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The ORNL version of PEBBLE, the (RZ) pebble bed thermal hydraulics code, has
been extended for application to 2 prismatic gas cooled reactor core. The supplemental
treatment is of onc-dimeasional coolant flow in up to a three-dimeasional core description.
Power deasity data from a ncutronics and exposure caiculation are used as the basic i.for-
mation for the thermal hydraulics calculation of heat removal. Two-dimeasional neutron-
ics results may be expanded for a three-dimensional hydraulics calculation. The geometric
description for the hydraulics problem is the same as used by the ncutronics code. A two-
dimensional thermal cell model is used to predict temperatures in the fuel channel. The
capability is available in the local BOLD VENTURE computation system for reactor core
analysis with capability to account for tke effect of temperature feedback by nuclear cross
section correlation. Some enhancements have also been added to the original code to add
pebble bed modeling flexibility and to gencrate useful auxiliary results. For example, an
estimate is made of the distribution of fuel temperatures based on average and extreme
conditions regularly calculated at a number of locations.



COMPUTER CODE ABSTRACT

. Code. THR-TH Thennal Hydraulics Code Version 1 (1983).!
. Problerr. Steady-state high-temperature gas-cooled reactor core heat removal and

fuel temperature calculation: onc-dimensional flow in a three-dimensioi. . model for
prismatic fuel clements,' one- or two-dimensional (RZ) for the pebble bed core,? plus
the local thermal cell mode! of heat transport from the fuel fission source site to the
coolant.

. Method. A relatively straightforward accelerated iterative procedure is used to solve

the thermal hydraulics problem cast in the stream function form as a mesh-edgepoint
finite-difference representation for the pebble bed core.? For the prismatic core the
multiple one-dimensional coolant flow problem is solved with adjustable orifice block-
ing by iteration. Then the coolant-hole fuel-channel thermal cell problems are cast in
a two-dimensional model and the heat transport difference equations arc solved by
iteration. The reactor core description used by the necutronics code and the power
density data generated from the neutronics solution are used directly by this code,
minitpizing the user inpi.t data requirements, and temperature feedback capability is
implemented.

. Relaied Maieriel. This code is used in the local modular code system* for reactor

analysi<, providing interfacing with the VENTURE aiffusion theory ncutronics codc
and associaied capability for calculating reactor histories.

. Restrictions. With variably dimensioned data arrays, problem size is limited only by

available computer memory, without provision for data transfer during iteration; typi-
cally the pebble bed thermal hydraulics problem -equires less computer time than the
ncutronics problem but may require more computer memory for large problems, while
the prismatic corc problem requires but little computer time. Virtual memory com-
puter operation mode is assumed to be available for large problems. This code is a
member of a modular code systcm and cannot operate in a standalone mode.

. Computers. I1BM 360, 370, 303X series.
. Running Time. A 37 x 54 mesh point pebble bed problem required 32K program and

105K data (double precision), 137K short word total, and required 0.81 minutes pro-
cessor time, 2.6 minutes clock time on an IBM 3033 two-processor multitasking
machine. A 7,200 meshpoint two-dimensional triangular grid neutronics problem
takes 2.0 minutes iBM-3033 time and an exposure step for 450 depleting zones takes
0.4 minutes; the associated full core hydraulics problem treating 2,700 coclant chan-
nels and 12 axial nodes (31,752 coolant locations) required 1.4 min processor time,
and the 2,700 thermal cell problems each solved twice took 2.5 min time.

. Programming Larguage. Fortran 1965 (some service tasks done in assembly

language).

. Operating System. I1BM OS 303X under HASP Il multitaskirg, compiler OS 370
Fortran H Extended (Enhanced), Version 1.3.0, Optimization Level 3.
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10. Machine Requirements. Typically 7 disc files are used and 350K short words
memory, but the memory requirement depends directly on the problem size (mesh
points); the codc system operates under a resident driver and manazing control
module. Codes such as this that are truc members of the computation system do not
read input data from the stream, but oniy process interface data files, admitting free
ordering and loop structures.

I1. Author. D. R. Vondy, Engincering Physics and Mathematics Division, Box X, Oak
Ridge, Tennesses.
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1. INTRODUCTION

Continuing local evaluation cffort on aralyses of thermal high-temperature reactors has
been deficient because of the lack of a thermal hydraulics analysis capability for a
prismatic graphite fucl clement core. The route chosen to provide the required capability
was cnhancement of the local pebb: bed thermal hydraulics code already in routine use.!
Only modest changes had to be made in its computation system interfacing capability, the
major onc being the extension from one- and two-dimensional (RZ) problem descriptions
to allow general use in three Jimensions. The original capability was kept, and parallel
capability was added for the calculation of one-dimensional coolant flow through holes in a
core containing solid fuel clements described in up to three dimensions. Cross and bypass
flows are neglected. This report documents the extension and contains basic user informa-
tion. The carlicr report should be referenced for the details of the pebble bed thermal
hydraulics treatment.

The calculational procedures that were implemented for the prismatic core are rela-
tively simple. An iterative process is used to solve the problem of one-dimensional flow in
parallcl channels. Given the coolant flow distribution, the fuel temperaturss are estimated
with therinal cell calculations. Thus the basic information to support performance evalua-
tion and comparative evaluation is generated. Aspects that are not considered would
require further investigation to support design and to qualify analytic effort. The quantita-
tive effect on the fuel temperature distribution of cross flow ¢ the conlant might be antici-
pated, but the net effect on the results of a comparison of two situations could be less obvi-
ous. The intent of this effort was to implement a realistic treatment of the situation, a
best estimate, avoiding the distorting effect of one after another assumpticns of worst con-
ditions that lead to conservative but often not the most uscful data. Rouiine use is in a
fully modular sense in the computation system.?

The author discussed the a...'ysis effort and methods with engineers at GA Technolo-
gies, Inc. and is familiar with such implemented capability as the proprictary code POKE.}
A good discussion of tie general subject with some detail is presented by A. Shenoy and
B. Shamasundar in Ref. 4.

A few modest changes huve recently been made to the procedures for the pebble bed
reactor analysis capability. These were largely to climinate some surprises regarding the
modeling, effecting what might be more apt to be expected. The accounting for the void
fraction was altered due to certain inconsistencies associated with unanticipated and
unusual modeling. The void fraction becomes a relatively indirect quantity when there is a
mixture of zones and the finer scale subzones. Only when zone and subzone volume frac-
tions that are consistent with an evident void fraction are made available cin the data be
simply interpreted to allow spacial variation in the void (coolant) fraction.

It is important to observe that this analysis capability has been developes for applica-
tion to reactor core performance at power at stcady state. Although useful application
may be made to some other situation, such as overpower or the emergency shutdown state,
such analysis would be expected to involve considerations exciuded in this development.
Therefore the modeling may or may not be adequate and the results must be used care-
fully.
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2. PRISMATIC CORE HYDRAULICS

In a typical application, the heat source distribution is se;piied for a three-dimensional
mesh point arrangement that was used for the finite differeace core ncutronics problem.
The core inlet and outlet coolant temperatures are specificd, thercby establishing the
coolant flow rate required for removal of the total amount of heat. A single coolant chan-
nel (hole) is associated with cach mesh point interval normal to the coolant flow direction,
typically on a triangular (hexagonal) arrangement of points. An initial estimate of the
coolant flow rates through each of these channels is moved iteratively to an acceptable
solution, considering the associated pressure drop and blocked orificing conditions at the
inlet or exit. Note that the amount of heat removed by the coolant along each channel is
determined from the local power density at the finite-difference level of the neutronics cal-
culation and the coolant hole density. The axial heat source disisibution is made available
from three-dimensional necutronics: calculations, or some two-dimensional situations (RZ),
or it may be supplied by tke user if only a two-dimensional neutronics problem is treated
normal to the coolant flow direction. Note that halving the neutronics mesh spacing
causes four times as many flow channels to be treated.

The iteration procedure is rather simple and will not be discussed in detail. A simple
objective is defined such as minimizing the peak coolant channel surface temperature in
cach coolant flow block. The orificing conditions for each coolant flow block are then
adjusted, along with the coolant flow rates, by block. and in each coolant charnel, and this
is done each iteration with modest acceleration (or dampening if found by the monitoring
procedure to be necessary). Note that minimizing the peak coolant channel surface tem-
perature by coolant flow block causes ihe peak surfac. temperatures to all be the same.
This result is not the same as that obtained by minimizing the peak cxit coolant tempera-
turc by block, programmed as an option. The higher the integral heat source along a
coolant flow channel, the more the coolant temperature rises, or the higher the coolant
flow rate needed to hold down the coolant temperature. Flow rates are, however, deter-
mined by the available pressure differential driving force considering the total flow rate
and orifizing conditions.

Comments are offered about the flow channel referencing, Note that the more cross-
sectional mesh points or associated intervals across the core, the more locations at which
the coolant flow is calculated. Increasing the nuraber of axial points refines the calcula-
tion but does not change the number of flow ch: nuels treated. If there is no heat source
along any coolant channel, it is dropped from .he calculatior ‘rect bypass being disal-
lowed. Should there be locations where trivial power density data are supplied [as the
consequence of representing an (n,2n) reaction that does not generate significant power,
relative to the fission reactionj, then the hydraulics calculation will be distorted and likely
desired results wiii not be obtained. Only primary heat semoval is considered; there is no
mechanism for explicitly treating secondary heat removal as from the reflector or from
control rod channels.

Note that in the calculations the pressure is absolute (atm) and the temperature is
absolute (°K), but primary results are reported in °C.

The pressure drop along each coolant channel is the sum of the components: entrance
loss, flow loss, change in elevation, exit loss, and associated orificing drop. The entrance
and exit losses for an individual channel are calculated from the equations for the entrance
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AP = —04P(125 — ¢) & | (M
2p :
and for the exit
G? (2)
AP = —Py(l — qP —— ,
s q 20

where G is the coolant mass flow rate in the channel, p is the coolant density, g is the
gravitational constant, and AP is the pressure change associated with the mechanical
cnergy loss. In these cquations g is the frzciional area of ihe coolent hole, i.c., the void
fraction. Coefficients P with subc ipt numbers are set to default values listed elsewhere
and m~y be changed by a user. Note that the calculated pressure drop is directly propor-
tional to the cocfficient P;. Core entrance and exit losses and flow loss in inlet piping are
not included, nor is the pressure drop through an open orifice.

The coolant flow loss in pressure is calculated from

(3)

which is applied to each finite-difference increment AZ in L:ight, the last term being the
change in clevation (negative if upflow). AP is the pressure change, generally negative.
AV is the change in velocity. G is the mass flow rate, p the coolant density, D the hole
diameter (or equivalent hydraulic diameter), and B the coefficient that may be altered,
called "BFRIC" in the code and set equal to 2.0 as the default.

The friction factor, f, is calculated locally by solving

i - (4)
i 4.0 logio(RT) — 0.40

iteratively, where Reynold’s number is

R:'&. (5)

u

where g is the viscosity. Note that G = pV, so for fixed G, ¥V oc 1/p and 1/p oc T and
the temperature change may be used to calculate AV. In the range of 2,000 < R, <

4,000, the approximation chosen is



f = 0008 + 0.002R, — 2000)/2000 , (6)
and for R, < 2,000,
- 16 N
S R -

Should a conservative value for the pressure drop- be desired, or should a perturbed solu-
tion be of interest, the value of B for Zq. (3) may be specified.

The temperature rise of the coolant is calculated from

where Q is the local heat rate (power density) and C, is the coolant specific heat at con-
stant pressure. Properties are calculated at effective interval conditions:

Temperature
T‘. - T'. + 0.75(1.” - Tll) N (9)

Pressure

P, = max(1.5P,,, — 0.5P,, 09P..,) . (10)

where the referenced "in" and "out” pressures are for the previous interval along the coolant
channel, the average pressure for the first interval being the inlet pressure after any orific-
ing. Note that the coefficients have been chosen .o arbitrarily weight the endpoint values
to play a smailer and smaller role as the size of discrete intervals is decreased.

Correlations of the properties of the helium coolant are taken from a German report?
with flexibility provided in the coefficients for user control.

The estimate of the coolant density for the interval is

- PP, 4 (11)
Tl + PapaT)

P



and the estimate of the viscosity is
p= F,(T,)F‘ . (12)

where the co:fficients F with subscript Ictters are assigned default values shown clsewhere
and may be changed by a user.

A change in temperature is associated with coolant orificing,

(13)

The equations used for the calculation of the temperature difference acress the film at
the coolant channel surface are

F(T )R (14)
K _ —————— e
FA1 +F,P,)
and
H = (¢,K)", (15)

C, being the specific heat and K the thermal conductivity. A contribution to the film heat
transfer coefficient is calculated as

0.6
0.01|1%
S = R, if R, < 2,000 ,
PR if R, > 2,000 ,

and for 2,000 < R, < 10,000, ar adjustment is made,

R, - 2000 |°3 (16)

S’ = 0002 + (S — 0. -
(s oooz)l S50 :



and finally the temperature elevation of the s.face above the local flowing coolant tem-
perature is

8Ts = <oersH ‘ an

User control here is primarily in the coefficients for calculating the “ilm coefficient H.

The Effect of Coolant Chanmel Size Variation

Let us assume that a calculation has been done for the nominal cuolant channel size, a
cylindrical hole of diameter D. We expect that tncse channels will vary in size, and we are
interested in what effect a modsst variation in D has, D * ¢ It is assumed that the
pressure drop is set from the calculated conditions, and we ask for the difference in the
surface temperature at any location along the channel,

T, = T. + AT, ; (18)

6T, = &T, + ¥AT,) . (19)

Using the equations

l -
T, = 'EC: fQ(Z)dz ,

—8G

6"". b 7 Tt y (20)
and
02 047
_435D% 4 2l
AT, Cp‘ﬂ Go% g’ @n

we fir.d that a perturbation yields

&AT,) = AT,

MDOJ[GO.BZ (22)
D0.2 /Go.n )



And further,
AP _ constamt = 29 (23)
dz pD

The effect of incrzesed D is to increase G, causing the Reynold’s number to increase.

Furthe; assuming that

S = 0076R, 7 |

G = [6-_589_ [d_P”L” pL&7 (24)
wB | dz '
and
T Y. as;
we obtain B}
&AT,) = AT, D'Mép~"14 | (26)

Thus the ccolant flow rate in a coolant channel having a 10% larger diameter than the
nominal might be expected to be higher than the nominal rate by 17%, and the associated
coolant temperature rise 11% less, while the temperature drop at the surface would be 11%
iess. The net effect on the surface temperature then depends on the relative magnitudes of
the coolant temperature rise anc the surface temperature drop. The dominant effect would
naturally seem to come from the larger coolant temperature rise so that usually an
increase ir D decreases the surface temperature, and a decrease in D increases the surface
temperature. Note, however, that the axial locatiens of the dominant effects can be quite
differznt for the nominal peak, the peak for increased D and the peak for decreased D.

The Solution Procedure

The hydraulics equation is solved in difference foiin for coviant flow through parallel
channels. Desired flow and associated pressure and temperature conditions are effected by
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an iterative procedure. The iterate estimates of channel flow rates are moved toward the
desired solution with attention given to satisfying equal inle: and outlet pressure conditions
after orifice provision, while at the same, time adjusting the flow to move the target func-
tion (peak outlet coolant temperature, for example) toward a preferred distribution over
the coolant orifice blocks. This procedure has grown complicated in deteail with all of the
possible options. The interested developer, as well as the concerned analyst who cannot get
desired results, is reforred to the full documentation provided by the Fortran source pro-
gram listing.

The estimated change in flow rate is made on the basis of the pressure drop being
approximately propertional to the square of the flow rate. If the pressure drop is too high
for a channel, the flow rate is reduced to satisfy the average within a group of chanaels
having a common blocking for orifice control, and the iteration toward a solution proceeds.

Overrelaxation is dore in the sense of
G]# = G]J—I - an(G;,c - G],n—l) ’ (27)

where G is the flow rate for channel j and iteration n. G* is the newlv calculated value as
indicated by pressure drop and possibly desirsd temperature conditions. Renormalization
is then donc atter the flow rates are adjusted to effect the desired total and associated
average cooiant tcmperature rise for the total neat load. Inforination about the iterative
behavior that has been extracted from a problem is shown in Table 1. Ar and A, are
error vector eigenvalue estimates from the results for the temperature and pressure (solu-
tion vectors). Acceleration is apparently not very important in this case.

Table 1. Data for Acceleration of the Hydraulic

Problem Iteration Process
Fixed
Acce! ration  [terations Ar A, Max T,
Coefficient
One Situation
0.8 8 0.675 - 0.689  989.9
0.9 8 0.641 . 0.652 989.8
1.0¢ 7 0.601 ‘0.619 989.9
1.1 7 0.572 0.591 989.8
1.2 7 0.550 0.563 989.2
1.3 6 0.51 0.53 989..

Another Situation (axial intervals doubled)

1.4 6 0.489 0.494  989.8
1.5 6 0.445 0.464  989.8
1.6 6 0.402 0.429  989.8

?No acceleration, smaller dampens, larger drives.



The iterative behavior is mouitored by obtaining the extreme relativs changes:

e, = M Poyn _ 1 (28)
. Jj PoJﬁ—] »
and
¢, — Max Togn_ _ 1 (29)
o J | Toju-y :

These are extreme relative chznges in the coolant exit conditions over the channels. In
additio::, the dominant error vector cigenvalues are estimated from L, norms:

2 OJJI—POJJI—II (30)
Aoy = 2 ;
Py ’
ZIPOJ.H-I _Pn.i.u—zl
J
| Tesn= Tesnm] G
Ao = -
Ta .
Z To.i.n—l - ToJJl—ZI

J

The procedur~ for monitoring the iterative process is rath~r invoived. Basically the condi-
tions 2rc cither satisfied for wdentifying a nonconvergent process (the maximum relative
change not decreasing), or 1.z conditions are satisfied for a convergent process {the dom-
inant error vector eigenvalue less than unity). If the maximum relative change is decreas-
ing, the process appears to be converging toward a solution, so this behavior is deemed
acceptable. On a set delay cycle the accelerating coefficient « is reduced, if nonconver-
gent. If convergent, as indicated by successive values of the dominant error vector cigen-
value being nearly the same, the coefficient a is increased, also on a set delay cycle.

Also when a is incrcased, an asymptotic extrapolation is done. Consider s single error
vector contribution,

Xy — Xpo = AN, (32)
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X, being the estimate of the dependent variable for iteration n, X, the unkrown solution,
and ) the dominant error vector cigenvalue.

(33)

A
Xo = X, + '—":l [x. — x,-.] :

Adding this contribution into the-overrelaxatiop scheme for this onc iteration after a is
increased, the value of a is changed to

Oly—) (34)

| -
Dy =

1= 2p 01

using data for the pressure behavior, as is found from Eqgs. (27) and {33). Note that the
above procedure is rather coarse becausc renormaiization is done after applying the
acceleration. (An indepeident assessment of the dominant error vector after renormaliza-
tion and asymptotic extrapolation with it might prove to be better.)

It is noied that the problems seem to converge rapidly with the programmed procedure.
No difficulty has been found in effecting an acceptable degree of convergence. Those
problems treating a lower limit on the orifice pressure drop, solved as a perwrbation, con-
verge somewhat slower than the others, and this behavior led to the incorporation of
asymptotic extrapolation. It is possible that in some applications a solution will be difficult
to cffect, inviting modificaticn to the procedures that should not be too difficult given
information about the iterative behavior. Also, if the scheme of acceleration proves to be
incffective, the user option to override its use should be exercised.

Regardinag Coolant Orificing

Generally when a calculation is done for a coolant orificing condition, simpfe resuits
are obtained for idealized conditions that could not actually be achieved. Practicz! con-
siderations include (1) the relationship between iuel temperature peaking and what is
measured (the latter likely a sampling that approximates the coolant block coolant exit
temperatures), (2) the mechanics of the setting of orifice openings as associated with
what is measured, (3) perturbations from calculated and measured conditions, and
(4) failures in the sense of inaccurate sensing or setting or decision making. Action will
be taken based on the availatle but incomplete and inaccurate information. There is some
likelihood that the action simply is the wrong thing to do, and this likelihood is increased
in the case of a remote facility. The probability of excessive fue! temperatures is kept
acceptably low through an organized and controlled approach of careful design and opera-
tion supported by thorough and accurate analysis of anticipated core conditions. A tool
such as this code produces key support information. These results are, however, so ideal-
ized and the associated modeling of the reactor operation is so simplified, that caution is
certainly in order in the use of the results.



11

The direct consequences of deviation from idealized orificing is an iucrease in fuel tem-
perature peaking. Hopefully useful information is generaied from results for a perturbed
condition of ahered orifice resistances that has been implemented in this code. Useful
information can also be produced by exercising options when solving more than one prob-
lem. At scme later date special procedurus might be added, as to allow the user to specify
coolant flow rates by orificing block, or to specify the orifice pressure drops directly, or to
scrturb the idealized results in some other way for a subsequent calculation. Certainly the
code could be altered to produce special inform.ation; this approach is likely the most
attractive so that additional information is generated routinely from any application.

It is conceivable that fuel temperature peaking could be measared directly and wminim-
ized by regular adjustment of orifices. More likely the less severe choice of nieasuring
coolant exit tempcrature is more practical than measuring temperatures near the fuel
Association of coolant block exit coolant temperature with block peaking temperatures
could be made through calcnlation, but likcly won’t be. Instead, the measured approxima-
tion of the block coolant exit temperatures would likely be used for setting the orifices.
Therefore a calculation effecting equal coolant exit temperatures rather than minimizing
suriace temperature peaking is likely the most realisticc. The additional results that are
routinely reported for the perturbed condition of an added resistance where there was none
in the ideal orificing condition should be interesting.

Note further that the mechanical orificing requirements are not examined in a calcula-
tion, so whether or not the pressure drop requirements that are calculated can be met is
subject to further assessment. Of primary concern along this line is likely not the max-
imum pressure drop required but th: range required over the fuel clement residence his-
tory. The suitable positioning of orifices and the association of coolant channels in the fuel
assemblies with individua! onifices must be effected by the analyst.

Coolant Bypass Ignored

The bypass of coolant through unfueled regions and hence regions not having a primary
heat source is ignored. Note that a temperature adjustment should be made for any
bypass allowance.

Let
q = fraction coolant bypass,
T., = coolant inlet temperature,
T... = coolant exit temperatures,

T, = exit temperature of non-bypassed coolant.

Without refinement, a simple approximation neglecting any heating of the bypass coolant
yields

Tow = (T, - T,) (1 - q) + qT;, ; (35)

1—@' r (36)
in -
-q
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Thus ar effective outlet temperature for the thermal hydraulics calculation and reduced
flow rate is T,, higher than T,.

Results from a thermal hydraulics calculation shou!d be interpreted as the reported
outlet temperature being 7,, and the true coolant outlet temperature would be given by
Eq. 35. Note also that the reported coolant flow rate must be multiplied by 1/(1-g) to
adjust for the fluid that bypasses the core.

Coolaut Crossflow Igmored

Ignoring the crossflow of ccolant greatly simplifies the thermal hydraulics calculation.
Generally the cnly significant amount of flow goes in the direction of a negative pressure
gradient. With inlet orificing, for cxample, the flow rate is high where a low pressure drop
is taken, presumably te remove more heat and reduce temperature peaking. Flow loss then
is from the channcls where the flow rate is high with inlet orificing. With outlet orificing,
the flow is in the direction of equalizing pressures. Perhaps of most concern is the move-
ment of coolant away from where it is most needed to channels of low resistance, generally
decreasing the heat removal efficiency. Although mathematical modeling of such
phenomena is perhaps possible, the variables such as manufacturing tolerarces and degree
of fit of the parts seem to force measuiements. Design to cause the construction to force
rather well defined coolant channels with constraints of crossflow seems essential unless
proven unnecessary. Here the crossflow is ignored.

3. THE THERMAL CELL

The Two-Dimensional Model

A core is divided into zones which then may be subdivided into subzones, and a refer-
ence thermal cell calculation is done for each of these. Then the calculations are repeated
for estimated extreme conditions at each of these saine reference coarse locations. Given
average fuel temperatures and extreme fuel temperatures, a distribution of fuel tempera-
tures is estimatcd by assuming a linear function for the available data at reference points
and summing results over all locations. Information is presented here about the thermal
cell calculation.

It would seem that the prediction of fuel temperatures would be a simple task given
power density data and a reasonable sampling of coolant temperatures. The complications
include:

1. the cell geometry involving a fuel channel cylinder and a coolant hole cylinder not
modeled at all well with a simple coordinate representation,

2. the need to obtain quite a few solutions to generate a representative fuel temperature
distribution at a reasonable cnmputation cost, and

3. dependence of the thermal conductivity on the temperature and high energy flux expo-
sure, and the dependence of the radiation and conduction heat transfer rate across the
gap at the edge of the fuel channel on the local temperatures.
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‘ Foliowing the procedure originally set up for the pebble fuel clemnent analysis and then
adopted for the cne-dimensional cell modeling, two two-dimensiona; cell results are needed
for each defined zone of material (and for each subdivided subzone).

. An illustratiou of the thermal cell is shown in Fig. 1. Note that a mesh of (7, J) for
I = 3 anGd J = 4 is shown, coarse for simplicity. The solid material in the fuel channel
cxtends only to j = 2 and two meshpoints locate on the coolant hole surface. As indi-
catzd, the meshpoints are located ot the outer surfaces and innuer interfaces, a mesh edge
formulztion. As coded, the minimum values of the mesh boundaries are J = 4 and
I = 3 for a coarse model. Default values of the mesh limits are recommended; more
could be specified if desired for testing or possibly to generate a more accurate solution if
deemed desirable, less if the computation cost were to be held down or if coarser results
have been found to be adequate.

ORNL-DWG 83-11018
NOTE: FUFL CHANNEL ANGLE OF #/3

SHOWN : MINIMUM MESHFOINTS,
3 AZIMUTHAL, 4 RADIAL

GRAPHITE

COOLANT
HOLE

\\FUEL CHANNEL

Fig. 1. The Thermal Cell with a Miniz.um Meshpecint Arrangement.

As shown in Fig. 2, an original mesh having a regular layout in (R#) geometry about
the fuel pin has been skewed in the neighborhood of the coolant hole to accurately
represent its effect, and also skewed azimuthally. At the time this is written, a simple
scheme of relocating the points was used. Note that with more azimuthal points, the
coolant hole surface becomes more populated. In both Figures I and 2 the full channel
hole size is shown somewhat smaller than is expected to be representative of design.

The thermal cell problem is solution of the equation relating the temperatures to the
source with account of the thermal ccnductivity,

. —kVIT = § (37)
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ORNL—-DWG 83-11017

NOTE: COARSE MESH SHOWN:
8 AZIMUTHAL, 8 RADIAL

N

GRAPHITE

*——o—
~~FUEL CHANNEL

Fig. 2. INustration of a Coarse-Mesh Thermal Cell.

for the cell geometry done in distorted (R#) coordinates, where S is the total heat source
rate. in these calculations, two values of the heat source are used, cne for the fuel channcl
solid material and the other for the outer matrix defaulted te zero. The imposedt boundary
conditions are

T 0, (38)
ax,

wnere X, is normal to the surface, excepi along the coolant channel surface where tize heat
flow is governed by

- hA(T: - T), (39)

h being the film coefficiciit, A the normal area, Ts the local surface temperature and T,
the coolant temperature, astumed (o be constant. As coded, the average coolant surface
temperature is required to ecual the value obtained in the hydraulics calculation, the film
cocfficient is assumed to be constant (not varying with the local coolant hole surface tem-
perature variatiui, the dependence on the average surface temperature being accounted for
in the hydraulics calculation).
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After a solution to the thermal cell problem has been obtained, the effects of heat
source and surface temperature changes can be predicted relatively accurately for the next
problem. It is assumed that an adequate prediction can he made to allow average values
of the thermal conductivity to be estimated from the temperature and exposure data for
the fuel channel and for the outer graphite block matrix. The correlation used to estimate
the therma! conducti-ity values is described in Ref. 1. Thus two values of the thermai
conductivity are estimated and then used for each thermal cell problem.

A simple uniform gap containing coolant is assumed to lic between the solid part of the
fuel channel and the surface of the hole. Heat transfer is assumed to be by conduction
and radiation, the effective conductance term g = hAAt) being

K
B, =———2 —— + z«r,[r}, + T,’,] .
1+<

Iy

(40)

Iy In

where T,, and T, are the gap surface temperatures, X, is the coolant conductivity calcu-
lated at the gap average temperature and the average co.c coolant pressure,

= 1
T, = _Z_[T'zl + T}z] y

a is the gap thickness, « is the Stefan-Boitzman radiation constant, and the emissivity is
combined for the surface,

For ¢ = 0.9 and ¢ = 0.8, ¢ = 0.735. Note that the valuc of k at each meshpoint on
the coolant hole surface is recalculated each iteration during sclution.

In finite difference form, a thermal heat condition heat balance at steady state yields
for the mesh edge location and only "nearest neighbor” coupling,
CijaTiy = Siy + CuaTiviy + CoyjaTioyy + CuuTiger + CyniTiy-
and

Cys = Cya + Coyya + Gy + Cy-qy - (41)
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Note that requirements at the surfaces to satisfy boundary conditions must be met, gen-
erally C = 0 for zero temperature derivative, and of course coupling with the coolant
temperature along the coolant channel surface is required to account for heat removal
Thus the transport of heat across the surface normal to a line connecting meshpoints i,j
and i,j+1 is approximated as

kA T __ M[_T.'JH—T:'J (42)

a.’ ’i+|—rj

A simplification was made regarding the gap in writing the difference equation. Only
radial heat flow is considered within the gap and no source is assigned to it. Leaving out
the radial conduction in the gap is justified by the low conductivity relative to that in the
graphite. This simplifies the accounting for conductivity dependence on temperature, con-
sidering that the equation coefficients involve weighting of the properties of materials that
abut at a meshpoint location. There is no mixing of different values. Also only one radial
mesh interval is associated with the gap independent of the number of rachal intervals to
allow account of the radiation and conduction across the gap.

In cach iteration the first azimuthal row is treated separately as a special case. At
J = 1, all meshpoiats along i are at the same location, so a simple calculation is done,

? [Si.l +C|'.I.|T|",2_|’ (43)

X = ,
2 Gu
i

where n — | refers to the previous iteration, and the result is overrelaxed,

v =t + alx - ),

T, =Y, (44)

for all i.

Th: heat balance along the last row, reference J, gives

T, = I—C:—J—t] [Su t CuaTiy + CoyyaTiey + TcClJ.l] . (45)
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A heat balance is imposed on the coolant hole surface, i < I, requiring a mean tem-
perature

Q0-T¢c ¥ Gy (46)
i<l

T CTiy

i<,

X =

These surface cocfficients are the local area times a constant derived from the known aver-
age surface and coolant temperatures.

Line relaxation done along azimuthal rows to solve the tri-diagonal matrix problem,
obtaining rnew temperatures simultancously along cach row, was found to be more cost
cffective than point relaxation. This calculation is done each iteration with o (even, odd)
ordering for 2 < j < J. Initialization involves a forward sweep to obtain new coeffi-
cients,

b = Gl g “
and to eliminate division during iteration,

Gij = Cija - (48)
Excluding the first row, during iteration a forward sweep is done,

Fi = 8i; + Cy-iThj-1 + GuTiyss + Bi-yyFimy (49)

the superscript m referring to an iteration count reference on the temperatures and F
values being recalculated each iteration. A backward sweep then gensrates new tempera-
tures

T, - BIJIT?-'V'IJ + GIJFI] ) (50)

and these are overrelaxed,

R R LA vl (s1)
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n referring to itcration count. With o, ordering, first the odd rows are treated so that m
refers to iteration n — 1, and then the even rows where m refers to iteration a for oaly
nearest neighbor coupling. Note that the temperature dependent gap cocfficicats must be
recalculated each iteration and the forward sweep Eq. (49) repraied for the two associ-
ated azimuthal rows.

The coding was initially done in IBM single precision, but it was not left that way very
long because the reason why an acceptable solution to a problem could not be obtaine”
rapidly by iteration could not be readily identified. Originally values of the coolant surfac
film coefficient were obtained aiong the coolant hole surface during the soluticn process as
dependent on the local surface temperature.  This procedure was discarded, however, when
no significant cffect was found. So the burden for establishing the average coolant hole
surface temperature was left to the hydraulics calculation.

At this time in ihe development, the newly calculated coolant hole surface temperatures
were renormalized each iteration to the desired average. It was found that this scheme
effected a more rapid convergence rate than just applying the pointwise equations of itera-
tion. However it seems that often a false convergence was indicated and the rate of solu-
tion was unrcasonably slow. The unfavorable behavior was corrected only by obtaining th=
difference between the iterate estimate of the coolant hole average surface temperature
and the proper value, and then adjusting (scaling) all of the cell temperatures to eliminate
the defect and fully propagate the correction.

A relatively la.ge number of problems were solved with parameter changes during this
development stage to produce supporting information. A simple driver program was used
to present a series of problems, typically staging the power density and coolant surface
temperature up and then back down. This tested the adequacy of the approximation of the
thermal hydrauiic prediction, for example. Unfortunately the solutions kept changing with
development so the testing results were of mur* significance only to the development.
Objectives of eliminating significant dependence ¢’ the results on the starting point and
producing acceptable results at a modest computation cost were satisfied.

A good temperaturc distribution is of course desirable as a starting point. The calcula-
tions are done specifically for the surface temperature and power density of the first ther-
mal cell problem. Average fuel and matrix temperatures are first estimated .rom a simple
onc-dimensional cylindrical conduction ecguation soluticn. Given the coefficients, the
discretized radial traverse is sclved and skewed slightly as th~ iuitial starting place.
Rather primitive approximations are used to approximate a two-dimensional soiution frcm
onc-dimensional data. The major deficiency of a one-dimensional model is the lack of
flexibility to represent both the volume involved (two-dimensional arca) and the limited
coola-.. hole surface area.

Only two values of the thermal conductivity are used, one for the channel containing
fuel and the other for the matrix outside of the fuel channel. Provincial references herein
will be made to the former as fuel and the latter as matrix. Each time the equation cou-
pling coefficients are reevaluated for new data, the latest conductivity data are saved.
When these change for the next thermal cell problems, the coupling coefficients are simply
multiplied by the ratio of the new to the old values.

Given the solution from the previous thermal cell case, the new temperature distribu-
tion is estimate ' for the new power density, the new coolant hole surface temperature, the
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thermal conductivity d-ta associated with the new temperatures, and the new ygap condi-
tions. For the therma! conductivity data, the cffects on the average fuel and matrix tem-
peratures arc estimated ignoring the changes in the conductivity data. New thermal con-
ductivity values are then obtained for the new temperatures, and then ‘he calculation is
repeated. Then the available temperature distribution is simply proportioned such that the
new coolant hole surface temperature is satisfied, and the diffcrences between the local
temperature and the average coolant hole surface temperature relative to the old differ-
ences are proportional to the ratio of the power density divided by the conductivity,

Tu — T = [T, —~ T,]‘l%! I:_:] ' (52)

where the subscript s refers to the coolant hole surface, the subscrint m to the modified,
and the subscript o to the old. The actual calculation is a bit more involved to pick up iae
differences between the fuel and matrix thermal conductivity ratios, and the effect of
changes in the temperatures at the gap are estimated. The calculation proceeds from the
coolant hole surface temperature to the avcrage temperature of the matrix, to the new gap
surface temperature, through the gap, and to the fuel. Of some surprise to the author,
Eq. (52) was found to apply directly to tic iumperatures along the coolant hole; that is,
it did not need the conductivity contribution that would change the proportionality.

For the iterative process, the difference equations are solved to obtain the new tempera-
tures simultancously along an azimuthal row of points at a nominal radius. The ordering
is odd,even (o,) and overrelaxatior is done. Typically an initial 17 X 25 mesh problem
might require 26-25 iterations, while sncceeding ones might average 3 to 8 but depend on
how large the pover density and the thermal conductivity changes are bztween cases. The
amount of calculation depends on the mesh size and the selected convergence level
Increasing the degree of convergence by a factor of 2 requires =t least 4 iterations if the
dominant error vector exceeds 0.8, more than at low levels of convergence when the error
vectors with the large cigenvaiues dr. nc: contribute <ignificantly then, as may be the case
with good initialization.

A measure of the thermal cell computational buvder is reported for each problem. This
number is

¢ = 1J(M + 10), (53)

where / is the number of azimuthal points, J is the number of radial points (/J is the
number of temperature values), and M is the sum of the number of iterations done, the
problem setup burden being set at the equivalent of 10 iterations. Note that if the calcula-
tion were done for twice as many locations, the burden would be nearly twice as great,
actually somewhat less since an initial problem will require quite a few more iterations
than the successive case.
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A large number of problems were solved in iesting by indexing up the power densily
and the coolant hole surface temperature, and ther. scaling these back down so that pairs
of problems were solved with initial conditions approached from opposite directions. Typi-
cally the average cell power density started at 2 W/cc and was incremeated up to
18 W/cc. In what follows immediately, information is shown tha. ~vas generated prior to
the incorporation of the fuel-matrix gap and hence is free from its effects.

Shown in Table 2 is the variation found in the results associated with varying the con-

vergence criterion. For the first in the series of thermal cell problems being solved, a rela-
tive absolute error is estimated as

\ 54
T — T, = ['l—L (Tu = Ta-v) , 4
. §
Table 2. The Effect of Specified Coavergence Criterion ox Thermal Cell Results
(13 X 25 mesh)
Maxin.um Relative (Avcrage Iterations, Absolute Relative
Te nperature Change 16 Problems) Error” Level Calculated Peak Temperature® (°K)

Power Density (W/cc) 2 10 18 10

Surface Temperature (°K) 440 518.564 605743 518.564
0.001 21 0.0067 454627 579.267 698.725 577.065
0.005 24 0.0066 454625 577.6'9 691.558 576.735
0.00025 2.7 0.0066 454625 577047 697.188 576.622
0.0001 34 0.0033 453.:26 576.654 696.896 576.532
0.00005 39 0.0019 453079 576.593 696871 576.532
0.000025 48 0.0009 453.035 576.545 696825 576.5°5
0.00001 6.6 0.003 453.017 576.552 696.826 576.537
0.000005 19 0.0002 453.008 576.552 696.826 576.537
0 (000025 9.6 0.0001 453.006 576.553 696.831 576.539
0.000001 13.2 0.0001 453.004 576.55C 596.832 576.539
0.0000005 20.1 0.0001 453000 576.545 696.828  576.>37

‘VNote that 0.001 error level on a result of S00° is an uncertainty of 0.5°, and of 1000” i 1.0°.
These results are from a series of problems run for each convergence level; identical results are expected for the
second and fourth cases,

where n refers to ihe terminating itsration count and y is the dominant error vector eigen-
value. We expect

y=8-1 (55)

at optimum overrelaxation, where S8 is the overielaxation coefficient, zithough it is
estimatzd from an L, norm,

7'J|TM—TM—|| (56)
Y - T T
" A E R
i
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where iadex i is over all of the points. When the convergence criterion is satisfied at ter-
mination, we expect

_ Tin—Tin-) (57)
T max[ Tin-1
Therefore
o [T T] L [T=Ta] U] ve . (58)
- | Tw | T K

er being less than the specified convergencc at an acceptable termination of the iteration
process. Note that increasing the number of meshpoints moves A toward unity and
increases the absolute relative error level relative to a fixed criterion.

Results such as displayed in Table 3 led to the selection of 0.00001 as the default
convergence criterion, somewhat smaller than might be expected to be necessary (> avoid
more iteration error than dcsirable. It should also be noted that any error associated with
the solution for the first problem tends to propagate. With very good initialization we
might expect less error than indicated by this theoretical measure. Also the procedures are
yet being revised so that any specific data obtained during this testing period can be con-
sidered to be accurate only in a relative sense. Thus the result of 454.627 obtained for the
first problem at a convergence level of 0.001 compares with an earlier result of 452.466,
and another exceeding 456 with iniiialization at different starting points.

A second solution reliability indicator was found to be needed. s the number of
meshpoints is increased beyond reasonably sufficient number, the solution wander; off
from an accurate rer.esentation. An adequate measure of the discrepancy was found to be
the calculated heat flow across the gap between the fuel channel and thc matrix. The
reference mesh keeps the discrepancy in this quantity to below 0.5 percent. The ratio of
the calculated value to what it should oec is always calculated, and average and extreme
values are obtained and reported. The number reported indicates the discrepancy in a heat
balance. This discrepancy is associated primarily witn the finite-difference representation.
It could be influenced by a low level of solution convergence if a large value for the termi-
nation criteria were specified. Note that the heat flow is generally overestimated, causing
high temperatures to be predicted, the results being conservative in a sense. (A simple
correction might be coded into the procedure to improve the solution, but this possibility
bas not beei. investigated.)
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Table 3. Depesdence of Thermal Cell Results oa the Mesh*
First Apparent

Meshpoints  Problem  Absolute Temperatures (see Table 2)
Iterations Error

9X9 12 0.2001 452845 575879 695849 575.872
9 X 13 20 6.0002 452926 576.197 696.326 576.188
9 X 17 27 0.002 452950 576.317 696.512 576.310
9 X 21 38 0.005 452973 576.377 696.504 576.367
9 X 25 42 0.0007 452979 576417 696.656 576.409
10 X 10 14 0.0001 452886 576070 696.122 576.063
13 X 13 20 0.0001 452947 576.296 696.448 576.279
13 X 25 41 0.007 453.027 576.565 6$6.837 576.530
17X9 11 0.0001 452871 575985 695991 575.977
17 X 17 26 0.0002 453.017 576.528 ©96.752 576.445
17 X 25 40 0.008 453077 576.647 696.967 576.675
17 X 33 - 61 0.0014 453.111 576.719 697034 576.675
17 X 49 76 0.0003 453,169 576802 697.135 576.740
21 X 21 32 00004 453082 576700 696.986 <76.660
25 X 25 37 0.007 453.161 576.799 697.135 576.751
33X9 12 0.0001 452902 576.029 696.039 576.014
33X 17 25 0.0002  453.169 576728 696.993 576.685
33 X 65 91 0.0004  453.608 577423 62:877 577.280
50 X 50 115 0.0004 454233 57096 698.990 577.977
50 X 100 154 0.0004 454762 578.755 699.761 578.473
50 X 150 90 0.0004 457963 580.728 702.138 579973
65 X9 13 0.0001 453.183 576.579 696.800 576.547
65 X 17 25 0.0002 453.782 577.654 698.512 577.584
75 X 15 119 0.0004 456906 581.436 702.864 581.162
75 X 150 98 0.0004 459990 584961 707838 583.476

100 X 100 173 0.0004 461988 588.443 710772 587.422

100 X 150 215 0.0004  463.683 591.506 713.842 589.135

20.00002 maximum relative temperature change convergence criterion.

A minimum number of iterations is forced in the first problem to support the evalua-
tion of an optimum overrelaxation coefficient. This procedure is somewhat involved and
not particularly interesting to the application analyst for whom this report is writien.
However there may be some interest in how well the coefficient is resolved, as indicated by
the results below, starting with a value of 1.3808, the average between unity and the
optimum predicted for an idealized uniform mesh problem, 1.7616:
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Predicted Optimum
Iterations  Overrelaxation CoefTicient
16 1.6988
35 1.7242
44 1.7258
52 1.7264

Of course we don’t want to use this many iterations urless neccssary. The estimate
obtained for an idealized problem is quite good and might profitably be used initially;
indeed a modified value is currently in use. Complexity in the iterative behavior due to
error vector deficiency seriously impacts the evaluation as § becomes large (approaches 2
for a many-point problem). So some degree of conservation has been incorporated into the
procedures to avoid difficulty for the hard problem. Additional results are reported later.
Also a best guess of the optimum coefficient is used initially.

The utility of setting .he overrelaxation cocfficient to unity at the first iteration was
tested. The argument goes to the effect that if there is a poor initial temperature some-
where, it may be best to recalculate it and propagate the effect of the change but not pro-
pagate the effect of the overrelaxed change. Succeeding cases were often solved in one
iteration this way, whereas otherwise they would have required 4-6 iterations. Satisfying a
specified convergence criterion with and without overrelaxation can result in quite different
absolute error levels, so an apparent gain is considered to be illusory. Quite generally, for
the first of a series of cases, one more iteration was required to satisfy the convergence cri-
teria with no overrelaxation on the first iteration, and no incentive was found to set it to
unity for successive cases. So g is not set io unity at the first iteration.

Selected results are reported in Table 3 to show the dependence of the solution on the
number of meshpoints. Of some interest is the reported absolute relative error of the solu-
tion for the first problem that seems to increase as the number of points along one coordi-
nate increases relative to the number along the other. Such information has gone into the
reference meshpoint choice.

