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Overview

	The purpose of this exercise is to encourage critical thinking and teamwork between students in making decisions about the placement of a road.  Students will focus on environmental impacts of road placement and try to offer the best alternative of connecting two points on a map.




Curricular Cluster

	· Sense of Purpose

	(  Eliciting Ideas
	(   Engaging Learners 

	
	In groups, students identify impacts to the environment from road building.
	Using photographs and maps, the students identify the best place to build a road that will also have the least environmental impact.

	· Developing and Using  

Scientific Ideas 
	· Reflecting on Ideas   and Experiences 
	(   Assessing Progress  

	
	As a class, each option will be analyzed and the best solution will be voted on.
	Students will defend their placement of the road in discussions with the rest of the class.


	Objectives

· Students will critically think about where to build a road that connects two distant points.

· Students will focus on impacts of road building on the environment.

· Students will present their decision to the class.


	Materials

	
	· One copy of the attached aerial photograph for each group of students

· One transparency copy of the aerial photograph for the entire class

· One transparency copy of the attached topographical map for each group of students

· One copy of the Student Scenario Page for each group

· Pencil and markers

· Ruler



	
	Safety Issues/Precautions  

	· 
	


	Background 

(information obtained at http://www.epa.gov/OWOW/NPS/education/planroad.html)

Our roads, highways and bridges can be a source of a significant amount of pollution to our nation's water. Pollution is generated during road construction, maintenance, and use. Nonpoint source pollution, or runoff pollution, is created when chemicals, debris, fertilizers, automotive oils, debris from wearing parts, and litter are washed off roadways and bridges during rainstorms and carried as runoff to streams, rivers, lakes and bays. 

There are many opportunities available to prevent and control runoff pollution by applying management measures and best management practices during the planning, construction, and operation and maintenance of highway systems. Management measures are achieved by applying best management practices appropriate to the source of              runoff, climate, and average daily traffic volume. Planning considerations to help control runoff pollution from roads, highways, and bridges are discussed in this fact sheet. 

Road, Highway and Bridge Planning

Poor planning can contribute to pollution problems. Wetlands and vegetated areas near waterbodies can be damaged by construction, decreasing the water quality benefits that they normally provide. Areas susceptible to erosion, such as steep slopes or land with loose soil, can be disturbed, causing increased sedimentation flows into receiving streams. 

As plans are developed for new roads, highways and bridges, or for reconstructing existing facilities, best management practices to help reduce the volume and concentration of erosion and sedimentation produced by the project should be incorporated into project design. 

The following are some pollution prevention techniques that can be incorporated into highway planning and design: 

· Evaluate alternatives for incorporating a road system or bridge into the natural characteristics of the site. Analyze environmental features, such as topography, drainage patterns, soils, climate, and existing land use. Natural drainage systems can be taken advantage of, clearing and grading can be minimized, natural                  vegetation and buffer areas can be preserved, and sensitive land and water areas that provide water quality benefits (e.g., wetlands, spawning waters, etc.) and areas susceptible to erosion and sedimentation can be avoided. 

· Preserve corridors for highways well in advance of construction to be certain that roads are built where they are most suitably located in terms of environmental and economic considerations. Lack of advance planning can lead to locating roads wherever space is available, or not being able to build a road at all. 

· Avoid building roads and bridges where they will impact riparian areas adjacent to surface waters and wetland areas. These vegetated areas provide enormous water quality benefits through their ability to filter pollutants out of water passing through them. 

Road, Highway and Bridge Construction

Road, highway, and bridge construction and reconstruction generate runoff pollution by virtue of the sheer volume of earth that must be disturbed and topsoil that is removed during these activities. For example, roads built perpendicular to slopes rather than parallel to them cut across natural drainage lines and create excessive earth               disturbance. 

Planning for pollution prevention and control measures in advance of and during construction can help avoid these and other future problems. 

Erosion and Sediment Control

Develop a site-specific erosion and sediment control plan to minimize the impacts of runoff waters on construction activities. 

A number of provisions to lessen the environmental impacts of road construction are specified in an erosion and sediment control plan, including measures to ensure that exposed working surfaces are kept to a minimum, silt fences and sediment traps are optimally placed to prevent sediment from reaching drainage systems, vehicles are              washed when leaving a construction site to remove excess mud, and temporary exit/entry roads to construction sites are provided with a coarse rock surface to prevent the transfer of soil offsite where it will be washed into nearby drainage channels. 



	

	Procedure

1. Divide students into groups of three or four and have them make of list of potential impacts of building a road on the environment.  Also ask them to identify the benefits of building a road between two points (or a pro/con list).  Make a list on the blackboard.

