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1. Executive Summary 

 
Introduction 

This report intends to explore various environmental characteristics in the Valley Branch 

and Trout Brook watersheds, Washington County. The report primarily emphasizes the 

development of an environmental use management framework, that will eventually also 

serve as a guide for land use planning decisions. The environmental use management 

framework basically establishes the blueprint for how environmental issues will be 

managed and addressed throughout the stages of development. This framework is 

designed to bring forth the attributes associated with the landscape of the Valley Branch 

and Trout Brook Watersheds as sources of recourse values, cultural and natural hazards 

and varying levels of suitability for new development. 

 

Purpose and Goals 

The main objectives of the report are listed as follows: 

• Assessment of biological diversity of the Valley Branch and Trout Brook 

watersheds. 

• Assessment of the surface water quality, soil moisture quality and ground water 

quality within the two watersheds. 

• Identification of significant commodity and amenity resource values within the 

two watersheds. 

• Identification of landscape hazards which possess large prospect for property 

damage or personal injury. 

• Identification of natural landscapes whose physiographic and existing 

infrastructure characteristics are well suited for conversion of urban uses. 

• Formulation of two schematic development plans that are best suited to maintain 

and preserve the environment of Valley Branch and Trout Brook watersheds. 

 

Analysis Summary 

This segment of the report contains analysis of the land cover, biological diversity, and 

water quality contamination from surface land use, significant resource values, 

environmental hazards and intrinsic development suitability in the Valley Branch and 

Trout Brook watersheds. Finally, based on these assessments, two land use plans are 

developed for the Valley Branch and Trout Brook watersheds. 
 
Land cover of Valley Branch and Trout Brook watersheds 

In order to formulate future land use development plans, it is important to analyze the 

land cover of the study area as land cover guides the land use pattern which is often cited 

as a major determinant of the overall environmental quality. Thus, identification of land 

cover is imperative as it defines the area that should be protected and areas where future 

development plans can be encouraged. 

 
Biological diversity of Valley Branch and Trout Brook watersheds 

Biological diversity refers to the richness and abundance of plant and animal species in 

the regional landscape and to the geographical pattern in which these species are 



Valley Branch and Trout Brook Watershed 

Grishma Shrestha 

 

 2 

distributed in the landscape. It is important to allocate areas that are biologically diverse 

because they provide various benefits such as amenity and economic benefits. The 

analyses of these benefits are conducted with reference to forest habitat, aquatic habitat 

and wetland habitat. 

 

Water quality contamination 

Water quality contamination occurs when the contaminants move from a particular area 

usually due to surface run-off and accumulates into a sink area. Contaminants can be 

found in forms of salts, organic compounds, inorganic compounds, hydrocarbons and 

heavy metals such as lead and mercury which readily dissolves in water and creates 

hazardous conditions to human health and aquatic habitats.  Hence, it is imperative that 

the potential sources of contaminants and sinks (where the contaminants accumulate), are 

identified in order to devise future plans to help mitigate this environmental nuisance. 

The evaluation of water quality contamination susceptibility is conducted in various 

forms as listed below: 

- surface water quality 

- soil moisture water quality 

- ground water quality 

 

Assessing significant Natural Resource Values 

The natural resources are important because they provide economic and psychological 

benefits to the humans and hence, it is imperative that these resources are identified so 

that future development plans are formulated in a way that the communities do not 

destroy the available resources. 

 

The natural resources are identified within the two watersheds on the basis of following 

two set of values: 

1) Those that contribute to the production of commodity values in the landscape. 

2) Those that contribute to the production of amenity values in the landscape. 

 

Assessing Commodity Resource Values 

Two main commodity resources identified within the Valley Branch and Trout Brook 

watersheds are a) fertile agricultural lands and b) sand/gravel deposits.  

 

Assessing Amenity Resource Values 

Amenity values refer to the activities like outdoor recreation in natural setting, tourism 

and visiting historic or archeologically significant landscapes. It also identifies interesting 

and diverse patterns of the landscape. The intensity of amenity values associated with 

natural landscape increases with an increase of people interacting with that landscape. 

Thus, the assessment of amenity resource values is conducted in terms of interaction of 

humans with the natural landscape. Amenity values mostly relate to the psychological 

and emotional human and are categorized into the following terms: 

- Recreational values 

- Historic values 

- Scenic values 
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Assessing Environmental Hazards 

The potential landscape hazards should be identified so that land use policies can be 

formulated by assessing the environment in terms of the threat it possess to cause 

personal injury and property damage. Potential environmental hazards in the Valley 

Branch and Trout Brook watersheds are identified as: 

- Hazards associated with Natural Causes 

- Hazards associated with Cultural Causes 

 

Evaluating Intrinsic Development Suitabilities 

The development suitability deals with the analysis of physical properties of landscape 

such as soil, vegetation and infrastructures that are suitable to support new development 

and is evaluated in terms of the soil characteristics and the existing infrastructure in the 

Valley Branch and Trout Brook watersheds. This evaluation determines the suitability of 

an area to support the new development plans in terms of physical properties of the 

landscape and are evaluated in the following terms:  

- Assessing Soil Suitability for Development  

- Assessing Infrastructure Suitability for Development 

 
Evaluation Criteria for Development Plans 

This section of the report focuses on cumulative assessment of the development priorities 

in the Valley Branch and Trout Brook watersheds. These development priorities are 

reflective of all the analysis conducted in all the previous reports and delineates the areas 

that are suitable and limited for land use development.  

 

The formulation of development plans are guided by various landscape and urban entities 

that already existed within the two watersheds. Additionally, analysis was also conducted 

on various issues related to water contamination susceptibility, natural and cultural 

resource values, hazards to property damage and personal injury, and intrinsic 

suitabilities of the watershed. These analyses are imperative to determine areas for 

residential development as they provide spatial framework for laying out areas significant 

to develop and also identify those areas which should be protected from any kind of 

development. 

 
Recommendations 
Recommendations for biological diversity 

The forest patches having large core are recommended for reforestation so that larger 

forested area and undisturbed habitat dwellings can be maintained.  

 

The forest habitat quality decreases because of human intervention on those areas which 

results in fragmentation of forest and smaller core size. The infrastructure development 

on those areas where natural resources are abundant should be discouraged. 

 

Buffer zones should be created around the water bodies to improve the water quality by 

enhancing infiltration and avoiding run-offs. Forest vegetation is considered the best 

method to filter run off and promote infiltration.  
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Recommendations for water quality contamination 

It is recommended that at least 33 meter buffer is created around the bottomland sinks.  

It is also recommended that clustered development is emphasized more because they 

occupy comparatively less parcel of land and the road lengths are greatly reduced as well.  

 

Recommendation of preserving Commodity Resources 

Urban growth should be restricted in these areas that contain prime agricultural land and 

aggregate deposits because development occurring on these areas will reduce the 

economic benefit provided by this resource. 

 

Recommendation of preserving Amenity Resources 

Amenity resources can be enhanced by properly managing and preserving what is already 

present. Some of the suggestions are listed as follows: 

- An area of half mile or quarter mile should be defined around the Afton State 

Park and Lower St. Croix riverway so as to preserve these recreational activities. 

- The historic districts should not only be identified for the preservation of old 

structures but also for the preservation of entire district so that historic entity of 

place as a whole can be maintained and improved.  

 

Recommendation of preventing Cultural Hazards 

Noise can also be avoided to an extent by using effective sound barrier such as structural 

barriers, vegetative buffers, raised landforms or combinations of these here components. 

 

Recommendation of preventing Natural Hazards 

It is also recommended that clustered development is emphasized more because they 

occupy comparatively less parcel of land and the road lengths are greatly reduced as well. 

The runoffs can also be minimized by promoting natural vegetation in the upland areas. 

Plantation of vegetation should be promoted to minimize both the landslide and flooding. 

Natural vegetation should also be encouraged in the landscape which has wet soils 

residing on steep slopes and housing developments should be strictly discouraged in 

those areas. 

 

Recommendations for Infrastructure Suitability for Development 

- Development is recommended in the areas which have slight basement and septic 

drain field limitations have better susceptibility of soil development. 

- Development is recommended in the areas which have greater accessibility from 

existing roads and are in close proximity to existing urban centers of development 

and the urban services available therein. 

 

2. Introduction  
 

This report is the final in a series of five reports for Washington County which intends to 

explore various environmental characteristics in the Valley Branch and Trout Brook 

watersheds. The report primarily emphasizes the development of an environmental use 

management framework, that will eventually also serve as a guide for land use planning 

decisions. The environmental use management framework basically establishes the 
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blueprint for how environmental issues will be managed and addressed throughout the 

stages of development. This framework is designed to bring forth the attributes associated 

with the landscape of the Valley Branch and Trout Brook Watersheds as sources of 

recourse values, cultural and natural hazards and varying levels of suitability for new 

development. 

 

The future land use strategies are devised based on the various assessments of various 

environmental issues prevalent with the study area. For the ease of analysis, the report is 

divided into four sections, each of which deals with the identification and assessment of 

factors contributing to the future land use plans for the Valley Branch and Trout Brook 

watersheds. 

 

The first section of the report primarily focuses on determining the biological diversity of 

the Valley Branch and Trout Brook watersheds and identifying the main landscape 

resources that supports different habitats, analyzing the quality of those habitats and 

formulating ideas to protect and preserve both the natural resources and existing habitats. 

 

The second section of report deals with determining the water quality contamination in 

the Valley Branch and Trout Brook watersheds. Water quality contamination occurs 

when the contaminants move from a particular area usually due to surface run-offs and 

accumulates into a sink area. Contaminants can be found in forms of salts, organic 

compounds, inorganic compounds, hydrocarbons and heavy metals such as lead and 

mercury which readily dissolves in water and creates hazardous conditions to human 

health and aquatic habitats.  Hence, it is imperative that the potential sources of 

contaminants and sinks (where the contaminants accumulate), are identified in order to 

devise future plans to help mitigate this environmental nuisance. 

 

The third section of report mainly concerns with assessing natural resource values 

important to humans and society, natural and cultural hazards that can result in property 

damage and bodily injury, and intrinsic suitabilities for specific types of land uses in the 

Valley Branch and Trout Brook watersheds. Natural resources not only provide utilitarian 

benefits to humans but also help to sustain the environment where we dwell, whereas, 

natural hazards provides threats to human well being and cause property damage. These 

landscape resource values, natural hazards should be identified on the basis of which 

future land use plans can be devised to carefully manage resources, mitigate 

environmental nuisance by defining areas best suited for development. 

 

The final section of this report deals with integrating all the information and findings of 

the above three section and determining the two best possible alternatives for future 

residential development plans within the Valley Branch and Trout Brook watersheds. 

 

3. Problem Statement and Supporting Data 
 

The natural and historic setting of the Valley Branch and Trout Brook watersheds has 

made it a desirable place to live as compared to its neighboring communities. The 

household projection estimated by the Metropolitan Council shows an increase in the 
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housing demand in the region. This demand was further intensified by all the households, 

initially scheduled to be allocated in Anoka County, decided that they would prefer living 

in close proximity to the Lower St. Croix National Scenic and Recreational Riverway. 

This clearly shows that the Met Council’s demographers miscalculated the amenity 

values associated with the landscape in the two watersheds. 

 

While the household projection estimated by Metropolitan Council guarantees future land 

use development, the concern shifts towards the environmental impact likely to be 

triggered by urban development. Hence, for the formulation of an environmentally sound 

development plan it is essential to evaluate and consider the suitability of urbanization 

and development in the Valley Branch and Trout Brook Watersheds. Resource values, 

cultural and natural hazards and varying levels of suitability for new development are all 

key factors in accessing where development shall go in an area and therefore need careful 

consideration. 

 

Understanding these factors before making choices about land use benefits everyone 

involved. An understanding of these factors also helps answer the complex question of 

“where what should go, and why?’’ The effects of rapid urbanization and development 

can be disastrous if not monitored or controlled and the damage caused in a few years can 

take many decades to correct. To strike the right balance between development and 

reduced environmental impacts is our biggest challenge.  

 

The various issues that need to be addressed while assessing the future land use plans are 

as follows: 

• Assessment of biological diversity of the Valley Branch and Trout Brook 

watersheds. 

• Assessment of the surface water quality, soil moisture quality and ground water 

quality within the two watersheds. 

• Identification of significant commodity and amenity resource values within the 

two watersheds. 

• Identification of landscape hazards which possess large prospect for property 

damage or personal injury. 

• Identification of natural landscapes whose physiographic and existing 

infrastructure characteristics are well suited for conversion of urban uses. 

• Formulation of two schematic development plans that are best suited to maintain 

and preserve the environment of Valley Branch and Trout Brook watersheds. 

 

4. Analysis Summary 

 
This segment of report contains the analysis of the land cover, biological diversity, and 

water quality contamination from surface land use, significant resource values, 

environmental hazards and intrinsic development suitability in the Valley Branch and 

Trout Brook watersheds. Various maps are created to support the findings of the study 

and are allocated in the Technical Appendices section of the report. 
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4.1 Land cover of Valley Branch and Trout Brook watersheds 
 

In order to formulate future land use development plans, it is important to analyze the 

land cover of the study area as land cover guides the land use pattern which is often cited 

as a major determinant of the overall environmental quality. Thus, identification of land 

cover is imperative as it defines the area that should be protected and areas where future 

development plans can be encouraged. 

 

Map 1 illustrates the distribution of land cover within the two watersheds. Land cover 

describes the geographical location of agricultural lands, forest areas, grasslands, 

extractive uses, urban and transportation, water bodies and wetlands. The agricultural 

lands occupies western half of the study area and is fragmented by the water bodies 

flowing through the hills. However, land available for agriculture is relatively larger and 

suitable for its purpose. The eastern part consists of forested areas which possess a threat 

due to fragmentation because of the scattered urban settlement throughout the area.  

