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ABSTRACT

The implicit four-point method is presented for computing

water level elevations and vertically integrated velocities in the

- open chennel.. The theory and FORTRAN program listing of the model are

given. Two examples of applications (Vistula River, Poland and

Niagara River) have also been included. In particular, the importance

of incorporating the flow dynamics in the accurate estimation of

contaminant loadings from Niagara River into Lake Ontario is
demonstrated. Such a model synthesis approach is essential for the
prediction of the transport and fate of the toxic contaminants in the

coastal 2zome.
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IRTRODUCTION

. In this report the numerical method for solution of the
one-dimensional unsteady flow problem in a river channel has been
developed. The method may be applied for a number_ of problems
connected with transport of tpe water in the river channel, and also
to the problem of dispersion of sediment and contaminants. In
particular, the model can be used to investigate river-lake or
river-sea interactions at the river mouth. In such ‘Cases,' the
solution of the one~dimensional diffusion equation should be performed
(Fread, 1977). 1In the method a simple rectangular geometry of the
river channel was applied; but the compﬁter program may be easily
adjusted to the real geometry if the data on depth-flow area; and

depth-width of the channel are available from field observations.
COMPUTATION ALGORITHM

The most popular form of the Saint-Venent equations,
describing the unsteady flow in an open channel is as follows, Amein,

1968:

¥(x,t) [0v(x,t)/0x] + v(x,t) [3y (x,t)/0x] + [3y(x,t)/0t] = O Q)
[0v(x,t)/0t] + v(x,t)[3v(x,t)/0x] + g [3Y (x,t)/0x] +&(S;—S,) = 0  (2)



_ In the equations (1),(2), x is the distance along the chanmel; t is

the time; v(x,t) is the vertically integrated velocity; y(x,t) is the
depth; S is the bottom slqpeg S¢ is the friction slope; and g is
the acceleration due to gravity. Exact derivation of these equations
may be found in Baltzer (1968), Abbott (1979). The additional
assumptions concerning the flow conditions are:
- one-dimensional flow,
- width of the channel is constant,
- no lateral inflow or outflow,
=  fricton slope is given by the Manning formula
‘s‘f = MQ/A2R*/3, where
A is the cross section of the ‘flow, R is the hydraulic
radius and M is the Manning's coefficient. |
Boundary conditions for equations (1) and (2) often require
discharges or stages to be known at thg first and last cross section
of the river. Alternatively, the rating curve for ;he last cross
section may be employed. Initial conditions require the starting
velocity and depth to be given along the channel. 1In the implicit
method reported here, equations (1) and (2) are first approximated by
a set of finite difference equations, which are then solved by
numerical algebraic techniques.
In the finite differenée approximation, the average values
T;f the functions and derivatives in equations (1) and (2) are taken ‘in
the four-point scheme (cf. the box scheme, Lam and Simpson, 1976) as

follows:
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Y = iyt Yiger FVie1,F Yier 1) ~(3)
0y [0x = & (Yje1,5+ Yisr,jo1 = Yi,5 — Yi,j+1)/Ax ‘ (4)
0y [0t = } (yyje1 + Yier, 101 = Yig— Yiar, ;)AL (5)

vhere the (i,j) indices designate x-position, and t-position,
respectively. Substituting equations (3)-(5) into equations (1) and

(2), we obtain:

Yij+1 Y141 + 1 (At/Ax) [Yi+1,j41 @iea,5F V4aq,541)
Y1441 Wige1 F005) F Vien,  ien, o1 —Vi0ige1) =Yg Yier,j
—$(At/Ax) (V1,5 Y15 = Yie1,s%41,) = O (6)
Vgsy,541 T Y+ + 4 (At/Ax) (viz#l,H»l —vt'z_,j+l + 2041, 1Vi41, 541
—20,;9; 541) + g(At/Ax) Dier, 541 = Yij+1) + g(Atl2)(S“J + Stio.i
+8,,., 8¢, ;.. )=V " Vg —2gAtS, +8(At/Ax) (Yie1,;— Yij)
—4 (AYAx) 0}, —vlny) = O | (M

The unknown values in equatioﬁs (6) and (7) are Vi, j+ls Tis+l,j+l
and Vi j+l, Visl,j+l- Sfi,j+1 and Sfi+1.j+1 are functions
of these unknown values. If_N is the total number of discrete points

along x-axis, 2N-2 equations are available in the form of equations

" (6) and (7). Two additional equétions are obtained from the boundary

conditions to make up a total of 2N equations for the 2N unknowns.
Since the terms with subscript j are known at the current time level,

