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Discharge measurements of outflow culvert to Zuid-Willemsvaart in Maastricht - Control of theoretical discharges

Abstract

In the scope of the International Commission of the Meuse, Flanders Hydraulics Research (FHR) is
contributing to a low water measuring campaign on the watersystem of river Meuse at the Flemish border
with the Walloon region and the Netherlands. The goal of this study is to quantify the amount of water
that flows through the culverts to the Zuid-Willemsvaart in Maastricht via the so called “Voedingskanaal”.
The detailed amount of flow through the outflow culverts is measured with a Streampro-ADCP, operated
from the bridge 150m upstream of the culvert. The results of these measurements are compared with the
QH-table used by Rijkswaterstaat and with a formula dated from 1873.

Results of the measurement indicate that for each tested opening level of the outflow culvert lower than or
equal 0,59 m, the discharge in the QH-table lies within 1 standard deviation of the mean ADCP measured
discharge, which is very good. For opening levels 0,69 m and 0,79 m, corresponding discharges of 17 m3/s
and 19,5 m3/s respectively are suggested.

Compared to the formula from 1873, we conclude that the formula only works well up to opening level of
0,21 m. Above this value the formula underestimates the real discharge that is flowing through with
increasing percentage, up to 23%.
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Discharge measurements of outflow culvert to Zuid-Willemsvaart in Maastricht - Control of theoretical discharges

1 Introduction

In the scope of the International Commission of the Meuse, Flanders Hydraulics Research (FHR) is
contributing to a low water measuring campaign on the watersystem of river Meuse at the Flemish border
with the Walloon region and the Netherlands. This campaign is carried out together with the 3 responsible
water managers: de Vlaamse Waterweg nv (dVW), Rijkswaterstaat Zuid-Nederland (RWS) and Service
Public de Wallonie - Direction générale opérationnelle Mobilité et Voies hydrauliques (DGO2). The goal of
this campaign is to quantify in detail the amount of water that is divided between the 3 water basins
managers during periods of low flow.

The goal of this study is to quantify the amount of water that flows through the culverts to the Zuid-
Willemsvaart in Maastricht via the so called “Voedingskanaal”. Figure 1 to 5 shows an overview and some
details of the structures used for the watermanagement.

Figure 1 — General situation Voedingskanaal and in- and outflowculverts (Source: Google Maps)
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Discharge measurements of outflow culvert to Zuid-Willemsvaart in Maastricht - Control of theoretical discharges

Figure 2 —location 1 of figure 1 (inflow side Meuse) (Source: white paper - Rijkswaterstaat)

Figure 3 —location 2 of figure 1 (inflow side Voedingskanaal) (Source: white paper - Rijkswaterstaat)
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Figure 4 — location 3 of figure 1 (outflow side Voedingskanaal) (Source: white paper - Rijkswaterstaat)

Figure 5 —location 4 of figure 1 (outflow side Zuid-Willemsvaart) (Source: white paper - Rijkswaterstaat)
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Figure 6 — dimensions of the outflow culvert (Source: white paper - Rijkswaterstaat)
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The water from the Meuse flows to the Voedingskanaal through the inflow-culverts (Figure 2 and 3). These
culverts are open all the time except during high water. At that time they will be manually closed by turning
the wheels. The outflow-culverts (Figure 4, 5 and 6) provides the water needed (varied between 19 — 8
m?3/s) for the Zuid-Willemsvaart as stated in the agreement between the Flemish and the Netherlands
(1995). The opening of the culverts are manually operated at Maasbracht by RWS based upon the available
discharge of that time:

e The opening/closing is based upon request from the Flemish River Information Services Hasselt
(RIS) who indicate in their request how much discharge they wishes to get;

e The control room uses a Q-H table (figure 7) to decide the degree of opening of the doors;

e The doors of the different culverts are always at the same height.

The opening of the culverts is registered by the RWS operators when opening is changed.