 

 

Table 1. Area distribution of Land cover 

Land cover Area in 

Acres 

Percentage of total  

study area 

Agriculture 10828.80 39.66 % 

Extractive Uses 74.14 0.27 % 

Forest 7329.62 26.84 % 

Grasslands 5808.69 21.27 % 

Urban and Transportation 2867.01 10.50 % 

Water Bodies 167.58 0.61 % 

Wetlands 229.19 0.84 % 

Total 27,305.00 100 % 

 

Table 1 provides information on the spatial distribution of land cover in Valley Branch 

and Trout Brook Watersheds. The figures in the table indicate that the majority of land is 

agricultural land which covers approximately 40% of the total area. The natural 

vegetation, comprising of grasslands and forests accounts to almost 48% of the total area, 

while water bodies and wetlands cover only 1.4% of the total area. The remaining portion 

of land is occupied by the urban and transportation which encompass 10.5% of the study 

area.  

 

 

4.2 Biological Diversity of Valley Branch and Trout Brook watersheds 
 

Biological diversity refers to the richness and abundance of plant and animal species in 

the regional landscape and to the geographical pattern in which these species are 

distributed in the landscape. [Pitt et. Al. 2002. Page 23]. 
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It is important to allocate areas that are biologically diverse because they provide various 

benefits such as amenity and economical benefits. Amenity benefits are intangible and 

provide psychological advantage to person engaged in the outdoor activities. While, 

economic benefits can be gained from numerous recreational activities such as hunting 

and fishing. These activities can also attract tourists to the area and community can reap 

economical benefits as well. Furthermore, biological diversity also contributes to the 

stability of ecosystem and landscape. The presence of diverse plant and species ensures 

different levels of tolerance to disturbance from the hazards created by natural condition 

or humans. This ensures a higher possibility of species surviving the disturbance. Hence, 

it is important to conduct a systematic analysis so that future land use plan does not 

interrupt the existing biological diversity. 

 

The intent of this section is to identify the landscape resources prevalent in the study 

region and analyze quality of various habitats such as animals, plants, birds and aquatic 

habitats. This analysis defines areas of high and low development priorities so as to 

protect and preserve those habitats. 

 

For this purpose, the natural resources are identified which are listed as: 

- Forest habitat 

- Wetlands 

- Water bodies 

These resources provide shelter for numerous plant and animal species prevalent in the 

environment. By identifying the habitat quality in each of these resource areas, land use 

strategies can be defined to guide where and how development should occur. 

 

Finally, as indicated before, composite land use management of the natural resources is 

conducted by promoting reforestation in appropriate areas which defines the sensitive 

areas that should be protected from the future development plans. 

 

 

A. Biological diversity associated with Forest Habitat 

 

Existing forest covers 7329.62 acres which amounts to 26.8 percent of the total study area 

and is distributed throughout the study area. The distribution of forest is characterized as 

the forest patches and the overall habitat quality depends upon the overall patch size and 

more importantly, size of the core area.  

 

John Randolph points out the importance of both the patch size and core size by stating, 

“Patches need to be large enough to provide interior or core habitat. For many species, 

interior habitat begins to develop about 150 feet from the patch edge.” (Randolph 2004, 

Page 557). 

 

The forest edge and forest core are firstly identified within each forest patch. The forest 

core was identified at an area of 100 meters around its perimeter. These identified core 

areas are then categorized as no core, small core and large core areas. Finally, the total 
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patch area and the core area were combined to determine the overall habitat value of the 

forest habitat. (Refer to Technical Appendices, Page 54). 

 

 

Table 2: Area distribution of Forest Habitat Values 

Forest Habitat Values Area in acres 
Percentage of 

forest area 

Low forest habitat value 2005.7 27.3% 

Medium forest habitat value 2938.8 40.1% 

High forest habitat value 2385.1 32.60% 

Total forest area 7329.6 100.0% 

 

 

Table 2 shows the evaluation of different habitat values according to the size of the core. 

Mapping these areas shows that the forest patches surrounded by urban and agriculture 

uses have comparatively less habitat value, whereas, the forest patches surrounded by 

lakes and wetlands have high habitat quality.  The concentration of high habitat value 

forest is evident towards the northern east part of the study area, while, majority of 

medium forest habitat value is distributed along the eastern portion of the site. The 

medium forest habitat value has been fragmented due to the development along these 

areas resulting in reduced core areas. This information is illustrated in map 2A. 

 

The analysis of different core size provides information on potential areas that can be 

further developed to improve the habitat quality. However, it does not necessarily mean 

that development is discouraged in those forest patches which have small core area. In 

fact, the distribution of forest areas having comparatively small core area is preferred 

than having one accumulated large core area patch. This series of distribution provides 

greater habitat diversity, tolerance among the species and possibility for species to travel 

a greater distance. But it is important to have better connectivity, also viewed as ‘stepping 

stones’ among different patches. [Pitt et. al. 2002. Page 27]. 

 

The habitat quality values are generally evaluated according to the size of the core but the 

habitat quality can also be influenced by other land covers surrounding the forest patch. 

The forest patches surrounded by urban and agriculture uses are likely to have lesser 

habitat value, whereas those patches surrounded by natural lakes, wetlands are likely to 

have higher habitat quality.  Because, a forest patch adjacent to a wetland-grassland are 

preferable nesting area for certain species such as ducks and other waterfowls. [Pitt et. al. 

2002. Page 27]. 

 

 

 

B. Biological diversity associated with Aquatic Habitat 

 

Aquatic habitats are found in the streams within the two watersheds. There are two types 

of streams identified: perennial streams, and intermittent stream. A perennial stream 

flows throughout the year, regardless of weather conditions, whereas, an intermittent 

stream flows only in a normal weather condition. (Fairfax, 2007). 
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Table 3: Distribution of Streams 

Stream Type Length in meters Percentage of Streams 

Perennial Streams 23,804 30.3 % 

Intermittent Streams 54,840 69.7 % 

Total 78,644 100 % 

 

Map 2B illustrates the location of perennial streams and intermittent streams which 

branch out from the eastern St. Croix River towards the western part of the study area. 

Table 3 shows the combined length of perennial streams, which is 23.8 kilometers and 

the combined length of intermittent stream is 54.8 kilometers. One of the major concerns 

is the shortage of green landscape along these streams. The presence of green landscape 

acts as a barrier or a buffer zone to prevent runoffs from adjacent development areas as 

well as agricultural lands but the lack of buffer space possess serious threat to the water 

quality and aquatic habitat of the streams. The surface runoff can cause fluctuation in 

water temperature which would threaten the existence of various aquatic habitats. 

 

Buffer areas of 100 meters were identified on each side of the stream, on the basis of the 

fact that the development within these areas will affect the water quality and wildlife 

habitat it supports [Pitt et. al. 2002. Page 35]. Natural vegetation may be promoted in the 

buffer zones, especially those stream bluffs areas which are in close proximity to forest 

habitat and grasslands. Those vegetative buffer zones can protect the aquatic habitats, 

provides a greater connectivity between the forests and streams, and also helps maintain 

the water quality of the stream. 

 

C. Biological diversity associated with Wetland Habitat 

 

Like forests and streams, wetlands also provide shelter for numerous animals, birds and 

aquatic plants. Wetlands not only create vital links between the water resources and the 

natural vegetation but also help to regulate water levels within the watershed. Moreover, 

they act as water storage vessels especially during precipitation events. They also help to 

reduce flood and storm damage. Wetlands, thus provides numerous benefits and is 

important to protect and preserve them. 

 

Wetlands in the study area are categorized into three parts- 

a) Riverine Wetlands 

b) Lacustrine Wetlands 

c) Palustrine Wetlands 

 

The Riverine wetlands are mostly associated with streams, rivers or topographic 

floodplains of streams and rivers. Whereas, Lacustrine wetlands are associated with lakes 

and Palustrine wetlands are free existing wetlands occurring in the upland areas. 

 

Wetlands in close proximity to forest and streams are considered to have a higher habitat 

quality. These wetlands are identified as riverine wetlands and are located in the northeast 

corner of the site. However, the human settlement identified around those wetlands may 
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cause degradation of natural environment and causes disturbed habitat pattern. The small 

patches of palustrine wetlands allocated in the northwest corner maybe less significant in 

terms of habitat quality but they may serve as ‘stepping stones’ which encourages the 

movement of different species. One of the major concerns is the lack of buffer area which 

posses threat to various habitats dwelling within these wetlands. 

 

The habitat quality in the wetlands can be enhanced by introducing a buffer zone 

surrounding these wetlands. The 100 meters buffer distance provides a better connection 

between wetland and surrounding land cover which increases the mobility of habitats, 

and it also preserves the environment and habitat quality within those wetlands. This is 

illustrated in map 2C. 

 

 

D. Biological diversity associated with Overall Forest Habitat 

 

John Randolph states, “Wildlife studies in agricultural and urbanizing landscapes show 

that perhaps the major landscape change impacting the viability of wildlife is habitat 

fragmentation. This is the incremental conversion of natural areas to other uses, 

reducing and isolating core habitats.” (Randolp. 2004, Page 557). The statement clearly 

shows the impact urban development can have on the wildlife habitat value. 

 

To improve the overall habitat values, areas appropriate for reforestation were 

determined. The area selection for reforestation is conducted on the basis of following 

criteria: 

- Areas which are categorized as high habitat value and those having large core 

area. 

- Forest patches surrounded by other natural resources such as wetlands and 

streams. 

- Appropriate areas at the buffer distance of 100 meters from the wetlands and 

streams. 

- Upland areas of floodplains so as to promote infiltration and avoid runoff and 

flooding. 

 

The final forest habitat value illustrated in map 2D determines the suitable areas for 

reforestation. Appropriate grasslands which are in close proximity to existing forests have 

also been chosen because they are more cost effective to reforest and contribute to a 

larger core size. The segregated forest patches, wetlands and streams are connected by 

corridors or ‘stepping stones’ because they ensure an improved habitat quality and an 

increase in diversity as habitats can easily travel from one patch to another. Pitt et. al. 

emphasize on the presence of corridors stating that, “ Corridors work even better when 

they correspond to topographic and hydrologic patterns. A forest corridor following a 

stream provides a more varied corridor that has a greater variety of moisture conditions 

including areas of open water and their shorelines.” (Pitt et. al Page 27) 
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Table 4: Existing and Proposed Forest  

Forest Habitat Area in acres 
Percentage of 
study area 

Existing Forest 7329.62 26.8 % 

Proposed Forest 990 3.7 % 

Total 8319.62 30.5 % 

 

 

Table 4 shows the total existing forest which covers 26.8 percent of the total study area 

and the proposed forest covers 3.7 percent of the study area. Map 3 thus illustrates the 

overall forest areas which covers 30.5 percent of the study area. Appropriate areas close 

to existing forest habitats were reforested which ensures a higher core so as to improve 

the habitat quality residing in the forest. Areas in close proximity to streams and wetlands 

were reforested to protect these resources from surface runoff and support nesting area 

for certain species such as ducks and other waterfowls. Map 3 also illustrates the linkage 

between various forest patches, wetlands and streams in form of stepping stones which 

provides a better connectivity so that habitats can move from one patch to the other 

which promotes habitat diversity. 

 

 

4.3 Water Quality Contamination 
 

This segment of report contains the analysis of the susceptibility for contamination of 

surface water quality, soil moisture water quality and ground water quality from surface 

land use in the Valley Branch and Trout Brook watersheds. First, the study is conducted 

by identifying the potential areas that are the main source of generation of the 

contaminants. Secondly, by defining the areas that are susceptible to water contamination 

and lastly, by assessing the contributing factors such as land cover, topographic 

condition, geology of soil, distance of the source, and the velocity of the run-off that 

accentuate degradation of water quality in the study area. Various maps are created to 

support the findings of the study and are allocated in the Technical Appendices section of 

the report. 

 

Hydrologic Structure of the Watershed 

 

The intent of this section is to define various landscape conditions that could potentially 

lead to contamination of water quality in the Valley Branch and Trout Brook watersheds. 

For this purpose, it is important to identify hydrologic response units. Hydrologic 

response units are those portions of landscape which contribute flow directly to an 

enclosed lake or wetland basin or to stream reaches. (Pitt et. al Page 121). 

 

The size of the two watersheds is too large to accurately portray hydrologic processes 

within the basins. Therefore, it would be tedious to identify the relation between sources 

and sink areas that have hydrologic significance (Pitt et. al Page 121). Hence, it becomes 

necessary to divide the two watersheds into numerous sub-basins for the easement of 

study. The entire area of the two watersheds is divided into 36 hydrologic response units. 
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The division of these areas is based on the drainage basins of the streams, stream reaches 

and enclosed lakes and wetlands having no drainage outlet (Pitt et. al Page 121). The 

distribution of those hydrologic response units within the two watersheds are illustrated 

in map 3A. 

 

The next step involved in identifying the areas where contaminants are generated, their 

discharge area and those areas where the contaminants are filtered out, within the 

hydrologic response unit of the two watersheds. These regions are identified as the 

followings: 

 

- Uplands 

- Bottomland sinks 

- Transitional buffer zones 

 

Uplands are the areas high in the watershed which have gentle slope and well drained 

soils. The surface-run offs greatly depends upon the condition of the upland areas. The 

area containing forest and grassland contribute to more infiltration than runoff. However, 

the upland areas having greater urban development results in increased intensity of 

surface run-offs. Because of the impervious surface, infiltration lessens and as a result 

more volume of water moves down due to gravity with a higher velocity and finally 

accumulates in the bottomlands. The bottomland sinks are the areas where surface run-

offs may accumulate and these sinks are associated with: 

- location of lakes and wetlands 

- the floodplain areas 

- perennial and intermittent streams 

 

After the allocation of upland and bottomland sinks, transitional buffer zones are 

identified. The transitional zone impedes the flowing of contaminants from the upland, by 

filtering them before getting discharged to the bottomland.  

