A PRELIMINARY EVALUATION
OF THE THERMAL EFFECTS
OF THE BEN FRANKLIN DAM PROJECT
ON COLUMBIA RIVER TEMPERATURES
BELOW THE HANFORD PLANT

R. T. Jaske
April 1968

AEC RESEARCH &
DEVELOPMENT REPORT

J
BATTELLE m NORTHWEST
BATTELLE MIMOMAL INSTITUTE PACHAC MORTHWEST LABORATORY

3000 STEVENS DRIVE 1L 0. BOX 888, RICHLAND, WASHINGTON 2082

BNWL-733
-

£€L-TMNE






3 3679 00061 2962

BNWL-733%

uc-2,
General, Miscellaneous,
and Progress Reports

A PRELIMINARY EVALUATION OF THE THERMAL
EFFECTS OF THE BEN FRANKLIN DAM PROJECT
ON COLUMBIA RIVER TEMPERATURES
BELOW THE HANFORD PLANT

By
R. T. Jaske

Earth Sciences Section

Environmental and Radiological Sciences Department

April 1968

FIEST UNRESTROTED  paps oy 5 9
LISTRIBUTION ape 1107 2 4% %352

PACIFIC NORTHWEST LABORATORY
RICHLAND, WASHINGTON

Previously issued (November 1967) as BNWL-CC-1369



ii BNWL-733

Printed in the United States of America
Available from
Clearinghouse for Federal Scientific and Technical Information
National Bureau of Standards, U.S. Department of Commerce
Springfield, Virginia 22151
Price: Printed Copy $3.00; Microfiche $0.65



iii BNWL-733

A PRELIMINARY EVALUATION OF THE THERMAL
EFFECTS OF THE BEN FRANKLIN DAM PROJECT
ON COLUMBIA RIVER TEMPERATURES
BELOW THE HANFORD PLANT

R. T. Jaske
ABSTRACT

The planned construction of the Ben Franklin project
below the Hanford production reactors poses the question of
determining to what extent this project will affect the
Columbia River temperatures. Using the plant operations
record for the year 1966, and the weather record for the same
period, a series of simulation runs was made to determine the
effects of the dam on the temperature regime, and the extent
to which density currents could be expected to develop. This
information is to be used as background for the later evalua-
tion of the modification of the existing radionuclide dis-
charge. The digital simulation model, COL HEAT, was used.
This model has been previously developed under Atomic Energy
Commission sponsorship for use in the regional evaluation of
the effects of the Hanford plant. Operations with the model,
using the data period indicated, showed that:

The existence of the proposed project would have nominal

effect, tending towards a slight increase in downstream

temperature for both the 385 and 400-ft pool elevations.

Under some conditions, in critical temperature seasons

(April and September), plant operations cause amplifica-

tion of the temperature transients associated with

stream regulations and plant load factor.

The 385-ft pool can be considered a channel flow case

for estimating travel time. However, density currents

could be expected in the 400-ft pool for most of the
summer months, thus causing decreased travel time and
relatively adiabatic thermal conditions for the main

flow system at the lower end of the reservoir.
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A PRELIMINARY EVALUATION OF THE THERMAL
EFFECTS OF THE BEN FRANKLIN DAM PROJECT
ON COLUMBIA RIVER TEMPERATURES
BELOW THE HANFORD PLANT

R. T. Jaske
INTRODUCTION

As a consequence of renewed attention on the part of
regulatory and conservation agencies towards stream tempera-
ture standards for the portion of the Columbia River affected
by the Hanford plant, the Richland Operations Office directed
the Pacific Northwest Laboratory to conduct a preliminary
study to determine the effects of the Ben Franklin Dam on
Columbia River temperatures. This report summarizes the com-
putation operations performed in response to the directive,
and establishes the framework for the planned radionuclide
study to follow.

Conclusions of this study are based upon information
developed within a single year (1966). However, the ground-
work thus provided in this preliminary examination is suffi-
ciently detailed and comprehensive to permit the handling of
additional cases with relative ease and with minimum prelimi-
nary effort.