4 WL2017R17_071_1 Final version
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Figure 7 — Q-H table for management of outflow to Zuid-Willemsvaart operated by RWS

Toon

Bedienvorm Complex status Overbruggingen

A detailed amount of the flow through the outflow culverts is measured with a Streampro-ADCP, operated
from the bridge 150m upstream of the culvert (figure 8 and 9). Streampro ADCP measures current velocity
and the related calculated discharge in streams from 30-400 cm in depth, while sailing a transectacross the
stream towed from a bridge. A discharge measurement can be obtained at this location for every 2 or 3
minutes. Data is collected real-time and transmitted by a wireless data link to a handheld tablet. Technical
specifications of Streampro ADCP are given in figure 10. The measurements were executed on 15/09/17
from 7 to 11u (UTC).

The results of the measurement will be compared with the QH-table from figure 7 and with a formula
known at RWS and dated from 1873:

Q=0.66x1.1xaxv2gxVA,

with a the height of the opening in m, g = 9,81 m/s®> and A4 the difference in level upstream and
downstream of the culvert

Final version WL2017R17_071_1 5



Discharge measurements of outflow culvert to Zuid-Willemsvaart in Maastricht - Control of theoretical discharges

Figure 8 — Detail situation culvert to Zuid-Willemsvaart and control measurement location (Source: Google Maps)

2

o

Figure 9 — Streampro ADCP operated on Voedingskanaal from bridge with details of instrument (Source: Google Maps — white
paper - RD Instruments)
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Figure 10 — Technical specs of Streampro ADCP (Source: white paper — RD Instruments)
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2 Results

2.1 Streampro ADCP measurements

At 15/09/17 from 7h to 11h (UTC) different transects were measured with Streampro ADCP from the bridge
in Figure 9. Each 30 minutes the level of the opening of the culvert, expressed in m to a local reference, was
changed (Table 1) by the operators of RWS, 10 minutes later ADCP measurements were started. Each
opening was measured during 4-5 transects (12-18 minutes).

Table 2 gives an overview of the discharge in m3/s of the different transects that were measured with
Streampro ADCP from the bridge on 15/09/17.

Table 1 — Settings of opening height of outflow culvert to Zuid-Willemsvaart as registered by RWS operators on 15/09/17

Time (UTC) Opening Level (m)
7:00 Start campaign
7:00 0,21
7:30 0,31
8:00 0,41
8:30 0,51
9:00 0,59
9:30 0,69
10:00 0,79
10:30 End campaign

Table 2 — Streampro measurements during different opening heigths of outflow culvert to Zuid-Willemsvaart

Transect n° Date Start (UTC) End (UTC) Q (m3/s) Level opening culvert (m)
4 15/09/2017 7:09:09 7:12:11 4,52 schuifstand 0.21
5 15/09/2017 7:12:46 7:15:59 4,13 schuifstand 0.21
6 15/09/2017 7:16:29 7:19:17 4,83 schuifstand 0.21
7 15/09/2017 7:19:53 7:22:47 5,52 schuifstand 0.21
8 15/09/2017 7:23:17 7:26:09 4,63 schuifstand 0.21

WL2017R17_071_1
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Discharge measurements of outflow culvert to Zuid-Willemsvaart in Maastricht - Control of theoretical discharges

