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1. INTRODUCTION

The pilot Blankaaris a major habitat restoration and habitat development project in Flanders (Belgium). The
pilot area is approximately 950 ha large.

A short introductory video on the pilot Blankaart and its involvement in the project Caflmsmect can be
viewed on thefollowing link.

https://www.youtube.com/watch?v=FD1hG9ZrUTg

The pilot areas situated in the floodplain of the river 1Jzeocation of the ot is indicatedn figure 1.Figure8
shows an orthophotograph of the arewith the area invaled as pilot area i€arbon Connectd hispilot area

is 505 ha largeThe river 1Jzeffows west of the pilot areaA digital hight model gives an indication of tlesel

of altitude of the pilot areaThe pilot areacts as a transit area of evacuated water from the higher agricultural
land (arable land) to the easThis agricultural area hatevations up td®5 tot 30 m higher than the pilot area.
Water from an area of approximately 6000 lg evacuated towards the pilot area, from where is pumped into
the river 1JzerThe location of the pumping station is indicated on figif@nnex) During period of high rain

fall (mainly in winter), the pilot area gets flooddd 2021 the floodiglastednearly one monthwith water level
exceding 4,25 m TAW during 2 weeRsiring this period mean water depth was approximatel®s m An area

of more than 900 h was flooded.

The pilot area is a peat area where from the Middgesonwards peat was extracted’he 50 ha large pond
W, £y 1 NI QGA 2 H&MNSrical featexréctionBléveizheless deat isistill preserhe soilover
large parts of the area.

In the northern part of the pilot a large area consists mainly of peat extracted soils. Even in this zone locally peat
is still present. Temapin figure 5is based on an intensive soil mapping carried out by \Mdditional drillings

give detailed soil profiles,with depths of the peat layer and in some drillings thickness of the peat layer. On figure
5 the depth under the surface of the peat is indicated for some parts of the pilot. Locally the peat ig nearl
surfacing, whereas in other parts the clay layer can have a thickness of 1 m or Peateayer thickness varies

from 30 cm up to more than 1,5 m.

Historically the areaainlyconsisted of wet meadowsvith reedmarsh,primarily situated along the 50a large

L2 YR W. f I yThelaledKlir @A 20BN A Yy A YL NI Fy G yIF GdzNE 02y a SN G
W, Iy | beddinebing@eS d6EIv@he protected arehas expanded extensively since thé&ow a total

area of more than 600 hasotected as a nature reserve, either by Natuurpunt or by the Agency for Nature and

Forests. The remainder of the parcels are still privately owaredimainly used as agricultural land. On mafst

theseparcels there aréegalrestrictions orthe useof fertilizers or manure.

Snce the 197@ | Y R LJI NJi A O dzftHe BiBaghas @xp&ienved gnrezdssoreering of water level for
the purposeof agricultural intensificationAs a result habitats detetated rapidly.

Ly GKS ™t nRgwatér pradlictios planwalliksyalled with a prominent waterbasin 80 ha. On
the orthophotograph this plant an basin is readily visiblehascentrally lying polygon.

In 1988 the area wadesignated as Special Protected Area Bildsective.In order to meet the goals as part of

the Natura 2000 networlka habtitat restoration programme was initiatedith the signing of a framework

agreement in 2001 by all authorities involyemgether with the farming organisations and the nature
conservation organisation that has been managing a part of the pilot area as a nature reserve for some since the
MpnQad® Ly wHnnc FRRAGAZYLFEt& | ylFGd2NBE RS@GSt2LIVSyd L
Flemish GovernmenHabitats presents before restoration started are indicated on fig@rélarget habitats are

presented on figurel0.


https://www.youtube.com/watch?v=FD1hG9ZrUTg
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The most impaiant measure taken for the habitat restoration is an axg@e rise of the surface water level. The
rise of the water level is implemented gradually in different phases. In fifj@réne different phases of the
rewetting are indicated. The first phase okthewetting was initiated in 2012 in one part of the pilot area. In
2019 the second phase was established in the other part of the pilot area.

This means that the pilot area can be differentiated spatially in two zones

- Zone phase lintermediate rewetting is established in 2012

- Zone phase 2: intermediate rewetting is established in 2019

Final rewetting level can, as defined in the framework agreement, only be initiated once most of the lower lying
plots of land are acquired by thedrtisch authorities or the ngo Natuurpunt. At this stage still 115 ha of land
need to be acquired in order to proceed to the final water level rise, which is optimal for habitat restoration.

Phase 2 was established as part of the project Carbon Connedtptamber 2019The presence of peat in the
soil andthe lowering of the groundwater table over the last decadmest probablygives excessive peat
oxidation and thus carbon emissifnmom the soil. Rewetting the arean mitigate this carbonemission.