SUMMARY AND CONCLUSIONS

Based on assumptions detailed in the following discus-
sion, and on the effects of weather and operations as deter-
mined at the Hanford plant for the year 1966, the following
conclusions are appropriate:

¢ The construction of the Ben Franklin project could be
expected to affect slightly but measurably the overall
temperature regime of the Columbia River below the
plant. The 385-ft reservoir could be expected to
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increase the annual average temperature by 0.2 to 0.4 °C
and decrease the expected maximum departure from the
mean only slightly, resulting in the probability of a
downstream regime similar to the present. The 400-ft
reservoir could be expected to increase the annual aver-
age temperature by 0.4 to 0.6 °C and to slightly decrease
the expected maximum departure from the mean, resulting
in the probability of a downstream regime basically the
same as present, but tending toward slightly higher
maximum temperatures.

The river temperature effects from Priest Rapids Dam
load factoring and from plant operating transients would
tend to be amplified by both the proposed reservoir
levels. While the specific effect for each level is
dynamically related to actual conditions, the relative
effect is one of seasonal dependence. In general, dur-
ing periods of highest heat stress such as September and
April, water flow regulation and reduced surface cooling
area would cause amplifications of about 1 °C in maximum
daily averages as the result of construction of either
reservoir.

Temperature spikes from variable dilution accompanying
transient operations at both the Priest Rapids project
and Hanford plant could, as determined from previous
AEC-sponsored river temperature environmental research
at Hanford, be expected for distances conceivably as

far downstream as the Bonneville project outlet. How-
ever, the expected filling of the John Day reservoir in
the spring of 1968 is expected to minimize the effects
of severe transients emanating from Hanford operations
or from the Priest Rapids load regulation below that
project. Noticeable effects in the McNary reservoir
could be expected during the critical temperature period

of September.
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No measurable effects from density current activity could
be expected for the 385-ft pool. However, the 400-ft
pool could be expected to develop annually (from April to
November) density currents at the lower end below Mile 360
during periods of rising air temperatures, clear skies,
and high solar radiation input. Under these conditions,
the submerged and relatively adiabatic flow through most
of the reservoir would produce little or no temperature
differential through the lower project reach above the
dam. This condition would be expected to slightly
decrease the theoretical transit time of water through
the reservoir and create a condition where the extent of
stratification would relate to the dilution of conserva-
tive and nonconservative contaminants in the plant efflu-
ent. Such conditions could potentially favor recreational
use aspects of the reservoir by increasing surface tem-
peratures desirable to bathers, and creating a surface
layer with a relatively lower concentration of plant
effluent. A detailed examination of data compiled over
several years would be required to draw any meaningful
conclusions.

The mean annual transport time of water through the
reservoirs would be increased measurably over the natural
conditions. Based on statistical analysis of the 1966
history and the computed daily average temperatures below
the reservoirs, the mean travel time of water through the
385-ft project would be increased approximately 4 days.
For the 400-ft reservoir, an increase of about 9 days

could be expected.



4 BNWL-733

DISCUSSION

BACKGROUND

The proposed construction of a dam at Columbia River
Mile 348 has been extensively investigated in respect to
effects of water levels on structural integrity, production

_ *
(1-4) None of

capability and ground water contamination.
these studies included an investigation of the reservoir
itself below the Hanford operating areas, or an estimate of
the thermal modification anticipated below the project as a
result of the combined operations of the Hanford plant and

the regulation of water flow impc:ucd by the Priest Rapids
project. Since long range planning for the release of proj-
ect lands and for public access to the resulting reservoir
are both closely related to expected joint operations
upstream, the Richland Operations office authorized a prelimi-

nary investigation to determine a basis for this planning.

Prior to 1965, a basis for the prediction of the expected
thermal hydrodynamic behavior of a river and reservoir system
was not generally available. The digital simulation system,
COL HEAT, developed under Atomic Energy Commission sponsorship
for the purpose of evaluating results of the annual Columbia
River Cooling program, has been fully described(6) and
expanded in both scope and detail to permit temperature condi-
tion predictions for both natural and advected heat supplied
from industrial activities, as well as the estimation of con-
centration for both conservative and nonconservative contami-
nants“(7) This model has provided an excellent basis for the
examination of the proposed project at relatively little addi-

tional cost.

