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Anthony Acciavatti, ‘Groundwater Earth: The World Before and After the Tubewell,” Venice Architecture Biennale,, Venice (ltaly)













80cm



80cm 979 km?3



80cm

Celestial Equator

Axial Tilt of the Earth

South Celestial Pole

North Celestial Pole

Axial Tilt

Rotation Axis

979 km?3



80cm 979 km?3

Axial Tilt of the Earth

North Celestial Pole
Rotation Axis h B ol

Axial Tilt

Celestial Equator

6. Bangladesh
Abstracton: 30

Ecliptic

8. Saudi Arabia
Abstraction 242 K3 / year

~!

9. Indonesia
A 49 Km3 / you

South Celestial Pole -




1. India

Abstraction: 251 Km3 / year

89% irrigation
9% domestic
2% industrial

Abstraction

3. United States

Abstraction: 111.7 Km3 / year

71% irrigation
23% domestic
6% industrial

Industrial use

Domestic use

Irrigation use

2. China
Abstraction: 112 Km3 / year
54% irrigation
20% domestic
26% industrial

4, Pakistan

Abstraction: 64.8 Km3 / year
94% irrigation

6% domestic

0% industrial

539.5 km?3



Anatomy of pumps, wells, and groundwater earth
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Hand pump— Plunger pumpﬁ Jet pump - Vertical turbine pump

Most commonly installed pumping technologies



Drilled well into
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4 5 Anthony Acciavatti, Eﬂléctric-Powered TubeWeII in Nilokheri (2024).
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Left: Anthony Acciavatti, Wheat fields outside Tucson, Arizona irrigated with water drawn from aquifers (2022).
ny Acciavatti, A series of new residential towers dependent on private tubewells in Noida, Uttar Pradesh (2023).
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/' Indo-Gangetic Plains
/ Today the Indo-Gangetic plains are the most densely
populated and agriculturally productive area on the
planet. Located 1o the south of the Himalayas, the ares
‘5pans across portions of Pakistan, India, Nepal, and
Bangladesh. Due to the rich alluvium spread across the
Ganges and Indus River basins, along with glacial melt
‘and the monsoons, for centuries the region has been a

‘ | Sonoran Desert
Rich in fauna and fiora, slongside patches of cities and

farms, the biomes of the Sonoran Desert burst with
‘blodiversity. Undergirding these diverse ecosystems are

| ‘aquifers that took thousands of years to form. The
‘aquifers, like the desert itself, stretch across the U.S.

testing ground for developing 3 new culture around
of highly centrakzed
systoms, ke the Ganges Canal, along with millions of
decentralized technologies, ke tubewels for drawing up
‘oroundwater from aquifors, the area s 3 layered =
super-surface of systems. 2 and Mexico 05 well a3 nearly 20 indigenous communities
nd cultures. As diverse a5 they ooch ore in their
histories, political structures, property rights, and
environs, today they all exhibit a thrst for groundwater.
Poliical and material conflicts arise over the competing
demands o inrigate woter-intensive crops and supply

| potable water to milions of people.

Map f the lndo-Goagetic Pains kzng fhe avadotity of
rcundater raughodt he region /

N
Map f the Soncrsn Deser vissohingthe sty of roumdwoter
e regen.
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Shared and private wells =

Park with shared wells

One house, one well subdivision
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Inner block with shared well
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Inner block with private wells
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Trunk road with agricultural wells Town square well

Riparian edge with agrarian wells
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Stratigraphy of the BExxon (32)-1 well 9
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graphic correlation of Eberley and Stanley (1978} for southwestern Arizona is shown at the left. In
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Left: Sedimentary log placed relative to outcrop model (courtesy of Dr Christian Haug Eide, University of Bergen).
Right: Brenda B. Houser, Lisa Peters, Richard P. Esser, and Mark E. Gettings, Stratigraphy and Tectonic History of the Tucson Basin, Pima County, Arizona, Based on the Exxon State (32)-1 Well (2004)
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GRACE-Based Shallow Groundwater Drought Indicator

March 31, 2003

Wetness percentiles are relative to the period 1948-2012 N\
[ 1 I I I L I
The ground water depth o T T o
Cell Resolution 0.25 degrees Wetness Percentile
Projection of this document is Patterson (World) https://nasagrace.unl.edu

GRACE (Gravity Recovery and Climate Experiment) Twin Satellites with the earth’s gravity field vertically enhanced. Launched in 2002 (decommissioned in 2017)



