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Summary 

The work presented in this report is exploratory in nature and requires further elaboration to 

yield ‘definitive’ outcomes. The results, therefore, still are provisional/preliminary. 

 

In The Netherlands, differential sagging is a common source of damage to real estate on 

shallow foundations or wooden pile foundations (houses, sheds, barns, fences). The sagging 

can have many causes. Changes in groundwater conditions are mostly at the heart of the 

problem. Especially groundwater table (GWT) lowering poses a risk since it can cause or 

enhance (differential) sagging through the shrinkage or compression of soft soil (settlement), 

oxidation of peat, and degradation of foundation poles. The causes of GWT lowering can also 

be manifold, including groundwater extraction, groundwater drainage by leaky sewers, 

periods of drought, and lowered surface water levels.  

 

Mining-induced land subsidence can contribute to the above damages through the lowering 

of surface water levels (SWL) relative to the land surface, both gradually, without 

interference, and by active lowering. Assessment of the associated damage risk is 

challenging as it involves many factors. This report concerns the factor: How much lowering 

of the GWT is caused by a given lowering of the SWL? The GWT shows natural variations 

through the year. The focus is on the lowing of the annually low GWT that is relevant for 

damage risk. 

 

Present guidance on the GWT impact of SWL lowering is provided by but two existing studies 

(CBA, 1987; KWR, 2014). Although valuable, it is argued this guidance is insufficient for 

general use in risk assessment. This report presents exploratory groundwater modelling with 

the aim to develop an improved framework for quantifying the GWT lowering associated with 

SWL lowering. 

 

First, a classification of hydrogeological conditions is presented based on (a) the connectivity 

of the water courses and the local groundwater system, (b) storage properties of soil layers 

and (c) interaction of the local with the regional groundwater system via the underlying 

aquifer. The classification comprises of four archetypal vertical soil profiles (A-D) that are 

combined with six classes for regional groundwater system influence, yielding a total of 24 

classes. For each of these classes, which are all found in polder-type settings, the GWT 

conditions were modelled for the very dry climatic conditions of 2018 and for a reference 

SWL and two lower SWL’s (0.2 m lower and 0.5 m lower). The impact of SWL lowering is 

expressed by an impact factor, calculated as the ratio of the GWT lowering to SWL lowering, 

where GWT is the lowest day-averaged GWT in the year. 

 

The modelling still calls for improvement and testing. However, two general conclusions can, 

nevertheless, be drawn. 

 

1. The modelling confirms the notion that impact of SWL lowering on the GWT is more 

multifaceted than suggested by the available guiding table(s) of the CBA (1987). 

Additional factors than merely three soil types ‘clay’, ‘peat’ and ‘sand’ determine the 

impact of SWL lowering. Stratification of the soil plays a crucial role, both in the depth 

range of the water courses bounding a parcel (up to ~ 2 m) as well as at deeper 

levels. It also matters whether or not nearby large water bodies (canals, lakes) exert 

a strong control on the hydraulic head in the underlying aquifer at the location of 

interest, and if the if the SWL of these larger water bodies is lower, the same or 

higher than the SWL in the local water courses (ditches) at the location of interest. 
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This demonstrates that a more detailed set of classes than the CBA-classes is 

needed for impact assessment of SWL lowering. 

 

2. The modelling demonstrates that the impact factor is not bounded by a maximum 

value of 1 (GWT lowering equal to SWL lowering). Significantly higher values were 

inferred for archetypal soil type C in which a relatively permeable topsoil (sand or 

other) is overlying a low permeability clay with a low storage capacity. This 

preliminary finding requires special attention in follow-up research since it implies that 

an intuitive maximum impact factor of 1 may significantly underestimate damage risk 

of SWL lowering in specific circumstances. 

 

The report closes in paragraph 5.3 with a listing of the steps that are still needed and desired 

to achieve the goal of an updated framework for the quantification of the SWL lowering 

impact on the GWT to support damage risk assessment. 

 

The following steps are deemed necessary, or desirable, to move towards new practicable 

tables for the assessment of GWT lowering due to SWL lowering for application in the context 

of damage risk of buildings due to differential sagging. 

 

Required: 

1. To acquire feedback from internal (Deltares) and external groundwater experts on 

the overall modelling approach. This is important to avoid pitfalls, to steer further 

work and to broaden support for the desired final product. 

2. To carry out checks to ascertain that the calculated GWT time series are properly 

calculated (no numerical error)1. 

3. To develop a rationale for and to determine what would be a proper/meaningful 

measure for the low GWT to be used to quantify the impact factor. In the present 

study the lowest day-averaged GWT of the year was used. However, for most of the 

processes that lead to building damage, the duration of low GWT conditions can be 

equally or more important. 

4. To improve the climate forcing in the modelling to include actual evapotranspiration. 

The present calculations were done using potential evapotranspiration. In particular 

during drought, evapotranspiration (rates) tends to be suppressed by vegetation 

stress (and deep GWT’s). This will reduce the modelled GWT lowering and yield 

more realistic estimates for the impact factors.  

5. To explore and test alternative ways to represent phreatic storage in the modelling, 

notably for clay.  Specific yield (Sy) fundamentally represents the storage capacity of 

the unsaturated zone (van der Gaast et al., 2005) and, therefore, should increase 

with GWT depth for a single homogeneous soil type. In the present study a constant 

material property was assigned. If the depth-dependency is included, the GWT 

lowering during drought decreases when the GWT reaches greater depth. Improved 

modelling will reduce the modelled GWT lowering and yield more realistic estimates 

for the impact factors. 

6. The present set of (24) models/runs, even when improved, are insufficient to discern 

and establish classes that each can be assigned reliable (robust) and distinctive 

statistics for the impact factor. Sensitivity analysis is required regarding: 

A. Deepening of the ditch together with SWL lowering. This is usually done to 

maintain sufficient water depth and functionality of the surface water system. 

B. The width of the ditches (parcel-bounding water courses). 

C. Parcel width and pipe drainage (especially for soil profile type A). 

—————————————— 
1 The spiked GWT response for soil profile type C to precipitation during the dry spell, for instance, is not yet 

understood. The same applies to the observation that for soil profile type A that both high and low regional head 

yields higher impact factors than for the neutral head situation. 
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D. Topsoil thickness 

E. Specific yield 

F. The climate forcing. In the present analysis a three-year drought was used. 

What are impacts for a single year drought? 

Desirable: 

7. Presently, the inferred impact factors are purely model based. Ideally, empirical field 

data would be used to test the modelling results. However, pertinent data are not 

known to exist, and acquisition of such data through dedicated field testing, in 

particular in various settings, is elaborate and requires many years if the impact of 

SWL lowing on GWT during drought is to be discerned. It would be highly desirable, 

nevertheless,  

A. to utilize rare opportunities where SWL lowering is planned (usually by 

waterboards) similar to the monitoring conducted in the KWR (2014) study. 

B. to evaluate the employed models and adopted parameterization against 

pertinent available groundwater monitoring data regardless of whether SWL 

lowering was involved. 

8. Separate systematics for the SWL lowering impact at major (outlet) canals. 

Differences relative to the polder-type, parcel-oriented setting presented in this report 

are influences of barriers such as sheet piling, asymmetry of water course size (canal 

versus ditch), differences in SWL (canal versus ditch) and topographic relief (diked 

canals next to lower elevation land). 
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Samenvatting 

Dit rapport doet verslag van verkennend onderzoek dat verder moet worden ontwikkeld om 

tot ‘definitieve’ resultaten te komen.  De gepresenteerde resultaten zijn daarom 

voorlopig/tussentijds van aard. 

 

In Nederland is schade door verschilzakking van gebouwen met een ondiepe fundering (op 

staal) of met een fundering op houten palen een veel voorkomend probleem. De zakking kan 

diverse oorzaken hebben, maar verandering van de grondwaterstand (GWS) speelt vrijwel 

altijd een centrale rol. Met name GWS verlaging is risicovol omdat het kan bijdragen aan 

zakking door krimp van klei en samendrukking van klei en veen (meestal aangeduid met de 

term zetting), oxidatie van organisch-rijke afzettingen zoals veen, en aantasting van houten 

funderingselementen. De mogelijke oorzaken van GWS verlaging zijn ook divers, zoals 

grondwateronttrekking, grondwater lekkage door riolering, perioden van extreme droogte en 

verlaagde oppervlaktewaterpeilen. 