Additional results about the dependence of the results on the mesh are shown in
Table 4.

To generate computation burden information, several problems were solved to generate
statistically meaningful data. The following results were obtained:

IBM-3033 Computer

Problems Processor Local

Solved Meshpoints  Time (min)  cost (§)
500 13 x 25 0.23 2.0
750 13x25 0.39 38
1000 13x25 0.50 4,5
2000 26 x 50 1.01 7.8
125 26 x 50 0.34 3.0
250 26 x 50 0.72 5.1

500 26 x 50 1.38 8.5
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Table 4. Additional Results to Show the Dependence

on the Mesh’
Interface
Mesh Matrix Fuel Peak Slope
’ AT /AR

9X9 640.466 634.261 695.849 -141.766
13X13 640.827 685.571 696.448 -149.142
17 X 17 641.016 686.115 696.752 -153.298
21 X z1 641.125 686.622 696.986 -155.853
25X 25 641.194 686.622 697.135 -157.588
50 X 50 641455 687.784 698.990 -164.031
5 X175 641.735 689.633 702.864 -170.754

100 X 100  642.258 693.193 710.772 -181.458

“18 W/cc, surface temperature of 605.743 °K.

Note that four times as many meshpoints are treated at an increase in cost of roughly a
factor of four. Such results have led to the usc of more meshpoints and tighter conver-
gence of the iterative process than might otherwise have been selected as defaults,

Problem solution data are shown in Table 5 for the model beforc the gap was
included, and therefore the fundamental iterative behavior is known theoretically. As the
cell problem is made la-ger in the number of unknowns, it becomes more difficult to solve.
It was found that with a reasonable number of meshpoints it was most practical to predict
the optimum overrelaxation cocfficient initially. Moving toward an optimum from a poor
estimate was not found to be easy to do. Results with the fuel-matrix gap included are
shown in Table 6 and indicate that the procedures appear to be acceptable. Somewhat
improved procedures were adopted to account for the changes from one thermal cell prob-
lem to another, as indicated by the reduction in the number of iterations required to solve
a succeeding problem, with careful account for the effect of the gap. The gap has
temperature-dependent conduction and a small radiation component at this relatively low
temperature.  Interestingly, the extraction of the largest eigenvalue from a pair
(D. Vondy, NS&E 80, 1982) was found to show an advantage without the gap but com-
pletely failed when the gap was included.

Evidently an improved estimate of the dominant error vector eigenvalue is needed.
Results are shown in Table 7 to indicate some of the testing that was done. Whereas the
L, norm is the sum of the absolute iterate changes, the L, is the square root of the sum of
the squares of these changes. It also appeared practical to use both estimates, specifically
the square root of their product. Here again primary interest is in solving succeeding
problems following the first. (Solution in one iteration is nice, although overrelaxation was
not done this first sweep so the results may not be as well converged.) The results shown
in Table 8 do not point to an obvious choice. In all of these cases the attempt to extract
the larger of a pair of cigenvalues failed, the cause being unknown., Values of the eigen-
value estimates are shown below for the reference mesh (17 X 25) with 8 = [.2:
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Table S. Solution Information for a Small Graphite Thermal Cell Heat Conduction Problem (6R)

Ervor Vector

Eigeavalue Estimates

9

n?

1617

38

6,308

Extracted Associaled
Imtal Largest Eigenvalue inferred New
Relanation Was Ayymplotk Tteration Firnt of a Without Speciral  Relnxation
Extrapolation Used®  Action Taken L) Norm Pair Acceleration  Radius  Coefficient
(] Yes 20 0 ¥3660 0.85222 0.85222 092316 1.4446
16150° No
10 Yes 19 0.5955) 0.3956% 0.89568 0.94640 1.5117
1.6461° No
1.5897 No
1.0 Yes 48 0.96933% 097034 0.97038 0.9850% 1.706)
12 Yeos 36 095026 0.95810 097212 0.98596 1.7138
14 Yes M| 0.9318% 093598 0.9729) 098636 .1
s Yo 1?7 091317 091813 09733} 0.98668 1.7200
1.6 Yes 11 0.8870% 09735y 0.93681 1.213
7 Yes 20 07747} 0.77654 097147 098563 1.7110
172 Nov End 0.78169 0.89590 0.9%317 0.9925¢
[} No End
9 No [¥2}] 1 8330
19N No End
17634 No End 0.98280 099136
10 Yes 67 00411 0.9641) 0.98190 1.6313
1.8 No
17 Yes 29 0.9%467 0.992)7 0.99618 1.839)
18 Yes B D95 0.99364 0.99¢81 18522
1.8% No
19 No (26) 1.8888
195 No 23 1.854
1.99 No 22) 1.9404
1.3909° No (26)
1.%722 No
10 Yes 19 095632 0.96RsS 0.96855 098418 1.6987
s No
L9 No 29) 1.8350
198 No 120) 1.9028
192547 No 128)
1.9149 Yes 118)
) Ye » 097208  0.98067 0.98067 0.99029 17889
LS Yes
1.7 Yes » 097247 0.98003 0.99654 0.99827 1.88%0
L9 No 29 094974 0.94995 0.99796 0.9980% 1.9118
195 No 24
19413 No (P)]
19334 No (23)

Reluxation
Coelfivien!

Final

1.8117
1.6461
1.5897
1.708)
(I iR !
L7}
1.7201
1.7213
1.710
1.7829
1.7750
18122
1. %101
1.768)
1.84K7
1.8
1.M393
1.4822
188
1.8888
1.8574
| 84RY
|.84064
1.8722
1.8942
15
1.8836
1.877¢
1.879%
18287

1.922)
1.5

1.9222
1.8678
18878
18513
1.8904

Maximum

Relative
Temperaiure

Change Iterations Peak
Luit 1o Solve Temperature

leration Problem (*K)
4.5:06 22 45290
1.3.08 13 45290
4.6.06 24 45203
9.).06 14 452.9)
%.6.06 12 452.9)
1.5.08 49 451.06
1.1-08 M 451.07
1.7-08 2} 45).07
9.6.06 20 45).06
$.9.06 2) 45).10
6.7.06 ) 45).06
3.7.08 23 433,10
2.0.08 1] 45).07
).B.08 3 45307
2.0.08 22 45).08
2.0.08 19 45).07
1.9.08 1] 43).46
2.4.08 61 45).44
).4-06 43 433.47
$.4-06 45 433497
2.4.06 45 453.48
4.0-06 45 45).49
1.9.0% 44 433 49
1.5.08 n 443.49
1.2:0% 3 451.48
1.6.08 1} 45).51
12:07 132 454.46
1.9-08 66 45191
4.2:06 1.} 454.44
8.9-06 66 454.50
4.9-06 39 454 49
2.0-08 s6 454,52
3.6.07 176 45580
1.6-08 74 45%.30
1.9.08 89 455,65
1.7-06 1] 455.78
1.9-06 BY 435,80
4.1-06 b ] 45512
1.0.08 6¢ 45578

Itarations
Derivative to Solve
at Fuel s Next
Channel Probiem
Edge (Power Density
(*K/cm} Doubled, stc.)
-20.24 h]
-20.24 s
-20.3 )
+20.30 4
2032 3
-22.01 s
2207 4
2.0 4
22.09 4
2216 )
-22.09 4
222.16 $
2292 4
-22.10 6
22208 6
<2208 s
22312 12
<2358 10
-23.78 12
AT "
223713 20
-2).74 ]}
24N 12
-2).67 [}
+23.68 10
231 28
25,59 30
-25.40 10!
-25.%6 26
+25.68 n
«15.6% 36
25,58 N
.21.84 8
+26.72 36
27.2) n
22138 48
+27.46 L]
2138 i1
+21.08 AL}

Y4
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__Table 6. Solution Information About the Same Cases as Table 5§ — But Now with Coolant Gap Treated

Error Vector
. IR

Mazimum terations
— L) Relative Derivative 10 Solve
Extracted  Associated . Temperature at Fusl a Next
imuat Largest Eigenvalue Inferred New Final Chunge Torations Peak Chanm! Problsm
Reclazation Wat Aiyniptotic lieration First ofa Without Spectrs:  Relaxation Relanation Last 1o Solve  Tempsrature Edge {Powsr Density
Unkaocwn:  Coefficent  Extrapolation Used®  Action Taken L, Norm Paie Acceleration  Radius  CoefTicient Cusfficient lteration Problem (*K) (*K/em)  Doubled, etc.)
% 1.0 Yeu D] 036874 0.36374 0.93208 1.4681 1.4681 1.8.08 2 477,254 +39.59 )
L3S No 1.5872 1.4-08 13 477241 -39.58 )
1? 10 Yes 1”2 039269 0.49269 0.94482 1.5065 1.508% 4.0-06 22 4717.20 -39.60 3
1.5897 No 1.5897 1.1.08 12 477.280 -39.60 4
428 10 Yeu [ 098191 0.9819) 0.99091 1.7629 1.72¢7 2106 40 477511 43 )
12 Yes 13 0.9739?7 0.98267 0.99129 1.767) 1.767) 1.1-08 N 471.507 -41.67 [}
14 Yes 1 0.94007 0.97463 09872} 1.7252 1.7252 19.0% 26 477,549 -43.82 9
[ Yes 12 0.92347 0.97520 0.98752 L1219 1.12719 1.8.08 2 477,346 4181 9
X3 Yes 13 0.87823 u.nY 198 587 1.7130 1.71130 1.7-08 2) 477.561 4384 9
17 You 23 021824 WM v 4730 1.7289 1.725¢9 1.6.08 24 471.53) -43.70 9
L7 No 1.7241 1.7.08 24 477,587 -4).8) 9
)8 Mo X ] 1.9.08 21 477.302 «41.68 [
19 No 19 1.8530 1.8122 1.9.08 36 417.496 43N 9
17634 No 1.7634 1.5.08 2 477.517 4).74 5
1617 [EY) Yes 24 0.93012 0.95013 0.95013 0.97473 1.6349 1.856) 1.8-0% 76 478,440 46,91 27
’s Yes 28 0.98672 0.99559 099779 1.87388 1.8317 1.4-08 “® 474,304 46,29 9
v7 Yes 24 0.96574 099416 0.99702 1.4580 1.8500 1.8.08 38 470,306 -46.7) 23
'8 Yea 30 092503 0.92304 0.99287 0.99¢43 1.844) 1.819) 1.8.08 » 478.420 -46.78 27
183 Yes 29 087644 081751 0.99368 0.9968) 1.8527 1.8527 1.8.08 40 4! +46.81 2
1.9 No n 1.8350 1.85%0 1.9-08 3 478,308 +46.30) 19
195 No 20 1.9028 1.8574 1.9-08 48 478,320 -46.331 21
1.99

18722 Yes 31 0.87586 0.87610 0.99534 0.99767 1.8722 1.8722 2.0-05 45 478,383 -46.46 26
1828 10 Yes b1 0.95992 0.95992 097976 1.6664 1.9099 3.7.06 12 479,669 48.8% 48
LS Yes R 0.94808 0.93301 0.99147 1.7694 1.889¢9 2.0-08 o4 479.78) 48,62 S6
1.9 No 4 1.8330 1.8850 5.9.06 Cs6 479406 -48.8) 50
198 No 26 1.9023 1.7849 8.6.06 56 479,622 -48.63 47
19125 Yo 26 0.92036 0.920)9 099792 0.99896 1.9128 1.8238 1.9.08 $) 479,642 48,22 41
&30 10 Yeu 2 0.96960 0.96961 0.96961 0.98469 1.7031 18513 4.6-0% 148 44,568 +$0.52 n
s Yes 28 0.96693 0.98910 0.99434 1.8109 1.R906 2.0-08 ™ 481,378 -49.67 7
t.? Yes 29 096736 0.99443 0.9972) 1.8611 1.8931 9.9.06 74 48} 462 -50.18 69
L9 Yes n 092776 09217 0.99746 0.9987) 1.9040 1.8214 3.5.06 74 481,607 -50.72 3
1.93 No 26 1.9028 1 8667 1.5.06 " 481.650 -50.98 80
1.9334 No 13 1.9868 18441 2.1-06 66 481,612 -50.78 10

N
(-}
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Iteration L, Norm L,Nom L,, L;Nom

10 0.96586  0.95270 0.95926
11 096972 096176 0.96573
12 0.97284  0.96672 0.96977
13 0.97529  0.96855 0.97191
14 097490  0.96938 0.97214
15 097400  0.96831 0.97115

In each case the last value was used. Perhaps a better degree of convergence should be
effected so that overrclaxation is more nearly optimized.

There is a major difficulty as A—1, which occurs as the number of meshpoints in a
problem becomes large. The state where successive values are close enough to indicate
that resolution is adequate can not be easily establisied. Apyparently tests must be made
on 1-) to be of significance. It has been found that whea the ), estimates contain contri-
butions from a pair (), Az), then (1-2,)/(1-A,_,) tends to remain relatively constant. Use
has been made of a test on (1-A.—y) (I-A,—;) (I-A.)"2 = 1 and similar techniques with
SOME SUCCESS. '

Table 8. Example Thermal Hydraulics Results

Orificing Block 1 2 3 4
Reference Data
Relative coolant flow rate 0.98 0.91 1.61 1.93
Coolant exit temperature (°C) 786 738 924 874
Peak surfarz temperature (°C) 1015 1015 1015 1015
Orifice pressure drop (atm) 0.316 0.334 0.113 0

Perturbed Data (Set Minimem Orifice Pressure Drop)

Orifice pressure drop (atm) 0.320 0.339 0.114 0014
Peak surface temperature (°C) 1010 1010 1009 1024
Coolant exit temperature (°C) 784 736 919 881
Relative coolant flow rate 0.99 0.92 1.62 1.91

Results of thermal cell calculations are illustrated by the display in Fig. 3 of the tem-
peratures along a traverse between centers of the fuel channel and the coolant hole. A
common coolant hole surface temperature was used in this parametric study showing the
dependence of the temperature difference across the gap on the power density without a
coolant film effect. Since the heat transfer capability of the gap increases with increase in
temperature, the gap contribution tends to be the most significant at low temperature. Of
some interest in this area is the requirement for proper account of temperature effects
associated with power level changes to predict reactivity response. A usual non-uniform
gap would have the effect of skewing the temperature across the fueled channel, but also
owering the peaking somewhat.
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Fig. 3. Thermal Cell Results.

A small reactor core was modeled simply with 8 meshpoints (8 coolant channels
treated) and 4 zones of different material normal to the direction of coolant flow. With 2
axial zones, thermal cell calculations are performed at 8 reference locations. The average
power density was 5.0 W/cc. Results of the hydraulic calculation for a coolant inlet tem-
perature of 350°C and an outlet temperature of 850°C are shown in Table 8. The
results with the orificing perturbed are included. The distribution of the fuel temperatures
is shown in Table 9 for the reference and perturbed conditions. The perturbation raised
the calculated peak fuel temperature from 1144°C to 1152°C. Thus the results for the
perturbed state are reported to supplement the reference solution.

Absolute Proof Testing
Lacking a closed solution for even a simple two-dimensional problem, absolute proof

testing of these procedures was limited at best. A one-dimensional cylindrical problem
that had a uniform source and was homogeneous regarding the thermal conductivity was
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Tatie 9. Fuel Temperature Distribution Results >
Refersnce Fraction Fuel Hotter
Temperature
(°C) Reference  Perturbed Orificing i
1150 0.0007
1100 0.024 0.024
1050 0.071 0.069
1000 0.127 0.126
950 0.184 0.183
900 0.240 0.239
850 0.297 0.296
800 0.347 0.347
750 0.383 0.384
700 0415 0.415

approximated. Note that the equations applied are indeed those for a two-dimensional
cylinder without the coolant channel. The applicable equations, which are the same equa-
tions as used in the initialization procedures with some extension, are as follows:

—KVT = ¢ ; (59)
% % = %Ki , constant . (60)
At any radial location
T-T,+;qi r}—r’], (61)
Tow = T, + Z’l‘( : (62)

and, obtaining region averages for the fuel and matrix regions and a:so for the cell,



e e
T.=T5+-gE[r3—r}I, (64)
q
qr} (65)
T‘ = TS + qK -

In testing, use is made of the relationship between volume-weighted averages,

VT + VT, = V.T, . (66)
The slope of the temperature is given by
T _ —¢qr (67)

checked at the fuel-matrix interface. Note that the slope increases with radius.

Results are displayed in Table 10, along with precise answers. The results are good
even with a large number of radial points. The solution rapidly degrades as the number of
azimuthal points is increased, the results no longer being acceptable above about 50 points.
Apparently the difference representation simply loses accuracy. This discrepancy was later
removed by carrying the elemental volumes in higher precision.

Note that the difference error could not be established without an analytic solution.
The adequacy of the model for complicated two-dimensional geometry could not be simply
established with a very fine meshspacing solution.

The geometric component of the radial coupling coefficient is given by

8 _ o= -l (68)
ar 3, [1-1 A-nj’

Ar
+.—.
g 2

- Area
Distance

r
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Table 10. Example Resulis from a One-Dimensional Simuiatica
(A two-dimensional cylindrical sector with mmiform azimsuthal spaciag, feel channel
angle =/4, T, = 518.564, K fixed at .18 W /cm-°C-sec, heat sowrce
127324 W /cc, r; = 0.25, r, = 1.060660)

Temperatures (°K)
Mesh aT/or
Azimuthal X Radial interface Peak Fuel Average Matrix Average  All Average

Analytic -8.842 538.458 537.906 527.959 528.511
3X10 -8.683 538463 537.840 527.900 528.452
3X2 8993 538.461 537.895 527.942 528.495
31X 40 8.798 538.422 537.866 527.947 528.500
10 X 10 -8.784 538.518 537.888 527.909 528.463
10 X 20 9129 538.556 537.963 527.956 528.512
10 X 40 9046 538.650 538.034 527.990 528.548
10 X 40° -8907 538.525 537.935 527.963 528.517
10 X 80 -8998 538.533 537918 527.939 528.493
10 X 120 -9.029  <38.515 537.896 527.948 528.501
20 X 20 9.178  538.555 537972 527.957 528513
20 X 40 9147 538.629 538.009 527.966 528.524
20 X 80 -8913  538.559 537.952 527.979 528.533
20 X 120 -8.844  538.556 537943 527.961 528.515
40 X 40 -10.900  539.442 528.616 528.054 528.641
40 X 80 -10.065  539.308 538.208 527.962 528.531
40 X 120 -9.5.1  539.341 538.092 527.957 528.520
80 X 40 -29.702  554.513 546.580 529.193 530.159
80 X 80 -34.476  559.391 547.291 529.128 530.137
80 X 120 -34.539  561.999 547.387 529.085 530.102
100 X 100 -32.032  554.286 546.198 529.058 530.010
100 X 100* -32.226  554.482 546.373 529.105 530.064

“Solution approached from different initial conditions.
Very tight convergence effected, E, = 10~" compared to 5 X 1073 for other cases.

assuming a fuel channel angle of /3, where / is the number of azimuthal points and J the
number of radial points. Similarly for the azimuthal coefficient,

- 2®rlr ll—l (69)
, » A8 6r, ‘-l]'

Apparently the coefficient C, overwhelms C, for 7 large and especially for 7 small near the
center of the fuel channel. Note that C, might tend to overwhelm C, for J >> /. For s,
near unity we might prefer, at say » = 1/3, that C, = C,, requiring

Co = f\rea
Distance




or

J=14+U-1DV2. (70)

Mocre Effective Acceleration

As this report is being completed, alternative acceleration schemes are being tested to
develop a more cffective procedure. Justification for this effort is iargely from the need in
neutronics applications, inner iteration of the diffusion model of neutron transport and
acceleration of the discrete ordinates model. A multigrid procedure® has been coded and is
being tested, the details of which will be reported elsewhere. The process involves coilaps-
ing the current estimate of the temperature and the coupling cocfficients to a coarser mesh
for further iteration to reduce the error content. This technique is continued through
coarser levels to a very coarse mesh for which a direct solution can be obtained (when
needed), and then the calculational procedure passes back down the levels to the original
problem. Thus the local inaccuracies are reduced at each grid level, the global discrepancy
being reduced at the coarsest level. Of special interest is the insensitivity of the rate of
convergence to the acceleration parameters. Solid information about the details of an
cffective scheme applied to a non-linear problem is scarce, so extensive testing is necessary.
An example calculation is illustrated below as extracted for a thermal cell problem:

Lasgest Maximum
Mesh adjusting  temperature
Level (8 X R) Iterations factors change

15 X 27 2.86-4
8 X 13

(=

1.00044
1.66011
1.00069
1.00106
1.00189
1.00007
1.00010
1.00018
1.00214

W

——
(U T - N SR - BT - S S I - - N - N

7.15-5

o =Dt

1.00015
1.00011
1.00026
1.00042
1.00074

—_ A UWARA=INN=RAWOA =W

X XXX XXX XXX XX XX
L9 )

O=NWN—=O =N WE —NWN =
X
L]
2

WA NOWWWNNOIWWmMWOWWW

1 3.56-5

*At this level the solution is obtained directly.
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Significantly different resvlts are being obtained with the multigrid scheme, and this
remains to be understood. Also the procedure seems to be ineffective at higher conver-
gence levels, also not understood. As much as half of the computation cost bas, however,
been found to be ecliminated on an initial. very large problem. Of some interest is the
rapid rate of suppression of the error vectors that dominate initially by using a much
smaller overrelaxation coefficient than would be the optimum for straight overrclaxation.
A rather frustrating aspect to the author has been the generally ineffectiveness of modifi-
cations intended to improve the procedure.

The One-Dimensional Cell Model

As an option, a simple one-dimensional model is applied with the fuel channel at the
center, having tke cylindrical coordinate. An cffective outer radius, the distance to where
the coolant is assumed to be located for heat removal in the simple model, must be speci-
fied. Likely this distance lies between the minimum distance to the coolant, £ - r,, and the
characteristic celi dimension 2. [quations 59-67 would apply if the thermal conductivity
were constant. Of course the heat source is concentrated in the fuel channel, and provision
is made for the thermal conductivity to depend on the past exposure and local temperature,
so a difference formulation is uscd to produce the results.

An aspect of some interest is the direct dependence of the temperature on the heat
source, Eq. (59). Increasing the local heat source rate increases the fuel temperature.
Generally the peak temperature in the fuel occurs where there is both & high power density
and a high coolant temperature. The local heat source adds an incremental temperature
risc above the local surface temperature which is eicvated from the coolant temperature.
Concentrating the heat source in a smaller fuel channel at a fized average power density
increases the fuel temperature, since q of Eq. (59) is increased.

Some uncertainty is associated with the thermal conductivity K, leading to uncertaint;
in the temperature. With high exposure to high energy neutrons comes atomic displace-
ment and degradation in K. Indeed, cracks in an atomic lattice dramatically alter the
ability to transport heat, causing local temperature peaking, although the heat removal
capability in the aggregate is not entirely lost. Note that the temperature rise is inversely
proportional to the conductivity and that a 10% decrease in K causes the temperature
difference to risc 11%.

A onc-dimensional model tends to underestimate the temperature variation and hence
underestimate peaking in the fuel. This is because a cell of the desired size has too Irge
an outer surface for heat removal to the coolant. Perhaps a surface area correction factor
should be allowed, but instead the two-dimensional capability is reccommended. Also the
model was left simple without incorporating the fuel-matrix gap effect. The local conduc-
tivity is calculated at each meshpoint rather than use averages as is done for the two-
dimensional model.
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Note About the Cost of Cexl Calculations

Full core calculations ha: been dene that required 5,400 cell probiem solutions for one
case. These computer calculations cost so much that some scheme is probably needed ‘2
make om a few representative cell calculations and parameterize the cffects on the results
of the p'imary variables.

Effects of Thermal Cell Approximations

No reasonable way was found to account for such things as variation in the gap
between the fueled channel and the matrix. When the gap is narrow, the direct effect of
eccer.tricity is lower temperature in the fuel due to reduced resistance to heat conductivity.
Consider a straight gap of arbitrary length with linear variation in the width and fixed
temperature on the side of heat extraction.

For the purpuse of investigation, assume a linear variation in the thickness of a straight
gap and in the temperature along the side from which heat is removed:

h
=2 (r, - T
q A(z Vs

h = c[Tyx) + T\)*,

A =a + bx ,
1, = ¢ —_fx ,

L Cdx[le—fx+ T} [e—fx—T]
Q =.£qu :f (a +bx) '

Assuming an effective temperature and effective gap width,

he . CL
Q bl _A_, (Te - 7I) = T‘ [Tc + Tl]‘ [T¢ - Tl] .
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Requiring
Tt = Tl(x) = e — '%L v
! 4
Lk—%+1’,] le——-%—-r.
ol 7'—“"— le—fx+T\F le—fx=Ti}
o (a+bx) ! : !
Letting
__Jr - _r _ b
P=5r9~ %, a’
-2l |-
A 1 2 2
A ! 1 L I}
sL dx _px _
lH 2 -[ (1+sx) Il 2] [1=gx)

Thus a situation can be examined. Since the rate of decrease of the ratio of the numera-
tors to the denominator of the integral grows as x increases (like a cubic with negative
coefficients), the effective gap width is somewhat larger than the average. Eccentricity of
a cylinder in a cylindrical hole causes even more distortion of this sort in the same direc-
tion.

Temperature variation occurs across the fuel assemblics. The power density variation
is one cause that may or may not adequately be accounted for, depending on the mesh
svacing, on the degree to which variations in the nuclide densities are treated, and on the
iine-scale geometric detail, including control rod holes likely not modeled. Decreasing the
meshspacing tests for better account of the spacial flux distribution. Perhaps of most con-
cern in this area is an accurate accounting of the peaking near the reflectors, which would
require the use of more meshpoints than desired for economic calculations. Reducing the
size of the zones of homogeneous material picks up the effects of nuclide changes with
exposure. Of course the more accurately the geometry is represented and the better the
fuel loading and control and burnable poison are modeled, the more accurate are the
results and the less concern there is about uncertainty. Heat conduction occurring across
the fuel clements is ignored and has the primary effect of mitigating temperature peaking.
Likely this makes up only part of the causes for the modeling to underestimate tempera-
ture peaking.



Regarding other approximations, the gross effect is not clear. The assumption that a
single representative thermal cell geometry is adequate may or may not be reliable. Cer-
tainly there are places where this model is not representative. The use of only two thermal
conductivity values over each cell, and thesc being predicted values, is not precise. Still the
_ calculations should suffice for usual core analysis.

4. CERTAIN APPLICATION SUPPORT INFORMATION

Data Handling

The geometric description including the arrangement of meshpoints for discretization is
obtained from the geometry description supplied to the neutronics code, interface data file
GEODST. The heat source information is normally obtained from the point power density
file PWDINT. If this file is not available, the zone or zone and subzone average values
are redistributed using data from file ZNPOWD. Data from this latter file are normally
used for the thermal cell calculation when there is the subscale information about
subzones. Lacking subzones, these data arc generally not available. If file ZNPOWD
does not exist, zon¢ average data are collected from the PWDINT file data. If the void
fraction is to be varied, then the ZNPOWD file must be supplicd and indeed be written by
the exposure code where such information is added to the file. The neutronics code can
only put zone power density data on this file, not subzone data also. Note that when files
are supplied from both the neutronics and the exposure codes, the data may be somewhat
inconsistent, being generated by different procedures and associated with somewhat dif-
ferent points in time. Power density peaking and associated fuel temperature extremes
tend tc occur initially and mitigate with time, but the situation is complicated by partial
refueling, contro] rod positioning, and the coning of fuel enrichment, along with the use of
burnable poison. Exposure data are obtained from the file EXPOHT.

User instructions to this code are obtained from the PBLINS record of the file
CONTRL shown in Fig. 4. The input processor can be used to add this information
fror the user input data stream to an existing file, but in more common practice is the use
of the special input processor identified as DUTLIN with a module type 2 access, and
often several of these types of computational module control records are supplied at one
time. Any change requires another access.

ricvision has been made to supply certain special data. This is done with a interface
data file named THDATA. The input data processor is used to generate this file one-to-
onc from data in the user input data stream. The contents of this file are shown in
Fig. 5. Perhaps of most interest is the capability to provide special blocking information
(5D Record) to associate meshpoint intervals with coolant orificing.

By user instruction the temperature results are put on the file ZNTEMP described in
Fig. 6. These data may then be used in the calculation of macroscopic cross sections to
apply microscopic cross section correlations at the zone and subzone level for temperature
feedback. The user may find that for regions outside of the core proper there is inade-
. quate control over the temperature assignments, requiring processing before use. Such
processing may be done with a special code module processor or the data edited and
revised by terminal display or even cards.
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c

CR THR~TH THERMAL HYDKAULICS MODULE INSTPSCIIONS, PILE *CONTRL®

c

cN (THERMAL PRISMATIC PIXED BED OR PEBBL® BED)

c

cx DATE OF THESE INSTRUCTIONS -- AUGUST, 1983 -- D VONDY, ORML

c

cL PBLINS, (XX(I),I=1,100), (IX(I),I=1,100)

c

cw 10 1sNULT + 100

c

cH FOR SLAB (X) AND CYLINDRICAL (RZ) GEOMETEKY (FROS THE *GEODST'
cN FILE) THIS CODE ASSUSES SPHERICAL PEBBLE PUEL ELEMENTS RANDOMLY
N PACKED IN A BED THAT AT® PUSHED OF GRAVITY PLOW THROUGH CAUSING
cH INCREASING EIPOSGRE ALONG THE PATH AND TEE CONSEQUENCES THEREOF
CH UNLESS IX(2) IS ¥EGATIVE. CTHERWISE THERE ARE PARALLEL

cN COOLANT CHANNELS (CYLINDRICA. HOLES) EFFECTING 1-D PLO¥ THKOCGH
N WHAT IS USUALLY a 3-D PRISKATIC PIXED BED CORE.

c

cN AS A PROBLEM IS DESCRIBEL FOR THE BEUTRONICS CODE, THE COOLANT
cN FLOW IS LEFT TO PIGHT 1-D, TOP TO BOTTOM 2-D, OR PRONT TO BACK
CcN 3-D, DEFAULTED DOWNPLOW. THE PLOW DIRECTIION NAY BE REVERSED IN
cH THE CASE OF THE FIXEZD BED, BUT NOT FO. ~—"€ PEBELE BED =- SO

N TO REVERSE IT IN THIS CASZ, THE GEOMETRY DESCRIPTION MUST BE
cN IBVERTED WITH ZONE NUMBERS REASSIGEED TO POLLOW PEBBLE ROUTES.
c

N HYDRAULICS IS DONE ON A ZONE LEVEL, SO SUBZONES CONTAINED IN
cE ZONES ADNIT A SUBLEVEL TEMPERATURE AMALYSIS (COERESPONDING TO
cN A FINE SCALE FUEL ACCOUNTING IGNORED BY THE NEUTROMICS) .

c

cys * PLACED IN COLUBN 3 INGICATES DATA USUALLY REQUIRED

CNS $ IS A FLAG INDICATING NEEDED FIX®D BED DATA

ccox LINE HEADER SHOWING PEBBLE/FIXED UATA REQUIREMENT BLOCKS/SKIPS
CCox0 START HERE POR PEBBLE/FIXED BED DATA

c

cD PELINS THR-TH THEFMAL HYDRAULICS DATA IDENTIFIER (6FPBLINS)

c

D XX (1) VOID PRACTION IF TO BE CONSTANT, SEE IX(18) OPTIONS

cD (DEFAOLT VALOE 0.39 LACKING OTHER DATA - THE ZONE

cD FRACTIONS MAY BE USED AS SOLID PRACTIONS IF .02 <X< .98)
c

cH NORMALLY THE VOID FRACTION IS CALCULATED DIRBCTLY AS THE

CcN RENAINDER FROM THE GEONETRY DATA ADAITTING SPACIAL VARIATION
N OVER THE MESH: 1 NINUS ZONE OR SUM SUBZONE VOLUME FRACTIONS.

c .

cN CARE MUST BE TAKEN IN ASSIGNING NUCLIDE C)KCENTRATIONS AND

CN VOID PRACTIONS TO EPFECT ACCURATE MODELTNG .THE COOLANT HOLE
cN DENSITY IS ESTABLISHED BY THE VOID PRACT.Zs IN THE FIXEL BED).
co*  XX{2) INLET TENPERATURE JP COOLANT, DEG C (DEFAULT 350. 35)

CD* XX (3) INLET PRESSURE OF COOLANT, ATH (DEFAULT 40)

D XX (4) COOLANT #ASS FLOW RATE POR CORE PROBLEM (K3/SEC)

N CALCULATED POE HEAT REMOVAL GIVEN TEMPERATURES, LEAVE OUT

cD* XX (5) PEBBLE DIAMETEK OR COOLANT HOLE DIAMETER, CH

cH THLIS IS THE CHARACTERISTIC COOLANT FLOW DIANETER

cD XX (6) REPERENCE HIGH ENERGY NEOTRON FLUX PLUENCEZ, N/CH$s2

cD APPLIED ONLY IF IX(3) < O

c (CON'T)

Fig. 4. User Input Data for Thermal Hydraulics Problem Control CONTRL (Interface
Data File Specifications).
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Ch

CN
CH

CD
CN
CH
CD$
CD$
CcD
CD#

CN
CDp*
Ch*
(o]
ch
cb
cD
CcD
Ccd

CN
CN

ccoxi
ccox2

)
'+

XX (7) - R BCOQVERABLE ENERGY FRACTIOUN (DEFPAULT 1.0)

IF NEGATIVE, USED AS A PO# SR DENSITY PEAKING FACTGK
{(RELATIVE TO ZONE POWER DENSITY) OVERRIDING USE OF THE
POINT OR ZONE PEAK DATA. A VALUE SHOULD EE SUPPLIED WHEN
THE DATA IS INADEQUATE TO FURNISH FOLL PEAKING INFORMATION
(POINT DATA FROM A V-D CASE IS IMADEQUATE, POF EXARPLE).
XX (8) REACTOR POWER LEVEL DESIPED, W-TH
OBTAINED PEOM THE HEAT SOURCE (POWEER DENSITY) DATA, LEAVE 00T
UNLESS SOME CHANGE FBROM THE REFERENCE IS DESIRED
XX (9) CRARACTERISTIC THEa#AL CELL DIMENSION, SET = IX(5) IF O
CENTER FUEL CHANNEL TC CENTER COOLANT HOLE 2-D (CH)
DIAMETER POR 1-D (CH)
XX (10) RADIUOS OF THE ZOKRE MEAT (FUELED INNER REGION, CH)
FOR 1-D FUEL ELEMENT THERXAL CELL PROBLENM
RADIUS IS HALF THE DIANETER!
XX (11) RADIUS OF THE SUBZONE MEAT (FUELED INNER REGION, C%)
Xx(12) OUTLET TEMPERATURE OF COOLAMNT, DEG C (DEFAULT 850.35 IF
XX (4)=0), NOT USED I¥ XX(4) IS NON-ZEERO
XX (13) RELATIVE FLUENCE, NOLTIPLIES SOPPLIED DATIA (DEPAULT 1.0)
XX (14) RELATIVE PEBBLE GRAPHITE THERMAL CONDUCTIVITY,
MOLTIPLIEER ON THE BUILT-IN OR SOPPLIED DATA (DEPAOULT 1.0)
XX (15) ITERATION CONVERGENCE CRITZRIA, HMAXINOM RELATIVE ITERATE
CUYANGE POR TERNINATION (DEFAULT 0.00005)

THE PIXED BED PRESSURE DROP CONVERGENCE LEVEL IS TEN TINES THIS
WHILE THE FIXED BED THERNAL CELL IS ONE-FPIPTH

GO TO CCOX4 POR PEBBLE BED
CONTINUE rOR FIXED BED WITH 2PARALLEL COOLANT CHANNELS
XX (16) AXIAL HEIGHT (CM) FOR EXPANDING 1-D OR 2-D GEOMETRY

DO NOT SUPPLY IP THE NEUTRONICS CASE IS 3-D OR (i2)
XX (17 AXIAL POWER DISTRIBUTION FACTOR, NO MEANING IF IX(16) = 0
AXIAL SINE PUNCTION DISPLACEHBENT IF IX(16) = 1
AXIAL DISTRIBUTION DATA IP TIX(l6) = 2

THE HATA IS ALWAYS NORNALIZED TO UNITY BY THZ CODE
XX (18) AXIAL SINE PUNCTION SKEW IF IX(16) = 1
XX (19-29) RESERVED

GO TO CCOX5 FOR FIXED BED
CONTINUE FOR PEBBLE BED
APPLY THE PCLLCWING BLCCKED FLOW AREA OFTICN WITH CAUTION.
XX (16) INSIDE RADIUS JF BLOCKAGE (MUST BE 0 TC BE REALISTIC), CM
XX (17) OUTSIDE RADIUS OP BLOCKASE, CHM
XX {18) DISTANCE BLOCKAGE STARTS FROM COOLANT INLET, CM
XX (19) HEIGHT OF BLOCKAGE, CH
XX {20) SOLID BLOCKAGE PRACTION (DEPAULT 0.85 -- USE LARGE VALUES
WITH DISCPETION)

DATA TO DEPIs~ THE CORE BOUNDARIES FOLLOW -- HOWEVER THIS DATA
1S USUATILY NOT INPUT AND THE CODE DETERMINES WHERE THERE IS A
SOURCE OF HEAT TO OUTLINE THE CORE.

XX (21) INSIDE RADIUS OP (ORE, C¥ (NORMALLY ZERO)

IX (22) OUTSIDZ PAPIGS OF CORE, CM

XX(23) DISTANCE FRCM BOUNDRY, CM (FROM LEFT 1-D, FRON TOP 2-D)

XX (24) HEIGHT OF CORE, CN

XX (25) LINITI4G PROCESSGR TIYE, SECONDS (DEFAULT 120)

(CON'T)

Fig. 4. (Continued)
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INITIAL ACCELERATION COSFFICIENTS AKE MADE PROBLEM DEPENDENT
AND MAY BE ALTERED DURING THE PROBLEM SOLUTION IF7 DEENED TO BE
DESIRASLE BY THE AUTOMATED MONITORIKG PROCEDURES.
THE ROUGH ITERATIVE BEHAVIO® EARLY IN HISTCRY NAY CAOSE THE
INITIAL COEFFICIESTS TO BE REDUCED, SO SONEWHAT LAKGEL VALUES
THAS OPTINUM ASYNPTOTICALLY MAY BE PREPERABLE INITIALLY.

XX (26) STREAM FUNCTION OVERRELAXATION COEFPICIENT

XX (27) BULK TEMPERATURE, DiTTO

THE RATE OF CONVERGENCE MAY BE VERY DEPENDENT ON THE VALUE OF
THIS COEFPFICIENT, SO PROVIDE A TESTIED VALUE FOR A SIMILIAR CASE
(SNALLER POR CEXTRAL DIFFERENCE TEAN UPWIAD)
XX (28) SURPACE TENPERATURE, DITTO
A VALUE OTHER TRAN UNITY LIKELY WILL NOT PROVE EFFECTIVE HERE
XX ¢29) PRESSURE, DITTO

CONTINUE
XX (30) SPECIFIC HEAT VALUE (5193.)

DATA CHANGES POR OME OE TWO SUBSEQUENT CASES DONE I¥ HONZERO
XX(31) HEW INLET COOLANT TEMPERATURE, DEG C (DEFAULT XX(2))
XX (32) NEW OUTLET COOLANT TENPERATURE, DEG C (DEFAULT XX (12))
XX (33) RELATIVE POWER LEVEL FOR SUBSEQUENT CALCULATION
THIS MAY BE MADE NEGATIVE (EVEN IF UNITY IS DESIRED) TO
FIX THE ORIFICE RESISTANCES AT RESULTS FOR FIRST CASE
XX (34) NEW INLET COOLANT TEWPERATURE, DEG C (DEFAOULT XX (31))
XX(35) NEW OUTLET COOLANT TEMPERATURE, DBEG C (DEFAULT XX (32))
XX(36; RELATIVE POWER LEVEL FOR THIRD CASE (DEFAULT (XX (33))
] (Relative to the Initial Case)
EQUATIONM COEPPICIENTS AND DATA POLLOW
XX (37) HKOLECULAR WEIGHT (4.0026)
XX(38) AZERO (0.0216)
XX(39) AGAS (0.09849)
XX(u0) B (0.)
XX(41) C (40.)
XX(42) RGAS (0.08206)
XX(43) DZERO (0.014)
XX (44}  PCONA (17.)
XX {45) PCONB (20.5)
XX(46) PCONC (-15.37)
XX(47) BETAK (0.95)
XX (48) GAMMAK (2./3. SPHERE, PI/4. CYLINDER)
XX (49) PC (3.674E-07)
XX(50) FD ;0.7)
XX(51) FE (0.71)
XX (52) PP (2.682E-03)
XX(53) PG (0.0011279)
XX(54) PH (1.43B9E-4)
XX(55) AFRIC (4.1666) HYDRAULIC ZQUATION, FPIRST COERFPICIENT
XX (56) BFRIC (.1754, 2.0 IF IX(13) > 0)
XX(57) PV (2.2679E-07, FOR PIXED BED u8. 14)

Xx(58) P2 (3.0, FOR FIXED BED 0.4446)
XX(59) P3 (0.1293, FOR FIXED BED 1.2)
XX(60) P4 (.3292, POR PIXED BED 0.022
XX(61) S (.277, FOR FIXED BED -0.2)
XX (62) P6 (.2u26, POR PIXED BED -2/3)
XX(63) P7 (.26, FOR PIXED BED 0.4)

XX (64) P8 (.u76, FOR FIXED BED 1.0)

£X(65) P9 (.41
(CON'T)

Fig. 4. (Continued)



XX(66) PW (1.176E-04)
XX(67) P11 (311.)
XX(68) FOR ONE-DIMENSIONAL CALCULATIONS, RADIAL PEAKIEG FACTOF
FOR AUXILYARY CALCULATION (DEFAULT 1.2)
XX(69) P13 (.005)
XX(70) P4 (2., FOR FIXED BED CR IF IX(13) > & 0.04)
XX (71) - XX(83) REFERENCE THEZMAL CONDOCTIVITY DATA
USED IF XX(71) .HE. O

AT 8O EXYPOSURE, CORKESPONDING TC TESPEEATURES (K) -~

CN 300. 350. 800. 500. €00. 700. 800. 900. 1000. 1100. 1200. 1300. 1600.