9 15/09/2017 7:39:13 7:41:45 6,27 schuifstand 0.31
10 15/09/2017 7:42:16 7:44:59 7,93 schuifstand 0.31
11 15/09/2017 7:45:30 7:48:00 7,05 schuifstand 0.31
12 15/09/2017 7:48:29 7:51:34 6,13 schuifstand 0.31
13 15/09/2017 7:52:04 7:55:09 7,44 schuifstand 0.31
14 15/09/2017 8:08:05 8:11:11 10,36 schuifstand 0.41
15 15/09/2017 8:11:41 8:14:52 9,56 schuifstand 0.41
16 15/09/2017 8:15:21 8:18:18 9,45 schuifstand 0.41
17 15/09/2017 8:18:51 8:21:44 9,56 schuifstand 0.41
18 15/09/2017 8:22:15 8:25:10 9,96 schuifstand 0.41
19 15/09/2017 8:38:24 8:41:02 11,9 schuifstand 0.51
20 15/09/2017 8:41:47 8:44:54 12,66 schuifstand 0.51
21 15/09/2017 8:45:24 8:48:21 11,97 schuifstand 0.51
22 15/09/2017 8:48:50 8:51:34 13,2 schuifstand 0.51
23 15/09/2017 8:52:04 8:55:15 12,79 schuifstand 0.51
24 15/09/2017 9:09:10 9:11:57 15,62 schuifstand 0.59
25 15/09/2017 9:12:27 9:15:06 15,06 schuifstand 0.59
26 15/09/2017 9:15:40 9:18:27 14,63 schuifstand 0.59
27 15/09/2017 9:18:55 9:21:40 13,97 schuifstand 0.59
28 15/09/2017 9:22:10 9:25:25 14,69 schuifstand 0.59
29 15/09/2017 9:44:21 9:46:56 16,79 schuifstand 0.69
30 15/09/2017 9:47:27 9:50:12 17,52 schuifstand 0.69
31 15/09/2017 9:50:42 9:53:29 17,41 schuifstand 0.69
32 15/09/2017 9:53:59 9:56:47 18,5 schuifstand 0.69
33 15/09/2017 10:11:24 10:13:43 20,2 schuifstand 0.79
34 15/09/2017 10:14:13 10:17:02 18,82 schuifstand 0.79
35 15/09/2017 10:17:31 10:20:13 19,43 schuifstand 0.79
36 15/09/2017 10:20:42 10:23:45 20,79 schuifstand 0.79
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Figure 11 — Box plot of discharges measured at bridge over Voedingskanaal on 15/09/17 with Streampro ADCP
at different opening levels of outflow culvert (stepwise from 0,21 to 0,79 m)
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Table 3 — Simple statistics of results from measurements on 15/09/17 with Streampro ADCP
at different opening heights of outflow culvert (0,21-0,79 m)
opening level (m) mean Q (m3/s) stdev (m3/s)
0,21 4,73 0,46
0,31 6,96 0,68
0,41 9,78 0,34
0,51 12,50 0,50
0,59 14,79 0,54
0,69 17,56 0,61
0,79 19,81 0,75
10 WL2017R17_071_1 Final version
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2.2 Comparison with QH-table and formula
2.2.1 QH-table from RWS operators

Table 4 shows the comparison between the ADCP measured discharges (m3/s) and the theoretical
discharge stated in the table used by the RWS operators. Up till a 0,59 m opening level, each 10 cm increase
of this opening corresponds to 2,5 m3/s extra flow.

Table 4 — comparison between ADCP measured discharges (m3/s) and theoretical discharges (m?3/s)
from QH-table of RWS operators

opening height (m) mean Q (m3/s) stdev (m3/s) QH table
0,21 4,73 0,46 5
0,31 6,96 0,68 7,5
0,41 9,78 0,34 10
0,51 12,50 0,50 12,5
0,59 14,79 0,54 14,5 or 15?
0,69 17,56 0,61 -
0,79 19,81 0,75 -

We can conclude that the values of discharge stated in the QH-table of the RWS operators are validated as
‘correct’. For each tested opening level of the outflow culvert lower than or equal 0,59 m, the Q in the QH-
table lies within 1 standard deviation of the mean ADCP measured discharge.

For opening height 0,69 m and 0,79 m no Q was found in the QH-table, so therefore no comparison was
made. Based on the ADCP measurements at that time and the fact that 10 cm more opening level results in
extra 2,5 m3/s, we suggest to put 17 m3/s and 19,5 m3/s respectively for opening height 0,69 m and 0,79 m.

2.2.2 Formula dated from 1873

Table 5 shows the comparison between the ADCP measured discharges (m3/s) and discharges derived by
using the formula dated from 1873:

Q=0.66x1.1xaxvV2gxVA,

with a the height of the opening in m, g = 9,81 m/s®> and A the difference in level upstream and
downstream of the culvert, respectively waterlevel at Borgharen Julianakanaal and Zuidwillemsvaart.

