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Appendix I Implic 6 Computer Program Flow Chart

The computer program solves the one-dimensional equations of
unsteady flow using an implicit finite difference scheme with an

irregular space network and a variable weighting factor.
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Appendix II Solution of the Implicit Method Linear System

This appendix provides the mathematical details of the linear
system solution technique described in Section 3.4.3. The coefficients
of the linear system (Eqn. 3.38) are partial derivatives which must be

calculated for each iteration.

The finite difference approximation to the continuity equation 1is

written:
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The linear coefficients are obtained from partial differentiation:
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Similar coefficients are obtained from the finite difference

approximation to the momentum equation:
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Partial differentiation with respect to water depth y gives:
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Partial differentiation of Eqn. II.4 with respect to discharge

gives:
oMi 1—2Dt6(9_)+thBBSf
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Additional coefficients are also obtained from partial
differentiation of the algebraic external boundary conditions. Upstream

boundary conditions and corresponding derivatives may be written:

Discharge hydrograph, B, = Q. - Q(1), ©oB 3B
11 l=0.0, =t= I1.12
_BT = -V.V, aQ - 1.0- -( -1 )
’ 1 1
Depth hydrograph, 81 = v, - y(1), 881 BB1
r = 1'0’ —BE—- = 0‘0. - (II.13)
Similarly, for downstream boundary conditions:
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3o = 0'0"5—- =1,0, - (1I.14)
In W
Depth hydrograph, B_ = y_ - y(N), 9B oB
N N N N _ 11.15)
3o = 1.0, 5o = 0.0. - (II.
In LY
= : 4
Rating curve, BN = yN - (11 + r; QN 3)
dB dB
N . N (£3-1)
— S8 —— T - . - II.16
ayN 1.0, BQN (22 23 Q- ) ( )

The partial derivatives defined by Eqn. II.1 to II.16 comprise the

coefficients of the linear system expressed in a 2N x 4 matrix.



*1,3 21,4
82,1 83,2 22,3 8.4
23,1 23,2 23,3 23,4
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A technique based on Gaussian elimination is used to solve the linear

system:
A'X = R - (1I1.18)
Two sets of recurrence formulae are applicable to alternate rows,

and then components in the solution column vector X are found from a

back-substitution process. Initial values are set:

t = = = - (II.19

1,3 " ®%1,3 0 ty,4 78,4 % "R ( )
Recurrence formulae for even numbered rows (i = 2,4,6, .... 2N)
are written:
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Recurrence formulae for odd numbered rows (i = 3,5,7 .... 2N«l) are

written:
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Components of the solution vector X are now found from a back-
substitution starting at 1 = 2N and continuing sequentially to i = 1.

The initial value may be found from:

- (II.22
X8 = z2N ( )
t2N,2
The recurrence formula for odd numbered rows (i = 2N-1,2N-3 .... 5,3,1)
may be written:
X, = zi - ti,4 xi+1l . - (11.23)
: ti,3
The recurrence formula for even numbered rows (i = 2N-2,2N-4 .... 6,4,2)
may be written:
x, = zi - ai,4 xi+2 - ai,3 xi+l - (I1.24)
ti,2

Hence all values of the solution vector X are found and the
calculated increments dhi and dQi are used to produce an improved

estimate for the value of the dependent variables Qi and yi.

This solution technique proved accurate and efficient in the
solution of a number of simultaneous equations. A problem does, however,
exist if a stage hydrograph is provided as the upstream boundary
condition. From Eqn. II.12, 3Bi/dyi = 0.0, and therefore from Eqn. II.19,
ti,3 = a.i’3 = 0.0, As ti,3 occurs in the denominator of Eqn. II.20a,
the solution technique fails.



As a remedial measure, when an upstream depth hydrograph is

supplied, the symbols representing discharge and depth are transposed,

to ensure that ti 3 # 0.0 and the solution proceeds correctly. The
?
method described above can cope with all other boundary conditions.

This method is principally contained with Subroutine MATRIX of

IMPLIC 6.
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Chapter 4.

Tables
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Time step Value of weighting factor (©).
(hours) 1.0 0.78 0.5
4 6.56 3.57 1.65
2 3.57 1.99 0.85
1 1.99 1.19 -0.07
0.5 1.19 0.67 0.37
Table 4.2, Implicit Method - Rydro (1)/Slope = 0.001 - peak discharge
attenuation (cumecs).
Time step Value of weighting factor (8).
(hours)
1.0 0.75 0.5
4 15.25 11.59 6.96
2 11,51 9.45 7.20
1 9.43 8.31 7.24
0.5 8.30 7.77 7.20
Table 4.3, Implicit Method - Eydro (1)/Slope = 0.0002 - peak discharge
attenuation (cumecs).:
Time step Value of weighting factor (6)
(hours)
1.0 0.75 0.5
4 34.13 27.14 19.36
2 26.75 22,47 17.18
1 22.42 20.08 17.61
0.5 20.086 18,62 17.59
Table 4.4, Implicit Method - H: iro (2)/Slope =0.0002 ~ peak discharge
attenuation (cumecs).
Time step Value of weighting factor (©)
(hours)
1.0 0.75 0.5
2 58.00 50.80 41.80
1 51.88 45.26 42,84
0.5 47.60 44.63 42.20

