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EXECUTIVE SUMMARY

Localities within the Pasco Basin preserve evidence of
Missoula floods. Deposits are 46% sand—sized, 36% gravel-sized,
and 18% finer than sand-sized. Mean thickness 1s 39 meters.

High water marks at Wallula Gap reguire a discharge or
approximately 12.5 Mcms., At Sentinel Gap, the slope-~area method
shows that the high water marks reguire a discharge of 34.6 Mcms.
Since this discharge greatly exceeds any estimated for Missoula
floods, there must have been backwater ponding from Wallula Gap.
Projecting the slope of the water surface at the upper end o:
Wallula Gap to the downstream cross secticn at Gable Mountain
leads to a discharge of 9.5 Mcms at Sentinel Gap.

The HEC-6 steady state code and four sediment transpert
egquaticns were applied., Assuming sand-sized particles, DuBoys
function estimated 4 to 9 meters of scour. Yang's egquation
estimated 3 to 4 meters of scour. These are a minimum.

A hydrograph synthesized for the boundaries of the Paséo
Basin shows the maxima of the flood would occur atter 90 hours at
Sentinel Gap, and at 114 hours at Wallula Gagp., The 200 areas
will remain inundated for four days and six hours.

With a quasi-dynamic sediment transport computation, HEC-6
scour estimates range trom 0.61 meters to 0,915 meters. This 1s a
minimum amount and erosion is highly variable suggesting
reworking cf sediment.

The Meyer-Peter Meuller eguations show less than 1 meter or
net scour in the 200 areas. More extensive erosion was achieved
during particular time steps of thils analysis suggesting that

sediment re-worklng would occur.
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Typical grain-sizes deposited by Missoula
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Glacial stage. He also suggests that the character of the floods
varied in a systematic way during this period. The greatest
floods occurred in the middle of the sequence. Earlier and later
floods had lesser discharge. A fairly regular progression of
discharges characterized the sequence. This agrees with the
theoretical evaluation of Craig (Craig, Singer and Underberq,
1983; Craig and Singer, 1984).

REVIEW OF PROGRESS IN GFY 'B4

This report represents the summary of a two-year
lnvestigation of the dynamics of floods from Lake Missoula. An
interim report was produced at the end of GFY '84. During that
time, work focused upon: (1) collating evidence from published
field studies that could shed light upon the problem, (2)
establishing the conditions controlling the timing and nature of
preakup of the ice dam, (3) representing the control upon flood
pehavior exerted by the configuration of the ice sheet mardin and
ice sheet dynamics and, (4) determining a method to represent the
dynamics of the floods themselves,

Evidence concerning the nature of individual floods includes
the discharge and velocity data of Baker {1973; 1978) and Pattcon
and Baker (1978), High water marks were also reported by Bretz
{1969). These data are summarized in Table 2.1. Specific data
relevant to the Pasco Basin are reported in section 2. Results
of each of these inquiries are summarized below.

The floods occurred when waters of Lake Missoula, impounded
behind the ice dam, reached sufficient levels to float or
otherwise disrupt the dam. At that time, rapid failure of the

dam occurred, probably enhanced by thermal erosion of the ice by



the flood waters. Three mechanisms of ice dam failure are
possible: floatation, overtopping and tunnelling. Controls cn
the operaticn of these mechanisms include the density of water,
density of ice, brittleness and fracturing of the ice and the
temperature of the water. Re-establishment of the ice dam
depends upon the extent of the failure during the last flood and
the rate of advance of the ice sheet. Timing of the failure
depends upon the rate of infilling of the lake and the amount of
water left in the lake after the last flood. Volume of warter
released in a flood depends upon the dam failure mechanism, the
relative rates of advance of the ice ang filling of the lake,
amount of sedimentation in the lake and the configuration and
thickness of the ice margin at the northern edges of the lake.

The hydraulic behavior in an individual flood depends upcn
the configuration of the southern margin of the Cordilleran ice
sheet in Washington; the existence, extent and locations of
proglacial lakes; the amount of water released during a flood;
previous occurrence of floods of a similar nature; and the
temperature of the floodwaters.

The dynamic behavior of a flood can only be represented
through the use of a complex set of physically based equations.
The equations required are a simplification of the three-
dimensicnal Reynold's egquations. Because we are not especially
interested in the vertical transport of water or of sediment, a
full three-dimensional model is not required. A one-dimensional
representation is not sufficient because the floodwaters
bifurcate and rejoin at numerous locations. Even where flows do

not anastomose, channel width variations and secondary currents
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are significant parts of the flows. Thus, at least a two-
dimensional representation is required. For the mathematical
model, a vertically integrated, two-dimensional model was
selected.

The terms representing turbulence in the Reynold's equations
do not allow a closed-form solution. For the Missoula floods,
turbulent behavior was an i1mportant component of the flow (Baker,
1973). Representation of the turbulent forces is achieved by an
approXximation scheme based upon a weighted average of neighbor
terms.

Solutions of the relevant equations in the interim report
were based upon an explicit numerical finite-difference
representation. Condirional stability was maintained through the
use of a diffusing-difference approximation and a varying time
step. The length of the time step depended upon the maximum
velcoccity cbserved in the previcus time step. Friction was
represented through use of the Chezy-Manning formula. Solutions
focused upon the behavior of the floocd in the area of the
Rathdrum Prairie, near the dam failure pecint. This was chosen to
provide the most critical test of stability of the approximation
procedure. By coupling the algerithm to a grid representing the
configuration of the lake and of the ice margin, it was possible
to follow the draining of the lake in the early stages of the
flood.

Although the explicit diffusing-difference scheme used does
provide a reascnable soclution of the flood dynamics, even during
these critical events, a more stable solution scheme was desired.

The conditional stability of the explicit scheme required an

11



extremely short time step (six seconds) for computaticnal
accuracy. This precluded the use of the model to study the
entire seguence of a flood event, from the time of dam failure to
the creation of hydraulic ponding at Wallula Gap. An improved
solution scheme has been investigated during the GFY '85 work.

MAJOR STEPS IN THE WORK FOR GFY '85

Work in GFY '85 considered four points. First, a new
solution scheme was defined, implemented as code and tested.
Seceond, an estimate of the time-varying boundary conditions of a
flood in the Pasco Basin was made. Third, the HEC-2 code of the
U.S. Army Corps of Engineers was used to estimate flow behavior
during a flood in the Pasco Basin, Finally, the HEC-6 code of
the Corp of Engineers was applied to estimate sediment transport
near the 200 areas during such a flood. This forms a benchmark
against which to compare future modelling efforts.

The characteristics of different floods that could affect
wastes stored in the Pasco Basin are constrained by different
types of field evidence in the neighborhood of the Pasco Basin.,
This evidence is reviewed in chapter 2. Representation of the
flood required selection of a flood scenaric which would
represent a 'worst case' for disrupticn of the wastes. That
scenario, and the rationale for its selection, are described in
chapter 3. Characteristics of the hydraulics of that flood
scenario can be obtained using the simplifying assumption of one-
dimensional steady state conditions. That description is
provided in chapter 4. Those conditions are used to describe a
one~dimensional steady-state scenario ¢of erosion during a flood

in chapter 5.
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A more realistic assumption is to recognize the time-varying
nature of the floods. In the absence of a sclution of flocd
dynamics in the upstream areas, a hydrograph must be synthesized
for the inflow areas. A procedure was developed that uses field
evidence to constrain the character of that hydrograph. The
methed and its results are presented in chapter 6. That
hydrograph is used to describe a cone-dimensional time-varying
sequence of erosional events using the HEC-6 code in chapter 7.

Because the floods have a demonstrable two-dimensional
aspect, and because Knowledge of its nature 1s required to
estimate the fate of wastes entrained from the Hanford area
during a floeod, a two-dimensional model of the floods has been
implemented. The model provides a representatien of the time-
varying nature of the floecds. An implicit multi-operational
sclution procedure provides a stable solution over the time span
of interest. Development of the code is described in chapter 8.
Results of the hydrograph analysis are applied in chapter 9 to
the computation of the amount <¢f erosion which would be expected
during such a flood.

Results of the different apprcaches to the estimation of the
ercsion potential of a flood are summarized in chapter 10. These
lead to a set of recommendations concerning the stability of the
site. Also given are recommendations on testing these
conclusions and a summary of the limitaticons of the analysis.
Limitatiens and uncertainties involved in each step of the

analysis are presented at the end of each chapter.
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EVIDENCE OF THE MISSOULA FLOODS IN THE PASCO BASIN

FLOOD PATHS TO AND FROM THE PASCO BASIN

During a flood of the magnhitude of the Missoula floods,
erosion is great enough to scour existing surficial materials to
great depth. Much of the Columbia Plateau is covered by 30 m or
more of the Palouse loess (Bretz, 1956). Where the flood waters
passed, much of that loess was eroded, exposing the basalts of
the Columbia Group below (Bretz, 19%6). The contrast between
these two allows easy recognition of many of the flood paths.
Other portions of the floodways are recognized by the extreme
plucking of basalts which occurred. 1In some places, channels
deepened into coulees by this erosion (Bretz, 1956). 5till other
pathways are recognized by the sediment that was deposited 1in
the waning stages of the floods. Combined, these different lines
of evidence provide a clear indication of the channels occupied
by the floods (Figure 2.1).

At the dam failure point and immediately downstream, flood
waters surged through a deep narrow valley, which constrained the
flow (Rathdrum Prairiej). At the end of that valley, an expansicn
of the flooded area slowed flood velocities. The Spokane River
valley provided a channel for much cf the water. Water continued
down that valley and joined the Columbia River. As long as the
course of the Columbia River remained open, flood waters may have
remained almost exclusively within its valley. Many side valleys
would have been flooded but little serious diversion of the flood
waters would have occurred. Both Bretz (1969) and Waitt (1979)
discuss evidence that some of the floods have followed such a

path.
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equations. At present there are five options available. These
are:

1.} User's transport function

2.) Toffaleti's Method

3,) Madden's Modification of Laursen's relationship.

4.) Yang's Streampower Methed

5.) Duboy's Method
The user transport functicn allows the user to develop an
equation describing sediment transport based on field data. The
user transpert function will net be discussed since it would be
impessible to determine the cecefficients needed for the transport
equaticn. Actual measurements of the sediment load of a
Missoula~type flood and conversion of the measurements into an
equation.

Toffaleti's Method

Toffaleti (1969) devised a method to estimate sediment
transport bhased upon measurements of seven rivers and results of
flume studies taken from the literacure. Data was collected from
the Mississippi River at St. Louls and rivers within the lower
Mississippi River basin. ©Other rivers included are the Rio
Grande at Bernalillo, the Middle Loup, and the Niobrara River.

Since Tcoffaletl's Metheod is a measure of the total bed load,
the sediment concentration over the depth of flow is divided into
an upper, middle, lower, and bed zone. The bed zone is defined
as twe grain diameters in thickness. This method includes a
variation in temperature for the calculation of fall velccities

of the particles. The equations used in this method described by
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Shen (1982):

The velocity distributicon is given by:

n
u/V=n (y/D) 2
¥ 1
where:
u = pecint flow velocity at a distance y above the bed
Y
D = flcw depth
V = average flow velocity
and n and n are related by,
1 2
n =1+n
1 2
where n 1is a function of the water temperature and equal to the
2
constants:

n = 0.1198 + 0.00048T
2

T = water temperature 1n degrees Fahrenheit

The sediment concentrations of the upper {(C )}, middle (C )}, and
ui mi
lower (C ) zones are defined by the following equations for the
1i
ith cross-section:
-1.52
cC =C (v/D) 1
i ui
-2
C =¢ ({y/D) 1
1 mi
-.7562
C =C (y/D) 1

=

1i

where the exponent 2 is defined by the following:
1

2 =w V/C DS
. 1 i z
where:
1 = particular sediment size
w = d sediment size fall velocity at temperature T
i 1
d = sediment size
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wn
i

slope of the stream

C = 260.67 - 0.667T, empirically derived
z
D = depth cf flow

Tc assure that the concentration {(C ) of sediment decreases as
u
the ratio of the distance from the bed to depth of flow increases

(v/D) Toffaletli equates the value of 1.5n to the exponential
2
variable Z when less than n .
1 2
Laursen's Formula

Laursen's formula for total load is based upon empirical
data which link the hydraulics of a river and the sediment
transport parameters together. Laursen believed that the ratio
of shear velocity to particle fall velocity is a good estimate of
mixing due to turbulence and that this parameter should be used
in the description of suspended sediment. Fall velocities were
taken from flume studies and then used in the formulation of his
eguation.

Laursen's formula, was compared against three small streams.
For one of the streams, results were very reasonable; for the
other two streams results were only fair. For this analysis, a
modification {(Madden's) of Laursen's formula is used. Neither

Laursen's formula or Madden's modification are presented in this

report.

Yang's Regression Curve

Yang (1973} believed that the unit stream power (a product
of average flow velocity and energy slope) is a dominant
parameter in describing sediment transport rates. Thtrough

regression analyses, he expressed the average concentration of
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ped material as a function of the following:

C = fiwd/v,u*/w,V3/w-V /W)
m c
where:
C = average sediment concentration
v = kinematic visceosity of water
u* = shear velocity

v = incipient flow velccity

w = fall velocity of mean sediment diameter

(o
]

mean sediment diameter

<l
]

average flow velocity

S = energy slope
The actual formula proposed by Yang is:
Log € = 5.435 - 0.286 Legwd /v - 0.457 Log u/w +

m 50

(1.799 - 0.409 Log wd /v) 0.314 Log u*/w}

50
Log{VS/w = V 5/w)
cr
Where:

Vv /w = 2.%/Loglu*d /v) - 0,06, for 1.2 < u*xd /v < 70

cr 50 30

Vv /W = 2.05, for u*d /v > 70

cr 50

All coefficients in the formula were based on 1093 sets of flume
data and 65 sets of field data.

Du Boy's Method

Instead of a total-load sediment transport equation, Garde
(1978) presents Du Boy's 1879 equation as a simple bed-load

relationship. His method assumes a linear velocity relationship
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between the top and bottom of the movable bed surface; the
movable bed being separated (divided) into parallel layers of
pre-defined thicknesses: the bottom or lowermost layer having a
velocity of zero. From these assumptions, a bed-load transport
equation can be developed:
gb =Y dh(N - 1) dv/2
s

where:

gb = bed load

¥ = gpecific weight of sediment

dh = thickness of each bed layer

N = number of bed layers

dV = velocity of the bed lavyer

Since the velocity at the lower layer is egqual to zero, the

friction or resisting force must be equal to the tractive force:

to = (¥Ys - ¥Yw) dh tano
where:
t = shear stress
YO = specific weight of water
g = critical slope

N can be determined assuming that a single laver i1s moving under

critical conditions:

t = (Y - Y ) dh tano
oc s W
where:

critical shear stress

o
]

ocC
or

N=1t /t
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Therefeore,

2
gb =Y dhdvt (£ -t })/2t
S o o] oc oc
or Du Boy's eqguation,
gb = Alt -t )t
o oc ©
where
2

a =Y dh dv/2t
S oc

Shen (1982) states that further modification to Du Boy's
function may be preferable for calculation of sediment movement
at high transport rates and that transport functions discussed
earlier are applicable to medium to low transport rates. At high
transport rates, the whole sediment bed layer may be moved.
Teoffaleti's relationship consists of a bed layer of only two
grain diameters of thickness. Since Du Boy's method consists of
multi-layers in the bed zone, more than a couple of layers of
grains can be moved in one event. Shen (1982) goes on to say
that a modification to the simple linear relationship between bed
velocities will Have to be developed before realistic results can

pe obtained using Du Boy's method.

EROSION AT THE 200 AREAS (STEADY STATE)

To cobtain reasonable estimates ©of sediment transport it is
necessary to have some estimate of the guantity of sediment
entering the system. HEC-6 requires a sediment inflow rating
table; the inflow hydrographs for both water and sediments are
necessary. Since it is impossible to measure the discharge of a
Misscula flood we have made some assumptions in order that we
might obtain a reascnable estimate of sediment inflow into the
Pasco Basin,

The first assumption was that the volume of sediment
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currently in the Pasco Basin (Pasco Gravels) was deposited by one
flocod event. In the event of another flocod it is assumed that
all the materials associated with this unit would be scoured and
transported out of the system through Wallula Gap. We have
devised a ceoncept of equilibrium transpeort for the Missoula
sediments: the amount entering the Pasco Basin through one flood
event 15 the same for each Misscula flecod event.

To estimate the volume of sediment within the Pasco Basin we
used the average sediment thicknesses (Pasco Gravels and
Quaternary units) calculated from the sediment data from the
Rockwell well-logs (37 m). This value was then multiplied by an
area representing the extent of Lake Lewis in the Pasco Basin.
This area was planimetered using a computer program. Different
areas were used based upcon the elevaticn we believed to represent
the base level of Lake Lewis. Table 5.1 1s a breakdown of the
volume of sediment estimated to be within the Pasco Basin in each
elevation increment. The sediment lecad in tons/day must be input
to HEC-6. It is based on an assumed flow duration of 2 weeks
proposed by Bretz (1969, p. 511, par. 1) and then used by Baker
{1973) in his effert to characterize the flood flows; i1t was
assumeqd that a constant discharge occurred for this duration to
develop the estimate ¢f sediment transport rate.

Using the above methodology, an estimate of the maximum
inflowing sediment load. The HEC-6 program requires at least two
points to place on the sediment/water discharge rating curve for
the program to be able tec interpolate a sediment discharge.

Therefore, estimates from modern day {large} rivers were used.
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estimates from modern day (large) rivers. As a minimum water
discharge and sediment load, the modern day values recorded for
the Mississippi River were used. As the intermediate discharges,
data from the Amazon River were used (Shen, 1970). Values of
water discharges and sediment lcads for these two rivers are
located in Table 5.2.

TABLE 5.1. Estimate of sediment load for a Misscula flecod
pased on volume of sediment in the Pasco Basin.

Elevation
Planimetered Volume Rate of Inflow
in the of Sediment
Pasco Basin
3
(m) (ft) (ft ) tens/day
9 7
X 10 X 10
350 1150 133.6 61.0
229 750 43.1 25.0
213 700 41.4 24.0
198 650 30.6 18.0
183 600 29.2 17.0
168 550 21.2 13.0
152 500 19.3 11.0

TABLE 5.2. Modern sediment loads from two rivers.,

e AR S N AR M e R N N AR e e e W N N ek e e =

River Water Q Sed Q
cfs tons/day
3 3
X 10 X1
Mississippi 630 942
Amazon 6400 1090

The HEC-6 code requires a sediment size input along each
cross-section for each analysis. Since this would regquire
knowledge of the sediment lcad for each grain-size we have

decided it i1s only practical to use one grain-size. Estimates of
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sediment load for each grain-size could have been utilized but 1t
was believed that this method was not warranted due to the large
uncertainty in the data. From analysis of the well-log
information, the modal grain-size of the Pasco Basin consists of
the sand class (Chapter 2). We will therefore assume that a
single grain-size describes the sediment distribution. Since
gravel and sand are both commeon in the Pasco Basin the results
using both grain-size classes will be reported.

Baker (1973) estimated the maximum duration of a Missoula
flood event to be 14 days. For a first cut at using HEC-6, this
value (14 days) is the duration for flood flows used. It was
also assumed that discharge was constant throughout the duration
of the flood event (14 days). Therefore, flow was treated as if
it met the requirements of steady-state conditions.

The major assumptions involved in these runs are.

l.) Greatest amount of sediment. This is inherent to the
development of our Q-Qs rating table.

2.) The sediment distribution of the entire Pasco Basin may
be characterized by one grain-size (utilizing both
gravel {64 mm) and sand (2 mm) grain sizes in separate
analyses).

3.} Flow 1s steady and gradually-varied.

THE STEADY-STATE METHODOLOGY

Gravel Size Particles

A grain size of 64 mm was used to describe the sediment
distribution in the Pasco Basin to determine how HEC-6 would
handle the large grains. The inflowing sediment load was

!
arbitrarily set to 9.9 X 10 tons/day at a maximum water
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discharge of 10 million cms. The minimum sediment load was set
to the value corresponding to the water and sediment discharges
of the Mississippi River {Table 5.2). For these analyses using
the HEC-6 code, the inflowing sediment load would be interpolated
based upon a specified water discharge and the minimum and
maximum sediment load values. For these analyses, using gravel
as the bed's sediment size, water discharges of 7.5 million cms
and 2.2 million cms were chosen. A discharge of 7.5 million cms
was chosen because this was the water discharge at which maximum
flow through Sentinel Gap occurred when flow through multiple
channels converged on the Pasco Basin; 2.2 million cms was chosen
pecause flow would be more channelized and possibly produce scour
to a greater depth. Results implementing each of the four
transport equations with the above initial cenditions and
allowing the computer code to scour up to 30 m can be found in
Tables 5.3 and 5.4. A discussion of the results for each

transport function follows. For cross-section locations refer to
Figure 4.5.

Du Boy's Method

At the upstream cross-sections near and within the Sentinel
Gap constriction (cross-sections 34-27), the allowable depth of
erosion occurred at a discharge of 7.5 million cms -~ scour of 30
m (100 ft). Deposition of 140 m {459 ft) at cross-section 26
occurred, 1l m (3é ft) occurred at cross-section 23 and
relatively little of the bed material moved downstream over the
site. Analyses using a discharge of 2.2 million cms produced

similar results but with more bed movement occurring downstream
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(Tables 5.3 and 5.4).

Toffaleti's Method

At this large water discharge and inflowing sediment load
(7.5 million cms}, Toffaleti's method showed deposition of 744 m
12440 ft} at cross-section 34, the bottleneck of the
constriction. Relatively little disruption of the sediment
occurred downstream of this section over the site. Lowering the
discharge to 2.2 million cms decreased the amount of depositicn
at cross-section 34 to 143 m (468 ft).

Yang's Relaticonship

Yang's relationship produced similar results to Du Boy's at
7.5 million cms with 30 m of erosion at the upstream cross-
sections and deposition occurring at cross-section 10. Here 32 m
(105 ft) of sediment was deposited. Greater depths of scour
occurs at the downstream cross-sections by lowering the discharge
to 2.2 million cms. Still little disruption of the sediment

occurs over the repository,

Madden's Modification of Laursen's Relationship

Madden's method produced similar results to Toffaleti's
relationship at a discharge of 7.5 million cms. Deposition of
308 m {1011 ft), occur at cross-section 32, just upstream the
narrowest cross-section within the constriction of Sentinel Gap.
The 200 areas were undisturbed. Little change occurs by lowering
the discharge to 2.2 million cms.

Sand Size Particles

Using the methocdology above, little if any disruption of
material occurred over the 200 areas. When one variable was

changed, grain-size, the results changed drastically. For the

a3



TABLE 5.3. Aggradation {+) and degradation (-) values for

each cross-section in the Sentinel Gap analyses at

a water discharge of 7.5 million ¢ms using gravel-

size (64 mm) particles.

Cross=-section

Q = 7.5 millicon cms

upstream 34
33
32
31
30
29
28
27
26
25
24
23
22
21
20
19
18
17
16
15
14
13
12
11
10

9

b s O -] D0

downstream

-100.00
-100.00
-100.00
-100.00
-100.00
-100.00
-100.00
-100.00
458.98
-46.45
180.47
36.28
-0.01
0.00
8.95
0.01
2.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.33
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

2440, 28

84

1.25
0.38
-0.15
-0.43
0.09
0.15
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Aggradation/Degradation
(feet)
Du Boy Toffaleti

Yang

-100.00
-100.00
-100.00
-100.00
-100.00
-100.00
-100.00
-100.00
-90.19
-47.97
-15.31
-10.20
-0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
105.63
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Madden

-100.00
-100.00
1011.47
-100.00
115.48
245.80
32.32
6.02
3.06
1.28
0.19
0.22
0.00
.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Aggradation (+) and degradation (-) values for
each cross-section in the Sentinel Gap analyses at
a water discharge ¢f 2.2 millicen cms using gravel-
size (64 mm) particles.

Cross-section Aggradation/Degradation
(feet)

Q = 2.2 million cms Du Boy Teffaleti Yang Madden
upstream 34 -100.00 468.19 -100.00 -100.00
33 -100.00 0.60 -100.00 -100.00

32 -100.00 0.15 -100.00 -100.00

31 -100.00 -0.05 -100.00 -100.00

30 -100.00 -0.12 -100.00 -100.00

29 -100.00 0.086 -100.00 188.78

28 -100.00 0.03 -100.00 Y6.22

27 15.85 0.01 -100.00 27.62

26 295.09 0.00 -100.00 4.58

25 -44.15 0.00 -95.,57 1.69

24 34,91 0.00 -83.07 1.97

23 7.48 0.00 -85.56 0.44

22 -48.08 0.00 -100.00 -1.83

21 -20.20 0.00 ~-100.00 -7.10

20 9.84 0.00 -100.00 3.79

19 -17.93 0.00 -100.00 1.41

18 -1.04 0.00 -100.00 -5.31

17 -21.18 0.00 -100.00 -3.25

16 -18.98 0.00 -100.00 -3.22

15 ~4.,95 0.00 -100.00 -3.93

14 -36.14 0.00 -100.00 4.33

13 44.00 0.00 -100.00 6.15

12 20.56 0.00 -100.00 -0.80

11 -11.05 0.00 -100.00 1.47

10 20.08 0.00 -0.02 2.92

9 7.13 0.00 0.00 0.00

8 -3.79 0.00 -78.96 -1.12

7 4.8¢6 0.00 4.21 0.93

6 3.39 0.00 i87.16 0.00

3 .00 0.00 0.00 0.00

4 0.00 0.00 0.00 0.00

2 ~-0.04 0.00 -0.04 0.00

2 0.00 0.00 0.00 0.00
downstream 1 0.05 0.00 48.35 0.00
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next set of runs using each transport function, sand-size (2 mm)
particles are used to describe the sediment distribution of the
Pasco Basin. From the results mentioned earlier, sand-size
grains are the most abundant of the three studied so it is
apprepriate to use this grain-size in the characterization of
the sediment in the Pasco Basin. These runs were computed from a
discharge of 2.5 million cms since greater depths of erosion
occurred at a lower discharge in the previous analyses. Results
from this analysis are located in Table 5.5.

Du Boy's Method

After the 14 day duration of the flood, erosion was evident
at many cross-sections throughout the Pasco Basin area. The
maximum scour allowed (30 m) occurred from cross-section 34 to
cross-section 13. Deposition occurred as flows widened into the
Pasco Basin. OQver the site, 4 m (12 ft) to 9 m (31 ft) of scour
occurred.

Toffaleti's Method

Toffaleti's method showed a little more interaction between
the water and sediment as a function of the grain-size
distribution in the Pasco Basin. Toffaleti's method is supposed
to work well with sand-size particles (HEC Hydrologic Engineering
Center, 1976). The results obtained still seem unrealistic with
deposition of 101 m (331 ft) of sediment at cross-section 34.
Erosion using this transport function was negligible.

Yang's Methed

Results were similar to Du Boy's method but scour was not as
extensive upstream of the site. Qver the site, 3 m (11l ft) to 4

m (l4 £ft) of scour occurred.
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TABLE 5.5. Aggradation (+) and degradation (-} values for
each cross-section in the Sentinel Gap analyses at
a water discharge of 2.5 million cms using gravel-
size (2 mm) particles.

Cross-section Aggradation/Degradation
(feet)

Q = 2.5 million cms Du Boy Toffaleti Yang Madden
upstream 34 -100.00 331.16 -100.00 -100.00
33 ~-100.00 -4.89 -100.00 -100.00

32 -100.00 -2.96 -100.00 -100.00

3l -100.00 0.68 -100.00 -100.00

30 -100.00 0.98 -100.00 -100.00

29 -100.00 -0.41 -100.00 -100.00

28 -100.00 -0.32 -100.00 -100.00

27 -100.00 0.30 -100.00 -100.00

26 -100.00 1.17 -100.00 153.85

25 -100.00 -0.53 -100.00 -12.70

24 -100.00 0.33 -100.00 55.00

23 -100.00 0.14 -83.26 11.65

22 -100.00 -0.34 -100.00 -45.82

21 -100.00 -0.01 -100.00 -83.08

20 -100.00 0.07 -74.64 28.73

19 -100.00 -0.08 -17.27 5,39

18 -100.00 0.04 -78.28 -65.63

17 -100.00 -0.11 -98.91 -91.94

16 -100.00 0.03 -100.00 -100.00

15 -100.00 0.03 -88.49 -91.74

14 -100.00 -0.13 -34.59 -13.50

13 -100.00 0.05 178.30 172.24

12 -52.70 0.04 6.45 1.27

11 -100.00 -0.08 16.21 18.27

10 271.96 0.00 152.74 37.21

9 180.71 0.06 30.00 3.86

8 -46.13 0.03 -45.66 -11.47

7 56.51 -0.03 44.36 10,38

6 73.28 0.14 20.92 1.31

5 -1.51 0.00 ~0.79 -0.01

4 -31.24 -0.08 -14.17 -0.50

3 -12.09 -0.01 -10.99 -0.99

2 15.50 0.01 11.18 .85
downstream 1 31.70 0.08 15.83 0.42
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Madden's Modification of Laursen's Relationship

Changing the particle-size distripbution affected the results
of this method; up to 30 m (100 ft) of erosion occurred in the
cross-sections upstream of the 200 areas. The results are
similar to those obtalined with Yang's method with the gravel
size. Scour of .33 m (1 ft) occurred over the site.

LIMITATIONS AND UNCERTAINTIES

These initial analyses were completed under a static steady-
state assumption; flow occurs for a 14 day period without the
hydraulic conditions changing. This assumption is far from
realistic since scour of over 30 m (100 ft) occurs using Yang's
and Du Boy's transport functions. This change would drastically
alter the channel hydraulics. Also, an arbitrary maximum
inflowing load of 9.9 X 10? tons/day at a discharge of 10 millicon
cms was utilized for all transport functions. For these reasons
it was decided to use a quasi-dynamic methodology. This involves
the development of a flood hydrograph for which discharge is
maintained for a certain time period (steady state) and then
increased or decreased to represent the change in discharge
through time. It also involves the development of a methodology
by which estimates of inflowing sediment load for each transport
equation may be defined. These methods will be discussed in

Chapters 6 and 7.
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THE HYDROGRAPH OF A MAJOR FLOOD

ASSUMPTIONS EMPLCYED

Because of the difficulties of the steady flow assumption
for calculation of erosion and transport capacity ¢f a Missoula
flood, it is desirable to employ a more correct assumption. In
this case, the correct assumption is that the water discharge is
a time-varving, unsteady flow. Exact determination of the
characteristics of such a flood would require sclution of an
unsteady flow code starting at Lake Missoula itself. Sclutions
for any shorter portion of the flow path requires specification
of the boundary conditions. 1In this case the boundary conditions
that must be specified include the time-varying inflow hydrograph
at Sentinel Gap. If other inflow pcints were allowed, inflow
hydrographs would have to be specified there also. No such
inflow hydrographs have yet been published.

Baker (1973} has made a first step in this directicn by
calculating the duration of a flood within the Pasco Basin using
his estimate of the maximum discharge at Wallula Gap. That
calculation ignored the time-varying nature of the discharge at
wallula Gap and did not provide an estimate of such time-varying
discharge. This again is the equivalent of the steady flow
assumpticon used earlier. Thus, it is not sufficient for our
purposes. The alternatives before us are: (1) to attempt the
synthesis of such a hydreograph de nove or, (2) to attempt
integration of the relevant unsteady flow equations beginning at
the area of dam failure. The second alternative is preferred,
bur we have experienced problems of numerical instability in such

sclutions to date. Making one simplifying assumption about the
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flood behavior and confining our attention to the scenario of
floods limited to the Columbia River valley, we are able to
synthesize a reasonable hydrograph for the Pasco Basin. The
procedure is described below.

The discharge hydrograph of jokulhlaups observed
nistorically follows a nearly symmetric distribution. The peak
of the flows occurs about halfway through the discharge sequence
and discharges decline reqularly after that. They are
characterized by a single peak in flow. Flows last on the order
of days to perhaps a week. An example of such a hydrograph is
1llustrated in Figure 6.1. Hydrologic theory also tells us that
flood hydrographs tend to decrease in amplitude downstream. This
phenomena is known as attenuation of the wave and has been
described by Ponce (1982}. We will attempt to synthesize a
nydrograph that displays such characteristics.

We assume that the discharge hydrograph at each location is
nearly symmetric and can be described by a single parameter
function, the Poisson function. The parameter of the function
varies with location. This allows representation of the
attenuation of the flood wave.

Use of this approach to synthesize a hydrograph at Sentinel
Gap regquires knowledge of the maximum discharge at Sentinel Gap.
Solution of the hydrograph at Wallula Gap requires knowledge of
the volume of water held in the Pasco Basin at the maximum level
of the floodwaters. Both of these values can be estimated from
independent lines of evidence. Baker (1973) has estimated the

volume of water held in Lake Lewis at its maximum elevation (260
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DYNAMICS AT THE INLET AND OUTLET

The discharges computed allow estimates of the velocities of
the water using the rating curve developed with the HEC-2
analyses. The rating curve developed for Sentinel Gap (Figure
4.9) has been added to the hydrograph computer code. Once the
discharge at the gap has been computed, that value is used to
interpolate the appropriate velocity at the gap. The
interpclation routine is based on the assumption that the
velocity varies linearly between the points at which it has
actually been solved. Table 6.3 reports the final computed
values of depth and velocity at both gaps for each time step
during the flood.

The resulting velocity values can be applied in several
ways. ©On the one hand, it can be used to estimate the erosion
regime at the gap. Alternatively, the velocity can be used to
establish boundary conditions for an unsteady flow model. 'Once
that value has been established, it is possible to solwve the
dynamics of flows within the Pasco Basin using a relatively
sophisticated model.

LIMITATIONS AND UNCERTAINTIES

Constructicon of a discharge hydrograph is possible if one
assumes knowledge of the functional form of the discharge
hydrograph so that only the parameters of that function need be
estimated. The functional form employed is a very simple one
chosen only because it is capable of producing desired
distribution form over a reascnable domain of integer values and
requires specification of only one parameter. There is no other

justification for its use. Thus, it can be expected that more

105



TABLE 6.3. Velocity and depth at Sentinel and Wallula Gaps for

eaqh (six hour) time step of a Scabland flood in
which flood waters are confined to the Columbia River

valley.

SENTIHEL GAP HALLULA GAP SENT.