2. OBJECTIVE OF THE MONITORING
The objective of the monitoring conducted in the pilot Blankaatt igerify the following

a. Are thetargetedsurface water levels, as agreed in a agreement between all aciorhe area
reached
What is the effectof the rise of the surface water level on the ground water level

c. Do the rise of surface and groundwater levehve any effect onthe peat layer in the soil

3. HYDROLOGICAL SITUATION BERGSRRAFTER REWETTING

On the map irfigure 13 the hydrological situatiorbefore the rewetting in phas@ is presentedThe pumping
station located at the river |Jzewacuates alle excess surface water into the rivée amount of evacuation is
regulated byagreedfixed minimum and maximum surface watlavels.Levels beforand afterrewetting phase
2 are depicted in table 1.

2 GSNI A& SO OdzZ GSR G261 NRa (GKS LlzYLA y3 aThisviatedvgy ( KNP dz3
F2N¥a GKS O2yySOilAz2y 06S0G6SSy Gbping dtahdd &t thedvgrRizel . € | y 1 | |
evacuates the excess water that enters the pond through the seveaalks that flow from the higher lying

plateau east and south of the pilot aredalf way between the pond and the pumping station there is an
automated weir on the Stenensluisvaart which regulates water levels in zone phase 1 after the implementation

of the rewetting in 2012The water from zone phase 2 is enters the Stenensluisvaart halfway between the weir

and the pumping station. Trerea fromwhich thewateris evacuated through zone phase 2 is indicatefigure

13. Part of this area is located outside tpeoject area of the pilot Blankaart. In order to implement a rise of

water level in the zone phase #he area needs to bleydrologically isolated from this upstream lying ar€aere

an essential part of the rewetting phase 2 was the building of an new pumping stetioh evacuates the water

from the upstream area outside the project area. The location is indicatefigore 14, which shows the
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hydrological situation @ér implementation of phas 2 To reach the water level in zone phase 2 pumping
conditions in the pumping station were adjusted.

4. SURFACE WTER LEVELS BEFORE AND AFTER REWETTING

A time series of surfageater levels was used to compare water levels before and after rewetting. Thédo
of the sampling site is indicateoh figure 15. This site is part of a network gkveral measurement points
managed by the Flemish Environmental Agefi@ple 1 gives the water levels before rewett{@ctober 2019)
and the targets of water leveldtar rewetting for 3 differents periodg-or the periode before rewetting a time
series from 2009 untill October 2019 was used.

Measured evels before | Target after rewetting
rewetting (m TAW)
(m TAW)

1/12-31/01

1/2-15/10

16/10-30/11

Table 1Targeted levels after rewetting and mean levels of surface water before rewetting

There is a minimum level of surface water after implementation of phase 2 of 2,70 m TAW during the period
February untill October 5 18 cm higher than mean level before rewetting in this peribdiring the period
Decemberg January minimum level is 2,90 m TAS® cm higher than theneanlevel before rewettingFrom
October 16th untill November 30th thereas intermediate period witla targated minimum of 2,80 m TAW

26 cm higher than measured levels before rewetting.

In table 2 monthly mean surfacewater level is depicted fort he periods before and after rewetting in October
2019.0verall there is a 15 cm higher mean annual waterllafter the rewetting.

Water level in cm TAW:

monthly mean January | February | March | April May June July August | September | October | November | December| Mean Difference
Surface water 2002019 274 268 262 259 257 256 244 245 246 250 257 272 258
Surfacewater 2019- 2022 309 274 286 278 263 263 258 252 255 269 276 290 273 15
Difference before / after (cm] 35 5 24 19 7 7 14 7 9 18 20 18 15

Table 2 Monthly mean surface water levels in zone phase 2 before and after the reweR01ikp.

It can beseenthat differences are somewhat smaller during the perMdy - September(7 ¢ 14cm in) whereas
differences are much higher in the winter months (JanugBycm higher)lnitially it was estimated that the
annual mean differenceetween before andafter would be 13 cm. Results are thus in agreement with these
predictions.These results are also depictedfigure 1. In this figure the targets of minimum water levels are
added. It can be seen that in the period Mageptembeithe minimum level of Z0 m TAW is nattained.It is
because of the higher than foreseen levels in the period DecemBgril thata mean water level rise of 15 cm
is achieved.
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Mean monthly surface water water levels before (2014
2019) and after (20192022) rewetting (Blankaart)

320

Surface water 2014-

300
2019

280 \
Surface water 2019 -

240 2022

Height (cm TAW)

220
200

Month

Figurel Mean monthly surface water levels before and after rewetting

5. GROUNDWATER LEVELSOBEFAND AFTER REWETTING

Anetwork of piezometers managed by VLM is operational since 2006, both in zone phase 1 (rewetted since 2012)
and zone phase 2 (rewetted since 2019). These data generate continuous time series of ground water levels. Two
time seriesfrom two piezometers are available for zone phase 2 from 2009 onwards (PBL28, PBL17). These times
serie are however not complete, but data are complementary. Surface water levels are continuously measured
on several locations. One of these locationssisdlin the analysis. Locations of the sampling sites are indicated

on the map offigure 15.