* These documents also contain subject matter references.
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ASSUMPTIONS

In order to avoid classification of this report and to
base the study on a record of observations available to the
regulatory agencies and to the public, the year 1966 was
selected for this study. While the actual classified record
of plant production for the year 1966 was used in the computer
simulation runs, no classified output was generated by the
program. The use of the public record eliminates the neces-
sity of predicting future operations, or of requiring release
of pre-1966 river temperature records, still considered sensi-

tive to national defense by the Atomic Energy Commission.

An additional advantage of the period selected was the
extended plant shutdown in 1966 during which excellent records
of the extent of diurnality and the natural temperature rise
through the plant reach could be obtained. In effect, this
study permits examination of the effects of the impoundment
somewhat independently of the AEC operations, although this

is in some degree an academic consideration.

The COL HEAT simulation system (Figure 1) requires the
geometrical definition of the river dimensions into a series
of sections nominally called reservoirs (see Appendix A for
an outline of data submission requirements). The actual com-
putations are outlined in the flow sequence diagram accompa-
nying the Appendix (Figure A-10). The existing limitation
of the program is such that a maximum of 50 reservoir sec-
tions and 186 consecutive time periods can be handled within
the core limits available in the Univac 1108 system. In
addition, significant increases in processing time result
from the density current check routine, somewhat in propor-
tion to the number of reservoirs and the number of heat
admission points to the system. It was thought desirable to

retain as much fine structure of the diurnal character of
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the transients as possible without the expense of going to
hourly data. Therefore, a time period of 6 hr was used as

the basic incrementation time.

All input weather cards were prepared from daily average
weather and river data using a statistical expansion process
for those variables related to periodicity. Fo those random
variables such as cloud cover, wind speed, etc., the average
for the 24-hr period was used as the average for the indi-
vidual 6-hr period. This procedure leads to the masking out
of a portion of the diurnal effect. However, absolute simu-
lation of diurnality was beyond the scope of the study and,
therefore, significant savings in clerical and computer time
were possible. The diurnality of the input and output water
temperature record was also statistically expanded in order
to preserve this minor, but interesting effect. Since the
conclusions of the study are based on a statistical treatment
of the entire 365-day record, the individual variations

introduced by this procedure were thought to be minor.

In addition, as previously indicated, the plant record
of heat additions to the river was introduced entirely at the
location of the 100 K area outfall to minimize operating time.
While this procedure can be rigorously defended in a classi-
fied discussion only, it is mentioned for the purpose of
clearly indicating any compu%2§ional assumptions which reflect
2

perature change in the river yields a relatively long lasting

on the end result. Figure shows that introducing a tem-
result from a spacial consideration. Therefore, the extent
of distortion involved in concentrating the heat additions to
a single point 1is considered minor, or beyond the accuracy of
the basic computation. A short section of the test computa-
tions simulating the natural river for the period before and
after the start-up of plant operations in August 1966, is

shown in Figure 3. The deviations from ideal modeling are
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somewhat greater than for impounded sections of the river
because of the conduction coefficient sensitivity to current
and wind speed. However, for the reconnaissance purposes

intended, the overall result appears acceptable.

River profiles used in the development of cross sections
for the computations were derived from data(s) supplied by the
U.S. Corps of Engineers, Seattle District Office, and were
identical to those used by other investigators.(4) On the
basis of these profiles, the following reservoir and river

volumes were used for the cases detailed:

TABLE I. Reservoir Volumes for Various Flows

Flow Source 75,000 fts/sec 150,000 ft3/sec
Normal River 135,000 AF 178,000 AF
385-ft Dam 379,000 AF 428,000 AF
400-ft Dam 596,000 AF 672,000 AF

Contours were derived from U.S. Geological Survey maps of the
Hanford plant area. The details of these reservoir sections
remain in useful punch card form for future cases or other

detailed examination.