 

The relative area allocation of uplands, bottomland sinks and buffer vegetation are shown 

in map 3A. The majority of uplands are evident in the western half of the study area, 

whereas, the bottomland sinks are seen in the eastern portion of the study area and are 

mainly distributed along the steeper slopes. 

 

 

 

 

 

 

 

 

 

Table 5 shows the spatial distribution of uplands, bottomland sinks, and transitional 

buffer zone between the two structural components. The figures in the table show that 

upland area covers almost 93% of the total study area and is much larger as compared to 

Table 5. The spatial distribution of structural components 

Structural components Area (acres) Percentage of study 

area 

Upland 25418.78 93.18 % 

Transitional buffer zone 1755.31 6.43 % 

Bottomland 1823.46 6.82 % 
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the bottomland sinks which covers only 6.82% of the 

total area. This means that the ratio of bottomland area to 

upland area is less since the denominator (upland) is 

more. So, the load on bottomland is more because the 

ratio of discharge from uplands is substantially more than 

the receiving capacity of the bottomland, in terms of area, 

which creates a higher potential for water quality 

contamination. However, buffer zones act as a barrier 

between the upland and bottomland. These transitional 

buffer zones are defined as 33- meter buffer around all of 

the bottomland areas within the two watersheds which, 

meets the recommendation made by US Department of 

Agriculture of appropriate buffer definitions of 66 feet. 

[PA 8201 Ex 3 Page 5]. This transitional buffer refers to 

natural vegetation that prevents contaminants moving 

from upland and getting discharged in the bottomlands. 

 

Also shown in map 3A, are the forest and grassland 

vegetations that are prevalent within the upland region of 

the two watersheds. This natural vegetation covers 

48.11% of the total study area which, greatly contributes to infiltration and prevents 

contaminants from the surface runoff from being discharged into bottomland sinks from 

the upland sources. The presence of forest and grasslands also reduces the load of runoffs 

from upland into the bottomland.  

 

After defining the uplands, bottomlands and buffer areas, the study is carried out to 

identify the potential for contamination from the surface land use of the followings: 

- surface water quality 

- soil moisture water quality 

- ground water quality 

 

A. Assessment of surface water quality contamination susceptibility  

 

The susceptibility of surface water contamination depends upon the surface run-offs, the 

location of the source of contaminants, the properties of the materials through which the 

contaminants travel, the rate at which contaminants travel, and the topography of the 

landscape. 

 

Analysis of soil characteristics provides important information in determining the areas 

that are susceptible to water quality contamination and also gives guidelines for the future 

land use development plans. The study is conducted in terms of the followings: 

a) Soil fragility 

b) Soil Erosion Potential 

c) High Soil Run-off potential 
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Apart from these, water quality contamination susceptibility also depends upon the land 

cover types in upland and bottomland, the ratio of upland to bottomland and the presence 

of transitional buffer zones between upland and bottomland. 

 

a) Soil fragility 

 

The fragility of the soil depends upon parameters such as 

K-factor and T-factor.  K is the soil-erodibility factor. 

The k-factor is defined as the tendency of the soil to 

erosion due to surface run-off. The k-factor is 

characterized by the soil texture, granular shape of soil 

mineral components and internal drainage properties of 

the soil. The T-factor refers to allowable annual loss 

of soil (tons) per acre per year and also represents 

the natural rate of soil creation. [PA 8201 Ex.3 Page 

7]. These two parameters are used to define K_T 

Ratio which describes the spatial distribution of soil 

fragility within the two watersheds. [Refer to Technical 

Appendices. Page 55]. 

The K_T Ratio was summarized into four classes to 

simplify the map, listed as below: 

- Lowest soil fragility 

- Low to moderate soil fragility 

- Moderate to high soil fragility 

- Highest soil fragility 

 

 

Table 6. Area distribution according to soil fragility 

Soil Fragility Area (acres) Perimeter (m) 
Percentage of 

study area 

Highest Soil Fragility 6878.79 499797.16 25.19% 

Moderate to high Soil Fragility 7359.83 463950.07 26.95% 

Low to moderate Soil Fragility 5378.89 358898.69 19.70% 

Lowest Soil Fragility 7687.36 543724.89 28.15% 

Total 27304.87 1866370.8 100.00% 

 

Map 3B illustrates the areas that have different rates of soil fragility. The region having 

highest soil fragility cover almost 25% of the total study area and are mainly distributed 

along the northern west portion of the site. The areas having moderate to high and 

moderate to low soil fragility are predominantly distributed along the southern portion 

and covers almost 40% of the study area. The high and moderate fragile soils are evident 

along the stream lines and steep slopes. These areas demand more attention as it has 

higher tendency to erode. 
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b) Soil Erosion Potential 

Soil loss through erosion on agricultural and silvicultural lands can reduce productivity; 

erosion from these lands and from construction sites often leads to sedimentation of 

water bodies. (Randolph. 2004. Page 317) 

 

The sedimentation of soil in the water bodies caused by soil erosion contributes to the 

degradation of water quality. The sediments may also contain various harmful chemicals 

that may endanger the existence of aquatic habitats. Furthermore, the dissolving of 

sediments causes decrease in the clarity of water and prohibits the penetration of the 

sunlight. [Pitt et. Al. 2002. Page 121].   

 

Hence, it is important to locate the areas which are susceptible to soil erosion and devise 

future plans to avoid the negative impacts caused by the erosion. The soil erosion 

potential is accurately portrayed by relating the index of soil fragility with the slope upon 

which the soil resides. Information on soil erosion was derived from a logic table. A 

qualitative rating of high and low erosion potential was distributed in the body of tables 

such that cross-referencing the slopes and index of soil fragility would uncover the areas 

of high erosion potential and low erosion potential. These ratings were determined by the 

fact that the highest fragility soils residing on steep slopes have a greater tendency to 

erode. The missing information was discarded while creating the maps showing the areas 

susceptible to the soil erosion.  

 

Table 7. Soil Erosion Potential for Valley Branch and Trout Brook watersheds 

Slope  

K_T Class > 25 % 13 to 25% 7 to 12% < 7% 

Highest High Erosion 

Potential 

High Erosion 

Potential 

High Erosion 

Potential 

Low Erosion 

Potential 

Moderate to 

high 

High Erosion 

Potential 

High Erosion 

Potential 

Low Erosion 

Potential 

Low Erosion 

Potential 

Low to 

moderate 

High Erosion 

Potential 

Low Erosion 

Potential 

Low Erosion 

Potential 

Low Erosion 

Potential 

Lowest High Erosion 

Potential 

Low Erosion 

Potential 

Low Erosion 

Potential 

Low Erosion 

Potential 

 

Table 7 shows the areas in the study region those are susceptible to high erosion and low 

erosion. These ratings were determined by the fact that the highest fragility soils residing 

on steep slopes have a greater tendency to erode. In the case of soil residing on more than 

25% slope and soil having highest soil fragility, the potential for erosion is high.  Hence, 

soils that fit these categories are categorized as having high erosion potential, whereas, 

soils residing on a level slope (<7%) are less likely to erode even though the soil is highly 

fragile.  Therefore, soils residing in areas with level slope are categorized as having low 

erosion potential. Map 4 shows that the level of the slope and the steep slopes are more 

evident close to the stream line. 

 

While creating the map that demonstrates soil erosion potential based on the physical 

properties of the soil and the slopes in which soil resides, some areas along the perimeter 
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were disregarded because of the lack of information.  The missing information may have 

occurred because of the difference in the nature of two shape files combined to create the 

file to determine the soil erosion potential. 

 

 

Table 8. Area distribution according to soil erosion potential 

Soil Erosion Potential Area (acres) 
Percentage of 

study area 

High soil erosion potential 658682.77 32.61% 

Low soil erosion potential 1347837.29 66.72% 

Unknown soil erosion potential 13583.061 0.67% 

 

 

The areas in the study region that are susceptible to high erosion and low erosion are 

shown in map 3C.  The areas having high soil erosion potential covers almost 33% 

percent of the total area, whereas the areas having low erosion potential covers around 

67% of the total study area. The areas that are more susceptible to soil erosion are 

identified along the stream line and in the northern west portion of the site as depicted in 

color red in map 3C. High erosion probable areas are considered to be potential surface 

water contaminant sources. It is evident that regions having high potential for erosion are 

distributed along steep slopes and resides in the areas of high soil fragility. 

 

 

 
 

 

c) High Soil Run-off potential 

The surface runoff potential of the soils is characterized by the ability of the soil to 

absorb runoff. The physical, chemical and drainage property of the soil are identified by 

the United States Department of Agriculture’s Natural Resources Conservation Service 
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(NRCS) and on the basis of above properties, soils are divided into four Hydrologic 

Groups, namely Group A, Group B, Group C and Group D. The soils in Group A and 

Group B have high infiltration capacity and absorbs runoff and covers almost 88 

percentage of the total study area. While, the soils in Group C and Group D covers 12 

percentage of the total area and have slow infiltration capacity. These types of soils 

impede downward movement of water and they facilitate surface runoff. [Pitt et. Al. 

2002. Page 37]. 

 

 

Table 9. Area distribution according to hydrologic soil group ratings 

Hydrologic soils group ratings Area (acres) 
Percentage of 

study area 

Group A and Group B 23969.74 87.78% 

Group C and Group D 3335.58 12.22% 

Total 27305.32 100% 

 

Surface runoff is another important factor that has to be 

considered while evaluating the water quality potential. Surface 

runoff contributes to the water contamination as contaminants 

are carried from the upland source to the sink due to runoffs. 

The region where highest amount of surface runoff occurs is 

derived from the areas of soil belonging to hydrologic Groups 

C and D. As mentioned earlier, these soils have slow infiltration 

capacity.  

 

The land covers such as extractive uses, agricultural uses, urban 

and transportation uses, collectively known as disturbed cover, 

also facilitates runoff. Hence, above mentioned areas are 

considered to be the potential sources of surface water 

contamination as they facilitate surface runoffs. Map 3D shows 

the distribution of areas of hydrologic soil Group C and D, 

Disturbed land cover, which contribute to the surface runoffs 

and undisturbed covers which impedes surface runoffs. 

 

Table 10. Area distribution of land cover 

Descriptions Area (Acres) 

Disturbed land cover 13770.26 

Hydrologic soils of Soil Group C and D 3335.58 

Undisturbed land cover 13138.59 

 

The final assessment of surface water quality contamination involves in computation of 

all the above mentioned factors that impedes or contributes to the surface water 

contamination.  These factors are characterized in terms of Buffer capacity of transition 

zones, Resiliency of hydrologic response units and source intensity of the contaminants. 
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Buffer capacity refers to the capacity of the buffer areas to filter surface runoff and is 

related to the amount of natural land cover within the buffer areas. The presence of buffer 

areas contributes to the infiltration and hence, reduces the potential for surface water 

contamination. The values of buffer capacity are classified into three categories, low 

buffer capacity, moderate buffer capacity and high buffer capacity according to the 

amount of natural vegetation available. [Refer to Technical Appendices Page 56].  

 

Map 3E illustrates those areas which have higher and lower buffer capacity. It is evident 

that the forested and grassland areas are categorized as high and moderate buffer 

capacity. 

 

The resiliency of hydrologic response units describes the capacity of the bottomland sink 

to absorb the amount of contaminants generated from upland source. The resiliency is 

calculated by dividing the total amount of bottomland sink area by the total contaminant 

source area. The values calculated were classified into three categories. [Refer to 

Technical Appendices Page 56]. The higher values are categorized as high sink resiliency 

and it indicates that the potential for surface quality contamination is low. The 

distribution of areas having high, moderate and low sink resiliency are shown in Map 3E. 

It is apparent that the total upland areas are comparatively higher than the bottomland 

sinks. Hence, the probability of surface water contamination is higher. 

 

The intensity of the contaminant source determines the amount of contaminants 

generated in upland sources and likelihood of surface water contamination. The source 

intensity is calculated by dividing the cumulative areas of agricultural, urban use land 

covers, highly erosive soils and the area of hydrologic soil group C and group D by the 

total upland area. [Refer to Technical Appendices Page 56]. Higher value of source 

intensity indicates greater amount of contamination generated in the upland areas. 

 

The three indices of buffer capacity, source intensity and sink resistance are integrated to 

define the composite assessment of surface water quality contamination susceptibility for 

each hydrologic response unit within the Valley Branch and Trout Brook watersheds. The 

values of above three indices were normalized so that comparison could be made on same 

parameter. Then, different ratings were assigned to each of the indices based upon the 

preference. Since, evaluation is being conducted to identify the surface water 

contamination, higher rating was given to source intensity as it represents the amount of 

contaminants generated by the uplands regardless of the buffer capacity or sink resistance 

of the bottomlands. [Pitt et. Al. 2002. Page 128]. Buffer capacity was assigned medium 

weight as it filters the contaminants before getting discharged to bottomland sinks and 

sink resistance is assigned lowest weight as it is the area where all the contaminants are 

collected and is greatly affected by the source intensity and buffer capacity. [Refer to 

Technical Appendices Page 16] 
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Table 11. Area distribution of surface water contamination susceptibility 

Surface water contamination Area (acres) 
Percentage of 

study area 

High surface water contamination 9552.08 34.91 % 

Moderate surface water cont 9614.56 35.32 % 

Low surface water contamination 8144.81 29.78 % 

Total 27305.45 100 % 

 

Map 3F illustrates the composite information of surface water 

quality contamination susceptibility. The potential contamination 

areas are categorized into three parts: 

- High surface water contamination 

- Moderate surface water contamination 

- Low surface water contamination 

 

The areas that have high surface water contamination 

susceptibility encompass around 35% of the total study 

area within the hydrologic response unit and are 

distributed along the northern west and southern west portion of the 

study region. The comparison drawn from map 3E suggests that the 

hydrologic response units having high source intensity are 

characterized by high surface water contamination area, since it has 

low buffer capacity and low sink resiliency. Whereas, the areas that 

have high buffer capacity and high sink resiliency, have low source 

intensity and hence, are less susceptible to surface water contamination.  

