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The Netherlands receive lots of rain, but in cities
most rainwater is drained off

Water atlas 2012

Using precious deep ground water for producing drinking
water while turning rainwater into sewage water

Water atlas 2012

Rainwater stored in a cistern (water cellar) under a square
Acces of a cistern at
the Wester Church
square, Amsterdam

Veldhuijzen 1806-41;Ter Gouw 1814;
Van Roosbroeck 2019, ‘The water supply

Harvesting rainwater:
from the roof into the tank/cistern
Water from the roof into the tank

Fishmarket, Cornelis Dusart, 1683, Rijksmuseum.

Water tanks on the street, integrated in
well-houses (puthuizen)

History of urban fresh water
• People used fresh water as pure drinking water for drinking and
cooking, but also as domestic water, for washing bodies and clothes,
cleaning buildings and streets, and watering animals.
• People had more water sources: rainwater (cisterns & tanks), ground
water (wells & pumps), surface water (canals).

Ground water accessed through wells and pumps

The public Mary pump (‘Mariapomp’), Utrecht, 1352/1844,
Photo: J. Koorneef

The public well at the Brink square in Deventer,
A. Beerstraten, 1665, Museum de Waag

Water sources
- Ground water
- Rainwater
- Surface water
.

Map: I. Vogelzang, De drinkwatervoorziening van
Nederland voor de aanleg van de drinkwaterleidingen
(1956), adapted by Roos van Oosten, Leiden.

Silty ground
water
pres. 1 & 2

Fresh ground
water
pres. 3

Resilience of a city to drought
absorption ->
adaptation
(risk-mitigating strategies) ->

transformation

Béne 2016; Van Bavel et al. 2021

Micro water infrastructure

Stairs for water access (‘walstoepen’) in
Leiden, Rapenburg 18th century, P.C. La
Fargue

Lifting water with a ‘puthaal’
Utrecht c. 1900

Questions today
• Who had access to which water? In particular, how did poor people
have access to good water sources like wells in the eastern
Netherlands and cisterns in the western Netherlands?
• How was water harvested and stored and distributed?
• What happened in times of drought?

Households’ strategies
of coping with water
scarcity: a history of an
Amsterdam orphanage,
1666-1790
Milja van Tielhof (Huygens Institute)
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Amsterdam, city full of water …
but suffering from a lack of fresh
urban water
Water is polluted
Water is brackish

The smelly canals were even a
touristic attraction
Population:
c. 200.000 (1670-1800)

brackish water ↑ (the IJ)

Amsterdam in 1693. North is at the bottom of this map
(Stadsarchief Amsterdam)

Fresh water was (partly) imported from Utrecht
Organised by the brewers
(c. 1550 – 1786)
Transport by barge

Surface water from River Vecht and smaller
rivers, 20 or even 30 km from Amsterdam

Water barge of the brewers
(Rijksmuseum Amsterdam)

... but most fresh water in town was rainwater
Historical and archeological studies report:
Cisterns in private houses, churches,
charitable institutions etc. (17th-18th c.)
Dozens of large public cisterns were built
by the city government 1780-1830
→ Was Amsterdam like Venice, with
cisterns occupying much of the
underground space?

Cistern (water cellar) under a patrician house,
discovered in 2021 (Nieuwezijds Voorburgwal 282)
(Foto Stadsherstel Amsterdam/J.R. van der Vliet)

J. Gawronski en J. Veerkamp, ‘Water uit de kelder’ (2007).
D. Gentilcore, ‘The cistern-system of early modern Venice’ (2021)
B.C.S. Levering, Drinking water: liquid gold of the city (2019).
J.E. Abrahamse 2010, De grote uitleg van Amsterdam (2010).
F. Van Roosbroeck, ‘The water supply of early modern Amsterdam. A drop in the bucket?’ (2019).

