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UPPER ST. LAWRENCE RI VER HYDRAULI C TRANSI ENT MODEL

Al an J. Potok

The Great Lakes Environmental Research Laboratory (GLERL)
has devel oped hydrol ogic response nodels for sinulation studies
on precipitation augnentation, ice retardation, system diver-
sions, and connecting channel changes. For exanple, hydraulic
transi ent nodel s devel oped for use on the Detroit and St. Clair
Ri vers have been used to conpute channel flow.

The nost recent addition to this series of models, a
hydraulic transient model of the upper St. Lawrence River, is
designed to sinulate river profiles and flows on the St. Law
rence River from Lake Ontario to the Mses-Saunders powerhouse
near Massena, N.Y. It is capable of sinulation on varying
time increnments and includes flow under ice-covered, as well
as open-water conditions. This paper describes the nathemat-
ical nodel, its developrent, calibration, verification, and
typi cal applications.

1. I NTRODUCTI ON

As the outlet from Lake Ontario, the St. Lawence River conveys
water fromthe Geat Lakes Basin to the Atlantic Ccean. It varies from
0.25 to 2 miles in width, averages near 30 feet in depth, and normally
di scharges between 180 and 320 thousand cubic feet of water per second.
Approxi mately 90 niles downstream of Lake Ontario the river flow is
regul ated by the Mses-Saunders Power Dam which was built during the
devel opment of the St. Lawence Seaway in 1959.

Qperation of the power damis governed by the water level in Lake
Ontario in accordance with Regulation Plan 1958-D. Regulation of the
river is of vital concern to many interests of national and international
power, navigation, recreation, industrial, and domestic users. Al though
regul ation of the river occurs on a weekly basis, the river flows and
water |evels are nmonitored and adjusted on an hourly and daily basis to
neet power demands or navigational requirements. During winter ice
forms on the river, resulting in a suspension of navigation and reduced
power generation for approxinmately 15 weeks of the year.

GLERL Contribution No. 181.




The international reach of the river between Lake Ontario and the
Moses- Saunders Power Dam has been simulated by a hydraulic transient
nodel .  Devel opnent of the nodel, designed to sinulate river profiles
and flows during open-water and partially or totally ice-covered con-
ditions, was undertaken at the request of the US. Arny Corps of Engi-
neers, Detroit District. The purpose was to provide a useful tool in
sater resources nanagement.  The Corps of Engineers needs such a node
to evaluate water surface changes due to channel dredging, changing ice
covers, and the effect of extending the navigation season on the St
Law ence River

2. COWPUTER REQUI REMENTS

The St. Lawrence River hydraulic transient model is a digital node
relying on the sinultaneous solution of the mass continuity and nomentum
equations to determ ne discharge and stage at various points along the
river from Lake Ontario to the Mses-Saunders Power Dam  The program
was devel oped on a CDC 6600 conmputer with a FORTRAN IV | anguage com
piler. An inplicit solution procedure used in the program requires a
banded matrix solution subroutine. Subroutine LEQT1B (1), devel oped by
International Mithematical and Statistical Libraries, Inc., was used
during devel opnent of the nmobdel. However, any subroutine capabl e of
solving the linear equation

may be used in its place.

The nodel requires a core storage of 58 k (octal) on a CDC 6600
machine. Central processing tine is a function of the nunber of time
increments used in the nodel run. Estinmated conputer costs are $3 for
initialization of the nodel and $.20 for each time step of solution
required. Manpower requirements are limted to defining the set of
circunstances to be exam ned by the nodel

3. MODEL DESCRI PTION

The area of the St. Lawence River simulated by the nodel extends
fromLake Ontario to the Myses-Saunders Power Dam near Massena, N. V.
The configuration in the nodel consists of 30 reaches interrelated by 21
intersection or "nodal" points as shown in Figure 1. Each reach is
assuned prismatic with its own physical characteristics of |ength,
width, wetted area, wetted perinmeter, and bed roughness. The noda
points describe the river configuration by specifying the sequence of
reaches and the logic of the flow pattern. For exanple, at a node
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Figure 1. St. Lawrence River conceptualized transient model.

nunber 9, the flow leaving reach 13 is an inconing flow to the node

Li kewi se, the water flowing into reach 14 is an outgoing flow. The flow
and stage at the downstream end of reach 13 can then be equated to the
flow and stage at the upstream end of reach 14 from the equations of
continuity and energy. Information describing the nodal points is
maintained in a separate array. The technique of nmaintaining an array
to describe the flow pattern was enpl oyed because of the need for a
general i zed nodel during devel opment to allow a changing definition of
the channels and a changing enphasis on points of infornation.

The nmodel is capable of sinulating a river profile under partial or
total ice cover, as well as open water conditions. Wien ice is included
on a reach of the river, the nodel decreases the hydraulic radius for
that reach and the area is constricted by an anobunt 0.9 tines the ice
t hi ckness (the specific gravity of ice is assumed to be 0.9). In ad-
dition, the Mnning's roughness coefficient is adjusted by the conposite
roughness fornmula devel oped by Belokon-Sabaneev (Sabaneev, 1948). Any
ice configuration may be input into the mbdel by specifying the ice
t hi ckness and roughness coefficient of the ice cover. Each reach is
considered either open or conpletely ice covered depending on whether or
not the ice thickness is zero

The history of the river has shown ice janms to formin the Galop
and QOgden Island reaches of the river. These ice jans, called hanging
danms, severely restrict river flows and power generation downstream
The nodel provides for simulation of hanging dans (up to a maxi mum of
three), if desired, in addition to the ice cover on the river

Input to the nodel consists of the initial stage and flow condi -
tions along the river, the respective channel roughness coefficients,
i ce-cover roughness coefficients, and ice thickness for all the reaches.
Generally, a conplete set of initial stage and flow conditions is not
avai | abl e. In this case, initial conditions are set at zero discharge
and a level pool at the elevation of Lake Ontario. An initial discharge
is then sinulated and a steady state profile is achieved corresponding
to the desired discharge to be sinulated. Al input and output data are
in the English system of units.

A net total supply (NTS) hydrograph or water |evel hydrograph is
al | owabl e input as upstream boundary conditions. Downstream boundary
conditions include a discharge or water |evel hydrograph at the power
house.  Sanple conputer runs and a program listing are given in Appen-
dices B and C
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4. MATHEMATI CAL THEORY

The unsteady one-di mensi onal equations of continuity and momentum
have been adapted by nunerous authors (e.g., Wlie and Streeter, 1978).
In the St. Lawence nodel, the equations take the form

QX + At =0 (1)
— -2 2y TT
2g - L A+ g + B Q_ISE‘B +Q 0 2)
A A 2,208 AR P
wher e
Q = nean discharge in a reach,
A = mean area in a reach,
R = nean hydraulic radius, and
A, = the partial derivative of the area A with respect to distance
X,
HX = the partial derivative of the water surface elevation H with
respect to distance x,
QX = the partial derivative of the flow Q with respect to distance
Xy
At = the partial derivative of Awth respect tot (time),
¢ " the partial derivative of Qwith respect tot (tine).
n = the Manning's roughness coefficient,
g = force of gravity,
— i _ 2
T = wind stress (T =Cdp V ) ,
X X a w
T = channel top width,
p = density of water (assumed at 10°F),
Cd = drag coefficient (CCI = 0.0013),
py = density of air, and
v, T wi nd speed al ong the channel.

Equations (1) and (2) are evaluated over the time-space domain to
find the variation in unknown conditions of stage and flow at the upstream
and downstream end points of each reach as shown in Figures 2 and 3.




Because each end of each reach is uniquely defined, equations (1) and
(2) are expressed in terns of four unknown quantities of flow Q and
stage H  That is, 30 reaches inplies 60 points, each of which has an
unknown Hand Q Using finite difference nethods, one can evaluate
equations (1) and (2) at point m as foll ows:

0" - o) + (1 - @(q -
AX

T [(Hdp - H) + (Hup - Hu)l -0

24t - (3)
—Joq,P -2 (1 -0) (@ —Q)1 —2
2Q d u d u 9
p _ P _
+ [e [Td(Hd -z Tu(Hu zu)]
t(1-9 [Td(Hd - Zd) - Tu(Hu - Zu)| * Abd - A'bul
P p -
1 . e(Hd —Hu)+(l—6)(Hd Hu)
XE+ gA AX
_ p P _
+ g2n2Q|Q|A N Qd +QU (Qd + QU)
2.208 2R3 2N
TT
U S (4)
[

where 0 = At /At, His the water surface elevation, and A, is the area
bel ow a reference | ow water datumz, . The subscri pts u aHd d refer to
the upstream and downstream ends of the reach, respectively. The super-
script p refers to conditions at tinme t + At. The magnitude of A is
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Figure 2. Definition sketch.

P 4P P 4P
t+at Qu, Hy Qg Hy

em
N !

Qu Hu| | Qq, Hg

) AX
upstream downstream

Figure 3. Time-space grid for implicit solution.
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nornmal ly large with respect to the incremental area T(H - 2Z). There-
fore, substitution of a nean top width T = T = can he made w t hout
affecting the A termin the nDnEntun1equat10n Equatlon (4) can then
be sinplified td

P 1% —
i [00f - a9 -l
A AX KQAX

w

P P
[o [(Hd S 2 = (HP - z2p + (1 -9 [(Hd -z

A
(Hu N zu)]+ Abd - Abu,] + %3(_ [G(Hdp - Hup)

2 2= ==
_ _ gnQiqla
AR Hu)] " 208 R

+

P P _
QG * O ~ Qo) 7T . .
2Al p

wher e
Q=05 [é(de + Qup) + (1 - @)(Qd + Qu)l ,
0 = At _/at, and
m
- _ - p p _
=05 foa” + AP+ a -0+ ap].

Several values of o in the range of 0.5 <6 < 1.0 were exam ned. It was
deternmined that ©® = 0.75 provided a rapid convergence to a stable
solution. At each of the 21 junction points shown in Figure 1, the
equations of steady continuity are applied, giving

zqup - zqdp =0 (6)




and,
P P _
Hu - Hd =0 (7)

where Q P, H Prand O,P.H P correspond to the flow and stage at the
entering (upStream) and leaving (downstrean) reaches of each junction.
Lake Ontario and the power dam reservoir pool are included in the nodel
by the use of the reservoir storage routing equation.

= = (1 - 0) (8)

wher e
AS _ . .
N the tine rate of change in storage,
I = the nean inflow over the time period, and
0 = the nmean outflow over the time period.

For a reservoir with a large surface area (A ), such as Lake Ontario or
the reservoir pool, the change in storage can be approxi nated by:

iAo ©)
Substituting into equation (8) and rearranging yields
- NTS; + NTS, P 4 g AO(Hp - H) % (10)
u 2 2 At
I Oy + O, Qphp " % Ay (8 = 1) o, 1)

d 2 2 At =

wher e

NTS = the net total supply of water to Lake Ontario (including
precipitation, runoff, evaporation, and N agara River and
Welland Canal inflows;

Q=the flow from Lake Ontari o; 5
A= the surface area of Lake Ontario, km";




H = the respective water surface elevation at Lake Ontario or the
reservoir pool;

Qe = the river flow entering the reservoir pool;

Q n the discharge through the powerhouse; and 5

A?b = the surface area of the powerhouse reservoir pool, km .

The superscript p indicates the solution at time increment t + At
Equations (10) and (11) conplete the equation set for the nodel. Equa-
tions (3}, (5), (6), and (7) are applied to each of the 30 reaches and
21 nodal points in the nodel. These equations, along wth equations
(10) and (11), forma matrix of 120 equations and 122 unknowns. Either
the net total supply (NTS) orthe water level at Kingston, and either

t he di scharge through the powerhouse (Q.) nr.the water |evel at the
power house are specified as functions of'time, | eavi ng 120 equations and
120 unknowns.

The non-linear nature of the equation matrix requires application
of an iterative solution technique. A New on-Raphson algorithm with
projected approxinmations is used in the nodel. The Newt on-Raphson
procedure can be defined by equations of the form

iu iu

aFi aFi
F, o+ E — AH, E — AQ, = 0, (12)
i ]+ ]

j=id °§ j=id Y

where iu and id represent the upstream and downstream points, respec-
tively, of each reach i (i = 1 to 30). The partial derivatives

oF ,/oH, and 9F./3Q. are evaluated with finite d%lflference techni ques and
the pattial defivalives of continuity for the i~ reach (i = 1 to 30)
are expressed as

aF . BF

o, /%t (13)
iu id

8F

Q. -9/L (14)
1u

aFci

—— = 6/L (15)




The partial derivatives of the nomentum equation are approxi mated as

Twi 20, 61,200, T, 00
oH, -2 x 2 - x 2 =2 AX
iu A
oLy @3t T e
- gA AX B %2 £10/3 2
, 4/3°n%gpt 0 16)
A7/3
ale - i mi + ZgKO
aHid oH u AX (17)
oF | - - — 2.4/30
e P
iu A A A A
ale aFmi +  4Q Q (19)
Wig  Qy, 7 2%
For each nodal point j (j =1 to 21) the partial derivatives of equations
(6) and (7) are
aFC.
Sl - (20)
oH,
wher e
2k is the downstream point of the incomng reach k.
3F
o =1 (21)
2k-1
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wher e

wher e

wher e

Parti al

2k-1 is the upstream point

= the nunber of

IOUT = t he nunber of
derivatives of

of the outgoing reach k.

[N or

—ci_ 3
9Qy
n=1

reaches flowing into the node

10UT v
- 5F
= -1

9Q
= k-1

of the node
Lake Ontario,

reaches flowi ng out
the boundary condition at

(10), becone

Finally,

F
E_E.= Ef§.= Ao
BH, OH, At
oF 1
8Q; = 2
EEE.=.:l
8Q, 2

the partial derivatives of

power house are

11

t he downstream boundary at

(22)

(23)

equation

(24)

(25)

(26)

the




oF

an ; (27)
fb

aFd Ao (28)

aHfb At

The partial derivatives equations (13) through (28) form the
Jacobian matrix C in the nodel. Equations (3), (4), (5), (7), (8), (10),
and (11) formthe functional vector Din the nodel.

Al though there are 120 equations to be solved simultanecusly, each
equation will be a function of no nore than 4 unknowns"(Hp, Dp, l—(li ,
Q Py, Assi gning the proper row nunber to each of the equitionS involved
résufts in a banded matrix with all the array elenents outside the band
equal to zero. Assignment of row numbers to the equations is acconplished
by the nodal descriptive array B in the nodel. The nunber of incomng
reaches to each node will determne the number of continuity and energy
equations [(6) and (7)] to be evaluated before the reach equations
of continuity and momentum [(4) and (5)] can be eval uated. The advantage
to this technique is the savings in core storage (about 60 percent) and
CPU tinme (about 80 percent) obtained by using a banded natrix solution
routine as opposed to a standard Guassian elimnation routine on a
square matri x.

5. MODEL CALI BRATI ON

Model calibration consisted of deternmining the bed roughness
coefficient in each reach. An estimate of the roughness coefficients
between two water |evel gages can be obtained from the adaptation of the
equation (2) to steady, uniformflow  Setting Q, = Qt = 0 yields

grl2-2 QZ
2 208 /3 + B 2% 70 (%)
Solving for n yields
5 1/2
n = 1:486 AR b (30)
Q X

12




Initial estinates of bed roughness coefficients were nade by applying
equation (30) to recorded stage and discharge data as described by Quinn
and Hagman (1977).

Recorded stage data at Cape Vincent, N Y.; Cayton, NY.; Kingston,
Ont.; Alexandria Bay, NY.; Ogdensburg, N Y.; Canada, Iroquois Dam
Morrisburg, Ont.; and Long Sault Dam were used to calibrate the segnments
of river between each gage. Each segnent contai ned more then one reach
as conceptualized by the nodel. The A and R terms of equation (16) were
estimated by weighted averaging of several representative cross sections
for each reach within each segment. Cross sections were conputed by the
U S Arny Corps of Engineers, Detroit District, from navigation charts
at 1:30,000 and wei ghted according to the length of each equival ent
reach. The time periods examined were selected such that a quasi-steady
state existed along the river, allowing Q to be assumed equal to the
recorded discharge at the powerhouse. Flows used ranged from 248 TCFS
to 330 TCFS. Typical values of roughness coefficients obtained for each
segment of the river are shown in Table 1. To conplete calibration of
the nodel, individual reach roughness coefficients were adjusted to
reflect proper flow distribution around islands as determined by the
U S. Arny Corps of Engineers (1976, 1977).

Table 1. Manning’s Roughness Values

Segnment of River n
Kingston to Cayton 0.022
Cayton to Alexandria Bay 0.042
Al exandria Bay to Ogdensburg 0.033
Qgdensburg to Cardinal 0.035
Cardinal to Iroquois Dam 0. 027
Iroquois Dam to Morrisburg 0.034
Morrisburg to Long Sault 0.039

13




Model calibration was verified by using the nodel to simulate
recorded river profiles for flows ranging from 260 TCFS to 350 TCFS.
Errors in river stage were less than 0.2 ft for the cases tested.

Stage-fall relationships were then conputed from recorded data for
the follow ng sections of river: Kingston-Ogdensburg, Ogdensburg-
Cardinal, Ont., Cardinal-Mrrisburg, and Morrisburg-Long Sault Dam
Mean nonthly values of fall (F), fl ow (Q), and the stage at the upstream
gage werf/Esed to plot the relationship of stage versus the quantity
(/Y F) for each of the four sections. Regression lines and cor-
relation coefficients for recorded data were also determned. Sinulated
model output was then plotted for a series of conditions of flow and
stage. As shown by Figure 4, the nmodel conpared well with the regres-
sion line in all segnments of the river, with the Kingston-Qgdensburg
segnent showing the largest variation. This is due to the low fall over
this region. A differencel? 0.01 ft in fall will result in a substan-
tial shift in the (/¥ F ) axis. This sensitivity is also reflected
in the low correlation and the scatter about the regression |ine.

Final bed roughness coefficients used in the nodel are tabulated in
Table 2.

6. HYDRAULI C EFFECT OF | CE COVER

The St. Lawrence River is at least partially ice covered 3 nonths
of the year. Simulation of the river operation during these wnter
mont hs requires conpensation for the drag effect of ice cover on the
wetted perineter and roughuness of the channel. A review by Nezhikhovskiy
(1964) conpared the assunptions and limtations of several formulae for
conputing a conposite channel roughness. Three of the nethods presented,;
Pavl ovskiy's (1931), Belo kon-Sabaneev's (Sabaneev, 1948}, and a mean
wei ghted formul ae; were considered for use in the St. Lawence nodel.

Equation (30) is applicable to ice covered channels provided the
wetted perimeter is adjusted for ice cover and the restriction in flow
area due to ice thickness is known. Since 1963, the St. Law ence Seaway
Authority has taken periodic ice thickness neasurements in the reach
between the Cardinal and Iroquois Dam water |evel gages. The channel
roughness was conputed using equation (30) assuming a 0.90 specific
gravity for ice and using recorded river stage at the Cardinal and
Iroquoi s Dam water |evel gages. Channel roughness was conputed for 49
periods of ice measurenent between 1963 and 1975.

Using the Manning roughness coefficient of n = 0.026 calibrated for
open water conditions, the ice-cover roughness was conputed according to
each of the three formulae. The ratio of conposite roughness to Manning's
roughness coefficient (n/n,) was plotted against the ratio of the ice
roughness to the Manning's roughness coefficient (n./n_) fromeach of

the three fornulae (Fig. 5) in turn. A di stributioh of all the conput ed

14
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Table 2. Calibrated Manning’s Roughness Coefficients

Reach n Reach n
1 0.028 16 0.033
2 0.023 17 0.033
3 0.028 18 0.038
4 0. 037 19 0. 026
5 0.025 20 0.031
6 0.032 21 0.026
7 0. 040 22 0.033
8 0.038 23 0.033
9 0.033 24 0. 040
10 0.035 25 0. 040
11 0.035 26 0. 040
12 0.036 27 0. 040
13 0. 030 28 0. 040
14 0.029 29 0. 040
15 0.026 30 0. 046
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Figure 5. Determination of composite roughness in ice-covered channel.

val ues of n[nBv_\as also plotted. The mean conputed ratio n/n_ for

t hese 49 periods was 0.86 and all but four of the values are above 0.7.
Entering Figure 6 with the nean values of n/n_ of 0.86 indicates that
any of the three fornul ae bei ng exam ned woulg result in virtually the
sane ice roughness coefficient. O the three fornmulae, only that of
Bel okon- Sabaneev, equation (31), considers a non-linear velocity dis-
tribution in the ice-covered channel. For this reason, it was incor-
porated into the nodel in the form

2/3
1.5
01
n=20.63n 1+ — (31)
B nB

wher e
n = conposite channel roughness,
ng = Manni ng' s roughness coefficient, and
n, = roughness of underside of ice cover.
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Varying n. in the range 0.005 <n_ < 0.03 resulted in duplicating river
profiles recor&ad on the St. Lawence ﬁiver.

Required input to the nmodel for conputation of river profiles under
ice cover conditions includes the ice roughness coefficient and ice
thickness. Although adequate data on the characteristics of the St.
Lawence River ice cover is not readily available, the linted data
combined with aerial photographs allowed the follow ng assunptions:

a. The roughness of the underside of the ice cover has a nornmal
range of 0.005 <n_ < 0.03, with a mean value of n = 0.014 as
determ ned through the use of equations (13) and (14).

b. Sheet ice at |east 12-inches thick is experienced along the
entire river, except for the area immediately downstream of
the Prescott ice boom and Iroquois Dam which remain ice free.

