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Purpose

To define the initial parameters of the river boundary condition.

This methodology is mainly applicable when there is not a detailed

knowledge of the area to be modelled and yet the river boundary condition
must be considered.

It requires the existence of a digital elevation model (DEM).
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Finite difference models — Continuity equation

C:_+1 /.0 +(C; (( +C;_
O AL

Darcy’s law: Q= K.A.dh/ds >>>> Q=C.dh >>> C=K.A/ds
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Finite difference models — Continuity equation — Q term

Ci—1/2-(hj—1 = h) + Cjs1 /2. (hj1r — B) + Ciyjp. (himg = B) + Ciy1/2- (hisq — h)
+ Cier 2. (hge1 — B) + Ciesrja- (he1 — B) + Q = Ss.AR/At.V
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Finite difference models — Continuity equation — Q term (QRIV)

Ci—1/2-(Rj—1 = h) + Cjz1/2-(hjr1 — h) + Cigyp. (hizg — h) + Ciy1 /2. (Ripg — h)
_!_ CF€=| i (h'%%k .L.',) + Ck+1/2 (hk+1 - h) + QRIV = SS Ah/At V

QRIV - flow rate between the river and the aquifer (L3/T]

bi—]

B
QRIV J+1

bi+1

____________________________________
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Finite difference models — Continuity equation — Q term (QRIV)

Ci—1/2-(Rj—1 = h) + Cjz1/2-(hjr1 — h) + Cigyp. (hizg — h) + Ciy1 /2. (Ripg — h)
_!_ CF€=| i (h'%%k .L.',) + Ck+1/2 (hk+1 - h) + QRIV = SS Ah/At V

HRIV - head of the river [L]
RBOT - elevation of the riverbed bottom [L]

L ™ (h — hydraulic head of the model cell [L])
/ » K — hydraulic conductivity of the riverbed material
= — s L —length of the river [L] ~ [L/T]
( v hD (V\'_‘z/) 0 W — width of the river [L]
M — thickness of the riverbed [L]
- Wy s HRIV >
LTI S R e g :
¥ RBOT ” CRIV - hydraulic conductance (L2/T]
() o amw

CRIV=KXLXW /M

ORIV = CRIV x (HRIV -h), if@ RBOT
ORIV = CRIV x (HRIV - RBOT), if@ RBOT (McDonald and Harbaugh 1986)
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Q term (QRIV)

QRIV = CRIV x (HRIV-h), ifh > RBOT
QRIV = CRIV x (HRIV - RBOT),  if h < RBOT

Model cell with a

river

0
-
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Q term (QRIV)

QRIV = CRIV x (HRIV-h), ifh > RBOT
QRIV = CRIV x (HRIV - RBOT),  if h < RBOT

QRIV (m3/day)

Model cell with a 4 3 -2 -1 0 1 2 3 4 5 6
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Q term (QRIV)

QRIV
QRIV

Model cell with a
river

HRIV=10m
RBOT=8m
CRIV =1m?/d
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Cell head (h, m)

[EY
o

w = U & N 00 W

CRIV X (HRIV - h), if h > RBOT
CRIV X (HRIV - RBOT), if h < RBOT
QRIV (m3/day)

4 -3 -2 -1 0 1 2 3 4 5 &6
h > HRIV
QRIV is negative >
the aquifer
discharges to the
river
(from 4 m3/day)
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Q term (QRIV)

QRIV
QRIV

Model cell with a
river

HRIV=10m
RBOT=8m
CRIV =1m?/d
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Cell head (h, m)

=
o

w = U o N 0 W

CRIV x (HRIV-h), ifh > RBOT
CRIV x (HRIV - RBOT), if h < RBOT
QRIV (m3/day)
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QRIV is positive >
the river recharges
the aquiferin an
increasing rate

(up to 2 m3/day)

<:_><:> LNEC | 10



Q term (QRIV)

QRIV
QRIV

Model cell with a
river

HRIV=10m
RBOT=8m
CRIV =1m?/d
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Cell head (h, m)

el e e o
O k N W B

w L U1 O < 00 W

CRIV x (HRIV-h), ifh > RBOT
CRIV x (HRIV - RBOT), if h < RBOT
QRIV (m3/day)

-4

-3 -2 -1 0 1 2 3 4 5 6

h <RBOT

QRIV is positive >
the river recharges

the aquifer at a
constant rate

(2 m3/day)
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Assign the river boundary condition to a model developed with the
FREEWAT platform

yh: h, »”

In FREEWAT the river boundary condition requires the assignment of three
parameters:

CRIV

HRIV

RBOT

CRIV is a lumped parameter calculated using K, L, Wand M

Procedures will be partially demonstrated using the FREEWAT platform plugin and
QGIS commands.
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Assign the river boundary condition to a model developed with the
FREEWAT platform

RIV text file in MODFLOW-2005 (simplified)

1980 953 Max number of river reaches, Flag and unit number
1980 0 Nr of reaches active during current stress period, Nr of parameters
1 282 36 2.12271el 8.72201e2 2.07271el in use in the current stress period

1 283 37 2.22068el 8.80703e2 2.17068el For each reach cell
1 281 37 2.38138el1 9.38881e2 2.3771el [LAYER, ROW, COLUMN, STAGE, COND, RBOT]

(Harbaugh 2005; https://water.usgs.gov/ogw/modflow/MODFLOW-2005-Guide/index.html?Ipf.htm)

RIV model data object table in FREEWAT

/' riv_layer_riv :: Features total: 34, filtered: 34, selected: 0 - [m} x

y ] K L T E & y Bl =

| | eum D ROW | coL | layer segment length || | steoer | bot1 | m%ml [| sege2 | otz |  cond2 [~
1 | 1 0 20 1 1 1 15, 2/95282472 0 -5 | 0.0 [} 1] -5 | U.00i 1

2_ 2 0 20 2 1 1 100.300344097 0 -5 | 0.000668668960... 0 -5 0.000658668960..

S | 3 0 20 3 1 1| 100.300344007 [ -5 | 0.000668668960_.. [} -5 0.000668668060 .
4_ il 0 20 4 1 1| 100.300344037 0 -5 | 0.000665668960 . ] -5 0.000668668960..