' the set of equations (6)-(7) may be rewritten as:
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The

Y1+ Y1 + 4 (At/Ax) [ Y141 (61 +9141) —¥i(b; + 9) + €944,

—d,v,] -;eg = 0, for

i=12...,.N—1 (8)
v + 041 + } (At/AX) (v} — 97 + 2fi0,41 — 280)

+ 8 (At/Ax) (141 — 1) + 8(AL/2) (S, + 8y, ) +h; = 0,
for i= 1,2,..,,N‘—1 (9)

coefficients aj, bj, ¢, dj, ey,

f;, 8i,» hj are

all known quantities and their explicit form is given below:

@G = Vayy, &=y

by = vy, fi = Di+1,j

i = Y5 & T Uiy

€ = Yij t¥ia1,; 4 (At/AX) (¥ 01 = 41,5 Vie1.j)
hy = —2gAtS, —v;; —v;4, ; + g(At/Ax) Pise1,; = ¥1g)

(10)
(11)
(12)
(13)

=3 (A/Ax) OF; —visy, ) + 4 g AL (0, 1y32+ 02 1y i3 )M

(14)

To simplify equations (8) and (9) further, we use the following

definition and rearrange the indices:

Yi
Y+
U/

=X24-1, L7}

= X
= X2i+1y i+l T Xai+2 for i= 1, 2, .
= Fy-1, & = Fy

8o that equations (8) and (9) now become:

wN=—1 (15)
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© Fyoy = Xaey + Xypey +4 (At/A%) [X204y (x2002 + )
= X341 (X3 + b)) + 6x 3042 —dixy] —e
=0 | ~ (16)
Fy = x3+ 25543 +§ (At/Ax) (3145 — 23 + 2f %2042 — 28i%21)
+ 8(At/Ax) (x3i41 —X34-1) + 8(AM? (2) (x3;142/x313,
+x3,/x332,) + ky

=_0 ' a7 .
Fan-i = Qu=x2, =0 (18)
Fon = 238 —¢(x38) = 0 ' ' (19)

The last two equations are furnished by the boundary conditions. For
example, in FjN-)}, the discharge QLj as a function of time (j) is
given, whereas Fy uses the rating curve at the last cross section.
The solution of equations (16)-(19) requires the Newton-Ra.phson

{i : iterative scheme. The computation starts from an initial approxima-
. tion of the solution vector x, ;0 = ( xg ,-xg s++ssXpN). After sub-

stituting the initial vector ;0 into equations (16)-(19.), a vector

of residuals R; is obtained:

RY Fi(x9,29,....x3x)

RS Fy(x9,x3,....,x2%)

= . . (20)
RgN FzN(x’?,xg.-..,ng)

, 0 0 .
. The first-order corrections Pj,...P,N for components X) 9X3 5.0 c3X2 N

( may be found by solving the set of equations:
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-1
oF oF 0
P? sJ(x?,...,ng), °~-s?1’ (_x‘l,--'-tng) R?
Xy XN
. . x|
F .
Py %ﬁ(x‘?. RS 1N T a_m %, ....x%%) RYy
ax.l . asz .
(21)
Then, the first-order approximation of the vector x is
' -1
oF oF '
1 S0 (x? . x0 RS S S
g X3 axl (xl' ox2N)) [ asz (xlo gx2N)
oF P oF
x%N Ezlﬂ (.x?- . ?ng)b AL ] —a_;:i (x?v . 1ng)
F, (=%, ....2%) x9 _
x | + | (22)
Fan(x},...,23n) x3n

In general, the k=th approximation of the vector x is N
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' oF
' S50 - . oF, .. L
= ax.-""" l.""""‘;N').---: a_x:,:, (€2 R e N
" 0F,n , - ) 3F. . _
ng axN (x} ’....,x§~|). ey -a—xz::-'v(x"{_-l““’xg&;_)
| Fyx}™, ... 285 x*-1
S o (23)
Fon (71, ..., x50 Pl

The iteration procedire will be repeated until IR L&, where iR =
N .