 

Mijnbouw gerelateerde bodemdaling zoals door de gaswinning kan aan bovenstaande 

zakkingsschade bijdragen door verlaging van het oppervlaktewaterpeil (OWP) ten opzichte 

van het maaiveld . Deze OWP verlaging door diepe bodemdaling kan zowel geleidelijk, 

zonder enig ingrijpen ontstaan, als door actieve peilaanpassingen door de waterschappen. 

Schaderisicobeoordeling door OWP verlaging is lastig omdat vele factoren daarop van 

invloed zijn. Dit rapport adresseert de factor: Hoeveel GWS verlaging wordt veroorzaakt door 

een gegeven OWP verlaging? De GWS vertoont onder normale omstandigheden variaties 

door weersinvloeden. De aandacht in deze studie gaat uit naar verlaging van de jaarlijks lage 

GWS die het meest relevant is voor schaderisico. 

 

De huidige handvatten voor het schatten van de GWS impact van OWP verlaging bestaan 

hoofdzakelijk uit twee studies (CBA, 1987; KWR, 2014). Om diverse redenen besproken in dit 

rapport, zijn deze handvatten ontoereikend voor schaderisicobeoordeling. Dit rapport 

presenteert een verkennende grondwatermodelleerstudie die is gericht op de ontwikkeling 

van een verbeterd raamwerk voor de kwantificering van GWS verlaging als gevolg van OWP 

verlaging. 

 

Eerst is een classificatie van hydrogeologische situaties opgesteld op basis van (a) de 

connectiviteit tussen de lokale watergangen en het lokale grondwatersysteem, (b) de 

bergingseigenschappen van de bodemlagen en (c) de interactie tussen het lokale en 

omliggende grondwatersysteem via het onderliggende watervoerende pakket. De classificatie 

bestaat uit vier archetypen voor de bodemopbouw (A-D) die worden gecombineerd met zes 

klassen voor de koppeling met het regionale grondwatersysteem, wat resulteert in een totaal 

van 24 klassen. Voor elk van deze klassen die allemaal betrekking hebben op een polder 

omgeving, zijn berekeningen uitgevoerd voor de zeer droge klimatologische omstandigheden 

van 2018, en voor een referentie OWP en twee lagere OWP’en (0,2 m lager en 0,5 m lager). 

De impact van de twee OWP verlagingen is gekwantificeerd middels een impact factor, 

berekend als de verhouding van de GWS verlaging en de OWP verlaging, waarbij voor de 

GWS de laagste GWS op dagbasis is genomen in het gesimuleerde jaar. 

 

De modellering vereist op dit moment nog steeds verbetering en checks. Twee algemene 

conclusies kunnen echter wel worden getrokken. 

 

I. De modellering bevestigt de verwachting dat de GWS verlaging door OWP verlaging 

aanzienlijk meer gedifferentieerd is dan uit de bestaande studies (CBA, 1987; KWR, 
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2014) naar voren komt. Andere factoren dan alleen bodemtypen ‘klei’, ‘veen’ en 

‘zand’ bepalen de impact van OWP verlaging. De gelaagdheid van de bodemopbouw 

speelt een belangrijke rol, zowel in het dieptebereik van de watergangen/sloten (tot 

ca. 2 m), als in de diepere delen van de ondergrond. Daarnaast maakt het veel uit of 

er grote oppervlaktewater lichamen (kanalen, meren) in de buurt zijn die een grote 

invloed uitoefenen op de stijghoogte in het eerste watervoerende pakket op de 

interesselocatie, en of het OWP van die grote waterlichamen lager, hetzelfde, of 

hoger is dan dat van de lokale watergangen (sloten) op de interesselocatie. Dit geeft 

aan dat een meer gedetailleerde classificatie nodig is voor beoordeling van de impact 

van OWP verlaging dan de drie klassen die in de CBA studie (1987) zijn opgenomen. 

 

II. De modellering toont aan dat de impact factor niet wordt begrensd door een 

maximum van 1 (GWS verlaging gelijk aan OWP verlaging). Aanzienlijk hogere 

waarden worden modelmatig gevonden voor het bodemprofiel type C waarin een 

relatief doorlatende bovengrond (zand of anders) op een slechtdoorlatende klei met 

een lage waterbergingscapaciteit ligt. Deze voorlopige bevinding impliceert dat een 

intuïtief maximum van 1 voor de impact factor het schaderisico in die situaties sterk 

zou kunnen onderschatten. 

 

De volgende stappen zijn noodzakelijk of wenselijk om tot een nieuw en bruikbaar raamwerk 

te komen voor de beoordeling van GWS verlaging door OWP verlaging ter ondersteuning van 

schaderisicobeoordeling aan gebouwen door verzakking. 

 

Vereist: 

1. Feedback van interne (Deltares) en externe grondwaterexperts op de algemene 

aanpak. Dit is belangrijk om blinde vlekken te vermijden, het verdere werk richting te 

geven en om draagvlak te hebben voor het beoogde uiteindelijke product. 

2. Het uitvoeren van checks op de huidige set van modellen om vast te stellen dat ze 

correct zijn geparametriseerd en berekend (zonder numerieke fouten). 

3. Te bepalen wat een passende/betekenisvolle maat voor de GWS verlaging is voor de 

definiëring van de impact factor. In de huidige studie is de laagste daggemiddelde 

GWS van het jaar gebruikt. Echter, voor de meeste processen die tot schade leiden 

is de duur van de lage GWS even belangrijk of zelfs belangrijker. 

4. Verbeteren van de klimatologische input van de modellen. In de huidige 

berekeningen is de potentiële verdamping gebruikt om de netto neerslag te 

berekenen die is toegepast. Met name gedurende droogte kan de actuele 

verdamping significant lager zijn door vegetatie stress (en lage GWS). 

5. Het onderzoeken en testen van alternatieven om de freatische 

waterbergingscapaciteit te modelleren. De specifieke freatische 

waterbergingscoefficient (Sy) beschrijft fundamenteel de waterbergingscapaciteit van 

de onverzadigde zone (van der Gaast et al., 2005), en is daarom een functie van de 

diepte van de GWS. In de huidige studie is de gangbare aanpak gekozen om Sy met 

een constante waarde toe te kennen aan de bodemmaterialen. De GWS verlaging in 

klei wordt daardoor naar verwachting in de huidige modellen overschat. 

6. De huidige set van (24) modellen/runs is nog ontoereikend om tot de uiteindelijke 

classificatie te komen waarin elke klasse een betrouwbare en onderscheidende 

statistiek voor de impact factor is toegekend. Naast genoemde verbeteringen is een 

gevoeligheidsanalyse noodzakelijk met betrekking tot: 

A. Wel/niet verdiepen van de watergangen bij OWP verlaging. Mee verlagen is 

niet meegenomen in de huidige set. Het is wel gebruikelijk in de praktijk om 

voldoende waterdiepte te handhaven en de functionaliteit van de afvoer op 

orde te houden. 

B. De breedte van watergangen die de percelen begrenzen. 

C. De breedte van percelen en buisdrainage. 
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D. De dikte van de bovenste bodemlaag indien afwijkend van de laag 

daaronder. 

E. De specifieke freatische waterbergingseigenschappen. 

F. De klimatologie. In de huidige berekeningen is een drie-jaar durende 

extreme droogte toegepast. Hoe verhouden de resultaten zich tot de impact 

van een enkel droog jaar? 

Wenselijk: 

7. Op dit moment zijn de afgeleide impact factoren puur modelmatig en daarom 

theoretisch van aard. Idealiter zouden ook monitoringsdata worden gebruikt om de 

bevindingen te toetsen. Echter, geschikte datasets zijn niet bekend, en acquisitie van 

data die de impact van OWP verlaging goed documenten is niet haalbaar, met name 

wanneer de impact voor vergelijkbare droge jaren moet worden vastgesteld. 