¢ | 5 0 20 5 1 1 100. 13776637 0 -5 | 0.000667585109 0 -5 0.000667585108..
6_ 6 0 19 2 1 1 4.93407108373 0 -5 | 3.28938072248e .. 0 -3 | 3.28938072248e..
= 7 0 19 6 1 1|  105.657774453 0 -5 0.000704385163 .. [} -5 0.000704385163..
E_ 8 0 19 7 1 1|  105.657774458 0 -5 0.000704385163 .. 0 -5 0.000704385163..
g_ 9 0 19 8 1 1| 104.546611254 0 -5 | 0.000695977408 0 -5 0.000696377408.. =
| 10 0 13 ] 1 1 1.97538606887 0 -5 | 1.31692404A58 ] -5 | 1.31692404658e... || |
T Show All Features _l i

(de Filippis et al. 2019)
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The model grid (layer 1 of the model)

Use the Model Setup | Create Model, Create Grid and Create Model Layer to generate the
first layer of the model (“camada1”).

FREEWAT = Progessing Help

Data-Preprocessing (akvaGIS) 3 l:]:n %‘ 2 o i__ m n
Model Setup l} 4 © Create Model
In the presented example the model MODFLOW Boundary Candtons A - ]
grid is square, 200 m side, rotated 26.4° to —— e
West, and the river boundary condition P INRAES | MdaSremped
. . alibration/Sensitivi 3 pdate Working Directory
values will be assigned to the 1st layer. Toos  mport MODFLOW Mo
Assign the field properties for this first model e e ’

layer, namely, ACTIVE, TOP, BOTTOM, Lo '
THICKNESS, STRT, KX, KY, KZ, SS, SY, NT,
NE and WETDRY

/ camadal :: Features total: 10465, filtered: 10465, selected: 0 — O *
/B R e A TER D § 0 B =

PKULID DD ROW  COL BORDER ACTIVE TOP BOTTOM THICKMESS  STRT KKy e S5 S NT NE WETDRY A
3344 8344 a 19 64 0 1 518.3..484.370... 33.94396.. 518.3145.. 0.005 0.005 | 0.0005 1e-05 0.05 1 i -0.01
8345 8345 a 19 65 0 1 518.1.. 485.083... 33.04365.. 518.,1270... 0.005 0.005 0.0005 1e-05 0.05 1 1 -0.01
8346 8345 a 19 1] 0 1 518.2.. 485.239... 33.02793.. 518.2674.. 0.005 0.005 0.0005 1e-05 0.05 1 i -0.01
8347 8347 a 19 67 0 1 513.2.. 485.594... 2765661.. 513,2510... 0.005 O0.005 0.0005 1e-05 0.05 1 1 -0.01
3348 8348 a 19 68 0 1 509.4.. 485.829... 23.61997.. 509.44944 0.005 0.005 0.0005 1e-05 0.05 1 i -0.01
3349 8349 a 19 69 o] 1 503.2... 485.865... 22.29889.. 508.2642.. 0.005 0.005 0.0005 1e-05 0.05 1 1 -0.01
3350 8350 a 19 70 0 1 511.2.. 4856.105... 25.13441.. 511.23%4.. 0.005 0.005 0.0005 1e-05 0.05 1 i -0.01

v

L4 >
T show All Features,

<[]
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Characterisation of the head of the river (HRIV) and river length (L)

Model grid + rivers
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Characterisation of the head of the river (HRIV) and river length (L)

Model grid + rivers + DEM
8898 8785
8783
<
=

7748 \ _~ 7635 75‘2‘

Projected DEM (50 m square side)
using 1 arc-second SRTM (EROS 2017)
QGIS 2.18.21 “Save As...” option
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers + DEM (+ rivers recalculated with DEM)

9011 8894 8785 8672
_ i A 9010 8897 8784
N~ \ 9122 \ 9009 8896 ‘r 8670
w 9008 : : 8669
e
z ‘ 8781 [\ i 8668

9006\

SN (o)
Y ace @é%\\‘

8 JO ' )
8544 8318 1\ Ao == '
8543 8430 8204 \ _— \ | W . .
8429 ‘ ;- ~ s N :_.;.-",_«_':..:j' ‘
River network calculated from DEM

8428
7

it 586 m 1085 QGIS 2.18.21 “Fill sinks (wang & liu)”, “Flow accumulation
et 515 (gm or esp)” and “Channel network” SAGA commands
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM

9011 8898 8785

8897 8784
3
l‘ 5 8668

£

O

7748 \ _~— L\ 76 ‘

River network calculated from DEM
QGIS 2.18.21 “Fill sinks (wang & liu)”, “Flow accumulation
(gm or esp)” and “Channel network” SAGA commands

536 m J085

L 'Msism
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail

Sectiopinatheriverin each-mode

o123 \ ¢ % 8 8784 - w 355 ; _ %

N\~ \ 912 j 889 ‘a‘ 867 @ A _‘ ‘ ;
W 9008 8895 : 8669 844 8330 \
z @ @“ 1 844 \ EPN~

8781 8668
9006 8780
@ 6 8665 ' 3 3439 8326
29X i .'/ : bz
B9 / 6 8663 6 s \%\ 83 AT .

T 2] \
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8659 8546
8318
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—f

QGIS 2.18.21 “Intersection” command

O 2nd FREEWAT International Workshop
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail

Segticaingthetiveria each-mode

9008 8895 ‘: 8669 8443
1
D 8781 [\ , 8668 8442 :
9006 8780 v 8441 8328 \
annc nlo') y 8440 R
\ / \ 3

770 Qees

1

QGIS 2.18.21 “Intersection” command
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail

Sectioninatha rivar in aach mode

e
B iSeoee:
N

29 525 525 525

8552

&

—f

30
33
531
oI N o \_2 « . "
R b aas QGIS 2.18.21 “Intersection” command
O 2nd FREEWAT International Workshop @
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail
Subdividing the river in each model cell into segments

@ T — 2nd FREEWAT International Workshop
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Characterisation of the head of the river (HRIV) and river length (L)

Model grid + rivers recalculated with DEM + DEM + cell detail

Subdividing the river in each model cell into segments

Determine the length of each segment

PKUID
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437

525 525

524 524.01

525

525.01

Segment length = 25 m = $length and ID = $id. Delete records with LENGTH = 0
@ —— 2nd FREEWAT International Workshop
DE ENGENHARIA CIVIL
Pisa, 17th September 2019 | Scuola Superiore Sant’Anna