/3 Ri’ and € is the tolerance error. Elements of Jacobian matrix in
i=1

equations (21)-(23) are computed from equations (16)-(19), i.e.,

(8F34-1/8%3-1) = 1—4(At/Ax) (b, + xy) .
‘ (0F3-1/03x3;) = —1 (At/Ax) (di +x34-1) _ I(24)

(0F3i-1/0x3141) = 1 + 3 (At/Ax) (a; + x3142)

(F3-1/3%3003) = } (AtIAX) (c) + x3001) l @)

(0F3i/0x55-y) = —g(At/Ax)—§ gAtM? (x3;/x]{3,) (26)

(OF3i/0x) = 1=} (At/Ax) (g + x31) + BAIM? (x4/3%1) (27)

(0F3;/0x3i41) = g(At/Ax) — 3 gAtM? (x3142 /x;ﬁr ) (28)

(OF 34/0x3142) = 1+ 4 (At/Ax) (fi + X2042) + BAIM? (2442 /x3131)  (29)



PROGRAM DESCRIPTIOR

“y

The program for solving the unsteady flow equations

was
written in FORTRAN IV language and was run on the CDC CYBER 172
computer.' | Organization of the program corresponds closely to the
algorithm described. On the eéach time step of computations, the
following operational subroutines are employed:

- COEFF, subroutine for computing coefficients ‘in the

equations (10)-(14).
- PRSTR, subroutine for computing the right-side of the

equations (16)-(19).
i : - JAKVKL, subroutine for computing the Jacobian matrix of

equations (21)-(22).

- LINVIF, library subroutine (IMSL library for computing

matrix inversion.

- DRVK, subroutine for output data processing.

Listing of the program and examples of input and output data are given

in the Appendix.

APPLICATIORS

The proposed method is supported by. two examples of

~applications. The first example refers to the recent . paper by

( Stepien, 1984. In that paper, the time-spatial evolution of the flow

0 on the 60 km long reach of the Vistula River, Poland, was tested.
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Flow conditions on that reach of the river are controlled by
hydro-power station Wtoctawek. Figure 1 shows the diagram of thel
river segment and location of the contr;I depth gauges. The water
level and discharge records in the 679.4 km of the river (cross
section Wtoctawek) are shown on Fig. 2. These records were taken as a
left boundary condition (eq. 18).

Depths of floﬁl computed for two control gauges and
comparison with the observed data are given in Fig. 3. It is easily
seen that amplitude, phase and shape of the wave are reproduced
correctly.

In the second example, conditions of flow on the lower reach
of the Niagara River were simulated. The length of the reach (10 km)
is much shorter than in the former case, but problem is similar. Im
particular, the flow undergoes the cyclic fluctuations corresponding
to the emptying and refilling of the two reservoirs used to generate
hydroelectricity at the hydro-power stations, located in the middle
part of the Niagara River (Fig. 4). The daily records of discharge
through Canadian (I) and U.S.A.(II) hydro-power stations and discharge
of the Niagara River in the Ashland Avenue gauge (III) for 10-12 May
1983 are shown on Fig. 5 (Falkenirk and Yee, 1985). As the first

computational cross section (segment 1, Fig. 4) is just located below

the reservoirs, the total dischargé there is the sum of the above
. mentioned récords (upper curve on Fig. 5). Since the total length of

‘the modelled reach is 10 km only, it is assumed that the flow is

kinematic, i.e. the waves are moving without significant modification
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of the shape. The results of computations confirm this assumption.

Figure 6 shows the computed values of discharge at three computational

. cross sections, located at 8,5,2 km, respectively, upstream of the

mouth of Niagara River. The discharge varies periodically over a
range of from 5400 to 8200 o /s. These variations of discharge wj.ll‘
certainly influence the variation of contaminant concentrations in the
r-ivef. In particular, we are interested to find out if  the
concentration of toxic contaminants (e.g. 1,2,3,4<TeCB) observed in
the Niagara Bar area in Lake Ontario are affected in turn by the
concentration in the Niagara River.'

" In the simplest case, we can assume that the concentration
at the river mouth is inversély proportional to the river discharge
(Turk, 1980). Based on this hypothesis, we obtained the estimated
1,2,3,4-TeCB concentration as a function of the discharge at the river
mouth (Fig. 7). This estimated concentration was then used by a
computer model, POLTRA (Lam and Simons, 1982) as the input
concentration to Lake Ontario. The computed two—dime‘ns‘i‘onal
distributions of 1,2, 3,4-TeCB in the Niagara Bar area at 15, 27 and 42
hours after the release are shown in Fig. 8.