Niettemin is het wenselijk om: 

A. Schaarse mogelijkheden te benutten waar OWP verlaging wordt gepland 

(meestal door waterschappen), vergelijkbaar met de monitoring in de KWR 

(2014) studie voor de Electraboezem. 

B. De gehanteerde modellen en parametrisatie in algemene zin te toetsen voor 

beschikbare grondwatermonitoringsdata (zonder de OWP verlaging). 

8. Een aparte, vergelijkbare studie te doen naar de impact van OWP verlaging bij 

grotere kanalen/boezems. De omstandigheden voor die context zijn afwijkend van 

die van de polder-perceel context die in de huidige studie zijn bestudeerd door 

invloeden van zaken als damwanden, asymmetrie van de grootte van watergangen 

(kanaal naast sloot) en verschillen in OWP in deze watergangen en 

hoogteverschillen (o.a. bedijking en kanaal naast laaggelegen polderland).  
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1 Introduction 

1.1 Framework 

The work reported in this document was carried out by Deltares in the framework of the 

Knowledge Program on Effects of Mining (KEM-16 Toolbox subsidence), funded by the 

Ministry of Economic Affairs (EZK). KEM-16 is executed within the Work Program of TNO-

AGE. Deltares is subcontractor in this TNO-program. 

 

KEM-16 aims to develop a set of tools or methodology that can be used to address various 

practical issues involving impacts of mining-induced subsidence. The tools are intended to 

enable interested parties to perform authoritative and mutually comparable/consistent 

calculations. The selected issues that were adopted in the KEM-16 project plan were derived 

from stakeholder consultation and are addressed in three work packages: 

 

WP3 The impact of ‘deep subsidence’ on water level management 

WP4 Separating subsidence contributions from multiple mining activities 

WP5 Damage risk for various components of subsidence 

 

The present report concerns work and results contributing to WP5. 

1.2 Issue 

 

In The Netherlands, differential sagging is a common source of damage to real estate on 

shallow foundations or wooden pile foundations (houses, sheds, barns, fences). The sagging 

can have many causes. Changes in groundwater conditions are often at the heart of the 

problem. Especially groundwater table (GWT) lowering poses a risk since it can cause or 

enhance (differential) sagging through the shrinkage or compression of soft soil (settlement), 

oxidation of peat, and degradation of foundation poles. The causes of GWT lowering can also 

be manifold, including groundwater extraction, groundwater drainage by leaky sewers, 

periods of drought, and lowered surface water levels.  

 

Mining-induced land subsidence can contribute to the above damages through the lowering 

of surface water levels (SWL) relative to the land surface, both gradually, without 

interference, and by active lowering2. Accurate assessment of the associated damage risk is 

challenging as it involves many factors. Figure 1 depicts the key components. The focus of 

the present report is component 2: How much lowering of the groundwater table occurs for a 

given lowering of the surface water level?  

 

For a constant SWL, the GWT is not constant; it fluctuates in response to weather conditions 

(precipitation and evapotranspiration) and sometimes temporal variations in groundwater 

pumping or recharge from leaky sewers. The range of fluctuation is typically about half a 

metre but can vary from about one decimetre to a several meters. Also, in many polder areas 

in The Netherlands the fluctuating GWT can be affected by seasonally varying SWL because 

—————————————— 
2 Appendix A elucidates the two ways in which water level lowering can develop in response to mining-induced 

subsidence. Because of the subsidence, the water level lowering relative to the land surface is of greater concern 

here rather than absolute water level lowering (relative to the Dutch ordnance level NAP). In water management, the 

difference between land level and the water level in the waterways is referred to as freeboard. The relevant surface 

water level lowering therefore can be referred to as freeboard increase. 
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the target SWL in the growing season is often somewhat higher than in the winter season. 

The full characteristics of the GWT fluctuations are not of concern in this report. Neither are 

the impacts of temporary SWL drops. As low GWT’s are most relevant to differential sagging 

and associated damage risk, the focus of this study is the impact of permanent or very long-

lived SWL lowering on “damage-determining” low GWT’s. 

 

 

 
Figure 1: Flow chart illustrating the damage-risk chain of deep mining subsidence through surface water level 

lowering (freeboard increase). The numbered components require quantification in risk assessment. 

 

1.3 Existing studies 

 

Two studies conducted in the past 35 years have been particularly informative on the impact 

SWL lowering has on the GWT and are commonly referred to in this context. These studies 

are briefly discussed below. 

1.3.1 Commissie Bodemdaling door Aardgaswinning (1987) 

In 1987, an authoritative study was conducted into risk of SWL lowering relative to the land 

surface due to extraction of gas from gas fields in the province of Groningen (Commissie 

Bodemdaling door Aardgaswinning, 1987; further abbreviated as CBA, 1987)). The study was 

commissioned by the CBA. The report is available on their website. In this study, 

groundwater modelling was used to estimate the impact of a ditch water level lowering 

(increase of freeboard) by up to 0.2 m in a parcel bounded by ditches. The modelling is not 

presented in detail in the available report, but it is known that the used climatic conditions are 

those of the dry year 1976 and different soils were tested (clay, peat, sand). The “mean 

lowest groundwater level” (abbreviated in Dutch as GLG) was inferred for a reference ditch 

water level and for a 0.2 m lower ditch water level. The findings were summarized in two 

tables reproduced below (Table 1, Table 2). 

 

Soil profile predominantly 

consisting of: 

Ditch level lowering (m) Water table lowering (m) 

Clay 

Peat (with clay cover layer) 

Sand 

0.20 

0.20 

0.20 

< 0.05 

0.05-0.10 

0.10-0.15 

 

Table 1: Lowering of the mean lowest groundwater level (in a very dry summer) in the middle of a parcel for a 

ditch level lowering of 0.20 m. Reproduction of Table 1, p. 28  in the original report (CBA, 1987). 
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Soil type Ditch level lowering (m) Water table lowering (m) 

Clay 

Peat 

Sand 

Clay (?) 

0.20 

0.20 

0.20 

0.20 

0.05-0.10 

0.10 

0.10-0.15 

0.20 

 

Table 2: Lowering of the mean lowest groundwater level (in a very dry summer) in the surroundings of and 

underneath a (large) building (at some distance from the ditch) for a ditch level lowering of 0.20 m. Ranges 

represent different distances from the ditch and the effect of the building on groundwater 

recharge/evaporative loss was accounted for. It is not clear how conditions for the fourth soil type (clay) 

differed from the first (clay).  Reproduction of Table 3, p. 64 in the original report (CBA, 1987). 

 

The results suggest that the GLG lowering tends to be smaller than the ditch level lowering 

and depends on the “soil type”. For the last soil type Clay in Table 2, the GLG lowering 

equals the SWL lowering. However, it is unclear from the report how model conditions for that 

soil type differ from the first ‘Clay’ soil type.  

The tables have provided, and still provide, authoritative guidance for the evaluation of the 

GWT impact of SWL lowering in the building damage risk assessment community. 

1.3.2 KWR (2014) 

In 2008, the SWL within the 2nd compartment of the Electraboezem, an extensive fixed water 

level area in the province of Groningen, was lowered by 14 cm to mitigate the effect of land 

subsidence of the Groningen gas field. Prior to the lowering, rays of piezometers3 were 

installed perpendicular to main watercourses prior to the SWL lowering at ten locations in the 

area to monitor the impact of the lowering on the hydraulic head and phreatic water level (~ 

groundwater table). In 2014 the Water Cycle Research Institute applied time series analysis 

to the approximately six years of collected data at that time to study the relationship with the 

monitored SWL (KWR, 2014). The ratio of piezometric lowering and SWL lowering – referred 

to as impact factor - was inferred for each piezometer. Reported impact factors ranged 

between 0 - 60% for the factors that were judged to be plausible. At most locations, the 

impact clearly decreased with distance from the watercourse. An example showing relatively 

high impact factors is shown in Figure 2.  

 

Although the analysis did not specifically focus on the impact on low GWT or GLG, the results 

appear broadly consistent with the 1987 results of the Commissie Bodemdaling door 

Aardgaswinning. 

