@ Bioremediation

Allan Co, Ashle Fauvre and Scott Williamson

Figure 5.1 Zagunao Watershed, waterways and villages highlighted

Water in China follows a simple diagram (below), support-
ing a clear pattern of human inhabitation. Where clean,
fresh water is redundant, settlement is supported. If not, no
building is possible. Living dependent on these redundan-
cies, locals of the Zagunao Watershed, the Qiang people,
have developed sophisticated techniques to slow, filter,
and draw water.

Although the modern manifestation of this is heavy dam-
ming along the Zagunao river, which has resulted in chan-
nelization of the river and loss of habitat for fish and wild-
life, traditional techniques are still latent in the landscape.

A magnanimous example of Qiang water culture is the wa-
terworks at Du Jiang Yan (left). This 2,300 year old chan-
nel system irrigates the entire Szechuan Basin. What can
we learn from this important work of civil engineering?

rworks functions according to a simple principal:

controls velocity. So, the grand rivers
ust pasg.through Du Jiang Yan. Enor-

. In the slow stream, gediment falls to the bottom
and the edge. In the fast streaky, the energy of the riveris
tr joi ere the
fast stream passes h a sebgf bamboo weirs, which
filter larger objects.

Figure 5.2 bamboo baskets filter
slow stream as it joins fast stream
at Fish Mouth Levee

e | Z

Du Jiang Yan irrigates over 5,300 square kilometers of land - 2,300 years ago
- 100,000 taels of silver - 3 main constructions - Yuzui (Fish Mouth Levee):
divides stream - Feishayan (Flying Sand Weir): connects stream - Baopingkou
(Bottle-Neck Channel): distributes water
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Water takes on many uses throughout Taoping,
revealing and concealing itself as along its path
through the village.

Bioremediation
Water in Taoping

Figure 5.4

@ The primary water source of Toaping is Zentou Creek,
which comes from the mountains.

The sacred spring old town is a secondard water
source

Water travels through and around the town via wooden

pipes or stone canals. % . Figure 5.5
Because of the increased capacity need, many old
buildings added new toilet facilities. \
People collect water from a sink installed at the public — le
school when plumbing occasionally becomes silted.
. . A t th h the village, it goes
After the earthquake, temporary toilets constructed of wood, _ thsr;’:’;r?'rsrenvoe‘;zlsStég‘s’%etwee"r; itg So'ur%e
mats and blankets were constructed in the new town. i.lon use, and reintroduction into the environment.

l-diation This diagram will serve in conjunction with

Because of the increased capacity need, many old . y the graphic on the next page to orient one
cation

buildings added new toilet facilities. through this proposal.
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vegetation that would mitigate against erosion and sedime
the Zagunao. — town, we need making the canal 4.3 m wid

1263 sq m of canal surface area.

e~ =
- — — = % :
S — N = L a e—
Figure 5.7 Figure 5.8 Figure 5.9 Figure 5.10
The village of Taoping is created through numerous layers. One’s experience is shaped by these discrete and enforcing aspects of the town. Some predominant
layers readily seen include the fabric of the old town, the water networks, the foot and circulation paths, and the vegetation and agriculture, all depicted in simplified
graphic form, from left to right, above. Of course there are many other layers: layers of history, layers of culture, layers of people and time. This proposal seeks to
celebrate some of the layers of Taoping in order to serve the functions that include water management, regional networking and tourism, and allow for the poetic
interpretation of the village. A town-scale project that uses three interrelated interventions work towards this goal.
@ A constructed wetland system purifies water from the new town
prior to its reintroduction into the Zagunao River.
Sizing Calculations
A living canal is used to transport and infiltrate water from within
the town for irrigation and bioremediation purposes. living canal width calculation:
A new interpretive center provides education about the water The q/q town Cha”ne! flows at a mean rate of 1,992,202 L/day
@ system and culture of Taoping, creating a threshold through The living canal requires .000634 sq m/L treated/Day
which the visitor passes upon arriving in the Old Town. [T I T
1 inan average scenario, ifeach canal
, , , o i can function simultaneously in
This proposal also strives to re-green the river’s edge with increa ! . .
I processing greywater for entire old
|
|
|
|
|

ifeach canal is oversized for a storm
scenario, but we

assume that they always function  making the canal 8.7 m wid
imultaneously, we need

wetland system area calculation:
The new town can house 500 people.