In general, .the~ model reconstructed reasonably well the

isolated patch of high concentrations in the north-east part of the

‘Niaga'ra“ ‘Bar as shown in the observed data at 15 hours after the

release (Carey and Fox, 1984; Fig. 8). This patch apparently results
from the alternating low-flow and high-flow condition in the river.

In other words, at low flow, the river concentration is high and
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creates the patch which moves along with the river plume in the lake;
at high flow the river concentration is immediately diluted and the
patch in the lake apl;ears to be isolated. After some time (e.g. 27
hours after the release), the patch has moved out of the Niagara Bar
area, until at a iiuch later time (e.g. 42 hours after the release), a
new patch is formed mnear the river mouth when the flow slows down
again (Fig. 8). The quantitative comparisdn of computed and observed
data, however, should be made with caution. Such a comparison is
limited by the following factors:

- Only several measurement points in the area are covered by
the POLTRA computational grid.

- No hourly ‘record of concentrations was available at the
river mouth during the simulation peripd to offer more
acéurate boundary conditions for the model POLTRA. Thé
assumed average value of concentration (10 ug/L) at release
time was interpolated from weekly data (Oliver and Nicol,
1983).

- The rectangular shape of the channel of the lower Niagara
Rivet was taken for convenience. A more accurate channel
;hape and a more soph_isticatéd method of computing the
discharge in the first cross section should have been used.

- The simple, hypothet'-ic;!,l relationship between discharge and
concentration according to Turk (1980) is usually valid in

the low-to-moderate range of river discharges. Further
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confirmation with high flow measurements, however, is

needed.
CORCLUSIONS

Based on the results of the two applications, we concluded

that the model FRMT is appropriate for analyzing flow dynamics and can

be integrated with coastal zone hydrodynamic models such as POLTRA to
study river-lake or estuary-sea interactions. Such a model synthesis
approach is important for the accurate estimation of toxic contaminant
loadings into Lake Ontario and the prediction of transport and fate of

the contaminants in the. coastal zone.
REFERERCES

Amein, M. 1968. An implicit method for numerical flood routing.
Water Res. Research, 4(4): 719-726.

Abbott, M.B. 1979. Computational hydraulics. Pitman, London,
324 pp.

Baltzer, R.A., Lai, C. 1968. Computer simulation of unstéady flow in

wvaterway. J. Hydr. Div., Proc. ASCE, 94 (HY4): 1083-1117.

~ Carey, J., Fox, M. 1985. Personal communication. Environmental

Contaminants, Division, National Water Research Institu:e,
Falkenirk, L. and Yee, P. 1985. Personal c¢ommunication. Water

Planning and Management, Inland Vateis Directorate, CCIW.



.ﬂ\

-13 -

Fread, D.L. 1977. Coupled dynamic streamflow tempetatui'e models.
J. Bydr. Div., Proc. ASCE, HYS: 515-524.

Lam, D.C.L. and Simons, T.J. 1982. Documentation of a two-
dimensional x-y model package for computing lake circulations and
pblluted transports. APSD, National Water Research Imstitute,
CCIW. |

Lam, D.C.L. and Simpson, RB 1976. Centered differencing and the
box scheme for diffusion convection problems, J. Computational
Physics, 22: 486-500.

Oliver, B.G. and Nicol, K.D. 1983. Chlorinated contaminants in the
Niagara River, 1981 to 1‘983. Environmental Contaminants
Division, National Water Research Institute, CCIVW.

Stepien, I. 1984. On the numerical solution of the Saint-Venent
equations. J. of Hydrol.: 1-11.

Turk, J.T., 1980. Applications of Hudson River basin PCB-transport
studies, in "Contaminants and Sediments", Vol. 1: 171-183, Ed.

Baker, R.



£

I™> DAM, 675 kmi
149 WLOCLAWEK,675.4 xm

" [{e NIESZAWA,702.4km

1€ SILNO,719.8 kim

<4 TORUN,736.7 km

Fig. 1 The diagram of the Vistula River, Poland; location

! ‘ of the control depth gauges.
x ‘
{
7 i o ey 52 V
j é\ B 48
]
: e l4a
E:
. v
2 3
e 40 ¥
1 z w
: s
e g
o« >
P “w
3 [3] 37 =
i ” «
: s I~
N <
l 28 ¥
24
£y N i _ PR . ... S 2.0
19.09 2009 2066 2709 2309

7409 2509

TIME IN DAYS

Fig. 2 The water level and discharge records,gauge Wloclawek,
Vistula River, Poland, 19-25 September 1977.