In table 3 monthly meatevel in PBL 28 is presentémt the period before and after the rewetting. The annual
meanrise of the groundwater level at thlscation is 33 cm. In contrast with the surfacewatitiis during the
period May¢ September that the largest differences between before and after o2 64 cm).The rise of
groundwater levels is caused by the higher surface water levelsespitethe rathersmall rise of surface water
in the period May; September (% 14 cm), a rise of groundwater of 32 to 64 cm is generated.

The surface of the soil at this location is 2,75 m TAWé mean groundwater level is 2,77 m TAW. This means
that only from mid April untill the beginning of October groundwater level is under de soil surface, dropping to
22 cm(averageunder soil surface during summeBefore rewetting annual mean groundwater level \88scm
under soil surface, with averag levels8&f cmunder soil surface during summer.

Themean monthlygroundwater évels before and after angresentedin figure 2.
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Water level in cm TAW: monthly
mean

January

February

March

April

May

June

July

August

September

October

November

December

Mean

Difference

Groundwater 2009 2019 (PBL28)

293

282

274

252

229

198

195

199

210

233

257

302

244

Groundwater2019- 2021 (PBL28)

315

307

298

268

260

253

259

253

253

274

287

296

277

33

Differencebefore / after (cm)

22

25

24

16

32

55

64

54

43

41

30

-5

33

Table3 Morthly mean groundwater levels before and after rewetting.

Mean monthly groundwater levels before (2012019)

and after (2019 2022) rewetting (Blankaart)
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Figure2 Mean monthly groundwater levels before and after rewetting

6. CORRELATION BETWEBERBACEWATER AND GROUNDWATER

12

Groundwater 2014 -

2019

Figure3 givesa time series ofurfacewater and groundwater levels fra2009¢ 2021. In this figurelatafor
piezometer PBL17 are also presented as there is a period for which measuremBt8 are missing. It can

be seen that in the 200892013 water levels in both piezometers are quite aliBe.water levelsf PBL 28 in
this periode will be similar to those of PBL

From this figure it can beeen that generally there is a good correlation between groundwater levels and
surfacewater level@n the periods with higher surfacewater levels. In the period before rewettigdoes not
count for the summer periods, where we skrge drops of groundwater level, whereas surfacewater levels
remain more or less constant. This especially noticeable for the summers of 2013 and 20&Here

surfacewater level remains around 2,60 TAW, but groundwater drops th60 m TAWThe summer of 2017

was very hot and drySurfacewater level dropped to 2,20 m TAW, but groundwatepped under 1,50 m TAW

(1,25 m under surface)t seems that after rewettinghere is a better correlation beteen groundwater level

and surfacewater level.

This correlation is shown figures4 and5. The correlation before rewettingeems to benonHinear, whereby
at low groundwater levelgunder 250 m TAW)there is hardly any correlatiost highergroundwater levels (+
2,80 m TAW) there is a more linealationship. After rewetting both groundwater levels and surface water
levels are higheand the relationship is lineaHigher surface water levels give better correlation (linear) with
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ground wate levek. This means that rewetting by means of a substantial rise of the surface water kvelrys
effective measure for rising the ground water leirethe pilot Blankaart

Time series groundwater level and surface water level (2Q021)

400

GwPBL28

Surface water level

350

GWPBL17

300

Heightin cm TAW

250

200

Datel/year
150

22/02/2008 6/07/2009  18/11/2010 1/04/2012  14/08/2013 27/12/2014 10/05/2016 22/09/2017  4/02/2019  18/06/2020 31/10/2021 15/03/2023

Figure3 Timeseries for groundwater and surface water level before ditet aewetting.

Correlation between levels surfacewater and groundwater
before rewetting

400
380 ¥ =0,003% _1(2)177737x +351,14 >
360 R2=0, oo
340 . .

320 . o

300

280
260
240
220

200
150 200 250 300 350 400

Groundwater level

Surface water level

Figure4 Correlation between levels of groundwater and surfaef®re rewetting
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Correlation between surfacewater and groundwater after

rewetting
320
300 y = 0,657x + 91,169 ® "

R2 = 0,7041 l lig ......
280

»
260 t Cem o

240 | gy
220

200
200 220 240 260 280 300 320

Figure5 Correlation between levels of groundwater and surfafter rewetting.