Table 4.5, Implicit Method - Hydro (3)/Slope = 0.0002 - peak discharge
attenuation (cumecs).
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Chapter 5.
Tributary i:::hﬁzzg) Length (km)
Ifield Brook 7.8 6.5
Crawters Brook 9.1 10.5
Mans Brook 6.5 6.5
Gatwick Stream 33.7 12.1
Burstow Streanm 39.0 15.8
Salfords Stream 60.8 11.6
Deanocak Brook 42.8 18.5
Leigh Stream 16.1 11.6
Gad Brook 8.5 8.4
Tanners Brook 12.4 6.9
The Rye 3.5 4.2
Downside Stream 4.0 4.9

Table 5.1 Principal Tributaries of the River Mole

Pervious Strata (kmz)
27%#% of total area

Mixed Strata (km?)
124% of total area

Lower Greensand 42
Upper Greensand 5
Chalk - 69
Bagshot Beds 18
Total 134

Hastings Beds 37

Reading Beds 3
Alluvium 21°
Total 61

Impervious Strata (kmz)
60% of total area
Weald Clay 197
Gault 10
London Clay 75
Total 292

Table 5.2 River Mole Catchment Geological Strata
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Table 5.4 Flood peak travel times

Key: Top figure - Travel time between successive stations for
which data are available (hours).

Bottom figure - Cumulative travel time from Horley Weir (hours).
* - No data available.

Ranking - estimate of relative size of flood.
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5,4 continued.
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Castle Mill Peak Travel Time (h.ui Attenuation

Event peak
(cumecs) recorded predicted (cumecs) %
12 18.5 3.5 3.0 0.1 0.5
14 55.0 6.0 5.25 2.6 4.7
15 49.0 5.25 5.25 2.0 4.0
16 42.0 4.75 4.25 1.0 2.4
17 59.0 3.0 5.15 2.3 3.9
18 50.0 5.25 4.75 2.7 5.4
19 79.0 5.5 6.25 5.3 6.7

Table 6.7 Castle Mill to Leatherhead flood wave travel time

and attenuation.
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Figures Chapter 2.

Fig. 2.1. Elementary one-dimensional control volunme.
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Fig. 2.2. Flood Wave time lag and attenuation.




Fig. 2.3. Graphical representation of the continuity equation.
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Fig. 2.4. Typical loop rating curve.
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Fig. 2.6. Rectangular grid for the characteristics
method.
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Fig. 2.8, Typical saw-tooth fluctuations (surge wave
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Figures Chapter 3.
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Fig. 3.1. Attenuation (x) and speed (E) parameters for
the River Wye between Erwood and Belmont
(after Price (Ref. 90)).
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Fig. 3.2. Pegular implicit method finite difference grid.
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Fig. 3.3. Definition of channel geometry parareters.
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Fig. 3.5. Variation of Manning's n for the Neuse River, North
Carolina (after Amein and Fang (Ref. 11)).
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Fig. 4.1. River Wye - Erwood to Belmont:
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Fig. 4.3. PRiver Wye ~ Muskingum simulation of December 1965

) £lood.

Q

gun

Q

-

]

0

o]

2o

Q

m

-

a

16/1/6% 1T/ 6% 18/1/69 Date 971169 /1769
Fig. 4.4, River Wye - Muskingum simulation of January 1969

~ flood.

]

Ol

Q

B

=

o

o’

)

)

@200

s

0

@

-l

I

0 L ! i L
1671169 1771169 18/1169 19/11 69 20/1169
Date
Fig. 4.5, River Wye ~ V.P.D. simulation of January 1969

flood.