The river profile is sensitive to both input paraneters as exhibited in
Figure 6. Wiile ice thickness may be the easier parameter to estimate,
it is the least sensitive of the two. Success in simulating river
profiles was achieved by assuming a uniform 12-inch layer of ice on the
river and adjusting the roughness coefficients to attain the required
profile.

Figure 7 represents the sensitivity of river stage to ice rough-
ness. The discharges selected are typical of those experienced during
winter. Entering the curves in Figure 7 with recorded conditions of
stage and flow, a related ice roughness coefficient was obtained. Using
this coefficient, the river profile over a" entire winter could be
sinulated, until the ice cover changed during spring thawing. Table 3
lists the nmean errors and error distribution obtained with a single ice
roughness coefficient. A strong point of interest was that the ice
roughness renains fairly stable over the winter (although it varies from
season to season) and the changing fall is due primarily to fluctuating
river flows.

7. THE HANG NG DAM

Conditions of internmittent freezing and thawing of the ice cover
and strong winds on the river have been know' to cause portions of the
ice cover to break free and flow downstream where they are stopped by a
solid sheet of ice cover. Unconsolidated ice forced under the solid
cover causes a" ice jamreferred to as a hanging dam  Hanging dans
occur nost frequently around the areas of Ogden Island and Galop Island.
Conditions under the dam include a severely restricted flow area and
rougher Manning's coefficient. Sinulation of a hanging dam (Fig. 8) is
acconpl i shed by considering the energy equation across the dam |If

Q =0Q,=0;=0,
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Table 3. Water Level Simulation Error During lce-cover Conditions
Mean Maxi mum
Di fference Di fference
Number ( Conput ed- ( Conput ed- Nunber of Events Wose Difference Was in the Range
of Recor ded), Recor ded),
Year Events Feet Feet 0-0.1 ft 0.1-0.2 ft 0.2-0.3 ft 0.3-0.4 ft >0.4 ft
1961 8 -0.00 -0.18 7 1 0 0 0
1962 10 -0.03 -0.16 8 2 0 0 0
1963 a -0.00 -0. 14 7 1 0 0 0
1964 14 -0.00 +0.27 10 2 2 0 0
1965 14 -0.01 -0.5 9 4 0 0 1
1968 1 -0.07 -0.0; 1 0 0 0 0
1969 2 0.00 -0.04 2 0 0 0 0
1970 8 +0.03 +0.15 7 1 0 0 0
1971 7 +0.03 +0.29 4 0 3 0 0
1972 4 +0.02 +0.32 2 0 1 1 0
1974 1 +0.03 +0.03 1 0 0 0 0
1976 5 +0.07 +0.29 3 1 1 0 0




and V, =V

then the energy equation between points (1) and (4) can be witten as

v |v. | v, v, |
171" 4174
hl+—28—- hz,*"‘zg +fL+he+hd’ (32)

wher e

h1 = the hydraulic gradient at section 1,

h4 = the hydraulic gradient at section 4,

£ = the friction loss through the dam, 5 2y

vt - v
he = the entrance loss equal to 1.0 — 7 /] and
V32 - V42
hd = the exit loss equal to 0.5 -/

The friction loss term can be related to the Manning' s roughness coef-
ficient by

f o= Q2n2L
b 2,208 m2%, %3
Rewiting equation (32) yields
2 2
V.|V Y v," -V
- AL - AR e l_O(MQA )
1 2g 4 2g 5 208 A221{24/3 2g
(V32 - V42)
+05 T2y (33)

Si nce v, = V3 and % = V, the equation reduces to

., lsolel . _1.50fo] 0loln’L .
2 - A - ) — M (34)

9 2eA 2.208 A22R24/3

1 2
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The nodel assumes that the hanging dam occurs at the upstream end
of the reach selected for study. Equation (7) at the particular noda
point involving the reach is then nodified to include the energy |osses
created by the hanging dam represented by equation (34). Input required
to sinulate the effects of a hanging dam include the length of the dam
the ice thickness, and the anticipated roughness of the channel under
the dam Because the dam may be of substantial length, the Iength of
the damis subtracted fromthe reach I ength when sol ving equations (3},
(4), and (5). It is assuned that the hanging dam wll not occupy an
entire reach length.

8. MODEL STRUCTURE

The physical characteristics of the St. Lawence River are described
by two arrays in the model. Array R (30, 23) describes each of the 30
reaches in terns of length, top width, perimeter, bed roughness, and |ow
wat er datum at each end of the reach. FElenments R (N, 16-23) contain the
conput ed di scharge and stage at each end of each reach N (N =1 to 30).
Channel configuration is defined by array B (21, 9). This array pro-
vides the nodel with information required to define the sequence of flow
frem reach to reach. Array B is used to develop equations (6) and (7)
in the nodel.

The use of arrays R and B provide a generalized nodel formulation.
As a result, the user is not linited to exanmining the river in its
existing state, but by appropriate substitution of the elenments in R
can evaluate what will happen if changes are made. Mdification of
array B would allow the user to ook at only a portion of the river or a
different river configuration. Wile the nodel is generalized to allow
the user to examine only a portion of the river, it requires a limited
nunber of programm ng changes to acconplish this purpose. Figure 9 is
the flow chart representing step by step logic in the nodel

The nodel can be operated on hourly, daily, weekly, or nonthly
(assuming 1 nonth = 720 hr) time increments. Required input data in-
clude the initial stage and flow conditions in each reach, the initia
stage at Lake Ontario, the NIS hydrograph into Lake Ontario, or the
stage hydrograph at Kingston, and either the powerhouse discharge
hydrograph or Long Sault Dam water [|evel hydrograph. If conditions with
ice are to be considered, the tine variation of ice roughness and thick-
ness nust also be included. Sanple input deck listings and corresponding
output are given in Appendices A and B.
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@ J— Q =NO. OF NOl:)ES)j
{ Tr
REACH MOMENTUM
READ MODEL I equation 5 NODE CONTINUITY
CONFIGURATION | equation 6
DATA { T
REACH CONTINUITY
v B e )
READ INITIAL
CONDITIONS 17
\ HANGING DAM
/_Lﬁ. equation 34
READ.FIRST
TIME DEPENDENT
DATA SET
* 1
wae Sinoy
DATA ~——— equation 7
NODES + 1 it Y

(3)

UPSTREAM BOUNDARY

equation 10 DOWNSTREAM BOUNDARY
WRITE fF equation 11
MODEL T FINAL !
CALCULATIONS @ C EOF(5) )» ouTeuT SOLVE
/ MATRIX
‘ E i .
T [?EEPAgNBlgLET UPDATE VALUE!
( T>TCAL )_—" DATA SET END OF G ANDH
\ N Ji
Figure 9. Flow chart.
9. MODEL | NITIALIZATI ON
The conplex configuration of the river, conbined with the limted
number of stage recorders, makes it difficult to estimate an initially

accurate river profile with the nodel.
the inaccuracies caused by the lack of

to start with an inaccurate condition and thus to spend con-

i f desired,
t he nodel

Al though this can be estimated
recorded data cause

siderable tinme stabilizing to an accurate solution.

To overcone this drawback, the nmodel can be initiated by assumng a
|l evel pool at the level of Lake Ontario along with entire length of the
river and zero discharge at the powerhouse. A desired discharge then
sinmulated with a nonthly (720 hrs) time increment. The sinulation
continues until the simulated profile is steady. Ten iterations of
monthly tinme increments are used in the nodel to reach the steady
profile. After the steady profile has been achieved, the tine increnent
is changed internally to that desired in operation of the nodel to
exanmine its response to changing conditions at the boundari es.
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RECOMVENDATI ONS

It has been shown that the hydraulic transient mdel for the Upper
St. Lawrence River provides an accurate simulation of water |evels and
flows. Because the nodel uses the full equations of mass continuity and
momentum the author believes the nodel to be a vast inprovement over
the stage-fall-discharge nethods presently used

There are nany potential uses for the nodel relating to water re-
source studies, including analysis of both physical and operationa
changes in the river. The generalized nature of the nodel |eaves room
for future operational capabilities. Any inmprovenents nmade to the node
will be published in future reports

29



10.  REFERENCES

Belokon, P. N. (1938): Engineering hydraulics of the flow under an ice
cover. Meteorol. and Hydrol., No. 11-12.

Carey, K L. (1967): (Cbserved configuration and conputed roughness of
the underside of river ice, St. Croix River, Wsconsin, Geological
Survey Prof. Paper 550-B, National Technical Infornmation Service,
Springfield, Va.

Chow, V. T. (1959): Open Channel Hydraulics, McGawH |, pp. 136-138.

Coleman, G, and D. G Decoursey. Sensitivity and nodel variance analysis
applied to sone evaporation and evapotranspiration nodels. Water
Resour. Res., 12(5):873-879.

Larsen, P. (1973): Hydraulic roughness of ice covers. J. Hydraul.
Div., ASCE, 99(HY1):111-119.

McCuen, R H (1974): A sensitivity analysis of procedures used for
estimating evaporation. Water Hesour. Bull., 10(3):486-497.

Miuir, L. R (1975): Unsteady flow in networks of open channels, Mnu-
script Report Series No. 1. Canadian Center for Inland Waters,
Burlington, Ontario.

Nezhi khovskiy, R A (1964): Coefficients of roughness of bottom surface
of slush ice cover. In Soviet Hydrology, Sel ected Paper No. 2, the
Anerican Ceophysical Union.

Pavl ovskiy, P. A (1963): Conputations and forecasts of the flows of
slush and ice during the period of freezing of rivers. Trans.
State Hydrologic Institute (Trudy GG I) Iss. p. 103.

Qinn, F. H, and E B. Wlie (1972): Transient analysis of the Detroit
River by the inplicit nethod. Water Resour. Res., 8(6): 1461-
1469.

Qinn, F. H, and J. C Hagman (1977): Detroit and St. Cair R ver
transient nodels. NOAA Tech. Menmp. ERL GLERL-14, National Techni cal
Information Service, Springfield, Va.

Regul ation of Geat Lakes Water Levels Report to the International Joint
Commission (1973): Regulation Plan 1958-D, International G eat
Lakes Level s Board.

Sabaneev, A. A (1948): On the conputation of a uniformflow in a
channel with non-uniform walls. Transactions, Leningrad Poly-
technic Institute No. 5, Leniugrad Pol ytechnic Institute, Lenin-
grad, US S R

30




U S Arny Corps of Engineers, Detroit District (1976): St. Lawence
Ri ver Velocity and Fl ow Measurenents, Galep |sland, New York, Ogden
| sl and, New York, Copeland Cut, New York.

Wlie, EE B., and V. L. Streeter (1978): Fluid transients. McGraw-
HI1l, p. 286-297.

31



Appendi x A. MODEL | NPUT SUWMVARY

32



€

ti*******i****i*i*t*t*******ittt***t**ﬁ***t********t*******i**i***t**fi***t***

L ST LAURENCE RIVER HYDKAULICTHANSIENT MODEL INPUT SUMMARY * %

******t***itit***t***i************t****i******tt****itt****tit****************

PROGRAM INPUT IS DIVIDEBINTO THREE GROUPS:
RIVER CONFIGURATION
INITIALCCHDITIONS
TIMC DEPENOENT DATA

******i*i****t*t**i**ii***tt**********ti******iiitiif*tt*t*tt**t**it**********

GROUP1 MODEL CONFIGURATION
IDATER -~ DATE OF RUN
IDATZ (1) - STARTING DATE
(2y ~ENDINGDATE
IPURP - PURPOSE
CARD 2 FORMAT(215)

AR = NUMBEROQF REACHES (USUALLY 3€)

NB - NUMBER OF NODAL POINTS (USUALLY 21?2
»*NOTE: A PORTION OF THE RIVER MAYBEEXAMINED BY

AFPROPRIATLY REDUCING NR AND NB. LAKEONTARLIO

IS ALWAYS ASSUMED TO BE THE UPSTREAMBOUNDRY.

CARD 3 (AND 4} FORMAT(16F5¢4)

RE(Ng1DY = MANNINGS ROUGHNESS COEFICIENTS FOR
OPEN UATER FOR EACH REACH CALIBRATED
RESPECTIVELY TO:
.0289.0231.02810@37!-02590332'.040
0338!033310035109359|035!003§loﬁzg
e 0259003390339 03800025900319026
0533'-3331.849!-040950451004r9004a
.C8Geelay

** NOTE: SECOND CARD IS NOT NESSECARY FOR NR LESS
THAN1 7. (TRUE FOR ALL SIMILAR CASES)




e

CARD 5€ANDRY

CARD 7 (AND &}

CARD %

CARD 13

CARD 11

FORMAT(GSXe15F540)
RiNel4) -~ |CE THICKNESS IN EACH REACH

FORMAT(16F5.4)
RICE(N) « MANNINGS ICE ROUGHNESS|I N EACHREACH

FORMAT(3FS elieI592FEa29F100+315)
DTT- TIMEINCREMENT
TMAX= ENDINGTIME
P S I=3475
KIT - NUMBER OF NEWTCN RAPHSON | TERATI ONS  ALLOYED.
£ ISA SAFE MAXIMUM SINCE THE HODEL USUALLY
SUCCEEDS IN 4
HL = INITIAL STAGE AT LAKE ONTARIO
HLDN= INITIAL STAGE ATDOWSTREAM RESERVOIR
48 = ARE4 OF LAKEQNTARIO INSQUARE MILES(7340.)
ITIMINT « UNITS OFDTT 1=HRe 2=DAYe 3-WEEK,
4=HMONTH
IPRTYF=0=~PRINTALL COMPUTATIONS INCLUDING
INITIALIZATION
1=-DOCNOT PRINT COMPUTATIONS DURTNG
I NI TI ALI ZATI ON
2=«PRINT ONLY FINAL DATA

ISICE = =2 ICE IS NOT INCLUDED IN TH'S RUN
=1 ICE Is | NCLUDED
FORMAT(F1%a0141I5)

ARES -AREA OF DOWNSTREAM FOREBAY IN SQUARE MILES
(USUALLY 1E,)
NEXIT —REAC4ENTERING FOREBAY(USUALLY 35)

FORMAT(2IE)

NUMUF- NUMBER CF REACHES FLOWING FROM UPSTREAM
RESERVOIR (USUALLY 2« ONE ON EACH SIDE OF
WOLFE ISLAND)

NHD =NUMEBEROFHANGING DAMS, A MAXIMUM OF THREE
IS ALLCWED




GE

CARD 12

FORMAT(EF1Za4)
HANGING [DAM DESCRIPTION
BOUND{(T}= ROUNARYORNODEAT WHICHTHEDAM OCCURRS
RNl {(I>- REACHMNUMBERCONTAININGTHE DAM
THICK¢I)= ICE THICKNESS IN FEET
RL {1)- LENGTH OF DAMIMFEET
RN(I) -MANNINGSROUGHNESSUNDER DAM.

* NOTE: ONECARDFGREACH DAM. CMIT |F NHEG=C

*-i***t**i*i***********t*************t**ﬁ'k**t**************itt********ti*****tt

GROUFP 2 INITIALCONDITIONS

CARD 1

CARD 2

CARD 3 (AND %)

CARD 35 (aND &)

CARD7 (THRU 11)

PISc-INITIALDISCHARGE AT PO“ERHOUSE(USUALLYB)

FORMAT(SX+F1340)
NTSO-INITI AL NET TOTAL SUPPLY (USUALLY®)

FORMAT(SX 915F542)
R(Ng16)~TNITIAL UPSTREAM STAGE FOR EACH REACH
(USUALLY a HL)

FOPMATI(SX 412F5.2)
B{MeLTY=INITIAL DDWNSTREAM STAGE AT EACH REACH
(USUALLY =HL)

FORMAT(EX ¢ TF10045X)
R{N41B8Y-INITTIAL FLOWSINEACHREACH (USUALLY 0)




LA A RE R AR SR RS R RRR SRR R XXX Rl EFEREREEISEE PR R EREEE R RS L RN RE IR TR LR IR RS

GROUP 3 TIME DEPENDENT DATA

CARD A (AND 2) FORMAT(SX¢15F5.0)
RICTHK(N)= ICE THICKNESS FOR EACH REACH

e * NOTE: ONLY REQUIRED IFISICE=1

CARD 3¢AND%) FORMAT(16F5.4)
RICE(N) =ICE ROUGHNESS IN EACH REACH
e * NOTE: ONLY REQUIREDIF ISICE=1

CARD 5 FORMAT(1UXe2F1l0eUe3F5e2415)

DIS =DISCHARGE AT POWERHOUSE

NTS =NETTOTAL SUPPLY AT LAKE

STAGE= CONTROLLING STAGE AT DOWNSTREAM RESERVOIR.
I F STAGE DOES NOT EQUAL 0 . DISIS COMPUTED
RATHERTHAN INPUT.FIRST VALUE MUST =0

HKING= CCNTROLLING STAGEAT KINGSTON. | F HKING
GAESNOT EQUALS, THEREIS NO NEED, TO
INCLUDE NTS.

WIND=- WIND.SPEED IN MPH. WIND IS + |IN
DIRECTION OFFLOWAND=IF OPPOSITE
O FDIRECTIONO FFLGW

9t

NHOC= CHANGET OBEMADE IN HANGING DAM.
IF NHDC .GT.0+sCARD 12 SHOULDRZRE
REPEATED USING NEU INFORMATION.

o2 REPEATGROUPZSEQUENCEFCREACH TIMEINTERVAL. e e

LEA RS S SR AR R RS AR R R FFEEREAAEERSEREEEERETIRE SR EIEE LR RS FTFEEETSEIEETRTIESELE Y ST
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a. The Sinple Drawdown

The most basic use of the nodel is to solve for a steady state
profile given a level of Lake Ontario and a powerhouse di scharge. The
model initially starts as a level pool at the elevation specified (244.00
for this case). Using the initial discharge (280 TCFS) as a forcing
function, the nodel iterates through 11 steps until a steady profile is
achieved. In conditions of very high flow, a small fluctuation of 0.01
or 0.02 may be exhibited near Lake St. Lawrence. However, eleven tine
steps were found to provide anple time for convergence.
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REACH NO.

UeSe
DeSe
UeSe
DaSe
Uebs
DaSe
UeSe
D.S.
U-Se
DeSe

PT.
PTe
ToP
TP
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AREA
DATUM
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UeSa
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e
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6422.0000
6422.0000
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3.0000
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2346900.0000324370.0099333000.0000

242.8000
242.,8000
65774033
6495.0614
35'06G.2000
<0280
0.0000C
«0280
245.0000
24540000
0.7009
0.0802
245,0009
245,0000
0.0000
0.0009

11.0000
21.0000
22.00086
3620.0000
3620.C000

24248090
2428300
6642,3106
661640110
687rp.0M00
-0230

Na NIRG

- 0220
245.0309
245«0000
Ge00NQ
f.0200
245407270
245.0230
720450
ge0270

124063500
23.0770
2840200
18230000
182046708

24280070
242,880
407242940
4147 4893
28130.0052
«B2R1
6.0003

- 0287
245.00NC
245,000
08600
J«00C7
245,000
2654004,
g.0002
enng?