390
764
765
766
389
391
392
393
394
396
767
769
397
770
771

89

90

Subdividing the river in segments
QGIS 2.18.21 “Densify geometries given an interval” + “Explode lines”

LENGTH

25
25
8.189833
25
16.81009
25
20.71068
25
25
25
25
25
25
25
20.71068
25
5.715815

Calculate the length of each segment
QGIS 2.18.21 Add field LENGTH to the table, calculate field LENGTH
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail
Subdividing the river in each model cell into segments

Determine the central point in each segment

MEAN_X MEAN_Y uiD

522

520.009

525

524

525

525

524.01

473233.839
473395.690
473379.095
473362.500
473219.057
473251.517
473267.678
473275.000
473275.000
473275.000
473337.500
473316.161
473275.000
473298.484
473282.322
473275.000
473275.000

9144216.161 390.0
9144125.000 764.0
9144125.000 765.0
9144125.000 766.0
9144230.943 389.0
9144198.484 391.0
9144182.322 392.0
9144162.500 393.0
9144137.500 394.0
9144112.500 396.0
9144125.000 767.0
9144116.161 769.0
9144087.500 397.0
9144098.484 770.0
9144082.322 771.0
9144062.500 89.0

9144047.142 90.0

Central point of each segment
QGIS 2.18.21 “Mean coordinate(s)” tool

2nd FREEWAT International Workshop

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail

Subdividing the river in each model cell into segments
Determine the central point in each segment — get elevation value

522

LABORATORIO NACIONAL

DE ENGENHARIA CIVIL

520.009

525

524

525

525

524.01

MEAN_X
473233.839
473395.690
473379.095
473362.500
473219.057
473251.517
473267.678
473275.000
473275.000
473275.000
473337.500
473316.161
473275.000
473298.484
473282.322
473275.000
473275.000

MEAN_Y uiD ID Z

9144216.161 390.0
9144125.000 764.0
9144125.000 765.0
9144125.000 766.0
9144230.943 389.0
9144198.484 391.0
9144182.322 392.0
9144162.500 393.0
9144137.500 394.0
9144112.500 396.0
9144125.000 767.0
9144116.161 769.0
9144087.500 397.0
9144098.484 770.0
9144082.322 771.0
9144062.500 89.0

9144047.142 90.0

390) 523
764 523
765 523
766 523
389] 523
391 521
392 521
393 521
394 519
396 519
767 519
769] 519
397] 518.0349
770 518.0349
771) 518.0349

89] 518.0349

90] 518.0262

Get elevation value from the DEM

QGIS 2.18.21 Create and fill field ID = to_real(*UID) +
‘Add raster values to points” SAGA command

2nd FREEWAT International Workshop
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail
Subdividing the river in each model cell into segments

Link tables
Table of the segments Table of the central points of the segments
PKUID |ID LENGTH MEAN_X MEAN_Y uID ID Z

8437 390 25 473233.839 9144216.161 390.0 390} 523
. s 8437 764 25 473395.690 9144125.000 764.0 764 523
8552 8437 765| 8.189833 473379.095 9144125.000 765.0 765 523
8437 766 25 473362.500 9144125.000 766.0 766 523
8437 389| 16.81009 473219.057 9144230.943 389.0 389 523
8437 391 o5 24401 473251.517 9144198.484 391.0 391 521
8437 392| 20.71068 473267.678 9144182.322 392.0 392 521
oot 8437 393 25 473275.000 9144162.500 393.0 393 521
— o 8437 394 25| 924 473275.000 9144137.500 394.0 394 519
8437 39% 25 473275.000 9144112.500 396.0 396 519
8437 767 25 473337.500 9144125.000 767.0 767 519
33 527 8437 769 25 323.00 473316.161 9144116.161 769.0 769| 519
8437 397 25 473275.000 9144087.500 397.0 397] 518.0349
8437 770 25 473298.484 9144098.484 770.0 770] 518.0349
531 8437 771| 20.71068 & 473282.322 9144082.322 771.0 771] 518.0349
8437 89 25 473275.000 9144062.500 89.0 89| 518.0349
8437 90| 5.715815 473275.000 9144047.142 90.0 90| 518.0262

531 519 525 525.01

Link tables using the common field ID
QGIS 2.18.21 Properties | Joins | Add vector join

2nd FREEWAT International Workshop

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail

Subdividing the river in each model cell into segments
Link tables

29

PKUID ID
8437
8437

525

531

531

8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437

390
764
765
766
389
391
392
393
394
396
767
769
397
770
771

89

90

LENGTH
25
25
8.189833
25
16.81009
25
20.71068
25
25
25
25
25
25
25
20.71068
25
5.715815

MEAN_X
473233.839
473395.690
473379.095
473362.500
473219.057
473251.517
473267.678
473275.000
473275.000
473275.000
473337.500
473316.161
473275.000
473298.484
473282.322
473275.000
473275.000

MEAN_Y
9144216.161 390.0
9144125.000 764.0
9144125.000 765.0
9144125.000 766.0
9144230.943 389.0
9144198.484 391.0
9144182.322 392.0
9144162.500 393.0
9144137.500 394.0
9144112.500 396.0
9144125.000 767.0
9144116.161 769.0
9144087.500 397.0
9144098.484 770.0
9144082.322 771.0
9144062.500 89.0

9144047.142 90.0

%Mi 519 525 52501

2nd FREEWAT International Workshop

LABORATORIO NACIONAL
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uiD

523
523
523
523
523
521
521
521
519
519
519
519
518.0349
518.0349
518.0349
518.0349
518.0262

Z1
523
523
523
523
523
521
521
521
519
519
519
519
518.0349
518.0349
518.0349
518.0349
518.0262

Add new field

QGIS 2.18.21 Add field Z1 and calculate Z1 =27

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail

Subdividing the river in each model cell into segments
Calculate the statistics for each model cell

29

PKUID
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437
8437

525]

