.7 8.4 21.6 20.2 33.8 43.4 5leO 67.5 79.7 e~.9 80.7 114.2 
*S.F. 2913.3 1546.3 3912.7 3563.7 5706.8 7102.3 8219.3 11035.7 13688.3 15044.7 15106.9 22581.1 
"S.TEMP 916.51 916.98 917.00 911.01 916.70 916.30 915.78 914.88 913.92 912.94 912.10 911.09 
"H.T.MODE 8 8 8 8 8 e 8 8 e 8 8 8 

N 
W 
.j:-

TIME-- 9.6000 9.6500 9.7000 9."500 9.8000 9.8500 9.9000 9.9500 10.0000 10.0500 10.1000 10.1500 
NOOE " 1 550.5803 549.7209 :i48.8750 5"8.0393 54".2134 546.3958 545.5854 544.7832 543.9883 543.2C14 542.4236 541.6545 

2 545.6875 544.9148 3411.1477 543.3809 542.6140 541.8469 541.0837 540.3286 539.5837 538.8481 538.1221 537.4063 
3 5"1.0786 540.3823 :;39.6729 538.9456 538.2063 537.4670 536.7405 536.0349 535.3"33 534.6621 533.9912 533.3296 
4 536."5"8 536.0986 :i35.4038 534.6704 533.9331 533.2114 532.5337 531.9006 531.2708 530.6467 530.0317 529.4238 
5 534.3394 533.65:;3 :i32.9375 532.1694 531.4292 530."288 530.1094 529.5"39 528.9"6 528.350 I 527."681 527.1904 
6 5:3:3.5796 532.8745 :>3201455 5310:3606 530.6226 529.9326 529.3396 528.7991 528.2039 52".6179 527.0459 526.4773 
1 532.6128 531.8667 :i31.1208 530.30"9 529.5"98 528.9102 528.3618 527.8589 527.2605 526.6860 526.1279 525.5703 
8 531.4622 530.6304 529.8687 529.0081 528.3167 527.6851 527.2190 526.7673 526.1367 525.5813 525.0427 524.4966 
9 530.38"9 529.4380 528.6809 527.7583 52".1377 526.5510 526.1907 52:;.7842 525.0845 524.5620 524.0437 523.5056 

10 529.0657 527.9194 :i27 •• U73 526.1846 525."178 525.1880 524.9990 524.62"9 523."781 523.3!69 522.81108 522.3057 
II 527.3684 525.87S" :>25.3855 524.1201 524.0129 ~23.S23" 523.6370 523.2432 522.0659 521.8518 521.3611 520.8159 
12 525.5833 523.5879 523.5879 521.8770 522.44"3 ~21.e"72 522.4478 521.8774 520.1658 520.4509 519.8804 519.3093 
13 517.6865 512.3992 ,,16.1>382 511.2021 517.0669 ~14.8538 518.5278 515.9399 510.8110 515.3689 513.4912 512.8135 
14 517.0239 511.2607 :i16.l065 510.1003 516.828" 51".1"92 518.3318 515.3430 509.83"0 515.1094 512.8845 512.2417 
15 516.3965 509.9529 :>15.11651 508.8188 516.8374 513."331 518.2900 514.6606 508.6919 515.0439 512.2168 511.6648 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 694.1704 669.3135 co40.116"0 620.8101 609.3755 602.1184 596.2908 590.5996 586.3381 582.1570 577."143 571.6277 
HB -114.8 -330.9 -7.5 -469.7 109.5 -335.5 57.9 -366.8 -595.8 82.7 -403.1 -340.6 
TSI\T 497.9 497.5 49".1 496.6 496.2 .95." 495.3 494.9 "94.4 492.9 493.6 493.2 
HSI\T 1119.9 4516.8 49.7 4625.8 -486.8 1731." -195.9 1442.6 3"21.5 -261.6 1446.7 1132.2 
P 667.7 665.3 602.9 660.2 657.6 655.0 6:;2.4 649.7 647.0 644.3 6"2.1 6"0.2 s.t=. 20437.2 52978.4 9J9.3 52954.3 -10119.7 29895.5 -4514.4 28003.4 4665".6 -55"o.5 26429.6 20521.5 
S.TEMP 516.11 509.l0 51".95 508.07 516.98 513.01 518.35 514.26 508.03 515.12 511.84 511.37 
"'AS -FLX 19.4550 22.56.U 413.5315 24.8987 25.8294 26.4529 26.9767 27.73"3 27.4123 27.8849 28.6421 29.8174 
Otl.,f tTY 1.00000 1.00000 1.0aooo 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 I.ooaoo 
GAr 0.08264 0.08204 O.OtH!64 0.08264 0.08264 
***RELAP PREDICTIONS (STAR>!ED'*.* 

0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 

"HB 103.1 116.7 123.1 131.6 138.5 142.0 144.8 149.3 148.2 151.0 154.0 160.3 
*S.F. 21781.9 27522.1 31894.3 36667.9 40224." 41927.2 43143.0 45135.5 45104.8 46222.6 47526.4 50027.1 
*5. TEMP 909.50 907.68 90:>.26 n 902.67 900.05 897.59 895.35 893.14 891 .08 889.11 88".15 884.96 
*H.T.MODE 8 8 e 8 8 8 8 8 8 8 8 8 



TIME-- 10.2000 10.2500 10.3000 10.3500 10.4000 10.4500 10.5000 10.5500 10.6000 10.6500 10.7000 10.7500 
NOOE 

I 540.8938 540.1404 ;j39.~918 538.6479 537.9060 :37.1658 536.4287 535.6951 - 534 .9E61 534.2434 533.5269 532.816. 
2 536.6956 535.9808 ;j 35. «7 34 534.5540 533.8296 533.1047 532.3870 531.6194 530.9834 530.2961 529.6174 528.9463 
3 532.6624 531.9797 :;31.~751 530.5547 529.8269 529.1101 528.4226 527.7588 527.1 104 526.4690 525.8357 525.2043 
4 528.1769 528.0830 ,,27.3469 526.5979 525.8567 525.1672 524.5540 523.9622 523.3752 522.7761 522.1882 521.5874 
5 526.5205 525.1837 :;24.9990 52 •• 2280 523.4863 522.8513 522.3320 521.7913 521.2:!49 520.6450 520.0B67 519.4893 
6 525.7881 50!5.00!93 ;j0!4.ZO!36 523.447B 522.7092 522.1030 521.6250 521.0959 50!0 .5449 519.9534 519 •• 067 51B.8052 
7 524.8411 524.0471 :;0!3.Z 1 09 50!2.4336 521.7053 :21.1514 520.7412 520.2175 519.6707 519.0706 518.5442 517.9299 
8 523.6760 522.8274 :;0!1.9.90 50!1.1887 520.4851 520.0374 519.7311 51901853 518.'; J55 518.0117 517.5283 516.8750 
9 50!2.5444 521.6465 ;;O!O.7211 520.0093 519.3398 519.0383 518.8616 518.2266 517.6748 517.0142 516.5991 515.B733 

10 521.0847 520.1489 ;j19.179. 518.5586 517.9380 517.8879 511.8770 517.0337 516.5C12 515.7722 515.4939 514.6099 
11 519.0776 518.1963 ,,17.1606 516.7634 516.1965 516.tH52 516.7981 515.4436 515.0383 51401665 514.1914 512.9277 
U 516.7410 516.1702 :>1 5. ol276 515.0276 514.4568 515.5991 515.8846 513.5989 513.5~89 ~H2.4561 513.0278 511.0278 
13 504.6741 507.6372 ,,05.4119 508.2996 507.0452 513.0190 512.6938 503.7671 508.0173 504.4776 509.19.6 501.3057 
14 503.3584 507.0278 50 •• 50!15 507.8403 506.3757 513."0229 512.412'- 502.6125 507.7031 503.6777 509.0471 50001980 
15 50107688 506.5676 ;;03.5698 501.5134 505.6750 513.2617 512.1196 50101462 507.5618 502.7593 509.0950 498.8125 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 564.9558 557.6931 .. 46.1907 541.6750 535.7266 e29.6274 521.9653 512.5046 492.1289 492.8774 552.9419 488.9294 
HB -1041.8 -192.8 -805.1 -186.6 -864.1 1085.7 -1147.6 -5209.5 -231104 4003.2 214.5 6671.7 
TSAT 492.9 492.6 492.2 491.9 491.5 4'11.2 490.8 490.5 4ge.1 49t.1 496.2 488.9 
HSAT 8439.4 712.9 3352.6 410.6 1905.8 -784.2 543.4 6551.4 -21 e. 7 307<;.0 -717.5 6671.7 
P 638.2 636.2 6.J4.2 632.1 630.1 628.3 626.1 624.2 621.9 621.8 657.5 615.4 
S.F. 66814.6 9885.7 363.J9.7 6391. I 26290.5 -17498.5 It485.7 63894.9 -3697.1 3742E.5 -9375.5 60226.2 
S.TEMP 500.82 506.43 503. OS 507.42 505.30 513.51 511 .96 500.24 507.63 502.23 509.23 497.96 
MASS-FLX 30.9431 31.8138 33.0680 33.9765 35.0175 3S.2271 37.1073 38.4656 39.4028 40.6533 41.8701 41.1985 
QUAL ITY 1.00000 1.00000 1.0ilOOO 1.00000 1.00000 1.00000 1.00000 1.00000 10 00000 1.00000 1.00000 0.98536 
GAP 0.08264 0.08264 a.080!64 0.08264 0.08264 
.*.RELAP PREDICTIONS (5T"RREOI*** 

0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.06264 

*HB 167.0 171.7 116.9 166.1 192.4 195.5 210.0 214.7 20!4.7 595.6 1591.2 1083.0 
.S.F. 52879.2 55053.0 57703.4 61835.6 64340.2 65988.2 71936.4 74473.1 60249.1 210169.5 511286.4 325211.9 
-S.TEMP 882.51 879.96 677. 0!6 874.27 871 .24 868.19 864.S9 661.36 657.45 6.2.61 810.65 769.22 *H.T.Mooe 8 8 e 8 8 8 8 6 8 3 3 3 

N 
W 
VI 

T-! "E-- 10.8000 10.8500 10.11000 10.9500 11.0000 11.0500 11.1000 1101500 11.2000 11.2500 11.3000 11.3500 
NOOE 

I 5J~.1123 531.4136 ;;30.1180 530.0237 529.3271 !!!28.6279 527.9250 527.2209 526.5188 525.eO!.o 525.1416 524.4761 
2 526.2795 527.6130 526.9407 526.2551 525.5540 524.8408 524.10!46 523.4170 522.7300 522.0764 521.4658 520.6977 
3 524.5696 523.9219 ;j23.Z463 522.5320 521.7876 !!!21.0383 520.3081 519.6226 519.0034 518.4f41 518.0015 517.5981 
4 520.9707 520.3132 519.5872 518.7847 517.9597 517.1797 516.4775 515.8865 515.4~16 515.le91 514.S828 514.6943 
5 518.8679 518.1741 :>17.3689 516.4673 515.5884 SI4.8298 514.2026 513.7437 513.4705 513.3501 513.3059 513.2434 
6 518.1785 517.4641 ;;16 ... 211 515.6172 514.7649 514.0474 513.4565 513.0588 512.8E25 510!.8206 512.8394 512.8113 
7 517.2947 516.5435 515.1>375 514.6313 513.7322 513.0417 512.5195 512.2163 512.1 J15 512.2090 512.3083 512.3132 
8 516.22.6 515.4028 :H4.J8S4 513.2910 512.4170 fll.8314 511.4319 511.2903 511.3953 511.6233 511.8120 511.8208 
9 515.2126 514.29i!2 ",13.1458 511.9553 511.1563 510.7356 510.4646 510.5156 510.80!62 511.2 e95 511.4595 511.4290 

10 513.9546 512.8611 51 10:>1 0!7 510.2112 509.5925 509.4402 509.3525 509.6938 510.2937 SIO.8t21 511 .1448 510.9993 
11 512.3555 510.9226 509.Z661 507.8572 507.6682 507.9668 506.1045 506.9104 509.9153 510.6755 510.8965 510.4790 

-12 510.7420! 508.7397 :;06.7313 50e.3074 505.8796 506.7363 507.0242 508.4541 509.8840 510.7422 510.7422 509.8843 
13 504.1389 491.8960! .94.:>210 493.6143 499.5979 502.9827 503.1743 508.3667 511.4587 512.0137 510.1436 506.5674 
14 503.6895 496.71581 493 .J7 23 492.6672 499.2913 502.7917 502.6604 508.5720 511.7041 512.1404 510.0254 506.1565 
15 503.2170 495.4075 49201370 491.6667 499.2290 502.7332 500!.5564 508.9558 512.0520 512.2788 509.8342 505.6226 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 48S.3267 488.0830 487 ... 741 487.1.72 486.7668 486.3604 485.9097 485.4314 485.0220 484.9038 482.8326 483.9758 
HB 340.1 8584.9 121J8.6 8626.6 -567.1 -137.7 641.9 -880.2 -578.8 -184.2 354.9 11 03.6 
TSAT 488.3 488.1 487.7 487.1 486.8 486.4 465.9 485.4 485.0 484.9 41l2.8 464.0 
HSAT 340.1 8584.9 121.J8.6 860!6.6 -567.1 -137.7 641.9 -880.2 -578.8 -184.2 354.9 11 03.6 
P 611.9 610.6 608.3 605.3 603.2 600.9 598.4 595.1 59~.4 59:c.e 581.4 587.7 
S.F. 5093.5 56025.9 46159.7 34700.0 -7123.4 -2259.6 10586.3 -20969.4 -15774.1 -5056.3 9533.6 0!3519.5 
S.TEMP 503.30 494.61 491.48 491.17 499.33 502.77 502.41 509.0!5 512.28 512.35 509.70 505.29 
MASS-FLit 43.8925 44.5907 43.9460 42.5369 43.2813 46.6091 48.2334 49.8953 51.6280 42.7171 56.9392 34.2010 
QUAL ITY 0.91176 0.91729 0.9Z602 0.92536 0.93249 0.89756 0.83436 0.77867 0.72868 0.70383 0.69485 0.67666 
GAP 0.08264 0.0621>4 0.06264 0.08264 0.08264 0.08264 0.08264 0.06264 0.08264 0.08264 0.08264 0.08264 
*.*RELAP PREDICTIONS (STARREO.* •• 
"H8 953.3 1432.6 18:>6.5 1722.8 2813.6 3726.2 3868.2 3974.4 399::1.0 3681.2 4649.8 3559.9 
*S.F. 269164.2 361949.2 .10486.2 320168.4 417677.4 461048.3 424055.8 396783.2 371747.3 323024.9 407543.8 298652.3 
*S.TEMP 770.43 740.82 708.86 -673.23 635.36 610.11 595.65 585.28 578.23 572.64 570.32 561.43 
*H.T"MOOE 4 " .. 3 3 3 3 :3 3 3 3 3 



TlME-- 12.0000 12.0500 12.1000 12.1500 12.2000 
NOOE 

12.2500 12.3000 12.3500 12.4000 12.4500 12.5000 12.5500 

1 517.0291 516.4231 :i15.8054 515.1746 514.5286 !13.8657 513.1853 512.4866 511.7«:98 511.C361 510.2869 509.5239 
2 513.8713 513.20.1 512.5254 511.8276 51101052 510.3572 509.5854 508.7947 507.9880 507.1697 506.3430 505.5139 3 510.5535 509.8389 :>09.1003 508.3215 507.4976 506.6423 505.7656 504.8806 503.9~12 503.IC25 502.2190 50 I. 3523 • 507.0933 506.3525 :i05.5347 504.6313 503.6648 502.6865 501.7036 500.7458 499.7~59 498.8638 497.9546 497.0952 
5 504.9614 504.2043 :i03.2903 502.2632 501.1838 500.1416 499.1086 498.1375 49701667 496.2300 495.3267 494.5095 
6 504.2388 503.4702 502.5063 501.4272 500.3064 499.2488 498.2004 497.2327 496.254. 495.3193 .9 ••• 207 493.6270 
7 503.3130 502.5210 :>01.4724 SOO.3167 499.1431 498.0789 497.0154 496.0642 495.0764 494.1501 493.2632 492.5117 
8 502.1987 501.3.84 :iOO.I.04 498.8784 497.6.89 .96.6106 495.5339 494.6'318 .93.6252 492.7263 491.8625 491.19.1 
9 501.1580 500.2095 498.7891 497.4304 496.1648 495.1926 49 •• 0964 493.2747 492.2268 491.3774 490.5403 489.9841 

10 .99.8809 498.73~7 496.9612 495.5117 494.2295 493.4033 492.2534 491.5894 490.4424 489.6921 488.8867 488.5242 
II 498.2942 496.7156 494.3442 492.9031 491.6589 491.1484 489.8279 489.5029 488.0789 487.5745 486.7847 486.7874 
12 .96.7124 494.4163 491.i!60~ 490.ttle 488.9624 488.9624 487.2385 487.5259 485.5137 48!los137 484.6511 485.2263 
13 489.8643 482.6990 475.4055 477.7800 477.0115 480.3958 475.0298 480.1196 473.0496 "77 .... 250 475.2.95 479.8005 
14 489.2246 481.4568 473.8132 476.8384 475.9880 479.8071 473.8147 479.6917 471. 7~10 476.9146 474.3867 479.5176 
15 488.5251 "79.9749 471.9956 476.035':1 474.9646 479.3738 472.4231 "79.4878 470.2092 476.6052 473.4607 479.4280 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1) 0.0 0.0 0.0 
T8 476.7319 47601902 475.5947 474.9036 .74.2578 ... 73.6057 472.9624 472.3132 471.6584 470.<;675 .70.3059 469.6311 He 2379.5 20895.9 -15418.6 27422.9 190291.3 1650.4 -41484.3 -233.8 -26873.1 481.1 13276.2 -427.2 
T5AT "76.7 476.2 475.6 474.9 47".3 .73.6 "73.0 .72.3 471.7 471.0 470.3 469.6 
HSAT 2379.5 20895.9 -15418.6 27422.9 190291.3 1650 •• -41484.3 -233.8 -26873.1 .8101 13276.2 -427.2 
P 548.9 546.1 543.0 539.4 536.1 532.8 529.5 526.2 523.0 519.5 516.2 512.8 S.F. 27136.1 60846.0 71333.6 22234.3 35911.9 9298.1 55602.8 -1683 •• 63541.5 2693.6 35151+4 -4210.7 S.TEMP .88.14 479.10 470.97 475.71 474.45 479.24 471 .62 479.51 .69.29 476.57 472.95 479.49 MASS-FLX 45.2175 44.40"3 44.':819 43.2072 41.35"8 41.3598 40.1825 39.3492 38.1<;96 37.0182 36.3367 35.2061 QUAL lTV 0.49802 0.48898 0.4<1022 0.47347 0.46913 0.46482 0.46115 0.45781 0.45!!14 0.45288 0.45111 0.44981 
GAP 0.08264 0.08264 0.08264 0.0826. 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
***PELAP PREOICTIONS (STARRED) ••• 
.HB 3116.6 3050.7 3046.2 2951.6 2868.2 2834.6 2774.9 2715.6 2644" 257E.1 2532.0 2472.0 
*S.F. 182923.6 174281.1 169624.4 162043.1 155526.8 151582.4 146083.1 141111.0 135802.8 13080e.9 127155.1 122951.2 .5.TEMP 535.45 533.41 531 .40 529.90 528.60 527.15 525.73 52'1033 523.06 521.77 520.67 519.45 *t-t.T.Mooe 3 3 3 3 3 3 3 3 :3 3 3 3 



T lfoIE-- 12.6000 12.6500 12.7000 12.7500 12.8000 
NOOE 

12.8500 12.9000 12.9500 13.0000 13.0500 13.1000 13.1500 

1 508.7498 507.9668 5"7.1775 506.3845 505.5908 504.7998 504.0139 503.2349 502.4624 50 1 .6~65 500.9392 500.1921 
2 504.6860 503.8611 ,,03.0420 502.2336 501.4426 SOO.6719 499.9185 499.1768 498.4434 497.7192 497.0098 496.3232 
3 500.5034 499.6699 498.d538 4911. 0693 497.3262 496.6201 495.9294 495.2412 494.5496 4,93.8728 493.2261 492.6296 
4, 4,96.2639 4,95.4543 494 ... 707 493.9592 493.3193 4,92.7209 4,92.0996 49104519 490.7842 490.1646 489.6143 489.1648 
5 493.7092 492.9258 49201 785 491.5559 491.0188 490.5010 489.8928 489.2424 488.5701 488.0149 487.5605 487.2544 
6 492.8376 492.0640 491 • .j 308 490.7500 490.2546 489.7625 489.1462 488.4890 487.8123 487.2903 486.8779 486.6350 
7 491.7349 490.9749 490 • .:644 489.7544 469.3191 488.6567 4,86.2129 467.5425 ,486.8511 466.3967 4,66.0483 465.9004 
6 490.4224 489.6614 489.0078 488.6267 488.2717 487.8311 487.1077 466.4172 485.7202 485.3855 485.1323 485.1365 
9 489.1934 488.4744 4S1.a 459 487.6353 487.3518 486.9082 466.0559 485.3564 484.6489 484.4988 484.3403 484.5266 

10 487.6519 486.9746 486.4182 486.5002 486.2754 485.7676 464.6907 484.0200 483.2<ie8 483.4<;15 463.4348 463.9061 
11 465.6504 465.06~4 .. 84 ... 499 485.2737 485.0085 464.3818 482.8049 482.3115 481.5574 482.4426 482.4131 4,83.3833 
12 483.5002 483.2126 482.9250 484.3638 483.7881 482.9250 480.6228 480.6228 479.7590 481.7739 481.4661 483.2126 
13 473.0032 475.5127 475.tl164 482.5354 478.3223 476.1765 469.2676 473.9639 471.6575 481.5889 477.5120 484.6267 
14 471.8799 474.96:;3 475.,366 482.6316 477.7134 475.5364 466.0908 473.6071 470.8994 481.9401 471.0320 485.0103 
15 470.5178 474.5474 474 ... 853 482.9910 476.9468 474.6389 466.6650 473.4412 470.0681 482.6785 476.3909 485.6646 

Q 0.0 0.0 1),0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
Te 466.8503 467.9531 467.0752 466.1719 465.2971 464.4060 463.4968 462.5689 461.6726 460.7498 459.8555 459.0076 
He 67303.1 1434.9 2Sl5.2 -1296.7 2986.7 2605.4 24976.0 -236.9 4059.5 -1785.9 1824.1 -1232.0 
TSAT 468.9 468.0 407.1 466.2 465.3 464.4 463.5 462.6 461.7 4ee.7 459.9 459.0 
HSAT 67303.1 1434.9 2515.2 -1296.7 2966.7 2605.4 24976.0 -236.9 4059.5 -1785.9 1624.1 -1232.0 
P 509.0 504.6 500.3 496.0 491.7 467.5 483.2 476.9 474.6 470.3 466.2 462.3 
S.F. 56964.2 9269.4 18.09.4 -22224.9 33361.0 26196.8 58159.5 -2579.3 32193.2 -40201.0 29391.4 -33435.2 
S.TEMP 469.70 474.41 474.42 483.31 476.47 474.46 465.83 473.48 469.60 463.26 475.97 486.15 
MASS-FLl< 34.7548 32.7W8 .Jl • .l785 30.4735 28.8126 27.9097 26.5546 25.2871 24.0188 22.7101 21.3915 21.1474 
QUAL lTV 0.44856 0.44875 0.44996 0.45161 0.45467 0.45769 0.46141 0.46576 0.47076 0.471:44 0.46282 0.48679 
GAP 0.08264 0.08264 0.08264 0.08264 0.06264 0.06264 0.06264 0.08264 0.08264 0.08264 0.08264- 0.08264 
•• *RELAP PREDICTIONS (STARRED' ••• 
*He 2453.2 2353.9 2273.4 2222.8 2139.8 2104.3 2037.5 1973.1 1909.7 1843.0 1770.9 1760.3 
*S.F. 120612.4 115118.6 U 1180.9 108417.9 104220.9 102100.6 98652.8 95538.9 9254 1.0 69499.9 66311.2 65642.3 
*S.TEI4P 518.19 517.04 516.16 515.14 514.18 513.1l 512.10 511019 510.:31 509.50 506.77 507.63 
*H.T.MOOE 3 3 3 3 3 3 3 3 3 3 3 3 

N 
W 
-.J 

T IME-- 13.2000 13.250 0 13 • .J 000 13.3500 13.4000 
NODE 

13.4500 13.5000 13.5500 13.6000 13.6500 13.7000 13.7500 

1 499.4592 498.74:;4 498.0532 497.3867 496.7561 496.1609 495.15057 495.0906 494.6155 494.1768 493.7737 493.4043 
2 495.6677 495.0508 494 ... 805 493.9619 493.5000 493.0969 492.7480 492.4438 492.1731 491.9282 491.7078 491.5129 
3 492.0955 491.6304 it 91.Z 397 490.9270 490.6958 490.5400 490.4341 490.3496 490.26154 490.le36 490.1167 490.0747 
4 468.8137 488.5686 .. 88.4243 488.381l 488.4414 468.5781 488.7170 488.6162 488.8584 486.8643 488.9466 469.0483 
5 467.0632 486.9978 487.0417 487.2000 487.4724 467.7968 488.0500 468.2007 468.2551 486.3164 486.4675 488.6636 
6 486.5063 486.5120 486.0277 466.8608 487.2129 487.6042 467.8199 486.0334 468.0793 488.1548 468.3411 486.5723 
7 465.66011 485.96S6 466.1175 486.5132 486.9729 487.4434 487.7263 487.8674 467.8877 467.9812 488.2261 486.5032 
8 485.2146 485.4600 485.7976 486.2698 486.8699 487.4214 467.6624 487.7451 487.7053 487.6379 466.1651 488.5159 
9 484.7158 485.1118 .. 85.5710 486.1841 486.9266 487.5320 487.6655 467.6660 487.5498 487.7544 488.2322 488.6033 Ie 484.2168 484.8318 465.4404 466.2463 48701777 487.8066 467.7036 4,67.5803 1187.3506 487.7151 468.4048 488.7927 

H 463.7761 484.7322 465.;:; 046 486.5920 487.7742 488.3257 487.7095 487.4431 487.0520 487.7966 486.8323 469.1350 
12 483.5002 484 .93110 485.tlO15 487.2365 468.6755 488.9629 467.5259 487.2385 486.6638 486.1008 489.5366 489.5366 
13 482.7688 41l7.4708 ~87.11929 491.4658 493.9055 491.7827 485.0850 486.0913 484.4556 491.0154 493.9995 491.0952 
14 482.6396 487.8611 486.1938 491.9661 494.4297 491.9385 464.6350 486.0330 464.2114 491.5010 494.4812 491.ll87 
15 462.4290 468.4209 .68.4004 492.5681 495.0249 492.0012 483.9380 486.0271 483.9097 492.2305 495.0530 491.0200 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ?o 0.0 0.0 0.0 
T6 45801 340 457.2571 456 • .j777 455.4902 454.5972 453.6987 452.7939 451.8606 451.0261 450.2463 449.4255 448.6060 
He 458.4 -833.4 -218.3 -682.4 -571.8 40.4 1095.1 -68.3 392.2 -822.3 -499.6 195.3 
TSAT 458.1 457.3 4:;»th4 "55.5 454.6 453.7 452.8 45109 451.0 450.2 449.4 448.6 
HS"T 456.11 -833.4 -218.3 -682. 'I -571.8 40.4 1095.1 -66.3 392.2 -622.3 -499.6 195.3 
P 458.3 454.4 450.4 446.5 442.5 438.5 434.6 430.6 426.9 423.6 420.1 416.6 
S.F. 11065.1 -26288.3 -7011.4 -25553.1 -23307.5 1545.4 33577.7 -2334.6 1262~.4 -34937.1 -22956.3 8258.5 
S.TEMP 482.27 468.80 4S8.50 492.93 495.36 491.98 483.46 486.06 463.73 492.73 495.38 490.90 
NASS-FLX 20.6926 20.5597 20.4936 20.1671 20.0002 19.8016 19.5176 19.3688 18.8889 19.29153 19.3302 19.2524 
QUAL ITV 0.49427 0.499<:9 0.50371 0.50767 0.5ll23 0.51449 0.51754 0.52042 0.52341 0.52543 0.52683 0.52762 
GAP 0.08264 0.08264 0.08264 0.08264 0.06264 0.08264 0.08264 0.06264 0.08264 0.06264 0.08264 0.08264 
•• *RELAP PREDICTIONS (STARRED) ••• 
.He 1763.9 1755.4 17:'> 7.6 1757.3 1156.3 1754.2 1749.5 1745.1 172 :!.l 1752.3 1770.9 1770.3 ·S.F. 64981. 'I' 83702.3 62811.1 61730.6 80626.6 79461.7 78256.3 77107.6 75255.9 75363.9 74667.6 73407.2 
"'5. TEIIP 506.49 505.11 50.1.67 502.16 500.68 499.19 497.11 496.25 494.86 493.42 491.15 490.23 
"'H.T.NODE 3 3 3 3 3 3 3 3 3 3 :3 :3 



TIME-- 13.8000 13.8500 13.9000 13.9500 14.0000 14.0500 14.1000 14.1500 14.2000 14.2500 14.3000 14.3500 
NOOE 

1 493.0669 <192.7600 ,.92.IHIOO ,.92.2249 491.9919 491.7803 491.5898 491.4207 491.2125 491.1453 491.0374 490.9456 
2 491.3428 491.1917 ,.91.0525 490.9226 490.8047 490.7039 490.6216 490.5596 490.5193 490.4995 490.4929 490.4827 
3 490.0513 490.0261 489.9871 489.9436 489.9146 489.9114 489.9319 489.9751 490.0454 490.1333 490.2080 490.2297 
4 489.1555 489.2092 489.2141 489.2211 489.2769 489.3818 489.5098 489.6624 489.8530 490.0415 490.1465 490.1013 
5 488.8342 488.8826 ,.88.11689 ,.88.9028 489.0320 489.2246 489.4175 4811.6,.04 489.9141 490.1470 490.2019 490.0090 
6 488.7583 488.7896 488.7620 488.8101 488.9741 489.2014 489.4146 489.6626 489.9E80 "90.2092 490.2253 489.9553 
1 488.7004 488.6887 488.lO377 488.1119 488.9329 489.2087 489.4421 489.7241 490.0131 490.3145 490.2542 489.8545 
8 488.7012 488. 58lO9 488.S005 488.6379 488.9573 489.2966 489.5381 489.8661 490.2195 490.4880 490.2654 489.6396 
9 488.7444 488.4783 488 • .3706 488.6096 489.0510 489.44lO3 489.6702 490.0571 490.5410 490.6755 490.2217 489.3210 