REFERENCE POINT C(2) AT T = 350. IS 1.05 WATTS/CH-DEG DELTA T.
TO CONVERT GN-CAL TO WATT-SEC, MOLTIPLY EY 4. 186

XX(84) P15 (0.1905, FOR FIXYED BED OR IF IX({13) > O 0.023)

XX(85) P16 (2./3.. FO: PIXED BED OR IF IX(13) > 0 0.8)

XX(86) EOVR (0. 1\*CIAMETER OF PEBBLE)

XX (87) EOVA (0.5¢DIANETER OF PEBBLE)

XX(88) - XX(100) RESERVED

Ix(n OPTION ON FLUID FLOW GRAVITY TEERM
-1 HO GRAVITY TERHN
0- COOLANT FLOW VERTICALLY DOWNWAED
1- COOLANT FLOW VYEXTICALLY UPWARD

GO TO CCOXS FOR PEBBLE BED
CONTINUE FOR FIXED BED
IX(2) FIXED BED MODEL FORCING OPTION

MUST BE NEGATIVE TO FORCE THE HMODEL OF HOLES IN A SOLID
LATTICE FOkK (X) SLAB 1-D OR (RZ) 2-D GEOMETRIES
(OTHERWISE THE Z~ODE ASSUMES PEBBLE BED)
IX(3) OPTION ON FLUENCE, <0- DONT READ DATA (SEE XX (6))
. 0, 1- *CPHIST* FILE, CONTIUOUS FUELING
NOTE THAT THIS FLAG MUST BE SET FOR FIXED FUEL EXPOSURE
2- SEXPOHT' PILE, FIXED PUEL EXPOSURE
IX () FLUENCE SELECTION, O, 1- USE PIRST RANGE IF AVAILABLE
2- USE SECOND RANGE IF AVAILABLE
3- USE TOTAL IP IT IS AVAILABLE

IP DESIRED DATA IS NOT AVAILAELE, NC DATA IS USED.
DATA POR ONLY THE HIGH ENERGY PLUX MUST NORMALLY BE SUPPLIEC
IX(5) MEMORY AVAILABLE FOR DATA IN 1000 WORDS
(DEFAULT 20000 ADDED TO RECOKD °*DRVINS® CONTENT
WHICH IS THE NUMBER SUPPLIED T0 THE CONTROL XODULE)
UNDER VIRTUAL MEMORY, ASSUME FULL CORE CONTAINED
AND ALLOCATE SPACE ACCORDINGLY

IX(6) REVERSE COOLANT FLOW DIRECTION IF > O
IX(7) DEBUG EDIT LEVEL (0,1,2,3)

IX(8) EDIT LEVEL CF RESOLTS

IX(9) OPTIONS ON THE CONTROL OF FLOID FLOW

0- SET TO REMOVE HEAT PFOR EACH PATE (IDEAL POINTWISE ORIFICING)
1- SET TO FEMOVE HEAT BY BLOCKS OF POINIS (ZONE ORIFICING)
2- PREDEPINEBD BLOCKING OF POINTS FOR ORIFICING
(TO BE IMPLEMENTED, REQUIRES AN ADDITIONAL DATA FILE)
3- ALLOW FLCW POR THE PRESSURE DkOP (NO ORIFICING)
4- SET CONSTANT (IDEALIZED CONDITION)
{CON'T)

Fig. 4. (Continued)
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IX (10) THEBRBAL CELL CPTICES FOR HPAT TRANSPORT IN SOLID
0- TUO-DINMENSIONAL ¢ssss XOT AVAILABLE YET, DEFAULTED TO 1
V- ONE-DIMENSIONAL CYLIKDER
IxX (M) ITERATION COUNT TESMIBATION (DZFAOLT ESTIMATED BY CODE)
-§0 ITEBATION IF <0
IX (12) EEGARDING ORIFICE LOCATION
0,1- BO ORIFICING CONDITION TO COWSIDER
2- OBIFICE AT TRE COOLANT INLET
3- ORIFICE AT THE COOLANT OUILET
IX (13) HORE ORIFICING OPTIONS WITH CCOLANT BLOCKING
0- SET FOR EQUAL EXIT COOLANT TENPERATUEES BY COOLANT BLOCK
1- SET TO BINIAIZE 2EAK SURFACE TENPERATURE BY BLOCK
2- SET TO MINIBIZE PEAK EYIT COOLANT TEMPERATURE BY BLOCK

MININIZING THE PEAK FOBRCES THE PEAKS BY BLOCK TO BE EQUAL
IX (18) ONIT ESTERANCE/EXIT PRESSURE LOSS IF > C

OPTIOES TO EXPA¥D 2-D TO 2-D OR 1-D TO 2-D

IX(15) WONBER OF ONIPORN AXIAL INTERVALS

A DIMENSION IS ADDED IN IRE COORDINATE OF THE COOLANT FLOW
DIRECTION TO EYPAND THE PEOBLEN, ABD THE POWER DENSITY DATA
NORMAL TO TEE FLOV IS THEM EXPANDED (SEE BELON).

USE A REASONABLE WUNBER OF INTSRVALS, 20 BATHER THAN 2 OR 60.
IX(16) AXIAL POWER SHAPE JPTIUNS (DISALLOW ACCELERATION IF <0)
<0- (NO ACCELEKATIC) FOR ITERATION -- FIX INPUT COEFPICIENT)

0- PLAT
1- SINE (SEE XX(17), XX(18))
2- INPAT AXIAL VALUBS BY ISTERVAL IN XX (317) +

JOTE THAT IF IX(16) > O, ARRAY LOCATIONS XX (17¢) ARE THEN
UNAVAILABLE POR OTHER DATA USE, TO THE END OF TEIS DATA.
IX(17) PACIOZ BY WRICR THE NUMBER OF ZONES IS EXPANDED

A | BERP MEANS THAT THERE WILL BE OBLY ONE AXIAL ZONE
USED FOR FUEL TENPERATURE CALCULATIONS. IF INPOT 6,
CALCULATIONS WILL BE DONE FOR 6 AXIAL ZONES AS CAN BE
DISTRIBUTED AS EVENLY AS POSSIBLE EASILY.

IP >1, STORAGE REQUIREBENTS IBCREASE SOBEWHAT AND THERE
IS DIPFPICULTY ASSOCIATING TEBPERATURE FEEDBACK.

GOTO CCOX10
COSTINUE FOR PESBLE BED
IX (2) OPTION O PRESSORE DROP AND FPILM COBFPICIENT
0- GERBAW
1- US CORRELATIONS (OLD)
IX(3) OPTION ON PLUEBNCE, <0- DONI READ DATA (SEE XX (6))
0, 1- *CPHIST' FILE, CCN¥TIIUOUS FUELING
NOTE THAT THIS PLAG SHOULD NORRMALLY BE SET IF IX(13) > 0
2- *EXPOHT' FILE, FIXED FUEL EX?0SURE
IX (4) PLIENCE SELECTION, O, 1- GSE PIRST RANGE IP AVAILABLZ
2- USE SECOND RANGE IF AVAILABLE
3- 0SE TOTAL IFP IT IS AVAILABLE

IF DESIRED DATA IS NOT AVAILABLE, NO DATA IS USED.

DATA POR ONLY THE HIGH ENERGY PLUX MUST NORMALLY BE SUPPLIED

THAT IS SUITABLE POk ESTIMATING ATOM DISPLACERENT (DAMAGE).
(CON'T)

Fig. 4. (Continued)
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CcD
ch
(]
cD
cD
c

1X(5) MENORY AVAILABLE FOR DATA IN 1030 ¥ORDS
(DEFAOLT 20600 ADDED TO EECORD *DRYINS® ALLOCATION
WHICH IS THE NUABER SUPPLIED TO THE CONTROL MODULE)
NEMORY CONTAINED PROBLEMS, MAY NEED VIRTUAL BENORY
1X (6) THERMAL CONDUCTIVIIY TREATNENT (POE GROSS HEAT TRANSFER
ACROSS CORE), OPTIONS
<0~ WO SOLID PHASE HEAT TRANSPER
0- USE ZONE EXPGSURE DATA AND SURFACE TEMPERATURE
1- USE SUBZONE EXPOSURE DATA AND SURFACE TENPERATURE
2- DITTO, BUT VOLUME FRACTION WZIGHT INSTEAD OF AVERAGE
3- USE BUILT IN AXIAL PUNCTION
1X(°) DEBUG EDIT LEVEL (0,1,2,3)
IX (3) EDIT LEVEL OP RESU'TS (-1,0,1,2)
EDIT LEVEL ~ LINDEXED UP IF RESULTS SEEM UNUSUAL
1X (9) HEAT BEBOVAL OPT.JUNS
0- WORMAL
1- EXCLUDE SOLID CONDUCTION
IX(10) FOEL ELEMENT GEONETRY FOR THERMAL CELL
0- SPHERICAL
1- CYLINDRICAL (INFINITE LENGTH)
IX(11) ITERATION COUNT TERMINATION (DEPAULT ESTINATED BY CODE)
-NO ITERATION IF <0
IX(i2) OPTION O¥ RADIAL (CROSS) FLOW, ELININATION
0- NORMAL (INCLUDE)
1- EXCLUDE
2- BXCLUDE, AND PIX THE AXIAL FLOW RATE PROPORTIONAL
TO THE AXIAL HEAT LOAD (IDEAL ORIFICING)
3- SANE AS 2 BUT ORIFICE AT INLET INSTEAD OF THE OUTLET

NOTE THAT THE ABOVE NON-ZERO OPTIONS APPLY TO PIXED TRAVERSE
COOLANT PLOW INVITING ADJUSTMENT OP THE DEFAOLT COEFFICIENTS
IX(13) CERTAIN OPTIONS OP SNALL INTZREST

> 0 PLOVW THROUGH COOLANT HOLES (RATHER USELESS)

IF O, THE UPNIND DIFFEREECE IS USED FOR THE BULK

TENPERATURE PLOW CONPONENT, CENTKAL DIPFERENCE IF <O.
IX(i4) ITERATION PRUCEDURE OETION,

-1~ DO NOT INCREASE OVERRELAXATION COEFPICIENTS

0- ADJUST OVEERELAXATION COEPFIEIENTS DURING ITERATION

i- DO NOT INCREASE NOR DECHEASE COEFPICIENTS
IX(15) EQUATION SWEEP ORDER,

0- SIGHA-1 (ODD POINTS, THEN EVEN POINTS)

1- NORNAL ORDERED (ONE POINT AFTER THE OTHER, Z THEN R)
IX{16) ASYMPTOTIC EXTRAPOLATICN PROCEDURE OPTION,

0- NORMAL (ALLOW)
1- DO NOT ALLOW
>1- MININOM CYCLE DELAY ITERATION COUNT

IX{17) OPTION ON ASYNPTOTIC iXTRAPOLATION, DATA LEVEL

J- STREAM FUNCTION, TEMPERATURES, PRESSURE

1- STREAN PUNCTION, PRESSURE

2- PRESSURE ONLY

CONTINOE
IX(18) OPTION ON THE CALCULATION OF THE LOCAL VOID PRACTION
(OVERRIDDEN 3Y XX (1), APPLICABLE ONLY WHEN THERE ARE SUBZONES)

0- SOMS ZOME AND SUBZONE VOLUME FRACTIONS

1- USES ONLY ZONE VOLUME PRACTION

2- SUNS ONLY SUBZONE VCLUME PRACTIONS

(CON'T)

Fig. 4. (Coniinued)



IX(19) INITIALIZATION OPTIONS POR PEEBLE BED HYDRAOULICS
-1 ONLY FOR SUBSEQUENT CASE THE SOLOTION 1S KEPT
0- AUTONATED PROCEDURE (AXIAL FLUID HEATING)
1- SORETHING DIFFERENT FOR HE WHO HAS TRIED EVERYTHING
IX(20) WRITE ZONE TEMPERATORE FILE °ZNTEHP®* OPTIONS
-1- MO
0, V- WRITE OVEE EXISTING ONE IF ONE EXISIS
OTHERWISE WKITE NEW ONE
2- WRITE OVER NEXT TO LATEST VERSION IP IT EXISTS,
OTHERWISE WRITE NEW ONZ
3- GENEBATE NEW FILE )
IxX(z2m SAVE DATA OK AN INTERiFACE PILE FOR RECOVERY
-1- SAVE DATA IF CONVERGEBCE CRITERIA IS NCI SATISFPIED
0- DO NOT SAVE DATA
1- SAVE THE THEEMAL HYDRAULICS DATA FOR RECOVERY
2- SAVE ALSO THE THERMAL CONWNDUCTIVITY DATA
DATA IS SAVED FOR ONLY THE PIRST PRCBLEH, NOT SUBSEQUENT CASES
HYDRAULICS DATA SHOULD NEVER BE BEELED POR THE FIXED BED
IX(22) RECOYER DATA FEOM AN INTERFACE FILE TO CONTINUE ITERATION
OR FOR INITIALIZATION (PROBLENS MUST BE SIAILIAR)
1- RECOVER ALL DATA (BO REPLACENENT)
2- DO WOT USE VOID FRACTION, POWER DEWSITY, NOER
EXPOSURE DATA FROM FILE (USZ NEW DATA)
IX (23) OPTION TO RECOVER THE THERMAL CONDUCTIVITY DATA
0- DO MOT RECOVER DATA
t- RECOVER AND USE THE IRRADIATION TEMPERATURE AKD
NEUTRON PLUX EXPOSURE PUNCTION DATA (OPTION REQUYRED TO
ACCOUNT FOEk THE PAST HISTCRY OB PROPERTIES)
2- RECOVER AND USE DIRECTLY THE THERNAL COKDOCTIVITY

THERMAL DATA MAY EITHER BE SAVED OR RECOVERED, BUT NOT BOTH.
PERTURBATION FROM SOME BEFERENCE STATE MAY REQUIRE THAT THE
DATA BE RECOVERED POR THE REFERENCE STATE REPRESESTING AN
EXPOSED CONDITION AFFECTING THE THERNAT CONDUCTIVITY, TO BE
KEALISTIC. "ATA RECOVERY IS GIVEN PREFERENCE OVER SAVING IN
PROCEDURE DEPAULTING, A SINGLE PILE ALLOVING ONLY ONE TASK
IX(24) PEBBLE BED HYDRAULICS OPTION IF > 0, OVERRIDE DB AULT
THE DEFAULT IS AN ARBITRARY ADJUSTBENT OF THE COOLANT
TENPERATURES ELISINATING PINITE DIFFERENCE HEAT BALANCE ERROR.
IX(25) PLUENCE IN THE PUELED REGION OF THE CELL IS MULTIPLIED BY
THIS NUBBER DIVIDED BY 100 IF >0
THIS AFPECTS THE THERMAT CONDUCTIVITY
IX(26) BATIO OF THE HEAT SOURCE IN THE LATTICE TO THAT IN THE
FOEL REGION IS THIS NUMBER DIVIDED BY 10000 (DEFAULT 0),
1X(27) RESERVED
MORE THERNAL CELL DATA POLLOWS POR THE PIXED BED
INPUT FOR THE PEBBLE BED HAS EMDED
IX(28) ANGLE AT THE FUEL CHANNEL OF THE THERMAL CELL IS THIS
NUYBER DIVIDED BY 100 TINES PI/3 (DEPAULT 100).

CCOX12  INPOUT FOR THE FIXED BED CONTINUES

ch
cp
cb
Cch
CcD
of

IX(29) OPTION OF THE GEOMETRIC CELL MODEL
O- MATHEMATICAL TRANSFCRM IS USED
1- THE MESH IS DISTORTED DIRECTLY
2= DISTORTION PROCEDURES ARE TESTED WITH A SECTOk
3~ A SIMPLE 5BCTOR OF A CYLINDER IS USED, INACCURATE.
(CON'T)

Fig. 4. (Continued)



CcD IX(30)

45

AXINUTHAL MESHPOINTS (DEFAULT 16)

CcN THEFEMAL CELL ¥ESH LIMITED TO A MAX OF 100 x 100

CcD IX(3)N)
co IX (32)

cD IX (33)

o) IX (34)
cD IX (35)
Cb IX (3€)
cD IX (37)
cD IX (38)

cD IX {39}

BADIAL MESHPOINTS (DZFAULT 24).

ITERATIVE SOLUTION PRGCES3 OPTION

0- LINE OVERRELAXATION, SIGYA-1 ORDER

1- INELICIT LINE RELAXATION, SIGHA-1 ORDERED

MAXIBUN ITERATIONS, SET BY CODE IF 0

IF <0 THERE ARE ¥O ITEBATIGNS EXCEPT 1| IS CONE THE PIEST

PROBLEN, THIS OPTION USEPUL ONLY FOR TESTING.

IF >0 THE OVEEG ELAXATIOM COEFFICIENT IS SET TO TBIS

SOMBER DIVIDED BY 100 (DEFAULT CODE CALCULATED).

IF >0 A SIMPLEE PRICZSURE IS USED TO ISITIALIZE THE

TEYPERATURES FOR THE FIRST CASE (DIFFEREST START)

IF >0 THE FUEL, MATRIX GAP IS THIS DIVIDED BY 10000

DEFAULT GAP THICKNESS 0.0125 CH

IP >0 THE KET GAP SURFACE ENISSIVITY IS TBIS / 1000.
DEFAULT VALUE (0.8, 3.9) 0.735

IF >J THE FUELED COLUMM THERMAL CONDUCTIVIIY IS

MOLTIPLIED BY THIS ,/1000., DEFAULT DEGEADING FACTOE 0.50

MCPLTIGRID THERMAL CELL ACCELERATION OPTIONS

-2 DYSALLOW

CcD =% APPLY EACH ITERATION FIRSI PROBLEN OBLY

Cco QO AUTOBMATED PROCEDURE EXBCUTES SPACING

CD ! APPLY EACH ITERATICON EACH PROBLEN

cD >1 START NORMALLY AND THEN SPACE THIS MAMNY ITERATIONS
CDN NOTE THAT A LARGE NUMBER CAUSES BULTIGRID TO BE DON:Z ONLY ONCE

CcD IX (40)

CcD IX(87)

CD IX(u2)

CcD IX (43)

CD IX (44)

cD IX (85)

MOLTIGRID PROCEDURKE OPTIONS AND LEVEL COBSTRAINT
-3 GROSS REBALANCE, ALTERNATES COORDINATES
-2 GROSS REBALANCZ2, THETA COORDINATE
-1 GROSS REBALANCE, RADIAL COORDINATE
0 MULTIGRID WITHOUT LEVEL CONSTRAINT
>0 MULTIGRID WITH THIS LEVEL COMSTRAINT
OPTICNS ON THE COAEKSE GRID PROBLENM ACCELERATION SCHENME
O- AUTOMATED PROCEDURE, LINE RELAXATION
1- POINT RELAXATION
MULTIGRID LEVEL TRAVERSE OPTIONS
-1 SOLVE PROBLEMS ONLY IN A DESCENDING TRAVERSE
THROUGH THE LEVELS BEGINNING WITH THE COARSBEST
O- VARY THE LEVEL AS DEEMED CESIRABLE
1~ FIX TO DO THE MAXINUM LEVEL WITHOUT CHANGE
MULTIGRID ACCELERATION COEFFICIENT TINES 100.
(OVERRELAXATION HAS BEEN DEINPLEAENTED)
MULTIGRID CONVERGENCE LEVEL OPTIONS
O~ AUTOMATED
1- PIXED LEVEL
2= IBCREASING CONVERGFNCE WITH COARSENESS LEVEL
OVERRIDE ANY AUTOMATED INITIAL GLOBAL 1-D REBALANCE IF >0

cD IX(46) - IX{100) RESERVED

Corm——— -~ —— > a—a - - - - - - - - - - e ——— - - P e

Fig. 4. (Continued)
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COEOSS0P90000 500000000 C0000 00 ¢SS0 0SSSSSES0EPSSISIVOOEIPSOEIEEOSISEBSEISISISS

C REVISED 131-17-93

C

CF THERAA

C

CE THPRAAL BYDPAOLICS PFOBLER IBFOEMATICH

C

CE PEIMARY UST OF THIS DATA

(o] V- ASSIGE A COOLABT EEFEFENCE TO INTEEVAL: ALLCaI®G FLOW CONTECL
cs 2- EXTEBD TWO-DIFEBSIOSAL PRCBLZ3S T0 THFEL-DINENS:ObAL
cs ADDING A AXIAL DINEBSIOF ALOXG TdE DIEZCTICY OF FLOW
C

COSCO 00000 S SOSSPIPS OSSO PS PSS SOSSIC SPPC S0P ISE SR SS0ISIONSSIISSOIRSSISE

C -— - —— - - -

. CF FILE IDENTIFICATION

C

L BBABE, (40SE(I) ,I=1,2),IVEES

C

Cw 1+3sR0LT=8I99EE CF %02DS

c

cD ARARE HOLLERITH FILE SAME - THESNA - (A€)

co HOSE (I) HOLLEEITH CSEE IDEBTIFICATION (A6)

cD 1VERS FILE VERSIUS BUYSER

cp aULT DOGUBLE PRECISIOS PARANFYEE

cc - A6 KOSL IS SISGLE WORD

<D 2- a6 WORD IS DOUBLE PRECISION KOED

c

C —— — —— - ———— - - - ——— == ———— —— -
C-- — - -~ - - oo - ————— -
ca FILE SPECIFICATIONS (10 SECORD)

c

L 10, 1V, 12, 13, Is, 15, Te, (11(J),J=1,13), (DEBSC(D),I=1,12)

(o } 20 WORLS

C

CB 10 OPTION POR THERMAL HYCEAULICS DATA

co I1 NORBER OF AXIAL INTEFRVALS

D 12 BONBZR CF INTERVALS ¥ORMAL TO COOLAKT FLOW

(8] {WUNBER OF ZOWES IF IS = 2)

ce (TOTAL POIBTS WHEN USED WITH CPTION 16)

cD I3 OPTIOB OF AXIAL INTERVAL DINEBSIORS

D I OPTION OF AXIAL PONSER DENSITY DISIRIBOTICY

cD IS OPTION OB COOLANT BLOCKINS

ce - DATA 8SY INTERVAL ACROSS THE CORE MESH

(8] 2= LATA BY ZOKE, USED CNLY POR PIRST TPAVERSE)

CD Ie OPTION ON POWEER DENSITY ACPOSS FPUEL ASSERBLIES

()] 1I RESEPVED

cp DESC DESCRIPIIVE DATA POR FILZ DOCUMENTATION (lsAt)

C

o m m e s mm e e o s e m - - - ———— - — o
c .....................................................................
Ck THEKMAL HYDRAULICS DATA (2D RECORD)

C

cC PRESENT IF I0.GT.O

C

CcL (TRDATA (¥) ,¥=1,1C0)

C

(o} 100*8U LT WORDS

C

(9] THOATA (1) THERYAL HYDRAULICE DATA LEPINZD TN CODE

cD COCUMENTATION OF OSE

C

c .......................................................................

{(CCN'T)

Fig. 5. Thermal Hydrauucs Problem Interface Data File Specifications (THDATA).
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CF AXZIAL INTEEYAL DINENIIONS (30 =2ZCa-:9)
C
cC cPESLNT IF 13.0T.3
[
(85 (c1ssd (1), 1=1,11)
C
Cs It 80ads3
C
cC CRESH(I) AXIAL ISTEZVAL THEICKNZSS, <1
C
Commmmr e s e S g
c- - e e ———————————
(44 AXIAL POWTT DENSITY Ji3TSISUTICY (4D FICCRD)
C
cC FRESENT IFP 14.5T.0
C
L (X3ZPS (1), I=1,11)
C
Cw Iv WOECS
C
(@ X222 (7) BELATIVE FOWZF DENSITY 3Y AXIAL TINTEQVAL
C
cy TFIS DATA ALLCES A TRO-LIMZASICHAL PO4ER DpSSITY CISTrI3TTIus TO
Ccy BE ZYTESDED 10 THaZE-DINENSIOHAL (ASSUNING SEZPAFAEILITY)
C
(4] ISTZRVALS OP ZFPC FCJZC DENSITY INDICATE YON-FI2LEZ TCNTS AZDING
CN PEESSHIZ DFOr AS SILL EE CALCULATIZ)D wila THZ HYJEAULICS M0D:EL
C
C -----------------------------------------------------------------------
c ———————————————————————————————————————————————————————————————————————
CF ASSIGNMENST OF INTZESVALS SCEMAL 7C TH5E COCLANT FLCw» 1C
CE COOLaNT ELOCZS (5D RZCCPRD)
C
& 23ESTYT IP IS.6T.O
C
<L (IBL¥ (J),.I=08,1Ic)
C
(4] Iz WORDS (INTEGEES)
C
< IRLE (J) SEFZRENCE COOLINZT JLOCKINS SUMEZF ASSIGNED TC EZACHE
(W) ISTZRVAL NOSYAL TC COOLAET FLué, P2CY ON2 TO ¥AX
c (ASSIGNZ2D TC EACH ZON: IP I5=2, CAIA 'JSTD POE T&E
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C
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[t PNNCE DERSITY DATA, RpSOLUTZ2 (5D “ = QFD)

C

cC PESSENT IP [A.GT.O

C

cL (PD(K) ,F=1,I2)

C

Cw I? WORLCSH

C

cd 2D (i) LOCAL POWER DENSIIY O PLANE NOFMAL TC CO LANXT FLOW
(4} REAT SUJRCE (#~TP/CC)

C

Ccy THIS DATR IS USED PuIWMARILY OVIY POF TESTINS
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Fig. 5. (Continued)
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K232 2 2222222222222 222222223222 2222222 2222222222 2222321222222 2222222227 2 J

c REFERENCE 02/01/79 ORNL~5180 -
c -
CN ORIGINAL SPECS REVISED TO INCLUDE SUBZONE DATA WHEN NEEDED -
C -
CF ZNTEMP -
C -
CE ZONE TEMPERATURE DATA -
(o -
CIl!llllllllllllllllllllllllllllllllllllll!lll!illillil!!!lllil!!lll!l!!_
C

CR FILE IDENTIFICATION -
(o -
CL HNAME, (HUSE(I),I=1,2),IVERS -
C -
cw IEMULT + 1 -
C -
CD HNAME FILE NAME (A6) *ZNTEMP® -
CD HUSE USER IDENTIFICATION {A6) -
ch IVZRS FILE VERSIO) NUMBER -
(o -
CN MULT 1 FOR LONG WORD, 2 FOR SHORT WORD HMACHINES -
(o -
c -

Cee

CR FILE REFERENCE INFORMATION -
C -
cL NRZ ,NZT,NSZ,(NA(I),I=1,17) -
C -
cw 20 -
(o -
ch NRZ NUMBER OF REACTO” ZONES , NOT ZERO -
ch NZT NUMBER OF TEMPERATURES FOR EACH ZONE .LE. 5 -
ch NSZ NUMBER OF REACTOR SUBZONES -
cD NA RESERVED -
r, -
CN OFTEN A SINGLE TEMPERATURE WILL BE CARRIED WHICH SERVES AS A -
CN REFERENCE, AS TO EXPRESS THE EFFECTIVE TEMPERATURE OF THE ZONE~-
CN WHICH MAY BE USED SIMPLY FOR SUCH PURPOSE AS CROSS SECTION -
cy CORRELATION, EVEN IF TWO TEMPERATURES ARE CARRIED TO INCLUDE -
cN THE COOLANT TEMPERATURE, THE FIRST IS INTENDED TO ADMIT SUCH -
CN SIMPLE APPLICATION (LINEAR INTERPOLATION OF CROSS SECTICNS -
CN IS ADMITTED WHICH MAY BE DONE AT THE MACROSCCPIC LEVEL USING -~
CN TWO MICROSCOPIC CROSS SECTINN SETS). -
c -
C -
C ——— e o 0 e e e e B o e

Fig. 6. Zome Temperature '~*erface Data File ZNTEMP Specifications.
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CR ZONE TEMPERATURES -
o -
cC ALWAYS PRESENT -
C -
CL ((ZTEMP(I,M),Z=1,NZ  1=1,NRZ) -
c -
cW NZT#NRZ -
o -
CD ZTEMP TEMPERATURE OF REFERENCE I IN ZONE M (DEGREES C) -
cD REFERENRCS -
CD -
Ch
CD
ch

ACTINIDES (FUEL) --- REFERENCE -
COOLANT -
1:2NRRATOR -
cD STRUCTURAL -
CcD SPECIAL -
C -
C
C
CR SUBZNNE TEMPEZHATURES -
C -
cc PRE.ENT IF NSZ .NE. 0 -
C -
CL ({SZTEMP(I,M),I=1,NZT),M=1,NSZ) -
C -
cwW NZT#NSZ -
C -
CD  SZTEMP TEMPERATURE OF REFERENCE I IN SUBZONE M (DEGREES C) -
C -
CN SEE NOTES ABOUT ZONE TEMPERATURE DATA -
C -

G oo i e et e e e e e e e e e co— -
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C -
CEOF ZNTEMP -

C -
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Fig. 6. (Continued)
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Capability has not yet been added to the Input Processor in the computation system to
generate the thermal hydraulics interface data file THERMA. A job for the computer
with FORTRAN coding used to make one of these files is shown in Fig. 7. This is not
very sophisticated. Requirements were simply satisfied with data statements, and the writ-
ten file was then read to see that it had been read. Space for the file had previously been
allocated on a mass storage device (in a previous computer run using preliminary data).
The data array assigning coolant blocking numbers to zones took too many continue state-
ments for the compiler in use, so it was presented in two parts. These data are used to
expand the results from a two-dimensional triangular gecometry neutronics problem normal
to the axis to a three-dimensional thermal hydraulics problem. Thus uaial information is
given, incicding an axial power density traverse normalized such that the average is unity.
Note that these data could be modified 10 allow any interface data file to be made; how-
ever, the free form format, repeat and other advantages of the computation system Input
Processor are not available.

Solution Reliability

The author expects any solution to be reliable if reasonable convergence criteria have
been satisfied. If not converged, the iterate result may well not be acceptable. Expect
results to be reasonable and if they are not, distrust them. A solution to a mathematical
problem may or may not be useful in analysis. Reasonable todeling is required with judi-
cious choices made from the options. Likely the competent analyst will have scme under-
standing of the phenomena under study and the limitations of this code in modeling such.
Certainly some consideration must go into such aspects as coolant bypass flow that is
ignored before conditions in a core can be considered to be understood.

A unique solution is expected to any problem. Within the degrees of freedom allowed,
only one solution should satisfy the mathematical equations. The reason why this is
expected is that the pressure drop monotonically increases with the flow rate, and increas-
ing the coolant temperature with an increased heat source reduces its density and increases
the pressure drop. Increasing the pressure drop across one orifice reduces the local coolant
flow rate and increases it clsewhere under the assmiuptions. In most situations the power
density over a reactor core varys modestly so that extreme conditions of coolant flow and
temperature peaking are relatively constrained. This may not, of course, always be the
situation.

Application Considerations

Certain aspects of the thermal hydraulics modeling must be understood if the analyst is
to use this code reliably. The following introductory discussion should be supplemented by
actual test calculations, some of which should no doubt be done for trivial situations at a
low cost of calculation and modest investment in the analyst’s time.

Consider the array of meshpoints normal to the direction of coolant flow on a plane
through the reactor core. Associated with each mcshpoint is an elemental volume, typi-
caily a ihree-sided prism. Also associated with this meshpoint or discrete area is coolant
flow along o row for heat removal, usually several coolant channels (cylindrical holes) for
which the average conditions are to be calculated given the average heat source per chan-
nel.
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//DRYEE JoB (@D, 1003}, *DAVE ¥0¥DY 6025°,TINE=(0,29), 1.
/¢ ASGLEVEL=(2,0),COND=(5,LT), PASSHOBD=YGIPGN 2.
/*JGEPAEE L1IBES=10 3.
/°ROUTE PRIBT RETS2 ..
/7 EXEC PORTECLG,PAES.PORT=*BCD,N0DECK, NOLIST, SAP, IREP®, S.
/7 GOSITE=580K 6.
//PQRI.SYSIE DD © 7.
CDATA FILE GENERATION ROUTINE IN PORIRAK 8.
c 9.
DIMENSION A(V2),L{225),LL (225),C(12),CR{4) ,IH(8),1I(20) 0.
BGUIVALENCE (CB({1) ,IH(1)) ".

REAL *8 CH 12,

C 3.,
DATA IB(7) s V /, 1H(B) 7 O / ",

DATA CH(V) / 6BTHERBA /, Cu(2) / 6H VOBNDY ;, CH(3) ~ 6HO 1983 / 15.

DATA A /7 52.967, 52.967, 52.967, 52.967, 52.967, 52.967, 6.

® 52,967, 52.967, 52.967, 52.967, 52.967, 52.967 , 17.

DATA C / 1.00,1.02,3.06,1.12,1.18,1.12,1.06,1.00,0.95,0.89, 8.

® 0.83,0.77 7 19,

DATA L / 20.

L4 ‘a ‘l 2' 20 2' 2' 2' 2' 2: 3. 3, 3, 3, 3, 3, 2‘.

* 3, 8 &, S, S, S, 5 S. S, S, 6, 77, 71, ¥V, 1, 22.

. 7: 7: 7- al al a' e' al al el 9' 9' 9' 9' 9: 23-

s 9, 9, 10, 10, 10, 30, 30, 10, 10, 1, V3, MY, BN, BQ, N1, 2a.

° 11, 12, ¥2, V2, 12, V2, 12, 1%, 13, V3, 13, 13, 13, 13, 13, 25.

* 18, 18, 18, 18, 18, 18, 18, 1S5, 15, 1%, 15, 1S, 15, 15, 16, 26.

e 16, 16, 16, 16, 16, 16, VI, 17, 17, VI, 17, 17, 17, 18, 18, 27.

* 19, 19, 20, 20, 20, 20, 20, 23, 2%, 2V, 21, 22, 22, 22, 22, 28.

® 12, 23, 23, 23, 23, 23, 23, 23, 28, 28, 28, 28, 24, 28, 23, 29.

e 25, 25, 25, 25, 25, 25, 25, 26, 26, 2€, 26, 26, 26, 26, 27, <30,

e 27, o0, 27, 27, 0O 27, 28, 28, 28, 28, 28, 28, 28, 29, 29, 3.

e 29, 29 29, 25, 29, 30, 30, 30, 30, 3¢, 30, 30, 31, 31, 379, 32.

e 31, 31, 32, 32, 32, 32, 32, 3i, 32, 33, 33, 33, 23, 33, 33, 33,

* 33, 3%, 34, 34, O, 38, 38, I8, 33, 3%, 35, 35, 35, 3%, 35, 3.

e 35, 36, 36, 36, 36, 36, O, 37, 37, 37, 37, 37, 27, 37, 38/ 35.

DATA LL / 36.

e 28, 38, 38, 38, 21, 21, 21, O, 39, 4C, 40, w1, &), &1, &1, 37.

¢ 57, 81, 81, 42, 82, 82, 82, 82, 42, 82, 83, 83, &I, 83, 83, 38,

e 83, 83, a4, &4, 45, 85, &5, 45, 4S, 4S5, 85, &6, 846, 4C, @6, 39.

® 46, BE, 86, 47, &7, 47, 87, 87, #7, 87, a8, 48, ae, 48, 8E, a0.

* ag, 46, 89, 49, 49, a9, a9, a5, a9, 50, S0, S0, SO0, SO, S0, a1,

e 50, Si, 51, SI, SV, Si, Sy, SV, 52, Si, S2, S2, 52, 52, Si, 82,

® 53, 53, Su, 54, 5S¢, Sa, 58, 58, 58, S5, S5, 55, 55, 55, S5, a3.

® 55, 56, 56, S€, 56, 56, 56, 5€, 57, 57, O, 0O, 6%, 58, 58, [T

e 53, S5€, 58, 5e, S8, 59, 59, 59, 59, S9, 59, 59, 60, 60, 61, as,

* 61, 61, 61, 61, 61, 61, 62, 62, 62, 62, 62, 62, €2, 63, 63, 86,

* 63, 63, 63, 63, 63, 64, 68, 65, 65, 65, 65, 65, 65, 66, 66, a7,

* 66, 66, 66, 66, 66, 67, 67, 67, 67, 67, 67, 67, 68, 68, 68, a8,

* 68, 68, 68, 68, 69, 69, 70, 76, 70, 70, 70, 70, 70, 71, 71, 39,

e 7V, TV, TV, 7%, 7%, 72, T2, T2, 72, 72, 72, 72, 13, 73, 78, 50.

e 74, 74, 74, 74, 74, 78, 75, 715, 75, 75, 15, 15, 715, O, 0/ s1.

BDATA II , 0, 12, 8S0, 1, 1, 2,0,0,0,0,¢,0,0,0,0,0,C,0,0,0 / 52.

C 53.
I1CO0T = 8 S4.

WRITE (IGOT) Ca 55,

WEITE (l00T) II 56.

YRITE (IOUT) A 57.

VRITE (IOUT) ¢ 58.

WRITE (IOUT) L,LL 59.
REWIND IOUT 60.

pc 10 I=1,5 61.

READ (IOUT) 62.

10 CONTINOE 63.
S10P 6u .,

E¥D 65.

/‘ 66 .
//LKED,SYSIN DD o 67,
/7G0. FTOBFO0Y > UNIT=2330V,VOLURE=SEG=VBRIAN, 68.
// DCBs= (RECPAsVBS, "RECL=X,BLKSIZE=4000,BUrNO=1), 69.
/7 DISEs (OLD,KEEF) ,SPACEs [TRK, (02,2)), 70.
7/ DSWARE=X.DRV16856.THERMA, HTRG.B .
/7GO.FICSFO01 DD * 72.
/® 73.
77 T4,

Fig. 7. Generation of a THERMA Interface Data File of Thermal Hydraulics Data.
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Coolant orificing is associated with a block of these meshpoints or area intervals. Typi-
cally the blocking is assizned on a zone basis, zones being the division of the geometry into
different material assignments for the neutronics problem. A zonc is the finest scale on
which macroscopic necutronics properties are calculated. Thus zones reflect differcaces in
initial fuel region compositions. Further discretization is done to account for differences
that come from exposure and partial refucling. Blocking of the coolant channels for orific-
ing can affect zone assignments. Temperature cell calculations are also done on a zone
basis (for average and estimated extreme conditions) and this aspect may influence the
assignment of zones. Note that the distribution of fuel temperatures is predicted more pre-
cisely the more zone assignmerts made. Consider these things in preparing the detziled
problem definition.

Occasionally there can be some difficulty identifying just where the coolant flows. The
objective of the implemented capability is to examine primary heat removal and to ignore
low-level heat sources as in moderator or reflector regions. If care is not taken in the data
presented, a low-level heat source can be calculated in a reflector as a non-zero power den-
sity, and the region would then be treated as if it werc a core region containing fuel.
(Heat removal from such regions is left as a problem to be addressed with supplemental
calculations.) Thus only heavy metal (actinide) nuclides should normally have energy per
fission and per capture data assigned. In the event that a core has an odd or irregular
shape, heat removal by coolant will be considered only along coolant paths for which the
integral of the power density is non-zero.

The finer the meshpoint arrangement, the more detailed is the coolant flow and heat
removal calculation. Halving the mesh spacing in two coordinates increases the number of
coolant channels treated by a factor of four. Halving the axial mesh spacing doubles the
number of locations along each coolant flow channel where discretized calculations are
done. Note that increasing the number of meshpoints also has the important effect of pro-
ducing a more detailed heat source distribution from the power density data generated over
the grid by the neutronics code.

In most any study some experience is nceded regarding the dependence of the results
on the degree of resolution of the spacial power density distribution. Results are shown in
Table 11 for a simple situation involving 16 coolant blocks illustrating primary effects.

Another assumption made is that basically the parallel flow channels are all the same
length. It is possible that there is no heat source (no fuel) over part of this length for
some of the channels, but such modeling wculd be unusnual rather than the norm.

Application Experience

Application of this code and its calculational procedures has been mostly limited to
what the author has done. More extensive application will likely prompt revisions. Of
some concern is the ability to adequately describe a probiem to be solved and the suitabil-
ity of the results generated. At the time this is written, the fuel management module does
not have adequate capability to make the exposure data file consistent with refueling, so
these data are inadequate for general use to affect thermal conductivities. So there are
known limitations of the computation system for solving global problems. These are not
usually casily identified but become identified with careful use of the system.
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Table 11. Study of the Dependence of the Hydraulic Results on the Mesh

Temperatures (°C)
Computer Time

Cors (cpu min) Peak Power
Meshpoints Coolant Peak Weighted Peak
(t.anar X Axial) Neutrons Hydraulics Exit Surface Fuel Fuel
32X 8 0.8 6.03 870 1029 501 1049
32 X 16 17 0.05 870 996 504 1016
128 X 16 6.6 0.08 888 1053 501 1074
512 X 16 320 0.12 897 103t 505 1052

No difficulty has been experienced in solving the hydraulics problems; for example, the
iterative process converges rapidly. The following remarks are offered.

1. The results obtained for a thermal hydraulics problem depend on the modeling. There
are different types of effects:

a. Thosc that affect the reference conditions as a consequence of the modeling of
the physical phenomena, including the basic geometric description and association
of materials and the data including the inlet coolant temperature over which
there is no qualification imposed.

b. Those that additionally affect the conditions due to controllable aspects such as
modeling the effect of time.

c. Vhose that directly affect the thermal hydraulics problera such as the power den-
sity distribution that is subject to dependence on the discrete mesh.

d. Controllable features of the thermal hydraulics calculation such as the orificing,
flow rates or exit coolant temperature and modeling options.

¢. The degree of resolution of the effects of discretization.

2. How well an approximate solution may represent the facts depends on the details.
Interest here is in the distribution of the fuel temperatures, for example. There is the
extreme, maximum fuel temperature, and then the approximation of it. The analyst
must of course be concerned about how well the facts may be represented, i.c., how
close is the estimate of the peak fuel temperature. Here we examine oaly some of the
contributions, for example, the dependence of the calculated peak fuel temperature on
the controllable modeling variables such as the number of meshpoints. Evidently the
accuracy of such a result increases as the calculation is made more detailed. Hope-
fully reasonable choices have been made from among the alternatives in implementing
the calculational procedures to maintain a high accuracy and hold down the
discrepancies.

3. A reference core fuel temperature is of considerable interest. For example, this tem-
perature may be used to generate nuclear cross sections appropriate to the situation,
and in particular the doppler broadening and resonance shielding depends on the tem-
perature of the materials and the thermal neutron flux spectrum in energy does also.
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The effective core fuel temperature is calculated as a volume average and also as the
volume average weighted by the local power density, the latter value being preferred
by the writer. The effect of change in the temperature as due to a change in power

" level or coolant conditions may be predicted from the associated two values of the
effective fuel temperature. Of course in this computation system the cffect of tem-
perature changes may be assessed directly using the temperature correlation of
microscopic cross sections. So the effective fuel temperature is of some interest and
also the cffect on it of controllable variabies of the problem.

4. There a-¢ modeling options that directly affect the results. For example, without orif-
icing, the cvolant flow rate through a channel having a low integral heat source would
be much higher than for the average channel, with the net cffect of higher tempera-
ture peaking where the heat source is high and the coolant flow rate low. The associ-
ation of the region and coolant channels with an orificed flow affects the results. The
coolant flow direction also affects the results, the more so the more axial skewing of
the neutron flux and hence of the power density.

5. The effect on the results of the modeling approximations is of interest collectively and
individuaily. Correlations that admit numerical evaluation would be useful. There
are, however, so many different aspects that only quantitative assessment may be pos-
sible. Where possible, we would like to be able to relate an error to a representation,
for example, an error contribution of the form

Gx = Xo — Xy, = AN, ()

where X, is a precise result, and X, is the result for n having a fimite value (number
of meshpoints, for example). A is associated with the leve! of the error contribution,
and A\ measures the rate of error reduction with increase in . We hope for a smail
value of A (small errcr) and a small value of ) (rapid error reduction) with increase
in n. Finally we hope for a simple situation where this or another formulation is
appropriate, adequately representing the facts. Note that

Xo— Xu-y (72)

requiring results for three values of n,

X = Xy + I—T;] Xy —Xyp) (73)

and

A= [-—“I (Xs— Xa-y) . (74)
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5. APPLICATION INFORMATION

User Control

Basic user input instructions to this code are shown in Fig. 4. Hopefully the informa-
tion presented is adequately explained.

Data Storage

It is assumed that the hydraulics problem can be contained in the computer memory.
For large problems the virtual memory capability of the local computers may be used effi-
ciently since data transfer from disk is handled nicely by the system.

The data storage requirement is broken down into three parts: initial data plus certain
reference storage, data for the hydraulics problem, and data for the thermal cell problem.
Reference storage conditions are shown below.

Lct J = number of active meshpoints on a plane
normal to the direction of coolant flow.
= number of active axial points.
= number of zones.
number of subzones.
= "max {N,NS).

number of azimuthal celi problem points.

o > - 27 -
[

= number of radial cell problem points.

Initial Data 2J+D+6JI+ 12N +4M + L
Hydraulics Problem 3JI + 1
Thermal Cell Problem SN+9M + L + (12A + 4)B°

If the requiremem for the thermal cell problem is less than tha: for the hydraulics
problem, it is overlaid. So the total storage requirement is then only the sum of the first
two items above. Information about total memory requirement is given in the section on
program considerations.

Refer to the original documentation or the code listing for the pebble bed calculation
requirements or details. Information is edited about storage requirements. A prerun can
be made to firm requirements and is recommended for a new and unfamiliar problem.
Unfortunately the initialization procedures can only report an apparent maximum storage
rcquirement since the power density data must be processed before inactive meshpoints are
eliminated from the problem and from the estimate of storage requirements. [f there are

“The extension to use a multigrid relaxation scheme may increase the iast term by 40 to 50 percent.
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as many meshpoints in the reflector as in the core, the maximum storage estimate may be
nearly twice what is actually needed.

This code is used in a computation system that has data file management. Interface
data files arc assigned names. The management tables inform a code where a file associ-
ated with a specific name is located and where to put a file to be written. Quite generally,
when a new file associated with one name is generated it is unique, either being the only
one or replacing (written over) an old one of the same name, or it is assigned a version
number that is indexed upward. Also quite generally, when data are to be obtained from a
file, the onc with the highest version number will be read, with certain exceptions where
the user exercises control. File proliferation is minimized by naving new files written over
old ones. Thus if several power density files exist, the one with the highest version number
will be read. Certain checks are made to see that it is consistent with the geometric
description.

Note that except when a data file is to be supplied or saved, the user is not involved in
logical unit assignments. This is handled automatically by the file management system.
The actual unit assignments depend on the calculational path and individua! tasks carried
out. When supplying or saving a file, the user must exercise control over both the logical
unit assignment and the physical unit association. Such control is exercised with job con-
trol instructions by overriding the catalogued procedure. Special needs are also satisfied
with parameters that override default values in the catalogne procedure, as to increase the
space on a particular logical unit or to change the blocking.