531

ID

390
764
765
766
389
391
392
393
394
396
767
769
397
770
771

89

90

LENGTH
25
25
8.189833
25
16.81009
25
20.71068
25
25
25
25
25
25
25
20.71068
25
5.715815

MEAN_X
473233.839
473395.690
473379.095
473362.500
473219.057
473251.517
473267.678
473275.000
473275.000
473275.000
473337.500
473316.161
473275.000
473298.484
473282.322
473275.000
473275.000

MEAN_Y
9144216.161 390.0
9144125.000 764.0
9144125.000 765.0
9144125.000 766.0
9144230.943 389.0
9144198.484 391.0
9144182.322 392.0
9144162.500 393.0
9144137.500 394.0
9144112.500 396.0
9144125.000 767.0
9144116.161 769.0
9144087.500 397.0
9144098.484 770.0
9144082.322 771.0
9144062.500 89.0

9144047.142 90.0

531 W 519 525 52501

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

uiD

523
523
523
523
523
521
521
521
519
519
519
519
518.0349
518.0349
518.0349
518.0349
518.0262

Z1
523
523
523
523
523
521
521
521
519
519
519
519
518.0349
518.0349
518.0349
518.0349
518.0262

PKUID 8437
SUM_LENGTH 372.1371
MIN_Z 518.0262
MEAN_Z71 520.245

SUM_LENGTH = complete length of
the river in the cell

MIN_Z = lowest elevation value of the
river in the cell

MEAN_Z1 = average elevation value of
the river in the cell

Calculate statistics

QGIS 2.18.21 “Dissolve with stats” plugin

2nd FREEWAT International Workshop

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna

Sum LENGTH, Min Z, Mean Z1
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Characterisation of the head of the river (HRIV) and river length (L)
Model grid + rivers recalculated with DEM + DEM + cell detail

Subdividing the river in each model cell into segments
Calculate the statistics for each model cell

et

.......

DE ENGENHARIA CIVIL

@ T — 2nd FREEWAT International Workshop

PKUID SUM_LENGTH

MIN_Z MEAN_Z1

= 9011 8898 8785 8672
9010 8897 8784 6 ¢
et
=
\

8442
¢

@

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna

8091 219.2297 506.0087 509.2009
8092 15.8166 507.0211 507.0211
8093 230.0325 507.0211 507.652
8206 267.8480 512 513.7529
8321 119.8592 516 517.3362
8322 100.5289 518.0087 518.0192
8323 56.6815 523.0087 523.0145
8434 111.8225 542 542.6049
8435 231.6169 536 538.008
8436 88.0528 531 533.4
8437 372.1371 518.0262 520.245
8438 263.9904 523.0087 524.544
8439 65.0933 526.0123 527.3416
8551 175.0350 527 530.8
8552 253.0660 523 527.4615
8554 93.1770 530  530.75
8666 75.9640 540 540.0044
8667 349.3819 533 536.1283
QRAR BA BATA RAN BAN NNA1

Calculate statistics
QGIS 2.18.21 “Dissolve with stats” plugin
Sum LENGTH, Min Z, Mean Z1
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Computation of the parameters of the river boundary condition

9 cells of the DEM

238 1 cell model average
elevation: 232.67 m
c 233
O
T 228
@
L
223
218
235
To
234 Log;.
q,
DEM cell (231 m) 33 ©hy
Z / > % Average cell value
= 231
2
T 230
£
229
228
227
@ LABORATORIO NACIONAL 2nd FREEWAT International Workshop @
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Computation of the parameters of the river boundary condition

QRIV = CRIV x (HRIV-h), if h > RBOT
QRIV = CRIV x (HRIV - RBOT), if h < RBOT
CRIV=LXWXK/M

PKUID SUM_LENGTH MIN_Z MEAN_Z1

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

2nd FREEWAT International Workshop

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna
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8091 219.2297 506.0087 509.2009
8092 15.8166 507.0211 507.0211

8093 230.0325 507.0211 507.652

“ 8206 267.8480 512 513.7529

8321 119.8592 516 517.3362

8322 100.5289 518.0087 518.0192

8323 56.6815 523.0087 523.0145

w5’ 8434 111.8225 542 542.6049

- ’}/ 8435 231.6169 536 538.008
T :f‘:_ L 8436 88.0528 531 533.4
e e 8437 372.1371 518.0262 520.245
----------------------------- 8438 263.9904 523.0087 524.544
8439 65.0933 526.0123 527.3416

8551 175.0350 527 530.8

8552 253.0660 523 527.4615

8554 93.1770 530 530.75

8666 75.9640 540 540.0044

8667 349.3819 533 536.1283

8668 54.5476 540 540.0041

8781 119.1627 540.0087 542.5787

8782 199.2968 542.0087 543.4497

8783 223.4074 540.0123 540.0312



Computation of the parameters of the river boundary condition

QRIV = CRIV x (HRIV-h), if h > RBOT
QRIV = CRIV x (HRIV - RBOT), if h < RBOT
CRIV=|LKXW XK /M

PKUID |SUM_LENGTH| MIN_Z MEAN_Z1
8091} 219.2297| 506.0087 509.2009
8092 15.8166 | 507.0211 507.0211
8093 230.0325| 507.0211  507.652
L “ 8206 267.8480 512 513.7529
8321 119.8592 516 517.3362
w 8322 100.5289) 518.0087 518.0192
N N ,,/ 8323 56.6815] 523.0087 523.0145
AL v o 8434 111.8225 542 542.6049
; = 8 HRIv '}/’ 8435 231.6169 536 538.008
™ i @z;-gz“-gzg - L 8436 88.0528 531 533.4
y RBOT s 8437 372.1371] 518.0262  520.245
_____ h RV RN b
8438 263.9904| 523.0087 524.544
8439 65.0933] 526.0123 527.3416
8551) 175.0350 527 530.8
8552 253.0660 523 527.4615
8554 93.1770 530 530.75
8666 75.9640 540 540.0044
8667 349.3819 533 536.1283
8668 54.5476 540 540.0041
878 119.1627| 540.0087 542.5787
878 199.2968| 542.0087 543.4497
878 223.4074| 540.0123 540.0312

