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Integrating Fish, Farming, and Flood-control Systems on Four Mile Run 

Zhewei Hu

ABSTRACT

This thesis begins with the study of a highly integrated agricultural system called dike-pond system in Pearl River Delta, South 

China. From the study, two aspects of dike-pond system are found interesting. One is the material flow in the system which makes 

full use of the by-products. The other is the function of preventing flooding by protecting crops on the dike and increasing water 

storage capacity with ponds. Duplicating the system to other parts of world seems impossible because of the weather conditions, 

technical requirements to operate the system and its intensive labor requirement. However, in a broader view, it seems possible 

to apply the concepts of reusing “waste” and preventing flood to other places.

With the inspiration of this system, this thesis studies how the concept might be adapted to Washington Metropolitan area. Sev-

eral specific questions are critical to the inquiry: How to integrate different components into a system according to local situation? 

How to produce multiple products that feedback into the flow of materials and resources just like dike-pond system? How to reuse 

“waste” or forgotten resources? How to prevent floods without using an engineered flood wall? How to create a place that people 

can have different fishing experiences in urban region? How to provide a habitat for urban wildlife? 

My thesis addressed these questions through a design for a public space along the downstream of Four Mile Run in Arlington, Vir-

ginia. With design criteria derived from case studies and literature review, this project aims to control floods, cycle organic matter 

in wetlands, ponds and farm fields, provide fishing places, fish habitat, open spaces... All in an integrated system with little waste 

and a wise reuse of the “waste” water. 
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GENERAL AUDIENCE ABSTRACT

Floods happen every year in this world and lead to serious damages. Building flood walls and dams can not solve the problem 

because the water storage capacity is not increased.  In China, an agricultural sytem called dike-pond system is first invented to 

prevent floods by farmers. Farmers excavated low-lying land to form ponds. In this way, the stormwater storage capacity was in-

creased. Mud from the excavation was used to build dikes. Dikes were used as farm fields; plants and crops were cultivated along 

the dike. 

This natural method of controlling floods inspires me and makes me want to apply this concept to Washington Metropolitan area.   

Instead of building flood walls and dams, a more effective and natrual method to control flood is introduced in my thesis. Also, the 

concept of reusing “waste” in dike-pond system seems interesting. In our life, many resources are considered as waste and a lot of 

waste can actually be reused. 

Therefore, with the concept of preventing floods and reuse “waste” in mind, my thesis proposes a public space along the down-

stream of Four Mile Run in Arlington, Virginia. With design criteria derived from case studies and literature review, this project 

aims to control floods, cycle organic matter in wetlands, ponds and farm fields, provide fishing places, fish habitat, open spaces... All 

in an integrated system with little waste and a wise reuse of the “waste” water. 
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Aerial view of Shunde, Foshan, Pearl River Delta, China: High density dike-pond system (from Google Earth) Dike-pond system in Foshan, Pearl River Delta

1. BACKGROUND OF DIKE-POND SYSTEM

The study of dike-pond system opened the gate of my thesis adventure, making me start thinking about energy flow, thinking about 

natural metabolism, thinking about applying those ideas into landscape architectural design... First of all, it is critical to understand 

how the system works and the limitations of this system. 

The dike-pond system is a highly intensive system that tightly integrates the aquaculture of various fish with the commercial cul-

tivation of mulberry-silkworms and other crops or plants in Pearl River delta, South China. Its history traces back to 14th century, 

early-Ming Dynasty. During that time, flooding and tide disasters became more and more frequent which severely damaged the 

agriculture production in that area. In addition, a great increase in population after the Ming Dynasty created an urgent need 

for new lands and improving the productivity of the existing land (Weng, 2007). Due to more and more frequent flooding disas-

ters as well as an urgent need of food supplies, the dike-pond system was invented by farmers to solve these problems. Farmers 

excavated low-lying land to form ponds. In this 

way, the stormwater storage capacity was in-

creased. Mud from the excavation was used 

to build dikes. Dikes were used as farm fields; 

plants and crops were cultivated along the dike. 

Case Study  |  Dike-pond system in Pearl River Delta, China



3 4

One of the most well-known crops cultivated in dike-pond system is mulberry tree. The leaves of the mulberry tree are the feed of 

silkworm. Silkworm produces raw silk which is highly valued in China for centuries. This specific system, known as mulberry-dike-

fish-pond system, was found to be capable of maximizing silk and fish production by fully utilizing the waste generated by the two 

components in a mutually supported system (Zhong et al., 1993). Mulberry leaves were fed to silkworms, and in turn, the excre-

ment from silkworms were fed to fish living in the pond. The organically enriched mud from the bottom of the pond was dredged 

regularly to prevent the pond from becoming anaerobic, and the mud was used to fertilize the dike soils for growing the mulberry 

trees(Zhong et al., 1993). 

This complex agriculture ecosystem was maintained to ensure high productivity in fish, mulberry, and silk. Moreover, the concept 

that the by-product from one resource can become an input into another use of resources ( Ruddle and Zhong, 1987, p3) beca me 

one of the most important keys to form a whole and continuous circulation.  

2. ENERGY AND MATERIAL FLOW IN DIKE-POND SYSTEM
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3. FLOOD PROTECTION METHOD IN DIKE-POND SYSTEM 4. LIMITATIONS OF DIKE-POND SYSTEM

BEFORE 14TH CENTURY

AFTER 14TH CENTURY

water level

River Dike/cofferdam (different from dike-pond system) Farmland (Lower than water surface) 

water level

River Pond (fish farming)Fruit trees
Crops

Dike (Argriculture) 

As mentioned above, dike pond system was first invented as flood protection in 14th Century. Instead of building one huge dike, smaller dike 

systems were developed for agricultural use, and lands were excavated to create ponds to increase water storage capacity. At the same time, fish 

farming could be operated in those ponds. 