—— e e b e S+ e ootmtte &

3.40

DEPTH(M)

3.00

(=)
- ,
o~ i T T T T T T T T ’
1] 16.00 32.00 48.00 64.00 80.00 86 .00 112.00
&
<
B.
8 BN
. O &
) o A
Pt ‘.,
AD = ",_,"_.‘
oy
) 7Y
;;?- Ay 'l 2\
=" é?n%&w i !R
T 14 ! =40
Lt ' / :‘u
o {) I ' .\“
Wwo \ ;e X
0O o °y ) (R
‘,; A | (-'_ F i
& P R of B\ .
) ’ \ D
AL 'y - \\) o
(N
o 2
‘o—
o
o
~ -
o~ T T T T T— 1 T T 1
0.00 16.00 32.00 48.00 64.00 80.00 96.00 112.00

. Fig.3 Computed (A) and observed
Silno (A.)

TIME(HR)

(O) depths of flow in the control gauges
and Torun (B.), Vistula River, Poland, 19-25 Sept. 1977.



PN

LAKE ONTAR©O (

NIA AnA-l
ON=-THE 9 YOUNGSTOWN

I.KE

=1 km

LewisTon sm ADAM BECK RESERVOIR 71/

2
OQUEENSTON
1

L ‘ —ROBERT MOSES HYDRO-ELECTRIC POWER PLANT./Il/
4

Ya__

ASHLAND AV. GAUGE /IIl/

NIAGARA
FALLS
NIAGARA
FALLS

/f
GRAND
1SLAND

N ;

AN Y
\ auFfALo

N

. LAKE ERIE \

Fig.4 Diagram of Niagara River; location of the computational
cross-sections.




nlol
509.00

o
DIS(CBMS)

an.ﬁo

0-00

1

200.00 300.00 400.00
1 ] 1 1 ] ]

109(00

T

T T T
0.00 10.00 20.00

) | 4000
TIME(HR)

T ] ] 1 1

T T T T
30.0 50.00 60.00 70.00

Fig. 5 Discharge through hydropowerstations : Canada(I)=/o/, U.S.A.(I1)-/8/,
Nlagara.R1ver d3scharge, Ashland Av. gauge (II1)-/+/. "
Upper diagram-discharge in the first boundary cross-section (see Fig.4).



*yjnow J43ALY eaebe N
40 weau3sdn wy (0)8 PUE (V)§*(+)2Z PRIEIOL SU0LIIAS-55040 Up BDARUISL payndwo) 9 ‘bl

(YH)3IWIL

00° 0¥ oo”mﬁ 00" B 00"
1

- . gy 00°2€ - 00°¥2
co_vw 1 oo_mm 1 oc-me 1 1 1 1 L 1 1 1 i

-02s°

0c°08 oonwb
L

1

00:09S 00

,":-;
T

——
i
009

00

T
*0%8

L
00
(SWBJ)SIa

! T
00° 089
{01x

T
00" 02L

T

T
00°09L

Rt~
1

3

SN
——
00* 008

F

¢

. : wery ,,



(TONIINDI

. “£861 AeW 21-01°(®) mum» peE2°T 40 uOLIRUIUBIUOD paWNSSe pue
on :..:_os Lm>E mspam?m:: copuuwmmmo.»u ?mucsonﬁ:mipm mﬁ pmmm;m:uﬂuvmu:a&oun.mr_

_ (YH)IAWIL
go°o08 00" 2L g0 v3 00° 99 00" 8¢ 00 oV 00°¢¢ 00°¥2 0091 00°8 oo.oS
N 1 L A 1 i /] L 1 1 1 1 1 1 | L 1 1 [ L >
3 )
o X=)
= =)
o .
> AP
o s.\, ,\‘..n..
w
o
Q
| o
o ﬂ | @
57 ¢ e
© “_,:., mm
-1 ' - X
(¥7]
— -~ —
o (=]
o] B
Q =8
(=
l (0 . o
() L
ol x o
. - : - OQ
@ | o
1 Q
- F
() 1 9
5 3
¢ - -
& (D MU
° N 0 Q
h > ) " z B
e oJ,,ﬁ..D.l. . @
b | ]
3 o
; [




P

24 68 10 N
127777777 ///////

, 9 EEE?EEEE;;;;;;
"/////'7///////\/ r,///// 77T/

Fig.8 Computed concentrations of 1,2,3,4-TeCB at 15,27,42 hours after release.
The observed values for May 11 1983 are superimposed in the top figure.