Left: Garmin eTrex Handheld GPS Navigation System 12 Channel (2004)
Right: Nikon CoolPix 5700 (2001)
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Anthony Acciavatti (c. 2006)



Anthony Acciavatti (c. 2006)



Anthony Acciavatti (c. 2006)
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Anthony Acciavatti, “Panorama of Ganga River Basin,” 2005-2014.
Permanent Collection, Victoria and Albert Museum in London. Accession Number CD.22-2023
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1km long Tape
Imprint in Silt

Anthony Acciavatti, Imprintin Silt from Surface Accumulation Sleeve (2005).
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Surface Accumulation Sleeve Il (2009, 2019). Photo ©Hatnim Lee

Permanent Collection, Victoria and Albert Museum in London. Accession Number CD.16:1to 4-2023



Anthony Acciavatti, Surface Accumulation Analysis (Digital), 2005.
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uifers Glossary

Global water distribution

= e

30%
Groundwater Glaciers and Freshwater
permanent snow surface water
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Sectional drawing showing the most common types of aquifers.

New Delhi

Yamuna River

@(ﬁ?s:_

Glossary

Key and water table depth
Delhi Ridge (Alwar Quartzite)
2-5 meters

5-10 meters

10-20 meters

20-40 meters

>40 meters

Plan of the New Delhi metropolitan region visualizing the varying depths of the water table.
Source: Central Ground Water Board, Government of India.




Groundwater: 99% of Liquid Freshwater Stock on Earth



1 OOO Public Works
BCE

A device for delivering water from an aquifer to the surface for irrigation, a
qanat, also known as a falaj or karez, are horizontal tunnels built throughout
North Africa, Middle East, Eurasia, and South Asia. A mother well at the source
end allows water to enter the tunnel, which has a slight slope to ensure gravity
flow. Well shafts penetrate the horizontal tunnel for ventilation, access, and
maintenance. Qanats have been used to sustain cities and agricultural areas
alike.

shaft
water gallery
outlet

oasls

water bearing sirata
bedrock

Section showing the aqueduct ism for water (top). Aerial view of the oases of Al Ain (United Arab Emirates) irrigated
through a Falaj network in 1960 (bottom). Image courtesy of Abu Dhabi Authority for Culture and Heritage.

2 O O Lift Irrigation
BCE

The saquiya, also known as a Persian Wheel, most likely came to the
subcontinent in the 1300s. A technology for lifting up water from a well dating
back to 200 BCE, a set of buckets are attached to a wheel or rope to a wheel
that is powered by bullocks. As the bullocks turn the wheel to draw up the
water buckets, each bucket empties onto a channel for irrigation.

A Persian wheel, used in raising water from the ground. lllustration by David Roberts (published between 1846 and 1849). Image courtesy of Library
of Congress.

Lift Irrigation

1005

A longstanding technique for lifting water from a well across much of South
Asia, the mot is typically a leather bag that is lowered by rope into a well.
Lifting and filling the bag is done with bullocks, who are driven up and down an
incline so that they can then deposit water into irrigation channels.

PLAN OF WELL

Image of a mot in use by three people, along with a section and plan drawing from Herbert M. Wilson, Irrigation in India (Washington, D.C.:
Government Printing Office, 1892) .






1 865 Historic Events

In 1865, Cortlandville, New York, resident Byron Mudge received a patent for
an “Improved Method of Sinking Wells.” The design involved sinking an iron
pipe into the ground and then attaching a pump so that a “supply of water may
be readily obtained for family use or for an army on the march or in camp.” A
soldier in the American Civil War, Mudge was concerned that Confederate
troops might poison surface water bodies like lakes and ponds, so he claimed to
have deployed his invention in Virginia to draw potable groundwater.
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By;on erudge'. Imprio\gdﬁMode'of Sinking'WejII; U.S. Patent 50, 614, issued October 24, 1865,

1 868 Historic Events

In 1867, James Lee Norton of London patented a version of the tubewell,
combining Byron Mudge’s process of boring an iron pipe into the ground with
his own 1862 patent for “Machinery for Raising and Forcing Water” by means
of a pump. With a knack for publicity, Norton managed to have The lllustrated
London News report on a public demonstration of his tubewell in Thames
Ditton outside London. However, the tubewell really gained recognition in the
popular press during the 1868 Abyssinian War. It was in Abyssinia (present-
day Ethiopia), that British troops relied on this patented technology to draw up
potable water from beneath the desert floor. Medical journals like The Lancet
and engineering publications like Scientific American printed stories about

the wonders of the tubewell in Abyssinia and its ability to easily draw up pure
drinking water.