A household perspective gives the opportunity to study:

daily practices and routines, adapted to chronic
water scarcity
flexibility of households to cope with seasonal and
other fluctuations in the availibility of water
the ‘water culture’ of a specific social group

Orphan boys from the Aalmoezeniersweeshuis with kites
(Drawing by H.P. Schouten 1779, Stadsarchief Amsterdam)

The Aalmoezeniersweeshuis, orphanage for the poor
Built 1663-1665, opened in 1666
Located at one of the most polluted
canals, Prinsengracht

In 1693 (Rijksmuseum Amsterdam)

Location of the orphanage
(map of 1770 , Stadsarchief Amsterdam)

The building in 1974 (Stadsarchief Amsterdam)

The largest orphanage in the Dutch Republic
boys

1000 - 1300 resident children

girls

(period 1683-1786)

(total of the years 1696,
1731, 1744, 1786)

Year

Young girls

Girls ≥ 10 y.

Young boys

Boys ≥ 10 y.

1683

Total
1232

1696

133

457

141

389

1120

1731

95

507

103

435

1140

1744

131

538

115

451

1235

1786

156

560

158

414

1288

Research question:
Which coping strategies did the orphanage apply to have enough water for
the more than 1000 children each day?
Were these strategies related to weather and climate conditions?
Dozens of
draught horses
To fetch water from the fresh water rivers, an
icebreaker ↓ had to clear the waterways
(T. van der Horst/P. Schenk c. 1730-1736 (Stadsarchief Amsterdam)

Water was used for 6 purposes
in the orphanage
-consumption
(food preparation & drinking water)
-personal care
-washing dishes
-washing clothes and bed-clothes
-cleaning
-extinguishing fires
↑ sources for water use: regulations

for the orphanage staff

Coping strategy 1: minimising water use
Daily routines involved very little water, e.g.:
-the same water and soap was re-used several times for washing clothes
-few dishes had to be washed, as 4 children shared one plate
-by serving generous portions of milk and beer, water drinking was minimal

Daily routines valued water as
a precious good, but were
characterised by inflexibility

Washing up in the kitchen of an orphanage in Haarlem
(Burgerweeshuis).
Painting by Warnar Horstink , 1778.

Coping strategy 2: use high quality water only when
necessary
There was micro infrastructure for:
-Rainwater (e.g. for washing cloths)
-Ground water
-Surface water (imported)
-Canalwater

Extinguishing fires with canalwater. Jan van der Heijden,
Brandspuitenboek (Stadsarchief Amsterdam)

Inventories by town officials, 1755 and 1789,
report 10 cisterns (regenbak) in the orphanage
Nr.

Location (courtyards)

Size
(l x b x d in feet)
12,5 x 8,75 x 9

Use

Wasplaats

Capacity
(water barrel, 110 lt)
186

1
2

meisjesplaats

218

11 x 11 x 9

Het schommelhuis

3

meisjesplaats

176

10 x 9 x 8

Wollemeester en schoenmaker

4
5

meisjesplaats
jongensplaats

191
231

11,5 x 10 x 8
11 x 11 x 9,5

Het huis
Kantoormoeder en het huis

6

jongensplaats

231

11 x 11 x 9,5

Provoost en jongensmeester

7

jongensplaats

405

15 x 14 x 9/7

Grote keuken

8

ziekenplaats

161

11,5 x 10,5 x 9

Ziekenhuis en washuis

9

achterplaats

307

12,5 x 9,75 x 12/3

Het huis

10

achterplaats

292

13 x 9 x 12,5

Het schommelhuis

total

2398

Washuis en bakkerij

Location of cisterns (squares) and groundwater wells
(rounds), on the court yards

Plan of the orphanage, 1825
Stadsarchief Amsterdam/Jan de Greef

Strategy 3: arrangements for the supply of barge water
Agreement with a supplier to
deliver all the water that was
needed
Fixed prices
Orphanage could expect
preferential treatment in times
of scarcity
Similar agreements for milk
and beer

all water was purchased from:
1704-1712

Gerrit Calkoen

1713-1726

Widow Gerrit Calkoen

1727-1730

Jan Calkoen Gerritszoon

1731-1739

Jan en Willem Calkoen

1740-1743

Jan Calkoen Gerritszoon

1744-1752

Pieter Swart

1752-1779

Pieter Swart & Johannes Scholten

1780

Heirs Pieter Swart

1781-1782

Pieter de Boer

1783

Nicolaas Dirk Wilt

1784-1790

Frans Koek

Sources: year accounts of the orphanage

Purchased water was stored in one of the cisterns
← cistern

← pipeline

Detail of the map of the
orphanage, 1825.