WEATHER CONDITION

This diagram shows the areas in the world that share the same 

climate type with Pearl River Delta. Ample sunlight, warm tem-

perature and the high precipitation of this delta provide a fa-

vorable condition for mulberry planting, sericulture and fish 

cultivation. Under these weather conditions, all these three 

subsystems can be harvested several times per year. Since this 

system is also labor intensive, high outputs may be one of the 

determinant factors that promote the operation of this system.

COMPLEXITY OF THE SYSTEM

In dike pond system, each part is strongly connected. The increased yield of one part will directly contribute to the increase of the other 

parts. Similarly, a decline in production of one part affects others (Zhong, 1984). The strong connection among different parts of the 

system reflects the complexity of this system. The production process of mulberry planting, silkworm cultivation, fish culture and other 

departments have different time scales, spatial considerations, wastes, products, etc. For instance, the fish culture is divided into breeding 

and hatchery, nursery, mature fish cultivation, fishing etc. Due to the many different parts of production process in each department, all 

kinds of skills and labor are needed.

INTENSIVE LABOR REQUIREMENT

The complexity of dike pond system requires intensive labor with different skills. The Pearl River Delta has a total population of 10 million. 

The population density is very high: between 500 and 800 persons per km2. This is favorable for sericulture, mulberry leaf harvesting, 

sugar cane planting and fish breeding, all of which are labor intensive. 

However, there is little place in the world that has a similar climate and at the same time meets the labor requirement. The complexity of 

the system and technical problems  also make it impossible to simply duplicate dike-pond system to other parts of the world. After this 

study, I began to think about adapting the structure and concepts of dike-pond system. 

subtropical monsoon climate
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fruit trees

fish only for self-consumption

little interaction between dike and pond

The first dike-pond system was invented to 
prevent farmland from floods and meet the 
urgent need of land due to the increase of 
population. 
Typical crops grown on the dikes were fruit 
trees such as litchi, longan, and mulberry 
trees.

Dike

Pond

fruit trees

fish (self consumption)

various kind of tree and crop species

fish and waterfowls

mulberry leaves

silkworm waste

pond mud

The need of raw silk worldwide has declined dramati-
cally since early 20th century. Moreover, the develop-
ment of technology promoted the advancement of 
dike-pond system.  Crops like corns, peanuts, ryes, 
elephant grass were planted under trees to make 
full-use of solar energy, new dike-pond system was 
thus formed. 

Dike

Pond

Mulberry Sericulture Sugarcane Fruit trees crops

Commercial fish cultivation softshell fish waterfowl

Mulberry trees

mulberry leaves

silkworm waste

pond mud

Dike

Pond

Mulberry Sericulture

Commercial fish cultivation
Fish tpe: hypophtha michthys molitrix, Ctenopharyngodon Idellus, Cirrhinus Sinensis, Oyprinus Capria  

Commercial silk industry flourished during 
AD1757-1839; fruit trees were thus 
replaced by mulberry trees (food for 
silkworm). Moreover, waste of silkworm 
was found to be a food supply for fish. the 
integrated dike-pond system thus was 
formed. 

14th Century
First innovation of Dike-pond 

18th Century
Mulberry-Dike-Fish-Pond System

20th Century
Advanced Dike-Pond System

5. DEVELOPMENT OF DIKE-POND SYSTEM

Apart from thinking about the concept of circulation and reusing “waste” in dike-pond system, the study of its development also 

helped me learn more about the flexibility and diversity of this system. Many different kinds of species have been involved in this 

system throughout its history.



9 10

6. THOUGHTS AND CONSIDERATIONS

Dike pond system in Pearl River Delta is a complicated, highly productive and  integrated aquaculture-agriculture system. In this 

study, several limits were found namely climate condition, complexity of system structure and intensive labor requirement. Since 

these limits are also the key factors that determine the operation of this system, they were considered to be the reasons why 

this system is not replicated to other countries.

The study of dike-pond system’s development showed the possiblity of applying the concept of this system to other parts of the 

world. 

The idea of dispersed flood protection not only ensures sufficient spaces for agricultural use but also increases water storage 

capacity. 

My thesis explores the possibility of applying these ideas to Washington metropolitan  area to create a sustainable landscape that 

reuses “waste”, cycles organic matters, celebrates fishing activities, provides habitat and control floods. 

Aquaculture study  |  Freshwater Aquaculture in Virginia

FISH FARMING PURPOSE

Food Fish Production Egg and Fingerling 
Cultivation

Catchable-sized Sportfish
(for recreational fishing)

Aquarium Pet Production Bait Fish Production

FISH FARMING METHOD

Open-water Cages Closed-system Farms Raceway Fish Farming
(Trout Farming)

REQUIREMENT FOR FISH FARMING

Sufficient Physical Space Level Land Above the flood Plain is Ideal High Quailty Water

Before locating a site, getting familiar with aquaculture was critical. The different purposes of fish farming, its methods and require-

ments, helped the site selection phase. 
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Area Studies and Site Selection

With a general understanding of freshwater fish farming 

in Virginia and Washington metropolitan area, I started 

to look for potential sites in the Potomac River water-

shed. 

At first, three candidate sites were selected according to 

their potential flood issues, access to fresh-water sup-

plies and their own on-site challenges. 