PRINTOUT 0OF

13.900°0
2540023
2640077
T6C0«0033
7600 0040

CHANNEL CHARACTERISTICS ARRAY FOR REACHES

440000
T0000
80000
1520.500G
152040000

S.0000
9.0000
10.G0000
13400.0000
13406.5000

45100.00005050800.0000
45100.7000833200.0000

24248000
242.3000
1575.3821
1575.3421
628000080
+0378
D.COCD
<0370
24542060
245.7000
0. 0927
0009
245.70C00
2457000
6.0048
0.106G0

26248G00
242.8000
13475,3731
13524 .35482
27200.0000
«025C
00000
«0250
245.0000C
245,0000
D.00C0
0.0000
245,.00G¢C
245.00G0¢C
o.oeQe
Q.0600

60000
11.0000
12.0000

1860.0000
1860.0000

7+ 0000
13.000¢C
1a.0000

690%.00090
6905.0000

1 70 10

8.0000
15.0000
1640000

6450.0000
6450.0000

£2000.,00002124306,0000187200.0000
£2000.0000376700.0000187100,0000

242.8000C
242.8000
1926.6667
1926.E667
10546.0000
«0320
0.8000
«0320
24540000
245.00C0
240000
T.0020
24%.0000
24%.0000
Ga0000
D.00N0

242.80090
24247800
699646355
TO14,1093
22200.0000
«0400
0.%005%
«04800
245.0000
245.0000
0.0000
D.0800
245,0000
245.0000
0.0000
D.0000

242,7800
242.,T400
650840155
65080155
2810040000
0384
0.0000
+0380
245.0004
245.0000
0.0000
0.0000
245.0000
245.0000
0.0000
o.0000

CHANNEL CHARACTERISTICS ARRAY FOR REACHES 11 Yo 20

14,7000
2T.0008
28.1000
3240.0080
324000180

15,0000
29,0600
30.0000
4740.0000
aT40.000C

lé.00U0
31.0000
32.0000
3730.0000
3760.0090

166200.00001432.0.0200379400.5007142400,0000205000.0000140600.0000
225000.000015482040:00142400.0075105000.0009259300.,0000 ROAOC.00C0

242.7400
242,5600
3711.8232
3T7T44.309%
S0800.0900
0357
4.70090
«0350
245.00080
245.0000
G.0000
0.0000
245,0000
245.0000
¢.3000
0.0009

242,7200
242.5600
19773626
1929.6703
497rg.0000
«0360
00300

= 0369
245.0200
245.8060
0.0000
te.0000
245,0200
245,000
t.0080
J.0000

242,560
242 437090
7695 4E421
763744737
75000.0030
NELL
0400010
0307
245.0000
245.0007
040000
3.0000
245,.0000
245,.0000
0.000%
0.0000

242.3700
242,3300
31327.9012
3304.58148
15000.0000
.n290
D500
0290
245,7000
2450000
0.0000
0.0000
245,0000
245,0060
0.0000
0.0000

282.3300
242,2100
47B443C38
4849.4093
659060000
=0260
0.0000
«0260
245.0000
245.0000
t.c000
0.0000
245.0000
245.0000
0.0008
b.0000

282,.,2000
242.0000
3805.3887
3802.7660
17200.0000
<0330
e.0600
-0%Xn
245.0000
245.0000
Ge0000
n.0000
245.00040
245.0000
00000
0.00n0

17.0000
33.00C0
34.0030
1560.0000
1540. 0000
46500.007C
ToaADD. 0000
242.0000
240.8000
16003896
1631.4286
28100.0000
«0330

G. 0000
«0330
245.0000
245.0000
C.0000
D.0000
245.0000
285.0000
0.0000
0.0000

18.0000
35,0000
36.0000
1030.0000
1030.000&
32700.0000
22500,.,0000
242.0000
240.8000
1093.4951
10736893
30000.0008
0380
.0000
«0380
245.0000
24%.0008
6.0000
040000
245.0000
24540000
0.0000
0.0000

9.0000
17.0000
18.0000

1510.0000
I510.0000

10.0008
19.0008€
20.0000
1290.0000
1620.0000

60400.0000367600.0000
60400.0C000143300.0000

24247800
242.7400
1590.0000
1590.0000
1660040000
«0330
0.C000D
«0330
245.0000
245,.0000
G.0000
D.0000
245.0000
24520000
0.0C00
0.G000

19.00800
37.0000
Ig.0000
2620.0000
2620.09000

242.7800
242,72400
7390.8505
1796.9136
15000.0000
«0350
0.0000
«0350
24540000
245,.0000
0.0000
0.0000
24%5.0000
245.00800
00000
g.0000

20,0000
39.0000
40.0000
2650.0000
265040000

92900.0000 B87720.0000Q
82700.0000108800,0000

240.8000
239.2000
2690.2160
2683.1298
23100.0000
«0260
0.0000
«026D
245.0000
245.0000
t.0000
0.0000
28540000
245,0000
0.0008
Ba000D

239.7000
2394000
271641887
273241132
16900.0000
«0310
0.0000
0310
245,0000
245.0000
0.0000
D.0000
245.0000
24%5,0000
0.0000
D.0000




£y

PRINTOUT OF CHANNEL CHARACTERISTICS ARRAY FOR REACHES 21 T0 30

REACH NO, 21.0000 22.0000 23.0000 24,0000 25.0000 26.0080 27.0000 28.0000 2%9.0000 30.0000
UeSe PTe 41.0000 43,0000 45.0000 A7.0000 49,0000 S1.6000 S3.0000 55.0000 57.0000 59,0000
DeSe PTs 42.0000 44,0000 46.0000 48.0000 St.0000 E2.0000 S4.0000 56.0000 58.0000 &£0.0000
UeSe YTOP 19880000 1540.0000 154040000 478040000 15700000 2840.0000 1530.0000 3260.0000 1010.0000 &790.0000
DeSe TOP 1988,0000 154040000 1540.0000 47B0.,5000 1570.0000 2840.0000 1530.0000 3260.0000 1010.0600 £790.0800

UeSe ARERA 6500040000 A3800.0600 a3800.0000158700.0000 BE400.0000150000.0000 76800.0000169800.0000 57600.0000232500.0000
DeSa AREA 50000.0000 43800.0C000108700.0000200000.0000 B630G.0000150000.00580 76800.0000368900.0000 63600,0000232500,0000

UeSe DATUM 239.4100 2338109 239.2600 239.1200 2381700 238.1700 237.9900 237.9900 237.9900 237.T208
DeSs DATUM 259.1200 239.26100 239.1209 23841700 23749908 23749900 237.9900 237«7200 23747200 237.5000
UeSe PER 285343924 15968831 159648831 484648017 1E80.063T7 2945.6338 1630.3922 3364,1T18 1124.0%94 6858.4831
D«S« PER 203843018 159648831 1681.1688 4863.6820 167949363 2945.6338 163043922 3363.6196 1135.9406 68S8.4831
LENGTH I7500.0000 9750.0000 9650.0000 5250040000 20660.0000 11900.0600 5930.0000 13100.0000 19700.0000 15%900.0000
MANNINGS R « 0260 «0330 «0330 «0%00 20400 «0400 «0A00 «0400 «0400 <0400
ICE THK = 0.0000 t.0000 0.0090 0.0000 G.0000 0.0000 90000 0.0000 t.0000 0.0000D
MANNINGS R «1260 <1330 « 0339 « 0400 +0400 «0400 « 0400 «0400 «0400 «0400
JeSe H 245.0000 245.001090 245,0000 245.0000 245.0000 245.0000 285.0000 245.0000 24%5.0000 245.0000
DeSe H 24%5,9000 2a5.04500 245.0000 245,.,0000 245,0000 245.90000 245,.,0000 245.,0000 245.0000 24%5,.0000
UeSe @ G.0000 b.0o00@ 0.0901 f.0000 0.0000 0.0000 040009 0.0000 040000 0.C000
DeSe G 0.0000 Q0000 G.000C 0.0060 R.0000 0.0060 0.0000 0.0000 0.0000 0=0000
UsSe HP 245.0900 245.0000 245.0000 235,0000 245,0000 245.0000 245.0000 245.00080 245.0000 245.0000
CeSes HP 245.0009 245.0000 2845 .C00% 245.0000 245.0000 245.0000 245,0000 245,0000 245.0080 245.0000
U=S« QP 0.0000 De0200 0e.0300 C.0000 0.0000 D000 0.2000 0.,0000 bD.0000 d.0000
DaSe QP 0.0000 c.0000 Calngn 0.0000 0.0000 000N 0.0000 0.000¢C 0. 0000 0.0000

0280a023000280+037045025040320408704038%,033".02504035040360.0300.0290.9260.0330
0330.038040260e0310402604%33040330e040040400e00730417C404100.040C.0400

------------------- mme [N mrs = o.00 LI KE ontar1o = 248,00 LAKE ST LAWRENCE = 285.00==v--eeeommccmemnes
REACH 1. 2. 3. “, 5. 6a Te Ba ER 10
STAGE 245,00 205000 245.00 285.0C 245.07 245.00 245.00 285.00 245,00 2450
FLOW . n. l. 0. [ . ¢ Da 0.
reacd 1107 12, 13. 14, 15. 164 17. 18 19. 204
STAGE 245,00 245,00 245.00 235.00 24500 245,00 2;5.06 285,00 _245.00 245.06
FLOW a. 0o 0. 0e c. B. . 0. 0. .
. 224 234 24. 25, 26, 27, 28, 29. 30.
OFACE 245.00 245.00 245.00 245.00 245,00, 245,00 245,00 245,00 zns.WS 245,00
FLOW [, 0. 0. L. 3. 0. 0. Ga . b.,
DISCHARGE AT PaHex 0. NTS:= -3400.
COMPUTED HT

CAPE VINCENT 245,00

KINGSTON 245.00

06DENSBURG 245.00

CARDINAL 245,00

TRTQUOTIS Hale 245,00

IRIGQUOIS TaMe 245,00

WADDINGTON 245,00

MORRISBURG 245.00

LONGSAULT DaM 245.00




oy

resasssccccccscnane TIME IN HRS = D00 LAKE DNTARIOD = 244.98 LIKE ST LAWRENCE T 23%.72

REACH 1. 2. Se L Se Ge T Y. 10,
STAGE 244498 284,97 244,97 244,97 284,96 244,96 244.96 244-96 240,94 284,94
FLOW 122304« 157712. 117246. 5058. 117247, =-20580. 178292, 101725. 41868. 137223,

REACH 11. 12. 13. 1ae 15, 16. 17, 18. 1% 20,
STAGE 248492 284,92 264,85 284.5T 288.33 244,06 243.46 243,86 282,22 241.44
FLOW 142793, 137223« 280016+ 280013. 2B0012. 280007. 215860. 64145. 280002. 279997,

REACH 21. 22 23. 24, 25 264 27. 28. 29. 30.
STAGE 241.06 281.06 240,64 240464 240,01 240,01 232.9% 23R 04, 135.8F 239.85
FLOW 153064, 126929« 126927. 279986+ 1031054, 178902. 100322, 201370. 7R5T75. 279937,
DISCHARGE AT P.H.= 2800068. NTS= 280000,

COMPUTED HT
CAPE VINCENT 244,97

KINGSTON 244,98

0GDENSBURG 244.06

CARDTNAL 202.22

TRIQUOIS  HeWe 201460

IRIQUOIS TeWe 241 .44

NADDINGTON 241.06

MORRISBURG 240,64

LONGSAULT DAM 239.85
mveemmmascccemmaasa TIME IN Hns = 0.00 LAKE ONTARIO = 244.98 LAKE ST LAWRENCE = 239415
REACH 1. 5. 6. s 8. 9. 10.

STAGE 244.98 3563 zH fg 244, 91 208,97 248,96 244,96 244,96 244.94 244.94
FLow  1z2150. 151062, 3. S014. 117131. =208469. 178424, 101c70. #1112, 137310,

REACH 11. 12, 13. 14, 15. 16, 17. 18. 19. - 20,
STAGE 288,91 284,92 248,84 244,53 244,27 243.98 283.32 243,32 241.95 241.09
FLOW 182779, 137310, 2B008E, 23C085. 280086« 280095. 216174, 6£3926. 280111, 280127,

REACI-Inzox.“ 22, 23, 2.54; 25.1 26 331.0 28, 29, 30,
AGE 404 240,19 Qe 23 7 1] . » .
Flow 153200, “vaevzr, 126027, 280166, 101522 23 18067 Mietes. Foiaes ey 2aaa2s

DISCHARGE AT PaeHaz 280000, NTS= 280000.

COMPUTED HI
CAPE VINCENT 244 .98

KINGSTON 24%.98
QEDENSBURG 245,98
CARDINAL 241.95
IRIQUOIS HeWa 241425
IRIQUOIS T.le 241.09
WADDINGTON 240.66
RORRISBURG 240.19

LONGSAULY DAM 2359.29




S

--- = TIME IN HRS = 0400 LAKE ONTARIO = 284,96 LAKE ST LAWRENCE = 241lu#3--=c-cusmromcacmec=n

REACH 1. 2 3 L Se Ga Te Be G 10.
STAGE 244096 244,95 284,96 244,96 244,95 244.95 244,95 244,95 244.93 244,93
FLOW 121767+ 155679. 116624, 5147, 116627. -20748. 176438« 101037, 40601. 135842,
REACH 11, 12. 13, 4. 15, 16. 17, 18, 19 20,
STAGE 244.92 244,92 248,87 24%.66 24%.49 284,29 283.87 243.87 243.04% 242.58
FLOW 141645, 135844, 277504, 277573. 277584, 277682. 213393, 64319, 277771. 277839
REACH  21. 22. 23. 2%, 25. 26. 27. 28, 29. 30.
STABE 282425 282.25 282400 242,00 241.61 241.61 24157 2841.55 241.57 241.50
FLOVW  151683. 126217. 126239, 277995, 100344, 1TE064. 100542. 200959. 77581, 278652.
DISCHARGE AT PuHe= 250000. NTS= 280000,
COMPUTED HT

CAPE VINCENT 244,96

KINGSTON 244,96

OGDENSBURG 244,29

CARDINAL 243,04

IRIQUOIS Hewe 262463

IRIQUOIS T.W. 242 .58

WADDINGTON 242,25

MORRISBURG 242.00

LONGSAULY DAM 281.50
mmmmeseseoesssame= TIRE IN HRS =  0.00 LAKE ONTARTO = 244.98 LAKE ST LAWRENLE = 239.64=--r-ccmwesaresanmmee
REACH 1. 2. 3 4. S5a 6e Ta 8. Ta 10.
STAGE 248,98 248,97 284,97 248,97 248,95 244,96 244.9¢ z;q.‘a %thgg 4 9A,,
FLOW  12222%. 157675, 117179, 509, 117179, «20867, 178232, 101671, = 137176
REACH 11, 12, 13, 14, 15, 164 17, 184 19. 20.
STAGE 286,91 248,92 244,85 208.56 248,352 244,05 243,84 243.44 R2A%, 280,09
FLOW 142727, 137176 279903, 279909, 279910, 279920. 215831, 64092, 279931, 279941,
REACH 21, 22, 23, 24, 2%5. 26. 27. 28, 29, 30.
STAGE 281.00 241.00 240,53 240.58 239493 239,93 239,87 239.83 Z23faf” 239.77
FLOW  153050. 126900. 126904 279965, 101087, 178944, 100323. 201422, 78631, 280071
DISCHARGE AT P.H.= 280000. NTS= 280000,

COMPUTED WT

CAPE VINCENT 244,97

KINGSTON 244,98

OGDENSBURSG 244,05

CARDINAL 242,18

IRIQUO1S Hal. 241,55

IRIQUOIS Tule 241.39

WADDINGTON 281.00

MORRISBURG 240.58

LONGSAULT DaAM 239.77




9%

REACH 1. 2.

TIME IN HRS =

0.00 LAXE ONTARIC = 244.98 LAKE ST LAWRENCE = 23%.T8
3. L Se - Te L28 9. 10.

STAGE 284.98 284,97 28%.97 244.97 284,96 284,96 244,96 244,96 248,94 244,94

FLOW 12226T7» 157679,

REACH 11. 12«

117212. 5055. 117212, -20571. 1TB250. 101696, 41059. 13T191.

13. 14 17. 1B 19. 20

STAGE 244,91 244,92 244.8% 244.-72_7§1§?ié Zéifgg éh!.#&.—n?‘!.lrs 283: 80 2N AAD

FLOW 182755, 137191, 279946, 279946,

REACH 21. 22.

215823+ 64124a 279946, 279946,

23, 28 . 25. 26, 27. 28» 2%. 30.

STAGE 241405 281,05 240.63 240.63 239.99 239.99% 239.93 239.89 239.93 239.83
FLOW 153040. 126905. 126905. 279%45. 101051, 178893 100313. 201364. TESB0. 279944,

DISCHARGE AT PeHecz 280000, NTS= 280900.
COMPUTED HY
CAPE YINCENT 244,97
KINGSTON 244,98
OGDENSBURS 244 .06
CARDINAL 242.21
IRIQUOIS Hela 241.59
IRJQUOIS T.We 281 .43
WADDINGTON 241.05
MORRISBURG 280463
LONGSAULT DAN 239483
REACH? 1 2 3 4 5 & 7 8 9 10
- ] e - A R —mmm-d - -y
HRS q H @ H Q H [} H Q H -] H @ H Q H a H Q H
O 122+ 244.98 15B. 248.97 117. 284.97 Se 298,97 117+ 244.96 -21s 24%.96 1THBe 244,96 102. 244,96 Ale 288.9% 13T. 2%4.9%
REACH: 11 12 13 14 15 16 17 18 19 20
e - e o - - T LY T + s
HRS 4] H ¢ H "] H ] H & H Q H Q@ H & H Q H Q M
G. 183, 264,91 137. 244.92 280, 244.85 280. 244,57 280+ 244.33 280e 284406 216+ 243.45 6h. 243.86 280. 282.21 280. 241.43
REACH: 21 22 23 24 25 26 27 28 29 30
- - * - - - cesjeccacssssecalrreserennewed
HRS & H ] H ] H Q H @ H -Q H Q H Q L] [} H ] H

Ge 153, 241,05 127. 2841.05 127, 28063 2B0. 240.63 101. 239.99 179, 23999 1080. 239.93 20i. 239.89

T9e 239,93 280+ 239.83
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87

= TIME IN HRS = 0400 LAKE ONTARID = 244.98 LAKE ST LAVRENCE = 239.88=-
REACH 1 2. 3. I 3 6 T a 9 18.

. - . . . . -
SYAGE 244,98 244,97 244,97 248.97 244,96 244,96 284.96 248,96 24888 240,84
FLow 122826+« 157745. 117355, 5073« 1173%%. =20624. 178371. 101807. 41883, 13728A.

REACH 1. 12. 13. 14, 15, 16, 17. 18. 19, 20.
STABE 244492 288,92 244.86 244,58 244.3% 244,09 243.50 243,50 242,29 241.54
FLOM 142891. 137289. 280179, 280172, 200170. 280153, 215902. 64246. 280133. 280116.

REACH 21. 22, 23, 24, 25 26. 27 28, 29. 30.
STAGE 241417 241417 240477 24076 24015 240415 240.10 2Mbets 2484208 24%40%
FLOM 153102. 126997. 126991. 280073. 101039. 178913. 100383. 2014D0. 78513. 279a7T9.
DISCHARGE AT Po.He= 280000. NTS= 280000,

COMPUTED HT
CAPE VIMCENT 244.97

KINGSTON 244,98

OGDENSBURG 244,009

CARDINAL 2842.25

IRIQUGTS Haolls 281.69

IRIQUDIS Tale 241 .54

WADDINGTON 241.17

MORRISBURG 240,76

LONGSAULT DAM 2490.00
mmmmesnsscseneee=e= TIME IN HRS = 0.00 LAKE ONTARIO = 244.98 LAKE ST LAWRENCE = 239,69==ccccmeccceancacans
REACH 1. 24 3. LY S Ba Te B 9. 10.

STAGE 244.98 284,97 244,97 244,97 248,96 244496 268,96 288,96 244,94 2aA9A,
FLOW 122300. 157727« 117245, 5056« 1172845 =20%576. 178303. 101724, 41071. 137232.

REACH 1l. 12. 13. 14, 1% 16, 17 18, 19. 20.
STAGE 244,91 244,92 204,85 244,57 248,33 288,06 243,45 243.45 242.21 241.42
FLOW 142796. 137232. 280028. 280029. 280029, 280031, 215893, 64139, 280034, 280036

REACH 2l. 22. 23. 24, 25. 26 27. 284 29. 3n,
STAGE 2841.04 241,04 240,62 24%5.62 239,98 239.98 239.92 239.88 239.92 234,52
FLOW 1530924 126946, 126947. 280041 101092, 178963. 100349, 201843, 7B616. 28BN062.