10 488.8276 <188.2927 488.2019 488.6404 489.2656 489.7100 489.8716 490.3630 490.9485 490.9146 490.0593 488.7454 
11 488.9312 487.9041 487.98-U 488.8242 489.7173 490.1528 490.1494 490.8694 491.5986 491.1660 489.5864 487.6589 
12 488.9619 487.2388 487.8137 489.2.98 490.3987 490.6860 490.3989 491.5411 492 .... 087 491.2598 488.6753 486.0886 
13 488.3904 482.5732 .87.11376 492.6323 494.4265 493.1008 491.0217 495.5608 ... 96.5842 490.2446 ... 82.0222 476.8328 
I'" 488.2424 "'81.9709 488.0344 493.0918 494.8269 493.2515 490.9963 496.0635 496.9E95 489.9275 481.1648 475.8708 
15 487.9973 481.1628 488.4414 493.7151 495.2776 493.3435 490.8918 496.7295 497.3755 489.3684 480.0215 474.7485 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 447.7827 446.9521 ",46.1172 445.2766 444.4304 443.5786 442.7554 441.9402 441.1248 440.3057 439.4797 438.6523 
HB 300.6 1063.2 -531.8 -566.8 -338.2 -15.4 136.4 -540.6 -259.5 593.4 1263.8 l253.8 
TS4T 447.8 4 ... 7.0 446.1 445.3 ... 44." 443.6 442.8 441.9 4" 1.1 440.3 439.5 438.7 
HS4T 300.6 1063.2 -531.8 -566.8 -338.2 -15 .... 136.4 -5"0.6 -259.5 593.4 1263.8 1253.8 
P 413.2 409.7 406.2 402.8 399.3 395.8 392.5 389.2 38E.0 382.7 379.5 376.3 
S.F. 12038.3 35824.9 -226112.0 -27680 •• -17280.5 -765.0 6550.7 -29851.7 -14648.7 28867.5 50324.4 44455.5 
S.TEMP 487.82 480.65 488.77 494.11 495.52 493.35 490.80 "97016 497.58 488.96 479.30 474.11 
M4SS-FLK 1<;.2 ... 53 19.1964 19.1548 19.1051 19.0472 18.9837 18.7867 18.7435 18.9200 18.8861 18.8639 18.7990 
QU4L ITY 0.52840 0.52870 a.Sol875 0.52861 0.52832 0.52792 0.52756 0.52697 0.52605 0.52500 0.52391 0.52277 
GAP 0.08264 0.08264 0.0826'" 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.0826" 
••• REL4P PRE01CTIONS (ST4RREO) ••• 
.HB 1776.1 1778.2 1779.9 1780.9 1780.9 1780.1 1770.5 1785.7 1782.2 1786.8 1784.6 1786.2 
*S.F. 72448.9 71389.2 703!>5.4 69352.5 68342.4 67348.2 66073.8 65563.3 64541.5 63667.7 62747.9 618"9.6 
*5. TEMP 488.74 487.2.7 485.82 4e .... 39 482.98 48lo58 480.23 478.81 477.46 476.10 474.76 473.44 
*H.T.MOOE 3 3 3 3 3 :3 3 3 3 3 3 3 

N 
v.:o 
00 

TlME-- 14.4000 14.4500 14.5000 14.5500 14.6000 14.6500 14.7000 14.7500 14.8000 14.8500 14.9000 14.9500 
NODE 

I 490.8638 490.7847 490.7012 490.6057 490.4902 490.3477 490.1711 489.9548 489.6<;58 489.3~18 489.0415 488.6448 
2 490.4521 490.3870 490.ol795 490.1228 489.9080 489.6257 489.2744 488.8564 488.3774 487.8438 487.2598 486.6299 
3 490.1719 490.0273 489.7983 481t.485 I ... 89.0703 488.5488 487.9329 487.2444 486.5024 485.7156 484.8882 484.0266 
4 489.8896 489.5444 489.11896 488.5288 487.8088 486.9473 485.9961 ... 85.0046 484.0017 482.9724 ... 81.9163 480.8459 
5 489.5991 489.0613 ,.88.4192 487.6648 486.6851 485.5613 ,,84.3894 483.2319 482.1023 480.9436 479.7654 478.5901 
6 489.4568 488.8"'38 488.1316 487.3035 486.2151 "84.9924 483.7463 482.5388 481.3738 480.1704 478.9512 477.7432 
7 489.2227 488.5078 487.7019 486.7737 485.5251 484.1716 ,,82.8389 481.5823 480.3835 479.1252 477.8582 476.6150 
8 488.8088 487.9700 487.0454 485.9836 484 .... 849 482.9736 481.5627 480.2808 ... 79.0674 477.7383 476.4229 475.1543 
9 488.2839 487.3438 486 • .3054 485.1050 483.3052 481.6663 480.2153 478.9436 477.7~1 476.3235 474.9729 473.6953 

10 487.4480 486.4219 485.233" 483.8403 481.5586 479.8198 478.3726 477.1565 475.geao 474.4138 473.0393 471.7688 
It 486.0801 485.05118 463.0409 481.9634 478.8430 477.1772 ... 75.8325 474.7568 473.5999 471.7598 470.4194 469.1917 
12 484.3633 483.5007 481.7737 479.7581 475.4370 474.2844 47301313 472.2654 471.1116 468.8027 467.6472 466.4927 
13 475.5520 476.3613 472.3691 468.6577 456.8037 461.4475 461.0769 461.3843 459.8950 454.3198 "55.2705 454.4119 
1" 474.7715 475.8198 471.4385 461'.5989 "54.8181 460.5557 460.0649 460.4958 458.9121 452.9146 454.2827 453.3613 
15 473.9766 475.31.37 .70.3806 466.4355 452.4360 459.8984 459.0671 459.6497 457.9023 451.3384 453.3750 452.3513 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 437.8186 436.9807 .36.1387 435.2893 434.4446 433.5955 432.7483 431.8953 431.0~88 430.1797 429.3096 428.4436 
HB 778.7 406.3 1242.0 1444.4 5665.1 498.5 1337.4 1012.8 1367.7 3001.9 1180.0 1528.2 
TSAT 437.8 437.0 436.1 435.3 434.4 433.6 432.7 ... 31.9 431.0 43C.2 429.3 428.4 
HS4T 778.7 406.3 12,.2.0 1444.4 5865.1 498.5 1337.4 1012.8 1367.7 3001.9 1180.0 1528.2 
P 373.0 369.8 366.6 363.3 360.1 356.9 353.8 350.6 347.5 344.3 341.2 338.1 
S.F. 27841.4 15484.3 41778.3 44068.0 97255.4 13016.3 34528.6 27703.0 3602 ~.9 6085e.o 27917.2 35739.9 
S.TEMP 473.57 475.09 "6~. 78 4615.80 451.03 459.71 4158.57 459.25 457.38 ... 50.45 452.97 451.83 
!114SS-FLX 18.7753 18.7107 18.<>747 18.6081 18.4761 18.3198 18.1136 17.8717 17.6507 17.3816 17.1489 16.7635 
QU4L ITY 0.52165 0.52051 0.51944 0.51638 0.51750 0.51676 0.51634 0.51619 0.51e36 0.51682 0.51758 0.51873 
GAP 0.08264 0.08264 0.OS264 0.08264 0.08264 0.08264 0.08264 0.0826'" 0.08264 0.08264 0.08264 0.08264 
**.PELAP PREOICTIONS (ST4RIIEOI.*. 
.HB 1782.9 1783.7 17110.5 1780.4 1772.3 1764.6 1750.4 1739.3 1722.4 1710.9 1690.9 1680.9 
*S.F. 60998.9 60103.5 593.39.5 58453.1 57643.3 56584.8 55716.8 54721.1 53829.8 52970.8 51996.5 51310.4 
*S.TE!IIP 472.13 470.85 469.56 468.29 467.04 465.84 464.66 463.53 462.41 461.31 "60.24 459.14 
*H.T.MODE 3 3 3 3 3 3 3 3 3 :3 3 3 



TIME-- 15.0000 15.050.0 15.1000 15.1500 15.2000 15.2500 15.3000 15.3500 15.4000 15.4500 15.5000 15.550.0 
NOOE 

1 488.2034 487.7212 487.2024 486.6511 486.0708 485.4629 484.8286 484.1685 483.4841 482.7781 482.0508 481.3032 
2 485.9622 485.2710 484.;;676 483.8552 483.1299 482.3840 481.6174 480.8323 480.0317 479.2170 478.3860 477.5403 
3 483.1531 482.300.0 481.4778 480.6646 479.8342 478.9729 478.0894 47701 970 476.3C32 475.4019 474.4824 473.5537 
4 479.8179 478.8953 478.0457 477.1838 476.2578 475.2698 474.2742 473.2996 472.3438 471.3752 470.3687 469.3728 
5 477.5247 476.6521 475.8464 474.9531 473.9346 472.8428 471.7908 470.7954 469.8267 468.8181 467.7434 466.7261 
6 476.6797 475.841>7 475.0627 47401475 473.0828 471.9473 470.8828 469.8872 468.9165 467.8887 466.7834 465.7659 
7 475.5767 474.8225 474.Q696 473.1111 471.9739 .470.7803 469.7119 468.7275 467.7583 466.7021 465.5518 464.5474 
8 474.1995 473.6040 .. 72.8828 471.8235 470.5652 469.2998 468.2649 467.315'1 466.3533 465.2449 464.0247 463.0750 
9 472.8789 472.4937 "71.7693 470.5520 469.1519 467.8281 466.8728 465.9700 465.0112 463.8286 462.5281 .. 61.6838 

10 471.2202 471.1741 470.3608 468.8450 467.2419 465.8718 465.0955 464.2578 463.2881 .61.9658 .60.5457 459.9316 
II 469.1882 469.6917 468.5151 466.4250 .64.5645 463.2219 462.8484 462.0623 461.0:!25 459.4331 .57.8445 457.7646 
12 467.3591 468.51.4 466.4915 463.6013 461.5789 460 .• 4214 460.7109 459.8430 458.6848 .56.6584 454.9214 455.7903 
13 461.1863 465.2822 456.0.640 448.9102 447.2629 447.8911 452.5925 449.9993 447.9639 443.1687 441.1677 449.0115 
14 460.9290 465.1685 454.8608 447.4304 446.0212 446.8831 452.0986 449.0928 447.0046 441.8799 439.9634 448.7466 
15 460.951. 465.2092 .. 53 • .3262 445.7305 444.7664 445.9360 451.8086 448.1060 446.0012 440.4468 438.7258 448.8074 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 427.5601 426.6792 ,,25.8022 424.9404 424.0793 423.2227 422.3723 421.4980 420.6118 419.7249 418.8281 417.9258 
HB -331.7 -169.5 24d7.4 3335.5 2145.8 1354.8 88.7 1438.\ 1451.0 2736.7 2246.1 -455.0 
TSAT 427.6 426.7 4.!5.8 424.9 424.1 423.2 422.4 421.5 420.6 419.7 418.8 417.9 
HSAT -331.7 -169.5 2467.4 3335.5 2145.8 1354.8 88.7 1438.1 1451.0 2736.7 2246.1 -455.0 
I' 334.9 331.8 3018.7 325.7 322.7 319.7 316.8 313.8 310.8 307.9 304.9 301.9 
S.F. -11128.5 -6547.1 66079.3 66128.3 43038.7 30172.5 2606.5 37419.2 36074.9 54526.0 43265.8 -14146.0 
S.TEMP 461.11 .65.30 452.37 .44.77 444.14 445.49 451.71 447.56 445.47 439.65 438.09 449.01 
MASS-FLX 16.4262 16.4523 15.9749 15.7459 15.7227 15.3234 15.1966 15.1045 14.7~48 14.5829 1'1.3489 1401 221 
QUALITY 0.52020 0.521 .. 5 O.~368 0.52583 0.52794 0.53037 0.53275 0.53511 0.53780 0.54063 0.54366 0.54687 
GAP 0.08264 0.08264 0.0826. 0.08264 0.08264 0.08264 ?08264 0.08264 0.08264 0.08264 0.08264 0.08264 
**.PELAP PREDICTIONS (ST"RRED) •• * 
*HB 1654.6 1660.6 1629.7 1630.0 1620.8 14509.4 1595.2 1597.7 1578.4 1568.7 1557.5 1546.6 
:tIS.F. 50218.9 50071.1 48880.1 48524.4 47935.9 47243.5 46531.1 46266.4 45473.0 44967.1 44432.4 43925.8 
*S.TEMP 458.08 451.01 455.96 454.87 453.83 452.74 451.71 450.64 449.60 4406.57 447.54 446.51 
*H.T.MODE 3 3 3 3 3 3 3 3 3 3 3 3 

N 
W 
\0 

TIME-- 15.6000 15.6500 
NODE 

15.7000 15.7500 15.8000 15.8500 15.9000 15.9500 16.0000 16.0500 16.1000 16.1500 
I 480.5371 479.7556 478.9614 478.1577 477.3464 476.5288 475.7068 474.8804 474.0!!15 473.2200 472.3848 471.5442 2 476.6865 475.8315 474.9814 474.1357 473.2920 472.4485 471.6050 470.7649 469.9282 469.0896 468.2422 467.3806 3 472.6375 471.7483 470.8828 470.0310 469.1799 468.3269 467.4766 466.6396 465.8101 464.9680 .64.0933 463.1899 4 468.4382 467.5718 466.1385 465. '"077 465.0537 464.1919 463.3440 462.5337 461.7231 460.8577 459.9165 458.9402 5 465.8306 465.0261 464.2322 463.4116 462.5405 461.6685 460.8325 460.0625 459.2595 458.3440 457.3159 456.2815 6 464.8970 464.1221 463 • .3411 462.5198 461.6357 460.7585 459.9307 459.1814 458.3750 457.4280 456.3569 455.3013 7 463.7300 463.0029 462 .. !361 461.4077 .60.5015 459.6204 458.8081 458.0938 457.2761 456.2737 455.1377 454.0623 8 462.3625 461.7078 460.9434 460.0923 459.1426 458.2654 457.4890 456.8369 455.9188 454.8716 453.6357 452.5588 9 46101079 460.5247 459.7375 458.8486 457.8423 456.9844 456.2595 455.6848 454.7488 453.5024 452.1587 451.1165 II) 459.5740 459.0676 458.2039 457.2476 456.1482 455.3481 454.7131 454.2612 453.1492 451.6694 450.1804 449.2505 II 457.7383 457.2666 456.1934 45!S. 1289 453.8762 453.2432 .52.7644 452.5132 450.9151 449.1072 447.4504 446.8389 12 .56.0798 455.500.5 454.Q 520 452.8928 451.4431 451.1531 450.8633 450.8633 448.5422 446.2207 444.4188 444.4188 13 449.8630 447.7939 443.7815 442.5842 439.9907 442.4807 442.9517 444.3098 436.0249 431.8472 430.4575 435.0540 14 449.3845 447.0837 442.7891 441. f931 438.9536 441.8625 442.3213 443.8225 434.61!85 430.5134 429.2566 434.4541 15 448.9426 446.3123 441.0716 440.7905 437.8501 441.3681 441.7263 443.4055 433.0664 429.0698 428.0481 434.0615 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TB 417.0479 416.1946 .. 15.3203 414,4443 413.5598 412.6702 411.7729 410.8689 409.9578 409.0393 408.1394 407.2556 HB 459.8 974.6 1667.0 1202.7 1699.3 427.7 653.0 366.9 3006.4 2737.2 2131.4 216.6 TSAT 417.0 416.2 415.3 414.4 413.6 412.7 411.8 410.9 41 C.O 40<;.0 408.1 407.3 HSAT 459.8 974,6 1667.0 1202.7 1699.3 427.7 653.0 366.9 3006.4 2737.2 2137.4 216.6 p 299.0 296.2 293.4 290.6 287.8 285.0 282.2 279.4 276.6 273.8 271.0 268.4 S.F. 14561.9 2894107 42881.4 31137.4 40272.7 12198.7 19375.1 11872.9 66541.9 52703.7 41251.6 5786.4 S.TEMP 448.73 445.89 441.04 .40.33 437.26 441.19 441.44 443.23 432.09 428.29 427.44 433.98 MASS-FLX 13.8520 13.8161 13.6176 13.4416 13.2666 13.0860 12.9198 12.7514 12.5e60 12.4208 12.2280 12.1803 QUAL ITY 0.55030 0.55357 0.5:1690 0.56025 0.56365 0.56715 0.57072 0.57439 0.57816 0.58205 0.58608 0.58997 GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 ~. 08264 0.08264 0.08264 .**RELAP PREOICTIONS CSTAR~EO).** 
«HB 1531.6 1535.6 152 8.7 1523.0 1516.7 1507.7 150 1.8 1495.2 1489.0 1482.1 1473.2 1477.4 *S.F. 43307.6 43128.3 42645.9 42240.7 41834.5 41387.7 41027.2 40663.4 40320.5 39989.4 39575.8 39461.5 *S. TEMP 445.49 444.45 44.3.39 442.36 441.32 440.30 439.27 438.25 437.22 436.19 435.18 434.14 *H.T.MODE 3 :3 3 3 3 3 :3 3 3 3 3 3 



TIME-- 16.2000 16.2500 16.JOOO 16.3500 16.4000 16.4500 16.5000 16.5500 16.6000 16.6500 16.7000 16.7500 
NOOE 

1 470.6970 469.8428 468.9812 468.1125 467.2375 466.3547 465.4641 464.5662 463.6E19 462.7f42 461.8447 460.9355 
2 466.5056 465.6216 464.7307 463.8342 462.9307 462.0171 461.0942 460.1653 459.2380 458.3176 457.4070 456.5046 
3 462.2729 461.3523 460.4343 459.5134 458.5825 457.6326 456.6716 455.7188 454.7S76 453.SS13 452.9951 452.1216 

" 457.9744 457.02i:i9 .. 56.0969 455.1580 45401946 453.1929 452.1914 451.2375 <150.3413 449.4858 448.6516 447.8176 
5 455.3013 454.3528 .53.4338 452.4788 451.4829 450.4299 449.4104 448.4917 447.6538 446.8518 446.0562 445.2407 
6 454.3228 453.3772 452.4641 451.4983 450.4851 449.4072 448.3848 447.4890 446.6792 445.8<;79 445.1150 444.3018 
7 453.0969 452.1604 451.,585 450.2739 449.2351 "48.1211 447.1042 446.2534 445.4878 444.7341 443.9651 443.1504 
8 451.6379 450.71115 449.8396 448.8130 447.7356 446.5657 445.5828 444.8215 444.1233 443.4001 442.6409 441.8132 
9 450.2666 449.3611 448.5095 447.4170 446.2974 445.0637 444.1494 443.5085 442.8779 442.1741 441.4148 440.5618 

10 448.5266 447.6226 446.8140 445.5879 444.4136 443.0798 442.3198 441.8801 441.3286 440.6,,72 439.8535 438.9487 
11 446.3267 445.3611 444.0331 443.1116 441.8936 440.3904 440.0012 439.8987 439.3965 438.6458 437.8308 436.8213 
12 444.1885 443.0259 442.4451 440.4102 439.2468 437.5027 437.7937 438.0845 437.5027 436.630 I 435~7571 434.5928 
13 435.3086 432.2822 432.9937 427.1108 427.2158 423.7852 429.3167 431.1987 429.2205 427.4929 426.3804 424.2300 
14 434.5916 431.2903 432.2478 425.8040 426.2373 422.5369 428.8313 430.7068 428.4700 426.6826 425.5745 423.3064 
15 433.9026 430.2100 ,,31.:>598 424.3054 425.3037 421.1931 428.5906 430.2993 427.6636 425.8345 424.7532 422.3274 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
·TB 40t;.3550 405.4502 404.,,374 403.6165 402.6897 401.7544 400.8115 399.8608 398.7136 397.2222 396.1563 395.0928 
HB 847.7 1666.7 792.8 2944,9 1336.0 2636 •• -32.4 378.2 1048.3 107501 1009.2 1318.7 
TSAT 406.4 405.5 404.5 403.6 402.7 401.8 400.8 399.9 39S.7 397.2 396.2 395.1 
HSAT 647.7 1666.7 792.8 294" .9 1336.0 2636,4 -32.4 378.2 104e.3 1 O?!;I. I 1009.2 1318.7 
P 265.7 263.0 260.3 257.6 254.9 252.2 249.6 246.9 243.7 239.5 236.6 233.7 
S.F. 23063.6 40280.1 2U76.3 58393.3 29628.2 49326.7 -900.2 11448.0 29887.6 30281.5 28435.1 35228.4 
S.TEMP 433.56 429.02 431.25 423.45 424.87 420.46 428.60 430.13 427.22 425.39 424.33 421.81 
MAS5-FLl< 12.0286 11.8940 11.7630 11.6156 11.4809 11.3416 11.2017 11.0621 9.2675 2.6749 2.1814 4.2794 
OVAL lTV 0.5<>390 0.59785 0.6,;)183 0.60592 0.61009 0.61437 0.61878 0.62333 0.63051 0.64716 0.66249 0.72908 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
"**REI.AP PREOICT IONS (STAR~EO' ••• 
-HB 1473.1 1468.3 1405.1 1459.9 1455.3 1450.7 1445.8 1440.9 134S.0 63 ... 3 2S8.0 722.7 
*S.F. 39132.7 38825.5 38568.6 38278.3 38021.6 37773.1 37531.6 37302.6 3514e.3 187S8.8 9106.3 25708.1 
*s. TEMP 433.10 432.07 431.04 430.02 429.00 427.98 426.96 42S.94 425.06 426.74 431.55 430.80 
*H.T.MOOE 3 3 3 3 3 3 3 3 3 3 3 3 

N 
P-
O 

TIME-- 16.8000 16.850 0 16.9000 16.9500 17.0000 17.0S00 17.1000 17.1500 17.2000 17.2500 17.3000 17.3S00 
NODE 

I 460.0273 459.1206 458.2161 457.3130 456.4116 455.5122 454.6140 453.7173 452.8210 451.9285 451.0400 450.1592 
2 455.6094 454.7170 453.El269 452.9385 452.0532 451.1680 450.2825 449.3962 448.5134 447.6401 446.7810 445.9404 
3 451.2502 450.3710 449.i:i010 448.6272 447.7583 446.8865 446.0085 445.1294 444.2649 "3.4258 442.6184 441.8447 
4 446.9695 44601055 ,,45.2380 444.3792 443.5298 442.66_3 441.7839 440.9097 440.0823 439.3071 438.5854 437.9106 
5 444.3923 443.5222 442.0563 441.8108 440.9771 440.1025 439.2104 438.3428 437.5667 436.81001 436.2158 435.6204 
6 443.4480 442.5718 441.7058 440.8662 440.0383 439.1543 438.2546 437.3918 436.6438 435 ... 668 435.3560 434.7913 
7 442.2854 441.3997 440.5354 439.7070 438.8870 437.985_ 437.0759 436.2241 435.5234 434.8906 434.3252 433.8022 
8 440.9236 440.0237 439.1682 438.3601 437.5513 436.6106 435.6902 434.8657 434.2!S24 433.6S07 433.1782 432.7073 
9 439.6387 438.7258 .. 37.0870 437,1062 436.3057 43S.3057 434.3813 433.5996 433.1023 432.5884 43201519 431.7290 

10 437.9702 437.0447 436.2422 435.5054 434.7092 433.5925 432.6814 431.9824 431.6S53 431.2324 430.8e87 430.5229 
II 435.7542 434.8323 1034.1123 433.4475 432.6350 431.2754 430.4495 429.9167 429.9844 429.5.59 429.3440 429.0352 
12 433.4282 432.5547 43109722 43103896 430.5156 428.7668 428.1841 427.8926 428.4758 427.8<;26 427.8926 427.6011 
13 422.6648 422.340 1 4<:2.0699 422.4194 420.9326 416.5251 418.3550 419.4038 423.1558 420.5430 422.0735 421.4922 
I" 421.7290 421.4966 ,,21.9255 421.6802 420.0979 415.3633 417.6243 418.7527 422.8E35 419.8481 421.6577 420.9744 
15 420.7659 420.6697 421.,192 420.9551 419.2314 414.0679 416.9988 418.1643 422.7305 419.0654 421.3213 420.4478 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 (l.0 0.0 0.0 0.0 
TB 394.0139 392.7773 39104895 466.5400 522.4014 540.9900 543.3813 540.5964 538.9128 ~38.8e70 536.7290 535.4917 
HB 1282.3 995.4 769.7 -527.3 -295.6 -383.0 -134.7 -146.7 9.2 -25102 -72.6 -159.6 
TSAT 394.0 392.8 391.4 390.2 388.8 387.3 385.2 382.6 37 ... 7 37E.6 373.6 370.8 
HSAT 1282.3 995.4 707.3 796.1 1021.1 1879.5 541.3 509.5 -24.8 719.7 176.1 372.8 
P 230.8 227.6 224.0 220.8 217.2 213.6 208.3 201.9 19~.2 188.0 181.1 175.1 
S.F. 33664.9 27360.2 22624.0 24228.5 30635.7 48889.6 17062.7 17994.2 -106e.9 3020e.1 8390.7 1840401 
S .TEMP 420.27 420.26 420.88 420.60 418.78 413.34 416.75 417.90 .22.75 418.62 421.20 420.18 
"ASS-FLl< 7.6174 10.0034 14.6229 18.5018 20.5228 23.5554 28.5085 35.6405 42.2298 47.6103 52.4989 55.3797 
QVAL [TV 0.84107 0.95644 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08264 0.06264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
••• REI.AP PREDICTIONS (STARRED'."" 
·HB 1173.7 1369.3 2:;0.9 93.8 97.2 107.4 122.7 147.1 16<;.3 187.7 205.4 211.7 
*S.F. 38887.8 41952.2 8708.3 -1735.2 -7737.0 -10747.4 -12530.0 -14265.5 -15758.2 -16951.6 -17862.2 -18167.1 
·S.TEMP 427.36 423.66 426.37 431.32 435.48 438.92 441.68 444.05 446.17 448.13 449.8. 451.33 
.H.T .Mooe 3 3 3 8 8 8 8 8 8 8 8 8 

'. 



'. 

TINE-- 17.4000 17.4500 
NODE 

l7.::iOOO 17.5500 17.6000 17.6500 l7.7000 17.7500 17.8000 17.8~00 17.9000 17.9500 

1 449.2874 448.4270 447d 786 446.7417 445.9153 445.1006 444.2969 443.5049 442.7251 441.9578 441.1995 440.4487 
2 445.1208 444.32G 1 443.::i330 442.7549 441.9858 441.2280 440.4841 439.7551 439.0386 438.3298 437.6216 436.9082 
3 441.1038 440.3792 439.6570 438.9319 438.2139 437.5134 436.8350 436.1726 435.5195 434.8~96 434.1e07 433.4746 
4 437.2742 436.6265 435.9531 435.2603 434.5886 433.9541 433.3540 432.7639 432.14577 431.5291 430.8406 430.0989 
5 435.0593 434.4390 433.7688 433.0781 432.4421 431.8633 431.3254 430.7742 430.2004 429.5415 428.8125 428.0161 
6 434.2590 433.6392 432.9631 432.2693 43106511 431.0984 430.5859 430.0447 429.47445 428.7969 428.0449 427.2205 
7 433.3059 432.6743 431.9836 431.2847 430.6980 430.1826 429.7036 429.1697 428.6001 427.8867 427.0991 426.2346 
8 432.2532 431.5740 430.d530 43001470 429.6208 429.1619 428.7258 428.1841 427.6052 426.8193 425.9780 425~0537 
9 431.3123 430.5466 429.7920 429.0842 428.6460 428.2461 427.8491 427.2786 426.6846 425.7957 424.9001 423.9104 

10 430.1494 429.2007 428.4106 427.7117 427.4377 427.1143 426.7625 426.1157 425.4990 424.4214 423.4622 422.3752 
11 428.7080 427.3528 .26.lH67 425.9187 425.9783 425.7231 425 •• 121 424.5776 423.9.51 .22.4937 .21.5027 420.2607 
12 .27.3096 425.2678 42'ho846 424.1011 424.68.8 424.3931 424.1013 422.9338 422.3503 420.3064 419.4304 417.9705 
13 421.3428 414.361)6 416.3474 416.0686 420.2205 418.45941 418.4766 414.8757 415.2104 408.9529 409.9795 406.9099 
14 420.8523 413.2139 415.7456 415.4067 420.0149 418.1748 418.0120 414.0867 414.6428 407.7983 409.2512 405.8984 
15 420.3730 411.82$4 41!> .. ~542 414.7529 419.9819 417.6060 417.5566 413.1812 414.1150 406 .4~12 408.5999 404.7979 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T5 535.1646 534.2964 ::il3.2158 537.8140 538.0835 !O38.7878 539.4380 539.8994 542.7117 543.0896 544.5725 546.2480 
HB -138.1 -454.1 -1()1.9 -179.0 43.8 -177.9 -123.3 -275.5 -126.1 -393.6 -137.7 -286.0 
TSAT 367.6 364.5 361.3 360.6 360.1 358.8 357.4 356.1 354.7 353.3 351.9 350.5 
HS .. T 302.1 1203.2 224.1 410.5 -86.3 369.7 251.3 619.9 274.6 1034.1 332.4 755.9 
P 168.2 16109 155.6 154.2 153.3 150.8 148.1 145.6 14~.1 140.5 138.0 135.4 
S.F. 15885.5 55988.6 12043.0 22091.4 -5172.3 21613.2 15055.8 35059.2 16246.1 54109.4 18761.2 40621.7 
S.TENP 420.14 411.00 41,;.07 414.42 420.06 417.29 417.33 412.66 413.87 405.63 408.32 404.19 
MASS-FLX 58.4550 60.6284 62.5191 57.1804 51.7871 48.5294 45.100", 41.7090 38.0209 34.1281 29.9427 25.2445 
QUAL ITY 1.0aooo 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.OB264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
••• RELAP PREDICTIONS CST .. RIU'O •••• 
• HB 221.5 227.7 232.4 220.1 201.3 190.5 180.0 170.1 15S.0 143.6 129.5 115.4 
*S.F. -11l340.5 -18373.9 - 11l232.1l -18108.9 -16437.2 -15553.7 -'4756.8 -14092.7 -13115.2 -12230.7 -11196.4 -10150.9 
·S.TEMP 452.66 453.84 454.89 455.84 456.46 456.92 457.31 457.63 457.86 458.04 458.13 458.12 'II,." T .NODE 8 8 8 Il 8 8 8 8 8 8 Il 8 

N 
.I:>-
...... 