COMPUTATIONS

The program for the actual computer runs included a series
of stepwise sub-cases in which the reservoir volumes were
adjusted for the river flow volumes under consideration as the
seasons progressed. Figures 4, 5, 6, 7 and 8 summarize the
results of the generated output. The diurnal effects have been
eliminated in the computations in order to simplify the pre-
sentation. The results, while self explanatory, can be sum-
marized to the extent that the following observations are

pertinent.
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Temperatures measured at the Richland Ferry site (below
the dam) are expected to be slightly higher for all but
the highest flow conditions during which lower tempera-
tures could be expected to prevail.

Temperature transients introduced by the combination of
flow regulation and Hanford plant load factor are some-
what amplified by the presence of the reservoirs, espe-
cially during April through October when density currents
could be expected on the 400-ft reservoir. Figures 5
and 7 show periods of time when transients are especially
noted. The Labor Day weekend, combined with low river
flow from Priest Rapids regulation, could be expected to
produce a relatively large effect, even more pronounced
than that currently experienced without the dam. These
spike transients could be expected to be measurable for
considerable distances downstream and to assume special
significance if downstream water temperature standards
were used as a basis for regulation of integrated heat
input to the Columbia River.

Temperature peaks in excess of those measured in the
natural river have been checked against the quantitative
heat input and found to be justified. The explanation
lies in the fact that the natural river is relatively
less conservative of heat than the impounded reach, a
finding verified during the reactor shutdown period of
July through August 1966 when surface heat transfer for
the swift, natural stream was determined to be a factor
of three higher than the impounded reaches. The Bowen
ratio for swift rivers thus must be corrected in order
to achieve proper simulation. All simulation runs made
in this series of computations reflect this correction
in the Bowen ratio to the extent justified.

The basic computations of the COL HEAT model are car-

ried out to an accuracy of plus or minus 0.25 °C.
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the bulking effect of flow transients in passing through

the reservoir appears to be a real one.

® Each Figure (4 through 8) indicates the extent of
increased travel time through the impounded areas.
Since the flows change considerably during a transit
through the reservoir, travel time is difficult to

illustrate except on an average basis over an extended

time period.

In summarizing the results of the computation and con-
verting them to readily usable form, all output temperature
computations for the entire year were key punched and ana-
lyzed on the same least squares fitted functional model
employing the LEARN routine developed at Battelle-Northwest.

Illustrations of the direct output from the plotting routine

of this program are shown in Figures 9, 10 and 11.

(8)

figures show the computed output for the two different reser-

voir elevations and the actual record of 1966 measurements at

the Richland Ferry site.

TABLE II.

where

U a0 = o 4
!

Richland Actual, 1966 T

385-ft Dam
400-ft Dam

Comparative Results of Predictive Calculations

Functions fitted to the general model
T = A+ B sin(Cd + D),

Computed Temperature for Day, (d), °C
Annual Average of Model, °C

Computed Extremes, °C
Daily Functional Movement, RAD/DA
Number of days under Consideration
Displacement of Tmax from Arbitrary Zero
(D = 0.0173 x Days Displaced)

T
T

12.04 + 6.24 sin(0.0163d + 4.04)
12.34 + 5.95 sin(0.0163d + 3.97)
12,57 + 5.86 sin(0.0163d + 3.91)
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The values for the individual terms thus described summarize
the trends expected from the construction of the reservoirs
and, except for a slight net cooling trend covering an
extended time period,(g’lo) are quite typical of other
upstream project results. The heating trend for the Ben
Franklin project is related to the combination of flow regu-
lation and reactor plant load factoring. Table III presents
values for other Columbia River projects subjected to the

same analysis procedure for the calendar year 1966.

TABLE III. Actual Results for Selected Points for CY 1966

Richland T =12.04 + 6.24 sin(0.0163d + 4.04)
Priest Rapids T = 10.65 + 6.63 sin(0.0166d + 3.95)
Rocky Reach T = 10.44 + 6.53 sin(0.0163d + 3.80)
Grand Coulee T =10.40 + 6.49 sin(0.0165d + 3.67)
International Border® T = 9.29 + 6.26 sin(0.0165d + 4.16)
Bonneville Dam T =11.93 + 7.20 sin(0.0164d + 4.17)
McNary Dam T =12.21 + 7.16 sin(0.0165d + 4.09)

The anomalous value for the International Border for CY 1966
needs further investigation and explanation. Part of the
data used are of doubtful accuracy.