DISCHARGE AT PuHa= 282000, NTS= 280000,
COMPUTED HT
CAPE YINCENT 284,97
KIRGSTON 2844.98
OEDENSBURG 244,06
CARDINAL 242,21
IREQUOIS Hele 241.58
IRIQUOLIS Tole 241 .42
WADDINGTON 241,04
NORRISBURG 240.82
LONGSAULT DAN 23%.82




h. The Sinpl e Drawdown Under Ice Conditions

The next basic problemto be solved with the model is simlar to
problem 1 with the addition of an ice cover. In the exanple problem a
12-inch uniformice cover with a Manning' s roughness coefficient of N =
0.02 is used. The difference in input can be noted on cards 5, 6, 7,
and 8 of the input deck listing. [Intermediate results are not shown.
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BOUNDRY OR NODEsssnssversse 12 -R =R
REACHswwvanoressscscsannnnes 174 -8 =R
THICKMESS sansnnesrsennrssns 8250 =R =R
LENGTHesesvasanansnasasnsss 300 -R =R

MANNINGS ROUGHNESSseevsevae o100 =R ~R

INITIAL DISCHARGE csvaacscnesnans 0.CFS
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19 1 2 24 25 26 0 @
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21 2 1 28 29 38 0 o
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€S

REACH NO.
UeSe PTs
DuSe PTe
UsSa TOP
DeSs TOP
UeSe AREA
DeSs ARER
UeSe DATUM
DeSe DATUM
VeSe PER
DeSe PER
LENGTH
MANNINES R
ICE THK
MANNINSS R
UaSs H
DeSe H
UeSe Q
DeS5e 4
UeS+ HP
DeS+ HP
VS~ @GP
DeSa QP

REACH NOa.
UeSe PTe
DsSe PTs
UsSe TOP
DasSe TOP
UeSe AREA
DaSes AREA
UeSs DATUM
DaSe DATUM
UsS« PER
DaSs PER
LERGTH
MANNINGS R
ICE THK
MANNINGS R
UeSe H
DeSe H
UeSe &
Ds8a @
UeSs HP
DesSe HP
UeSe QP
DeSe GP

1.0000
l.000¢
2,0000
642240000
6422.0000

PRINTOUT OF CHANNEL CHARACTERISTICS ARRAY FOR REACHES 1 TO 10

240000 3.0000
3.0000 540000
. 4.0000 60040
£520.0000 3977,.0060

63520.0000 3977.0000

40000
T«08000
8.0000
1520.0000
1520.0000

5.0000
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10.0000
13400.0000
15400.0000

499900,0000398700.0000189500.0000 45106,0000585000.0000
234600.0000314340.0000339000.0000

242,8000
242.8000
12999.4033
12917,0614
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«0280
12.0000
1280
245,.0000
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0.00083
0.0GOC
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245,.,0000
0.0000
0.6000

113000
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2243000

362040000

362049000
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«0230 + 0289
12,0800 12.0000
2230 <0282
245.0000 245.0000
24540000 245.00040
b.0000 042005
f.0300 C+0009

24540000 245,.0000
245. 0000 245,0009
040000 Da0C02
0.00060 g.0000

PRINTOUT OF

12.00"8 13.0000
23,0000 2540007
24,0030 26 +080L

182040000 76DD,N0CD
1B20. 0000 760040430

45100.0000833200.0000

242,8000
242.8000
3099.3421
3099.3421
6€2800.0000
. 0370
12.0000
«0372
245,000
245.0000
0.003C
0.0000
245,.,0000
245.0000
0.0000
R.0000

242.8000
24248000
26875.3731
26924.3582
2720040000
.0250
1245000
«0250
245.,0000
245.,0000
0.0000
0.0000
245.0000
245.8000
bD.0000
D.0000

6.0000
110000
12.0000

1860.0000
18600000

T« 0000
13.0000
14,0000

6905.0000
6905. 0000

8.0000
15.0000
16.0000

6450.0000
64%50.0000

62000.0000314500.0000187100.0000
€2000.0000376700.0000187200,0000

242.8000
242,8000
3786.6667
37866667
10500.0000
«0320
12.0000
0320
245.0000
245.0000
D000

G 0000
245.0000
245.0000
0.0000
0.0000

242.8000
242,.7800
139010355
13919.1093
22200.0000
« D400
12,0000
«0400
245.0000
245,0000
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0.0000
2450800
24%3.,0000
d.0000
0.0000

24247800
242.7400
12958.0155
12958.,0155
28190.0000
0380
12.0000
«0380
245,0000
245,0000
4.00090
t.0000
245,0000
245.0000
0.0000
B.0000

CHANNEL CHARACTERISYICS ARRAY FOR REACHES 11 TO 20

< 18.0000
27.0000
2840000

3240.0006

3240.0000

15.0000
2%9.0000
38.00680
4740.90006
4740.0000

16.0000
Jl.0000
32.0000
3730.0000
3760.0000

17.0000
33,0000
34,0000
1540.B8000
154040000

166200.0000143220,03006379400,0000142400.0060105000.0000140600.0000 #46500. 06600
225000,00001594% :1,000C142400.000010500046000259300.0000 BOA00.0000

2427400
242.5600
7331.8232
7383.3094
S50800.0000
#0350
12.0000
=035C
245.0000
245.0000
0.000¢C
0.000¢
245.0000
245.0000
0.0000C
G.0C00

242.720¢ 242 ,.5600
24245600 2423700

3797.3626 15299.8421
3B0%eB6703 1523744737
49720.,0000 7S000.0008
«0368 +0300
12,0000 12.0000

« 0360 «0300
24540000 245.0000
245.0000 245,0000
00000 D.0000
00060 d.0000

245.0000 245,.0000
24540000 245.0000
0.0000 0.0000
d. 0000 0.0000

242,3700
242,1306
6567.9012
£544,8)48
1500040000
=290
12.0000
«0290
245,0000
245.0000
00000
0.0080
245.0000
245.40000
0.2060
0.0000

24243308
24242100
9524 .3038
95894093
65900.0000
«0260
12.0000
0260
245.0000
245.0000
0.,0000
0.0000
245.0000
245.0000
D.000OD
0.0000

242,2000
242.0000
3805.3887
3802.7660
17200.0000
«0330
0.0000
«0330
245.0000
245,0000
cs0000
0.0000
245.,00800
235.0000
0.0000
G.0000

Te400.0000
242,0000
240.8000

3140, 23896
317T1.4286

28100.0000

«0330
12.0000
«0330
-245,00600
245, 0000
0. 0000
0.0000
245.0000
245.0000
D.0DBO
0.0000

18.0000
35.0000
S6.0000
103040000
1030.0000
3270040000
22500.0000
242.0000
240.8000
212344951
21083.6893
30a00.0000
<0340
12.0000
«0380
24%5.0000
245,0000
G.0000
D.0000
245.0000
245.0000
b.0000
p.0000

S.0000

1740000,

18,0000
1510.0000
1510.0000

10.0000
.19.00008
20.0000
T290.0000
1620,0000

60400.0000367600.0000
G0400.,0000143300.0000

24247800 242.7800
242, 7400 242,.T200
3100.0000 14680.8505
31000000 3416.9136
166000000 1%800.0000
«0330 #6350
12.0000 12.0000
«0330 «0350
285.,0000 245.0000
245.0000 245.0000
0.0000 0.0000
0.0000 0.0000
245.0000 245.0000
245.,0000 245,0000
0.0000 0.0000
0.0000 0.0000
19.0000 20.0000
37.0000 39.0000
3840000 A0.0000
2620,0000 2650.00B00
2620.0000 2650.0000
92900.0000 837T00.0000
82700.00001086800.0000
240.8000 239.7000
23%.%9000 239.4000
5310.9160 271641887
5303.1298 2732.1132
23100.0000 16900.0000
«0260 «0310
12,0000 0.0000
«0260 0310
24%5.0000 245.,0000
245.0000 245.0000
0.000600 t.0000
0.0608 0«0000
245,0000 245.0000
245.,0000 245,.,0000
0.0600 t.0000
0.0080 D.0080




A

PRTNTOUT OF CHANNEL CHARACTERISTICS ARRAY FOR REACHES 21 TO 30

REACH ND. 21.0000 22.0000 23 .0800 24.0000 25.0000 26.0000 27.0000 28.0000 29.0000 30.0000
UeSu PTe 41=0000 4l.0000 45,0000 47.0000 49.0000 S1.0000 S53.0000 55.0000 ST.0080 39%9.0000
DaSe PTa 42.0000 44,0000 46.0000 48.0000 50.0000 52.0000 S4.0000 Sé.0000 58.0008 60.8000
UeSs TOP 198840000 1540,0000 1540.0000 A780.0080 15T70.0000 284040000 3530.00006 3260,0000 1010.0880 &790,0000
DeSe TOP 196840000 1540.0000 1540.0000 A780.,0000 1570.0000 2840.000¢ 1530.0000 3260.0000 1010.0000 &790.0000
UeSe AREA 65000.0000 43800,0000 43800.0000158700.0000 B6400.0000150000.0000 T6800.0000169800.0060 57600.0000232500,0000
DeSe AREA 5000040000 43800.0000108700.0000200000.0000 86300.0006150000.,0000 76800.,0000168900.0000 63600.0000232500,0000
UeSe DATUM 2394100 23544100 23942600 239.1200 238.1700 23841700 237.9900 237,9900 23749900 237.7200
DeSe DATUM 239.,1200 239.2600 239.1200 238.1T700 237.9900 237.9900 237.9900 23T7.7T200 237.7200 237.5000
UsSs PER 4041.3924 313648831 31368831 962644017 3250.0637 S5T85.6338 316043922 66241718 2134.0594 13648,.,4831
DeSe PER 402603018 3136.8831 3221.1688 9543.6820 32499363 5785.6338 3160.3922 6623.6196 2145.9406 13648.4831
LENGTH 17300.0000 97500060 9650,0000 52500.0000 20600.0000 11900.0000 5930.0000 13104.0000 19700.0000 15900.0000
MANNINGS R 0260 « 0330 «0330 «0400 «0ADD «0400 +«0400 «0400 «0400 «0400
ICE THX 12.0000 12,0000 12.0000 12.0Q000 12.0000 12.0000 12,0000 12.0000 12.0000 12,0000
MANNINGS R «0260 « 0330 «0330 «0AD0 «0400 =0800 « 0400 <0400 «0400 «0400
UeSe H 245.0000 245.0000 245.0000 245.0000 245.0000 245.0000 245.0000 245.0000 245.0000 245,.0000
DeSe H 245.0000 245.0000 245.0000 245 ,.0000 245.0000 245.0000 285.0000 2485.0000 24%5.0000 24%5.,0000
U«Se @ Ba0002 D+00080 G.0000 D000 D.0000 Rte0000 0.0000 De0000 B.0000 t.0000
D.S« @ 0.0000 fe000D 0.0000 0.0080 2.0000 o.op00 8.0000 0.0000 t.0000 0.0000
UsSas HP 245.0000 245,0000 245.0000 2a5.0000 245.6000 245.0000 245.0000 245.0000 245.0000 245.0000
DsSa HP 245.0000 245.0000 245.0000 245.0000 245.0000 24540000 245,0000 245.0000 245.0000 245.0000
U.Ss QP 0.0000 00000 0.0004 0.0000 t.0000 b.0000 0.0000 0.00080 b.0000 " 00000
D+Ss QP e.0000 0.0000 0002 0.0000 0.0000 0.0000 0.0000 t.0000 b.000¢ 0.0000
LONGSAULT DA™ 234,03

mmesasmseasscmes=w-a= TIME IN HRS = 0.00 LAKE ONTARIO = 285,01 LAKE ST LAWRENCE = 233,55==eemcccanceremcnana

REACH 1. 2. 1. A, Se Be Te Be % 10.

STAGE 245.01 245.01

283,99 244,99 244,98 284.97 245 87 204+ PFo TH4.F4 284.94

FLOW 123048+ 157285« 116675 6372 116675« =-225%3. 179838. 100494, 38964, 140874,

REACH 11. 12,

1%. 14, 15. 16. 17. 18. 19. 2G.

STAGE 244,90 245.92 248,80 244,26 283.82 243,15 242.48 282,48 239.85 237.88

FLOW 139458. 143874,

REACH 21 22,

280333, 280334, 280334, 2803356« 214647T. 65689« 280338 2B0340.

23 24, 25 26. 27. 28 294 30.

STAGE 2374384 2374384 2356403 235496 234,28 234,28 234.15 234.07 234,15 233.92

FLOW 151122. 129220,

DISCHARGE AT PaHe=

CAPE VINCENT
KINGSTON
0GDENSBURS
CARDINAL
IRIGQUOIS HelWe
IRIQUOIS Toke
WADDINGTON
MORRISBURG
LONGSAULT DAM

129220. 280345, 101837. 178526, 97T308. 199149, Bl221. 280375.
280000, NTS=  280000.

COMPUTED HT
245401
245.01
243.1%
239.8¢
238.038

237 .88
23738
235.96
233.92
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c. The Hanging Dam

The situation from problem 2 is nodified by including an ice dam
with a length of 320 ft and a depth of 8.5 ft

in the reach on the north
side of Calop Island (reach 17). The difference in data sets is noted
in cards 11 and 12 of the input deck

Figure B.l is a pictorial representation of the river
obtai ned from exanple problens a,

profiles
b, and c.
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GEOGRAPHICAL KEY TO REACH NUMBERS

- ——

leswaeoKINGSTON

2eavs«CAPE VINCENT

SessesNORTH OF WOLFE LSLAND

# ueeeeNORTH OF HOWE TSLAND

»«SOUTH OF HOWE ISLAND

FLOW BETWEEN WOLFE ISe AND GRINDSTONE IS.
SOUTH OF GRINDSTONE ISLAND

Basws e NORTH OF GRINDSTONE ISLAND

YesseeFLOW BETWEEN GRINDSTONE 1S, AND WELLSLEY IS
«+SOUTH OF WELLSLEY ISLAND

«sNORTH OF WELLSLEY ISLAND

«2aSOUTH OF WELLSLEY ISLAND

«eS0UTH OF GRENADIER ISLAND

»oHILLCREST POINT

«sBROCKVILLE

*« s OGDENSBURG

+»sNORTH OF GALOP ISLAND

s+ SOUTH OF GALOFP I[SLAND

«+CARDINAL

20sseeeIROQUOILS

21eesesNORTH OF OBDEN ISLAND

22eeeesWADDINGTON

23440++S0UTH OF OGDEN ISLAND

MORRISBURG

25.00a«NORTH OF CROIL ISLAND

2EecsesSOUTH OF CROIL ISLAND

27aese«FLON BETWEEN CROTIL IS. AND LONG SAULT 1S5.
2Bsene«NORTH OF LONG SAULT ISLAND

29.0ns«SOUTH OF LONG SAULT ISLAND

30eesssLONG SAULT DaM
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AR A AR A AR N LA A RN RA AR AR AN R ARG S SRSt b dd kb nnsnsdaeeDATA FOR ST | AWRENCE MODEL e ¢ essadashnstnnedn
EERRGAN AR R R AR AR SRS ARG AR RN SRR AN bbb o d b A a At bR AR JULY 1978 AR RENN AR SO RN

NUMBER OF REACHESssscssanscncsanssasnesvovanne LN TIAE TINCREME NTasess 100 HRS
NUMBER OF NODAL POINTS. 21 ENDING TIMEsssneese 1«0 HRS
Psl.......‘.'--.'.-.........-.....-..'....... .75

AREA OF LAKE ONTARIDaosssssaanassnonvrusssees o205FE¢125Q.FTs

AREA OF DOUMNSTREAM FOREBAYesosssvvvacuocarane o41RE+G95QFT, NUMBER OF NEWTON=-RAPHSON ITERATIONS:ceece &
NUMBER OF REACHES FLOWING FROM UPSTREAM, 2 GUTPUT OPTICNsesssencscscsnasnnngpssnnees B
REACH ENTERING FOREBAYsesasnesvsoscssssncssans 3]
ICE IS INCLUDED
INITIAL DISCHARGE+svecssvacanes 0.CFS
INITIAL NET TOTAL SUPPLYeseesew 0.CFS
NODAL POINT INFORMATION
NO. NO« OF NO. OF REACHES JINVOLVED
INCOMING OUTGOING
REACHES REACHES
1 1 2 1 3 4 3} 0 L}
2 1 1 3 5 L] ¢ 0 o
2 1 2 2 [ 7 L] '] [}
L] 3 i » 5 [ 8 L] [
5 1 2 7 9 10 ] 0 9
6 2 1 B L] 11 0 -] [
T 1 1 10 12 o 1] )3 [}
8 2 1 11 12 13 ¢ '] 1]
9 1 1 13 14 ] ] ] [}
1 i 1 14 15 ] 1] 1] ]
11 1 1 15 16 o ] /] ]
2 1 2 16 17 18 7] '] -]
13 2 1 17 18 19 ] a [}
1s 1 3 19 20 1] 1] ] 0
15 3 2 20 21 22 '] 0 [1]
16 1 1 22 23 4] o ] L]
17 2 1 21 23 24 o 0 o
18 1 2 24 25 26 1] [ 1]
19 1 2 26 21 29 [ [ 0
26 2 1 25 27 28 G 1] [}
21 2 1 28 29 30 ] [ 0




09

REACH NOW

UeSe
DeSa
UeS.
DeSa
UsSe
DuSe
UeSs»
DeSe
UsSe
DeSe

PTe
PTa
TOP
TopP
AREA
AREA
CaATuns
DATUM
PER
PER

LENGTH
MANNINGS R
ICE THK
MANNINGS R

UaSe
DeSe
UeSe
DeSe
UaSe
DeSs
UsSe
DeSe

H
H
@
a
HP
HP
QP
ar

REACH NO.

UsSe
DeSe
UeSe

 DeSe

UeSs
DeSe
UsSe
D'S.
UeSe
DeSe

PTe
PTe
TOP
TOP
AREA
AREA
DATUM
GATUM
PER
PER

LENGTH
MANNINGS R
ICE THK
MANNINGS R

UseSe
DeSe
UeSa
DeSe
UeSe
DeSe
UeSe
DaSe

H
H
-]
Q
HP
HP
ap
aP

1.0009
1.0400
2.0000
&422,0000
6422.0000

"PRINTOUT OF CHANNEL CHARACTERISTICS ARRAY FOR REACHES 1 YO0 10

2.0000
3.0000
4.0080
6520.0000
6520 .0000

30000
5.0000
6.0000
3977 .0000
3977,0000

499900.0000398700.0000189500.0000
234600.0000314306.0000833%000.0000

242,8000
242.8000
65TT.4033
6495.0614
35000.0000
»02B80
g.nope
0280
245.0700
245.0700
0.C000
P.0000
245.0700
24540700
De0000
0.0000

11.0000
2l.0000
22.0000
3620.0000
3620.0000

242.8000
24248000
6642.,3006
66164110
687 00,0000
«0230
0.0000
«N230
245.0700
245.0700
00000
Q«00C0
245.0700
245.,0700
o.00C0
0.0000

12.0000
230300
24,0700
1820. 0000
1820.0000

242.,8000
242 .80100
4072 .2980
414T.4803
28130.0000
0280
0.00080
«0280
245,0700
245.0700
0.0000
f.0000
24540709
245,070
00000
0.0000

PRINTOUT OF

13.0000
2540000
26.0000
TEPG0NCON
7600,0000

4.0000
T« 0000
8+0000
1520. 0000
1%520. 0000

5.0000
9.0000
10+0000
13400.0000
13400.0000

-#5100.0000505000.0000
45100.0000833200.0000

242,.8000
242,8000
15793421
15793421
62800.0000
G370
0.,0000
«0370
245.0700

0.0000
0.0000
245.0700
245.0700
t.0000
1.8000

CHANNEL CHARACTERISTICS

1a.0pp0
2T.0000
28.0000
3240.0000
3240.0000

242.8000
242,.8000
13475.3731
13524.3582
272000000
«02!
Be00(
=« 02!
2454071
245,071
04004
D.00¢
245,071 -
245,071
.00t
Gactl

15.0000
2920000
30.0000
ATO.D000
4TA0L,0000

&.0000
11.0000
12.0000

1860.0000
1860.0000

T.0000
13.0000
14.8000

6905. 0000
6905.0000

840000
15.0000
16.0000

6450.0000
6450.0000

52000.0000314300,0000187100.0000
52000, 00003T6TOD.0000107100.0000

242.,8000
242.8000
19266667
192646667
10500.0000
+0320
c.0000
«0320
245.0700
245.0700
0.0000
0.0000
245.0700
24%5.0700
t.0000
0.0000

1640000
31.0000
32.0000
373040000
i760.0000

166200.0000143200.0000379400.0000142400,3000105000.0000140600.0000
225000.00001544°0,0000142400.0001205000.0000259300.,0000 BO4DG.0000

2427400
242 .5600
3T11.8232
37443094
50800.0000
«0350
D.00090
=350
245.,0700
245.0700
¢«0000
b.0000
245.0700
245.0700
0.0000
g.0000

242,7200
242.5600
197T. 3626
1989.6703
39700056790
+ 0360
0a0000
«0360
24540700
245.0T00
0.0000
0.0000
245.0700
24540700
0.000%
0.0n00

242 .5600
242.3700
1699.8421
7637 <4737
75000,0000
«0300
o.0000
<0300
24540700
245,.,0700
0.0000
D.0000
245.0760
245.0700
00000
0.0000

242.3700
242,3300
3327.9012
1304.8148
150000000
»0290
D.C0G0
«0290
245,0700
245.0700
B.0000
0.0000
245,0700
245.0700
0.0000
B.0000

242.3340
242.2100
4784.35038
AB4F.4053
65900.0000
0260
0.0000

=« 0260
245.0700
245.0700
0.0000
0.0000
245.,0700
245.0700
s.0000
Da0OOD

242,2000
242.0009
3805,3887
3B802.7660
17200.0000
«0330
B.0000
«0330
245.0700
245.0700
0.0000
0.0000
245.0700
245.0700
0a.0000
0.0000

242,8000
242.7800
699640355
T014,1093
22200.0000
« 0800
s.0000
«0800
245.07810
245,0700
6.0000
0.0000
245.0700
245.07C0
0.0000

. 0000

17.0000
33.0000
34,0000
1540, 0000
1540.0080
455000000
704000000
242.0000
240.8000
1600.5896
1631.4286
23100.0000
«0330

0. 0000
«0330
245.0700
245,0700
0.0000
c.0000
245.0700
245.,0700
0.0000
0.0000

242,78400
242.T400
6508.0155
£508.0155
28100.0000
«0380
D.00D00
#0380
245.0700
2450700
0.0000
2.0000
245,0700
245,0700
G.0000
0.0000

ARRAY FOR REACHES 11 To 20

18.0000
35.0000
lg.00008
1030.0000
1030.0000
32700.0000
225000000
24240000
240,800
10934951
1073.685%3
3c000.0000
«0380
t.0000

. 0380
245.0700
245.0780
t.0000
0.0000
24%5.07T00
245.0700
0.0000
g.0000

9.0000
17.0800
18.0000

1510.0000
1510.0000

180808
19.0000
20.0000
“1290.0000
1620.0000

60400.0000367600.0000
60400,0000143300.0000

282,TA00 242.7800
242.Tab0 242,7200
1590.0000 T390.8505
1590.0000 179%.%13é
16600.0000 15000.0000
«0330 «0350
0.0000 00000
0330 «0350
245.0700 245.0700
24540700 245,0700
D.0000 o.0000
0.0000 0.0008
245.0700 245.0700
245.0700 245.0700
0.0000 0,0000
00000 0.0000
19.0000 20.0000
37.0600 39.0000
38.0008 40.0000
2620.0000 2650.0000
2620.0000 2650.0000
92900.0000 &7700.0000
B82700.0000108800.0000
240.8000 239.7000
239.5000 239.4000
269049160 2T16.1887
26831298 2T32.1132
231000000 16900.0000
0260 <0310
00000 0000
+0260 8310
24%5.0700 245.0700
245.0700 245.0700
0.0000 G.0000
0.0000 0.0000
245.0700 245.0708
245.0700 245.0700
0.0000 0.000¢0
0.0000 00000