TIME-- 18.0000 11l.0500 18.1000 18.1500 18.2000 11l.2500 11l.3000 18.3500 18.4000 18.4500 18.5000 11l.5500 
NOOE 

1 439.7026 438.9604 438.l217 437.4878 436.7607 436.0430 435.3347 434.6357 433.9451 433.2!!95 432.5774 431.8970 
2 436.1895 435.46~ 2 434.7534 434.0461 433.3550 432.6824 432.0244 431.3745 430.7234 430.04569 429.4031 428.7346 
3 432.7588 432.0476 431.4555 430.6855 430.0500 429.4458 428.8499 428.2412 427.6106 426.9568 426.2869 425.6143 
4 429.3711 428.6760 .28.0286 427.4197 426.8755 426.3650 425.8240 425.2251 424.5723 423.8872 423.1887 422.5112 
5 427.2932 426.6289 426.0369 425.4829 425.0264 424.5830 424.0464 423.4102 422.7100 421.9868 421.2666 420.6013 
6 426.5083 425.8618 .25.~9451 424.7659 424.3511 423.9309 423.3831 422.7209 421.9946 421.2556 420.5273 419.8733 
7 425.5503 424.9326 424 •• 071 423.9087 423.5562 423.1606 422.5818 421.8745 421.1123 420.3542 419.6201 418.9883 
8 424.4453 423.8743 423.4141 422.9519 422.6987 422.3152 421.6584 420.8738 420.0625 419.2874 418.5542 417.9722 
9 423.4309 422.9048 4>22.5205 422.0876 421.9585 421.5564 420.7791 419.9050 419.0486 418.2686 417.5452 417.0352 

10 422.1650 421.6785 421.4141 421.0027 421.0884 420.5986 419.5928 418.5938 417.6'>02 416.9221 416.2227 415.8464 
11 420.6597 420.1216 420.0701 419.6316 420.1326 419.3440 417.8992 416.7605 415.8~59 41501287 414.4800 414.3674 
12 419.4307 418.5540 418.8462 418.2622 419.4309 417.9700 415.9248 414.7561 413.8792 413.2 .. 42 412.7097 413.0022 
13 4145.3149 411.1567 414.~876 412.0242 418.0774 410.6233 405.4019 40501914 404.8762 40501528 404.8276 407.8623 
14 416.4170 410.3655 414.0359 411.4341 418.1951 409.7490 404.3550 404.4102 404.1"62 404.5051 40401792 407.5608 
15 416.8979 409.3792 413.9250 410.7690 418.5547 408.5967 403.1438 403.6555 403.4102 403.8916 403.5391 407.3926 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 548.6013 551.4414 556.5073 555.9880 533.1821 4845 .4792 460.5000 442.4910 399.7874 382.6885 377.4265 370.7107 
HB 229.8 -290.4 12.1 -176.0 184.5 -634.2 -795.8 -614.1 7365.3 931.7 828.0 25.0 
T5AT 349.0 347.5 346.6 345.9 345.2 344.6 343.7 343.4 342.5 34108 341.1 340.4 
HSAT -44102 4575.9 -.!6.8 397.4 -286.3 788.0 786.2 401.9 396.9 31 S.1 343.6 13.7 
I" 132.8 130.3 1.!8.7 127.6 126.4 125.4 124.0 123.5 122.0 120.8 119.1 118.45 
S.F. -30165.7 41433.7 -1809.1 25632.2 -21094.3 49865.6 46193.9 24069.5 24037.9 19484.0 21356.3 917.6 
S.TENP 417.35 408.76 41l.95 410.39 418.87 407.86 402.46 403.30 403.05 403.60 403.22 407.38 
NASS-FLl< 19.7343 12.7165 6.0506 1.7499 3.4367 7.9049 9.4775 13.0674 14.4492 15.7133 16.6786 18.0041 
QUAL ITY 1.00000 1.00000 1.00 000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08204 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
••• RELAP PREOICTIONS ISTAR~ED} ••• 
*HB 96.3 71.2 39.6 19.1 18.0 40.7 49.3 62.0 69.4 7!.2 80.3 83.9 
*S.F. -8681.5 -6634.1 -3900.4 -1924.3 -15445.9 -1666.3 -448.4 540.4 3402.1 5124.9 5925.8 6603.6 
*5. TENP 457.99 457.65 456 .98 456.21 455.42 455.11 454.71 454.25 453.51 452.44 451.54 450.75 
-ti.l.MOOE 8 8 8 8 8 8 8 8 8 8 8 8 



T IME-- 18.6000 18.6500 18.7000 18.7500 18.8000 18.8500 18.9000 18.9500 19.0000 19.0S00 19.1000 19.1500 
NOOE 

1 43102185 430.5437 429.8740 429.2124 428.5596 427.9170 427.2844 426.6631 426.0S32 425.4531 424.8611 424.2751 
2 428.0684 427.41,1 426.7717 426.l492 425.5430 424.9500 424.3687 423.8015 423.2451 422.6934 422.1409 421.5854 
3 424.9609 424.3396 423.7520 423.1921 422.6458 422.1094 421.5835 421.0735 420.5723 420.0S69 419.5210 418.9771 
4 42108977 "21.3"119 420.8491 420.3728 419.8892 419.4058 418.9326 418.4875 418.0347 417.5210 416.9678 416.4194 
5 420.0505 419.5820 -'19.1565 'U8.7363 418.2754 417.8169 417.3757 416.9802 416.5444 415.9895 415.3999 414.8513 
6 419.3582 418.9268 418.5313 418.1313 417.6711 417.2214 416.7932 416.4192 415.9839 415.3987 414.7917 414.2490 
7 418.5325 41801541 417.7969 417.4167 416.949-7 416.5105 416.1003 415.7583 415.3117 414.6746 414.0454 413.5188 
8 417.6199 417.3132 416.9983 416.6316 416.1345 415.7139 415.3279 415.0347 414.5547 413.8125 - 41301653 412.6809 
9 416.8149 416.5747 416.,922 415.9250 415.3770 414.9866 414.6277 414.3936 413.8452 412.9653 412.3235 411.9080 

10 415.8462 415.6770 415.4209 ""15.0327 414.3823 414.0652 413.7441 413.6069 412.9050 411.7B76 411.2090 410.9270 
II 414.7476 414.6003 414.:.1433 413.8848 411.0266 412.9089 412.6292 412.6660 411.5928 "'O.OelO 409.7'''2 409.7134 
12 413.8792 413.5869 413.2944 412.7097 411.5398 411.8323 41105398 411.8323 410.0771 408.0291 408.3215 408.6143 
13 411.4858 409.141>1 408.7007 407.2380 404.0686 407.8547 406.7805 408.8394 401.7S73 397.2266 402.9436 404.5444 
14 411.4290 408.69:.16 408.3125 406.7.17 403.3472 407.6768 .06.3562 408.6746 400.8201 39601 e51 402.7244 40 •• 2769 
15 411.5144 408.1614 407.9241 406.2036 402.5244 407.6606 405.8970 408.6006 399.6274 395.0073 402.7522 404.07.0 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 369.6267 368.0063 J65.94113 363.6921 3118.4229 355.6812 355.1240 355.1082 355.1475 355.4705 357.1501 356.5496 
H8 -183.6 538.9 311.9 466.3 717.8 -107.8 339.1 -14.7 1138.7 1130.3 -220.5 106.3 
TSAT 339.8 339.5 339.0 338.6 338.0 ~37.6 337.1 336.6 33t.1 335.6 335.8 336.1 
'"'SAT -107.4 314.0 H19.7 292.3 489.3 -80.1 249.9 -10.9 79:!.4 747.9 -150.3 74.3 
P 117.8 117.2 116.5 115.7 115.0 114.3 113.5 112.8 112.0 111.2 111.5 112.0 
S.F. -7713.1 21466.5 13031.1 19685.1 31320.1 -5614.9 17133.0 -784.5 49803.8 43944.1 -10086.8 5045.9 
S.TEMP 411.63 407.84 407.73 405.91 402.06 .07.74 405.64 408.61 398.89 394.35 402.90 404.00 
MASS-F\..X 18.0946 17.6513 17.0434 16.0063 14.9957 13.9061 12.5693 11.2081 9.6798 7.9120 7.0451 7.6469 
QUALITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
••• RELAP PREDICTIONS ISTARRED' .... • • 
• H8 86.3 84.6 81.3 78.3 74.2 69.4 64.3 59.0 52.4 4".0 39.8 42.4 
*S.F. 6927.0 6880.6 6757.1 6601.3 6633.2 6397.5 5960.0 546107 4849.4 4062.6 3612.1 3856.3 
.S.TEMP 450.04 449 •• 9 449.05 448.69 .48.35 448.05 447.85 447.73 447.70 447.73 447.82 447.80 
*H.T.MOOE 8 8 8 8 8 8 8 8 8 8 8 8 

N .,.. 
N 

T IME-- 19.2000 19.2500 19.3000 19.3500 19.4000 19.4500 19.5000 19.5500 19.6000 19.6500 19.7000 19.7500 
NODE 

1 423.6943 423.1184 422.:;;476 421.981" 421.4187 420.8596 420.30'10 .19.7505 419.2002 418.eS14 418.1050 417.5598 
2 42100317 420.4817 419.9358 419.3916 418.8494 418.3083 417.7681 411.2302 41e.6929 416.1575 415.6213 415.0840 
3 418.4409 417.9146 417.J896 416.8633 416.3354 415.8069 415.2791 414.7539 414.2i71 413.7014 41301711 412.6338 
4 415.9082 415.4099 414.9050 .14.3877 413.8674 413.3462 412.8301 412.3176 411.7969 411.2800 410.7466 410.1997 
5 .14.3799 413.90J6 413.4019 412.8813 412.3618 411.8440 411.3364 410.8323 410.3088 "09.7979 "09.2517 408.6907 
6 .13.8000 413.3303 412.826" 412.3015 411.7822 411.2654 410.7617 410.2603 409.7.!34 409.2251 "08.6699 "08.1011 
7 413.1077 412.6421 412.1316 .11.5989 411.0811 "10.5652 410.0681 409.5703 409.0359 "o8.5337 407.9619 407.3835 
8 412.3372 411.8611 411.3323 410.7871 .10.2744 "09.7605 409.2744 408.7805 408.2292 407.7417 407.1360 406.5466 
9 411.6477 411.1357 410.5811 410.0222 409.5210 409.0081 408.5371 408.0439 407.4678 407.0054 406.3477 405.7529 

10 410.7988 410.1846 409.5901 409.0144 408.5400 408.0251 407.5818 407.0840 406.4592 406.0520 405.2876 404.7021 
11 409.7898 408.88i19 408.4!561 407.6680 .07.2595 406.7280 406.3403 405.8181 405.0<;33 404.8250 403.8147 403.3013 
12 408.9070 407.4441 <1>06.8589 406.2732 405.9805 405.3950 405.11)23 404.5166 403.6379 403.6379 402.1733 401.8806 
13 405.7146 399.7627 400.4646 399.8911 400.4355 399.2637 399.7239 398.5098 396.6340 398.8296 393.6746 395.7456 
14 405.5010 398.9192 399.9761 399.3550 400.0100 398.7266 399.3088 397.9807 396.0000 398.5259 392.7974 395.3308 
15 405.3389 397.8645 .s99.5420 398.81.7 399.6211 ~98,1597 398.9271 397.4197 395.3142 !\'I8.3235 391.7395 395.0217 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1) 
TB 356.2383 355.3523 .154 • .1586 352.7927 351.6487 347.5503 340.1370 338.5342 338.4C72 338.0996 337.8088 337.5125 
HB 77.3 1037.7 270.5 404.9 245.2 402.5 196." 342.8 439.8 50.2 794.4 107.4 
T5AT 336.4 336.7 337.0 337.3 337.6 337.9 338.2 338.5 33!.4 33!.1 337.8 337.5 
MSAT 55.0 718.1 195.3 302.4 lB9.6 337.6 190.2 342.8 43<;.8 50.2 794.4 107.4 
P 1l2.5 112.9 113.4 113.8 114.3 114.7 115.2 115.7 1 t !.s 115.0 114.6 114.1 
S.F. 3788.9 43443,8 12175.0 18523.3 11718.0 20250.7 1151301 20081.5 24866.0 3019.4 42339.3 6164.9 
5.TEI4P 405.28 397.22 399.36 398.54 399.45 397.86 398.76 397.12 394.94 398.28 391.11 394.93 
IIA55-FL)( 8.2475 8.8915 9.4894 10.0969 10.6487 11.1378 11.6575 11.9861 12.4~57 12.1785 12.0110 11.9493 
QUALITY 1.00000 1. 00000 1.00000 1.00000 1000000 1.00000 1.00000 0.99861 0.99735 0.99622 0.99465 0.99099 
GAP 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 0.08264 
.**RELAP PREDICTIONS (STARRED)_.* 
*MB 45.3 48.3 51.0 53.8 56.0 58.3 60.6 86.1 124.6 155.0 183.7 318.9 
*S.F. 4142.7 •• 5 •• I 4735.3 5069.7 5315.1 5759.8 6375.5 9191.6 13117.1 16112.3 18795.8 31648.5 
*s. TEMP 447.68 447.49 441.27 447.01 44e.73 446.42 446.03 445.24 443.76 442.09 440.19 436.80 
*M.T .MODE 8 8 8 8 8 8 8 3 3 :I 3 3 



TIME-- 19.8000 19.8500 19.9000 19.9500 20.0000 
1 417.0149 416.4707 415.9290 415.3916 414.8623 
2 414.5430 414.0042 413.4751 412.9626 412.4683 
3 .12.0898 411.5598 411.0608 410.5979 410.1606 
4 409.6436 409.1414 408.7097 408.3340 407.9749 
5 40801243 407.6707 407 ... Ul15 407.0237 406.7122 
6 407.5300 407.1086 .. 06.8008 406.5359 406.2388 
7 406.8071 406.4417 406.1953 405.9717 405.6855 
8 405.9668 405.7097 405.3527 405.3760 405.0833 
9 405.1726 405.0706 405.\1 059 404.8623 404.5398 
I~ 404.1243 404.3142 404.3645 404.2397 403.8403 
II 402.7288 403.5186 403.6509 403.4866 402.9043 
12 401.2947 403.0522 403.0522 402.7593 401.8806 
!3 394.7393 403.3960 400 • .,331 399.4451 396.6243 
1. 39 •• 1750 .03.7500 400.3337 399.1343 396.0959 
15 393.5862 .04.4412 399.9211 398.7888 395.4739 

Q 0.0 0.0 0.0 0.0 0.0 
TB 337.1921 336.8872 336.3779 336.2458 335.9661 
HB 372.2 -520.1 299.4 202.2 409.9 
TSAT 337.2 336.9 3.J6.6 336.2 336.0 
HSAT 372.2 -520.1 299 •• 202.2 409.9 
I' , 113.6 113.2 112.7 112.2 111.8 
S.F. 20874.8 -35409.4 188~1.4 12607.6 24243.8 
S.TEMP 393.27 404.97 399.64 398.60 395.11 
MASS-FLX 11.7312 11.5424 11 • .J 165 11.0851 10.8944 
QUAL lTY 0.98737 0.98380 0.98144 0.97849 0.97392 
GAP 0.08264 0.082&4 0.08264 0.08264 0.08264 
••• RELAP PREOICTIONS CSTAAAED' ••• 
.HB 462.0 538.1 660.1 746.0 B06.5 
.S.F. 43804.2 48386.9 56108.2 59899.6 61222.5 
.S.TEMP 432.02 426.85 421.57 416.55 411.93 
*H.T.MOOE 3 3 3 3 3 tv 

~ 
Vl 

304308..................... ENERGY BALANCE ••••••••••••••••••••••••••••••• 

•••••• THERMOCOUPLE NUMBER: T~-304CH OATE: JULY 8 

•••••• THTF BLOW-OOIIN TEST NO.l04.PRELININARY*BOl04.BE.P1. 

CHANGE IN PIN INTERNAL ENERGY CONTENT", 35.376083 BTU/FT 
DETERMINED BY SUMMATION UF OC:LTA U'S OVER THE INTeRVAL FROII! T=O TO TEND. 

CHANGE IN PIN INTERNAL ENERGY CONTENT", 35.340485 BTU/FT 
DETERMINED BY DIFFERENCE IN PIN END POINT ENTHALPIES • 

• TOTAL HEAT INPUT" INTEGRA .. OF QTOT.OT" 32.010856 BTU/FT 

INTEGRAL OF SURFACE FLUX VERSWi TIME CURVE *2.0.PI.RO= 67.438065 BTUfFT 

PERCENTAGE ERROR IN OVERALL HEAT BALANCE .. 0.0280 PERCENT 
ERROR IN OVERALL HEAT BALANCE CVIA METHOD 2'= 0.0248 PERCENT 
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OVERLAY OF MIDDLE THERMOCOUPLE RESPONSE (ASTERISKS) VS ORINC-PREDICTED RESPONSE (XS) 

.•. . ... ...... . .. . .. .... :: ..... . 
Y from 400.0 to 1250.0 as a function of X from 0.0 to 20.0 with 

Y interval size 6.8 and with X interval size 0.05. The 
X axis has been shifted from 0.0 to Y = 400.0 . 
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Example 4. THTF Blowdown Test 104 (Preliminary, BD104.BE.Pl). 
Thermocouple TE-30lDJ 

301410 ••••• ***.**** •••• *** CAL! dRAT ION I~FORMATI0N .*****.*.* •••• *** •• **.*** 
••• *.* THTF BLOW-DOWN TEST NO.'04*PRELIMINA~Y'BDI04.BE.P!' 

*** •• THERMOCOUPLE NO. 30t-OJ 

*.*.* MIDDLE T/C --- ~Ol-MJ 

.... ** DATE CF LAST MODIFICATlO.'j : FEB. 17.1977 

.**** AXIAL POWE~ PEAKING FACTuR is: 1.3012 
DETERMINED BY INDIV RESlsrANC~ CAL • 

• ** •• COEFFICIENTS FOR TEMPERATURE POLYNOMiAL FIT OF KBN 
DETERMINED FDR THE ABOVE ~PEC1FI( ITeS/ITCM PAIR 
C(I'= 0.20661S14e 02 
(2'; -O.70098S27E-02 
C(3) O.11629254E-OS 
(141= -0.10709349E-09 

VARIANCE OF FIT; 0.loS91~oeE 02 
UNITS FOR KBN FIT: "TU/(HRoFT".Z/FT.FI 

•••• * (OEFFIEIENTS FOR TEMPERATURE POLYNOMIAL FIT FOR KMGO 
DETERMINED FOR THE ABOve ~PECiFIC T/e PAIR 
C(II= O.77045B98E 01 
C(21; -O.99152625E-02 
C(3)= O.799A0228E-05 
C(AI= -O.28A00076E-OS 
C(5)= 0.374S38SSE-12 

VARIANCE OF FIT= 0.23226~64E 02 
UNITS FOR KMGO FIT: BTu/IHR*FTU2/FT*FI 

A(TUAL foIGO POROSITY CALCU ... ATEu VI A MODIFIED 
RUSSELL EQUATION: u.16666609E 00 

**.** COEFFICIENTS FOR THE THE~NAL E~PANSION GAP MODEL FIT 
OETERMINED ey USING THE etAS ~AP VALUE AS A MEAN GAP 

(11= 
C(2)= 
C(3)= 

0.0 
c.o 
0.0 

VARIANCE OF FIT= o.~ 

~D= 0.0 
So= 0.0 
50= 0.0 

GAP CALCULATION AT THE BIAS PulNT : 

BIAS TEfoIP. INSIOE 5.S.S. NOOA~ TEMP. 
BIAS TEMP. OUTSIDE S.~.S. NODAL TEMP. 
BIAS FLUX: 40962S.6 BrU/HR/FT*.2 

THE MAXIMYfoI TEMPERATURE FuR WHICH THE ABOVE 
REGRESSION FIT IS APPLleAoLE LS 0.0 OEG. F 

0.OA49 

769.5 
691.9 

( "ILSI 

OEG. I' 
OEG. F 

N 
.(:'
\.,11 



301410 ••••••••••• * •••••••••• CASe INFORMATION •••••••• * ••••••••••••• ** •••• 

*.* ••• THERMOCO~PLE NUMBER: T~-3010J TIME: 13:33:18 CATE: JULY 8 

•• * ••• THTF BLOW-DOWN TEST NO.~04*PRELIMINA~V.8DI04.BE.Pl. 

TOTAL NUMBER OF RACIAL NODES = 15 
MAGNESIUM OXIOE CORE NODE~ 
INCONEL-6CO HEATER NOOES 
BORON NITRIDE NOOES 
INNER ~.S.SHEATH NODES 
OUTER S.S.SHEATH NODE~ 

THROUGH 
:; THROUGH 
1 THROUGH 
I~ THROUGH 
IJ THROUGH 

OUTSIDE RADIUS OF MGO CORE = O.812aOOE-02 FT. 

4 
6 
9 

12 
15 

OUTSIDE RADIUS OF INCONEL ~AY~ = 0.101610E-Ol FT. 
CUTSIOE RADIUS OF BORON NITRIDci = 0.143330E-01 FT. 
CUISIOE RADIUS OF INNER S.S.SHciATH = 0.168330E-01 FT. 
CUTS IDE RADIUS OF OUTER S.S.S~ATH = 0.116610E-01 FT. 

RADIAL GAP INFORMATION: (I.E. dlAS prlNTI 
GAP SETWEEN INNER AND OUTciR S.S.SHEATHS: 0.0449 MILS 

POWER PEAKIN~ FACTORS: 
AXIAL = 1.301200 
RADIAL (INCONELI = 1.0000~0 
RADIAL (CU-NI I: 0.0 

301410.· ••• ***...... STEADY STATE Te~peRATURe PROFILE •••••••••••••••••••• 

•••••• THERMCCOUPLE NUMBER: T~-3010J TIME: 13:33: 1 e CATE: JULV B 

••••• * THTF BLOW-OOWN TEST NO.104*PRELIMINARv*eOl04.eE.Pl* 

----
Q = AVERAGE HEAT GENERATION PER FT = 9.107630 BTU/SEC/FT 
Q.~XIAL PEAKING FACTOR = 12.631561 BTU/SEC/FT 
HF = OUTSIOE FILM COEFFICIENT = 0.92599000E 05 BTU/(HR*FT •• 2*OEG FI 
TS = BULK COOLANT TEMPERATURE = 615.79 OEG F 

PIN TEMPERATURE PROFILE: 
NODE 

1 
2 
3 
4 
5 
6 
7 
e 
9 

10 
11 
12 
13 
14 
15 

TEMPERATURE (OEG F) 
1062.53 
1062.53 
1062.53 
1062.53 
1062.53 
1042.01 
9B6.91 
926.52 
879.10 
83B.59 
80t. 48 
767.67 
690.19 
618.18 
661.68 

SURFAce HEAT FLUX= O.4096S431E J6 ~TU/HR/FT*.2 
SURFACE TEMPERATURE= 662.25 ~G F 

PRESSURE= 2330.6 PSIA 
SATURATION TEMPERATURE (AT THE ASOVE PRESSURE)= 651.82 OEG F 

HEAT TRANSFER MODE AT THE SURFACE OF THE PIN: NUCLEATE BOILING 

N 
~ 
0\ 



3QI41' •••••••••••••••••••• TRANSl~NT RESULTS * •• **** ••••••••••• *.* ••••••• ~ 
•••••• THER~OCOUPLE NU~BER: T~-30iDJ TIME: 13:33: 18 

•••••• THTF BLOW-DOWN TEST NO.i"4.PRELIMINA~Y.BDI04.BE.PI. 

TIME-TEMPERATURE-NODE TABLe: 
TIME HAS UNITS OF SEC 
TEMPERATURE HAS UNITS OF ~eG F 
a HAS UNITS OF BTU/SEC/FT 
He (8ASED ON T81 HAS uNITS OF 8TU/(HR.FT •• 2.0EG FI 
8ULK TEMPERATURE HAS uNITS OF OEG F 
HSAT (BASED ON TSATI HAS uNIT~ OF BTU/(HR.FT •• 2.0EG FI 
PRESSURE HAS UNITS OF PSIA 
SATURATION TEMPERATURe HAS UNITS OF DEG F 
SU~FACE FLUX (S.F.I HAS UNITS OF BTU/HR/FT •• 2 
SURFACE TEMPERATURE HAS UNITS OF OEG F 
AVERAGE MASS FLUX HAS UNITS OF L8~/SEC/FT •• 2 
GAP HAS UNITS OF MILS 

TIME-- o.c 0.050 0 O. i 000 001 SO 0 0.2000 
NODE 

I 1062.5305 1062.5291 1002.:;;271 1062.522~ 1062.5144 
2 1062.5305 1062.5283 iv62.~229 1062.5063 1062.4680 
3 1062.5305 1062.5286 i~62.~105 1062.4521 1062.3245 
4 1062.5~05 1062.5288 Iv62.4680 1062.2937 1061.9556 

0.2500 

1062.4976 
1062.3940 
I C62 01 064 
1061.4397 

5 1062.5305 1062.5303 1062.~931 1062.0579 1061.4683 1060.6489 
6 1042.0693 1042.0601 1041.S896 1041.4749 1040.7686 IC39.8228 
7 986.9063 986.8716 986.b318 986.0508 985.1228 983.9578 
8 926.5181 926.4385 926.0220 925.0908 923.7559 922.2483 
'> 879.0955 878.9487 d78.'634 876.8621 875.0588 873.2231 

I~ 838.5859 838.3347 d37.Z419 83501946 832.8369 830.1:829 
\I 801.4849 801.0576 799 •. H 76 796.3564 793.3594 790.9426 
12 767.6709 766.9600 764.2471 760.0864 756.4800 753.9824 
13 690.1936 688.5740 082.,771 674.2495 669.3936 667.3147 
14 678.7808 676.9387 b69.9478 661.2896 656.3655 654.4580 
15 667.6794 665.5588 057.7134 648.3789 643.5146 641.8767 

a 12.63157 12.636113 iZ.6Z883 12.6Z8B3 12.62883 12.62883 
T8 615.7903 1:15.7354 oZI.20~7 625.4888 629.0378 630.6062 
HB 92599.0 9558.7 15174.1 29635.3 58848.5 90896.8 
TSAT 657.8 632.7 6,9.4 628.6 630.3 1:30.6 
HSAT 92601.8 15503.5 207b6.9 36516.3 69851.4 90896.8 
P 2330.6 1956.7 1911.4 1900.4 1924.0 1927.8 
S.F. 409654.3 422650.9 .. bIOZ3.9 486355.6 476750.1 461874.0 
S. TEMP 662.25 659.95 651.59 641.90 637.14 635.69 
"ASS-FL X 626.8406 36.8512 398.8416 433.6838 494.1956 532.3049 
QUAL ITY 0.0 0.0 0.0 0.0 0.0 0.00315 
~AP 0.04488 0.04"88 0.04488 0.04488 0.04488 0.04488 
.*'PELAP PRECICTIONS (STARREDj ••• 
*HS 50465.3 "7880.0 .3951.3.8 38241.4 3817201 38309.5 
*S.F. 321'.62501 547768.5 .. 89383.5 371200.3 356340.5 356535.5 
·S.TEMP 664.29 644.09 6.39.26 638.29 639.65 e:!9.94 
*H.T.MODE 2 4 2 2 2 2 

0.3000 0.3500 0.4000 

1062.4663 1062.4167 1062.3440 
1062.2747 1062.1025 1061.B757 
1061.7905 1061.3813 1060.8~94 
1060.7744 1060.0039 1059. I ~24 
1059.6846 1058.6538 1057.6565 
1038.7478 1037.6292 1036.5686 
982.7190 981.4905 980.3633 
920.8132 919.4897 918.3606 
871.6680 870.3164 869.2H2 
829.0886 827.7563 826.8411 
789.4612 788.2087 787.5~81 
752.8721 751.7620 751.4844 
667.9316 667.1753 66B.3:!86 
655.4321 654.6863 656.1:!55 
643.3027 642.5083 644.310 I 

12.6Z883 12.62883 12.63683 
628.7576 627.9963 628.2141 
51133.1 52254.6 41572.8 

628.8 628.0 628.2 
51133.1 52254.6 41572.8 

1902.6 1892.3 1895.3 
441209.9 445988.3 429682.8 

637.39 636.53 638.55 
537.3252 223.8468 366.09~0 
0.01818 0.03200 ~. 0_256 
O. 04488 0.04488 0.04488 

37892.3 37484.5 37204.9 
363170.7 361169.8 354231.1 

638.35 637.65 637.74 
2 2 2 

N 
.I:--....., 

0.4500 0.5000 0.5500 

lC62.':441 IOf201145 1061.9546 
1061 .5~69 1061 .2717 1060.9065 
1060.~eOI 1059.7B37 1059.1824 
1058.3525 1057.5278 1056.7156 
1056.6582 1055.7~85 1054.8459 
1035.5~20 1034.58231033.6663 
979.3174 978.3513 977.4285 
917.3633 916.4343 915.5400 
868.3e35 867.479C· 866.6196 
826.0430 825.2124 824.3750 
786.8f47 786.0532 785.2212 
750.9292 750.0962 749.2634 
667.9106 666.8352 665.9766 
1:55.6711 654.5:398 653.6870 
1:43.748B 642.5378 641.7007 

12.62883 12.63683 12.63683 
1:27.9553 627.8069 627.6421 

43892.8 49825.7 53688.5 
628.0 627.8 627.6 

4389'::.8 49825.7 53688.5 
1891.8 1889.8 1887.6 

4365~e.2 440134.9 438893.0 
637.90 636.64 635.82 

389.6218 371.1494 376.3525 
0.05199 0.05977 0.06500 
0.04488 C. C_488 0.04488 

37107.2 36937.4 36541.3 
354360.1 352198.3 346532.6 

637.51 637.35 637.05 
2 2 2 



T I ME-- 0.6000 0.65(10 0.7000 0.7500 0.8000 0.8500 0.9000 0.9500 I ." 0')" 1.0'500 1.1000 1.1500 
NODE 

I 1061.7632 IC61.5400 11>61.,874 1061.0056 1060.6918 1060.3655 1060.0100 1059.6338 1059.2390 1058.8267 1058.3984 1057.9561 
2 1060.5071 1060.07119 lJ~9.~267 1059.1577 1058.6743 1058.1794 1057.6748 1057.1606 1056.6406 1056.1150 1055.5835 1055.0457 
3 1058.5652 1057.9412 Iv~7.4 108 1056.6912 1056.0745 1,)55.4607 1054.8496 1054.2378 1053.6326 1053.0~IO 10:2.4307 1051.8245 
4 1055.9189 1055.1487 1"54.4861 1053.6897 1052.9897 1052.3062 1051.6282 1050.9487 I050.3C35 I049.45f09 1049.0173 1048.3540 
5 1053.9854 1 C53.1 763 1,)52.3660 1051.6958 1050.9573 1050.2585 1049.5569 1048.8472 1048.2170 1047.5579 1046.e~45 1046.1865 
6 1(\ 32.7876 1031.97.>0 h)31.1670 1030.4954 1029.7549 1029.0413 1028.3262 1027.6152 1026.91127 1026.3228 1025.6470 1024.9270 
7 976.5505 975.7529 \/75.0166 914.3503 973.6396 <;72.9065 97201860 971 .5073 970.8S48 <;70.2478 969.562~ 968.8430 
8 914.7004 913.91<:18 1113.4579 912.1444 912.0532 <;11.2991 910.5913 909.9792 909.4C43 908.7<;54 908.0830 907.3604 
9 865.8311 865.2139 d64,7209 864.1499 663.4436 862.6479 1.161.9697 861.4468 860.9224 860.3216 859.5493 856.8208 