The wetland can support
1 person/3.8sqgm

—————————————————————————————————————

The wetlands require 1900 sq m of
total processing surface area, and !
extra area for access roads. i

|

_____________________________________

Figure 5.11
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‘ Bioremediation Taoping Wastewater Scenarios ||Science and Design Inspiration
Wetland COmpleX As the bioremediation group, the question we sought to an-

Wastewater Treatment Piping M2/ swer was: how can the people of Taoping restore basic sani-

ios* 1 tation that supports both the tourist and agricultural economy,
Scenarios System |Person Days but that does not sacrifice the long-term health of Taoping'’s
people or its landscape?
NN T I 3.8 M? After analyzing wastewater treatment options, we decided
\ R\ S N that an ecological sanitation method would provide a healing
RN S infusion of multi-functional habitat to a village devastated by
Composting Toilet” Constructed Wetland® an earthquake and a landscape scarred by a decade of unre-

strained development.

428 M2 Space should be allotted for ecological sanitation that re-
) sponds to a low water use lifestyle, including both traditional
and modernized waterless composting toilets and greywater

Centralized Treatment*®  Living Canal® recycling system. In this model, greywater is discharged

‘

through a wetland complex designed to filter pollutants by
using plants and the sun’s energy. Once the water has been
.128 M2 intensively cleaned in wetland cells, it flows in to a large wet-
land, inspired by the back-water pools found in many of the
world’s rivers. This wetland is an important element on the
Taoping riverfront, because the greenery it provides is unique
within the lower Zaguanao valley. Water from this wetland
then flows through a series of weirs, modeled after those in
0.3 M? Jiuziagou, China, and then out through a back-water channel,
which provides critical biological refuge.

Composting Toilet? Living Canal®

i 4,5 . .

Centralized Treatment Why would the people of Taoping care about this wastewater

treatment method? In itself, the conspicuous presence of the

wetland complex will be a magnet for tourism. In addition, the
entire bioremediation system is carefully integrated to nurture
the rehabilitation of Taoping’s agricultural soils. In this way,
the wetland complex is designed to balance long-term public

References health, with an attractive landscape, and critical habitat for

1) Parker, D. B. & Gallagher, S. K. 1998. Distribution of Human Waste Samples Taoping
in Relation to Sizing Waste Processing in Space. Abstracts of papers ’
presented to the Second Conference on Lunar Bases and Space Ac
tivities of the 21st Century. Houston, Texas. P. 188.

2) http://lwww.envirolet.com/enwatsel.html

3) Case studies of constructed wetland in Ouray, Colorado, USA; and Baima Canal
restoration project in Fuzhou, Fujian, China (http://toddecological.com/
files/case-studies/Baima_Case_Study.pdf)

4) http://www.water.siemens.com/en/products/biological_treatment/membrane_
biological_reactor_systems_mbr/Pages/envirex_mbr_xpress_pack
aged_plant.aspx

5) Based off of calculations for a sequence batch reactor from: Kivaisi, A. K.

2001. The potential for constructed wetlands for wastewater treatment
and reuse in developing countries: a review. Ecological Engineering. 16
(4), 545.

6) United States. 1993. Constructed wetlands for wastewater treatment and
wildlife habitat: 17 case studies. [Washington, DC]: U.S. Environmental
Protection Agency.

*Note: Final sizing was verified using United States EPA data® and modified to
process all flow through the old town channel.

Figure 5.14 Image source:
http://www.bishfish.co.nz

Draft 30 March 2010
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1) Parker, D. B. & Gallagher, S. K. 1998. Distribution of Human Waste Samples
in Relation to Sizing Waste Processing in Space. Abstracts of papers
presented to the Second Conference on Lunar Bases and Space Ac
tivities of the 21st Century. Houston, Texas. P. 188.

2) http://www.envirolet.com/enwatsel.html

3) Case studies of constructed wetland in Ouray, Colorado, USA; and Baima Canal
restoration project in Fuzhou, Fujian, China (http://toddecological.com/
files/case-studies/Baima_Case_Study.pdf)

4) http://www.water.siemens.com/en/products/biological_treatment/membrane_
biological_reactor_systems_mbr/Pages/envirex_mbr_xpress_pack
aged_plant.aspx

5) Based off of calculations for a sequence batch reactor from: Kivaisi, A. K.
2001. The potential for constructed wetlands for wastewater treatment
and reuse in developing countries: a review. Ecological Engineering. 16
(4), 545.