Roaches Run Waterfowl Sanctuary is currently a wildlife habitat in the 100-year flood zone. Though it is close 

to nearby communities, with DC Metro rail at the left side and GW Parkway at the right side, the accessibility is 

limited. Also, the narrow linear area at the bottom is currently abandoned. How to use such a linear area can be 

considered as a challenge and an opportunity to form a unique landscape.  

0 10,000 20,0005,000

POTOMAC RIVER AND TRIBUTRARIES

FOUR MILE RUN

CAMERON RUN

HUNTER CREEK

HUNTLEY MEADOW

LAKE BARCROFT

POTOMAC RIVER

Roaches Run Site

Four Mile Run Site

Dyke Marsh Site

0 2,100 4,2001,050 Feet

ROACHES RUN WATERFOWL SANCTUARY, VA

WASHINGTON DC METRO

RAILWAY

1% ANNUAL CHANCE FLOOD HAZARD

WATERBODY

GEORGE WASHINGTON PARKWAY

DISTRICT OF COLUMBIA

POTOMAC RIVER

GOLF COURSE
PENTAGON

REAGAN NATIONAL AIRPORT

1. ROACHES RUN SITE 

Candidate Site Boundary

Potomac River and tributaries  (Washington Metropolitan Area)
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2. FOUR MILE RUN SITE

0 1,000 2,000500 Feet

FOUR MILE RUN, VA

REAGAN NATIONAL AIRPORT

POTOMAC RIVER

TOYOTA

FOUR MILE RUN PARK

DAINGERFIELD ISLAND

WASHINGTON DC METRO

GEORGE WASHINGTON PARKWAY

ARLINGTON WATER POLLUTION CONTROL PLANT

FOUR MILE RUN

1% ANNUAL CHANCE FLOOD HAZARD

Candidate Site Boundary

The most unique character of this site is the Arlington Water 

Department. Municipal waste water from Arlington Coun-

ty which discharges here is treated. Currently, the cleaned 

water (potable) is poured into Four Mile Run directly. This 

resource seems valuable to aquaculture.

Arlington Wastewater Treatment Plant Processes

Arlington Wastewater Treatment Plant (from Google Earth)

output of cleaned water



15 16

3. DYKE MARSH  SITE
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Candidate Site Boundary

EROSION OF DYKE MARSH

1937 1959 1976 1987 2002 2006

Erosion of Dyke Marsh (Data from National Park Service, diagram made by Zhewei Hu)

The erosion of Dyke Marsh has been a problem for nearly a century. Thinking about the structure of dike-pond system, there may be an oppor-

tunity to control erosion and operate fish farming at the same time. 
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4. REUSE OF “WASTE” WATER 5. COMPARING TWO SITES ---SIMILARITIES

After the study of these three sites, 

it was difficult to choose one site as 

my project site. After reading more 

about fish farming, I found that it is 

critical to have continous high-qual-

ity water supply to operate fish 

farming. Therefore, four mile run 

site seems to be an ideal site for my 

project. However, Alexandria (next 

to Arlington County) also has its 

own waste water treatment plant at 

the downstream of Cameron Run. 

Comparison  was made between 

these two sites before I made the 

final decision. 

0 10,000 20,0005,000 Feet

±

DISTRICT OF COLUMBIA

PO
TO

M
AC RIVER

PO
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M
AC RIV

ER

CAMERON RUN 
WATERSHED

FOUR MILE RUN 
WATERSHED

FOUR MILR RUN SITE

CAMERON RUN SITE

WATERSHED STUDY

Four Mile Run watershed and Cameron Run watershed

Alexandria Water department Arlington Water department

 SITE

CAMERON RUN

INTERSTATE 495&95 WATER DEPARTMENT SITE WATER DEPARTMENT MAIN CIRCULATION

BIKE TRAIL

FOUR MILE RUN

CAMERON RUN SITE FOUR MILE RUN SITE

Obviously, both sites have continuous clean water supply from waste water treatment plants. Though, it seems that one 

side of Cameron Run site is blocked by interstate highway, it is still fully accessible from the other side. 

Continuous
Clean Water Supply

Acessibility
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Flood Threats

Public & Private

Cut & Fill

Potential Space

0 1,000 2,000500 Feet

±
0 1,000 2,000500 Feet

±

WATER DEPARTMENTPOTENTIAL DESIGN SITE POTENTIAL DESIGN SITE WATER DEPARTMENT

FOUR MILE RUN

CAMERON RUN

500 YEAR FLOOD ZONE100 YEAR FLOOD ZONE500 YEAR FLOOD ZONE100 YEAR FLOOD ZONE

5. COMPARING TWO SITES ---SIMILARITIES 6. COMPARING TWO SITES ---DIFFERENCES

From the flood threats diagram, we can see that most parts of both sites are in the 100-year flood zone.

Also, potential space  for development at both sites is similar too. 

Forturnately, each site also has its own different characters which help me make the decision. 