10 823.6389 823ol~3 oi!2. d047 822.2373 821.4653 e21).5940 619.9670 819.5601 619.0715 818.4453 817.5566 816.8247 
II 784.5552 784 .26~ 6 7<14.1l818 783.4429 782.5359 781.5520 761.0376 780.8000 180.3130 779.6116 778.5212 771.8237 
12 748.1063 748.7083 7~8. 7 083 7.7.8752 146.7644 745.6536 745.3760 745.3760 744. 8 ~O3 743. <;871 742.5<;84 742.0427 
13 665.8411 666.8740 oo7.J,J23 665.5112 663.7014 662.2483 663.038\ 663.7942 662.7~17 661.3860 658.9043 659.1667 
14 653.6418 654.8713 055 • .:1765 653.3298 651.4115 649.9304 650.960') 651.8289 650.6 ceq 64901 <;75 646.5164 b46.9998 
15 641.7700 643.23,;,1 043. 7 6~9 641.4104 639.4014 637.8943 639.2441 640.2170 636.8137 637.2E96 634.3711 635.1180 

Q 12.63683 12.636<13 'Z.0~950 12.63683 12.61950 12.62751 12.02751 12.61818 12.62151 12.61818 12.6181B 12.61018 
T8 627.7239 625.1719 022.;; 159 621.7456 620.6062 618.7275 617.1382 615.9006 614.4502 613.8672 612.2380 61".2693 
He 52634.0 34143. a Z7205.5 31807.3 ·34265.6 33289.6 25955.1 22646.1 23332.6 24830.6 27659.1 22441.4 
TSAT 627.7 625.2 6<12.5 62\.7 620.6 t18.1 61701 615.9 614.5 61 ~.9 612.2 610.3 
HSAT 52634.0 34143.8 Z721l 5.5 31B07.3 34265.6 33269.6 25955.1 22646.1 23332.6 24830.6 27659. I 22441.4 
P 1888.7 1854.5 1819.5 1809.5 1794.7 1770.5 1750.3 1'734.6 171 e.4 170<;.2 1689.0 1664.8 
S.F. 433394.9 423046.4 .. 236.1.4 438569.a 441244.6 440990.3 425438.9 422291.5 432911.0 436173.1 44631<;.7 429367.1 
S. TEMP 635.96 637.:>6 636. 09 635.53 633.48 631.97 633.53 634.55 633.00 631.43 628.37 629.40 
MASS-FL )( 233.0907 367.0210 ..119.4741 345.8953 388.3633 376.0637 342.7808 311.4082 286.8486 61.e~76 27.0206 71.0419 
QUAL !TY 0.07569 0.08692 0.lv180 0.10943 0.11473 0.12082 0.13101 0.14374 0.15932 0018547 0.22295 0.28925 
GAP 0.04·H!8 0.04468 0.0-.488 0.04488 0.04488 0.0448e 0.04488 0.044!!e 0.0448a 0.04488 0.04488 0.04488 
••• RELAP PRECICT)ONS (5 TARREO' ••• 
-'1B 36946.0 36392.9 354,7.6 34872.4 34587.6 34136.3 33580.0 32994.9 32692.9 32227·.2 8297.8 31430.3 
_S.t=' • 352406.1 361031.9 ..101996.6 356559.3 358682.5 36300701 362530.6 357757.9 361044.8 356671.7 32368a.0 373505.1 
.5. TEMP 637.35 635.17 63,.77 631.98 631.04 629.44 628.04 627.00 625.81 625.01 651.36 622.23 
*H.T.MOOE 2 2 2 2 2 2 2 2 2 2 4 2 

tv 
J:'-
00 

TIME-- 1.20CO 1.2500 1 • .:1 000 1.3500 1.4000 1.4500 1.5000 1.5500 1.6eM t.t:500 1.7000 1.7500 
NODE 

I 1057.5007 1057.0322 1,,56.:;520 1056.0613 1055.5598 1055.0479 1054.5211 1053.9978 1053.4E07 1052.9165 1052.3655 1051.8088 
2 1054.5011 1053.9511 IJ53.J955 1052.8333 1052.2629 1051.6868 1051.104$ 1050.5183 1049.9294 1049.3:!81 1048.7449 1048.1470 
3 1051.2158 1050.60;;2 11:>49.9912 1049.3133 1048.7463 1048.1194 1047.4858 1046.8512 1"46.2~24 1045.6108 1044.9<;17 1044.3569 
4 1047.695-6 1047.0393 1~46.3809 1045.7175 1045.0339 1044.3728 1043.6892 1043.0444 1042.4058 1041.7722 1041.1394 1040.4473 
5 1045.5117 1044.8374 lil44.1 580 1043.4702 1042.7395 1042.0854 1041.3591 1040.7458 10,+0.IC55 1039.4719 1038.8328 1038.0586 
6 1024.234b 1023.54116 1022.<:1564 1022.1541 1021.4102 1020.7383 1020.0081 1019.3892 10Ia.7~15 1018.1121 1017.4514 1 N6.6531 
7 968.1289 967.4419 >166.7434 966.0295 965.2876 964.5852 963.8855 963.2620 962.6499 962.0134 961.3123 960.4963 
'l 90c.6~75 905.9731 '#OS.,7l9 904.5518 903.8091 903.1042 902.4502 901.8691 901.3008 900.E660 €99.!'967 899.0178 
9 858.0903 857.4666 856.7532 856.0151 855.2649 854.5123 853.9741 853.4536 852.9233 852.2642 851.3950 850.4209 

10 816.0759 815.5107 o14.74E6 813.9166 813.2041 B12.5:1!95 812.0000 811.5476 8tl.0~a8 610.3e91 8e9.2732 808.1121 
11 777.0430 776.5798 775.0973 774. e848 774.0796 173.4417 773.0117 772.6411 772.1287 771.2546 769.9548 766.6982 
12 741.2095 740.9316 139.8203 738.9868 738.1533 737.5974 737.3196 737.0417 736.4e58 735.3740 733.7063 732.3162 
13 656.0378 658.5315 056.J513 655.5989 654.6826 E$4.4771 654.7363 654.6631 653.8413 651.7<;00 648.6447 647.2534 
14 645.7830 646.4465 044.,,173 643.3301 642.3989 642.2720 642.6284 642.5999 641.6e92 639.4e70 636.2949 634.7244 
15 633.8152 634.7119 ,,31.9338 631.3667 630.4126 630.3921 630.8606 630.8416 629.8345 627.3eOI 623.9722 622.4780 

a 12.61818 12.61818 .2.61618 12.61818 12.61018 12.62751 12.61018 12.62751 12.610;50 12.61950 12.62751 12.61018 
TB 609.5396 609.2979 .. 08.::>195 607.2747 606.3215 e06.1443 605.2070 603.7908 602.7~14 601.e792 600.8044 599.5847 
H6 23786.4 21639.7 254;)9.5 23910.0 24000.4 2:3428.1 21462.6 20071.6 20308.0 2260t.5 26441.e. 26423.4 
TSAT 609.5 609.3 4()8.5 601.3 606.3 606.1 605.2 603.6 !>02.7 601.9 600.8 599.6 
r<SAT 23786.4 21639.7 254;)9.5 23910.0 24000.4 23428.1 21462.6 20071.6 20308.0 2260e.5 26441.6 26423.4-
I" 1656.0 1653.0 1643.6 1628.6 1617.2 11015.1 1604.0 1587.3 1574.9 1564.9 1552.5 1538.5 
s.~ • 437493.3 425936.6 4434.>6.9 435744.3 436946.0 431777.9 427082.4 427385.0 432170.6 " .. le5e.8 451515.6 445771.6 
5.TEMP 627.93 628.98 625.97 625.50 624.53 e24.57 625.11 625.08 624.0 I 621.42 617.88 616.46 
I'ASS-FLX 106.0731 117.2405 .05.2917 100.2294 101.5784 59.0847 36.0003 33.7051 41.0194 39.5E53 35.3508 39.5862 
QUAL lTV 0.32778 0.34584 v.Jo022 0.37752 0.38787 0.41201 0.44200 0.46115 0.4870" 0.51<;59 0.55268 0.56020 
GAP 0.044€8 0.04488 0.04488 0.04488 0.04488 0.04488 0.04486 0.~4488 0.044S8 0.04488 0.04488 0.04488 
***RELAP PREDICTIONS (STARRED' ••• 
*'18 22867.0 13495.2 10106.0 8517.0 6045.3 7083.4 3718.5 1631 .2 21ge.3 2233.4 2125.4 962.8 
*5. F" 365221.7 302726.2 40691 0.2 297932.4 267338.3 303302.4 210878.9 155060.6 207302.4 2183"'2.3 219012.3 121622.7 
*5. TEMP 625.52 631.75 638.18 642.34 650.56 649.02 662.04 688.59 697.15 699.69 703.92 725.99 
*H.T.MOOE 2 4 4 4 4 2 2 :3 3 3 3 4 

., 



TIME-- 1.8000 1.8500 1." 000 1.9500 2.0000 2.0500 2.1000 2.1500 2.2000 2.2500 2.3000 2.3500 
NODE 

I 1051.2451 1050.6746 1050.0977 1049.5137 1048.7627 1047.6399 1045.9729 1043.6475 1040.6(64 1036.8398 1032.3662 1027.2288 
2 1047.5427 1046.9280 1046."062 1045.6775 1043.8296 1040~2637 1035.0239 1028.3848 11)20.6724 101201780 1003.1394 993.7405 
3 1043.7119 1043.0457 1042."743 1041.7029 1035.2954 1024.8787 1012.4050 999.1094 985.6E06 972.3S60 959.4E95 946.9465 
4 1039.7490 1039.0071 1,)38 • .1910 1037.5918 1015.5950 991.9690 970.4082 951.1487 933.8210 918.0386 903.4990 889.9880 
5 1037.3323 1036.5129 1')"5.8022 103501072 985.6929 954.7256 931.2349 911.6279 894.4878 87901Cli 865.0566 852.0996 
6 1015.8918 1015.0564 lJ 14."318 1013.6348 968.3943 938.9429 916.1965 897.0864 880.3328 865.2661 851.5012 838.8010 
7 959.6755 958.8516 ,.58.1123 957.4316 933.7432 910.9495 891.1855 873.8638 858.3806 844. 2~69 831.3440 819.3494 
8 898.1431 897.3423 896.6436 896.0217 884.3928 869.6560 854.8784 840.8787 827.8121) 815.5898 804.1592 793.4717 
9 849.5078 848.7544 84801257 847.5786 841.2349 831.5833 820.7036 809.6287 798.8374 788.4204 778.5054- 76901416 

10 807.2300 806.5552 6J6.J166 805.5498 801.8965 795.4907 787.4946 778.8032 770.0C05 761.2043 752.7C70 744.6194 
11 767.7649 767.2356 766.d154 7"6.4395 764.2461 759.9106 753.9995 747.2144 740.1404 732.7783 725.6287 718.8018 
12 731.4822 731.2043 730.9263 730.e482 729.2578 726.1982 721.7471 716.4595 710.8909 704.7627 698.9104 693.3337 
13 646.9810 647.6558 047.7280 647.6824 647.4019 64f>.1819 644.1685 641.7659 639.4E39 E35.7930 E33.0779 630.5527 
14 634.5859 635.4362 035.::»432 635.5278 635.4038 e34.4255 632.7512 630.7732 628.9695 E25.6270 623.4211 621.3650 
15 622.51<;5 623.5791 o23.b897 623.7007 623.7241 622.9541 621.5859 620.0115 618.7C19 E15.E272 613.9553 612.3625 

0 12.62751 12.61018 12.6.1751 12.E2751 0.06146 0.0 0.0 1).0 0.0 0.0 0.0 0.0 
T8 59E.5212 597.5090 ;,96.4067 595.1655 594.7515 593.4063 592.0078 591.1545 590.6536 589.7664 588.5837 587.7251 
H6 24159.5 21115.2 199<18.3 18843.1 18198.7 17421.6 16860.8 16617.4 16221.8 17470.1 1660C.2 16171.0 
T5AT 598.5 597.5 596.4 595.2 594.8 593.4 592.0 591.2 59C.7 58S.8 S88.6 587.7 
H5AT 24159.5 21115.2 19988.3 18843.1 18198.7 17421.6 16860.8 16617.4 16221.8 17470.1 16600.2 16171.0 
P 1526.3 1514.8 I ~O2.3 1488.4 1483.8 1468.8 1453.4 144401 143e.E 1429.0 1416.2 1407.0 
S.F. .. 37035.9 428226.9 .. 29302.0 428566.3 423195.5 416681.4 406145.1 391532.2 373085.9 36535e.8 343789.4 326720.6 
S.TE ... P 616.61 617.79 617.89 617.91 618.01 617.32 616010 614.72 613.65 610.68 609.29 607.93 
MASS-FLX 43.7536 46.3279 45.77E6 51.3604 5.6711 0.3768 2.4740 21.3935 26.4<;44 12.4058 9.4460 22.0866 
OUALITY 0.56464 0.57240 0.58107 0.59277 0.60271 0.60495 0.60801 0.61102 0.62401 0.64066 0.65071 0.66575 
GAP 0.C4488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
**.RELAP PREDICTIONS (STARREDI .... 
*H6 925.5 874.4 742.8 905.2 62.6 10.6 34.5 143.3 215.7 138.0 9301 175.9 
*S.F. 131475.1 134140.6 l.l25~4.l 155535.1 12232.1 2352.8 8284.6 15811.8 54373.9 35531.1 24752.1 47156.2 
*S.TEMP 740.63 750.97 761 .48 767.16 790.32 815.34 832013 841.14 842.88 847.37 854.53 856.00 
*H.T.MOOE 4 4 4 4 9 7 9 9 9 9 9 9 

N 
~ 
\0 

TIME-- 2.4000 2.4500 2.:)000 2.5501) 2.6000 2.6500 2.7000 2.7500 2.8000 2.8500 2.9000 2.9500 
NODE 

I 1021.4824 1015.1880 IJ08.4070 1001.2026 993.6343 985.7578 977.6245 969.2827 960.7766 952.1465 943.4285 934.6548 
2 984.1162 974.3672 964.5688 954.7732 945.020 .. 1 935.3413 925.7600 916.2944 906.9597 897.7681 888.7268 879.8401 
3 934.8457 923.1636 >111.8857 900.9966 89C.4790 880.3184 870.4976 861.0076 851 .8~59 842.9651 834.3765 826.0535 
4 877.3474 865.4587 d54 .. ::28S 843.5898 833.4871 823.8784 814.7290 606.0129 797.6<;63 789.7402 782.1057 774.7646 
5 640.0527 828.7874 1;\8.1995 808.2256 798.8040 789.8970 781.4658 773.4868 765.9114 758.6855 751.7629 74501191 
6 826.9963 815.9651 805.0047 795.8589 786.6648 777.9897 769.7949 762.0579 754.7219 747.7275 741.0247 734.5967 
7 808.1746 797.7195 767.11889 778.6519 769.9402 761.7375 754.0046 746.7241 739.8208 733.2292 726.8994 720.8328 
8 783.4404 774.0095 765.09<;6 756.7356 748.8286 741.4033 734.4094 727.8496 721.6C28 715.6C21 709.8076 704.2600 
9 760.2710 751.8823 7430>1 016 736.4351 729.3379 722.7063 716.4580 710.6265 705.0146 699.5735 694.2805 689.2344 

10 736.8713 729.5044 722.4294 715.8789 709.5803 703.7686 698.2756 693.1990 688.2C21 683.2<;39 E78.4775 673.9397 
11 71201577 705.8215 099.0465 694.0884 688.5894 E83.6792 678.9783 674.7312 670.3225 665.9297 661.5759 657.5957 
12 687.7544 682.4517 017.1465 672.6768 667.9260 E64.0117 660.0962 656.7388 652.8203 648.9004 644.9792 641.6167 
13 627.4119 624.6533 <>21."306 619.9146 616.7029 615.6343 613.5413 '612.6133 609.4473 606.5889 603.6423 602.0723 
14 618.5720 616.2085 013.1672 612.2742 609.2280 E08.6560 606.7988 606.2688 603.1 :!62 600.4492 597.6458 596.3867 
15 609.8826 607.9214 005.1294 604.8186 601.8643 601.8611 600.1873 600.0908 596.9C28 594. ~t;50 591.7271 590.8257 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 586.9814 585.9B.s9 584d919 584.1069 583.2073 582.3650 581.5232 580.6514 579.7808 578.9150 578.0393 577.1580 
HR 16997.8 16853.9 18108.6 15721.5 17875.0 15073.8 15531.8 13495.2 16219.9 17614.5 19994.3 18266.7 
TSAT 587.0 586.0 585.0 584.1 583.2 582.4 581.5 580.7 57<;.8 578.9 57e.O 577.2 
t-SAT 16997.8 16853.9 18108.6 15721.5 17875.0 15073.8 15531.8 13495.2 1621~.9 17614.5 19994.3 18266.7 
P 1399.1 1388.5 1378.0 1368.7 1359.3 1350.5 1341.8 1332.8 1323.9 1315.1 1306.2 1297.3 
S.F. 316273.2 .300818.3 .!92584.4 268191.3 268189.9 24:!764.0 239211.7 221534.9 22737~.9 21976C.4 214884.5 199693.6 
S.TEMP 605.59 603.83 601.15 601.17 598.21 598.54 596.92 597.07 593.80 591.39 588.79 588.09 
MASS-FLX 19.8853 13.6520 15.11784 16.9729 15.9850 17.3648 17.0850 16.8043 17.3973 17.7433 17.7861 17.8392 
OUAL ITY 0.68927 0.70956 0.n780 0.74899 0.77014 0.79070 0.81106 0.82974 0.84E68 0.86205 0.87547 0.88684 
GAO O.044Se 0.044118 0.044e8 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 O.044e8 0.04488 0.04488 
•• *RELAP PREDICTIONS (STARREDI .... 
.H8 188.0 136.9 146.4 163.8 156.3 168.9 171.4 170.0 175.7 18C.9 182.8 184.3 
*S.F. 50313.5 37018.7 39942.6 44773.3 42839.7 46347.5 47025.8 46651.9 4820E.6 49567.8 50024.2 50356.9 
*S.TEMP 854.80 856.56 858. 08 857.70 857.54 856.95 855.99 855.24 854.29 853.04 851.80 850.57 
*H.T.MOOE 9 9 9 9 9 9 9 9 9 9 9 9 



TIME-- 3.0000 3.0500 3.1000 3.1500 3.2000 3.2500 3.3000 3.3500 3.4COO 3.4500 3.5000 3.5500 
NODE 

I 925.8547 917.0525 IIJ8.;'722 899.5347 890.8586 882.2610 873.7568 865.3584 857.0781 848.9253 840.9070 833.0313 
2 871.1121 862.5459 <154.1458 845.9175 837.8645 829.9905 822.2957 814.7808 807.4438 800.2842 793.2993 786.4866 
3 817.9832 81001577 1102.5767 795.2368 78801321 781.2542 774.5933 768.1418 761.8E67 755.8201 749.9333 744.2217 
4 767.7009 760.9165 754.4128 748.1851 742.2097 736.4705 730.9497 725.6326 720.4973 715.5~49 710.7385 70601040 
5 738.7485 732.6731 126.8911 121.4065 716.1553 711.1284 706.3074 701.6736 697.1963 692.e770 688.7126 684.7017 
6 728.4426 722.5984 717 • .:1649 711.8181 706.8037 702.0093 697.4175 693.0061 688.7:!90 684.6296 680.6726 676.8672 
7 715.0361 709.5708 704.4250 699.5608 694.9011 690.4539 686.1965 682.1038 678.1335 674.3193 670.6523 66701338 
8 698.9783 694.0713 089.4827' 685.1506 680.9602 e76.9736 673.1541 669.4702 66s.8e69 '662.4~04 659.1299 655.9744 
9 684.4553 680.1213 676.,)847 672.2632 668.4956 664.91156 661.531)8 658.2188 654.9363 651.8560 648.8938 646.0757 

10 669.6794 665.9844 062.,,256 659.2239 655.8474 652.7512 649.7378 646.7888 643.8C03 641.1003 638.4773 636.0063 
II 653.9067 650.9976 048.1628 645.4031 642.3687 639.7944 637.1880 634.6038 631.8789 629.6360 627.3618 625.2734 
12 638.5337 636.5713 634.~276 632.0835 629.2781 627.3137 625.0679 622.8215 620.2939 618.6086 616.6418 614.9556 
13 600.5811 601.5908 000.5471 599.4973 596.8315 596.8489 595.2546 593.7832 591.5085 591.6941 590.2534 589.6921 
14 595.1318 596.6602 :.95.7185 594.8398 592.1394 592.5378 590.9817 589.6257 587.3e13 587.9028 586.4812 586.1123 
15 589.8010 591.9287 ::i90.\l998 590.2927 587.4949 588.3706 586.7830 585.5481 583.2615 584.2466 582.7742 582.6284 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.? 0.0 0.0 0.0 0.0 
TB 576.2515 575.3845 :174.5396 573.7632 572.9653 572.1458 571.3369 570.5227 569.7004 568.!!770 568.0493 567.2166 
H8 17533.8 11642.8 11996.1 11415.8 13856.6 10380.0 11343.5 11282.3 12920.7 9472.5 10375.3 9049.5 
TSAT 576.3 575.4 574.5 573.8 573.0 572.1 571.3 570.5 56~.7 56e.9 56!!.0 567.2 
.,SAT 17533.8 11642.8 1I996.1 11415.8 13856.6 10380.0 11343.5 11282.3 12920.7 9472.5 10375.3 9049.5 
P 1288.3 1279.6 1271.2 1263.6 12S5.7 1247.7 1239.8 1231.9 1224.0 121E.1 1208.2 1200.3 
S.F. 191548.9 1661,)5.9 169590.9 163171.2 169191.4' 147413.7 151616.6 146786.2 14880<;.1 128811.1 13370e.7 124033.6 
S.TEMP 587.18 589.65 588.68 588.06 585.18 586.35 584.70 583.53 581.22 582.48 580.94 580.92 
MASS-FLX 17.1503 17.9600 18.iHi68 18.4391 17.3824 16.4341 15.5409 14.2844 12.9174 11.4523 9.7931 8.0324 
QUIILlTV 0.89668 0.90431 0.91071 0.91537 0.91954 0.92332 0.92712 0.93153 0.93674 0.94288 0.95003 0.95702 
GAP 0.04488 0.04488 0.0'>488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
"**RELAP PREDICTIONS (STARRED)."" 
"'HB 181.3 186.0 186.7 191.8 184.3 175.4 168.0 157.4 t4! •• 132.5 117.7 101.2 
*S.F. 49502.7 50725.9 50853.6 52094.0 49994.9 47604.8 45629.5 42832.0 39663.6 36277.7 32361.2 27972.4 
"'S.TEMP 849.44 848 • .13 847.01 845.57 844.41 843.69 843.12 842.76 842.68 842.82 843.22 843.92 
*t-4.T.MOOE 9 9 '9 9 9 9 9 9 9 9 9 9 

N 
\JI 
0 

T lME-- 3.6000 3.6500 3.7000 3.7500 3.8000 3.8500 3.9000 3.9500 4.0000 4.0500 4.1000 4.1500 
NODE 

775.6467 769.2100 762. <;390 756.8318 750.8875 1 825.3025 817.7266 <110 • .1 076 803.0474 795.9500 ' 789.0166 782.2480 
2 779.8450 773.3738 167.0720 760.9387 754.9719 749.1682 743.5259 738.0405 732.7087 727.5269 "22.4924 717.6021 
3 738.6812 733.3U3 728.1096 723.0728 718.1919 713.4609 708.8735 704.4258 700.lll1 1!95.9a2 691.8677 687.9294 
4 701.6311 697.32.12 093.1770 '689.1797 685.315" 681.5769 677.9592 674.4578 671 .oe71 667.7832 664.5967 66105129 
5 680.8457 677.1563 673.0228 670.2224 666.9294 663.7458 660.6680 657.6951 654.8171 652.0322 649.3257 646.7168 
6 673.2202 669.7429 666.4211 663.2227 660.1211 e5T.1252 654.2310 651.4399 648.7378 646.1243 643.5828 641.1409 
7 663.7756 660.59.53 057.5598 654.6306 651.7781 649.0300 646.3760 643.8213 641.3455 638.9S17 636.6187 634.3938 
8 652.9846 650.1807 o47.~071 644.8989 642.3364 e39.8855 637.5164 635.2463 633.0334 630.8984 628.8032 626.8418 
9 643.4338 640.9912 038.0470 636.3164 634 .0002 631.8223 629.7078 627.6958 625.7122 623.8079 621.9158 620.2073 
I~ 633.7319 631.6777 029.6631 627.5896 625.5020 623.6147 621.7517 620.0066 618.2419 616.5730 614.8713 613.4504 
11 623.4180 621.8125 020.1292 618.2837 616.4104 e14.8708 613.258!! 611.8125 610.2532 608.8455 607.3171 606.2712 
12 613.5500, 612.4258 011.0198 609.3325 607.6448 606.S195 605.1128 603.9871 602.5798 601.4536 600.0459 599.4829 
13 589.5317 589.7285 ::i88.7771 587.2585 585.9929 586.2217 585.1035 584.9158 583.6e70 583.31!84 582.0664 583.2190 
14 586.1431 586.5420 :i85.0 145 584.0996 582.9048 583.3796 582.2534 582.2329 580.9690 580.8459 579.4990 580.9819 
15 582.8606 583.4670 ::i82.1:>166 580.9856 579.8699 580.6411 579.4539 579.6331 578.3118 578.3792 576.9641 578.8674 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T6 566.4119 565.6638 ::i64.d936 564.1140 563.3396 562.5571 56107720 560.9827 560. I 1197 559.3933 560.9216 563.2634 
HB 784108 6650.9 6919.2 7348.2 7266.3 5743.6 6195.0 5297.6 5714.0 4919.3 6202.7 4972.7 
TSAT 566.4 56!!. 7 504.9 564.1 563.3 ~62.6 561.8 561.0 56C.2 55<;.4 55e.7 558.1 
HSIIT 7841.8 6656.9 6919.2 7348.2 7266.3 5743.6 6195.0 5297.6 5714.0 4919.3 5383.1 3668.5 
t:> 1192.7 1185.6 117 8.4 1171.2 1164.0 1156.8 1149.5 1142.3 113!.1 1127.9 1121.4 1116.0 
S.F. 116430.4 108574.0 U1345.9 1l2596.6 109192.5 96253.6 100932.7 92083 •• 95995.3 87467.1 91671.8 72615.9 
li·TEMP 581.26 581.97 580.99 579.44 578.37 579.32 578.06 578.36 576.99 577.17 575.70 577.87 
I4ASS-FLX 6.9102 6.5887 6.06116 5.9022 5.823S 5."460 5.7399 5.7099 5.7177 5.7356 5.6566 3.3903 
OUAL ITY 0.96256 0.96727 0.97180 0.97594 0.97997 0.98394 I) .98786 0.99178 0.99568 0.99964 1000000 1.00000 
GAt:> I) .04488 0.04488 0.04498 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
• **RELAP PREDICTIONS (STAAflEO) .... 
·He 87.3 84.6 79.0 76.6 75.9 75.0 74.8 74.6 74.6 74.8 73.9 56.0 
*5. F. 24300.0 23646.7 22187.7 21593.6 21459.6 21250.3 21254.0 21241.3 21262.3 21363.5 21007.2 15796.3 
.5.TEMP 844.B4 845.39 841;' 79 846.07 846.15 846.11 845.98 645.76 845.5~ 845.17 844.86 845.04 
" .... T.MOOE 9 9 9 9 9 9 9 9 9 9 8 8 

" 



.' 