6) United States. 1993. Constructed wetlands for wastewater treatment and
wildlife habitat: 17 case studies. [Washington, DC]: U.S. Environmental
Protection Agency.
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‘Wetland Complex

Large C
Wetland A

B Engineered Wetland Cells:
Wetland Four 15m x 15m wetland cells provide safe, low-
Cells cost treatment of greywater from the new town.

Subsurface Water is passed slowly from right to

emergent plants break down harmful pollutants.

g left in the diagram. Microorganisms in the roots of

Figure 5.16 %{g

Habitat
Channel

Figure 5.17

SOour

use CC

filtraf

outfl .
Large Wetland and Habitat Channel:

Outflow from the engineered wetland cells empties
into a 1,000 m? constructed wetland. The wetland in-
fuses ecological function into a scarred landscape.
In addition to providing an attractive landscape to
residents and tourists, the wetland and channel pro-
vide water, habitat, and treat remaining pollutants.

Figure 5.19

Draft 30 March 2010
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- - - The diagrams below illustrate how we can use the ideas
‘ B I O re m ed Iatl O n : behind Du Jiang Yan to help Taoping. :

Living Canal

Sla-uwl‘"“"
‘F&d:‘ﬂuv\ﬁ{‘h\ f"”f
"dgp-g}'h on ed%,.

1=

‘elements of : former town salvageable buildings shacllow
formerl : returned to : house€ visitors
:planned town: agriculture :

:considered as :

‘template for

‘new irrigation
‘canals

‘:A(}' watev

deeyp

Figure 5.21

At Du Jiang Yan, an impediment diverts a stream, allowing
one branch to move quickly, and the other to move slowly,
sediment drppping to the edge.

n is adjusted
to accomodate the topography of Taoping; but retains the
basic principle: sometimes the stream goes q@ekly, aerat-
ing the water, and sometimes it goes slowly '
ment to fall.

Figure 5.20

source

use
I fi@or

“canal begins | Taopin lliving canals river edge

: : g. : :
‘upstream at : Interprétive purify greywater planted and :
. -Zentou creek 5 Y - ourifi
remediation ; g Center - from Old Town purified

water
slowly
streams

. . constructed: i
purification vietland e
OutﬂOW gpenylv?/gter ERIVGF

: from New

: p— : : - Town :
Can we use this diagram to help Taoping? The channels connect Zengtou Creek with agricultural |-// _
The section at near right illustrates schematically the way  fields, proposed to replace the existing New Town. The igure 5.23 A
water is proposed to flow through Taoping. Channels along channels link with the plumbing lines already installed in The channel can be made of recovered building materi-

an existing path, to the north, and along a proposed path,  the existing New Town, so that a trace of that construction  als, and the edge can be planted with reeds or rice plants,
to the south, are improved, using a diagram of water puri-  cycle can continue to mark the landscape, although other  which will purify the water from the Old Town before it
fication derived from Du Jiang Yan and applied to this site  evidence goes away. reaches the crops.

(see far right column).

Draft 30 March 2010
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& Bioremediation:
Linking Old and New

The Living Canal will purify the wastewater from the Old
Town before it enters the agricultural fields. Black water
will be collected in composting toilets, so the canal will only
hold water from bathing and washing.

The Living Canal will link to the old canal system in the Old
town and run down the slope to the newly remediated ag-
ricultural fields, and to the New Town, where one of the ca-
nals runs adjacent to the main road. In this way, the three
main sites of Taoping (Old Town, New Town, and remedi-
ated agriculture) will be linked for the travel of water.

But these sites need to be linked for people as well as
emergency vehicles. A sturdy road, paved with materials
that allow for drainage, could link the New Town and the
Old Town, so that occasionally cars can pass all the way
through the site, increasing safety.

A secondary road, which already exists, could be improved
through re-paving, and by building a low wall to separate
the road from the canal. This wall, wide enough for seat-
ing, could accomodate walkers resting or visiting with each
other.

B. canal passes under stair

Figure 5.27

A. road to Old Town for cars and walkers

| I | S | E—— | E—

I I I |

’Q\l; \: N

|

\
@ =
S

Figure 5.26

C. path'to New Town for walker only
" < N <%

.

