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Chapter I
Lima: Where the story begins



Sara's water-related life in 2023

O REC
00:00:00

s R o T

My name is Sara, 1 . a .
live with my family |
in the Puente Piedra |7 s | ff{ﬁlhﬁﬂﬂﬁ

R R R 2 _ e F PR o g e
district of Lima. lam &5 TR o)
waiting for the water
that we will receive
every week from the

water truck.

Lima Region g

A Peruvian woman with her child climb up a steep path along the plastic water containers on the dusty hillside in Lima, Peru. Image: Jan Sochor / Alamy Stock Photo
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Population in Lima, Peru

(Thousands of people)

14000
12000
10194 1
10000
8420
8000
6317
6000
4000
2000
0
1993 2007 2017 2020
City Expansion Map
’
Pacific Ocean
@ 1535-1940
© 1940-1961
0 1961-1972
1972-1981
1981-1993
Water Facilities Map
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Challenges of Lima

[ 500 m3 - 1700m?
[7] 1700 m3 - 5000m?
[] > 5000 m?

Per Capita Availability, Peru

Precipitation in Peru (July-Aug)

Lima's per capita water
supply has reached an
extremely insecure level,
and the water crisis is
expected to worsen over
the next 15 years.

J

N

A 30% drop in the availability in 10-15 years Total Lima production would
of drinking water have a reduction of 2.22%

-4.4% -4.3% -3.9% -3.85%

-21%

1 Drinking water 2 Beverages 3 Social service 4 Steel industry 5 textiles

Sectors with the greatest negative impact

Emphasis on industry River pollution

Corruption Desert climate

Water access inequality Climate change
Lack of institutional capacity Groundwater depletion

Y
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300m

I 1 Challanges in Lima

\
La Rinconada |

Carapongo

Image: Google earth



Challanges in Lima

Income

1.3 soles (US$0.40)/m’* 20 soles (US$6)/m’>

[When I think of water, 1 \
always think of the

< limited stagnant water
in water tanks and
flood-damaged houses...
I have visited the lower
Andes, and I long for the
clear and abundant People’s attitude
water and natural envi-

\ronment there. ) v

Municipal
water
access

Water Distribution Maps 8



Chapter II

Huamantanga town: A turning point



Pedro's water-related life in 2023

O REC
00:00:0

="

El Yaky Raymi, o Fiesta del Agua, es la celebracion andina que rinde homenaje al agua. Image: ANDINA/Carlos Lezama

My name is Pedro, I live in
Huamantanga, a small
village in the Andes, and
right now we are perform-
ing the Fiesta del Agua, a

ritual that pays homage to
watet.
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Context of Huamantanga
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Traditional Andean water-related life
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Amunas

Man-made recharge system

2000m

0.30m

0.15-0.25m

0.55m fe

0.50m

Section 2

1

Section

13

1 Infiltration canal (Stone base] 2 Infiltration canal (Soil base) 3 Infiltration hillslope 4 Spring 5 Wetland or Pond 6 Farmland



History of Amunas

Created 1,400 years ago

By prehistoric peoples
who lived in what is now
the province of Huarochiri *

For extending the rainy
season's bounty

Maintenance and use of Amunas

The so-called "comuneros”
uphold customs for the upkeep
of the Amunas

They hold ceremonies around
their cleaning and blessing

December to March
(Rainy season)

Harvesting water from Amunas

Recent centuries have seen

a decline in the ability of water
to infiltrate during the rainy
season as a result of local people
grazing and even overgrazing

the hillsides

Numerous Amunas have been
abandoned as a result of poor
management

October to November
(Before rainy season)

May to September
(Dry season)

2015

The government announced it was
funneling $112 million of Lima’s
water fees into programs designed to
help the Andes adapt to climate
change and offer water quality
improvements, with $26 million of
that going into “green infrastructure”
programs that include the restoration
of these ancient structures Amunas.

Daily use

Man-made recharge system: Amunas

2025

9 Amunas have been restored Government plans to complete
restoration of 67km of Amunas

They contribute 3,275,925.75 by 2025

m?/year to the Chillén and

Rimac river basins.

- =
The most striking thing

about Amunas is that the
Comuneros know the
path of water flowing
through the ground and
know which canal feeds
which spring, as my
father also used to tell

14



Distribution of groundwater recharge sys

||||||

- =~

_————— g

_____

Lima province Chillén-Rimac-Lurin basin

T

-- Amunas need to be restored
‘ Bofedales

River

.
S

Stream

Amunas
Lake
Pond
Reservoir

Residential area
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Natural recharge system: Bofedales

O REC
00:00:00

Bofedales are natural pas-
tures. We have been following
the traditional practice of
rotational grazing, and during
the rainy season the alpacas

are moved to higher elevations |

to prevent them from eating
the grass that grows deeper, as
they need that grass later in

the year.