 

B. Assessment of soil moisture contamination 

susceptibility 

 

Soil moisture contamination susceptibility is 

determined in terms of the depth within the soil profile 

at which soil moisture saturation is found within the 

hydrologic response units of the two watersheds. The 

susceptibility of water contamination increases as the 

depth of saturation decreases which means that 

shallower saturation depths are more susceptible to 

contamination from surface land uses than saturation 

depths higher than 5 feet. [PA 8201 Ex.3 Page 27]. 

The evaluation is conducted by categorizing the depth 

of soil saturation into three parts: 3 feet or less, 3 to 5 

feet and 5 feet or more. As shown in table 11, the soil 

saturation having depth of five feet or more, cover 

96% of the total study area and soil saturation depth of 

3 feet or less covers 3.61% of the total study area. 
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Table 12. Area distribution according to the depth of soil saturation 

Depth of soil saturation Area (acres) Perimeter (m) 
Percentage of 

study area 

3 feet or less 985.5 120683.58 3.61 % 

3 to 5 feet 31.18 7216.08 0.11 % 

5 feet or more 26288.29 186947.62 96.28 % 

Total 27304.97 314847.28 100 % 

 

Map 3G illustrates the soil moisture contamination susceptibility within the hydrologic 

response unit of the Valley Branch and Trout Brook watersheds. As shown in map, soil 

saturation depth of 3 feet or less covers most of the area and are less susceptible to soil 

moisture contamination. While the soil saturation depth of 5 feet or more, are sporadic 

and covers only 3.61% of the total area. However, it would be interesting to note that 

these areas are located within the bottomland sinks and they may contribute greatly to the 

water quality contamination.  

 

C. Assessment of ground water quality contamination susceptibility 

 

Ground water contamination occurs because of sediments moving from the surface 

through the soil column into the bedrock aquifers. And since, most of the domestic 

drinking water in Minnesota is drawn from underlying ground water aquifers, it becomes 

important to prevent contaminants from seeping into the bedrock aquifers. [Pitt et. Al. 

2002. Page 130].   

 

The evaluation of potential for ground water quality contamination depends upon the 

recharge rate for aquifers. Aquifer recharge rates are defined in terms of the volume of 

water that reaches into an underlying aquifer from the surface area, covering the depth of 

one inch, in one year. The susceptibility of water contamination increases with the 

increase in the recharge rate of aquifer. [Pitt et. Al. 2002. Page 130].   

 

The recharge rate for aquifers depends upon the depth of bedrock, the permeability of the 

soil that resides on the aquifers and the amount of ground water yielded by the aquifers.                                   

Analysis was done by using a logic table was used to evaluate the erosion potential of 

different areas. Firstly, the rate at which water percolates in the ground was classified as 

high, moderate and low surface permeability rate.  The depth of the bedrock was 

categorized into four categories: less than 10 feet, 10 feet to 30 feet, 30 feet to 60 feet, 

and more than 60 feet. Then, a qualitative rating of rapid, moderate and slow surface 

permeability rate was assigned to determine the potential areas of ground water 

contamination. [Refer to Technical Appendices. Page 57]. 

 

The distribution of these areas are based on the fact that water penetrating through the 

geological surfaces that have a high rate of water percolation and having depth less than 

10 feet have a comparatively higher rate at which surface water may reach an underlying 

aquifer that contains ground water. Likewise, the geological surfaces having low rates of 

water percolation, and a depth of Bedrock more than 60 feet, have a slow surface 

permeability rate. 
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Table 13. Area distribution according to the rate of water percolation 

Water percolation rate Area (acres) 
Percentage of study 

area 

Rapid water percolation 6815.209 24.96% 

Moderate water percolation 6966.387 25.51% 

Slow water percolation 13523.163 49.53% 

Total 27304.759 100% 

 

The areas having rapid water percolation rate covers almost 25% of the total study area 

and are relatively distributed along the southern west portion of the site. Moderate water 

percolation rate covers almost 25.51% of the total area. Whereas, areas of slow water 

percolation encompass almost 50% of the total study area and is predominantly found in 

the northern east corner of the watersheds. This is illustrated in map 3H. 

 

The next step involves evaluation of the different intensities of ground water 

contamination potential using a logic table. The table is created on the basis of surface 

permeability rate, and the value of bedrock aquifers as a drinking water supply. The logic 

behind the table is based on the fact that aquifers that occurs in the areas having higher 

water permeability and yields more water per minute have higher discharge rates than 

those regions having slow water permeability rate and yields less water per minute. 

Hence, the combination of high ground water yields and rapid permeability rate possess 

high ground water contamination susceptibility. While, aquitards are assigned to have 

low ground water contamination susceptibility as they have comparatively lower water 

yield and permeability rates. [Refer to Technical Appendices. Page 57]. 

 

The ground water contamination potential is categorized into following three parts: 

- High water contamination 

- Moderate water contamination 

- Low water contamination 

 

 

Table 14. Area distribution of ground water contamination susceptibility 

Ground water contamination Area (acres) 
Percentage of study 

area 

High water contamination 6601.61 24.18% 

Moderate water contamination 6719.56 24.61% 

Low water contamination 13983.56 51.21% 

Total 27304.73 100% 
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Map 3I illustrates the distribution of areas susceptible to high, 

moderate and low ground water contaminations. The areas 

having potential for high water contamination covers almost 

24% of the total study area and is relatively distributed along the 

southern west portion of the site. Areas having moderate water 

contamination susceptibility envelop high contamination areas 

and covers almost 25% of the total area. Whereas, areas 

of low contamination potential encompass almost 51% of 

the total study area and is predominantly found in the 

northern east corner of the watersheds. The area of low water 

contamination susceptibility resides mostly on the vegetated 

area within the Valley Branch and Trout Brook watersheds. 

 

 

 

4.4 Natural Resource Values 
 

This segment primarily focuses on assessing natural resource 

values important to humans and society, natural as well as cultural hazards that can result 

in property damage and bodily injury, and intrinsic suitabilities for specific types of land 

uses in the Valley Branch and Trout Brook watersheds. Natural resources not only 

provide utilitarian benefits to the humans but also help to sustain the environment where 

we dwell. Whereas, natural hazards provides threat to human well being and causes 

property damage. Hence, it is imperative that the landscape resource values, natural 

hazards are identified on the basis of which future land use plans can be devised to 

carefully manage resources, mitigate environmental nuisance by defining areas best 

suited for development. 

 

The main objective is to identify those attributes that are associated with the landscape of 

the Valley Branch and Trout Brook watersheds. These attributes are listed as follows: 

a) commodity resource values 

b) amenity resource values 

c) natural and cultural hazards 

d) varying levels of suitability for future residential development 

 

The importance of preserving the landscape resource values is crucial as it helps to 

sustain the environment and is indispensible for humans; however, the most challenging 

part is to identify the main sources of the resources and finding ways to preserve and 

maintain those resources. It is also important to identify the natural hazards as they may 

cause property damage and bodily injury. There are numerous the landscape hazards such 

as flooding, landslide and hazards due to noise pollution. Identification of the factors that 

contribute to above mentioned hazards is challenging and involves paying deep attention. 
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A. Assessing significant Natural Resource Values 

 

This section identifies the significant natural resource values abundant in the Valley 

Branch and Trout Brook watersheds. These natural resources are important because they 

provide economic and psychological benefits to the humans and hence, it is imperative 

that these resources are identified so that future development plans are formulated in a 

way that the communities do not destroy the available resources. 

 

The natural resources are identified within the two watersheds on the basis of following 

two set of values: 

• Those that contribute to the production of commodity values in the landscape. 

• Those that contribute to the production of amenity values in the landscape. 

 

Assessing Commodity Resource Values 
 

Two principle commodity resources identified within the 

Valley Branch and Trout Brook watersheds are a) prime 

agricultural lands and b) sand/gravel deposits.  

 

Agricultural production values 

   

The study conducted in previous report shows that 

agricultural use is of great importance to the residents of 

Valley Branch and Trout Brook watersheds. The state 

legislature passed the Metropolitan Agricultural Preserve 

Act in 1980 to preserve agricultural land in Valley Branch 

and Trout Brook watersheds. This act ensures certain benefits 

to farmers, which also ensures that they can continue their 

farming on an equal footing with other farmers in the stat, 

without the pressure of urbanization. (Afton Comprehensive 

Plan). The Act therefore requires the preservation of prime 

agriculture land within the two watersheds. 

 

The agricultural land covers almost 40 percent of the total study region and is distributed 

along the western portion of the study area. Agriculture is valued because it posses 

commodity as well as amenity values, as it contributes to the economical benefits and 

also retains the rural image of the two watersheds. However, growing development 

possess serious threat to this resource because urbanization is characterized by 

conversion of land into urban spaces which may include agricultural land as well. So, it is 

important to identify the patches of agricultural land that should be preserved while 

formulating future land use plans.  

 

Agricultural lands can be economically viable if its production value is high. So, to 

determine the prime agricultural land, it is important to evaluate the agricultural 

production value. 
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The agricultural production values are mainly characterized by the fertility of soil, 

potential yield of the soil and, the size of agricultural land available. It is determined by 

identifying the potential of fertile soil by combining two soil characteristics namely land 

capability class and soil potential yield for corn and soybean. The land capability class 

classifies soil mapping units into eight capability classes. Class I soils are characterized 

as prime agricultural soils, while soils in Classes II and III are considered to be 

productive for field crops but are susceptible to erosion, wetness, depth or stoniness. Soils 

in Classes IV and V are used for pastures and other ancillary agricultural uses but are 

considered unfavorable for production of field crops. Finally, soils in Classes VI, VII and 

VIII are characterized as unfavorable for any kind of agricultural usage. [PA 8201 Ex.4 

Page 2]. 

 

A qualitative rating of slight, moderate and severe limitations was distributed in the body 

of tables such that cross-referencing the land capability class and categories of yield per 

acre would uncover the areas of prime agricultural lands. This is shown in table 1 below. 

 

Yield Land Capability Class 

> 70 bushels/acres <70 bushels/ acre 

Class I Slight Moderate 

Class II or III Slight Moderate 

Class IV,V,VI,VII or VIII Severe Severe 

Table 14. Agricultural Production Limitations  

 

The next step involves identifying the areas categorized as slight and moderate 

limitations that restrict their use in agriculture. These areas are identified as prime 

agricultural lands. The prime agricultural soil covering land larger than 4 hectares (10 

acres) are then identified based on the fact that farmland soils in agriculture use smaller 

than 10 acres are less economical to farm. [PA 8201, Ex.4 Page 3]. Hence, the 

agricultural lands less than 10 acres were not considered for evaluation as farming in 

those lands for commodity values is not feasible.  

 

Land Distribution Area in Acres Percent coverage 

Prime Agricultural Land 9367.16 34.30 % 

Agricultural Land (less than 10 acres) 1461.88 5.35 % 

Non Agricultural Land 13609.51 49.84 % 

Urban and Transportation 2867.07 10.50 % 

Total 27305.62 100.00 % 

Table 15. Area distribution of Land covers 

 

 

Map 4A illustrates the distribution of prime agricultural land within the Valley Branch 

and Trout Brook watersheds. The prime agricultural lands are prevalent throughout the 

western region and covers about 34 percent of the total study area, whereas the unsuitable 

agricultural lands cover only 5.35 percent of the study area. The agricultural land which 

are less than 10 acres are considered not feasible for farming and hence those lands are 

not categorized as appropriate agricultural lands. Patches of urban and transportation uses 
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are visible within the agricultural land and encompass around 11 percent of the total 

study area. The presence of such uses possesses serious threat to the productivity of the 

agricultural land, so urban growth should be prohibited in areas that are suitable for 

agricultural purpose. 

 

Significant sand and gravel deposits 

 

Washington County consists of three-fourth of all aggregate 

resources in the Twin Cities and has potential to be a major 

aggregate supplier, as the nearby Hennepin and Ramsey 

County’s supplies have been depleted because of 

urbanization. [Pitt et. al. 2002. Page 136]. Hence, allocation 

of these commodity resources is important because it 

provides guidelines for future development land use plans as 

the existing settlement pattern affect the availability 

of aggregate resources and once the development 

occurs at a place consisting these resources, it is 

very difficult to retrieve the underlying aggregates. 

 

The assessment of areas having significant sand and gravel 

deposits was conducted by identifying only those lands that 

has not been affected by development, which comprises of 

land covers for urban uses, water bodies and wetlands as the 

aggregates can be easily extracted from the undisturbed site. 

After the potential areas of aggregate extraction have been 

identified, evaluation of the region is done according to the site limitations that restrict 

the aggregate extraction. This is conducted by assigning qualitative ratings of slight and 

severe limitations to the soil mapping units, which are based on the amount of aggregate 

that can be extracted from the identified sources. The amount of aggregate extraction 

greatly depends upon the size of deposits and therefore, location of land parcels having 

significant sand and gravel resource values should be identified that have slight 

limitations to aggregate extraction as areas. 