TIME-- 4.2000 4.2500 4 • .s000 4.3500 4.4000 4.4500 4.5000 4.55()0 4.6C~0 4.6500 4.7000 4.7500 
NODE 

1 745.1033 739.47~0 734.<)095 728.6953 723.5322 718.5161 713.6443 708.9138 704.3215 699.8f33 (:95.5374 691.3408 
'1 712.8516 708.2390 71)3.7620 699.4138 69501912 691.0898 6B7.1062 6B3.2380 679.4822 675. B369 672.3015 668.8735 
3 684.1106 680.4087 076.~176 673.3289 669.9360 f66.6379 663.4351 660.3250 657.3C59 654.3782 651.5432 648.7979 
4 658.5271 655.6406 o52.d359 650.1011 647.4307 644.8342 642.3174 639.8760 637.5C59 635.2141 633.0054 630.8718 
5 644.1919 641.7598 o39 • .s835 637.0510 634.7668 632.5527 630.4160 62B.3438 626.3313 624.3970 622.5457 620.7554 
6 638.7771 636.5003 Q.]4 .. ~766 632.0806 629.9282 627.8501 625.B513 623.9116 622.0,,81 620.2263 618.5093 616.8438 
7 632.2344 630.1716 ol8.1179 626.0874 624.0964 622.1919 620.3684 618.5925 616.8f74 615.2349 613.6892 612.1763 
8 624.9170 623.1035 021.,336 619.3804 617.5698 615.873B 614.2588 612.6680 611.1 i26 609.(:'>60 608.3555 607.0081 
9 618.4807 616.90~9 01501611 613.4553 611.8022 610.3088 608.8862 607.4502 606.0(:25 604.8372 603.6873 602.4700 

10 611.9026 610.5828 008.9155 607.3552 605. B635 f04.6047 603.3813 602.0869 600.8!;91 599.8696 598.9204 591.8057 
11 604.11545 603.116 .. 7 ,,0,2.1516 600.7671 599.4556 598.5051 597.4902 596.3096 595 .21;2~ 594.5854 593.8484 592.7788 
12 598.0747 597.5115 ;l95.~ 396 594.4124 593.2854 592.1219 591.8762 590.7488 589.9031 589.6211 589.0571 587.9290 
13 581.2444 582.2610 :;78.1021 578.7500 578.0581 578.1949 51801497 576.9458 576.71:.64 517.8064 577.4529 575.7891 
14 518.8171 580.1626 !>76.~173 576.5615 575.9045 576.8750 576.2085 574.9753 574.9265 576.1943 575.8203 574.0356 
15 576.3894 578.1767 :;)13.0736 574.4534 573.7952 !!75.0500 574.3051 573.0227 573.14:!6 !574.6797 574.2280 572.2749 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 563.eOOO 567.65,,5 :>78.'Il 192 595.7222 617.1462 ti43.7631 668.9065 688.5696 70 1.8833 710.5171 713.6658 714.4670 
HB 7853.8 7110.9 -145>18.7 -3306.3 -1701.2 -906.3 -115.3 -606.9 -486.0 -378.9 -406.4 -452.6 
TSAT 557.3 556.7 5ti6.2 555.5 554.9 554.2 553.6 552.9 552.5 55~.4 552.0 551.8 
HSAT 5006.3 3322.5 5945.4 4119.1 4218.6 3163.4 3456.5 3692.5 3187.5 2398.5 2658.4 3306.1 
P 1109.4 1104.0 10119.6 1093.5 1087.4 1082.1 1076.3 1070.3 1061.0 10610.0 1062.6 1060.7 
S.F. 89220.3 68139.9 958Q4.5 73685.6 75523.3 63066.7 68343.3 70723.2 6299C.8 5173€::.5 56987.5 64766.6 
S.TE,,",P 575.16 577.,4 57~.3!5 573.44 572.75 514.18 573.36 572.05 572.27 573.97 573.44 571.38 
MASS-FLX 0.7061 3.7693 7.0225 10.3426 14.0066 16.4283 19.2424 20.6499 22.4003 26.9929 27.5748 29.6356 
QUAL lTV 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.0"000 1.00000 ,1.00000 1.00000 
~AP 0.04488 0.04468 0.044118 0.0"4811 0.04488 0.04486 0.044611 0.04488 0.04488 0.04488 0.04486 0.04488 
•• *RELAP PREDICTIONS (STARRED' ••• 
• HB 14.0 43.8 84.3 100.5 120.2 129.1 141.5 146.5 153.1 114.6 117.6 185.7 *S.F. 3971.6 12325.6 226l6.5 25344.3 27512.1 26257.4 24658.0 22416." 21300.4 22654.1 22326.9 23075.5 
*5. TE,,",P 847.41 847.77 840.18 844.31 842.72 841055 840.91 840.59 840.38 839.88 839.34 838.71 *H.T.MOOE 8 8 8 8 8 8 8 8 II 8 8 8 

N 
\J1 
I-' 

TIME-- 4.8000 4.851)0 4.'Il000 4.9500 5.0000 5.0500 5.1000 5.1500 5.2eOI) 5.2500 5.3000 5.3500 
NODE 

1 6e7.27C5 683.3232 079.4958 675.7852 67201875 1068.7002 665.3201 662.0442 65B.8682 655.7881 652.8005 649.9019 
2 665.5500 662.3262 059.1990 656.1658 653.2244 650.3718 647.6052 644.9194 642.310S 639.7747 637.3079 634.9075 
3 646.1357 643.5493 041.0376 638.5994 636.2368 633.9438 631.7151 629.54'12 621.4258 li25.3e17 623.3376 621.3625 
4 628.7935 626.7605 024.7854 622.8728 621.0227 619.2205 617.4607 615.7314 614.0291 612.3579 610.7173 60901 013 
5 618.9922 617.25.:2 015.!>730 613.9541 612.3931 610.8577 609.3499 607.B521 606.31;33 1;04.9C28 603.4639 602.0361 
6 61501895 613.5515 011.9827 610.4744 609.0210 1007.5811 606.1628 604.7432 603.3291 601.9446 600.5776 599.2146 
7 610.6475 609.1211 007.0982 606.3274 605.0085 (:03.676B 602.3647 601.0327 599.7026 598.4097 597.1274 595.8381 
8 605.5991 604 .20,,9 002.9478 601.7368 600.5715 599.3435 598.1445 596.8931 595.6477 594.4U4 593.2676 592.0500 
9 601.1389 599.8442 ;;98.7715 597.7026 596.6741 595.5103 594.'1111 593.2083 592.0325 590.9500 589.8250 588.6575 

D 596.5137 595.3250 :>94.4878 593.5530 592.6650 591.5225 590.5347 589.3481 588.2441 587.2e59 586.2134 585.0801 
11 591.4636 590 .4131 !>89.9268 589.0935 588.3599 587.151" 5B6.3254 585.0864 584.0e06 583.2944 582.2354 581.1138 
12 586.5188 585.6726 585.0726 584.8262 584.2620 582.8511 582.2B64 580.8752 580.01183 579.4636 578.3340 577.2043 
13 573.9502 573.9741 515.7104 574.2424 574.2693 571.7878 572.4233 570.0134 569.9299 570.0640 568.3899 567.2346 
14 57201311 512.3435 :>74.3843 572.7158 572.8774 570.1560 571.0732 568.4141 568.5220 568.7856 566.9468 565.8064 
15 570.3020 570.7115 ,,73.1719 571.1770 571.5361 568.4814 569.7974 566.7722 56701titl 567 .5~69 565.4832 564.3836 

0 O.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 713.4238 710.9500 708.1157 705.4739 703.3706 701.7393 700.2490 698.7559 697.5586 696.3e04 695.2654 694.0303 
H8 -466.2 -390. a -294.3 -42102 -354.7 -469.8 -331.2 -464.9 -362.5 -336.8 -415.1 -395.4 
TSAT 551.5 551.2 5:;1.0 550.7 550.4 550.1 549.8 549.3 54'E.8 54S.4 547.9 547.5 
HSAT 3766.5 2928.6 1841.7 2888.1 2294.9 3604.3 2232.9 3712.5 2690.1 2350.4 3226.8 3183.6 
P 1058.6 1056.,0 10;;3.7 1051.3 1048.9 1046.5 1043.3 1039.3 1035.5 1031.6 1027.9 1024.0 
s.F' • 67153.5 54968.3 39872.3 56892.1 46990.1 63012.5 43408.2 61761.8 4751:!.1 43602.4 54188.8 51545.5 
S.TEMP 569.37 510.01 57~.62 570.39 570.69 567.61 569.20 565.92 566.50 566.93 564.73 563.67 
"ASS-FLX 32.8781 34.7240 36.4540 38.0169 39.4418 40.8789 42.6982 43.4162 44.457? 45.!:!O4 46.5 ...... 4 47.2658 
QUALITY 1.00000 1.00000 1.0~00O 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
EAP O.()4488 0.0448B O. 04468 0.04486 0.04468 0.04468 0.04488 0.04466 0.0 .... 88 0.04468 0.04488 0.04488 
*.*RELAP PREDICTIONS (STAR~ED) •• * 
*HB 202.3 212.3 2 .. 1.1 229.2 236.3 243.4 252.2 256.6 261.1 2.f:!.6 270.8 275.4 
·S.F. 25085.4 26575. I 26042.4 29413.2 30553.1 31569.5 32748.3 33377.4 3395102 34513.7 35157.2 35727.5 
*S.TEMP 637.79 836.70 83:>.53 634.29 833.02 831.74 630.43 829.10 827.84 826.58 825.32 624.01 
*H.T.MOOE 8 8 8 8 8 6 8 e 8 8 8 8 



T I ME-- 5.4000 5.45VO 5.5000 5.5500 5.6000 5.6500 5.1000 5.1500 5.8000 5.8500 5.9000 5.9500 
NOOE 

641.0884 1 644 .. 35Q2 ,,41.7012 639.1204 636.6111 t34.1704 631.7959 629.4849 627.2~58 625.0466 622.9146 620.8372 
2 632.5686 630.2896 ,,28.J659 625.8965 623,1803 621.1166 619.7053 617,7444 615.8325 613.9E10 612.1450 610.3643 
3 619.4277 617.53,,2 015.0746 613.8557 612.0167 610.3416 608.6501 606.9983 605.3826 603.8005 602.2493 600.7241 
4 607.5054 605.9319 b04 • .J 826 602.8621 601.3779 599.9353 598.5320 597.1514 595.1<;66 594.4590 593.1387 591.8289 
5 600.6121 599,2087 :>97.0228 596.4663 595.1492 593.8765 592.6382 591.4053 590.1914 588.9824 581.1852 586.5845 
6 597.8501 596.5078 :>95.14312 593.8853 592.6328 '59l.4277 590.2537 589.0713 587.9102 586.7458 585.5g28 584.4290 
7 594.5383 593.2705 :>92.0>\25 590.7925 589.6221 588.5017 587.4058 586.2783 58501 e04 584.0E42 582.9634 581.8372 
8 590.8118 589.6299 :>88.4458 587.3147 586.2451 585.2280 584.2188 583.1338 582. I 10 I 581.0364 579.9929 578.8955 
9 587.4619 586.3672 "S5 • .:!419 584.1978 583.2268 582.3083 58 1.3706 560.2974 579.3523 578.2966 577.3091 576.2183 

10 583.9170 582.9321 561.0528 580.9141 580.0519 579.2483 578.3723 517.2710 576.4 !60 575.3t50 514.4500 573.3357 
II 579.9714 579.1555 ~78.0891 577.3027 576.5881 575.9023 575.0649 573.8584 513.2231 572.0e64 571.2654 570.0593 
12 516.0747 575.5095 ;)740379" 513.8142 573.2490 572.6838 511.8359 510.4224 510.1 !96 568.7258 568.1602 566.1458 
13 566.1309 566.5518 ;)0." .tl123 565.2229 565.0098 564.7215 563.6538 561.3491 562.6'019 559.8917 560.4561 557.9509 
14 564.1018 565.32<:8 :>63.4912 564.0422 563.8584 563.6130 562.4195 560.0066 561.1018 558.5725 559;4084 556.6404 
15 563.2Qc7 56401545 ",62.11891 562.9194 562.7378 562.5261 561.3018 556.6201 560.8147 557.1790 558.4241 555.2756 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 692.8152 691.4670 090.1891 688.9485 687.6392 E86.5716 685.5662 684.4365 683.2053 681.9055 680.6699 679.3596_ 
H8 -393.5 -313.7 -4,;)3.4 -304.4 -316.5 -309.6 -344.1 -412.0 -233.6 -426.7 -269.5 -415.9 
TSAT 547.0 546.6 546.1 545.7 545.2 544.7 544.2 543.6 54:!.1 54~.6 542.1 541.6 
HSAT 3297.1 2356.7 34;;) 9.4 2305.0 2334.3 2228.2 2596.9 3656. I 1658.5 38tS.4 2081.9 3996.3 
P 1020.3 1016.5 1012.7 1008.9 1004.8 1000.7 996.4 992.1 987.9 983.5 979.4 975.3 
S.F. 51251.9 40106.1 ~1905.4 38530.3 39711 .8 38570.1 42969.8 52134.7 28682.8 5353~.6 33070. " 51903.9 
S.TEMP 56<'.58 563.00 561.37 562.38 562.19 5tl.99 560.71 557.90 560.42 556.44 557.96 554.55 
MASS-FLX 48.3904 49.3931 50 • .$648 51.3439 52.4495 50.3660 50.9387 51.8556 52.2104 52.1041 51.2997 51.3160 
OUAL lTV.- 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.0.,000 1.00000 1.00000 1.00000 
GAP 0.04488 0.04488 0.04488 0.0448e 0.04488 0.04488 0.04488 0.04488 O. 04488 0.04488 0.04488 0.04488 
.**RELAP PREDICTIONS (STARRED). ** 
*HB 279.5 284.4 2<18.9 293.4 299.3 290.9 292.3 296.5 2ge.5 302.0 297.0 295.2 
*S.F. -3624 1.4 36891.4 37472.5 38032.6 38764.7 37100.0 37839.4 38351.4 3860E.7 39041.9 38449.9 38256.5 
*S.TEMP 822.76 821.46 82v.14 818.81 817.45 816.39 815.25 814.03 B12.75 811.48 810.31 809.29 
*H.T.MODE e 8 8 8 8 8 8 8 8 8 8 8 

N 
VI 
N 

TIME-- 6.0000 6.0500 6.1000 6.1500 6.2000 6.2500 6.3000 6.3500 6.4000 6.4500 6.5000 6.5500 

NODE 
I 618.8115 0:16.8359 .. 14.9082 613.0259 611.1880 609.3933 607.6392 605.9253 (0)4.2493 ee2.te99 6el.0054 599.4333 

2. 608.6213 606.9U6 005 • ./;429 603.6074 602.0068 600.4409 598.9012 597.4053 595.9 ~29 594.4866 593.0652 591.6680 

3 599.2222 591.7444 :>96 • ./;935 594.8740 593.4841 e92.1223 590.7852 5B9.4702 588.1741 586.8 .. 45 585.6296 584.3633 

4 590.5273 589.2446 :>81.9813 586.1637 585.5645 584.3845 583.2209 582.0681 580.9233 579.1810 578.6467 577.5334 

5 585.3840 584.2018 ",63 • .;1615 581.9565 580.8655 519.1871 578.7195 577.651" 576.5e35 575.5C85 574.4419 573.4080 

6 583.2617 582.1282 :>81.0261 519.9709 518.9202 511.8184 576.8464 575.8076 574.7E61 573.7126 572.6711 57106709 

7 580.7065 519.6279 ,,18.5820 577.5930 576.5874 575.5891 574.5981 573.5898 572.5764 571.5447 570.5332 569.5793 

8 571.8003 576.1959 :>75.6181 574.9155 513.9418 572.9961 572.0493 571.0659 570.0781 569.01520 568.0B74 567.2017 

9 575.1519 574.2349 ,,73.J201 512.5083 511.5522 570.6426 569.1322 568.7518 561.7<;05 566.7783 565.8452 565.0405 

I~ 572.3027 511.5105 :.)70.0565 56<;·9619 568.9144 568.1114 567.2417 566.2566 565.3101 564.2883 563.4112 562.1266 

II 569.0862 568.5005 :>67.0855 56701614 566.0432 565.2825 564.4348 563.4019 562.4e11 561.4297 560.671 I 56001560 

12 565.8972 565.6143 ti04.7654 564.4824 563.0674 !!62.5012 561.6521 560.5195 559.6699 558. 5~69 551.9705 557.6870 

13 551.7905 558.6240 ;;57.,935 557.9168 555.0598 555.5491 554.4963 552.9260 552.4265 550.9116 551.1987 551.6646 

14 556.6611 551.68:>1 ;;56.2104 55701016 553.8445 554.6042 553.4688 551.8184 551.4C60 549.8030 550.2737 550.8496 

15 555.5684 556.81:37 ::i55.1099 556.2859 552.5542 553.7175 552.4338 550.6817 550.4050 548.6731 549.3945 550.0820 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TB 677.86::!5 676.6587 075 ... 592 674.3855 613.3357 le12.3752 671.5449 670.5854 669.8013 669.0469 668.1612 667.3794 

He -309.3 -241.8 -3.$ 1.1 -229.5 -411.1 -249.2 -316.7 -346.7 -295.6 -345.0 -250.7 -22105 

TSAT 541.0 540.5 540.0 539.4 538.8 538.3 537.7 531.1 5JE.5 53E.O 535.4 534.8 

HSAT 2711.1 1831.0 2797.4 1649.1 3832.1 1971.6 2669.1 3216.2 2651.7 3444.4 2196.9 1745.1 

P 970.9 966.9 902.4 958.0 953.3 946.7 944.4 939.8 935.3 930.8 926.1 921.6 

S.F. 37987.8 29080.4 40703.3 21196.4 49934.5 29615.5 37B93.3 41173.6 3543<;.1 4112E.3 29880.4 26057.8 

S.TEMP 555.04 556.4>1 554.54 555.91 55 I .86 553.30 551.91 550.11 549.91 548.09 548.98 549.72 

MASS-FLX 51.1790 51.9482 51.7510 52.0120 50.5691 51.1280 '19.9574 49.1444 49.3 <36 47.9788 47.2838 46.8695 

OU"L lTV 1.00000 t .00000 1.0,J000 1.00000 1.00000 1.00000 1.00000 1.00000 1. ()O 000 1.()OOOO 1.00000 1.00000 

GAP 0.044138 0.04488 ().044e8 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 

••• REL"P PREOICT IONS ( STAR~EO'."* 
*H6 298.5 298.2 291.8 295.2 293.9 292.8 289.1 286.1 28~.2 27e.0 278.6 273.0 

*S.F. 38801.7 38801.8 38752.8 38414.3 3822109 38018.3 31632.6 37163.2 36769.6 36047.6 36109.1 35352.3 

• s. TEMP a08.13 806.98 80".80 804.71 803.61 802.62 801.63 800.63 799.73 798.84 791.95 197.14 

*H.T.MODE 8 8 8 8 8 8 8 6 8 8 8 8 

" 



.' 

TIME-- 6.6000 6.6500 6.7000 6.7500 6.8000 6.8500 6.9000 6.9500 7.0000 7.0500 7.1000 7.1500 
NODE 

I 597.89:36 596.3845 ,,94.9063 593.4578 592.0:316 590.6458 589.2817 587.9443 586.6!33 585.3484 584.0886 582.8535 
2 590.2964 588.9514 ~81.o333 586.3408 585.0725 583.8281 582.6069 581.4094 580.2356 579.0847 577 .9558 516.8464 
3 583.1619 581.9680 :;;80.7988 579.6499 578.5203 577.4106 576.3210 575.2532 574.2e78 573.1t!31 572.1746 571.1790 .. 576.4536 575.4058 :;74.3167 573.3572 572.3511 !571.3660 570.3982 569.4521 568.5293 567.6233 566.7229 565.8240 
5 572.4207 571.467:3 :;70.5190 569.5676 568.6318 567.7209 566.8252 565.95:31 565.1067 564.2698 563.4246 562.5745 
6 570.7263 569.8125 ,,1>8.8945 567.9663 567.0588 566.1787 565.3113 564.4105 563.6560 562.8474 562.0190 561.1841 
7 568.6948 561.8323 566.9460 566.0408 565.1682 564.3291 563.4958 562.6956 561.9219 561.1445 560.3303 559.5110 
8 566.4014 565.5979 ,,64.7341 563.8447 563.0193 562.2324 561.4346 560.6860 559.9622 559.2153 558.4014 557.5955 
9 564.3330 563.57:;7 :;;62.7117 561.8281 561.0588 560.3264 559.5530 558.8613 558.1848 557.4546 556.6223 555.8303 

10 562.1355 561.4075 ,,60.5134 559.6292 558.9460 558.2151 557.5139 556.8994 556.2732 f:55.5439 554.6638 553.8962 
It 559.7151 558.9712 'Hn.~890 557.1072 556.5774 555.9134 555.1934 554.7063 55/101257 553.3621 552.3826 551.6168 
12 557.4038 556.5537 555./120/1 554.5703 554.2866 553 .. 7197 552.8691 552.5857 552.0166 551. 1f.77 550.0332 549.4661 
13 551.7542 550.241/t1 :>48.::>535 547.9775 548.6717 547.9971 546.7754 547.3717 546.6392 5/15.3794 543.6731 543.8354 
14 550.9778 549.3237 :;;47.5425 547.0466 547.9297 547.1838 545.8899 546.6812 545.8713 544.5359 542.7344 543.0649 
15 550.2310 548.3706 546.5029 546.1279 547.2361 546.3694 544.9883 546.0359 545.00;84 543.6716 541.7615 542.3320 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 666.67:31 665.7852 ,,65.08n 663.9995 663.4434 662.0598 660.8467 659.5747 658.5977 658.0276 657.3962 656.9001 
HB -222.5 - 302.8 -3,5.1 -275.4 -196.3 -254.5 -285.8 -187.0 -247.2 -276.3 -312.7 -216.6 
TSAT 534.3 533.7 533.1 532.4 532.0 531.3 530.8 530.3 52 ... 7 529.1 528.4 527.8 
HSAT 1664.1 2513.0 3016.3 2461.6 1531.5 2022.0 2427.3 1374.5 1872.3 2260.1 2833.2 1155.7 
P 917.4 912.9 908.8 903.5 900.0 895.2 891.3 886.9 882.5 878.2 873.3 868.7 
S.F. 25992.9 35706.9 387~O.8 32589.1 22869.4 29549.7 33246.0 21283.6 28159.9 31953.8 36317.2 24891.6 
S. TEMP 549.87 547.87 54l;'96 545.67 546.92 545.96 544.52 545.74 544 .70 543.22 541.25 541.98 
"ASS-FLX 45.8187 45.8000 /14.7122 44.0926 43.0409 42.1842 42.0576 40.0523 39.7244 39.1098 37.9194 37.8e02 
QUALITY 1.00000 1.0(00)0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.04488 0.04488 0.04488 0.0/1488 0.04488 0.04488 0.04488 0.04/186 0.04488 0.04488 0.04488 0.04488 .** RELAP PREDICT IONS (STARRED) ••• 
·HB 268.1 269.8 202.2 265.3 252.1 254.7 248.2 240.4 237.7 233.9 228.9 228.7 
*S.F. 34720.8 34940.7 33944.6 34486.6 32660.4 33167.5 32466.7 31543.4 31272.0 3075e.2 30090.3 30028.1 
*5. TEMP 796.31 795.46 794.70 793.83 793.24 792.40 791.72 790.96 790.22 789.55 788.87 788.23 
*H.T.MOOE B 8 8 8 8 8 a 8 8 8 8 8 

N 
VI 
W 

r 1 ME-- 7.2000 7.2500 7 • .3000 7.3500 7.4000 7.4500 7.5000 7.5500 7.6000 7.6500 7.7000 7.7500 
NODE 

I 51"1.6416 580 .45~6 ;)79.1.{ 852 578.1392 577.0129 575.9058 574.8184 573.74!!5 572.6~60 571.eft1 570.6431 569.6423 
2 575.7561 574.68", I ;)73.0304 572.5925 571.5698 570.5618 569.5703 568.5942 567.6333 566.6873 565.7559 564.8396 
3 570.1975 569.2302 ;)68.,773 567.3350 566.4026 565.4829 564.5796 563.6902 562.8135 561.9/190 5151.0979 560.2595 
4 564.9365 564.1J6::)4 ,,63 • .1 0 31 562.3416 561.4861 560.6475 559.8291 559.0208 558.2209 557.4~24 556.6558 555.8906 
5 561.7397 560.9270 ,,60.1138 559.2915 558.4775 557.6904 556.9285 556.1655 555.4C97 554.6655 553.9331 553.2129 
6 560.3716 559.5845 358.7886 557.9775 557.1794 556.4160 555.6802 554.93:36 554.1<;43 553.4t85 552.7556 552.0525 
7 558.7278 557.97;;4 ~51.1956 556.3936 555.6162 554.8860 554.1841 553.4531 552.7!49 552.0320 551.3416 550.6609 
8 556.8547 556.1438 555.J750 554,5725 553.8252 553.1458 552.4873 551.7615 551.0E71 550.3<;31 549.7300 549.0742 
q 555.1418 554.47/11 :iS3.0958 552.88/13 552.1768 551.5574 550.9399 550.1985 549.5:337 548.8884 548.2500 547.6165 

11 553.2876 552.6672 ",51.8479 5510 0178 550.3772 549.8411 549.2639 548.4722 547.8564 547.2449 546.6318 546.0210 
\I 551.2021 550.6200 :::>49.0970 548.8433 548.3354 547.9175 547.3665 546.4519 545.9456 545.3684 544.7805 544.1924 
12 549.1824 548.6147 .;)47 .. 4797 546.6282 546.3442 546.0605 545.4927 544.3569 544.0730 !l43.5C51 542.9370 542.3691 
13 544.2075 543.4561 :>41.426Q 540.7788 541~4319 541.4663 540.6550 538.5867 539.4375 538.6e90 53801 650 537.6458 
14 543.5361 542.1180 :;40.:'188 539.9504 540.7795 540.8352 539.9595 537.7180 538.8323 537.9998 537.4900 536.9771 
15 542.9028 541.97::>6 ,,39.:'623 539.1279 540.1780 !:40.2268 539.2566 536.7976 538.2844 537.3032 536.8196 536.3123 

Q 0.0 0.0 1>.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
fa 656.5063 656.1147 ,,:15.7427 655.3987 655.0701 ' 654.1563 654.4607 654.1821 653.8552 653.6570 653.5676 653.4246 
H6 -168.0 - 236.4 -311 .4 -250.2 -170.9 -184.3 -222.7 -297.9 -148.8 -218.3 -204.8 -202.4 
TS4T 527.2 526.6 525.9 525.3 524.7 524.0 523.4 522.7 522.1 521./1 520.8 520.1 
HSAT 1389.2 1800.4 27g 8.1' 2175.2 1291.6 1330.3 1659.3 2588.8 107e.5 1639.1 1524.5 1493.0 
p 864.1 859.5 854.8 850.2 845.6 841.0 836.4 831.8 82E.9 822.2 a17.6 812.7 
S.F. 21410.2 '27068.4 36337.7 29194.2 19682.4 21158.9 25736.4 3511 0.4 1723001 25472.4 23977.4 23775.5 
S. TEMP 542.60 541 ... 0 53;1.05 538.72 539.90 539.93 538.90 536.31 538.04 536.95 536.48 535.98 
MASS-FLX 37.2472 36.3986 J5. 7 811 35.1700 34.4872 33.8120 33.1391 32.4550 31.8!86 31.0526 29.2288 27.5457 
QUAL lTV 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.04488 0.044<18 0.044e8 0.04488 0.04488 0.04488 0.04488 0.04488 0.,)4488 0.04488 0.04488 0.04488 
••• RELAP PREDICTIONS ISTAR'IEDI ••• 
"HB 224.8 220.5 217 •• 214.1 210.4 206.9 203.3 199.7 19t.2 191.7 lal.8 17/1.2 
*S.F. 29467.5 28856.8 28404.8 27922.1 2740105 26893.2 26385.5 25870.3 2538 E. 1 24764.6 23442.1 22422.6 
*S.TEMP 787.63 787.02 78b.43 785.a6 785.31 784.77 184.25 783.75 783.26 782.84 782.49 782.14 
.H.T.~OOE a 8 8 8 8 8 8 8 8 8 8 8 



T 1141"-- 7.8000 7.8500 7.11000 7.9500 8 •. 0000 8.0500 8.1000 8.1500 8.2000 8.2500 8.3000 8.3500 
NODE 

1 568.6577 567.6890 "06.7363 565.8006 564.6621 563.9783 563.0896 562.2139 561.3511 560.500<) 559.6604 558.8333 
2 563.9370 563.0505 ",,201 814 561.3298 560.4939 559.6704 558.8550 558.0464 557.2456 556.4548 555.6763 554.9104 
3 5S-;.4.:!55 558.6269 :>57.d440 557.0784 556.3240 555.5668 554.8113 554.0535 553.3(40 552.5691 551.8513 55101482 
4 555.1416 554.4170 :;:;3.7239 553.0459 552.3633 551.6550 550.9314 550.2092 549.5071 548.8337 546.1831 547.5449 
5 552.5117 551.8462 :>51.cI90 550.5950 549.9429 549.2378 548.5186 547.8142 547.1504 546.5273 545.9277 545.3303 
6 551·.3728 550.7303 :;5001·1.16 549.5353 548.8906 548.1753 547.4534 546.7555 546.1165 545.5208 544.9458 544.3630 
7 550.0090 549.4146 :>48.6643 546.2795 547.6274 546.fJ845 546.1592 545.4819 544.87S7 544.3196 543.7759 543.2068 
8 548.4607 547.9277 ':;)41.4t358 546.6577 546.1772 S4!.3762 544.6536 544.0110 543.4~46 542.9f56 542.4568 541.6916 
9 547.0457 546.5850 ,,46.1514 545.5540 544.8'!!5 543.9397 543.2422 542.6501 542.1794 5'H.7400 541.2561 540.6780 

10 545.5088 545.14117 ::'44.7798 544.1174 543.2964 542.2939 541.6709 541.1560 541).7949 540.4216 539.9497 539.3320 
II 543.7732 543.5664 "43.~ 605 542.4319 541.4668 540.2795 539.8613 539.4651 539.2E22 536.9526 538.4592 537.7522 
12 542.0850 542.0850 :>41.6010 540.6643 539.5276 538.1064 53E!.1064 537.8223 537.8223 537.5381 536.;9692 536.1162 
13 537.8843 538.57.17 :>38.1423 535.6628 534.1157 531.9319 533.9453 533.7239 534.4094 533.ge05 533.0276 531.6223 
111 537.3151 535.1105 ;».11.0245 53.-.e850 533.3159 531.0046 533.4473 533.1523 533.9f75 533.4175 532.4519 530.9548 
15 536.1776 537.7019 :;i37.1060 534.0356 532.4863 ~30.0254 533.0527 532.5906 533.5f69 532.9724 531.8591 530.2563 

0 0.0 0.0 ~.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 653.4475 653.5902 Q~3.:)967 653.5715 653.6758 e53.9958 654.4036 655.0391 655.7588 656.4!:26 657.0718 657.5923 
He -155.3 -114.4 -lbl.1 -278.0 -252.9 -291.8 -82.2 -163.9 -1 ~ 3. 7 -147.7 -175.1 -205.6 
TSAT 519.4 518.7 51 8.1 517.4 516.1 516.0 515.3 514.6 51,!.9 513.2 !512.4 511.7 
,",SAT 1059.9 707.4 1001.3 2058.4 2002.4 2752.8 567.9 1136.4 650.9 934.5 1149.9 1443.9 
p 808.1 803.5 7118.7 793.9 789.3 754.8 779.9 775.0 770.1 16S.·,3 160.4 155.5 
S.F. 18155.4 13270.0 16610.0 33357.2 30758.5 37068.1 9991.5 20117.2 1269!:.2 18274.9 21984.4 26259.7 
S.fEMP 536.52 537.52 530.84 533.57 532.05 529.51) 532.91 532.31 533.39 532.72 531.55 529.69 
04ASS.-l'l.. .. 26.4293 24.86:>3 24.:::'357 23.6838 22.5294 21.2630 19.7856 18.6452 17.5729 16.5C13 15.4195 14.2906 
OUAL lTV 1.00000 1.000:'0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.04488 0.04438 0.04488 0.04488 0.04468 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
•• *RELAP PREOICTIONS (STAR'lEOI." 
-H8 167.6 163.6 1:;;9.8 152.0 148.7 140.2 132.9 12601 120.0 113.9 107.7 101.2 
·S.F. 21509.5 20959.1 20432.3 19390.7 18950.9 17798.5 16612.7 15866.6 15015.8 14167.0 13330.3 12480.5 
-s. TEMP 781.82 781.57 781 .36 781.21 781.03 780.91 780.80 780.77 780.74 760.74 780.75 780.79 
*H.T.fi400E 8 8 e 6 6 8 8 8 8 8 8 B 

N 
\Jl 
~ 

TI 141:'-- 8.4000 8.4500 8.:0000 8.5500 8.6000 
NODE 

8.6500 8.7000 8.751)0 8.800' 8.8500 8.9000 8.9500 

i;51.1~06 I 558.0183 557.2151 :;56 ... 229 555.6396 554.8657 554.1013 553.3459 552.5994 551.8UI 550.4065 549.6865 
2 554.15e5 553.411>9 "52.b 716 551.9380 551.2112 550.4924 549.7627 549.0813 548.3860 547.6938 547.0015 546.3064 
3 550.4526 549.7573 :;49.0613 548.3660 547.6767 547.0029 546.3389 545.6809 545.0 li2? 544.3569 543.6609 542.9951 
4 546.9004 546.2410 ;:;45.:) 115 544.9050 544.2571 543.6299 543.0139 542.3955 541.7e22 541.1030 540.4216 539.7283 
5 544.7056 544.0505 ,,43.J872 542.7368 54201216 541.5332 540.9482 540.3472 539.7146 539.0~91 535.3381 537.6318 
6 543.7395 543.0786 ;'42 ... 150 541.7739 541.1775 !!4 0 .6091 540.0359 539.4385 538.1979 535.1 C64 537.3923 536.6794 
7 54,lh5764 541.901) I :;41.~363 540.6094 540.0447 !O39.51)42 536.9424 538.3425 537.6846 536.9E46 536.2319 535.5125 
A 541.2334 540.5209 ,,39.6672 539.2681 538.7563 ;36.2510 537.6929 537.0779 536.3823 535.6138 534.8589 534.1384 
9 539.9702 539.2263 :;38.5833 538.0239 537.5796 537.1040 536.5337 535.8911 535.1428 534.3140 533.5461 532.8345 

