Water Sustainability in Cities Module
Unit 9 – Planning and Decision-Making

Introduction
The goal of this project is to design a 10-acre suburban development that includes up to twenty-one 2,000 ft2 homes on 1/3-acre lots incorporating the urban water sustainability principles learned in the module. Your design must reduce both indoor and outdoor water use, reduce peak discharge and volume of stormwater runoff and pollutant loading, minimize impacts on the urban climate, and increase resilience to extreme events. You will accomplish this by implementing green infrastructure (e.g., rain gardens, pervious concrete and green roofs), indoor water conservation practices, and xeric landscaping. In addition, you will strategize to mitigate the urban heat island effect and to make the planned development resilient to floods and droughts. 
Outline of Unit:
· Day One: Group system mind map and brainstorm for preliminary planning
· Homework Assignment: Individual sustainable design for site, including calculations for water use and essay describing how your design meets the stated goals
· Day Two: Groups put together a plan and present plan to the rest of the class
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Figure 1 – Example 10-acre development including 21 lots (1/3 acre) with about 60-ft road right-of-ways and some communal green space. 

Table 1 – Breakdown of site area
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Table 2 – Areas needed for computations
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Day 1:
Activity 9.1. Group System Mind Map
Your team must present a water system mind map of the coupled urban-natural hydrologic and atmospheric system of the site, exploring the interconnections of the various water elements as well as other sub-systems that interact with the water system. You may revise your group’s mind map that you have been working on throughout the module.
Activity 9.2. Group Preliminary Plan
As a group, your team must develop a preliminary plan. Use this time to brainstorm and strategize your site development plan. What strategies will you implement to meet the stated goals of the design project? Sketch out a preliminary design for the site. 
· Sketch an initial site design: 
· Consider site layout and lot configuration and other site design factors that could improve the water sustainability.
· Consider constraints such as costs, desired revenue for developer, environmental impacts and quality of life of residents.
· List tasks needed to complete the project, identifying the following items:
· What your teams knows and from which unit
· What your group needs to learn
· How much time will each task take to complete
· Who will accomplish each task


Homework 
Activity 9.3. Individual Calculations and Report
Prepare a short report (three pages) describing your proposed sustainable design for the housing development, including calculations comparing your sustainable water use with a typical development. 
One paragraph per item described below, not to exceed two pages. Attach your calculations and drawings (not included in three-page limit).
3.0 Introduction
Write an introductory paragraph addressing the impact the urban development has on the hydrologic system (Unit 2)
3.1 Outdoor Water Use
1. Estimate the landscape water needs for a typical suburban development with 100% turf grass lawns and communal areas. Surface areas for 21 homes and the landscaped areas are given in Table 2. Use the climate data from Unit 4 for the selected time period (either a hot summer month, or the growing season).
· Compute the household outdoor water consumption for the development if all of the landscaped area is turf.
· Compute the outdoor water use for irrigating the communal landscaped area if all the green space in the development is turf.

2. Estimate the landscape water needs for your proposed sustainable landscape plan implementing concepts learned in Units 4 and 6.
· Design water-efficient yards for the houses and water-efficient landscapes for the communal green spaces. Use the methods applied in Unit 4.
· Consider the concepts covered in Unit 6 and estimate the amount of rainwater that can be put to use to supplement irrigation water.
· Compute the total outdoor water consumption of your proposed landscape plan, including the effect of harvested rainwater. 

3. Compute the water savings of your water-efficient landscape design compared to the 100% turf landscaping.
3.2 Indoor Water Use
1. Compute the indoor water use for a typical suburban development of twenty-one homes with no water conservation strategies. 
· Household indoor water use = 8,400 gallons per month per household of four people in the United States (http://www.epa.gov/WaterSense/pubs/indoor.html)

2. Compute the indoor water use with implementation of water conservation strategies. Propose strategies to reduce indoor water use from Unit 5.
· How much water can be saved with water-efficient fixtures?
· Here is a link to a water use calculator that you can use to get some rough estimates of how much you can save by implementing low water use fixtures in a home: http://www.cob.org/services/utilities/water-calculator.aspx
· Other strategies? e.g., greywater recycling, alternative sanitation