EXPERIMENTS an NORTON'S PATENT TUBE-WELLS, USED BY OUR ARMY IN ABYSSINIA, s

Eialihg of ex;érir}\eh(s with Norton's |5afeni tubewells i'niA'l')ysgi'niai From r;iExprerri'ments with N;);t'onr'rs'piatgn't ‘tube-wells,” The lllustrated London
News (March 21, 1868), 272.
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1876-1878 ENSO Droughts and Famines

[ Drought & Fammne

Drought

"Basedon Sngh & al (2018)

Source: Fonseca Hoeltgebaum (2023) LongRunHealthMatters.com
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1 937 Indo—Gangetic
Plains

hroughout the 1930s, British engineer William Leonard Stampe oversaw the
anges Hydro-Electric Scheme. By 1937, ten of the thirteen engineered falls
ong the Upper Ganges Canal were outfitted with turbines, electrifying 88
llages and powering a network of some 1,500 tubewells capable of irrigating
00,000 acres (242,811 hectares). He established a new circuit between river
version, canal, hydropower, and tubewell irrigation. The project became a

odel for other hydro-electric uses of state-owned tubewells around the world.

THE GANGES CANAL e §
HYDRO-ELECTRIC SCHEME

WITH ITS ASSOCIATED STATE TUBE-WELL
IRRIGATION PROJECT

APPENDIX F

TnntoaTiox DEyELOPMENT Divisiox EAst, MORADAAD

BRIEF NARRATIVE OF THE HISTORY,
OBJECTIVE AND SCOPE OF
THE PROJECTS

BY
Sik WILLIAM ﬂAMI’E.
Chief Engineer, Development, Irrigation Branch, U. P.

Superintending Engincer,
Development Circle (Kast).

ALLAHABAD:
SUPERINTENDENT, PRINTING AND STATIONERY, UNITED PROVINCES, INDIA
19387

lliam I'_eonard'Stampe. The'Ganges'Cc;rrwalWHydro—Elecrt'ric Scheme with its Associated State Tubewell inigaﬁbn )’}ofeé!r(Alrlahaibad:
perintendent, Printing and Stationery, United Provinces, 1937).









The Punjab National Bank Farm Financing Scheme offers
direct financial assistance to farmers for a wide range of

farming activities.
Short term loans repayable at the end of the harvest are made

for the purchase of superior quality seeds, fertilisers, pesti-

cides and insecticides.
Medium term loans can be obtained for the development of

land,irrigation facilities including electrification of wells

and purchase of pumping sets, tractors and other agricul-
tural implements. These loans are repayable in instalments
within five years.

The scheme includes FREE TECHNICAL ADVICE on all farm-

ing problems.

PUNJAB
NATIONAL
BANK

In the service of the
nation since 1895
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The farmer's friend

in need is
the PNB indeed

=55

=

!
!
{
Y
0
N

s










.










\
\
] \

\

\
o \
- \
< \
@ \
- \
w / 1 /
=2 \
< )

-~
/-q‘_- o
N\
N
N
\
N\
N
N
\
N\
\
,

s
”
\ /s
p /
N\ P 4
t/l(\ A ﬂv
"iw - lnﬁ\v =
'
'
'
!
'
'
'
'
rL.ll
' -
=1 /ll

a
— Il
\
w /..
a \
¥ . e m
- = 1./ AN '
< AN .r\ | A Y ///h,
] L Y >
. o I AN - \ ot
w ”/ /AT! ' A NN. < \W\\\\ \b
A\ ! \ o /
/ ! W\ /A ¥ /
m 71 Vil N 7 /
\ LA B ' R &
|

B Y

1
Ay
X
T

/I
'/
«w* ¢*
Cruise tracks of research vessels during the International Indian Ocean Expedi-
tion. Based on information from the Office of Oceanography. UNTESCO Paris

»*
AFRICA
[}



J——
-MODEL HOUSE )ECTION,

-

SCALE

Central P.

[

I inisn Ply

2 Central P,

3 Central Py,

§ Competition ouy;

b Cometlie betios (1 i)
comtral Wileing 3,

H s Institate,

7

s

9

100 et w,

127 yderatet 2.y

13 central Pox '>

s

[ e (o

o et fnginear

i _nSineering o) fage

18 B

19 MES

B Nkein corent .