Reliability is improved by tke file management sysiem. Data wil! not be read from a
file and used unless the actual name on the file is correct. This does not mean that action
undesired by the user cannot ne taken or that an uniriendly user cannot deliberately screw
up the system by trying. User understanding comes with use.

Certain auxiliary information is always produced, for example, temperature averages.
Some of the features of the calculational procedure adapted for the pebble bed core have
been carried over for the prismatic core. For example, it has been found that the best
temperature for characterizing the core behavior is a powcr weighted fuel temperature:

2 P T,

r

Tpe =—"<—5 .

Y v.P,

r

wherc v is the volume and P is the power density. That is, the temperature where the
power density is high is more important than where it is low. Applications include predict-
ing power or temperature coefficients and stability against xenon driven oscillation. So
this value is calculated for cach case, along with the volumetric average. Cell temperature
calculations are always done for reference conditions; then these are requested for the ther-
mal conductivity multip'ied by 0.9, and tinally they are done for selected estimates of
extreme region conditions.
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Credible Results

The analyst is urged to carefully study the results for a problem to assure quality. Are
the volume and pover level reasonable? Are the channel surface area per unit volume and
the number of coolant holes per square meter as desired? Is the active meshpoint arrange-
ment correct? Are the power density data reasonable? Are the pressure drop through the
core and the individual orifice pressure drop as expected? Are reasonable temperatures of
the coolant, surface, and fuel produced? Is the distribution of fuel temperatures as
expected? Is there concern regarding excessive error due to discretization or other mode!
ing assumptions?

6. SAMPLE PROBLEM

The results now obtained for the original pebble bed sample protlem are slightly dif-
ferent and the printout is revised in comparison with that shown in the original report.
Therefore, the new results for this cebble bed problem are reported heie to support code
validation.

A prismatic core thermal hydraulics problem was added at the end of the original peb-
ble bed problem. A neutronics problem for a fixed core is solved from the input descrip-
tion using the nuclear dats of the pebble bed problem. Exposure calculations were not
done, so fluence data are not available. Calculations are done for a variety of situations
with data recovery options exercised to support code validation. Note that the last case is
the same problem as the first, so the differences in the results are due to modeling differ-
ences and indicate to some extent the reliability.

Table 12 is a listing of the computer output with many of the pages deleted. The
first two pages are a summary of the calculation showing the codes that were used and
reporting key results. Note that the first access of DVENTR sets up a description of a
pebble bed core while the second one sets up the prismatic core description. At the end of
this summary is a list of the active interface data files. The third page shows the job con-
trol language with data space allocation and reference to the BOLDVENT system of
loaded codes used locally on a production hasis. The thermal hydraulics code THR-TH in
thc code system is overridden ia this example with that loaded in data set
DRV16456.PBLZDLP that would normally be a development version of indeterminate
quality assurance level status any particular day.

Immediately following is a listing of the user input data that includes nuclear data to
generate a GRUPXS cross section file with the Input Processor. Data requirements for
the special processors are satisfied. The input data listing is followed by the excerpted
printout of results. (Note: Text continues on page 122.
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Table 12. (Contimned)
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0.9 1% 1.2€2077-0s 0.C 18h 5. 1840208 -Ca ALY N
0.3 1.0001772-99% 0.0 i. 1216 2E-G8 0.7 k] ] Tel5,
2.317292-35 0.0 w T.05%17"-C6 B0 » 1376,
3.37769%-02 0.0 1R 1. 3¢29:-38 0.0 1 .77,
S. 3a529%-% 0.7 1.40000"-C9 C.0 - i. 2616 22-23 ALY
0.) 1 2.017207-0% 0. (C 0 1.399197-06 9.
0.) I 4.27960r-02 0,C 0 1. 36200Z-Co 1%80.
vel) L1 $.18020E-0s 0.C 1.90030E-29 0.0 AL S
2.)162°-94 0,0 ] 2.C¥72CE-CS Q.0 as Tenl.
7.3%7192-0< 0.0 m 8. 3796.3E-07 0.9 106 1803,
1.3#299%-08 0.0 o S. 1aG202-0% 0.0 1.000.0E-05 1380,
0.0 3 1.506002~-02 0.C e 1.260901-G) 1885,
0.3 15F 8.0371%07-02 0.9 R 7.9260300-C2 ‘ede,
0.0 Iw AL} %
sTP tans.

STAMPY CF FILZS FFCCYSSEL

FILE mAY” LoGITaLt owig VERSICH
BL12 ¥ " 1
Ixpone 12 \]
TNATDY 12 1
DATA FI_T MAPRGERTST TIPLIS R
LOGICAL OFI™  ~ILT NART VERSICN I/7C 2C0E (AT
° [} 1 9
13 ConTal 1 3
13 SRIRYE ' 1 ]
12 EXPCTE 1 1 0
1) I8yTDW 1 1 14
99 0 L) 0
TOTAL CPU TIE® 32D 0.29% AIML ES TCTAL CLOCK TIN® oaw C.72) B.SUTES TuIsk I/

NPEYRL THD OF STASCARD IWPUT 1M0LTLE

OVEuTR ~ SPECIAL IWPUT PCLULE - JANUARY ¥7, 1979 - (WALITY ASSORABCE LEVEL O

CA3Z TITLEZ = THR--H SAMPLE PRCELENS, FRBELE FEL THRN PRISIATIC THZRRAL HIDMAULICS

FPASY 140700 0 [ 0 [4 0 \ 0 0 0 ¢ 1

L¥PIT 3CTION 1
FXX .0

D} 2.9 c.0 1.+u3000% 0% 9.83000(%-0% 1,C000COF 00
RIY Vs 9.0 3.0 [ ) 0.0 9.999559E~05
RIX 9.0 0.2 0.0 1,9930002 30 (.0 0.0
117 1 L] ] 0 0 c 4 [4 0 [4 3 7 [} Q 0 ] [} 0 [} r 0 v v 0
Xz 1 0 4 0 9 ¢ 0 [4 4 [4 ] ] '} ] 1 ) 1 1 [ 9 [} 0 P 9
14 k) n 0 0 o ) 0 2 (4 0 [4 b v 2 0 ) 0 4 0 0 ] ] v [\ 0
IXER n ) 0 [} ] Q 0 [4 0 [4 0 0 0 [} 0 ] ) 0 J 1] ¢ [} J [l
Ixm 0 0 0 o 0 0 ') [4 4 [4 [ 0 0 0 0 o ¢ 0 9 [} 0 v '} 0
[ § 44 0.9 0.0 .0 a.v 0.3 4.
(228 0.0 0.) c.0 0.0 0.0 0.0

OTHI%T RECORD ADIED TC TILE CONTPL

IwpuT 2CTIAN )

? M 2 2 < ¢ 4] q Q 0 0 [+ a q [ < ¢ ¢
;enarTay wo, 7 24D R-Z

[ 3] 1.0
Iwen 1
] el 94.4920707-01 6 .€92000¢8-C1 4.692313E-0%  5,.5999991 I9  9.49999S5F 29

2.9
P¥DT 9, 92000F-01

us

1835
13l
1437
13)e
1835
tesy
Teat
o2

aan
1ass
Tadn
tuay
1448
[ PYE]
14350
1359
taly
1453
1450
1452
1258
157
1+58
1.5y
LT
tual
1462
| FYY]
Ténn
1465
| 211

151
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Table 12. (Continned)

INPUT SECTION o
2T W 0 1889

533133”" 3 1.0060%00 Q2
ESRI/1S8I 3 3.7000000 09
R8341/IS8T S v.6%00000 02
SNL/SNI 2 3.0535600 01
ESRT/I3NL 2 1.055%600 01
asnr/ismg 2 3.05%5600 01
ASHKB/ASHKD 1 1.0000000 00
IRESE 0.0 ~ 1.0000000 02
INESE  3.8500000 02 N.150000D 02
miss 0.0 1.6800000 02
TaESh  3.5277000 02 13.8133360 02

Tsh 5.9722280 92

€.2777080 02

tamsSe 0.0 1.0000000 00
SRONETRY BO. hd
J=l ' 1 %0 2 $37.73%0
/5% e 1720888 AL T8 LoLs
J/xz 17 269.9208 1M 202.0000
J/xx 25 363.3312 2¢ 378.3238
J/XK 33 450.6100 3% 873.0507
171t s 0.0 2 32.8000
1ty 9 180.00%0 10 19..7000
/e 17 291.6668 18 306.53¢%
Ty 25 813.0092 26 829.4T0
b Y441 31 536118 38 551,389
) 7441 a1 650 1IN0 42 673.5119
I/ 89 €2, 000N S0 705.0009
88/13 LN ) 2 1.00
E Y g 1 R0.0288 2 10.M07
sz 9 179.860) 10 ¥92.707
Jsx 17 276.0302 18 287.7629
e 25 368.€592 26 37V.69MN
Jx 33 sE1. 9506 8 803.0791
[ %4 1 16.8000 2 89.2000
1 9 191,000 10 197,0000
irn 17 299.°0%7 1! e, %838
1t 25 w21, 5291 26 93¢.0059
p V44 33 58).750% s 559.02m)
b ¥4 4 81 665.9729 02 €81.2507
p ¥4 ®3 773,0008 SO 795.0008
[1.7% t  0.%000
", 7AY REQUIRPD 3956
INpPUT SECTION S
tON® TRFUT BY 0¥iION
LAYZR NZ9OER 9
153 153 153 192 153 193 15) 153 14)
153 153 153 153 153 142 153 153 ¥¢3
133 553 193 153 153 153 151 15314
1 1 19 37 $5 713 9% 109 177
2 2 20 I8 56 T 97 110 128
3 03 21 3% 57 35 %) ¥y 1Y
S &8 27 a0 S8 75 9% 11213
S S 23 ¢ S% 97 95 112 1IN
6 6 Is &4 60 790 96 118 §32
1 7T 25 8} 61 79 9 Mt 133
8 8 26 sa 62 80 9% V16 1)%
9 9 27 8% 63 8 99 117 1)
10 1v 28 %6 6% 82 100 118 136
1Y Y 29 &7 65 A3 108 199 137
12 12 30 w0 66 8% 192 120 138
13 13 21 &) 67 05 10 12% 139
18 18 32 S0 60 8¢ 108 122 180
15 15 3% 851 69 67 108 123 149
16 16 ¢ 52 70 08 108 128 182
1T 17 18 5% 71 89 107 125 182
13 18 € S8 72 90 1080 126 18
155 155 155 15% 155 159 155 955 195
155 155 195 195 155 155 155 15% 155

Inpy? S!C'l'
sz
1 fon
" 152
133 1%5)
1% 158
145 158
[ ]

BPGIOF ¥OL SUAR

100 12

Qs as - -
QW ne

ARAORT PEQUINED

6.£000008-09
1.0000008 00
1.000000F 00
1. £000002 00
1.¢00000¢ 00

0.0

288

7.002081D 08 2098 ¥CL s0OM

8.100¢Cqa0
3. 0660t
2.8000€0D
3.055560D
3.0558¢0C
3.0555¢00

[NENY YR g

1.850000C 02
8,270000F £2
1.8 T ez

(3] & 5.06C8C00 O [
[ 3 3 3.0060630 O? 2
0 2 1.2006000 09 2
01 2 2.03%%600 01 2
01 2 3.05%t%600 0% 2
o 2 3.035%40D G 2

1.9%00000 02
3. 1300000 Oi
[

8.1300920 €2
€.5023800 02

LI L]

15 293.0157
27 38S5.0¢<0

35 AN NTLN
3 €5.6000
11 200.00¢0
1€ 22,2238

6. 6673
43 680.085¢
$Y 8C6. CC(e

3% SON, E2%¢C
2 82.0000
11 207.6189
15 329.061)
37 852.08:7
3% S7s.230€0
23 696.22¢5
S1 837.00¢Ce

IBTERFACE PILE GRODST MAS DEZLIP YRITTEIS OF O¥I1

2.
8. 088200 02
6.0000%60 02

& 100.0000
oy InvA
20 10s_.3978
20 295.250
36 515.0000
' 94,8000
12 215.2778
20 337.5092
28 859,.722¢
3e 501.98%0
a6 70819678
52 028.0008

s 107.9205
12 216.9713%
20 309.7882
20 800.2872

& 178.08000
2 222.9167
20 38S.1391
20 867.3615
3¢ 509.59)9
88 711,.8063
52 819.0000

7.0828060 08

2.8800CCPR 02

2.3055560 02
4, 7500080 02
7. 1988528 02

3 115,590
VY grem
21 315.0000
29 w85, 2%¢0

5 131.2000
13 230.%3%%8
1 352.71780
29 75,4000
37 597.:2220
85 719.8852
€3 850.¢000

S 122.3113
13 220. 1578
av 321,822
29 810.1538

$ 187.¢000
13 230, 1965
11 10,089
28 w82.¢39)
37 608,.¢€617
8S 727,401

%.5006065 81
1.2006000 8%
3.055%600 01
3,0555600 01
3.055%400 01
1.2000000 01

2.wi80¢C08 02

2.6111120 02
2.053340¢C 02
7.5000882 02

& 120.7%1%
on 2)r -t
3z 2IM
39 #15.0C00

86 -738.7230

& 135.0339
18 230,039
22 338.0127
30 819.0323

& 1608.0000
18 253.472)
22 375.6007
30 437.917¢
30 620.1395
86 82,3819

3.8000000 01

L] 3
s 9.8000000 0V
2 J3.03555600 01 2
2 3.0555400 @1 P
2 3.0555680 01 ]
s  8.8000000 01
3.1500000 02 3.5200000 €2
2.916463D 02 3.22222%D 02
5.301316D 02 5.6066720 02
7.4200080 02 08.%5000000 02
7 1e1,.0000 s 157.31%1
o Iaw,amn 1 _257.2910
23 3e0. 1182 2% 352.80C0
37 21,0028 32 827.80C0
7 172.0000 8 100.0000
15 261.3112 16 276.3050
2) 383.3336 2¢ 390.6118
31 505.5560 32 320.8330
35 627.778% %0 $83.0%82
a7 750.9008 48 75¢.0008
7 189.8850 8 165.1585
13 230.7)36¢ 16 261.605%
23 3861007 2% 357.7115
31 a2s.0310 31 830.%%8
7 175.0000 » 788.0000
15 260.7307 16 284.0279
23 31%0.9725 s 806.250;
3% 513.1089 32 520.82457
39 035.8173 80 650.6959
o7 75).0000 &8 755.00C8

»
3.3000000 01
3.0353600 01
3.0555600 01 s

3.0553400 01
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Table 12. (Continwed)

IBPUT STCTICP 1)
sys a7

BEIORY REQDIDEL 11080

TITLY FTROR CPCSS SECTION FPTLE /IX08

BDISIT) 7 rOR SET 1

tm-232 PA-231  0-23)  n-238 g-23¢  g-

ro-2e1 € I-115 XI-%35 Pu-.A) ER-
®Z  ER-22  Ep-93 En-¥0) AE-%(% AG-

Bu-1S1 TyY-1Ss P7-155 MD-TaT S9-1%C SR-

1237

0N 20
BCPD - NCYS 9 *IvES 0.3

WO ZEAT"T FILE SILL RE ®RITTEIN - IT SMOLL

SARE &S )I05 PLUS

e sp-2313
T3E ravss
0 xe-13%
11 sI-152

INTZRFACS FILE NOXIZBF RS BEEW NRITTID CF ONIT 15

SCTAL CPO TINZ USED G.008 mIsLIES

BOWTIL END NF SPECTAL ISPUT ECDULE CVERTH

TINTIPY - WINTRCYICS TOGLE - W2

wo-237, LRSS KE-1:¢

PU-235  AT-2M3
ea-189 sp-lay
XE-133 Cs-11)

¢ CCuns

T - TRE BEST OF

“CT\L CLOCK TIAE CSED

2SICH 12 ~

-2
§C-183
£S-13
RECVEL

229
]
S
F-237

P0-200
w2
BD- 185

Note Tuderface Fle Geweeahian

ALERALY EXIS

SECTIOB 020 RGST S0T DE PRESENT

€.08% mIdOIES

First cole Access

FILL, 1962 <= QUALITY AS¢ORADCE LEVEL )

878 TITLL - THP-TH SPSPLY PROPLIYS, PEBOLE EIC THEN PRISAATIC TREBYAL SYLRAULICS

ST2FAIZ REQTIPED FOP CRGSS SECTI(N CHECE

VESTICY CBOSS STCIICY P

TLTLE NF THT LAT®ST
IX0R 597 AT XYIS PLNS WP -Z)T,L%

CK "5 STCIINN CHPCK CCYPLETID BOFYALLY

REVTRP AT RTAL TINT PROY ZNRTDY IBTEPPACE F

tZ€ woNd 3

Irt
<8 BE-%1%

I1 » J.T2672C OB CAYS

€ALI”1CH BY PINITR-OI#PEAENCF DIFFUSICE THECH)
1

EDTNYRLIT DPUCDIE
SENYCTHY ¥, T -3 a7

BIYP TR nF PEUZRAY ANIPS
BIIMER F URSCATTER GANIPS [TAN}
PUTAZR CF DOWNSCATTIR SRINUPS (NAK)

BIYACR GF [ICZRVILS IM DIMZWTIOS 1 (CCLUTES

¥ A gy 14 1% JINTSIION 2 [ECUS)
LUA HIE 0 4 TELANES)
sy NF

WIYIER OF

BIYATR CF

POFMONKY I¥ITCAT N4~ LeFT 7RIt 2
Le 2 ACTtor 2

-
R
[ - Y

AENCHY REJIIRFESENTS FOR CATA SICNAGE

TTORALI ATPATLADLE
BACAC CALCILATLICw
IPIRAT NS ~OANSTANTS FALCULATING
COPE CCNTATA®Y CR TPACY STCRED
PLANT ST W73
W STONFD
4ILTT TRV PLANE SI10RED
INITIAL PLSS
CORE CCETRIRTD OB SPACT STCHED
ATHER DTS
ITeARTIVI PANCESS
CLPE CCYTAINID
SPACP STIRFD
1 PLARPS “700LY
T PLaswT STURTLC
52 AwS “T(HTY
1 POw STORTD
1 CILTL «LNVPL PLANES 5TCPTO
PEP TURPATION CALCH(ATICN

CATA wILL BT STARED PCR AIL SRONPS, ML SPA

PEINNY LOCATIONS APIERYUND P DATA S1CRAGE=
AT RCIORY LOCATION PPUITRED PP THIS PECH
PREAT LOTATIART AT N5KDewan P

PR AT KARETAN FITETEPT PRONT T FINTS

TOTAL

NIpITIY

e
1035¢

13CS9
1499

1Ry
Men)

trli
se21

€953y
it

19¢1)

8}

ee  1930))
- 6903

- Y0097

L2 o4 UL

13099
16599

1610
1149

227
2927

54150
21728
29208
29208
0202

0
10920

W01
01
01y
PLAA]
2041
011
w1t

TOTAL 1/0 UN2D

§942 [2L] ]
PLLH 9
2402 [
LT v
PELY] 9
842 v
ILN 11352

W TLUB DATA DECK

27
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Table 12. (Continued)

a P-l" - !!.ll'llll! !J‘!Ll1 reLLen S
o Jenzes L}

-1 (ID!.!IG

ITER PRCC  ICVE oV 2WIE CEE YT

1 o [} Q 7.%184r3 OV
2 ] v L] 1.080570 00
k] 1] 1 3 7.061853p-01
a [ ] 1 [ €.12977p-0%
% [} 1 [} 95.956%930-01
£ 0 t 0 €. 12175001
k4 [} ] 0 ~3,7%839n-C1

BET¥ CYZRBTULATAIION CORRPPICITYTS CALIVIATED
.

BEF IWNTES CALCULATED s 3 L]

[} [] 1 .2.1111%1 00
Q F ] 1
10 ° 1 1
Ak} 0 1 [ " 503')!5 o

GRCRD CRTRAPCLATICN LAYOR

3-097”0 ” 3.3!!!90 1) t.as2a20

7?2 1 -8,.138573-0%
\E} ' v ﬂ 2,568217 03
12 ] 1 A 2.325130 00
15 ) 1 9 2.!0!21.’\ 1]
Te 4 ' 1 2.58€67 €O
14 ¥ ' 1 2 no'zvo [
12 1 1 1

19 1] 1 M ).l"l!!a [}
29 ' 1 L] 2,315 €0
21 1 Q 0 5.59¢19 07
22 \l ' ! a.1l78870 OC
22 M 1 o 2.822972 CO
26 1 '] 2 3.137697 09
2s ' 1 g -1.6332%0-01
26 ' t 1] a.tatson GO
27 2 1 ] t.1092¢) )Y
23 1 ] Q0 1.410720-01
23 ' 0 g -1.876973-01
Lk 1 ° L] f.908%58D-02
3 A\ 6 [ -8, 183123-02
2 ' 1 g -2.71e705-02
3 \J 1 b] 1.758517-02
3 P4 1 0 ~9.8%7205-02
18 9 N ¥ 2.38ew0-C2
AL 1 ()] g -32.9430up-0?
k4 1 ? [} 1.8:2733-97
14 v M 9 1.7%9700-G
k3] ] [ 9 -¥.273%05-0?
L] 1 ] 1 1.5FEs39-C)
FY 1 (] ! -1.18373%p-C3
32 1 0 2 29016097
%) 2 [} ] 9.27135)=00
33 L] ' 0 -1.1224%-0)
(34 1 9 9 1. 7121t 11-03
EY 1 L] 4] -B,a517In=-0%

ISPI%2" 70 ANZALUTE PCIET FLOT AELATINY PRPOD

PUISSE ol Rebdal BELLIAAY S EE SR
2.637e12 ¥} 2,3742)3% 1) 1.91787F
9.599282 ¥3 1, IVVVIE 'w 1.0D8737E
2.52R120 13 2,3%77¢° 13 1.99927F
O 193008 31 1.0%7I% 18 1.071998
LR1I07 ¥ 2,32922% 1 1.AaTge
9.3%742F 13 1,031807 Yo V. 027BIF
2,3111F2 ¥ 2,272%8" 13 1.7217¢"
9,35763F 13 €,82394% T3 6,.90;04E
2 77507 3 2,991207 32 3.1%400°
T,0%7772 1) 8. 04%:8C 11 $,1029137
2.502950 13 2.393887 13 f,u0002T
£.728980 1) 7.7%3%a% 73 T7.6A431E
2.972852 8 1,€%9732 1Y 1.0l
d.q 7.1 4.9
Y. 7ea0s7 1Y 2,188 y2

THT gt WVER DOUSITY IS AT PLARY

HT A LITUY N

™Y 1!!!H'|‘| POVER OPANSITY [""'.' IC(')
1, 1810E 0% 1,740082 0 506
1,737 90 L SEIP 00 2,8 784 0’
1.544738 0% 1.64118% 31 1.572972
1. 74937% 09 1, 056%1% NGO 2,00101F
V."w%alF AT 1,698 0% T,50Tee”
177008 90 06999 49 2,eS11CF
foamirqn 3¢ 1,430%32 a7 f,uen)ir
TIE 30 1,07%9%% 99 2,u085¢r
1,099 01 1,%%0757 97 T.uuintE
Jor 0 00 2,950 00 2.)7207
1.01%028 31 1,084732 01 71,3861
V532297 99 2.4%9%17 09 2.29%3eT
1,21 21 1,309797 31 1. Zeu)0"
1% 72% 09 2,470213% 00 F.%1n%e%
WRAIP JF 1,300 01 1.27698%

2.7 1 3D 2,010 90 T.AMST
3.0 2.0 3.1
1N n,n

TRCE "BYLITY 15 AT PLASE

G,1,2,),8~NORIAL CHENYSNEY ,SERER, CEREX, SETERP.

TRIERS Max - CRERTCRIY PETA 78 IKNRES

o~ E88 <INZE=IT  SEN-IND

c.0 Q.2 1.003¢08C
0.018¢¢ 0.0 1.030¢CC
0.5%a¢¢ O.0 1.00200
31.8C0C0 0.9 3.029¢C0 7.00000
0.70€:¢ 0.0 1.00060 2.00508
0.77¢37 0.0 1.000C0 4-80588
a.ACEEY 0.0 1.000C8 €.49296
V.55037  1.97880 V.TEFIY 1.¢509
1.000CC 0.0 1.00¢€CC 1.00000
1.00000 O.v 1.000€0 1.€0000
1.0C¢CC8 0.0 1.00000 1.00000
0.9C€E2 0.0 1.000C0 €.711106
0.9z%¢87
g.9 9.258€<D-07 8.807R005-01
0.92%7 0.0 1.630CC t.co8)
2.9 0.0 71.00000 €.86667
0.0 o.u 1.000C0 1.%%51%9
1.00¢C6 2.191%0 1_000CC 1.37052
0.705C6 2.33s36 1.000CO 1.18297
g.830C: VI_87630 3.90000 2.15720
0.6¢tees  2.2a%9% 1.000C" 1.1897)
9.0 3.3 1.930C0 1.C€0000
0.0 3.0 1.0000¢ €.550)%
0.0 0.9 1.0000¢ C.EIneEY
1.00C38 1.97032 13.403CC C.hintt
g.838:2 v_ 7533 1,00000 C. 81301
0.72E72 311183 1.00¢CCC C.EI86Y
0.78785 J.w07IT  1.000CC C.81068
€.723¢%  3.13307¢  31,00000 C.81007
0.0 1.00000 1.$099%0
0.0 1.000C0 €.la%1s
t.0 1.90200 0.995498
0.9% 1.€00C0 0.89588
0.3 1.100¢C0 C.n9%438
2.8 ¥.00000 C.99%88
2. 0.9 C.n3588
1.5 3.0 1. e50y
0.0 1.000040 1.60000
7.0 1.700C0 C.u 28
4.9 $.1730CC C.t . %8
C. 7830 1.00000Q 0.870%
1,A%0E2 1.900¢0 C.tTa%e
2.3140 1.300C¢ C.eto9t
C. 1.30000 C.67 50
C.80192 C.475492 0.0 0.€709%
1.951887  2,431%9 3.3 8, 7012
0.0 1.2 1.00090 1.00000
a.¢ [ 0} 1.030¢C .512%
c.n I3 1.000€C0 €.17139)
1.286987n-00
T.%0CeTE 13 1.29)27F ¥ Y.01:9CE 13

‘) (41111
T, BCHELE
8. 3757
f.2e887®
7. 03;¢eL
1.C180F
0.1

v, By e,

T, KW

LACH TCHE
fo 200500
FELLIIET 4
PR LISIS
1.991C2n
f.29%05E
10876010
f.2T6E0E
1. w”'

1. 400457
$. 120270
t.20cl02
1.C01877
1, uGhu0r
0.0

3.39080¢2 V2
T.237832 13
9.218328 13
V. i1355E 1)
8.10083¢ 11}
1.37969L V2
7.820258 V2
$.1396808 12
T.24195¢ 12
1.032%08 13
6.07e37¢ 13
q4..02%8C 15
0.

AWD coLUNd

11, AND CnI NP

=3
'3}
99
2]
00
3]
2
pA)
an
7"

. 00
. 0f

)
o1
0)
21
30

1,09407F 01
1,429 8 00
t.u913le 0
1.0400122 10
1.007542 €Y
1.59181L (0
1.,0776A12 OF
1.570%7¢2 GO
1001392 O
1.%3315F 00
1.0151e €Y
1,48)83E CO
9.7:76%1 00
1. 19407 GO
7.03%48L €0
1,19487¢ 00
9.0

6.,90¢ 3¢z 1)
9,95¢TiE 12
6.82¢772 3)
$.781302 12
e.7CCsaz 1)
9.8AE50E 12
6.83179F V)
7.072a2 $2
6.,01¢82¢ 1)
4,26C502 V2
5.01¢%6e 13
$.706201 %2
9.0

Y ARD I8
L 112 44

6.9)%4at 00
1.21872 .0
3.,928%C 00
1.10¢%¢r 00
84.90¢081 00
1.29C9¢L 00
q.841442 00
1.2Le 128 00
#,7i0%1t 00
1,23:%E 00
A.56C2el 00
f.1€85¢CE 00
4.737A0L 00
1.09% 1.t 00
1.38¢C 2 0O
9.%4110L-01
0.9

ICYRC,V-YES, % [NEEES CCOvE.
ACCELERATICE PR

AEIERS
(28
0.0
n.0
1.20%7
v.205%87
a.s%0s

-t.tag e

8. 17679
9.0
0.C
0.¢

9.2356%0-01

0.0
~%319%

0.je212
-20%73

0.0
0.C79%5
0.£799%
0.07y95
0.€7595
0.C799%
1.41231%
~2.953%6
0.C
a.12429
0.12829
0.12829
0.12829
Q. 12829
0.1282y
2666110
-2.52¢91

0.C
0.13572%

E,T9E10E 12
$.60360L 13
B.0CEISE 12
$.50595¢L 1)
7.8773e 12
S.a5e212 1)
7.e2028L 12
5. 28C9.2 1)
r.27508E 12
09,8542 V)
€.5%5092 W2
8, 068912 1)
5.38225¢ 12
6.0

1.€86076020 0

35.675705120 04

7.2)e98L 00
1.06€23L 00
¥,32%15¢2 Q0
1.05¢95L 00
7.2413€22L 00
1.082590r 00
T.16e827 00
1.0400.8 00
1.07¢7¢L 00
9.91705€-01
£.%2%06C OO
$.526805-04
. 515502 Q0
b 785400-01
$.91%45C 00
T.561022-01
¢.0

OCvYE*0, 3-TI%S,80 OUIShZ CCIAR.

SCURCE [ S 1 1] &-CALC
9.009272 17 3.0vu0000 C.%4514802
8.080153%3 37 1.QU0u000 C.%68 J
8.075722 17 1.0300300 €.$72539)
8.s050)E 37 1.0vJ0000 C.%7577%0
6.2.0938 17 1.0J.0900 C.578510%0
5.050152 17 1.3000000 C.Sevnl0v
7.%0875E 17 1.0000000 GC.58.9073
7.775828 17 1.00cC000C C.568300%

J.7583808  C.305%9800
U.9¢5%e¢1, C.ta70860
J.98709¢0  0.%8797s7

9.9959520-03  3.%883eD~0)
T..75202 17 3.99797e7 GC.5887%30
T.e5%732 17 J.933.91E
T.109342 17 9.9399902
T.T0u3s 2 17 V. 0u0195S
T.668E%E 17 J.3977i%s
7. 455092 17 U.295%9287
1.662322 V3 0.93t53}

Toes50tE 17 J.9va0ied  C.597598e
T.a77032 17 U.3975563
T.475622 27 Q.997.15%s
T.7%3%E 17 J.ws73788
T.670722 87 J.9sleeld
T.a7e332 17 O.930e2¢y
T.efizez §7  u.9s75%080
T.07u792 17 J.9378065
T.617082 ¥7 J.i9Te874  C.597u¥82
7.671932 17 J.9v74662
T.aT7734E 17 J.997s93C
FLETI79%R 07 0.937395)
ToolIt3E 17 J.327e3d19
J.0F77372 37 V.37709))
7.0770142 ¥ J.937e%43;
1.677208 17 J.9s789%)
2.67748E 17 v.9s79%303  €.997%002
J.e7ii32 Y 3.9375002
7.470272 17 J.9975048
T.871232 17 0.337%003
LeTline 17 9. 9275002
ToeTling 31 9.997530)
I.6TT23% VT 9. 397994)
1e7lide 17 J.9975004
Joe7lan® 31 2.95715390%
1.671242 17 u.Y,7%00c  C(.597500n
7.87724E 17 0.5s7%0Ce
1,877282 17 W.3,75008
J.9973000

b.o0046dE 12 S5.0uhTat 12

S.5F990E 1) s 8d90RE V)

6.8u758% 12 e,.39805¢ 12

8.87299E 13 3. 69708k 1}

6. 31959 2 4, B497CE W)

8, 32034 13 3.527762 V)

8. WL 12 w.el0ose 12

4.4%0892 1) 1. 01979k 1)

S.40Teaz 12 @, w2704C 12

J.9ed0%E 13 ). 15,808 V)

S0t ¥2 3. 91T10E N2

3.2%73c 13 2.h007w82 1)

. 29999L 32 3130 N2

0.0 8.98329t 1)

1 wATC3/CC.

PEUTHGNS/CC,

S.63d91E 0
Q. 64184501
S.5335), 03
8.%74 73E-01
S.44095E 00
B 0w)buE=01
S I1498 00
B st yL-0)
S, 10159 vo
T.ynd690-01
5.97743. 03
11 F-0 )
S.434b9e 00
6.49321.-01
w. Y3328 00
[T EIEN ]

0.0

8, J0923E €O
7, 532G4L~¢1
9. 701592 ¢O
1. i2915E-¢1
A, 687652 (O
1.30V72¢-(Y
b, L0406 (D
UPR2RA R AT
4. 580087 GO
6. 68511E~C1
4.4libeL (O
6, )71902100
b9 it (O
5. 145 73E-(Y
). 743920 €O
W eTveE-Ci

0.0
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Table 12. (Continued)

TRT =CLATIVE pC 2IWSITY “RAVEZSE LEFT-T0-BIG8T I35
1.073300 30 9.963622-07 S$.935950-01 9.90%€C3-01 I.d?776D-CV 9.98 080-0F S.863500-31 9.8 930-0T Y. Ta7313-(1F
9.429050-01  9.692193-01  9.51%020-CV F$.885360-01 9.832720-01  3.2%EQ10-01  9.Te3250-3%  9.102%520-Q1
A.921D-01 E.731170-07 £_§57SeL-C? %, 7107350-01  7.35C320-00  7.6£7300-01 7.su3dddL-~00 7.),3%3D-"%
7.275100-3% @.072245-01 0.C 0.2 7.9 0.0 9.9

TRT FTLATIVE PCE2R DEWSITY TRAVEPSE TCE-TG-ECITCA IS
3.9 6.0 0.0 0.9 J.u J.0 0.0 Je 3.3
0.3 28.253339-01 S.833650-C1 9.CRCI7D-0% 1.000230s CC 4.047970-01 9.7037%0-0% 7.112783-0% J.e23%30-0)

£.8MSID-0F £ 1483 10-01  £.299660-C) & 9Z1nid-91 «291320-C1  3.9%10GC-01  3.04:02D-01 3.155313-01 I.7y2ezD-J1
2.%32%0-01  2.2%2a35D-00 2.0373685~0(7 9.81keeD-0V  Y_53282D-00 1.8702eD-01 dP590-01 . I9UVIL-27  0.37)5%0-01
9.6 FRED-22 B.€9976D-02 7.41736D-02 T.CRECRI-02 6.3)5420-C2 S.712210-02 S.I8S0%0-U2 e .089JeD-02 4. 388%58D-C2
a.27070-02 0.0 0.9 0.0 3.0 3.0 0.0

ASIOW 1) MAS B2E WRITTED G ODIT BOABED 16 ~gte— ‘(&1 -ha_-\“i

CORZ 15T OF CZNTAINZR 3RRAYS5, CONTMOL 13, Rax ORTA sjs8c

PCSTR DIRSITY INTRRFACE FILE POTNT

TCYIY CP 3IBOTES 570 0.970 TUTAL CiCCK PIBCTES USED 7.160 TCTAL I,0 USSR 3%

BUENEZR - EXPCSURE SGCOLE - PRE-PELEASE VEASICE G - ADGUST 20, 1979 - LUALITT ASSUiNCZ LEVEL O

CA%S® TISLE ~ “uP=-"H SA®PLE PPIPLEAS, PEBOLE EEC TuiN PaISTATIC INEZNBAL RIDRAULICS

RITZ CONTAISZR BRRATS, CSWTRCL ¢ CATA 1

TITLY NF THY LATEST WPACICY CENCs SOC1icm PILE
IX Q% 3AMC AS XX1S PLAS BP-Z)T,IESf FE-V)S

RETHAD ZF SOLIUTIN® - ZYPLICI™ ChAlw
THE LCW3B5T ZXPLICIT CRALE IS "
corTIsicis POELIBG 97220

FALST ZOSE JMuFR CCANTAINING FEEO TATERINL CCPRCSITIOE FUR ZINE PATHS s
WD F TSP P2THS MCUSH THE RIRCTCg L

BTIAFR (F Zr WES ALANG ZRCH ZUNE PATRH 18
ICHT P77 CRTICN L {4 1] 148 THEOU ;H TCBL 154
WIXLAHY RAPRIY SI7F NSED FCR INITIAL FPCCESSING I 2564

STORAT REY)TIRZD Fre PASIC DETX I3 i5e8
SIGRAGE SUPPLIEZD IS 143089

PARZTSS STORASL PEJTIRZD IS f2BGS

RI%T 41T STORALF KEJIIRTD 7% 12139

BOObR T Q RASERY 1 o

AFERNNY ACTUALLT USED wllLl 8E 62305

BECT-TO-LATTST VIRAILM KZFLUX NCT AVAILACLE (B 1%

YR PLUT APFICXIMATIC(N
RIPODTRZ TIN® TP ST MRTS AT 2-'77‘. TI0C 0% (XY
EXpOrafT TIGE ST7P I3 v 1007007 0 IAYT §.500U00E U7 SECCHLS ) THY MBURBCS CF PAStES IS P

FFFIRPTSCI PHVER 1.€ 3190997 99 waTIS

AVIKAE Prw bR T.0338e38 39 WATIG PO PASS 1
MATIVOA AYCPATE BCWER DYMSITY  2.6577072 OV WATIS/C7 Im ICWE P
ISITIAL PEZACTION AATTZS Wil BY MULTIFLICO By $.0037¢72 00 FCR WERT FASS TeduiTods IO
REPEPFAC® PCVWER LOVEL HAS 2EEN ATTAINED
P00 JI7RSITIES FCP ZUNT PATH 1
THeZ? 2,14123%-08  1-2)5 d.0171337-0% 4 1.495784E=24 4 €. 371985eZ-02
L34 1.3581999¢-0u ° €. 1408978-Cn  wzCYEL $.5559958-19

PrIc AND DISCHaRG® RATES (KRILOGPY®S PEE CAT) BT ABSOLNTE NUCLlOR

WYING IONTS STATIZNART I(MES
[T TR 3 [343] [T 1X] ] (331 dI3CHANGL
! ", 1.u6014T-01 APETASTS A 14 I .3
2 < 7.7 02 2.78X151 €2 8. L1562 02 0.615611 02
L bER LR 0.0 ,LAGIMIT (% 0.0 .
[ B L 1.9 2.02355% (4 0.9 ]
r. n 1.109108 90 1.100397 €O 0.0 0.9
LI el A8 7.9 2.0 0.¢ [LFp]
LA 71134 2,1 3.0 0.0 2.1
A =135 0.9 T.hul2RR (4 0.0 2.0
% 0517] 0.9 4,590 002 0.0 [ ]
10 rnarin 9.0 f.09000%C  0.C 3.0
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Table 12. (Continued)

n cs-11% e.a £.83123n-C}  0.C
32 Py-187 0.0 3.081522-C) 0.9
1) pRtadn 9.0 1.82)70¢ -CS 9.¢
wopr-11s a.0 6.0 -(t 0.0
15 S3~199 0.0 2.3Tu18E-CS 0.4
"% 39-757 0.0 2.7¢98¢E-(n 0.¢
17 r3-~-152 0.0 3.51%82-0) 0.¢
19 T-216 0.0 N Lk Ll 4] 0.¢
1 po~2u2 9.0 -25A7 ¥} 9.¢c
0 A%~-2) 0.9 2.73nbE (s 0.0
2% n? 9.0 1.054292 €0 0.c
n ret 0.0 2.8865 7= -(1 0.¢
v TR-21 1.874607 0V 13459 ) 0.0
23 0221 e.o0 Jashcm-(r 0.C
2% -3 9.0 e.8%9e37p-02 0.8
» 0215 1.27733R 20 £ 98388002 a.c
27 B2-239 J.0 ~2M7%e-C6 0.9
2% P12y 0.0 N o(272E-C6 0.0
9 Km-82 0.0 s-21157"-0) 0.0
30 xp-83 0.0 3. 1713823 0.¢
3 BH~10) 0.0 7.56842eE-8) 0.C
N an-105 6.0 s.0a%ée-(7 o.C
3 a5-109 6.0 [
3% IR-T131 9.0 0.¢
S xC-12} e.n 0.9
36 SD~183 0.0 2.7%3%3E-02  0.¢
37 ®3-13% 0.0 3.026402-02 0.0
33 Sn-339 0.9 183987 -(2 0.¢
19 S$3-192 0.9 .. 95727203 e.c
80 T-1<e .0 7.0840¢7-C3  0a.C
47 E7-155 0.0 1.09% 2-Ch 0.¢
82 PA-2)) 0.0 5.826%9E-() o.c
a3 7-239 $.61440E-02 7.782152-02 0.0
0.0 2. SNSIL-Ch 9.0
2.0 662078 -C 0.0
0.0 _ 3, 74806E-C8 0.0
¢.0 T1.97583E-C2 9.¢
1.27763E 00 921200 0.0
PCUTR WATTS) _FOR EASR ZOME PATH
1 2. 0758057 Q6 ki 2.C2913482 C¢€ ki
£) 1.281097% 98 7 2.C%27652 e ®)

TOTAL PWER (WATTS) FCE ZCNE PATHS 1.6377¢87 ¢3

SOPFEARY TABLZS FOD IXECSUBE FRDIDG AT TIRE
PoB CAS™ THR~TH SARPLE FBCBLEYS,

AVERMZ BEITRCE LOSSES BT BUCLIDE CLASS AMD

OQOOQPOGQ‘

S w
e e

IR b
0OV R000000000R00CECOONVOO00ONOORO0ROCO

0OCOCOROO0GOB0,000CCcCO0OCSUAOCR G

1.022:%1E ¢# L} 1.9985082 08 $) 1.910198% 02

1.9995ELE O)

2.8367:08 0% DARS
PIOOLT BEL TIIN FRISAATIC TREMALL HMYODBAULICS

<ONE CLASS - STITER LOSS BAIY 1.2920%92 2V wm/sil

znlr;oty.sss FIsgiLT l!l?z:l.'. [ ;cunn FISSION PRCD STRYCTUSAL
V. .
1 0.8 6 vT0k 4.2818279 N.00125589 3. 9905728 6.025767%
., 0.0 0.3 0.9 0.0 c.o
2 9.9 0.9 0.9 9.0 0.01098%%
k] 0.9 0.0 3.0 3.0 0.0156%:8
s 0.0 .0 0.0 0.0 ¢.00070¢CY
MM 0,806150F 0. 2028239 0.0122501 Q.1105728 0.0790311

I0N% CLISS ABSGRPTICY ZHEZCTIVY CCRVERSIUM BATIO PCREp (wDITS)
MO Lrssrs REACTILY BATL
1 0.9911182 RALLT) T.6377338 0%
5 8.1 3.3 '
2 0,%146%%94 9.0 0.0
b ] D.01%6% 28 0.0 9.0
L) 0.0097001 c.a 0.0
AYTRALL  0.9633420 ¢.37940 1.61717)8 09

CTHEP Lons2% G.0)%A1R0

TaTel Lostes  1.0070000

REPEZTINE CANYT ZTAN RATTC FRCY MASS FALANCE 3.%484%

PISLILE INVEDTCY I35

PIRILE CONZIISPTICN PR AT ENDBcr TRIPATILR %
FrIOAILE CORIUNPIICN ROTR IV

ANTIRPACT PILE ZWACON FERGICW T rCLD) MAZ STy wRiTIFN OB UNIT  §3 WITH CEPSITIRS AT TIAE FPL ALY PIUSINT IT § 0%
AT 144

S w1t

=12 e PrIEY - x2)
witeR? €2 ¢

PruTh COTPITRD FROY PCY IR DONSITY 1.611171¢ ¢~

5.2887958 02 KG

T, 49138 0-19 Kuy0A1T-50C
2. 4w 288 E-0¢ KG/80C

TUD CF TAPNTUBE CENGITING, XV v STAND OF EI60SUUR CORSITIES, ARG I = V. dJ0U

INTERPRCT FILE 7REPAND FUKITAN OV [NEv) HAS PRIR WAIPSTY ON gEiT 9

INPShPACY FILE COATON FERZLICN T (NEW) HAS LERX wNZITEN OF UNIT 20
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Table 12. (Continued)