 

Map 4B illustrates the potential areas which encompass the aggregate resources that are 

still available for extraction. The aggregate resources are categorized as high, moderate 

and low deposits on the basis of their area of distribution. As shown in table 2, high sand 

and gravel deposits covers about 21% of the total aggregate resource area, while 

moderate aggregate resource covers about 41 percent of the total aggregate deposits. The 

majority of high and moderate aggregate areas are distributed mainly on the northern-east 

corner of the study region. It is apparent that the availability of the resources greatly 

depends upon the development pattern as we can see that aggregate resources distributed 

along the eastern corner of the study region is rated as low aggregate deposit. This may 

have been because the extraction of aggregates is greatly reduced due to the presence of 

urban and transportation uses.  
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Sand and Gravel Deposits Area in Acres Percent coverage 

High Sand and Gravel Deposits 1156.78 20.63 % 

Moderate Sand and Gravel Deposits 2306.47 41.12 % 

Low Sand and Gravel Deposits 2145.27 38.25 % 

Total 5608.52 100.00 % 

Table 16. Area distribution of Sand and Gravel Deposits 

 

Assessing Amenity Resource Values 
 

Amenity values refer to the activities like outdoor recreation in natural setting, tourism 

and visiting historic or archeologically significant landscapes. It also identifies interesting 

and diverse patterns of the landscape. The intensity of amenity values associated with 

natural landscape increases with an increase of people interacting with that landscape. 

The potential amenity values identified in the Valley Branch and Trout Brook watersheds 

are categorized into the following terms: 

- Recreational values 

- Historic values 

- Scenic values 

 

 

Significant Recreational Values 

 

The recreational activities identified in the Valley Branch 

and Trout Brook watersheds mainly revolves around the 

Old Afton Village, located on the eastern bank of St. 

Croix river. Old Afton Village provides various 

opportunities for recreational activities due to its historical 

setting as well as its location along the riverfront. The Old 

Afton Village, as the name indicates, is known for its 

historic ambience and is a major commercial hub in the 

study area. The commercial usage mainly consists of 

marinas, restaurants, retail shops, offices and inn. These 

numerous commercial activities and historic settings make 

it a regional tourism destination and hence are identified as a tourism amenity resource. 

 

Map 4C identifies the boundary of Old Afton Village. The 

eastern boundary of the Old Village is defined by the St. 

Croix River, while the southern and western boundaries are 

characterized by steep slopes along with river bluffs. 

Finally, the northern boundary is defined by the 

intersection of St. Croix Trial South and Stagecoach Trial 

South. [Afton Comprehensive Plan, 1998]. 

 

Afton State Park and Lower St. Croix National Scenic Recreational Riverway are also 

identified as the potential areas for providing recreational activities especially related to 

water recreation and nature- oriented recreation. These activities are mainly for tourism 
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attraction and offer various recreational opportunities such as hiking, cross-country 

skiing, swimming, picnicking, and hike-in camping in a natural setting and lies on the 

bluffs overlooking the St. Croix River. [DNR Afton map, 2005]. Furthermore, the 

presence of Afton Alps Resort Area in close proximity to the park adds to more facilities 

for the recreational activity within the park.  

 

 

Recreational Area Area in acres Percentage of 

Recreational area 

Afton State Park 1132.97 27.06% 

St. Croix National Scenic 

Recreational  River way 

2746.89 65.60% 

Afton Ski Park 307.17 7.34% 

Total 4187.03 100% 

Table 17. Area distribution of Recreational Opportunities. 

 

The location of Afton State Park and Lower St. Croix National Scenic Recreational 

Riverway are illustrated in map 3. Afton state park encompasses 27 percent of the total 

recreational area, while Afton Ski Park and St. Croix National Scenic Recreational 

Rvierway possess 7 percent and 65 percent of the total recreational activities respectively. 

Map 4C also illustrates the potential areas where future land use associated with tourism 

amenity is likely to develop, because people generally prefer living close to the natural 

landscape, these areas are identified in close proximity to the existing park and riverway. 

The areas are identified so that they do not fall on slopes exceeding 12 percent, floodplain 

and wetlands. Additionally, a buffer distance of 100 meters is identified along the 

riverway and park so as discourage future land uses development. These amenity 

resource values are important because it not only provides psychological comfort to 

humans but these activities are also a source of economic benefits to the residents of the 

two watersheds. 

 

 

Significant Historic Values 

 

Old Afton Village contains the following sites that hold significant 

historic values within the two watersheds: the Afton Theological 

Academy, the area’s first educational academy built in 1867; the 

Village Hall, built in 1895 as the Congregational Church; the ‘Little 

Red House’, built in 1859; The Afton House, built in 1867; and the 

Little Brick Schoolhouse, built in 1857. [Afton Comprehensive 

Plan, 1998]. 

 

These structures are identified by the Minnesota Historical Society 

to be of historic significance in the Valley Branch and Trout Brook 

watersheds and are illustrated in map 4D. Regions are defined 

around the historic structures on which they reside, with an 

intention to describe the historic districts. These historic districts are 
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identified not only for the preservation of old structures but also for the preservation of 

entire district so that historic entity of place as a whole can be maintained and improved. 

The architectural as well as culture review of new development should be conducted so 

as to ensure the historic integrity of the structures. This defined region demands special 

attention as they posses both emotional and economic values to the communities within 

the two watersheds.  

 

Significant Scenic Values 

 

Significant scenic values are hard to judge as it depends upon an individual perspective 

but they can be identified by some guiding principles relating to the content of landscape 

as well as the pattern of land cover and landform in the landscape. These principles are 

listed as: 

 

Principles relating to the content of landscape regarded as scenic: 

 

- Landscapes associated with surface water (as expressed in lakes, streams and 

wetlands) are regarded as scenic. 

- Landscapes associated with historically significant features are regarded as scenic. 

- Landscapes associated with agricultural uses, grasslands and forests. 

 

Principles relating to the pattern of landform and land cover regarded as scenic: 

 

- Landscapes containing steeper slopes are regarded as scenic. 

- Landscapes containing edges between undeveloped open land uses and forested 

land uses are regarded as scenic.  

 

Firstly, the elements of landscape which are 

regarded having a scenic value, in the two 

watersheds, are identified as surface water, historic 

areas, agricultural uses, grasslands and forests. 

These contents are further emphasized by the 

presence of steeper slopes, undeveloped open land 

uses and forested land uses. Whereas, the urban and 

transportation uses are not considered as visually 

compatible as the natural landscape but of course, 

there is always room for discussion and the visual 

preference vary from people to people. However, 

people generally prefer the presence of landform 

that has greater landscape value. 

 

The second step involved in creating a buffer space 

around the different land cover having high and low 

scenic values. This buffer space is created to define 

sensitive areas required to retain the quality of, 

especially the high scenic ambience. These buffer 
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areas were then combined to assess composite areas and quantitative ratings were given 

to each of those identified regions according to the preference. For example, surface 

water, historic areas, forests were assigned comparatively higher rating of 30 because of 

it’s higher scenic value, while agricultural lands and grasslands were assigned ratings of 

20 and the land cover such as urban and transportation uses were assigned a negative 

rating as they are assumed to have a rather less scenic value. [Refer to Technical 

Appendices, Page 57]. 

 

Finally, the significance of scenic amenity was evaluated on the basis of ratings assigned 

to identified pattern of landform and was categorized into high scenic values, moderate 

scenic values and low scenic values.  

 

Map 4E illustrates the significant scenic values assigned to the Valley Branch and Trout 

Brook watersheds. The areas of high scenic values are allocated along the eastern region, 

which includes the historic village of Afton, Afton State Park and Lower St. Croix 

riverway. These areas offer various recreational activities since they are located also 

located along the bank of St. Croix River, visual compatibility is lot higher. The areas 

having a moderate scenic value are distributed mainly long the rivers, steep slopes, 

wetlands and forest edges. Whereas, the areas covered by urban and transportation uses 

and agricultural uses posses low scenic values and are prevalent in the western and 

southern region of the two watersheds. 

 

Significant Scenic Value Area in Acres Percent coverage 

High Scenic Value 601.49 2.20 % 

Moderate Scenic Value 9771.57 35.79 % 

Low Scenic Value 16932.24 62.01 % 

Total 27305.3 100.00 % 

Table 18. Area distribution of Significant Scenic Values 

 

 

B. Assessing Environmental Hazards 

 

The potential landscape hazards should be identified so that land use policies can be 

formulated by assessing the environment in terms of the threat it possess to cause 

personal injury and property damage. Potential environmental hazards in the Valley 

Branch and Trout Brook watersheds are identified as: 

- Hazards associated with Natural Causes 

- Hazards associated with Cultural Causes 

 

Hazards Associated with Natural Causes 

 

Potential hazard associated with natural causes is prevalent mainly due to flooding and 

the susceptibility of slope failure in the Valley Branch and Trout Brook watersheds.  

 

The risk of landscape hazards depends upon the wetness and composition of soil, the 

steepness upon which the soil resides and the land use pattern. The risk of soil failure is 
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more evident in the areas that contain wet soils and soil failure increases as the steepness 

of soil increases. However, the presence of natural vegetation helps to stabilize steep 

slope and prevents soil failure to some extent, but lands that are deprived of natural 

vegetation are more likely to fail. [Pitt et. Al. 2002. Page 146].  

 

Evaluation of Flooding Hazards 

 

Flooding occurs when water contained within a channel 

or a basin overflows and spreads out over a dry land. As 

the floodwater spills over the banks of a stream, the rate 

of flow decreases resulting in sedimentation. The 

floodwater is gradually discharged into the stream and 

continuation of this process results in broadening of 

floodplain. This results in more area available to flood 

and susceptibility of flooding increases with the 

increase in impervious surfaces. Hence, it is important 

to identify the areas that are in floodplain because the 

construction of structures in the floodplain zone 

increases the risk of flooding and may cause personal 

injury and property damage. [Pitt et. Al. 2002. Page 51].   

 

The analysis of areas susceptible to flooding is done by 

identifying regions that contains the flooded soils that 

reside in the 100- year and 500- year floodplains. The 

identified areas prone to flooding are then categorized on the basis of soil type and flood 

zone areas as High flooding risk areas and Low flooding risk areas and are illustrated in 

map 5A. [Refer to Technical Appendices, Page 57]. 

 

 

Flooding Risk Potential Area in Acres 

High flooding risk 409.44 

Low flooding risk 1280.55 

Table 19. Area distribution for Flooding Risk Potential 

 

Map 5A identifies those areas which possesses high and low flooding risk. As shown in 

table 4, the area of high flooding risk covers 409.44 acres and are mainly distributed 

along the surface that are characterized by steep slope and floodplain. Whereas, areas not 

in steep slopes possess comparatively less threat due to flooding. The encroachment of 

new development onto floodplain should be avoided as it not only possess threat of flood 

damage to the occupants, but also cause increase in the flood level.  
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Evaluation of Landslide Potential 

 

Landslide is another natural phenomenon that may cause 

property damage and bodily injury to humans. The 

susceptibility of landslide depends mainly upon the 

parameters such as the steepness of slope and the land 

cover of any given area. 

 

The first parameter that affects the landslide is land cover 

of the study area. The land cover within the two 

watersheds are categorized into disturbed cover and 

undisturbed cover. The disturbed cover is 

characterized by the distribution of urban, roads and 

agricultural areas and increases the probability of 

landslide, whereas, undisturbed cover consists of water 

bodies, wetlands, forests and grasslands. The presence of 

undisturbed cover such as forest and grassland helps to 

stabilize the steep slope and lessens the landslide threat.  

 

The second parameter contributing to soil failure is the 

topography of the study area. Steepness of slope is one of 

the major factors contributing to landslide and is categorized as follows: 

a) less that 7% slope as Low slope 

b) 7% to 13% slope  as Low slope 

c) 13% to 25% slope as High slope 

d) more that 25% slope as High slope 

 

After identifying the two parameters, the next step involved in evaluating the susceptible 

areas of soil failure, using the logic table. A qualitative rating of high, moderate and low 

soil failure potential was determined by cross-referencing the soil disturbance with 

steepness of the slope. These ratings were evaluated by the fact that slopes above 13 

percent are considered susceptible to soil failure unless maintained in a forested cover. 

This is shown in table 20. 

 

Potential for natural hazard Soil disturbance 

High slope Low slope 

Disturbed cover High Moderate 

Undisturbed cover Moderate Low 

Table 20. Distribution of areas susceptible to Landslide 

 

Map 5B illustrates the areas that have high, moderate and low potential for soil failure. 

The region that is highly susceptible to landslide is mainly distributed along the steep 

slope, possessing a disturbed land cover. As shown in the table 21 below, the areas 

susceptible to high landslide risk covers only 2.55 percent of the total study area, 

whereas, areas having moderate landslide risk covers 64.18% of the study region and low 

landslide risk area encompass 33.27 percent of the total study area. 
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Landslide Risk Potential Area in Acres Percentage coverage 

High Landslide risk 686.69 2.55 % 

Moderate Landslide risk 17257.48 64.18 % 

Low Landslide risk 8945.83 33.27 % 

Total 26890 100% 

Table 21. Distribution of areas susceptible to Landslide 

 

Some areas having undisturbed land cover, residing on steep slopes are categorized as 

areas potential for moderate landslide risk because it contains forested habitat which 

helps to stabilize steep slope and prevents landslide. However, if the areas are deforested 

or converted to urban uses, then the risk of landslide increases. Hence, landslide requires 

great attention while formulating land use plans as landslide susceptibility is largely 

attributable to land cover disturbance. 