 

—————————————— 
3 Groundwater observation wells. 
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Figure 2: Example of monitoring data and impact assessment results reported by KWR (2014). The location is 

Warffum-Zuid. Upper left: aerial view of the monitoring site with locations of the monitoring wells. Lower left: 

positions of the wells and the associated filter depths of the piezometers along the transect. Upper right: time 

series of monitored head for the piezometers; yellow is the monitored surface water level. Lower right: inferred 

impact factors of the water level lowering as a function of distance along the transect. 

1.3.3 Limitations 

The above two studies provide valuable information about the impact of SWL lowering on the 

GWT. The findings have been, and still are being, referred to where judgement of the 

potential impact of SWL lowering on building damage due to differential sagging is required.  

 

A pertinent question to ask is if the inferences from these studies are sufficiently reliable and 

valid. The modelling in the first study (CBA, 1987) dates more than 35 years back at a time 

when modelling capabilities were more limited than today. Moreover, key aspects of the 

underlying modelling such as basal boundary conditions, model discretization and 

parameterization, are unknown. Also, the classification in terms of three ‘soil classes’ 

represented by a single lithology may overlook the role of other geohydrological factors such 

as shallow aquifers, their connectivity with the water courses and upward or downward 

seepage conditions.  

The second study (KWR, 2014) is of particular value in that it used monitoring data rather 

than a theoretical modelling framework. However, the number of sites that were monitored is 

rather limited and part of the monitoring data and results were considered unreliable by the 

researchers. The findings may therefore be mainly representative for specific settings4, which 

might not justify general use. 

—————————————— 
4 The sites are predominantly at locations with thick clay soils where the surface water level is decoupled from more 

permeable aquifer layers. Also, spacing of water courses is large at the monitored sites. 
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1.4 Objective and general approach 

 

The objective of the work presented in this report is to take key steps towards generating 

improved tables for the assessment of GWT lowering due to SWL lowering for application in 

the context of damage risk of buildings due to differential sagging. 

 

The ambition for the new tables is that they will include a more detailed and more  

comprehensive set of classes/conditions than the three very basic soil classes clay, sand, 

peat of the tables (Table 1,Table 2) published about 35 years ago (CBA, 1987). The methods 

and rationale underlying the tables need to be fully documented, and the classification 

employed in the tables practicable (recognized or inferred with reasonable effort and small 

risk of error). 

 

The steps taken in the present work are: 

¶ Distinguishing hydrogeological settings and conditions that are expected to provide a 

meaningful classification for the new tables. 

¶ Studying the relationship between SWL lowering and the resulting lowering of the 

(seasonally low) GWT for these classes using modern groundwater modelling tools 

and approaches. 

¶ Outlining further steps required to produce the new tables. 

 

1.5 Structure of the report 

 

The remainder of the report is structured as follows. Chapter 2 first presents the employed 

classification in terms of geohydrological settings and conditions and the underlying rationale. 

Chapter 3 documents the modelling approach. Chapter 4 presents and discusses the results 

of the modelling. Finally, Chapter 5 discusses what has been learned at this stage, and what 

further steps needed and desired to develop new guiding impact tables. 
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2 Classification 

In this chapter a classification consisting of 24 potentially distinctive hydrogeological settings 

and conditions is defined for which a response to SWL lowering was investigated through 

groundwater modelling (presented in Chapters 3 and 4). The classification is a working 

classification. Choices for a final classification for the desired authoritative tables should be 

based on what is being learned. 

2.1 Points of departure 

 

The following two considerations were used to define the classes.  

 

Polder-type setting 

Firstly, the classification for the present study was restricted to the polder-type setting 

characterized by fairly regular spaced water courses such as ditches, separating parcels of 

land5. This general setting occurs over large areas in the coastal provinces of The 

Netherlands. In these areas, Holocene strata generally overly an extensive Pleistocene 

aquifer system. The Holocene cover commonly includes relatively low-permeability soft soil 

units (clay, peat) that exert a dominant influence on the groundwater behaviour. The 

classification is not necessarily exhaustive for polder areas.  

  

Key factors 

Key factors that are expected to influence the response of seasonally low GWT’s to SWL 

lowering in the adopted polder-type setting are: 

 

¶ Connectivity of water courses and groundwater system 

This is determined by: 

- Soil profile/layering; notably connection of the water courses with extensive 

permeable layers underlying the parcel 

- Water bottom resistance and wet perimeter of the water courses 

¶ Storage properties of the soil layer(s) in which the GWT declines during drought 

This is determined by: 

- Soil profile/layering 

¶ Interaction of the GWT and the SWL of the parcel-bounding water courses with the 

regional groundwater system via an underlying extensive aquifer. 

This is determined by: 

- Soil profile; notably permeability/resistance of strata covering the aquifer 

- The SWL of large surface water bodies such as canals and lakes that exert a 

dominant influence on the aquifer head and thereby influence upward or downward 

seepage 

- The distance of the large surface water bodies to the parcel 

2.2 Archetypal soil profiles 

 

Based on the key influences listed in 2.1, four archetype soil profiles A-D were chosen that 

are expected to exhibit distinctive responses to SWL lowering (Figure 3). Geohydrologists are 

expected to be able to distinguish these archetypes using online datasets and/or locally 

acquired borings and/or geotechnical soundings together with information or judgement of the 

—————————————— 
5 Such a setting is also implied in the modelling presented in CBA (1987) 
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depth of the water courses. Type C, for instance, often occurs in urban areas where the 

‘topsoil’ consists of an anthropogenic cover layer. Types B and D are common in the province 

of Zuid-Holland where the intermediate sandy layer represents widespread occurrence of 

tidal deposits (Dutch: wadzand), and the basal low-k layer represents basal peat (Dutch: 

basisveen). 

 

 
 

Figure 3: Four archetypal soil profiles (vertical cross sections) that were chosen to study the GWT response to 

SLW lowering in the water courses (blue). ‘Low-k’ and ‘high-k’ refers to permeability. Differences in 

permeability of the layers are more important for the classification than the specific lithologies (this is 

discussed in the main text). 

 

The hydraulic properties of the layers displayed in Figure 3 are of greater importance for the 

classification than the specific lithologies (sand, clay) shown in the legend. Ripened clays in 

topsoil’s (up to ~ 1.5 m depth), for instance, can be highly permeable due to shrinkage 

cracks, allowing effective water exchange with parcel-bounding water courses. Despite the 

topsoil being clay, such a profile may better fit type C than type A. Furthermore, the 

permeability of peat – peat is not explicitly shown in Figure 3 - can be similar to the 

permeability of fine sand. A profile with a thin clay cover on top of permeable peat, might then 

fit type B or type D. 

 

The phreatic water storage change for a unit GWT change tends to be substantially smaller in 

clay than in sand or peat6. GWT lowering during a dry spell or drought therefore tends to be 

larger in clay than in sand, despite its lower permeability. In the context of the impact of SWL 

lowering, this difference in phreatic storage capacity of clay and sand is expected to be 

especially significant for the layered soil profiles. In type C, for instance, the GWT will lower 

first in sand. But if the GWT reaches the top of the clay – this is mostly likely to occur far from 

the ditches -, and the dry spell has not yet come to an end, the rate of GWT lowering will 

increase. For a low SWL in the ditches, this ‘acceleration’  is more likely to occur, and to 

occur earlier during, than for a high SWL. 

—————————————— 
6 The storage property is called specific yield; volume of water loss per unit area (map view) per unit GWT decline, 

and vice versa van GWT rise. The low specific yield of clay is related to high water retention (high soil moisture 

content) when drained. Thus, although the total water storage in clay is high, little needs to be added or removed to 

raise or lower the GWT. 
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2.3 Interaction with the regional groundwater system via the underlying 
aquifer 

 

Apart from the soil profile and the associated hydraulic properties (permeability and storage), 

regional factors beyond the parcel of interest are also expected to influence the GWT 

response to SWL lowering (Paragraph 2.1) and therefore require to be scrutinized.  The 

interaction with the regional system works through regional influences on the local aquifer 

head at the parcel of interest (Figure 4). Regional conditions can contribute to a high or low 

head relative to the local polder SWL. A high head causes predominant upward seepage 

conditions at the parcel of interest and a low head predominant downward seepage. These 

vertical seepage conditions are expected to play an important role in the GWT response to 

SWL lowering and should therefore be analysed. However, imposing a fixed aquifer head, as 

is commonly done in parcel-scale groundwater models, is oversimplified and unrealistic. The 

local, temporally varying GWT also influences the local aquifer head to a greater or lesser 

extent7. This is indicated by the vertical double-sided arrow in Figure 4. This also implies a 

stronger or weaker coupling with the polder SWL and, hence, stronger or weaker sensitivity 

of aquifer head and seepage conditions to SWL lowering (downward-pointing arrow 

underneath the parcel-bounding water course in Figure 4). 