19

PRINTOUT OF CHANNEL CHARACTERISTICES ARRAY FOR REACHES 21 To 3o

REACH NOD. 21,0000 22.0000 25 .0000 24.0000 25.0800 260000 27.0000 28.0008 29.0000
UeSe PTe 41.0000 45,0000 4%.0009 47.0000 49,0009 $1.0000 53.0800 55.0000 5T.2000
DeSs PT. 42.0000 44,0000 46,0000 43,0800 S0.0000 52.0000 $a,0000 S6+0000 S8.0000
U.Se TOP 1988.0000 1540.0000 1580.0000 A4T80.0000 1570.,0000 2840.0000 1530.0800 3260.0080 1010.0008 6T7T90.8008
DaSs TOP 19880000 1540.0000 1540.0000 A4T780.0000 1570.0000 2840.0000 1530.0000 3260.0000 1010.0080 ET7T90.0008
UeSe AREA 65000.0000 #3800.9000 43800.0000158700.0000 BE6400.0000150000,0000 T6800.00001E9808.0000 ST608.0000252500,0008
DeSe AREA 50000.0000 43B800.0000108700.0000200000.0000 B6300.0000150000.0000 TEBOB.00001568900.,8080 63600.0000232%00,0008
UsSe DATUM 239,4100 239.,2640 23921200 2501700 23841700 23729900 2379909 237.9900 23T.T2048
DeSa DATUM 239.2600 239.1200 238.1700 23T.9900 237.9900 23729900 237.7200 237.7200 237.5008
UeSe PER H 313648831 313£,8831 962644017 3250.0637 ST85.6338 316043922 6E24,1T718 2134.0%94 13648.4831
DsSe PER 402643018 313648831 3221.1688 9E43,6820 3249,9363 5T85.6338 3160.3922 6623.61%6 214%5.9406 135648.4831
LENGTH 17300.0000 9750.0000 9650.0000 52500.9000 20600.0000 11900.0000 S950.0000.13160.0000 19700.0000 13900.0800
MANNINGS R «0260 »0330 « 0330 « 0400 <0400 <0400 171 NI1]1]) Y111 «0400
ICE THX 12.0000 12. 0000 12 .00040 12,0000 12.0000 12.0000 12.0000 12.0000 12.0000 12.0088
MANNINGS R 0260 « 0351 0339 0800 «0400 <000 « 0400 «0400 <0480 «bal0
UeSa H 245.,0000 245. 0008 245 .0000 245.0000 245.0080 245.,0000 245.0000 245.0000 245.0080 243.8000
DeSe H 245.0000 245.00C0 245.0000 285.0000 24%5.0000 245.0000 245.0000 245.,0000 245.0000 245.,0000
UeSe @ 0.C000 D.0URE t.0000 e.0000 0.0000 0.0000 Go0000 D.0000 0.0000 0.0008
DeSs @ b.0000 0.0000 0.00400 0.0000 D.0000 0.0000 e.0000 0.0000 0.0000 0.0000
UeSa HP 245.900¢0 245.0000 245.0000 2a5.0000 245.0000 245,0900 245.0000 24%5.0000 245.0000 245.0000
DeSe HP 245.0000 245.0000 245.0080 245.0000 245.,0000 245.0000 245.0000° 245.0000 245.0000 245.,0080
UsSe QF 0.0000 0.0000 8.000N 0.0000 0e0000 0.0000 0. D000 b.DO0C 0.0000 b.0600
DaSs QP 0.6000 D.GA00 0.0000 t.0n00 0.0000 De000D b.0000 0.0000 b.0000 0.0000
IRIQUOIS HaeVWa 235.14
IRIQUOILS T.We 234 .89
WADDINGTON 234.16
RORRISBURG 231.84
LONGSAULT DAM 22B«5%
REACH? 1 2 3 L] 5 6 7 ] 9 10
— - LT T - Y T 'Y
HRS [} H [ H [} [ a R Q H q H Q H [ ] ] H n
0. 123, 28%.03 157, 245.83 11T7. 245.02 6o 285202 117e 24501 =23, 245.00 180. 245.00 108. 245.01 39. 244,97 /\. 244,97
REACH: 11 12 13 1as 15 16 17 1a 19 "20
o e e e o e e e e e e * - -t
HRS @ H ] H Q H ] H ] H [ qQ H Q H ] L [] ]
[ 139. 244.93 141, 288,94 280. 244.83 280. 244,29 280. 243485 280, 243,19 19T. 24D.22 B8 242,52 280, 23T.51 280. 234.087
REACH? 2% 22 23 2% 25 26 ar 28 29 30
. e i e s e ol e s i e e e - - - * » +*
HRS Q H ] H -] H ] “H qQ H ] H Q H Q H [} [
Be 151 234,16 129. 234.16 129, 231.95 280« 231.84% 102. 229,05 178. 22%.0% 9. 228486 197« 22B.75 B3. 228.86 288 220.%%




kA RA R R RAB AR A A st AR a ettt nd st nnannnensesnaenaDATA FOR ST LAURENCE MODEL#*# et sttt i st dannann

PP sy ez e 2o 22 RS R A RS R R R R L b))

NUMBER OF REACHESceessenssessverscscsccscsnssscsne 30

NUMBER OF NODAL POINTS
PSTsvswscervecarenanas

AREA OF LAKE ONTARIOeaesssssnvrsvnrannnsanens

srsebrsbsssansusnesne 21

ersavrscnsecssnvn 27D

JULY

«205E+12 SQ.FTe

AREA OF DOWUNSTREAM FOREBAYeassssswennnsnessae +418E+0T SG.FT.
NUMBER OF REACHES FLOWING FROM UPSTREAMececse 2
REACH ENTERING FOREBAYatussesnssnnvsnssannscss 30

INITIAL DISCHARGE ansssssnsnrvws
INTTIAL NET TOTAL SUPPLY eesess

NO.

9

Pt b ek s e et et e
WO NPl D@ 0D s W

n R
-y

0.CFS
D+CFS

NODAL POINT INFORMATION

NO. OF
INCOMING
REACHES

B R bt b DD e i b N s bl b e RO e R e Gl e e g

NO. OF
QUTGOING
REACHES

[ N N S O R N it I )

REACHES INVOLVED

3 & ]
s n n
6 7 e
5 6 B
5 19 a
9 11 0
12 ) LY
12 13 t
1a [ L}
15 0 0
16 0 n
17 18 ¢
18 19 3

20 G
21 22 a
23 o ]
23 24 ¢
25 26 [}
27 29 ]
27 28 0
o

- - R XN N- R =

R - LN N-E-N-R-N_N- -

1878

dehdrhddadAs kPR At R AR ARG b AN
ITEIXR R I 222 0 0 20 2 b2l )

12222 X1 220 ARl d sl })

TINE INCREMENTwsae 1400 MRS
TINE ENDINGeeecssee 9Ta0 HRS

NUMBER OF NEMTON=RAPHSOM ITERATIONS awvess 8
DUTPUT OPTIONueonsssvoscsscsesnrtsvsssonnse 2
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REACH NO.
UeSa PTs
DeSe PTe
UeSs TOP
DaSs TOP
U.S. AREA
DsSe AREA
UsSe DATUM
DeSe DATUM
UeSe PER
D«S« PER
LENGTH
MANNINES R
ICE THK
MANNINGS R
UeSs H
DeSa H
UsSe @
DeSe @
UeSa HP
De«Ss HP
UeSs QP
DaSe @GP

REACH NO.
UaSe PTe
DaSe PTu
UaSe TOP
DeSa TOP
UsSe AREA
DeSe AREA
UeSe DATUM
DaSe DATUM
Ua5+ PER
DsSe PER
LENGTH
MANNINGS R
ICE THK
MANNINGS R
UeSe H
DeSe H
UsSs @
DeSe @
US54 HP
DeSe HP
UsSe QP
DsSs @GP

1.0000
1.0000
20000
6422.0000
6422.0000

PRINTOUT OF CHANNEL CHARACTERISTICS ARRAY FOR REACHES

2.0000
l.0000
4.0000
6520.0000
65200000

3.0000
50000
60000
3977.0000
3977.0000

499N00.0000398720.0000189500.0000
234600.0000314300.0000335000.000¢

2%2,8000
242.8000
1299944033
12917.0614
3500040000
0280
i2.0000
«0280
245.,0000
24540000
J.0000
0.0000
245.0000
245.0000
Ba.0COT
D.0000

11.2800
21.4C00
22.19000
3620,0000
3620.0000

242.8000
242.8000
1316243006
131364118
68745040000
« 0230
12.0000
«0230
245.0000
245.,0000
0.0000
n«00c0
245.0030
245.0000
042970

D. 0000

12.0u00
23,0000
24,0900
1820.09C0
1820, 0000

242.8007
242 .8000
8049.2980
8124 . 4803
26130 .0000
«B280

12 .0009
aD280
24540002
245.000CN0
0«0000
0.0050
245.0600
245.0000
G.0000
F.0002

PRINTOUT OF

13.0000
25.000C0
26+ 0090
7600.0000
7600.0060

4.0000
T.0080
8.0000
1520.0000
152040000

50800
9.0000
10.0000
13400.0000
13400.0000

45100.%000505000.0000
45100.0000833200.0000

24248000
242.8000
3099.3421
3099.3421
62800.,0000
+0370
12.0000

. 0370
245.0000
245.0000
Bs0000
0.0000
245,0000
245,0000
G 2000
00003

242.8000
242,.8000
268753731
26924.3582
27200.0000
«0250
12.0000
«0250
245.0600
245.,0000
De0000
t.0000
2450000
245.0000
0.0000
0.000C

620000
1l1.0000
12.0000

1860.0000
1860.0800

T.0000
13.0000
14,0000

£90%.0008
69850009

1 70 1%

8.0000
15.0000
16.0000

6450,0000
6450.0000

£2000.0000314300.,0000187100.0000
62000.00003576700.,0000187100.0000

24248000
242.8000
37B6«666T
37866667
10500.0000
«0320
12.0000

- 03520
245.0000
285,0000
00000
00000
245.,0000
245,0000
B.0000
Fe0000

242,8000
242.7800
13901.0355
139%19,1093
2220040000
«0400
12.0000

« G400
245.0000
2450000
0.8000
0.0000
245.0000
245.0000
00000
8.0000

242.7860
242.,7400
12958,.0155
12958.0155
28100.8000
0380
12.0000
+0380
245.0000
245.0000
0.,0000
0.0000
245.0000
245.0000
0.0000
G.0000

CHANNEL CHARACTERISTICS ARRAY FOR REACHES 11 YO 20

14.0000
270000
2840000
32460.00090
3240.0000

15.0000
29.0000
30.0000
a740.0000
4740.0000

16.0000
31.0000
32.0000
3730.0000
3760.0000

166200.30001432dB-OGGGSTBQOO-Dﬂﬂﬂ112400-0000]05000-0000140600-0000
225000400001544°0.0000142400,0000105000.0000259300.0000 B0A00,0000

242.7400
242.5600
7331.8232
TI64.3004
50800.0000
«3350
12.9600
«0350
245.0000
245,0000
0000
0e0000
245.,0000
245,0000
0.0000
0e0000

242.7220
242.,5600
3797.3626
3839.6703
497150.0000
«0360
12.0000
«0366G
245.,0000
245.,0000
0.0000
0.0000
24540000
245,0000
00000
00000

242 .,5600
242.37100
15299.8421
152374737
r5000.0000
0300
12,0008

« 03040
245.0000
245 .0000
0.00800
0.0800
245,0000
245,0000
G.0000
B.0000

242 ,.,3700
242,3300
856749012
6544 8148
15060040000
. 0290
12.0000
«7290
245.0000
24540000
0.00800
B.0000
24%.0000
245,0000
G.06000
0.0000

24243300
24242100
952443038
9589493
65900.0000
«0260
12.0000

« 02690
285.0000
245.0000
00000
0.,0000
245.,0000
245.0000
0.0000
G.0000

242.2000
242.,0000
380543887
3B02.T660
1720040000
#0330
0.0000

« 0330
245.0000
245,0000
0.0000
0.0000
24%5,0000
245.0000
D.0000
0.0000

17.0000
33.0000
34,0000
1540.0000
1540.0000
45500, 0000
T0400.0000
242.0000
240.8000
3140.3896
3171.4286
27800.0000
«0330
12,0000
«0330
245.0000
245.,0000
0.0000
0.0000
245,.0000
245.0000
g.000
0.0090

18.0000
35.0000
360000
1030.0000
1030.0000
32700.0000
22500.0000
242.0000
240.68000
2123.4951
2103.6893
39000.0000
<0380
12.0000
0380
245.0000
245.0000
0.0000
0.0008
245.0000
245.0000
00000
0009

9.0000
17.0000
18.0000

1510.00600
15100000

1040600
19.0000
20.0000
7290.0000
1620.0000

60400.000036T600.0000
E0800.0000143300.0000

242,7800 242.7800
242.7400 242.7200
3100.0000 14680.8505
3100.0000 341649136
166040000 15060.0000
«0330 « 0350
12,0000 12.0080

« 0330 «0350
245.0000 245.0000
24%.0000 2450000
D.0000 0.0000
0.0000 0.0000
245.0000 245..0000
245.0000 245.0000
D.0000 8.0000
0.0000 0.0000
19.0008 20.0000
3T.0000 35.0000
38.0000 4020000
2620.0000 2650.0000
2620.0000 2650.0000
92950.0000 877E0.0000
B2700.000010880040000
240.8000 239,7000
?39.9000 239.4000
5310.9160 2716.1887
5305.1298 2732.1132
23100.0000 16300,080G0
«0260 «0310
12,0000 4.0000
<0260 «0310
245.0000 245.0000
245.0000C 245,.0000
0.0000 0.0000
b.0000 00000
245.0000 245.,0000D
245.0000 245,0000
0.0000 Da.0000
0.0000 04,0000




%9

REACH NO.
UaSa PTe
DeSe PTe
UaSe TOP
DaSs TOP
UsSs AREA
DeSe AREA
UsSe DATUM
DeaSe DATUM
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Figure B. 1. River profiles for example problems a, b, and c.
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d. The Unsteady Condition

The advantage to using a flood routing nodel or transient nodel
over a backwater nodel is its capability to examne a time varying
condition on the river. The period 7 through 10 August 1977 is exam ned

using recorded hourly values of the stage at Kingston and the powerhouse
di schar ge.

The primary difference between problem d. and problema. is the
addition of a flow hydrograph and water |evel hydrograph for each of 96
hourly peri ods.

Two cases are examned. The first uses the flow hydrograph at the
power dam as a downstream control to determne river profiles. The second
uses t he stage at the Mses-Saunders Power Dam as a downstream contr ol
to derive a flow hydrograph (Fig. B.2).
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24473
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259. 244453
258¢ 244455
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251. 244.58
235. 244,57
2414 244455
239. 264,54
239. 284455
282. 264,58
243. 264.60
241, 244.57
240, 284.53
299, 244451
251, 244,51
254. 244,51
258, 244.49
254, 244447
257, 24448
261a 244447

265« 244,49
265+ 244,59
2624 244,47
2624 244,85
268 284,47
26Se 244,50
2620 204,53
257+ 344,55
253 244,5¢
251. 244,57
249, 544,59
286 200,60
283e 244 .80
2424 244,69
2454 544,59
2%%. 244,58
284, zaa,55
2464 208452
253. 244,53
260, 248457
262, 284,60
P61, 244460
261. 244,59
262, 244,58
262, 244456
268, 244,54
264, 248,53
264, 244,51
262, 244,51
2624 244,52
260, 244454
265, 244,55
2504 244455
2474 244,55
204, 204,55
239. 244.5%
235 044,50
2361 244,50
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259
259.
258,
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253,
250,
246
243,
240.
238,
239.
242,
244,
Z245.
247
250,
254,
256.
256
2584
260
263,
265.
265,
263
262,
261,
259,
256
252.
250,
248,
245,
283,
242.
243,
245,
247 .
249,
252.
2564
259,
261.
262,
263
264,
265.
265,
265.
263
260,
257,
254,
250,
247,
2484,
241.
238.
237
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H
244,30
244,30
244,31
248,34
244,37
244,38
244438
244,37
244,35
234,36
244,38
244,40
244438
244,33
284,29
2848.28
244,29
244,28
244.25
244,23
248,23
244,25
284,26
244,25
284,22
284,23
244,27
244.31
244,34
244,36
244,37
284439
244,41
244,41
244 .50
244,39
244,38
244435
244,31
244,30
244,33
244,37
244,38
244,36
2h4 .34
244,33
244,31
244,29
2448.28
244,28
244,30
244433
244,35
244,35
244.36
244,36
244,35
264,32
244,210
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13or 23380 £0. 233.80 g9, 202,77 239, T

= 243.80 - . 259, 242.78 258, 512710
198 243,82 59+ 243282 357. sez.83 ooo. r2.22
1960 243485 59, 243485 o0, 205090 So3l 242.
196, 243,50 584 243,90 o017 502700 220+ 242,38
192. 243,53 SB. 243493 545 543,50 248, 2Y2e45
190, 243,98 57, 24394 277 293400 2as. 242050
1874 243,94 aes 223433 243, 243007 202, ::2'5
183, 2a3.90 55, 2a3i04 240s 203.09 239, 2700
184, 243.95 55. 243.95 238+ 243.10 238, D 570

. . - . 239. 24341G 239, '5‘
186, 243096  56. 283296 2a2° aa3ies  ouy. 242
188, 243,94  56. 243,94 502° S0t 00 200t 2a2.em
1507 233.89  37. 283489 247, 202,97 248, 232030
150, 243,83 57, 2a3.83 a7 232317 208. 545,
193, 243,81 58 243481 201 seacae ooy 242425
195. 243,80  58. 243480 50,° aaacor 202° 242020
197, 243,78 59, 243,78 5020 202-BL 28%e 24203
198, 233,76 g;' :“g';g 258, 242,74 259, ;:g'ti
;u:. gqg';g sn' 2:3'72 2594 282,70 260, 242:32

° * b * 261. 292.67 261,
202, 243,73 61. 243073 5037 ga20l 2ele 202000
T L

M . . . 2654 242463 266 h
203, 243.70  61a 243270 ea 5.57c% Sobt 241.9
202, 243.72 60, 243.72 501% sas.6r oes. 242403
2004 243,76 60, 243,76 pool 2.43°74 seal 242.12
199. 243,82  60. 243.82 o7, 24583 aos. 242.22
196, 243.86 59, 243.86 o, c.o'08 S00% 2e2.31
194, 243.85  58. 283.m3 307 512083 2330 549,34
192, 243.91 57, 24391 a40° 2aon9g oag. 242044
150. 243,96 57, 2a3.98 5.0% TRETD ZMe o4 5
188. 243,97 57, Z43.97 aas: 28308 oeu. 242455
187. 243,98  56. 243.98 pa1’ 50310 203 242,58
186 243,97 564 243,97 L.0° 203710 M2 2e2.5e
18T, 24396  56. 243496 344" 2a3.0¢ oen. 242452
189, 243,93  57. 243.93 5,0% 203708 213+ a5 ks
190. 243489 574 243.89 5,07 san.9e seg. 242439
152. 243.85 57. 243.85 307 545%0r 2290 202,31
194, 243.83 5B, 24383 53" 2usiss  ooae g:z.gs
199, 243.87 €0 oas.gy 235- 2%2.85 285, 23Z+2)
201' 2‘3' o . 25B. 242485 258. 242-13

- +8T 604 283.87 504 242,83 2624 .
202. 243,85  60. 243485 c1. 243079 s64. 242014
203. 203.83 61 283483 g, " sasc7e aen. 242.10
204, 243,80 61 243,80 poe. san.73 sgg. 242406
204, 243,78 61. 243,78 500" 242l70 see. 282003
204, 203,77 61, 243477 Sec’ Zaaes see. 242.01
206, 243.76 61, 2a3.76 o0 502000 2800 2u2.03
202, 243,77 60, 243.77 5050 s03.7a gy, 242409
200, 243.80 60+ 243480 Jro. 242.78 57, 242617
198, 243,80 59, 243.88 o 7 .70 0 200 242426
195, 2a3.88 58 243.88 537 5u3l07 pap) 202034
193, 243,90 58, 243.90 o0 303707 232° 2e2.a
190. 243.91 57« 243.91 246, 203,01 246, 242446
188s 283,32  S6a 243.92 ogqt ZR3eTl 246, .51
185. 243.92  56. 283,92 oo * 282.0 2 a2.ss
183.243.91 55. 243.51 g;;: aaine 2Measalse
183, 243,89  55. 203.89 23a. s43.06 s3s. 242+53
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S4a
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96,

Q
128,
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134,
133,
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129.
126«
129,
133,
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129.
1364
136.
131.
127.
124,
126,
133.
141,
146
139,
126.
116,
152
116a
125
131.
133,
131,
130,
136.
143,
142,
133.