PUBLIC SPORTSFIELDS

POTENTIAL SITE FOR 

DESIGN PROJECT

POTENTIAL SITE FOR 

DESIGN PROJECTROW HOUSES NEIGHBORHOOD

95&495 INTERSTATE

APARTMENT 
BUILDINGS

FOUR MILE RUN 
BIKE TRAILS

CHILD&FAMILY NETWORK CENTER

ORGANIC MARKET

FARMERS&ARTISANS MARKET

FOUR MILE RUN

CAMERON RUN

WETLAND

GRASSLAND

CAMERON RUN SITE CAMERON RUN SITE

CAMERON RUN SITE

FOUR MILE RUN SITE FOUR MILE RUN SITE

FOUR MILE RUN SITE
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Public vs Private

Comparing to Cameron Run Site, Four mile Run site seems more public.The Orange dash-line in the diagram is Mt. Vernon Ave, which is the main 

street of that neighborhood. Existing Sports fields and bike trails are right next to the potential site . Existing farmer’s market is a potential con-

nection to my project.(Aquaculture and agriculture) One the other hand, Cameron Run site is at the end of a row house neighborhood without 

any public facilities around. In general, Cameron Run site has a stronger private feeling than Four Mile Run site.

Cut & Fill 

Existing topography of Four Mile Run site is more suitable for aquaculture in terms of digging ponds; there will be less cut & fill.

Runoff & Visibility

The visibility of waste water plants is critical since it is important to let people know where the “waste” water comes from. The view is blocked at 

Cameron Run site because of the highway. Also, the Runoff from the highway is harmful to the water quality of Cameron Run Site. 

Therefore, Four Mile Run site is chosen to be my thesis project. 

ARLINGTON WATER DEPARTMENT

95&495 INTERSTATE

FOUR MILE RUN BIKE TRAIL

VIEW OF WATER DEPARTMENT

VIEW BLOCKED

RUNOFF FROM HIGHWAY

VIEW BLOCKED

VIEW OF PROPOSED DESIGN

 FOUR MILE RUN SITE 

CAMERON RUN SITE 

6. COMPARING TWO SITES ---DIFFERENCES

Runoff & Visibility

CAMERON RUN SITE

FOUR MILE RUN SITE

Blocked view of Cameron Run Site ( by Zhewei Hu)

Cleaned water outflow of Four Mile Run Site (By Zhewei Hu) View of Waste water plants at Four Mile Run Site (By Zhewei Hu)
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Process  |  Discovering site and developing ideas

1000 500ft

EXISTING SPORTSFIELD

EXISTING SPORTSFIELD
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SPORTSFIELD
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500YR FLOOD ZONE
500YR FLOOD ZONE

FARMERS&ARTISANS
 MARKET

FOUR MILE RUN

FOUR MILE RUN

FOUR MILE RUN

WOODLAND

WETLAND

ARLINGTON WATER DEPARTMENT

1. FOUR MILE RUN SITE INTRODUCTION

Arlington Wastewater Treatment Plants

Project Site

Flood issues

Most parts of the site are in 100-year flood zone; it is important to make sure the nearby neighborhood can be prevented from 100-year floods.

Water Transportation

It is important to show people the movement of cleaned water from the other side of Four mile run to my thesis site. 

Existing Bike Trail & Sports fields

There is no reason to get rid of existing bike trail and sports fields. However, appropriate changes could be made to help strengthen the design.

Farmer’s Market

Outputs of this thesis project (crops, vegetables, fish, etc) might be sold here.
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TROUT CHANNEL CATFISH BLUEGILL STRIPED BASS GRASS CARP

Continous water flow

Depending on temperature Depending on temperature Shallow Water Summer&Winter: deep 
water

Spring&Fall : shallow water

Summer&Winter: deep 
water

Spring&Fall : shallow water

Quiet water preferred slow-moving water Quiet water when spawning Quiet water 

High market demand
Recreation & Commercial

High tolerance of Tempera-
ture&crowd

Co-existing with other species

keep crustacean and insect 
populations low

Enjoy Heat

Migrator,
Extremely important 

sportfish 

High tolerance
Biological weed controller 

eat almost anything
favorites are bunker and clams

PlantsCarnivorous
Expensive

Omnivorous plankton and other aquatic 
creatures

55°F-65°F

32°F-77°F

75°F-85°F

32°F-100°F

75°F-85°F

35°F-105°F

55°F-68°F

34°F-91°F

68°F-86°F

35°F-105°F

 TEMPERATURE Optimum

Tolerant Range

PREFERED WATERBODY 

NATIVE SPECIES 

FEED

DISTINCT HABITAT
CHARACTERS

WATER FLOW

PREFERED WATER DEPTH

Clean bottoms 
of sand, rubble 

or gravel
Slow-moving water

Shallow water
Abundant vegetation

Continous Flow 
High water quality

Migrating fish
Temperature Oriented

Rivers, reservoirs, lakes 
and ponds

Shallow lakes and 
ponds

Raceway or ponds
High Water Quality

Ocean, Deep Fresh water,
lakes, rivers, 

lakes, ponds, pools, 
and backwaters of large rivers

2. THINKING ABOUT CONNECTION 3. MAIN FRESHWATER SPECIES IN VIRGINIA

Magdeburg Water Bridge in GermanyAqueduct in Ancient Rome (By Zhewei Hu)

Raceway Fish Farming

From the Landscape history class, I learned that 2000 years ago, Ancient Roman built aqueducts to transport water. Also, water 

bridges are used nowadays when two rivers across.

Looking back to the reseach I did about aquaculture, raceway 

fish farming method is structurally similar to water bridge. What 

if these two ideas could combine together so that cleaned water 

can be transported and fish farming can be operated?

Different characters of 5 popular freshwater fish species in this area were studied to help make design decisions. 

For example, prefered temperature helped me thinking about how to cool down the water during summer. 
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4. SKETCHING IDEAS

After all the research, it was time to draw something. I used different colors to represent important design elements of my project in the hand 

sketches. 