Fivsl Thevaal Hodanlicr ol Aocess

=TMR~-T3= GAS COOLRD BUACTOR TRZARAL BECEASLICS CODER, OBNL VRESIOR A.1, FALL 130) -—— Q4 LRVLL O

TER-TH JANPLE PRODLERS, PESELE BED TIEXN PPISIATIC THERSAL NEDRASLICS

=owe INTECER COPEPOL VARIADLES -~~~
10MPL =PLOW DCUB, t=PLO® OP) [
GERMAN/JUS PRESSURE 0GP ABD PILE CCRIF [4
IMAE (-1/0,1/2- PLUERCE O/ CPRIST/ IZPONT) ©
IFESER  :~1/0,1/2~ TOTAL/FPIBSI/SSCCUE BABGE) O
EENORY AVAILABLE IF _BE. G (DCRCS) [}
BEAT CO¥DGCTION TNERRAL COWOOCTIVITY (]
DEMUG EIIT LEVEL e
IDIT LEVEL OPTICH [
REAT REROVAL OPTIONS ]
PORL RLRYENT GECAETRE, O- SPNERE, 1~ CIL [
o 0 o o o o o ¢ o ¥ 2
==== PLOATIFG POINT CCNTROL VARIABLES ~~-~
YOID PRACTIO 0.¢
” 0.35000 03
0.4C00D 02
© 0.8
CEARACT®RISTIC RYDRAULIC DIARETER (CR) 0.€€000 01
SEPRBENCE PLURBCE 0.0
SECOVERARLE EBZPGE FRACTIOP 0.9¢C0D 00
SPECIFIED POWER LEVEL 0.0
DIBESSICE OF CEIL POR HEAT REROVAL (CBH) 0.¢
FSEL RADIUS OF 20WE RATERIAL (CW) 0.2¢%00 01
POEL BADIVS OP SOBICWE 9ATERIAL (CW) 0.5:00C 01
OUTL T TERPERATURE (C) 0.€£¢0D 0)
PLIENCE BULTIPLIED 0.1€C0D 01
TRZR1iL CONDUCTIVITY AULTIPLIED 0.1720p 0V
COMTERZENCE CRITENIR 0.0 RALIRUR CP4 TINE IB 5ICOBDS 0.2800L 0)
0.0 0.0 2.0 0.0 6.500000-6% 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 3.50¢500 02
RAXIATR ATACRY PEQUIRENERT -~ 69578 NORDS, REFOBT AVAIIADIE -~ 1605C0 %0BDS
POSZR OF 1NPOSD - O. 76)8TF 70 DOES %CT WATCRE ESPINT- 0.1080R 1C
TITEZ OF IFPOSD- 0.2R17C 05 DOES NOT RATCE PELINT- 0.0
DATA ONIT WIADERS, GRCYPTEY, EXPOSURE, ICPE ASC POINT POVER DEBSITY 18 30 19 18
FROD. BT RESR (2-D PLANE) ] 9 1" (3 0.¢ 815.00 200.00 750.00
COAPACTED 9ESK 29 36 1
COOBDINATE DIABRSINGS 0.0 $.71350 01 8.16500 01  1.00000 02 9.7930D 02  1,23790 02
1.7206p 02  1.66200 02  1.99000 02 2.111%0 02 2.22680 €2 2.3)%¢0 02 2.4806D 02 2.572%0 02
2.93810 02 [ 3.95000 €2 3.27800 02  3.8099p 02 ).5;00D0 02 3.63)30 02 3.783.0 02
9.05250 02
CORRDINSI®E OIAZNSINGS LESTar vl rogen AT LASMALL RAEIID OV A.VITIN BT T.A'A9A. B)
1.22220 02 1.3750D 02 1.%92780 €2 1.6806D 02  1.8)33Ip €2  1.9861D 02 2.389D 02  2.29170 O.
2.75000 02 2.9028m 02  ).0556D 62 3.3Ce30 02 3.J6%3D C€i  3.513%C 02 3.6667D 02 3.819%0 02
. 2778D 02 8,8306D 02 §.5933D0 €2 8.7261D 02 8.08090 02 S5.08V70 02 3.19e%50 02 5.)e72» 0.
COORDINATE OIRRRSICHS 0.0 6.0
NZ3N _POVER DUNSITY DATA
1.39160 0 1.)6550 0% 1.3798p O 3.37)20 O1 9.34690 OF 1.36020 01 1.358SC 01 3.364e30 07 1.)332d
1.393%0 0% 5.300)0 OF 19,28700 OV 9.2731C OF 1.2608D O 1.26007D 00 19.2998C O $.2033D OV 9,101
1.13980 07 1.11132 01 1.0383D OF 1.0689C OF 1,00560 O 1.0358D 01 1.03¢70 1 1$.0729D 0% §.16380
®EYI20 01 T.61ITD 01 91,60700 01 5.6006C OF 1.593%0 01 3.5M870 01 1.S5770C O0; 3.566ap 05 9.3531D
1.53160 O 1.59720 01 9.%0180 O 1,0882C 09 1.0652D OF $.98090 00 §.8205C O 1.3981D 00 1.36390
1.30130 01 9.262aD 0% 1,23030 OV 9.9966C 09 1.17370 0% 1.76640 01 1.20020 OF 19.3159D 01 1.53250
1.€2230 0% 9.51720 0V 9.51°80 01 1.5€59C GV 1.5086D 01 1,89920 01 1.e898C 01 1.8785D 01 1.e79ap
1.85a%0 01 1,08000 OF 1.8I800 OF §.876%C OF 1.3932p 0V 1.38610 01 1.359eC 01 1.3313D 0) 4.)19)D
1.23790 01 1.716710 01 1,17600 01 1.1501C &% 1.12890 0 1.95570 01 1.2546D 0%
1.6708D OF 7.46550 OF 5,659%50 01 5.66390 01 1.65)5p 01 1.68350 01 9.63230 O1
1.%92%0 0% 11,9090 0V 9,5677D OF 1.5825C 01 1.53860 01 9.50530 OV 1.67)8C 01
1.38060 OF 1.29610 01 1.2626D 09 1,2357C 09 1.26050 01 1.26100 01 1.09100 01
1,8752p OV 1.370JD OF 5.8742D OF 5.87085 01 Y.06210 01 1.8527D 01 1.e60%L 01
1,83270 01 1.892)0 OV 9,38965 01 1.J980C OF 1.36730 O 9.)s350 01 §.3e03C OF 1.29800 01
1,209 0% 1.9679D 01 $.12315 01 1.5889L OF 1.22640 03  1.9J86D 07 $.53070 0% 9.52700 O3
1.91680 01 1.52)00 09 1.59580 0V 1.5075D O 9.098e0 01 1.5078D 01 1.89440 01 4.8850D 01
1.85980 09 1.8)79p 01 1,00760 O 1,09182¢C 01 1.3488D OF 1.30620 OV 1.3822C 01 ¥.29500 0F
1.20580 01 9.1595p O1 3.1783D 01 1.2%69c OV 1.)1060 OV 1.)0750 01 1,308¢D OV $.)0160 01
1.30820 01 1,29820 DY 1,29790 OV 1,2888D GV 1.29570 01 1.20680 01 §.27730 01 1.20660 OV
1.24230 OV 1.29)5D 07 1,2296D 01 $.2089C 01 1.21610 0V §,87780 01 1.1366C O 1.V}e30 OV
1.01090 01 1.025'n 01 1,08690 Of 1.2859¢ OV 1.20270 01 1.28010 01 1,27750 01 1,27weD 01 1,27%20
$,27%0 0% 1.26960 01 1,264270 IV 1.2769D OV ,26540 0% 1.25690 01 1.2867C 01 $.25920 01 1.2elew
1,27%8p 01 1,29200 01 $.9A720 01 1,1991¢ OF 1.18110 01 1.12090 OV 1.1208C 0% 1.08¥9D O1 §,05200
1.01000 01 1.06710 01 5,09800 C% 1,0919C CT 1,089%0 01 1.08760 01 1.08550 01 1.0029D 31 9.09¢0
1.0820D 01 1.07690 01 1,08760 Gf 1,08080 01 1.07350 01 1.06510 0% 1.0777c 0F 1.06390 O1 1.0em)D
1,008 0% 1,02070 01 1.03570 1 1.0039C O 9.CAS7D 00 9,72760 00 9.39150 O, ©.13230 00 #.5%160
9.093%p 00 9.0%%p 01 9,03780 07 1,0357C 01 1.03390 01 1,03300 01 1.0296D OF 1.03790 01 1,03%10
1.02690 01 1,075D 01 1,02920 0f 1,02250 OV 9.018AD 01 1,02700 0V 1,0103C 01 9.99610 00 1,012
9.73600 00 9.mAS3D 00 9,57600 00 9.2883C 00 9.29170 00 8,97)J0 00 0.72010 00 @.5784D 00 A.,/%68D
#.93%60 00 8.,9210% 70 8.90690 00 08.892%C 00 08.87680 00 4,85020 0C 0.92900 00 8.89370 00 & 85/
5.70610 00 8.4%38D 00 #.79990 00 6.73300 00 A.A8160 00 8.73)8D 00 9.69080 00 9.72650 00 ».%570)y

Sl L
4-9888D0 (2
3.90220 02
5.50000 02
o1 §.32120
0} 1.759¢C0
01 1.625%30
01 5. %850
01 1.3,9%0
0 1.%27e8
01 1.88710
0 §.279)
o1 1.075%
01 1.407%0
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RARI®TY INITIALIZED SWLK FLVIB Anp PIEOLE TEASEBATURES (C)

pLo 4

PROCIS IR TIWE (SYC) AT START O ITESNTION

ITERS"InN, 5'!!!"1 Cll!Gl
v.0%9910

BN RARaN -

ISLIZATICE OF FNORLES COWPLET .(, STASY IIRPALION

-J.0%0078
=0.03006
=J.0)0785
-0.03007¢
-0.9%300% !
-0.C2000 ¢
3.9)300¢
0.000007
0.020007
0.00190)
0.03009%¢
0.3)900¢
09.070319
0.0%2007%
d.090011

!l'llPGLlTl'l ce

0.00001¢
0.9%9012
7.0)0030
9.21002¢
0.9%0027
-0.0%0229
-0.029020
=3.230921
~0.319927
-1.010122
=0.231902%
-0.31017}
-1.0300.%
=-0.0%0)2%
-0,73002¢8
=1.19002%
-0,37002%
=-0.30010
=3.200022
“N,01003%
N, 030027
=1.0%913 1
=3.9009) .
«3,01902¢
«q4,030014
-0,030012
-0, 010000
=1,070947
3. 032394
«n,00000%
=3. 110003
0,970791
0,013001]

"’-6 llll 1!'5

-0 OOOGI! 0. 79011'
«0.0000¢0 -0.000%(*
=0.00038) -0.00008%
~C.3992%1 ~0.20078e%
-0.000%9) -0.70CY7C
~0.9077185 ~0.200%(s
=0.03317%  ~0.07078&Y
~0.000%9 ~0.0307%5%
«0.02%168  ~).n5aveT
~0.092%8%  -0.200
~0.0601%8 -0.000
~3.00015% ~0.1001%1
«0.0077%y ~0.0601%)
~0.000752 -0.00€v4C
~0.09915%  ~1.0007 8¢
SELFCTEN ITUPATY CAT)
0.000849 0.900+ (€
0.001147 0,000}
0.9307%78  0.00035¢
0.001%7 0.1780) ¢
1.9171 1% 0.0003 28
3.00111Y  0.020)10
0.090302 0.70028¢
9.11329) n.0002¢7
9.00977  0.00027%
¢.000272 0.3002¢5
0.391127%4 0.Q0021%?
0.901258  0.30025¢C
8.00 231 9,300; 3¢
0.00728 0.00023¢
9.07022¢ 9.330237
0.00022s 0.:{90213
9.199218 0.3302 1
9.070212 0.93021%
3.000308 0.Cvgl(3
3.090291 0.9002 06
0.099709 0.2007 %¢
1.0301a3 0.80¢% 52
.0191R) 0.300182
0.V31149 0.10CHeS
0.9701%5% 0.,900% ¢
0.971154 0.)101%57
0.071191 0.99014¢"
0,0090%90 0.17001 3¢
3.010128 0.000%2¢
0.090112 2.9007 192
A,070087 0.9903%9
0.0%70%2 0.30¢C082
a.13110449 0.1n030¢

975.28

5%. 71 --COLPPICIRDIS

1.3020 0.8%€2 13.0000

CCRVERGFUCE DATA FOLICYS

$99.77 APPASIST PHLSSUNE DNOP [(AIMN

SO5S rnr, nl:ssun, SETA (), PRESSOSE [SCP, DEL MEAY BALANCE,
.06€07" L1518 0.47%¢ -0.008063 0.0002 0.08)e U.008H
—c.uccc-. 1 1518 0.671C -C.CC5¥2) 0.7¢3% 0.v702
-0.0CC017 11,3028 0.6711 -0.0002¢8 0.722% 2.789%
0.0C000% 1.3028 0.6712 -0.000)87 0.7:60 3.0078
-0,CCCC0e  9.302¢ 0.6732 =0.0C0sss 0.5¢70 2.33%0 0.ua71
-0.0CCCC+ 1.3020 0.6718 -0.0€H%0 0.68%7 $.0395  0.3209
=0.6CCC05 1.3020 3,678 -0,0C%3)s 0.¢222 0.975% (.10
-0.00(CC0% 1.2028 0.871% -0.0C7%52) 0.6837 0.y a.val}
=0.6CC00s 1.)02% 0.671% -0.001820 0.%323 0.911%  0.9499
-C.0CC0CH 1,2028 0.67%6 -0.006211) 0.%€82 0.9708 G.¥32V
-C.CCCNO3  1.3028 O0.671¢ <~0.0C2807 ¥.C677 0.9L95 0.y5e4
~0.CCCC03 71.3020 0.67i6 <-0,.0C2704 1.f%5% 0.%te 0.955/
-€.0CC00) 1,302 0.67%7 -0.002997 9.¢%70 0.¥37% 0,95
-0.00€0¢) 11,3028 0.6713 =-0.CC329) V1. C67 J.y06>  0.958)
=0.0CC00) 1,028 0.6717 <0,00398% 1.0073 C(.985¢ 0.5+ 0,959
-0.CCC002 1.3028 0.¢717 -0,00368% *. 023 0.9%5% O.%¥e3f 0.%a0¢
wvitn ncuvuu 0.9%53) FACTORS $7.38 2062  2).79 Lver 3
~0.0CC00: 1528 .672) <0.019%18 2,838 11,6225 V.%5¢ J.7I1d2
-o.ooooo. 1,3528 0.672) -C.00v8e1 1.017) C.9e)8 0.3792 (.9507
«0,0020013 1.!52! 0.6723 <0,01229) C.98C8 0.B082 0.%5)8 0.%26)
~0,00C003 9.3504 0.672) -0.092%» O0.E5%6 G.9713 0.952) ,%23)
~0.00C003 11,3528 0.67.2 -0.002#85 G.E83) 0.M69) =.850) C.wulu
-0.00C09) 1.3328 0.6722 -0.07322% 0.5)85 O0.8901 v.¥e92 U.s3%)
-C.00C002 4,392 -0.013585 O.5815 0.903> 0.936u 0.9i62
-0.0CC0C2 1.3528 =1,09393) 1.CI%¢ (.9050 0.%)e (.900c
~0,00CCC2 1,.2324 ~0.01823%  1.02%% C.92') 0.¥e07 O.%ee}
«0.00CC02 ¥.332% 0.072% ~0,0'8570 13,0010 0.9207 0.7)41 0. :4e7
«0,0CC0C2 7,352 0.6722 ~-0.098997 13,0573 €.93)9 0.4135 C.ved>
-0,0CCCN2 1.3%28 0.67;1 =0,01519) 0.993% 0.9870 0.91Jo O..e9e
=0,0CC002 9.352% 0,670 -0.D¥%865 3.027% (.9582 O0.v3)7 0,.,3%
~0.90C0CC 1,3528 0.67.% ~0.095692 9.0205 C.%713 0.9)83 U.wels
=0,0€CCC5 9.3190 0 6770 ~0.C1%660 O.5¢sn (.98950 0.Y8)5 V.vlle
=C.ECCC00  1.3190 .672% <0,005957 9,0432 C.970T 0.995%0 0. 949
«0.00CC08 91,3190 0,627 -p.015978 1,08)% F.00y¢ 0.7t ) 0.749«
=0.0CCCCe  1.3190 0,67.7 <-0.C15908 3.1829 1.0010 0.¥317 0,952/
«0.CCCO08  ¥,3100 0,67:0 -0,099763 1.0%E5 0.989% O.¥Vey  0,95))
=0.001006 1,310 67:1 ~0.035%e7 71,0200 0.97e7 0.1 J.95%
-3,0C0L00e  §,. 0190 =0,01%27) 0.9176 0.v812 0.¥v!l> J.vels
=€, LCC003 11,2860 «0,018957 0.89%% 0.90%% 0.9197 0O.9ye9)
-0,00€003 11,2860 =0.018€%6 0.%2¢%3 0.%071 00,9027 U,%!9
«0.60CC03 1.,2MK0 “3.0142¢47 0.8202 0.9200 0.¥484 0.¥vdu2
~0.,CCCCOY 1, 2060 “0.013944 0.7935 c.9007 0.9717 O.sued
~0,00CC0Y 11,2860 «0,013%95 0.7)85 0.9010 n,0377 O.vels
~0.00CC0) 11,2460 =0.013292 O.7%00 (.9902 O.¥99% O.9dly
20, CCCCOY  1,2%%0 =0,01%040 O0.€)3i C.086% 0.8)2)
»0.0€C0CY T1.29460 =0.012780 0.7%7f C.8080 0.8209
=0.0CCC02 T1.2940 =0.C125 0,793 C.8985 0.810)
~0,CCCC02 V,2440 «0,01219% 0.7782 0.8995 0.87Ce
~0,0CC002 11,2480 «0,0122% 0,7580 0.4%¢) 0,791y
«0,000007 1,1440 «0,012115 1,18Af C.89.9 O.741n

0.6708

1.%70% nax 17 "o

280(5)
G.300%
0.0y8 e
J.%8%¢
J-Co e
1.005%
1. 11%¢
0.311)
g-a971¢
V9152
0-%288
J.%e18
3-950%
0.9%,
0-9555
3. 955¢
0.%3%¢

$.313e
1.4V72
0.9377
0.913¢
0-90yS
0.¥id¢

0-%218

U-925¢C
0-5l00
0.532¢C
0.%i180
d.v300
0.ye)1
0,949
0.ve9¢
0,536
0,577
0.y89¢
0.500 ¢
v.$73%
0.9372
0.%30¢
0.500¢
2. %001
v.e97¥
0.885¢C
0.871¢C

1.7e7ek 0

L Wy ‘.;‘3&\"?“‘\
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Table 12. (Continued)

T -TR SARPLE PMQRLEZAS, PEAPSLY PRD THEFS PRUSEATIC YRIS.L HTDRARLICS

TEZIPIMRINTES ARRITPARILY ADIUSTEZD IC ELINISATE TRE #ZAT BALABCE BRICH

SED %LJ175 APD WEPISHT v, ..15000 %.50CC1
TATRYAL PCWER (=v) 1.65670 02
FLCI AR™E ING/S) 030069 02
ATYICLOS Ry%BRe 2439,
150.0
PEAN CTTLT COCLAST TP 950.0
PEAKL NJTLET COGLA" TETPE 278.7 AT BACIAL LOCATIOR (9) 6.0
AR A3 RIN PERSLE SUBPN 9.2 (21 9% |
IFLEY PRESSTRE 30.500
ISR 39.327
T oRIP BTR) 0_6712%
TIPXAS IB FLOW MXD WETAT HALARCE IPERCEBT) 0.6 -1.1%6¢
APPROTIRATE AXLSL PRESSOBE CRASCE ACRCSS CCBE AT b/) ABD 28/% (AIR), ~—BO GABVITY -0.67805 -J.07e26
AR GADIAL CONPONENT CF THE BELATIVE RASS PLICE RATE (ARSCLUI®) €.00008
SPPAFTNT ZYTRPRP [ RESSURT DRCP (ATE) C.67)32¢
PELATIVE TASS FLOW RATE, 3
ARIINL 0.9 0.7197 0.I547 06,2830 ©.2773 0.)70) 6.31%6 0.17%¢ 0.%7156 0.%887 0.87y3 0.5Cd8 J.51eS
[13434 ———
3.97393 0.3778  0_974R 0,979 (.5 77 (_S60T O0.9813 0.5620 0.5430 0.S58a1 0.9852 C.%4se 0.%07% O.3309%
7.0218 0.9779 0.9749 9. 9r%s C. 9901 (.$437 OG.%uI8 0.5410 0.<4930 0.9852 O.yses D.9876 0.3%809%
0.05358 3.9778 0.9746 0.8792 0.%979% L.S80° 0.9492 0.58180 0.9827 0.98%0 O.¥me)
3.0333 0.9735 C.%783 0.978% 0.979¢ .€9C}  0.7839% G.sAIS  0.SAJ3 0.98s5 0.yn56
3.%11% 9.9772 0.°779 0,978% 4.9732 C€.$793 O.9%s05 0.5810 0.3yNI8 0.9980 U.w:50
9.1%5% 0.9768 0.9775 G.%78% C.%978 (.9775 0O.J80. 0.5805 0.3AV2 0.-98)5 0O.55se
1.1667 0.97:a 0.977t 0.9777 C.9708 C.S7%% 0.9797 0.$800 0.$167 0.9878 0.%93.9 0.99)7
9.1933 0.97%9 0.9766 0.9773 0.9780 C.S787 0.3792 C.5795 0.99CT 0.5812 O.¥82s Q.%ys31
8.2222 6. 8745 C.97¢2 0.4768 C.S77S  (.¢T82 0.9788 0.979%0 0.3756 O0.5A(7 0.%4%8 0.991¢
1.257) 0.5751 0.7759 0.97¢8 C.9TF1 (5778 0.378) 0.5786 0.9797 0.5307 0.901) O.9920
2178 0.9787 0.77%3 0.7740 C.9767 (.S773 0.%779 0.5761 0.57¢7 3.97¢8 0.%804 0.Y¥01%
3.27%% Q.37 §.37%0 0.97% €.976) (.$770 0.%77% 6.%.77 0.9782 0.57%) C.9908 0.%41)
.10 3.5719  Q.97e6  C.72752 C.9399 (. LT84 Q. %77V 0.9800 0.9497
7.367% 0.9715 0.9782 0.9788 C.9756 (.97.2 4.7767 0.%7% U.%02
0.3i%"9 0.8737 C.97)9 0.97%% (C.5752 (.%759% 0.9%7¢1} 0.9792 0.573Y
3.81e7 0.%728 0.973% 0.5781 G.9I89 (C.57%5 0.9760 4.5762 0.%768 0.5776 C.978y 6.9
9. %08% 8.9725 0.%73F 0.9738 C.9785 (9752 0.9757 3.9759 0.37¢5 0.377% 0.9%7e5 ©.979)
0.8722 0.%722 0.5729 0.573% (,.978) (.57e% 0.975¢ 0.5756¢ 0.%762 0.%777 0.%782 0O.¥I¥0
2.530% 0.571% 0.3726 0.97)3 C.9780 (3738 G.7751 0,975 2.5759 0.5769 0.%J800 G.v748
0.5278 0.978¢ 0,772 0.3730 C.9737 (.STes 0.978 “.$77V €.97%7 T 0.9777  0.514%
n.55%6 L9718 0.973% 09727 C.5735 C.$Tsb 0.97e6 L $7M3 0.575e 0.9775 0.y79)
n.c4913 0.97%1 02719 0.9725 0.97)2 ¢C.$7)2 0.778) O.»786 0.%752 0-.97713 0.yt
LY 0.970% 0.3776 0.972) 0.9%730 C.$7' 0.9781 0.5788 0.3750 0.9760 0.9771 0.%779
LAL L 0.1707 0.°713 1,972 0.¢728 (.¢7)s Q.973% O0,.§782 0.S7a8 0.97%58 0.979 C.9778
7.¢667 2,970 0.9712  0.9739 0.972¢ C.S712 0.9717 0.$3780 O0.$787 G.$757 0.97¢7 0.-¥7le
3.F138 0.773% Q.°717 0.97%37 G.972% C.S731 0.%73% 0.%7)9 0,378 0.57%% 0.975 0.%775
0.7222 0.6707 C.9709 G,9716 C.972) (.%729 O.773& 9.37)7 0.37es 0.97%s 0.%%s 0.97))
1.759) 0.3707 3.°777 0.2710  0.9721 C.%728 0.9732 Q.373¢ 0.%781 0.9752 0.97%) v.¥I)2
0.7778 0.%1%8 5,970 0.%71) (.%720 C.%726 0.77)9 O.%7)% 0.%78% 0.%751 0.97e8 O.¥I79
3.11%¢ 9.%97 €.9705 O0.9781 C.371% (.$725 0.7730 O0.5%7)) O.%780 0.%750 D0.%760 9.v/70
0,371} 0.%79+,  0.9708 3.973) 0.971¢ C.9%72% 0.7738 0.9732 0.37)9 0.%7%9% 0.975y 0.y)A9
N.369% 0.%9% 0.170) C.97cS (L9717 C.9723 0.7728 1.573% 0.97)9 0,978 0.975%9 O0.%09
1.414Y 0,979 J.9702 C.975 C.9716  C.8732 0.3737 5.%731 0.%738 9.5747 0.9758 O0.9749
J.9147 2.%491 0,970 0.9708 0.°718 C€.9721 0.7738 0.57)0 0,377 0.%78T7 ¢C.9757 O0.97c6
N.C0en NP8 N ATAT (L OTRT (L R7IC [ €TXT 0.NTS S.ST29 0.9737 0.%78s D.9757 0.9TAT v.¥719 Q.97
e 0.7.8) 0.)85799C 22 172.¢ 116,12 1177.2 T81.2 Jed.V =5.9
LY 0.28656 9.,)911%0F 22 7175. 6 779.5 117.3 Te2.¢ 785%.¢ e d
L 7.0 0.3 8:0.0 850.0 517.0 517.0 577.0 0.0
1111 3.¢ 0.0 879.0 850,90 517.0 $17.0 $77.0 0.V
11} 3.0 0.0 1<0.0 50,0 $17.0 £77.9 977.9 0.9
188 2.0 0.0 4%0.0 n%3.¢ €17.0 577.0 517.90 0.0
139 0,0 0.0 6%0.¢C 9%0.0 577,0 $17.0 577.0 9.0
150 3.0 0.0 #%0.0 850.¢ 577.0 $77.0 5711.9 6.0
15t 9.0 0.0 43¢.0 449,49 $77.90 577.¢ 577.9 0.0
152 2.0 u.0 870.0 150.9 17,0 $17.¢ $77.9 .0
1% 9.0 0.0 750.0 R50.0 $77,0 $17.0 517.9 0.0
150 2.0 0.0 650, 9% 853.0 $17.0 $17.0 577.0 3.0
e 3.0 1.3 8%4.0 00,49 $71.0 $117.90 577.0 .0
RAK T29PS, PPAK/MZAN BT Z09E, SUFICEE  $i9.0 919.9% 0.¢ 0.0 PCULE ¥IIGHTED  740.) 0.0 POWEZE [A4T) F.05058 0
MYTRAP ARD PEAX TUSFIRMTURE SLAPE AT PEEOLE PIAT/SHELL INTENPACE (DIC/CY) 88t ~140.9

CORFELATING PAZLTRE LANNT 308

[4

TEIPERATHRES PECALCILATID FOR THZ PLIR ZCUE 50BPACE TEYPLNATURES (ASSUAEID YOBST CASL, CISBEGARD I9TLIRALS)

TOIF  (TORINCTINITY AND F(PEPOSUBE)
0.891% 0.2401%07 29
2,35 .400%20F 22
0.3017  0.200118% 2
0,288 02,1181 22
0.2608¢ 3.849000r 27
3,1938  0.%290 067 22
N.2M58  3.%380761: 22
0.2972 n.4%nator 22
0.74%} 0.60huN)%
65,2997 ),873009% 22

BT BNRA® -

SHRLL NEAT  CRNTES TPIPENA YN
Syt 8 507.9 [ TY A
€23.0 1¢8.7 Tye, §
414.2 175.¢ 059,
7.6 9.0.3 v00.49
7.2 (L1 ] Sie.t
808.9 LIFER] 919.1
7.1 870.5 "o,y
Ael.n f83.? yiv.y
Ael.) 9t.2 940,14
AT} Nel.n 9.0, %

-

dr/0m

-11.)
-11%,7
~119. 8
=19s,8

-90,7

-l

“31a

“wl.2

-3

*30.4

1C8G /LM

edsonsamssssansnccnten


http://-o.47-.05
http://450.ll

T 0.2060 0.920)27%

[ d
.

i
L d
.

-
~
-
-
-
L]

0.260% 9.907977¢

0.2860 0.9375212
0.2875 0.%%3185¢
0.2001 0.93%8707C
0.2087 0.MI6ISE
9.2097 0.36%7062
0. 973603
0.9712972

0.2867 9,727721
0.2071 O.%ilAaMmE
0.2073 0.1110768
0.2873 0.1912227C
9.200C 0. 912096E
4.5128 3.722308L
0.3558 0.000895¢
0.30%6 0. 1s0092¢
0.2986 0.2412)5¢
0.292) 0.3%7s072
0.2007 0.0980591
0.2795% 0.769% 12

o.

0.83909¢
0.2834 0.066)642
0.2839 0.07629¢
0.2087 0.8790562
0.2083 0.079236¢
0.2050 0.8018108
0.52:2 0.2059778
0.3623 0.7752e9¢
0.%98% 0.1%5212¢
0.2097 0.%)50)08
0.2822 0.)2)6%532
0.2792 0.810°7)2
0.2779 0.5919%6%
0.2778 0,6210008
0.277) 0.6)97%¢
0.2779 0.99430%¢
0.2779 0. 100635¢
0.2708 0.1015998
0.7788 0. %W2)728
0.2791 0,102997¢
0.2798 0.10)8008
8.2797 0.10)7068
0.,2799 0.100208
0.2008 0, 10080488

0,536 0, 10083

1 - [ L
NN NN NN NSNS NN NN NN NS S SN NN NN NNEENNNNNENENNNN (NS BB EUUNNNNNNNNNYSNEUNR

n
23

8

Fi X

b2
2]
H)




95

Table 12. (Continmned)

110
131
2
"3
1.
”"s

17
AR 1)

13
1358

37
139
19
180
.3
Te2
182
188
\ L1
=¢
18?7
i1 L)
189
150
158
15«
153
15s
15%

9K TEIPE, PEZN

AYYBRSY AND PEAR TFRPIRATSRE SLOPZ AT PPESLE PRAT/SNELL IGTERPACE [DICANW)

732 J.e82950E

0.7 _ t)29%ap

3.292¢ 9.260m97
7.2783 0.227788C
0.27¢V O0.:7%0N2°
3.279 0.8 1NAE

P
0.252) 0.99%27¢ Z.!
k4
P24

0.2784 0.3%0)972¢
0.27)° ).5er00dE
9.27: @.59)97¥ 22
0.272¢ @.e1V)23E 22
.27 8.6907¢7L 2
0.27 6.776980F 22

2
2
Tea  O.n6AS9YE 22
2
n

.72 R 22

92209 0.220870¢ 22

858 0.387085% 2
a2 0.2¢77%12 22

0.2008 0.206%0SF 22

D) )

.

cvooooGoLVoO
.
000000000

795 0.2%9¥82% 22
7% 0.)0%172 22
780 0.3¥198)ar 30
TIS  0.32477
A4 P L ”
TEQ 0. JaaSmT
TES 0.289%TweT 22
TEe  J. TN IIPE 22
0.)a%6e8E 22
9.0

0.0

-
-
~

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
3.0
| #4141

4

CCRRELATION FRITORE CCOIWT

A%0

8500
A% BRY ZODE, SURICHE $32.0

3%.0
350.90
3150.0
3M0.0
350.90
1%0.90
1%3.0
3%0.0
350.0
1%0.0

350.0
$328.7

$38.9
7.2
“wr.e

Tel.8
5.2
757.5

766.7

308.0
9.0 PCYLR BIICATID

485.¢
763.9

2190
s
025.9
[ 23 K7

758.8

CYTWLATIVE PRACTINNS CP TRE PUCL ADOVE SEFERUICE TENPEBATUBRS, [2C C ([SOR BASIC DATA PCINTS

T07AL CP3 TIRR IS

T -TR SEIPLE PPONLPRS,

Qs
900
7S
850
2%
Aj0
7%
70

~THN-

TH- GAS CCOLEP MEACTOR TRERPAL KYDRAULICS CCOEL, OBPL FEZASION 6.9, FALL 1982 -- QA LRVM O

0.0037091%
0.3076080)
0.25198312
0.38231 )4
0.89898)78
n.5826571a
0.6978920%
0.7907508%

725
790
€73
450
62%

HH
350

“ve= INTZIC™ COFTROL YARIADLES ~---
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s 3).7%00 5 36.2%¢0
12 10). 7500

s §7.%000 5 v12.5%000
s $2.8250 5 30).3:)3¥
17 791.5800 13 7e0.37%9

7-233

BEIVEL -

U-23)
RECYEL

=23)
ALCVEL

=213
RPCYPL

1.65€2720 o7

SIYF AT 3UCS PLTS NP-2)7,LR%S XB-T:Y

we SECVYRL

8,000000¢~CA
7.7949992 -0
0.¢

§.0000002-04
$.€299798-(n
0.¢

w,(00000L-Cs
$.€299772 (e
9.0

9,C00000E-04
5.4291792-Cn
1.¢

18 793.75Q0 15 @12.5000

¢ 68.7%00 T 01.2500

& 137.%000
& 175.0000 7 28t1.0007
1e 803.13%¢0 15 eI1.875%0

W23
L1

0-23e
(14

a-23
nr

G-23a
ny

9.9999 ag-0?
2.1000002-0%

$.99999%ak-07
2. 100000Z-V%
€.9

$.%99v%0z-07
4. 10000000
6.0

%.999998L -9/
e. 1000002 0%
<.0

% 83V.2%¢Co

s 9).738C

& 31608402
e 080.02%0
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Table 12 (W)

v
T'I-;JI 2 2.1000082-0s Ki-2)3 1.5000008-0¢ 5-2)) 5. 000000K-C6 230 1. 9999vex-07
=233 5.8999998-6 822 2.5599992-0¢ BECYRL S. £29PPIR-CS »n i. 100000L -0
[ 4 1.999%%2-02 o.¢ e (X ]
13 29
SKVEL 5.90006. 05 L4 1.C000002 -85 < 5= 139999R~C. .0
e 18
SECVEL 5. 900004795 [+ 5.1000007-08 [ 4 0.3599992-02 s.e
19 19
s 9.99%%e 205 " -1000002 -0 [ 0. 1999992 -02 [N ]
¢ @

INTERVACE FILE BOLISRY %43 BEZF EBIITES CP UPIT 1%
IPTERPACE FILE TBATO® NAS UEER SPITTES CB 9PIt1 1)
TUTIL CPO TINE USES 8.086 mIPUIZS T0TAL CLOCE TIRE S$3ED €-052 BISIRS 207l I/0 USKR

BORR'L ENP OF SPECIAL IBPUST NODOLE DVERIS

BUTLIP -~ SPECIAL 1IPPUT SCIVLIE - JENCARY 17, 1979 ~ GUALITE A5SSBANCE LBVIL ¢

se 3TILITY IBFOY e4e ACD OR FEFLACE IICORDS I8 COW
BECOSD ¥ANE CFBLINS™ WNC. BOLLERITS O pO. FEAK

PENRD BASE @ ® wWOo. ROLLEBITE ¢ m’o. l'.-ll. 0 0. INTEGERA(IS) ¢ PO. INTRGER1Y) 9 PRINT OFi.

TR FNLLOVING BRICORDS ASE OF COPTRL
.Hl!'s

TOTAL CPS TIng WS®0 0.007 wNIBCIES TCTAL CLOCK TINE OSED 0.01) BINITLS TOIAL 1/ VSED
BORGAL C¥D OF SPECIAL IWPUT RCDULT Or-LIN

Resmadic  Core NeXvunies
YENTOAE - WENTRCNICS TODOL? - SEPSICP 1.2 - FALL, 1967 ~- QOALITY AISGSANCE LEVEL 1§

s TITLE - Tid~TR SAYPLE PROSLVEAS, PIRRLE £IC TRAER PAISRATIC TAZOJAL RYCRAGLICS

STORAGE REGUINED PCR CROSS SECTYIAN CPICK fi¢ WOR0S

TITLY OF ‘l'l' llflsf YERSICH C503S S®CTICE Fill
OR  SAAZ AS X195 PLNS PP-I)T, LESS BE-1)S

CMss SECTION CARCK CCRPLETED WCBRBLIY
FTPERENCE RT) - TIAE FeOY TRATOW [WImIPICE PILE » 0.0 sars

SOLT™IOF BY PINTTYZ-0IPFEBRENCE DIPFCSICH ~REOSY
SICENVALOE PPORIEN

GEOSLTAY ¥O. 17 -0 TPIAGOWAL-T

TRIAGONAL OPTICN O  PREALLEZLOGHAN ~ 120 DERZIRE
SOSATN OF PNERGT GANYES

[ ]
F"IBTR OF UPSCATITER CRONPS [%AL) L]
S0TB"R OF DGURSCATY ER SRO0PS ([9AK) 3
MWesrr OF L5 1P DIOTRSION ¥ {CCInANS) 12
wsleR OF LS IF DINENIION 2 (#Ces) L]
MAAER OF INTERVALS 79 DIAPNSIOW 3 (§1ANE3) A3
PUTEER CF IGPES 20
FORNER OF RECIORMS [}
NGIRER OF BLACK ADSORBER Z0WES L)

BMNOARY JNOICATOPS~ LEIT 2 RIGnT
TOP 2 BOTTON &
racetr 2 A 2

AZACAY BEQUIRCHENTS Frs LATA STCMAGE

TOTAL L] ] < [
RIPINUA  mANINUA
STORARY AYAILAR(E 14C000
AACRC CALCTLATION 1738

Tt it
s ¥o. ISTICPE(I6) 0 BO. IPTECIS[1)} &8 PFBIBT uPl.

17
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Table 12. (Contimmed)

-
ZQUATICS COFSTAR.S CALCULATICE

COBE CORTAIBED OF SPAC® STCEED 767 007
PLARE STIRED 158 22002
e ST0RED 12s 2080
MOLTI -LEYPL PLABR TTOSED €0 2588
ISITIAL PLOX
CONEZ CONTAIBED O SPACE STCSED 2869 k1 1]
OTRER YODIS €5 1688
ITERLTIVE PROCTSS
R CTITAINED 8189 610 738
SPACE STMIREL 18295 15337 73¢
t PLABES STORFD t2ede 576 73
1 PLASE <TCRZD 2N 116 138
6 BOTS STORED 2¢78 w20 © 36
1 RO STOW 1c88 (] 736
16 90 TI-LEVEL PLANES STORED 165a6 832 736
FERTUR EATION CALCULATION 632

DAIA EILT SR STCRED POB ALL S20UPS, BLL SPACEH

EEYORY LOCVZIGES SESENVED 708 DATA STCSAGE-~--
BAZ SZIORY LUCATICENS BECNIRED POR INIS !'CI--
ANOPY LOCATIONS BOT NS®Nec-ccceo.o- .- -

SPRCIAL SCIATCR DATASED SEQUIREZRINIS
TAIIAYY PN TSICAL 8TCORD IS 7200 woOBLS

BITE CONTAINED ABRATS, CONTROL 3€ OATA $1763

FILE 28 DEPAULTS T) CCBE - NC.RMECS, FEC.LFTR, TOT.LNTH, START LCC, CORR IRPI.
"ne 27 pIPAULTS TS CCBE - MEC.LFTE, TOT.LETH, STAST LCC, CORE LEPT.
PILE 28 DEPADLTS TO CC8E - BEC.IOTR, TCI.LETH, START LCC, COBE 1EFT.
FILF 30 DEZPAMLTS TC CCBE - FIC.LBTH, TCT.LSTN, START LCC, COBR LEFT.

1« 3520 asp B2 s 2308
R[S Lt T M P O R e N L
W= 1 fEOTE TMAT IF TAL TLUIES MFE TO € FXPANOZD FRON ECISTING STALOK, 810- 18)

SIQC IR L0 DISK STORLGE SPACE FOR !LUI {ON1T. 38,27, 1l} 1s R33N0 BITRS.
FCh TQp.IBNTS (ORI 80) IS 175108 sTvEs.
FCR COIS'III‘I'S(UIH’ 2)) Io-- 35240 sy1Es.

SPQU I 2T TOTAL PISY STORAGE SPACZ [S--ew-orvwrrowoovroes 5022592 BYIRS.

FOR THEZ ASSIGFED DATA STAMAGE, THEZ RUCOISED BECIOP SIZR IS APPSCIIRATELY 090k RYIIS
MXIMI1 STORAGE USED POR FPACWISCOPIC CBOSS SECTIOF “ALCLLATION 1730 s080S

TR MAXIAGA PBD RININ0N DIPFUSICHN JOEFFICIZNTS SE 2.211768 00 8.7280€2~0Y

PINE SF3M DECLPIPTIOF = PCINT ;S LOCATe. T TiR CEINTROID OF THE VOLJNE RLBEEST
BCITUATEREL TRIMNGLES - STOE » 25.00C0

CISTAYCE TO POTY. - DIYCNSION ) (FPODT 1C BEAS)

1 9.37%) 2 1.12% 3 86.8780 8 65.6250 S 10£.031) ¢ 175.)000
9 %30.0000 10 #83.313) 11 %97.5000 12 712.5000 13 788, 378¢0 18 803.:2%0

CETERMINE INITIAL PARASETERS FOR ISEPITIVE FSCCIDORC

1 82589

9237 7311)

833 6uli?

28980 27683 19637

122 a2y
322 v
322 [ ]
322 [}
322 [}
322 [}
2 15856
2308 2216
- 2308 921e
2308 2216
(1P
6 BIZ= \
7 281 0807

15 821.8750

REFERTBCY, POINT FOB IBITIALIZATICH & IIL ’l IT COLE = 1 sQw * S FLANE » 8 2088 = L]

IRITIAL CUTER ITEMATICH ZIGERVALOR 100,55 opTION

0
INITIAL UYERRELARATICN COEPFICIPSTS RAX. | 271"5 AIN. 1,200000 IWNER ITERATICES MAX.

TESH POIWT SWEEP OPTTCY 1
MILR ITEPATICH 1INIT *r P2 ASED 3¢ ESTIAPTED 1

HAXI WY STORAGF uSPT" FOR CALCOLATING JHITLIAL TARANETESS wAS (31 1]
INTIND PLYR IS PAX{J,K)*PY (T)*P2(RD)

ELAPS2D CPT AND CLOCK AIWUTZS AR~ 0.02¢

) ".Ul - EIG!!III.')! PIODI.!H FCcLLOWS )
RIW, ISNFRS RAT - CHLEBYCHIEY BEITA CW INNERS
'!t-!l ' Glbll!'fv

PRICENIRZe0,5,2,),8-RORRAL, CHEDYSHEY ,SERLY, CERER, SESREP. ICY8°0,1-TES,%C INNERS CCHYH.