Bofedales(Natural recharge system) © TURBERAS DE CHILE

16




Natural recharge system: Bofedales

Mountain slope

=
I I I IL

- - Alternating layers of peat, gravel, sand and clayey silt

—————

- - Underground rock screes/weathered bedrock

Glacier/snow melting

Overbank flow

. Rock screes

[ﬂ]]]] Permeable soil layer
Water-table aquifer
"] Deep groundwater

Diagram of Bofedales

Agriculture and infrastructure

Peatland in intermediate condition

Climate change

AR

Peatland in bad condition

1/ 77
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Water spirit in the traditional water-related life
Andean cosmovision Traditional water works

The Andean ancestors believed Snow
that if all the snow disappeared,
the world will end.

Mountain lakes making up the
eyes, where life springs up from agn
underlying world.

Mountain lakes

Amunas canal
Waterfalls, like lakes, are creative

places where \worlds(mierge into

one another, where you can find Waterfalls
treasure or be bewitched by the

mountain spirits.

The Callawaya were ever a medi-

cine people, carrying hundreds of

healing herbs from the slopes of. Mountain
this mountain, and incense from

the jungle.

) 7
< i R - A\ U
? N~
re . )& o, P
1 — N\ Wil
A N P
- ) o
o Laiiiinaiiil

— : : " Water continues to infiltrate

Andean people. perceived the villages
mountain they live on as a living

body, with villages pertaining to Qochas(Pond)
its heayt, arms and legs. / ) = I

Andean terraces

https://dark-mountain.net/living-landscapes-climate-change-in-the-andes/



New water opportunities

——————

aws OOWING water in soil
ai

Downstream towns
\ﬁ"\

Harvesting water from soil

ai

Upstream towns )
P Midstream towns

— — C
If the traditional groundwater éz‘//o}z
recharge systems are restored, X

they will provide 3,275,925.75
cubic meters of water per year
to Lima during the dry season.

Lima

. Wet season Dry season

Mountains

<

X
Bofedales ¢ Lakes
Recharge and sedimentation dams

< ~
p / i
Y, AN - P
= /~/ -
p =
I\, I =
? / ~
~

Retention weir
for water conveyance
4
7/
4
7/
¥
—

. Lined channel to evacuate
- surplus flows

Recharge systems in basin
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Chapter III
The design project



Water design

Lima

The Andes

Chilldn river >

Water shortages

Seasonal Flooding

Degraded peatlands

Amunas to be restored -

Gray Infrastructure @

21



Concept

Huamantanga /

Chilldn river [

Lima \/

/ —> Existing waterway
/ New surface waterway
\/ New underground waterway
/‘/ Enhancement of natural recharge system
/ <4 Enhancement of artificial recharge system
/ Water recharge point in downstream village
/ New water intake point in the city

% New floodplain park

Lima-Chillén part Downstream villages River Wetland Villége Amunas Lake Bofedale
Chillén

22



Design framework

Scale Goal

Environmental Social

Huamantanga town

Recharge the aquifer Value peatland ecosystem
Conservation of biodiversity

Recharge the aquifer Water self-sufficiency in the dry season
Preservation of traditional wisdom

Recharge the aquifer Food self-sufficiency and diversity
Mitigation of soil erosion Preservation of traditional wisdom
Water filtration

Huamantanga distinct

Recharge the aquifer Water self-sufficiency in the dry season
Recreation and rituals

Chillén-Rimac-Lurin basin f e Recharge the aquifer Paradigm for the integration of water
) Connectivity of water systems system restoration with ecology and
A2 agriculture

Lima Region



Design framework

Andean terraces Upstream ponds

Amunas water system

Bofedales

Progressive aquifer replenishment

24
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Design framework

Scale

Chillon river at Lima

City Lima

Lima Region

Urban river bank-FPublic water intake

_

e
- -
P —
< 7 -
S / -
L ~—<_
~
~
~

~
-

Flood park

_
~ Pid
~ -
-
-

Goal

Environmental

Flood risk resilience strategy

Water purification

Further purification of water
Soil fertility

Further purification of water
Flood risk resilience strategy

Recharge the aquifer

Increase in green space
Increase resilience to flooding

Social

More convenient access to water
New gathering points

Maximum use of waste water
Education and recreation

Food self-sufficiency and diversity
Community cooperation

Education and recreation

Water self-sufficiency in the dry season

Alleviate the water crisis

25



Design framework

20

//./.,0 Q m..n
VAR

A
R 55
g
St
R

Floodplain

Shared farm

Public water intakes Water treatment plant

Downstream ponds

Diversified means of water access and use

26
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Design framework

Scale

Chillon river at Lima

City Lima

Lima Region

Urban river bank-FPublic water intake

Environmental

Flood risk resilience strategy

Water purification

Further purification of water
Soil fertility

Further purification of water
Flood risk resilience strategy

Recharge the aquifer

Increase in green space
Increase resilience to flooding

Recharge the aquifer
Balance river flow

Goal

Social

More convenient access to water
New gathering points

Maximum use of waste water
Education and recreation

Food self-sufficiency and diversity
Community cooperation

Education and recreation

Water self-sufficiency in the dry season

Alleviate the water crisis

Public awareness of water
Regional cooperation

27



Process design

Stages:

Sowing and Harvesting
Regaining and Retaining

Circularity and Win-win

2
1 g
2
(%]
>
(9]
o
Q
©
ol 2
Yl ©
o C
8t
ol
08
0

[1[[I]]] New route

T

iy

12 Years
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Water design

Storing/Slowing
down water

Guiding water

Purifying water

Experiencing water

Water treatment plant

<

Viewing platform

Dam with sluice

&

Ditches on the terrace

Viewing tower

Stone barrier

~C

Ditches on the farmland

Viewing stone

Pond

Water intake

Stone bridge

30



Enssembles

. Storing/Slowing down water
Guiding water

Purifying water

Experiencing water

d
Increase the water retention Ponds constitute a series of cascading elements
capacity of the original peat that delay the flow of water downslope

wetland

! Receive water directly
. from rainfall Receive water from reservoir

Receive water from stream
or spring by Amunas

@ Highland bofedales @ Hiking terminal lake © Restored Amunas on the hillside ( New ponds in Huamantanga

31



Enssembles

. Storing/Slowing down water
Guiding water

Purifying water

Experiencing water

Ponds receive water that Riverbed sills
Amunas sowed underground 5
: : Wetland/Acts as reservoir

Water treatment plant
in the dry season :

Series of ponds

(N ‘

. o Biomass digester
: : : Water intakes : :

Stone base dam

“ "“ “" ..“ﬂ . ,”.;Lii

[} *
9””

O

Experimental garden Viewing stone

"

g, &
: v
X : ",'."l":"
LX ]
e (R

Energy crops

@ New ponds in downstream villages @ Wetlands in urban flood risk areas @ Wastewater treatment plant & Shared farm @ Urban floodplain
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Water design

Lima

The Andes

Chilldn river

Balanced water flow

Peatland restoration

Restored Amunas
New ponds in upstream town:.-": ' .
New ponds in downstream towns - //
®
T -

33



Detailed design

_________________________________

Re-valuing water in
Chillén River Floodplain
Water from daily life to nature

_________________

_____________________

Renewal of the traditional water
system in Huamantanga town
Water from nature to daily life

34



Current plan of Huamantanga

SSSSSS

Road

Amunas infiltration canal

Residential area

Spring
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Current one-day cycle of Huamantanga

December 2022, wet season
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2AM wild\animal

® 3PM livestock
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Potential plan of Huamantanga

Restoration of the Amunas system

\

Restoration of Andean terraces
Construction of new waterways and ponds

\

Tourism and residential area renovation

. Infiltration canal to be restored Catchments

. Diversion canal to be restored Infiltration area

__________________________________________
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Changes in pond water level in Huamantanga
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New ponds in Huamantanga

Water

Restored infiltration canal
Restored diversion canal
Existing pond

New pond

Sluice

Spring

Wetland

®+>00 ]|

Get water from...

Reservoir
Stream
Underground 7

g
¥
y
-~
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Design of water flow in Huamantanga

Wet season @ Dry season

Water from rain or streams Water stored by the restored Amunas

(_______________________

v
a

Restored Amunasdiversion canal / Restored Amunas diversion canal /
Restored Andean terraces s Restored Andean et roces Sy 12~

Reservoirs
————————————————— ; _.==233 Reservoirs (Shflce)
= (Sluice) i
v | ’
L s TflEration polds <———————— e
Infiltration ponds

N



Masterplan

Water
—— Restored infiltration canal
— Restored diversion canal
O Existing pond NN S
O New pond W + 9

/1 Sluice
- Spring
@  Wetland
New pastures
&% Warehouse

| Reforestation:

- Reduced soil compaction
- Improving groundwater infiltration capacity

g .'.:V-_:__Column of trees:

_'-':"Fence to keep animals out
- Prevent soil erosion
- Landmark



Designed layers

- -

\\\\ ,,*7 ------ ~~“~
,,ﬂ ‘,\\,x‘ 0.55m e=0.15-0.25m
Coordinated planting A0 r// -
! . ’ ! \\ SICRG
between the same altitude ! .
\\ / 'I \‘
\\\ Il'l ; ‘\‘
S 1 e \
>3000m |
! Product exchange between :
1
. different altitudes !
\ ' . . .
\ i Section of ditch on the terraces Section of Amunas canal
\
1500-3000m "
\\\ ','
S <~