Through sketches,

I started to think about the possible relationships among different elements (components of systems) in my project. 

I started to think about the flow of cleaned water through different systems, how to purify the used water beforereturning it into four mile 

run.

I started to think about how to connect my project to existing structures like sports fields, bike trails and communities. 

RACEWAY FISH FARMING & FISHING POND

Water bridge and raceway farming system delivering cleaned water to fishing pond 

BIKE TRAIL

As a linear element, how can it combine with raceway system or dike?

DIKE

How to control flood and provide preferable experience at the same time?

AGRICULTURE

Where to locate agricultural fields according to their relationships with other systems?

TREATMENT WETLAND

Cleaned water from the plants used to flowing into Four Mile Run to improve the water quality. Now, I am taking advantage of this resource to 

achieve my project. How can I still maintain the function of improving Four Mile Run water quality?



29 30

4. SKETCHING IDEAS 4. SKETCHING IDEAS (SPATIAL RELATIONSHIPS)

Keeping moving forward, I changed to a larger scale to think 

more about details. And more questions were raised:

-Is there a pattern  I can use for the water flow?

-What other functions can “dike” have?

-Where should the entrance be?

-What are the spatial relationships among different ele-

ments?

... 
Sectional sketches were made to think about the spatial relationships. 

RACEWAY FISH FARMING & FISHING POND

BIKE TRAIL

DIKE

AGRICULTURE

TREATMENT WETLAND
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4. STUDY MODEL 5. RETHINK & REVISE

-Curved edge cannot withstand the current of Four Mile Run when floods come.

-Protecting 500-year flood made the dike and surrounding lands too high, which reduced the existing water storage capacity. Therefore, 

building such a dike may lead to worse flood issues. ( too much fill)

-The whole form seems arbitrary. For example, the terraced farmlands and the shape of fishing ponds.

With those questions in mind, I made two more 

detailed sketches trying to simplify the form to 

make it more straightforward. Also, I was trying 

to enlarge the wetland area to increase water 

storage capacity and to provide more spaces for 

habitat. Moreover, I was trying to find out a pat-

tern for the water flow of each pond.

In Drawing #1, the wetland area is enlarged. How-

ever, the form of bridges and agricultural land 

(light yellow) is still somehow arbitrary. Also, the 

curved edge at Four Mile Run side is still curved, 

which may cause erosion problem.  

In Drawing #2, raceway farming was moved to 

the edge to strengthen the edge. The water flow 

of each pond is following the same pattern. The 

shape of each farm field is more simple and rea-

sonable. 

After discussion with my professors, we are all 

comfortable with this version. 

Now, it is time to think more about the details. 

Study models were made to help me think about my project three-dimensionally.

Also, it is easier for my committee members to understand my design. After discussion with my professors over this study model, sever-

al problems were found.

RACEWAY FISH FARMING & FISHING POND

BIKE TRAIL

DIKE

AGRICULTURE

TREATMENT WETLAND

Drawing #1

Drawing #2

water flow

water flow
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Presentation  |  Aqua + Culture

image of Rainbow Trout
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ARLINGTON WASTE WATER TREATMENT PLANTS
FOUR MILE RUN
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1. Pump House 

2. Water Bridge (bikers & Pedestrians) 

3. Pool

4. Dam Bridge 

5. Raceway Farming

6. Raceway Outflow (continuous water supply for ponds)

7. Raceway Farming Management Building

8.  Picnic Area

9. Four Mile Run Fishing Deck (Wild Fish)

10. Waterfront Terrace

11. Baseball Field (rearranged)

12. Tennis Court

13. Soccer Field

14. Parking lot

15. Pedestrian Bridge

16. Enlarged Wetland 

17. Elevated Path (Flood Protection)

18. Community Garden units

19. Green House

20. Composting & Yard Waste Drop Spot

21. Main Entrance

22. Main Bridge (Service Vehicle only)

23. Fishing Spot on the Bridge

24. Soy Bean Field (feed for fish)

25. Bike Trail

26. Fishing Pavilion

27. Service House (fish killing, fish feed, barbeque supply)

28. Tree Plaza (Gathering Area)

29. Fishing Deck

30. Vegetated Connecting Pond

31. Treatmetn Wetland

32. Agriculture Management Building

33. Inner Wetland

34. Farmers Market

35. Basketball Court

36. Wetland Boardwalk

DEL RAY NEIGHBORHOOD, ALEXANDRIA

Situated in Del Ray Neighborhood, this project explores the idea of an integrated 

system and reuse of “waste” in landscape design. 

This project will control floods, provide fish habitat, cycle organic matter in wet-

lands and farm fields, provide fish and fishing places, markets, gardens... All in an 

integrated whole system with little waste and a wise reuse of the “waste” water.
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MAIN CIRCULATION
(PEDESTRIAN, BIKE& SERVICE VIHiCLE)

SECONDARY CIRCULATION 
(PEDESTRIAN ONLY)

PARKING

SPORTS FIELD

RACEWAY FISH FARMING

FISH FARMING MANAGEMENT BUILDING

CLEANWATER OUTLET
(FROM WASTEWATER TREATMENT PLANT)

AGRICULTURE MANAGEMENT 
BUILDING RECREATIONAL FISHING POND

FISHING PAVILION

FISHING DECK

SOY BEAN & CORN CULTIVATION (FISH FEED)

COMMUNITY GARDEN UNIT

GREEN HOUSE

FOUR MILE RUN

WATER CHANNEL
(FROM RACEWAY TO POND)

TREATMENT WETLAND
(PURIFICATION & EDUCATION,
FROM POND TO WETLAND)

NEW 100 YR FLOOD ZONE

ELEVATED PATH 
(100 YR FLOOD PROTECTION)

REMEDIATION CONSTRUCTED WETLAND
(CONNECTING PONDS)

WETLAND

INNER WETLAND

YARD WASTE DROP AREA AND COMPOST

BIKE TRAIL WITH
 FRUIT TREE ON EACH SIDES
(SERVICE ROAD)

FLOOD PROTECTION

WATER FLOW

FISHING, 
FARMING & FISH FARMING

CIRCULATION, 
SPORTSFIELD & VEGETATION

It is obvious that the final project plan is still quite different from drawing #2. 