Railveyt
2 Competition Degigy

of saurashtr
Hydora

,{h;";-; oity loproveasat Trust
ﬂﬂv"ﬂne'v( of Madhya Bharat

Ay anufactaring Co.
Bombay Housing Boar
Govarament of

Sovernsent of 2
Jabestos Cenent Co.

Dalhl Inprovemeat Trust

@
48

49 -
sa; Shri Mehta of Saharanpyr

Model Houses Section

The plans and s; ions of the houses given in the following pages
are those which have been constructed in the Model Houses Section of the
imber given at the top of every page indicates plot

constructed. The name of the agency
en below the plan. The technical
cations of the plans are explained below for

ce of the readers.
—Asbestos Lcmml

3. BW.G.—British Wire Gauge
I.—Central Building Research Institute, Roorkee
Cement Concrete
_Corrugated Iron
. —Cement Mortar
Country Teak
9. D.P.C.—Damp Proof Course
10. D.Q.—Delhi Quartzite
11. G.I—Galvanised Iron
12. G.L.—Ground Level

~Reinforced Cement Concrete
17. S.D.B.—Sun dried brick
18. W.C.—Water Closet

Rational Plamnin 3
Planning Corporation

ment of Rajasthan
smm Fertiliser Factory, ¢.p.w.p.

o New Delni
Patel

9 Association
Pri Gore

Governaent of Madhya pr.,
byt 7e Predesn

Forest Research Institute

Rational Planning Corporation

Left: Jaqueline Tyrwhitt touring Prime Minister Nehru through the Model Village” New Delhi, 1954

Right: Jaqueline Tyrwhitt, Model Houses Section Plan, New Delhi, 1954.
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44.—ASBESTOS CEMENT COMPANY, LTD.
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Left: M.P.s leaving Central Building Research Institute House, New Delhi, 1954.
Right: Photo and plan of Asbestos Cement Company House, New Delhi, 1954.
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Left: Harold R. Hay, “Growing House Plan,” New Delhi, 1954.
—= Right: Indira Gandhi and Prime Minister Nehru leaving “Growing House, New Delhi, 1954 (Harold R. Hay Papers).
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Transverse Section Perspective through “Growing House.”
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Longitudinal Section Perspective through “Growing House.”
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Metropolitan urban form

Distribution and depth of tubewells

Aquifer

Delhi:Ridge

New Delhi metropolitan region.
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Metropolitan urban form

Distribution and depth of tubewells










1 9 9 3 Indo—-Gangetic
Plains

In 1993, arsenic was first identified in tubewell water in Bangladesh. This article
from 2002 details the long term effects and challenges of monitoring and
managing groundwater extraction with naturally high levels levels of arsenic.

Barry Bearak, “The largest ‘mass poisoning’ of a people in history,” The International Herald Tribune (July 15, 2002).
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@ tubewell

The three private tubewells provide low-cost water for landscaping and ) ) ) ) o ) _
outdoor usage. Over time, the lushness of the ground is quite striking Section Perspectlvg of Loni showing the ublqmt.y of _prlyate and public
hand pumps, with groundwater levels dropping significantly due to

overextraction and the multiplication of impermeable surfaces (roads

when compared with its immediate surroundings that rely on municipal
and buildings).

water sources and regulations.
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Groundwater Resources of the World
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Major rivers fed by Himalayan glaciers

Seven of Asia's major river systems begin in the Himalayan glaciers. The
environmental impact of shrinking glaciers on the 1.3 billion people in the

region is just now being measured, How many glaciers

China

N 46,298
Indla/Pakistan

B 5.220

Nepal
- o B 3253

7. -
I= -

Yn Area they cover

S. mutan Entire Tibetan Plateau
40,500 sq. mi. (104,850 sq. km)
India/Pakistan
15,400 sq. mi. (40,000 sq. km)
China
19,300 sq. mi. (49,873 sq. km)

Phitippine

3¢0

SOURCE: McClstchy 'Washington Bosesw, Workd Widie Federation, E5R O MCT



GRACE-Based Shallow Groundwater Drought Indicator

March 31, 2003

3
Wetness percentiles are relative to the period 1948-2012 \"
[ I I I
The ground water depth 2 5 10 20 30 70 80 %0 %5 98
Cell Resolution 0.25 degrees Wetness Percentile

Projection of this document is Patterson (World) https://nasagrace.unl.edu




Den Aardkloot van water ontbloot ,na twee zyden aante fien.

Thomas Burnet, Map of the World Without Water, Den Aardkloot van water ontbloot (1694)
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