TIME TOTAL SLUM LAKE GAP
STEF ad ] a PONDING PORDING ELEY VEL .
(éherd| %@ % {Hcfs)d %Q (Mcls) (cu aid Cgu i) [(FL2 (furs)
1 , 68000 .08 .82 . 8688 .06 N1 .89 3ee 1.86
2 L 0eRD3 .08 N2 , BBeo . 0Q .82 .02 328 1.67
3 LQagl? .00 <39 - .92 L) .19 3y 1.55
L , 00383 .08 2,29 - 1= 1T 2] 1B .31 CR! 333 Z.eb
L L6194 el 6. 60 L Ba0l .33 .9 1,532 344 ?.78
-] e ch 16.4% G923 .29 2,24 3,56 372 1?7.82
? ,a1B37 .82 39.34 0819 3.39 4.6% 5. 24 4286 37.11
& LBl 944 ] g6.2% L0824 B.04 8,54 16.79 235 47,78
] 3241 .07 119,42 ,aa%a 16.98 13.71 39, 50 £7% 56,87
i LE4EE1L 12 185.483 L0079 3z2,2% 19.57 Se.07? 763 E4.0l
il LHEELS 18 22%.5¢ JBled 8. 71 24.97 ?9.04 Q48 72,90
12 ,BEze .27 282,33 ,B2%9 p8.21 28.49 163,52 93% 77.E9
13 L 058 .36 325,77 5373 128,93 28,98 132,41 %81 80.93
14 L 18244 Y 349,84 L0514 124,97 29.5%4 157,95 1845 §2.18
15 10244 - 349,94 , 0650 221.63 13.79 176. 65 log4 82,139

18 A7 0] VB2
19 L 05523 . 38 199,93 L3911

9 N-ERE R 92 142,48 . 9868 294, 96
82996 ' 99 101.76 0783 266.087 -24.23 118.76 949 385,37

. 92038 97 69.30 8876 23,48
23 L@13a8 .98 4%,.2%

24 LBe83e .99 25.28 L2442
5 -14,32 33.47 £9% 18.32

25 L BO43B .93 16.97 L0335 114,5%8

zé .a@zs? 1,60 9.79 LB24E §3.71 -16.83 22.62 ga? 19,97
27 ,00160 1,460 %o 44 LaLrs 53.91 -7.83 14.78 =2y £.52
28 , 00085  1.00 2.91 0117 39.97 -5.44 9.34 4432 3.93
29 ,@0n44 1,00 1,31 0077 28419 ~3.62 5.72 379 2,49
3 L0022 1.0%9 .73 » 2049 16. 59 -2.32 3.39 are 1.72
31 Lpoelr  1.99 . 36 , 6830 10.17? -{.34 1.93 352 1.32
22 LEOEBE 1, a0 .17 LR 6.04 -. 86 1.09 342 1.4z
33 ,eeea2 1,90 .09 B0 3.48 -. 54 S 338 1.93
34 Loegat 1.9 -k ,boae 1.94 -. 28 231 338 1.uo
3 Lganaa 1.0 4l L0093 1. a5 -, 15 - 330 1.588
1) Loopoe  L.00 LUl L3002 -] 2 ~.d8 NI 329 1,80
2?7 BTSSR L .as L0001 29 - 04 .04 329 I
33 ,BE900 .00 -] L 00 L -.82 " F 328 1.9
29 LGanRg 1,08 1S . @aaug , 87 -.91 .9l 3z8 1,09
40 L@Qepa 1,80 , 30 ., Bood .03 -, 80 . ga 323 1,94
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powerful functions could be specified.

Use of the Poisson function requires an independent estimate
of the maximum discharge at Sentinel Gap. That value is only
known in a gross approximation. It has been computed under the
assumption that flows are completely confined to the Columbia
River and that these floods were responsible for the high water
marks that are observed at the Frenchman Hills. Since there is
little data constraining the nature of such floods, the estimates
of maximum discharge are crude at best.

Use of this procedure also requires independent
specification of the total discharge through Sentinel Gap. We
nave used Pardee's estimate of the volume of Lake Missoula as the
volume that would pass through Sentinel Gap and the Pasco Basin.
This value is only approximately known. It is also far from
clear that a flood confined entirely to the Columbia River valley
would have this volume. The uncertainty in this number must be
at least 25%. The value specified impacts the entire
calculation. The value of total discharge affects the estimate
of the hydrographs at both gaps. Thus, it is an important
parameter.

As indicated, only integer values of the parameter of the
Poisson function were considered. This sets a limit on the
accuracy of the calculaticons. This accuracy could be improved
through the use of shorter time steps in the calculations. For
this analysis the time step length was set at six hours. This
was chosen s¢ that the resulting calculations would be directly
applicable to the needs of the HEC-6 runs to be reported below.

It would be of interest to consider the use of shorter time steps.
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EROSION POTENTIAL FOR A MAJOR FLOOD

EQUILTBRIUM SEDIMENT TRANSPORT

Introduced earlier {(Chapter 5) was the idea of equilibrium
sediment transport. We will now alter this concept for these
analyses. The new idea behind this concept is that the amount
entering the Pasco Basin through Sentinel Gap egquals the amount
leaving the system. We are treating this as if it were a "black
pox" and input to the "black box" equals the ocutput, no matter
what has taken place within the environment of the "black box".

With the HEC-6 model, we are able to monitor the inflowing
load to the Pasco Basin and compare that value to the amount
exiting the system during a flood event. For these analyses, the
hydrograph computed for Wallula Gap in chapter 6 is used.
Requiring the inflow to equal the ocutflow we adjust the maximum
value for sediment load of the inflowing sediment load rating
table to arrive at the equilibrium conditions. We iterate
through inflowing sediment lcads to converge upon equilibrium
conditions. This procedure is be repeated for each sediment
transpert function used for the entire flood hydrograph. Results
of iterations for all transport functions are presented below
{Table 7.1).

SELECTION OF THE TRANSPORT EQUATION

Three of the four transport egquations available to us
through the HEC-6& program are based on the total sediment load of
a river. As menticned earlier, Shen (1982) believes that the
total sediment lcad equations are not applicable to high
transport rates pecause these rates may produce extensive scour

of the bed material; the equations will not be able to represent
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TABLE 7.1. Convergence procedure used to obtain inflowing
sediment load for each transport function in the HEC-6&
analyses.

Inflow Sediment Sediment Volume
Load In out
tons/day Comment acre-feet
7 3
X 10 X 10
Toffaleti

3.59 HIGH 51.5 1.8
0.12 HIGH * 4,2 1.8

Du Boy's Method

18.2 Low 2160.0 38400.0
1820.0 LOW 158000.0 38400.0
6820.0 HIGH 555000.0 38400.0
3820.0 LOw 319000.0 38400.0
4820.0 HIGH 399000.0 38400.0
4600.0 LOw 381000.0 38400.0
4680.0 HIGH 388000.0 38400.0
4640.0 EQUAL 384000.0 38400.0

Madden's Modification of Laursen's Relationship

4640.0 HIGH 38400.0 51.5
40.0 HIGH 442.0 51.5
4.0 HIGH 56.6 21.5
3.5 LOW 20.5 51.5
3.6 HIGH 51.7 31.5
3.35 LOW 31.1 51.5
3.575 LOW 51.4 51.5
3,585 EQUAL 31.5 51.5

Yang's Streampower Method

1820.0 HIGH 15800.0 216.0
18.2 EQUAL 216.0 216.0

* could not use a lower sediment load to converge on
on equilibrium condition. A lower value would have
been less than the sediment load in the Amazon used
as the intermediate estimate in the Q vs. Qs rating
curve for inflowing sediment.
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such scour due to the assumptions inherent to their formulation.
For exampie, results from implementing Toffaleti's methed show
that relatively little scour or deposition oc¢curs within the
Pasce Basin. Table 7.1, is constructed of iteraticons for the
sediment inflowing rating curve. To cebtain equilibrium
conditions, the amount of sediment transported into the basin
would be less than the amount ¢of sediment currently transperted
within the Amazon River. Since the velocities within the
constriction at Sentinel Gap reach 25 m/sec and presumably would
move large volumes of material, we believe that this methed is
not useful in determining the sediment transpert capabilities of
this fleed.

Inherent to Toffaleti's method is a maximum thickness of the
channel bed. The bed material is assumed tc consist of a single
laver only two gralin-sizes in thickness. This assumption
produces the minute amounts <f erosion and the large guantity of
deposition at the entrance to the Pasce Basin at Sentinel Gap.

Shen (1982) suggests the use of Du Boy's method for high
transport rates since this metheod utilizes a simple linear
function relating velccities to bed laver to move multiple
multiple of material. He also states that to obtain reasonable

results with this method, the linear relationship should be

modified. Using this function for the Misscula flood discharges,
results were unrealistic. Through the beginning stages of the
flood, massive ercsion was evident. As the flood stage and
discharge increased, a mound of sediment was deposited in the
upstream portion ¢f the channel. As flooding progressed to

larger discharges, this mound grew and moved in the downstream
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direction, eventually rising to over 2133 m (7000 ft)} above the
water surface elevation. It could be described as a wave
{mountain) of sediment moving through the system. A possible
explanation for this occurrence is that as scouring tcok place
within the upstream portion of the channel, {(scour to 37 m or 121
ft), the channel hydraulics were changing drastically.

Velocities that were 25 m/sec (80 ft/sec) drop to between 4.8 and
6.1 m/sec {16 and 20 ft/sec).

The hydrcgraph developed for the Misscula flood was based on
the assumption that for every steady state discharge, enocugh time
had elapsed to allow the water toc move through the system. The
time factor used in the HEC-6& analysis was based upon velccities
from HEC-2 analyses, which include, of course, a non-movable bed.
Since the velocities have decreased by such great amcunts, the
flow for each discharge does not make it entirely through the
system. The sediment is evidently dumped where it is when time
nas elapsed. As discharges are increased, the velocities in the
channel increase, moving the '"wave" of sediment further
downstream, constantly being eroded and redeposited until it has
eXited the system.

Two other total load sediment transport equations; Madden's
Modification of Laursen's Relationship and Yang's Streampower
Method produce consistent results. The rate at which sediment
enters the Pasco Basin (using the iterative procedure in Yang's
analysis, Table 7.1) corresponds to a range of values estimated
determining a rate of inflow to the Pasco Basin based on

equilibrium flow conditions (14 day pericd) and sediment volume
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(Table 6.1). These values for inflowing sediment load are
presented in Table 7.2 for both methodologies. Therefaore, Yang's
transport equation may be the most reasonable procedure to
determine the sediment transport of a Misscula-type flow but
results using either transport equation (Madden's and Yang's)
seem reasonable for the region of the Pasco Basin.

Since the results using Toffaleti's and Du Boy's methods are
considered unrealistic, the results using Madden's and Yang's
relationship are emphasized. Madden's method allows up to 0.061
m of erosion over the the site; Yang's allows for 0.915 m of
erosion. In both cases the amcunt of erosion is minimal directly
over the site. Further upstream (creoss-sections 34 - 25) erosion
is much more extensive; up to the full 37 m allowed for ercsion

in this analysis occurred (refer to Figure 4.7).
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TABLE 7.2. Estimated sediment transport rates for various assumed
sediment volumes for a fixed discharge in the Pascoc
Basin (a} and equilibrium sediment transport rates (b)
computed with four sediment transport functions (Table
7.1} and the hydrograph cof chapter 6.

(a) Constant Discharge Method -~ 14 day duration {(see chpt. 5)
Elevation
Planimetered vVolume Rate of Inflow
in the of Sediment
Pasco Basin
3
(m) (ft}) (ft ) tons/day
9 7
X 10 X 10
350 1150 103.6 61.0
229 750 43.1 25.0
213 700 41.4 24.0
198 650 30.6 * 18.0
183 600 29.2 17.0
168 550 21.2 13.0
152 500 19.3 11.0

{b) Hydrograph Method -~ 10 day duraticon (this chapt.)

Transport Rate of Inflow

Function tons/day
X 10
Toffaleti < .12
Du Boy 4640.0
Madden 3.585
* Yang 18.2

* Most similar computed values.
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TABLE 7.3. Maximum erosion at each cross-section for the
Sentinel Gap data set using the computed wallula
Gap hydrograph from Table 6.3.

Maximum Erosion for
Each Cross-section

{ feet)
Time Time
Cross-section Yang Step Madden Step
Upstream 34 -121.Q0 11 -121.00 13
33 -121.00 11 -121.00 il
32 -121.00 12 -121.00 11
31 -121.00 12 -121.00 12
30 -121.00 13 -121.00 12
29 -121.0Q0 14 -121.00 12
28 -121.00 15 -121.00 13
27 -121.00 16 -121.00 13
26 -121.00 17 -121.00 21
25 -121.00 18 -121.00 21
24 -121.00 21 -121.00 18
23 -58.03 32 deposition
22 -8.29 13 -2.38 14
21 -9.90 13 ~-4.,86 14
20 -0.21 15 deposition
19 deposition deposition
L8 -4.32 13 -3,13 14
17 -37.83 22 -14.13 24
16 -47 .43 22 -28.03 27
15 -65.67 27 ~11.78 12
14 -27.77 32 -0.68 17
13 deposition depositicn
12 -4.92 33 -2.89 25
11 -0.07 9 -0.01 8
10 -0.03 8 -0.01 9
9 -0.20 10 -0.05 10
8 -13.79 27 -2.20 31
7 -0.29 8 -0.11 8
6 deposition deposition
3 deposition deposition
4 -2.44 30 -0.10 30
3 -3.00 33 -0.20 33
2 -0.46 10 -0.24 32
Downstream 1 -1.23 9 -1.70 34
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REPRESENTING THE DYNAMICS QF A MAJOR FLOCD

THE GOVERNING EQUATIONS

The previous chapters have described the solutions of the
flood characteristics that can be obtained under‘Fhe assumption
that flow 1is one-dimensional and either steady or nearly so. We
nave thus obtained first order estimates of sediment transport
during such floods. Unfortunately, neither of these assumptions,
(one-dimensional flow or steady flow} are very reasonable in the
case of the Scablands floods. Some of the difficulties with
these assumptions are discussed in section three. A more
reasconable assumption is that the flows are two-dimensiconal and
that they are unsteady. Unlike the case of one-dimensional,
steady flows, a standard computer code for the sclutions of
unsteady, two-dimensicnal flow problems is not available. Such a
computer code has been developed in this project and 1is de;cribed
next. We begin with a review of the appropriate equations and
show how they appear when phrased in two-dimensicnal, unsteady
form. From this, the solution procedure is derived and the
coding philosophy i1s given. The computer code itself is given in
aAppendix C.

There are two fundamental equations that must be considered.
The first describes the conservation of mass, the second the
conservation of momentum. For the purposes of this study, it is
assumed that the process is isothermal. Thus, we do ncot consider
problems related to the equation of state (the laws of
thermodynamics}. The conservaticn of momentum must be expressed
for each of three dimensicons; thus, three equations are required.

First we show how the three-dimensional form of the continuity
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equaticn can pe simplified to two-dimensional form. Following
this, we show how the three equations of conservation of momentum
can pe reduced to two equations and simplified to two-dimensional

form.

VERTICAL INTEGRATION OF THE CONTINUITY EQUATION

The continuity equation given below represents the
congservation of mass in three dimensions when there is constant
density {an incompressible fluid). Even the very high velocities
of the Missoula floods are not sufficient to produce significant
density changes in water. Thus, the assumption of
incompressibility appears to be satisfactory. The equation is
then:

Su sv oW
-- + == + == =0 (1)
Ox 5y 52z

Because we are interested only in the horizontal compconents
of flow during these floods we will simplify the equations to
avoid consideration of motions parallel to the vertical axis.
Equation (1) is integrated from the bottom of the flow {(z=-d) to
the free surface (z=n). It is assumed that u and v are functions
of x, y and t only. This yields:

n

[ Bu Sv &w

L (== 4 == + ==) dz = 0 (2)

) bx Sy &z

-d
Considering each term separately, we have
n
5u Su
-- dz = (n+d) -- (3

5x ox
-d

———
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[ &v v

b == dz = (n+d) -- (4)
J &y 8y

-4

n n

([ &w !

I == dz = w | (5)
J bz |

-4 -d

Substituting (3), {4} and (5) into (2) vields:

n
du &v !
(ntd) -- + (n+d} =-- +w | =0 (6}
6% Sy i
-d
Solving the last term we get
n
W i = w{n}) - w(-d) (7)
i
-d
and
dn én én én
win) = -=- =--+u -- + v -- (8)
dt &t &% 8y
d(-d) 6(-d) a(-d} &6(-4d)
w(i-d) = -—-=-~ = e + U -=--- + v ———-- (9)
dt &t &x oy

It is assumed that the channel bottom remains fixed through time

and sc is a function of x and y only. Therefore,

wi-d) =u -=--- + v —=——- (10)
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Substituting (10) and (8) intc {6) gives:

Su av &n én én
(n+d} -- + (n+d} -- + [ -- + u -- + v -- - (11)
OX oy &t &x &y
&(-4) 6(-d)
u -=--- -V -—--- 1 =20
6x &y

Gathering similar terms yields:

Su av &n o)
(n+d) -- + (n+d) -- + -- + u -- (n+d) + (12)
[3).4 8y 8t &x
5
v -- (n+d) = 0
oy

We can use the relationships:

Au & (3]
(ntd) == + u == (n+d) = -- [u{n+d)] (13)
5x 5x &x
and
&v 5 &
(n+d} -- + v -- (n+d) = -~ [vi(n+d)] (14)
&y Sy &y

Substituting (13) and (14) intoc (l12) yvields:
an & 3]
== + == {uin+d)} + -- (vin+d)] = 0 {135)
&t &x oy

Letting n + d = h = depth of flow

&(d)
—_——— =0
5t
therefore.
&h &8 8
-- + -- (hu) + -- (hv) =0 (16)
&t 8x Sy
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VERTICAL INTEGRATION OF THE THREE-DIMENSIONAL MOMENTUM EQUATION

WITH FRICTION

In the same way we will simplify the momentum equations
aveid the necessity of considering flow momentum parallel to
vertical axis. We begin with the three-dimensicnal momentum
equation in the u (or X) axis with a term, f, to represent
friction:

su Su du Su -&p*
p( ~- +u --+ VvV -=- 4w == ) = ==== - f (1)
5t 5x 8y 5z 6x
Based on the properties of differentials, we can write:
su I 8(u }

U == = = ====-= {2)
&8x 2 6

8u S(uv) av
V ~= = mmee- - u-- (3)
oy sy ay
&u Siuw) Sw
W == = —=—=-- - u -- i4)
8z &z Sz
Substituting (2), (3) and (4) into (1) vyields:
2
du L &tu ) S(uv) ov S{uw)
p {~~ + = ---=-- + ----- - u -+ m--e- - (3)
at 2 8X Ay 8y az
Sw Sp*
u--) = - ---- - f
&z ax

By assuming the fluid to be incompressible, we can write:
2
éu 8v ow 1 &(u ) ov Sw
PU (== + == + ==) = p (= ===== +u --+u--) =0 {6)
&x Sy 5z 2 6&x ay 82

Adding (6) to (5) does not change the equality and gives:
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du ad{u ) ({uv) Sluw) -&p*
e + mm—— + ve--- ) = w=== - f (7)
8t (634 8y 52 56X

It is assumed that pressure along the z-axis is hydrostatic;
therefore,
p* = pgh (8)
where h is the depth of flow. Substituting (8) into (7) gives:
2

Su 5(u ) aluv) Sluw) Sh
P (== + ----- + ----- + -----) = -pg -- -~ f (9)

Dividing by p gives:

du S{u ) Sluv) S{uw) &h f

—— 4+ mm—-- + === + m==== = - == - - {10)

&t ox 8y 8z &x o’

Now we integrate both sides of the equation from the base of the

flow, 2=0, to the top of the flow, z=h:

n 2
P Su S(u ) oluv) Sluw)
(==t mmmmm + === + m=--- ) dz = {11)
B] &t &X 8y &z
Q

n n

[ 8h { f

=i -g =--dz - { - dz
J ox I P
U 0

It is assumed that u and v are functions of x, vy, and t only.

Therefore,

( 5u a(u ) a(uv) S(uw)
b=+ mme—- + -—--- t === ) dz = (12)
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éu S(u )} S{uv) | |
z ==l + z —=--- A L+ {uw) ! =
at! 58X Yy | :
U 0 0 0
P h
Su S{u ) S{uv) |
n--+h----- + h -=--- + (uw) |
ot 6x 8y '
Q
Evaluating the last term, we have
n n
(uw)! =u . wi =u . (wth) - w(0) ) (133
| i
0 0

By the definition of velocicty, and implementation cof the chain

rule,
dh éh &h &h
w{nh) = -- = == + U -- + vy -- (14)
dt 5t 68X Sy
d(0) ‘
W(0) = ==== =0 t15)
dt
Hence, the integral in (l2) is equal to
2
éu &{u ) S{uv) &h 2 6h &h
n =--+h —-——-- + h -==--- + U --+Uu -- + uy -- L16)
&t fa} 4 &y &t &x oy

Now &h/6t can be replaced by the two-dimensiconal (vertically

integrated) continuity equation:

Sh 5{uh) &({vh)
ot 65X ay
&h S5u &h Sv
= = == - h — - ] == - h - (l?}
&x 8% 8y oy
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Substituting (17) into (16) gives:

du Su S{uv) 2 éh du
n--+ 2hu -- + h ==---- - u =---uh --
5t 6% 8y &X &xX
Sh &v 2 &h 5h
- uv -~ - hu --+u --+ uv -- (18)
oy 8y ax &y

which can be simplifi=d to

Su du S(uv) &v
h -~ + hu ==~ + h =--=--- - hu -- (19)
ot OX 5y Ay

from (3) we have

_____ -] == = Y - {201

Substituting (20) into (19) gives:

&u &u ou
n=--+ hu -- + hv -- (21)
&t &x &y

Evaluating the integrals on the right-hand side of (11):
h n
I &h [ £ éh nft
t [.g =~ dz] - | =-dz = -gh == - --- (22)
i &x J p 5X p
0 0
Equating (22) and (21} gives the vertically integrated two-
dimensional momentum equation for the x-direction:
Su au Su &h h f
n--+hu--+hv -- =-gh -- - --- (233
St ax &y &5x P
Dividing by h, we obtain:
du &u ou 5h f
-— 4+ U == 4+ V ~-= = =g == = == 1 24)
&t a4 Sy 6x o
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Likewise, for the y-direction:

Sv &v Sv &h f
-- + U == + V == = =@ == = == 125)
6t &K Ay oy P
2 2 172 2
p viu + v ) m g
If £ = ~=cvrmmvrermmae oo , then
4/3
R
2 2 1/2 2
&V &v Sv &h viu + v ) m g
-+ U -~ +V -~ = =g v= v mmmmmmm————-—————- {26)
5t 8K 8y Sy 4/3
R
where:
m = Manning's Roughness coefficient
R = hydraulic radius

and, similarly:

Su Su Su sh g uiu + v ) m
-+ U -- +t VYV -- = - g~ = emwmeemeemm——————- 127}
&t 8x 5y &% 4/3

R

THE DEPTH-AVERAGED EQUATIONS

rRather than assume that the flow in the X-Y {or horizontal)
dimension is constant at all levels of the 2 (or vertical} axis,
we prefer to avoid that assumption and consider the mean behavior
of flows in the X-Y plane. The form of the appropriate equations
is very similar to those derived above; however, it now includes
terms describing the effective shear stresses introduced by
differential X-Y motions in the various 2 planes.

Conservation of mass:

8h  &(hu) S(hv) (1}
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Conservation of momentum:

X-momentumn:

du + _du _ &u én 17T
--+ U ~--+v --+ g --+ -- Dbx
5t 5X &y &x rh
1 &6 (hT } L & (hT )
- == == XX = == == xy =0
rh &x ph Sy
y-momenturn:
&v &v &v én 1T
-- ¥ u-- + v-- + g-- + == by
8t 8X &y &y oh
1 & (hT 1l &6 (hT )
- o= == Xy - -- -- yy =20
ph &x ph 6y
where:

u, v = depth-averaged velocities

t = time
X,¥ = coordinate directions

g = gravitationhal acceleration

n = water elevation (n=h+z }

z = bottom elevation °

g = fluid density
T , T = pottom shear stress
DX by
T , T ,T = effective shear stresses
XX XY YY

Effective Shear Stresses

(2)

(3)

In this development, the effectrive shear stresses are not

included explicitly in the equation sert.

Instead,

they will be

introduced in a veleocity-averaging routine which simulates the
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contribution of the effective stresses. The averaging procedure

is written:

u* =u (l-a) + a(u + U + U +u V/4 (4)
1.,k j:k j'lrk jrk-l jrk+1 j+l,k
v* = v (l-a) + a(v + v + v + v )/4  (5)
jrk J.K j-lrk i, k-1 j,k+1 j+llk
where,
u* = spatially averaged u
ik ik
v* = spatially averaged v
i,k Ik

a = weighting factor, 0<=a<=l

j,k = spatial indices
and
n
i u 2 2
T ==- 1 [ 2pv -- - p u' - p (u-u) ] dz
XX hJ X
z
b
lfn u v L _ _
T =T = - | [pv (== + =~} - pu'v' - plu-uj}(v-v)] dz
Xy vx h} Y X
z
ol
n
17 2 _ 2
T == [2pv - pv' =~ p(v-v) | dz
YY J
2
ol
where: u',v' = random fluctuation

These equations are not actually solved directly, instead, we
simulate the contribution of the effective stresses with an
averaging procedure applied after each new set of dependent

variables has been generated. The formula used are:

a—
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* a

u = U {l-a) + -( u + U + U + U )
jl’k ]rk 4 j-lrk jrk-l jrk+l j+lrk
* a

v = v {l=-a) + ={ v + v + v + v )
i,k j,K 4 j-1,k j. k-1 j,k+1 j+l.,k

Bottom Shear Stresses

Here, the Chezy expression is used:

- 2 1/2
T =pf ufu + v) (7)
bx
_ 2 2 1/2
T =pf v (u + v} {8}
py
g
f = --
2
c
where,
f = the dimensionless friction factor
C = the Chezy coefficient

This is the form of the Navier-Stokes equations that has
peen applied in solutions of two-dimensional, unsteady flow in
this analysis. These equations have been re-expressed in an
mmplicit, finite difference form to allow sclutions. The method
of solution is called the Alternating Directicn Implicit
procedure. Sclutions are first acheived in the x-direction using
an implicit method tec solve for the Xx-momentum and the water
surface elevation. Then the y-velocity is sclved in that
direction using an explicit procedure. Following this, solutions
are obtained in the y-direction of the grid. 1In this case,

solutions of the y-momentum and water surface elevation are
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obtained with an implicit method and the x-momentum is obtained
with an explicit procedure.

Grid Svystem

To solve the six equations that result, a finite difference
scheme 1s developed. To simplify the solution procedure, a
separate grid system is defined for each of the variables u,v,n,
and z {(for convenience, the overbarred notation is dropped). The
four grid systems are staggered by one-half steps of ex and ey in
space as shown below (Figure B.l). 1In these systems, €X = gy,

because the representation of the effective shear stress used in

the model depends on this assumption. It is also important to

note that the sclutions from the continuity equation produce the
water surface elevation, rather than the water depth. This leads
to some inconvenience in solutions for floods in areas of
irregular topography such as the Pasco Basin.

Finite Difference Approximations

A centered difference approximation is used for the spatial
derivatives because it provides a higher order accuracy (second
order) than either the forward or backward difference schemes. A
forward difference approximation is used for the temporal
derivatives because the more accurate centered difference scheme
would result in two time levels of unknowns. The nonlinear terms
in the governing equations are formulated in an approXimate,
linear representation by "judiciocus" specification of known and

unknown values in the difference equations.
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j=1 ] 3+l
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-1 3-1 7] ] j+l I+l
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-1 J-1 3 ] 1+1 J+1
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==u
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b

Figqure 8.1. The staggered grid representation cof variables used
in the alternating direction implicit method of solution ¢f the
Navier-Stokes equations.
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The grid can be thought of as four separate grids, superimposed

and staggard in space. In the formulations which follow, each

variable (n, £, u, v, and 2 } is subscripted with respect to its
D

own grid coordinates, not the grid coordinates of the reference

point for the difference formulae.
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A multioperaticnal soluticn procedure is used. The method
1s based on a modification of the alternating-direction implicit
(ADI) procedure. This modified aDI method was presented by
Leendertse {1967) and later described by Ponce and Yabusaki
{1981), In this procedure, each time step, et, is divided inte two
half-time steps. In the first half-time step, the x-momentum
equation and the continuity egquation are solved implicitly for u
and n, and the y-momentum equatioh is solved explicitly for v,
The twe implicit equations, taken together, form a tridiagonal
coefficient matrix for each row of the difference grid. Thus,
solution proceeds one row at a time. At the end of the second
half-time step, the y-momentum equation and the continuity
equation are solved implicitly for v and n, and the x-momentum
equation is solved explicitly for u. In this stage, the two
implicit equations, taken together, form a tridiagonal
coefficient matrix for each ¢olumn of the difference grid. Thus,
sclution proceeds one column at a time.

The ADI procedure offers the following advantages:

1. Rows and columns are evaluated separately, thus
greatly reducing the amount of computer core storage
required.

2. By alternating the implicit and explicit procedures
within a time step, errors created during one half-time
are compensated for by errors incurred during the second
half-time step.

For the x-momentum equation, the reference node for the

difference scheme is the noede occupied by u . The reference

ik
node for the difference scheme in the y-mementum equation is the
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node cccupied by v . For the contihuity equation, the reference
jk
node is at n
1k
The finite difference forms of the components of the three

governing equations are:
Stage 1l:

X-momentum {Implicit):

n+l/2
Su | n+l/2 n
-— = (u -u )/ 1l/2et {9)
st | 1.,k 1.k
u
1.k
n+l/2
su | n+l/2 n n
u-- | =u [ u - u I / Z2ex (10)
&x i,k j+l,k j=1,k
u
ik
n+l/2
éu | n n n n
v=- = (v + v + v + v 1/ 4
oYy | j, k=1 j+1l,k-1 J.k j+l,k
u
Jrk
n n
x f(u -u I 7/ 2ey (11}
jrk+l jrk-l
n+l/2
&n ; n+l/2 n+l/2
g -- : =g [ n - n j / ex (12)
&x ! j+1,k ik
u

i,k

2 2 1/2 n+l/2
fui(u+v)

{13)

1.k
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n+l/2
j /EX
J-lrk

n+l/2 n 2
= [(f +f b /21 {u [(u +
J.k J+1l,k i.k i.kK
n n n n
{((v + v + v + Vv ) /4})
i, k-1 j+1l,k-1 i,k j+1,k
n n .
[({n + n ) /2y - ((2 + Z )
j+l,k 3,k i.k i, k-1
Continuity (Implicit):
n+l/2
&n ! n+l/2 n
- ' = (n - n y / (l/2et)
at ! i,k i,k
n
J.K
n+l/2
al I n n
-~ [((n-z ju}l ! = {(n +n 2
ox : j+1,k ik 3.,
n ___________________________
i,k 2
n n
- ((n +n z + z Ju
i,k 3-1,k j-1,k j=-1,k-1
2 2
n+l;2
& ' n n
-- [in=-2 jv]! = {(n + n z +
&y b : jk+l j,k j.K
n ——————————————————————————
1.k 2
n n
= L(n + n A + 2z
I,k j, k-1 J,k-1 -1,k-1
2 2

(14)

{15)

(16)

/EX



y-Momentum (Explicit)

n+ls2
Sv | n+l/2 n
- = (v -V J /({1l/2et)
St ) 1.k ik
v
J.K
n+l/2
év! n+l/2 n+l/2 n+l/s2 n+l/2
u ~--| = [(u +u + U + U
oX | i,k j,k+1 j=-1,k+1 j=1,k
v
J.k
n n
x [(v -V )1 /2ex
j+l,k -1,k
n+l/2
v | n+l/2 n n
v == =y {(v - v ]/ 2ev]
OY{ ]lk jfk+l ];k—l
v
J.k
n+l/2
én | n+l/2 n+l/2
g == | =g [(n - n ) / eyl
6Y : jlk+l Jl‘k
v
1.k

[(£ + £
3.k 3,k+l

bor2] o

n+l/2 n 2
v [ (v ) +
j.K ik
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(20)

{21}



n+l/2 n+i/?2 n+l/2 n+l/2 2 1/2
(fu +u + u + U } /4) ] }
j,k i, k+1 j=1,k j=1,k+1
n+l;/2 n+l/2
{{(n + n ) /2) - ((z + z )y /2)]
jrk"'l j,k jrk J-lfk
Stage 2:
y-momentum (Implicit):
n+l
av | n+l n+l/2
= ={v -v 1 / 1/2&et
6t 1,k 1.k
Y
i,k
n+l
Sv | n+l/2 n+l/2 n+l/2 n+l/2
u -~ ={{u +u + u +u ) /4
&x ! i,k j,k+1 3-1,k+1 i-1l,k
v
i.k
n+l/2 n+l/2
X (v -y )/ 2eX
1+1,k j-1,k
n+l
Av! n+l n+l;2 n+l/2
v o-- = v Lv - v | / 2ey
8y | 1.k J,k+l k-1
v
1,k
n+l
on;, n+1 n+l
g --i =g [n - n I 7 ey
=)'a 1,k+1 1.,k
v
J.K
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{22)

123)

]

(24)

{25)
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2 2 1/2 n+l
fv (u+v ) i

in - z ) i

i
I
1 —
|

n+l n+l/2 2
(£ + f ) /2] v ({v y o+
1.k 3,k+1 j.k i,k

n+l/2 n+il/2 n+l/2 n+l/2 2 172
{{u + u + u + U ) /4 4) ] }o/
i,k I, k+1 1-1,k j-1,k+1

n+l/2 n+l/2
{{({n + n } /2y - ((z + z ) /231 {27)
j+1,Kk i,k J.k j,k+1

Continuity (Implicit):

n+l
4n| n+1 n+l/2
== = (n - n 1 / (1/2et) (28)
C‘)t: i.k j.k
n
Kk
n+1
3 ; n+l/2 n+l/2 n+1/2
--{{n-2 juj; = [(n + n -z + z Ju ] /7ex
&X b : j+i.,k J:K j.K 7,k-1 1,k
n —————————————————————————
i,k 2 2 (29)
n+l/2 n+l/2 n+l/2
- [{n + n z + z I u ] /EX
i,k j-1,k j-1,k j=-1,k-1 i=-1,k
2 2 {30)
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n+1l
& : n+l/2 n+l/2 :
--{in-z)v]| [(n +n + 2 ) v | /ey
&y ,
2 (31)

n+l/?2 n+l/2
+ zZ ) v J /ey
j=1,k-1 j, k=1

{32)

X-momentum {(explicit}

n+l
({33)

| n+l n+l/2
; =[u - u

|

|

[ )

1 /7 1/2et
i,k ik

Cr:
T i L

u
1.k

n+1
! n+1l n+1l/2 n+l/2
: =y {u - u ] / 2ex i34}
} jrk j+l:k j-lak .

n+l n+1l
£35)

n+l n+1l
+ v + v ] /

i
: = (v + v
i j,k=1  3J+1,k-1 3,k

n+l;2 n+l;2
- u
jrk+l jrk‘l

1 /7 2ey

n+1
n+1 n+l
-n ] / ex { 36)