7. Groundwater levels and peat conservation

At the location of thepiezometer PBL028 a peat layer of approximately 1 m thick is present at approximately 40
to 45cm under soil surface. It is covered by a clay lalke. top of this peat layer sits at approximatel@@m
TAW. Soil surface is at 2,75 m TAW.

Infigure 6 the impact of the fluctuating groundwater level on the peat layer is preseretbre the rewetting,

and especially visible in the ye&@®809 up to 2013, there &re prolonged period (up to six monthgjuring which

the groundwater level was sulasttially under the top of the peat layer. Consequently during these petiuals
peat layer was prone to oxidation, generating a substantial casaission from the soil.

' FG4SN) GKS NBgSOGGAY3T 3IAINRBdzyRél GSNI R2 S Ay, Wiich RéaBsLthatdzy RS NJ
because of the rewetting the peat layer remains saturated with water, preventing oxidation of thepa#ius
lowering carbon emission from the soil.
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Groundwaterlevels before and after rewetting and peat
level
400

350
300

250

cm TAW

200

150

10/10/2009 22/02/2011 6/07/2012 18/11/2013 2/04/2015 14/08/2016 27/12/2017 11/05/2019 22/09/2020

GW level PBL28 «=mUpper surface peat layer

Figure6 groundwaterlevel and peat layer before and after rewetting

8. CONCLUSIONS

A. Thewater level rise implemented in 201tas reached its targets, with a mean rise of the surface
water level of 15 cnon a yearly basis

B. Groundwater levels have reacted positively on the rise of the surface water &weke lower lying
areas (under 2,80 m TAW) groundwater has risen with 33 cm on a yearlyDiffgisence in
groundwater levebetween before and after rewetting is highéstsummer Rising the surface water
level is thus an very effective measudoe increasing groundwateevels.

C. The rise of the groundwater level is enough to keep the peat layer in the soil saturated with water
yearound.

10
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Figue 7 Location of the pilot Blankaart
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Figure8 Orthophotograph of the pilot areavith the areainvolved in Carbon Connisc
12

Pilot Blankaart

Pilot Blankaart

Pilot area

E Perimeter Blankaart

Pilot area Carben Cennects
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Carbon Connects
Pilot Blankaart

Vegetation initial stage

Lerend

B Open water

I Reed marsh | sedges | willow biankaadtvijusr + relmoaras
. Rictgras Calthion selection

W Grote vossenstaar intensief

7 Intensive grassland + valusbis habitat

— Intensive grassland

—_ Avaole land
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Figure9 Habitatsin the project area present befofeebitat restorationstarted
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Vegetation types after
final r level rise

Legerd

Vegetations types after rewetting
<VALUE>

B Open water

[ Reed marsh

B Sedges

[ Calthion palustris, Lalio potentillion
B Alopecurion pratensis, Cynosurion cristati
[ Cynosunon cristati

[ Arrhenathenon elatioris

3 Perimeter Blankaart

Interreg H

North-West Europe

?(‘ | Vlaamse
" overheid
\

Figue 10 Target habitats of the habitat restoration in tipdot Blankaart
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Carbon Connects

Pilot Blankaart

Presence of peat in the pilot Blankaart

I soils with peat
[ Peat eatracted soils
©  Depth peat under surface ! thickness peat layer
- Open water
[ Phase 22019
D Perimeter Blankaart
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Figurell Map showing areas in the pilot Blankawiith peatpresent inthe soil.Thikness andebth of the peat Iger is indicated.
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Carbon Connects

Pilot Blankaart

Phases of rewetting

Current status of rewetting

Z’/ Phase 1 (2012)

|  Phase2(2019)
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Figurel2 Phases of rewetting iBlankaart
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Pilot Blankaart

Hydrological situation zone phase 2

Before rewetting

A Pumping station Stenensluisvaart

Main waterways evacuating towards pumping station
M Area evacuated via pumpingstation
E Perimeter Blankaart
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Figurel3Hydrological situatiotefore rewetting phase 2
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Figurel4 Hydrological situation after rewettinghase 2
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Pilot Blankaart

Hydrological situation zone phase 2

Before rewetting

/% Pumping station Engelendelft
&, Pumping station Stenensluisvaart

= WMain waterways evacuating towards pumping station
[ Jaea via i
[ rerimeter Blankaart

[777] Area evacuated via pumping station Stenensluisvaart
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Figure 15 Location slamplingsites for groundwater and surface water

19

Pilot Blankaart

Monitoring water levels

Y Measurement level surfacewater

F  Piezometers (groundwater)

D Perimeter Blankaart

D Pilot area Carben Connects
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