11 12 13 18
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208,98 1224 ZH4.99 24B. 243 .93 242, 284,70
245401 123. 285.01 250. 244,95 246, 244,73
245401 122, 245,02 2504 284,96 249, 244,7H
245,00 121, 245,00 248+ 2848.95 2504 244,73
245.00 122+ 2845.01 249. 244.95 251, 244,72
245,02 126. 245,03 255, 244,96 254, 244,71
245403 127. 245.04 260, 244,97 258, 244,72
245403 127, 245.03 260« 244,97 260, 244,73
245402 126+ 285.02 25%. 2484.96 261. 244,72
244,98 124, 234.99 256« 244.9% 260. 244,70
2844.9% 122, 244,95 251. 244.90 258, 244.67
288,93 124, 244.94 254, 284,88 258. 244463
244,984 12B. 2484.95 261. 244,88 260, 248,62
244,90 125, 2a4.90 258, 284 .85 262. 284,61
244,87 128, 244,88 255. 284,82 259, 244,59
284,932 130, 244,93 262. 244,85 258. 284,59
244,93 130. 244,98 265. 204,88 259, 244.63
2844492 1264 248,93 258« 284,88 257. 244465
284,91 123. 244,92 251ls 244.87 252. 24%.66
244,90 120. 244.91 245. 244.86 247. 244465
248,92 122, 244,93 246. 288 .87 245, 244.65
244,99 127. 245.00 255. 2484492 246, 248.68
245409 134, 245.10 2674 245,02 252, 244.76
245.19 138, 245,20 276. 245.13 258. 244.86
245,23 133, 245,23 271 245418 262. 24%.94
245418 122. 245.18 253, 245.16 2%58. 244.96
245,10 114, 245.11 237+ 245.08 250. 244.49
245.02 1104 24%5.02 228. 244,99 243, 244,80
248,98 1)2. 2848.98 231. 244.92 242, 24%.T71
244,98 120, 248,99 245. 244,91 246, 244,67
244,99 125, 245.00 256, 244,93 253, 244,67
244,99 127s 245.00 260, 244,34 258, 2A4.69
248,98 126. 248,99 258. 2484.93 259. 244.69
244,97 125, 244,97 256, 244,92 2%9, 24%.68
245400 130« 285.01 263 244.9% 260, 248467
285406 136s 285,07 274, 284,99 266, 244.71
245,08 135. 245408 276 245402 2T1s 204,75
245403 128+ 245.03 265« 244,99 269. 244,75

15 16
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2410 244,52 200, 244,31 184,
246. 244,54 244, 288,33 18B8.
249, 244,55 243, 244.34 191.
250 244,58 251, 244,33 193,
251, 244,53 253, 244.31 195.
254, 244.51 255, 244.29 196.
258, 244,52 257. 244.29 198,
260, 248,52 260, 244,29 200.
26) e 244,52 261. 244,29 201.
260, 284,50 262. 244,27 202,
2659, 2A4.47 262 284,24 207,
258. 284.43 252, 244.28 202,
260. 244,41 262, 244,18 202.
262« 248,40 262, 244.17 202.
259s 244.39 260, 244,17 240.
258+ 284,395 257, 244,17 198.
259, 244,42 255, 244,20 196,
257« 288,86 2534 244,25 194.
252. 248,87 251. 244427 193,
287 2848447 28T, 244,28 190.
245, 244,47 2844, 244,23 18B8.
246, 244.50 243, 244.30 187.
251. 284.56 245. 244.35 187,
257« 288466 2%9. 244,43 190,
260, 284,74 254, 244,52 194,
258. 244.76 257. 244.55 197,
251, 244,72 256 244.52 198,
245s 2444635 258, 244,43 196,
243, 244,58 2514 244,33 195,
24T, 244,48 251. 28484.26 194,
253. 244,47 253. 244.2% 195,
258, 244,48 257, 244.25 197,
259, 244.49 259, 244,26 199.
259, 244,48 260s 244,25 200.
260 244,47 261e 24%,2% 201.
265+ 284,49 264. 24%.24 203,
2700 284,53 267, 248,28 205.
269, 244,54 26B8. 24%.3%F 206,

17 1a 19 20
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H a H a H o H
243.88 55¢ 243.88 240 243.01 241, 242,48
243.88 S6e 243488 24%. 282,97 245, 242,41
243.88 STe 243.88 2%9. 282.93 2494 242.3%
243.86 S8e 243486 252« 242489 2534 242.29
243.83 58« 283,83 258, 242,84 2535, 242.26
242.80 59 243.80 256, 242.80 25Ts 242.19
243.79 59, 243,79 2T8. 242.TT 258.. 242.14
243.78 604 243,78 2604 242.75 261. 242.1D
243,77 B0e 243477 262+ 242.72 D262+ 242,07
243,75 E0s 2%3.75 2634 282.69 264%. 282.03
243.72 60+ 243,72 263a 282466 2644 241499
243 .68 Gle 283468 263 242462 264+ 24195
243,65 60e 243.65 263, 242.59 263, 241.93
243,65 60s 283065 2624 242,959 261« 241.9%
243,66 60s 243,66 260« 242.63 259, 242,00
243.68 59. 243.68 256, 242.68 255, 242.07
243.72 59s 243272 253, 282.T4 252, 242,15
243.77 58s 243477 2514 282481 250« 242,23
243.81 SBe 243481 249, 242.87 248+ 242.30
243,82 G7e 243,82 24T, 2802.91 2464 242.36
243483 She 243.83 244, 242.94 243, 242,81
243486 S6e 243486 242.242,98 281s 247445
243.91 S6e 243,51 282. 243402 242. 24249
243.98 STe 203,98 2%6. 243,06 246, 242,51
284,04 58s 248404 252. 243.09 251+ 242.50
244,07 50 244,07 256« 243409 2564 242.48
Zhh 08 59 244,04 258, 243.05 25F4 242.44
243,56 59, 283,96 25T 242497 258a 242.37
243,86 SBe 243486 255, 242.89 2%6. 242.29
243,79 58, 24379 2534 242482 255. 242,22
243.76 5B 243.T6 254 242.7T 255. 242.16
243.76 59, 243.T6 257. 242.74 257, 242.11
243.75 60e 243,75 259. 242.T72 260, 242.08
243,74 60. 243,74 26@e 282.69 261, 282.05
243.72 60. 243,72 262+ 242.66 263. 242,01
243472 6ls 243,72 26%. 282.68 2644 241.%98
243,74 Ele 243,TH 266s 282,65 265, 241.97
243.77 624 24377 26T. 282.68 266+ 242,01
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241.95
241.98
241485
241.79
241,74
241.70
241467
241,64
241463
241.66
241.72
241,82
24193
242,02
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242417
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242430
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241,96
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241.51
241.54
241.67
241.72
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241490
241,97
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242407
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242408
241.99
2461.91
241.82
241.72
241464
241458
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24136
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241,40
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2841462
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93, 241,01 166 281,01 g4
92, 241,06 162« 241.06 gy,
89, 241.17 157« 241.17 87.
87, 241.29 19%5. 241429 g4,
87« 241.38 154, 281,38 86
87. 241.48 153, 241.48 86.
B6e 241,56 1924 241456 85,
85. 281,63 151a 281463 o5,
85 241468 150a 281,68 g4,
B6s 241468 152. 241468  gg
88, 241,62 156. 241462 gg,
90, 241,57 160. 241,55 oy,
92, 241,44 163, 24184 g5
93, 241434 165 241,38 gy,
93, 241428 166e 281.24 94,
94, 241,15 166 241.15 g,
94, 241,07 16T 241,07 I8,
95, 241,09 1684 281400 g5,
95. 240,98 169« 280.9%  gg
96, 240,85 169« 240.88 g5,
96, 240,82 170 240482 gg
97, 240,77 171 280.77 gy,
97 280,78 171 240,74 gg,
95, 240.75 169, 240475 9%,
93, 240.82 165« 240482 g5,
91, 240,93 160. 240,93 89,
B9. 241.05 157 241405 BT
88s 241.1p 1956. 281.18 4y,
88, 241.28 155« 241.28 87
87. 281,38 155. 281.38  g¢,
87+ 281,47 153 241447 gg
86. 241,55 152+ 241.55 ¢,
B6. 281,61 1324 281461 s,
874 281,63 15%s 281463 g7,
89. 241,57 199 281.87 g4
91, 241.49 162, 241.49 92,
924 281,41 1634 241.41 g5,
93, 241431 165. 241.31 g4,
94, 241,21 166a 241221 gy,
93, 241,16 165 2%1.16 93,
93, 241,12 165. 241412 g5,
55, 241.05 169« 24105 96,
974 240,98 171e 240498 o7,
97+ 240,93 172s 240493 o7,
97« 240,87 1720 280,87 g7,
98+ 240.82 173. 240.82 o7,
97 240,79 1724 280.79 o7,
96+ 240.80 169 280480 g5,
93, 240.87 165« 240487 g2,
91, 240.98 160« 240.98 a9,
B9. 241a.11 157« 281.11 87.
86e 241,23 156a 241,23 g
BTe 281,33 185. 241.33 B7.
BT, 241,41 1584, 291,43 86
BEe 241,51 152+ 241.51 B%S.
86e 241,58 151s 241.58 g5,
85, 241,63 151. 241463 g5,
BEe 24] .68 152+ 24164 86
88, 241.58 156. 241.58 g,
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240,87
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28147
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167+ 240493 73, 240,96 25%. 240.88
181e 240,99 71 241,02 251. 240.95
174. 241411 68« 241414 240. 241,07
1734 241422 6T 241425 238 241.18
172. 241232 67. 241435 238. 241.28
171. 241441 6T, 281,44 236,/ 241.37
170e 281449 66+ 241,52 2354 241.45
169, 241,57 66+ 241459 234, 241.53
169, 281,62 65, 241.64 233, 241.%8
172, 241461 66+ 241,64 238, 241,57
177e 2431455 6B 281458 247, 241,50
1824 241446  The 241449 258, 241.41
185+ 241e36 Tl. 241.39 258 241431
188e 241426 T2+ 241429 262e 241,20
188, 241.26  73. 241.19 263. 241.10
189, 241.07 T3, 241.10 263, 241.01
189, 240.99 T3. 241.02 268, 240,94
191s 240492  TA. 240495 2664 240486
191 240485 T, 28089 267, 240,80
192. 240488 TA. 240483 26T+ 240474
192¢ 240478 TS5, 240.77 26Be 240,68
154 280468 T5. 240,72 270, 240.62
193, 240,65 TS5, 240.68 269 280,60
190e 240467  T4. 240,70 263. 240462
184. 280,75 724 246.78 255, 24070
179« 240486 70, 240,89 286, 28082
175. 240499 68+ 241.02 241e 240.95
1740 241211 6B+ 281414 239, 241407
174. 281422 6B+ 241.2% 239, 241417
173, 201.32 67+ 241.3%4 238, 241.27
171e 243481 67. 241443 2364 241,37
1704 241,849 664 281.51 235, 281,45
171¢ 281455 66+ 241458 236, 241,51
174s 241456 67« 241459 2424 241,51
180e 241450 69, 241453 251e 241445
1830 241442  Tl. 245,45 256. 24137
185. 281433 72, 241.36 259 2414328
188. 241.23  73. 241.26 262+ 241.18
189, 281,13 73, 241,17 264, 241.08
186+ 241409 72+ 241,12 259, 241.04
1B6e 241,05 72. 241408 260. 240.99
192, 240.96 T4, 240.99 26B. 240,90
1964, 280.89 7S, 240.93 270. 240.584
198. 200484  75. 240,87 270, 240.78
195, 240479 76, 240482 271+ 240.73
196. 240,78  T6. 240.T7 272, 24B.68
194, 280471  76. 240474 270 240465
1500 240473 T4, 240,76 264. 240.67
1854 280480 T2+ 240483 255. 240475
179, 280492  7T0a. 240,94 246, 240,88
175, 241.05 68, 281,08 241. 241,01
174 281416 684 241419 239, 241,32
1730 281027 67, 281429 23Be 281.23%
172 281437 67+ 241,39 237, 241,32
171. 281445 664 261447 236. 281.41
170. 241.52  66. 281.54 234, 241,48
170. 241.57 66+ 241.59 235, 241,53
1724 281,57 67+ 241460 239, 241,53
177+ 281.50 6B, 241,53 247, 241.45




BL

39
E0a
6ls
624
E3a
-2 1Y
654
66«
67
EB.
69,
70.
1.
12
73
74,
75.
The
77
78.
79
80.
Bl.
82,
83.
as,
85.
86.
87.
a8.
a9,
90«
91.
92.
93
EL I
95.
96

132,
134.
137.
139.
lade
140.
14] .
143.
144,
144,
145,
144,
144,
143,
141.
139,
13T7.
136
135.
13%.
133.
132,
132«
134,
137
140,
142,
141,
140.
139«
140.
141.
142,
143
144,
14&a
145.
145,

2%2.21
242413
242.0%
241.99
241.93
241.88
241483
2%1.78
241.74
243.71
2866
2414563
241.51
2414563
241469
28178
241487
241.95
242403
242,09
242.15
242419
282423
284223
242.21
242418
242013
242406
241,99
241.92
241.86
241.80
241.76
281.73
241.68
241 .65
24164
241.68

110,
112.
11%.
115.
i16.
117
118.
118.
119,
120.
120.
120
1159.
118.
117«
115.
114,
113,
112,
111
110.
109,
109,
111.
114.
117«
118.
118«
117,
116.
116,
117
118.
119.
119.
120.
120,
1280,

242.21
242,13
242,06
241.99
241.93
261.88
241 .83
2%1.78
2841 .74
281.71
241.66
241 .63
24%1.61
241 .63
281 .69
241.78
241.87
241 .95
242403
242,09
242415
282419
232.23
242423
282.21
242.18
242,13
242,08
241 .99
241.92
241.86
261 .80
241.76
241.73
241 .68
241465
28] .64
241.68

110.
112«
114.
116+
116.
117.
118.
119.
119.
1204
1206
1204
11%.
118.
117
115.
113.
112.
1124
111.
110
109
109.
11l
114,
117
118.
1i8.
117
116
1164
117.
118a
11%9.
120,
120,
120
120

241 .93
241 .85
2481 .76
241.68
241 .62
241,56
281,50
241 .45
2431 «40
2481 .36
241.32
241 .28
241426
241,29
241437
241 447
24157
28] 466
24174
281 .81
241 487
241 .93
241 .96
241,95
241.91
241 487
241.381
241.715
241 «68
281 .61
241 .54
241 +48
241 .43
241.33
241,34
241.30
24% .29
241 .33

243,
247 .
252a
255,
25T
258,
260
262«
264,
265,
265.
265,
263.
261,
256,
252
249,
287,
246,
FL LY
242«
240.
281,
286,
252.
258«
260
260.
258
257
257,
259.
261.
263
264,
265
265.
264,

241493
241.0%
24175
2%1.68
241.61
241455
241.50
2814
241440
241436
241431
e4la2a
241426
241,29
241437
24147
241.57
241 a66
24178
241.81
241487
24193
241496
241.94%
281,90
24186
24181
241 .74
291467
24160
241453
281407
241,43
241,38
241438
241430
241.29
241,33

G0
92
93
G4,
94 .
35a
95
95
56,
97,
97
96
95,
93
90
BB
BB
a7v.
a7.
86 s

‘86

85.
87«
S0
92.
G4
95.
95 .
95.
9N,
94,
95
95,
96
97
96
96
94.

2%1.48
241.37
24126
241.18
281.11
241404
240.97
240491
240+86
240481
240.77
240473
240.7H
240479
240.%0
241402
2414313
281,22
241.31
241439
2410t
2481452
26153
241458
281.42
241436
241.29
241,24
241417
241410
241403
2840496
240.90
240.85
240479
240,75
240.76
24D.82

160.
163,
165,
167
167
168.
169,
170
171.
171.
172
171
168.
164,
159,
156,
155
154,
153,
153.
152
151
15%.
159.
164
167
169
169
168,
167
168,
1684
169.
170
171,
171,
169,
166

241.48
24137
24).26
2%1.18
241.11
291.0%
240.97
240491
240486
240.81
24077
280.73
240474
24D0.79
240.90
241.62
241413
241.22
241.31
241439
24146
241,52
241453
241.48
241.42
241,436
241.29
241424
243217
2al.10
241403
24096
240490
280 .85
240,79
240475
240,76
240482

91,
92.
L
4.
94 .
95.
95,
96«
96.
97,
97 .
96,
94,
92.
89.
87
864
86
86.
86«
BS.
85.
87.
90,
93,
94,
96
96.
95.
95.
95.
95.
35.
96.
96«
96
35
93.

24143
281432
241,21
241.13
241.06
240.99
280.52
24086
240481
240476
24071
240468
240469
240,75
24 0.86
24 (.98
241.09
24118
2481.27
241435
241.43
281.48
24149
241443
241,37
241,31
268124
241.19
24113
241.05
240.98
240.91
240485
240,80
28074
240.70
240,71
280.77

182.
185,
188s
189,
189,
196.
191
192,
193
194,
194,
193,
189
183.
177
174,
173.
172.
172
171,
170.
169
173
181,
186.
189,
192
192s
190,
190,
i90.
190.
191.
192.
194.
193.
190,
186,

24140
241.29
245 .18
241.10
241403
240 .96
240,89
24083
240,78
240473
240468
24065
240466
240,72
240 .84
240.96
241 .08
29116
241 425
281433
24140
241 446
241 446
241440
241 434
281.28
241.21
248116
241410
243 «02
240.94%
240487
240.82
24076
24071
240467
2404568
240274

Tha
T1.
73
T3a
T3
T4 e
Tae
TS5
75
75
75
75

7

6%
[-1- 2
6T e
6T
6T
ET
66 &
66,
67«
0.
Tew
73a
Th,
Tea
T4,
The
4.
The
Tk,
75«
7S5
75
T4,
T2

281,43
241432
241.21
241.13
241,086
249,99
248,92
240.86
240481
240.76
240a.71
240.68
240469
240475
280.86
240.98
241.09
24118
241.27
241435
241443
241.48
241.49
2841443
261,37
241.31
241.24
241.19
2481.13
241.05
240498
240.91
240485
240.88
240.74
240.70
240471
280.77

254
258,
262,
263
26%.
265
26T«
268,
269,
270
270.
268.
2624
254 .
244,
239a
239.
237,
237
2364
235,
234,
241.
252
258,
263
267,
26T
2654
265
265
265,
266
2BHe
270.
269,
264,
257

241,35
241426
241.13
24105
240.98
240490
240.84
240.7T7
240.72
240,67
240462
250460
240.61
240.68
240.79
240.92
241402
241.12
281,21

241429
241.36
241442
24181

241.35
281,29
241.22
241.16
241410
241.04
240,97
240.89
240.82
240.76
240.72

240.85%
240.61

240.62
240.70
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PROGRAM LAWRENC(INPUTyOUTPUT4TAPESSINPUT9TAPE6GZOUTPUT,
1 TAPE7=/5630)

it*t*********i*i**i*****i*****tﬁ*iti*I***tti***t*iiit*****t**t****f

ST LAWRENCE RIVEX HYDRAULIC TRANSIENT MODEL

N P N E L R R AR 222222223222 R R R R R RANEEE AR A AR RER LR REREREERLER RS,

DIMENSTION RE30923)YaP(23¢9)e00122431)4N(122)4BB(2200)4E(183)
DIMENSION AAP(2)YeU(293)4V(230)4UZ (161},
1 RICE(ID)9RICTHK(3IGYeRICTHKLI(ZG)

DIMENSION IDATE(4),ICHAR(23)

DIMENSION IDATER(2)$IPURP{2)«IPRIT(I)$INCCON(E)

DIMENSION BOUND(2)¢THICK{(3)+RL{IISRNI(II4RN(2)

DIMENSIOH TMULT(4)Y ¢ TUORTC(4) «OUTLAR3)

DIMENSION CRIC32)«CPIRUCAL)GCPERDCIDD

INTEGER TWORD

REAL NTSO

REAL ANTSeNTS1eNTS2

INTEGER & +E

INTEGER P

DATA ICHAR/ZREACH NOa#e7UeSe PTe#970eS5e PTa#2a2UeSe TOP#e¥DeSe TCP#
1972UeSe AREAZ79#DeSe AREAZe#UeSe DATUMZe#DeSe DATUMZ9#UeSe PER#S
2#Nebe PER#9FLENGTHZe2MANNTINGS R#292ICE THKZ J#MANNINGS R7#4#UsSe HE
3#[}-80 H#!:U.Sa G#’#DISI G#’#UDSQ Hp#'fC.SQ HF’#!’U.S. GP"#D.S- QP¢
4/