street

(Stadsarchief Amsterdam/Jan de Greef)

Canal-Prinsengracht

transferring water into a cistern
Water is pumped out
and poured into a hatch
to flow into the
underground pipeline

The right side of the Aalmoezeniersweeshuis.
Print by Jan Punt, Cornelis Pronk en Jacob de Wit, 1758. Stadsarchief Amsterdam

Strategy 4: doing the washing elsewhere
From 1760, the orphanage
brought the clothes and bedding
to a commercial laundry service in
the countryside (‘s-Graveland)

- ∆ ’s-Graveland, c. 30 km. from Amsterdam
(Red stars: places where surface water was fetched)

Effects of washing in ‘s-Graveland
Financial disadvantage:
The traditional routine of washing within the
orphanage, by washerwomen assisted by 80-90
orphans (!), had been cheaper
But two major advantages:
Very good water quality (soft water)
A much larger quantity of water could be saved up in
the cisterns, as a buffer against scarcity during
prolonged frost or drought

Water in the village of ‘s-Graveland
Painting by Van Os, 1818 (Rijksmuseum Amsterdam)

Inspirations from the past for the future
-Clean and fresh water was considered a precious resource and used sparingly
-The lowest possible water quality was chosen for each purpose
-Water was stored up in times when it was abundant to be used in times of
scarcity

Orphans in front of the
Aalmoezeniersweeshuis
Engraving by Hendrik Spilman, 1765 (Stadsarchief
Amsterdam)

Conclusions
Coping strategies used by the orphanage:
1 minimising water use
2 have access to 4 sorts of water and use high quality water only when
necessary
3 make long term arrangements for the supply of barge water to
enhance security
4 putting out the laundry in order to save up more water in the
cisterns for bad times
Strategies 3 and 4 seem to have been stimulated by weather and
climate conditions, especially by the long en frequent frost periods
around the middle of the eighteenth century.

Thanks for your attention
Illustrations from:
Rijksmuseum Amsterdam: water barge of the brewers; engraving of the orphanage in 1693; ‘s-Graveland in
1808; map Holland-Utrecht 1747.

Stadsarchief Amsterdam: Boys with kites 1779; map of water in Amsterdam 1693 by Nicolas de Fer; map of

Amsterdam 1770 by Pieter de Mol; air photo of the orphanage 1974; icebreaker by T. van der Horst and P. Schenk c.
1730-1736; plan of the orphanage 1825 by J. de Greef; Brandspuitenboek J. van der Heijden; engraving of the front
of the orphanage in 1758 by J. Punt, C. Pronk and J. de Wit; front of the orphanage in 1765 by Hendrik Spilman;
archival document in Archive 343 Aalmoezeniersweeshuis.

Stadsherstel Amsterdam/J.R. van der Vliet:
Interior of the newly discovered cistern Nieuwezijds Voorburgwal 282
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Discussion
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Who am I?
• 2016-2019

Archaeology BA at Leiden University
Thesis on cisterns in Amsterdam

• 2019-2020

MSc Conservation of Historic Buildings at University
of Bath, UK
Archaeological Fieldwork
Restorer at De Vink Restauratiewerken and junior
researcher at the VU

• 2020-2021
• 2021-2022

Introduction
• Topic of research: micro-water-infrastructure in the West-Frisian cities Hoorn, Enkhuizen and
Medemblik, 1550-1850.
• Micro-water-infrastructure: Objects or constructions found in archaeology associated with the
collection of fresh urban water.
• Research problems:

•

Research questions:

Historic sources hard to come by.
Little synthesising research in Archaeology.
Varying benchmarks in archaeological documentation.
Dating micro-water-infrastructure is problematic.
Are there any cisterns and wells in the West-Frisian cities?
How were these cisterns and wells constructed, and how were they
made waterproof?
Is there a relationship between the functional application, social
stratification and/or technological development and the size of
cisterns and wells?