T 2nd FREEWAT International Workshop <:>
DE ENGENHARIA CIVIL <:—> LNEC | 32

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna




Computation of the parameters of the river boundary condition

QRIV
QRIV

CRIV x (HRIV
CRIV x (HRIV
CRIV=LXWXK]M

'hz 'h/
E W —, s HRIV
Im | :;:': @ RBOT
yvh QRIV, QRIV,

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

™,

— h),
- RBOT),

if h > RBOT
if h < RBOT

PKUID SUM_LENGTH| MIN_Z MEAN_Z1
8091 219.2297| 506.0087 509.2009
8092 15.8166§ 507.0211 507.0211
8093 230.0325} 507.0211 507.652
8206 267.8480 512 513.7529
8321 119.8592 516 517.3362
8322 100.5289| 518.0087 518.0192
8323 56.6815] 523.0087 523.0145
8434 111.8225 542 542.6049
8435 231.6169 536 538.008
8436 Q0 NEIQ £21 £22 4
83 HRIV = ([MIN_Z]+[MEAN_Z1]) / 2
8435 ZO05. 99U 0Z5.UUS7  OZ&. 045
8439 65.0933] 526.0123 527.3416
8551 175.0350 527 530.8
8552 253.0660 523 527.4615
8554 93.1770 530 530.75
8666 75.9640 540 540.0044
8667 349.3819 533 536.1283
8668 54.5476 540 540.0041
8781 119.1627| 540.0087 542.5787
8782 199.2968 542.0087 543.4497
8783 223.4074) 540.0123 540.0312

2nd FREEWAT International Workshop

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna
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Computation of the parameters of the river boundary condition

QRIV = CRIV x (HRIV-h), if h > RBOT
QRIV = CRIV x (HRIV -|RBOT),  if h < RBOT
CRIV=LXWXK/M

RBOT= HRIV -depth to the river bottom

e W—— HRIV ",
e Q@/ Depth to the river bottom

Data from bathymetry and riverbed thickness

Relation with river stage (HRIV)

River stage(m) | 0-2 | 2-10 |10-20| > 20
Depth of the river bottom (m) ) 3 2 1

T 2nd FREEWAT International Workshop @
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Computation of the parameters of the river boundary condition

QRIV = CRIV x (HRIV-h), if h > RBOT
QRIV = CRIV x (HRIV - RBOT),  if h < RBOT
CRIV=LXW|xK /M

v vh Width of the river
‘t\y'
e sy e L '!/
MET T paor e Field information
_____ who____owv awv, L

Cartography or image observation

Relation with river stage (HRIV)

LABORATORIO NACIONAL

DE ENGENHARIA CIVIL

River stage (m)
Width of the river (m)

0-1

1-2

2-10

10 - 50

> 50

100

20

10

S

2nd FREEWAT International Workshop

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna
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Computation of the parameters of the river boundary condition
QRIV = CRIV x (HRIV-h), ifh > RBOT
QRIV = CRIV x (HRIV - RBOT), if h < RBOT
CRIV=LxW XKl M

vh: /{hz /’,
wie
“ S— HRIV ’!/
R EBRH (73 B o E— o
_____ whe____oRv, oRwv. L Hydraulic conductivity of the riverbed material

Available information of the riverbed material

Vertical K of the numerical model cell (KZ)

@ LABORATORIO NACIONAL 2nd FREEWAT International Workshop Q@ NG5
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Computation of the parameters of the river boundary condition

QRIV = CRIV x (HRIV-h), if h > RBOT
QRIV = CRIV x (HRIV - RBOT),  if h < RBOT
CRIV=LxXWXK

™
'hz 'hz ”///
‘t\y'
; — %— HRIV '!/
MESEE] o Thickness of the riverbed
_____ wh____oRv aev. L

?

1m >>>>>> calibration

@ eouTOR0 NACIONAL 2nd FREEWAT International Workshop Q@ EC 5
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Computation of the parameters of the river boundary condition

QRIV = CRIV x (HRIV }h),
QRIV = CRIV x (H
CRIV=LXW

if h > RBOT
BOT),  if h < RBOT

/'hz ¥ h.
£ " S — HRIV .
i (N 2 s s ey Cell hydraulic head
_!b}l___BE"_’I__PE'i’z_ _____________

Calculated by the model

@ eouTOR0 NACIONAL 2nd FREEWAT International Workshop Q@ -
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Assigning the values to each cell of the model

Link tables Layer 1 of the model with the statistics for each model cell

Table with the statistics for each model cell

z 9011 8893 8785 8672 PKUID SUM _LENGTH MIN_Z MEAN_Z1

9010 8897 8784 ¢ 8091 219.2297 506.0087 509.2009

8896.) " 8670 8092 15.8166 507.0211 507.0211

8895 \ B J 8669 8093 230.0325 507.0211 507.652
8781 8668 8442

L ;l 8206 267.8480 512 513.7529

B

. ‘@ st 8321 119.8592 516 517.3362
- @ R 8322 100.5289 518.0087 518.0192
8665 8439
8323 56.6815 523.0087 523.0145
8664 \/ g 343 832
/ $ 8434 111.8225 542 542.6049
- O §
S s136\ P 8435 231.6169 536 538.008
4 ¢ 8436 88.0528 531 5334

8437 372.1371 518.0262 520.245|
8438 263.9904 523.0087 524.544

8439 65.0933 526.0123 527.3416
8318 8551 175.0350 527 530.8
8552 253.0660 523 527.4615
8554 93.1770 530  530.75
8666 75.9640 540 540.0044
8667 349.3819 533 536.1283
RARRK R4 8547 K40 54N NNAa1

\ ‘5 Link tables using the common field PKUID
QGIS 2.18.21 Properties | Joins | Add vector
join

@ T — 2nd FREEWAT International Workshop
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Assigning the values to each cell of the model