Itl,k J.k

én|
g --i
&x|

1.k
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f u{u + v ) :
-------- | [37)
n - z ) !
u
i.k
n+1 n+l/2 2
= {(f + f ) /2] {u {(u )+
i,k j+l,k /K 3.k
138)
n+1 n+1i n+l n+l 2 1/2
((v + v + v + v Yo/ o4) ] Vo

i.k-1 J+1,k-1 ik 1+1,k

n+l n+1i/2
(((n +n ) /2) - {{z + z ) /2)]
j:k+1 jfk jrk j-l,k

The difference equations for stage 1 ¢an now be written as

follows:

x-momentum (Implicit)

n+l/2 n n+l/2 n n
f(u -u ) /{1/2et}] + u ({u. -u ) /2€eX]
i,k ik i,k j+l.,k j-1,k
n n n n n n
+ [(v + v + v + v i /4] [(u -u I /28y
j,k-1  +1,k-1 i,k j+1,k i, k+1  1,k-1

n+l/2 n+l/2
+ gl(n - n } JEX]
J+1,K J.k

n+l/2 n 2
+ u ((f + f ) /21 {[tu ) o+
3.k j.K j+1,K i,k
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({(n + n ) /2) - ({ b + b ) /2)] =0 (39)
j+l,k j.k ik j, k-1

In order to simplify manipulation of the above equation, the

following notaticn is introduced:

= n n n n
s = (v + v + v + v I/ 4 (40)
1,k j,k-1 J+l,k-1 3.k j+l,k
=n n 2
F = {(f + f y /2] {{u j +
J.K ).k j+l,k 7.k
n n n n 2 1s2
(v + v + v + v ) /o4y ] /
J7,k-1 j+1,k-1 1.,k j+l,k
n n z z
L((n +n i /2) = {( b + b i /2) 1] (41)
J+l!‘k ]!k ]rk jrk-l
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Substituting Equations {40) and (41) into Equation (39) gives the
following more simplified versicn of the x-momentum difference

for the lst half-time step:

n+l/2 n n+l/2 n n
{u -4 } /{l/2gt) + u {{u - u ) /2ex]

jfk Jrk jrk j+lrk j-lrk

= n n n+l/2 n+l/2
+ v ((u -u )] /eyl + g [(n -n y /ex]

i,k J,k+1 j, k=1 j+1,k j. k

n+l/2 =n
+ u . F =0 (42)

i,k ik

We wlsh to rearrange the equation to put all of the knowns on the
right~hand side of Equation (42) and all of the unknowns on the

left-hand side. Multiplying by 1/2et and separating the water-

level derivative:

n+l/2 n n+l/2 n n
u - u + 1/2et u fu - u I /7 2&x {43)
jrk Jrk Jrk j+lrk J-lrk
=n n n n+l/2
+1/2et v [{u - u ) /2ey] + 1/2et g [{n ) /ex]
3,k j,k+1 3,k-1 1+1,k
n+l/2 n+l/2 =n
-1/2et g {{(n ) /fexX] + 1l/2et u F = (
j'k‘ jrk jrk

Rearranging the terms in Equation (43} gives:

n+l/2 n+l/2' n n n+l/2

u + 1/2etuy fu -u I /2ex + 1l/2gtgn /EX
jrk jrk j+lrk j_lrk j+lrk
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n+l/2 n+l/2 = n
- 1/2etg n / ex + l/2et u F
3.k i,k j
n =n n n
= u - 1/2 eT v {u -u ) / 2ey (44}
3.k J.k J,k+l i k-1
n+l/2
Factoring out u gives:
ik
n+l/2 n n =n
u {1+ L/2et[(u - u ) / 2ex + F 13
jik j+lrk j-lrk ]rk
et n+l/2 et n+l/2
+ (142 -- g} n - (1/2 == g) n
£X j+l,k EX i,k
n =n n n
= u - 1/2 et v [ u -u 1/ 2ey {45)
3.k J.k i,k+1 j, k-1
There 1s one such equation for every u node in the dcmain.
ik
Let,
n n =n
B = {1l + 1/2 et{{u - u j / 2ex + F o} id3a)
Jrk j+l:k J-l!k jl‘k
€t
A = -1/2 -~ g 145b)
i,k EX
ET
C =1/2 -- g 145¢)
j. K E£X

i39



n =n
P = u - 1/2 et v (
ik 1,k .k

n
u

- u

1,k+1

Substituting Equations (43a-4d)

n

1/ 2ey

j, k-1

i 434)

into Equation (43) gives:

n+l/2 n+l/2 n+l/2
iy n + B u + C n =P (
i.k i,k i,k 3.,k 7.k 3+l,k 1.k
Continuity (Implicit):
n+l/2 n
(n - n 1/ (1/2et)
i,k i,k
n n Z z n+1t
+ {{((n + n } 72) - (( b + b )y /2)] u
j+l:k jrk j:k jrk-l j,k
n n z z
- {[((n + n ) /2) - {( Db + b RN
1.k =1,k i-1,k j-1,k-1
n n _ z z n
+ {[((n + n ) F2Y - (( b + b } /2)] v
jrk"'l I,k j;k j-lrk 1,
n n z z
- {{{(n + n i /2) = ({ b + b ) F2)]
3. K j,k-1 j,Kk=1 1=-1,k-1
= V]
Let,
n n n 2 z
(D ) = [{n + n } /2 - ({ b+ b ) /2]
1 Jrk j+lrk jrk jrk Jrk-l
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/2
v/ EX

n+l/2

98 ¥

i-%,k

} / ey
K

t47a)

w
<



D) =1[((n +n ) /21 - [ b + b j /2] (47b)
2 3,k i,k J-1,k i-1,k j-1,k-1

_h n n Z z

(D) = [(n +n 3 /2] - {{b + D y /2] (47¢c)
3 3,k j.k+¥1 3,k ik i-1,k

_n n n z 4

(D) =({(n +n } /2) - [{ D + b ) /2] (47d)
4 i,k ik 3,k-1 i, k-1 j~1,k-1

Substituting Equations (47 a-d) into Equation (46) produces:

n+l/2 n
(n - n ) /(1/2et)
i,k )
_n n+l/2 _n n+l/2
+ [({D) u ) /ex] - [({(D ) u ) /ex]
131,k i,k 2 3,k j-l,k
_n n _n n
+ [{((D ) v I /ey] = [({D ) v ) /ey] =0 -{48)
3 Jrk ]:k 4 ]rk jrk-l
Multiplyving by 1/2 £t gives:
n+l/2 n et _n n+l/2 €L _n n +l/2
n - n + 1/2 == (D ) u - 1/2 =-- (D) u
ik ik eX 1 3,k 3,k EX 2 3,k i-1,k
Et _n n et _n n
+ 1/2 -- (D) v -1/2 -- (D) v =0 (49}
ey 3 Jrk Jrk gy 4 ]rk jrk-l

Putting the knowns on the right-hand side and the unknecwns on the

left-hand side gives:

n+l;/2 et n n+i/2 EL n n+l/2

n + 1/2 =- (D ) u -1/2 -- (D ) u
j. kK £X i3,k j,k EX 2 j=1,k
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n EL 9] et Il

=n - 1/2 == (D ) + 1/2 == (D) v (50)
jrk EY 3 jrk EY 4 j!k jrk-l
There is one such equation for every n node in the domain.
i.k
Let,
€L _n
X = -1/2 -- (D ) (50a)
ik EX 2 j,k
et _n
Y =1/2 -- (D) (50b)
i,k EX 13,k
n gt _n n et _n
Q = n - 1/2 -- (D ) v + 1/2 == (D ) v {50¢)
.k 3.k ey 3 31,k j,k ey 4 3,k 3,k-1

Substituting Equations (50 a-d) into Equation (50) gives:

n+l/2 n+l/2 n+l/2
X u +l.n + Y u = Q (504)
jrk j—l:k jrk jrk jrk j:k

v-Momentum (Explicit)

n+l/2 n
{v - v ) /(1/2et)
1,k i,k
n+l/2 n+l/2 n+l/2 n+i/2 n n
+ [(u + u + 1 + u PlAY (v - v T /28K
j,k jrk+l 1-1,k+1 1-1,k 1+1,k J-1,k
n+l/2 n n n+l/2 n+l/2 _
* v L(v - v ) / 2evy]l + g [(n - n ) /eyl
jrk jrk+l Jrk-l jrk+l jlk
n+l/2 n 2
+ v {{(f + f V721 (v }
3K i,k j,k+1 ik
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n+l/2 n+l/2 n+l/2 n+l/2 2 1/2

+ ((u + u + U + u yo/4) P/
j.k j, k+1 i-1,k j-1,k+1
n+l/2 n+l/2 2 z
{(n + n )y /2 - (b + b ) /2] =0
j, k+l i,k J.k j-1,k (51)
let,
=n+1/2 n+l/2 n+l/2 n+l/2 n+l/2
u = {u + u + u + U )V /4 {52)
j,k i,k j,k+l j-1,k j=1,k+1
=n+l/2 n 2
G = ({f + £ } /2) (v )
1.,k i,k J,k+1 j.K
n+l/2 n+l/2 n+l/2 n+l/2 21/2
+ ((u + u + 4 u )/ 4) ] /
jrk jrk+l j_lrk j-lrk+l
n+l/2 n+l/2 z z
[ (n + n 1/2 - U b + b 1/ 21 {53Y)
jeoktl i,k i.k -1,k

Substituting Egquations {52) and (%3} into Eguation {51) gives:

n+l/2 h =n+l/2 n n
(v -y )/ (1/2et) + u [ (v - v 1/2ex]
J.kK ik j.k j-1.k i-1,k
n+l/2 n n
+ v v - v | / 2ey 154)
jrk jlk+l j:k-l
n+l/2 n+l/2 n+l/2 =n+l/2
+ gl(n - n )/eyl + [v G ] = 0
Jj, k+l i,k J.K i,k
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Multiplying by l/2 €t gives

n+l/2 n =n+1/2 n n

v - v + 1/2 et u ((v - v )/ 2ex]

i,k i.k i.k j¥l,k  3-1,k
n+l/2 n n n+l/2 n+l/2

+ 1/2et v {(v - v )/2ey] + 1/2etg [n - n ) /ey
j.k j.k+l j,k-1 j,k+l ik

nt+l/2 =n+1/2
+ (l/2et v . G ] = a (55)
J.K ik
Rearranging Egquation (55) so that all of the knowns are on the

right-hand side and all of the unknowns are on the left-hand side

gives:
n+l/2 ntl/2 n n n+l/2=n+1/2
v + 1/2 etv (v -y 1/2ey + 1/2etv G
jrk j:k jrk+l jfk-l ],k jrk
n =n+1/2 n n
= v - 1/2etu L{v - v )/ 2ex])
1.k 1+1,k i-1,k
n+l/2 n+l/2
- 1/2etg [(n - n }/EY] (56)
J,k+1 i,k
h+l/2
Factoring out v gives
J.K
n+l/2 n n = n+l/2
v {1 + 1/2 et{{(v - v J/2ey)t + G 1}
j.k j,K+1 1,k=-1 i,k
n =n+l/2 n n
= v - 1/2et u t{v - v V/2ex]
jrk Jrk j+ll‘k j'lrk
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n+l/2 n+l/2

- 1/2 etglin - n )/ey] (57)
j.k+1 ik
n+l/2
Hence, v ¢can be solved for directly.
1.k

The difference equations for stage #2 ¢an now be written as

follows:

y-Momentum {(Implicit):

n+l n+l/2 n+l/2 n+l/2 n+l/s2 n+l;/2
{v -y J(1l/2ext) + [{(u + u + U + u ) /4]
.k ik 1.K i, k+1 j-1,k+1 -1,k
n+l/2 n+l/2 n+l1 n+l/2 n+l/2
[ (v - v 1/2ex] + v (v - v ]
j+lrk j_lrk ]:k jlk+l jrk-l
n+l n+l n+l n+l/2 2
+ g [{(n - n y/eyl + ((f +f V/2) v L(v ")
i k+l 1.,k ik i, k+1 i,k J.k
n+l/2 n+l/s2 n+l;s2 n+l/2 2 1/2
+ {{u + u + u + u ) /41 1] $ /
jrk Jrk+l j'l,k j"l,k"‘l
n+l/2 n+l/2 2 piA
cin + n 1/2 - (b + b 1/2) =0 (58)
]+lfk jrk jpk j;k-l
Let,
=n+1/2 n+l/2 n+l/2 n+l/2 n+i/2
u = [(u + u + U + u )/4] (59)
i.K ik i, k+1 i-1,k+1 j-1,k
=n+l/2 n+l/s2 2
F = [(f + £ y /231 [{v )
J.K i.k i, k+1 j.K



n+l/2 n+l/2 n+l/2 n+l/2 2 172

+ ((u +u + U + U ) /7 4) ] /
1.k i.kt+l i-1,k j-1,k+1
n+l/2 n+l;2 z z
[{n + n i/2 = (b + Db )/ 2] (64Q)
j+llk jrk J;k j,k-l

Substituting Equations {59} and (60) into Equation (58) gives:

n+l n+l/2 =n+1l/2 n+l/2 n+l/2
(v -V )/(1/2et) + u L{v -V )/2eX]
Jfk Jrk Jrk j+lrk j-lrk
n+l/2 n+l/2 n+l/2 n+1 n+l
+ v [ (v - v )/2ey] + g ((n -n )/ey]
i,k j,k+1 j,k-1 i,k+1 j,k

n+l =n+1/2
+ v . F =0 (61)
1.k .k
Multiplying by 1/2 et and separating the difference formula for

the water elevation gives:

n+l n+l/2 =n+1/2 n+l/2 n+l/2
v - v + 1/2etu (v -V ] / 2ex
j.k ik 1.k ij+l,k -1,k
n+l n+ls2 n+l/2 EL n+1
+ 1/2egtv (v - v | / 2ey + 1/2 -- gn
1.,k j,k+1 i, k-1 EY i,k+1
[>3d n+l n+l =n+1/2
- 1/2 -- gn + 1/2 etv . F = Q {a2)
€y i,k ik ik

Rearranging terms to get all of the knowns on the right hand side
and all of the unknowns on the left-hand side gives:
n+l n+l n+l/2 n+l/2 n+l =n+l/2

v + 1/2etv { (v - v 1/2ey] + 1/2 et v . F
jl‘k Jrk jrk+l jrk-l Jrk Jrk
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et n+l et n+l

+ 1/2 =~ gn - 1/2 -- gn
gy 3,k+1 ey 3,k
n+i/2 =n+1/2 n+l/2 n+l/2
= v - 1/2et u (v - v 1/ 2ex
3.k j.k 3+1/k j-1,k
n+1l
Factoring ocut v gives:
ik
n+1l n+l/2 n+l/2 =n+1/2
\ { 1L + 1/2et[{v - v ) / 28y + F 11
1.k j,k+1 i,k-1 i,k
‘et n+l et n+l
+ (1/2 =- g} n - {1/2 ~-g) n
EY 1,k+1 EY ik
n+i/2 =n+l/2 n+l/2 n+l/2
= v - 1/2etu (v - v |/ 2ex
jrk jrk j+l!k j-lrk
Let,
et
A = (-1/2 -- g)
.k EY
n+l;2 n+l/2 =n+l/2
B = {1 + 1/2 ec[{v - v 1/2ey + F ]}
1.k 1,k+1 3, k=1 1,k
et
C = {1l/2 =-- g)
.k EY
n+l/2 =h+1/2 n+l/2 n+l;2
P = v - 1/2etu (v -y i/ 2eX
ik ik ik j+l,k -1,k

i47

(63)

(64)

{6ba)

{63)

{66b}
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Thus, Egquation (€4) becomes:

(70b)

n+l n+l n+l
A n + B v + C n = P (68)
j.k 3.,k ik i,k i,k j,k+l .k
Continuity (Implicit):
n+l n+l/2
(n -n )/ (1/2et)
i,k .k
n+l/2 n+l/2 z 4 n+l/2
+ [(n +n }/2 - (b + b y/21 u /ex
J+lrk ]rk ],k jrk"l Jrk
n+l/2 n+l/2 z z n+l/2
- [(n + n 1/2 - (b + b ) /21 u eX
i,k i-1,k j=1,k j=1,k-1 j-1,k
n+l/2 n+l/2 z z n+l
+ [(n + n y/2 - (b + b y/2] v / ey
j.k+l i,k i,k i-1,k 1,k
n+l/2 n+l/2 z z n+1l
- [{n + n J/2 - (b + b 1/2) v €Y
i,k j,k~1 j,k=1 j-1,k=-1 j, k=1
Let,
_n n+l/2 n+l/z z A
{D ) = {(n + n )72 - (b + b v/ 2 {70a)
i jfk j+lrk ]rk ]fk ],k-l
_n n+l/2 n+l/2 z z
(D) = [(n + n )/2 - (b + b 1/72]
2 Jj.,k i,k j=1,k j-1,k j=-1,k-1
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n n+tl/2 n+i/2 Z z

(D ) = [(n + n )/2 - (b + b 1/2] (70c¢)
3 3.k J.k+l J.k i,k j-1,k

_hn n+l/2 n+l/2 z z

{D ) = {(n + n )/2 - { b + b ¥/ 2] (704}
4 i,k j.k i, k-1 j, k-1 j=1,k-1

Substituting Equations (70a-d) into Equation (69) gives:

n+1 n+l/2 _n n+l/2 _n n+l/2
{(n - n )y /{1/2et) + ({D ) u y/ex = {(D) u V/ex
j!k ];k it Jfk Jrk 2 ]:k J-l:k
_n n+l _n n+1
+ ((D ) v y/ey = ((D ) v /ey =10 (71)
3 j:k Jrk Y jrk j,k"‘l

Multiplyving by 1/2et gives:

n+1 ntl/2 et n n+l/2 et n n+l/2

n -n + 1/2 -- (D) u - 1/2 -- (D ) a
j, K i,k EX i3,k 3,k exX 2 j,k 31-1,k
Et _n n+l Et _n n+l
+ 1/2 -- (D ) v -1/2 -- (D ) v = { (72)
ey 3 3,k J,k ey v J.k J,k-1

Putting all of the Knowns on the right-hand side and all of the

unknowns on the left-hand side gives:

n+l et _n n+l et _n n+l
n + 1/2 -- (D) v -1/2 -- (D) v
1.k ex 3 j.,k j,k ey v i,k j,k-1
n+l/2 et _n n+l/2 et _n n+l/2
=n - 1/2 -- (D) u +1/2 -- (D ) u {73)
i,k EY 1 j,k 3,k EX 2 j=1,k
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Let,

ET _n
e = (~-1/2 -- (D ) ) {74a)
ik ey 4 Jj,k
EE  n
Y = (1/2 -- (D)) 1 { 74b)
j.K oh's 3 3,k
n+l/2 Et _n n+l/2 Et _n n+l/2
Q =n - 1/2 =-- (D ) u +1/2 =-- {D ) 1 t74¢)
i,k i,k eX 1i,k i,k EX 2 j,k j-1,k
Then, Equation (73) becomes:
n+1l n+l n+l
X v + n + Y v = Q {79)
j.kOd.K Ik ik 1.k j.k
x-momentum {Explicit)
n+l n+l/2 n+1 n+l/2 n+l/2
(u - u )/(1/2et) + u (u - u 1/2ex
jrk Jrk Jrk j+llk j"'lrk
n+1l n+1 n+l n+1l n+l/2 n+l/2
+ [{v + v + v + v y/41[(u - u )/ 2ey]
j, k-1 j+1,k-1 i,k j+1,k j,k+1 7,k-1
n+l n+l
+ g (n - n i/ ex
j+1l,k Jj.k
n+1l n+l/2 2
+ u ([(f + f 1/211(u ) +
1.k 1,k j+l,k ik
n+l n+l n+l n+l 2 1/2
{(v + v + v + v 1/ 4) ¥/
7,k-1 j+1,k-1 j.k j+l.,k



n+1l n+l/2 z z

f{n +n /2 - (b + b )/21 =10 (76)
). k+1l ik j.k i-1,k
Let,
=n+l1 n+l n+ln n+l n+l
v = [v + v + v + Vv 1/4 (77)
ik J,k-1 7+1,k-1 i,k j+l.,k
=n+1l/2 n+l/2 2
G = {[f + f 172 [u }
i,k i,k j+1,k 1.k
n+l n+1 n+l n+1 2 1/2
+ ((v + v + v + v V/4) ] P

j,k-1 Jj+1,k-1 ik i+l .,k

n+1 n+l/2 z z
f{n + n 1/2 - (b + b ) /2] (78)
jrk+l j,k jrk j"l,k

Supstituting Eguations (77) and (78) into Equation (76) gives:

n+1 n+l/2 n+1 n+l/2 n+l/2
{u -u 1/ 81/2ex) + u u - u 1/2€eX
3rk ]rk Jrk j+lrk j-lrk
=n+1 n+l/2 n+i/2 n+l n+1l
+ Vv Iu - u i/2evy + g [n - n 1/EX
]rk ]:k+]— ]rk-l j+lrk ]:k
n+l =n+l/2
+ u . G =0 (79)
i,k ).k

Multiplying by 1/2et gives:
n+l n+l/2 n+l n+l/2 n+l/2

u - u + 1/2 etu (u - u 1/2ex
.k J.K 1.k j+l,k J-1,k
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=n+1 n+l/2 n+l/2 n+l n+l
+ 1/2etv Lu - u i/2ey + 1/2 etg [n - n 1/EX
jrk jrk+l jrk-l j+1rk jrk

n+l =n+l/2
+ 1/2et u G =0 (80)
1.,k i,k
Rearranging Equation {(80) to get all the knowns ¢f the right-hand

side and all the unknowns on the left-hand side gives:

n+il n+1 ntl/2 n+l/2 n+l =n+i/2
u + 1/2etu [u u ]/2ex + 172 etu G
ik j.k j+1,k Jj-1,k j,k i,k

n+l/2 =n+1 n+l/2 n+l/2

= u - 1/2et v {u -u 1/ 2ey
i,k i,k J,k+1 j,k-1

n+1l n+l

- 1l/2etg(n -n 1/ex {81)

j+l,k  J,k

n+l
Factoring out u gives:
j.K
n+l n+l/2 n+l/2 =n+l/2
u {1+ 1/2etl(u - u } / 28X + G 1}
jrk j+lfk j—lvk jsk
n+l/2 =n+1 n+l/2 n+l/2
= u - 1/2 ety (u - u 1/ 2evy
jrk jrk j,k+l j:k-l
n+1 n+l
- 1/2 etg (n -n } 7 ex 182)
j+1,k ik
n+1
Hence, u can be sclved for directly.
Ik

152



BASIC ALGORITHM

A. Read in initial wvalues of n , b , u , Vv and f for
i,k i,k ik .k i,k

all j,k where j denotes the column and denotes the row.
B. For each time step, et, do the following:

l. Begin Stage 1. There is a tridiagonal coefficient matrix
to be solved for each row, k. Therefore, do the following for
each row. The subscript k can be dropped in the solution matrix

coefficients.

1.1. For each column, i, compute the following:

= n n n n
v = [v + v + v + v ] /7 4
7 7,k-1 j+1,k-1 i,k j+l,k
= n 2 = 2 1/2
F=([f +f /2 [tu )+ (v ) ] 4/
J j.k 3+l ,k i.K J
n n b 2
[ {n + n 1/2 - { b + b 1/2]
j+lfk jtk ],k j,k-l
n n =
B =41+ 1/2 et[ (u - u y/2ex + F 1}
] j+1,k -1,k )
n = n n
P=u - 1/2gtv [u - u i/ 2ey
] ]:k ] Jrk+l j!k-l
_ n n 2z z
(D} = [n + n 172 - [ b + Db 172
i ] j+1,k j.K J.K i k-1
_ n n z y4
(D ) = (n + 0 1/72 - [ b + Db i72
2 3 i,k j-1,k j-1,k 7-1,k=-1
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{D ) = [n + n ir2 -1 b + b 1/2
3 ] j,k+l )rk jfk J-lrk
- n n 2 Z
(D ) = I[n + n i/72 - (b + b /2
4 ] Jrk jrk—l jrk-l j—lrk-l
EC  _
X = =1/2 == (D )
j £Xx 2 ]
et _
Y =172 =-- (D)
3 £X l ]
n et _ n 5
Q =n - 1/2 -- (D} v + 1/2 -- (D) v
j ik ey 3 ] 1.k ey 4 3 J,k-1

1.2 Calculate

et
A = -1/2 -- g
3 eX
EL
cC=1/2 -- g
] EX

1.3. Put coefficients and constant vecter inte proper arrays for

the matrix solver.

i.4. Call subreoutine TRIDIA.

Begin next row.

Stage 1l: One matrix for every row, k:
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u n u n u n u
1,k 2,k

n

3,k 3,k 4,k 4.,k

2,k

i,k

™~ ™~
1l 1l 1l " 1]

3

™M =
Il 1l 1l
™ ™

(n+l/2}

L A L A
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2. Solve for all v explicitly
1)

2.1 Do k = 1, # of rows

Do j =1, # of columns
= n+l1/2 n+l/2 n+l/2 n+l/2
u = (u + u + u + u ) /4
ik 7,k+1 i-1,k j-1,k+1
= n 2 = 2 1/2
F = {[f + f 172 [(v )+ (u) ] Yo/
Ji.k j, k+l i,k
n+l/2 n+l/2 z 2
{(n + n 1/72 - (b + b 1 /2]
j:k'l'l ]:k -Jrk j-lrk
n n =
A= {1+1/2etc([(v - v ) / 2ey + F 1%
J,k+1 i,k-1
= n n
B = -1/2etu [v - v 1 / 2ex

] i+l k j-1,k

n+l/2 n+l/2

C = =-1/2etg (n - n I/ ey
7,K+1 j.K
n+l/s2 n
v = (v + B +C) /A
1,k 1.k

J. Begin Stage 2: there is a tridiagonal coefficient matrix to
pe solved for each column, j. Therefore, do the following for
each column. The subscript 3 can be dropped from the entries in

the coefficient matrix and constant vector.



3.1. For each row, kK, compute the following:
= n+l/2 n+l/2 n+i/2 n+l/2
u = [u + u + U + u I /7 4
K i,k j.k+l -1,k j-=1,k+1
= n+l/2 2 = 2 1/2
F={{f +f£ 1/2 (v )+ (u ) ] y/
K i,k j,k+1 j, kK K
n+i/2 n+l/2 z z
[{n + n 1/2 - (b + b 1/2)
j+l,k ]pk J,k j,k-l
n+l/2 n+is2 =
B = {1l+1/2et{ (v -y ) / 2ey + F 1}
k j,k+1 j, k=1 K
n+l;/2 = n+l/2 n+l/2
P =v - 1/2gtu [(v -V ) / 2ex
K i,k K i+1,k j=1,k
~ n+l/2 n+l/2 2 z
(D) =|(n + n /72 = [ b + b 1/2
1k j+l,k 1,k ik 3,k-1
_ n+l/2 n+l/2 z z
{iD )] = [n + n 1/2 = [ b + b 1/2
2 Kk j, K ji=1,k 3-1,k j=1,k=-1
_ n+l;/2 n+ils2 2z z
(D} = [n + n i/f2 = { b + b 1/ 2
3 K 1,k 1.K 1.,k-1 J-1,k-1
- n+l/2 n+l;2 z z
(D) = (n + n /72 - [ b + b 172
4 k 1,k J,k-1 7.k-1 j-1,k-1
EC _
X = =1/2 -- (D)
K EY 4 k
€t _
Y = 1/2 =-- {D )
4 3% 3 k



n+l/2 et _ n+l/2 et

Q =n - 1/2 =- (D ) u + 1/2 -~ (D ) u

n+l/2

Xk i, K EX 1k j,k £X 2k j-1,k

3.2 Calculate

et

A =-1/2 -- g
K ey
EL

c =1/2 -~ g
K EY

3.3 Put entries of the coefficient matrix and the constant

vector into the proper arrays for the matrix solver.

3.4 Call subroutine TRIDIA.
Begin next column.
Stage 2: One matrix for every column, j:

n v n v n v
i1 3.1 j.2 3,2 3,3 1.3

k=1 | 1 Y 0 Q 0 0
! 1

k=1l | A B c 0 0 0
P11 1 1
i

k=2 | 0 X i 4 0 0

2 2

|

k=2 i 0 J A B C 0
' 2 P 2

k=3 | 0 0 0 X 1 Y
: 3 3

o

i\ 1}
FS (v
o <O
o [
o [
o o
[ sy
~ us]

]
i
o
o
)
o
<
o
[
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(n+l}

explicity:

Solve for all u

4.

1,3

# of rows.

Do k = 1,

4.1

# of columns.

Do 3 =1,

n+1

n+1l

n+1l

n+1l

)/ 4

i+1l.,k

j+l,k-1 i,k

jrk-l

1,2

n+l/2 2

/72 [{u

1.k

j+1,k

1.k

n+l/2

n+l

b b/ 2]

b

(

1/2 -

n

j-1,k

1.k

1.k

J,k+1

n+l/2

n+l/2

/ 2ex + F 13}

}

A= {1+1/2 et[({u

j-lrk

j+l,k
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= n+l/2 n+l/2

B = =1/2etv [u -u I / 2ey
i k+l j, k-1
n+i/2 n+1

C = -1/2etg [n - n I / ex
Jj+1l,k Ik

n+1l n+l/2

u = {u + B +C) / A

J.K j.K
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ESTIMATING THE EROSION DYNAMICS

MEYER~PETER AND MEULLER'S EQUATION

Due to the guestionable results using HEC-6, a decision was
made to utilize a more flexible approach to computing sediment
transport. The method used is sometimes referred to as the
"Swiss Formula" or the Meyer-Peter and Meuller formula (Meyer-
Peter and Meuller, 1948). This formula is usually used for
rivers that move coarse grain sizes because it was developed from
experiments utilizing a coarse grain fraction. The following are
the range of conditions under which the equation was developed
{Yalin, 1976):

leom <h < 120 ¢cm
0.0004 ¢ 8§ < 0.020

0.4 mm < D

~

30 mm

0.25 ¢ ¥ <« 3.2

h = depth of flow
S = water surface slope
D = grain size diameter
YT = specific weight of sediment
S

except for "h", the values of these variables used fall within
these ranges. The value of "h" differs by several orders of

magnitude. Gessler (1970) restated Meyer-Peter and Meuller's

eqguation:
3/2
Gs = C2 (tau - tau )
c
where,
Gs = bed sediment load (kg/m/sec)
1/2
C2 = 8*(g/Y )
W 2
g = acceleration of gravity (m/sec )

161



Y

specific weight of water

W
tau = shear stress
tau = critical shear stress
c

A computer program (Appendix D) was developed tao calculate
the amount of degradation/aggradation using this formula for the
area of interest (location of the storage tanks directly east of
the 200 E region). The methodology is taken from Chapter 8 of

the course notes on River Mechanic¢s by Gessler, 1970.

FORMULATION AS A COMPUTER ALGORITHM

Much of the input data needed for calculation of
aggradation/degradation can be taken from the HEC-2 analyses over
the range of discharges developed for the Pasco Basin. Water
surface gradient, depth of flow and top width of the channel are
utilized.

Since backwater curves were developed in the analyses 'using
HEC=-2, reasonable estimates of the depths of flows in the Pasco
Basin over a range of discharge values were obtained. Shear
stress is a function of the hydraulic radius of the channel. In
order that reasonable estimates of shear stress are computed, use
of depth of flow and channel width as variables in our estimate
of hydraulic radius are used. The eguation that relates these
Two variaples to hydraulic radius is as follows:

nr =D * W / (W + 2D)

hr = hydraulic¢ radius
D = depth of flow
W = channel width

If the channel width is more than 20 times that of the
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channhel depth, the channel depth is a reasonable estimate of the
nydraulic radius ((a)personal communication from J. Gessler,
1985). This assumption is appropriate for Missoula-type flows
for the wide cross-sections in the region of the 200 areas. To
minimize error in the computations of sediment transport,
calculation of the hydraulic radius is based on the equation
presented above. If depth of flow were used directly as an
estimate of hydraulic radius, only 2% error would be introduced
intc computations of shear stress.

The next step in the program is the calculation of the shear
stress at each cross-section. Bed shear stress was calculated

using the following equation:

tau = Y rS8

W
where,
tau = bed shear stress
Y = gpecific weight of water (kg—seczfma)
? = hydraulic radius
S = slope ¢of the water surface

Critical shear stress for a particular grain-size is computed by:

tau = 0.047(Y - Y )D
= =) W
where,
0.047 = dimensionless constant

Y = specific weight of sediment

s
Y = specific weight of water

W

D = diameter of the particle

With this information, the bed-load (G ) may be computed:
53/2
G = C2{(tau - tau )
s o)
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Once the bed-load for each cross-section has been computed, we
must apply the continuity egquation for sediment load teo cbhtain
values of aggradation or degradation:

dGs/dx = -C3 dz/dt

where,
G = sediment bed-load
i = distance along the channel
z = bed elevatien
t = duration of flow
-C3 =

constant
The equation is then solved for the value of dz and transformed

inte finite difference feorm:

dz = 2((G (k-1) - G (k})})/dx)*t*coefficient
s s
where the coefficient cenverts weight into a volume (units of

inverse density). A value of aggradatien {(+) or degradation (-)

is computed for each cross-section.

QUASI-DYNAMIC APPLICATION

in the estimates presented earlier in this report,
aggradaticn and degradation values were based upon the steady-
state assumption. For this applicatien, (use of Meyer-Peter and
Meuller's equation)} we've attempted to simulate an unsteady
scenarie. For all practical purpeses, the methodelogy used to
medel sediment transport is, at best, quasi-dynamic.

The methodelogy used to create this gquasi-dynamic approach
involves the use of the dual hydrographs for both Sentinel Gap
and Wallula Gap (Figure 6.6) in the Pasco Basin. To simulate the
flood wave passing through the basin, the discharges and

correspending water surface elevations from the HEC-2 analyses
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for both hydrographs were used as initial input to the model. At
roughly the half-way point in the Pasco Basin, near Gable
Mountain, the stage of the flow was changed to represent the
changing dynamics of the system. This method is a rather crude
differencing scheme using Gable Mountain, central Pasco Basin, as
a focal point or hinge peint as the central noede. To simulate
the dynamics of the system, the projected water surface
elevations used for the Wallula Gap hydrograph were input as the
starting conditions feor flow coming through Sentinel Gap. The
results from runs of the HEC-2 program such as water surface
elevation, depth of flow, and width of the channel for each
discharge value, served as input to the computer code using the
Meyer~-Peter and Meuller equation. Therefore, this method allowed
simulaticn of sediment transport over an entire flood hydrograph
(consisting of individual steady-state events) with modified

input parameters creating the quasi-dynamic dimensicon of the

Missoula flood flows.