Cisterns Hoorn

Data: Hoorn

1
Residential
Agricultural

• Cisterns:
• Wells:

17

18
26

Wells Hoorn
4

• Average floor surface of cisterns: 3.37
• Average diameter of wells: 0.86 m

Residential

m2

4

Agricultural
Unknown

18

Cisterns Hoorn - Floor surfaces
8
7
6
5

M2 4
3
2
1
0
0

1

2

3

4

5

6

7

8

9

10

11

Cistern Number

12

13

14

15

16

17

18

Cisterns Enkhuizen

Data: Enkhuizen

2 2

Agricultural

9

Residential/workshop
2

• Cisterns:
• Wells:

Residential

28

Warehouse
Unknown

44
59

Wells Enkhuizen
8

• Average floor surface of cisterns: 2.21 m2
• Average diameter of wells: 0.72 m

2

Residential
Agricultural

1

Reisdential/workshop
9
36
3

Brewery
Industrial
Unknown

Cisterns Enkhuizen - Floor surfaces
10
9
8
7
6
M2 5
4
3
2
1
0
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67

Cistern Number

Cisterns Medemblik

Data: Medemblik
• Cisterns:
• Wells:

Residential

7

9
3

Wells Medemblik

1

• Average floor surface of cisterns: 1.03 m2
• Average diameter of wells: 0.9 m

Residential
Unknown
2

Cisterns Medemblik - Floor surfaces
8
7
6
5
M2 4
3
2
1
0
63

64

65

66

Cistern Number

67

68

69

Discussion
• Social stratification of micro-water-infrastructure in West-Frisian cities.
Analysis of cistern and well sizes
Large vs small = rich vs poor?
Functional application over social-economic polarisation
• Technological development of micro-water-infrastructure in West-Frisian cities.
Three generations of cisterns, clear technological improvement
No barrel vault lined with tiles
lined with klamplaag
1550-1600
1600-1700
1700-1850
No development visible for wells

Conclusions
• Are there any cisterns and wells in the West-Frisian cities?
Yes. Both cisterns and wells are found in archaeology.

Cisterns
50

Wells
70

44

45
40
35

50

30

40

25
20

59

60

30

18

15

26

20
7

10
5
0

10

3

0
Hoorn

Enkhuizen

Medemblik

Hoorn

Enkhuizen

Medemblik

Conclusions
• How were these cisterns and wells constructed, and how were they made
waterproof?
Cisterns:
wooden frame, brick, trass mortar, barrel vault
finished with render, tiles or klamplaag
Wells:
wooden barrels, brick, trass mortar
Schrickx 2021. West-Friese Archeologische Rapporten 159, pp 200-201.

Conclusions
• Is there a relationship between the functional application, social stratification
and/or technological development and the size of cisterns and wells?
Cistern and well sizes vary only little, indication for little socialeconomic polarisation. Functional application is decisive, rather than
social stratification.
Technological development is visible for cisterns, not for wells.
No relationship between age and size, older ≠ smaller, younger ≠ larger.
• What types of micro-water-infrastructure are found in the early-modern WestFrisian cities Hoorn, Enkhuizen and Medemblik, and what are their functional, social,
and technological characteristics?

Questions

www.copingwithdrought.com
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Different forms of water in Deventer
• Surface water: IJssel and Schipbeek
• Ground water: main resource of urban fresh
water from wells and pumps)
• Rainwater from cisterns (c.a. 16th century)

Deventer’s well communities
• Origins: 15th century
• Communal ownership and
maintenance
• Appointed well masters
• Increased institutionalisation from
16th/17th century onwards
• Abolished in 1865

The impact of drought and risk-mitigating
strategies
• The adaptive capacity of a society and the development of coping
strategies to specific nature-induced hazards (drought)
• Reactive measures
• Anticipatory measures
• Top-down/bottom-up