Many details were taken into consideration in this final version. 

The project is broken down into four parts  to explain the design ideas.

Spot elevations on this plan provide a general topographic un-

derstanding of my project. The detail Plan shows the topography 

more accurately.

2. DESIGN ANALYSIS
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2.1 CONTROL FLOODS

NEW 100 YR FLOOD ZONE

ELEVATED PATH 
(100 YR FLOOD PROTECTION)

This elevated path serves as a dike to prevent the neighborhood from experiencing the 100-year flood. Although it is a “dike”, there is no sudden 

elevation change. 

Also, in order to increase water storage capacity, the sports field is designed to be included in 100-year flood zone but it won’t flood in 50-year 

floods. 

Another Strategy to control flood is to enlarge the existing 

wetland. 

The inner wetland is usually connected with Four Mile Run. 

Normally, the inner wetland functions as a “Rain Garden” to 

collect runoff from the neighborhood. 

A dam bridge is situated at the mouth of the inner wetland. 

When floods come, the gates of the bridge will close to pre-

vent the neighborhood from flooding. 

Dam Bridge

100-year Flood Zone 
Wetland 

Wetland 

Inner Wetland 

500-year Flood Zone 

Existing Wetland Proposed Wetland

Reference: Dam Bridge in Saint Petersburg
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2.2 WATER FLOW

FOUR MILE RUN

WATER CHANNEL
(FROM RACEWAY TO POND)

TREATMENT WETLAND
(PURIFICATION & EDUCATION,
FROM POND TO WETLAND)

REMEDIATION CONSTRUCTED WETLAND
(CONNECTING PONDS)

WETLAND

INNER WETLAND

Cleaned water from the waste water treatment plant will reach the site through the water bridge. The raceway also functions as a water chan-

nel to transport cleaned water to each fishing pond. After used by raceway farming and fishing ponds, water will be treated and purified before 

it flows back to Four Mile Run.

This extended wetland not only acts as a habitat 

for wildlife, but also cleansing the water from the 

fishing ponds.

1. WETLAND TREATMENT

Water from fishing ponds will be treated and 

purified in here. 

2. VEGETATED CONNECTING POND

Vegetated ponds connect each fishing pond 

so that water can flow freely from one pond 

to another. ( each pond has a different eleva-

tion) When floods come, ponds increase wa-

ter storage capacity.

3. RACEWAY OUTLET (WATER CHANNEL)

The purpose of raceway farming is to provide 

continuous fish supply for fishing ponds. So 

the density of fish in the raceway will remain 

low. Therefore, the water from the raceway 

can still be used for fishing ponds. 

Water 
Inlet

Water 
Outlet

3

1

2
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2.3 FISHING, FISH FARMING & AGRICULTURE

RACEWAY FISH FARMING

FISH FARMING MANAGEMENT BUILDING

CLEAN WATER OUTLET
(FROM WASTEWATER TREATMENT PLANT)

AGRICULTURE MANAGEMENT 
BUILDING RECREATIONAL FISHING POND

FISHING PAVILION

FOUR MILE RUN FISHING DECK

SOY BEAN FARMING (FISH FEED)

COMMUNITY GARDEN UNIT

GREEN HOUSE

YARD WASTE DROP AREA AND COMPOST

COMMUNITY GARDEN

 Taking advantage of the elevated path, the community garden has a 

2% slope to help irrigation. 

SOY BEAN FARMING

Soy beans can be used to produce soy oil, soy sauce, etc. And the 

residue can be made into soy bean meal to feed fish. Also, it is possi-

ble that soy bean products can be sold in the farmer’s market. 

FISHING & FISH FARMING

Both sides of raceway are planted  with trees(swamp white oak) to 

cool down the water temperature during summer. 

Diiferent fishing spots can provide anglers with distinctive fishing 

experiences. (Fishing Pavilion, Fishing Deck, Soft Bank of ponds, etc) 

FOUR MILE RUN
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2.4 CIRCULATION, SPORTSFIELD & VEGETATION

MAIN CIRCULATION
(PEDESTRIAN, BIKE& SERVICE VEHICLE)
SECONDARY CIRCULATION 
(PEDESTRIAN ONLY)

PARKING

SPORTS FIELD

BIKE TRAIL WITH
 FRUIT TREE ON EACH SIDES
(SERVICE VEHICLE ONLY)

SPORTS FIELDS

Existing sports fields are relocated to align with other design elements. Both sports fields have permeable parking lots.  

CIRCULATION

Different pavings are used for roads with different functions. 

For example, fishing decks are paved with wood and bike trail 

is paved with asphalt.