1<:) 538.5403 537.7495 "J7.1504 536.6531 536.3057 !O35.8508 535.2422 534.5522 533.7227 !!32.8120 532.0479 531.3604 
II 536.8154 535.976 I ;:\35.4863 535.0B64 534.8896 534.4185 533.7178 532.9519 531.91112 530.9702 530.2585 529.6213 
12 534.9768 534.1252 :;33.6408 533.5564 533.5564 532.9673 532.1335 531.2795 530.1409 529.0017 528.4324 527.6628 
13 529.8000 529.1155 :>29.7285 529.7207 530.3938 529.1802 527.7559 526.6907 524 .9H 1 523.4978 523.6770 523.2678 
14 529.0239 528.40l8 :>29.1882 529.1936 529.9646 !O28.6143 527.1033 526.0227 524.1421 522.6919 523.0334 522.6238 
15 528.2039 527.6929 :>Z8.6924 528.6855 529.6169 528.0183 526.4199 525.3389 523 .3~O8 521.8604 522.4224 521.9866 

Q 0.0 0.0 "J .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TB 658.0303 658.3914 058.0772 658.8816 659.0835 e59.1965 659.4758 659.7520 659.7725 659.3977 658.6956 657.7336 
H9 -238.0 -192.9 -1-'2.6 -135.3 -89.5 -172.2 -192.7 -185.8 -225.8 -221.5 -149.7 -166.0 
TSAT 511.0 510.2 509.5 508.7 508.0 !O71113 506.7 506.0 50!.3 504.5 503.8 503.1 
HSAT 1844.9 1477.6 841.0 896.1 541.8 1112.4 1324.7 1315.8 1753.6 180e.2 I 112.4 1218.8 p 750.6 745.8 740.9 736.0 731.4 127.0 722.5 718.0 71 :!.6 708.8 704.1 700.2 5.1' • 30999.7 25280.9 159<>4.5 17649. <1\ 11604.0 22637.7 25704.5 25039.7 30914.8 3055e.7 20447.0 22564.1 
S.TEMP 527.77 527.34 52d.47 528.44 529.45 527.70 526.06 524.99 522.88 521.43 522.13 521.61 
·"ASS-FLX 13.1422 11.9904 10.<1349 9.5494 1.5857 6.8768 5.6295 4.7501 3.5752 2.9C60 1.6549 0.6515 
OUAL I TV 1.00000 1.00000 1.0(1000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 GAP 0.044es 0.04485 0.04466 0.04468 0.04488 0.04488 0.044B8 0.0446e 0.0""88 0.')4486 0.04488 0.04488 
.**RELAP PREOICTIONS ISTARFilEOI ..... 
*HB 94_5 87.7 80.9 73.3 63.2 56.1 49.4 42.2 34.1 2!.4 12.4 5.0 
*S.F. 11620.5 10753.3 9910.2 8966.8 77" I. 7 6879.8 6051.2 517401 4192.1 3136.0 1542.5 628.6 
'" S. TEMP 780.86 780.95 781 .07 781.23 781.45 7el.71 781.97 782.24 782.55 782.92 783.34 763.77 *H.T.Mooe 8 8 8 8 8 6 e e 8 8 8 8 

.. .' 



t' 

T lME-- 9.0000 9.0500 9 •• 000 901500 9.2000 9.2500 9.3000 9.3501) 9.4 COO 9.4500 9.5000 9.5500 
NODE 

I 548.9707 548.2576 ,,47.5469 546.8384 546.1313 545.4265 544.7244 544.0259 54303~18 542.6421 541.9570 541.2166 
2 545.6101 544.91J3 ,,44 • .: 153 543.5176 542.8223 542.130 I 541.4438 540.7649 540.01l23 539.4258 536.1651 536.1096 
3 542.3071 541.6172 ,,40.9260 540.2349 539.5496 !38.8750 536.2117 537.5583 536.9141 536.2749 535. (\396 535.0095 
'I 539.0413 538.3555 037.0665 536.9807 536.3130 e35.6660 535.0364 534.4177 533.8C62 533.1~41 532.5823 531.9795 
5 536.9512 536.26Hi ,,35.:>769 534.8960 534.2495 533.6333 533.0320 532.4390 53108479 531.2476 530.6489 530.0649 
6 536.0056 535.3215 ,,34.0282 533.9509 533.3198 e32.7205 532.1335 531.5510 530.9(\83 530.3701 529.7756 529.2019 
7 534.8557 534.1669 ",33.4707 532.8015 532.1975 531.6235 531.0549 530.4849 529.9109 529.31\8 526.7236 528.1650 
S 533.5200 532.8215 :>3201 150 531.4641 530.9094 530.3706 529.6220 529.2637 526.6<;68 528.0881 527.!HOO 526.9768 
9 532.2766 !i31 .5449 ",30.8298 530.2095 529.7217 529.2156 528.6809 528.1262 527.5649 526.9375 526.3755 525.8752 

I:) 530.9043 530.0920 :>29,"728 528.8083 528.4226 527.9426 527.4131 526.6611 526.2993 525.6~45 52501 069 524.6555 
II 529.3469 528.3315 aoe?:7.e> 389 527.1 836 526.9631 526.4783 525.9363 525.3774 524.8125 524.0752 523.6284 523.2532 
12 527.8628 526._382 ,,25.6684 525.5835 525.5835 52e.0134 524.4434 523.8733 523.3030 522.4478 522.1626 521.8774 
13 524.3341 520.9041 021.2400 521.5701 522.3013 521.ll60 520.4763 519.8777 519.2947 517.9514 518.4626 518.3940 
14 523.8906 520.0220 ::)20.0194 521.0327 521.8789 ~20 .5391 519.9111 519.3091 518.7263 517.2869 517.9773 517.9165 
15 523.5076 519.0303 ",20.Il405 520.5286 521.5020 519.9346 519.3418 518.7390 518.1S53 516.5945- 517.5308 517.4521 

a 0.0 0.0 J.O 0.0 0.0 0.0 (l.0 0.0 0 • ., (l.a 0.0 0.0 
TB 656.4~77 654.5771 052 • .:1132 649.2090 644.8274 640.4653 637.3459 635.0576 633.5320 631.8594 629.2908 623.3259 
HB -85.7 -292.4 -1<+ 1.7 -130.6 -96.1 -188.9 -172.4 -175.5 -176.7 -223.5 -127.2 -152.0 
TSAT 502.3 501.6 51l1.4 501. e 500.7 500.3 500.0 499.1 49<;.3 49E.9 498.5 498.5 
HSAT 542.1 2362.8 10': 0.3 870.8 574.9 1184.3 1067.8 1090.7 1101.5 1494.7 156.6 859.4 
P 694.9 690.7 609.1 686.6 -664.9 682.7 660 •• 678.8 ,61e.5 674.2 671.5 671.3 
S.F. 11410.8 39799.1 18782.8 16833.7 11870.8 22833.5 20398.2 20463.9 2043~.7 25842.2 14247.0 16126.2 
S.TEMP 523.35 518 •• 7 511" 77 520.29 521.33 519.61 519.05 518.45 517.87 516.23 517.33 517.22 
MASS-FLX 1.3820 0.9419 3.3313 4.2927 6.0282 8.2744 8.8093 12"929 13.2826 13.se75 11.9511 19.3543 
aUAL ITY 1.00000 1.-000ll0 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.04488 0.04488 0.04488 0.04468 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
... REI..AP PREDICT IONS (STj\RREO) ••• 
"HB 17.2 10.8 .:13.8 29.6 49.2 61.3 68.0 84.5 93.6 9~.4 88.7 133.1 
*S.F. 2195.0 1405.9 4".:14.1 3959.0 6773.8 6665.3 9791.8 12271.8 13669.9 13999.5 1317101 20324.5 
*5. TEMP 783.99 784." 1 78~.99 783.87 783.25 782.57 781.79 780.68 779.74 778.95 778.37 777.57 
*H.T.MOOE 8 8 8 8 8 8 8 8 8 8 8 8 

N 
V1 
V1 

TIME-- 9.60CO 9.6500 9.7000 9.7500 9.8000 9.8500 9.9000 9.9500 IO.OOO~ 10.0500 10.1000 10.1500 
NOOE 

I 540.6016 539.9316 ,,39.':673 538.6082 537.9543 537 .~O62 536.6643 536.0278 535.30;60 534.7«;88 534.1470 533.5288 
2 537.4602 536.8174 036.1797 535.5474 534.9214 534.3027 533.6897 533.0803 532.4739 531.8706 531.2717 530.6758 
3 5:!4.3SS9 5::13.7739 .;1033.1638 532.5588 531.9629 ~31.3765 530.7915 530.2053 529.6184 529.0361 528.4595 527.8811 
4 531.3904 530.80~ 7 530.2207 529.6'UI 529.080 I 528.5291 527.9683 527.3948 526.8213 526.2598 525.7051 525.1387 
5 529.5020 528.9326 326.3613 527.8003 527.2666 526.7422 526.1855 525.60,79 525.0405 524.4~76 523.9604 523.3904 
6 528.6536 528.0S69 027.",215 526.9683 526."514 525.9395 525.3767 524.7917 524.2290 523 .6~82 523.1687 522.5884 
7 527.6379 527.0747 526.;;105 525.9697 525.4792 524.9807 524.3997 523.8030 523.2!!12 522.7412 522.2192 521.6177 
8 526.4814 525.901>5 525.3457 524.8252 524.3777 523.8896 523.2634 522.6494 522.1235 521.6484 521.1304 520.41110 
q 525.4167 524.6105 524.2563 523.7632 523.3708 522.8794 522.1785 521.5544 521.0742 520.6411 520.1143 519.3887 

10 524.2444 523.561>7 :>23. () 327 522.5828 522.2729 521.7507 520.9182 520.3047 519.9092 519.e~08 518.9685 518.1138 
11 522.9036 522. ~615 a21.~979 521.2207 521.0415 520.4158 519.3425 518.8142 518.5793 518.2629 517.6011 516.51:19 
12 521.5923 520.451.2 520.1660 519.8806 519.8806 519.0247 517.5977 517.3123 517.3123 517.0266 516.1702 514.7424 
13 518.2612 515.7847 .; 16.~457 516.4797 517.1140 515.0874 512.3967 513.5193 51".2900 513.ae91 512.1318 509.4722 
14 517.8018 515.0569 016.0801 516.0127 516.7593 !!14.4753 511.5896 513.0437 513.9060 £13.4236 51105173 508.6560 
15 517.3525 514.2554 ,,15.1>653 5Hi.5593 516.4436 513.8030 510.7046 512.6348 513.5654 512.9758 510.8552 507.7649 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
-TB 612.0776 596.7256 080.64"0 571.'7139 567.4985 564.7451 562.6448 561.2024 559.0540 557.3826 555.2852 553.0.244 
H8 -164.3 -379.5 -192.8 -279.8 -191.7 -515.1 -653.9 -240.1 -231.9 - 362.1 -567.2 -753.2 
TSAT 497.9 497.5 497.1 496.6 496.3 495.7 495.3 49 •• 9 494." 494.0 493.6 493.2 
HSAT 810.1 1928.4 682.6 843.5 490.9 1490.1 2302.1 665.1 557.3 8eO.6 1503.5 2453.6 
P 667.7 665.4 663.0 660.3 658.4 654.6 652.5 649.8 647.1 644.4 642.3 640.1 
S.F. 15603.(\ 31469.3 12562.8 15774.3 9812.3 26434.5 34280.5 11701.9 10584.5 161451.7 25403.0 34455.9 
S.TEMP 517.13 513.81 515.49 515.34 516.30 513.43 510.22 512.47 513.42 512.75 510.49 507.28 
MASS-FLX 17.3832 20.0462 20.J075 21.2207 23.4748 21.2030 22.88111 22.5263 23.5751 240121-3 24.a687 24.6702 
OUAL ITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.044118 0.04488 0.04486 0.04488 0.04488 0."4488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04468 
••• ~ELAP PREDICTIONS CSTj\RREOI*·* 
*H8 114.1 129.7 1~5.1 ."1.9 160.5 149.6 IS3.5 150.0 14e.8 16C.3 163.1 171.4 
*S.F" 18434.2 22893.6 25625.3 28114.6 32359.7 30321.5 31205.6 30504.1 303741.7 32764.0 33448.4 35309.1 
"S.TEMP 776.30 774.64 772.94 771.1 t 769.34 7e7.60 766.23 764.56 763.46 762.07 760.73 759.25 
..... f.MOO£ 8 8 8 8 8 8 8 8 8 8 8 8 



TIME-- 10.2000 10.2500 10.,jOOO 10.3500 10.4000 10.4500 10.5000 10.5500 10.6000 10.6500 10.7000 10.7500 

Nooe 
1 5~2.9t46 532.3037 ~31.o9S6 531.0896 530.4868 529.8865 529.2881 528.6914 528.0~47 527.4S66 526.8965 526.2930 

2 530.0808 529.4803 ,,28.<3926 526.3003 527.7109 527.1243 526.5388 525.9507 525.3567 524.7544 524.1448 523.5291 

3 527.2998 526.7146 ,,26.1306 525.5493 524.9741 524.4019 523.8257 523.2378 522.6~18 522.0105 521.3787 520.7434 

4 524.5618 523.9778 .. 23." 0 16 522.8341 522.2786 521.7209 521.1445 520.5391 519.8~82 519.2405 518.5815 517.9268 

5 522.8081 522.2178 :;21.0519 521.0989 520.5593 520.0066 519.4177 518.7825 518.0994 517.4106 516.7368 516.0769 

6 522.0022 521.4070 ,,20.d 501 520.3054 519.7744 519.2205 518.6182 517.9604 517.2495 516.5479 515.8699 515.2114 

7 521.0244 520 .42J I .. 19.<1845 519.3516 518.8335 518.2725 517.6453 516.9514 516.1997 515.4S66 514.8110 51401584 

R 519.8845 519.2747 :;18.7756 518.2561 517.7551 517.1738 516.4998 515.7488 514.9!80 514.2280 513.5679 512.9292 

9 518'0'8059 518.18SI ,,17.7493 517.2351 516.7524 516.1321 515.3950 514.5769 513.7031 513.0237 512.3901 511.7688 

10 517.'5828 516.9409 ,,16.6174 516.C861 515.6316 514.9351 514.1025 513.1956 512.24J7 SII.6479 511.0525 510.4514 

11 51601465 515.4448 ::015 • .:1450 514.7263 514.3254 513.4673 512.4905 511.4668 510.4180 510.0293 509.4729 5013.8914 

12 514.74~4 513.8855 :)14.1711 513.3142 513.0283 511 .8855 510.7419 509.5984 508.4 !43 508.4543 507.8823 507.3101 

\3 511.3887 509.5309 ;J;11.:;i761 5011.3119 509.7205 507.2712 505.1251 504.2917 502.9165 51)4.6843 503.6570 503.1069 

14 511.0020 508.8707 .. 11.2974 508.6907 509.2856 506.5537 504.9854 503.5166 502.1125 504.2373 503.0452 '502.5151 

15 510.7126 508.16,8 :;,11.1147 507.9912 508.8857 505.7617 504~2144 502.7148 501.21352 503.8804 502.4109 501.9243 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1).0 0.0 0.0 0.0 

TB 548.7556 548.4944 ~46 ... 065 545.0046 540.8459 e35.f357 534.9285 532.0537 528.8157 526.2844 524.2205 521.1267 

HB -167.1 -680.1 -75.9 -745.6 -393.6 -1024.0 -91201 -986.1 -1077.6 -402.2 -1063.7 -1069.9 

T5AT 492.9 492.6 492.2 492.0 491.6 491.2 490.8 490.5 490.1 4e~.7 489.4 488.8 

HSAT 360.2 1822.7 142.4 1790.1 738.0 2203.5 2190.0 2465.9 2805.2 6415.5 1853.7 1631.7 

P 638,4 636.3 oJ4.4 633.0 630.4 628.5 626.3 624.2 622.1 61<;;.9 617.8 614.8 
S.F. 6372.0 27695.8 2680.8 27893.8 12651.2 31041.5 28383.9 29342.0 3013 0.:3 9063.1 23557.0 20863.0 
S.TEMP 510.62 507.77 511 .08 507.60 508.71 505.32 503.81 502.30 500.86 503.75 502.08 50 1.63 

MASS-FLl< 26.5438 26.7417 28 • .:1023 30.4538 30.4078 30.1945 3102354 31.2262 31.8269 32.9810 33.1773 32.8719 

QUALITY 1.00000 I.OOOuo 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.(1)000 1.00000 1.00000 1.00000 
GAP 0.04488 0.04488 0.0"488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
••• RELAP PREDICTIONS (STARRED."" • 
*H8 157.5 177.8 162.0 187.3 193.6 195.0 203.6 205.6 20<;.4 21~.5 215.1 213.8 

*S.F .. 32890.0 36942.5 31834.9 38936.0 40505.1 4143501 43257.6 44009.2 44992.9 45979.2 46475.0 46476.8 
,. S. TEMP 757.83 756.13 754.60 753.00 751.27 749.44 747.61 745.89 744.06 742.28 740.48 738.62 

*t-t.T.NOOE 8 8 8 e 8 8 8 e 8 B 8 8 

N 
VI 
0' 

TIME-- 10.8000 10.8500 10.iOOO 10.9500 11.0000 
NOOE 

11.0500 11.1000 11.1500 11.2000 11.2500 11.3000 11.3500 

I 525.6863 525.071>4 ",24 •• 592 523. i!!384 523.2114 522.5796 521.9441 521.3062 520.6 f70 520.C~51 519. Jill 8 518.7368 
2 522.9070 522.2768 321.0428 520.9990 520.3503 519.6985 519.0476 518.3989 517.7529 517.1062 516.4583 515.8057 
3 520.1021 519.4504 :H8.7886 518.1179 517.4456 516.7798 516.1235 515.4766 514.8:!23 514.1851 513.5305 512.8652 
4 517.<1654 516.58,j5 ,,15.<1884 515.1870 514.4985 513.8318 513.1897 512.5583 511.9194 511.21086 510.6001 509.9089 
5 515.4001 514.6860 :>13.9678 51302461 512.5596 511.9089 511.2920 510.6763 510.~;'!42 509.3723 508.6841 507.9639 
6 514.5247 513.79J2 :;13.0598 512.3291 511.6504 511.0137 510.4136 509.8037 509.1545 508.4829 507.7813 507.0408 
7 513.45!:1 512.69<!9 ",1l.9463 511.2070 510.5491 509.9368 509.3625 508.7571 508.0<,;11 507.4058 506.6824 505.9126 
8 512.1929 511.3811 510.0282 509.8838 509.2744 508.7014 508.1655 507.5535 506.8e08 506.1462 505.3899 504.5762 
9 510.9785 510.1009 ,,)9.3652 508.6187 508.0862 507.5549 507.0596 506.4219 505.6~46 50'1.9441 504.1479 503.2825 

10 509.5613 508.6084 ,,1)7.9126 507.1624 506.7642 506.2742 505.8291 505.1265 504.2i!!22 503.5559 502.6987 501.7632 
II 507.7993' 506.74~0 :;06.1792 505.4060 505.2661 504.7871 504.4092 503.5515 502.5684 !SO 1.8760 500.9106 4911.8755 
12 505.8796 504.7349 :::104 •• 485 503.5896 503.8760 503.3035 503.0171 50108713 500.7256 500.1526 499.0061 497.8594-
13 50C.2361 499.0866 :;00.089$ 498.6062 500.7546 499.3286 499.4690 497.0020 495.4~14 495.5;42 493.5916 492.1 724 
14 499.3635 498.2798 .99.5349 497.8745 500.4094 496.7361 498.9934 496.2505 494.6902 494.9810 "92.7639 491.3484 
15 49B.4075 497.4567 499.0430 497.1077 50001672 498.1040 498.5415 495.4260 493.BIl94 494.3987 491.9241 490.'5010 

0 0.0 0.0 JoO 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 516.8835 515.6619 :>12.9790 506.6,41 506.3337 '504.0735 50 1.1497 497.1184 494.9f93 489.4873 484.2834 483.6174 
H8 -1765.0 -1572.1 -1053.1 -2684.9 -733.9 -3827.8 -5289.9 -14898.9 -19275.2 4161.4 4512.7 4758.4 
TSAT 488.5 488.1 487.7 487.3 486.8 486.4 486.0 485.5 485.1 484.6 484.3 483.6 
HSAT 3941.0 3274.0 1335.6 3042.7 345.1 2123.7 1206.0 3373.4 3480.0 2029.3 4512.7 4758.4 
P 612.7 610.6 608.2 606.1 603.6 600.9 598.6 595.9 59~.6 59102 589.4 585.7 
s.~ . 37073.4 29275.5 149l0.2 26605.6 4573.8 24170.6 14924.3 32031.2 29270.4 1928<;0\ 32388.6 30664.6 
S.TEMP 497.88 497.1)4 496.83 496.70 500.10 497.76 498.33 494.97 493.47 494.12 491.46 490.06 
MASS-FLX 33.2910 34.8095 34.7904 36.7690 35.3927 35.3303 35.2946 35.8232 36.3118 37.3747 33.6139 32.1616 
OUAL lTV 1.00000 1.00000 1.1)1) 000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.99817 0.99746 
GAP 0.044e8 0.04468 0.04486 0.04488 0.04488 0.04488 0.04488 0.0448e 0.04488 0.04488 0.04488 0.04488 
..... "EL .. P PRECICTIONS (STARRED) ..... 
*H6 214.1 226.9 235.3 233.9 231.8 234.3 229.8 236.5 23e.0 25100 224.9 302.6 
-S.F. 46465.4 49707.8 52147.5 51666.2 51289.2 52245.3 51386.3 53519.4 53821.1 57567.3 52301.8 6901 '.7 
*5. TEMP 737.07 735.1)8 733.03 730.92 729.12 727.18 725.52 723.53 721.59 719.24 716.94 711.61 
-H. T .MODE 8 8 8 e 8 8 8 8 B 6 8 3 

., 



TIME-- 11.4000 11.4500 11.5000 11.5500 11.6000 11.6500 11.7000 11.7500 11.8000 11.8500 11.9000 11.9500 
NOOE 

5'12.7:1.90 I 518.0889 517.4.)05 ;;16.1798 516.1182 515.4517 e14.7798 514.1021 513.4185 512.CJ30 511.3303 510.6213 
2 515.1455 514.4771 ,,13.ilOI5 513.1204 512.4326 511.7383 511.0374 510.3301 509.6150 508.8933 508.1650 507.4299 
3 512.1841 511.4893 :;10.7893 510.0641 509.3155 508.6577 5?7.9314 507.1980 506.4556 505.7068 504.9519 504.1817 
4 509.1887 508.4602 :;01.7351 507.0125 506.2795 505.5339 504.7808 504.0178 503.2454 502.4702 501.6885 500.8950 
5 507.2048 506.4512 ;:i05.7180 504.9866 504.2363 503.4675 502.6946 501.9116 50 I .1 119 500.3264 499.5278 498.1100 
6 506.2583 505.4946 :;04.7625 504.0276 503.2659 SO 2 .4827 501.7007 500.9012 500.le13 499.3035 ... 98.4956 "'97.6638 
7 505.0964 504.3211 I :>03 ... 042 502.8655 502.0852 SO 1.2822 500.4924 499.6851 498.8E55 498.0625 497.2439 496.3921 
8 50'!.112'" 502.9570 :;02.~ 571 501.5100 500.6985 499.8704 499.0771 498.2510 497.4143 ... 96.6138 495.7798 494.8984 
9 502.3672 501.65~1 ,,()0.9871 50').2202 ... 99.3667 ... 98.5132 497.7278 496.8777 496.0241 495.2358 494.3811 493.4636 

10 500.7830 50001619 499. :;447 498.7302 497.8105 496.9324 496.1721 495.2805 494.4 C99 493.6499 492.7556 49101847 
II 498.8120 498.41,;)9 497.<:1433 496.9124 495.8882 "'94.9973 494.3032 "'93.3230 492.4414 .91.7483 490.7666 489.7134 
12 4<l6.7126 ... 96.71.:6 .. 96.1392 494.9915 493.8442 492.ge32 492.4089 491.2605 ... 90.3<;92 489.82 ... 7 488.6755 ... 67.5259 
13 490.8225 492.6306 491.0226 489.5263 488.0811 487.5005 ... 87.4258 485.4468 484.8430 464.1e51 482.7674 481.3997 
14 489.9739 492.1458 490.9734 488.7119 487.2480 466.7378 486.7493 484.5684 484.0706 464.0789 481.9167 480.5206 
15 489.1047 491.75,7 490 • ..l042 487.8403 486.3892 485.9807 486.0950 483.6804 483.3<l30 ... 83.4150 481.0007 ... 79.6206 

Q 0.0 0.0 1).0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 483.0551 482.5493 .. 82.A 277 461.5619 481.1057 460.5735 479.9236 419.3159 478.9~55 478.3718 477.8535 477.2065 He 5598.6 1120.6 3143.6 5635.9 6409.2 5219.4 3780.2 8727 .... 6637.8 4751.0 12848.8 16540.1 
T54T 483.1 482.5 4<12.1 481.6 ... 81.1 480.6 479.9 479.3 47e.9 47e.4 477.9 477.2 
HSAT 5598.8 1120.6 3143.8 5635.9 6409.2 5219.4 3180.2 8727 .... 6637.8 " 751.0 12846.8 16540.1 
I" 582.6 579.9 577.6 574.6 !H2.1 569.2 565.7 562.5 560.4 557.5 554.8 551.4 
S.F. 31351.0 10150.1 24597.4 32709.2 31010.0 2625 .... 8 22127.6 33648.6 2652e.4 22427.9 3"'132.8 32248.3 
S. TEMP 488.66 491.61 469.95 487.37 485.94 485.60 485.78 483019 ,,82.92 483.09 480.51 479.16 
I'ASS-FL" 32.9320 33.7316 34.8 5~2 :32.7953 33.4458 33.7906 33.1413 32.5738 33.0109 33.0177 33.2204 32.3259 
OUAL lTV 0.99571 0.98802 ~.99061 0.98431 0.99601 0.99653 0.94751 0.97536 0.98175 0.97756 0.97510 0.97050 
GA" 0.04488 0.044i18 0.0,.,,88 0.04488 0.0",488 0.04488 0.04 ... 88 0.0",48B 0.04488 0.04488 0.04488 0.0 ...... 88 
•• *RELAP PREDICTIONS (STARi'lED).'" 
.He 434.3 453.3 655.9 6.4.7 967.2 lt61 .2 574.2 840.9 1461.6 1464.5 1636.2 1523.6 
*S.F. 95700.1 97285. II 134013.5 125492.2 177836.0 200180.9 94754.3 131926.2 21082~ .... 198321.1 206720.3 185089.5 
*5. TEMP 703.53 697.26 686.50 676.29 665.03 653.04 64501 7 636.19 623.25 613.92 604.24 598.55 
*H. T .MODE 3 3 3 3 :3 3 3 3 3 :3 3 3 

N 
VI 
-...J 

TIME-- 12.0000 12.0500 12.1 000 12.1500 12.2000 12.2500 12.3000 12.3500 12.4000 12.4500 12.5000 12.5500 
NDOE 

I 5C9.9060 509.1824 ;; 08. 4 5 04 507.7097 506.9595 506.2000 505.4324 504.6589 503.8e09 503.0<;94 502.3140 501.5247 
2 506.6855 505.92112 ;;()5.1619 504.3826 503.5928 502.7961 501.9958 501.1980 500.4021 499.6064 498.8076 498.0034 
3 503.4094 f02.6147 :>Ol.aO~7 500.9805 500.1501 499.3198 498.5000 497.6934 ... 96.8<;60 496. C<;64 495.2839 494.4614 
4 500.0732 499.2285 498 • .j660 497 .... 971 496.6299 495.7803 49 .... 9619 49401716 493.3879 492.5828 491.7444 490.8948 
5 497.8474 496.9622 "'96.0613 495.1650 494.2803 493.4341 492.6401 491.8779 491.1051 490.2el1 .89.4082 488.5361 
6 496.7739 495.8665 "94.9463 494.0398 493.1492 492.3123 491.5391 490.7939 490.0232 489.1802 488.2793 487.3984 
7 495.4614 494.5276 "93.:>854 492.6716 491.7793 490.9646 490.2275 489.5078 488.7319 487.8538 486.9126 486.0264 
8 49~.9026 492.9424 491.9780 491.0679 490.1819 489.4160 486.1393 488.0496 487.2512 466.3049 485.3049 484.4346 
9 492.3840 491.4141 IHI0.,.30" 489.5381 488.6641 ... 87.9697 487.3647 ... 86.6965 485.8508 484.6108 483.7493 482.9258 

10 490.5761 "'89.6200 "'88.62Cl 487.7700 486.9114 ... 86.3374 485.8286 485.1636 484.2224 483.0354 481.9063 481.1936 
11 488.2937 487.4473 I086 • ..l962 485.6448 484.7988 484.4465 484.0598 483.3435 482.2085 480.7839 419.6035 479.1482 
12 485.8013 485.22e.3 48 .... 0759 483.5005 482.6377 482.6317 482.3499 481.4863 480.0471 418.3193 477.1672 477.1672 
13 478.5112 479.4373 477 • .,11" 477.6950 476.7778 478.2690 478.0073 476.3606 473.7549 471.0723 470.4106 472.3721 
14 477.420'" 478.6909 .. 76.6794 477.1499 475.9463 477.1358 477.4126 475.6089 472.8110 ... 69.9 .. 73 469.4775 471.8008 
15 476.2529 418.01..l2 475.6995 476.4446 475.0991 477.2832 476.8257 47 .... 8171 471.1<;66 ... 68.8550 468.5540 471.3296 

0 o.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 476.9438 416.1060 ,.75.:;356 ... 74.9421 ,,74.2063 473.6570 "'72.9182 472.2151 471. 7~51 470.963" 470.2490 469.6621 
He -33091.5 12951.2 -101315.9 19615.6 66685.6 3675.4 5660.5 13423.1 -78033.8 -15513.6 -14650.1 8421.5 
TSAT 476.9 476.1 475.5 474.9 474.2 413.1 472.9 472.2 "71.7 471.0 470.2 "'69.7 
HS"T -33091.5 12951.2 -101315.9 19615.6 66685.6 3675.4 5660.5 13"'23.1 -78033.8 -15513.6 -14650.1 8421.5 
I" 550.0 545.7 542.7 539.6 535.9 533.1 529.3 525.8 523.3 519.5 515.9 513.0 
5.F. 43683.1 20811.7 36039.4 22967.9 30347.2 12655.7 20446.9 29261.3 319SE.1 4216E.2 31517.7 1251501 
S.lEMP 475.62 471.71 475.18 476.11 414.66 471.10 476.53 47 .... 40 471.25 466.25 468.10 411.15 
MASS-FLX 33.9118 32.31,2 32.0197 32.3961 30.5321 31.1780 29.6431 28.8317 29.4!05 21.4165 26.~656 26.869 ... 
OU"L lTV 0.97066 0.93616 0.94962 0.97069 0.95128 0.96566 0.95372 0.95865 0.94917 0.96027 0.94821 0.95384 
GAP 0.04"'88 0.04488 0.04488 0.04488 0.04488 0.04488 0.04468 0.04486 0.04488 0.04468 0.04488 0.04486 
••• RELAP PREDICTIONS (ST"R~EDI •• * 
«HB 2801.6 1206.4 16~8.4 2417.2 1853.8 2599.0 2016.4 1987.8 217E.2 2601.1 2 0ge. 0 2881.7 
*S.F. 315690.3 129201. 9 166394.5 218478.8 161601.5 214914.4 164851.1 148438.3 203561.9 177801.4 139653.8 181638.5 
*5. TEMP 589.13 583.39 57.j.68 565.39 561.53 556.34 552.47 541.09 544.91 539.43 537.03 532.79 
.~.T.M:OOE :3 3 3 3 3 3 3 3 3 3 3 :3 