RESULTS

Appendix E contains the results of aggradation and
degradation values estimated using the methodology mentioned
above for the entire flood hydrograph. Estimates have been made
for cross-sections 1 through 9 in Figure 4.5. The total amount
of sediment moved in meters 1s summarized below in Table 9.1 for
each cross-section. From Table 9.1 it is evident that cross-
sections 1 and 2 have been affected by the boundary condition
that no erosion occurs at cross-section one. The code is set up

similarly to the HEC programs in that it works from downstream to
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TABLE 9.1. Summation of aggradation (+)} or degradation (-) for

the region of the 200 areas using the Meyer-Peter and
Meuller egquation.

Amount
of
Cross-Section Aggradation/Degradation
tm)

0.000 downstream

-51.038
2.031
-19.088
-3.474
-3.392
0.549
0.594

13.829 upstream

OO0 3 G U s Lo o

upstream. Based on the differences in sediment load from cross-
section to cross-section and the gradient of the water surface a
value of aggradationh or degradation is computed. It appears as
though the code compensates for this boundary condition by
scouring the cross-section upstream from it, cross-section -two.
Since it is reasonable to assume that the value reported for
cross-section two is due to the boundary effect it is reasonable
To use cross-section three as the first cross-section that would
give reasonable results.

Over the entire duraticn of the flood {10 days) large
quantities of sediment are transported through the system with
large amcounts of degradaticn occurring over the 200 areas (Tank
Farms containing nuclear waste). The values reported above are
the summation of aggradation/degradation values over the floods
duration. Looking more clecsely at each time step (Appendix E)}, a
majority of the degradation at cross-section four occurs before

the repository site is inundated {(almost 12 m}. This still
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leaves over 6 meters that were eroded while the repository was
inundated by flood waters. This is a significant amount since it
would only reguire about 3 meters of erosion before the Tank
Farms (200 Areas) would be exposed at the surface. Since large
fluctuations occur in the results using the Meyer-Peter and
Meuller equation we believe that the mean value computed for
cross-sections 3 through 7 (excluding 1 and 2, 8 and 9 because of
the boundary affect) is a more reasonable estimate of the amount
of degradation; mean = -4.675, standard deviation = 8.413,

variance = 70.771.

LIMITATIONS AND UNCERTAINTIES

As with the HEC-6 results of aggradation/degradation,
sources of uncertainty in the methodology are very similar. The
major source of uncertainty would have to be in the sediment
transport function. Based upon the amount of error between
methods of sediment transport in a natural setting (typical non-
flood stage rivers), a minimum error of a factor of 2 or 3 can be
assessed to these results ((a)personal communication from
Gessler, 1985). This error does not include the error due to
extrapolation to floods of this magnitude. It should also be
stressed that the methods developed by Gessler were deveioped for
illustration of a concept in degradation in modern day canals.
According to Gessler, the algorithm simulated experimental
results within 2 or 3 orders of magnitude; which he believed to
be adequate. For evaluation, these estimates do not take into

(a)
personal communication from J. Gessler, Colorado State

University, October, 1985, phone conversation (303)491-1101.
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account the amount of error that may be introduced due to
extrapolaticn of these equations and concepts teo a floeod of the
magnitude of a Missocula-type flood. Also, error is introduced by
not utilizing more than one graln-size in these analyses and
treating the flood event as a one-dimensional steady-state

process has not been considered.
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CONCLUSIONS

It is now generally agreed that there have been many floods
of the Missoula type within the Scablands of Washington during
the last glaciation (the Fraser). Morecver, their have been more
than one flood sequence. Other floods have occurred in
glaciations older than the Fraser. Evidence preserved within the
Pasco Basin itself shows that at least one of these floods
reached an elevation of 1050 feet. Each of the many floods which
occurred was probably different from the other floeods in at least
some of its characteristics. For example, there were probably
variations in: wvolume of water released, ice margin position,
obstacles in the path of the flood, and chance events leading to
cumulative variatiens in flood behavior. The evidence of
flooding within the Pasco Basin, and within the Scablahds in
general, is time transgresive within a flood and between flioods.
It is not certain to which flood to assign evidence preserved at
specific localities. Thus, 1t is dangerous to reconstruct the
detailed characteristics of a single flood from the combined
field evidence. Some reconstructicon of flood behavier has been
achieved. This includes especially the contribution of Bretz,
Baker, and Patten. Complete understanding of the characteristics
of these floods has not been achieved. To do so would require
the creation of a three-dimensional unsteady flow dynamic model
of the pluvial dynamics. Such a model is not available. 1In this
work we have achieved one-dimensional steady and quasi-steady
modelling and have begun creation the of two-dimensiocnal unsteady
code sufficient to describe certain characteristics of the

dynamics of these floods.
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At least 15 localities within the Pasco Basin and its
environs preserve evidence of variations in water level during
such Missoula floods (Takle 2.1). Analysis of well-logged darta
obtained by Rockwell Hanford Operations on the Hanford site show
that approximately 46% of the deposits within the Pasce Basin
consist of sand-sized particles, 36% are gravel-sized and 18% are
finer than sand-sized. The mean thickness of sediments within
the Hanford Reservation is approximately 39 meters and the
standard deviation is more than 83 meters.

A one-dimensicnal steady-state analysis of flood dynamics in
the upper Pasco Basin was achieved using the HEC-2 code. This
work began with a development of a rating curve for Wallula Gap.
At Wallula Gap, it was assumed that the flow was critical at the
downstream section. To achieve the high water marks at wallula
Gap requires a discharge of approximately 12.5 Mcms.

With these data available a rating curve was developed
Sentinel Gap using three different methods. The first was a
slope-area methed in which it was assumed that the slope of the
water surface equals the bed slope, approximately (0.004. With
this method it was found that tc achieve the high water marks at
Sentlnel Gap would require a discharge of 34.6 Mcms. This
discharge qgreatly exceeds any estimated discharge for Missoula
floods at any peint in the flood system. It is unlikely that
such a discharge occurred at Sentinel Gap. Rather, we conclude
that high water marks at Sentinel Gap were achieved in a
backwater relation set up by pending in wWallula Gap. It did not

arise from high discharges of water passing unimpeded through
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Sentinel Gap.

To convey the effects ¢f such a backwater situation, a
second method was used to estimate discharge characteristics in
the upper Pasco Basin. The elevation of the water surface at the
downstream end of the cross-secticns used at Sentinel Gap is
fixed. The water surface was fixed at an elevation ¢f 350 meters
which corresponds to Baker's estimate of the high water marks at
Wallula Gap. This is equivalent to projecting a horizontal water
surface from the upper end of the Wallula Gap area to Gable
Mountain. The resulting M1 curve showed that a discharge of 7.5
Mcms was required in order to produce the high water marks of 366
meters at Sentinel Gap. This lead to a discharge cof 16 m/sec at
the Gap.

A more realistic method of estimating discharge in Sentinel
Gap during backwater ponding was also used. In this case we
projected the slope of the water surface at the upper end af
Wallula Gap back to the downstream cross section at Gable
Mountain. This was used as a starting condition for computation
of water surface gradient up to Sentinel Gap itself. This lead
Tto an estimate of a discharge of 9.3 Mcms required to produce
the high water marks of 366 m at Sentinel Gap. We hkelieve that
this is the most realistic estimate avallable. We conclude from
this that the maximum floods that would occur strictly down the
Columbia River would be a discharge of less than 9.5 Mcms.

We use the HEC-6 steady state code to compute sediment
transport characteristics in the upper Pasco Basin. Four
separate transport eguations were applied. The inflow sediment

curve used in this computation was based on the assumption that
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all sediments currently in the Pasco Basin were deposited by a
single Missoula flood. This is equivalent to assuming that the
amount deposited in each flood is a constant. We used a fixed
discharge, Baker's estimate of the maximum at Wallula Gap, for a
14 day period in order to estimate the sediment transport
characteristics during a flood. A single grain size was used in
the analyses. Two separate analyses were done. One with a grain
size of 64 mm and the second with a grain size of sand. The four
sediment transport eguations that were used were those of DuBoys,
Toffaletti, Yang, and Madden's modification of Laursen's method.
In general, with the larger grain size (gravel) very little
activity was observed at the 200 Areas. Indeed, Yang's equation
estimated that deposition up to 10 meters would occur at that
site. Using a grain size of sand, which i1s the more common grain
sized observed in the Pasco Basin, all of the sediment transport
eguations computed some amount of scour in the 200 Areas. The
DuBoys function estimated as scour in the range four to nine
meters. Yang's equation estimated three to four meters of scour,
Toffaletti's method estimated very little scour, an amount hardly
observable, and Madden's modification of Laursen's method
estimated scour in the range of one-third of a meter. We assume
that the analyses using sand size are more realistic. These
still represent a minimum amount of scour that would occur within
the area. Computations that were done were not the most
realistic available, further modifications are discussed below.
In order to achieve a more reasonable estimate of the fluid

dynamics during such a flood, a hydrograph was synthesized using
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an assumption that the water discharge fcllows the form of a
Poisson function over the duraticon of the flood. Using this
procedure we found that the maxima ¢f the flood weuld occur after
90 hours within the flood at Sentinel Gap. It would occur at 114
hours at Wallula Gap. Thus, there is approximately a one day lag
in the system between the maxima at the two gaps. During this
time water continues to accumulate within the Pasco Basin.
ApproXimately 186 cubic kilometers of water finally accumulate
within the Pasco Basin. During this time velocities at the 200
Areas are probably fairly low. The 200 areas will remain
innundated for approximately four days and six hours. This
represents the period of time during which erosion and transpert
of sediment would occur at the 200 Areas.

Using this information a quasi-dynamic sediment transport
computation was achieved using the same HEC-6 code. In this
case, in order te estimate the sediment transport inflow, an
assumptien that the amount of sediment entering the Pasco Basin
equals the amount of sediment leaving the Pasce Basin over the
cumulative periecd was made. We modified the inflow sediment
nydrograph in order to¢ achieve this assumpticon. The computation
showed that the methods of Toffaletti and DuBoys are not reliable
at these high discharges. In the case of Toffaletti, the sediment
transport amounts were too little to be considered realistic. In
the case of DuBoys, the sediment transport amount was much too
great to be considered realistic. It is known from the
fiterature that the DuBoys eguation must be modified in order to
apply it tc high sediment and water transpert rates.

The results of use of Madden's modification of the Laursen
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method and of using Yang's transport equation agreed fairly
closely. The former estimated an erosional amount of
approximately 0.61 meters. The latter estimated the erosion
would be on the order of 0.915 meters. These agree as closely
would be considered reasonable. We still consider this to be a
minimum amount of erosion within the area. We note that the
amount of erosion is highly variable between cross sections in
the sequence that were analyzed. These results approximately
agree with the earlier methods using the steady state assumption.
4 high degree of variabllity between cross sections suggests to
us that the amount of erosion at any ohe site would be variable
through time and it would probably be more safe to use the
maximum erosion that was observed at any one cross section as the
best estimate of the amount of erosion that could occur at the
200 Areas. This suggests that total scouring to the base of the
Hanford Formation could occur during a flood. This will involve
a great deal of reworking of sediment and redeposition of that
sediment within the Pasco Basin.

In order to achieve a more realistic estimate of flood
characteristics, a two-dimensional unsteady flow model has been
defined and a multi-operational method invoked in order to
achieve solutions. Preliminary analyses have been done and they
suggest that useful solutions of flood dynamic characteristics
within the Pasco Basin can be achieved through the use of a
combined hydrograph as synthesized for Sentinel Gap and Wallula
Gap. We believe that this work should continue in order to

estimate transport characteristics within the Pasco Basin.
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A final analysis that was done was t¢ incorporate another
set of transport equations, the Meyer-Peter and Meuller equations
into a new set of computer code. Solution of the Meyer-Peter
Meuller equations was achieved through the use of the discharge
characteristics computed with the HEC-2 code. We found that the
results of this analysis was very comparable to the quasi-dynamic
analysis using HEC-6. Slightly less than 1 meter of net scour
was observed within the 200 areas. More extensive erosion was
achieved during particular time steps of this analysis suggesting
again that a great deal of re-working of sediment would cccur
within the Pasco Basin during a Missocula flood.

We conclude from these analyses that instability of at least
the top meter of surface material would occur during a Missocula
flocd. We consider quite likely that greater depths of sediment
would be involved in transport during such a flood and there 1s
some probapility tnat all of the material in the Pasco Bas£n
would be re-~worked at least a small degree during each Missoula
flood that would occur. We believe that more sophisticated
sediment transport mcdels coupled to a dyhamic model of two-

dimensicnal flood behaviour would be required in order to achieve

more useable results.
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DISCUSSION

Net erosion at the 200 areas during a Scablands flood may be
as little as 1 m or as great as 40 m. There could be as much as
several orders of magnitude error in the computations of sediment
transport, even for simple flood preblems. This range of
estimates illustrates the uncertainty of calculations feor
Missocula-scale floods. That uncertainty will have an important
effect on conclusions concerning the stability of the site.

Three separate approaches to the computations of sediment
transpeort have been done. The results have been reascnaply
consistent.

There 1is some difficulty resclving the small amount of
erosion at the lower end of our estimates with our understanding
of the sedimentological evidence in the Pasco Basin. There is
very little evidence of multiple flood deposits within tne 200
areas. It appears as if these sediments are the deposits of only
a single flood. This must be resolved with evidence that there
were many Scablands floods which passed through the Pasco Basin.
The simplest explanation is that each flood entrains all of the
material which is already there, removes it or reworks it, and
then deposits a new layer to replace it.

If there was only one flood which reached the elevations of
the 200 areas, deposition by that flood of all existing sediment
would be reasonable explanation of the lack of multiple flood
layers. It is possible that there were multiple floods but only
one which reached the elevation of the 200 areas. However, there
is no evidence of the kind of terracing or stratification that

would be expected in the Pasco Basin if the various floods were
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of markedly different discharges. On the basis of the analyses
of the discharges from Lake Misscula {(Craig, Singer and
Underberg, 1983}, there is no reascon to believe that there would
only be one flood with such a large magnitude. It is much meore
likely that there would be many floods large enough to reach that
level.

These analyses suggest that the total volume of sediment in
the Pasco Basin is probably a fairly close approximation -- as
much as 50% -- of the material entrained within a single flood
and passing through Wallula Gap. If that is the case, there may
pe a lot of reworking of sediment within the Pasco Basin. Once a
flood deposits the material, the next flood moves the material
around within the Pasco Basin but does not necessarily transport
1t out of the Basin. It just reworks it and leaves it fairly
close to its original place. This is the favored scenario ‘based
on these analyses. Prcbhably only a small fraction of the
sediment would leave the Pasco Basin and a much smaller part
would get down as far as Portland, QOregon. Perhaps, a negligibly
small part.

Significant net deposition in each flood is not a
Likelihood. The evidence suggests multiple floods through che
Basin. If there had been a tendency for deposition in that area,
one might expect differentiable strata in the 200 area. Such
multiple flood layers (of different ages) are not recognized., If
there is reworking, there might also be net deposition, with
sediment thickness slowly increasing over time. We don't have

enough evidence to suggest that is probable. The amount of
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material that could be expected to accumulate during one flood
can be estimated (present thicknhess/number of floods = 39m/40 <
im)}. It would undcubtedly be added near the end of a flood,
after some erosion had occurred.

If there is significant net deposition at the 200 areas, it
15 not deposition in the sense of a layer deposited on top of
what 1s already present. It would be net deposition in the sense
of additional sediments mixed with, and thoroughly reworked with,
the materials which are already there. 0Qn average, only a little
mere sediment would end up there in each flood. There would
still be a net transport of the actual material which was at the
200 area.

The depth of scouring is greater than the erosion estimate
given earlier (1 m to 10 m). Probably all of the unconscolidated
materials down to, but not including, the Ringold Fm. would be
entrained to a sufficient extent to rework the material and
probably destroy any existing sedimenhtary structures in it. New
structures would be formed and it would look like a new deposit,
put the amount of entrainment and how far that sediment was
cransported may not be very gJgreat.

Total reworking is a more likely case based on che
uncertainties in the calculation and the known flood record and
probable scenatrics. Deep scouring seems likely despite the fact
that the calculations suggest a most prokable net scouring of 2
to 4 meters. Because of this reworking, a great portion of the
sediment undergoes some net movement. It no longer remains
within the 200 area. We must assume that the entire mass will

move. It 1s just a question of the extent -- it may be a very
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small amount of motion. The material may not move out of the 200
area; it may only move a meter or two. But it is likely that it
will move.

The concept of reworking has some basis in standard theory
df stream transport. Current notions suggest that stream
Transport occurs intermittently. Sediment may be transported
primarily in large events, then stored a short distance
downstream until the next large event (Schumm, 1977). The total
amount of motion involved is probabkly not that great. The
majority of the sediment does move, but is quickly redeposited,
so it 1s not an effective scouring.

Great amounts of erosion do occur at some locations within
the Pasco Basin. This is a function of the different hydraulics
(super-cricical flow and cavitation) that coccur at ceonstrictions
like Wallula Gap. In the very breoad areas of the Pasco Basin,
extreme erosion is quite unlikely. It appears fairly certain that
during the greatest discharges waters in the 200 area were
probkably relatively placid. The greatest amount of work goes on
in the very early stages of the flood at any given site. Later
in the flood, the whole cross- section that includes the 200
areas and Gable Mountain would probably have little active
transport compared to what occurs at the gaps themselves. The
initial surge down the Columbia River will almost surely reach
the level of the 200 areas. It probably would not inundate the
site to a great depth; it would still involve quite high
velocities. The high velocities are apparently short lived, so

the net transport is not that great, at least with the formulas
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we have been using.

Some sediment will be entrained and transported for a great
distance. This is especially true of the upper meter or two
because it is scoured in the early stages. The water then
guickly backs up from Wallula Gap, creating a lake. Velocities
drop off quickly enough so that reworking of the sediment becomes
the dominant process. The sediment lower in the section, below
the top few meters, may be transported for a relatively small
distance.

Although the total amount of material transported during a
flood is perhaps n¢e more than twice the volume of material in the

Pasco Basin, a flood could conceivably remove all of the sediment

in the Pasco Basin. The sediments now there may be totally hew
material deposited by the last flood. It is not possible to
state how the reworking goes on without a fully couplea-model of
sediment and water. At present we have the water hydrograéh and
a separate analysis of sediment transport. The sediment could
all go; but, in the most likely case, most of the sediment now in
the Pasco Basin would not leave the Pasco Basin. It would still

be there, but it may be in a very different location in the Pasco

Basin.

These results differ from earlier estimates of total
sediment transport during a flood because they make use of a more
dynamic model of the flood behavior. We have not had such a
model pefore. The variations in hydraulics during a flood are
quite important. Normal hydrologic analyses -- such as the HEC-&
model -- are actually equilibrium models. They provide an idea

of what the erosion would be like 1f flows continue at a
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discharge for an indefinite period. We have tried to represent
the fact that it does not continue at that very high magnitude,
Analyses with less exact approaches have given the impression of
enormous amounts of transport involved in one of these flcods.

Cne of the limitations of this analysis is that we must
assume a single sediment size. The mean sediment size within the
area was used. For a worst case sceharic, a much smaller
sediment size might be used. The well logs from Rockwell were
used to characterize the Hanford Formation. The HEC-6 code is
not capable of handling anything more sophisticated than a single
grain size, It has been run several times using different sizes.
But even that is not the best answer, because the mixture of
sizes is important in the behavior of the flood. Obviously, use
of the mean size, cannot represent what could happen if material
were covered with a rip-rap ¢f a larger median diameter.

The results suggest that a storage system might be
engineered that could be expected to survive. Because of
uncertainties in the analysis, this is not a f£irm conclusion. If
the tanks have not disintegrated, there could be cconcentration of
flow and the exact design would be of iLmpcrtance. We have done
the analysis on the assumptions that the canisters corroded and

the material had the characteristics of the typical surrounding

sediments.
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APPENDIX A

SEDIMENT SIZE DISTRIBUTION FOR THE HANFORD RESERVATION
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FILE: CONVR{ FORTRAN A1 (USR191) 12/16/85 12:21:02
Cirrininireinie e dbiriededeieir it CONVRT, FLY  srievesdevrseidode et deir dededodr v feviede v de sl irinle
C * i
c * THIS PROGRAM CONVERTS PLANT, HANFORD AND RICHLAND *
c " COORDINATES TO LAMBERT COORDIMATES. hd
c * SUBROUTINE LONLAT IS USED TO CONVERT THE *
C * LAMBERT COORDINATES TO GEOGRAPHIC LONGITUDE *
c * AND LATITUDE COORDIMATES. -
C * w
c * OR IT CAN ALSO CONVERT LAMBERT COORDINATES TO *
c o PLANT COORDINATES. *
£ * *
C * BATTELLE NORTHWEST LABORATORIES *
C * WATER AND LAND RESOURCES DEPT. *
C % RICHLAND, WASHINGTON 99352 *
c * L]
C  * AUTHOR(S): D.W. DAMSCHEN *
c * R.S. ARGO "
C L "
c * INITIAL VERSION: 20 JUL 1977 "
C * CURRENT VERSION: 28 AUG 1984 *
C * b
C

C

100

500

50l

502

|
|
|
!
|
:

BYTE WELL({12),FILI(30),FILO(30),AA,RR
BYTE A,B,D,N,5.E.W,P,R,H,L

REAL LONDEG,LONMIN,LONSEC,LATDEG,LATMIN,LATSEC,IN,LE

COMMON RPRIME{31),LONDEG,LONMIN,LONSEC,
1 LATDEG, LATHIN, LATSEC

DATA N,S,E,W,P,R,H,L/'N','8''E' "W, 'P",'R","K", 'L/

OPEN(UNITm™1,NAME='RPRIME .DAT' , TYPE='OLD',READONLY)
READ(1,100) (RPRINE(I},I=1,31)

FORMAT(F15.0)

CLOSE({UNIT=1)

WRITE(S,500)
FORMAT(' SENTER NAME OF INPUT FILE (3041) > ')
READ(5,501) FILIL

FORMAT{3041)

WN = ICHR{FILI)
OPEN(UNIT=1,NAME=FILI, TYPE='0LD' READONLY)

WRITE(5,502)

FORMAT(' $ENTER NAME OF OUTPUT FILE (3041) > ")
READ(5,501) FILO

NN = ICHR(FILO)

OPEN(UNIT=2 ,NAME=FILD, TYPE="NEW')

1 = §.0025674589
1 = 0.9999967040
0.779792344
0.62603690
0.99989620
0.01440816

X
Y
Z
v
U
T
Q = 2295325.01

nmmwnunn

A-14
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BUR0C0O10Q
BUR0Q020
BUROQOQ30
BURGOOLO
BURDOOSO
RURDOO&D
BURDQOTO
BURQOORO
BUR0QOO90
BUROO100
BUROQL10
BUROO120
BUROO130
BUROOQ140
BUROO150
BUROOQ150
BUR0QQ170
BURQO180
BURDO190Q
BUROQ200
BUROO210
BUROO220Q
BUROO230
BURDO240
BURDO250
BUROD260
BUR00270
BUROOQ280
BUROG290
BUROG300
BUROQ310
BUROG2Z20
BURQQ33G
BUR0O0340
BUR00350
BURO0360
BUROO370
BUROO380D
BUR0OO390
BUROOQ40DD
BUROO&410
BUROO&4Z0
BURDQ430
BURDQ&4LD
BRURODL50
BURDD&L60G
BUROOLTO
BURODLB0
BUROD&Y0D
BUROO500Q
BUROO510
BURDOQ520
BUROGS30
BUROO540
BUROO550
BUROO560
BURDO570Q
BUROG580
BURDOQS90Q



FILE: CONVRT FORTRAN Al (USH191) 12/16/85 12:21:03

0 = 405302.04
G = 2294636.42
GG= 325733.14
WRITE (5,3)
5 FORMAT (' SELECT :'/' (0) LAMBERT TO PLANT COORDINATES'/
+ ' (1) PLANT, ETC. CODRDINATES TO LONGITUDE-LATITUDE'/)
READ (5,*) IOPT

IF((0).NE.(IOPT)} GO TO 32757

WRITE (2,8)
& TORMAT (/9X'WELL LAMBERT COORDINATES'11X'PLANT COORDINATES'/
+ 9X' - '8X,20('-"),9%,19("-" )
READ (1,8,END=99) WELL,Y,B,X,A
FORMAT(1X,1241,1X,F10.0,41,1X,F10.0,41,5X,F10.0,41,1%,F10.0,A1)
IF (B.EQ.5) Y = -Y
IF (A.EQ.W) X = =X
1 =%X-0Q
c2=Y -0
YY = -X1 * C1 + Y1 * C2
X Y1 * Cl + X1 * C2
BB = N
IF(.NOT. (YY.LT.0)) GO TO 32756
BE =5
YY = -YY
32756 A4 = E
IF{.NOT. (¥X.LT.0}) GO TO 32755
A = W
XX = -XX
32755 WRITE (2,8) WELL,Y,B,X, A,YY,BB,XX, AA
GO TO 7
99 CONTINVE
c

L=

I n# n

G0 TO 32758
32757 IF((1).NE.(IOPT)) GO TO 32754
c
C #* PLANT, HANFORD,OR RICHLAND TO LAMBERT TO LONG-LAT
C
OPEN (UMIT=4,NAME='LONLAT.DAT' TYPE='NEW')

c
WRITE (2,200)

200  FORMAT (1H1,2X, 'WELL NAHE',6X,'PLANT COORDINATES',7X,'LAMBERT',
1 1x,'CO0RDINATES',lOK,'LONGITUDE',9K.'LATITUDE'/
2 100(1H-))

C

WRITE (4,210}
210  FORMAT (1H1,16X/3X,'WELL NaME',5X,'ELEV.',7X,

1 9X, 'LATITUDE '/ 1X,54 (1H-))
C

LINES = 2
c
C A e e A A Ak e A A ek
c * *
c * BLANK READ TO BYPASS HEADER ON INPUT FILE *
C *® *
c st T LA e T S fe TPk e e ek
c

READ({1,101)
c

A-15
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BUROO600
BUROOG10Q
BURDOG2Z0O
BURDODG3D
BURDOG4LQ
BURDDGESD
BURDD&GO
BUROD&70
BUR0QOGAD
BURDO&90D
BUROQ700
BUROO710
BURDO720
BUROO730
BURDO740
BURDO?50
BUROOD760Q
BUROO770
BUROO78BO
BUROQ?90
BURODE00
BURCOB10Q
BURQO820
BUROD830
BUROD&40Q
BURCO&50
BURCOB&0D
BURDO&70
BURDODSS0
BUROOS9D
BUR0OQY00
BURDOOS10
BURQOS20Q
BUROOS30
BUR0OO940
BURDGY9S50
BURDO960
8URDO270
BUROODS8Q
BURCOS90Q
BURC1000Q
BURC1010Q
BURO1020
BURO1030
BURC1040
BURO1Q50
BURD1DED
BURQ1070
BURD1080
BUR01090
BURO110Q
BURO1:10Q
BURD1120
BURO1130Q
BURO1140
BURO1150
BURO11&0
BURO1170
BURC1180



FILE: CONVRT FORTRAM Al (USR191) 12/16/85 12:21:03 PAGE 3

READ(1,101,END=999) WELL,A,B,C,D,F,CASE BUROL190

1mnm FORMAT(1N,12A41,1X.0 A2, F7.0,1X,AL1,F7.0,F8.0) BURQ 1200
C BURO1210
IF {(C.EQ.0.) GO TO 75 BUR0O1220

IF (A.EQ.P.AND.B.EQ.RK.AND.N EQ.WY GO TO 10 BURO1230

IF (A.EQ.P.AND.B.EQ.S.AND.D.EQ.E) GO TOQ 20 BURO 1240

IF (A.EQ.P.AND.B_EQ.S.AND.D.EQ.W) GO TO 30 BURO1230

IF (A.EQ.FP.AND.B.EQ.N.AND.D.EQ.E) GO TO 40 BURO1260

IF (4.EQ.HY GO TO 50 BUROL1Z70

IF (4.EQ.R) GO TO 70 BURO1ZBO

GO TO %0 BURO1290

c BURG 1300
9 F=FP BURO1310
C =CF BURC1320

C BUROQ1330
¥ A A e A e i e e e A BURO134N
C * " BURO1350
c * CONVERT FROM PLANT TO LAMBERT * BURO1360
c = * BUROL370
c frdrfrde e et iriedeirts Rt i i S e S i ke ke BURD1380
C BURO13%0
10 LN = O-F*{1+CrY1 BUROQ 1400
LE = Q~-F*Y1-CvX1 BURQ1410

GO TO 80 BURO1420

c BURC1430
C e A e e e e e e BURC1440
C * * BURCL1450
C * CONVERT PLANT TO LAMBERT FOR NEGATIVES = BURG 146D
g * * BURDL4TO
C Frrr A AR e T e T e A ek BURDL14ED
c BURO1430
20 IN = 0-CrY1l+F*X1 BURGL300Q
LE = Q+FTY1+C*X1 BURGLS10

GO TO 80 BURO1520

c PURO1530
30 LN = O=F*X1-C*Y1 BURO1540
LE = Q=-F*Y1+(C*X1 BURD1550

GO TO 80 BURGL56Q
BUROL570

40 IN = 4F+X1+C*Y1 BUROIS80
LE = Q+F*Y1-CrXl BURQLZGB0

GO TO 80 BURO1&00

c BURD1610
c e dr e it A de drr e AR ek BURO1620
C * * BURO1630
o] * CONVERT RANFORD TCQ PLANT * BUROLIRAD
o L * BUROLG50D
C BURO1&670
50 IF (B.EQ.S) GO TO 60 BURO 168D
FP = 12953.65-F+Z-CfY BURC 1690

CP = 52836.B2-FhV+CHZ BURD170D

GO TO 9 BURD1710

c BURG1720
60 FP = 12953.65+F*Z+C%Y BURC1730
GP = 52836.82+F*V-CwE BURC1740

GO TO 9 BUROL750

c BURD 1760
c e e e e de e e de Ak i ook BURQ1770



FILE: CONVRT FORTRAN Al (USK1%1) 12/16/85 12:21:03 PAGE 4

C o * BURQ1780
c * CONVERT RICHLAND TO LAMBEET * BURO17%90
C * # BUR0D1800
C AR L 25T RE T Al e ferie e BUROL1B10
C BURD1820
0 LK = GG+FYT4+C*) BURD1830
LE = G+FwU-C#*T BURO1840
GO TO 80 BURO1850
c BURO 1860
75 LN = 0. BURD1870
LE = 0. BURO1880C
LONDEG = 0. BURO1830
LONMIN = 0. BURO1900
LONSEC = . BURO1910
LATDEG = 0. BURD1920
LATMIN = 0. BURG1930
LATSEC = 0. BURO1940
GO TO 85 EURD1950
C RUR0O1960
C Fr ey A T P e e A el i i e e R e e A i e e e BURD1970
c * " BUR(1980
C * CALCULATE GEOGRAPHIC COORDINATES USING LONLAT * BURQ1990
c w " BURO2000
C ety e e e TR A A e T i i i i e e e i BURQZ2010
c _ BUROZ020
80 CALL LONLAT{LN,LE) BURQ2030
C BURO2040
BS WRITE (4,401} WELL,GASE,LONDEG,LONMIN,LONSEC,LATDEG,LATMIN, BUR(2050
1 LATSEC BURD2060
401  FORMAT (1X,1241,F10.2,4X,2(2F4.G,2X,F53.2,2X)) BURO2070
WRITE(2,201} WELL,A,B,C,D,F,L,N,IN,E,LE,LONDEG, LONHIN, BUROZ2080
1 LONSEC, LATDEG, LATMIN, LATSEC BURQZ2030
201  FORMAT(1X,1241,4X,241,F7.0,1X,41,F7.0,4X,2A1,F10.2,1X,41, BURO2100
1 F11.2,6X,2(2F4.0,2%,F5.2,2X}) BURGZ110
o BURDZ2120
LINES = LINES+]1 BURO2130
I1F (LINES .LT. 60) GO TO 1 BURO2140
c BURDO2150
WRITE (2,200) BURD2160
C BUROZ170
LINES = 2 BUROZ180
c BURGZ190
GO TO 1 BURO2200
C BURQZ210
30 WRITE(S,601) WELL BURD2220
601 FORMAT(//1X,'READ ERROR OR OTHER HISINTERPRETATION OF DATA ., BURQ2230
1 "OM WELL ',12Al1) AURQZ2240
WRITE(5,101) WELL,4,8,C,D,F BUROZ250
GO TO 1 BLRO2260
c BURD2270
32754 CONTINUE BURO2280
c BURO2290
32758 CONTINUE BURD2300
999  CLOSE(UNIT=1) BURD2310
CLOSE(UNIT=2} BURD2320
sTop BURD2330
END BURDZ340
SUBROUTINE LONLAT{LN,LE) BURQ2350
c BUROZ360
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FILE: CONVRT FORTRAN Al (USR191) 12/16/85 12:21:03 PAGE 5

g AT A T TR T A T i S e T i T e e e Y e e e BURGQ2370Q
c * % BUR(2380
c * THIS SUBRDUTINE CALCULATES THE GEOGRAPHIC # BURD2380
c * LONGITUDE AND LATITUDE COORDINATES FROM  * BURDZ2400
C % LAMBERT COORDINATES FOR THE HANFORD SITE + BUR02410
c * * BURD2420
o # AUTHOR(S): A.E. REISENAUER w BURC 24230
c # D.W. DAMSCHEN " AURQ 2440
c * hd BUR02450
o # INITIAL VERSION: 19 FEB 1971 * BURCZ460
C * CURRENT VERSION: 20 JUL 1977 * BURDZ470
c * * ZUR02480
I AT ST YT e et e e T iR e A T e iAol BURGZ490
c BUR02500
REAL LONDEG,LONMIN,LONSEC,LN,LE 8LR0O2510
REAL LATDEG,LATMIN,LATSEC BURQ2520
c BURO2530
COMMON RPRIME(31),LONDEG,LONMIN, LONSEC, BURO2540
1 LATDEG,LATMIN, LATSEC BUR02550
c BUROZ2560
RB = 2028911%.6 BURD2570
X = 0.01745329 BEURD258C
Y = 0.7263957947 BUR02590Q
XP = LE-2.0ED6 BUROZ600
T = XP/{RB-LN) BUR02610
THE = ATAN(T) BURQ2620
R = (RB-LN)/COS(THE) BURDZ630
TH = THE/(X/3600.) BURD2640
DL = TH/Y BURG2650
LONDEG = AINT(DL/3600.) BURQ2660Q
LONMIN = AINT{(DL-3600.*LONDEG)/60.) BURO2Z670
LONSEC = DL-3600.*LONDEG-60.*LONMIN BURO2680
c BURQ2690
IF (LONSEC) 40,40,10 BUR02700
c BURO2710
10 LONSEC = 60.-LONSEC BUR0D2720
c BURD2730
IF (29.-LONMIN) 20,30,30 BURO2740
c BUR02750
20 LONMIN = 89, -LONMIN BURO2760
LONDEG = 119.-LONDEG BURQ2770
G0 TO 100 BUR02780
[ BUROZ2790
30 LONMIN = 29.-LONMIN BURD2800
GO TO 70 BUR(2810
o 8UR02820
40 LONSEC = -LONSEC BUROZE30
c BURO2840
IF (30.-LONMINY 50,60,60 BUROZE50
c BURO2860
50 LONMIN = 90.-LONHIN BURGZETO
LONDEG = 11%.-LONDEG BURGZBRO
6o TO 100 BURG2R50
c BURD2200Q
80 LONHIN = 30.-LONMIN EURDZ2910
c BUR0292Q
70 IF (&0.-LONMIN) 90,90,80 BUR0Z2930
C BURO2940
80 LONDEG = 120.-LONDEG BUR02950
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FILE:

31757
110
32758

120
120

CONYRT FORTRAN Al (USR1%1) 12/16/85 12:21:03
GO TO 100

LONMIN = LONMIN-60.
LONDEG = 121.-LONDEG

CONTINUE

DO 32758 I=1,31

IF (R.LT.RPRIME(I)) GO TO 110
IF (R.EQ.RPRIME(I)} GO TO 120
IF{.NOT.(I.KE.1)) GO TO 32757
ADIF = RPRIME(I-1)-R

BDIF = RPRIME(I-1}-RPRIME(I)
LATSEC = ADIF*60./BDIF

GO TO 130

CONTINUE

CONTINUE

CONTINUE

LATSEC
LATHIN
LATDEG

15+1-2

£
o

RETURN
END

A-19
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BURD2960
BURG2%70Q
BURD2980
BURD2950
BURQ3000
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BURD3030
BURG3IG0
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APPENDIX B

COMPUTER CODE FOR FLOOD HYDROGRAPH




11

RERRRRARR RN AR E LB RERR R SRR R R L L RS SRR NS S L ARG LR R R RAR AR AR AR AR RRER S

# RE-STORE “POISR:HS8,Z,0"! *

FRRGAEAEARRRRREFERAARERAN G AREARTARFEA L RRRARRERFRERANAER SR FRRA R AR SRR E RS

# PROGRAM TO CALCULATE THE DISCHARGE HYIROGRAFH IM THE PRSCH BASIH #

* DURING A MISSOULA FLOODR PASSIMG DOHH THE COLUMEIR RIYER.