DATE TWORD/# HRSZ2e? DAVYSZefWEEKSE42MONTHZ/

DATA IPRIT/:# ALL#Ze# FINALZe? MNT#/

DATA INCCON/# ICE CONz4#ZDITIONS foi HANGIN#426 DAM
le# OPEN WAT#e¢#ER ONLY ¥4

DATA TMULTf:’)f:GOc'RGQ;-Qo!’5(3493!3.92623(185-/

DATA UZle0le9lesb8200eb472 0989949234 5082 eBe82e8¢7483e¢955820¢35U0
19030900000 estololeleinle alelerdende05520006520e9398e7931803442
2eB ot 248465829651 6e958T7 ingeat309eu0000lerioCeleCololalolioSesSanbond
3977093977 018040423340 952 eB9842e5 44007094187 4a92B1304e 3094000 0s]es0
4'3’19’&,09095;314-;7-9809152:'.015':."(.}-145-1y45.194208'42.8|1579-11579
bheeb B lagetidigeliDsleslatelel slio eloNe5e¢sTarlDeslT400eslZdCliayElSs
59833.2,42.8!4208113475.!1352409372:090&3?: QQUC!’?B!I-y:sﬂ!t‘-oﬂvnvsloi-
EC9BavrllerlleslBElavlBh0esb et ot elel8leBel2eB915926491%26401050e9wel
TO9eildU0elestdoNo alrlola inloToollarldesb05e¢96T05493164030376474%2.8
BB 2789855544455 5 69222 a0 el 37 9elu0lnlagldeoCele0ele0e0e098a015e9l60y
9645&0,645(}01187.1'18?01942-?3'42-74;6455.15450.028100’0033905000’1
1asCs09Cela0s 90909 TaslTeslRoslllieslSllagbled9b0e8942.T8942.7%41501
2009151009166 00030 0a00330 eelotialodeDeiiolelolleelTee20ee72%aylb2
3 a9 36T7 et 0147 o302 T5942e729129C0 9162009252000 0C033940003ela9lotlelsl
GeDolo0009011e92l09l2093520e93620 0916502922540 942e744424569362069362
50 e s B asedd loelitdlgley oalelalodesNegl glol2e923 09240918209l B2Cusldd
6-2’15“049@2-?2942-569182[}0018200_94970090-3309.90{)3110Qﬂia’ﬂgﬂgﬁvecn"
7!09130'250!25.9?53&0976“'J.|379.q'142o‘*'42.56942-37,76{‘9-;765&.‘9750
BUwsau3Caei0009lasialioCoa’nliateben/ ' ’

DATA U2/16e92Tes28e9324 iee93280e91420b 91054094237 982+33492244043240
Leoloduesel30aellT09lewiColololeoletiolel915¢929+930¢9874000478049105,
20;259.3!42.33942.?114743-547QC.16590.qu93G9.000001.1&{0’990’5{0’590
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0016093109320 0373000576000l 80ab 9800494242042 93730093730 091 7200ve
4050¢eC000U0loe00le00loDr)s0eiolTaeIlee34a0l540e015400asb6a59TUato42,
600408015400 9154009281 0eneD3 9ol U001 aelBeDelaleNe0s 9091809350036
591030e913300932¢7¢22e50420G94008910300910300¢305Ua9e0309e00009200C
6000000 0alel90019e9370038092620002620099209982e¢7940489394942620442
7620.,231&;‘.-.(}30,.0050'1-00;%9990 !0’099g01200’390!400 !265(1.92650018
87'0791 0808’39-7139-412651}-92650-116900900301-0000!1 095!590’09510'99
30/

DATA V/21 e98]lesd4C a9l P8B8es51988 4905500500903 9e419393e12+91988,4913E800
11730a9e3309eB00CeleololBotolololelaleo22e0dT00bdeylSbleelSbt0esb3aly
2 4348939,41439e¢2691590e9154Ney 975 v o309 el0000laaBaliolalolalolel
29230940 986491580001 5400043e8910ReT 93942693941 2415404¢15404¢965 00
3403090050091 e9098404C90409040
39028984 7 a288a 08T lastdTHDuslSRaT920 3l 2394124381 T794T7EDa 98780 ee5250
B9e035039e0 0000 leadoleloloiialovelell eedPes5ilesl0TlevlSThanB6e8y BELT,
538417437 e399157 000157000206  eneltTUeallifuoleviioletiolelolelolnltan"l
6.952!9284009284:.115609115{'-3138 317§37099 '28400128430911900’O3300
1e00G0091laaloleDedelolaleua2 7005290409157 09l530eaTEe8eTEeB4374950
B37699e25 2009203009593 490309040000 0leololeUa0s09090e0s28 0955240544
9326003260 eelb9a8016EaT93T7a99¢37 724326000326 0e913100y « 830
1eD0GU01esl 9 alede0ola0e 02 % a5 7005801030 evlllleeDT7ab9ERebelTaS5¢3
RTel2el0iCeslUllesl T e et 3 laal0 lelandelalelalolslsUs30eeD%entlan
BT e vbT790e90232e59232e5437 0700374509697 009697009159 Ceoali330elE0U
3laoleSolelinteBelel/

DATA E/1e1e2e¢1930ligdade.ls

Z2elele3e09Dalelely

Iele292960T0lielsuy

4934 9498064840y 18

SeleleTeTelNe0e0a™y

SGe29lebleTelleiinlaly

ToloelelUel2900ibaiin0y

EeldwelellelZelleiliainle
PelelellaitbetoloolinitelsleldelSeliolialtols
119lelelBelbe ade inliel2el 941501741 8e0e0000
3e0C9i91791891iFele e elbelelelTellatiolinlelds
1501924206021 022900l

16 0lwiol24 20 el wl et ol Teo20i 0219236244l eleln
1R 9192424925020 0000y

170102426927 elS0usu0i92090201925427028e0900%0
219291 928¢42%92C00 000/

W PO 0P N e

AREAFUNCTIONINCLUDING ICEC OV E R(ef07S*R(Ns14) | SSUBTRACTED)

AREAIRI=Z(RANGBI+R( Ny TI+PST*#(R(Na20)*R{NgAI+RINGZII*R(Ns5II+PSIL 2
T(RCNIEI*RINg4I+R (Ng1TI *R(MgE) ) =((R(N9BI+R(Nglb4) %o UT5)*R(Nob)+
I(R(Ne3I+e0T3*R(MNel14))2R(My5))) %1045

PER(N)=(PSI*(R(Nelf)+R{Ng11))+PSTIn(CPERUCNI+CPERDIN)Y)+2,#PST2*
IR (N2DI+R (NS 21)) +2+PST1 4 (R{Ny1E)
I+4R(Ne17))=(R(Ne8I+R(NegI))*Z)%DeH

QDISIN)=(PSI*(R(N922V+R(Ng2Z3))+PSI1+ (R(Ne1BI+R(Ke19)))/2

READ IN DATEe DATES CF DATAs AND PURPOSE
REAL(S9252) IDATERSIDATE GIPURF

a2




LOAD ‘BOUNDARY NODES INTO ARRAY 8

DO 9I=14N8
DO 9J=1is9
Mz(l=1)+2+y
9 BATeJI=ELM)

DOUNSTREAM BOQUKNDARY AND REACH NUMBER

READ(S5¢507) ARESINEXIT
ARESSARES#2.78784E7

READ NUMBER OF REACHES AT UPSTREAM BOUNDARY
A MAXIMUM OF TUO I S ALLOWED
ANDNUMBERGBF HANGING DAMS

IC=1
READ(549G2) NUMUP ¢NHD

READ IN HANGING DAM. INFORMATION, BOUNDARY+REACHs THICKNESS O F ICEs
LENGTH AND | CE ROUGHNESS

IF(NHD=03) 11241124113
113 DO 114 I=1eNHD
READ(Se910) BOUNDCIY9sRNICIY+THICK(IY 4RLCIDI4RNCI)
N3I=RNI1{(I)
114 RCEN3 ¢12)=R(N3I912)=RLL(TI)
GOTO(1124482)41IC
112 CONTINUE
IC=2
REAL(54905) DI SO
READ(5¢305)NTSO.

READ | N. INITIAL STAGES FOR UPSTREAM AND DOWNSTREAM ENDS OF EACH
REACHK.
READ(S9934) (R(MglRYgN=14NR)
READ(S9304) (RINe17Y4N=1eNR)
READI N INITIAL DISCHARGE'I N EACH REACH (USUALLY 01}
READ(S+955) (R(Nel1B8)sN=19NR)
READIN FIRSTTIME DEPENDENT DATA
IF(ISICELEGe0)Y GO TO14%. R
READ(S4976) (RICTHK({I)«T=14NR)Y

REAG(S599GB) (RICE(IYoI=14NR)
1 4 BREAD(S99339)DISyNTSoSTAGE yHKINGsWIND

a3




15

W

6340

11

77
779

DO 15 N=14NR
R(Ne2G)=R({Ns16)
R({Ns21)=R(Ne17)
R{N+13)=R(Ns18)
R{N+22)=R(Ns19)
R{Ng23)=R(Ns19)
CONTI NUE

RITE QUT | NPUT DATA

WRITE(GE+7601) IDATER

WRITE(GeTED2) MR DTTsTWORDUITIMINTIe NEBe TMAX ¢ TWORDCITIMINT)
19PSTeARSARESeKITyNUMUP ¢ IPRTYP ¢NEXIT
IF(ISICELEQe) GO TO 6348

WRITE(E+7603)

| F(NHD. EQ 6) GO TO &340

WRITE(Gey7604) NHD9ROUNDGRN14THICK¢RL ¢RN
WRITE(S47605) DISOWNTSD

WRITECE+76065)

DO 11 I=14NB

WRITE(ETHELTY (R{I4J¥eJd=149)
WRITECG«T7E0T)

DO 779 N1=1s21410

M2ZNl+3

WRITE(E+760) N1eN2

DO 777 I=1423

WRITECG4TTEYICHARCIY e (RINIIeN=NL1N2)
- CONTINUE

TOLH =« Ji3208*3242*NR

NI TIAL @#S-aLL SET

NOU SET TOLERANCES

TOLE=1Dida
K=1
T=0

WRITE TI TLE PAGE

6290
6291

WRITE(E 7600
WRITE(E7627)
WRITE(E+7621)
IYGX=IPRTYP+1
WRITE(S+T7622) IPRTYPSIPRITEIYGX) 9 IDATER
IFCISICELEG.G) 30 TO g239
WRITE(G+7615) (INCCON(I)elIz1,42)
IFtNHDLE0 4 0) GO TO k291
WRITE(E9TELG) (INCCONCIYeI=344)
G0 TO 6231
WRITE(B 7610 (INCCONII)oaI=Nge6)
WRITE(E+7623) IDATEyIPURF

84




'READ| NNUMBERO FREACHESA N DRBOUNDRIES
READ(S5¢4902) NReNB

READ INPERMANENT CHANNEL CHARACTERISTICSe BASE PERIMETERS
(R(I410)A N D'R€I411)jMAY 8 eLEFTRLANK AS THEYARECOMPUTED
"BY PROGRAM..
DO 5 N=1413
DO 5uJ=x1s23
M= (N=1)*23+J
R(NedI=UM)
D O 7N=14+290
D O 7dJd=1423
M=(N=14)+23+J
7 R(NyJI=U2(M)
DO 6N=21e30
DO 6dJ=1e23
M=(N=21)%23+J
6 RENe+JI=VI(M)
READ(54508) (RCNs13)4N=1¢NR)
READ(S¢35G6) (R(Ng14)9N=14NR)
READ(S9308) (RICE(J)sJ=1eNR)

ol

‘READ PROGRAM DATA(TIMEINTERVALvMAXTIHEoPSI|ITERATIONS
UPSTRAM RESERVOIR ELEV AND DOUNSTREAM ELEV
AREA OFUPSTEAMRESERVOIR , TIME INTERVAL (1=HRs 2=DAY,
3zWEEK$4=MONTH) PRINT FORMATAND. ISICE)

READ(S+323) DTTTMAXsPSIsKIToHLeHLDNARSITIMINTyIPRTYP9ISICE
FACTOR=3600.

NCOND=TMAX/DTT+499999

DT=720+FACTOR

TCAL=25920050

ARZAR*2.T8784E7

PSI1=1~PS1]

COMPUTE CHANNEL PERIMETER ¢ TOP WIDTHeAND LENGTH

DO 13 I=1+NR
REI+15)=R(I413)}
ZETA=0 .
IF(R(IOIQ).GTQOO) ZETA=1.
RCIs6I=RIIe6I*100G
RCI«7I=SRETWTI*1000,
R(Ie12)=R(Is12)*10.
RUI+BI=R(148)+2030
RC€I+y3)=R(I9S)+200,
REI«10)Y=2+R(Ie6)/RET94)I+R(I44)*(1.,42ETA)
REIs11)=2aR(T97)/RCIe5)+R(T95S)I*(1a+ZETA}
CPERUCII=R(1I+10)
CPERDCII=R(I«11)

10 CONTI NUE
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WRITE(E+7621)
WRITE(G47625)
WRITE(E47626)
WRITE(647600)
DIS2=0IS0
NTS2=NTS0«o03#NTS
DELH=(HLDN=STAGE) /11,
DO 4 Jz14NR
IF(Rca.xaa.sr.o.)R(J.13)~R¢J.15)*0.63-f1.+¢azcsc JI/R€Je15))
*#1,5 1Deweb67’
4 CRIC(JY=R(J913)
IF, CIPRTYPeEQe2) .GOT 03)
WRITE(6+912) (R(Je13)eJ=te¢NR)
IF(ISICE4EG.H)GOT O 30
WRITE(64914) (RICE(J)4J=14NR)
3 0 TH=T/FACTOR .
IFCIPRTYPoNES 0oANDeTeLToTCAL) GOT 040

WRITE INTERMEDIATE CALCULATIONS

Ne2=¢
IF(TH.GT.TMAX’ TH= G .
WRITE(6+918) TWORDC(ITIMINT)9THeHLsHLDN
IFCIPRTYPWERS2)Go0 TO 45
DO 31I=143
Ni=N2+1
N2=N1+3
WRITEC6+319) (R(N91YeN=NIyN2) ¢ (R(N916)94N=NLN2) o (RCNy18) 4N=NTy’
N2)
31 CONTINUE
WRITE(6¢561) DIS24NTS2
 WRITE(6+560) RC2916)9R(1916)9R(16916)9Rt19416)3R(19917),
Rl?ﬂolﬁ)o 1R(2%!161¢R(24,16)0Rf30v16)
33 CONTINUE"
3% CONTINVE
BEGINs £ 1T 1 n ¢ COEFF MATRICES FOR SOLUTION.

-840 CONTINUE
IFCT«GTLTCAL)YGO TO 41
T=T+DT
TC1=045
DIS1=D1S82
NTS1=NTS2
NTS2=NTS
IF{STAGEWNEe0e)¥G O TO39
Brsz=niIs
GO TO 43

3 9HLDN=MLON=DELH
GO TO 43
41 CONTINUE
NR2=2 «NR
OUT(1)=TH
DO 417I0A=24NRZs2
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417

10B=I0A/2
OUT(IOA)=R(I0Be¢18)/1000.
OUTC(IOA+1)=R(I0Bs16)
CONTINUE

NR2=NR2+3
OUT(NR2=1)=DIS 71800,
OUT{(NR2)=HLDN

WRITE OUTPUT TO FILE TAPEY

WRITECT+418) (OUTCIYsI=14NR2)
pIsSi=DIs2
FACTOR=TMULTUL{ITIMINT)
DT=DTT«FACTOR

T=T-TCAL»1.,1+DT7T

TCAL=0w"

K=K+1

READ IN TIME DEPENDENT DATA

484
486
487

- 481
,482

52

53

IF{ISICEEReDYGO TO 487

D 0484 IRIC=1eNR
RICTHK1{IRIC)=RICTHK(IRIC)
READC(S5 49063 (RICTHK (T )9 I=14NR)
IF(ECF(5)) 1204486

READ(Sw4w9u8Y(RICE(I)sI=1sNR)

READ(59939Y DISeNTSeSTAGE9sHKINGs WIND9NHDC
IFCEQF(5)) 1204481

IFCNHDC .GT.8)YGO TO 113

IFCISICELEGeQ)G OTO 49

D O 48 J=zl1leNR

CR2=R(Js15)

REJpla)=RICTHK(J)

IF(R‘ngq)uGTQOQQ CR2=R(J’lS)*0.63*(1.*(RICE‘J)/R(J015))**1-5
1y»>w, 667

R(Je13)=PSI«CR2+PSI1«LR1(J)

CR1(JI=CRZ

ZETA=0.

IFCR{Je14) e6Tolee ANDSRICTHXIC(JU)eLEelQe? GO TO 52
IF(R(J!l“)OLEQUO.ANDQRICTHKI(J).GT(G.,(;O TO 53
GO TO 54

ZETA=1.

IF(IPRTYP.EQ.2) GO TO 54

WRITE(B¢56)

GO TO 54

ZETA=-1.0

IFCIPRTYPERe2)YGO TO 54
WRITE(E¢5T7)

5 4 CPERUCJYI=R(Jo1 D)

CPERD(JI=R{Jsll)
RCJs10)=R(Je10I+ZETA*R(Je4)
R{Jel1)=R(Je11)+42ETEA*R(Js5)
IF(IPRTYP.EQ.2) GO TO. 4%
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IF{ZETANEeDe) WRITE(S5458) Reygell)gREJy11)
“48 CONTINUE
‘IFCIPRTYP«EGe2)GO TO 49
WRITE(69912) (R(Je13)sJ=1¢NR)
WRITECE9913) (R(Jel4)eJ=1sNR)
WRITE(6+914) (RICE(J)¢J=1g¢NR)
WRITE(E£4915) (PER(J)sJ=14NR)
-49 CONTINUE
NTS1=NTS2
NTS2=NTS
IF(STAGEeNE«?)GO TO 42
DI1s2=DIS
60T 043
4 2 HLDN=STAGE
43 CONTINUE
TAUX=6¢77 E-6*WIND*ABSCWIND)
DO 100KA=14KIT
DO 45I=1e122
DO 45dJ=1¢31
45 Cll+d)=0.0
DO 46 1-11122
4 6DC1)=0.

. UPSTREAM BOUNDARY CDND AT KINGSTON AND. PSEUDOREACHABOVE CAFE
VINCENTe REACH=1=KINGSTONsREACH F.2 IS PSEUBOREACH
QOUT=0G+D | ‘
QPOUT =040
DO 44N=1¢NUMUP
B0UT=QOUT+R(N+18)
GPOUT=QPOUT+R(Ne22)
4 TAP=(R(N¢2CI=R(NaB)II*R(Ns4)I+R(N9H)=0+4075 *R(Ny18)*R(Ns4)
AAP(N)=AP
44 CONTINUE
N1l=1
N - |
NZH=2*R(Mqe2)=1
N2H=NZH+16=N1
N2G=N2H+1
AP=R(Ny22) 2R (N922)*RINe4)/{32.2+AAP(1)=AAP (1) *AAP(1))
Cl=1e.
IFtRtlr221.LT.G.I C1=Ce
THETA=AR/DT
IF(HKINGeNES«D)G 0OTG 252
CCleN2H)=(1=AP*C1)+THETA
5 0CC1oNCAI=THETA#R(NG22)/(32.2%AAP(1)*AAP(1))40,5
DC1)I=THETAX(R(NS23I+RIN922I*R(N922)/ (644 *AAP(1)+AAP (L))
2C1=HL) = 1C(NTSi+NTS2)*TC12(GPOUT+QA0UT) 0,5 )
GO TO 249
252C¢1eN2HY=1,
C{1eN2Q)=0.
DC1)=R(Ny2Z0)-HKING
249 . CONTINUE
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NFP=C

IF(RNUMUP.EQel)X GO TO 51
C2=1.