 

 

Hazards Associated with Cultural Causes 

 

Hazard associated with cultural causes refers to the 

nuisance caused by noise especially due to traffic within 

the two watersheds. Noise can create psychological as well 

as physiological discomfort to the human and moreover, 

prolonged exposure to high levels of noise can even 

produce permanent hearing loss to human. Hence, it is 

important to identify the factors that contribute to this 

cultural cause so that necessary measures can be taken 

to avoid the disturbances caused by noise. 

 

The growth in urbanization is characterized by the increase 

in traffic vehicles and consequently, increases in noise 

level which can create nuisance to human and society. So, 

it is important to consider hazards produced by noise while 

devising future development plans so that disturbance due 

to noise can be avoided.  

 

The evaluation of noise disturbance in the two watersheds mainly deals with the nuisance 

produced by the vehicles running on the streets. The level of traffic noise depends on the 

following: 

- The volume of the traffic 

- The speed of the traffic 

- The type of vehicles running 

 

The traffic noise levels can be reduced by providing buffer areas, constructing barriers, 

planting vegetation, installing noise insulation in buildings, and managing traffic along 

the road. The buffer zone created not only precludes the noise level, but also adds 

aesthetic value to the streetscape.  However, the buffer area requires a lot of land to 
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function effectively and acquiring land for this purpose is not always feasible. Alternative 

solution to noise reduction can be provided by constructing barriers. But these barriers 

have limitations as they can be effective only if they have adequate height, width and 

length and these barriers block landscape views. 

 

In the study area, the roads categorized in terms of hierarchy according to the intensity of 

vehicular flow are as follows: 

- Interstate 

- State 

- County 

- Township 

- Private 

 

The intensity of traffic flow along the above mentioned roads are different. The interstate 

highway receives more intensive volume of vehicles as compared to rest of the highways 

and thus interstate highway produce more noise. On the basis of the volume of traffic 

running, various buffer distances are created around the roads.  

 

 

Road Type Buffer Distance 

Interstate   200 feet 

State Highway 175 feet 

County Road and Township Road 100 feet 

Private Road 50 feet 

Table 22. The buffer distance along the roads 
Source: Winona County Comprehensive Plan, 2000 

 

Table 22 shows the buffer distance created around various roads distributed in the Valley 

Branch and Trout Brook watersheds. This buffer distance corresponds to the 

recommendation made in Winona County Comprehensive Plan 2000. Even though the 

study region and Winona County are different areas, the above given figures can serve as 

a guideline for creating efficient buffer distance along different types of roads. 

 

The majority of development is evident in the northern half of the watersheds and has 

major highways. The areas in close proximity to these major roads are more susceptible 

to noise hazards and require a greater buffer area. Map 5C illustrates the buffer areas that 

are created at a distance of 200 feet for interstate, 175 feet for state highway, 100 feet for 

county and township roads and 50 feet for private roads. These buffer distances should be 

maintained in order to lessen the noise pollution created by the traffic flows on the roads. 

 

 

 

C. Evaluating Intrinsic Development Suitabilities 
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The development suitability deals with the analysis of physical properties of landscape 

such as soil, vegetation and infrastructures that are suitable to support new development 

and is evaluated in terms of the soil characteristics and the existing infrastructure in the 

Valley Branch and Trout Brook watersheds. This evaluation determines the suitability of 

an area to support the new development plans in terms of physical properties of the 

landscape. 

 

Assessing Soil Suitability for Development 

 

Soil suitability is evaluated to analyze the physical 

limitations of the soil to support new development 

plans. The soils are rated by Natural Resources 

Conservation Service (NRCS) of the United States 

Department of Agriculture in terms of ability of soil to 

support dwellings with basements and their ability 

to absorb effluent from septic tank drain field. 

These ratings include, slope on which soil resides, 

depth to bedrock, depth to soil moisture saturation, 

texture, wetness, internal drainage properties, flooding, 

shrink-well potential, frost action, bearing capacity and 

stoniness of soil. [Pitt et. Al. 2002. Page 152].   

 

The assessment is conducted by defining areas which 

describes limitation of the soil mapping units for 

construction of dwellings with basement and those areas 

which describe limitations of the soil mapping units for installation and proper 

functioning of the on-site septic tank absorption fields. Septic tank absorption fields are 

important to consider because the future development are more likely to use these 

systems and they guide the future land use strategies to allocate areas that can support 

development. 

 

The evaluation involves in identifying good or poor soil development suitability based on 

the ability of soil to support dwellings with basement and septic tank absorption field. 

Information on soil development was then derived from a logic table, by cross-

referencing the areas of septic drain field limitations with basement limitations and by 

assigning ratings of good, fair and poor development suitability, which is shown in table 

below. This evaluation is done based on the fact that the areas having slight basement and 

septic drain field limitations have better susceptibility of soil development. 

 

Soil Development Suitability 

Basement Limitations Septic drain 

field limitations Slight Moderate Severe 

Slight Good Good Poor 

Moderate Fair Fair Poor 

Severe Poor Poor Poor 

Table 22. Soil Development Suitability 
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Soil Development Suitability Area in acres Percent coverage 

Good Soil Development Suitability 14507.19 36.55% 

Fair Soil Development Suitability 2823.93 10.34% 

Poor Soil Development Suitability 9981.67 53.12% 

Total 27312.79 100.00% 

Table 23. Area distribution of Soil Development Suitability 

 

Map 5D illustrates the suitabilities of soils for development in the two watersheds. The 

soils that have good development suitability cover 36.55 percent of the total area, while 

almost 53 percent of the study area is identified as poor soil development suitability area. 

Map shows that the western portions of the study area are better suited for development 

as compared to the east. This may be due to the fact that eastern portion contains high soil 

fragile areas and steep slopes that is unsuitable for development.  

 

 

Assessing Infrastructure Suitability for Development 

 

This segment of report deals with the availability of roads and structures within the two 

watersheds to support the future development plans. The land use plan depends upon the 

accessibility of existing built infrastructure, which can be evaluated in four ways: 

a) the accessibility of an area to existing roads 

b) the proximity of an area to existing urban centers of development and the urban 

services available therein. 

 

Firstly, accessibility to a place is evaluated by buffering the already existing roads within 

the two watersheds. The hierarchy of roads in terms of their levels of service is identified 

as interstate, state highways, county roads, township and private roads. Interstate and 

state highways have high levels of service and provide greater access than township or 

private road which has low level of service, and hence requires a greater buffer distance. 

The buffer areas are created on the basis of fact that development takes place in close 

proximity to the existing infrastructure. 

 

The interstate and state highways are buffered by ½ mile. The county roads are buffered 

by 1/4 mile, while township and private roads are buffered by 1/8 mile. [Pitt et. Al. 2002. 

Page 156].   

 

 

The region within the quarter mile of existing structures is identified as the areas that are 

easily accessible, while the region beyond two miles radius is not easily accessible. The 

accessibility of the above identified area determines where developments are likely to 

take place. This is illustrated in map 5E. 
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Infrastructure Access Area in Acres Percentage Coverage 

High accessibility 7418.79 30.77 % 

Moderate accessibility 16250.82 67.40 % 

Low accessibility 442.42 1.83 % 

Total 24112.03 100% 

Table 24. Area distribution according to Infrastructure Access 

 

Map 5E illustrates the areas that are identified within ½ mile, ¼ mile and 1/8 mile from 

the existing infrastructure. Areas within ½ mile which have high accessibility covers 

almost 31% of the study area, whereas the area within ¼ mile of existing infrastructure 

covers about 67% of the total area and area that have low accessibility encompass only 

2% of the study area. 

 

Secondly, existing structures within the Valley Branch and Trout Brook watersheds are 

identified. The pattern of new development greatly depends upon the existing pattern of 

structures; hence areas of densely distributed structures are chose and areas suitable for 

future development is identified by buffering the existing infrastructure by an appropriate 

distance within the two watersheds. The land use patterns were identified at a buffer 

distance of half mile, quarter mile, one mile and two miles from the existing urban space 

and ratings of best, good, fair and poor infrastructure development suitability were giving 

according to the close proximity from the existing structure, as shown in table 25 below. 

[Pitt et. Al. 2002. Page 156].   

 

 

Buffer Distance Infrastructure Development 

¼ mile Best 

½ mile Good 

1 mile Fair 

2 mile Poor 

Table 25. Distribution of areas those are more susceptible to development 

 

 

 

Infrastructure Development Suitability Area Percent coverage 

Best Infrastructure Development Suitability 4347.75 16.08 % 

Good Infrastructure Development Suitability 6162.13 22.80 % 

Fair Infrastructure Development Suitability 10589.3 39.18 % 

Poor Infrastructure Development Suitability 5931.4 21.94 % 

Total 27030.58 100 % 

Table 26 Area Distribution according to Infrastructure Development Suitability 
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Map 5F signifies the areas that are suitable for future infrastructure development plans 

within the Valley Branch and Trout Brook watersheds. The region best suited for future 

development surrounds the existing structure and covers about 16 percent of the total 

area. The areas within half mile of existing structures are identified as good for 

infrastructure development suitability and encompass 23 percent of the study region. 

Whereas, those areas which have fair or poor chances of infrastructure development 

covers 40 percent and 22 percent of the total study area. 

 

The final assessment of infrastructure development suitability involves combining the 

information derived from the accessibility of an area from existing roads and the 

proximity of an area to existing urban centers of development. 

 

Infrastructure Development Suitability Accessibility 

Best Good Fair Poor 

High Best Best Moderate Fair 

Moderate Best Moderate Fair Fair 

Low Fair Poor Poor Poor 

Table 26. Infrastructure Development Suitability 

 

 

The first step involves assigning a qualitative rating of best, good, fair and poor 

development suitability was distributed in the body of tables such that cross- referencing 

the rate accessibility of an area from existing roads and the proximity of an area to 

existing urban centers would provide the potential areas best suited for future 

development. 
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Composite Development Suitability Area Percent coverage 

Best Development Suitability 6181.57 22.64 % 

Good Development Suitability 4910.58 17.98 % 

Fair Development Suitability 12306.95 45.07 % 

Poor Development Suitability 3906.2 14.31 % 

Total 27305.3 100.00 % 

Table 27 Area Distribution according to Composite Development Suitability 

 

 

Map 5C illustrates the areas that are best suited for infrastructure development. These 

regions are allocated on the basis of fact that development occurs mainly in those areas 

which have greater accessibility and which have a greater proximity to existing urban 

centers. The areas that are best suited for development are prevalent in the northern half 

of the study region and are identified along close proximity of the existing highways and 

dense clusters. Whereas, the areas least suited for development are identified along the 

region where there is low accessibility and existing structures. It can be seen that some of 

the region having poor development suitability falls 

between areas having best and good development 

potential, these areas can also be well suited for future 

infrastructure development.  

This section of the report focuses on cumulative 

assessment of the development priorities in the Valley 

Branch and Trout Brook watersheds. These 

development priorities are reflective of all the analysis 

conducted in all the previous reports and delineates 

the areas that are suitable and limited for land use 

development. These development priorities are 

formulated so as to protect and retain the environmental 

condition of the study area. 

 

The formulation of development plans are guided by 

various landscape and urban entities that already 

existed within the two watersheds. Additionally, 

analysis was also conducted on various issues related to water 

contamination susceptibility, natural and cultural resource values, hazards to property 

damage and personal injury, and intrinsic suitabilities of the watershed. These analyses 

are imperative to determine areas for residential development as they provide spatial 

framework for laying out areas significant to develop and also identify those areas which 

should be protected from any kind of development. 

 

4.5 Evaluation Criteria for Development Plans 
 

Land development is considered mainly in those areas where urban and transportation 

already exists. Whereas, those areas which possess water bodies and wetlands are 

considered not available for future development. The data in table 28 shows that almost 
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73 percent of the study area is available for development, out of which, agricultural land 

accounts for 40 percent, forest land and grassland covers about 33 percent of the study 

areas. Water bodies, wetlands and recreational area cover almost 17 percent of the study 

area which is preempted for development and the remaining areas are covered by the 

existing development. 

 

 

Table 28. Land Areas within which development is pre-empted by existing 

conditions in the two watersheds 

Pre-empted status Area in Acres Percentage of total area 

Urban and Transportation 2867.01 10.5 % 

Water Bodies 167.58 0.61 % 

Wetlands 229.19 0.84 % 

Recreational areas 4187.03 15.33 % 

Total 7450.81 27.28 % 

 

Pre-empted Lands 7450.81 27.28 % 

Land available for development 19854.19 72.72 % 

Total 27305 100 % 

 

 

 

Identification of various land covers and environmental condition affecting future 

development 
 

The various factors that affect the formulation of residential development are listed as 

below: 

- Biological diversity in the two watersheds 

- Water quality contamination susceptibility 

- Natural and cultural resource values, hazards to property damage and personal 

injury 

- Intrinsic suitability of the watershed for residential development. 

 

To determine the areas appropriate for residential development, each of above mentioned 

factors are assessed according to their low, medium and high quality condition. For 

example, the forest habitat was classified as having low, moderate or high values whereas 

agricultural lands were classified as prime agricultural land or not. This classification 

provides criteria for formulating a land use plan, as it is evident that development should 

not take place in the high value forest if forest habitat is to be preserved and so forth. 