A complete report of the analysis of the temperature trends
for all available Columbia River dam projects temperature data
is being prepared. The values in Table III show the tendency
of large impoundments to delay the timing of the natural tem-
perature peak. Temperature peaks of the lower, less signifi-
cant reservoirs, on the other hand, tend to coincide more
closely to the normal time periods characteristic of natural
rivers. The arrival of peak temperature at Bonneville for
1966 coincides with the timing for the International Border
for the 1966 season. The departures from the mean also show
the tendency to return to the larger values associated with

natural streams.
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APPENDIX A
DIGITAL SIMULATION SYSTEM LOGIC DIAGRAMS

(Figure A-1 Through A-9)

AND
WEATHER CONDITIONS

FOR CRITICAL TEMPERATURE MONTHS, 1966

(Figure A-10)
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BNWL-733

FIGURE A-1. Digital Simulation System Logic Diagram
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Fill Reservoir

DIAGNOSTIC

"Not Enough
Days Lead"

< |

L__ VBase = VTot/NJ

7
|
|
|
|
|

5|
3
|

- |

|
2
|
|
|
|
|
]

—
[T [ T R T 1}

mT— 00
—

VBase
= VRES(I1)

-

>

-
I

GE
VAV = VAV - VNeed

|
|
VAV: VNeed |
S(J) = SRES(I) - SUR(I)
VNeed = VAV - VNeed

Trough X0,

DEL, DELS
X0 = X0 + DEL
S(J) = S(J) + DELS
VNeed = VBase
SUR(I) = SUR(J) + DELS
Jd=4J + 1

Neg 46045-3-C

FIGURE A-2. Digital Simulation System Logic Diagram
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CcoLum

Density Current

DELRHO(I) = CSTR(I) * CFS, I = IWANI, IWANX

!

| Initialize Density
‘ Current Package
|
|
|

|
|
|
i |
|
|

SMATCH:

Allocate Flow
Increment Surface
Affected by
ensity Current

LT

Allocate Advected
Heat to Flow
Increments

Neg 46056-4-C

FIGURE A-3. Digital Simulation System Logic Dtagram
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4
O

Calculate Surface Exchange of Energy for each Flow Volume

r "~~~/ -/ /7= 1

Do for i = 1 to NI and
for j = K-NK-1 to K-1

QVALUE
L % _nly_nlsnl Qf =Qé
Qt-(QS QY‘) Qb+0h 1\]
. =1, 2
_Qe
SLESS

Determine Effect

of Density Current

on Flow Volume j
“SX"

T [T;, 5 * Av*s, *(Q - Qi ) *SX, + AT

1,941 = (1-B)

_ 1 2 2 1
| B DTy gan = AV (S5q™0y gy "SXyy #85 %05 5 *S%y) + ATy 5+ ATy 500
PTPR = T (NI 1,K)
Y
UTEST:

Compare D1str1but
Calculated and
Observed
Temperatures

BEPORT RESULTS

Temperatures,
How, etc.

Neg 46056-5-C

FIGURE A-4. Digital Simulation System Logie Diagram
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TWS <« 1.8*TQ + 32.0

A

< A&

TS « THS + 0.75*(1.0 + SINX[DATE(MDQ,M)]
>

+ 25 °F
EW « EVCF(TWS + 30.0)

{

[;

EW <« -EVDF(TWS + 30.0)

y

TRH <« RM{MDQ,M)
TDRY « TAD(MDQ,M)

uad A

: <2 )

EA « EVCF(TRH + 30 °F) EA « EVDF(TRH + 30 °F)

t i
Y

CLC « CLOUD(MDQ,M)

A

BEVA
Compute
BETA

Q, « QEC*U(MDQ,M)*(EW - EA)
Q, « QHC*U(MDQ,M)*(TDRY - THS)
QRAD ~ QRC*RAD(MDQ,M)
QB <« QBC*[(TWS + 460)% - BETA*(TDRY + 460)%]