Figure 5.28

Figure 5.29
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‘ B i o re m ed iati o n - Layering plays out most literally in the information and
u interpretive center. The building starts with the notion of
Inte rpretive Center @©W@§TUMEW§ ENCLOSURE experiential layering and seeks to highlight the various ele-
ments of Taoping life, such as-the public aspects, the more

private or intimate parts, the people who carry on in either
and the sacred water system.

L
=
<L
g.
=

LAYERING

PUBLIC

BLIC

TIMATE

EXPERIENCE

Figure 5.31

Figure 5.30

source

filtration

remediation

purification
outflow

% d ':'( ""’ ij"{(i‘i;i
i 1\ N 4

7 ; 3 '\'- i é‘s{%g %5:\\ ;

. iy D0 N

Figure 5.36
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2 Information - Taoping tourism, market information
regional information

. . 1 Existing open space to be retiled and reprogramed
. lh..( for open market scenario

3 Open gallery/display space with flexible programing

T

/
9 / 10 ) . ‘.
. Yima |

4 Open to below

S
—~ ,,,,m""' III!I

5 Exposed water channel diverts grey water to
channel system

/{ , 6 Balcony
! gi’m#m”f”””l 7 Lavatory
" S T 8 Office
‘ .' 9 Storage
‘ ’ ," - ] 10 Educational kitchen with open floor plan
> % kitchen counter tops tbd

@ 11 Courtyard

scale 1:200

Flgure 36 Figure 5.37 I |
lower level floor plan upper level floor plan 01 5 10 25
scale 1:200 scale 1:200

The building centers on two or three simple moves. Using the public square as a catalyst after it is reprogrammed as

a farmers’ market, the upper floor draws in the public space and encloses it. The lower floor, traditionally used as a
heart, draws in the more primal earth and both floors use the flooring of their respectively adjacent spaces. The water
system, which is concealed and revealed interacts with both spaces, again through enclosure, exposing itself after trav-
elling under the market as a channel surrounding the building that visitors interact with, visually and practically. Visitors
also interact through the layering, tieing the parts together as players in the space, viewing and engaging each other.
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Experiential Sequence

This proposal seeks to provide a number of opportunities by which one can engage and experi-
ence the village of Taoping. Through a series of interventions the path by which one is exposed to
the numerous layers of the town is constructed to provide a multiplicity of moments.

brrival at the parking lot, overlooking the wetland As one moves from the entry of the series of interventions (whether one starts from the old village
or the parking lot) and progresses through, he or she is exposed to various conditions. One may
start at the constructed wetland, travel along side the channels and conclude at the interpretive
center. At this culmination - a gentle addition to the fabric of the town - the visitor can look back
over the path he or she has taken and reflect on the history and culture that is linked to the Qiang
and Taoping, compelling him or her to further engage as he or she enters the old town.
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& Bioremediation:

Case Studies and Sources

Experiential Layer: Parc de la Villette

This avant-garde mixture of landscape and architecture

by Bernard Tschumi considers built interventions in three
distinct layers: surfaces, points, and lines. In the park, the
three layers converge on a single plane. Similarly, in Taop-
ing, layers of history converge on a single plane, and the
visitor must mitigate various kinds of information, in the
form of built interventions, to understand the place.

Regional Network, Memorization: The Confluence Proj-
ect

This long project conducted by Maya Lin creates light, self-
conscious interventions along the Columbia River Conflu-
ence, which descends through our sttae, Washington, to
create the boarder between Washington and Oregon. The
interventions include boardwalks with poetic inscriptions
and benches for sitting and contemplating the vast river.

Ecological Sanitation: Shaxi Rehabilitation Project
This project addresses the sanitation needs of the small
community of Shaxi, which is larger than Taoping. Like the
Bioremediation proposed here, the Shaxi Rehabilitation
Project constructs a long, thin wetland in several stages

to process the greywater of this community. It is not only a
practical improvement to the health of the Shaxi communi-
ty, but it is also a groundbreaking sustainable development
pilot project in China.

Although not pictured here, the sizes for the Living Canal
were derived from the Fuzhou Living Canal, as presented
in a case study by Matt Pilcher, urban planner.

Experiential Layers
Parc de la Villette

E“ “.//’]
2 <N Figure 5.46
~~ = Figure 5.

Paris

Parc de la Villette walkway _
Regional Network Memorialization
The Confluence Project

¥

Figure 5.47

Ecological Sanitation
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Figure 5.48

Location: Sideng Village, Shaxi Township, Jianchuan County, Yunnan Province, PR. China
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