 

 
 

Figure 4: Schematic illustration of the way in which regional controls on aquifer head interact with the GWT 

(and the SWL) at a parcel of interest. Blue arrows do not represent flow, but influence. Top: High 

heads/SWL’s outside the polder affect the local aquifer head at the parcel of interest. When significant, this 

tends to cause upward seepage which can influence the GWT. The vertical arrows indicate that, conversely, 

the GWT or a lowering of the SWL may also affect the local aquifer head. Bottom: Low heads/SWL’s outside 

the polder affect the local aquifer head at the parcel of interest. When significant, this tends to cause 

downward seepage which can influence the GWT. The vertical arrows indicate that, conversely, the GWT or a 

lowering of the SWL may also affect the local aquifer head.  

 

Ultimately, the relative importance of the regional and local influence matters. Therefore, in 

the present study, the local aquifer head for the four archetypal soil profiles A-D is modelled 

rather than imposed. And six classes of ‘regional influence’ are adopted (Table 3).  

—————————————— 
7 For instance, when upward seepage is induced by a low GTW during drought, groundwater is taken from the 

aquifer. If not replenished fully by inflow from surface water, the hydraulic head declines, suppressing upward 

seepage. 
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Neutral (regional head) means that surface water levels (and GWT’s) in the larger 

surroundings of the parcel are the same as at the parcel and, therefore, do not cause 

persistent upward or downward seepage. 

 

 

                ‘regional’ head 

coupling  

high neutral low 

strong Within the surroundings 

of the parcel, SWL’s 

(and/or GWT’s) occur 

that are higher than at 

the parcel and cause 

upward seepage at the 

parcel. 

 

One or more 

waterbodies with high 

SWL are large and/or 

nearby and exert a 

strong influence on the 

head at the parcel. 

Within the surroundings 

of the parcel, SWL’s 

(and/or GWT’s) are the 

same as at the parcel 

and, therefore, do not 

cause upward or 

downward seepage at 

the parcel. 

 

One or more 

waterbodies are large 

and/or nearby and exert 

a strong influence on 

the head at the parcel. 

Within the surroundings 

of the parcel, SWL’s 

(and/or GWT’s) occur 

that are lower than at 

the parcel and cause 

downward seepage at 

the parcel. 

 

One or more 

waterbodies with low 

SWL are large and/or 

nearby and exert a 

strong influence on the 

head at the parcel. 

weak Within the surroundings 

of the parcel, SWL’s 

(and/or GWT’s) occur 

that are higher than at 

the parcel and cause 

upward seepage at the 

parcel. 

 

The waterbodies with 

high SWL are small, 

shallow and/or distant 

and exert a weak 

influence on the head 

at the parcel. 

Within the surroundings 

of the parcel, SWL’s 

(and/or GWT’s) are the 

same as at the parcel 

and, therefore, do not 

cause upward or 

downward seepage at 

the parcel. 

 

The waterbodies are 

small, shallow and/or 

distant and exert a 

weak influence on the 

head at the parcel. 

Within the surroundings 

of the parcel, SWL’s 

(and/or GWT’s) occur 

that are lower than at 

the parcel and cause 

downward seepage at 

the parcel. 

 

The waterbodies with 

low SWL are small, 

shallow and/or distant 

and exert a weak 

influence on the head 

at the parcel. 

Table 3: Six classes of ‘regional influence’ on the aquifer head used in the classification. The regional head 

can be higher, the same (neutral) or lower than the local SWL at the parcel of interest. These external heads 

can be strongly or weakly coupled to the aquifer at the parcel of interest. 

 

The working classification for the present study consists of 4 archetypal soil profiles that are 

combined with 6 regional influence conditions, resulting in a total of 24 classes. 
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3 Modelling approach 

3.1 General 

The groundwater flow model (GWF) of MODFLOW 6 (Langevin et al., 2017) was used to 

investigate the GWT response to SWL lowering for the 24 settings and conditions outlined in 

Chapter 2.  

The adopted approach consisted of the following main steps. 

Á Set up groundwater models for the 24 conditions that are forced by climate 

conditions that include drought. 

Á Run simulations for a reference SWL and for lowered SWL’s. 

Á Quantify the impact of SWL lowering as the ratio of GWT lowering to SWL lowering 

(for the time at which the lowest GWT is calculated). 

 

In the remainder of this chapter these steps are elaborated on. 

3.2 Model design 

 

Domain and boundary conditions 

The general features of the model design are shown in Figure 5 and Figure 6. The domain 

extends between the middle of two parcel-bounding ditches. The lower 5 m of the domain 

represents the (extensive) aquifer. The land surface is chosen at z = 0 m to facilitate the 

interpretation of the results.  

The same parcel width (~ 60 m) is used for the four soil profiles A-D to bring out the different 

responses of these profile types. Smaller parcel widths occur in peat meadow areas where 

high surface water levels are maintained (low freeboard). Larger parcel widths are common in 

areas with arable farming, often in combination with pipe drains. The adopted width, 

therefore, represents an intermediate value. A 2 m deep and 2 m wide ditch was chosen – 

the ditch itself is not part of the model domain. The dimensions allow both for a reasonable 

freeboard (~1 m) and a reasonable water depth. The latter also allows for some ditch water 

level lowering. 

 
Figure 5: General features of the 2D cross-sectional model design (not to scale). Left: model domain. The left 

and right boundary correspond to the middle of the parcel-bounding ditches. The dashed lines indicate the 

vertical levels used to define the boundaries of the soil layers of the four soil layer profiles A-D (Figure 8). 

Right: types of boundary conditions. The lateral boundaries are closed to groundwater flow. The recharge 

boundary (RCH) at the top is used to impose the climate regime. The top drain (DRN) boundary condition is 

used to model surface water runoff in case the GWT tends to rise above the land surface. The general head 

boundary condition (GHB) at the base of the model is used to model the regional influences via coupling with 

the aquifer. The inset refers to the figure in which the boundary conditions used at the ditches is shown.  
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Figure 6: Boundary conditions used to simulate the surface-groundwater exchange at the ditches. Below the 

ditch water level (blue line), river boundary conditions (RIV) are used. This ensures realistic inflow from ditch 

water in case bounding cells become unsaturated during drought and allows parameterization of ditch bottom 

resistance. Drain boundary conditions (DRN) are used above the ditch water level to allow outflow of 

groundwater during high GWT in the ditch wall (seepage face), while no inflow can occur for these cells. 

 

Discretization 

The horizontal and vertical cell size are, respectively, 0.5 m and 0.05 m. This ensures 

detailed representation of surface-groundwater interaction at the ditches. The fine vertical 

discretization also supports high resolution tracking of the phreatic GWT and prevention of 

spurious lateral groundwater flow in the unsaturated zone which changes continuously in 

space and time. A time step size of 1 day was adopted. 

 

Initial conditions 

The starting hydraulic head field for each model run was obtained from a steady-state 

solution for the prevailing boundary conditions.  

3.3 Parameterization 

Parameter values of hydraulic properties and boundary conditions were assigned as follows. 

 

Climate 

(RCH) 

Because building damage risk is associated with low GWT conditions, the climate regime of 

2018, one of the driest years on record in The Netherlands, was chosen to force the model8. 

Daily precipitation and potential evaporation data for the De Bilt weather station were 

collected from the KNMI. The net precipitation – precipitation minus evaporation – was 

assigned as recharge (RCH) (Figure 7). Three years were simulated in which the 2018 

climate record was repeated three years in a row9. This was done because a single year 

simulation might yield spurious effects originating from the initial conditions (steady state) not 

having equilibrated to a temporally varying climate. The GWT time series for the third year 

was used in the analysis.   