VEGETATION

Typical flood plain species like River Birch and Sycamore are 

planted along the wetland to improve this habitat.  
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FISHING POND

WETLAND

FOUR MILE RUN

FISHING POND

FISHING POND

WATERFLOW OUTLET

RACEWAY

AQUATIC PALNTS

RACEWAY FISHING FARMING

 MANAGEMENT BUILDING

WETLAND CONNECTING
PONDS

WETLAND TREATMENT

FRUIT TREES ON 
BOTH SIDE OF BIKETRAIL

WATER FLOWING TO WETLAND

WETLAND INLET WETLAND OUTLET

BIKE TRAIL

BIKE TRAIL

WETLAND TREATMENT

WETLAND TREATMENT

AG
RIC

U
LTU

RE

M
A

N
AG

EM
EN

T BU
ILD

IN
G

COMMUNITY 
GARDEN UNIT

WETLAND CONNECTING
PONDS

3. DETAILED PLAN

Compared to the  site plan, the detailed plan provides more information about  the proposed topography (1ft contour), pavings, 

structure, etc. 
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4. CROSS SECTION A

Community

Permeable Parking (runoff collection)

Elevated Path
(100yr flood protection)

Wetland Reserve
(flood&wildlife habitat)

Soybean Farming
(fish feed)

Bike Trail Recreational Fishing Pond Raceway Farming Management BuildingPlaza with Tree Grid

Community Garden Units

Fishing Pavilion with Picnic Table
Subtidal Zone

Regularly Flooded Zone

Irregularly Flooded Zone
Irregularly Flooded Zone

Raceway Water Outflow( constructed wetland) 

100 yr Flood Line

red maple (Acer rubrum)
sycamore (Platanus occidentalis)
silver maple (Acer saccharinum)

green ash (Fraxinus pennsylvanica)
swamp white oak (Quercus bicolor)

red maple (Acer rubrum)
sycamore (Platanus occidentalis)
silver maple (Acer saccharinum)
green ash (Fraxinus pennsylvanica)
swamp white oak (Quercus bicolor)willows(Salix spp.)

silky dogwood (Cornus amomum)
river birch (Betula nigra)

wild rice (Zizania aquatica)
arrow arum (Peltandra virginiaca)

0 16’ 64’

A

As mentioned before, dikes are used as farming lands and ponds are used for fishing and flood protection in dike-pond system. 

Similarily in section A, we can see that different acitivities are celebrated on the “elevated lands” including soybean farming, biking, 

recreational fishing (fishing decks); Waterbodies like wetlands and fishing ponds not only function as recreational destinations and 

habitats, but also increase water storage capacity. When it comes to 50-year flood, fishing ponds and farming lands at the north 

side of wetland won’t be flooded; When 100-year flood comes, the whole area at the north side of the elevated path will be flooded 

but the community will be protected from flooding. 
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Main Fishing Deck
(with Pavilion & Gathering Area)

Multifunctional Dike
(Picnic, Fishing, Eating&Grill Fish, Open Green Space)

Fishing Deck
(with Tree Planter Providing Shade for Anglers)

Raceway Coverage Plantation Raceway Coverage Plantation

Raceway Management Building Vegetated connecting Pond

Vegetated 
connecting Pond

Vegetated 
connecting Pond

Service House
(Fish Killing, Fish Lure&Feed, Barbeque Supply) Four Mile Run Fishing DeckFishing Pavilion with Picnic TableFishing Pavilion with Picnic Table

Water Level: 11ft
Water Level: 9ft Water Level: 7ft

Water Level: 4ft (High Tide)

0 16’ 64’

5. CROSS SECTION B

B

From section B, we can see that these three fishing ponds are terraced, each of them has a different bottom elevation. In this way, 

water from the upper pond can flow to the next pond through the vegetated connecting pond. When floods come, water will flow 

back to the upper pond when the lower pond is full.
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6. EXPERIENCE THE SITE

Woodland

Wetland

Agricultural Land
(soy bean）

Fruit tree Fruit tree 

Bike Trail
Fishing Pond

1

2

3

Accessing the park from main bridge, people can see the wetland habitat. Anglers are fly fishing at the ouflow spot of wetland 

treatment. On the bridge, anglers are fishing on the extended deck. Moving forward, farmers are working in the soybean field. Bik-

ers and runners pass by the fileds from time to time. Children are feeding fish in the treatment pond and learning about different 

plants. On the other side of bike trail, yet another fishing pond is providing a different fishing experience. 
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FISH SPECIES
ROCK BASS Ambloplites rupestris
LARGEMOUTH BASS Micropterus salmoides
WALLEYE Sander vitreus
SMALLMOUTH BASS Micropterus dolomieu
BROOK TROUT Salvelinus fontinalis (seasonal)
BREAM Abramis brama
BLUEGILL  Lepomis macrochirus
CRAPPIE Pomoxis

Fish Species
KOI Cyprinus carpio
BLUEGILL  Lepomis macrochirus
GRASS CARP  Ctenopharyngodon idella
STRIPED BASS FINGERLING Morone saxatilis
CHANNEL CATFISH FINGERLING Ictalurus punctatus

FISH SPECIES
BLUEGILL  Lepomis macrochirus
CULTIVATED STRIPED BASS Morone saxatilis
CXULTIVATED RAINBOW TROUT Oncorhynchus mykiss
GRASS CARP  Ctenopharyngodon idella
CHANNEL CATFISH  Ictalurus punctatus

Wetland Plants Species
Oenanthe javanica
Brassicacapestris
Juncus effusu
Saxifragaceae
Iris pseudoacorus
Osmanthus fragrans
Iris ensata
Typha angustifolia