* ASSUMES DISCHARGES FOLLOW A POISSUM FUMCTION,

* REAUIRES AH ESTIMATE OF:

# TOTAL MISSOULA DISCHRRGE

¥ MAXINUM DISCHARGE AT SEMTIMEL GRP

# YOLUME IMPOUHDED IM THE PASCD BARASIN AT

* MAXIMUM WRTER LEYEL,

¥ PROYIDES AN ESTIMARTE OF:

¥ TOTAL HYDROGRAFH AT SENTIHEL GAP

* TOTAL HYDROGREAFPH AT WALLULA GAP

* MAATIMUM DISCHARGE AT WALLULA GAP

* LAG TO MAXIMUI DISCHARGE AT WALLULA GCAP
TOTAL NUMEER OF DAYS FOR FLOOD TO FASS

L A L I R A N N

¥

¥ TIME OF MRX, DISCHARGE AT SENTIHEL GRP

# TIME 0OF MAM. DISCHARGE AT WALLWLA GAF

* YOLUME OF PONDIHG IH THE PASCO BRSIN

* AT ERCH TIME STEP,

* ELEVYATION OF THE LAKE SURFACE IH THE

* FASCO BASIH AT EACH TIME STEF.

¥ PROGRAM WRITTEN 138% BY RICHARD G. CRAIG

*

¥ FROGRAM STURED ON MIBZSOULA 1385 STURIES DISK #*
* +
EFFE AR R R F IR R R AR R R F AR AN R AN F LA E R FEFRF R R P B AN R PR R AR LR P E SR FHERHF

OFPTION BRSE 1

DEG

IIM Q_sentineldd), G _wailulnida)

DIM Q_sentinet cfsd4@),0_walluta_cfs{4@)

DIM Velocity(d4D)  Usel _sent(dd)

COH Elev_pascod38),Yolume_pasco{38), Temporary (380

COM Hec _q_sentinel(11),Hec_v_sentinel (11),Hec_wsel_sent(lis

|
I
{

DISP "INITIALIZIHG DATA"
!

! ELEVATIONS OF PONDED WRTER IN THE RASCO BASIN <>
|

DATA 188

DATA 190,190,199,190,190,190,1%9e,199,218,210,219,210,219,210,220, 220,220
DATA 23,230,230, 249, 245,290,256, 250, 260,270,278, 290, 290, 308,320, 338, 348
DATA 363,399,418

READ Elew_pascol#d

CALL InterpolateC(Elev_pascol+r)

!
! ¥OLUME OF POMDED WRTER I[N THE PAECG BASIM Ccuw km)

DRTA B
DATA 109,198, 136, 108, 190, 169, 188, 10, 133, 133, 123,123, 133, 13%, 167,167, 147
DATA 200,200,200,2332,233, 266,266, 300, 333, 386, 4@, 456, 509, 565, 566, 733, 866

DATA 1666,1332, 15693

READ Volume_pascol+)

CALL InterpoalatedVolume_pascol+))

MAT Yolume _pascozVolume_pascosCl,&1~32 ¢ COMYERT TO CUBIC MILES
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7a@
7506
7ee
e
ig-1t]
THD
30a
2o

DATA 1,37.1,49.2,56.2,61.5,86.8,71.4,75.2,77.9,80.5,82,4
READ Hec_w_sentingl (#)
DATA 439,852,720, 733,837,884,920,955,593, 1036, 1972
READ Hec_wsel_zent(#)
FOR I=1 T3 11
IF Is1 THEH
Sverdrups=,@B1416
ELSE
Sverdrups=]-1
END IF
Hec_g_sentinel (I)=Svardrups¥100000a+(1-, 304223
HEXT 1
!

|

]

LISP "*

Max_q_mcfs=353.1 I M:fs AT SENMTINEL GAF, ZOLVELD BY JH
INPUT "SPECIFY THE MAXIMUM DISCHARGE AT SENTIHEL GAF, IH Mofsz O3

ax_q_mcfe

2zl Max_discharge=Max_q_mcf3%13300a0

30 1

340 !

330 !

850 Total_cu_mi=500@

T INPUT "SPECIFY TOGTAL VOLUME OF LAKE MISSOULA, IH CUEIC MILES <S@@>",Tota
1 _cu_m

230 ~ Total_discharge=Total_cu_mi=3280~3 { TOTAL DISCHARGE, IN CUBIC FEET
399 '

999 !

916 1

2 Time_step=1-4 ! FOR 1% SECOWDS = 11,5780

939 INPUT "SPECIFY TIME STEP, IN FRACTIONS OF A DAY cl-4)",Time_step

944 Delta t=Time_stap*ld+60%c0 ! LEHGTH OF TIME STEP:E [W SECOHLE
950 !

760 ! MAXIMUM DISCHARGE IH ONE TIME STEP

970 Max_over_total=Max_dischargesDeita_t-Total_discharge

980 !

990 !

{pge |

1816 Max_sentinel=13 | 8.B., Z1,€@8 If TIME STEPS ARE 13 SECONDS LOHG
1020 INPUT “SFECIFY THE TIME STEP OF MAXIMUM DISCHARGE AT SENTIHMEL GAP <130,
M

1938 Max_wallula=19 ! $.B. 27,380 IF TIME =STEFS ARE 1S5 SECONDS LONG
lg4Q INPUT "SPECIFY TME TIME STEP OF MAARIMUM LISCMARGE AT WALLULA GAP c133",M
ax_wallula

1958 Humb_time_steps=49 ! $.B. 57,880 IF TIME STEPS ARE 15 SECOMDS LOMG
1260 INPUT “HUMEBER 0OF TIME STEPS? (49", Humb_time_zteéps

1874 !

lo8d !

1g94a !

1180 Want_graphics=8

1118 EREFERY

113 IHPUT "DC0 YOU WANT GRARHICS? (NI, laYES)",Mant_graphics

1130 UNTIL (Want_graphics=0> JF (Mant_graphicas=lo

1148 IF Want_graphics THEH

1158 !

1leu !

117G !

11aa DISP “IWITIALIZIHG PLOT™

11594 PLOTTER IS5 “GRAFHICS™

1268 LOCATE 2&,96@,20,90

1214 SCALE 8, Humb_time_zteps,d, 400

l2ga A=ES 5,%0,8,0,2,2

1238 !

1248 !

125a !

t258@ LORG &

B-2



FOR [=8 TO Humb_time_stéps STEP 3
MOVE I,-13
LABEL USING “"K";I

NEXT 1

LORG 3

CSIZE 5

MAVE Numb_timc_stepslz,-45

LABEL USING “K";"TIME STEF <1-4 DAY:"

LUORG 3
CSIZE 3.3,9-15
FOR =8 TO 498 STEP 3@
MOYE -1,1
LABEL USIHG "K*";I
NEKT I
LORG 5
CSIZE S
LDIR 39
MOVE -7,208
LABEL USING "K";"DISCHRRGE (Mafsr”
LDIR @
MAOVE &, 8
1
1
|
EHD IF
Want_ligting=l
INFUT “D0 YOU WANT A LISTING OF THE RESULTS? (YE3,B=N05",Kant_listing
IF Want_listing THEN
Print_out=16
IHPUT “WHERE SHOMLD OUTPUT BE DIRECTED™ <CRT,A=THERMALI",Frint_out
PRINMTER 15 Frint_out
END [F
|
b INITIRLIZE CONSTRHTS AHD YARIAELES
L
Sum_p_sent ine)=a
Sum_g_sentinel=8
Sum_pording=g
1

Exp_scntineI=EKP(-Hax_sentinel)
Exp_ualIu1a-EKP(-Hax_wallu1a>
i

|
!
IF Want_listing THEN
FRINT | SENTINEL GAF | WALLWLA GAP | |
SENT. "
PRINT “TIME | TATHL | | SUn L
GAP ¥
PRINT "STEP | ] 3 | a | POUDIMG FOHDING |E
YEL. "
PRINT "(&hr>| %6 % CMofs) | B CMoFzy | docu owis fou mia |
NP L
BRIMT M- mm o= mm e e e e e e e e e mmme =S ses s

FOR I=1 TO Humb_time_szteps
I

CALL Factor(l , Resultl
!
I SOLYE FLOWS AT SEWTIHEL GAP

B-3



1839 !

1300 F_sentinel=Exp_santingl+*Max_sentinel ~l-Rezult

121@ Sum_p_sentine!=Sum_p_santinel+P_sentingl

1928 Q_sentinel (I =Total_dischargesF_sentineg! { YOLUME IN CUBIC FEET
1938 A_sentinel _cfs(li»@_sentinel<Io Ielta_t

1948 Sum_q_srntint!lSum_q_sentincl+0_srntinelﬁ1)

1250 b

1988 | SQLVWE FLOWS AT WALLULA GAP

1374 !

193¢ F_wallula=Exp_wallula*Max_wallula~I-Result

1338 P_wallula{I>=Total discharge*P_wallula | YOLUME IN CWUBIC FEET
2000 Q_wallula cfsclr=0Q_wallulalld)~Delta_t

2918 Panding=R_sentinet(I>-0_walluladl? ' WOLUME IM CUBIC FEET
PP Sum_ponding=Sum_ponding+Ponding I MOLUME IN CUBIC FEET
038 !

pag '

2934 !

ZOBR CALL Lake _size(Sum_ponding,Lakz_height?

207 !

2038 !

2092 CALL Find_velocityi@_sentinel_cfsdll,veltocitydll,Wael _sent il
2108 !

2118 | PRINT OQUT THE RESULTS

2128 !

2139 [F Want_listing THEHN

2140 PRINT USING "#,DD,3%,.SD";I,Q _sentinel il Total _dizcharge

2158 PRINT USIHG “#,2%,D.DD,2X,4D.2D,2X,D.4D";5unm_g_sentinel Toral_dizcharg
#,0_santinel _c¥sCl)~/1000900,Q_wallutail}/Toral_discharge

2168 FRIMT USIHNG “3%,4D0.2D,2X,4D0.20,2X%,4D.2D0,25,4D,25,20.20" 68 _watlula_cfsr

1)-1808308,Fonding/5280~2, Sum_panding 5280~3,Lake_height#3. 2508, Yelocity(ly
217¢ EMD IF

213 !

2150 !

2209 !

221@ HEXT 1

220 IF Wamt_graphics THEN

2238 IF Hant_listing THEN

€240 DISP "PRESS CONT FOR GRAPNICS DISPLRAY"
2238 FRUSE

2LE0 ptgp

2279 EHD IF

2288 !

2290 GRAFHICS

zZ32e LORG 5

2314 MOYE B,8

23249 '

2338 FOR I=! TO Numb_time_steps

2240 DRAW [,0_sentimel _cfsy12/1008000

235@ HEXT I

2360 !

237a MOYE &,4

o384 FOR I=! TO HNumb_time_steps

234 DRAW [,0_walluls cfa(l)- 1000000

2494 HEXT 1

2410 MOVE Numb_time_steps,m_wa11ula_cf5<l-l».IOGBBBO*EB
428 LORG 2

2434 C5I12E &

2348 LABEL USING “K*;"WALLULA GAP"

2430 PAUSE

48 EXIT GRAPHICS

2478 i

2489 Hant_hardcopy=@

2436 BEEF

2590 IHPUT “DQ ¥0U WANT A HARDCOPY OF THE GRAPHICES? (HO, L=YES:",dant_hardco
%

2351@ {F Kant_hardcopy THNEN DUMP GRAPHICS

2520 END IF
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23538
2340
2330
P11}
257a
25486
995
2500
138
2624
2638
2649
26350
Zeew
2678
2634
265@
2708
2716
2726
2730
iT40
2730
2760
2778
2786

nt _int

2750
2898
2818
2329
2838
2549
23%9

2368

2870
2880
2899
2208
2910
2924
2938
2948
2959
2968
2970
2984
2990
el R 1)
3010
3020
339
2040
3656
J084
3970
iB8w
IB%0

|
|
1

BEEP

P

RINTER IS 16

Want_data_saved=0

I
I

HPUT DO YOU WANT THE YELOCITIES SAVED? (ND,1=?ES)",Hxnt_data_savod
F Want_dats_saved THENW

DISP "SAYIHG WELOCITIES OW DISK®

BEEP

RSSIGN #1 TO "SENT_VIiHZ,2,1",Return_variable
IF Return_variable=l THEH

CREATE "5EHT_V:HE,2,1“,4

ENMD IF

RSSIGH #t TO "SENT_ViH8,2,1"

MAT Velocity=svelocity - {3.2508)

MAT Wzel sent=Wsel_szent 03.2808)

MAT PRIWT #I;Velocitp,usel_senl

ASSIGH % TO #i

BISF “ALL DONE"

EEEF

END IF

W

ant_interps=l

BEEP

i

NFUT "DD ¥OU WANT A FLOT OF THE IHTERFOLATED VYELQCITIES? (YES,0=HO)>",Ua

erp

I

F Hant_interp THEH
CALL Interpolate_wveld¥elocityi*i)

END IF

£
!
!
!
S

H]
|
|
|
S
|
|
!
!
|
|
|

ND

UE Factor(i,Result)
FARFREA R E R R AR R R L FF A ERRFFPRNRAFREERA SR LR RFREAN SR ERRR TR TR R AW
* -
# COMPUTES T FACTORIAL, RETURNS RESULT *
) *
R EEEF AR A F AR AT LT R T RN AN F AN AR A RN F AR A TR FEETF XL F AL F F AR FEERTF AL AR
Resulei=l
FOR K=1 TO I
Result=Resu) L ¥k
NEXT K
UBEHD

UB Lake_size{Sum_ponding,Lake_height?

R FFRRRNR R R S R R R AR N A AR R R R AN r S AR RN Ar ke BN R AR NN E b w bk FFr#
#* *
* DETERMINES THE HEIGHT OF THE LRKE FUONDED IH THE FPASCU BRSIH FOR A +
4 CIVEN YOLUME OF WATER THARY HAS RACCLMULATED, *
* w

FERF A A AR T AR R LTI X T AN F S A AR TR F R L AR K E AT AR LR FRF RS R T I L LR A A LRI F SRR RS

OFTIOH BASE 1L
COM Elev_pasco(#),¥Yolune_pasco(*), Temporary/ ¥ Hec_q_zentinel(®),Nec_uv_s

antinel ()

3106
3lg
itza
2130
3140
3133
Jiga
3178

!

!

!

Last_difference=-!

Pond_volume=Sun_ponding,5288~3 ! YOLUME W CUBIC MILES
!

!

!
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3180
3130
32049
3ata
3220
3230
3248
3259
3260
327

3zsa
329%a
3348
i31a
3320
3330
3340

FOR I={ TQ 38
DifferencezVolume_pascol(l>-Fond_volume
IF (Difference>8) RHD (Last_differenceia) THEH Index=I
Last_difference=Difference
HEXT I
1
1
'
Lower_e«lev=1@8
Lower_volume=160
Upper_elev=Elev_pascollndex)
Upper_volumesValume _pascoIndex)
IF Imdex>t THEN
Loucr_o?cu-Ech_pasco(Index-l)
Lower_volumesbolune _pasce(Index-1)
END IF
Lake_height=Lower_¢leuv+iUpper_¢#lev-Lower_elevd#<Pond_volume-Lower_volune

Yo(Upper_volume=Lower_volume)
SUBEND
!

335e
33€0
3370
3389
3370
3400
3419
3428
3430
3440
3470
34€0
3470
3489
3499

|
t

SUER Interpolate(Target _vectari#i?

AR REREFFR PR AR FR AR AR R A LR SRR F R AR RRN BT R FFERETE R RS R A SRR A TSR FRTS

* *
* IHTERPOLATES THE YALVES [H THE ELEYATIOW AND YOLUME YECTORS *
* BY THE BASIH YQLUME COMPUTRTIONS REPORTED IH "AHALYEIS OF ICE-ALGE

# FLOODIHG FROM LAKE MISSQuULA“, CEAlG, 1333, *
¥ *
EF R R F RN PR RN NI RE RN R AR E R TR TR R A RS S RF AR F RS LA F RS LR RS Fr b Fr R E N RS

OPTION BRSE 1
COM Elev_pascol#),VYolume_pasco(#), Tenporary sy Heo_g_sentinel{#d,Hec v _=

entinel (#)

35ge
3510
3320
3538
3%4@
3550
3568
35740
e3-1]
3590
e 3a0
319
3520
36340
3540
3559
25548
3578
Js3a
3s9@
3700
3iT1le
3rza
3738
3740
arse
3Iren
3770
Ehg-3c)
g L]
3899
3214
igza

|

3

!

MAT Temporary=Target vector
Last_valugwTarget_vestor ()
Lengthw!

!

]

]

FOR I=2 TO 38
This_valuezTarget_vector(l)
IF Laat_value=This_uvalue THEHN

End_string=I
Length=sLength+]
ELSE
IF Length>t THEM
CALL LimearilLength,I,Target_vectori#)
END IF
Length=]
End_string=l
EHD IF
Last_value=This_valus
NMENT I
MAY Target vectorsTemparary

SUBEHD

]
]
]

SUR LinearilLength,End_string,Target_vectori(#:

R E R AN R R R AR E RN IR RS TR AR A E R R A A R R R FEF R ERFH A S SR FERFRF R R TR T
* *
* RACTUALLY COMPUTES THE LINERR INTERPOLATIOH OF THE YALUES =
.

IDENTIFIED BY THE INTERFUOLRTE SUBRQUTINE. *
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3838 | = *

334@ (I EE E T X L R E T R RS T E RS FE Y PR P R L R R R R TR E R TR Y XL Y
3gse !

39¢69d OPTION BRSE 1

3870 COM Elev_pascod#),Volume_pascoi#),Temporary(#),Hec_q_sentinel (%), Hec _»_3
entinel {+>

3880 i

3859 !

3968 !

391e FOR I=@ TO Length

3926 Index=End_string-<{Length-1)

3938 Temporary(Inded=Target_vector(End_string-Lengthi+l-Lengih#{Target_uec
toriEnd _stringr-Target_vector(End_string-Length)>

3940 NE®T [

3956  SWEBEND

I9cR 4

33Ta !

3938 !

3998 3UP Find_wvelocitylG@_sentingl_cfs,Velocity, Mater_glawv?

4@&9 | RN R R R RS R R T I F AR A NI RN R R S R R E R w2 SN F A BN F FHREFERFF L 2 R R LR SR AR R DR *
491@ [ *
4520 [ INTERPOLATE THE VELOCITIES AT SEWTINEL GAF FROM THE RESULTS OF *
4038 [ THE VYELOCITY-DISCHARGE RELATIOMSHIF USIMG HEC-2 *
4048 ! = *
058 I ot kAN R AT F IR I AR AN F R EERF R R T v A AT AR F B R EFERE TS v AT NN SRR AR R R ERFFF
4260 !

4278 QPTIOH BASE 1

1088 COoM Elewv_pascol#),Yolume_pascol*),Temparary(+),Hec_qg_sentinel (%) ,Hec_u sz
entingl (#),Heg_wsel_sent{*)

4990 ! -

$1a8 !

G118 i

4129 Last difference=-1

413a ! -

4149 !

4150 !

4168 FOR I=) TO 11

4170 Difference=Nec_g_senting! (1)-0_sentinel_cfa

4130 IF (Difference’@d) AND (Last_diffarence<d) THEHN Index=]

4130 Last_difference=Difference

4200 NEXT 1

42189 !

4228 !

4230 !

42448 Lower_discharge=50008

4254 Upper_discharge=Hec g_sentinel (Index)

42649 Lower velocity=1l

4278 Laower_wsel=488

42249 Upper_velacity=Hec w_sentingl (Index)

LTt Upper_wsel=Hgr _wsel_sent{Index>

4308 IF Index>»i THEH

43149 Lower_disgchargesHec g sentineldlndex=1>

4328 Lower_velocity=Hec o _sentinel {Index~1>

4338 Lower_wsel=Hec_wsel sentiInden-1:

4349 END IF

4395% YelacityzlLower velocity+iUpper_ velocity—Lower_velocityl#(l sentinel_cfs-
Lowser discharge)/(UppeF discharge*LoweF drzchar ge s - -
4360 Mater*elev=LoucF_useT+(Upper_w5;l-Lauer_msel)wiﬂ_ientine!_cfs-Lower_aiéc

harge) -cUpper_discharge~Lower_discharge:’
4379  SUBEMD
4380 SUR Interpolate_vel(Velocityl#d)

4390 [ L A L R LI R S R e R R R L L L R e E I E L E L L R R R L P R
4493 7 o+ %
4418 LI IHTERFPOLATES THE YELOCITY DATA TO SHORTER TIME STEFS FOR USE I *
4429 LI 4 THE UNMSTEARY FLOW MODEL IH THE FASCO BASIN, *
4430 LI *
4448 I R T AT AR AR EE T E R A F AT FF RN A IR AR EF L XX R F R R R L PR RS r v r e EFr e kA F R AR R A RFEE S >
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4450 QPTION BRSE |

4451 DEG
44510 X_axis_length=190
4470 PLATTER 15 “GRRPHICS"

4488 GRAPHICS

4490 LOCATE 20,90,208,90

4569 SCALE 8,X¥_axis_length,9,180
4518 AXES 10,%5,9,0,5,5

4528 MOYE 2,0

4330 !

4548 !

4550 LORG &

4550 FOR I=4 TO 108 STEP 1@

4570 MQYE I,-t

4528 LABEL USIHG "K";I

4559 HEXT I

EEA-T.} LORG 3

4619 CSIZE S

4520 MOYE X_axis_lengths2,-5

4538 LABEL USING "K";“"TIME STEP (l~-4 DRAYJ®

4548 '

4558 !

4858 LORG 2

4670 C5IZE 3.3,9-13

4638 FOR I=@ T3 38 STEF S

4630 MOVE =-3,1

4724 LABEL USIHG "K*;I

4718 HEXT 1

47 2@ LORG 3

4730 CSIZE 5

4748 LOIR 38

4730 MOVE ~-19,15

4760 LABEL USING "K";"VELQCITY (Meters- Sec’>”
4778 LOIR @

4788 MOYE 8,0

4790 !

4208 !

4318 Iuration=}@0@

4328 Dim_hec2_wvector=40

48%@ FOR Timg_step=! TO Duraticn

2] Elapsed_time=Time_step-Juration

4354 Index=INT(Elapsed_time~Dim_hec2 wvector’+l
4368 IF Indcx)Dim,hec2:vect0r THEH Index=Dim_hec2 wector
$37A Upper_velocity=VelocituiIndexd

4380 IF Ingex>1l THEH

4530 Louer_ue1oclty=V¢1oc1ty(Index—1)

4300 ELSE

4919 Lower_valocity=l

4320 EMD IF

493 Ve1ocity-Loutr_velocityv(Upper_velocitp-LouePWuw1acityk*FRHCTfElapséd_
timexDim_hecl_ vector)

4931 velacitysvelocity- 3,251

4948 DRAW Elapsed_time*X_axis_length,¥elocity
4350 FRINT Elapsld_timeinaxis_Tength,¥elocitv
4950 NEXT Time_step

437a BEEP

4938 DISF "ALL DONE"

499G  SUBEHD



APPENDIX C

COMPUTER CQDE FQR ADI METHQD




3 Feb

ia
Z6
20
49
L]
L1
o
32
S0
188
118
129
1ze
148
158
168

179

1933 B5:49:53

| R R e R R FF R R F N A RN IR E R R R RS R FEAF A A RRAFF RS RF A AN R EE R R e S E SRR F

I+ RE-STORE "ADI-ADI_MOYERELE_BAS:C338,7"! *
[ RE-STORE “ADI_MOVERELE _EAS:HFS395,502,8"! *
R L 2 E T T T I R P E P I P PR E PR EE EP TS
I 4 *
[ COMPUTES TWO-DIMENSIOHMAL HYDRODYNAMIC SOLUTIONS USIHG THE *
% RALTERNATING DIRECTION IMPLICIT METHOD. #

[ *
IRk A I IR FFRARF LRSS RER R R R AL SRR LS TR AR RRAFEF LRSS S F RN SRR RS

[ SR RRAFRRRRFERAFRERR R SRR BB FRRBEAARR B RR R RTER R A AR RS RERAR DT ERE S ke
PRRALLEL BOUNDARY CODES FOR X-SEGMENTS, PRCODE(Xzeql:

FIXKED WRTER ELEYATIOM ALONE RH “-SEGMEHT.

COMSTANT v-YELOCITY ALONG GRID BOTTOM.

CONSTANT ¥-YELOCITY ALOWG SRID TOP,

(When PRCODE=1 or 2 nothing iz Dong in the
Implicit Part For That Segmént)

i [ o
nnn

ROW LOCARTIQN CODES, RLOC(Xseg):

INTERNRL ROM.
TOF OF GRID.
BQTTOM OF GRID,

END CODES FOR M-SEGMENTS, CODEl(Mdseg):

I
1

|

I

|

3

3

1

|

|

|

|

I

|

I

! t = FIXED ETA ON BOTH EHDS,
! (Secand test, Inmplicit (Water Surface Eley)?
! 2 = FIXED VELOCITY ON BOTH ENDS.

' (First Test, Tmplicit (Yeld)

I
1
]
r
I
I
I
I
|
|
1
|
|
il

3 = UNKHOWM ETA OH BOTH ENDS,
4 = UNKNDWN YELOCITY ON BOTH EHDS.
5 = FIXED ETR ON RIGHT, UHKNOWH ETR QM LEFT.

iSecond vest, Implicit {Water Surface Elev))
FI®ED ETA OH RIGHT, UHKMOWH YELOCITY 0OH LEFT,
(Second tezt, Implicit (Hater Surfacs Elewvl)
T = FIXZED £TA 0OH RIGHT, FIXED wELOCITY OH LEFT.
CFirst Test, Implicit (velud
(Sacond test, Implicit (Hater Surface Eleviy

L0}
]

8 = FIMED ETA OMN LEFT, UNKHOWN ETR QM RIGHT.

9 = FIMED ETA QN LEFT, UHKNOWH VELOCITY QN RIGHT,

1@ = FIXED ETR ON LEFT, FIXED YELOCITY ON RIGHT,

11 = UNKHOWNW £TA OH RIGHT, UNKHNOWHN VELOCITY QW LEFT.

£ = UMKHOWW ETA ON RIGHT, FIXED YELOCITY UK LEFT.
iFirst Test, Implicit (Veld)

13 = LUMKHOWW ETA OH LEFT, UNWKHOWMH VELGZITY OH FIGHT.

EQUHDARY CODES FOR EXFLICIT ¥Y-wELOCITY S0OLUTION, YR(Mseg):
CFirst Half-Time-Steps

ALL UHKHOWH VELDCITIES ALOHGZ A ROW SEGMENT.

AlLL FIMED YELOCITIES ALCOMG A FIW SEGHMENT,

FIXED VELOCITY ON LEFT EJUHDARY.

FIXED WELOCITY OH RIGHT EBOUHDARY.

L O (I [
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60

Ira

S80

330
laga
1018
1029
1030
1049
1950
1860
197aQ
1833
1A%y
1140
11149
1120
1139
1140
11548
119
1178
1130
1190
1200

L T L Y T L T e T T T EE Yy
FARALLEL EBOUWDARY CODES FOR Y-SEGMENTS, PCCODE(Yseqi:

1 = FIXED HATER ELEYATIOH ALOMG A Y-SEGMEHNT.
2 = COHSTANT X-¥YELOCITY ALOHG LEFT GRID SILE,
3 = COHSTRHT X-YELOCITY ALONG RIGHT GRID SIDE.
(Whgn PCCODE=! or 2 nothing is Done in the
Implticit Part For That Segment?

COLUMM LOCATIOHW CODES, CLOC{Yseyg):

@ = INTERNAL COLUMH
{ = RIGHT SIDE OF GRID
-1 =» LEFT SIDE OF GRID

END CODES FOR Y-~SEGMEWTS, CODEZ(Ysag’)s

FIXED ETA ON BOTH ENDS.

FISED VELOCITY OM EBOTH EWDS.

UNKHOWN ETH ON BOTH EHDS.

UNKMHOWN YELOCITY OM BOTH ENDS.

FIXED ETA ONH TOP, UNKHNOWHN ETA ON BOTTOM.

FIXED ETA OH TOP, UNKHOWN ELGCITY ON EOTTOM.
FIXED ETR ON TOP, FIXED YELOCITY ON BOTTOM.
FIXED ETH ON BOTTOM, UNKNOWN ETA ON TOP.

FIZED ETA OW EATTOM, UHKHOWH VELOCITY OW TOF,
FIZED E£TA OH EOTTOM, FIWKED vELQCITY ON TOFP.
UNKHOWH ETR ON TOP, UMKHOWH VELOCITY OH EBOTTOHM,
UNKHOWH ETAR ON TOP, FIKED YELOCITY ON BOTTOM,
UNKHOWN ETA O BOTTOM, UNKMOWH YELOCITY OM TOP.

0D S T A O R e

EOUNDARY CODES FOR EXPLICIT H~YELOCITY SOLUTION, VC<d¥segl:
(Second Half-Time-Step’

= ALL UNKNOWN VELOCITIES ALONG B COLUMH SEGHMENT,

= ALL FIXKED YELOCITIES ALOMG A COLUMH SEGMEHT.

= FIKED VELOCITY OH BOTTOM EOUNDRRY.

= FIXED VELOCITY 0OH TOP EOUHDRRY,

b o= @

1}
|
|
[]
1
]
]
|
|
1
|
|
|
]
|
i
1
]
]
|
|
[l
!
]
1
]
]
|
|
|
1
1
1
1
1
]
]
]
r
I

T4k R A RS R R FE RS A R R F R R R R A RN T TR R RN TR R TR RS F AR R AN T TR T
1

OPTION BRSE 1

0EG

COM ~Bl1~ Adiagelv3),Bdiagdiv3),Caragulv3l,¥xd173),lonvec (173
COM ~BZ- INTEGER Rendid8),vcl{48),Maxx,Minn

COM /EB3r U10(48,73),Y01d(48,73>,Etanlad(4s,73>,2b(48,733

COM 7Bdr UnewidB,73),Vnewld8,73),Etanewddd, 73], Sentingl_v(48)
COM B3~/ Qut20@(3, 2409, Step_dJdatatd, 43,73

PiCOM ~Pleots INTEGER FA(3000Q),L)lcaded,Nts

I

INTEGER HMx,Hy,Xs#g,FPrcode(?32,Row(?3),Rmt,Rpl,R1oc(?3)
INTEGER M,Hd,Cuark]l,Cmark,Emarkl,Enarks, Cxs,3tart, End,C, R
IMTEGER Cnt,Cpl,Hcarnl,NcanZ,Ncand, Heand, Canl Capl L1, ¥ (730
THTEGER Codel(733,03tarti?3),08nd(73), vaeq,Pccodeddld),ColniB)
IHTEGER Cloc 433, Rmarkl,Rmarkz,Cys,Codel 48, Ratart {450
THTEGER Heed_continuity,Need_momentum,False, True, Hts

|

REAL Meed_contin_colf48),Heed_momen_coi {483

REAL Need_contin_row(73),Heed_momen_rowul’3>

REAL Rpl_vectori?3), Rml_wvector(73)

REAL Cplﬁvectar(48),leﬁvector(43)

FEAL Dw,Du, Dt,5,Fr, Tim#,Htine,D1,D2,03,04,vdb,Udb,Fdbd

REAL Fdb, Gdbd, Gdb,Ra, Bb,Cc

REAL X,Y,d,Sentinel wzel{40)

REAL Ad, Bd,Cd,P,Hew_velocity, Hew_wsel
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1218 FPRIWTER IS CRT

1220 PRINT PRGE

1238 False=d

1248 True=!

1298 HAipha=8,2

1268 Ope_minus_alpha=i-Alpha

1270 !

1280 '-- READ IH THE INWITIAL DATA —-——-——--——-—-—=—r oo ——mm——m———mm

12%a )

t3ea EDSUB'Rtad_data

1210 ICALL Plot_d4_windows(Velocityl,Etanew(3,%),Yelocity3, Hatep, This_timed

1320 ¢

1338 H&IF_dt=@.5#0¢

13490 Two_dx=2#4Dx

1330 Tuo_dy=2#Dy

1360 Half_dt_over_dx=0.3%DtDx

1378 Half_dt_over_dy=a,3#%0¢ /Dy

1380 Half_deg_ovr _dx=8.5%Dt #L-Dx

1398 HalF_dtg_our_dy=0.5*DL*G/Dy

1439  Half_drv_our_ZdxwHalf_dt-Two_dx

1418  Half_dt_ovr_z2dy=Half_dt- Tuo_dy
1

1428 !