QRAD - QB - QE + QH
QNET (MDQ,M,KSQ)

RETURN

Neg 46056-6-C

FIGURE A-5. Digital Simulation System Logie Diagram
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iA

SMX ,4-1
( RETURN )

RHO  (P(TQ)* 1.E—2 + ,99)* 62.43

- _<15q:0
RHOQe—RHQ + ((E(L) + F(L))/2.)* 8.563E-5
TD-TQ + (QNET(MDAY,1,KSQ) + QNET(MDAY,2,KSQ))/62.43* 1.8% DELDST(L)

RHoD-=(P(TD)* 1.E-2 + .99)* 62.43

DELHOD<===RHOQ - RHOD

IA

LSW:0
| R
VI >
SUMS == SUMS + VM(L,KSQ)* SRES(L)* FLoAT(LPS(L,KSQ))
—>1
LW St}
- L:IWANX

SMXe—1. — SUMS/S(KSQ)
RETURN

FIGURE A-6. Digital Simulation System Logic Diagram
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! FIRST TIME, BUILD MATRIC 'R’
| TO DISTRIBUTED ADVECTED HEAT
I

|R « 0,75
_JR «0.25

ﬂ QDOforI=2t050

LP « Minimum + 2,50)

‘———é DO for J

LU « MOD(LUU,200) + 1

.l

2 to LP

(100) )
LUU  LUU + 1

KNT KNT + 1
LU MOD(LUU,200) + 1

y -

READ ADVECTED

HEAT CARD:

ADATE, TIME,
KSEC(LU), ADVECT(LU)

]_ ——————— |-k - - — — = l
MATCH ADVECTED 1 « ME

lHEAT CARD WITH

IWEATHER CARD

'

KERR <« 5

ME « 1
IDAY(LU) <« I

ERROR RETURN é

Neg 46066-7-C

FIGURE A-7. Digital Simulation System Logic Diagram
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HEAT
>
< f k
LJ <« MOD(LL,200) + 1
<
>
N LL < LL + 1
< ISKIP « 1
ISKIP « P
[
MATCH FLOW-INCREMENTS NJB « NJ
WITH RESERVOIRS AA < N
JJ o« 1
VR « O

V « (VTOT/VBASE) - AA + VBASE
IT « 1

,O

VR « VR + VRES(II)

JJ « JJd + 1
V « V + VBASE
I « T + 1

FRAC(JJ) <« V/VR + FLOAT(II - 1)
V/VR: 1
Jd « JJ + 1
V « V + VBASE

Neg 46066-8-C

FIGURE A-8.

Digital Simulation System Logic Diagram
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HEAT T T _

I
I
|
|
I
I
|
I
|
I

| CLEAR ADVECTED

LT <1

|
|

L < MOD(L1,200) + 1 Allocate Advected Heat
’ to Flow-Increments

I

|

I

|

|

|

|

|

I

> I

IT « IDAY(L) + NJ - K + 1 |

min (FRAC(IT),KSEC(L) |

BB « max (FRAC(IT - 1), KSEC(L) - 1) !
CC « AA - BB

I

I

|

|

|

|

|

|

I

I

I

I=
=
+

|
I
|
|
|
|
I
I
I
I
I
|
{ LT <« L1 41
|
I
|
I
|
|
I
I
I
I

y <
KS <« KSEC(L)
ID « IDAY(L)
CC « CC*BTU*{1.0/VBASE)*ADVECT(L)
ND « NJ - IT + 1
> AT(ID,1,IT) <« 0.5*CC + AT(ID,1,IT)
AT{(ID,2,IT) « 0.75*CC + AT{ID,2,IT)
I « 1
;{
LP « 1 + 3
J « 2
I,1,IT + J) <« R{I,J)}*CC + AT{ID + I,1,IT + J)
1,2,IT + J) « R(I + 1,3)*CC + AT(ID + 1,2,IT + J)
I « T+

Neg 46066-1-C

FIGURE A-9. Digital Simulation System Logic Diagram
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