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Subsidence due to peat compaction and oxidation in built-up coastal areas

S. van Asselen'?, G. Erkens??, E. Stouthamer?!, H. Woolderink?, R. Geeraert3, and M.M. Hefting?

Problem Approach Study area ctud T B oo by e ook
udy area P .--.'- .'-.- oc nen-" : AV -
An increasing nhumber of people live on soft-soil coastal We studied subsidence due to peat compaction and oxidation in L g N e 2
i 1 i i T 70 80 m 124000 126000 - :::’l-_ j#."x“ S =% :
sequences that often contain substantial amounts of peat. three built-up areas in the Rhine-Meuse delta (NL). — — ' = F} 7
. . i} . i} i} ] . NORTH SEA e
Loading and draining these soils for cultivation causes 1. We made cross sections based on borehole data to reveal the litho- Nthi/d’w
- - - - . .. . England 2
land subsidence due to peat compaction and oxidation. logical composition of the Holcoene sequence below built-up areas. S /g
This increases flood risk and causes damage to buildings, 2. At selected sites, we extracted cores for which we determined Y - Bigium 5 \ )
- - - - . . . . /: . oastal dunes
infrastructure and agriculture. Especially built-up areas, variations in (a) effective stress, and (b) the amount of peat o VAR % .
having densely-spaced assets, are heavily impacted by compaction, calculated based on the organic-matter content (LOI) | tear” g @ [ Pleistocene deposits
i} i} i} . . Niji 1 : Ice-pushed ridges
subsidence, in terms of damage-related costs and impact and dry bulk density of compacted and uncompacted peat (Van e 5 om:ppmgHo.icenedeposns o
on livelihood. Yet, these areas have not yet received the Asselen (2011); this study*). [ e
) S : _—~ Present-day river - High:4
full attention of land subsidence research. Information on 3. We calculated the relative contribution of peat compaction and Duteh coordinate system 0 50km - State boundary i — W e | gl l
- - - - - - . . . . ~-. Eastern boundary of marine deposits | 2 “ AT o S s 4 = ek 0(0D.)
the relative contribution of compaction and oxidation total oxidation to total subsidence over the last 1000 year, using a DEM : ~ir|de T ooy, M
subsidence is required for effective land use planning. representing peatland topography at 1000 AD (Erkens et al, 2017).
Typical subsurface composition Relative contributions compaction & oxidation
Kani ti -
w 2 5 a§n|s céross;o se§c on 3 2 o 1000 AD Present Calculated relative contributions to subsidence CO“CI USIonS
Core numbers precedent: v .
mop. 0180 e MSL ] £ ¥ B=Dbackground subsidence
Net subsidence 3 O = subsidence due to oxidation _ _ -
A S Temporal and spatial variability
1 '\ (’_G _ o o
§ || = subsidence due to compaction The relative contribution of peat compaction and oxidation varies in time and space, due to the heterogeinity of Holocene coastal
i o
. B s sequences and spatial and temporal variations in groundwater table depth. We measured total subsidence over the last 1000 years due
[ Peat-sedge c - c - . _
B o Calculations: to peat compaction and oxidation of up to ~4 meters, and subsidence rates, averaged over an 11-year time span, of up to ~14 cm yr.
. [ Detitus /gyt T=B+C+0 At peatland sites that have experienced mainly drainage and no or minimum loading, oxidation is the main contributor to total
- [ Clayey peat/ peaty clay
-y (B:*=H0-3 mmlflyr=30 cm/1000 yr subsidence (in this study up to ~70%). Total subsidence at sites that have been heavily loaded for centuries is predominantly caused by
-4 Clay loam (sandy to silty — _ . . .
B Loam (sandy) o TdeCémpB comp compaction (in this study up to ~65%).
Pleistocene deposits = - -
i [] sand
KS2 360 [ Sand peat/ peaty sand
) : Legend
Anthropogenic -
KS2_420 = za:dy ] Anthropogenic layer W  Background subsidence of Weichselien substrate (*Van de Passche, 1982) Su bsu rface-based plannlng
6 Clayey . . . 5 - .
—— B Holocenesequence  H,,, =compacted Holocene thickness We expect a subtantial subsidence potential in many soft-soil
KS1_510 L3 Ploughed soil [ Weichselien substrate Hdecomp:decompacted Holocene thickness (based on dry bulk density and organic _ _ _
, B rod matter measurements of compacted and uncompacted peat, cf. Van CoaStal areas. To sustain proJeCted populat|0n growth and
KS1 560 J_ ?ce)rrwiggc)mlcoloc(?:iir?g and number Asselen (2011). . . .
L Corlocatonondnumber urbanization in these zones we call for (1) subsurface-based
/ end of boring
: —1 — T Sroundwaterieve (b Mor 2016 | spatial planning, (2) collection of targeted subsurface information
\ \ 0 som | O opremeemesemen before new developments start (e.g. current compaction grade,
eat depth and organic-matter content), and (3) subsidence-
+ N T B c o B C 0 PEa GEPH ad oS _ Jr S1C (3)SHBSIC
et o et e (P Site (m) (m) (m) (m) (%) (%) (%) resilient building (e.g. use of lighter construction materials and
T~ b \\ | | | Ka-202 | 5.8% | 0.3 | 1.740.4 | 2.240.4 5 29+7 387 adapting groundwater tables).
o N -;f“—g> Ka-203 | 2.4 0.3 1.2+0.3 | 1.0+0.3 12 48+11 39411
@ 200 1 T 200 === ; Legend
S 3 =N o % Ks-102 2.9 0.3 1.4+0.3 1.2+0.3 10 49+11 41+11
£ £ - -/3 e ° References Contact
g 300 CB) 300 —— AT Average compaction (%) i . .
3 3 = T% —_ Effecive sross (kPa Ks-104 2.5 0.3 0.4+0.1 | 1.8+0.1 12 1744 71+4 Erkens, G., M.]J. van der Meulen, H. Middelkoop (2016). Double trouble: UU | Faculty of Geosciences | Department of Physical Geography
£ € =- — — - Groundwater level . . .
= sl 4 B i et |y o0, e Ko-310 | 3.1 0.3 | 2.0404 | 08204 10 65415 | 25+15 subsidence a“_d C_Oz respiration due to 1000 years of Dutch coastal Heidelberglaan 2 | 3584 CS Utrecht | The Netherlands
8 S =E 2 B oot |do sy oo o TEuTations 578 vaTaated wEng CO Taspaion aRsu e peatlands cultivation. Hydrog?o/o.gy Journal 24(3), 55.1-568. | t.+31 (0)30 253 2754 | sanneke.vanasselen@deltares.nl
00 el I E I Gyta **1.6 m is due to peat excavation. Van Asselen, S. (2011). The contribution of peat compaction to total basin
b = — R subsidence: implications for the provision of accommodation space in
600 1 == 6001 £ Loam (silty/sand . . .
S = organic-rich deltas. Basin Research 23, 239-255.
== === Antropogenic layer +
. - ] N fears smce start lacing Van de Plassche, O. (1982). Sea-level change and water-level movements in
Compaction/LOI (%) Compaction/LOI (%) the Netherlands during the Holocene. Meded. Rijks Geol. D. 36, 93 pp.

*Full details of this study are submitted to Science of the Total Environment.