Link tables Layer 1 of the model with the statistics for each model cell

Table with the statistics for each model cell

SUM_LENGTH MIN_Z MEAN_Z1
219.2297 506.0087 509.2009
15.8166 507.0211 507.0211
230.0325 507.0211 507.652

' 267 AN 512 513.7529
~ /' camadal : Features total: 10465, filtered: 10465, selected: 0 Table of Layer 1 of the model — O * 516 517.3362
90 7 % 3 ™ = | = 1 2 I : i = :
g & %] 1] BT E S D g [ = .0087 518.0192
PKLID D ROW  COL BORDER ACTIVE TOP  BOTTOM THICKMNESS  STRT K¥ Ky Kz 85 SY NT NE WETDRY  #
K 0087 523.0145
8344 8344 0 19 54 0 1| 518.3.. 484.370.. 33.94396.. 518.3145.. 0.005 0.005 0.0005 1e-05 0.05 1 1 001
39 542 542.6049
’48345 8345 0 19 &5 0 1 S518.1.. 485.083.. 33.04365.. 518.1270.. 0.005 0.005 0.0005 1e-05 0.05 1 1 001 536 538.008
g7]93% 8346 0 13 &6 0 1 518.2.. 485.239.. 33.02793.. 518.2674.. 0.005 0.005 0.0005 1e-05 0.05 1 1 001 531 533.4
8347 8347 0 19 57 0 1 513.2.. 485.594.. 27.65661.. 513.2510.. 0.005 0.005 0.0005 1e-05 0.05 1 1 0.0t .0262 520.245|
><a3345= 8348 0 19 68 0 1 509.4.. 485.829.. 23.61997.. 500.44944 0.005 0.005 0.0005 1e-05 0.05 1 1 001 .0087 524.544
issag 8349 0 19 &9 0 1 S08.2.. 485.965.. 22.29889.. 508.2642.. 0.005 0.005 0.0005 1e-05 0.05 1 1 001 0123 527.3416
527 530.8
8350 8350 0 19 70 0 1 511.2. 486.105.. 25.13441.. 511.2334.. 0.005 0.005 0.0005 1e-05 0.05 1 1 001
851 «| 523 527.4615
< ’ 530 530.75
T Show All Features, . Iz'
540 540.0044

349.3819 533 536.1283
R4 RA7A 54N 54N NNA1

Link tables using the common field PKUID
QGIS 2.18.21 Properties | Joins | Add vector
join

@ T — 2nd FREEWAT International Workshop
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Assigning the values to each cell of the model

Save the linked shape as a new shape (or Table), Create and fill the new fields

8323
8434
8435
8436
8437
8438
8439
8551
8552
8554

19
18
18
18
18
18
18
17
17
17

43
39
40
41
42
43
44
41
42
44

PKUID ROW COL ACTIVE TOP

533.88
548.19
540.36
536.06
522.44
526.56
534.50
537.00
531.56
535.50

R R R R R R R R R R

491.13
501.84
499.69
496.70
495.59
496.52
497.86
502.46
500.75
502.39

42.75
46.35
40.67
39.36
26.85
30.04
36.64
34.54
30.81
33.11

BOTTOM THICKNESS KX

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

KY

0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15
0.15

Kz

0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015
0.015

56.68
111.82
231.62

88.05
372.14
263.99

65.09
175.03
253.07

93.18

SUM_LENGTH MIN_Z MEAN_Z1

523.01
542.00
536.00
531.00
518.03
523.01
526.01
527.00
523.00
530.00

523.01
542.60
538.01
533.40
520.25
524.54
527.34
530.80
527.46
530.75

Table of Layer 1 of the model

LABORATORIO NACIONAL

DE ENGENHARIA CIVIL

Table with the statistics for
each model cell

2nd FREEWAT International Workshop

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna

Save the linked table:
QGIS 2.18.21 “Save As...” option

<:><:> LNEC | 41



Assigning the values to each cell of the model

Save the linked shape as a new shape (or Table), Create and fill the new fields

New fields

PKUID ROW COL ACTIVE TOP  BOTTOM THICKNESS KX KY  KZ SUM_LENGTH MIN_Z MEAN_Z} HRIV CRIV RBOT

8323 19 43 1 533.88 491.13 42.75 0.15 0.15 0.015 56.68 523.01 523.00 523.01 0.85 522.01
8434 18 39 1 54819 501.84 46.35 0.15 0.15 0.015 111.82 542.00 542.69 542.30 1.68 541.30
8435 18 40 1 540.36 499.69 40.67 0.15 0.15 0.015 231.62 536.00 538.0} 537.00 3.47 536.00
8436 18 41 1 536.06 496.70 39.36 0.15 0.15 0.015 88.05 531.00 533.40 532.20 1.32 531.20
8437 18 42 1 522.44 495.59 26.85 0.15 0.15 0.015 372.14 518.03 520.2f 519.14 5.58 518.14
8438 18 43 1 526.56 496.52 30.04 0.15 0.15 0.015 263.99 523.01 524.54 523.78 3.96 522.78
8439 18 44 1 53450 497.86 36.64 0.15 0.15 0.015 65.09 526.01 527.34 526.68 0.98 525.68
8551 17 41 1 537.00 502.46 34.54 0.15 0.15 0.015 175.03 527.00 530.80 528.90 2.63 527.90
8552 17 42 1 531.56 500.75 30.81 0.15 0.15 0.015 253.07 523.00 527.4f6 52523 3.80 524.23
8554 17 44 1 535.50 502.39 33.11 0.15 0.15 0.015 93.18 530.00 530.7§ 530.38 1.40 529.38

HRIV = if(("MIN_Z"+"MEAN_Z")/2>"TOP"-0.5,"TOP"-0.5,("MIN_Z"+"MEAN_Z")/2)
HRIV = if("HRIV"< "BOTTOM",IF("BOTTOM" + 0.5 < "TOP", "BOTTOM" + 0.5, ("TOP"+"BOTTOM")/2), "HRIV")

CRIV ="SUM_LENGTH" * "KZ" * if("HRIV" <=1, 100, if("HRIV" <= 2, 50, if("HRIV" <= 10, 10, if("HRIV" <= 50, 5, 1))))

RBOT = "HRIV"-if("HRIV" <= 2, min(5, "HRIV"-"BOTTOM"), if("HRIV" <= 10, min(3, "HRIV"-"BOTTOM"),
if("HRIV" <= 20, min(2, "HRIV"-"BOTTOM"), min(1, "HRIV"-"BOTTOM"))))