 

—————————————— 
8 This approach was also taken by CMA (1987) where the dry year record of 1976 was used. 
9 5.3 explains that additional climatic scenarios need to be investigated in follow up work. 
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Figure 7: Top: daily precipitation and evaporation measured at the De Bilt weather station during 2018. 

Bottom: daily net precipitation (precipitation minus evaporation) assigned as RCH in the model. 

 

Hydraulic properties of model layers 

Figure 8 depicts how the four model layer types listed in the legend are used to characterize 

the four archetypal soil profiles A-D. The model layer types were assigned characteristic 

parameter values listed in Table 4, where Kh and Ky respectively denote the horizontal and 

the vertical hydraulic conductivity, Ss is specific storage10 and Sy specific yield. 

 

 
Figure 8: Thicknesses of the model layers and model layer types (legend) for the four archetypal soil profiles 

A-D. Note the thickness are not shown to scale. 

 

—————————————— 
10 Storage property that applies to head loss or gain when the soil remains saturated (below the GWT). Defined as 

water volume change per unit soil volume per unit head change.  
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The contrasts of hydraulic conductivity of the model layer types are more important than their 

precise individual values. The relatively high specific storage of clay reflects the characteristic 

high elastic compressibility of Holocene clays which mainly works to slow vertical propagation 

of hydraulic head changes through the clay layer. The values of specific yield are based on 

unsaturated zone modelling work for soils in The Netherlands (van der Gaast et al., 2005; p. 

125). 

  

                 Hydraulic parameter 

Soil type  

Kh (m/d) Kv (m/d) Ss (1/m) Sy (-) 

Clay 5e-3 5e-3 5e-3 0.05 

Sand 5 2 1e-5 0.15 

Basal low K-layer 2e-4 2e-4 1e-5 - 

Aquifer 100 100 1e-5 - 

Table 4: Hydraulic parameters assigned to the four model layer types. Sy of the aquifer and the basal low-K 

layer are of no concern because the GWT does not reach those layers. 

 

Land surface drainage boundary condition 

(DRN) 

The model cells in the top subsurface layer are modelled as drain cells for which: 

Drain elevation is set to 1 cm below surface level. 

Conductance is set to 10 m2/d for all cells in the top row. 

This prevents the GWT to rise above the land surface in the calculations. 

 

Ditch boundary conditions 

(RIV) 

Below the ditch water level, model cells bordering the ditch are modelled as river cells 

(Figure 6) and require three model parameters: stage (m), river bottom (m) and 

conductance (m2/d).  

Stage is assigned the desired ditch water level. 

For cells below the ditch bottom, river bottom is assigned the ditch bottom level. In the 

present simulations, river bottom = -2 m (Figure 8). 

For cells adjacent to the ditch water, river bottom is assigned the level of the centre of the 

cell. 

Conductance is parameterized using an adopted water bottom resistance Cwb. In the 

present simulations Cwb = 1 d. Conductance = A/Cwb, with A (m2) the surface area of the 

cell face through which the flow occurs. 

 

(DRN) 

Above the ditch water level, model cells bordering the ditch are modelled as drain cells 

(Figure 6) and require two model parameters: drain elevation (m) and conductance (m2/d). 

Drain elevation is assigned the level of the centre of the cell. 

Conductance is determined by the flow resistance experienced along the path from the 

middle of the cell to the ditch wall. This is quantified as conductance = Kh x A / L, where L 

is half the horizontal cell size and A the surface area of the cell face through which the 

flow occurs in the ditch wall. 

 

Ditch water level 

Three ditch water levels are used to study the impact of SWL lowering: 

1. SWL = -1.0 m  (reference level) 

2. SWL = -1.2 m 

3. SWL = -1.5 m 
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Aquifer boundary condition; regional influences 

The coupling of the parcel groundwater with the regional hydrological system (Paragraph 2.3) 

is modelled by applying a general head boundary (GHB) at the base of the modelled aquifer 

(Figure 5). GHB requires two model parameters: boundary head (external to the model 

domain) and conductance. The conductance was specified based on an equivalent 

resistance, which does not scale with the size of the cell. The boundary head and resistance 

used for the six regional influence classes are listed in Table 5. The conceptual meaning of 

the six classes is described in Table 3. The high and low boundary heads have been chosen 

4 m above and 4 m below the reference SWL used in the models. These large differences 

are mainly representative for settings with reclaimed lakes. Smaller differences are more 

common. The results, therefore, yield insight for rather extreme circumstances.  

 

 

Table 5: GHB parameters for the six classes of ‘regional influence’. 

 

3.4 Impact factor  

The impact of the lowering of the SLW for the 24 classes is quantified as the ratio of GWT 

lowering to SWL lowering.  

 

/lowI GWT SWL=D D  

 

Where lowGWT  is a measure of the GWT in the period(s) during which low GWT’s occur. In 

the present analysis the lowest GWT of the daily timeseries was used. 

 

                ‘regional’ head 

coupling  

high neutral low 

strong Boundary head: +3 m  

Resistance: 10 day 

Boundary head: -1 m 

Resistance: 10 day 

Boundary head: -5 m 

Resistance: 10 day 

weak Boundary head: +3 m  

Resistance: 1000 day 

Boundary head: -1 m  

Resistance: 1000 day 

Boundary head: -5 m  

Resistance: 1000 day 
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4 Results 

In this chapter, the results of the 24 different hydrogeological classes are presented. 

Paragraph 4.1 lists the inferred impact factors.  Paragraph 4.2 illustrates the temporal and 

spatial variation of the GWT and aquifer head for two selected classes. The GWT and aquifer 

head time series for all of the 24 classes are provided in Appendix B. The results are briefly 

discussed in Paragraph 4.3. 

4.1 Impact factors 

Strong coupling 

 
 

Soil profile A Soil profile B 

  29 m from ditch 

(mid parcel) 

2m from ditch 29 m from ditch 

(mid parcel) 

2m from ditch 

regional 

head 

high  neutral low high  neutral low high  neutral low high  neutral low 

SWL=-1.2m 0.05 0.05 0.00 0.95 1.10 1.20  0.20 0.45  0.40 0.95 

SWL=-1.5m 0.02 0.04 0.00 0.92 1.36 3.28  0.18 0.50  0.38 1.06 

Table 6: Impact factors for soil profiles A and B for regional influences with a strong coupling (resistance =    

10 d) and for the three different head classes. Grey: considered unreliable (see 4.3). 

 
 

Soil profile C Soil profile D 

  29 m from ditch 

(mid parcel) 

2m from ditch 29 m from ditch 

(mid parcel) 

2m from ditch 

regional 

head 

high  neutral low high  neutral low high  neutral low high  neutral low 

SWL=-1.2m -0.40 1.15 9.05 0.60 1.00 1.00 0.90 0.95 0.90 1.00 0.95 1.00 

SWL=-1.5m 1.04 4.16 8.34 1.00 1.04 1.00 0.92 0.92 0.9 0.96 0.94 0.96 

Table 7: Impact factors for soil profiles A and B for regional influences with a strong coupling (resistance =    

10 d) and for the three different head classes. Grey: considered unreliable (see 4.3). 

Weak coupling 

 
 

Soil profile A Soil profile B 

  29 m from ditch 

(mid parcel) 

2m from ditch 29 m from ditch 

(mid parcel) 

2m from ditch 

regional 

head 

high  neutral low high  neutral low high  neutral low high  neutral low 

SWL=-1.2m 0.35 0.10 0.85 1.00 1.10 1.20 0.90 0.85 0.90 0.95 0.95 0.95 

SWL=-1.5m 0.18 0.08 0.58 1.04 1.46 3.28 0.88 0.88 0.90 0.90 0.94 0.92 

Table 8: Impact factors for soil profiles A and B for regional influences with a weak coupling (resistance = 

1000 d) and for the three different head classes. 
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Soil profile C Soil profile D 

  29 m from ditch 

(mid parcel) 

2m from ditch 29 m from ditch 

(mid parcel) 

2m from ditch 

regional 

head 

high  neutral low high  neutral low high  neutral low high  neutral low 

SWL=-1.2m 1.30 3.40 10.60 1.05 1.10 0.95 0.95 0.95 0.95 0.95 0.95 0.95 

SWL=-1.5m 1.84 4.50 7.34 1.04 1.04 0.98 0.92 0.92 0.92 0.94 0.94 0.94 

Table 9: Impact factors for soil profiles C and D for regional influences with a weak coupling (resistance = 

1000 d) and for the three different head classes. 