2. Students should individually read the attached Student Page about environmental impacts of road building.  

3. In their groups, students should examine   the attached map and photograph and highlight potential areas of environmental concern.

4. In their groups, students should evaluate potential alternatives for road placement and come to a decision about where to build the new road (remind them that they must stay within the given budget).

5. Students should place the transparency of the topographical map on top of the aerial photograph and draw, with a marker, their new road.

6. Students should then place this transparency on top of the aerial photograph transparency and present their decision to the class on the overhead projector.

7. List the pros and cons of building a their proposed road.

8. The class should evaluate each group’s decision and then choose the best alternative.  Important considerations include the pros and cons of building a road at the chosen location, with special focus on the environment.  What are some problems associated with this alternative, and how can they be remedied?

9. The group’s defense for their choice of alternatives is assessable.  For example, if they can defend their choice by describing why they did not place the road somewhere else, the decision-making process can be assessed.  Also, during class discussion of the best alternative, individual understanding can be assessed based on their thoughts.  It is important to try to incorporate as many students as possible into the class discussion.



	National Research Council Science Education Standards




Teaching  

	Teaching Standard A:  Teachers of science plan an inquiry-based science program for their students.  

         Select science content and adapt and design curricula to met the interests,    knowledge, understanding, abilities, and experiences of students.

Teaching Standard B:  Teachers of science guide and facilitate learning.

Focus and support inquiries while interacting with students.

Teaching Standard D:  Teachers of science design and manage learning environments that provide students with time, space, and resources needed for learning science.

Make the available science tools, materials, media, and technological resources accessible to students.

Teaching Standard E:  Teachers of science develop communities of science learners that reflect the intellectual rigor of scientific inquiry and the attitudes and social values conducive to science learning.

Nurture collaboration among students.

	


Inquiry 

	Content Standard A:  As a result of activities in grades 5-8, all students should develop:

Abilities necessary to do scientific inquiry.


Content 

	Content Standard E:  As a result of activities in grades 5-8, all students should develop:

Abilities of technological design.

Content Standard F:  As a result of activities in grades 5-8, all students should develop understanding of:

Populations, resources, and environments

Risks and benefits


Assessment 
	Assessment Standard A:  Assessments must be consistent with the decisions they are designed to inform.

The relationship between the decisions and the data is clear.

Assessment Standard B:  Achievement and opportunity to learn science must be assessed.

Achievement data collected focus on the science content that is most important for students to learn.

Assessment Standard C:  The technical quality of the data collected is well matched to the decisions and actions taken on the basis of their interpretation.

Assessment tasks are authentic; Students have adequate opportunity to demonstrate their achievement.

	


	References

http://www.epa.gov/OWOW/NPS/education/planroad.html

	

	Resources

PowerPoint presentations that explain topographical maps and scale are available on WebCT
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St. George, Minnesota has become the site for the new United States Freshwater Fishing Hall of Fame Museum.  When it was constructed, few people thought that many tourists would want to drive to this small town for a fishing museum.  They could not have been more wrong!  Each day during the summer, over 500 people come to see the tiny museum.  

The increase in traffic has caused local residents many problems.  The small county roads in the area simply can’t handle the increase in traffic.  Noisy cars and trucks now drive down these roads at high rates of speed with no concern for local children who may be playing outside.  Just last week, a young boy chased a baseball into the street without looking and was nearly run over by a pickup truck pulling a bass boat.  

The residents of St. George have asked the state of Minnesota to consider building a highway from State Road 68 (south of St. George) to the museum in St. George.  They feel that this would route traffic off of the small county roads to a highway that would be safer for everyone.  Governor Jesse Ventura (being a bass fisherman) visited the town last month and decided that a highway extension was needed.

Governor Ventura quickly wrote a funding proposal for the Department of Transportation that passed through the state legislature quickly.  There is now funding available to build an extension from Highway 68 (at the east edge of the Rosenau-Lambrecht State Wildlife Management Area) to St. George.  The Department of Transportation has called upon the Road Planning Committee (your class) to develop proposals for the location of the new extension (which has become known as Highway 568).  

Your assignment is to design and evaluate 3 alternatives of how to build Highway 568.  From these three alternatives, make a list of the pros and cons of each, then decide which is the best choice.  Remember that the people most likely to use this highway will be people who like being in the outdoors, so try to cause as little environmental damage as possible.

A copy of the Budget Approval is attached.

Proposed State Highway 568 Budget Acceptance

Acceptance

The proposal submitted by Governor Jesse Ventura regarding the proposed extension of State Highway 68 (hereafter referred to as Highway 568) was accepted by the State Legislature on March 13, 2000.  Although there are currently few funds devoted to new road developments in that geographic region, the Committee on Roads and Planning of the State of Minnesota has granted the Minnesota Department of Transportation limited funds to design and construct said highway, based on restrictions outlined in this acceptance. 