N1=N1+1
IF}R(Z;ZE),-LT.G.) C2=0e
L=R(142)

M=R(2+2)

L=2~L-1

L=L+16=N1

Mz2eM=]1

Mz=M+16-N1

C(LeM+1)=0s5

Cl2+L2=1.0 -R(1922)*R(1022)*R(194)/(32.2*AAP(1)*AAP(1)*AAP(I))

ol

CC29M)==140+R(2422)*R(2922)*R(244)/(32.2%AAP(2) *AAP(2)%AAP(2))

*C2

253

51

L=L+}

MM+l

IF(HKINGoNEsGe) GO TO 253

C(1seM+1)=045

CONTINUE ,
CC24L)=R(1922)/(32.2+AAP(1)}*AAP(1))2C1
CC24MI==R(2922)/(3242%8AP(2)%AAP(2)) # 2
DE2)=RC1920)+R(1922)%R(1922)/ (644 *AAPTLI 2AAP (1)1 2C1=(RE2920)
*R(2y 122)%R{2422) /€64 4%AAP(2)%xAAP(2))2C2)
NP=i ' '

CONTINUE

UPSTREAM BOUNDARY COMPLETE

Pz

Ng=NB+1

DO 65N=1e¢N&

IF(NEQ.MNEIS0T O a 4

NT=E(Ny2)

GO TO 86"

NT=1

CONTINUE

DO6 ON8=14NT

pP=p+l

PERR=PER(P)

AREARZAREA(P) i
DAP=PSI*(R(P¢5)*AR(PyZ1)1=R(P39))=R{Py4)*{R{Py20)-R(P48I)+
(R(P+T)=1R(P36)) =0 4075#R(Pe14) #(R(P9SI=R(P94}))
DA=PSI1+(R(P¢S)I*(R(Ps17)~R{P+9I)=R(Ps4)+(R(P416)I~-R(P+8))+

(R(R.7>-IR(P.s))-u.075aR(P.la)*(R(PJS)sR(F,qiﬁy

DQP=PSI+(R(Ps23)-R(Pe22))
DQ=PSI1*(R(Py19)=R(Ps18))
DHP=PSI*#(R(P¢+21)=R(Ps20))
DHTZPSI1*(R(Ps1T7)-R(Py16))

CONTINUITY EQUATION

Ni1=M1+1
N2HZR(Py2)22=1
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N2H=N2H+16~N1

NIH=R(P¢3)e2~1

NIH=N3H+16=N1

N2Q=N2H+1

N3Q=NIH+1

CCN1¢N2HI=R(P 443/ (2#DT)

CI(NIeNIHYZR(P ¢5)/(2%DT)

C(N1yN2Q)==PSI/R(Py12)

C(N1yN3Q)=PSI/R(Ps12)

DU(N1Y=(DAP+DG)/R(Pe12)+(R(P+sSI*(R(P9211I=R(Pg173)+R(P¢4)*(R(Py
20)= IRCP416)))¥/C24DT)

'MOMENTUM EQUATION

Nl=N1+1
N2H=N2H=1
NIH=N3H=1
N2G=N2Q-1
N3Q=N3Q~-1
TWOGA=2*GDIS(P)/AREAR
SF223242*R(P413)*R(Ps13)/(2.2082( AREAR®*2,333))
PERR##1,333

SF=QDIS(P)I*ABS(QDIS(P))2SF2

DAX=¢(DAP+DRA)/R(Py12)

DAX=(DAP+DAY/R(Py12)

CAN14N2H)==TWORA/ (AREARI*DAX+PST*R(Pgé4)*45
1+TWOGA®+2/(2+ AREARI*DAX*PSI®R(Ps4) /2
2+TWOQA*TWORA/4*PSI*R(Py4)/R(Pe12)

3-32.2 e AREAR*PSI/R(Pe12)+32.2*(DHP+DH)/R{P412)
44PSI*R(P4)/2=2e333%SF/( AREARI*PSI*R{Pe4}/2
541¢333*SF/(PERR)*PSI

DNSPSI*R(P45)/2

CA(N1oyN3H)==TWORA/ (AREAR) *DOX+*DN+TWORA**2/(2* AREAR)*DAX
1*DN=TWOQA*TWOQA*DN/ (2%R(Pg12) ) +3242¢ AREAR*PSI/R(P+12)
43242+ (DHP+ 2DH)/R(P912)#DYN=2,333+SF+*ON/(AREAR)
+1 ¢3334SF+PSI/(PERR) N
CCANIeNIQ) SDAX*PSIZ(AREARI+TWORA+PSI/REP912)=-THOQA®DAX*PS]
1*#e5/(AREAR)+SF2*ABS(RDIS(P))I*PSI o || (DT+2)
CEN1aN2R)=CINI¢NIQ) =22 TWORA*PSI/R(Py12)
DINII=TWORA*DAX=~TWOGA*TWORA*DAX/4+32 42%AREA(P )= ¢(DHP
+DH)/R(P¢12)+ 1SF+(R(Pe23)+R(Ps22)=(R(P913)+R(P¢18))3/(2+DT)
1=TAUX*R(P44)/1.94

60 CONTINUE

REACH EQUATIONS OF "MOMENTUMAND ConTINul Ty ¢cO MPLETED. NOU NEED
NODAL CONDITIONS OF STEADY STATE CONTINUITY AND ENERGY

| F (NeEGeN&) GO TO 65
IF(NHD+EQe2)G0 TO 116
IFLAG=S
Do 115dJ=1eNHD
) NBOUN=BOUNDC(J)
115 IF(NeEQeNBOUN) IFLAG=ZY
,116 CONTINUE
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Ni=N1+1
IN=B(ne2)
IOUT=B(Ns3)

CONTI NUI TY'

FLOWOUT=G 40
FLOWIN=0.0
DO &1 I=1+IN
IPT=B(Ns3+I1):
FLOWIN=FLOWIN+R(IPT23)
IPT=R(IPT+3)
IQIN=2+1IPT
IQIN=IGIN+16~N}

61 CIN1+IQIN)=1.0
DO 62 I=1.10UT7
IP=zB(N4s3+IN+1)
FLONOUT=FLOWOUT+R(IP+22}
IP=R(IP+2)
IQOUT=2+1IP
IQ0UT=IQ0UT+16~N1

62 C(N14IQ0UTI==1.0
D(N1)=FLOWIN~-FLOWOUT

ENERGY EQUATI ON

IPT=B{N+&)
IFIN=SRCIPTe3)=2~1
ITOT=IN+IOUT=1
DO 63 1JC=1sITOT
N1=N1+1
IHINSIFIN+16-N1
LN=4+1JC
IP=B{N4sLN)
IFtIJC«6EIN) GO TO 64
IHOUT=R(IP ¢33 #2~-1
IHOUT=IHCOUT+16=N1
CINl1sIHIN)S1
C{Ni1+IHOUT)==1,
DIN1Y=R(IPT921)=-R{IPs21)
GO TO 63

64 CONTI NUE
IHOUT=R{IP2)»2~1
IHOUT=IHOUT+16=-N1
CI(N1,IHIN)=1.
CUNleIHQUTI==1,
DCN1IY=RCIFT+21)=R{IPe20)
J=IFLAG
IF(JEGLD)Y GO TO. 117
M3=RN1{(J)
IF(IPLNELNIY GO TO 117 . .
DIAZRCIPTe21)+REIPeEY/RIIPs&)I=(R(TIPog)+THICKE(J))
A=DIA*R(IP+&4)
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A1=(R{IPT 4213=R(IPT42))2R(IPT ¢SI+RUIPT ")
COEF=e023+#+RN(JI*RNCUI*RLEJI/( Qa3 7ExDIAxw] o333)
DH=COCF*R(IPe22)I*ABSIRC(IP422))}/ (A+A)=R{IPT423)+ABS(R(IFPT«23))/
1(42,933*xA1%A1)
| FCIPRTYPSNESEYIGOT O 63ul
WRITE(6¢40UGC2)
WRITE(E+4003) DIAsA+COEF+DH
6301CINLITHINIZ1 «#1e332w((COEF=14023)/DTAYXR{IPy22)+
1ABSCR(IP422))/CAxAY 42, #COEF*R(IP422) «ABS(RC(IPy223)/7CA+A+D]IA)
2=RUETIPTe23)%ABSIROIPT423 1) *R(IPTo5) /024 THALan})
IHOUT=IHOUT +1
CU(NI14THOUT)I==24*COEF*ABSCR(IP422))/(A*A)
IHIN=IHIN+1
CCNLoIHINYSCUNLoIHIN)~ABS(RCIPT$23))/€(21.,47+A1%xAY)
I HIN=ITHIN-1
D¢(N1)=D(N1)=DH
117 CONTINUE
IF{(NaNE«14)YG O T OERX
FALL= 014 *(RE20H2031=239,)=tR(20+22)=288030)~
1.000001-.19
IF{FALL+GE«%3«a)GO TO 63
C(N1+ IHCUT)=Ct(N14IHCUT)Y+.014
DIN1)=D(N1Y+FALL
63 CONTINUE
65 CONTINUE

CONDITIUNS AT NODES COMPLETED. NOU DOBDWNSTREAMBOUNDARY

M1=N1+1
LN=R{(NEXITe3)
N3H=2»LN=1
NIH=N3H+L16=N1
N3G=N3IH+1
LN=NEXIT
IF(STAGEEGsCe)YG O T OB?
CIN1gNIH)=1.
C(N14N3I@) =0,
DINI)Y=R(LNe21)~HLDON
Nli=N1i+1l
CINI+N3IGY=eD
N3Q=N3IQ =1

67 CONTINUE
THETA=AREZS/DT
C(N1sNIH)=THETA
CE{N1eNIQ)==042
D(N1I)=THETA*x(R(LNg21)=R(LN¢17)Y+ ((DISI1+DIS2)+TC1~C(R(LNe23)4
IR(LN193)*(e5)

REVERSE SIGN OF EQUATION MATRIX

DO 66N=14N1
6 6 BIN)I==D(N)
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EQUATIONS ALL DONE
SOLVE MATRIX

TER=D
CALLLEQTIB(CoN1¢159159122eD419122954BR4IERD
IF(IER«EGeD) GO TOTH
WRITE(£4909) IERWKE
7 0 SDH=1
spDa=y
NI=4q4+*NR
CNR=1.0
I|F(K6.LT.3) CNR=2+5

UPDATE VALUESOF.HPAND QP EASED ON DELTASCOLUTIONVECTOR

DO 721I=1eNR
L=2#*R(Ie2)=1
Mz2*R(Ie3)=1
R{I+21)=R(I¢421)+D¢{M)*CNR
REI920)=R(I422)+D(L)*CNR
SDH=SOH+ARS(D(L))
L=L+1
M=M+1
RCOI922)=R(T1422)+D(L)*CNR
RCI923)=R(1423)+D(MI*CNK
IF(STAGEaNE«Te) M=M+1
IF(STAGE e NEeBe) DISZ=0IS2+D(M)
7 28DQ=SDQR+ABS(D (L))

ALLDOWNSTREAMGPANDHP REPLACE"

ITF(KEEGeKIT) WRITE(CE9S11) KE+SDHLSDA
IF(SDHeaLE « TOLHWAND«SDQebLteTOLO)G O T O 185
100 CONTINUE
105 CONTINUE
DO 110 HN=1aNR
HBUP=R{(Ns16)
HBON=R(N+1T}
R(Nelb)Y=R(N2 1)
R{NeIT7)=R(Ns21)
RIN$21)=2=R(N¢17)=-HEDN
R(Ne¢2G)=2*R{Nslt)=-HRUP
QBUP=R(Ns18)
ABDN=ZR({Ne13)
R(Ne18)=R(Nes22)
RENel9)I=R(Ns223)
R{Ne22)=2*xR{Ne18)~QRUP
110 R(Neg23)=22R{Nel9)=CRUN
HL=ZR(1e16)+R(1¢18)+R{191E6)/ (684 +(R{194)*x(R{1416)-R(1481}))
+ RULe6) = T0 07O *R(1414) %K (1 ebt))xx2,)
HLDN=R(NEXIT«17)
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"Q0 TO 34
120 CONTI NUE

FI NAL QUTPUT

DO 3363 I0PUT=143
REWIND 7
IRE2=IOQPUT#*1D
IRE1=IREZ -9
| F (NCOND. LT. 141 GO TO 3290
WRITE(H¢43418). (JeJ=IREL1$IRE2)
60 76 3291
3290 WRITE(E643420) (JeJ=IRE14IRE2)
3291 -WRITE(6+3419)
WRITE(HA¢3417) TWORD(ITIMINT)
3293 IF(IOPUT=2) 3251325243253
3251 READC741314) (OUTEIYeI=1421)
GO TO 33z0
3252 READCT7¢10515%) (CUT(I)eIz=1321
GO TO 33i 0
3253 READ(T91216) (QUT(TI)eI=1921)
3300 |F (EQF(7)) 336343301
3301 WRITE(E¢1017) ¢COUT(IdeI=1421)
GO 10 3293
3363, CONTI NUE
121 CONTI NUE
56 FORVAT(# | CE FORMED 2N REACH #1415}
57 FORMAT(# | CE MELTED ON REACH #+1%)
58 FORVAT(# PERI METER CHANGES IN CHANNEL U+Ses D.S. = ® # 2FIQ O
202 FORFAT(BALID)
418 FOR!"-AT(FS.D’SI(F5.09F6.2})

560 FORMAT (1HGe2CXe# COWPUIED HT e
/% - CAPE VI NCENT Zy
1 (4XeFBe2) /s KINGSTON o C4XoF6e2)/ s
E ~ OGUENSBURG 2 ty (4XeF6a2)/s? CARDINAL E
(4XeF6al2)/ 2 IR 1QU S
"3H W e (G4XeFBa2)e/
3 & IRIGUOIS T.U. +#
1 (TXsF6a2)/9# YADDI NGTON s (TXeFGa2)/
# MORRISBURG 3 #v (TXeF6e2) /. .
# LONGSAULT DAM  #4 (TXsF6e232777)

561 FORMAT(# DISCHARGE AT P.H = #«F13elo#2 NTS= #9F1040)

776 FORMAT(Z2XsALlGe2Xel10F1l1le4)

789”FORMAT(IHCQ35X!¢PRINTOUT_GF CHANNEL CHARACTERI STI CS ARRAY FOR
REAC 1H£S‘40121¢ TO #e¢124¢/)

902 FORMAT(2I%)

903 FORMAT(3FS el sISs2F6aleFileis3IIR)

S04 FORMAT(EX¢15F5e2)

9GS5 FORMAT(DXeTF10e0e5X)
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906 FORMAT(S5Xy15F5,3)

307 FORMAT(F10a041I5)

908 FORMAT(15F544)

909 FORMAT(#TROUBLEIN MATRIX ATI‘R ZTolGe2X1T=#e15)

910 FORMAT(KF10e4)
911 FORMAT(#NUMBER OFITERATIONS=#415¢#SDHeSDA=742(1X4FBe2))

912 FORMATC¢(2+ROUGHNESSFORE A C HREACH:#2/2(1Xs15F6e4/))
913 FORMAT(#+ICE THICKNESSFORE A C HREACHI#/2(1X+15F6e0/))
914 FORMAT(#+ICE ROUGHNESS FOR EACHREACH:I#/2(1x915F6+4/))
915 FORMATU(#+PERIMETERFOR EACHREACH:I#/72(1Xe15F6e0/))
918 FORMAT(/20C#=2)e%2T | M EIN#2osASst =#¢Fbe292 | A K EONTARLO = ¢
1oF642¢2 LAKE ST LAURENCE =#eF6eZe2012=%1))
919FORMAT(ZREACH#¢10(F5a5e3X)Y/ 92 STAGE#¢lU(F6ea2¢2X)/
2 FLOW #¢ 110(F840)/) '
939 FORMATUCLUX92F10ee3F542415)
1014 FORMAT(FS «Qel10(FSefeFEa2) 2001113
1015 FORMAT(FS5e0e10C11X) el 0C(FRea0sF6e2)410¢11X))
1016 FORMAT(FS «0e20C11X)el3(FSeBsFEa2))
1017 FORMAT(FS el09e2Xel0(FSaQeFTa2¢¢ 217}
3417 FORMATUIXoASo1Xel0(2Xs20245X92HZ98X))
3418 FORMAT(2LREACHIZ2410(T1T7e6X))
3419 FORMATU(TX 91l0(tmmmmemmnmnnwsf))
3420 FORMAT(#CREACHI#¢10(I7s6X))
4002 FORMAT¢2 HANGING DAM ROUTINE | S ENTERED®)
4003 FORMAT(4F1244)
7600 FORMATC(21%#)
7601 FORMAT(#1#¢455¢2%#)9#2DATAFOR ST LAURENCE MODEL#e55C£%2)/¢2#,
1 B5(2 a2 3e3Xe2A1043X ¢S50 2x£)//7)
7602 FORMATLAX ¢ #NUMBER O FREACHES#928(2e#}915¢330y .
12TIME INCREMENT eees2eF 02985/ 4X ¢y #NUMBEROF NODALPQOINTS#,
223C2e2) 2 I5433XW#TIMEENDING. . . .. es29FEelalS/4X0#PSI7082(#a¥)
3eFS L2744 Xy #AREAOF LAKE ONTARIOZ925 (7 e2)4EG 02?2 SQFTe#/4Xy
42 AREA OF DOUNSTREAMFOREBAYZ41S(202) 0F 04349250 Ta2el12Xy
SENUMBER OF NEWTON-RAPHSON.ITERATIDNS-----.#013/4!1
EZNUMBER OF REACHES FLOWINGFROMUPSTREAMuwoweeZeISallXe
TE0UTPUTOPTIONZ428(#e2) s I3/4X o2REACHENTERINGFOREBAY R,
8 23(2e#)a1S/711)
7603 FORMAT(SX 42ICE |S INCLUDED2/6Xe15(#=231/7)
763 4F0RMATCGEX92HANGINGD AM | SINCLUDED#E/EX 923 (=2)/4X,y
1¢NUMBER OF HANG|NGDAMS..|.."!IS/4X'
2#BOUNDRYO RNODFOQOUQQOUQQO:#Q:')F QUIQK,¢QEACHf922(¢|¢)'
3F5.DI4X. #THICKNESS#,IS(#.#).SF% 2‘/4x|tLFMGTH¢¢21(¢.#)v
‘FB'GIQXQ Q¢MANNINGS ROUGHNESS'.I.l..l."3F503,,/)
760 5FORMATC4X 92 INITIAL DISCHARGE#913(2e2)9F10e0e?2CFS2/aXs"
12ZINITIAL NET TOTAL SUPPLYesvasa#oFl0elte2CFS2///)
7606 FORMAT(2IXs2NODAL P OINTINFORMATIONZ/21Xe28(2=2)/8Xy
1#2N0e2eB6Xe#N0e O FNOe OF249Xe2REACHES INVOLVEDZ/716X,
24 INCOMINGZ 92X ¢ 20UTGOING 2/ 13X s 2(3X 9 2REACHESE)Y/)
7607 FORMAT(4I10451I5) -
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TT610 FORMATCIXNS13C 222 g2 X 91 (722) 45X o102 x2) 92810413(2%42))

762C FORMAT(///71/) i

7621 FORMAT(IXN9136(##2) /109126 (¢*2))

7622 FORMAT(I1Xg13(#%2) 92091 7C22#) 950X e10(E%#) 420X 13(£*£)/1Xy
1 13C##2)Y920XK010(2%2),
22ST LAURENCE RIVERRYDRAULIC TRANSIENT MODEL 221J3(#x2),
Z20Xal3C2*EY/1Xel13C2e2) ¢ X o #PRINT OPTIONZ«I 293 X010 (#%x2) 50X
G13CL%#) 20N o132 %2 )/ IX g13(F*2)420Xa100(#72) 419X ¢#DEVELOPED BY#,
S19Xe10C2*E)e 20N gl 3¢ *x2)/ L Xal3C#%¢)gAG9s2 INTEPMEDIATE 291002 %£)
Ee# GREAT LAKESENVIRONMENTAL RESEARCH LAPORATORY #»9
TiOC2*2)e20Xel130Fng) /11X a3 2n) o2 CALCULATI ONS ARE 29l 0 (#2t)
Be16XeZANN ARBORGMICHIGANFel6X ol (#a2),y 2 INCLUDES::# 47Xy
F13(#*2Y/1X o130 Fn2) 94X 9 2PRINTED CUTeZ2 94Xl 0(2%2)e15X42A10,
115Xe10C2+2)920Xe13(2%2))

7623 FORMAT(IX ¢13(2%2) ¢20X a1l (2 n2) g5 iXel0C( 2%} 920Xel3(#22)/1X,
11302+ 2) 920X gi0Cx*xE)9# PIRIOD I 2e2A1 002 TO0#92A10010( %) 920X
2ol *2)/1X e 13(#%2)e20Xs10(2+2)4910Xy#PURPOSE? #*2410* 10X*
J10CE*2) 420X g 130242/ Mg l3CEn2) a2 1N gl D722 o¢S0Xe1G(#%2) 20Xy
413(2*#))

7625FORMAT(////531Xe#GEDGRAPHICALKEY TO REACHNUMBERS2/51Xe33(2~2)
17776850 #%laeae e XKINGSTON£/48X
2#2svneeCAPE VINCENT2/48 44
323404 NORTHO FWOLFE ISLANDZ#/48Xe
4#“.-.0.NORTHOF HOWEISLAND;/‘GBX!

525 eneseSOUTH OF HOUWE ISLANDZE/48X

EfBesseaFLOW RETWEEN WOLFE |S. AND GRINDSTONE 1Se#/48Xe
727 eeessSOUTHO FGRINDSTCONE 'ISLANDZ/748Xy

B872BeanneeNORTHOF GRINDSTONE ISLAND#/48Xy

9729 eseeeFLOWEETWEEN GRINDSTINE | S. AND WELLSLEY IS«#/747Xs
1210ees 0 sSOUTHCF WELLSLEY ISLAND#/747 X,

2211 e0es «MORTHO FWELLSLEY ISLAND#/74T7Xe

J212e0eeeSO0UTHO FWELLSLEY ISLAND#/4TX,

4713400 0eSQ0UTHOF GRENADIER ISLANDZ/4TXs
S21%cesesHILLCREST POINT®)

TE26 FORMAT (47X 921500e e o BROCKVILLE#/4TX
7#16...‘.OOGDENSBURGf'/QTX’

8217 eseesNORTH OF GALOP ISLANDR2/G7 Xy
9718000 eSOUTHOF GALOPISLANDZ/Z4TX,

1215 een e s CARDINALZ/ 4T Xy

22200000 IRUAUQISH/EGT N,y

3221 ee0e eNORTHO FOGODENISLAND#/47X

4222 00sn e WADDINGTONRZ/ ST Xy

G223 saeeeSOUTHOF OGDENISLANDZE/&TX,

E22% s ee s MORRISPURGE/4T Xy

7225 ense0 o NORTH OF CROTIL ISLANDE/A4TXS
B7226esse«SOUTH OF CROIL ISLAND#/4TX e

G427 enwesFLOARETWEEN CROIL IS. AND LONG SAULTIS«#2/47X0
12284208 sNORTHOF LONGSAULTISLAND#/4TX,
2#2%ee0eeS0UTHO  FLONG SAULTISLANDZ2/4T7X,
223 0essesLONG SAULT LaMmMg)

STOP

END
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