1430 FOR Haeg=l TO Hx

1440 R=Row(Xseg)

1458 Rpl_vector(Xsegi=R+1

14€8 Rml_wector(Ksegr=R-1

1470 IF Rlacixzegr=-1 THEN Rmi_wector(iseg)=R ! BATTOM OF GRID

1480 IF Rloc{xseg)=1 THEHW Rpl_wvectoriXsegi=R | TaP OF GRIL

1498 HEXT Xseg

1569 !

1518 FOR vseg=al TO Hp

1528 C=Coi(Yseg)

15389 Cpl_vecror(Ysegr=C+l

1548 Cml_wvector{Ysagi=C~1

135a IF Cloc{Yseg)=-1 THEH Cml_vectar(riegr=C! LEFT SIDE OF GRID

1564 IF Clocivsegr=l THEH Cp!_vector(Ysegd)=C! RIGHT SIDE GF GRID

1578 HEXT Yseg

1588 {-- BEGIH TIME LOOPS --——=-—=—-——w—ar——m— e mm———m——————— =

1559 !

1688 FOR Hstap=l TO Hts

15189 DISP Hstep

1820 CALL Interpolate(Sentinel_uv(#>, Hstep,Hts,Hew_velocity>

1630 Uolddz, SoaHeuw_velocity

1640 Uol1d{ld,S>=New_uvelocity

163502 CALL Interpolate(Santingl_wsel(#),Hstep,Hts, Heu_wawl)d

1869 New_wsa 1 =MRX(2D(2,5) , Hew_wsel)

1679 Etaold(2,5>aNeu_wsel

168Q Etaold(3,5)uNew_wsel

1698 FRINT "STER "iHstep;" NEW YELOCITrY= "jNew_velacity;" WSEL=";Hew_wsel
178 Ht ime=Time+Dt 40,5

171 Time=Time+Dt

1724 !iiiii*iif**i**************ii***ii*i*ii*******i***ii*i*i***********
1738 s BEGIM FIRST HALF-TIME STEP: SOLYE THE X-MOMEHTUM AHD THE #
1748 [ COMTINUITY EQUATION IMPLICITLY FOR THE ¥ YELOCITIES RAND *
1750 [ THE WATER ELEVATIONS. #
17E@ & THEM SOLVE FOR THE y-vELOCITIES EXPLICITLY. #*
177a !***************i!*ii***ii*********i****i*itiii**ii****i**********i
1780 !

1792 IR R RERR T AT EFRANEEE R F T ENNFFE N R R FERFC A AR R RAF R ERRENRAETFRE R R TS
1306 |+ FOR ERCH ROM SEGMENT, CREATE AND SOLVE THE TRIDIRGONAL #
1810 ¥ COEFFICIENT MATRIX, *
1829 !*i**i****iiiii**l***iii**ii**iiiiii**i**i*****i*i***iﬁiiii***iiiii
1839 Tinel=T{MEDATE

1840 FOR ®zeg=1 TO Hx

1358 IF (PrcodeiXsegi=@)> OR (Prcodel(Xseg>=3) THEN

1360 R=Row{Xseg)
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1878
Laga
1398
19a8a
1918
1928
1530
1940
1959Q
1950
1972
1998
1990
2000
2910
20ze
2038
L9040
2839
2Q68
2070
z08a
2830
2100
2118
2120
€132
2148
2158
2i6@
2179
2180
2150
2200
22109
2220
2230
2240
2254

2260
2270
Izga
2299
2349
2310
2320
2338
2340
2330
2380
2370
2280
2290
z498
2419
2428
247389
2440
2450
I458
24789
2438

2704
2514

Rml=Rml_wvectori{Xseg’
Rpl=Rp!_ uector(Xseg)
!I*ii******iiiii*i**i*****i*iiiii*i***ii*i*iiiiii********i**i*iii**

!% CRALCULRTE COEFFICIEWTS BY THE CUOLUMM. *
1% *
'%* "ND" KEEPS TRACK OF THE MUMBER AKWD POSITION OF THE ENTRIES IH #
'# THE DIAGONAL AND COHSTANT VYECTORS, “CHMARK!" AMD “CHARKZY ARE #
'# THE COLUMHS AT WHICH COMPUTATION OF THE ENTRIES BEGIHS AHD *
¥ EHNDS, RESPECTIVYELY. "EMARK1" AHD "EMARKZ" ARE CODES WHICH *
| # INDICATE WHICH EQUATIONS THE COEFFICIEHT MATRIX BEGINS AMD *
'# EMDS WITH, RESPECTIVELY: 1 = CONTIHUITY, 2 = MOMEHTUM, *
TR A RN R RTERERRET R BRF RN RN T B RN RN R R T B R R RE R E R RN TN ERR T TN R

Ha=g

Cokriclwg

Chmary 2=

Emarkl=p

Emarks=a

CxsaCodel(Xsag)
Start=Cstart(Hseg)
End=Cend{Xseg’

HAT Need_contin_cal=(True’
MAT Meed_momen_col=(True>
EER R LRSI ER SRS LRSI ST E LR R e LA L L R T L

' DETERMIHE ORDER OF INPUT OF ROWS IHTO MATRIX. #
!"‘i.*Qi’*’iffl*ii.liIi!*i{ﬁﬂiIﬁ*{""f’ﬂ11*!**1%*'**!!*}&**'{".!
SELECT Cxs
CASE 1,4,6,6,9,10,11 ! FIXED ETA OR UNKHOWM YEL AT LEFT
NHeed_contin_cot(Starti=False ! DOK‘T DO COHTIWUITY
CASE 2,7,1t2 ! FIXED VELOCITY OH LEFT
Heed_contin_col{Start)=False | DOH“T DO COHTIHUITY
Heed_momen_col{Start)aFalse ! DOH’T DO MOMENTUM

END SELECT

i

SELECT Cxs

CASE 1,%,8,7
Need_contin_col(End>=False
Need _momen_col{End)=Falze

CASE 2,3,8,1@8,11,1%2

FIXED ETA OH RIGHT

DON-T DO CONTINUITY

DON’T DD MOMEHTUM

FIAED VEL OR UHKHOWH ETA OH RIGHT

Heed_momen_col (End>=False ! TOH’T DO MOMENTUM
EMD 3ELECT
MAT Adiag={-Half_dig_owvr_dx> ! @.5+#D1#C-Dx

MAT Bdiag=i{t)
MAT Cdiag=(Half_dtg_ovr_dx)
]
FOR C=Start TO End
CrlaMAXLC=1,5vart)
CpiwMINCCH+]L,End)
DisCEtaotd(Cpl,RI+Etanld(C,R)=2b(C,RI=-ZD{(C,RM13>/2.0
IF Di<@ THEH Di=@
IF Need_contin_coldC> THEH
LA R F R FFE AT TR AFIFF AL S FENAFF R B AF RN A S ERE R R AR F R EFHRFEFH LTS TFASAFEE TR REF RS
l# CALCULATE THE COEFFICIENHTS OF THE IMPLICIT COHTIHUITY EQUATION, +
| # AHD ASSIGH THEM TQ THE FROFER POSITIONS IH THE DIAGONAL *
I YECTORS. #
| R AN REENERFEF LI EAFEE SN R RN TR A FNFAES AL AF XS LA SR AR A IR R AT ET Y
IF Cmarki=@ THEH Cmarkt=C
IF Emarkl=0 THEH Emarki=1
Cmark2=C
Emark2=1
Hd=Nd+1
D2=¢Etaold(C,R)+Etacld(Cml,R>-Zb(Cml,R>-Zb(Cm! ,AM133-2,8
DI={Etaold{C,Rpl>)+Etanld(C,Ry-Zb{C,RI-Zb{Cml,RI 2.0
D4=(Etanl d{C,RY+Et acld(C,Rmn1)-2b(C,Rmt>-Zb(Cml ,ARml1})~2.0
IF D2<@ THEHW D2=@
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2328
2330
2549
2530
2350
2578
2529
2398
2ea0Q

JRm1y3

2610
26329
26309
2648
2670
2660
2676
2228
2598
2700
2718
2728
2730
ZT4n
2?58

TEQ

ﬂ?’

27Ea
27909
23ee
2519
2824@
2338
2840
29%0
2260
2370
z38Q
2294

dy

ml

il

2998
b
2914
2929
2930
2740
L5930
2760
a97e
29380
2999
2898
2alg
3829
3830
3040
3050
JQER
3079
Ja2a
JRS
2u98
2108
slie
3128
3130

IF D3<® THEH D3=96
IF D4<@ THEN D4=9
Adiag(Nd)=-Half_dt over_dx%D2
! BDIAG IS IWITIALIZED TO 1.0 Bdiagi(Nd>=1.8
Cdiag(Ndi=Ha)i_du_over_dx*01

PR AU EE R B F R ER IR R EAF AR R R TR AR R TR E R B R A F S F SR F RN FEFHE ST AR LS LR EE RSt

L COHSTANT YECTOR EHTRY FROM THE COHTIHUITY EQURTIOM: #

IEEE LI LRSS RS EL E AL LI L L R Y E Y L L
Convegc{Nd>*Etaold{(C,Ry-Half_dv_cwer_dp#(D3*Yold(C,RI)-D4+Yald"L

EHD IF
IF Need_moman_col(C)> THEN
IR R AR TR RS EEFEREERR AR RSP FRERRFFRAFER AL SRR AR EARREFERE RS F R AR RS E
I# CALCULATE THE COEFFICIENTS OF THE IHPLICIT X~MOMENTUM EQUATION, *
I % AMD ASSIGH THEM TO THE PROPER POSITIOHS IH THE DIAGONAL (3
l# MECTORS. *
TR AT A AERRRFARLEFFEERR R RARRFRRRBR R TR TR R R RRRR R AT ER ST TR * " w
IF Cmark1=8 THEMW Cmarki=C
IF Emarki1=d THENM Emarki=Z
Cmarkz2=C
Emark2=2
Hd=Hd+ 1
Vadbx(Y¥old(C,Rml>+vVold<Cpl,Rml2+Y¥old(C,RY+¥old(Cpi,R)> 4
I HF R R R A FRE R R RS R R R A TR AR A AR EERFREN TS A AR AR AR AR F R LA EF A
'+ TQ PREYEMT A DIVIDE By ZERO ERROR WHEWM DEPTH OF FLOKW IS5 EQUAL +
% T ZERQ, SET FRICTIOM TERM EQUAL TO 2ERO FOR THIS CASE. *
| e R A A NN R E R R R FF R T Xk RN I AR R ETF AN Fr A NN TR AR R AR F e R A H XS
{ Fdbd=Etaold{(Cpl,R}+Eta01d(C,R)-2b¢(C,R»=-Zb{(C,Rml}>~2

Fdb=9
IF DI THEHN ! Fdbd»® THEW
Fdbe=Fr+SQR(UaldiC,R)#Ua ] d{C,RI)+¥dbé¥dbl D1 | Fdbd
EHD IF
! AdiagiNd)=-Hall_dvg_owvr_dx ! B.5%Dt+G Dx

Bdiag{Hd>= t+HRI T dt*(de+(UoId(Lp1 RY>=Uold(Cml,R))s CTwo_dxi
I Cdiag(Ndy= Han_dtg_our_dx
[ R R I T R T P I e Ry S Y L T
l# CONSTAWT YECTOR ENTRY FROM THE MOMEHTUM EQUARTIOHN: %
P R A F R R R R R F R F AR R AR RN F R L RN TR R RN FRFEF SRR EFFRR AR A S EE A F RS
! Convec(Hd)=UgtdiC,R)-Hali_dt+¥do*(Uold{(C,RpL)-Uoldi{C,RmII)I (Tua

Convec (Hd)=Uo1d(C,R>-Nalf_dt_our_2dy*¥db=Uold(C,Rplr=~Uotd(C,R

EHD IF
HEXT C
| AR Rk kRN TR B FRBARTR LRI FREAAS B RRRRFF LA AR ER SRR TR EEAR AR RS
I% ADJUST CONSTAMT VECTORS FOR BQUNDARY COHDITIONS. *
EI T IR TR NS R ST R RS R R RN SNSRI R LA LA RS RS LR Y
Neanl=@
HEanZ2=4@
Hear3=@
Hc and=@
SELECT Emarkl
CHSE 1t
Hean2=|
CASE 2
HCanl=1
EMDR SELECT
Comi=Cwmarkl-1
IF Cmml<{$Start THEH Cmml=Cmarkl
Convectl)=Convec (1)-Adiagiir#iNcanl*Etaold(Cmarkl ,Ri+HcanZ#Uc1dCn

SELECT Emarkl
CASE 1
He and=]
CASE 2
Heanl=1
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3148 EHD SELECT

3158 Copl=MINCCmark2+1,End)

3180 Convec iHdi=Convec (Hd)-CdiagiHO % {Hcan3+EtacldiCmpl,Ri+Hcand+Jocld

mark2,R>>

3l?a !*i********{***i!**li*******i****‘*iiiiii*ii**************ﬁi****i*i
3188 '* SOLYE THC TRIDIRGONAL, LIMEAR SYSTEM OF EQUATICHS FOR THE #
3198 i+ K-¥YELOCITY (U) AND THE WATER ELEYATIOH <ETA). *
328@ !********iiii*i*i*ii********i***i***iii**i****i***********iﬁi**ii**
3218 CALL Tridiad{Nd)

3226 !i*i**i**iiii***********i**ii**i*i*i*******i****i******i****i*i****
3230 !% PUT SOLUTIOH YECTOR EHTRIES IHTOD PROFER VARIABLE ARRAYS. #*
3246 !i********iiii*i**i**************ii*****i****************ii*i******
32%5e Limg

2260 FOR C=Cmark!l TO Ceark2

3ava IF HOT ((C=Crarkl) AHD (Emarki=23)> THEH

32809 L1=L1+}

22906 Et anew(C,RI=Hx(L1D

33@a EHD [IF

3310 IF NOT ((C=Cmark2)> AND <(Emark2=13>> THEM

3320 LI=L1+1L

3330 Unew(C,RI=Xx{L1)>

3340 EHD IF

33%a NEXT C

3360 END IF

3378 HEXT Xs¢g

3324 Time2=TIMEDATE

33398 Elapzed_timexTime2-Tinel

3499 FRINT USING "D,5R,4D.3D,3R,3D.4D,2K, 2R, 3D.40,6R,2D.2D";1," WSEL=",Etan

ewi{4,3)," Us",Unauwi4,3),"¥=",Vnew(4,5)," TIME=" Elapsed_tine

3418 | AR R AR R R R EFERE A FE AR E R R A TR EN AR NN AR RN TR E A AN ERRFREREERE 0T EE
342@ EX TR eI PR R E RS EE L FE R TS FEE RIS LR T E T ERF TR R Y E Y R
3438 | AR FERFFAFFER SR PR AR RN R R A AR AN AF R AT ERAA SRR BERFFELFF A S TR R LA T W
344@ TR R F R R REF R R AR RFARFE AR AN TR AN RERAFEEFFNRBERRTE RS FE L X
34%6 ¥ SOLVE THE EXPLICIT ¥Y-MOMENTUM EGUATIOH FOR THE YeVELOCITY (V> #
3460 ix RT ERACH NODDE. *
34?@ TR ER A RN R ERE AR R AR RRARFRERFE RS F NN R RN R RS IR RRRR RN T TS R80T
33528 FOR Xzeg=1 TOQ Hx

3558 IF HOT (¥ri(Xseg>=1> THEW | ALL FIXED VELOCITIES ALONG A ROW SEGCMENT
3549 R=Rowi{Xsag>

3535a Rpi=Rpt_wvector(Xseg)

3569 Rtl=Rml_vector(dsag>

3378 Start=Cstart(Xseg’

3539 End=Cend(Xseg’

3398 FOR {=Start TO End

3800 I IF ¥rd(Xseg =2 AHD C=Start THEN ! FIXED YEL ALONG A LEFT BOUNDARY
3619 ! GOTO Hext_c3

3829 ! ENHD IF

839 I IF ¥r(Xsegr=32 AHD C=End THEW | FIXED “EL ALOHG A RIGHT EBEQUNHIARRY
2648 i COTO Next c3

3659 i ERD IF -

366 IF (NOT (¥YriXsegi=2 AND C=3tart)) AND CNOT (V¥riXszegr=3 AMD C=Erdu)
THEM

38va CplaMmINCL+L,End>

35380 Cmi=amMAX<C-1l,5tart)

3890 Udb= {UnewlC,RY+Unewi(C ,Rpl)+UnewiCn} R}+UnewiCmnl ,Rpl: -4

ITAR LR kAR R R R AR RN SRR RNR N A TR R R LR SR RN AR R AR RRR AR RRARE R RN SRR AR AT L LN
ivie ' TO PREVENT A DIVIDE BY ZERQO ERROR WHEN DEPTH OF FLOW I% EQUAL #
3V 1% T0 ZERQ, SET FRICTIOH TERM EQUAL TO ZERD IH THIS CRSE. #
3730 [T T TR Y SR F e Y T T Ty R Y X YT
3748 Gdbd=(Et anew(C,Rpl)+Etanew(C,R)=-Zb(C,R)-2Zb(Cm1,RI2~21 CHANGED 2
375@ Gdb=2

37E8 IF Gdbd>»d THEH

arre Gdb=Fr*#3@R{Yald{C,R>*¥o1d{LC,R>+Udb*Udb> ~idbd
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3780 } ELSE

3750 ! Gdb=0,8

3800 EHD IF

3318 Ha=l+HalP_dt*(Gdb+(Vold(C.Rpl)-Vald(C,le))/(Tuandy))

3824 Bb=-HalP_dt_aur_2dindb*(Vold(Cpl,R)-Vold(le,R))

3838 { IF ((Etanew(C,Rpl)=-Etacld(C,Rpl)>)<{>@) OR <((Etanew(C,RJI-Etanld(C, k>
3< >8> THEN

IE4@ | Cc=—-90,%#Dt#G#C¢Etangwl(C,Rpl)-Etanewi(C,RI)~Dy

3FE5a CCB-HalP_dtg-ovr_dy*(Etanew(C,Rpl)-Etanew(C,R))

3860 ! ELSE | SRS RN FFEFF A RN TRARRENSF RN SR AR FRR AL BT R AN T AR R Rt

3870 ! Ce=D

3846 ' END IF

3890 Yrew(C,R)=(Yolgd(C,R)+Bb+Cc) Aa

3966 END IF

3910 ! Next_c3; !

3920 HERXT C

3930 EHD IF

3940 ! Next_xseqg21 !

3950 HEXT MXseg

3980 Time32TIMEDATE

3999 Elapsed_time=Tinme3-Timeg

439a FRINT USING "D, 5A,4D.3D,3A,3D,4D,2%,2A,3D,.4D,6R,2D.2D";12," WSEL=",Etsn
ewi4,5," Un',Unewdd,5), "vV=" Ynewi4,5)," TIME=",Elapsed_time

4319 | g e e R R P SR YR RS PR EE L EE R L S S L L L L L L L ER L AL AR R A

4G20 |+ VYELOCITY AYERAGIHG REPRESENTS THE EFFECTIVE STRESSES, *

4333 '+ THE NEW YALUES HOW BECOME THE OLD VYALUES FOR THE NEXT “*

4048 '+ HALF TIME 3TEP. *

4950 | iii***i*i'****i*i**ll‘**i*i*i*****i****i****i***i**i********i*ii****

4068 FOR Mseg=1 TQ Hx

4933 IF NOT (¥ri(Xseg)%l> THEH ! ALL FIXED YELOCITIE3 ALONG A ROW SEGMENHT

4108 R=Row{Xse¢g)

d118@ RplaRpl_vectori{Xseg)

412@ Rui=Rml_vectori(Xseq)

4138 StartsCatart (Xseg?

4142 End=Cend{Xse3)

4130 FOR C=Start TO End

4180 IF ¢HOT (¥ri{Xseg>=2 AND C=Start)) AMD <HOT (WP iXsagr=3 AHD LC=Endl?
THEH :

4179 Cpl=HIHC(C+1,End>

4128 Cml=MAX(C-1,5tart)

4129 Uneu(c,R)=Une_minus_alpha*Uneu(C,R)+ﬂlpha*(Uneu(Cmi,R)+Uneu(C,Rm
ty+Unewi(C,Rpli+UnewiCpl,R)J

4200 Vneu(c,R)=Dne_minus_alpha*Vneu(C,R)+ﬂ|pha*(¥neu(tm1,R)+Vneu(C.Rm
12+¥neuw(C,RplX>+Y¥rneuw(Cpl,R))

4210 EHD IF

4228 HEXT €

4248 EHD IF

4741 HEXT Xseg

4238 Urnewu(ds,54)mlnewid?, 64)

4360 MAT UclidesUnew

4270 MAT Etacld=Etanew

1288 MAT Yold=Ynew

4299

4300 Velocityl=SQR(Uneu(3,5)*Uneu(3,5)+Vneu(3,5)*Vnew(3,5))

|
|
43149 ! Velocity2-89R(Uneu(4?,64)*Uneu(4?,64)+Vneu(4?,64)*Vneu(4?.64)\
!
!

4320 Yelocity3sSQR(Unew (13,29 #Unew( 18, 290 +¥newid, 292 «Vnew(18,2%3)

4330 CRLL PIot_4_uindows(Velocityl,Etaneu(S,S),Velo:ityG,Hstep.This_time)
4340 |

$I50 R EEEEAERE R R RN A FRR AR RS SRR R RN R R F AR F IR R FREF NG E S A SRR AR TS
4260 |* BEGIN SECOHD HALF-TIME STEP, SOLYE THE Y-MOMENTUM AND THE #

437B 1€ CONTIKUITY €QUATIOHS IMPLICITLY FOR THE Y-VELOCITIES AHD THE #
43280 |+ MATER ELEYRTIOWS. THEH SOLYE FOR THE X-¥ELQCITIES EXPLICITLY. #

439a | ERER AR P FF PR RRRF R R RN R R IR IR TR RN T R R AN RN F IR RN R RN AT AR R F RS RAEF
4499 !
4418@ I SRR R E RN B R F RN BN AR R AR ER R R R RRERRTE AR F R H LRSS AR RIS R T F LA
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4429
4434a
4440
4459
4450
4470
4450
#3490
45080
4518
452§
45328
4549
4958
4556
4378
4520
4550
1600
4810
4620
4638
4540
4659
4660
4578
4638
4598
47432

4710
4728
4730
4748
4758
47e8
477
4796
4798
4500
4518
4820
4528
4549
"L
3860
4879
4398
4539
4908
43le
4920
4330
4940
4950
4360
4573
4980
4330
SQaa
“d1a
S0zp
Taza
TA40
S052
Soed

'# FOR EACH COLUMM SEGMENT, CREATE AHD SOLVYE THE TRIDIAGOHAL
' COEFFICIENT MATRIX.

+*
*

o R R AR R AT AR R R H AR AN S AR A SR E S F R AR F LS FF R I RFF AL RN A AR A R R R LR E

Timed4=TIHEDATE
FOR Ysag=1l TO Hy
FARALLEL BOUNDARY CODES FOR Y-SEGMENTS, PLCODE(Yzeg):

FIXED WATER ELEVYATIOM ALGOHG A Y-SEGMEHT.

CONSTAHT H-VYELOCITY ALOHG LEFT GRID SIDE.

CONSTAHT X-YELOCITY ALOHG RIGHT GRID SIELE.

(When PCLCODE=E or 2 nothing ia Done in the
Implicit Part For That Segmint’

1
2
3

IF PccodedYsegl=1 OR Pccode{Yseg>)=2 THEN GOTD Hext_ysegl
IF HOT (PrcodedYsagdull AND NOT (PcoodeiYseglr=2) THEHN
Cacal(Yzeq)
Cat=Cnl wvector(¥seg)
CplaCpl_wvector(¥Ysegq?
EOLUMKH LOCATIOW CODES, CLOCCYseq):

INTERHAL COLUMH
RIGHT SIDE OF GRID
LEFT SIDE OF GRID

[t}
1
-1

# CALCULATE THE COEFFICIENTS BY TKRE ROMW.

*
# “WD" KEEPS TRACK OF THE HUMBER AND POSITION OF THE EHTRIES IH
# THE DIAGOHAL AND CAONSTANT VYECTARS, "RMARKL1" AHD “RMARKZ"
'+ HRE THE ROWS HT WHICH COMPUTATIOH OF THE EMTIRES BEGIHS AHD
' EWDS, KESFECTIVELY. "EMARK!* AHD "EMARKZ" ARE CODES WHICH
'4 IWDICATE WHICH EQUATIOWS THE COEFFICIENT MATRIX BEGIHE AWD
' EMDS WITH, RESPECTIVELY: 1 = COKRTIHUITY, 2 = MOMEHWTUH,
[ T E 2T I T o R L e
N =
Rrnarkl=0
Ruark2=6
Emarkl1=9
Emark2=d

END CODES FUOR Y-SEGHMENTS, CODEZ(Yseq):

FIXED ETA QH BOTH CHDS,

FIXED YELOCITY OW BOTH EMDS.

UHKNOWH ETA ON BOTH ENDS.

UHKHOKH YELOCITY OH BOTH EHDS.

FIXED €TA OH TOP, UNKNOWH ETA ON BOTTAOM.

FIXED ETA OH TOF, UWKHOWH ELOCITY QM EBOTTOM,
FIXED ETA OH TOP, FIXED VELOCITY OH BOTTOM.
FIXED ETA CON BOTTOM, UMKNOWH ETA ON TOP.

FIKED ETA OM EBOTTOM, UHKHOWH YELOCITY OH TAP.
FIZED ETR OW BOTTEM, FIXKED VELOCITY QM TOP,
UMKHOWN ETA QW TGP, UNKHOWH VYELOCITY ON EROTTOM.
UHKNOWH ETA ON TQP, FIXED YELOCITY OH BOTTOM.
UHKHOWN ETR ON BOTTOM, UHKNOWM YELOCITY OH TOP.

3 Py o= Eouy g o) Wy (A B D) R e
H W I il & v o ¥ B 0 UM

[PUPR

CyasCode2(Ysag)
Start=RstartivYseg)
End=Rend(Yieg)

MAT Meed_caontin_rou=(Truel
MAT Meed_momen_row=(True)

AT A E RS SRR RS R RS SR RS SRR SRR R R AR AT AR R SRR RS AR YRR L EEE SRR LY R LY R )

*

* o *

*
*
&
*
*

[EE S SR S SR ISR RS R RS RS ES E SR LR SR AR AR R RS R SRS R LR E RS LR

'« DETERMIME OQRDER QF IHPLT QF ROWS THTO THE COEFFICIEMT MATRIX.

%

EEEEEE YR EE XX ELE X R ECEEEEEEX EEEEE R ELE R FE LA ER XL FERE X E LR LENE LR L L)

SELECT Cys
CAZE 1,4,6,2,9,18,11 ' NQ COWTIMUITY MEEDED
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S67e 1GOTO N_315

Jase Heed_contin_row(Start>=False

S5a%@ CRSE &,7,12 I NO CONTIMUITY OR MOMEMTUM

S10a ! GOTO Hext_rt

S11@ Heed_contin_row(Start)=False

5120 Heed_momen_rowi(Start)=Falze

5138 EHD SELECT

31448 SELEECT Cys

51358 CASE 1,5,8,7 I HO COWTINUITY GOR MOMEHTUM

3150 ! GOTO Hexx_ri -

517a Heed_contin_row(End)=Falsx

31889 Hewd_momen_row(End)=False

5128 CASE 2,3,8,19,11,12 I KO MOMEHNTUN

et 1] Heed_momen_rowl(End)=False

SElg EHD SELEET

522@ Fiiiiiiiiii*iI*****hﬁiiiii**i******i*il*i**ii*iii*i********i**ii***
£533 ‘% CALCULATE THE COEFFICIENTS OF THE IMPLICIT CONTIHUITY ERUATIOH,+
T8 | * AND ASSIGH THEM TQ THE FROPER FPOSITIONS IH THRE DIAKOHAL %
Sz2%9 = VECTORS. *
5:63 !i**ii*i******l***i************i*ii*****i**iiii*ii******iiii*******
S2v MAT Adiag=(-Half_dtg_owr_dyJ

289 MAT Bdiag=(i)

S298 MAT Cdiag=(Half_dtg_owvr_dy)

n320 FOR R=Start TO End

5336 Rmi=MAX(R~1,5tart)

5346 Rp1=MINCR+1,End>

5341 D3=(Etaold(C,Rpl)+Etaoid(C,R)-Zb(C,R)—Zb(le,Rh)/ﬁ.@

T342 IF D3<@d THEN D3=9

53509 IF Hegd_contin_row(R)> THEH

5360 IF Rmarkl=8 THEW Rmarkl=R

3370 IF Emarkl=d THEN Emark1l=1

S350 Emark2=R

S399 Emarkg=l

5488 Nd=Hd+1

s4te Di-(Etlold(Cpl,R)+Etlold(C,R>—Zb(C,R)-Zb(C,le))/2.B

420 I2=(Etacld(C,R>+Etaoldi{Cml,R)=Zb{Cmi,R>=Zb{Cml,Rml1>>-2.8
T4349 | D3={Etaold(C,Rpl>+EtaaldiC,RI-2b{C,RI-Zb{(Cm1,R>3-2,0

S N4=(Etacld(C,R>+Etanid(C,kmi)=Zb{(C,Rm1)-ZbCCml Rul+, 2.8
5458 IF D1<@ THEHW D1=a

S46d IF D2¢§ THEW D2=@

S478 { IF D3<@ THEN D3=8

T430 IF D4<a THEW D4=8

5490 Adiag(Hd)=-Hal§_dt_ouver_dysD4

3508 1 Adiagidd)r=X

55l ' BdiagiNda>=1.0 INITIALIZED T0Q 1.8

520 v Y=a, 3#Dt%D3/Dy

5530 Cdiag(Hdd>aHalf_dt_ouver_dy*D3

540 I RANRREFRRERTFERFRRARRE RS F AR AR AR RSB R R E Rt
==Es I COMSTAWT YECTOR EHTRY FROM THE COHTINUITY EQUATION: #
ﬁﬁﬁa !iii***********Qi*ii*i****ii*iiiii******ii*l**ii***i&i****iiii****ﬁ
IS5V ' G-Etaold(C.R)-B.S*Dt*(Dl*Uold(C,R)—DZ*Ua1d(Cm1,R))/Dx
5539 Conucc(Nd)=Etaold(C,R)-HalF_dt_ouer_dxi(ﬁl*Uold(C,R)hDZ*Uo1d(E
SR

598 EHD IF

S50 N_315: 1

SE1@ L IF RmEnd THEN
5628 b SELECT Cys
!
!
!

5430 CASE 2,3,8,18,11,12

T543 GOTO Next_rt

5650 END SELECT

S65Q | END IF

S&7 IF Heed_monen_row{R> THEH

568 !i*iiiiiiiii*i*ii;*ﬁﬁii**i*i***ﬁiii**ii*i*iiiiiii****i*i*i*ii******
5890 1% CALCIILATE THE CQEFFICIEHTS OF THE IMPLICIT ¥-MOMEMTUM EQUARTIOHN, *
STa9 (B AND ASSIGH THEM T) THE PROPER FOSITIOHWS IH THE DIAGOHAL *
5716 I ® VECTORE, *
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5738 IF Rmarkl=p THEH Rmarkl=R

S740 IF Emark1=0 THEH Emarkl=2

5750 EmarkZ=R

5768 Emark2=2

srva Hd=Hd+1

578a Hdb={Uol1d(C,R}+Uol1d{C,Rp1I+Uald{(Cml,Rpll>+Uold<Cmi,RI)>-"4.8

ST3A R R I E e LT L e st I

S380 's TO PREVENT A DIVIDE BY ZERC ERROR WHEN DEPTH OF FLOW I3 Z2ERO, #

1-34s] | % SET FRICTION TERM EQUAL TO ZERO IH THIS CASE. *

fage IR ARRRFFRB SRR ER AR R RN E R E RN R IR TR RS SRR R R R RN FE AT RS S FC R FERTTHRE

3830 | Fdbd=Etaold(C,Rp!)+Etaold{C,R)=Zb{C,R}~2b(Cm1,R)

5340 Fdb=@

5838 IF D3>0 THEN 'FDEBD

S8&0 | FAbwFr#SER(YoIJd(C,RI*Yo1d(C,R)+Udb*Udb)*2, 8-Fdbd

5270 Fdo=Fr#S0R{Yald(C, R)*vYolad{C,R)+Udb%iidb>-03

S28Q | ELSE

5398 ! Fdb=8

3999 EHD IF

5910 { Rd=-08,5#0t+G-0y

SS920 | Adiag{Hd>=Ad

5938 EdiagiHdd=1+Half_dt#(Fdb+(Void(C,Rp1i~¥olad(C,Rmldi Tyo_dyJ

5948 | Bdiag(Hg)=Bdg

5958 ! Cdiag{Hd>=~Rd4 { aCDh==RD

S9gd [ kR RNRFRRRFFRREEA RN B FRER R R R B R R SRR F B R R E SRR SR LA R EF R AR SRR F R LS

5978 1%  COWNSTANT VECTOR EHTRY FOR THE MOMEHTUM EQUATIOH. *

Y Y R L L Ry R Ty T g R e R e Y T T S LT,

S93@ PoP=Yold(C,R)-8.5+It~xUdb+{¥oid(Cpl,R>-Yold{Cml ,R>3-{2+Dx}

S0 Conuveg(Ndi=vold{(C,RI)-Half_dt_ovr_2dx+Udb*(¥Yal3(Cpl,RI-Ya1d(Cnt
SR

5810 | Convec (Nd)=P

saz28 EHD IF

5036€ Mext_ri: |

5848 HEXT R

BASH I ER RN R RN R ER RN AR AR R R RN R AR R R NN TR AR N FARNF TR AR F R RN TR AR RS SR

EAED  '* ADJUST COMSTAHT YECTORS FOR BOUNMDARY COHDITIOHS. *

&£A78 R R R R LR R E R F RN A R E R F R R A A A R T A FF R IR EFF A F TR A TSR AN S EHEE*

5080 Ncanl=g

6050 N¢an2=

£106 Hean3=g

&li@ Nc and =g

6126 SELECT Emark!l

£139 CASE 1

&140 NHcan2=1

5132 CRSE 2

€169 Heanlel

e17e END SELECT

alge RmmimRmarki=1

a190 IF Rmml<Start THEN RmmileRmark!l

208 Convecyld=Convecili=Adiagili®*{Ncanl*Etacid{(C,Rmarkl}+Ncan2+YaldiC,
Rmnel ) >

gz1@ SELECT Emarkz2

&22a CRSE 1

£230 Ho and=1

240 CRSE 2

a350 Hean3=l

5260 EMD SELECT

276 Rmpl=Rmarkl+]

s280 IF Rmpi*End THEN Rmpl!=Rmark2

Ctealyl ConveciMdr=Convec{Hd>-Cdiag Hd)#(Hecan3%Etaold{C,Rmpli+HcandsYoldC
(Ruark2d>

5389 RS R R R T AR I A RN R R R RN AN RN NG FERAFFRNAFRCENNAXEFAERR TR EAF

A3l '% S0LVYE THE TRIDIAGOHAL, LIHEAR SYSTEM OF EQUATIQHWES FOR *

53209 % Y=VELOCITY <>, AHD WATER ELEYATION {ETAZ. ¥

5338 I EERER LR SR ERERRERR A EF AR FERACTE R A F IR IR TGS R TN B EFRARRFIRARFRARRRRRFRRS

8340 CALL TridiadNdd>



6358 R F AR AR R RN R RN FER RN SRR R B R FRRERFERRFFR RN R AR E SRR EXEF R AR FE R AR

536a '« PUT SOLUTIOH VECTOR EMTRIES INTO PROPER YARIABELE ARRAYE. *

ek R E T2 2 P2 E T2 XY Y F R LR R Yy Y Y Y T

&£358 L1=0

&390 FOR R=Rmark1l TO Rmark2

4348 IF HOT (R=Rmarkl AHD Emarkl=33 THEH I GOTO N 483

6410 Li=L1+1 -

€420 Etanewd(C , R)=Xx(L1J

6438 N_485: !

£44@ END IF

5434@ IF HOT (RaRmark? AND Emark2=1) THEN 1 GOTO Hext_r2

E4E0 L1=L1+1t

&470 Yrnewl{C,RI=¥x{L1>

54398 EHND IF

£498 Hext_ri: '

6500 HEXT R

£518 END IF

€529 ! Hext psegl: |

5539 NEXT Ysag

6549 TimeS#*TIMEDATE

&558 Elapsed_time=TimeI~Tine4

8550 PRINT USING "D,5A,4D.3D,3R,3D.4D0,2%,2A,30.40,6A,2D.20";3," WSEL=",Etan
2wid, 50, " Us",Ungud(d, 53, "Y="  V¥newi4,3)," TIME=",Elapsed_time

65?[1 | R ERAERRREEFERRLFFEEERTEEEAFRE AT SR RS S RN AFPEER RS EREFEFFEERF TR AL+ 5

5580 I#%# SOLYE THE EXPLICIT X-MOMEHTUM EQUATIOH FOR THE X-YELOCITY (U #

€590 l+# AT EACH HODE. #

LY =1 RN R R TR RN SN LR NN R ERER IR IR N R RS R ER A EN SR RARNEFFRREE S EE LSS A 42

6618 FOR Ysegw=l TOD Hy

€Ez28 ! BOUNDARY CQDES FOR EXPLICIT X-VELOCITY SOLUTION, VC(Ysag):

638 ! (Second Half-Time-Step>

sE40 ! 8 = ALL UNKHOWH YELOCITIES ALOWG A COLUMH SEGHENT.