Add new field
QGIS 2.18.21 Add fields HRIV, CRIV, RBOT and calculate them

@ eouTOR0 NACIONAL 2nd FREEWAT International Workshop <:>®<:> EC o2
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Assign the river boundary condition parameters to the RIV model data object
In the FREEWAT platform

| FREEWAT | MMQGIS Processing Help

Data-Preprocessing (akvaGIS) 4 — == .
Model SeZp ? 4 8 Jut L'@J = @ 4
Create CHD Layer
Solute Transport Process L reate ayer
Wa-ter ﬁanaz:nTe.n.t and Crop Modeling (FARM PROCESS) * E - a: a ::;LV:; L);y o
Calibration/Sensitivity : Creaie RCH Layer
e .
Program Locations Cremte CAT Luyex
. Run Model Create DRN Layer
Two options to create the layer for the RIV package: o et o | ey
OAT 4 Create EVT Layer
/' Create a layer for RIV package ? 4 ] © About Create UZF Layer
Create SFR Layer
CreateRIVLaver |ghicn Create Surface Model Layer
Create Zones Layer
[ cogeseonent | OEVE=E At the moment none of these two options allows an
. . easy way to input the data produced using the
e : presented methodology. !
(rivel;i::;-r::s[(; river_profile e
Nome fnewfayer: (. laver This happens because there are cells
where more than one stream may occur. 6
Cancel
I Later the option “Multi Segment” will be used to

prepare the layer for the RIV package, but first some
preparation procedures must be carried out.

@ T 2nd FREEWAT International Workshop
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Assign the river boundary condition parameters to the RIV model data object
in the FREEWAT platform

To avoid an error message, select any two segments of the river from the initial river layer. These two
segments must be unique in the cell.

Save these two segments in a new shapefile
(e.g. name TwoRivers.shp)

Save the two rivers shapefile

QGIS 2.18.21 Select the river layer in the QGIS “Layers
Panel”, click with the mouse right button, and select
‘Save As...”

“‘Save only selected features” option activated.

RO O 2nd FREEWAT International Workshop @
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Assign the river boundary condition parameters to the RIV model data object
In the FREEWAT platform

Now select all the cells from the grid model data object (MDO - this is the MDO produced when the model
was generated under the Model Setup | Create Grid option)

| EEI

8902

8786

8787

66 Parameters Log

quals
Predsion
0.000000
8095
Modify current selection by
[creaﬁng new selection

8789

8788 \
8

Use the QGIS tool
«Vector | Research Tools | Select by location»

with the Geometric predicate «Intersects».

Layer to select from

Select by location
.

[cedro_orid [Epsc:31984)

7))@

Additional layer (intersection layer)

=@

[Cedm_rins_mﬂﬂOO_DEVISD_l..dp [EP5G:31984]
Geometric predicate

[¥] intersects ("] touches
F contains overlaps

8211 [ disjoint within

|| crosses

0%

[ Run ] l Close

LABORATORIO NACIONAL
DE ENGENHARIA CIVIL

2nd FREEWAT International Workshop
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Assign the river boundary condition parameters to the RIV model data object
In the FREEWAT platform

Finally, select in FREEWAT the “Create RIV Layer” option:

FREEWAT | MMQGIS Processing Help

Data-Preprocessing (akvaGIS) » M = .
v ] v -
Model Setup » ‘Cr’i =) @ @ 4
ODFLOW Boundary Conditions Create CHD Layer “ . »” . .
Solute Transport Process > Create WEL Layer Se|eCt the M U |t| Seg ment Opthﬂ .
Water Management and Crop Modeling (FARM PROCESS) * Create MNW Layer
Calibration/Sensitivity % Create RCH Layer /' Create a layer for RIV package ? x
Tools »
DataBase > Create RIV Layer Create RIV Layer Help
Program Locations Sremte LA Layes
Run Model Create DRN Layer
i Create GHB Layer
[ e ! Y Single Segment ® Multi Segment
OAT 4 Create EVT Layer
€ About Create UZF Layer
Create SFR Layer Model Name: | model_name -
Create Surface Model Layer ridtye kel -
Create Z L i .
reate Zones Layer Line Layer: ([ o .

(river segment)

Name of new layer: | riv_layer

The RIV riv_layer MDO is produced but only those cells of the RIV MDO corresponding to the TwoRiver.shp
are filled with values in the MDO. The remaining cells will have “None” values.
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Assign the river boundary condition parameters to the RIV model data object
In the FREEWAT platform

Join the river layer (riv_layer) MDO:

ROW coL layer segment length stage. 1 rbot 1 cond_1
0 19 43 1 1
0 18 39 1 1
0 18 40 1 1
0 18 41 1 1
0 18 42 1 1
0 18 43 1 1
0 18 44 1 1
0 17 41 1 1
0 17 42 1 1
0 17 44 1 1

With the shape/table containing the river boundary condition parameters:
KUIDgROW COL ACTIVE TOP BOTTOM THICKNESS KX  KY KZ SUM_LENGTH MIN_Z MEAN_Z1 HRIV ~ CRIV RBOT

19 43 1 533.88 491.13 42.75 0.15 0.15 0.015 56.68 523.01  523.01 523.01 0.85 522.01
18 39 1 54819 501.84 46.35 0.15 0.15 0.015 111.82 542.00 542.60 542.30 1.68 541.30
18 40 1 540.36 499.69 40.67 0.15 0.15 0.015 231.62 536.00 538.01 537.00 3.47 536.00
18 41 1 536.06 496.70 39.36 0.15 0.15 0.015 88.05 531.00 533.40 532.20 1.32 531.20
18 42 1 522.44 495.59 26.85 0.15 0.15 0.015 372.14 518.03  520.25 519.14 5.58 518.14
18 43 1 526.56 496.52 30.04 0.15 0.15 0.015 263.99 523.01 524.54 523.78 3.96 522.78
18 44 1 534.50 497.86 36.64 0.15 0.15 0.015 65.09 526.01 527.34 526.68 0.98 525.68
17 41 1 537.00 502.46 3454 0.15 0.15 0.015 175.03 527.00 530.80 528.90 2.63 527.90
17 42 1 531.56 500.75 30.81 0.15 0.15 0.015 253.07 523.00 527.46 525.23 3.80 524.23
17 44 1 53550 502.39 33.11 0.15 0.15 0.015 93.18 530.00 530.75 530.38 1.40 529.38

Note that the PKUID does not refer to the same cell in the tables.
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Assign the river boundary condition parameters to the RIV model data object
In the FREEWAT platform

Join the river layer (riv_layer) MDO:

ROW coL layer segment |length stage. 1 rbot 1 cond_1 JROWCOL

0 19 43 1 1] 56.68146 523.0116 522.0116 4.2511 19043

0 18 39 1 1] 111.8225 542.3025 541.3025 8.38668 18039

0 18 40 1 1] 231.6169 537.004 536.004 17.3712 18040

0 18 41 1 1] 88.05281 532.2 531.2 6.60396 18041

0 18 42 1 1] 372.1371 519.1356 518.1356 27.9102 18042

0 18 43 1 1] 263.9904 523.7764 522.7764 19.7992 18043

0 18 44 1 1} 65.09335 526.6769 525.6769 4.88200 18044

0 17 41 1 1| 175.035 528.9 527.9 13.1276 17041

0 17 42 1 1] 253.066 525.2308 524.2308 18.9799 17042

0 17 44 1 1) 93.17695 530.375 529.375 6.98827 17044

A
With the shape/table containing the river boundary condition parameters: il

KUIDgROW COL ACTIVE TOP BOTTOM THICKNESS KX  KY KZ SUM_LENGTH MIN_Z MEAN_Z1 HRIV ~ CRIV RBOT | ROWCOL
19 43 1 533.88 491.13 42.75 0.15 0.15 0.015 56.68 523.01 523.01 523.01 0.85 522.01 19043
18 39 1 548.19 501.84 46.35 0.15 0.15 0.015 111.82 542.00 542.60 542.30 1.68 541.3( 18039
18 40 1 540.36 499.69 40.67 0.15 0.15 0.015 231.62 536.00 538.01 537.00 3.47 536.0( 18040
18 41 1 536.06 496.70 39.36 0.15 0.15 0.015 88.05 531.00 533.40 532.20 1.32 531.2( 18041
18 42 1 522.44  495.59 26.85 0.15 0.15 0.015 372.14 518.03 520.25 519.14 5.58 518.14 18042
18 43 1 526.56 496.52 30.04 0.15 0.15 0.015 263.99 523.01 524.54 523.78 3.96 522.7 18043
18 44 1 53450 497.86 36.64 0.15 0.15 0.015 65.09 526.01 527.34 526.68 0.98 525.63 18044
17 41 1 537.00 502.46 34.54 0.15 0.15 0.015 175.03 527.00 530.80 528.90 2.63 527.9( 17041
17 42 1 531.56 500.75 30.81 0.15 0.15 0.015 253.07 523.00 527.46 525.23 3.80 524.21 17042
17 44 1 535.50 502.39 33.11 0.15 0.15 0.015 93.18 530.00 530.75 530.38 1.40 529.32' 17044

Note that the PKUID does not refer to the same cell in the tables.
Create a new ROWCOL virtual field (integer) in each table and compute ROWCOL ="ROW" * 1000 + "COL".
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Summary (1/2)

a) Prepare the model grid (each cell is identified by its PKUID) using FREEWAT.
b) Prepare the DEM raster file using QGIS
)
)

c) Prepare the streams’ shapefile (it may advantageous to produce it from the DEM) using QGIS

d) Section the streams’ shapefile by the limits of the model grid by intersecting the streams’ shapefile
with the model grid using QGIS (preserve the PKUID of the model grid in the line output)

e) Divide each stream section in segments using a predetermined interval (variable LEN_SEG) and
compute the length of each segment (field LENGTH) using QGIS (preserve the PKUID)

f) Calculate a point shapefile with the central point of each segment using QGIS (preserve the
PKUID)

g) Overlap the point shapefile with the DEM and get the elevation at each central point using QGIS

h) Calculate the statistics of the mean (field Z_MEAN) and minimum elevation (field Z_MIN), and the
total length of the segments (field SUM_LENGTH) for each model (identified by its PKUID) using
QGIS

@ eouTOR0 NACIONAL 2nd FREEWAT International Workshop Q@Q eG4

Pisa, 17th September 2019 | Scuola Superiore Sant’Anna



Summary (2/2)

i) Calculate for each model cell the parameters required to define the RIV BC (HRIV, RBOT and
CRIV) dependent on the computed values (HRIV and L) and the other assumptions (for K, W,
RBOTTOM, M) using QGIS

j) Select two independent sections of the river in the streams shapefile and save them as a new
shapefile using QGIS

k) Select all the cells of the model grid that are intersected by the streams shapefile using QGIS

) Create the River Model Data Object (each cell with the river is identified by its own PKUID) using
FREEWAT.

m) Create a common field (ROWCOL) to link the tables containing each model cell parameters
required to define the RIV BC and the new River MDO using QGIS

n) Fill the fields of the River MDO using QGIS

0) The river boundary condition is finished. Its parameters may later be changed during the
calibration process
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Summary — variables that can be changed

The raster size
The river network extension (if it has been produced using the DEM)
The predetermined interval of the length of the line sections (variable LEN_SEG = 25 m).
The way to compute:
> HRIV-(Z_MIN+Z_MEAN)/2
- RBOT - dependent on HRIV by creating a table
- W —dependent on HRIV by creating a table
- K-equal to Kz from the model cell
—> M-assumed 1

may all be subject to a different analysis
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Conclusions

A methodology was presented that allows the characterisation of the parameters required for the river boundary
condition, namely the head of the river (HRIV) and the length of the river (L).

Approaches to characterise the remaining parameters (RBOT, K, W and M) were also suggested.

The overall methodology can be used with DEMs of different sizes. However better results will be obtained if a
relation of at least 9 DEM cells to 1 numerical model cell exists.

One of the advantages of these procedures is that they allow, using base information usually available (the DEM)
to make a first characterisation of the river boundary condition, in a consistent and reproducible way, which can be
used as a starting point for the model calibration.

This is also important if there is a change in the model geometry, by enlarging or refining areas, which would imply
a change in the parameters HRIV, L, RBOT. In this case, the river boundary condition can be easily recalculated.

The major steps of the methodology can be programmed to provide an automatized procedure to calculate the
boundary condition parameters and be included in the FREEWAT plugin (Help needed here!)

The same approach may be applied if the river network is modelled with the DRAIN boundary condition.

The formulas or relational tables presented to characterise each parameter may be adapted (for instance not
using the mean value of the average river stage and the minimum river stage to quantify HRIV, or the presented
relational table between HRIV and W).
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