500-1500m

Spring and autumn crop rotation

Autumn Spring Spring Spring Summer
fJ 90-120d 90-120d Autumn 60-100d Winter
0
Annual crops Perennial crops

Quinoa/
Amaranth
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Designed layers

AN

S\

[~ Andean herbs -k

' ’
s
N

\

5 —

—

N

Section of stairs on terraces wall

“Pimpinela

Mullaca

Section B



Designed one-day cycle of Huamantanga

December 2035, wet season

—~{New wildlif
/ frien ,»yyaa 5
7 /

AM people~

6AM livestock

| 70AMpeople /@ 10AM livestock
I 7 | PM peopl ® 3PM livestock
om ":"gh
2AM wild animal




Routes designed for different stages

A Preparation stop

® Rest stop

Routes to restore Amunas

A For visiting
B For hiking
Routes for terrace farming Routes for visiting and hiking
------------------- : ’
i ,,o"
------------------- -i e ol
: Y ¢
i | S S f‘
"""""""""" 7 )
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Visiting route in 2035

Entrance to the town

N2 NSy

Path follows the new waterway
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Restored terraces

Town Center: Alpaca wool products store

New captive pasture

Visitor

7
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Resident

\
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Hiking route in 2035

Entrance to the town

Hiking Terminal Lake

Seeing Amunas from a distance

Visitor

Resident
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Balanced Chillon River Flow

Summer

Winter

/

Summer

Winter
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Current plan of urban floodplain

ey e ‘
/ \% Chillon river
‘XSB) Y4 SR /
2 y
&
£
Building
= Greenfield
Industrial zone
aaaaa (open)
-I Water treatment plant
istrict
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Current extreme water conditions

201 8/1 '1
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2017/03




Current waterway in urban floodplain




New waterway in urban floodplain

=3
\

Canal (open)

Canal (covered)

historic flood wall

New flood wall

New water treatment plant
New waterway

New pond

Water pipe

City wastewater

New water flow direction

Canal flow direction

z

500m
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Masterplan of urban floodplain

Primary purification:

Secondary purification: "~ upgraded wastewater
shared farmland - treatment plants
i \ e N

P
&

. | o D.

Flower field

Energy crops
Experimental garden
Existing agricultural land
New waterway
Canal (open)

Canal (covered)
historic flood wall
New pond

Water pipe

Forest

Stone beach

Green field
City wastewater

New water outlet

0 200m

53



Experimental garden

Spinach Peruvian chili Lima bean Aquatic Watercress

Kale

Water celery

. ./ o Gl MU di A

purification

™~

I see the purified sewage

being used here and 1
This is also an opportu-

nity for the community
to increase cooperation.

feel closer to the water.

—

purification

I = =l
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=
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A
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Energy crops
Tequila

/
/
U
/
¢
7
{8
1

I

1

1

1
1
1
1
1
1

1
1
I
1
g
[Energy crops provide poor \
communities with more
economical energy opportuni-

i ( ties, and people are willing to
shift their old farming practic-
es. New waterway provides

Yal’) \ i
water for farmland during the
/ dry season.




Flower field

Dandelion Hemerocallis Black Eyed Susan

AY

Flower fields are attractive |
places for me, and my family
and I often come here for TN v
picnics and walks. Without
going to downtown Lima, we
finally have a place to relax
like this in our district. )




Detailed plan

100m

Wetland

R

Stone beach

Current farmland and
residential areas

Zoning Diagram

ANv14910 07

Steps on terrace wall Qochas Amunas Qochas Andean herb

Andean grass
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Section B-B’

Section A-A’



Detailed design: A

Atmosphere
Quiet and shaded

Role of water
Part of the landscape,
purification

Walking
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Detailed design: B

Atmosphere

Active, with a wide view

Role of water
Part of the landscape,
purification

walking, resting, taking
photos, gathering

--Coarse gravel

---Natural stones

___________________________________________
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Detailed design
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Other detailing
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Section of bridge

Section of bench
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Response to risk situations

Drought

Extreme water conditions still possible
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Pedestrian flow analysis

Huamantanga 's Comuneros
(Responsible for managing traditional water systems)

Floodpls

H = = L
’ 1
FA . /
Nearby farmers Nearby Communities -~ Lima citizens |
FE 1
Daily Farming Community collaboration during the weekend Recreational activities dur‘i'ng'\polidays

\
e
\
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" Flood plain
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Conclusion

2023

2035
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