5850 ! 1 = ALL FIXED VELOCITIES ALOHG A COLUMH SEGMENT,

s5668 ' 2 = FIXED YELOCITY QN BOTTOM EOUNDARY.

5678 ! 3 = FIXED VELOCITY ON TOP BOUMDRRY.

668@ !

563Q IF HOT {Yc(Ysegli=1) THEHN b GOTQ Hext_ysegZ! ALL FIXED YEL ALOMG A
COLUMN

8788 C=Col{Yanmg)

6718 Cpl=Cpl_wvector(Yseg>

srza Cml=Cml_wvactor(Yseg)

&738 { IF Cloc¢Yseg)==1 THEH Cml=C! LEFT SIDE OF GRID

€740 t IF Clocd¥Yseg)=1 THEHN Cpl=C ! RIGHT SIDE OF GRID

s738 Start=Rstart(Yieg)

768 End=Rend(Yseg?>

ar7a FOR RE=3tart TO Endg

v} IF NOT (¥ciYsegi=2 AHD R=Start? THEN ! GOTO HNext _r3!FIXED YEL R
T BOTTOM

790 IF HOT <(Yc(¥Yseg>=3 AND R=End> THEN {GOTJ Wext_r3 'FIXED YEL A
T TQP

5884 RmlwMAX{R-1,Scvart)

€310 Rol=MIH<R+1,End>

s5za I IF R=3tart THEH Rml=R

£330 ! IF R=End THEM Rpl=R

ER40 Vdb=(¥new(C,Rrl1)+Vnew(Cpl,Rmi)+¥Ynew(C,R)+Ynew(Cpl,R}>-4.0

&350 IR AR FAFFAERBAFRFRRRBERERERTRNERRLNERER BB R REREREREFTRREN AT RT N TR TR

€96@ (% TOQ PREYENT R DIVIDE BY ZERD ERROR WHEW DEPTH DOF FLOW IS EQUAL +

878 '# TOQ ZERQ, SET FRICTION TERM ERQUAL TO ZERO FOR THIS CASE. #

E380 TR R AR R RERERRERFRERER R R RERERRFRR R R TR RERRR R R AR RRERER TRt EN

£83Q Gdbd=EtanewiCpl,R)+EtanewiC,R)-ZB(C,R}=ZEC(C,Rml

£9a8 Gdb=8

5318 IF Gabd>@ THEN

£920 Gdb=Fr+{{Unld<C,R>*Uold(C,R}+Ydb%¥db)~@,5%2.a-Cdbd

8930 ! ELSE

6949 ! Gdb=0. a8

=354 END IF

2311 Ra=1+Half_dt#(Gdb+{UoldiCp!l,RI-Uald(Cml, Ry (Two_dx)>
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£970
5930

Bbs-Half_dt_owr_2dy+Ydb#(Ucl1d(L,Rpt)—UoldiC,Rml)>
t {F ¢((Etanew{Cpl,RY-Etacld(Cpl,R>»3¢>8) OR ((Etanew(C,R)-Etacld(C,

R3I¥{>B) THEH

5990
Teae
E4 Y
Teze
Vo390
7a49
b k=1
7eco
7070
Teso
7@99
7100
7L
7120
7139

Cemm=Nalf_dtg_our_dx*(Etaneu(Cpl,R)-EtanewlC,R)>
¢ ELSE
! Lc=a
' END IF
UngwiC,R)=(Ucld(C,R>+Bb+Cc - Aa
END IF
END IF
Hext _r3: !
HEXT R
END IF
Nexi_wiegQ2: !
MEXT Yseg
TineSsTIMEDRTE
Elapstd_timt'Tith-T1m¢5
FRINT USING "D,5A,4D.30,3R,3D.4D,2%,2R,3D.4D,6R,2D.20";3," WSEL=",Etan

ewid, Sy, U=, Ungw(d, 5, "VY=" Ynew(d, 32, TIME=",Elapsed_time

7148
r1%50
Tlée
?170
7189
7211
7220
7230
7240
?725a
7260
7Zv0
7280
7z90
THEH
73e9
7318
v2ze

PRINT »
T EA A EERFRERREEEREFERRER RN ERRBRLR AR RARAXRRRAFFERL RS R LSRR R
% THE NEW YALUES MOW BECOME THE OLD YALUES FOR THE NEXT ¥
1+  HALF-TIME-STEP. *

4R R ERRRR S ERRERFRRRAIFRERFEE LR E ST R A4 FRENFH AR R R R R R AR LR R EFF

FOR Xseg=1 TO Hx
IF HOT (Yr<Xsegi=1) THEM ! RALL FIXED YELGCITIES RLONG A ROW SEGMENT
R=Row(Xseg’
Rpi=Rpl_vector(Xseg)
Rml=Rml_vector{Xseg)
Start=zCstart(Xseg)
EndsCend(Xaag?
FOR C=Start TO End

IF (HDT (¥Yri(X¥seg>=2 AND C=Stari)> AHD (NOT <¥r(Xseg)=3 AND C=Endu>

Cpl=MIH<{C+1,End>
Cmi=MAX{C-1,S5tart)
Uneu(C,R)=On¢_minus_alpha*Uneu(C,R)*HTpha*(Uneu(Cmi,R)+Uneu<C,Rm

10 +Unew(C,Rpid>+UnewiCpl B3>

7330

Vneu<c,R)=Gne_minus_alpha*?new(t,R)+H]pha*(?n&u(tmi,R)+vneu(C,Rm

1)+¥newi(C,Rplr+¥newiCpl,R2>

Tz49
7330
Tarve
7271
7380
7394
74009
7410
7420
7430
744
7450
73D
7478
T43d
74948
7528
7518
7529
7338
[g-E 1]
b-1-1%)
fe-11"!
7570
7534
735390

END TF
NEXT C
EHD IF
NEXT ®sag
Ungw(48,64)sUnewid4? 64>
MAT Uold=lUnew
MAT Eracld=E¢andw
MAT YoldeVnaw

VelocitylmSOR(Unew (3, T)#Unew(3, S «Vnaw(d,Tosvnewtd, 537

Velocitwe=SOR(Uneu(47, 540 #inew (47,64 ) +¥new(d? B4 ¥¥ngud7,564))

Velocityl=SQR(Unew(18,29)+Urew(l8, 29 +¥newild,292%¥new (18,29
cALL P]ot_4_uindous(Ve1ocityi,Etaneu(S,S),thocityS,Hitep,Thms_t1me}

IF @=(Nstep MOD 28> THEH ! §.B. 29
Time_step_LBmin=INT(Nstep- 28D i §.B. 20
Out200¢1,Tine_step_l@mnd=Unew(18,29)
Qut2e@{2,Time_step_lB8min)=Ynew(18,29>
Dut20R¢3, Time_step_l@mint=Etanew(18,29>

END IF

IF QmuiHsteap MOD 28801 THEMN 1 £.B. Z888@

FOR I=1 TO 48
FOR I=1 TO 73
Step_datadl, 1,I>=Uneull,J>
Step“data(2,I,J)=vneu(I,J>
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7eaE Step_data<3d, [,)y=EtanswcI, J2

el HEXT J

ve2a MEXT [

TE38 Day=INT(Hstap-2883) ! $.B. 2880
TE49 ASSIGH #8 TO "AD! QUTPUTH&VRL#C(Day &";C580,7"
FEIA PRINT #8;Step_dara(#+)

?6648 ASSIGH kB8 TO +#

Fava ASSICH #7 TQ "ADI-QUTPUT_z@@:CSB8,7"

h-1-1% PRIHT #7;0ut208(%) ! 5,8, 0N
7690@ ASSIGH #7 TO +*

7rsa EHD IF

?718 !

7728 NEXT Nstap

7738 BEEP 5,2

TF4@ EMD

7730 !

TREQ I AA R AN RR R TAE RN SRR R PR AR TR R TR RSP ER R R TR A RO RFF R R RS
77?8 Read_data: !

7730 RASSIGH #1 TO "HDI/HDI_DHTH/PHSCD_SIH_REHL:CSBB,?“
?T98  ASSIGN #2 TO “HDI/TDPD/HDI_PHSCU_I:CSBE,?'

7580  ASSIGH 2 TO “RDI/SEHT_?:CSBB.?"

7819 1

7820 PRINTER IS CRT

7338 !

7840 HMNx=73 | 73

V3% HNy=48 | 48

T2od !

7378 MRT Csatart=(2)

7880 MAT Rstart=(1)

7898 MAT Cend= Ny

7988 MAT Rend={Hx>

7e1e |

?92@ |FRINT "FRCODE RLOC CODEL YR
7939 FOR Nsag=1 TO Hx

7948 RERD #1;Prcode(Xseg),Rloc(X=seg?,Codel(¥aagd, VrixXseg?
79%@ | FRINT Prcodec(Xseg),Rloc(Xseyg),CodellXsegi,¥riXseq?
T9e0 Rowi(Xsegl=xieg

7378 HERT Hzeg

7986 !

79984 !PRINT “PCCODE cLoc CODEZ2 vy
8088 FOR Yseg=! TO Hy

sate@ READ #1jPccodelfseg),Clociv¥seg),Codar(¥segr,Vciyseg)
8828 | PRINT Pccodel¥sag),Clociryseg),Code2(¥Yseg),¥ciVseg)
38348 ColiYsegr=yseyg

204@  MEXRT Yseg

3a%e !

396@ ALLOCATE INTEGER Elev(48,?d)
8070 RERD WIjElew(®

2980 MAT Zo=glew

39938 DERLLOCATE Elev(*)

5100 Maxx=MAX(Zb{#)3

3110 IMinneMINCZDC#D )

31ttt Minn=tT5Q0

3ie !

2126 READ #2;5entine! _wi#),Sentingl_wsel{+)
2149 B

2158 MAT Uold=(d)

8151 MAT Unew=(d)

21e® MAT VYola=(dd

161 MAT Yrew=(@)

3170 MAT Etaocld=(Minn)

3171 MAT Etanew={(Minnl

3132

8190 Dx=l508

2238 Dy=1500

3210 Humber_of _secs*1B¥24%60%60
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l-P4=1-]
8230
$349
5250
5260
2270
8280
8290
2zea
83te
3320
3338
8340
8350
3360
2378
23880
390
$400
Z410
2426
3430
8449
2450
2460
3470
8480
34989
a3oe
g518
8520
3338
85409
$530
§360
a37e
8530
g%9g
8200
3610
SezZe
3c¢30
L
353540
:1-3-0"]
geve
296E9
3£90
3700
avio
2720
8739
3740
3vse
grsQ
§T7Aa
3730
3732
2808
s21la
2578
9830
£840
8359
1-1-1]
3370

bt =30 | $.B. 3@
Nts=23@08 | 28880 = 2/MIH # 68 MIH-HR + 24 HR-DAY +* 18 DAYS
! NTS=NUHBER_DF-3ECS/DT
&=9.9
Fr=.084
Time=8.8
Thiz _tine=d.0@
Gloaded=0
]
ASSIGH #1 TO #
ASSIGH #2 TO +
RSSIGN #3 Ta #
RETURN
1
!
EZ T XTSI TR SRS R RS LR TR SRR TETIEEFE R R PR EE PR FRE T
SUBR TridialINTEGER H) !+
I EFREXFRREERNAFARRRFRARF
Tridia: !
[EEETEEIE ISR R Y R R L 2L L]
l4 THIS SUBROUTIWE SOLYES THE TRIDIAGOHAL COEFFICIEMT MATRIX *
[ FOR THE UHKHOMWHS. #*
b #
PER R R EFER KU LR L LT AR EEREEERFFFATERAFERRARERABFRRRR S ER B S ER AR R B FER RS b
OPTION EBASE 1
DEG
COM #BLls Akl BO%),CCH),KC#I,Fs>
REAL Alphai206),Beta(208>,YC(200)>
! FEE T R FE FE R R P R P P RS RS EEEEY RS EEEE
Alphacl=B{1>
Betail)=C{l)- Alphadl)
Y{Llo=F{ld/7R1phatl
FOR I=2 TO H
RiphadlieaBCI)-ACT>#BetacI-1>
BesacI)=C{I})7AIphall>}
YD) FLI)-ACID&#YCI-13D2/Alphaltia
NEXRT 1
IR SRR AR FFE T AR R AR F AR ER T E R T AR LR RN FFRRF L ERFFRF TR BT RN R
'%# BEGIN BRACKWARD SUBSTITUTIOH FROM LAST ROW, #
IE R R P E e E R L R Y E R R R E L,
KCMI=YOND
Hu=t-1
FOR I=1 TO Nu
J=H-1
ACIy=Y(Jo-Bata(Jri®sx(J+1)
NEXT 1
SUBEND
I
SUR Plov_4 _uindows(Velocityl,Velocitw2,Velocitu3d,Htine, This_timel
R LYY PR Y PR R L R Y R R R R R Y S P R L L R E R LYY
|
T RAFFEERFFERFRBARARFERRRRARRAERARFF AR RARERFRAF TR TF R AT TR FE R TR N
OPYION BRSE |
DEG
COM ~BZr INTEGER Rendi(#),¥c(#),Maxx,Minn
COM ~B3/ Unldd(#),Vold(#),Etanld{%), Zb(*)
COM /Bar Unew(¥),¥new(#) Erandui+),Sentinel_wisd
COM sPlots THTEGER R{#)>,Cloaded,Nts
El

FPEN 1

[F Thais_time THENW
CSIZE 2.3
GUSUB Flow_point
SUBEXIT

ELSE
This_time=1
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seg0
3898
3908
3918
5920
3936
89540
8959
3960
3970
2989
3990
289
9910
9829
5038
840
230
3868
Save
3080
ELT
9109
S119
91289
2130
2148
2158
9168
aiva
9180
9190
2208
219
2228
230
9248
59258
9269
9z70
9230
9290
2308
93109
8320
3330
9349
3350
93¢0
P37
2330
2398
J4@08
a418
2429
9430
3449
2450
94648
3478
9489
3498
2500
9519
3528
2530

GINIT
PLOTTER IS “GRAPHICS*,13
GRAPHICS ON

LORG .5,.5
CSIZE 2.3
1

YIEWPORT 5,55,55,98

MINDOW 0,1090,8,10@

FERME

MOYE 58,90

LABEL "YELOCITY SENTINEL GAP"
WINDOW 8,19,8,29

LAXES 1,5,8,8,2,1! WAS -1 NOT 2

YIEWFORT 35,3%5,35,48
WINDOW 3,190,8,109

FRAME

MOVE 50,98

LABEL “WATER SURFACE SEHTIHEL GAP"
WIHDOW @,18,8,493 1 19=NTS
LAXES 1,19@,0,8,2,1 1 2=2160

YIEWPORT 63,128,5,46
WINDOW @,106@,2,108
FRAME
MOVE 5@, 98
LABEL "VELOCITY 268 AREAS"
WINDOW ©,10,6,25
LAXES 1,%,08,8,2,1
1
END IF
SUBEXIT

!ii****i****iiii****************i*l***ii*ii***i**i**ii**i*******i**

Plot_points!
UPPER LEFT-—--m+==———- - —— s — = o —mro————————— = sss e

VIEWPORT 5,%5,5%,958
WIMDOW @,Hts,d,2%

MOVE Htime,Yalocityl
LABEL . "

|= LOWER LEFT-w—amesr e e dese s s e dam s m ==
YIEWPQRT 5,33,%5,48
WINDOW ©,Nt3,@,400
MOVE Huime,vYelocity2
LABEL “."
1

==L OWER RIGHT=————===mmmm—mmm—asr— o ——m— o mmmm——— o —w=m oo
Y1EWPORT 65,128,%,48

WINDOW @,Mts,0,25

MOVE Htime,¥alocitys
LABEL ".™

| =—UPPER RIGHT=wwmmmmmmmmm s = mm o m oo~ mmmm e mm

vIEWPORT 6€5,128,%5,98
WINDOW B, 106,08, 168

FRAME
KETURH

IF HOT Gloadad THEH
GOSUB Map

1 ASSIGN #9 TO "ARDI/TOPO-/PRSCO_GSTORE:CSS8S,7"
GSTORE R{#)

1 PRIHT #9;RC*)
Gloaded=1

ELSE
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%48 ! GGSUB HMap

3558 EHMD IF

93560 RETURN

a57Te

IEIP  EE R RN E RN ER RN R E R RN R AN ERFREERE R R R FF R R R FE S A RN A S I N A S S w b e kPR SR
9590 Map: !

HEE0 WINDOW ~5,78,-9,;%3

F€1@ FUR Row=l TO 48

9620 FOR Col=i TO 3

530 Lumin=(Zb<{Row,Col)+Minn)/{Maxx+Minn?

J540 SELECT (Etanew(Row,Col>-Minn)>18

29530 ! SELECT S@R(Unew(Row,Coll~2+VYrnew(Rouw,Coll~22>3

S650 CASE @ {DISPLAYS TOPOGRAPHY (Mo Water)

SE70 SELECT Zb¢Row,Col>

FeER CASE & TO 132

2690 Hue=, 0%

7@ Saturel

s71a CRASE 133 TO 3@e@

3728 Hue=.15

3730 Satur=1

3740 CASE 3©1 TO &08

97358 Huew. 40

Eg-Y:] Satur=.8

3770 CASE >601

3788 Hue=9

79 Satur=@

48aa EHD SELECT

9810 MOYE Col,40-Row

398209 RREA COLUR Hue,Satur,Lumin

S830 RECTAHGLE .71,.71,FILL

9840 CASE ELSE IDISPLAYS LOCATIONS WHERE WRATER IS OVYER
9838 FEN -1 '19m DEEF

Fg5Q AREA INTEHSITY ©@,8,1

$&7a MOYE Col,d4@-Raow

S888 RECTAWGLE .71,.71,FILL

9890 RECTANGLE 1,1,EDGE

5948 EMD SELECT

5918 HEXT Cal

5928 HEXT Row

9930 AREA INTEHSITY 1,0,0

5949 MOYE 5,48-3

ELRT RECTRNGLE .71,.71,FILL

9968 MOVE &4,40-47

3978 RECTRMGLE ,71,.7Lt,FILL

9938 MOVE 29,48~-18

IFI0 RECTAHGLE .71,.71,FILL

1600 RETURH

10aid  SUBEHD

IR-1-F1-

10833 !

18640 SUB Interpolate(yector{#>,Hstep, IHTEGER Hts,REAL Resuls)

163509 | S F SRR RARRFRATTEEA PR FRRAAINRFRFFELFEALHRARRTRRRTERR G SRR S F RN
139RE3 R *
{edra 1% INTERPOLATES YELOCITY AND WATER SURFACE ELEYATION YECTORS *
12580 1« TO FINER TIME STEPS TO USE AS BOUNDARY COHDITIOHS, #
133946 % *
189100 | A F RN F TR TR R PR RN AN REN S F LRI EREERFESGF LR A FRATREAREN
1a1t4a OPTION BASE 1

1a1z29 Dim_vector=SI2E(VYector,1)

10130 Elapsed_time=Nsteps/Nts

104 Index=IHT(Elapsed_times¥Dim_uector)+l

13132 IF Index>Dim_uectaor THEHW

ialéo Upper_!im1t-Vector(D1m_uector)

19179 ELSE

lerga Upper_limit=Vector(Index)

131%a@ END IF
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18200 IF Index=1 THEH

18219 Lowar_timit=Yector(l>

19220 ELSE

132389 Lower_timitzYectar(Index-1)

162409 END IF

182358 Result=Lower limit+{Upper_limit-Lower_Timit)*FRACT(El apsed_time*Dim_uveé
crord

19268  SUBENWD






APPENDIX D

COMPUTER CODE FOR SEDIMENT TRANSPORT




TR R R T R R T N A T R X TE XA XA TL LR RN AN AN TR TR - g A e AT

Ll e

20 [ *
348 [ ) *
40 LI 3 STORE "M-FM H:H8,2,08* ! *
Sa o RE~STORE "H-PH:H:HS,Z,G“ ! 3
&Q [ *
hz) L R R L L Ly e I
S ot o g i R R R R R R A R R A R AR R R AR A S F R A R A A R F F R A AR NI N AR RN FRAAER A AT
g LI *
10g [ #
g L AGGERDATIOH-DEGRADATION COIE =
120 L UTILIZES MEYER-FETER AMD MELULLER S TRANSPORT ECUATION +
130 L *
MENY] [ WRITTEH BY *
L5d o= JAMES F. HANSOHW *
163 ! - -
LT I ] +
18a [ THIZ CODE 1§ WRITTEM [N HP-BASIC TA EBE WEED OM A HF3545E *
tan I« DESKTOF COMPUTER *
Zgd LI 3 ¥
219 * -

AR R R RN R NN N I R T R T E N RN R R RN A T A AL A RN AT AR N A AN AR A AT AR EREF S F

[

I UL VIR P P PO A I

|
!
P 2u] IR LI R R R R T L R R R e s e I
248 " x i
250 4. .
Ied L CALCULATED SHEAR STRESS VALUES ARE EBASED OW THE COMFUTRATIOHS OF *
zra L HYDBRAULIC RADIUE, HYDRABLIC FALIUZS YALUES APE QETAIWED USIHG +
234 tox IMFUT YALUES OF CHAKHMEL WIDTH AWD LDEFTH FROM BACKLATER *
298 Tox COMPUTRIOHS USING HEC-Z. THROQUGH LSE OF A BACKWATER CURWYE WE *
1) Iox AYOID COMPUTIMG HYDRAULIC RADILES AMD SHEAR STRESS USIHG HORMAL *
RN e DEFTH QF FLOW. L]
To e *
3a 1o )
<y [ o
sd | iiiii*i******i*iiiiiiiii**i***i**iiiiiiii*****i*iiii*iiii*****riiiiiii%
-1t L o R R R T R AR A RF R AR R AR AR RSN TR R LR AR AR AN TR RARTRI AR RS TR SR TR
TR [ )
g L o# +
23 [ THIS PROGEAM READS THE FOLLOWIWG THFUT YARIABLES: *
Go [ 1.) WATER ZURFACE GRADIENT = Wsgrad -
HY) Lo# 2.0 DEPYH OF FLOW = Depth +
<20 [ 3.7 VCHANHEL WIDTH = Topuwid +
=30 Io# 4.> TDISTANCE BETWEEH X=-SECT s Dx *
LET: . S.> DISCHARGE = Q #
E-1Y [ 6.3 PRRTICLE DIAMETER = #
ey Lo *
470 Io* DATA 15 IHPRT IN EWGLISH UNITS AWND TRAHSFORMED TO METRIC. #
43830 !ow I
4349 ro *
a2 o= EQUATIONS ARE TAKEW FROM JOUHAMME GESSLER wOL 1,CHRAFTER &, *
i o> IH RIVER MECHAKICE, EDE. H.W. <HEH, 1974, -
524 ! *
=3a [ *
S48 [ *
=53 [ I T EEEE R ey R e R L L L R L E L LR RS R R Rl
Ced D N ek A A A AT AT E N A A N R A R R FF AR R R T AN R R TR RN T I ANt R AR AR FrFFr 5
] t
wed t
539 JPTIOH BARS3E
g08 DIM Depthi36, 10>, Topwid{28,185,Yn(35,9> ,Rn{3E, 9>, Tauc2E,9>,G5(36,9),S10ad(
36,9, Trans (38,90, lWsgrad(28, %), Sun_trans(9),01d_sun_trans(3),0¢365, Ix{9;
&11 DIM Di5e, 18),T(36, 18  Hr(2E, 19D
220 LEG
=30 1
o T R R ERRRFF R F R R AR AR T E R A AR R RR AR E R TR A RN F T T R FRAEFF RS F A2 A A F RSP T E SRS
[Spaty] e ¥
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S5
&
eIt
&390
T0a
ERN)
Fanit]
730
T4
g1
Ted
ra
Ten
T80
2da
310
829
230
40
250
Se0
Eg
E3-gt ]
893
03
14
29
q3d
948
958
48R
ST
480
390
1008
1alQ
1929
183
Lo
10548
10&8
ta?7g
1030
10Fa
1194
111
Lza
1139
Ll
L1158
1180
117a
113
1198
1209
121a
1220
1230
1240
1254
1259
127d
1230
129@
1300
1319
1320

!+ THE FOULLOWIHG ARE DISCHARGE VALUES (MCF3Y FOR THE HYURULKAFA AT *
! # SENTIHEL GAF AND WERE DEYELOFED USINHG A PAISSONM FREQ., DISTRIEBUTION, +
+ DATA IS STORED OH, FILE “LCHRGE“. +

TR R R R R R R R A N R T A AR AN EF R IR A RS R T F AR K AR T AR T NF AL RS R RF RS

3IGH #1 TO "DCHRGE:H8,2,0"
ERD #1;0Q¢#)

* +
# THE FOLLOWING ARE FLOW DERTHS COMPUTED FROM HEC-2. THEY RARE STORED *
# [N FILE "DEPTH*. *
# %
L L AL £ L L L LT L L e

R

ASSIGN #2 TGO "DEPTH:HS,2,B"
READ #2;Depthi+=>
)
1
q

HERBFFRERRTARARFRERF SRR U A RGN T TER AR A F o E T DKk WA NN FHEFE TN A d b

B €
+ THE FOLLOWIHG ARE CHAWMEL WIDTHS FOR FOR HBOVE DISCHARGES. THEY *
* ARE STORED IM FILE “TOPWID™. -
* -

¥

b

b

L

R

I

|

R R R A Rl A Y T s T e e XL l)
I

1

1

1

'

F

)

il

1

|

|

T T T T R R R A T T R X RS ¥ R T T X ' P P
|

ﬁSSIGN $3 TO “TOPWID:HB,2,8"
READ #3;Topwid{%)
!

HREFER SRR ERFRF R SRR RN SRS S EE R BT RF RN BB B R F R R NN SRR R Td bR

* *
% SURFACE ELEYATIOWHS FROM HEC-2. STOURED IH FILE "HECGRHY". #
* *

f

!

1

{ % THE FOLLOWIHG ARE WATER SURFACE GRADIEHYS COMPUTED FROM WATER *
i

!

T R T g g A E LT a2 T L e Y s
!

ASSIGH w4 TO "WEGRHY:HEZ,2Z2,0"

READ #4; Wsgradis)

I

|
|

DATA 1,12343,11198,3999,0333,1:2292,127¢0,10156,3635,7133
MAT RERAD Dx 'DISTAHCE IH FT BETWEEH CROS3-SECTIDHE"

1
I
1
T YT LY S R S PR R R R e Y Y A R R AR E LA A R s s ARl R L
[ +
bos BEGIN SHERR STRESS COMPUTATIANWS *
[ *
[ A 2 AL e e E R P A A L L R SRS R e A s R R LR L ]
1

)

Cammas=2. 597 VKG-ZEC*#2-M%%2 (SFECIFIC HEIGHT OF SEDIMEHT
Cammaws=, 350 'KG-SEC*#2-M#43 (SPECIFIC WEIGHMT OF LRTER?
Grav=9.3 IM/SEC#&2 CACCELERATICOH UF GRAVITYD
Ci=3%(Grav/Cammad)~, 3

O=,gQ2 IDIAMETER OF PARTICLE IN METERS

1

! COMPUTE CRITICAL SHERR STRESS
!

!
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1320
1348
1350
136@
137a
133890
1338
1404
1419
1421
1430
1340
1450
1480
{470
1480
149d
1520
1519
1529
L339
1599
15%8
1580
157a
1530
1590
1504a
1610
1a20
1830
le4d
tesa
l1é66a
le7i
180
18690
17ag
1Tle
1720
1730
1740
1750
17
1779
173949
179d
1800
T3l
L8820
1834
1848
1350
19Ed
1378
1330
1896
1508
19103
19240
1e2a
1948
1950
1988
1374a
1980
19498

Critau=.047#(GCammas-Ganmaw)*D

!
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PRINTE
PRINT
PRINT
PRINWT
PRINT
PRINT
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PRINT
Days=,
FPRINT
FRIMT
FRINT
PRIWT
]

|
!
[
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FOR 1=
FOR

|
{

! HYDR
! GIVE
* HYDR
! FRQM
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!
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Rn
Rn
Rd
Rn
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Rn

SHER

R 15 16

"CALCULATED VYALYUES 0OF AGGRADATIOM/DEGRADATIONW FOR"
"MISSOULA-TYPE FLOQD FLOWS FOR THE 209 E REGIOH"
"THE FOLLOWIHG VYARIABLES ARE COMSTHNMT®

“CRITICAL SHEAR STRESS = “;Critau

"COEFFICIEHT OF SHEAR STRESE = “;C2
“PARTICLE SIZE =";D;"M"
23

"SIMULATION FERIQD =" Days; "DAYE"

FREERF AR A ENR AT AR AAARRRF AT AR AR AT AR RN R A FRNAF AT AR RS TR T

BEGIN MAJOR LOOP JH AGGRADATION/DEGRADATION COMPUTATIONS *

1 TO 38
J=l TQ 8

*

FEEAREFEREARFRTRARTARRFRARAR SRS E R AR RN AR EF R LS E R R R AR LR AR R E R bR R ET®T

AULIC RADIUS (Rn) IS TO EE USED TO DETERMIHE SHEARR STRESS AT A

N X-SECTION

AULIC RADIUS IS COMPUTED DSING THE WATER SURFACE ELEYATIOHS
THE HEC-2 ANALYSES. LUSING THIS METHOL, A ERCKHATER CURYE,

INATES COMPUTATIONS OF NORMAL DEPTH.

um=Depth{l,J)#Topwiadl,J>
wxDCL, J)#TCI, DD
enaTopwidil, J)+2%Depth(I,J)
ClyJoaRnmumsRdan

pthel, Jy=Depth(l, J)r3.281! {CONVERT DEPTH 0OF FLOM
CIL,JY=RNn{T, J2r2, 2681

R STRESS (Tauw}

A=RnC], 0D
E=lagradil,J?

Taull, JieCammawsRsP

COMF

IF

EL

EH

comP

IF

ER
IF

UTE SEDIMENT LORD (Gi = KGsMsSEC)

Tau(I, J)<Critau THEH
Gs¢I, =8
SE
G3(I, JD=C2 (Taull, HD-Critaud~1.S
D IF

IR FT.