IZPR PHCC  ICYE  OCWR LIK CHARGE RJI«EB) OTINFR=AU SFR~-IND ACCELESATION PADIREZTIEDS
1

[4 1.2)a700 €2 0.0 0.0 1.00000 0.0 0.0
2 0 0 0 7.99¢930 00 0.0))3%2 0.0 1.000¢¢ 1.6.00 0.0
] 0 0 0  ~1,920600-01 0.05780 0.0 1.00000 €.10791 0.0

FIV CYCRRELARAT ICH COEPPICILNTS CALCCIATED 1.%6907 1.15728 1.95038 1.417%5
FEV INNERS CALCULATED L] L] 4 ]

L] 4 0 0 ~1.08€)6D-0 0.80720 0.0 1.00000 1. 78%87  -~0.0%22%
S 0 0 0 ~4,110%13p-02 C.748%% 0.0 1.00000 1.651)2  =0.1595C
[ 0 1 0 +$.926120-02 0.,88378 0.0 1.00000 7.73228  -1,06892
7 0 ' 0 -6,4)382-02 0.0¢7%8 0.0 1.00000 15.5%9078 4,474,715
L) 0 ] 0 -6.020022-02 0.89338 0.0 1.00000 562969  -1,05311
9 0 1 0 -5.648230-02 0.09€%7 0.0 1.00000 29.22351  -31.07019
1t 0 J 0 -5,)089up-02 0,90Cf0 0.0 1.00000  1133,02a89 ~57%..0176
1 0 1 0 ~4.998090-02 0.90u58 ©.0 1.00000 ~56i.38402 #9),5087)
14 [4 1 9 =0, 712600=02 0.9093 0.0 1.00000 725.00062 -61%.09¢€92
1) " 1 0 ~8,850%20-02 0.9137% 0.0 1,00000 JNE. 57680 <290.26)09
.- 3 1 0 ~2.1eumop 00 0.91815 0.0 1.00000 375,95600 =22),C0¢601
1% i 0 0 3.7TnT6n-02 0.0 0.9 1,000C0 .0 0.0

16 0 1 4 9,244)70-02 1.0CC0 f.0 1.00000 1.00000 6. 73600

8132 & B8 7 NS

8 J16.0067

To 88).6250

4 OPTIQE

OCYasy, 1-18$,80 VUTEIRS CCOVR.

scuRce
8.92e508
0.950560
8.993368

$.020108
$.02050%
5.027128
$.0209e8
$.030)e8
$.03151¢
5.03206!
5.03)278
$.03)v58
5.0)45)8
$.0)%0128
S. 081968
5.081933

i
16
1

16
11
16
16
\L
16
10
16
18
1
10
16
1%

K=-U3L0
1.0000000
1.0000000
1.003573¢

1.008690%
1.00950)7
1.0099%3s
1.0°)2807
1.0108780
13106039
1.0508189
1.010568)
Teu1 10592
1.01115%0
1.0112)81%
1.011%%¢006
1.012608 ¢

a=CALC
16020969
1.0071729
1. 0086 909

1.L09%0)7
1.C0998)8
1.0102067
1. 0106 780
1.4 39
1.¢108 180
T.L10y081
1.61105.2
1.0111550
1.011220%
1.0015107
f.C12600)
1.C125909
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Table 12. (Continmed)

7 0 ' 0  3.630820-02  0.83I% 0.0 1.00000 97210 6. 75600 1.0125389 1.01258%
[T 1 0 2.227790-02  0.00618 0.0 1.000C¢ w3721 1.29220 1.0125098
9 9 ' 0 2.3¢1370-02  0.8%433 0.0 1.00000 T1.A698  -2.CO8% 1.01:570%
20 3 ] 0 2.6099%0-07  0.099%¢5 0.0 1.00000 123572 -8.55975 1.0125517
21 0 ° 0  5.285520-03 0.0 0.0 1.00008 €. 0.¢ 1.0120109
22 o ° 0 5.50936D-0)  $.006C¢ 0.0 1.60000 . 1.0000 & 1.€129095
23 o ° 0 8.268130-03  0.819€S 0.0 1.00002 0.55701 1.C126083
28 0 0 o 3.5373720-0) 1.00CCL 8.95101 1. 8128009
s o 1 0 2.97%¢%0-03 1.00000 Py 10123907
2 0 ° 0 2.589210-0) 1.00000  ~3s.00232 1.0123987 1.6123972
27 o ° 0 2.226770-9) 1.000C8  -185.225%7 1.0123972 1.012396)
a0 ° ° 1. 5800 30-0) 1.00000  821.32571 1.0023963  1.C123959
29 o ° 9 1.788690-03 1.00000  209.080%9 1.012J959  1.€12395%
0 ) ° 0 7.035610-02 TR TIS 13727928 1.0123956  1.0123956
v 0 ° ° 1.210980-0) a.0 S.03981Z 16 . 1.0120208 1. 120185
$569904090RAIIAGR WORBER CP SPECIFIEC ITZBATICHS GEACEEDSCssossese
90030000eeUARPING - PROSLES NCT CORY2EGRDSS@090v0ee
1.0128108

!ll-‘l’!'l.!tlilol Iunlll!‘l’l BSﬂll'ol‘

1 34 SU% OF TWE SQUARES OF THE BRS IIOES 1.0120098

II'BI IID LOSED POUBES BTIIITB BY BIX BEL FIUI CRARGE-"—cecomeeee 1.0136729  1.6311688
UPPZR AFD LOWER BPOUEDS ESTIRATES O'll ALL SIGHIFICANT POINISewww—ow 1.0133137 1.01413s

00coCRLRSINC -~ TESTS OF CCNVERGEYCE JSOICATE 10T BELIADILITT CF MESULTS IS IF QORSTICH.

POSBER OF I¥BZ ITERATIONS Oﬂll ITEPATION EOROR EIGENVALSR, III OVERBILAXATION CCRIPICIENTS 8 0.0
1.76901 1.15%20 f5.15a3% 1. 817%%

CPC AFD CLOCK NIBSIES BEZQUIRED Nl THIS ZICEPVILUR PROBLEN ARE 0.838 3.850
90PC PILE CLOSIFG DATA - SNIT, MRRAIS 20 26 52129
EOPC FILE CLOSING DATA - UNIT, ABRAYS 2. 23 32129

—EBKLGE._1. 860022 17 TOTHT LACIYC TITCRe va enSsy garrnrevveeS 2.35010% 10 sYerthas sryss cys®ra, 3, NOANOD_OT

PRIAIFIVE FPISSILE CONVERSIOS BATIO IS &.09386D-01, ESTINATE POR CEITECSL SYSTER IS ,.18236D-01
PISSILE DESTRUCTION PER UNIT BNERGY (3TCES/WBTI-SEC) IS J.065810 10

SOUNDARY EEUTBGP LEAKAGE

GaOUP Lery RIGNT TCF toTT0 reos BACK

T S.57298D 15 2,97873D ¥7  #.S0573D 15 -2.978730 17 S.890%50C 13 1.98590p 1)
2 9.091650 15 2.300550 17 0.9%67750 15 ~-2.300550 17 1.5009%0 18 8.88007D 1]
3 1.388220 Y6 T.7%8%00 17 1.371120 16 -1.708900 17 2.6508%0 18 €.63175% 1)
8 3,58778D 17 8.S51393D 17 1.3034(D 17 -8.513930 17 9.577a7¢ (3 3,96363D 1:
SUR  1.96325¢ 77 1.153617 18 17 =1.15381€ 12 1.008762 36 O&.%19129% 13

IYERALL BECUTAGS BALANCE
GIW(‘ uso.nxov: :‘.Z LOSSES 1/% 105§ o JT-SCATTER IS-SCATTIR PI IB-SCATTK: sousce POVER (W ATTS)
9 «0

128802 1 0.0 2.229J28 18 0.0 0.0 2.2876%2 190 1.10360% 05

3 5.892872 16 0.0 0.0 2.227/9¢ 18 7,329328 18 0.0 7.563122 1¢  1.117)9% 05

3 8.28027e 17 0.0 c.0 1.775822 18  2.22779% 16 0.0 2.61180E 17 2.28%272 06

[ 1.88516t 18 0.0 0.0 0.0 1.775828 18 0.0 8.698212 07 2.798888 07

son 1.9372ar 18 0.0 0.0 6.23293% 18 ¢€.232933 18 0.0 2.323208 10 3.047228 07

ICHE ¥0Ll0', 88 POLLOV. TOTAL IOW!! 1.856278
8,330132 05 8.3)0732 05 8.3)013x ¢S I.J MJI. 05 S.M1265F 05 S.897658 05 5.812658 05 5.81265F 05 5.81265%% 035

S.41265E 05 S.81265% 05 S.a126%¢ ¢S5 0,0 0.0 0.0 0.0 0.0 1561818 Co

T.86181E 06 7577718 06 cove. volume C.obL2174F
JONE AVPRAGE PLOK LNT2RPACE PILE BIPICI (VEBSICH 1) NAS BEED WSITTED Cb UBIT NDAPIR 16 M‘&" PMV‘ ‘M‘li"
GRO0P FLOX YALOES AT PLANE 7 BOV 6 CCLUII 11 roxn AT FIRST GROGP BIXIAUN

2050608 130s 00 tEME L3000k SIS " 5.0447 W/cc

BATTOn FIRST GRODP FLOXES BY ZCAE -

13 5.313808 13 8.72093Z 13 8.e8COE 53 J.028688 1) 8.397668 13 1.56i0°F 93 J.62¢00C 13 2.#17378 13
onon 13 2.168872. 11 2.897372 13 0.0 0.0 0.0 0.0 0.0 1. 332088 12
L 182268 12 9.93891€ 12

THE WAXIROR POWER OENSITY IS AT PLANE 7, 8Cy 6, JBD COLOAF 112 ANC IS 1.0354008°D 071 WATTS/CC.
TRE SASIAUN WEUTRON DINSICY LS AT PLAME 7, BOW 6, ARD COLOAN 12 ADD IS 2.631509920 08 wCUTNONS/CC,

TRS AALINCY POVER Dlll!'" ('l‘"!/CC) ll ZACH 3CHE IS
9.3%12€ 00 1.0)568 7.87% 8. 207508 00 6.730688 00 0.136%38 00 6.135958 00 6.75110% 00 a.528598 €O
S. 065262 00 l.l"’?)l 00 .. 51'5'! 00 0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 i '

SONE POVER DEWSITY INTRRFACE FILE ZAECHD (YERSION 1) NAS BREN ODITTEN CN UPIT sORDEd 19

N\ his Ale was withen + wip W, o
o pc\Mc. bed nmﬂ" (0"‘
ﬂ\l- ‘l\ll-\)Q ‘\3‘“‘(&(( f.o‘l.
weld Ve ‘wad Tw)

(t)
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POLNT PIVER DISTRIBUTICN {WATTS/CCO)

mane l‘lelll 1

~
-
-
w
-
-
L
-

50 "
T N0 0.0 0.0 c.0 0.0 0.¢ 1.0 0.1 6.0 0.9 g.0
2 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0 0.0 0.v [ X ]
0.0 0.0 0.0 0.0 0.0 0.¢ 9.0 0.0 0.0 0.0 0.0
s 0.0 0.0 0.0 0.0 c.0 0.0 0.0 0.0 0.0 0.9 0.0
S 0.0 9.0 Q.0 Q.0 0.0 0.0 9.8 8.0 0.0 0.0 0.0
£ 8.0 .0 0.0 0.0 0.0 0.0 a.9 0.0 0.0 0.0 0.0
12
v 0.0
2 0.0
3 0.0
& 0.0
S 0.0
¢ 0.0
PLRS? BU3BER 2
1 2 3 L s 3 ? [} L} L] 134
T 3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 Vv 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.0 0.0
9.0 0.0 2.0 0.0 0.0 0.¢ 3.0 0.0 0.0 d.v 0.0
& 0.0 0.0 0.3 0.0 0.3 0.0 0.0 0.0 0.0 0.9 0.0
S 2.0 0.9 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0
€ 0.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0 0.0 0.0 0.0
12
v 0.0
2 0.0
3 0.0
3 0.0
S 0.0
5 0.0
PLAXE BU®2R 2
1 2 b) s s [} 7 (] L} 11} 11
T 2.0 0.9 0.0 0.0 0.0 0.6 0.0° 0.0 0.0 a.v 0.0
2 .0 0.0 c.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 0.0
3 1.0 0.0 0.0 0.9 0.9 0.0 0.0 0.0 0.0 0.9 0.0
s 0.0 0.0 0.0 e.o 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 2.9 0.0 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0
5 0.9 0.2 0.9 0.0 0.0 0.¢ 0.0 0.0 0.0 0.0 0.0
12
v 4.0
2 n.d
1 n.o
s 0.0
5 0.0
s 0.0
PLAKS sUSBER &
1 ? ] [ s ¢ 7 [ * 10 "
1 0.0 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 G.0 0.0 0.0 0.0 0.0 0.9 0.0 0.0 0.9 0.0
L) 0.9 0.0 0.0 0.0 0.6 n.0 0.0 0.0 [ ) 0.0
& 0,0 n.0 0.0 0.0 3.0 0.0 0.0 0.0 9.0 0.9 9.0
s 0.0 0.9 ¢.0 0.0 0.0 0.¢ [ X)) 9.0 0.0 0.9 0.0
6 0.0 0.0 0.0 0.0 0.0 0.0 n.0 0.0 0.0 0.0 0.0
12
1 3.0
2 3.0
1 0,2
1) 1.9
% n.0
6 2.0
PLAK? wnqnEp ¢
1 2 3 ] ) ¢ 7 ] 9 10 "
t 0.0 6.0 6.0 0.0 0.0 0.0 .0 0.0 0.0 0.0 0.0
2 0.0 0.0 n.0 0.0 0.0 0.0 n,0 0.0 0.0 0.9 0.9
1 0.0 0.9 0.9 9.0 3.768D 00 3.7€1D 00 a&.t8sD 00 #,157D 0 ®.2220 00 &.016D 00 #.00)D 00
L4 6,0 0.0 0.0 0.0 2.1300 00 &.1380 00 ®.6600 00 #.6500 00 s.%83p 00 &.77¢D 00 ».9820 00
S 0.0 0.0 0.0 0.0 85,5040 00 ©0.7J20 00 9,328D 00 5.649D 00 5.,006D U0 S.079) 00 45,9570 00
€ 0.0 0.7 0.9 0.0 ., 1050 00 &.%750 00 S5,0900 60 5.5%J0 00 S5.0900 00 5.9e2D 00 ¢.2%80 00
V2
f 0.0
2 0.0
3 1.6113 00
8 4,900 00
S 5.478D 00
L} 6.2883 00
°| r
FLARE W e, ) ’ s . 1 ' 9 10 T
A 1.0 0.0 0.0 , 0.0 0.0 0.0 "0 0.0 o.¢ v.0 0.0
2 7.0 9.0 0.0 0.0 0.0 0.¢ 5.0 0.0 0.0 9.0 0.0
1 3.0 0.9 0.0 8.0 5.708D 00 5.7010 00 #,2%#D 00 6.290D0 OV &.3»8D 00 s.U22D €O o.081D 00
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$.7760E=C 1.77592-9)
CONLANT TEAPERATORES BY ICNE J!‘.)
e, 680.) 839, 028.19 t1e,. 0 67,8 620.) $26.) 770.6 Te8. )
48,9 769.2 575.0 8340 275.0 57%.0 575.0 $75.0 575.0 $75.0
SORFACE TEAPERAIORES
577.8 1.7 $63.2 540.6 7131.) 712.0 726.6 1a7.1} 0.0.0 .2
nle.6 #20.7 $71%.0 $3%.0 175.0 $75.0 875.0 $75.¢ $75.0 1.0
(]:14 ;ulncl TPIPERATON S
33,8 701.0 Tia, ) 710, 198.0 e18.1 6.1 ass,7 910.0 88) .y

KAAA ] 9.3 $75.0 $1%.0 $7%.0 $7%5.0 7.0 $75.0 $7%.0 $1%.0
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Table 12. (Continsed) .

TRET PRESSTRE FT BLOCK, THES OGTLET &I IPTES L @ln)
.95  S0.0e30 I9.2%9%  Je_eels

19.6978  I*. 6910 79.46%18 IV €910 39.¢9%  J%. 6900 JR. 6908  39.6%1s  3%.¢918  39.4%1a
Je. 690 JR.690 39.6918 I 4512 35.89% It »n.Hn 9.6 35.¢908  I%.e91%

3T 6970 3Y.6%%8 196918 3% ¢St 39.e91s JL. 69N 19.69%% 3%.6%00 Js.e9%s  J9.erle ’ >
3. 39.49%

AYHASE ISTERYAL NS5 COOLAVE FLOW RETL BY BLC (ESUSEC PEN CRSCH) - ICTAL (SA/SIC) 620170 0
1.80007-0F 1.9071g-03 1.26€7 N i ¢ !

COOLAST EXIY YESPERATESEZS BY BLCCE
8e3.0 ¥00.0 0.0 L0

PIAR SURFACE TTYPERITERLS BY CDOLABY RLOCK
930.0 9018 "e.» k 3

, ‘o
PIESSINE e ke Y TN M s — Note ﬂu objeitna

TRISRAL BYSABSLIC .. A ABRATS SAVED FCS BECCOIBT O $BIT It 5‘“‘ ‘* m
SYMANLICS CALTOIATIGN Ba3E, CAICULATE TESPLIITORES 3‘.“‘-5""

SIFING CELU TNESERL CCROUCI[PITE PATA, WIT 31 rﬂ.uu& ‘-"i JCvexs

v "-MS

Tl~TH SANPLE IMOALRES, PEOOLE DEL TEIR PRISPATIC INERTAL NYPRISLICS

toses 2 sspoers ° o ee M‘t\d Cd.\m\lk .

TWO-DITEWSICHAL THEFRAL CITL SODEL If ¥SID, BRSA Th 28 ‘—-7-

STAR” TEMPS, COMDICTIRITIES, TC. (318 ] 913.3 928.5 9262 0.233% 0,232%2 0.12%87 1.1223%  0.992%
IaTA AL CRLL IBTTIM IZATION, OVERALL BIMTICE LT3 N0 TTEBATIONS  0.96937  T.T7e¢SCT 178507 1. )e507 (1]
INITIM PATA 1€ 28 7 12 %) 7.65228-01 5.92919-01 2.0290C~01 3.69710-03 8.9578D-01 5,2)¢02-01 1.32s92-3¢

Crrioss ] 0 1] (1] 15 fes .
IFITIAL OSF-BINENSICPAL GROSS BEEALABCE, STOBAGE 7% -3 -1 1 s 1 wWORK 0.1075
INITIAL ATLY.GRID PROCESS, SICAAGE, IIVELS, ETC. 1922 2 L] 2 1© 2 ek 1. 7%9
12 L] 2 <2 $.6%%6L-05 §.(89)0 00 $)5.7Y0 0.5%78 0.083¢ 0.8732 6.003% 1.0000 ~1.488%7-05 1.3000
PIRST THERIAL CRLL PACTLER DATH "”® » o s 2 50 4.765:3 t.08720 0.20290  0.5%488
B.7027¢ €.200080 30.55922 0.9{777 0. l.l”l!-ﬂ‘ —’.’.i!l-ﬂ‘ 1.0000 1-1000 1.1000
OVERRZLASATIOP CORPPICLIZNT OATE £.2C77 0.0723 -1000 1. 1000 1.1000

ISTIMATES OF TRE PIPST “minval CRLL BESCLOTE & 0. 00009 O.ﬂl"l TTznaTICHS 17 RaL TZRP () 935.¢
2 1.3 0 -2 1.5°%AR-0% 1.fE€570 00 984 078 0.508% 0.0 0.0 .00 $1.0000 -2.%%332-05 1.7C00
2 [ 0 -2 3. 366£T-05 T1.3008D 0C 508.908 0.8018 0.0 0.0 €.00)% 1.0000 -2.%793.-05 $.1€00
1 ] o -2 l.lllﬂ:-qi 1. 68620 00 909.01¢ 0.0 9.0 9.9 9.0053 1.0000 ~).45022-05 1.81L0C
2 L] 0 -2 1.50J0E-05 §.:i1830 00 1Y0.7.617 0.558 0.0 0.0 €. C0J1 $.0530 ~2.6%7a2-05% 1.1C(0¢
] 8 0 =2 9.09812-0% 1.75020 00 YC7E. 140 9.0 %0 0.0 €.00%7 1.0030 -31.¢5122-05 1.1€0C
1) ] 0 -2 1.136e7-0% 1.22)5C 00 1052.7%¢ 0.0 9.0 9.0 0.00J)5 1.0000 =2.9430£-05 $.9(7C
\ L] 0 <1 T7.0671L-06 §.3ecl0 00 1057.7)3 0.0 0.0 0.0 €.0039 1,000 -1.16532-05 1.8C.0
M . 0 =2 . VETII-05 9.57%4D-CV T13).e% 9.0 0.0 0.0 3.0029 1.0010 -3.0084E-05 1.140G
1 [ ] 0 =2 $.9098%-06 93.7¢10C-07 118% 115 0.0 9.0 0.0 0.002s 1.0000 -J.s80%-05 1.1(0¢
v [ ] 0 -3 5.%028L-04 $.2318D-01 1)29.%20 0.0 9.0 0.0 C-Core 1.0000 -2.478%2-0% 1.1C00
! L] 0 -2 1.)2e5E-0€ 7,.C10M0-0% stde.tné 0.0 0.0 0.9 ¢.c020 1.0000 -i.v9812-05 *.1000

IHWL A%D SUSIOBT TEVPERATUNES (ORGREILS C) FCH RASS FIO® BATE [RG/SIC) 1.28%70 0% SORMRD PFOPER [AW-TH) J.o000K ¢t

1I8E TCRIOCTIVITY A2 F{eXposURR} ), FIOIC STLrict F1 1189 REST  CHATER TERPERATUMES, OT/9k [0RC/Ce)
3 0.12¥7 8.10007)% 2) 577.8 $95.2 (TP ] ~-8,0
b4 9.1222 0.%0000: 22 $71.7 592.7 a71.5 -93.7
3 0.120% 4.1090°0% 2) $63.2 sTi,0 4)5.9 -6d, ¢
. 9.130% 0, 107007 23 760,84 %5 636.8 =718
s 0.1)2¢ 0.3000008 3) 171.) 741} 7880 «33.9
¢ 9.1)%7 0.10%000¢ Q) 732.0 F787.4 805.) 1.0
7 0.7332 0.%4¢A Mg Q) 126.¢ 7171.7 774,08 -51.0
(4 9-73)¢ 0.700000¢ 21 127.) 739.) 708.7 55,1
* 0. 1804 0.120000¢ ) 829.0 $1s.0 880. 5 “Jt, 8
10 0.1875  0.900000F 27 $10.2 939.0 LErPR 80,6
1 0. 180) 0,.1000008 2) ¥26.o €)2.8 856, 4.9
12 0.1%07 0.1030008 2) 38,7 $)5.% [ I3 227 ]
12 0.0 .0 $75.0 $75.0 975.¢ 0.0
10 8.0 0.0 $7%.0 $75.0 $75.0 .0
s 9.9 9.0 575.0 575.0 574,90 9,9
16 0.0 0.0 $75.0 $75.0 $75.0 9.0
17 0.0 0.0 €79.0 575.0 974%.0 0.0
e 9.0 0.4 4759 57%.0 57%.9 .0 .
o 9.9 0.0 $7%.0 $7%.0 $75.4
30 0.0 0.0 $75%. 0 $75.0 $75.0 $75.0 575.0

& i-d« it (rueef toevtsd)

0.0 PUwER {pWT) 3 00008 0%

THERNAL C7LL GRP NZAT PLOF (2CCOBACY guzu; YORST AED FRAM 1.00118 1,00012
TEAPS, PEAC/ATAN 81 2079, sO95CBT €51  Be8.9 9.9 0.0 POOTH SELGRTRO
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Table 12. (Continaed)

FOZPACY R7D PEAF TURPEPATURE SLCPE T FEISELY PEAT/SAELL IPTRRFACE [JEG,C™ -36.¢ -93.7
TCRZ IVERLGE TERP ABD Te®2, THEF T 37CPE 767.82 .32 a.0 8.0
FILEZ -IFTIVF- BAITTEN, UBIT ARD SECSICH 32 1
TE"!II’UI!S’ l!CIl’.C’l.l’m POR THE THRFEAL CCPEISCTIVITY YLTIPLIRE BT 0.9
L) ~1.0%9E-06 . 81230 00 980.165 0.109s .0 8.0 ~3.001% 1.0000 1.9%4612-05 1.3000
1 L] 0 -2 -1.03072-09 830 Q0 951.00) 0.6%06 ¢.0 0.0 4.002% 1.000¢c -1.80ec~05 1.0C0C
2 L] 0 -2 ’ Quges-gs 9..“60’01 933.708 0.4969 0.0 0.0 e.002? 1.009) ~1.99152-065 1.7C00
M 8 0 1.3198D 00 sis. 818 0.0 9.0 9.0 €.003S 1.0000 ~-2.237132~-05 1.1C06
2 8 [ 1. Y€$70 08 1C65.372 3.5320 0.0 0.0 €.000 1.0000 7169872903 1.1C00
1 [J [} . 3¢RL.16n 0.0 0.0 0.0 8.002? 1.0030 -J.3310£~-35 1.3C00
' 8 L -2 V Jlﬂl’-QS 1056.337 0.0 0.0 .0 6.0022 1.0000 -1.7920£-05 §.13000
’ [ [4 =2 L.9759R-96 1061.595% V.0 0.0 .0 6.0025 $.0090 -1.9%4%E-0% 1.7C00
) ] 0 -2 1.123)2-05 11)5.60% 0.0 0.0 0.0 9.0012 1.0000 -1.8606Z-u5 9.3(00
t 9 0 -1 -6.3634¢-06 1183, 967 0.0 9.0 9.0 6. 601% 1.0000 -1.37748~05 1.1C00
' 0 [} -2 6.51972-06 113t 867 0.0 6.0 9.0 ¢-001 1.0000 -1.5%%6:-05 t.7C08
A L] o =2 2.08)8E-0€ SR_EEVIC-0T 1136.319 0.0 ¢.0 0.0 0.0012 1.0000 -¥.76392-05 1.3C0C
IOPE  (JOBDTKTIVITY AND F({EXPOSTRR) ), FLOIC SURPACE SNELL SEAT CEFIIA TESFERATURES, DIZOR [BEG/CE}
M g.11C% 0. 1400002 2) 517.» 597.1 -98.)
2 0.3111)  0.1000%02 23 7.7 $95.0 =10e. 3
) 0.10087 9.o0000E 23 $63.2 580.1 ~Jé.n
s 0.1028 J.3300F 23 5¢0.8 578.3 -82.0
$ 9.3207 0.199000E 2) (31N ] 73%.) 183,17
(] 0.921% J.%g0C00Z 23 €278 7)2.0 783.2
7 9.1201 0.340000% 23} 620.3 7266 739.0
2 0.7208  0.190000C 2) 626.) 7127.) 180.7 -bl. e
3 0.1267 0.1C3000% 22 770.¢ 928.92 835.6 862.7 -35.1
10 J.1276¢ 0.1332500% 2) 768.1 830.2 880.0 075.0 -45.)
1" 7.32€68  9,.1970002 2) 7¢9.9 826.6 "m.s #%58.5 -)L3
12 9.1267 0.100000% 23 7¢9.2 a28.7 836.2 046).3 -35.1
13 0.0 0.0 $7%.0 $75.0 £75.0 $75.0 V.0
18 9.0 0.0 3$75. 0 $75.0 $75.0 375.9 0.9
" 9.0 3.0 $75.0 575.0 $75.0 $7%.0 o.¢
16 a9.) 2.0 575.0 $75.0 $75.0 $75.0 s.0
LA 2.0 0.0 575.¢ $75.0 $75.0 $75.0 0.0
TR 0.0 n.0 $15.0 575.0 $75.0 575.9 0.0
19 3.0 0.0 $75.0 $75.0 $75.0 575.0 9.0
20 3.9 0.0 575.0 575.0 $75.0 575.v 0.0
RELATIVE THERAAL CELL GAP NEAT PLOV [ACCORACY CRECK), WORST AREC REAR 1. 00003 1.0€001
WAL TEMPS, PEAK/AZAN PY TONE, SOFICNE £75.0 Ba8.Y 9.¢C 0.0 PCHED SEIGATED T89.) 0.0 Pudin (RANT) J.0000z O
AVERAGE AND PIAY TIZYEZRATNRE SLOPE AT PEPOLE REAT/SHELL LFTERFACE {(ORG/CR} -62.9 -10s.)

TOIPLRATURES I!ClLCULI*"'D FCR THZ PEAR ICUE TORFACE TETPERATURES [ASSURRD DOBSST CASE, CISEEGARD INTEGBALS)
-2 .

3 l 27090 00 1118.626 N-2802 0.0 0.0 -0. 0029 1.0000 $_)709£-05 1.0.0C
1 L) 0 3)eap 00 3C00.520 0.9 0.0 0.0 6.0020 1.0000 - $21E-06 1.1C00
1 ] ¢ -2 1,1562%-0% '.C'Z!D 0¢ 1C7). 696 0.0 0.0 0.8 C.0019 1.0040 - J252- - 1000
) L] ] “2 T.IIATE-06 0,.8938D-01 1€70.918 0.0 0.0 0.0 €.002) 1.000) =5.8354 1.1¢00
2 8 0 -2 3.00837-0% 7.01290-07 1199,105 0.8462¢ 0.0 0.0 6. 0010 1.0000 -3.2723¢~ 1.1C00
1 L] 0 -2 =1,37022-05 4,%156D-0V §178,978 - 9.0 9.0 G. 0018 1.0000 -5, 3410£-06 V1.1C00
1 n [] -2 1.0287P-05 &, 782%C-0Y T¥181,759 0.0 9.0 0.0 C.0012 1.9000 -&. 1199C-06 1.9C06C
\J L] 0 =2 8,69)27-06 6.9208D-07 1195.909 0.0 0.0 0.0 €. 0018 1.0030 ~5.V455E-086 1.1¢00
1 L] [} -2 A.9065r-06 6,.%(723-07 1286.9°59 9.0 0.0 0.0 €. 0009
| ] 0 «2 -1.22197-0% 5.27810-01 1511,1%) 0.0 9.0 0.0 €.0007
s L] 0 -2 1,%8377-05 4.5678D-01 $732,¢83 9.0 e.0 0.0 €. 0007 «).5)232-06 1.
\J L] Q «2 «1,299,2-0% 4,5801D-07 V1286.020 0.0 0.0 0.0 €. 0009 1.0000 -8.600%2-06 1.9C00
70ME  (CONDUCTIVITY AND F{CXPOSURD ), FLUID SIRPACE SHELL NEAT CEDTIR TESPLRATUNES, OT/DR {0BG,CK)
0. 100Q00C 2V, 788.8 78,3 [TIN] *9be §
0. 1990007 23 708.1 725.5 815" -1
J.v00000E 23 18,3 132.5 800.7
0.1700002 23 718.) 13,7 805.9
0.1999009% 2) 858.0 072.9% 261
0,100%307 23 618.1 015.9 901.9
0,%00L 002 23 6.23.) L1 P 959.) 908.8
0.10000¢ 23 626.) ase,? f69.2 $:2.9 “45.9
0, 1909007 23 173, 6 930.0 939.2 973.2 8.9
0. 100000¢T 2) 768,19 603.A 09%.) 938.2 ~52. &
. 0.109%00r 23 769, 9 919.9 929.3 939.7 -).0
52 ¢.1571 0,1000007 23 769.2 930.) 939.5 9730 -30.9
1 0.0 0.0 $75.0 $75.9 $75.0 57%.0 0.0
19 2.0 0.0 $78.¢ 475.0 $7%.0 $75.0 0.0
15 8.0 0.0 $75.0 $75.0 $715.0 $75.0 2.0
\ L 0.0 .0 $75.9 $75.0 $75.0 $75.0 0.0
17 0.0 0.0 $75. 0 3715.0 $7%.0 578.0 0.0
\1) 0.0 0.0 $7%.0 §7%.0 $75.0 575.0 $75.0 0.0
19 0.6 7.0 $75%. 0 £75.0 $15.0 $7¢.0 $75.¢ 0.0
20 0.0 0.0 $75.0 575.0 $75.0 $7%.0 575.0 0.0
RELATIVY THERYAL CZLL GAP HEAT FLOW (ACCURACY WONST ARO NEAD 1. €0008 1.00001
HAT TEMPS, PCAK/REAN BT IONE, SOFIINE 67.2 0.0 0.0 PcoEs SRIGHTEC 877.9 0.0 POVER (AVT) J.98288 o1
AVERAGT ANO PEAK TTAPERATORE SLOPE AT PIERLE FELI/SHELL INTERPACY (DRG/CH) ~68.) “100.6
COMILATIVE PRACTIONS CF THE FOEL ABOYD SPPERFICE TEIPERATURES, TIC C (S04 BASIC OATA PCINTS 12.00, 12)
950 0.0232906° 150 0.392008)0 $50 0.9102¢3%)
925 0.05%6247s 125 0.657¢7¢2¢ $25 0.98186600
900 0.717105529% 790 0.7130¢C56 %00 0.96%%0808
R7S N, 18796794 615 0.76381219 875 0,9820011¢
%0 0.,260138702 630 0.8089%00° 850 0.99902008
[} 0.1101881¢ 629 0.00737¢1? LFL] 0.5999994¢C
800 0,021%64%19 600 0.0709¢¢¢7 800 $.€003000C
74 $.50792124 575 0.89%482907 375 1.¢0000000
THER AL CELL CALCULATIONAL PURDEY 8,3127)% 0% RULTIZRZID ITERATICRS %3

LA"h BAYS/RECOVERT DISCONTINOED
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ANPLRETUR 2D %XS ¥Cw CRIBIBEN, EIPINON ORIPICE KESISTAMCE SET TO 0.02 110ES TEB AVERAGE

CALCULATIOB PROCEEDS BITE PIXED REIATIVE ORIFICES

BELATIVE ORIPICE RESISTANCES, ORIGINAL ERAF, JBE SET BATX 2ND BI0 S, 00CS53E W 9.837833F 38 $.763917¢ 02

IWTEZRVAL CCOLABY JLOCE INDRIING
3 3 3 2 )

L] L] 3 3 3 3 . [} [ [} 1 ] ’ ]
2 . 2 2 2 A\ ’ ] 1 2 2 2 3
aass i cw [TRI YAL I EC *ER CROCR_OF CORE IBEA
ft ) et} 1% E-ﬂ !;5 2-0) i"*n! =03} T.8TSSI-03 §.02122-0) V.83132-0] .86038-93 L.II29I-0) V.3)2%¢-0)
$.1925¢2-0) |.19“1'-0! ! 1564%-0) 1 3TRIR-C3  1.3S88E-03  1.3930B-61 1.%8387-63 I.R7IE-03 T.82582-03 .%0652-0)
1.75892-0) 1.75907-0) 3.7)79m-0F V.TIPIR-03 1.592RE-0) 1,80622-01 I.SA2FE-6) T.R0702-03 1.75312-0) 1.738)E-¢)
1.73712-0)  *.73702-0)
AL 4SS COOLANT PLCW ES BY BLCCR IKGE/SEC PEN CE%CE)
E-03 1.80928-03 t.2¢7%6I-03 1.318)E-03
CORE AREA (SC CW, VOLOME [CC), COCLANT FLOW BATE {KCH/SEC)  0.66025E €} 6.06217RE 0e 1.28)780 o1
BYDRAGLICS CALCULATICE PROCERDS, PCBEP LEIVEL (9) 1.00008 O7 BGWGE CCOLART DERSITY (RCR/We®)) 2.288)r @0
TTZRATION DATA RASED CW ZIIT WRESSORES -ARC TREPEBATURES. BAL ITIBATICES 2
1 PRESS, DROP, TERP CNANGES 8.01S2-%) 1.(072-0s 1.2750E-0V F RISENVALURS © 0.0 nis ¢ Ccoir  1.512
1 PRESS, DBOP, TE”F CRABGTS 1.48)7-00 1.¢80E-05 6.9822-0) & REIGEBVALUES 0.0688 0-308) NID P CORP  3.512
3 PAESS, DIGP, TESP CNANG®S -9.527E-08 S5.352r-06 -5.%262-0) EBBOR RIGEBVALSIS 1.12%7 ¢.62<) nls P coer 1.%512
s PRESS, ORGP, TEYP CRANGES -S.9VOF-05 2.€70Z-0¢ -2.766E-0) RNEOR R)SEOVALOES 0.8090 0. ’ corr  1.512
S eness, P, TEIP CHANGES -2.3)8E-05 1.7802-0s -0.¢75E-00 ERROE “'SEBVALUES 0.83%0 0 [ 4 CGEP  3.512
¢ press, TEIF CRANGES -S.JVSE-06 J.€152-07 J.022E-08 ESROS ZIGEBVAL.RS O.e41s 0 ’ coer  1.512
1 pResS, TUNE CHARGES S_MTE-CF  ).0157-07 E1GPBVALUES 0.303% 0.821y [ cor  1.512
8 purss, TEIP CEANGES -1.92€1-06 J.01%2-07 EISEBVALOES C.36% 0.8722 i ¢ ccEr  1.512
9 Pavss, TERP CRABGES 1. 1C0F-Ct J_E122-07 8.267R-05 EBACR. EISEPVALUES 0.98%6 G.J98) sIN P J2.690 COLP 1.512
BYDPAGLICS PROPLEN SOLVED, NOWSAL TEUFFIMATICH. ISCLUDEC ZPAS WOLR EPTBANCE PICS EXIT LOSS (ATZ}  0.3998
REAS KAFO BISIAUT EXIT PRESSUNES, AND CCOF IPTISPAL PRESSUAC DAGF ([ATH)  19.63Gs  JS._690} 0.3097
NEAS/ PELK COOLANT EXIT *EMPS (C) 8¢0.0 920.5 PEAK SUBFACE TRSP 929.1
PEAW /7 PEAK RETFOLDS MIABIRS er8s, 8S511. AVERAGED FAICTICH PACINE  5.7ie)Ter-0)
TASS CCOLAFT FLCY BATES DY INTERVWAL (BGH/SEZC [¥5 CROCR CPF CORE JSEY
1.32082-9? l 2J2M52-0]  1.2928%-0) 1.29371-0) 1.)97-E-03 1.83432-03 1.81733-0) 9.852)X-0) 1.2987i-0) V.IyeeR-0)
~23997-0] Y, Je767-0) 1.)210E-0) $.)8952-0) 1.1310E-0) 1.3718Z-03 “.88281-0) 1.86292-0) Je=9)  1.390%E-9)
1.8178c-03 |.ll603-0) 1.79182-0)  1.01600-0) 3.S187E-0) 1.80)92-0) 3.83352-0) 1.3922E-0) 1.81772-0) 1.792%5-9)
1,7¢782-03  1.76712-0)
COOLAPT TEAPTEATUNIS BY ZOBE :r)
DS 6 80,7 819, s37.9 I 628.9 3.7 625.7 76%.7 1791
1591 Tr,) 515.0 $7%.0 $75.0 $75.0 5.0 $75.0 37%.0 $75.0
SUPFACE TEYPERATORTS
§77.0 $12.7 362,80 56C.2 73¢.6 73).7 735.9 726.5 027.0 2.8
n2%.6 LY 2 575.0 $75.0 $15.0 575.0 57%.0 $75.0 575.0 375.9
PEAF ZURFACE TERPEPATOUALS
Tan, 0 702 e 713.6 56.9 443, $9s.0 0%1.7 220.7 5060
98¢ 929. 1 $7%.0 375.0 £75.0 57%.0 8718,0 871s.0 $75.0 375.v
IMET PRESSORE ST BLOCK, TRED OUTLET ¥ INTEAVAL (ATS)
Je.n0A1 39,9948 )9.0%9]  )S.tEH0
19.490)  39.6903  39.69.3  3S.€50)  35.690]  19.6908  139.6908  39.490%  15.690)  19.090)
19.%90) 39.690} 19.6200 19. €902 38.e508 39.6%08 15,6903 39.4%0) 1%.4903 1%.490)
39.¢%08 39,0904 )9.,908  3S.6907  39.€50]  39.4903  19.4903  39.690)  I5.6908  J9.090s
39,6908  39.6900
wALE nnlnl. RASS COOLANT FLOW RATE DY BICCK [K3N/SEC PER CReC -~ ICTAL (RCR/SEC) 1.20173 0%
1.A8717-0  1.79628-03  1.28182-03 " 38336 es " frensstch
CONLAST RXIT TEAPERATUALS OF BLCCK
79%.0 n02.2 199, 74¢.0
PEAK SURTACY TENPERAZQNES BY Ci fec
REACH TEMTEMRRES o cogypry reeee

PRESSOBE 3,2;;;“0" %S%SIJS! n cgfl'.::g, !Lotl""” :-J;;.;\‘(J ﬂ‘ (ﬂq_"- [ ] ‘t"
M

WTORAILICS CALCOULATICE DONE, CALCULATE TERPESIMONES

1y

peifieinn.