Final version WL2017R17_071_1 11



Discharge measurements of outflow culvert to Zuid-Willemsvaart in Maastricht - Control of theoretical discharges

Table 5 — Discharges (m3/s) through outflow culvert to Zuid-Willemsvaart derived by using the formula dated from 1873
at 15/09/17 from 7-10u30 (UTC)

Date Hour (UTC) | H BHIK (MNAP) | Hzwv (mNAP) | A(ecm) | a | Qformula (m3/s)
15/09/2017 7:00:00 44,14 40,39 37,5 0,21 4,14
15/09/2017 7:10:00 44,16 40,36 38,0 0,21 4,16
15/09/2017 7:20:00 44,16 40,34 38,2 0,21 4,17
15/09/2017 7:30:00 44,16 40,34 38,2 0,21 4,17
15/09/2017 7:40:00 44,15 40,39 37,6 0,31 6,11
15/09/2017 7:50:00 44,16 40,39 37,7 0,31 6,12
15/09/2017 8:00:00 44,14 40,36 37,8 0,31 6,13
15/09/2017 8:10:00 44,17 40,39 37,8 0,41 8,11
15/09/2017 8:20:00 44,17 40,38 37,9 0,41 8,12
15/09/2017 8:30:00 44,17 40,45 37,2 0,41 8,04
15/09/2017 8:40:00 44,14 40,42 37,2 0,51 10,00
15/09/2017 8:50:00 44,14 40,40 37,4 0,51 10,03
15/09/2017 9:00:00 44,14 40,38 37,6 0,51 10,06
15/09/2017 | 9:10:00 44,15 40,41 374 | 0,59 11,60
15/09/2017 9:20:00 44,15 40,40 37,5 0,59 11,62
15/09/2017 9:30:00 44,17 40,43 37,4 0,59 11,60
15/09/2017 | 9:40:00 44,15 40,41 374 | 0,69 13,57
15/09/2017 9:50:00 44,16 40,44 37,2 0,69 13,53
15/09/2017 10:00:00 44,16 40,45 37,1 0,69 13,52
15/09/2017 10:10:00 44,18 40,49 36,9 0,79 15,43
15/09/2017 10:20:00 44,16 40,48 36,8 0,79 15,41
15/09/2017 10:30:00 44,17 40,48 36,9 0,79 15,43

Table 6 — comparison between ADCP mean measured discharges (m3/s) and mean theoretical discharges (m?3/s)
based on the formula from 1873

opening height (m)

mean Q (m3/s)

QH formula (mean)

% difference in mean

0,21 4,73 4,16 -12%
0,31 6,96 6,12 -12%
0,41 9,78 8,09 -17%
0,51 12,50 10,03 -20%
0,59 14,79 11,61 -22%
0,69 17,56 13,54 -23%
0,79 19,81 15,43 -22%
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Discharge measurements of outflow culvert to Zuid-Willemsvaart in Maastricht - Control of theoretical discharges

Table 4 summarizes the comparison with the ADCP measured values. We can conclude that the formula
underestimates the real discharge that is flowing trough with increasing percentage, starting with 12% at
opening height of 0,21 m up to 23% at higher opening heights.

Final version WL2017R17_071_1 13
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3 Conclusions

We can conclude that the discharges that flow through the outflow culverts of the Voedingskanaal to the
Zuid-Willemsvaart in Maastricht, which are stated in the QH-table of the RWS operators, are realistic. For
each tested opening height of the outflow culvert lower than or equal 0,59 m, the discharge in the QH-table
lies within 1 standard deviation of the mean ADCP measured discharge. For opening height 0,69 m and 0,79
m, we suggest to put 17 m3/s and 19,5 m3/s respectively.

Compared to the formula from 1873, we conclude that the formula underestimates the real discharge that
is flowing trough with increasing percentage, starting with 12% at lower opening heights up to 23% at
higher opening heights.
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