APPERDIX

Program FRMT
Programmed by I. Stepien
Aquatic Physics and Systems Division

National Water Research Institute
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‘4

N

*ITE(2+,105)

ITE(2,108)
WNRITE(2,109) NT
"WRITE(2,110) SO
WRITE(2,104) BOC
NRITE(2,102) DLGK
. WRITE(2, 107) G

v

JK=0

B0 7 I=1,N

QZZ(I)=77(2%T-1)%Z22(2%1)°8B0
T "~ CONTINUE C

DO 37 I=1,N

AMX(TIN=QZZ (1)

TaMx(I1)=0.0
37 CUONTIRUL

> : _
E""‘HVPRG WYNIKOW DLA T=0.0 Z/0UTPUT DATA FOR T=0,0/
SQI:%. DRUK(Ny ZZ 4QZ2 40Xy DTy JK)

C

L=====PETLA PO CZASIE / TIME LOCP /

R -

é QL=QLL (JK)

g--ea-PIEQHSZE PRZYBL. WEKTORA Z / FIRST APROX., OF Z-VECTOR /7

DO 2 I=1,2%N

2 GANITAGEY

€-----LICZ. WSPOLCZ. /COMPUTE GOEF s

©  caLL coer -

G-=--<PIERNSZA ITERACJA /FIRST ITERATION/
3=t :

G--==-LICZ. PR. STRON /COMPUTE RIGHT-SIDE OF EQUATIONS/
10 CALL PRSTR e
C-====LICZ. MAC. JAK. /COMPUTE JACORTIAN MATRIX/

CALL JAKUKL :

OO0

lq

C-=-==-WYPR, POSR, MAC. # OPTIONAL OUTPUT DATA /

Y - “IF_(IKDR.EQ.C) GO TO 17 -

T HRITE (201600 CLUCT 400 9 d=142%N) 20T 0, FLID, T21, 29N} — — -
WRITZ (29161)

_C-=---ODWRACANIE MACIERZY /MATRIX INVEPSION/V

(2

C - - -

%7 : CALL LINVLIF(U, IAA'IAA'UINV'IDGTQHKARE'AQIER_’

G-~-=-=MN. MAC. ODM./INV. MATRIX * RIGHT-SIDE VECTOR/
CALL MNMAC(2%N,UINV,F,FF) ‘

L%-----NVPR.,POSR. MAC. ODWR, /OPTIONAL DATA QUTPUT/.

IF_(IKDR.EQ.0) 60 TO 18 Lo
((UCT s J) g J=142%N) oF LTI )oFF(I),I=1,2%N)
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SRR,

6000.05000.04000.05000.,06000.0 - —— space steps array
6000.,06000.06000.06000.06000,0

6000.,0
2. 8 2.4 8 2.6 ~  initial condition /depth,velocity for
.8 2.6 .8 2,6 .8 successive cross-section along the river/
2.4 .8 2.8 .8 2.4
.8 2.6 .8 2.6 .8
2.6 8

696.0 692.0 688.0 6B4.0 480.0 —=—— left boundary condit'lor] /dischgrge for
676.0 . . successive time steps in the first
computional cross-section/

DT-TM.STEF (S)= 3400.0
SFACE STEF»S NR.= 11

TIME STEFsS NR= & ' ,
BOTTOM SLOFE = 000 :
CHANN.WIDTH(M)= 371.0

CHANNEL LENGTH(M)=£0000.0

GRAVITY(M/E2) = 9,81
FINAL TIME (S)= 360000.0 distance __ depth velocity  discharge
WARUNKI DLA T= 00— : - d

—

- — . T
ODLEGLOSE GLEBOKOSC FREDKOGSC PRZEFLYY

M) M) (M/8) (MX3/S)
0.0 2,600 771 743.7
4000.0 2,400 771 743.7
12000.0 2,600 771 743.7
18000.0 2.600 771 743.7
24000.0 2,600 771 743.7
30000.0 2,400 771 743,7
36000,0 2,600 o771 743.7
42000.0 2.600 771 743.7
' 48000.0 2,600 771 743.7
54000.0 2,600 .77 743.7