3. Compute the indoor water savings of your water efficient design over the typical household development.
3.3 Catchment Scale Water Management
The goal for stormwater runoff from the proposed development is to reduce the quantity of stormwater runoff, so that the developed hydrograph mimics the natural (pre-development) hydrograph. Additionally, your stormwater management plan should also consider the quality of the runoff water.
1. [bookmark: _GoBack]Use the EPA National Stormwater Calculator (Unit 7) (download here http://www2.epa.gov/water-research/national-stormwater-calculator). Use the impervious and pervious areas given in Table 2. If you use the stormwater calculator, start with zip code 80523 and navigate to lat/long: 40.561660/-105.081895 to estimate the parameters for the model.
2. Propose strategies to reduce the developed runoff, such as green roofs, rainwater harvesting and rain gardens (Units 7). 
3. Compare the natural (pre-development) runoff with your sustainably developed runoff. How does your sustainably develop runoff compare with the typical developed runoff?
3.4 Urban Climate
Discuss the impacts of urban development on the urban climate. Include discussion of the urban heat island effect. Discuss strategies for reducing the impact of the proposed development on the urban climate system using what you learned from Unit 3.
3.5 Extreme Events
A sustainable development must also be resilient in the face of high magnitude, low frequency or extreme events such as floods and droughts (Unit 8). Consider the risk to the development from these kinds of extreme events and propose strategies to increase the resilience of the proposed development to potential extreme events.
3.6 Summary and Conclusion
Clearly explain, using the triple bottom line as a framework, why their development proposal is more sustainable than a typical development.
Day 2
Activity 9.4 Group Planning
Today your group should synthesize individual plans into a final group design. Brainstorm ideas to improve upon individual ideas and to think more holistically about the design. As a group, revisit items from group preliminary planning from Day 1:
· Consider site layout and lot configuration and other site design factors that could improve the water sustainability.
· Consider constraints such as costs, desired revenue for developer, environmental impacts and quality of life of residents.
Your plan and presentation should include the following:
· Site design
· Plan for reducing indoor and outdoor water use and amount of savings for each compared with typical values, including justification for the strategies used.
· Selected strategies used to reduced indoor and outdoor water consumption and runoff
· Net reduction in water consumption and runoff. How much less water does your proposed development use than a "typical" development?
· Plan for reducing the stormwater runoff from the development to match the natural (pre-development) hydrograph and for minimizing negative water quality impacts.
· Potential urban climate impacts and strategies for minimizing impacts.
· Possible strategies to increase the resilience of the development to potential extreme flood and drought events.
· Assessment of how well your proposed design meets the goals of water sustainability in urban areas considering the triple bottom line.
· Consideration of cost of selected strategies
· Explanation of why you chose the strategies that you chose, how these strategies affect the impact of urban development on the hydrologic cycle and why your development proposal is more sustainable than a typical development.
Activity 9.5 Group Presentation
Your group will present its proposed design to the rest of the class. Your presentation should include all of the bulleted items listed above for Activity 9.4.
Your report and presentation will be assessed on the following (see Unit 9 Rubric):
· Accuracy and completeness of computations 
· Demonstration of understanding of sustainability using the triple bottom line as a framework and a consideration of cost of the project
· Demonstration of understanding of the impact of urban development on the hydrologic cycle
· Clear application of systems thinking to the coupled urban-natural hydrologic and atmospheric systems
· Sustainability of design
· Reduction in water consumption – what strategies did you implement? Can you explain the rationale for why you chose the strategies that you did? Did you iterate on different options?
· Reduction in stormwater runoff – does the developed runoff = natural runoff? Can you explain your rationale for why you chose the strategies that you did? Did you iterate on different options?
Activity 9.6 Peer and Self Review
Fill out the peer-review rubric to evaluate your team’s proposal and your peers’ proposals.
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Impervious and pervious areas

Total 
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(ft

2

)

Total Impervious = home + driveway + sidewalk + road 126,475                 

Total yards 244,020                 

Total Green Space = between sidewalk & road + other empty space 65,105                    

Total 435,600                 


image1.jpeg
Roads 200 Feet

Green Space

50 Meters
Proposed Homes | N

Property Boundary

Lots




image2.emf
Area 

(acres)

Area (sq ft)

21     1/3-acre lots 7 304920

Road Right-of-Way (1525 ft x 60 ft 

includes 35 foot pavement + curb & 

gutter and sidewalks + green space 

between sidewalk and curb)

2.1 91476

Other Green space 0.9 39204

Total 10 435600


image3.emf
Individual 

(ft

2

)

Total 

development  
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Home 2,000             42,000                    

Driveway 900                18,900                    

Yard - landscaping 11,620          244,020                 

Individual Lot Subtotal 14,520          304,920                 

Communal green space 65,105                    

Sidewalk 12,200                    

Paved road 53,375                    

Total Development 435,600                 