Restrictions

Due to the nature of  the necessity for this Highway, the State Legislature mandates that the Department of Transportation design a plan emphasizing protection of the environment during and following construction.  Therefore, the design of this project will only be accepted if no more than one bridge is built across the Minnesota River, wetlands are protected, and State and Federal lands are used for Highway 568 right-of-way at a minimum.  Citizens living north of the Minnesota River have voted against allowing the Department of Transportation to transform county roads into a highway.  However, citizens within two miles of New Ulm and south of the Minnesota River are in favor transforming county roads into a highway.  Therefore, permission has been granted to utilize existing roadways in said area.  No more than ten (10) miles of road are to be constructed or transformed.

Funding

Funding has been granted to the State Highway 568 Project in the amount of $64,751.39 to be used as needed. A $4000 allowance for fees of designers is included in this total.

Contractor

Wells & Orion Construction, Inc. had the lowest bid on this project.  Their fees are broken down as follows:

	Contractor Fees
	22650.00

	Construction of New Road (per mile)
	1567.50

	Transformation of Existing Road (per mile)
	1339.00

	Major Bridge
	10421.69

	Erosion and Sediment Control (per mile)
	1263.25

	Small Stream Crossing (each)
	2131.88


Impacts of Road Construction on the Environment

Our roads, highways and bridges can be a source of a significant amount of pollution to our nation's water. Pollution is generated during road construction, maintenance, and use. Nonpoint source pollution, or runoff pollution, is created when chemicals, debris, fertilizers, automotive oils, debris from wearing parts, and litter are washed off roadways and bridges during rainstorms and carried as runoff to streams, rivers, lakes and bays. 

There are many opportunities available to prevent and control runoff pollution by applying management measures and best management practices during the planning, construction, and operation and maintenance of highway systems. Management measures are achieved by applying best management practices appropriate to the source of              runoff, climate, and average daily traffic volume. Planning considerations to help control runoff pollution from roads, highways, and bridges are discussed in this fact sheet. 

Road, Highway and Bridge Planning

Poor planning can contribute to pollution problems. Wetlands and vegetated areas near waterbodies can be damaged by construction, decreasing the water quality benefits that they normally provide. Areas susceptible to erosion, such as steep slopes or land with loose soil, can be disturbed, causing increased sedimentation flows into receiving streams. 

As plans are developed for new roads, highways and bridges, or for reconstructing existing facilities, best management practices to help reduce the volume and concentration of erosion and sedimentation produced by the project should be incorporated into project design. 

The following are some pollution prevention techniques that can be incorporated into highway planning and design: 

· Evaluate alternatives for incorporating a road system or bridge into the natural characteristics of the site. Analyze environmental features, such as topography, drainage patterns, soils, climate, and existing land use. Natural drainage systems can be taken advantage of, clearing and grading can be minimized, natural                  vegetation and buffer areas can be preserved, and sensitive land and water areas that provide water quality benefits (e.g., wetlands, spawning waters, etc.) and areas susceptible to erosion and sedimentation can be avoided. 

· Preserve corridors for highways well in advance of construction to be certain that roads are built where they are most suitably located in terms of environmental and economic considerations. Lack of advance planning can lead to locating roads wherever space is available, or not being able to build a road at all. 

· Avoid building roads and bridges where they will impact riparian areas adjacent to surface waters and wetland areas. These vegetated areas provide enormous water quality benefits through their ability to filter pollutants out of water passing through them. 

Road, Highway and Bridge Construction

Road, highway, and bridge construction and reconstruction generate runoff pollution by virtue of the sheer volume of earth that must be disturbed and topsoil that is removed during these activities. For example, roads built perpendicular to slopes rather than parallel to them cut across natural drainage lines and create excessive earth               disturbance. 

Planning for pollution prevention and control measures in advance of and during construction can help avoid these and other future problems. 

Erosion and Sediment Control

Develop a site-specific erosion and sediment control plan to minimize the impacts of runoff waters on construction activities. 

A number of provisions to lessen the environmental impacts of road construction are specified in an erosion and sediment control plan, including measures to ensure that exposed working surfaces are kept to a minimum, silt fences and sediment traps are optimally placed to prevent sediment from reaching drainage systems, vehicles are              washed when leaving a construction site to remove excess mud, and temporary exit/entry roads to construction sites are provided with a coarse rock surface to prevent the transfer of soil offsite where it will be washed into nearby drainage channels. 
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