TlIoIE-- 12.6000 12.6500 12.7000 12.7500 12.8000 12.8500 12.9000 12.9500 13.0000 13.0500 1301000 13.1500 
NODE 

t 500.7314 499.9365 .. 9901448 498.3618 497.5940 496.8472 496.1270 495.4395 494.7881 494.1146 493.5999 493.0645 
2 49701970 496.39\12 .. 95.0235 494.8828 494.1843 493.5342 492.9370 492.3945 491.9050 491.4626 491.0627 490.7002 
3 493.6460 492.8679 .. 92.1516 491.5085 490.9409 490.4485 490.0300 489.6804 489.3879 489 01 37~ 488.9180 488.7246 
4 490.0862 489.3772 .. 88.7917 488.3220 487.9524 487.6758 487.4851 487.3640 487.2856 487.2231 487.1726 487.1289 
5 487.7610 487.1575 486.7239 486.4231 486.2227 486.1174 486.1011 486.1414 486.1995 486.2419 486.2810 486.3162 
6 486.6575 486.1335 .. 85.7988 485.5952 485.4841 485.4692 485.5422 48!!.6592 485.7164 485.8574 485.9319 485.9973 
7 485.3545 484.9626 .. 84.7725 484.6992 484.7009 484.8013 484.9854 485.1919 485.3~94 485.4819 485.5908 485.6853 
8 483.89<;4 483.7266 483.7415 483.8306 483.9634 484.2058 484.5234 484.8215 485.0464 485. Hi63 485.3064 485.4236 
9 482.5916 482.6909 .. 82.9199 483.1597 483.4092 483.7942 484.2388 484.6050 484.8484 484.9458 485.1165 485.2461 

10 481.1917 481.681/9 482.1597 482.5521 482.9216 483.4863 484.0745 464.4618 464.7161 484.7517 464.9729 485.1035 
11 479.1354 480.7998 .. 81.;;337 482.0571 482.5415 483.3606 464.1055 464.50111 484.6572 464.5e25 464.6999 485.0000 
12 478.6072 460.33:;0 48101987 461.7742 482.3499 483.5007 484.3638 484.6514 484.6514 464.3638 484.9387 484.9387 
13 476.9526 480.5015 461.0310 481.5166 482.3137 484.6924 485.6250 485.2075 484.6~55 483.6707 465.4575 484.7900 
14 476.9009 480.6553 481.0263 461.5027 482.3369 464.9404 485.8293 485.2666 484.6123 483.5405 485.5935 484.7451 
15 477.0332 480.9387 461.0398 481.5044 482.3931 485.2749 486.0588 485.3052 484.5669 463.3782 465.7996 484.6721 

0 0.0 0.0 0.0 0.0 0.0 (l.0 0.0 0.0 0.0 0.0 0.0 0.0 
T6 468.8315 467.9170 .67.0798 466,1379 465.2769 464.3655 463.4854 462.5500 461.6S23 460.7163 459.8316 458.9600 
HB -1361.3 -1084.4 -J4.8 -40.8 -170.0 -702.4 -386.1 -16.4 107,1 309.9 -380.3 151.0 
TSAT 468.6 467.9 407.1 466.1 465.3 464.4 463.5 462.6 461.7 4EO.7 45'Si. 6 459.0 
HSAT -1361.3 -1084.4- -34.8 -40.8 -170.0 -702.4 -386. I -16.4 107.1 309.9 -380.3 151.0 
P 508.9 504.4 5,)0.3 495. a 491.6 487.3 483.1 478.7 474.5 470.2 466.1 462.2 
!i.F. -11388.8 -14344.9 -4<16.2 -626.8 -2916.5 -14835.8 -8764.7 -372.2 245101 6990.6 -9929.6 3870.0 
5.TEMP 477.20 481.15 481.05 461.51 482.43 495.49 486.18 485.31 484.53 463.26 485.94 464.62 
MAS5-FLX 25.9761 24.2792 23.<1486 22.6790 21.6438 20.8139 20.1759 18.9286 18.2e72 17.IB42 16.3666 16.2431 
DUAL ITY 0.95593 0.95229 a.90263 0.95729 0.96123 o .95779 0.96678 0.96346 0.97002 0.97015 0.97452 0.97596 
GAP 0.04488 0.04488 0.0 .. 488 0.04488 0.04488 o .04486 0.04488 0.04468 0.04488 0.04488 0.04488 0.04488 
••• REL~P PREDICTIONS (5T~R~eol ••• 
*HB 2464.5 2145.5 2497.2 2033.9 1975.4 1643.9 1795.1 1366.3 1386.8 1108.2 1024.5 B98.6 
-S.F. 152827.3 131868.9 152773.4 124866.2 121647.9 102178.5 113377.9 88173.4 92071.2 75890.6 72745.5 65802.6 
*S.TEMP 531.00 529.58 5211.38 527.71 527.02 526.73 526.80 527.211 528.21 529.39 531.00 532.36 
*H.T .. MOOE 3 3 3 3 3 :3 3 3 3 3 3 :3 

N 
V1 
00 

TII4£-- 13.2000 13.2500 13 ... 000 13.3500 13.4000 13.4500 13.5000 13.5500 13.6001) 13.IiSOO 13.7000 13.7500 
NODE 

1 492.5664 492.1050 .. 91.,,780 491.2837 490.9202 490.5842 490.2747 489.9907 489.7305 489.4921 4811.2771 469.0825 
2 490.371l 490.0710 489.1976 489.5479 489.3166 489.1086 488.9155 488.7419 488.5672 488.4512 488.3333 488.2312 
:3 488.5527 488.3987 .. 88.,603 488.1348 488.0188 487.9114 487.8164 487.7390 487.6799 487.6353 467.6040 487.5647 
4 487.0926 487.0618 487.0356 467.0129 486.9854 1166.9597 486.9480 486.9607 466.9<;05 487.0293 487.0759 487.1270 
5 4B6.3516 486.3835 .. 86.4167 486.4468 486.4592 486.4749 486.5146 486.5901 466.6750 486.7607 486.8513 486.9409 
6 486.0620 486.1187 .. 86.1753 486.2258 466.2507 486.2834 486.3494 486.11580 486.5662 486.6111 486.7815 4B6.8857 
7 485.7793 485.85!i14 485.9409 486.011 7 486.0430 486.0950 486.1948 486.3474 466.4797 486.6040 486.7346 486.8533 
6 485.5452 485.6421 4015.7478 485.8335 1185.8562 485.9343 486.0830 486.2941 486.4429 486.5f30 486.7346 466.8630 
9 485.3904 485.4944 485.6213 485.7139 465.7166 485.8259 486.0337 486.3091 486.4534 486.6035 486.7156 486.9053 

I) 485.271!:1 41!5.3748 485.;;298 485.6199 485.5757 485.7476 486.0405 466.3984 486.5037 1186.6650 486.8633 486.9827 
11 485.2144 485.2847 .. 85.4878 485.5530 485.4141 485.1251 486.1484 486.6135 486.5911 466.7842 487.0220 487.1038 
12 485.22103 485.2263 485.5139 485.5139 485.2266 485.8015 486.3765 486.9514 1186.6638 486.9514 487.2386 487.2388 
13 485.4670 485.0845 485.7861 1185.4172 484.5598 486.4111 487.34611 468.1875 486.6221 487.56117 481.9707 487.5601 
14 485.5247 485.0508 485.<1506 485.3904 484.4381 4B6.5613 487.5151 466.3843 486.5593 487."821 468.0847 487.5866 
15 485.6089 485.0017 485.9414 485.3494 484.2874 486.7834 467.7095 4BB.6074 486.4:!29 487.8369 488.2095 487.5984 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 45B.1079 457.2302 4:;6.J513 455.4639 454.5110 453.6724 452.7673 45108547 451.0034 450.2219 449.4004 448.5813 
HB -145.0 86.3 -141.6 71. B 21701 -318.3 -221.3 -235.4 196.6 -184.2 -121.1 10.2 
TS~T 451101 457.2 456.4 455.5 454.6 453.7 452.8 451.9 451.0 450.2 11119.4 448.6 
H5AT -145.0 86.3 -1 .. 1.6 11.8 217.1 -318.3 -221.3 -235.4 196.6 -184.2 -12101 10.2 
p 45!l.2 454.3 450.3 446.3 442.4 438.4 434.5 430.5 42E.8 423.5 420.0 416.5 
S.F. -3997.1 2393 • ., -4199.7 2143.1 6430.3 -10588.7 -7756.4 -8679.9 6944.4 -6946.2 -4706.7 398.0 
S.TEMP 485.67 484.97 'ISO; .00 485.32 484.19 486.94 467.82 1188.73 486.33 467.94 4S8.28 481.59 
MASS-I'Ll< H,.0910 15.8381 15.7270 15.5639 15.4212 15.2586 15.0731 14.9202 14.5299 14.8e62 14.6656 14.7799 
QUAL lTY 0.97865 0.98071 0.911286 0.98482 0.98670 0.98845 0.99011 0.99168 0.99321 0.99'124 0.99523 0.99611 
GAP 0.04468 0.04486 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
•• *RELA!> PREDICTIONS (5'~RREO).*. 
.HB 822.9 727.4 6:;3.9 580.0 514.4 452.3 395.0 344.3 290.5 26~.5 235.2 208.8 
-S.F. 61909.1 56248.9 519 .. 3.1 47286.9 43049.7 38845.3 34807.0 31122.2 26923.4 24973.1 22740.7 20576.8 
*5. TEMP 53:!.S2 534.73 53:5.95 537.17 53B.44 539.74 541.07 542.42 543.65 545 ~17 546.24 547.29 
*H.T.MOOE 3 3 3 :3 3 3 3 3 3 3 3 3. 

&. 



Tt ME-- 13.8000 
NOOE 

13.8500 13.9000 13.95"0 14.0000 I" .0500 14.1000 14.1500 14.2000 14.2500 14.3000 14.3500 

I 488.9080 488.1512 4,S8.oI08 488.4844 488.3689 488.2622 488.1633 488.0696 487.9797 487.aSS4 487.7874 487.6672 
2 488.1440 488.0676 .. 87.9985 481.9321 467.6662 487.7996 487.7327 487.6653 481.5903 467.4927 487.3511 487.1445 
3 "87.5130 481.5615 481.,,435 487.5131 481.412" 487."2"8 4S7.3752 487.3198 "87.2~58 487.0S"5 486.8247 486.4326 

" 487.1780 "87.21()0 4,87.~173 "S7.1943 487.1531 487.1079 487.0664 487.0103 486.8792 486.5920 486.0964 485.3867 
5 487.0221 "87.0613 "87.0630 487.0229 486.9678 486.9216 486.8865 486.8193 "86.6113 48601448 485.3831 484.3643 
6 486.9178 487.0103 .. 87 • .:1012 486.9"51 486.8806 486.8354 486.8062 4B6.7275 4811.4561 485.Be04 484.<;24B 483.7251 7 486.9524 486.9651 "86.~J60 486.8523 486.7756 486.1368 486.7168 486.6147 486.2346 485.4321 484.2400 482.7932 
8 486.9626 4B6.9210 486.8650 486.7368 486.6516 486.6309 486.6265 4B6.4741 4B5.8<;77 484.7566 48301 .. 26 46 1.4282 

" 486.9973 466.8B70 486.1908 486.6094 486.5293 4B6.5403 4B6.5527 486.3208 485.4729 483.9C82 4BI.9333 479.8616 
ID 481.0576 486.8176 ·UI6.o914 486.4336 486.3B51 486.4531 486.4834 486.1041 484.8191 482.6312 480.1399 477.1332 
II 48701458 486.6633 I>S6.5444 486.1624 486.2191 486.385:J 486.4209 485.7505 4B3.6<;195 480 .5e81 477.4180 414.6919 
12 487.2366 486.3165 "86.J765 485.8015 486.0891 486.3165 4B6.3165 485.2261 482.01\05 411.7415 473.9958 47101118 
13 481.4602 485.0401 1>85 ... 105 484.5051 485.9856 486.5611 486.2686 48301101 415.7<517 461.6<;43 462.9014 460.2595 14 487.4863 484.7169 "d5.9495 484.2164 486.0264 486.6147 486.2434 482.7080 474.6406 466.0425 461.2300 458.7017 
15 467.5090. 484.4207 1>85.9722 48:J.9958 486.1289 486.6B14 4B6.2056 482.1936 413.21\13 464.1338 459.4387 45701 025 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 T8 447.7561 446.9217 446.0928 445.2512 444.4045 443.5520 442.8735· 441.9111 441.IC21 440.2773 4:J9.4543 43B.6313 
H8 -16.4 426.5 -06.2 309.9 -145.2 -68.5 43.0 560.8 1834.1 3322.4 3471.0 3205.6 tSAT 441.8 446.9 446.1 445.3 444.4 443.6 442.9 441.9 441.1 44C.3 439.5 43B.6 liSAT -16.4 426.5 -06.2 309.9 -145.2 -68.5 43.0 560.8 1834.7 3322.4 3411.0 3205.6 P 413.1 409.6 41l6.1 402.7 399.2 395.7 393.0 389.1 38!!.9 3B2.6 379.4 376.2 S.F .. -65C.1 15B94.1 -204 I • I 11955.4 -6070.2 -2955.8 1861.8 22409.9 5749S. a 75631.1 66041.0 56574.6 
5.TEMP 487.52 484.19 48b.Ol 483.!!2 486.22 486.72 48601 6 481.87 412.44 463.04 456.48 456.28 IOAS5-FLX 14.7520 14.6903 14.0331 14.5536 14.4811 14.4021 14.1767 1401793 14.3571 14.2945 !4 .2106 14.3165 
OUAL ltV 0.99685 0.99154 0.99814 0.99849 0.99B65 0.99891 0.99884 0.99805 0.99936 0.99828 0.99950 0.99866 GAP 0.04488 0.04488 J.04488 0.04488 0.Q4488 0.04488 0.04488 0.044811 0.04488 0.04488 0.044B8 0.04488 
••• RELAP PREDICTIONS (STAR~ED) ••• • H" 187.3 16B.5 I::. 1 .4 140.5 135.1 131.9 104.7 105.1 132.5 10401 126.6 103.9 *S.F. 18185.9 17190.1 15691.4 14780.5 14385.8 14202.7 11347.4 11540.4 1463E.8 11591.3 14202.9 11753.0 *5. TEMP 548.24 549.11 54~ .91 550.61 551.09 551.42 551.66 551.92 551.74 551.B4 551.72 551.97 *ti."t.MODE 3 3 3 3 3 3 8 6 3 8 3 8 

N 
VI 
\0 

T IME-- 14.4000 14.4500 14.::;000 14.5500 14.6000 14.6500 14.7000 14.7500 14.8000 14.8~OO 14.9000 14.9500 
NOOE 

I 487.5168 487 .32~>1 1087.0874 486.7974 466.4539 486.0514 485.61e8 485.1169 484.5198 484.0C29 483.3899 482.7441 
2 486.8599 4a6.4922 .. 86. ~454 485.5278 484.9'197 484.3232 483.6565 482.951B 462.2317 481.4819 480.7122 479.9268 
3 485.9C84 4es.2na 41'14.5469 483.1620 482.9370 482.0872 4"1102246 4BO.3541 479.4771 418 .5~23 411.7014 476.8125 
4 4B4.5103 483.5273 .. S2.4931 481.'1434 480.3960 479.3643 478.3535 477.3613 476.3135 415.3882 414.4104 413.4580 
5 483.1943 481.9661 <1080.7446 419.5515 41B.3971 471.2883 476.2201 475.IB07 414.1423 473.1104 412.0945 411 .1294 
1\ 482.4026 481.06.!0 .. 79.1656 478.5208· 471.3323 416.1995 475.1111 414.0632 413.01:44 47'1. ge63 470.9248 469.9648 ., "81.2B66 419.a276 478.4651 417.1797 475.9690 414.6211 413.1422 472.6199 411.6001 410.5331 469.4966 468.5571 
8 419.7295 478.1700 .. 16.7854 415.4883 474.2831 '113.1565 412.0891 471.0288 469.9243 468.8469 461.8123 .. 66.9212 
9 478.0278 416.4390 .. 75.~698 413.1886 412.6145 411.5205 410.4832 469.4260 468.2900 467.2122 466.1914 465.3887 

IJ 415.8274 414.2676 472.9780 411.7363 410.6206 469.5808 468.5881 467.5288 466.3'!94 '165.2754 464.2834 463.6218 
11 472.8809 411.4692 .. 70 • .J 540 469.1694 466.1565 461.1987 466.2618 465.1B29 463.8916 462.8848 461.9468 461.5459 
12 469.6689 468.5144 lto,1.o.79 466.4921 465.6260 464.7590 463.8921 462.73511 461.2891: .60.4219 459.5540 459.5540 
13 460.1795 460.4683 460.4236 459.1226 458.B242 458.1168 457.4646 455.9155 453.8696 453.7710 453.0732 454.7034 
14 459.6051 459.3779 .. 59.4536 45e.0862 457.9028 457.2112 456.5774 454.9460 452.8013 452.8787 452.1809 454.1150 
15 458.4998 458.3121 458.5161 451.0330 451.0022 456.3108 455.6929 453.9468 451.6885 452.0156 451.2905 453.6160 

0 o.c 0.0 0.0 0.0 0.0 'l.o 0.0 0.0 0.0 0.0 0.0 0.0 
TB 431.7913 436.9551 ,,36.1106 435.5521 435.6169 435.1273 435.8494 436.0491 436.2651 436.5213 436.B062 431.298 I 
1"8 1753.9 1721.9 14.:2.8 1774.5 1443.9 1533.3 157108 2048.5 2696.2 I BB9. 0 2184.0 863.4 
TS"T 437.8 437.0 436.1 435.3 434.4 433.6 432.7 431.9 431.0 430.1 429.3 428.4 
I"S"T 1753.9 1121.9 1422.8 1749.2 1364.7 1384.4 1352.6 1650. I 1989.6 1326.5 1420.8 556.2 
P 372.9 369.7 306.5 363.2 360.0 356.8 353.7 350.5 347.4 344.2 341.1 331.9 
S.F. 35415.7 35999.5 31211.9 37151.1 30242.5 30962.7 30491.8 35601.9 40012.5 28472.6 30656.6 13913.2 
S. TEIOP 457.98 457.79 45<1.06 456.49 456.56 455.92 455.25 453.43 451.11 451.60 450.84 453.41 
MASS-FLX 1401838 14.1309 14.0610 14.1141 14.0641 13.9534 13.1969 13.6201 13.4!!16 13.2681 13.1157 12.7863 
QUAL 1 TV 0.99890 0.99928 0.99950 1.00000 1.00000 1.00000 I. 00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.044e8 0.04488 0.04488 0.044B8 0.044138 0.04488 0.04486 0.04488 0.04 '18e 0.04488 0.04486 0.04488 
••• RELAP PREDICTIONS ISTARREDl ••• 
·HB 102.8 102.4 101.4 10103 100.8 100.0 98.6 97.5 96.0 9'1.8 93.0 92.0 
*S.F. 11727.1 11166.5 11752.2 11188.1 11123.3 11608.8 11423.1 11268.0 11 053.4 1088:1.2 10637,3 10488.3 
*S.TEMP 552.01 552.07 55.!. 07 552.01 551.90 551.78 551.61 551.55 551.43 551.31 551.19 551.06 
*H.T.MOOE 8 8 8 8 8 8 8 e 8 8 8 8 



TIME-- 15.0000 15.05JO 15.1000 15.1500 15.2000 15.2500 IS.3000 15.3S00 15.4000 IS.4500 IS. sao () 15.5S00 
NODE 

I 41!2.C703 481.31,,1 "80.0536 479.9160 419.1685 478.4087 477.6394 476.8613 476.0762 47S.2E47 474.4878 473.6658 
2 479.1299 ,.78.3279 ,.77.,,232 476.7178 475.9126 475.1079 474.3013 473.4910 472.6n2 471.8601 471.0417 470.",,29 
3 47S.9341 475.0693 474.~ 180 473.3777 472.5474 471.7222 470.8950 470.0620 469.2258 468. 3~23 467.5632 466.7358 
4 472.5417 471.6570 .. 70.1935 469.9485 469.1165 468.2866 467.4446 466.S903 465.7356 464.8<;53 464.0669 463.2376 
5 470.2197 469.3472 ~o8.~939 467.6589 466.8357 46~. 0059 465.1462 464.2729 463.4089 462.5762 461.75S9 460.9255 
6 46'9.06'93 468.2095 .,.o7.J:638 466.5369 465. n85 464.8862 464.0115 463.1272 462.2EOO 461.4365 460.6218 4S9.7881 
7 467.6921 466.8540 .. 66." 198 46S.2051 464.3950 463.5S66 462.6582 461.7603 460.8<;55 460.0';13 459.2852 458.4431 
8 466.1162 465.3074 "64." 851 463.6897 462.8887 462.0374 461.0972 460.18BO 459.3 ~54 458.5703 457.7710 456.9116 
<I 464.6409 463.8507 .. 03.0413 462.2673 461.4729 460.5979 459.600B 458.6907 457.81:38 457.153\ 456.3508 455.4614 

11 41:".9521 462 .16~6 401 • .J 650 460.6240 459.B301 458.9089 457.B218 456.9331 456.1541 455.5288 454.6990 . 453.7559 
II 460.9548 460.16:)5 '>59.J289 458.6419 457. B359 456.8223 455.5820 454.7839 454. 0925 453.6094 452.6790 451.6394 
12 458.9751 458.1007 *:;1 u:! 383 456.6594 455.7<103 454.6313 453.1826 452.6030 452.0232 451. 7~34 450.5735 449.4131 
13 453.7209 452.4395 4:;1.~905 451.3167 450.\492 445.4146 446.2334 446.8394 446.5337 446.9343 444.5574 443.0945 
14 452. "82'9 451.6343 "50." 873 450.6670 449.3516 447.5195 445.2251 446.0935 445.7<;08 446.3088 443.6677 442.1992 
15 452.2266 450.8006 .. 49 ... 150 449.9792 448.5305 446.5874 444.1653 445.4016 445.0603 445.7229 442.1097 441.2771 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 431.7090 437.5414 ... H,,,992 438.2524 438.2395 438.8320 438.8093 438.6689 438.7<;86 438.9170 438.8997 438.9761 
HB 1911.9 22<14.5 2441.2 2006.9 2960.2 4610.2 1985.7 3362.1 4204.0 2873.9 10818.2 17764.4 
TSAT 427.5 426.6 4,5.8 424.9 424.0 423.2 422. :3 421.5 42 C.6 41<;.7 418.8 417.9 
HS~T III 0.5 1239.9 11>13.9 924.6 1213.2 1461.2 1799.9 913.0 1027.8 728.5 1520.7 1415.3 
P 334.8 331.7 3.!8.6 325.5 322.6 319.6 316.7 313.7 310.8 307.8 304.8 301.8 
S.F. 27003.9 29438.5 .<82'J6.7 22886.6 29200.4 33497.2 38296.6 21573.6 24791),0 18769.6 35584.5 32432. I 
S.TEMP 451.83 450.JB 44~. 46 449.65 448.10 446010 443.60 445.09 444.70 445.45 442.19 440.80 
!4A5S-FL x 12.5860 12.70.!5 1203784 1201 129 12.1951 11.8229 11.8541 11.85<16 11.6t20 11.5231 11.3787 11.2284 
OVAL lTV 1.00000 1.00000 1.0,:)000 1.00000 1.00000 1.00000 I.O~OOO 1.00000 1.00 000 1.00000 1.00000 1.00000 
GAF' 0.044e8 0.0 •• 88 (l.0 .. 488 0.04488 0.04488 0.04488 ').04488 0.04488 0.04488 0.04488 0.0448B 0.04488 
""·RELAP PREDICTIONS (STAR~EDI."" 

• ... 13 89.5 89.3 d6.8 87d! 85.8 84.7 82.9 82.4 8 0.7 79.4 7S.2 77.0 
*S.F. 10149.7 10099.1 9702.0 9813.2 9622.9 9472.3 9211.6 9136.7 8914.2 8757.4 8612.4 846001 
*S.TENP 550.94 550.81 550.68 550.54 550.41 550.26 550.13 549.98 549.83 549.68 549.54 549.39 
*H.T.t.400E 8 8 8 8 8 8 8 8 8 8 8 8 

N 
0\ 
0 

TI"E-- 15.6000 15.6,500 15.7000 15.7500 15.8000 15.8500 15.9000 15.9500 16.0(01) t6.ceoo 16.100J 1601500 
NODE 

1 472.8799 472.0703 .. 71.~563 470.4390 469.6182 468.7957 467.9719 467.1467 466. 3 ~o I 465.40;19 464.6604 463.8252 
2 469.4019 468.5714 "67.7498 466.9202 466.0913 465.2629 464.4363 463.6094 462..7805 461.9466 461.1064 460.2600 
3 465.<;043 465. 060 7 464.,266 463.3896 462.5586 .61.7319 460.9082 460.0628 459.2488 458.4038 457.5491 456.6B58 
4 462.3923 461.5388 460.6895 459.6533 459. 0293 458.2124 457.3965 456.5691 455.7209 454.6552 453.976B 453.0923 
5 460.ce23 45901953 .. 58.,j 433 457.5\71 456.7051 455.8970 455.0864 454.2498 453.Je04 452.4907 451.5923 450.6938 
6 458.9089 458.0342 457.1851 456.3672 455.5623 454.7576 453.9475 45301008 452.2136 451.3e86 450.3997 449.4934-
7 457.5386 456.6570 455.8169 .55.C151 454.2207 453.4207 452.6101 451.7446 450.8:?15 449.9075 448.9671 448. 0752 
'!! 455.9629 455.06:;17 454.,664 453.4919 452.7112 451.9131 451.1003 450.2002 449.2478 448.3e22 447.3733 446.4597 
<I .54.4539 453.59,,7 452.8125 452.0720 451.3003 450.5000 449.6809 448.7307 447.7339 446.7727 445.8420 444.9309 

10 452.6565 451.8564 .:51.1296 450.4343 449.6628 448.8521 448.0217 446.9858 445.9~O7 444.9624 444.0374 44301 338 
II 450.3899 449.7,,81 449.1099 448.4731 447.6755 446.8394 445.9897 444.7917 443.61580 442.7217 441.8171 440.9272 
12 447.0;626 447.6726 "47.0920 446.5112 445.6404 '144.7693 443.8979 442.4453 4 1H.2elO 440.4109 439.5386 438.6663 
13 440.9::102 442.3513 "'11.7185 441.2727 440.0015 .39.0420 438.1157 435.5950 434.5515 434.0818 433.2852 432.4536 
14 439.9119 441.6963 4'10.9810 440.5596 439.2041 438.2458 437.3115 434.5906 433.61B7 433.2231 432.4258 431.5994 
15 '138.8442 441.1262 '>40.2385 439.8538 438.3826 437.4387 436.5002 433.5203 432.6799 432.3774 431.5645 430.7407 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 439.1189 439.0547 439.0764. 438.<;602 439.2371 439.4253 439.6052 439.7744 439.9197 440.0459 440.2205 440.2292 
H8 -45870 .• 9 8856.0 328::; 2. 3 45948.7 -22711.3 -11668.5 -7992.5 -5736.2 -4171.5 -351~.O -3250.3 -2967.5 
TS4T 417.0 416.2 415.3 414.4 413.5 412.6 411.7 410.8 409.9 409.0 40B.1 407.2 
H5j\T 1810.2 656.4 10 .. 8.2 955.3 1191.5 1146.B 1154.7 1771.9 144:!.9 1237.6 1263.4 1275.4 
P 299.0 296.2 293.4 290.6 287.7 284.9 282.1 279.3 276.5 273.7 271.0 268.3 
S ,F. 38502.0 16233.2 2570201 23972.8 29110.0 27974.8 28118.1 39178.7, 321710.5 28409.7 29549.6 29444.9 
S. TEMP 438.28 440.89 439.86 439.50 437.96 437.03 436.09 432.94 432.21 431.96 431013 430.31 
N"'SS-FL)( 11.0416 11 • 0:;160 10.8977 10.7894 10.6775 10.5685 10.4633 10.3S54 10.2490 1001427 10.0100 9.9922 
QUAL ITY 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1. 00000 I. 00000 1.00000 
GAP 0.04488 O. 04488 0.04468 0.04488 0.04.88 0.04488 0.04488 0.04488 0.04488 0.044B8 0.04488 0.04488 
.""RELAP PREDICTIONS (STARREOI*** 
"H"l 75.6 75.2 74.2 73.4 72.5 71.5 70.7 69.8 6'«;.0 feol 67.1 66.9 
«S.F. 8278.2 8233.1 81<>4.5 8004.6 7877.7 7740 .6 7626.5 7506.6 73<11.7 7279. I 7147.0 7104.1 
*S. TEMP 549.25 549.09 548.94 548.78 548.63 548.48 548.32 548.17 548.03 547.88 547.73 547.58 
*H. T .MODE 8 8 B 8 8 8 8 B 8 8 8 8 