INYDRAULIC RADIMLS IH METERS

TO METERS

UTE THE AMOUWT OF BED TRANSPORT (Trans> BASED OM SHEAR STRESS

J=1 THEH
Trans (], J)=8
b IF

J>1 THEN
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2084 1
2019 1]
2029 <
~039 T
2040 EHLD
2058 !
2060 HEXT
2670 FRINT
2080 !
29 [ T T
2109 !
2118 T
Z1Z6 1 ¥
2130 ! %
2140 |«
2150 | eades
Z1gd !
21T |
2136 ¢t
199 IMRGE
200 PRIHT
2214 FRIMT
2229 FRIHT
: PRINT
PRINT
PRINT
PRIKT
PRINT
FOR K
MR
FRI
ns 1, KD
2310 EHLD 1
2329 HEXT
23320 PRINT ,
2348 HNEMT 1
2354 !
23cu !
LITY FO
2389 o1
2390 Su
2400
2410
2420
2430
2444d HE
2450 !
z4gg !
247a | E
483 0 ¥
2430 I % NO
LSae ! ox H=
2519 | *
220 | kRsew
2530 !
25409 !
25%¢  PRINT
2560 PRINT
257@ FRIHT
2588 PRIHT
2590 FOR J=1
200 IMAGE

rvers_denstws=3.77 U MEew3oKG

t*21800 {TINE IH SECOWDS
loaddl,J)=GsCl,J~13=5s<1, I

rani(I,JJ--2i$load<I,J)/Dx(J)iDLi!nuers_densty
IF

J
ER IS 18

R R ARG R RN R AR R AR R A AR T BT RN A AR TR ST RS LT R AR RN AT R R AT TR A S

THTS SECTIOH OF THE CODE FORMATS THE YRRIABLES INTO A TRBLE

-
*
-
*
*

HARFTFEE AR R R TR R FFIER R AR AR R A S E TR RN T R TR AR RAF AR E R TR P ANFTEF T EFRERE

*DISCHARGE =", 0LDDDDODE, DDLO, * CHS™
USING 2195@;Q¢E>)~35,31

yLINCL?
"] WSEC | DEPTM | HR | WSGRAD | SHEAR STRESS | SED LOAD |BED CH
“| 1w | M | | Heotex2 |  KG~SEC-M | M
=1 TO 9

GE  2%,DD,4X,DDD.D,3X,DDD.D, 1%, D, DRDRED, §X,D.DDDD, 5%, I. DDDDD, SX, Db
HT USING 2290;K,Dapth¢l, K),Rn(I,K), Hsqrad{I,K:, TauCl,K),Gs(1,K),Tra

F
K
LINCIS

R Je1 TO 9

d_sum_transcJled

m_trans(Jo=0

FOR I={ YO 3§
Ald_sum_trans(Jisgum_trans(lt)
Sum_transCJ)-Trani(I,J)+Dld_sum_:rans<J)

HEXT 1

XT J

HEFARE R RN R RN R F A AR TSI IR E AT AR R LA AR FF TR AR A F R AR R AT AT

B

W PRINT QUT THE TOTAL AGLGRADATION OR DEGRADATION FOR EACH #
SECTION FOR THE DURATION QOF THE FLOOD HYDROGRRFH. ¥
x

AR E R EF R R B EFRF R P IR AR TR RAFFRREFAN NS R AR R RN LI RN GRS SRR TR TF ki

SUMMATION OF AGGRADATION <+> OR DEGRADATION ¢(->*

TO 9
%X, "CROSS-SECTION <*,D,*y = “,DOD,DDD, 1X, "METERS"

D-4



LI U R (N GV (V]
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IO o B O )

PRINT USING 268@;J,Sum_transcd)
NEXT J
1
!
sTOP
END






APPENDIX E

RESULTS USING MEYER-PETER AND MEULLER'S

EQUATION FOR SEDIMENT TRANSPORT




XSEC | DEPTH I HR HSGRAD | SHEAR STRESS SED LOAD |BEDN CHAMWGE
oo M ! J Hobhs a2 KG-SEC/M "
L .5 1.5 .a0d568 . 0097 .8Ba37 9. 6086
2 3.4 3.4 L @EEL01 . 3953 NI -.8048
k 3.2 3.7 .958832 . 8901 G . BEBE -. 8399
4 3.8 3.2 .06148) . 3855 LaR99? 2712
= 1.5 1.5 080450 . G0a? TR -.18%2
g 3.2 o2 .900297 .99 LI TR
7 1.3 1.3 .201219 .Ba16 L@B137 LB1a%5
& 2.1 2.9 .30036z . GBav . 08835 -.9154
2 3.1 3.1 .900EgY .Ba93 . BBae3 - HBSE

SUMMATION OF AGGRADATION (+) OR DEGRADATION (-)

a,a39 METERS
-%51.03%8 METERS
2,8Z1 METERS
=-19.088 METERS
~3., 474 METERS
-3.392 HETERS
549 METERS
594 METERS
13,829 METERS

CROSS=-SECTION (1)
CROSS-SECTIOH (23
CROSS-SECTION <33
CROSS=-3ECTIOH C4)
CROSS-SECTION <S>
CROSS-SECTIOH (&>
CROSS=SECTION (7
CROSS=-SECTIOH (8>
CROSS-SECTIQH (9

M B H WP U N DN

£-1



CALCULATED Yaodes OF HEGRADATIOH-DECGRADATION FOR
MISSOULA-TYPE FLOOD FLOWS FOR THE 288 E REGIOH
THE FOLLOWIHG YARIABLES ARE COHSTANT

CRITICAL SHEAR STRESS = ,0001%519983
COEFFICIENT QF ZHEAR STRESS = 295.2982212803
FARTICLE SIZE = ,Q02 M

FIMULATION PERICD = ,25 DAYS

DISCHARGE = 568,412 CHMSE

i XSEC | DEPTH I HR J WEGRAD SHEAR ZTRESS SED LORD |EED CHANGE

' i M M i NeMe w2 KG-SEC/H i
1 1,9 1.2 .Q09slé LB30t2 .ARgE2 D.9aGa
2 4.3 4.2 .@@an12t . B00S Y - G936
2 4.7 4.7 0000432 . Ba02 TR -.8023
4 4,3 4,8 LAB1zZ9Y L HBEQD L, B1140 L3397
s 2.0 1.9 .@80852 Lee1l L OAEE -, 2894
3 4,1 3.9 L0eBIel L1 L BE074
? 2ot 2.1 .881893 .ae22 L08z41
2 2.4 2.4 000498 A2 LO0ga:
] 3.9 3.3 .Q@ezLv . B0BS L Ba04z

DISCHARGE = 3398,471 CMS

| ®EELC ‘ DEFTH ‘ HR ’ WSGRAD ‘ SHERR STRESS SED LOAD |BED CHANGE

| M M MsM#%#2 KG-SECAM M
1 3.9 3.7 .9021044 . 6038 . 60568 &, 0680
2 7.7 7.6 008203 LBULS .6a126 -. 0572
3 2.4 8.3 ,A00ATS B80S L DBBES -.8148
-+ 8.5 8.3 .000é3z L9853 BES22 L2449
5 4.1 .89 L00d3EZ L9834 .Ba47? -.8374d
[ T4 .3 000243 Lot ? SAQLTY ~. 0422
? 5.3 5.2 900637 L8333 . H6439 L9257
3 4.7 4.1 08920 L3037 L, B8543 VB1ET
3 8.9 .8 .0Q0377 LOB2S L 23287 -, 0434
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DISCHARGE = 16799, 148 CHS

1 XSEC I DEPTH [ HR l WSGRAD ! SHERR STRESS SED LOAD [EED CHAHGE
M M , HoM# %2 KG-SEC/ M M
t 12.9 12,5 .0660371 . 9048 N gcl) B, a60e
3 14.2 12.9% .@gBe216 . 8O3 . 00375 -. @431
E 14.9 14,7  .989197 L8018 L 88131 -.035¢
4 15.1 15,9 .go@480 <0971 LB1451 . 3598
s 1a,2 19,8 .990698 L BAEY L@1391 - 3118
23 12.9 2.7 .8eB2e7 Py -Juleg By slch] i -. 1441
v 16,6 1.5 .808204 .8029 .88371 .BaE?
8 3.5 8.4 .DPBIZ) LPO7E LB1E3E » 429
3 11.2 1t.@ 800891 L6874 .31587 -.a116
DISCHARGE = 62368%.296 CMS
XSEC | DEPTH HR WEGRAD | SHERR STRESS SED LORD |EBED CHANGE
l ™ ’ " ‘ HeRE*2 KG-GEC/M "
1 14.3 (4.8 .3015%3 , 8219 LB218Z b.0BB0
z 20.3 19,9 .peoesse L BBES . 62833 -. 8098
3 1.9 21.5 .9@0=3? T BEESH -.1714
4 22.3 22.1 .@80057 .a821 L@0Z1E - 1729
5 16.4 18.3 980873 .810E . 82767 L4932
[ 19.9 18.8 .@80272 1) .0a8s57? -.2531
7 7.9 16,8 .@00274 L8045 .09727 -.8166
8 14,8 14,6 L 000991 L8142 L @4213 L5591
9 17,7 17.3 001832 .a175 ,@57HY .28€8
DISCHARGE = 186915.888 CHMS
®SEC | DEPTH HR W3GRAD | SHEAR STRESS SED LURD )EED CHAMGE|
l ‘ M P ’ H/Ma s KG-SEC/H " !
1 13,8 19,4  .9D2697 .0512 . 29155 5. 0@a6
z 29.9 29.3  .0005VE G165 LB5310 ~3.1463
3 31,9 3.4 .e@adz <0898 L9233 ~. 4333
4 2.5 32,2 @098 .37 . 0053€ -.4881
5 2g,7 26.5 .909231 N:]cTY] .e1132 .1165%
g 2?7.5 27,3 .008245 . 0965 .81294 .0214
v 2%, 4 25.2 . @uB3vY . 0899 82418 1435
8 3.6 23.5 .g00519 SB119 . 83237 L1313
s 8.2 24,7 L@01595 . @358 . 19673 2.6777
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467d08.3514 CH3

I XEEC ‘ DEPTH l HR [ WSGRAD [ SHERR STRESS SED LOAD [BED CHAHGE
M M HsM2#32 KG=-3EC/M y
1 9.0 28,4 ,9v3128 887t . 54887 4. 6006
2 48.7 3%.9 .0Besed L @344 .lea14 -5, 43282
E +3.7 43.1  .@aE4?1 9199 .AavBel -1.,3198
4 4.5 44.1  .80al34 . 3a5s JaLgey -1,5199
S 38.3 38.5 ., Q0el33 A1) LOEE% - 043t
¢ 39.3 9.4 .a0al30 N 1:hgc) .B1Sza .BEEA
v 37.9 38.3 . BADIZY L8119 La3zet 2146
fc 35.9 34,8  .@ea939 L9320 » 14339 1.79%58
e 3.8 37.2  .a@l1z37 L1 . 240853 1.6322
DISCHARGE = 100884%5,618 CHMS
XFEC DEPTH HR HSGCRAD SHEAR ESYRESE SED LOAD !EED CHAWGE!
‘ r M n ’ H/M#%2 KG-SEC~M M
1 40.3 48,3 .005403 » 2133 2.45%026 9. 0080
2 52.9 SZ.1 .@dlta? .BSES 33338 -2, 3%40
3 56.7 55.9 980633 Q347 Lle217 -2.5&626
+ 57.9 S7.1 .o0el7e 083y 02326 -3.7495
S 52.2 Si.7  .pb@e143: .eR73 L1515 -.17g1
S 3.8 52.4 .006197% .ala2 L E2TS4 1377
v 50.5 S9.1 .oee284 @139 L3492 1963
g 48,3 48.9  .Boo03dl .eaLs .80z ~.6372
£ 4R 4 42,9  .00g9Ie B4ET 23278 4,2825
DNISCHARGE = 1B75239.92¢6 CMS
I ®SEC ] DEPTH HR ‘ WEGRALD SHEAR STRESS SED LOARD [EED CHRAHGE
; ] M H M &2 KG-SEC/M ]
1 S7.0 S56.4 .002228 1227 1.a8%a7 ¢.9de0
z 55,2 64,3 .00@994 8831 V39984 -F.8414
3 eB. 7 63,9 .0007635 8309 » 289358 -1.£838
4 0.1 §9.3 .epozsz 8191 JOEELY -€.07329
3 4,8 é4,90 .900192 8121 .B3284 -.6518
& 53.3 4.9 .300193 0123 LA3373 L0118
? 63.2 §2.7 .000238 @19 (04414 1324
g s, 9 60,4, @dd850 L B03e ,Ba%asl -.£271
o s1.9 €@, 3 Qo043 LB2ed L1519 1.5930



DISCHARGE 5 o120 159.445 CHMS

' XSEC { DEPTH l HR ! WSCRAD | SHEAR STRESS SED LOAD |BER CHAMGE
M M r HoMes2 KG-SEC /M M
1 ?7.4 ?6.8 .000653 .B495 . 27785 g, 8800
2 73.3 79.3 , 080391 . B304 . 13307 -1, 9678
3 61.2 60,2 .@Bavrss . 6594 . 3E4ES 3. 3682
4 §2.6 81.7 .900364 L6271 . 12452 -€.5274
5 T4 ?6.7  .009273 L6285 L872ES - TLE
B 75.5 7.3, 0808202 L0154 LD4TE? -.243%
? P2 75.6 .BOE198 LG147 .B64419 “ Bd4d
& ?3.9 73.1 .000@5E . 8848 . DBEDE - 112
a 73.9 73.2  .9608371 G266 . 10833 1.7372

DISCHRRGE = 4590739.167 CHS

| xseC [ DEPTH [ HR ( WSGRAD | $HEAR STRESS SED LOAD |BED CHAHGE

! ¢ ; H/Ms %2 KG-SEC. M
1 19,8 99.7 ,000177 .8173 . 95695 8. 460488
2 181.2  106.3 .n@0898 .B0BE LH1986 -.4920
3 181, 109.% .900397 L6391 19460 2.5443
4 192.3  101.2 .0002%4 L0291 12492 -1,29486
g 6.9 96.8 ,DODZ44 0238 J0B716 -.738@
§ 57,8 $7.2 .oB@IDS L8t19 . 63240 -, 7258
7 95.3 94,5 LAEE1LZ .B104 .BzE28 -.8782
8 92.€ 91.9 8.q00060 8. 0008 9. 00000 -. 4214
3 92,8 1.9 ,800193 L9173 1151 L 9E28

DISCHARGE = §396488.247 CMS

! xssc { DEPTH | HR NSGRHD { SHEHR STRESS SED LOAD JEED CHAHGE

| ™ ; H/M&e2 1 KG=3EC/M H :

1 126.3  125.1 .0908?79 . 6097 .82372 §.00640
2 126,88  12%.4 .@B0g43 L9653 L0OI2E -. 1998
3 126.% 125,83 308212 .0zet . 18597 L. 486E
4 127.3 126,2  .000t8S5 .02z LHEEST -.52?z
5 1217 120.7 .900183 L8153 .gger? -.3872
& 122.3  121.5 .600D53 ,Ba63 .81233 -.7213
v 119.% 1189.8& .000p3? L0043 .0a558 -.869¢
3 i18.5 115.; 0. 00880 B. B0y 9. 20090 -, 1183
q 118.5 15,4 L0004 088z . 80987 L1533



fe95731.912 CMs

‘ WSGRAD ‘ SHERR STRESS

H M%%2

SED LOAD
KG-SECHM

BED CHAHGE
M

Ay 00 -0 O (R LY RS e

151,
151,
131,
152.
146,
146,
143,
148,28
14@.%

D AP ) m) R

DISCHARGE =

&
143. 8

142, 4

L @BeBI2
. 0009047
LB g4
. Haeas?
290036
Lpe0o22
»9BQ013

139.3 9.,200500

139.2

LORe812

9223998.3061 CHS

»BB7E
. 0870
.B153
9143
L8136
B3t
-1 8-
8.depa
.bB18

JBLEZY
01419
L4 ETE
.94278
LB3962
LB9411
BoLg?
9.00004d
.B91E8

3. 8000
-.8267

L4756
-. 1127
-.08817
-, 4705
-.8311
-. 0263

. B2349

M

HeMax®2

I WSGRAD | SMEAR STRESS

SED LORD
KG~SEC~M

BED CHRHGE
]

FOR7ENN AT IR R N

DISCHARGE =

171.3
172.¢@
172.3
172.4
166,35
te7.@
164,14

. 8880499
. @04z
. agoasy
L QvdEs
. Boaoen
LQoealy
. BOEOOS

le. ¥ B.600000
160,83 9,800000

9883818.408 CMS

. 0093
L B7Y
. ae98
o112
@93
L0012
8002
0. 8080
8,000

! WSGRAD | $HEAR STRESS

i N/Hw#2

. 81859
. 81457
. 82318
«B291%
LB2413
L0AlE3
Y
9. 30000

| SED LORD
| KG-SEC/M

BED CMRNGE

AN ke ) T e

R R 1 1)

150.8
191.0
191,
131,11
138.2
183.3
182,32
179.3

179.2

188.3
129,90
189.1
189.3
183.%
133.7
180,35

. gAB043
L 3ae0ze
LE09c3
L RHORT4T
IR
LAgao0es
N Jelclcles

177.4 @, 006000
i??,2 0.000080

.3ass
@05
PREISE |
L Q091
A re-1
.eele
L 0E83
8,860
8,080

LAZ04¢
Lol zd
LAL4va
02150
R E-1731
L8061
. 0Enay

a,0aa80
-. 1343

L8638

L1549
-, 1113
-, 28l
-.BESS
-.g011
a,9uve



9845918.4068 CHS

SHEAR STRESS
HAM*#2

DIZCHARGE =
[ XSEC DEPTH
M
1 2a82.7
2 Q2,3
] oz, 9
4 2a2.9
% 196,9
€ 197,98
7 194.0
3 191.9
9 198.9

DISCHARGE =

HR WESGRAD

-
208.5 ,008036
200.7 .0QD06ag1
200.8 .oo0@2e
2d8.9  ,D00B036
195.8 400030
195.2 .8d80dg4

192.0 0.2@90600
128.9% @.,030000
188.5 @, 8000a84@

9267063, 135 CHS

L0873
@042
,beSe
L be?1
. 9B3s
L 8e?
B.0088
0. 000
6.0¢a0

SHEAR STRESS
b bl w2

M3 G ) T A e LY RS

288.8
28,9
208.9
2099.0
202.9
203.8
290.0
196.9
196,9

DISCHARGE =

HR [ WEGRAD

M
286.6 .0@0027
296.7 .0Q001%
206,8 .odave2e
206,9 .oQ6epze
208,99 .9R0023
201,90 ., DOGEBZ

197.9 @.0004800
194.3 b.00bOBO
1594.7 @, Q080080

3i176720.476 CHS

LBa%q
0031
2L N
.90%6
N-1-E3-]
L PEes
0.80u0
o, efeo
0. 8008

- e T e e A Y e i D e o B e A o e A e

] XSEC

DEPTH

|

l WR ] WSGRAD
M

|

SHERAR STRESS
HoH&#2

o A kA o R e e ke L P o

W d O & G R =

20e.8
208, 9
208,99
08. 9
28z2.9
203.0
199.9
196, 9
196,38

296.6 .9@0a20Q
206.7 0099132
296.7 .@pRB17
205.8 ,0000209
28@,9 .000B818
281,00 .oudeaz

137.8 Q.eQ0eos
194.7 0.200B00
194.56 Q.60

gE-7

L8B4
L3023
. Ba3d
L8041
0835
.Rass
2. Goea
0.088H
o, agaa

SED LOAD |EED CHAMGE
KE-5EC~N M
21435 . 8409
.@aEss -. 1829
LBLELE L6520
@146z L1215
ARl | -.B7E4
L BFeET -, 1256
A, 88800 -. 0047
@, pBR0G 0, 8880
3,00600 9.8069
SED LORD |EED CHAMGE
KG=-SEC~H 5l
.089:% 09,8986
R -. 89746
L8061 S L3317
.a1818 .leg2
.8a7ee -. 85?73
L3814 -, 6938
Q. 00089 -.8015
. pooad . 0080
g, 9B00e 3.,06000@
SED LOAD {BED CHRHGE
KG-SEC~M 8}
,@AEZ8 0.ap09
, 00294 -, 8448
L9454 .9243
00836 LE4BE
. 90499 -. 3275
Q80614 -. 3638
B, 90082 -.6812
R Ta ) @.08008
o, 0an08 @, 6008



DISCHARGE = £813933,73@ CHE

{ NSEC ! DEFTH [ HR { WEGRAD [ SHEAR STRESS SEL LOAD |(BED CHAHGE
M M N/M*#2 KG~SEC-I M
! 283.9 200,83 .998017 . QB33 . 08457 B. 6000
2 283.1 261.6 .0p6poio .0a19 L@0150 -~ 6B352
3 283.1 261.0 ,90980i3 .882€ 68312 .8177
&4 283.1 201.1 .&@da:? . BB33 08443 B372
-] 137.1 195,2 ,908015 L9923 88345 -.9284
[ 197,1 195,22 ,600082 LEes L BREBS -. 845
T 194, 1 192,1 9.906089 B, B0@3 B, BPEBO -.08BE
8 191.0 {99.0 D,00608D B, B930 8.8689000 B.Bo@d
S 131.8 188,99 8.8036090 3.8000 g,08080 ?.B060

DISCHARGE = $S379495.894 CHM3

| NSEC DEPTH I HR WEGRAD | ZHEAR STRESS SED LOAD |EED CHAMGE

| M M I ; HoMaxs2 KG~SELC~M "
1 192,3 196.1 ,000014 .002¢ . 60300 a.8806
2 192, 4 190.4 ,000009 L0017 LouL49 -.019%
2 192, 4 199,4 ,000a10 L9619 88180 , 0845
4 192. 4 190, 5 ,poablg , 6827 . 80323 B389
5 186, 4 124.7 ,a80011 . Bo21 LB8211 -.8219
g 186, 4 184.7 , 000082 LGEB3 . B9304 -.827%
v 183, 4 181.6 . 000001 L3022 L BoBIY -, 3005
] 129,23 178,55 0.080200 89,0080 0.9d50a8 -.dgaa
g 180.3 175.4 9.000060 G.0060 a4, Baged 0.06086

DISCHARGE = 40345%1,11% CMS

[ MSEC DEPTH ] HR WSGRAD ’ SHEAR STRESS SED LOAD |BED CHANGE

E ’ M bon HoMes2 KGE~SEC/M M
1 177.4 1?4.9 ,BO0D009 L0015 .B9129 4. pe68
e 17704 175.5 .BaB803 LBgd L0813 -, 8926
3 1re.4 1?5, 7 . 9u00ds Qa4 JOG1L7 a1
4 177. % 179,7  .990014 .9025 » 95284 L8458
5 171.4 18%,9 088003 L@eLs LgB12d -. 0313
& 171.4 179, . 000092 0083 LR ~. 0168
7 169, 4 166,59 ,davowol »BBe2 »adaoa -.0094
g 163,32 163,13 8,¢300800 a. o900 8, 80064 -.0B06
3 1e3.3 13,7 8,000000 G.2008 2.80000 0.9008
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DISCHRRGE = 2861963.144 CMS

] NSEC ‘ DEPTH ‘ HR ‘ WSGRAD SHEAR STRESS SED LOAD EED CHRMGE
M M HAM*%2 KG=SEC/M M
1 159.38 156.7 .9@BROE . @08y L3884 9.B6066
2 153.8 187.8 .9%00005 L aBE AR -, 000
3 158, % 157.2 .5age!d .0915 LB0131 8127
4 158, 9 157,353 .o0dotle LRPLS Lael2z -. 0024
H 152, 8 151.5 .9006lé N LR RE- -. 9898
3 i%2.2 15,5, 9886007 . Bbeal . 88067 —.g147
v 149,82 148,57 ,090001 .80l @, 806330 -. 88847
2 1d5.7 145,44 @.500000 8.ae98 e.66g00 09,9688
9 146, 7 14%,3 @,0000090 g.3000 8.90009 A.8880

RISCHARGE = 1964882,476 CHMS

e e e e e T e e e ke R e kR e ke R R e A e e

XEEC DEPTH HR WSGRAD SHEAR STRESS SED LOAD |BEDL CHRHGE
’ ‘ M l M { | H/Mex2 KG-SEC-M M
1 139,7 137.86 ., 000093 a7 .aB628 a.g06a
2 138.7 137.1 . 008863 .B0B4 - 0805 ~,a82?
3 138,7 137.4  .@oeeL2 .@u1& .96136 LAL1BE
4 13a.7 137,55 .0bedle -9u13 . 80038 -.8164
3 132.7 131,5 .B0E916 Bz . OBB93 -.0695
¢ 122.7 131.8 .9peba2 L BOB3 L9805 -.a1Lr
v 125.7 123,7 . B@0do2 . BeBz L 90RBZ -. 8003
] 126.6 123.¢ @, 000800 g, ggal 8,89809 -.Bao4
9 12¢.¢6 12.5 . Qobaol e80! 3.00va0 0. 0ad0

DISCHRRGE = 1201506.65% CHS

o R A Ay A o e R S

I NSEC ’ DEPTH ! MR | WSGRAD | SHEAR STRESS SED LOAD |BED CHAHGE]

; M Mo NoMew2 | KG-SEC~M | M ;
1 118.¢ 117.3 ,A0B3as .oeRs L oBa21 d.38a9
2 112,68 117.4 L QU0ne2 LBenz .90l -. 8826
3 118.¢6 117.4 LOE0BLE .HB81S RS YE R et .g1B88
4 118.8 117,686 L, 000011 Loa1z -LLET -.a106
5 $12.5  111.5 .Q@@810 L@o1y . BOB7E -,8841
& t12,6 11,9 . BDEBE4 LBoB4 L BBz -. 8877
T 109.5  189,8 Q00003 . BEH2 . GBADs -. G988
2 106.5  195.7 @. Qg8aa8 8, ouaq 0. 95EY -.5pR3
£ 195.S (85,5 096004 L GBas IR 822



DISCHARLE =

e A L T TR T R Y = T = . oy . oy . . A =

\ RSEC I

LI SR N

R R B Y

DISCHARGE

RN CU R I (T P O N

DISCHARCE =

DEPTH ’ HR ’ HSGRAD ‘ SHEAR STRESS SED LOAD |BED CHAHGE
M M Hrmea2 KG-SEC/HM "
98,1 7.3 .9Q0006 . 6905 .oBaL9 8. 3880
8.2 7.3 .@02004 . 8083 .B@oar -.8947
98.2 97,1 ,0806013 .0013 . BEBIS .o128
98,2 7,1  .GBGO19 .B0B9 N:To1-T ) -.811%3
92,1 91.2  LABAGAS . 0807 . 00835 -. 8823
52.2 31,5 .980805 . 92305 .0aete -, a9zs
39.1 868.5 .000005 . BE@d .BE812 -.9B8E
95.1 85,4 .9A0561 L8501 @.30080 ~.9819
96,1 25.2 ,0A609 . BaEY . 38025 .BBED
= 4B806D9,396 CNS
DEPTH HR WSGRAD | SHERR STRESS SED LOAD |BED CHAHGE
| [ | ! H/M#»2 KG-SEC-M "
79.9 79.3 .900012 . 0809 N-T:1-L1] 8.08000
?9.9 79.3 008805 . 8BO7? .9BB32 -. 0832
?9.9 735.9 .98@018 L0814 .BBL14 .@12@
8a.a 79,1 .08@B01Q . 0av? .3OR3E -.6212
739 73.1 .0o@ea? , 6065 .B8B18 -.08036
73.3 73.3 .00o0a? . 980s .08017 -.8002
va.9 76.3 0306897 . 3905 .BEo1E -.Gae3
87.9 67.3 .00080@2 .Bael 9. 86000 -. 6024
67,9 57.2 0800015 .08918 LBAEES .9107
2772%8,967 CHMS
DEPTH ‘ HR | WSGRAD | SHEAR STRESS SED LOAD jBED CHAMNGE
M M HrM* w2 KG-SEC/M i
62.8 §2.3 .0000829 0818 .98188 @.2000
82, 2.3 .0UBA30 L0019 .90178 L8815
§3.0 £2.2 .900027 .00tE 0@l 44 -. 3859
£3.0 §2.2 .0D0RLO -3-To14 . 08823 -. @329
57.0 56.4 L, 000007 . BUG4 .00010 -.8025
57.@ 6.5 .000009 )11 . 0BO13 .01
4.0 3.6 .QQ00GL4 .boay . 90033 .ee21
51.0 5.6 ,Go008e L9901 8.90006 -.06858
51,0 $0.% .800048 ) ,BB267 L9451

RO Ot B PREE [ S

J9@906.253 CHS




LISCHARGE = 154864,98% CHMS

| KSEC I DEPTH | HR [ WSGRAD I SHERR STRESS SED LOARD JBED CHANGE
M M N/Mes2 KG-SEC/M M

1 8.9 9.2 .00002% L0812 . 00890 9. PE6E
z 1.0 59,1 2283332 .g01¢ LB9143 .DBEY
& Si.l “@.3 .9ea02s LEe12 00898 -.pa?e
4 1.2 9.5 . 00@va7 . 30094 ,agear -.p225%
5 45,1 44.7 8000087 L0933 , 8004 ~.peG?
$ 45,1 44,7 000012 . bRES LOBB1E BB
v az.1 41.8 .Q09417 . BOG? .@Be31 L8017
] 33.1 28.8 6.0500089 @.03008 0.00609 -.B950
% 39,1 38.% 800115 L0043 ,DBgRe L1159

DISCHARGE = 82412.914 CMS

] XSEC | DEPTH HR WSGRAD [ SHEAR STRESS SED LOAD |EED CHANGE

H [ HA M2 KG=3EC~M H

1 48,2 3%.7 .990a30 . 20813 . 00asT @. 0066
2 40,4 39.5 ,00002% L0011 .B@E?9 -, 8925
3 48,5 39.2  .909E20 .aoea . 00040 -. 6356
4 30.5 48,8, H00006 , aBEa . B@ae2 -, 6163
s 4.4 34.2 .@B0A09 . 0893 .BOBBS .6pas
8 34, 4 34.1  LA00E12 . 0BG . 69209 ,B0B7
7 31.4 21.2  .e09B28 Legs L BOU4E . 8047
& 28.5 28,3 .4BQE10 . BR63 iR - HBE?
5 28. % 28,8 L EBOL7PE NT:IT .B0828 L1393

DISCHRRGE = 42764,089 CNS

T kL T e A W T e

‘ REEC ‘ DERTH MR ‘ HEGRAD SHERR STRESS SED LOAD |BED CHAMGE

M [ m HeoMu=2 KG=SEC~M M
H 3.1 32.5 .p00OB33 0810 .pods2 o.peba
2 31.2 30.¢& .po0eZY . Bage .PaR4z -.bQ26
3 31.3 30.9 ,380818 . 8036 . BoB2! ~, @831
4 31.3 31,0 .9d0008 JBoEd L 2EBas -. 0843
5 25.3 29,1 .g0ge28 L OEBS .ae815 .Be2a
2 2%.3 2%.1  .poeo24 . BobE Laeezz .eele
? 22.4 22.1  , 000026 .Bo03 00041 8824
3 19,4 19.3 .g00122 L Q923 L PU2ES . 6344
9 19.9 19.4  ,@00323 »QBs2 81138 LT

E-11



DISCHRRCE = 21240.4342 CMS

| ®X3SEC | DEPTH l HR | WSGRRD | SHEAR STRESS SED LOAD |BED CHAHGE
" M HrMee2 KG-SECAM M

1 23.2 22.7 .900039 . 0003 . DPB4E @.e0088

2 23.3 22.9 .9aEa029 L0887 .BaB25 -.9923

3 23.4 22,1 .090020 N1 . 0EB13 -.9823

4 23.4 23.2 .009009 .9@aRe . @900l -.8033

4 17,4 17.3  .90EB7T .BOY3 . 30359 L8193

G 17,7 t7.5  .@9005T . 3987 . 09858 -. 9857

T 14.8 14,7 ,90006¢8 .8Be9 . 00057 L8661

8 12,0 11.8 .Q808372 . Bo43 L ABE?T B934

9 13.1 12.3  .000%50 . B0ES .@51400 1223

DISCHARGE s 10195.412 CMS

1 XSEC l LEPTH I HR WSGRAD | SHERR STRESS SED LOAD |BED CHAHGE
| M M \ HoM##2 KG-SEC/HM M

1 1?. 4 17.2 .909037 .eesc ,000ZE ©6.00086

2 17.5 17.2 .908029 .8p8% ,BB81E -.8812

3 17.6 1?7.2 .@90019 L0003 , 88009 -.8018

4 17.86 17.5 0.000600 B.0000 9.08000 -.0@14

S 11.5% 11.3 .989238 . 9826 08314 .D61S

[ 12,4 12.2 .99a8t107 L8132 . 00897 -.62ag

? 9.8 5.7 .000191 L0818 .Ba171 L BB95

3 7.3 7.2 .008769 L0054 .B8975 . 1289

3 9.6 9,4 .o0E8531 . 9053 L BOF4S -.9@sz

DISCHARGE = 4814,308 CMS

‘ XSEC ] DEPTH ’ HR HEGRAD ‘ SHEAR STRESS SED LOAD |BED CHRHGE
| M M I H/M%#2 Ka=SEC/HM M

{ 14.8 14.3 ,900019% .@ape3 . B@303 ©.0060

2 14.7 14.4 ,@@081? L Be82 . 98302 -, 8092

3 14,3 14.5 ,ag0810 . @8l @. 00063 - Baal

4 14.8 14,7 0.000008 0,0088 B, 08600 0.68089

] 8.6 8,4 .ag0ze8 L8817 LWDL55 .8382

& 9,4 5.3 .00at2? L9912 . BBIBd -.8098

7 5.8 é,8 .AgaIds , 0323 L92S5 .@z2e

5 4,9 4.5 800947 . 0G4S L BA72e L9749

3 7.7 7.% .000420 LB931 L8045 -.851¢

E-12



J NSEC DEFTH } HR ] HSGRAD SHEAR STRESS SED LOAD |BED CHAHGE
M M HAM#x2 KG-~SECM M

1 4.8 t4.3 ,Q60003 .B0a1 9.,0a80a a.Dge6

2 14,86 4,4 .Q0odBd L8041 0.00000 0.9000

2 14.7 4.4 B000B2 L EBaG A4.96000 9.0000

+ 14.7 14,9 B.900800 ©.9030 8.80850 3.0000

S B.S 8.4 ,pQQase Le0as .09815 . 9929

€ 2.8 2.7 080848 L H004 .Ba81a -.BDeE

T 5.9 T.9 .@e0192 L8061t .Goa74 .ag2z

S 3.5 3.4, 000962 LB03d .BA391 T8

a £.1 §.9 .000323 @915 L0E134 -.9247

DISCHARGE = B49.618 CMS

XSEC DEPTH HR WSCRAD SHERR STRESS SED LGAD |BED CHAMGE
} M , o } ’ HAM%=2 KG-SEC/nm "

1 14,86 4.3 .060081 . 0paR 0. R8696 G.epen

2 4.6 {d,4 A.000000 G. 0003 0.90850 B.@009

3 14,6 14,4 .0QQ0QZ NI @.0006y 6.6008

4+ 14,3 14,5 0,000000 G.8008 6,00899 G, 900

5 8.5 g.4 .D00QOI L0801 o.6o0a0 6.8808

3 2.8 3.5 ,doQd@es BEcl-]c G. 609949 g.9p060

7 5.6 S.% ,09083I5 Leedz Lgclcl:y @861

8 2.8 2.6 .0BLEZE Jaele . BE139 8221

@ 4.5 4.4 L0@0242 LE61g .B3as? -.alz2

DISCHARGE = 283.206 CMS

| XZEC ) DEPTH } HR | WSGRAD SHEAR STRESS $ED LOARD |BED CHANGE
: | M : Hot#e2 KG-SEC/N "

1 1.4 1.4 .900544 . Qoaz . 0EB3E 9. 0803

z 3.5 3.4 ,0@089% L0aR3 . 08805 -. 0839

3 3.8 3.7 .0Q9B33 . 0881 0, ae0o -.Qae9

4 3.8 3.8 .0E1477 . B8535 L 9R937 2712

b 1.5 1.5 .B@gB450 . Bao7? , 08029 -, 1892

5 3.2 3.2 .000297 . 00wy .BgasS B34

7 1.3 1,3 091219 (8016 08136 L0184

S 2.1 2.9 .030362 3907 L Ho03s -.a1e2

b 3.1 3.1 .396178 L B3OS .06at9 -. 9328

E-13
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