THR="11 SASPLE NGILEAS, PEBELE MEC THEN PAISFATIC THERAAL WTDRIOLICS

omer 0

TWO-DRINTNSIONVL THERSAL CPLL MODEL I BSED, MigM

surzoveEs 0

H

\u»‘ Gr‘e" "
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Table 12. (Continned)

STAT TS, (TSDOCIIVICIES, PIC. (5 ) $1t.9 M 935.¢  08.2:138 e.2))a 12040 012242 1108
THR AL CELL ISITIALIRATICN, CYESRRLATATCY LTS ASD ITEPATIORS O0.99937 1.7e3C7 1.7e307 1. Ie507 8
ISITIAL 03TA 1¢ 23 T 2 1 622007 S 9201000 2.0790C-01 3I_C9710-9) S_13E-01 $.2260Z-2T 1.3263E-010
crass :I;T!lt‘o‘!-%lezﬂl:: ‘-::;! RSEALADCE, STORAGE 1 ) -1 3 ls 1 wgar  v.lslS

LWITIAL WILTISPIC oSS, SICRACE, TEVILS, ETC. 1887 3 s 2 10 1 »an . 193
"7 L] 2 -2 1 $ v.a%ur 00 938,701 0.3%76¢ 0.0%33 8.073) s.00) T.0N0 -~ +00C-85 1.7C8¢

FIPST Th*mual CULL PRCR 5ATA T Is T n 14 e er 2 S0 €.76332 1.08723 d.203%F  8.39288
R.90276  £_20083 V085922 0.5475@ e.63369 9.0 1.64599E-9% -1.MOEE-0Y 1.8000 1049 1.%200
CYCRPELATATICH CS2FPICIENT OATA 5.7y c.ery 00723 (N ] . 7008 1.104e 11000
ESTI®XTES OP THRE FIAST THUBTAL CZLL AESCLOTE 19508 LLVEL 0.00GCY  9.COTI0 ITIRATICES 7 WAk TEZIP R) *)e.7
2z [} 0 -1 Y.9MI0Y-05 V.436eD 00 %e3.317 G.6886 0.0 C.8087 . .0NIT -J.233)37-05 5. '50¢
2 [} 6 -2 L.ITITv-08 V. 3e2%0 00 €09.51¢ 0.7945 @ C.C0)% 9.0190 -2 hsa-os s.%¢Cac
v (] 0 -2 1.2621E-0% V.£€e€D 04 $3%.nen 00955  T.0.00 -
2 ] 0 -2 1.5009r-05 €.8031 V. Jwd -
] . 0 -2 T.NITIR-R5 Iere vty €.J887 Y. NuQ -3,
' [] ¢ -2 1.1129%98 1852, 380 0.0035  1.9W0U -1.9518Z-05 1.1600
' [} ¢ -2 T7.07252-04 vesv.3a8 0.89)9  1.Jusd -3 1495E-0% 1. 1600
1 [} ¢ -1 T.1098%-05 1132.859 €078 1. JWD -).9730:-95 T 1C0C
] [} ¢ - 7.0090%-0¢ 1Me7. 329 €.0028 V.00 -).)3de2-9% 1.1C00
s 8 e -2 %..%0 V120,303 C.O018  1.NIS -2.7Je02-05 1.1C0E
1 L] 0 ~2 3.327IV-06 6.99Vep-0% 9933 7 €.0020 T UWO -1.393):-05 V.1(cQ
2TrET A%0 STRICTZ TEYFEINTEARS [TECREIS C) PCF EASS POV BATER (EG/SEQ) 1.20578 0° GERTY POBER {Te-Tu} 3.09V0f OF
INSE  (COYDUCTIVITY A F(EXFOSTIL} ), PIULC SIAnACe REATY CEIFIES TEXPEMATOSES, BI/I8 SEE/AR
' 0.72¢7  0.189700% 23 $71.9 [{18] %Y. ?
2 3.1233 0.1399002 1) 512.7 6300 ¢12.}
3 9.120e 0.132000% 23 Se2.0 625.9 .3%.9
L 8.32€% 0.%3200€ 23 .31 $00.2 €25.5 s,
s 0.1739 0.v99100¢ 13 (339} 730.6 179.5 Ter.9
. 0.93¢} 0.730100% 23 €20.6 7337 754.2
’ 0.123Y  0.730090% 2) €27.7 12%.9 LAY |
) 0.193900 13 €2%.7 6.2
s 0.167000= 2V 769.7 9270
0 0.%33700¢ 1) 770. % syz..
111 0.7223397 2 407 0258
12 0.1804 9.1090002 23 Ted.) 321.7
[ 2] 3. n.o $75.0 515.0
119 1.9 0.3 57%.0 T5.U
1% 1,9 9.0 $7%. - 4715.0
111 2.0 2.3 5%, 0 sn.e
L g 3.9 0.3 375.8 ERATE ]
11} 9,0 0.3 $1%.0 57%5.0
" 0.0 6.0 $75.0 $75.0
10 3.0 0.4 <1, ¢ 575.0 3.0

aTmATIVE T 3L CELL %AP NEAT FLOW {3CCUSACY (I!Cl', ldl!f ADD RIAB 1.0011%0 1.060 12
m?re a.¢C PCOER ¥

o PEAR/ZRZAY AT OB, SAT(ICHY tia EICNTIC Tea. 0 9.9 Juugs (295) J.0wivE 07

-

AVEZRAGE ANO PEAN TEYPEZITORY SLAPY ST PEEOLT PEAT/SHELL IVTERFPACY (DIiI/XY ~58.3 -93.¢

TONE AYSRAGE TEAP A€D Toe], TAEV SURI(NY 767.6% TI8,. 80 0.0 0.0

TEYPFRATUDE INTEAFPACE PILE WOT whHITTIER MCH

’ﬂr'ﬂl'\)lls FECALCULATID P78 TRE TATEPAL CCPIGCIIVITY RULTIPTIIC BY 0.9
-2 -1 wp 00 39,157 0.339%s 0.0

[} 2%3r-0% 1.0121 0.0 -C.001% 1.2000 §.74)88-05 3-1C0C
1 1 [} -2 «%.99147-38 1.9%9ap 00 €51,.45) 9.697s 6.0 0.0 6.00.% 1.0030 ~V.+0602-05 1.7C0C
2 L] [} el 9. A3J7C-Ne  9.%5%980-01 53309 0.6909 0.0 0.0 09.0047 1.9000 -1.493072-0% F.3L0C
' L [} -3 1.83657-046 3.:57e8D 3C 918,007 0.9 0.0 0.9 86,0038 .09 ~2.23892-0% §-9C08
? L [] -2 1.40%s2-05 084,720 0.5320 6.0 0.0 ¢.9020 1,030 ~1.9331C-05 1-9¢0C
1 L] ] =3 «1.18393E-93 10du.n3e 0.0 9.0 0.0 0.0027 $.0090 -2, 1075 ~0% Y.9C0C
\J L] [} -3 1.2M29-0% 1025.429 0.3 3.0 0.0 0.0022 1,0093 ~1.7976.-3% ¥.1C0C
A L] [} -2 S.7841%-04 9 §7203-07 1G80.087 0.0 0.0 0.9 .00l 1.0000 ~¥.3%4e22-05 9.750¢C
) 8 [} =2 V. I997-0% T 7S75C-00 106,47 a.0 0.9 0.0 6.0012 $.9900 =1, 95932-0% 1.9¢0C
v " 3 =3 6.98997-0¢ 7.8521-0% 1150.477 0.0 6.0 0.0 ¢.301s 1.0000 ~1.47e82-3% ¥.1C0C
' L] [] =2 8. V(FuZ-0f 8.%Ca20-00 911930,5)3 0.0 0.0 0.0 8. 0011 1.9000 -71.5995.-03 9.1ceC
' L] -] «3 2.9184r-04 &.())8C01 V3L )% 0.0 9.0 0.0 0.0012 $.9000 0. Tee)i-0% 1.9¢0¢

[l ] ASS TLPIPOSTRE) ), FLOEC snepsCt

) 4.7104 0, 13130 2
: 9.1193 0.%99%0°¢ 23
) 0.1047 A, 101", 1)
. .18 A, 19031 23
< fL, 1207 0.129%00% )
L3 0.%221 0,%000092 2
7 4.1200 0.131303% 23
L N.1208 3,33290%3T N
9 I 1248 ), 80067
19 1.1277 0.1390)r 1)
1A 0,124 2,199%93r, 2}
' 0,9247 0. 1393007 23
LA n.n [
1e 0.0 .3
18 9.0 J.0
" 0.0 7.0
Ve .0 0.0 “1%.9
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Table 12. (Continmed)

" 9.6 .. 3750 375.0 $73.0
10 0.9 e.0 375.¢8 513.8 375.8
20 9.0 6.3 3750 3735.0 .0

RELATIVZ THCREAL CRTL G4 EPAY MG (MCWRICY
WAL TIPS, PEAR/WEAP PY TOPT, SEIICHR €1.2 sm.) 8.C

3%.¢
575.0
5735.3

$73.0 [ X
575.0 [ X}
$75.0 [ N ]

CRICH), ROSST BED ANAR L0 1.0¢040

6.6 PCOED WEIGEIES 799.3 6.0 j.sin (SVI)  ).ee0er @F
EIASE 18P FIAR TEAPTSATORE SLCPE AT PEFELY PRAT/SNELL IBTERFACE [BEG/CYy -$2.3  -10e.2
TEIPZEATUSES SECALCRLSTER /U8 TUE LS SCOE SUSIACE TCiPERATVAES WSIVGle BOMST CASE, SIZIGAED ISTEEMALY)
0 8 8 -2 -6.00508-86 1.)7018 68 1137031 .e .0 ~8.0020 1.0000 1.13172-63
T 9§ -7 -V.SAIEE-95 124768 04 .0 60020 1.0080 -5_3%0c-0¢
T8 0 -2 V.3302-85 V.CI27 OC .o €001 10000 -8.3272C-0%
T8 e -7 T.I919T-06 6.09T98-91 .0 €002}  1.0900 -5.e15%2-06
2 8 8 -2 Les)IE-e5 7.MaMm-01 0.3 .009  1.0000 -1.2796z-96
18 8 -2 -L.)NIE-8S 6.01730-81 .0 ©oets L0090 -3.3325-0%
T 8 8 -2 1.0108E-03 =._GOZON-0V. ~s 0012 10900 -3 Ie)IE-0
58 8 -2 S.ETET-g¢ 6.85T08-BY e 00876  1.0088 -5_dusez-06
V8 8 -1 V.0I130E-€5 7.e07R-9Y .0 <o ~5.61 0506
V8 8 -2 -TA9I-5 3.:1W28-01 0.0 . 0087 v
18 0 -2 WP S.5e39e-01 .o e 0ee?
T 8 8 -2-1.210%-85 7.C1I08-0% .0 8009  1.2000 -a_iolE-08
£O5T [COPDACTIVITI BNE HITZROSYSD ), FINID sm1 SEMT CIOTD SEATRMATWSES, J1/08 [3BG.XHN)
Y 0.1307 0.vessssr v o e 5.3 03e.2 ses.9 -96.2
2 wer39? 3 we. 7 7. 00,5 1.0 ~100-5
3 2 .6 M.e 7€7.5 500.0 2.6
M D .y .0 1.9 o053 -87.3
s » Py in.s 80 9250 -85.8
H n 2.0 .y 9.7 ”e.0
7 P €217 058.) 0.6 7.0
. 3 25,7 0.2 "1y %120
° n 7%9.7 01y 9"s.: ]
30 b1 e oy 932.¢ 908.6
" 9. 3900088 2) 8. 9 271 923 958.6
12 74,3 30.3 9640 723
3] $75. 0 $75.0 $75.0 $75.0
. s13.0 575.0 535.0 375.0
s s13.0 $75.0 $75.0 375.0
" s”.e 5.0 575.0 575.0
"” $1%.0 513.0 $75.0 $75.0
™" 5158 375.9 575.0 575.0
" sI%.e sK5.0 575.0 $75.0
20 K0 5.0 575.0 575.0
v TAD €L CLP WEAT F1OW (KCCURLCT COECK) SORIE 380 SKS  1.088%(  1.8¢80y
RATEE gg'rsf"nnyhn- H LS F Ll s P 9.0 COZI BRIGETIE §77.0 6.0 209 (EVT)  J.3u2ep 81
BYERAGE NG PIAK TELYPESATURE SLOPE AT PRISLY FRAT/SHELL CWTERPACY? (SEC/CN) -$0.)  -7100.5

CWYLATIVE PRACTIOVS CF THE PUEL AOCYR SEFEREBCE TEAPZRATVEERS, E6 C [S8A BASIC BATA PCINTS

”e 0.01%009%89 e 0.59187C10 550

0.5102030)
03072

7% 9.0535100% 725 25
9o 0.91%9829 T00 00
[ 141 9. 190997%6 [ 14] (143
"o 0.2615)68¢ 50 .50
(234 0.3)918699 (23] o.e .25
000 0.82)6306% 600 0. 070%0¢79 800
s $.%0079012 573 0.09837607 s
TURRAA . CELL CYLCOLATTONAL BOBOEF o.3127)8 08 ROLTICRIO ITBRATICHS L2

CALCULATIONS WOS DONE POP WEw CONLAFT SEUPROATIPES )30.60 000.60 BRLATIVE FOOIB L2VEL 9. lm

RIS PROSLES I¥ +OLYES BLOCKING CF COCLAN; CESPDILS FOB CORBON OUIPICS CCFIDOL

IPTERVAL COOLARNY DLOCK [FBEIING
) q ) ; )

[} [} b ] 3 ) 3
2 1 1 31 & 1 1 T 2 2 31 3

T ISTERVAL mEAZSEC ¥1a cRecw OF COOE JeEb
b b8 -1 I e A T L HA- gt ] 1.55702-6]  1.576)E-0)
RII9-01 1-e119E-8) 1.93a7E-6) T1.51220-0) 1.89872-8) 1.5)3)8-9)
1.9300-03 1.90302-0) 1.91172-0) 1.93391-83 1.66)7E-0) 1.63268-0)

1.9948¢e-3) 1_0007E-03 1

l'f'"lL niss cmu" ES BY BICCE XiR/58C FER CPoCR)
I3 E-c) 1 90900 03" 3. 2(TE-89 V- ia1ee-0

COBE ARZA (30 CWy, YOLISE (CC), COCLAPT TLO® FAIER {ACA/SEC) 0.660158 ¢)

1.50692-0)

6. 000171 06

12.00, L 2]

\“X -uhw.A

1.60002-0) 1.866128-0) 1.86505-0)
1,61392-0)  1.54712-03 1.987¢2-0)
1.50068-0) 1.935.8-8) 1.99713-9)

1.402150 Oy

RYPRAGLICS CALCULATION PROCERDS, PCV IS LEVOL (v} ).)0000 07 BOSGN COOLIVT DENSITY (SCE/medd) 2.200)8 &0
30

ITERATION BMTA PASTO CF ERIT PRESSORES AFD TIPCROATURES, AT ITERATIONS

PSS, 0R0OP, TESP CrARGES 6.0272-8) 1.59)e-0¢ 1.002¢-07 2°.00
PIEIS, MOP, TEYP CHANGES ), 7097-0) 1.2972-05 -1.425¢-02 2
PRESS, ORCP. TISP CHARCES -9.65)2-08 1.172g-0% 2,V70)8-02
7890 CHINGRS 6.9992-00 8.%702-06 -7.41)32-0)
PRESS, MOP, TEAP CHSPGES 2.5640-00 1.1072=06 1.070£-0)
PRPIS, DBO P, TENP CHAMQLS

Y YV EOY VIEY
a >
-
-
*
~

(3] 'lll aLss
9.7929-05  7.43%8-07 -9.9)32-00 18008 R1s20VALOEC
PRRLS, DROP, “2¢P CRARGES . 2)62-05 7.12%1-07 =3.0052-00 1RDOR 1InENvALNP°

ax0 » )9..50 CORF V.52
ALP P )9.¢0) COSP 1.592
aIY P )9.0e3 CORF 1,502
[3 om 0.0606 A1P 7 3v.6)0 CORF .33
0.19:% 0.2037 BIP P 59,435 COBP 1.5,92
0,563 0.0580 NIF P Di.8)08 CORF 1.512
2.3101 90,3707 RIS 7 Jv.e3) CUBF V.5V
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Table 12. (Contimued)

T 8 -gprssy, DCP, TERP CTASGTS V. 2e%f-GS ).E15E-07 -V.ar2E- ESR0E R1<RpVALGES
9 PRITS, DACP, TRV CHASSES 8_7503-06 J.€T1i2-C] -6.182P-0% E80OS BISEBVALURS

3791 6.3795 ake ¢ 3%.433 ColrF
isl0 6.38)0 RIB P I0.0J3 CoR?

SIDRADLICS PROPLEF SCLYED, WORIRL YEPPIBRTICH. IFCLIORD R2A* ROLER RDTBABCE FLS ZAIT LCSS (ATE) 93280
AAN 13D TIBIVIT ENIT PPTSSURES, ABD CCRZ IDIISOAL PRZSSURE DNCE (ATH 19.633s 3%.430) 9.3667

Tmss PLIX COOLAPT ZXIT TIPS [Q) 202.0 641.7 PAL SUATE TIRP *31.13
SHY 7 PZAK BPETSQOLDS wrenter 37627, 28328, AVEBAGID FRICIIGS FACIND S.8018922-0)

WASS CCULABY FLCW SATES BV IVIZRVAL (FC2/SEC EIF CI°CR GF COBR JSIA}

v.50¢
s.512

1.8577 -33 §.%5792-03 3.8203%-03 T.e19%2-0) 3.5334E-02 .SSIII’O} 1.55508-0) V.59388-83 1.82071-9) 1.828¢3-02

1.37¢ -0 1.3633E-02 T.%6782-0) 1.a8062-C2 3.0608C-3) 0837-03 1.62¢¢E-0) 1.40522-0) V.

S6ex-03

1.03484=-03 2.60702-0T S.°mMa*-0) 2.00712-C) .¢859C-0) 23)E-63 1.57201-€) 1.5275L-¢) i.0009L-v3 1.%0112-0)
1.952 1.95312-03
COCLANT TEI??PITUR"S FY 1IQ3% fl
as3,? .30.) i, 83E.0 tis. 0 £.7.5 620.2 $26.2 778.7 .. 1
8.9 749.2 575.¢ $is.0 7.0 575.0 575.0 3575.¢ $75.0 575.9
“'&C! TZIPEPATUDES
7.9 57 565.3 5€2.9 333.2 Tie.3 72e.3 729.2 039.1 337..
"rr 37%.0 $3%.0 £75.0 575.0 $7%.0 375.¢ $75.0 575.9

PEAF STAFRCT TR2IPEYATURES
Tan,} s,y 7.}

€3%.9 80,0 ©@71,.9 956.7 3%.9 88e.8
20,0 *31.) 775.¢6

17.5%
5.0 $t.0 $75.0 575.0 1.6 37%.0 575.0

A

TRET FRESSUDE BT SLOCK, TRZE ACTLIT B§ INTESMI ALY
3790 80.6970  39.8332  33.€°AY

e €398 3.e3I0 I9.63T% Y. €3)3 196308 JS.alYe  1S.e))v 59,6006 15,6338 IP.e)ls
B A L) LASSE A woEl LA A L] T 19,4333 19.63)% 15,5234 25.430 %038

2 J.1766  0.132200% 22 708.) 011.5 02%.%
) 0.73155 0.7C0000F 2? 717.) 79e.) $12.0
s 0.3359 0.163)00€ 2} 3. 2 617.7
s 0.1866  0.100309% 2) 259.9 923.¢ 9)s. 6
L] 0.7s8s 0.707000% . 820.90 ase.n
7 J.1852  0.100300% 2) [T 3% ] 90¢.6
L] 0.843 8.103000Z 23 #56.7 920.3
5 9.15% 0.191700¢ ) 9)1.0 971.3 -e8.7
12 J3.7e82 0.10)3002 23 88 .8 91s.¢ -%7.13
1" 2.1550 2.107000E 23 922.9 38.2 -a1.5
2 3.7'm  0.130000F 2) 749.2 t37.) 971.9 -8, 7
1) 9.0 0.0 $1%.0 575.0 $75.0 0.0
1 1) 9.0 0.0 $7¢.0 $75.¢0 375.0 0.0
15 0.0 8.0 $75.0 $75.0 87¢.¢C 0.0
[ 9.0 2.0 $75.3 375.0 315.0 0.0
7 n.¢ 9.0 57%. 6 575.0 575.¢C J.0
1 c.0 0.3 $75.0 575.¢ 37¢.0 e.0
" 2.0 0.0 $75.0 575.9 $7%.0 $1t.0 0.0
0 2.0 0.0 $7..0 575.0 375.0 375.¢ 357%.0 0.0
IEITII! TRTPIAL CELL GAp WEAT FLOD ([ACCORACT CRICK), UOIS‘! ABD READ 1.00008 1.00007
®AX TEIPS, PEAR/NTAN BY I0WE, SQFICWE s78.6 977 9.0 0.0 PCOLD PRICAIID 186.2 0.0 Purwid AT}
BYRAGZ AND PEAR TEYPERATORE SLCPE AT PEPOLE PEAT/SAZLL L[PTERPACE (OEG/CH) 737 -118.6
COANLATIVE FRACTIOSS OF ~NE FOEL ABCYE REFEWEAMCT TETPERSTUBES, CIG C (SB” FaS'C (ATA PCINTS $12.03, 12)
7% 6.90267%3¢ 7% 0.53202065% 575
959 0.02552¢ 18 7%0 U.A130¢2)) 550
2% 0.06371007 728 C.e78%: 35 2% 0.5093e8 17
90 6.¥2370017 "3 0.7298°C2" 500 0.$700 108
s 0.2033¢;526 €7s 3.777°70 52 .7s 0.5067.05¢
250 0.27%44470 459 0.8213132 850 0.959999%»
L24] 0.353)88%2 €2s 0.852 82087 s 1.€000000C
Ajo n.8292%019 ¢J0 G.0780087 09 1.€00000¢CC
TRE.TAL CELL CALCOLATIOBAL BIROEN 8 3748L (& ROLTICHID ITERATICRS "

10TAL CPT TINT IS 0.107 RIDUTES AFC TOTAL CICCK TIYE IS 1,750 AINOIRS FOB ¢ RPIF CCIB SXICUTION

~TeTH- G

CACLED REACTOR TWEFRAL WYCRIULICS CODEZ, ORWL VEDSION N, %, FALL 1981 -- Qa LEVEL O

P T D P B P .-...,-  e-

Acces 'S

THP-TH TASPLE PRODLENS, PEDPLE RED THCW PRISPFATIC TUERIAL IIDIIUHC!

THIS WILL AT A TAPTT-OIVTNSTCVAL PN RLER VITR CPE-DIYENI[ONAL CCOLANT FINM
SPT-LAL DATA APTINNL AR COCLANT MCLTS IN A SCUI0 LATTICE #ITN CIFAOLTS &8I IF EPRF73
e ITHITIER CANTRAL VARIAMLYS FOR PECP THRACOGH WULLS KM A SOLIL LATTICR ~-

1= 374¥I7Y OPTING [« =1/0/%« RCUE/ FICY DOWR/ PLOY OP) L3
2 ll'wlfiﬂ PO PLOW THRCGH NAlTS §8 5CLEC [ATTICE 9

8.300e2 0OV
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Table 12. (Continmed)

PIRESCE OPTICES (-1/),3/%2¢~ BC/CPRIST/YILE EXPINT) -
FL., *CE BAWSZ  (-1/0,3/2- TOTALZ“IBST/SECIBL)

TZROR. AVATLADLE IF .B2. O (wOBas3)

OPTION T0 PFYEYSE TRE BIRLCTICS CF CCCLADY LOW

91T WITT LEVEL

EDIT LOVEL CPUICH

FLOID FLOS COBTRCL CRTIOBS (-0,0,:,2,% FCH WEAT/ BLOCK

PY VST PLABE I08EZS/ DLOCKING SUPFIIEd/ FCF EPEZSE PROP/ FIX)
10- LATTICE CPLL GUCETRY ([-0/0- 2-D BECEAESCEC /1-8)

$1- TIVIFATISS ITEARTICE ZowsT

¥2- ORIFICING OPTICSS {-0,9/71/3- wOBE,IBLET/CLILET)

3~ GRIPICISC TASK (-0/1/2- exry T/ SUBFACE T, FIAK BXIT T)

I8~ CYIT ENTPASCE/ZRIT POESS LOSS IF D O

15~ FO. AXIAL [STEAVALS PFO8 EXTEWRLSG 1-D OF 5-[ 10 )-D

tTPITLY
ol

BVONDO-

9 ] 9 9 0 L Q 1 0 [ 9 ¢ o [ [ a 9 < o [} o 0 0 -2
e==~ FLOATIPG PCIBT CCVTROL VARIADIES -~~~

YOID PRXCTION 0.! ¢ 02
IWZT TEIPEIATURE X)

INEZT pRESSTAE (ATY)

PASS PLOW RATE (RG/S)

CMARACTERISTIC WTDYAULIC DIAAZT®D (CH)

PEFZAZECE FLIENCT 9.1ce00 23
STCOSERASLE TRTFLY “RA_C7CH 0.5t¢0D O
SPECIFI®D PORER LEVELD 0.3:€70 Ju
DITZFSION OF CELL PCP REZAT BRROVEL (CV) 0.1E€0D OF
FOFL RRJINS OF ICNZ PATEZRIAL CN) 0.¢32500 %0

PUZL BADIUS OF SNSINSF MTESIAL (CM}
CUTLET TENPEPATOURE (C)

FLAEWCE AULTIPLIZR

TR AL CONINCTIVITE RULTIPLIER
COIVIRITECE CRITERIA

2Co 00
9)
(4]
or
RAXIYUE CPO TIAE L) SECCEDS 9.1200E 0)

MMITWY BEICHT PEONIANIINT - $032€ wWIDS, FEFORY AVAILABIE -~ 1600CH wosos
TISE OF ZspowD- 0.0 DOES BCT BATCH POCIBT~- 0.0

OATA INIT SURBERS, CECUETOT, EXPOSSNE, ICBE ABC PCIST POUER DRFSITY " G 1 1t

PIOBLTY SESH {PLAPE-AYIAL) s 7 3 6 H] 12 50.009 130. 000 59.000 150,300 15.08C 775.000
COTPACTED NESH L] L] L4

TNE TPEATREST CP CNE-DISENSIOSAL PLOS IF & TRSEE-DISENSIOPAL WCCEL FCLLICWS

TRR~TR SASPLE PRODLERS, FEDRLE RIL TRED PRISAATIC TREAAIL ATDRAGLICS

ASIAL INTERVALS be.867 6 €87 6¢.607 8).333 4).13) 0).133 125.000 12%9.9030

ELESENTAL CROSS SECTION ADER (rpee2) 2.70€3:0 02 CCBE VOLURE (CC) APCL REAP ¥C.. T:NCTION 6.0e237E 06 1.70030K-07
COOLAST CHARBEL SNPPACE TO VOLOAEZ (9-Y) APD CCCLAWT ROLES PR 3(. M. .28212F 0V @0.5t1)7% 02
IOWTS, SUBIONES, PLAWAR PCINTS, AXIAl FCINTS 2 [ H ¢
PRININT DATA, OIVENSTONS (] [ # ACIIVL POVER CENERATING IWTIF7ALS 2 BiCCRS °
BT ANY I CHORNTEATES 1097, 00¢C 100,000 700.000 TUTAL PCUEP (RESR, ICh.) 3.367320 07 ).08020L o7
TNADJUZTED WEN IC! \ 2YAL
3-* 0: ; * /)5 ; 0%362 02 3.05SEE 01 3.¥740F 0) J.0165E 03 08932 C) 23,7262 03 ).0uB7E 03 5.0%31C 9)
J.""l 03 ).u's’ 0 ).73%ap € ).57%e2 0) 3.734%C 03 1.39758 0) ). 15330 6) ).)1>82 05 D.702420) 1, 9W3L 0)
8,955 03 S 1677C 03 N.I633E CI A T€22F 03 2.9605E 0) I, 10518 45 3.56C2E €3 ).907s8 03 &, 1517 03 e.)290E 0)
8,570 0) 8.,5712° )
THIS PROPLPY INYOLYSS RLOCKING CP COCIANT CRADRILS FOR CCHMON I3IPICE CCATSOL
IFTZPYAL COOLAB~ SLACR INDENIWT
1 ] ] [3 ] . 3 3 ) 3} L3 . . + L 1 ' '
? 2 . 7 ] \ 1 ] 2 2 2 H
RA3e rr'ouvr rFLCY n'!' AT IBTEROAL (lGl/llC lll crcn ')' CORE MEN)
1.99702-0%  $.02717=3)  §.0686%-9) 1. 00508-C) 1.55797-0) 1.97332<03 T.9706Ek<0) T1.000vZ-0) 1. 0641600 TF.e65¢1-0)
1.32292-00 . nmz <3) 1.89877-0) 4. stz.:-o) 1.0907E-0)  3.%32)28-0) 1.031wE~0) F.01002-0) §.%77L~0) V.Se)eZ-0)
T1.9731F~0) 1.9319F-01 1, 211790 1.9))87-0) T.Ce)6)~0) '.oJlol-OJ 1.50693-05 1,58062-0) 1.9)%55~-3) 1.91212-0)
B LIRS R S T TR ) 2 B

IRTERTAL AAST CoOIANT PLAY BATES BT RICCK (RGR/SK” PRE CROCH)
1.59122-01  1,4090%-03 1,03C70-0) 1.%2162<0)

CORE ANTA (SO C9), YOLURE (CC), COCLART FLOV BATE (KiN/SET) 0.460291 O3 5.002178 06 1.312150 vt
WIDPLILICS CALCTLATION PROCEEDS, PCY TR LEVEL (¥) ).)000D O7 BCUCH CGORINT DINSITY (FCN/N®®)) J.Jd8)L 0O
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Table 12. (Continned)

ITRRATIOS DATA BASSD CW =XIT PRESSURTS APD TReFIRATURES, SAX ITPEATICES 2
T meess, TEYP CHANGES 0.0271-07 °.37,e-03 1.0028-07 IRROB RISEBVALUES 0.0 0.0  wEis p 39.650 coEe 1.eC
TEAF CHABGES 3.7711-03 0.CIIZ-DL -1.500E-02 ZNROR ZIGENVALUES 0.3787 O.1064 RIS P 19.688 COSF 1.800
T2 ~7.095E-08 1.7042-05 1.8895-02 IABCR ZIGERVALURS 0.2)5) 1.229) P 13.686 CTI? 1.400
6.1191-08 5.3812-06 -7.5202-0) ¥ 2.7855 0. 5180 P 19.633 CCBE  .400
2.5291-08  2.2892-06 1.)9%-03 K G.829% 0.3209 AIS P J9-635 CCRE  3.800
1.CASE-08 1, 788P2-06 -1_2352-0) 2 BX 0.8157 G.a808 AIR P J39.63% COEF 1.800
TEIP CEANGES 8.250P-C5 7.€252-07 -5,2502-00 FgROR RISESVALUES O. 308N 0.4220 uIN r  39.63% COR? 1.890
DROP, TINP CHANGES 1.7731-0% 1.E132-07 -2_1722-08 REROR BYGRAVALURS 0.4150 0.81¢9 MIN P 33.63) CORP 1.800
9 PEZSS, DROP, TEAP CKANGRS 7.2912-06 J.E95Z-07 ~9.5601-0S RRCE RIGRRTALTRS 0.4148 0.8105 nXv 2 3v.63) coxp 2.37%
10 PRESS, OMOS, TRAP CHANGES 2.90€0-06 7.€293-07 6.92)5-03 ESRUR RIGERVALURS 0.288) 0.6787 RIR P  139.63) COSF 1.5V2
RTDRARLICS PRCBIAM SOLVED, SORAAL TEFRIWATICE. INCLUDED VAR BOLT SRTUANCE PLAS BIXT LISS (ATW)  3.31%8
RRAN APD AIFINSN EXIY PRESSURES, ADD COMR ISTIOBAL PRISCORP OBOS (ATB) J9.6338  35.6333  u, 3e67
_AEAN/ PSAK COOLANY. XIT TFEPS fci_.. _£90-0 . 481.0_SRAK SUBPACE TPEP _ if.)
QEA¥ / PEAK RETROLDS 04" BS 3727, 83731, AVERAGED FRICTIOF PACION 5.6015032-0)
NASS COOLANT FLCR BATIS BE INTEAVAL WCa(3EC E24 CI9CE of ConE atpL)
1.85778-03 SI9E-0) 1.82028-0) 1.87982-C3 1,51362-0] 1.55872-03 1.5589E-03 1.59372-0) 1.82072-0) 1.820¢E-0)
1.3702e-¢) ¢ Jsu--os 1o800aE-0 1.88061-03 1. 8c0eE-03 1.5087R-0) 1.62€52-0) 1.60522-0) 1.5508K-03 1.52608-0)
2.00872-D1 2.007)2-03 1.93052-03 2.0071E-0) 1.66592-03 1.628)8-03 1.57272-0) 1.5275-03 2.00908-03 1.38135-0)
1.95338-03 1.9533g-01 R
CoOLAST TERPERATGRPS BT ZCRE [C)
H% 1 8403 9. 0360 €38.0 627.5 620.2 626.2 1707 768.1
760.9 7%9.2 $75.0 535.0 £75.0 575.0 575.0 £15.0 575.9 $7%.0
SURFACE TEAPRRATUAES
579.y 578.3 565.5 36" 712 138.0 720.% 129.2 8291 Y1
821.7 "2 575.0 535.0 £75.0 575.0 $75.0 575.0 $15.0 575.0
PIAK SUBTACE TEREEZRATORES
78,3 708.3 7117.3 13,5 1599 820.0 "s.0 6.7 931.0 ses.?
920.8 1.3 $75.0 5750 £15.0 578.0 575.0 575.0 $75.0 575.0
INLET PAESSUPE *Y DLOCK, TEEW OUTLET T ISTRRVAL (ATH)
39.4792  %0.0000  39.8332  39.€509
396338 39,6938 39,6338 JS.€23%  IS.€I38 39,6338 19.6338  39.633%  39.€I)8  Ii.eidm
32.633%  39.6533% 39,6338 39,0338 19.€138  39.633¢ 19,6338 19.6338  IS.6338  Ju.elds
39,6333 39.6333  19.633)  36.€233 35,633 39.e33n  39.6338  I8.6338  3S.e3I)  39.e30)
32,6333 39.631)
IWERACE INTERVAL BA35 COOLINY TLOW RME BY BICCR (E3n/SsC PER CACW) -~ SCTAL (RGA/SEC) 1.80950 01
.5878E-03 1.98752-03 1.81€92~03 1.%1%se
COOLANT PXIT TERPERATURRS BY BLOCK
800.5 800.0 800.0 we.c
PIAK SOPPACE TERPERATURES DY COCLANT ILOCK *
931.0 CrIe 9208 91,3
PIESSURE DROP ACROSS CRIPICE BY COCLAT RLOCE
0.1208 0.0000 0.T¢68 IR
WIDRATLICS CALCUIATICH DOBE, CALCULATE TEAPISITURLS _'“"-
FECOYERING CELL TWERAAL COEDUCTIVETY (ATA, OBIT J1 <& ﬂok J"}J oWy ’
" 0.1309 0.100000F 3’ %38.0 7118 739.0 TIN -96.
s 0.1859 0. 190000¢ 2) 638.0 859.9 8755 92).8 -12.8
¢ 0.7336 0.100000, 23 627.5 820.0 839.¢ 30,6 -08.7
? 0.1808  0.1000008 1) 638.2 B0 262.6 906.7 -66.7
[ 0.856 0. 1009008 23 626.2 856.7 872.7 9206 -12.6
’ 0.7571  Q.1000008 27 770.7 931.0 " 1.6 -85, 1
10 0,187 0.100000% 23 7668, 1 IR 91,9 9387 -57.9
1 0.1537  0.100000E 23 768.9 920.8 990.2 958.) -8y
12 0.1572  0.1000008 23 769.2 9313 wi.e 971.9 ~45, 3
1 0.0 0.0 575, 0 57,0 575.0 $75.0 0.0
" 0.0 0.0 - 575,0 575.0 575.0 575.0 0.0
15 0.0 0.0 575.0 578,0 $75.0 55,0 0.0
e 0.0 0.0 $75.0 $75.0 575.0 575.¢ 0.0
17 0.0 0.0 875, 0 §75.0 §75.0 $75.0 0.0
10 0.0 0.0 575.0 575.0 $75.0 575.0 0.0
19 0.0 5.0 $75. 0 55,0 75,0 $74,0 0.0
20 0.0 0.0 575, 0 575.0 575.0 $75.0 0.0
PELATIVE TNERNAL CELL GAP NEAT TLOW_ (ICCUEACY CIECK) YousT M0 AEin G 59999 00000
TESPS, PEAK/NEAR MY LOSE, SOEIONE  $Te.0 919, 0.0 0,0 pCHER Pe1GheTE $86.5 0.0 POVER (RFT)  9.390s8 01

AYPRAGE AND PEAK TENPERATORE SLOPE 4T PIROLY IEST/SHELL XNTERPACE [DBG/CH) “1%5.4 -119.6 ‘
COMULATIVE FRACTICRI CP THE PURL ADCYI SEZPERRIC™ TBAPENATORSY, CEG C (SC1 BASIC DATE PCINTS 13.00,
975 0.00250380 7% 0.5331217¢ 575 0.9022037¢
90 0.02571013 750 o.61887%0¢ $50 0.925s5808(
9295 0.068%0827 2% 0. 67622030 528 0.54062570
900 0.1315192) 700 0.73051¢9% %00 0.97016907
875 0.205r918) 675 0.777648379¢ "5 0.5069088¢
%0 0.,28013409 450 0.8328020) 50 6.999999 %
828 0.35902679 625 0.85%590198) 23 1.€300000¢
800 0.85006192 600 0.879 11280 "3 1.0000000¢
THERAAL CELL CALCULATIONAL BURDEN 8.60608 O AOLTIORIO ITERATICPS ¢

CATA SAYE/RECOYEIRY DISCONTINUED
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Table 12. (Confinned)

lCn:ll!tl STATR sol.%xs BCE COTMIIRD, EIBINGR OBIVICE RESISTANCE ST TO 0.02 YIRS THR AVERAGE

CALCULATION MOOCEEDS ®ITS FIXZD BRLAIIVER CRIEICES
BELATIVE OBIFICE RESISTAFCES, OBIGINAL NEAE, JUD SET BAX A8D RID &.005209E 08  0.3043318 04 9.4105768 02
ISTERYAL COOLANF: DLOCK INDERING

) ) k) 3 [

2 2 2 2 t t

cost 2B CueC CORE MBIA
“1§l 7 l:!l; 'ff:ﬁ*’sz"tfamﬁs “Eaﬁl!ﬂl =:Sg1g=-01 '1.55-5:-0: 1.5706E~03 1.60602-03 1.86632-03 1.80582-03
=03

1.82200-0) 1.82% 1.6 78-0 1.5322E-03 1.89072-03 1.53232-03 1.6318E-03 T1.61388-0) 1.3479R-03 1.58762-0)
5.93802-0) 1.93388-03 T.9137E-03 V.933BE-0) V.6636B-0 1.6I26E-03 1.50693-03 1.58062-03 1.9350C5-03 1.%91212-8)
1.88552-0] 3.8887%-0)

L] L] ] 3 L3 L] [ L] 1 1 1 ]
t

3 3
L 2 2 2 2

!l‘lnlll. A1SS COOLANT FLOE RAIRS !lCCI KGH/SEC PRR COCH)
-59127~0)  1.999%02-03 1.82(T2-M) ‘ .‘:

CORE AREA (SQ €M), YOLUBE (CC), COCLAPY FLOV SATE (KGA/SEC)  0.66025E €3  6.062178 06  1.832150 01
STDRADLICS CALCULATICE FECCEEDS, POWES LEVEL {8) 3.)0000 07 RCEGR CCOLANT DISSITY (5cs/B®8)) 2.28838 00O

ITERATIOS DATA BASED CH EXIT PRESSURES AUD TRMFRBATOSRS, BAZ ITEBATICPS 20
1 FRess, TESP CEANGES 9.5831-03 $.305E-08 1.0122-01 LAROR EIGEBVALUIS 9.0 0.0 5P 39.622 CORF 1.512
2 eaess, TEYP CHAUGES T1.980E-08 (.S08T-05 -6.9632-03 TRROR LIGENVALUES 0.6006 0. 1001 ars & J9.620 COR? 1.502
3 ni.s, TERP CRAUGES -V.0372-08 6.EGER-08 -5.8478-03 RORCR RIGERVALUES 1.13%2 0.6958 8ID P 39.627 CORF 13.512
s mress, TERF CRABGES ~7.0688-05 2.€¢70E-0¢ -2.160%-03 EDROR BISEBVALOES P 39.6)0 conr 1.512
S Pagss, TERP CEABGES ~2.771F-05 9.226r-06¢ €.578E-08 ZRROR RIGRGVALGES P 39.63% comr  4.512
¢ mrrss, TP C -1, 1502-CS  7.629E-07 3.789E-08 ERBCB RIGEEVALOLS P 39.6)2 CORF 2.658
7 peess, TE1P CRANGES 9.1070-06 7.€29E-07 2.990E-0% EBROR RIGENVALUES P 39.622 CoRr 1.41)
8 press, “ERP CHARCES -6.722F-07 J.8151-07 2.0258-05 ZRNOS EIGESVALULS 0.C612 0.0600 NIF F J19.632 CORF 1.8))

AIDEXNLICS PROBLER SOLVED, WORRAL TEDEIGATICN. IVCLUDRD CEAF ROLR REVTBARNCE PLUS PRILIT LOSS (ATH} 0.0280
PEAN AND NINIAUA EaTT PRESSUARS, AND COBE lllvlllll PRESSURE DACE (AXS) 39.0320 35631 0.3079

SEAB/ PEAR COOLAWNT EXIT TEYFS (O) 800.0 480.6 PEAK SUBFICL TENP 930.1
SEAF / PEAK MY WLDS FURRIRS RE[14 0 8058, AVREAGED PRICIZON FACI08  35.8018:32-0)

43S COOLAST 'I.CI RATES lf Il‘!ll'll- (KGE/SEC F*8 (aeCa OF CORS iSH4)
1.84072-03 8609803 1.82252-03 $,53688-03 1.23788-03 13.3502E~0) 1.5970Rk-0) $.82378-0) 3.823¢2-0)
1. !712!-01 ' irvec-03 l ICJOI‘OJ 1,88382-03 3.46362-0) 1,30802-01 1.4300E~03 3.6086R2-03 3.55388-03 1.52938-0)
1.99472-03 1.99722-03 Y,97062-0) 1.99728-0) 1.66932~03 1.631 C-0] $.57428~0) 1.53092-0) 1.99918-03 1.97038-02
1.9e352-63 1.903s2-03

COOLAFT TEYPERATUREZS BY 20%¢ )
a5 »o,7 I}
766.0 i/

l.e 628.0 627.6 625.7 749.8 7710.2
.3 $7s.0 $73%.0 ¢7%.0 $73.0 973.0 $75.0 $7%.0 975.0

SURPACE TERPRRITURES
$79.5 57%.2 5¢5.1 ;%; 735.0 127. 739.3 pas.1 3.7

[ ]
[ 373.0 57%.0 $75.0 37%.0 $7%.0

.
526.7 028.8 $75,0 o
PIAR JURFACE TEAPZUATONES
agrace waogens 716.8 716.8 €58.9 02.2 ", 55,6 929.8 w8
919.6 930.1 $75.0 578.0 £75.0 $75.0 575.0 $75.0 575.0 $75.0
—IBLET PEPSSUPY BY Mrecg e Tt v. copirest sgewy
. 0.13S% 0.1000008 23 7.8 802.6 (118
s 0.1465 0.100000% 23 6328 922.¢ 31,4
6 0.1836 0,100000e 23 628.0 900.6¢ 9180
7 0.18S1 0.100000 23 627, 905.6 9158
. 0.100000% 23 625.7 919.5 930.%
9 a1 0.1000008 23 769.0 970.3 1.1
10 0.1898 0.100000E 23 770,12 938.1 945.0
1 0.1547 0.100000¢ 23 768.0 $£7.0 963.0
12 0.1502 0.100000% 23 760.) 970.6 977.4
13 0.0 0.0 $73.0 $75.0 $75.0
1" 0.9 0.0 $75,0 $75,0 $7%.0
s 9.0 0.0 $75.0 $7%,0 575, 0
1% 0.0 0.0 $73,0 $75.0 $75.0
134 0.0 0.0 $75,0 $75.0 $75.0
1 0.” 0.0 $75.0 $75.0 $75.0
19 0.0 0.0 $75,0 575,0 $75.0 $75.0 $75.0
20 0.0 0.0 $75.0 $75.0 $75.0 $75.0 $75.0
STLATIVE THERAAL CELL GAP REAT PLOW JICCUIICI CRECK) , WORST uo nu 1.00002  1,00000
94X TENPS, PEAK/SEAN BY 2088, SOSECNE  §70.8 §70.6 0.0 0.0 PONES SEIGKIED 006.2 0.0 POVED (SUT)  8.38085 01
AYERAGZ AND PEAF TYAPERATURE SLOPE 57 PEPPLY FIAT/SKELL IPTERFACI (0BG/CH) 70,7 -118.8
CUAULATIVE PasCTIONS OF THE PURL ADOYE REFZRENCT TEAPSRATUARS, [10 C (S04 BASIC LATS PCINTS 12,00, 12
975 0.,00160969 75 0,53179¢18 575 0.90217168
950  0.020387%8 7%  0.8132319% $50  0.935276)¢
925 0.067030%5 728 0.67502€31 525 0,9985790%
900  0,1333060 700  0.7301%477 500  0.9700690%
878 0,20375127 615 G.7765009) 18 0.50600967
250  0.2790582 6350  0.02179¢C)¢C 50 0.95999930
825  0.35909281 625 0.9557612¢ (71 1,00000000
800  0.88977707 €00  0.97997(90 000 1.6000000¢
TAEARAL CBLL CALCULATIONAL BUADER & 60808 08 BULTIININ SEAMICHS [

TOTAL CPU TIRE 13  0.067 WINUTES AND 70THL CICCK TINE IS 00221 AINOIRS FOR PREOLE COPB BXECUTION
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Table 12. (Continued)

~TW-T¥~ GAS CQCLED REACTOR TRZBFAL RYCDISLICS CODEZ, ORNL VESSIOS 8.1, FALL 1982 -- Qi LV ©

New eods. Atsess

TRR-TH SAAPLE PROALPSS, PEBELE BRC TRIF FRISPATIC TWISNAL NYDBILLICS

TRIS SILL BZ A THP®Z-DIALESICEAL PRORLEN wITH CBE-DIAFESIONAL CCCLABT PINg
SPICIAL DATR OPTIus5 POR COCIAPT HOLES IN A SCIID LRTTICE WITN [RPAULTS ASE Im RPPECT

-~ IBTEGER CCMT@nL WABIABLES FnR pLC® TRROUGN ROLES IF A SOLIL LATTICP --

1~ FLIT CPTIAE (- ~1/0/1- NCEE/ ELICE CGRB/ 50w UM o
2= ATIVE FC-P FLOW THEROOGE MOLES IS SCLID IBTTICE 0
3- FLO®NCE CPTIONS (-V/0,1/°2%- SC/CFRIST/VPILE EXPORT) -1
&~ FLUEZSCE RASGE (~-1/9,3/2~ TOTAL/FIRLT/SECCBL) 1
5- mTMONY AVAILABLEZ IF .BE. O (WOBDS [}
6= OGPTIOB TC REVERSE THAE DIRECTIGE CP CCOLABT PLOW [}
7- DEBUT EDIT LEWEL o
8- LOIT LEVEL CPTI2W ]
9- FLOID PFLGY CCNTROL OPTIOSS (-0,1,5,3,8- FCB NEA\T/ BLOCK

FY ST PLRNE XC¥ZS/ BLOCKING sSuPpLIED/ PCH PPESS DROP/ PIX) 1
T0- LATTICS CELL GEQYEZTRY (-N/1- 2-D FRCCBAEPIIL /V1-90) 9
13- TERIINATION ITIZRATICE COOFT [
12- ORIPICING OFTINES (-0,1/2/1~- BGEY,INLRTICLILET) ’
13- ORIPICING TASK {-0/1/2~ EXIT T/ SUBPACE 1y PRAK ESIT T) {
18- ORIT LWTRABCE/EXIT PRESS LOSS IP > O o
15~ E7. AXIAL INTEWVALS PCP EITENDING '-D OB i-L T0 3-D []

T et doged

«—= FLOATING PCIBT CONTROL VARIABIES ~-~==

vOID FRACTICY 0.13€:0 09
IN St TEWPEIRTTOE 7) 0.3%00 0)
LPLET PRESSIRE (ATY) 0.8CCO" "2

PASS FLOY QAT ‘RA/S) Qe.<
€ "WACTERISTIC MYDPANLIC OLAMETES (CW) 0.75880 01

FYPERTBCT PLUEYCE 0.1C000 23

BECOVERADLE ENEDGY PRACTION 0.56CCD 09

SPEZIIFZED PCWEZR LEWTL 6.¢

DI%FSIUF OF CELL POR WNCAT FETOVAL (CR) 0.7¢800 QV

FIPL AADING OF ICNE YATERIAL [Cw) Q.€:5C3 O

FITL RBDIMS OF SNDIGEF BATERIAL (CH) 9.€:300 97

OUTLPET TWY TRE (2 0.2¢cop 0

FLI%ACE %0 LI=e 0.1¢caoe M

THER®AL COWNDUCTIVITY ATITIPLIER 0.1¢co 01

CCRVERIENCE CRITERIA 0.0 AAXINGA CPC TIAZ IB SECONDS 0.15008 03

,

BAXI®'T HENOPY PEQTINETINT -~ 1200¢ WOPDS, FEFOBY LVAILABLE ~-- 160000 ¥0RDS

TINE N7 INeowd- 0.0 OQES NCT PATCR Ps(l®T- 0.0

CATA UKIT WORBERS, GVONETPY, PLPOSURE, TCYE AMC PCINFT POSER DERSITY s 0 1% ¢

FRODL2R SESH (PLABZ-AZIAL) s LF] 3., (] ] 12 $0.000 156,000 $0.000 150.000 IS.O’OO 775. 000
CARPACTED AESk L] L] [ ]