....... ; .. -..... -::.}-.. ~~ 

T I ME-- 16.2000 16.2500 16.";000 16.3500 16.4000 16.4500 16.5000 16.5500 16.6000 16.6500 16.7000 16.7500 
NODE 

1 462.9861 4/12"4~ 6 ""I • .! 939 460.4395 459.5791 458.7131 457.8428 456.9685 456.0«;03 455.2C83 454.3201 453.4265 
2 459.4075 458.5416 .. ~1.o799 456.8047 455.9231 455.0376 454.1511 453.2644 452.3752 451.4790 450.5728 449.6582 
3 455.8135 454.9316 454.0396 453.1401 452.2368 451 .3362 450.4409 449.5500 448.6!!19 447.7~63 446.8015 445.8606 
4 45201960 451.2876 450 • .) 665 449.4'H7 448.5195 447.6140 ~~6.7217 445.8357 444.9226 443.9722 442.9«;19 442.0271 
5 449.7766 448.840.4 447.;1021 446.9624 446.0337 445.1362 444.2542 443.3757 442.4~1 441.4429 440.4192 439.4519 
6 448.5627 447.6169 446 .. 0606 445.7153 444.7859 443.8982 443.022<1 442.1472 441.1799 440.1570 439.1069 438.1499 
7 447.1 255 446.16:>8 " .. 501909 444.2429 443.3164 442.4485 441.5825 440.7104 439.6%5 438.6306 437.5488 436.6240 
8 445.'1807 444.5037 4<103.5093 442.5686 4'11.6521 440.8220 '139.9668 439.0974 437.9946 436.8730 435.7578 '13'1.9143 
9 443.9121 442.92.!4 4· ... >1080 440.9868 440.0854 439.3088 438.'1546 437.5835 _36.3S:03 435.1799 434.0403 433.3306 
I~ 442.0454 441.0491 .. 40 ... 068 439.1304 438.2490 437.5583 436.6851 435.8069 434.3459 433.1409 431.9834 431.5229 
11 439.7019 438.7290 437 • .,416 436.8684 436.0059 435''17 17 '134.5142 433.6270 '13107214 430.5676 429.4070 429.4509 
12 437.2119 436.3391 435.1150 434.5928 433.7195 433.4282 432.2632 431.3894 428.7664 427.8S21 426.7263 427.6011 
13 429.9927 429.8025 ,,'8 • .!280 428.5559 427.4348 428.1833 '125.8408 425.2173 419.4E66 420.6245 ''19.2244 423.7129 
14 428.9443 428.9290 427.2485 427.7681 426.5605 427.5166 424.9031 424.3765 418.0442 419.7053 418.1807 423.3677 
15 427.8306 428.0S20 426.,.383 427.0242 425.6702 426.9058 423.8994 423.5437 416.4180 418.8157 417.1143 423.2217 

a o.c 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0." 0.0 0.0 0.0 
TB 440.2485 440.2615 "40 • .! 324 440.1924 440.1064 439.9993 439.8760 439.7295 44102810 446.9712 468.6543 531.1633 
HB -3101.7 -2202.8 -2454.5 -1750.6 -2086.6 -1399.9 -2226.9 -1683.1 -2414.5 -856.6 -715.0 23.1 
TSIIT 406.3 405.4 404.5 403.6 402.7 401.7 400.8 399.8 39E.7 397.2 396.1 395.0 
HSAT 1929.8 1246.0 1680.4 1024.9 1378.1 751.5 1629. l' 1199.2 3700.9 1142.8 1821.4 -88.2 
p 265.6 262.9 200.2 257.6 254.9 252.2 249.5 246.8 243.6 239.5 236.5 233.6 
S.F. 40362.4 27131.2 ,)5"..; 9.1 23664.9 31080.9 18716.2 36788.4 27938.3 62253.5 24317.'1 37246.5 -2491.8 
5.TEOIP 427.24 427.,,7 .t~. 71 426.67 425.21 426.63 423.36 423.13 415.50 418.51 416.56 423.26 
IUSS-FLl( 9.8945 9.8031 9.7141 9.6161 9.5306 9.4395 9.3'176 9.2574 7.6835 1.4'i80 4.2140 6.3067 
QUAL 1 TV 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.04488 0.04"08 J.04488 0.04488 0.04'188 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
."RELAP PREDICTIONS (STAR~EDI.U 
.H8 66.1 65.4 04.7 64.0 63.3 62.6 61.9 61.2 5E.2 22.5 26.3 44.5 
*S.F. 7e07.4 6918.9 68..;2.4 6745.1 6665.0 6586.1 6507.5 6430.2 5869.7 2211.4 2341.6 949.8 
*S .. TEMP 5.7.43 547 • .!8 541.13 546.98 5.6.83 546.68 546.53 546.38 546.27 546.71 547.33 547.59 
*H.T.MODE 8 8 8 8 8 8 8 8 8 8 8 8 

N 
(J\ 

I-' 

~.--

TIME-- 16.8000 16.6500 16.>1000 16.9500 17.0000 11.0500 17.1000 17.1500 17.2000 17.2500 17.3000 17.3500 
NODE 

1 452.52C:9 451.6233 .50.1 168 449.e083 448.8991 447.9907 447.0831 446.1812 445.2!!47 444.3~77 443.5212 442.6572 
2 448.7393 447.82!5 446. :.1067 445,<;1951 445.0862 444.1819 ",,3.2871 442.4058 441.5420 .... 0.6965 439.8691 439.0598 
3 444.9270 44'1.0061 443.0945 442.1885 441.2891 440.4006 4:39.5330 438.6921 437.8811 437.0<;61 436.3345 435.5894 
4· 441.e947 440.1917 .. 39.,971 438.4050 437.5205 436.6594 435.8394 435.0640 434.3:!O3 433.6240 432.9370 432.2583 
5 438.5435 437.6692 436.1886 435.10048 '135.0322 434.2019 433.4331 432.7207 432.0554 431.4058 430.7695 430.1301 
6 437.2639 436.'1067 ,,35.5315 434.6494 433.7837 432.9744 432.2402 431.5614 430.9404 430.3179 429.7048 429.0808 
7 435.7773 434.9490 ,.34.0706 433.1895 432.3354 431.5603 430.8787 430.2595 429.6812 429.0869 428.5002 427.8892 
8 '134.129'1 433.33Z0 432.4373 431.5574 430.7227 430.0051 429.4021 428.8528 428 .. 3,'!37 427.7605 427.2002 426.5950 
\) 432.6111 431.83;;1 .. .10.9026 430.0281 429.2205 428.5791 428.0681 421.5886 427.1243 426.554'1 426.0193 425.4067 

10 430.8672 430.0969 ,.,9.0854 .28.2301 427.4680 426.«;478 426.5652 426.1648 425.7/103 425.1661 424.6658 424.0259 
1 1 428.7949 427.9941 1>26.8096 426.0313 425.3412 425.0391 424.8396 424.5168 424.1746 423.4890 423.0566 422.3394 
12 426.7263 425.8513 424 ... 931 '123.8096 423.2258 423.2258 423.2258 422.9341 422.6421 421.1666 421.4749 420.5991 
13 420.9636 419.8987 "17.";149 417.8787 417.5435 418.7534 419.2468 418.8081 418.6~92 416.8445 417.3469 4.5.6313 
14 420.1003 419.0730 "16 • .!837 417.1169 416.7813 418.2083 418.7407 418.2478 418.1052 416.1284 416.8223 414.9121 
15 '119.1450 418.2354 "15.1831 416.4089 416.0313 417.7329 418.2698 417.6870 4.7.5820 415.3E30 416.3379 414.1462. 

Q 0.0 0.0 i),O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
T8 S83.25t:8 599.9087 001.0,948 601.1973 600.8984 600.9656 600.286' 599.5574 599.H;82 599.6104 598.4219 599.5898 
H8 -221.1 -157.6 -213.3 -117.8 -135.8 -74.3 -81.6 -105.2 -95.3 -150.8 -80.9 -149.7 
TSAT 393.9 392.6 39103 390.1 388.7 387.2 385.1 382.4 371,,5 37E.3 373.1 370.3 
H5AT 1473.6 1139.9 1112.9 838.6 932.9 449.9 451.3 547.2 458.2 720.1 343.0 640.4 
P 230.6 227.2 223.7 220.6 217.0 213.4 208.0 201.5 194.6 187.2 180.1 174.0 
S.F. 36410.3 28699.8 399ilO .0 21808.2 25151.2 13624.2 14866.3 19155.6 1733E.4 27853.8 14744.0 27816.0 
5.TEMP 418.61 417.S I 414.59 416.08 415.66 417.53 418.05 417.40 417.32 414.95 416.12 413.73 
IoIAS5-FLl( 8.6205 10.5781 12.~ 596 '4.7538 17.0678 19.7121 24.1229 30.1334 35.6/196 40.1740 44.2353 46.8359 
OUAL lTV 1.00000 10 00(1)0 1.0ll000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.0"488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 , 0.04488 0.04488 0.04'188 
***RELAP PREDICTIONS (STARR EO'.". 
·HB 51.8 65.4 76.8 85.7 95.8 101.8 124.4 149.4 17109 190.3 209.1 215.3 
*S.F. -1605.2 -3217.0 -3960.7 -4349.9 -4778.0 -5330.5 -6033.8 -7022.7 -7894.6 -8547.2 -9113.2 -9222 •• 
*5. T EIoIP 548.26 549.12 549.87 550.48 551.00 551.52 552.05 552.67 553.33 554.01 554.65 555.23 
*H.T.NODE 8 8 8 8 8 8 8 8 8 8 8 8 



TIME-- 17.4000 17.4500 17.5000 17.5500 17.6000 17.6500 17.7000 17.7500 17.8000 17.8500 17.9000 17.9500 
NOOE 

I 441.8059 440.9618 .... 0.1 .. 45 439.3357 .. 38.5430 437.7673 431.0076 436.2629 435.5~30 434.8174 434.1167 433.4307 
2 438.2659 437.4866 .. l6.7256 435.9834 435.2617 434.5576 433.8672 433.1892 432.5227 431.8691 431.2297 430.6064 
3 434.8577 434.1421 .. 33 ... 485 432.7810 432.1377 431.5063 430.8809 4]0.2622 429.6528 429.0571 428.4790 427.9224 
4 431.5884 430.9363 4l0d 188 429.7390 429.1797 428.6155 428.0413 427.4707 426.9128 426.3762 425.8633 425.3792 
5 429.4958 428.8884 .. 28.l328 427.8223 427.3188 426.7844 426.2295 425.6853 425.IU4 424.6692 424.2034 423.7773 
6 428.4622 427.8792 .. 27.l616 426.8894 426.4111 425.8821 425.3301 424.7991 424.2~44 423.8276 423.3879 422.9949 
7 427.2886 426.7333 .. 26 • ..! 132 425.8499 425.3958 424.8608 424.3069 423.7937 423.3145 422.8818 422.4746 422.1257 
8 426.0139 425.5103 .25.1208 424.7571 424.3152 423.7490 423.1880 422.7041 422.2595 421.8730 421.5039 421.2146 
9 424.8477 424.4009 .. 24.1006 423.7905 423.3391 422.7168 422.1514 421.7107 421.3035 420.9692 420.6345 420.4128 
I~ 423.5022 423 .14l I "22.~727 422.7153 422.2173 421.4929 420.9373 420.5728 420.2124 419.9509 419~E519 419.5288 
II 421.8933 421.68 .. 1 421.1170 421.4851 420.8538 419.9419 419.4551 419.2380 418.9290 418.7788 418.5039 418.5469 

:§I 420.3071 420.3071 420.:'991 420.3069 419.4309 418.2625 417.9705 417.9705 417.6782 417.6782 417.3862 417.6782 
41601667 416.9092 .. 18.v654 417.1755 415.2458 413.2146 414.0769 414.8398 414.3E50 414.9609 414.4011 415.7573 

14 415.6411 416.4902 417.7754 416.7302 414.6223 412.4734 413.5977 414.4568 413.9109 414.6260 413.9885 415.5564 
15 415.1584 416.1I,j8 .. 17.5408 416.2605 413.9419 411.6777 41301724 41401165 413.4517 414.3274 413.5642 41'5.4182 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
TB 597.6587 597.5750 ~-J7.'141 599.0598 598.8713 598.9058 598.9717 59B.6704 599.6284 599.8848 600.1213 599.8069 
HB -80.2 -61.7 -33.4 -92.8 -135.8 -153.8 -65.3 -54.4 -85.2 -47.2 -79.4 -12.6 
TSAT 366.9 363.8 360.5 360.0 359.6 ::!58.3 357.0 355.7 354.4 353.0 351.7 350.3 
HSAT 305.2 214.8 105.4 303.2 466.2 545.4 216.9 172.5 270.0 143.3 240.6 35.8 
P 166.9 160.4 1;;4.0 153.0 152.3 149.8 147.3 144.9 142.5 140.0 137.6 135.2 
S.F. 1465C.3 11213.5 6003.0 16991.1 25161.4 28867.7 12147.0 10051.2 15B87.0 8766.8 14838.8 2327.2 
S.TENP 414.9. 415.~5 417.45 416.01 413.57 411.25 412.99 413.97 413.22 414.20 413.34 415.38 
MASS-FLX 49.4871 51.3131 520>1662 47.8362 43.6412 40.8690 37.9402 35.0027 31.8E92 28.5892 25.0154 20.9353 
QUAL I TV 1.00000 I.OOO~O 1.00000 1.00000 1.00000 1 .00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
GAP 0.C4488 0.04488 0.0"488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 0.04488 
."RELAP PREDICTIONS (STAR~EDI." 
·H8 226.1 232.8 238.1 223.9 205.0 194.0 183.3 173.3 16C.6 145.8 131.4 116.3 
*S.F. -9538.0 -9586.1 -9586.3 -9810.6 -8453.0 -8003.7 -7558.7 -7221.8 -6651.7 -607e.2 -5578.6 -4868.4 
*S.TEMP 555.77 556.26 550.71 557.12 557.36 557.51 557.64 557.74 557.81 557.85 557.84 557.78 
*H.T.MOOE 8 8 8 e 8 8 8 8 8 8 8 8 

N 
(j\ 

N 

TIME-- 18.0000 18.0500 18.1000 18.1500 18.2000 
NODE 

18.2500 18.3000 18.3500 18.400? 18.4500 18.5000 18.5500 

1 432.7598 432.10 .. 5 4.Jl •• 646 430.8384 430.2253 429.6240 429.0332 428.4521 427.8E06 427.3169 426.7605 426.2095 
2 430.0020 429.413 I .. 28.8374 428.2710 427.7131 427.1609 426.6160 426.0771 425.5435 425.0137 424.4866 423.9629 
3 427.3867 426.8665 .. 26.,j 508 425.8350 425.3188 424.8074 424.2991 423.7954 423.2<;15 422.7876 422.2822 421.7776 
4 424.9202 424.4648 .. 23.9966 423.5144 423.0269 422.5474 422.0703 421.5947 421.1123 420.6245 420.1321 419.6440 
5 423.3718 422.9524 4.!2.4983 422.0237 421.5466 421.0884 420.6292 42?1689 419.6924 419.2085 418.7188 418.2419 
6 422.6167 422.2092 .. 21.1532 421.2769 420.8037 420.3582 419.9065 419.4517 418.9736 418.4e90 417."985 417.5298 
7 421.7778 421.3757 420.9072 420.4253 'U9.9558 419.5295 419.0837 418.6343 41801497 417.6E33 417.1711 416.7148 
8 420.8945 420.4807 .. 19.9805 419.4883 419.0271 418.E326 416.1855 417.7407 417.2 ::!90 416.7512 416.2554 415.8223 9 420.1072 419.6616 U9.1133 418.6152 418.1685 417.8159 417.3552 416.9146 416.3e50 415.8989 415.3989 415.0000 I') 419.21E8 418.7014 418.0769 417.5864 417.1675 416.8821 416.3789 415.9480 415.3E65 414.8<;33 414.3845 414.0474 

II 418.1621 417.5017 416.7585 416.3220 415.9575 415.7898 415.1653 414.7698 414.0608 413.6589 413.1282 412.9158 
12 417.0940 416.2113 415.3408 415.0486 414.7561 414.7561 413.8792 413.5869 412.7097 412.4172 411.8325 411.8325 
13 414.0071 412.3614 411.\ 594 411.6741 411.5593 412.1992 410.0220 410.4351 41)8.6396 409.1174 406.1733 409.1509 
14 413.5354 411.79;16 It10.:>649 411.2502 411 .1355 411.8882 409.4331 410.0369 408.0376 408.7014 407.6577 408.8350 
15 413.C051 411.1860 409.9431 410.8640 410.7197 411.6128 408.7744 409.6721 407.3821 408.3232 401.1199 408.5730 

0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 TB 5<;9.1982 597.5251 :>96. v569 590.8119 549.7056 514.2354 503.5491 486.1931 461.5374 446.9614 445.5203 440.9431 
HB -108.9 -119.6 -1l1.4 -64.2 -99.2 -17.4 -263.0 -138.2 -444.7 -290.5 -492.8 -211.5 TSAT 348.9 347.4- 346.6 345.9 345.2 ~4 •• 6 343.1 343.5 34~.6 341.9 341.2 340.5 HSAT 318.4 352.0 341.0 118.5 211.3 118.8 387.0 164.1 37E.3 170.2 290.5 101.0 P 132.7 130.2 1.!S.7 127.6 126.4 125.4 124.0 123.6 122.2 121.1 119.9 118.8 
S.F. 20311.8 22321.0 218d2.3 11563.5 13802.4 7948.9 25025.1 10874.4 24241.1 11274.3 19065.2 6867.1 
S.TEMP 412.70 , 410.85 4011.62 410.69 410.51 411.49 408.40 409.51 407.02 408.16 406.84 408.47 
"ASS-FLX 16.1944 10.0817 4.4169 0.5911 3.9182 1.2416 1.8981 11.2598 11.9123 13.0856 13.7226 14.8358 QUAL lTV 1.00000 I.OOOQO 1.0~000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 GAP O.044e8 0.044d8 Q.0I>488 0.04488 0.04488 0.04488 0.04488 0.04486 0.04488 0.04488 0.04488 0.04488 ••• RELAP PREDICTIONS «STARREDI ••• 
·HB 96.5 69.8 36.2 14.1 25.3 45.4 49.8 64.6 6E.7 7~.2 19.0 81.7 *S.F. -4046.7 -2841.2 -1410.1 -508.9 -114.2 1668.7 2485.4 4105.4 6175.4 7651.3 8411.7 8921.9 *S.TEMP 557.65 557.lt2 551.02 556.62 556.26 555.78 555.21 554.69 553.84 552.86 552.07 551.30 *H.T.JIIIODE 8 8 B 8 8 8 8 6 8 8 8 8 



TIME-- 16.6000 16.6500 16.7000 18.7500 IS.8000 18.8500 18.9000 16.9500 19.0000 19.0500 19.1000 19.1500 
NOOE 

1 425.6646 425.1248 .. 24.5903 42'1.0608 '123.5337 423.0090 '122.'1856 421.9626 '121.4402 420.9160 420.3906 419.8635 
2 423.4431 '122.9262 <022.4167 421.9063 421.3943 420.8796 420.3623 419.8435 419.3213 416.7949 418.2651 417.7319 
3 421.2788 420.781>6 420 • .t954 419.7966 419.2666 'I16.7?'I7 418.2581 417.7373 41 7 .209~ 416.6743 416.1 336 'I15.592!! 
4 419.1672 418. 69~ 7 "1!! • .<21Z 417.7214 417.2046 416.6!!36 416.1624 415.6355 415.0947 414.5457 413.9929 413.4431 
5 417.7639 417.3::!.H 416.~567 416.3416 415.808!! 415.2810 414.7576 414.2239 413.6675 41301050 412.5432 411.9929 
6 417.0642 416.64.t8 .. 16.1602 415.6289 '115.0654 414.5544 414.0315 413.4919 412.9233 412.3533 411.7871 411.2383 
7 416.2874 415.85S7 415 • ..l579 414.8000 414.2422 413.7124 413.1914 412.6431 412.0554 411.4778 410.9084 410.3660 
a 415.4207 414.9903 414.4644 413.8626 413.2935 412.7729 412.2566 41106917 411.0752 410.4941 409.9253 409.3962 
9 414.6265 414.2029 413.1>167 412.9634 412.3918 411.6921 411.3604 410.7900 410.1 :!19 409.5630 40S.9973 408.4S88 

10 413.7095 413.27..l4 412.::>689 41108645 411.3123 410.8518 410.3413 409.7051 408.9<;95 408.4S04 407.8899 407.4180 
11 412.6162 412.1323 '011 • .<566 410.~414 409.9692 409.5830 409.0564 408.3264 407.5:!96 407.0725 406.5142 406.1108 
12 411.5400 410.9548 .. ~9. 7 847 408.9070 408.6145 1108.3218 407.7366 406.8586 405.9805 405.6877 405.1023 404.8093 
13 408.6501 407.5881 "()5 • .!3!4 404.4224 405.0283 404.9692 404.0110 402.5376 41) 1.4299 402.0232 40101443 401.3506 
14 408.2522 407.1057 404.5483 403.8040 404.5813 404.5278 403.4871 401.9160 400.7925 401.5652 400.5923 400.9055 
15 407.8457 406.5979. 403.1910 40301770 404.1760 404.0974 402.9409 401.2561 400.1333 401.1501 4CO .0225 400.4851 

Q 0.0 0.0 J.O 0.0 0.0 0.0 0.0 0.0 O.? 0.0 0.0 0.0 
TB 441.3704 422.75.j2 .. 16.,,543 412.5820 403.3721 416.3667 421.9065 409.9356 404,4739 412.6379 410.3450 440.4663 
H8 -420.8 -11 04. 6 -2119.1 -2183.5 19331.0 -1133.8 -998.8 -2610.0 -4882.3 -1057.9 -1878.5 -327.6 
TSI\T 340.0 339.6 3~9.2 338.7 338.1 :!37.6 337.0 336.6 33/:.2 335.6 335.6 331;.1 
HSI\T 209.8 272.0 4J 8.4 330.8 183.1 213.6 293.1 366.6 3S9.3 188.9 312.1 205.0 
I' 118.0 117.4 116.7 116.0 115.1 114.3 113.4 112.7 112.1 111.2 11105 112.0 
S.F. 14196.0 18143.7 .tSa7.5 21228.0 12058.3 14150.7 19229.5 23573.6 22860.6 12347.9 . 19951.5 13160.8 
S.TEMP 407.63 406.33 ~O.>. 37 402.86 404.00 403.89 402.65 400.90 399.79 400.97 399.72 400.29 
MASS-FLX 14.7881 14.4603 13.9437 13.1252 12.1071 11.1312 10.3585 8.4036 7.7516 6.1217 5.3971 5.5620 
QUiIII..IT'f 1.00000 1.00000 I.OilOOO 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 
Gillp 0.04488 0.044a8 0.04488 0.04488 0.04488 0.04488 0.04488 0.04486 0.04488 0.044B8 0.04488 0.04488 
••• RELAP PREDICTIONS (STARRED"·" 
.HB 82.5 82. I 18.9 75.9 70.7 63.1. 60.1 57.4 5C.O 41.0 36.5 34.7 
*S.F. e60 1.1 10423.2 104~8.2 10267.9 10173.7 8361.3 7614.5 7904.8 7147.6 5528.5 4997.0 3445.7 
*s. TEMP 550.70 549.79 549.15 548.61 548.13 547.90 547.86 547.73 547.67 547.87 547.97 5~8.t6 
-«H.T.MOOE 8 8 8 8 8 8 8 e 8 8 8 8 

tv 
0-
W 

TtME-- 19.2000 19.2500 19.3000 19.3500 19.4000 19.4500 19.5000 19.5500 19.6000 19.6500 19.7000 19.7500 
NODE 

1 419.3345 418.80..l5 418.o:!703 417.1349 417.1963 416.~538 416.1067 415.5540 414.9976 414.4399 413.8835 413.3330 
2 417.1960 416.65t10 416.1177 415.5737 415.0249 414.4665 413.9031 413.3311 412.7600 412.1975 411.6497 411.1223 
3 415.0496 414.5044 413.9561 413.4028 412.8398 412.2615 411.6687 411.0750 410.4968 409.9517 409.4390 408.9641 
4 412.8945 412.3413 411.7844 411.2195 410.6348 410.0193 409.3911 408.7830 408.2271 407.7300 407.2864 406.8979 
5 411.4~02 410.6806 410.JI71 409.1397 40901 301 408.41.71 407.8215 407.2205 406.7095 406.2781 405.9046 405.5947 
6 410.6836 41001201 "09.5515 4011.9656 4 08.337"6 407.65110 406.9885 406.4026 405.9316 405.5459 405.2161 404.9553 
7 409.8074 409.2315 .. 08.6636 408.0649 407.4102 406.6921 406.0120 405.4604 405.0547 404.7344 404.4602 404.2639 
A 40e.8296 408.2512 407.0711 407.0535 406.3567 405.5842 404.9070 404.4263 404.1265 403.8S18 403.6831 403.5701 
9 407.9067 407.3186 ~J6.1336 406.0913 405.3411 404.5071 403.8555 403.4800 403.3096 403.1602 403.0105 402.9868 

10 406.8008 406.2000 ~05.o 108 40~.9285 404.0947 403.1750 402.5962 402.4009 402.4172 402.3~1I 402.2732 402.3745 
11 405.4060 404.7974 404.4065 403.4487 402.4729 401.4314 401.0486 401.1797 401.4~95 401.4875 401.4548 401.7556 
12 ~03.9309 403.3452 " 02.1593 401.8806 400.7087 399.5369 399.5369 400.1228 400.7090 400.1090 400.7090 401.2947 
13 399.5.869 399.21132 J98.7075 397.3013 395.4099 393.9089 395.7739 397.9512 399.2764 398.7739 398.8557 400.6047 
14 398.9526 398.7397 .j911.15!55 396.6484 394.6455 393.1174 395.3528 397.7495 399.1 :392 391.1.5027 398.6174 400.5813 
15 398.2659 398.2056 ..l97.6001 395.9624 393.8320 392.2935 395.0254 397.6418 399.0566 398.2166 398.3894 400.6292 

Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.~ 0.0 0.0 0.0 0.0 
T6 43101895 427.3052 434.0830 416.7847 400.3511 417.6348 396.3086 397.2356 370.8<;;09 359.6E55 352.5166 337.6714 
HB -752.1 -595.7 -512.8 -11411.5 -4175.5 -1110.8 -5299.1 1016.9 35.2 269.1 157.4 -67.2 
TSAT 336.5 336.9 3.>6.11 337.5 337.7 339.0 338.3 338.6 33e.4 33e.2 337.9 337.7 
HSAT 407.7 286.3 311.7 419.0 521.0 541.2 130.5 6.9 16.4 172.5 119.2 -67.2 
p 112.5 113. I 113.1 114.2 114.~ 116.4 115.3 115.6 115.6 11501 114.7 114.4 
S.F. 25044.1 17489.3 18852.4 24333.7 29037.7 28627.2 7381.1.5 406.9 991.0 10334.1 7205.3 -4236.0 
S.TEMP 397.89 397.94 397.32 395.60 393.40 391086 394.91 397.64 399.04 398.06 398.28 400.69 
"".SS-FLX !;, 7653 6.5579 5.0100 11.1828 8.4347 9.6197 9.6964 9.5191 10.2226 10.0025 9.8093 9.6516 
OUI\LIT'f 1.00000 1.00000 1.00000 1.00000 10 00000 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000 0.99860 
GAP 0.044ee 0.044a8 0.04481.1 0.04488 0.04486 0.04488 0.04488 0.0448e 0.044118 0.04488 0.04488 0.04488 
***RELAP PREDICTIONS (STiIIR>1EOI"** 
*HB 38.9 46.5 40.2 59.8 55.2 65.3 56.7 56.2 62.5 61.4 60.9 58.5 
*S.F. 4390.0 5518.4 4413.5 7797.7 8202.0 8364.2 8460.8 8147.3 10283.7 11241.6 11547.2 11644.0 
*S. TEMP 548.09 547.110 547.72 547.41 546.89 546.53 S46. 10 545.58 545.11 544.22 543.52 542.36 
*H.T.MOOE 8 8 e e 8 e 8 8 8 8 II 8 



TIME-- 19.8000 19.8500 19.9000 111.9500 20.0000 
I 412.7910 412.2617 411.7490 411.2554 410.7834 
2 410.6189 410 .1428 ·409.0970 409.2817 408.8979 
3 408.5293 408.&372 407.7839 407.4690 407.1924 
4 406.5623 406.2825 ,,06.0432 405.8459 405.6907 
5 405.3459 405.1597 "OS. J051 404.8950 404.8298 
6 404.7578 404.6210 404.5164 404.4553 404.4385 
7 404.1311 404.070 I 404.0083 404.0063 404.0479 
8 403.5164 403.54l7 ,,03 ... 237 403.5952 403.7026 
9 403.0110 403.1245 ,,03.13U 403.2834 403.4531 

Il 402.4922 402.7202 ,,02.7249 402.9988 403.2373 
11 401.9785 402.3614 402.2922 402.7898 403.0898 
12 40l.5876 402.1736 "01.a806 402.7593 403.0522 
13 400.8452 402.1465 .. 00.6309 403.3662 403.1851 
14 400.7568 402.1929 400.4099 403.5481 403.1956 
15 400.6782 402.2893 400.1323 403.8386 .. 03.1934 

Q 0.0 0.0 0.0 0.0 0.0 
T8 376.0515 389.43.!6 ,j36.1909 336.2241 566.7551 
HB 102.1 -392.3 182.8 -205.1 -5.2 
TSAT 337.0 340.8 336.2 336.2 34CJ.9 
H5AT 39.5 -82.4 H12.8 -205.1 15.8 
p lI3.4 119.3 H2.1 112.2 134.5 
S.F. 2510.9 -5073.9 116:>7.9 -13908.6 843.4 
S.TEMP 400.64 402.36 3911.96 404.05 403.18 
MASS-Fl-X 8.5569 9.IO~7 7.7386 8.4340 8.3881 
QUAl-lTY 1.00000 1000000 0.9119S7 0.99322 1.00000 
GAP 0.04488 0.04488 0.04488 0.04488 0.04488 
••• ~ELAP PREDICTIONS (STARREDI ••• 
.HB 53.1 234.0 49.2 93.2 353.5 
*S.F. 6649.5 47279.3 9832.1 18587.6 69353.3 
* S. TEMP 540.88 539.00 537.64 535.71 532.18 
.H.T.MOOE 8 3 8 3 ·3 

N 
0-
J::-. 

301410..................... E~ERGY 8ALANce ••••• * •••••••••••••••••••••••• * 
•• ** •• THER~OCOUPl-E NUMBER: T~-3010J TUllE: 13:33118 CIoTE: JULY 8 

.****. THTF Bl-OW-oOWN TEST NO.l0 •• PRELIMINARY.8DI04.BE.P'* 

CHANGE IN PIN INTERNJIL ENERGY ';ONT"NT .. 28.116425 BTunT 
. DETERMINED 8Y SUMMATION aF DELTA U'S OVER THE INTERVAL FRO~ T-O TO TEND. 

CHANGE IN P IN INTERNAL ENERGY CONTI::NT .. 28.100098 BTUnT 
OETERMINED BY DIFFERENCE IN PIN END POINT ENTHALPIES. 

TOTIoL HEAT INPUT = rNTEGR~ OF aTOT.DT.. 24.621076 BTU/FT 

INTEGRAl- OF SURFACE FLU)( VERSU;> TlME C~VE .2.0*Pl.RO= 52.718079 BTU/FT 

PERCENTAGE ERROR IN OVERALL HEAT BALANCE .. 0.0368 PERCENT 
ERROR IN OVERIol-l- HEAT BAl-IoNCE (VIA METHOD 2'- 0.0059 PERCENT 
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i • .. · . .. · . .. · . · . , * ... · " · . .. · . ~ c x. · . : . ~ 
1, ... · . .. · . 
• .. x. · . · .. · . " · . t • a. 
o • .. · . · .. · ... · ... · . " : ... 
1 •••• 
: .... · . .. , . " · ~~ : .. , .. 
~ . " 
: *.f ••• · .. , t f~ 

I 
OVERLAY OF MIDDLE THERMOCOUPLE RESPONSE (A~TERISKS) VS ORINC-PREDICTED RESP 

! ~~ · .. . · .. . : .. , .. 
: ··r ••• ., .... 
: -~-

Y from 400.01 to 1100.0 as a function of X from 0.0 to 20.0 with 
and with X interval size 0.05. The 
shifted from 0.0 to Y = 400.0. 

Y interval 
X ax'is 

size 5.6 
has been · ... . , ........ . 

" .... . f ••••••••••••••••••••••• I ·······1 ...... . · ....... . · ........ . i .................................... . 
1 ••••••••••••••• , ••••••• · .......... . , ..........................•......... : ....... . 
: ....... : ..... . : ............ . · ....... . 1 ...... :. ...... , .. :: ... 1& 
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