 

The analysis was conducted by assigning values between 0 and 2 for each of the 

identified criteria, where 0 defines the area least suitable for development, value of 1 was 

given to the areas with moderate development suitability and finally, value of 2 was 

assigned to the area best suited for future development (Refer to Table 29). For example, 

habitat quality assessment assigns 0 rating to the identified area having high habitat 

quality, 1 rating to those having moderate habitat quality and 2 was assigned to the low 
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habitat quality. Furthermore, the values assigned for intrinsic development suitability is 

just the opposite from that of habitat quality. For example, the transportation accessibility 

assessment provides rating of 2 to areas closest to existing infrastructure, rating of 1 to 

areas of moderate distance from existing infrastructure and rating of 0 to areas which are 

furthest from existing infrastructure. Thus, areas are prioritized based on high and low 

development suitabilities, which provides framework for developing future land use plans 

within the two watersheds. 

 

The values assigned to various land covers and environmental factors are shown in the 

table below: 

 

 

Table 29. Infrastructure Rating Values 

Environmental Factors 
Low Development 
Priority= 0 

Moderate 
Development 
Priority=1 

High Development 
Priority=2 

Forest Habitat High habitat value 
Moderate habitat 
value Low habitat value 

Aquatic Habitat High aquatic value Not applicable No aquatic value 

Wetland Habitat Wetland Core Wetland edge Not a wetland 

Surface Water Quality 
High contamination 
susceptibility 

Moderate 
contamination 
susceptibility 

Low contamination 
susceptibility 

Soil Moisture 
Contamination 

High contamination 
susceptibility 

Moderate 
contamination 
susceptibility 

Low contamination 
susceptibility 

Ground Water 
Contamination 

High contamination 
susceptibility 

Moderate 
contamination 
susceptibility 

Low contamination 
susceptibility 

Agricultural Resource 
Values 

Prime agricultural 
land Not applicable 

Not prime agricultural 
land 

Sand and Gravel deposits 
High and moderate 
aggregate deposit 

Low aggregate 
deposits 

Not aggregate 
deposits 

Significant Recreational 
Values 

Old Afton district  
Afton State Park  
Lower St. Croix 
Riverway 

Old Afton Village 
Riverway Buffer area Not applicable 

Significant Historic 
Values Old Historic District Not applicable Not applicable 

Significant Scenic Values High Scenic Values 
Moderate Scenic 
Values Low Scenic Values 

Flood Hazards High flooding hazards Low flooding hazards Not a flood hazard 

Landslide Potential 
High landslide 
potential 

Moderate landslide 
potential Low landslide potential 

Cultural Hazards 
Interstate and state 
highways 

County and Township 
roads Private roads 

Soil Development 
Suitability 

Low development 
suitability 

Moderate 
development 
suitability 

High development 
suitability 

Infrastructure 
Development Suitability 

Poor development 
suitability 

Fair development 
suitability 

Best or Good 
development suitability 
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Transportation 
Accessibility Poor accessibility Fair accessibility 

Best & Good 
accessibility 

 

 

Composite Development Priorities 
 

The analysis of composite development priorities is important because the above 

identified land covers and environmental factors are not separate entities, they co-exists 

together and any land use decision made must consider all those factors so that 

development priorities can be assigned. 

 

All the identified land covers and environmental factors were combined into a composite 

development suitability. The areas containing natural resources, high habitat quality, 

environmental hazards, significant recreation values etcetera were considered to be less 

suitable for future development while, the areas having intrinsic development suitability 

were chosen to as the best place for future land use. However, some of the high 

development priority area might overlap with the lesser development priority areas, in 

such case the protection priority has to be evaluated regardless of the rating values it is 

given. [Pitt et. Al. 2002. Page 177]. The ratings were assigned to each of the land cover 

and various environmental factors based on the major aspects that guides future land use 

plans. For example, rating of 2 was given to the soil suitability for construction of 

dwellings with basements. Septic tank absorption sites are given significant importance 

because all the development occurring within the two watersheds for next 40 years will 

involve the use of these systems. Hence, it is important to prioritize the areas having 

slight and moderate limitations to slight basement and septic drain field because as 

mentioned earlier since future land development are based on septic system; one cannot 

develop on those areas where septic tanks cannot be built. Furthermore, rating of 0.5 

were assigned to those areas where development is strictly restricted such as wetlands, 

water bodies, natural hazards areas, historic areas and the recreational areas. Finally, 

areas like agricultural lands, forest and grasslands were assigned rating of 1. 

 

The composite development priorities were then categorized into 5 following parts 

namely: 

 

- Low development suitability 

- Low to moderate development suitability 

- Moderate development suitability 

- Moderate to high development suitability 

- High development suitability 

 

Low and High development priority areas 

 

The areas having relatively low development priority are evident in water bodies, 

wetlands and floodplain and are mostly characterized by the steep slopes prevalent on the 

eastern half of the study area. The area categorized as low to moderate development 
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regions are allocated in the south-west corner of the site that encompasses the prime 

agricultural land and also in those areas where accessibility is poor. 

 

The high development priority areas are mostly prevalent in the northern half of the study 

region. These areas are characterized by the presence of major highways and roads, 

availability of urban and transportation uses. The forest, grasslands and agricultural lands 

are also classified as high development priority because even though these land covers 

need to be preserved; they can be converted into future development depending on the 

preference between development and environment. 

 

Schematic land use planning based on development priority ratings 

 

The main purpose is to develop two land use plans for the study area based on two 

different sets of assumptions. As mentioned earlier, the first step in formulating land use 

planning involves the identification of the land cover and environmental factors that 

should be included in the defining the development priorities. The development priorities 

are assessed by integrating information related to land use, topographical features, 

biological diversity, water quality, as well as significant resources, cultural and natural 

hazards and intrinsic suitabilities for development.  

  

The two different sets of assumptions are classified as: 

• Scenario 1 

• Scenario 2 

 

 

A. Scenario 1 

 

The household demand projection estimated by the Metropolitan Council is used to 

determine the new residential development plans in the Valley Branch and Trout Brook 

watersheds. The inter-agency compact created between the two watersheds enabled the 

transfer of development allocations from one jurisdiction to another. This compact 

provides a great flexibility in devising the land use plans to accomplish the development 

program. This development program requires accommodating 2,402 new household as 

per the household demand projection data estimated by the Metropolitan Council. 

 

The first step of analysis involves in determining the net densities to accommodate the 

new household demand. Since, the new households are assumed to use septic tank 

system, at least till 2040, the development suitability for dwellings with basements are 

given significant importance. Based on the land available for development suitability, 

density of 3 units per acre is chosen. Provided that 2,402 households are to be 

accommodated, the area required for 3 units per acre amount to 800.66 acres.  

 

The second step involves allocating the areas that can be developed into new household 

units. Map 6A illustrates the land parcels that are located to accommodate new household 

units within the Valley Branch and Trout Brook watersheds and the distribution of 

household unit per acre is shown in table below: 
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Table  30. Scenario 1 

Development  Area in acres Total no. of units 

Parcel 1 414.72 1244 

Parcel 2 110.3 331 

Parcel 3 71.65 215 

Parcel 4 215.61 647 

Total 812.28 2437 

 

The allocation of those parcels made on a rational basis that development is strictly 

restricted on the areas having severe limitations for septic tank drain fields. As shown in 

map, the red areas shows the severe limitation for septic drain fields, which has been 

avoided while allocating the new household development. Furthermore, the development 

areas are allocated on the northern portion of the site considering the best transportation 

accessibility and availability of existing infrastructure. It is important to locate the 

development plans where infrastructure is already available because the costs for 

installing new amenities are greatly reduced. As shown in the map, parcels 1 and 2 are 

located in the area which has high development priority and is also easily accessible. 

Parcels 3 and 4 are allocated in close proximity to the interstate highways and can suffer 

from noise nuisance but the buffer zone created at a distance of 200 feet greatly reduces 

this nuisance. Additionally, while laying out these parcels, special attention was also 

given to preservation of biological diversity, water bodies, and wetlands, landscape 

hazards, significant historic, natural resources and recreational values while devising the 

land use plans. These considerations greatly contribute in reducing the negative impacts 

of new development on the environment. 

 

 

B. Scenario 2 

 

Scenario 2 is based on the assumption that the initial household projections estimated by 

the Metropolitan Council demographers were off by a factor four. This is because of the 

fact that the entire household initially scheduled to locate in neighboring Anoka County 

decided to live in proximity to the Lower St. Croix National Scenic and Recreational 

Riverway. The revised development program requires accommodating 9,608 new 

household as per the household demand projection data estimated by the Metropolitan 

Council. 

 

It is assumed that a sewer trunk line will be constructed along Manning Trail, located 

along the western portion of the study area, and public water and sewer will be available 

within the two watersheds. The development program requires allocation of 10 acre 

regional public transit hub designed to serve as a “park-and ride” or “kiss-and-ride” 

facility to access express bus service to downtown St. Paul, the Midway area of the 

University Avenue corridor, the Universities East bank campus and downtown 

Minneapolis. The development plan also includes lay out of two interceptor lines which 
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branches out from the Manning Trail. It is assumed that the tax revenue generated to pay 

for public sewer service at net densities under three dwelling per acre is insufficient and 

hence, a higher density of 6 dwelling units per acre is adopted. Provided that 2,402 

households are to be accommodated, the area required for 6 units per acre amount to 

1601.33 acres. 

 

Map 6A illustrates the land parcels that are located to accommodate new household units 

within the Valley Branch and Trout Brook watersheds and the distribution of household 

unit per acre is shown in table below: 

 

Table 31.  Scenario 2 

Development  Area in acres Total no. of units 

1 169.96 1020 

2 211 1266 

3 698.74 4192 

4 610.52 3663 

Total 1690.22 10141 

 

 

Development parcels are located in the northern portion of the study area due to the 

availability of infrastructure, accessibility and most importantly, good soil development 

suitability. Parcel 1 and 2 are allocated along the two interceptors, within the distance of 

1000 feet. These two interceptors are aligned in such a way that it is distributed downhill 

so that the sewage flows by means of gravity which greatly reduces cost of pump 

installation. A conscious effort has been made not to cross path with the water bodies and 

wetlands while laying the interceptors lines. This minimizes the chance of water quality 

contamination. Parcel 3 and 4 are located in close proximity to the interstate highway. 

Parcel 3 and 4 being in close proximity to the interstate highway ensure great 

accessibility and at the same time, can suffer from noise nuisance but the buffer zone 

created at a distance of 200 feet greatly reduces this nuisance. Accessibility of the study 

area is further enhanced by allocating the public transit hub at the intersection of 

Manning Trail and Interstate 94. 

 

 

Evaluation criteria of the development scenarios 
 

Evaluation of the development scenarios are conducted based on the following set of 

criteria: 

• Protection and enhancement of significant forest, wetland and aquatic habitat 

• Protection of ground water quality 

• Management of aggregate mineral extraction 

• Management of significant recreational resource values 

• Transportation accessibility 

• Soil development suitability 
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Protection and enhancement of significant habitat quality 

The location of the proposed development was conducted with reference to the protection 

and enhancement of significant forest, wetland and aquatic habitat quality. Map 6C 

illustrates the layout of proposed development, proposed forest, streams and wetlands. 

 

Both the development proposal shows that there is less intrusion of the proposed parcels 

on significant habitat quality area. The landscape factors such as streams and wetlands 

are well protected in both the cases. Moreover, parcels were laid out beyond the 

maintained buffer distance of 100 meters from the streams and wetlands, which further 

ensures the protection of the quality associated with aquatic and wetlands habitats. 

However, scenario 2 shows some level of intrusion in the forested areas but this level of 

intrusion can be minimized by creating a buffer zone between the proposed development 

and forests. Since, the cumulative parcel area is slightly above the required area for 

development (by 90 acres); ample space can be provided for creating buffer zone to 

protect the forest habitats. 

 

Protection of ground water quality 

The evaluation of proposed development with reference to ground water quality is 

illustrated in map 6D. Since, the majority of ground water contamination susceptibility is 

allocated in the southern part of the study area and the proposed development is located 

in the northern portion of the study area, both the development proposal seem to have 

minimum effect on water quality contamination. However, almost 48 acres of 

development land in parcel 1 (scenario 2) falls on high and moderate ground water 

susceptibility. The fact that the parcel 1 accommodates high density units of 6 dwellings 

per acre may induce environmental concern over the potential ground water 

contamination. 

 

Management of mineral aggregate extraction 

The evaluation of proposed development with reference to the management of mineral 

aggregate extraction is illustrated in map 6E. The majority of aggregate deposits are 

located in the northern east corner of the site and they spread out towards the west. Since, 

the proposed development in both the scenarios are allocated in the northern portion of 

the study area, some of the developed parcels are located within moderate aggregate 

deposits. Scenario 1 seems to have comparatively lesser intrusion on aggregate deposits 

than scenario 2. Parcel 2 (scenario 2) may generate concerns over the management of 

mineral aggregate extraction. 

 

Management of significant recreational resource values 

As mentioned earlier, one of the main reasons for the households choosing to live in the 

Valley Branch and Trout Brook watersheds instead of Anoka County is because of its 

recreational values (Lower St. Croix National Scenic Riverway). Hence, proposed 

development was devised so as to manage and preserve the recreational resources. Most 

of the areas considered as recreational resource values are predominantly located in the 
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eastern portion of the site and no development has been considered around these areas. 

This ensures minimum impact of proposed development on the management of 

significant recreational resource values which is definitely a positive sign. The location of 

proposed development with reference to the recreational resource values are illustrated in 

map 6F. 

 

Transportation Accessibility 

As mentioned earlier, accessibility was carefully considered while allocating the 

proposed development plans, both the scenarios are located in areas of high and moderate 

accessibility as shown in map 6G. The proposed development is planned adjacent to 

major highways (interstate and state) and county roads. The accessibility is further 

enhanced by the allocation of public transit hub in close proximity in both the scenarios. 