60000.0 24600 ' 771 743.7



‘L
[

JRETEN

ITERATION NR
WARUNKI DLA T

ODLEGLOSC
(M)

0.0
6000.0
12000.0
18000.0
24000.0
30000.0
36000.0
42000.0
48000.0
54000.0
60000.0
TIME STEF NR
ITERATION NR
WARUNKI DLA T
ODLEGLOSC
(M)

0.0
8000.0
12000.0
18000.0
24000.0
© 30000.0
36000.0
42000.0
48000.0
54000.0
60000.0

el
-~

3600.0
GLEBOKOSC

M)

2
= 7200.0
GLEEDKOSC

(M)

PREDKOSC
(M/8)
738
766
770
771
771
771
771
771
771
771

771

FREDKQSC

(M/8)

FRZEFLYW
(M%3/8)
626.0

736.3

'743.5
743.5
743.5
743.4

743.7

FRZEFLYW

(MX3/5)
£92.0

702.7
732.4
741.2
743.2
743.6
743.6
743.7
743.6
743.8
743.7



"‘\“

TIME STEF NE 3
ITERATION NR 2
WARUNKI DLA T= 10800.0

ODLEGLOSC GLEEOKOSC FREDKOSC FRZEFLYW

(M (M) (M/S) (MX2/8)
0.0 2,495 . 4743 688.0
6000.0 2,520 749 700.3
12000.0 2,550 749 708.5
18000.0 2,583 762 730.4
24000.0 2,595 768 739.8
30000.0 2.599 .770 742.6
36000.0 2,600 771 743.3
42000.0 2,600 V771 743.4
48000.0 2.600 771 743.6
54000.0 2.600 771 743.5
60000.0  2.599 771 743.6
TIME STEP NK 4

ITERATION NR 2 o
WARUNKI DLA T= 14400.0

ODLEGLOSC GLEBOKOSC PREDKOSC FRZEFLYW

(M) (M) (M/8) (M%3/8)
0.0 2.482 +743 684.0
6000.0 - 2,503 743 690.4
12000.0 2,530 «752 705.4
18600.0 2,555 .753 713.5
24000,0 2.581 . $ 762 729.9
30000,0 2.594 .748 738.9
'36000.0 2,598 «770 742.3
42000,0 2,600 771 | 743,3
48000,0 2,600 771 743.5
54000.0 2.600 771 743.7

60000.0 2,599 771 742,46



TIME STEF NK
ITERATION NR

S
2

WARUNKI .DLA T= 18000.0

FRZEPLYW

(M%3/8)
680.0
é87.8
693.4
708.6
717.1
729.9

738.2

741.7

743.1
743.4

743 .6

FREDK . MX.
(M/8)

.744
766
.770
“771
771
771
771
.771
<771
.771
\771

ODLEGLOSC  GLEBOKDSC  PREDKDSC
M (M) (M/8)
0.0 2.473 +741
. 6000.0 2.489 745
12000.0 2.510 + 745
18000.0 2.537 .753
24000.0 2.559 +755
30000.0 2.581 $762
36000.0 2.593 787
42000.0 2.598 .770
48000.0 2,599 771
54000.0 2,600 Z771
60000.0° 2,599 771
TIME STEF NR 6
OLLEGLOSC GLE.MAX. CZAS
M) (M) (8)
0.0 2.543 1.0
6000.0 2,591 1.0
12000.0 2.599 1.0
18000.0 2,600 1.0
24000.0 2.600 1.0
30000.0 2.600 1.0
36000.0 2,600 1.0
42000.0 2.600 1,0
54000.0 2,600 1.0
60000.0 2.599 1,0
4.978 CF SECONDS EXECUTION TIME.
/
IDLE
IDLE
bue
084 LOG OFF 16.30.21.,
084 SRU 26.234 UNTS..
1AF CONNECT TIME 00.13.34.

LOGGED 0UuT,

CZAS

(8-

+ s et e e e e o @
COCOCOOOCCO

.
[=4

PRI R LD P s e )

FRZEF . MX.
(M%3/8)

743.7
7A43.7
743.7
743.7
743.7
743.7
743.7
743.,7
743.7
743.8
743.7

CZAsS

(8)

HNOOOOOO OO0
o e e e e

* e e o+ o

CCOCCOOCOCOOCCO