Wetland Fly Fishing Spot

Extended Fishing Deck on the 
Main Bridge

SECTION 1: Bridge Fishing & Fly Fishing SECTION 2: Wetland Treatment and Feeding Fish SECTION 3: Recreational pond fishing & Wetland Connection

RECREATIONAL FISHING POND

Wetland Treatment
Vegetated Connecting PondFishing Feeding

Waterfront Terrace

BROOK TROUT Salvelinus 
fontinalis (seasonal)

WALLEYE Sander vitreus KOI 
Cyprinus carpio

BLUEGILL  
Lepomis macrochirus

RAINBOW TROUT 
Oncorhynchus mykiss

GRASS CARP  
Ctenopharyngodon idella

0 4’ 12’

6. EXPERIENCE THE SITE
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7. ENERGY AND MATERIAL FLOW

Soy Bean  Cultivation

Fruit Trees

Agriculture Management Building

Soy Bean Meal

soy product processing
cleaning
cracking
dehulling
oil extraction
residue are toasted and 
grounded to produce soybean meal

Fish for Recreational Use

Soy Bean Oil and Fish can be Sold at 
the Farmer’s Market

Sediment from Faceway Farming 
and Fishing Pond

Soy Bean

Raceway Fish Farming

Farmer’s Market in Del Ray

Recreational Fishing Pond

6. NAVIGATING

Four Mile Run Deck Fishing

Soft Bank Pond Fishing

Community Garden Units

Farmer’s Market

Catching, Killing and Eating Fish

Fishing Pavilion

Yard Waste Drop and Compost

Green House
Wetland Fly Fishing

Sports Fields

Apart form the reuse of “waste” water, other components and “waste” in this project are reused by 

different parts of this whole system. For example, by using the by-products (soybean residue) of 

soybean farming, not only different parts  of this thesis project are connected, but also the context 

of the site (farmer’s market) is connected to this project. 
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WETLAND

ELEVATED PATH
(100YR FLOOD PROTECTION) RECREATIONAL FISHING PONDAGRICULTURE 

MANAGEMENT HOUSE

IRREGULARLY FLOODED WOODLAND

AGRICULTURAL LAND (SOY BEAN & CORNS) BIKE TRAIL

As mentioned in the case study, the limitations of dike-pond system were found to prevent direct transfer to other parts of the world. This thesis  

adapted the concept of dike-pond system to Washington Metropolitan area. Different components and sub-systems were identified and con-

nected to each other through design. Cleaned water from the treatment plants acts as a driver of this project. Instead of directly pouring the 

water into Four Mile Run, by using this valuable resource,  different activities are celebrated. Moreover, the water are purified before it goes 

back to Four Mile Run and is still trying to achieve the former function(improve the water quality of Four Mile Run). The forgotten resource are 

reused and showed to people . 

By increasing water storage capacity(creating ponds and enlarging wetland area),  floods can be prevented without engineered flood walls just 

like dike-pond system. Moreover, the enlargement of the wetland area provides a larger habitat for urban wildlife and the continous flow of pu-

rifed water improves the quality of this habitat. Compared to the existing site plan, my project not only preserves the wetlands but also brings 

distinctive fishing and urban farming experiences to this site.

Furthermore, the idea of this thesis project might be adapted to other sites like Dyke Marsh. From the site selection phase, I learned that Dyke 

Marsh has serious erosion problem. It is possible that the structure of “dike” can help stabilize the marsh by slowing down the water and pre-

venting erosion. Wetlands may be divided into smaller “ponds” by “dikes” but still function as wetlands. Comparinged to dike-pond system, the 

concept of “dike” and “pond” get further developed in my project. Not only fishing ponds but also wetlands can increase water storage capacity 

and prevent flooding. In another word, wetlands are considered as “ponds” too. Different activities are celebrated on “dikes”(elevated lands) 

including fishing, exercising, biking, farming, etc.  

In America, it is hard to meet the intensive labor requirement of dike-pond system. However, considering the site as a recreational fishing place, 

this project doesn’t need as much labor as a commercial fish farm. When adapting the concepts and ideas of dike-pond system to other parts of 

the world, it is necessary to think about the purposes of the projects and the contexts of the sites. 

DISCUSSION
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Through my thesis study, the first thing I learned is the magic of nature. Dike-pond system mimics the metabolism of nature(flow of material and 

energy), making use of all material flows. By learning from nature, dike-pond system reuses waste and achieves a highly productive landscape 

with few wasted by-products. Moreover, the way dike-pond system prevents flooding is to increase water storage capacity which works much 

better than building flood walls and dams. 

In contemporary societies, a lot of things are considered as waste or wasted. In my thesis study, I tried to take advantage of waste in our life to 

create a sustainable landscape. In my project, “waste” is considered as a valuable resource which is essential to the success of this integrated 

system. 

As a landscape architect, it is interesting to think about benefits of “waste” and how to reuse it in a designed way. It would be interesting to show 

people the potential value of “waste” as this thesis project aims to do. Furthermore, pollution has been a serious problem around the world for 

a long time. In my opinion, for landscape architectural design, it might be interesting to think about the potential “value” of pollutants and think 

about how to take advantage of them instead of ignore them or get rid of them. 

In my future career, it would be interesting for me to keep learning from natural and designed systems. The magic of systems, like the dike-pond 

system, really attracts me a lot and I believe that a lot of problems can be solved through combining natural processes and human. Like this proj-

ect shows, wetlands can increase storage capacity to prevent flooding, provide habitat for for fish and other wildlife, and be places of recreation 

for people. Why don’t we think more about this kind of system , rather than putting flood walls which fail from time to time?
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