4.2 Temporal and spatial variation of the GWT for selected classes 

Figure 9 and Figure 10 show time series of the GWT and head for two selected classes. 

 

 
Figure 9: Time series for Soil profile B; neutral regional head and weak coupling (GHB head = -1 m; 

resistance = 1000 d). 

 
Figure 10: Time series for Soil profile C; neutral regional head and weak coupling (GHB head = -1 m; 

resistance = 1000 d). 
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Figure 11 and Figure 12 show the spatial variation of the GWT across the parcel transect at 

three points in time for the two selected classes. The chosen moments depict a period of low, 

intermediate, and high GWL.  

 

  
Figure 11: Soil profile B, GWT across parcel transect with regional influence with neutral head and weak 

coupling. GHD head = -1 m, GHB resistance = 1000 d 

 
Figure 12: Soil profile C, GWT across parcel transect with regional influence with neutral head and weak 

coupling. GHD head = -1 m, GHB resistance = 1000 d 
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4.3 Discussion 

The following remarks and observations are made regarding the results. 

 

The impact factors for the strong coupling with the high and low regional head presently still 

lack merit (listed in grey in Table 6 and Table 7). The adopted parameterization with the 

regional head 4 m above and below the reference ditch water level, together with the strong 

coupling (GHB resistance 10 d), induces excessive upward and downward seepage in the 

models which yields unrealistic impacts. For downward seepage (GHB head at – 5 m), the 

GWT reaches excessively low levels for type A, B and C, and for upward seepage (GHB + 3 

m) the GWT remains at the land surface for prolonged periods of time or permanently for 

types A and B, which does describe meaningful conditions that would occur in practice. 

These models need to be recalculated with modified regional head values and results are not 

further discussed. The results for the weak coupling with the high and low regional head are 

considered meaningful, although also there, the head differences applied could be reduced. 

 

The impact factors for neutral regional head classes are presently considered most 

meaningful, also because they are expected to be representative for the largest fraction of 

land surface in polder settings. 

 

Mid parcel impact 

 

The impact factors for soil profile A (thick clay) are mostly very low (< 0.10). This appears to 

confirm the ‘clay’ result of Table 1 (CBA, 1987). However, both high and low regional head 

yield significantly enhanced impacts (up to 0.85) for weak coupling. The systematics of the 

latter influence – both high regional head and low regional head increase the impact factor 

relative to neutral regional head - is not yet understood and needs to be investigated. 

 

The impact factors for soil profile D (clay on sand with a basal low-K layer) are all close to 1 

(> 0.90). Regional coupling has negligible effect due to the shielding effect of the basal low-K 

layer. The head in the sand layer is strongly coupled to the SWL of the ditches and exerts a 

strong control on the GWT in the parcel. This explains why the impact factors are close to 1 

for this soil type. The impact factors for this (~ 2 m) clay soil are much higher than suggested 

by Table 1 (CBA, 1987) but in good agreement with the enigmatic ‘clay (?)’ record in Table 2.  

 

The impact factors for soil profile B (as D without the basal low-K layer) are also generally 

close to 1 (> 0.85) for weak coupling with a regional head. Here, similar to soil profile D, the 

head in the sand layer is strongly coupled to the ditch water level.  This is readily seen in 

Figure 9 and Figure 11. Figure 9 further shows that the aquifer head is also influenced by the 

fluctuations of the GWT resulting from precipitation events. For strong coupling with a neutral 

regional head, much lower impact factors (to 0.20) are found. Under those conditions, the 

head in the sand layer declines only partially in response to the SWL lowering of the ditches, 

‘keeping’ up the GWT, leading to a relatively low impact factor. In contrast to soil profile D, for 

soil profile B, regional influences on the aquifer head exert a strong control on the impact 

factor. 

 

The impact factors for soil profile C (sand on clay) show values >> 1 (up to 10)11. And 

sensitivity to regional coupling is very strong. The origin of these perhaps non-intuitive impact 

factors is (a) a strongly reduced lateral inflow from the ditches via the sand layer during 

drought when the SWL is lower, and (b) the low specific yield (Sy) of the clay. For the 

—————————————— 
11 Values more than about 3 are expected to be unrealistically high, determined by model assumptions that need to 

be improved. Evaporation limitation for very low GTW is needed, and parameterization of phreatic storage looked 

into. 
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reference SWL = -1 m, the GWT remains in the sand layer due the high drainage level (equal 

to SWL) and due to inflow from the ditches via the sand during drought. When SWL is 

lowered, not only is the drainage level lowered, the inflow from the ditches during dry periods 

is reduced or blocked as well, leading to stronger GWT decline in the central parts of the 

parcel during drought. Once the GWT reaches the top of the clay, the rate of GWT decline 

increases further due to the low Sy of the clay. This is borne out by Figure 12, which shows 

that the very low GWT is confined to the central part of the parcel. 

If soil profile C would classify as predominantly ‘sand’ in the CBA (1987) classification, this 

‘sand’ is associated with much larger impact factors than in this former study. 

 

Impact close to the ditches 

 

Close to the ditches, the impact factors generally are fairly close to 1 (0.9 – 1.1), although 

notable exceptions are also found. In particular for soil profile A, a marked gradient with 

distance from the ditches is implied, trending to very low values away from the ditches. For 

soil profile C the converse is predicted, the impact factor increasing from about 1 to 

considerably higher values at larger distances from the ditches. 

 

Impact factors much less than 1 (~ 0.4) were inferred close to the ditches for soil profile B, 

when the local head is strongly coupled to a regional (neutral) head. Apparently, even 

relatively close to the ditches (2 m), the head in the sand is more affected by the regional 

head than by the lowered ditch water level, thereby reducing the impact of the SWL lowing on 

the GWT. 

Impact factors considerably larger than 1 close to the ditches (up to 3.28) were found for soil 

profile A. The ‘excessive’ GWT decline during dry spells for these situations in the model is 

probably due to the assumption that the ditch is not deepened together with the SWL 

lowering. In the present models, for the SWL lowering by 0.5 m, the ditch water depth 

reduces by 50%. This then causes a reduction of inflow of water from the ditch to the clay 

during drought. The inferred high impact factors may, therefore, be reasonable, but also are 

intimately coupled to the assumption that ditch depths are not altered during SWL lowering. 

 

 



 

 

 

31 of 48  Groundwater table lowering due to surface water lowering 

11205981-004-BGS-0001, 30 March 2023 

5 General discussion 

In this discussion chapter first the preliminary nature of the results is elucidated. Then two 

questions are briefly addressed. First, what are new insights that can be gleaned from the 

presented results? Second, what is further needed to establish new authoritative impact 

tables? 

 

5.1 Preliminary nature of the results 

 

The modelling work presented in this report involved learning while doing and included 

various phases of adjustment of the conceptual approach and the technical implementation. 

This process is still ongoing. Some features of the results demand further scrutiny to 

ascertain that they are properly calculated. Also, some improvements are still needed 

regarding the way processes are represented, and further consideration should be given to 

the best way to quantify the impact factor. These issues are discussed in Paragraph 5.3 and 

imply that the presented results still are exploratory and preliminary. 

 

5.2 Lessons learned 

 

The following two main lessons have been learned from the study. 

 

1. The modelling shows that impact of SLW lowering is considerably more involved than 

suggested by the table(s) of the CBA (1987) (Table 1 and Table 2). Additional factors 

than merely three soil types ‘clay’, ‘peat’ and ‘sand’ determine the impact. 

Stratification of the soil plays a crucial role, both in the depth range of the water 

courses bounding a parcel as well as at deeper levels. Also, regional influences on 

the hydraulic head in the underlying aquifer determine if the impact is large or small. 

This demonstrates that a more detailed set of classes than the CMA-classes is 

needed for impact assessment of SWL lowering. 