THZ TREATRRNT oF O%Z-0IMENSIONAL FLCO IN A TBFEE-OIMENSTIOWAL ACLRK FCLLCWS

THR-TR SATPLE PROPLERS, FEDPLY PIC THEN POLSRATIC THRARAL NTDEAULICS

AXSAL IFTEPWALS 66.5¢7 66 667 ee, e6? 8).13) $3.333 0).3)) 125,000 125,000

ILZAZSTAL CROSS SECTICY AREA (CHeeQ) 2,70€3:f 01 CORE YOLURR (CC) ANS REAP ¥CIC FIACTION 6.00297¢ 06 1.700008-C)

CONLANT CHARNEL SHUAPACYE TO YOLUA% (A-1) AND CCCLAPT NOLES PER $C. #, 8.202128 01 8.9€3378 02

I0N%5, SUDZOWES, PIANAR PCINTS, AXIA! PCIFTS i 0 i ]

PRITARY DATA, 0IYENEIO¥S (] ] 8 ACTIVE PIVER GENERATING IwtRIVALS 31 slocKs L]

5 Y INY I COORDINATER 100,900 1€0.000 700.000 TOTAL PCvED {2ESD, ICHNE)  3.061210 07 J.001218 U7
DJUSTED HRAT goyece MUs4l]

’"3?”;:5005";."2215 0,' ’-’8‘]6;”() 1.09%6¢L 03 ),170F 0 1,0165E N3 ). 01838 €3 2.7262C 0) 1.0097L 03 ).0%5218 O0)

1,4699% 03 I, 00087 33 3.7%94r €3 J.375ER O) 3.738)E 03 3,3975R 0) 3. 18112 03 ). IVSORB u) 3, 1)4dT VD D.91065R 0J
. 1519 01 W, 1627% 03 S.1evu) 03 R, V€Z3E 03 2,B3605E 03 ).9987B N3 3, %4028 €3 ).90783 0) & V%172 03 &, V4818 0)
0. 57000 0) ©.57157 0}

THTY PROBLES INUNLYE; PLOCKING €F COCLAYT CMAMNELS POR CORNON OBIPTCL <CHIDOL
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Table 12. (Contimncd)

IFTERYAL COOLAPT BLOCE INDERING
3 3 ) ) [ L] L ) ) 3 k] [ 3 [} [} a ] 1 ] ]
2 2 2 2 1 ' 1 ] 2 2 2 H

RASS CCOLAWT FLCS BATES Ot INTEAVAL (Fe8/3XC KIE CavCa QF CoRE ll!l;
1.36992-03 1.36107=8) 1.3328%-40)  1.33222-C) 1.0158E-8) 1.e)928-03 V.83V8k-8) L. u60R-8) V.3I1%-03 1.332%-8)
1.29352-0) 1.29277-03 1.35082-0) 1.)787F-0) 1.3506%-0) 1.19308-03 1.38382-C) 1.8671Z-8)3 1.82552-03 1.%0655-0)
1, 7SASE-0) T 73002-03 1.73792-03 F.75812-83 1.51262-8) V1.00820-03 1.8826E-03 1.80782-03 1.75312-03 1.73818-9"
1.71712-07  t.71702-0)

IBTIPVAL BASS COCLANY ml 84 LS BY !ll(l il‘ll!u: PEB CROCH)
1.8364E-07 1.09022-0) .2ti€2-03

COBR AREA {SQCm , YO'UAL (CC), COCLIPT PLOV BITE (KSH/3BCY 0.660252 C3 . 2V7R O  1.28370D MY

BYDAAPLITS CALCOLATION PRCCEEDS, POSES LEVEL (W) ).0000D 67 DCICE CCOLINL BENSIIT (BCA/N®®)) 2.2883F 00

ITERATION DATR BASED C% EXIT PRESSOR IS ADD TIPFERATURLS, BAX ITISATICNS 20
) mess, TERE CRAPGES 7.0172-03 3.00)2-0% 1.0022-71 13003 RISISVALUPES 0.0 0.6 39.795 cotr 1.%00
2 mess, TERP CHANGES 3. 168%-0) 7. ERNON EIGESVALOES 0.3732 0. 1008 39.700 Cokr 1.800
J mess, TERP CHABGES ~6.600E-08 EBBOE EISESVALUES €.2306 1.2858 39.702 Cotr 1.800
8 PRESS, TERF CHANGES S.1)71-08 EBSOR EIGEPVALULS 39.69%6 Ccotr 1.300
5 eeess, TRAP CRABGES 2. 1J8E-08 '} IRBOR EIGRBVALUES 39.693 CoRY 1.000
& POESS, TERP CHANGTZS 9.C00E-85 I900R RISEDVALRES 39.6%2 Cckr  1.%00
7 eeess, TENP CHABGES J,.59V1-85 1BRCY BICERVALELES 19.4%2 CORP . 1.300
» reess, TERP CHANGES 1.8740-05 08 1AROR RISEBVALGLS 39.692 Cokr 2.811
9 raiss, TERP CRANGES 5. 7901-0€ 7.€19E-07 -1.6221-08 ERROR RIGEINVALURS ..lle 9.6303 19.690 CoRr  1.502
10 rarss, TERP CUAPGES 5.2)00-06 J.U0152-07 -5.01)2-05 RESUS RICEAVALOES 0.66% 9.1671 NMI0 P )9.691 COAP 1.512

RIDRAULICS PRODLIEN SOLVED, SOBMAL TEEPIBATICS. ISCLIDES 012D WOLR EFZRASCE PLCS BIIY LUSS [(aTWM) 0.0199
FEAD AWD BISIRGN RXIT PRESSURDS, ASD CCEE LDIEDBAL PRE3SUBE BRGE (ATH) 19,6918 39,4918 9.300
AYARL PPAL COOIANT PYTT PSS ‘ry.. . RAAD. _ __ARI.Y PEAK EEPICE TENF ___S1R.Y

THR-TR SASPLE PROGLEES, PEOOLE BSIED TSRS PEISEATIC THRBSAL BYPBISLICS

towes 20 sorp20PLS [}

TEO-DINEFSIONAL THFPEmAL CRLL MODEL IS OUSED, SIS 15 27

START TEtPS, COBDUCTIVITIES, ETC. £57.9% 9$92.3 928,85 926,72 0.273% 0.23352 0.12168 0.12283 0.11281
TATAMAL CELL ISLIYISLIZATIOD, OVEPOEZLAZATICE LA)1A AFD ITEBATIONS 0.%09%7 1.72517? 1.73177 1.75777 Se
IPTTIAL DATA 15 27 ¢ % 1) 7.65228-0% 3.92930-01 2.0290D-01 3.50Ce0-0V 2.15740-01 5.23608-010 V.1287£-0F
crrIOsS 1 o 9 58 16 162

IOITIAL OBE-DINENSIONAL GROSS BREPALANCE, SioRAGE is =1 -1 L 1) 1 GOk 0.2000
IBITIAL AULTIGRID PRCCRSS, 310™McF, iIVEILS, EYC. 1287 3 3 2 7 2 908K 1.35%48

20 9 1 =2 V.65TAL-0% f. 17480 00  $)5.008 0.10%5 0.213¢ &.3835¢ 0.000) 1.0000 -1.5)79x-06 1.090;
7INST TNERRAL CVLL PRCOLER DATA " [ S ] ] o S» 1 52 Q.75:; §.08720 0.20290 0.5929%

8.30276  6.27083 30.33922 0.10950 O0.:1)8s 0.0 1.65108-0¢ -1.53792-06 1.0000 1. 1009 1.0%02

OYERP ELAXATION CORFPICIENT DATA b .200% 36 0.0 0.0 1.0902 1.7000 1.1000

ESTISATES OF TRE FINST TNERIAL CELL ARSCLOTE R5508 L(EVYEL 0.00007 0.00065 ITERATICHS 20 NAX TIBRP (K) 935.¢C
2 14 0 “2 1.90828-05 $.5E320 00 9%M. 92 0.%08F 0.0 0.0 €.0056 1.0000 -J,29392-05 1.050:
2 8 [ ] =2 1.29862-0% 1.5398D 00  908.061 0.79280 0.0 0.0 0.0083  1.0000 -2.71712~05 1.0%02
M 8 0 =2 1.88172-05 J.C)%eD 00 909.%7 0.0 0.0 0.0 0.0060 1.0000 ~3.8042E-05 1.0%03
2 [ [ <2 1.50282-05 1.833%0 00 1061.500 0.59%% 0.0 0.0 6.003s  1.0000 -2.0053E-05 1.0505
] [3 [} =2 9.08797-06 1.8738D 00 1078.218 0.738% 0.0 0.0 0.003%  1.0000 ~3.00892-05 1,0502
1 ] [ =2 1.23688-05 1.8957D 0C 652,727 0.0 9.0 9.0 0.€03% 1.0000 ~).2)eée~-05 1.0502
1 14 o -2 #,23792-06 3.°516D 00 130572.700 0.0 0.0 0.0 0.008)  1.0000 ~J).+8308-05 1.0%50.
4 8 0 =2 Y.TE06E-03 1.CZ08D 00 113).83% 0.0 0.0 0.0 €.0022 1.0000 ~-).)702£-05 1.0%04
1 [ 0 =2 6.979%¢-08 1.CE€720 00 1185.,091 0.0 0.0 0.0 0.0027  3.0000 -3.72698-05 1.0504
1 L] 0 <2 S.5786C-06¢ 7.81780-01 1129.01% 0.0 0.0 9.0 0.3020 1.0000 ~2.99992-05 1.C504
A\ L] 0 ©2 3.00852-06 0.%.000-00 19128.008 0.0 9.0 0.0 0.0022 1.0000 ~-3.20%12-05 1.0%0;

ZO8F ARD STPIONE TCIPTRATORES (DEGREIS C} FPCH BASS PLOW RMIR (FC/351() 1.2817C 03 SOBBED ICOER (S¥-TN) 3.00008 01

TOFE  (CCOONCY IVITY AwD v(unsuun, 14344 ] SIRYACE SAELL SLAT CEPILA TLAPRGATURES, OT/08 (DEG/CH)
1 0.1297 0.100900F 23 “we. o 577.8 595.1 eus.8 -00.5
2 0.1232 0.7000002 2) 840, 571.7 $92.6 57,1 -98. 8
3 0.120% 0.100000C 22 81,0 $63.2 570.3 62,0 .
] 0.1205 0.1000007 23 a3e. 560.6 57¢.5 29,0 “72.
$ 0.1339% 0.100000K 2) 638.0 731.2 7)) 700.3 ~55.)
[} 0.135% 0.1000002 23 27.8 132.0 .8 TN, «70. 4
7 0.1332 0.100000F 2) 6260, 726.6 37,7 7711.9 “51.%
L4 0.133% 0,900000F 22 626.) 727.3 73%.3 776.3 -35.9%
14 0.1806 0.1000002 21 770.6 420.0 4.8 0%5.4 )17

10 0,18 98 0, 100000C 23 768. 1 8)0.2 0)%.0 85,9 -40.9
1 0.7803 0,$000002 27 768.9 826.6 0)2.0 022.0 ~d9.2
12 0.1807 0, 100000¢ 23 769. 5 820.7 035.8 054.) “31.7
1) 0.0 0.0 %75, 0 $75.0 375.0 375.0 0.0
e 240 0,0 375, 0 $75.0 $75.0 8750 0.0
15 0.0 0.0 575. 6 $75.0 $7%.0 875.0 0.V
16 0.0 0.0 75, 0 57%.0 $75.0 375.0 0.0
1 0.0 0.0 87%5. 0 $7%.0 $75.0 $1¢.0 0.0
" 0.0 0.0 $7%. 0 575.0 $74.0 $75.0 0.0
19 0.0 0.0 975.0 17%5.0 57%.0 875.0 0.0
20 0.0 0.0 $15.0 $75.0 75,0 37%.¢ 3575.0 9.0
RELATIVE THYRAAL CELL OAD NEAT FLOW (SCCUNACY CRECK), WORBT AWD REAN 1.0006% f.6c008
BAX TE4P4, PPAN/ABAR Y 20WE, SOPRCHE 72,4 ,bi 0.0 0.0 PChER NRSCHTIL 1.0 0.0 POvsR (A7) 3.00009 0V
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2 3.13%5 0. 1000002 2) 0.} 701.1 72%.8 %6 -109.5
3 0.13e¢ 0.190009¢ 23 [} .. 000.7 ~83.)
[ 9.1)%0 0.100000® 3 (318 . 7.7 €3%.9 -38.0
S 0.1840 0.1000002 23 3% ] €58.0 .S 928.3 ~$6.)
() 0.1837 0.1007002 23 627.0 0181 235.9 %01.9 -01.2
7 0.188% ).700000% 23 6208.3 [L18] 839.) 900.7 -61.0
[} J.1857 0.120000% 2) 626.2 8547 069.2 922.9 ~66.8
L] 9.1572 0.100000F 22 770.% 939.2 973.2 -81.2
10 0.1877 0.100000% 23 7681 8958.3 930.1 -33.9
13 9.1531%  9.100900% 2) 0.9 1.0 920.3 959.7 3.3
12 0.1573 0.100%00¢ 2) 769.2 *30.3 939.5 2.8 -el.2
13 0.0 0.0 $75.6 $75.0 575.0 $75.0 0.0
11 0.0 0.0 $75.¢ $735.0 575.0 $75.0 . 0.0
15 0.0 6.0 575.0 57%.0 575.0 $7%.0 $75.0 0.9
0% 0.0 0.0 575.8 $75.0 575.0 57%.0 $75.0 0.0
17 3.0 0.0 $75. 0 $7%.0 $75.0 57%.0 575.0 0.0
" 0.0 0.0 $73.0 $75.3 575.0 57%.6 $75.0 0.0
19 9.0 0.9 $75. ¢ $75.0 575.0 s$75.0 575.0 0.0
20 0.9 a0 $75.% $7%.0 575.0 $75.¢ $73.0 0.0
l!unn THEEYAL CELL 5A> REAT PLOW (JCCURACY CRECK), WORST ANO uu 1.00008  3.0¢qGt
K TEXPS, PIVF/RTRE 3¢ IORZ, SEEICKE  §7).a  %e7.2 6.0 0.0 PCoZe SELGETEC  6877.9 9.0 pauER (AWT)  J.%eieZ Of
AYYRAGY 18D PTAK TEWPEWATGEREZ SLOPE AT PREBLE PEAT/SHEZLL ISTERFACE (08G/CW) -60.% ~-109.5
CUTULATIVE PRACTICPS CF TRE FUEL AROWE PEFZSERCE TRIPERATUERS, OIG C (S84 DASIC CATA PCINES 12.00, 12}
9”0 0.029282e7 750 0.5923%€73 550 c.5101850¢
25 0.05540085 125 525 0.581903¢€:
20 0.t1eS1327 790 $00 0.96502223
7S n_18792%82 675 .75 0.98283267
850 0.26133836 €50 aso 0.5990070¢
25 0.33191208 €Qs 0.88727118 (34 6.5599990¢
200 0.42388)01 00 0.07098770 800 $.€000000C
775 0.50975027 b4 C.H9NSE4R2 s 1.€0000%00
TRPRYAL CELL CALCGLATIONAL BUNOEN &_79228 0% RULTTGRID IIERATIC(MS L}

THR-TW SAIPLY PROPLESS, PESSLZ BEZ0 10EF PRISRATIIC TRERAAL BYDRAOLICS

1omes 20 SUETONPS 0

TWO-DISTNSIOWAL THWERTAL CELL MOORL IS USEE, WISH 15 17

START TEtPS, COmDUCTIVITIES, ETS. 7.8 s11.9 920 925.4 0.232)8 0.13388 0.12168 0.12202 0.31200
THZRYAL CPLL INITYALIIATICR, CYRPRELASATICH CATA APD ITERATICHS 0.90%%) 1L.7%177 1.75977 1. 73877 5

INITIAL DATA 3¢ 27 £ e 12 7.6%222-01 £.929%D=03 2.02900~01 2.50C00-01 0. 35780-0F S_2)60C-00 1.12608~0F

CPTIONS 0 9 8 16 1632
Xl!'l"ll OPZ=-DIT”NSYOBAL Chces BEBALBICE, STCRAGE ive -1 -1 1 I ' DOAs 0.2000
INITIAL MILTIGRID PRCCESS, SICRAGE, IRvELS, BTC. 1:87 3 ) P 7 2 wos: 1.05e8
20 ] ) -2 1.A%80F-05 1.1%320 00 528,595 0.1092 0.218C  ®8.5)e7 €.C00) 71,0000 -§.39552-0¢ 1.0%04
PIRST THERAVL TPLL PFCOLE® CATA 15 7 ¢ 18 T o L] \J 52 0.76432 1.04720 v.20293 v.5529%¢
10276 6.20030 13.9%7%22 0.1C43% 0.8 0.9 1.eSe0E-0% ~1,58552-08 1.0000 1. w00 1.09¢2
OVERRZILAYITION TnZFFICIUST OATA 6.0 s, 5387 0.3331 6.0 1.0902 1.1000 1.§922
RSTIPATES OP TRE r P37 TWERSIAL CELL AESCLUTE FRRUS LEVEL 0.00007 0.00065 ITIAATICRS 2C AAX T3¢ IK) 9in. ¢t
* L) [ -2 1.30327-0% §.58220 00 €es8,27¢ 0.9112 0.0 0.0 €.c03? 1.0000 =3,4d832-05 §.0804
? L] 1] =2 1.29%9£-06 te010 09 509,391 0. 7806 0.0 0.0 0.0043 1,0000 =2.7231E-05 1.050.
1 8 [ -2 .8821E-0% 1. C23C0 00  $Uv. 198 0.0 2.0 0.0 0.0080 1,0000 =), 8u832-05 1.0%04
2 a n =2 $.%022r-0% 1.83860 00 1000.427 0.5917 4.0 0.0 $.0038 1,0000 -l.s709-u5 V.0%04
2 L] 0 =2 9.0347%-06 1€79.87e 0.73%% 0.0 0.0 €. 0039 T,9030 =3.02082-05 1.0%04
' [ 0 -2 $,20%52-0% 1052,017 0.0 0.0 0.0 €. 0039 1.0900 =3.24052-0> 1.0%04
1 L] 9 -2 9,2822¢-36 1056.975 0.0 9.0 9.0 €.Cal ¥.0u)) 2).4857c-05 1.0804
' L) [ -2 1, A6 L-CS 1132.980 0.0 0.0 3.1 0.C042 1,000 -J. 3782299 1,0%0.
1 L] -] ~2 7,04617-06 1187,305 0.0 8.0 0. ¢.0027 1.0000 =3.75622-05 1,090.
' ] L} -2 5.8375F=06 7.4150C-01 1124.94¢ Q.0 0.9 0.0 0.0020 1,000 -),.00782-05 1.9%C
1 L} 0 =<2 3,70817-06 A, 1096001 11131118 0.0 0.0 0.0 ¢.0022 $,0000 ~). 2089E-0% 1.080%

30WY 49D SURIONP TEAPERATOKIS (DEGRILS ) FCP BASS TLOW BATER (FG/SEC) 1.2857C OV SURALD POVED [tW-TH) 3.00008 C¥

30WE  ICONDUCTIVITY aND F(%XPOSARE)), FLULO suarace sagLt REDY  CistEu TERPERATOSES, DI/08 {C1G/CH)
1 0.1217  0.100900F 2) .o, ¢ 5771.0 98,7 (Y1 ) onl. 0 ~80,9
d 7.1231)  0,100000r 2) 0,7 512,71 39).5 65¢.0 872.) “94.8
1l 3.1208  0.107000e 2) .19, ¢ 5¢2.0 $17.9 0 8395 “£9.1
L] 3.120%  N,10000% 2 .9 960,2 $76.1 8).0 il
S 0.1338  0,1000091 23 s)l.0 732.% Tul.5 719.8% 781.% =%5.)
‘ 0.131%1 0,1917000% 2 69,8 713.7 re9.1 7%6.2 036.9 -710.>
7 0.1321 0,.100000Z 22 €27.7 72%,.¥% 731.0 1,2 14,0 “37. 4
L] .19 0,100000F 23 €2 126.5 7J0.5 115.6 784.0 95,9
° n.130% 4,1000002 2) 89, 827.0 83}3.8 LH ™ 3 859, % -3t 7
10 A, 1817 0,109000F 2} 770, 1 832.0 [LLPS ] 87s,) -4, 8
" 0.18¢2 0.700000% 2) 768, n25.6 051.0 855,94 =d7.1
12 7.1006 0.17)007% 23 8, n271,.? [} LIY 2R =)1.?
11 3.0 0.0 575, 0 575.0 1.0 3759 3.9
Te 0.n 4.0 $7%.0 575.0 $15.0 $71%.0 Q.0
1 3.0 3. 915, 0 575.0 37t.0 $7%.0 0.0
1 2.9 5,0 51%,0 571%.0 $1¢.0 575.9 V.0
17 0.9 2.0 $75.0 27%.9 51%.0 $7%¢ 3 v.0
1] 3.0 4.0 156 57%.0 7. ¢ 97%.0 [
19 Q.0 0.0 $7%.0 57%.0 51t.¢ 575,90 0.0
190 0.0 0.0 575. 0 475.0 57%.0 15,0 57%.0 0.9

NZLATIVE THORAAL CELL GAP WTA™ FLOW (ACCURACY CI'!CID, YOUST AT ABAN $,60088 146000
AR TESPS, PRAK/AEAN RY IONF, S0PRCNT 78,1 0.4 0.0 0.6 eCwip IllGli" lan. 0 9.7 Ponidy (ANT} J.0uovg Of



2 0.1357 0.1900001 23 wae.? 192.4 727.8 0€4.5 g17.0 -109. 8
3 6.1385 0. 1000008 2) 3.6 713.8 731.8 787.% 200.0 -83.3
. 9.13a3 p.100000¢ 23 837.9% 7138 733.0 791.9 9032 -88.9
L] 0.1859 0.100000¢ 23 438 i5s.9 E71.8 . 91%.0 91231 ~86.3
[} a.1834  0.1000002 23 620. ¢ 020.3 3e.Y - [ 1308 080 -81.1
? 0.1%38 9.100000F 3 627.7 883.0 453.) 9238.¢ 207.0 -61.1
[ ] 0.18546 &.700000C 23 €28.7 8351.% §68.2 stt.9 s21.9 ~bb. 3
9 0.1369 ¢.700000C 23 789.7 920.7 937.% 9e5.7 720 -41.3
10 0.189% 0.100000F 2) 770.1 3060 97,9 912.8 0.6 -52.8
n 0. 1536 §.180000" 23 7¢6.1 21680 27.1 9:2.7 50.5 -3.8
” 0.1570 0.100000t 13 7668.3 29.0 938.2 9¢€6.0 9123 ~.1.3
1 0.0 8.0 3$75. 0 $75.0 575.¢ 3)5.0 5750 0.0
18 0.0 2.0 375.0 $75.9 $75.¢ 575.¢€ 575.0 0.0
% 0.0 e.0 575.8 $75.0 575.0 $75.0 37%.0 3.0
16 0.0 0.0 57%.0 $75.0 575.¢ 525.0 315.¢0 9.0
7 6.0 s.0 375.0 $75.0 575.8 575.0 575.0 o.0
10 0.0 .0 . 573 ¢ $75.0 3$75.8 571%.0 575.0 3.0
e 0.0 0.8 575.6 $75.0 575.0 575.0 7%0 9.0
20 0.0 0.0 57%.0 $75.0 575.8 57¢.0 375.9 o.0
SPLATIVE THERSAL CELL GRP NWEAT FLOS® ‘K(IIICI CSECK) , SOAST AUC alam  1.0000¢ 1.0C08t
NAX TEIPS, PEAK/NEAW BY TONZ, SOLXCNE  %72.) %6s.0 8.0 0.0 *COEB BRIGATES 877.8 9.0 roviR
BYSRAGE AND PiAK TRAPEZRATOBE SLOPE 37 PEIPRLE REAT/SEELL IFTESRICE (BDEC/CR) -48.9% -109.»%
CURULATIVE FRICTIOSS CF TEE YUEL ABOYL SEPEFINCE TEIPERATURES, I[2C C (SUY BASIC BATS FCINIS 12.00,
”o 0.01903 78 750 9.5973e e 550 0.9191880%
ns 0.05549905 ns 0.6577v:%¢ 525 0.501767€2
w0 0.8fsge207 00 0.712855%¢ 500 0.94339122
ers 0.38807%0Y [ 14 0.7629059% (241 6.58270 38
050 0.2€588 730 €50 09.80087578 50 0.59090571
0% 0.33913403 €23 0.88727:29 .23 0.5599398¢C
. 800 0.82355876 £00 6.6T08SEES .00 1.8000¢000
s 0.%087207¢ -5 0.098°2Cu¢ 35 1.€000000C
TRZRAAL CELY CRLCULRTIONRL OROEN @ .7917F 0% RGLYISRIO IIERATICMS "

70TAL CPU TINE IS 0.076 AIWTES AFD TOTAL CI1CCK TIRE IS 1.907 nIBEBI®S FCh FIBBLE (ODE RXIRCUTIOB
clachk time is \d{,\ velabe o cpu tiwe » 2
malti tatke  envivonnuX

(L4 ]

)

3.982e2 0

Data for the thermal hydraulics calculation originated as follows:

Nuclear data........................... User input to Input Processor
PBLINS record on CONTROL............. User input to DUTLIN
Geometry description on GEODST.......User input to DVENTR
Point power density on PWDINT....... VENTURE neutronics

Zone power density on ZNPOWD......... VENTURE neutronics
Temperature results on ZNTEMP.......THR-TH thermal hydraulics

The control over the hydraulics calculation included assigning the inlet orifice blocking
at the zone level and setting the orifices to cause equal average outlet temperatures. Note
that there are four coolant channel blockings and the coolant flow rates per unit area and
pressure drops associated with each were calculated as follows for the conditions specified

initially:
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Block 1 2 3 4
Coolant mass flow rate 1.4440-3 180713  12887-3  1.3803-3
(kg/s-cm?)
Pressure drop (atm)
Orifice 0.1015 0.0 0.1401 0.1185
Flow loss 0.2071 0.3086 0.1685 0.1901
Sum 0.3086 03056 0.3086 0.3086
Peak surface temperature ~ 930.0 883.8 919.8 930.3

(°C)

The pressure drop data include only that through the fuel assemblies and exclude loop,
vessel entrance and exit and axial reflector losses.

7. PROGRAM CONSIDERATIONS

This code has some double precision type assignments to avoid the inaccuracy of half
precision word length made standard by the computer manufacturer. It is reasonable to
assume that such special assignments and associated function names would be altered with
a simiple processor prior to compiling the source deck on a long word machine. An cffec-
tive processor would elimisate REAL®8 statements and double precision notation of func-
tion references.

Memory allocation is made problem dependent by use of special features of the local
operating system. Equivalent ca»ability on another type of computer could be effected
only with source deck changes.

The source deck is basically standard ANSI-X3.9-1966 Fortran. Major changes would
be necessary before it would confc:m with the -1978 Fortran standard.

Duce to the large size of some of the routines and associated compile tables, consider-
able compiler capability is nceded that may not be available. Locally with the Fortran H
compiler, 450K bytes (115,200 short word) storage is needed.

Key information about the code is presented in Fig. 8. Included are interface data
file usage, the roles piayed by the subroutines, and the program overlay structure. Overlay
is not used for data blocks.
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IBPORNATION ABOJIT THZ ORNL “TAR-TE®™ THESNMAL HYDRAULICS CODE

- —— — - —— ———— - " —— ———— ——

-

DATE: SEPTI, 1982

INTERFACE DATA FILES

- — . — — ——— - -

FILE DATA USE

- - -

GEODST GPOAEBTRY DESCRIPTIOE, HMESHPOINT AND ZONE LOCATIONS
PUDINT POVER DENSITY DATA BY HESHPOINT
TNPOWD POWER DENSITY (FOR ZONE, SU.LOKE TENMPS, VOL FEACTS)

THIS POWER DEWSIIY IS USED IF THERE IS MO "ZWPOWD" FILE
CFaISTY NEUTROM FLUX EXPOSURE, CONTINOGUS PUELING, OR
EXPOAT NEUTR08 FLUX EXIPOSURE, PIXED FUEL
THERAA SEECIAL DATA POE CERTAIN FIXED FUEL OPTIONS
ZNTENP TEAPERATUEE RESULTS POR SUBSEQUENT USE BY OTHER CODES
TDATAS SAVE THERBAL HYDRAULICS BESOLTS FOR BECOVERY

-——ONLY A SISGLE VEESIOM IS PERAITTED TO EXIST

SINCE ONLY ONE VCZRSION OF THE FILE "TDATAS™ IS ADAITIED, DATA CAN
¥OT BE ZECOVERED AND SAVED SINULTANEOUSLY FOE THE SASE CASE
== FILE NONBERS AUTOMATICALLY ASSIGNED IKDEX UPWARD

ABD DEPEND ON PAST ASSIGNMENTIS AFPECTING SAVE SELECTION

INFORMATION ABOUT THE INDIVIDUAL SUBROUTINES

> - P - - - - -

BOJUTINE NANE PKIMARY ROLE
AAIN MAIN ROUTINE, DOES SOME IKITIAL CHECKING
I¥IL PILE HEADER READING, CHECK INSTRUCTIONS AND DATA
STRT LINE EOUTIME THAT CONVEYS DATA ABRAY SPACE
GTIDA YANAGE DATA STORAGE AND ACCESS FROM ITERFACE FILES
GEOD ACCESS DATA FEON GEOMETRY INTERFACE DATA FPILE
PDRD ACCESS POWER DENSITY, EXPOSURE DATA
PBST SELECTS CALCULATION PATH, OVERRIDE DEFAULT DATA
GRAC ESTINATION OF THE THERMAL CONDUCTIVITY
TBAEK MANAGEE ROUTINE TO CALCULATE PEBBLE TEMPERATUPES
100T VERITES THE TEMPERATOURE INTERFACE DATA FPILE

HERE BEGIN THE 2-D PEBBLE BED OPTION ROUTINES
#PBL DIRECTS THE TWO-DIMENSIONAL CALCULATION
BLOC DATA PROCESSING, HEAT SOUERCE, VOID PRACTIONS, ETC.
INIT INITIALIZES THE THERMAL HYDRAULICS PROBLEN
TRAC SPECIAL EDIT FOR CHECKING DETAILS
IDER SOLUTION PROCEDURE BY ITERATION
HFLO PRODUCES AUXILIARY INFORHMATION DUPING ITERATION
POOT THERMAL HYDRAULICS PRINTOUT, TWO DIMENSIONS
CLTE SANAGES THE PEBBLE TENPERATOURE CALCULATION

(CON'T)

Fig. 8. Information About the THR-TH Thermal Hydraulics Code.
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HEEE BEGIN THE 3-D FIXED FUEL CPTION ROUTINES

TRIP MANAGER FOR THE SOLIY CORE, FIXED FUEL MODEL (3-D)
BLAA SOLVES 1-D FLOW IN PARALLEL CHAMNNELS
CTPP THEERNAL CELL CALCOLATION HMANAGER
ZBAR SOLVES 2-D THERHBAL CELL PROBLENS
ZBAX INITIALIZES 2-D THERMAL CELL PROBLENS
GRID MULTIGPID RELAXATION SOLUTION MAMAGER
MXIT HULTIGRID COLLAPSE ROUTINE
FXIT MOLTIGRID SOLUTION ROTUTINE

. THESE ARE THE 1-D PEBBLE BED OPTION ROULTINES
PBL1 FLOID FLOW POR ONLY THE ONE-DIMENSIONAL MODEL
CALT PEBELE TENPERATYRE CALCULATION

* TPESE ARE SYSTEN STANDARD OTILITY ROGUTINES NOT SPECIAL HERE
SEEK DATA FILE BANAGEMENT SERVICE ROUTINE
RTTE DATA TRANSFER SERVICE ROUTIINE, QUALIFIED WRITE
REED QUALIFIED DATA READ, ENTRY POINT IN "RITE®” ROUTIME
TINER ACCESS CP COMPUTEE TINE, EIC.

GETCOR MEMORY SPAMCE ALLOCATION FOR DAT3 ARRAYS
FRECOR MEAORY SPACE RELEASE

BLOCKING THE PROGEAM INTO OVERLAY LEVELS

———— T - A S P g = e o

OVERLAY LEVEL EOUTINES

—- - - ——— -— - -

INIL

PBEST

GTDA,GEOD ,PDRD
HPBL,BFLT
BLOC,INIT,TRAC
PDEX,IDER
POUI,CLTE

TRIP

BLAA

CTPR,ZBAR

ZBAX
GRID,HNXIT,PXIT
PBLY,CALT

(THE ALIAS IN THE SYSTEM IS5 CONFIDENTIAL)

[ E-N-NoNol: NoNoNal. N--N B

MEMORY REQUIREMENT (SHORT WORDS)

PROGRAM ..ccccceevee. 27,800 (57,300 WITHOUT OVERLAY)
SYSTEN ROUTINES ..... 8,200
MINIMOM DATA ARR2AYS . 20,000 (164,000 EXANPLE, VIRTUAL MENOFY)

TOTAL . ccevceeseevess 56,000 (200,000 NOT UNTSUAL)

NN NNOONAONOANOONNOOANONAOAOHOANANANNOHOOHOANOAONONOHAOOANAODN

©
(=3
be }

Fig. 8. (Continued)
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8. GLOSSARY WITH THERMAL HYDRAULIC CODE IMPLICATIONS

The following definitions are preseated to clarify usage. Specifically, much of the ter-
minology may be said to have come from the reactor core physics analysis area, albeit pro-
vincial even there.

Acceleration. The iteration solution process is acceler-*~' by multiplying the calcu-
lated change in the iterate value of a dependent variable by an acceleration coefficient 8,
typically g = 1.40 for the hydraulics problem and 8 = 1.75 for the thermal cell prob-
lems. If B < 1, the procedure is one of dampening possibly needed for stability.

Blunder. That which produced an error, more often having human source than
machine (as developers always say, "check the input first!”).

BOLD VENTURE. The name of the computation system, both production and work-
ing versions being available for application (development versions separate).

" Condensed Edit. A summary of information about th. modules used and key results
appears in the condensed edit for a computer run. The key temperature data for cach
thermal hydraulics problem solved are in a onc line edit. Note that the reference power
level is included for checkings and a list of the interface data files that exist on termination
is printed.

Convergence. The results of an iteration process are assumed to be acceptable when
certain convergence criteria are satisfied. The maximum relative iterate change in a
dependent variable (coolant temperature, pressure) over the mesh is arbitrarily tested
against this criterion in this code. A relaxed criterion is also used for testing the core pres-
sure drop changes.

Coolant Channel. An axial traverse up or down (or sideways) along the direction of
coolant fiow, used here in reference to average heat removal conditions in a discretized
grid by gas coolant flow in a cylindrical hole.

DEBUG LEVEL EDIT. Generates considerable output of little interest except to the
programmer. The negative option can be of interest to display only the iterative data for
the thermal celf problem.

Discretization. The basic equations involve derivatives and/or integrals. For solution,
values of the dependent variables are calculated at discrete locations and the applicable
equations are solved in difference form, for example d¢/dx = (¢, - dp-;)/ X - Xa-1), in
the lowest order, linear approximation.

Dominant Error Vector Eigenvalue. The error content of a dependent vector, such as
the coolant temperature values for a grid of meshpoints, is expected to take on a simple
form asymptotically as the number of iterations increase (with a fixed procedure). When
lincarly independent, this domirant error vector is characterized by its eigenvalue A, often
estimated with a mathematical norm involving sums of iterate changes. For a convergent
process, A < 1, so that A\ tends (0 zero, n being the iteration count.

DUTLIN. The rame of the special user input data processes used to process formatted
model control instructions.
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EDIT LEVELS. Rcference edits are usually adequate except when 2 solution is to be
studied in detail. Specifying 2 higher cdit level generates output of certain data supplied
(power densities). _

Energy. The basic units of cnergy in this application are power times time (P =
dE/dt), watt-sec = joules = 4.186 Gm-cal = 10" ergs = 6.242 X 10" ¢V.
Roughly 3.1 X 107" watt-scc of cnergy is produced upon the fission of a heavy atom.

Entrance and Exit Losses. The coolant channel diameter is assumed to te very small
relative to the plenum sizes, so entrance and exit flow losses are calculated with a simple
model. Note that losses associated with the manifold and directicn changes and catering
and exiting the pressure vessel are not included.

Exit Pressure. The coolant is expected to enter the exit plenum at a common pressure.
An acceptable solution to a problem would display equal and minimum coolant exit
pressures.

Fluence. Product of flux and time ([¢dt), usually involving only the high encrgy flux
and used to predict the consequences of atom lattice damage on heat transport propertics.

Fuel Temperature Distributions. The cumulative volume fractions of all of the fuel
having temperatures exceeding values of a reference grid arc estinfated and reported.
These data are a simple approximation based on a lincar interpolation using the calculated
average and peak values for cach fucled zone. Evidently the more meshpoints and the
more zoncs used in a problem, the better is this apprczimation.

GOSIZE. Job control computer memory aliocation for a job, appror.mately 4°*
WORDS + 300, where WORDS is in k short words for data storage and 300 :zilows for
the computation system modules, in bytes. Note that an allocation of WOKLC. for the
system is increased by 20 for the thermal hydraulics code since it is a relatively small code
in its load module form with program overlay.

Input Processor. The code module in this system that is used to generate interface
data filcs one-to-one from free form format user input data,

Interface Data Files. Codes are controlled regarding task assignments and options with
a record in the file CONTRL, record PBLINS for this code. Special data may be sup-
plied in the file THERMA. Data arc read from the latest (highest! version of the
GEODST, EXPOHT, PWDINT, ZNPOWD files; temperature results may be written on
the ZNTEMP file, and data may be saved on or recovered from the TDATAS file. Files
arc managed in this system so that logical unit numbers are assigned and determined with
special programmed procedures.

Mass Coolant Flow Rates. Mass flow rate is reported on a basis of one cm? of core
arca normal to the direction of flow, kg/sec.

Memory. A certain amount of the computer memory is required to store the data for a
problem (in addition to that for the code), typically increasing as the problem site is made
larger (increase in meshpoints and zones). The thermal hydraulics problem is stored in the
computer memory (no data moved in and out from disk during the solution process). For
large problems (many meshpoints), the computer may have to operate in the virtual
memory mode, whereby disk space is used and data transferred by the operating system as
necessary. The thermal hydraulics code can not initially determine the memory require-
ment for a problem since inactive meshpoints must be deleted.
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Multigrid. An acceleration process that involves solving coarser and coarser grids of
meshpoints to a size that can be solved directly, thea returning through the levels to con-
struct a new distribution of the estimate of the original fin= mesh problem solution.

Multiplication Factors. The value of k., for the reactor indicating the ratio of the
ncutron generation rate to the total loss rate; this value should be near unity in modeling
the core of an operating reactor.

Orificing and Orifice Block. Scveral of the coolant channels may be assigned the same
blocking number to indicate that the flow in them is under the influence of a single orifice.
With tire orificing option, the pressure drops across the orifices are adjusted to cffect fiow
rates that result in a2 preferred condition, such as minimum peak coolant channel surface
temperatures by block. Note that to be realistic. the coolant channels assigned to an orif-
icing block would have to be neighbors, although such neighbors can wrap around boun-
daries when rotational or reflecting surface conditions model geometric repetition. Note
also that radial power density flattening (carichment variation), flux supression in new fuel
assemblics (burnable poison), and preferred control rod positioning can significantly reduce
coolant block orificing requirements. The summed pressure drop along a coolant flow rate
includes the associate orifice pressure drop.

POINTERS TO DATA LOCATIONS. This is information that is edited to support
programmer effort in study of the capability or extending it, not of interest to the analyst.

Power Density. The local heat source rate having the neutron fission as the dominant

contribution, typically an average for the local discretized region, usually expressed in ther-
mal watts per second.

Power Weighted Fuel Temperature. Solution of the cquation [PTdv/ f Pdv, an effec-
tive temperature for auxiliary core analysis support calculations.

Print/Microfiche. Local capability exists for selective edit media.

Reversing the Coolant Flow. The ability to reverse the direction of coolant fiow (from
the reference direction) is offered as a user convenience but is of secondary importance
since a core design and mode of operation are for a known flow direction. The geometric
description for the necutronics calculations might be reversed, so exercising the option
avoids revising the description. The effects of reversing the flow might be of interest,

although likely a higher fuel loading toward the coolant inlet is used to hold down tem-
perature peaking.

Reynolds Number. The ratio of ineitia forces to viscus forces, GD/u, where G is the
mass flow rate, D the characteristic diameter of the channel and x the fluid viscosity.

Subzone. A somewhai abstract accounting of nuclide densities seldom applicable to the
prismatic fuel element core; a zone contains 0 or more subzones. Consider a point reactor
model: if 1/4 of the core is refueled each time, the accounting of materials and exposure
effects can be modeled by assigning 4 subzones, each contributing 0.25 fraction (or less) to
the zone material and the conterts of each represe.ting a different exposure age. Thus
such representation may be used in special cases bui normally only when the representa-
tion is nct explicit of all three dimensions. Subzoncs can be used to represent special
materials. For example the zone content could be one iuel composition while the subzone
could be another, representing differences within or between fuel channels. Thermal cell
calculations are done at the subzone level.
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Surface Temperature. Refers to the conditions at the surface of the coolant channel
surface.

Temperatures for Coolant Flow. If the coolant inlet and outlet temperatures are speci-
fied, the coolant flow rate is set as necessary to remove the heat.

Thermal Cell. Reference to the representative geometry modeling the locality near the
fuel channel and the coolant hole for calculation of the temperature distribution required
for removal of the heat.

Time, Computer. The primary cost components of computer calculations are the capi-
tal investment, the software (development), and operation. Basic charges to users must be
allocated, and the primary way to do this is to measure the central processor use time and
charge proportionally to it. Often an effective processor use time is determined by adding
in auxiliary cost component equivalents, locally the disk-core data transfer assessment
being significant. Reported herein is just the measured central processor time used in a
task. (Note that suci, summed over time falls short of total elapsed time.j Of some
interest is clock time for a job because the facilities are tied up this long, but shared multi-
tasking confuses the issue, as weli as impacts the fact that clock time depends on the

current job stream and is sensitive to the computer operating details and the time of day
and week.

Two-Dimensional to Three-Dimensional. A procedure is implemented to use the
power density data from a two-dimensiona' neutronics problem with extension in a third
dimension in the direction of coolant flow. Special user data are supplied for such a calcu-
lation. Note that the heat source from the neutronics code is for a plane normal to the
direction of coolant flow, so supplemental information is needed to define the axial coolant
traverse and to detail the axial power distribution.

Uncertainty Information. The thermal cell problems are solved with the thermal con-
ductivity values multiplied by 0.9 to display the effect on calculated temperatures as a
measure of reliability.

VENTURE. The neutronics code nsed in this system to produce the neutron flux dis-
tribution in space and cnergy and to generate the power density data at the meshpoint
level for use by the thermal hydraulics code as the heat source.

Void Fraction. Refers to the volume fraction associated with the coolant channels.

Zone. A region typically three-dimensional in a problem within which the nuclear pro-
perties are assumed to be constant and the nuclide concentrations vniform (homogencous),
excepting where subzone nuclide concentrations are involved. Often the data have been
somewhat weighted to account for fine-scale heterogeneities such as fuel pins and coordi-
nate direction dependent neutron transport properties. Macroscopic nuclear data are cal-
culated for zones with contributions from subzone contents included when applicable. For
exposure calculations in this computation svstem, the encrgy-dependent zone-averaged flux
values are used, and at any point in time there is one set of nuclide concentrations for each
zone (and one for cach subzone when subzones are used). Typically the zone volume frac-
tion (of material in) is subtracted from unity to give the local void fraction of the coolant.
Thermal cell calculations are done for mean and cxtreme conditions in each heated zone
and subzone.

Zone Temperatures. Since thermal cell calculations are done on a zone basis, zone
values of coolant (fluid), surface, peak surface, shell, fuel (west), peak fuel (. enter) tem-
peratures are edited.
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