4-12



(my) aduslsiqg
o oL

‘1ouusyd 18o139yjodAy B JIO0F SUOFIBNION]F Y}003-mEEF

‘9%

Tq

I

Q-0

2 3
(w) yadsp o1

[~}
o

a1trzoxd Tsuuey)

2
(w) roasT

|
8

osi

4-13



(@) adue3syq
0-S

[euusyd 1e8do1layjodAiy - uoyjzoipexd aryyoxd I938M3{o8Y

/'-/ S~ -
oYy .././. T ~a
prandnoy , V%% smveweg 7

Poe = B o R e ot ae -

SNOYPPNOY YINT pawassy . T T T T T s =

oY O-g o-vr Q4 o
j J T T T 00
—o-t
- o
-
-~ —
-~ —
-« -
S~ o
/ = S - T
- -

(u) 19A9dT]

4-14



‘ToUUBYd 18IT39Y30dAYy - UWOTIV[NWES MO[JUT [8I9IBT °8°'F -ITJ
(sanoy) euyy
os

oL oy oy og ot o1 (o]

o4pAn (nn1a)
(1) My e

=4

=
[y
]
0
=
5
1 m.ac
o
”~~
g
(N©) mordang P30l g
MmojnT D30} -— qﬁ
A
ST
UOFIBZ[IOIOS|p oovdg
= | WHDS V_
. i _ |
“4 T3 IVT ON wu NO-¢ = (CTROYT IVT «".r! CATTSSAT (T MOTS 197 w_“
|
| | | |
|
| Y =
o _ . shw 0T = TLD — T ﬁ 11d ]
P ¥ w o“n “ | } ! H { | | i 1 L | 1 M1 L _nnz_o_._c
(M hr 14 144 ! bl m. L A__ mL: M_ ~_. -, n.“. __. w M r m « _m .._“ _
|

4-15




‘Touusyd 1BOT39q30odAy - soyfyoxd o3aBYISTd ‘6% D S |

(uq) ooueisiq

03 S 0F St or S! Q1 S (2]
T T T T T { T I |
7 # 7
T T P
L g <
S 0-0)
ool
sL] ©O) S
sY
ol Sy o)
H
L
0-5% 5
3
K
suf

¥l

o5 S-u O.QL

S-UfX 00x

00T

(soaumnd) adasydsig

4-16




‘0381038 uye[d pooly 03 onp UO}}BNUS}}B ?3avyo81q ‘Or'P Iidk

(sanoq) aurg
ob o3 OL 09 oS o ot ot ] 0
F

(soswnd) a3xsyosiq

4-17



Discharge (cumecs)

Discharge (cumecs)

IuFlow lRu.crdad‘ Outf low

20
X 8=3.0,0ta L hours
60
40
20
0 ] ] } | 1 |
0 20 30 40 50 60 70
Time (hours)
Fig. 4.11. Hydro (1), Slope = 0.001, Sine wave flood routing.
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Fig. 4.12. EHydro (1), Siope = 0.001, Dt = 2.0 hours,

Effect of varying 6.
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Fig. 4.13. Hydro (1), Slope = 0,0002, Sine wave flood routing.
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Fig. 4.14. Fydro (1), Slope = 0.0002,Dt = 2.0 hours,

Effect of varying 6.
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Fig. 4.15. Hydro (2), Slope = 0.0002, Sine wave flood routing.
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Effect of varying Dt.
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Fig. 4.17. Hydro (3), Slope = 0.0002,Sine wave flood routing.
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Fig. 4.22. River Clyde - Spring tidal curve prediction.
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Fig. 4.27. River Clyde - Neap tidal curve prediction (6 = 0.6).
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Fig. 5.5. River Mole - Flow accretion.
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Fig. 5.10. River Mole - Sample charnel cross-sections
(Downside Mil1l).
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Figures Chapter 6.
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Fig, 6.10 Event (19) - UH predictions.
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Fig. 6.36 Leatherhead to Cobham Mill - Event (15) simulation.
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Fig. 6.40 Leatherhead to Royal Mills - Event (30) simulation
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Fig. 6.44 Cobham Mill to Royal Mills - Model Scheme
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APPENDIX V  PLATES
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Plate 8. 3 ding Upstream of Flanchford Bridge - Event 32.
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Plate 9. Flooding Downstream of Flanchford Bridge - Event 32.

Plate 10. Flow through Betchworth Bridge - Event 30.
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Plate 13. Betchworth Weir - Low Flow.
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Plate 14. Betchworth Weir Drowned Out - Event 30.
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Plate 16. Flooding Downstream of Brockham Bridge - Event 32.



1 M aodine Upstream of Deepdene Bridge - Event 32,



Plate 19. New Crump Weir at Castle Mill - Event 32.
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Plate 23.
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Flooding Upstream of Priory Bridge - Event 32.
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High Flow through Leatherhead Bridge - Event 32.
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te 31. Channel Upstream of Cobham Mill.
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Plate 35. Flooding Upstream of Downside Bridge - Event 32.




Plate . Painshill Weir and Gauge Board from Cobham Bridge.
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Painshill Weir Drowned Out and Flooding Upstream of

Cobham H"‘Eh = Bvent J><.



Plate 39 Cobham Bridge and Painshill Weir = Low Flow.




Channel Downstream of Cobham Bridge.
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