 

2. The modelling indicates that the impact factor is not bounded by a maximum value of 

1. Significantly higher values were inferred for archetypal soil type C in which a 

relatively permeable topsoil (sand or other) is overlying a low permeability clay with a 

low storage capacity. This finding is important as it implies that damage risk of SWL 

lowering could also potentially be higher than suggested by an intuitive maximum 

impact factor of 1. 

 

5.3 Which steps are further needed? 

 

The following steps are deemed necessary, or desirable, to move towards new practicable 

tables for the assessment of GWT lowering due to SWL lowering for application in the context 

of damage risk of buildings due to differential sagging. 
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Required: 

9. To acquire feedback from internal (Deltares) and external groundwater experts on 

the overall modelling approach. This is important to avoid pitfalls, to steer further 

work and to broaden support for the desired final product. 

10. To carry out checks to ascertain that the calculated GWT time series are properly 

calculated (no numerical error)12. 

11. To develop a rationale for and to determine what would be a proper/meaningful 

measure for the low GWT to be used to quantify the impact factor. In the present 

study the lowest day-averaged GWT of the year was used. However, for most of the 

processes that lead to building damage, the duration of low GWT conditions can be 

equally or more important. 

12. To improve the climate forcing in the modelling to include actual evapotranspiration. 

The present calculations were done using potential evapotranspiration. In particular 

during drought, evapotranspiration (rates) tend to be suppressed by vegetation stress 

(and deep GWT’s). This will reduce the modelled GWT lowering and yield more 

realistic estimates for the impact factors.  

13. To explore and test alternative ways to represent phreatic storage in the modelling, 

notably for clay.  Specific yield (Sy) fundamentally represents the storage capacity of 

the unsaturated zone (van der Gaast et al., 2005) and, therefore, should increase 

with GWT depth for a single homogeneous soil type. In the present study a constant 

material property was assigned. If the depth-dependency is included, the GWT 

lowering during drought decreases when the GWT reaches greater depth. Improved 

modelling will reduce the modelled GWT lowering and yield more realistic estimates 

for the impact factors. 

14. The present set of (24) models/runs, even when improved, are insufficient to discern 

and establish classes that each can be assigned reliable (robust) and distinctive 

statistics for the impact factor. Sensitivity analysis is required regarding: 

G. Deepening of the ditch together with SWL lowering. This is usually done to 

maintain sufficient water depth and functionality of the surface water system. 

H. The width of the ditches (parcel-bounding water courses). 

I. Parcel width and pipe drainage (especially for soil profile type A). 

J. Topsoil thickness 

K. Specific yield 

L. The climate forcing. In the present analysis a three-year drought was used. 

What are impacts for a single year drought? 

 

Desirable: 

15. Presently, the inferred impact factors are purely model based. Ideally, empirical field 

data would be used to test the modelling results. However, pertinent data are not 

known to exist, and acquisition of such data through dedicated field testing, in 

particular in various settings, is elaborate and requires many years if the impact of 

SWL lowing on GWT during drought is to be discerned. It would be highly desirable, 

nevertheless,  

C. to utilize rare opportunities where SWL lowering is planned (usually by 

waterboards) similar to the monitoring conducted in the KWR (2014) study. 

D. to evaluate the employed models and adopted parameterization against 

pertinent available groundwater monitoring data regardless of whether SWL 

lowering was involved. 

16. Separate systematics for the SWL lowering impact at major (outlet) canals. 

Differences relative to the polder-type, parcel-oriented setting presented in this report 

—————————————— 
12 The spiked GWT response for soil profile type C to precipitation during the dry spell, for instance, is not yet 

understood. The same applies to the observation that for soil profile type A that both high and low regional head 

yields higher impact factors than for the neutral head situation. 
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are influences of barriers such as sheet piling, asymmetry of water course size (canal 

versus ditch), differences in SWL (canal versus ditch) and topographic relief (diked 

canals next to lower elevation land). 



 

 

 

34 of 48  Groundwater table lowering due to surface water lowering 

11205981-004-BGS-0001, 30 March 2023 

6 References 

CMA (Commissie Bodemdaling door Aardgaswinning) (1987).  

Studieresultaten betreffence ongelijkmatige zakkingen in verband met aardgaswinning in de 

procincie Groningen. Deelstudie II: Mogelijkheid van schade aan de bebouwing door 

wijzigingen in het peil van polder- en boezemwater. Ongelijkmatige zakking deelonderzoek 

1.pdf (commissiebodemdaling.nl) 

 

KWR (Water Cylce Research Institute) (2014). 

Hydrologisch meetnet Electraboezem 2e schil; effecten van boezempeilverlaging en 

bodemdaling. Report: KWR 2014.039. 

 

Kooi, H., Ladnwehr, J.C., Stuurman, R.J., van Meerten, J.J., Levelt, O., Korff, M. (2021) 

Indirecte schade-effecten van diepe bodemdaling en -stijging in het Groningen gasveld en 

gasopslag Norg. Deltares rapport 11207096-002-BGS-0001. 

 

Kooi, H., Bootsma, H., Rooze, D, Melman, R. (2023) Mining-induced subsidence and water 

level management; KEM-16 WP3. Deltares report 11205981-003-BGS-0001. 

 

Langevin, C.D., Hughes, J.D., Banta, E.R., Provost, A.M., Niswonger, R.G., and Panday, 

Sorab (2017), MODFLOW 6 Modular Hydrologic Model: U.S. Geological Survey 

Software, https://doi.org/10.5066/F76Q1VQV 

 

Van der Gaast, J.W.J., Massop, H.Th.L., Heuvelink, G.B.M. (2005) Monitoring van 

verdroging, methodische aspecten van metnetoptimalisatie. Alterra-rapport 1102. 

 

https://commissiebodemdaling.nl/files/Ongelijkmatige%20zakking%20deelonderzoek%201.pdf
https://commissiebodemdaling.nl/files/Ongelijkmatige%20zakking%20deelonderzoek%201.pdf
https://doi.org/10.5066/F76Q1VQV


 

 

 

35 of 48  Groundwater table lowering due to surface water lowering 

11205981-004-BGS-0001, 30 March 2023 

Appendix A Mining-induced land subsidence and 
surface water level lowering 

Kooi et al (2021; 2023) distinguish two ways in which mining-induced (deep) land subsidence 

can induce SWL lowering relative to the land surface (in Dutch: increase of freeboard): 

  

(1) By differential subsidence within fixed water level areas. This form of SWL lowering 

occurs gradually and without active interference in the water system. This is depicted 

in Figure 13. Freeboard increase (red) equals SWL lowering relative to the land 

surface. 

 

(2) By active SWL lowering by water boards aimed to mitigate effects of 1. Note that 

when this lowing corrects for a prior SWL rise (freeboard decrease) due to 1, no net 

SWL lowering may be involved since the start of the deep subsidence. 

 

 
Figure 13 Schematic illustration of the effect of deep subsidence on freeboard in the absence of active 

interference and in the absence of shallow subsidence. Top panel: situation before deep subsidence, showing 

three fixed water level areas, each with a water level controlling infrastructure (weir or pumping station). At the 

middle area, the discharge at the weir occurs at the middle of the profile in an out-of-profile direction. The 

other panels respectively show the deep subsidence, the impact on land level, water level and freeboard, and 

the freeboard change (red = increase of freeboard, blue = decrease of freeboard). In the sketch is it assumed 

that the water level at the drainage outlet canal to the right is unaffected by the subsidence or maintained at 

the original level. 
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Appendix B Results: time series 

Regional influence with a neutral head and a weak coupling 
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Regional influence with a high head and a weak coupling 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 



 

 

 

39 of 48  Groundwater table lowering due to surface water lowering 

11205981-004-BGS-0001, 30 March 2023 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 



 

 

 

40 of 48  Groundwater table lowering due to surface water lowering 

11205981-004-BGS-0001, 30 March 2023 

Regional influence with a low head and a weak coupling 
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Regional influence with a neutral head and a strong coupling 
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Regional influence with a high head and a strong coupling 

 

This set of results currently includes unrealistic results due to excessive upward seepage. 
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Regional influence with a low head and a strong coupling 

 

This set of results currently includes unrealistic results due to excessive downward seepage. 
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