However, the major concern shifts towards nuisance that maybe created due to the noise 

produced by the vehicles but buffer distance of 200 feet has been considered during the 

layout of the proposed development plans in both the alternatives. 

 

Soil development suitability 

The location of proposed development with reference to the soil development suitability 

is illustrated in map 6H. Soil development suitability was given significant importance 

while devising the development plans especially in scenario 1 as the new household units 

were assumed to use septic tanks systems. The advantage of the layout of proposed 

development is that both the alternatives are devised in the areas of good soil 

development suitability. However, parts of parcel in scenario 2 seem to have been 

developed on poor soil development suitability which may create concern over the 

development suitability in those areas. 

 

 

5. Recommendations 
 

Recommendations for biological diversity 

The habitat quality values are evaluated according to the size of the core. The habitat 

quality increases with the increase of the core area. So, the main focus is on enhancing 

the creation of larger core area. The areas having potential for development should be 

first identified and land use strategies should be implemented to improve the habitat 

quality. In this project, development areas are priorities as high development and low 

development area. The forest patches having large core are recommended for 

reforestation so that larger forested area and undisturbed habitat dwellings can be 

maintained.  

 

The forest habitat quality decreases because of human intervention on those areas which 

results in fragmentation of forest and smaller core size. The infrastructure development 

on those areas where natural resources are abundant should be discouraged. 

 

Buffer zones should be created around the water bodies to improve the water quality by 

enhancing infiltration and avoiding run-offs. Forest vegetation is considered the best 

method to filter run off and promote infiltration.  
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Recommendations for water quality contamination 

Land use decisions made greatly affects both the quality and quantity of water. The 

growth in urban development is characterized by the conversion of natural vegetation and 

agricultural lands into housing units, commercial and industrial areas. This development 

leads to an increase of impervious surfaces which in turn, reduces the infiltration of water 

in the ground and results in amplified volume and speed of surface run-offs. Due to the 

imperviousness and increased surface run-off, water flows from the source to the sink at a 

greater speed, carrying contaminants along and ultimately causing degradation of the 

water quality. To prevent this, land use decisions demand additional attention and should 

focus on making proper guidelines that favors less imperviousness and more natural 

vegetation. 

 

Water contaminants are carried from the source to the bottomland sinks due to surface 

runoff. The contaminants discharged in the sink may cause various negative impacts such 

as increase the water temperature, decrease the clarity and prohibition of sunlight 

penetration. The contaminant also consists of harmful chemicals that can endanger the 

life of aquatic animals and make water improper for drinking purpose, hence reducing the 

quality of water. An extra effort should be made to improve the quality of water by 

discouraging surface runoffs and promoting infiltration. 

 

The water quality can be maintained by introducing physical separation or buffer zone 

between the contaminant source and the bottomland sinks. Natural vegetation such as 

forests and grasslands acts as buffer zones which greatly reduces the amount and rate of 

surface runoffs. Encouraging vegetation near the sinks allows the contaminants to deposit 

on the land before it discharges into the bottomland sink. It is recommended that at least 

33 meter buffer is created around the bottomland sinks. The 33 meter buffer strip can 

remove 75% of the sediment load, 70% of the Nitrogen load and 65% of the Phosphorous 

load. The effectiveness of the reduction of load depends upon the width of the buffer, the 

soil characteristics and physical conditions of land cover. [Pitt et. Al. 2002. Page 45].   

 

The surface runoffs can also be minimized by reducing the amount of impervious 

surfaces. This can be achieved by discouraging constructions and encouraging more 

green areas. It is also recommended that clustered development is emphasized more 

because they occupy comparatively less parcel of land and the road lengths are greatly 

reduced as well. The runoffs can also be minimized by promoting natural vegetation in 

the upland areas. This allows the infiltration to happen close to the source of generation 

and hence, decreasing the flow of water into the bottomland sinks. 

 

The areas within the hydrologic response susceptible to soil erosion demands special 

attention, especially those near the streams and steep slopes. Plantation of vegetation 

should be promoted to minimize erosion and flooding. Natural vegetation should also be 

encouraged in the landscape which has shallow soil depths. Soil profile residing on 

shallower saturation depths are more susceptible to contamination from surface land uses. 
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Hence, natural vegetation or agricultural uses should be promoted and housing 

developments should be strictly discouraged in those areas. 

 

Recommendations for significant resource values, landscape hazards and intrinsic 

suitability for development 

As mentioned earlier, the growth in urban development is characterized by the 

conversion of natural vegetation and agricultural lands into housing units, commercial 

and industrial areas. These urban developments affect the availability of landscape 

resources such as agriculture resources, sand and gravel deposits, which provide 

significant commodity and amenity values to the people. This development also leads to 

an increase of impervious surfaces which in turn, reduces the infiltration of water in the 

ground and results in amplified volume and speed of surface run-offs. Due to the 

imperviousness and increased surface run-off, water flows at a greater speed, resulting in 

soil failure or landslide. To prevent this, land use decisions made demands an additional 

attention and should focus on preserving the landscape resources, amenity values and 

also should focus on preventing natural hazards that can cause bodily injury and property 

damages. 

 

Recommendation of preserving Commodity Resources 

Land use plans should be formulated so as to make optimal use of the environmental 

resources identified within the two watersheds. The commodity resources identified in 

the Valley Branch and Trout Brook watersheds are mainly agricultural resources and 

aggregate resources. The agricultural resources are distributed along the western portion 

of the watersheds, while aggregate resources encompass the eastern corner of the study 

areas. Urban growth should be restricted in these areas that contain prime agricultural 

land and aggregate deposits because development occurring on these areas will reduce 

the economic benefit provided by this resource. 

 

Recommendation of preserving Amenity Resources 

Amenity values provide opportunity for the activities like outdoor recreation in natural 

setting, tourism and visiting historic or archeologically significant landscapes. These 

amenity values identified in the two watersheds are as follows: 

- Afton State Park, Afton Ski Part and Lower St. Croix riverway which provides 

various recreational opportunities for the people. 

- Old Afton Village that has its own historic significance. 

- Various landforms that provides significant scenic values. 

 

These recreational activities are important because they not only provide psychological 

and physiological benefits but also provide economical benefits. Hence, land use plans 

must be formulated in such an effective that the interaction of people with the landscape 

increases, thereby increasing the intensity of amenity values associated with natural 

landscape. 

 

Amenity resources can be enhanced by properly managing and preserving what is already 

present. Some of the suggestions are listed as follows: 
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- An area of half mile or quarter mile maybe defined around the Afton State Park 

and Lower St. Croix riverway so as to preserve these recreational activities. 

- It is recommended that landowners should maintain woody vegetation along the 

River’s bluff so as to enhance the green and natural characteristics of the present 

landscape. 

- The historic districts should not only be identified for the preservation of old 

structures but also for the preservation of entire district so that historic entity of 

place as a whole can be maintained and improved. The architectural as well as 

culture review of new development should be conducted so as to ensure the 

historic integrity of the structures. This defined region demands special attention 

as they posses both emotional and economic values to the communities within the 

two watersheds. 

 

Recommendation of preventing Cultural Hazards 

The nuisance caused by noise can be avoided by consideration of the ambient noise levels 

while formulating future land use plans. Various standards relation to traffic can be 

established that regulate allowable noise levels within a specific type of land use. This 

can be achieved by creating a hierarchy of land uses and controlling the vehicular flow in 

those land uses. For example, allowing heavy vehicles only in industrial and commercial 

zone and restricting them to residential areas. Noise can also be avoided to an extent by 

using effective sound barrier such as structural barriers, vegetative buffers, raised 

landforms or combinations of these here components. 

 

Recommendation of preventing Natural Hazards 

The encroachment of new development onto floodplain should be avoided as it not only 

possess threat of flood damage to the occupants, but also cause increase in flood level. 

Hence, these encroachments should be restricted in the floodplain and land uses such as 

recreation and agriculture, which are compatible with periodic flooding, should be 

encouraged. 

 

The surface run offs are generated mainly in the upland zones so, flood hazards can be 

minimized by careful management of upland zones. The surface runoffs can also be 

minimized by reducing the amount of impervious surfaces. This can be achieved by 

discouraging constructions and encouraging more green areas. It is also recommended 

that clustered development is emphasized more because they occupy comparatively less 

parcel of land and the road lengths are greatly reduced as well. The runoffs can also be 

minimized by promoting natural vegetation in the upland areas. This allows the 

infiltration to happen close to the source of generation and hence, decreasing the flow of 

water into the floodplains. 

 

The areas susceptible to failure of soil demands special attention, especially those near 

the streams and steep slopes. Plantation of vegetation should be promoted to minimize 

both the landslide and flooding. Natural vegetation should also be encouraged in the 

landscape which has wet soils residing on steep slopes and housing developments should 

be strictly discouraged in those areas. 
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Recommendations for Infrastructure Suitability for Development 

- Development is recommended in the areas which have slight basement and septic 

drain field limitations have better susceptibility of soil development. 

- Development is recommended in the areas which have greater accessibility from 

existing roads and are in close proximity to existing urban centers of development 

and the urban services available therein. 
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7. Technical Appendices        

 

 

Map 1      Land cover of the Valley Branch and Trout Brook watersheds. 

Map 2A   Biological diversity of Forest Habitat. 

Map 2B   Biological diversity of Aquatic Habitat. 

Map 2C   Biological diversity of Wetland Habitat. 

Map 2D   Existing  Forest and Proposed Forest. 

Map 3A   Upland, Bottomland and Buffer Vegetation. 

Map 3B   Soil fragility within the hydrologic response unit. 

Map 3C   Soil Erosion Potential and Topographic slope. 

Map 3D   Soil Runoffs and Disturbed land cover. 

Map 3E   Buffer Capacity, Sink Resiliency and Source Intensity Index. 

Map 3F   Surface water contamination.  

Map 3G   Soil moisture contamination. 

Map 3H   Water percolation within hydrologic response unit. 

Map 3I    Ground water contamination. 

Map 4A   Significant Agricultural Resource Values. 

Map 4B   Significant Sand and Gravel Deposits. 

Map 4C   Significant Recreational Values. 

Map 4D   Significant Historic Values. 

Map 4E   Significant Scenic Values. 

Map 5A   Potential for Flooding Hazards. 

Map 5B   Potential for Landslide Hazards.  

Map 5C   Hazards associated with Cultural Causes. 

Map 5D   Soil Suitability for Development. 

Map 5E    Infrastructure Development Suitability. 

Map 5F    Transportation Accessibility 

Map 5G   Composite Development Suitability. 

Map 6A   Land Use Plan of Valley branch and Trout Brook watersheds 

Map 6B   Scenario I and Scenario II 

Map 6C   Habitat Quality-Forest-Wetland-Aquatic Comparison 

Map 6D   Ground Water Quality Contamination Comparison 

Map 6E   Natural Resources Comparison 

Map 6F   Recreational Resources Comparison 

Map 6G   Development Suitability Comparison 

Map 6H   Soil Development Suitability Comparison 
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Methodology 

 

A. Assessment of physiographic, topographic, hydrographic and cultural characteristics 

of the Valley Branch and Trout Brook watersheds. 

 

Assessment of biological diversity associated with forest habitat. 

 

1. Firstly, the forest habitat was categorized in terms of overall patch size and the size of 

core area. The forest patches are categorized into three classes according to the size of the 

core area namely, low habitat value, medium habitat value and high habitat value. 

 

Habitat Value Area  No core Area Small core Area Large Core Area 

 Value 2 4 6 

Smallest Forest Area 1 3 5 7 

Medium Forest Area 2 4 6 8 

Larges Forest Area 3 5 7 9 

 

Table T1: Core Area and Value Area Cross Tabulation 

 

2. As shown in table T1, the relationship between the core value and the area of forest 

patch were determined. Ratings of one, two, and three are assigned to the forest patches 

having small, moderate and largest area. Whereas, ratings of two, four, and six are 

assigned to the core area having no core, small core and moderate core respectively. 

These rating were assigned to categorize the forest habitat values by the method of cross 

tabulation.  

 

3. Finally, the overall habitat values of the forest areas were determined. Evidently, there 

were no large forest areas consisting of ‘no core area’ and no small forest areas consisting 

of a large core area. The remaining ratings were then divided into the following groups: 

a. High Forest Habitat Value (composite ratings of 8 and 9) 

b. Moderate Forest Habitat Value (composite ratings of 5,6 and 7) 

c. Low Forest Habitat Value (composite ratings of 3 and 4) 

 

 

Evaluation of the potential for contamination of surface water quality 

  

1) Identified the upland and bottomland sinks within the hydrologic response unit in 

the Valley Branch and Trout Brook watersheds. 

 

2) The 33 meter buffer zone was created between the upland and bottomland areas to 

promote infiltration so that the contaminants from runoffs are filtered out before 

they are discharged into the bottomland sinks. 
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3) Evaluated the location of potential contaminant sources within the Upland areas. 

The evaluation is accomplished by calculating the contributing parameters, such 

as index of soil fragility in conjunction with the slope upon which the soil resides. 

 

4) The soil fragility or K_T ratio was determined by dividing the k-factor value by t-

factor value. 

K_T Ratio = K_factor / T_factor 

The K_T Ratio values were classified into four categories: 

a) K_T ratio ≤ 0.064 as Lowest soil fragility. 

b) 0.064 < K_T ratio ≤ 0.075 as  Low to moderate soil fragility. 

c) 0.075 < K_T ratio ≤ 0.08 as  Moderate to high soil fragility. 

d) K_T ratio > 0.08 as  Highest soil fragility. 

 

K_T Class Soil Fragility 

<= 0.064 Lowest soil fragility 

.0.064 and <= 0.075 Low to moderate soil fragility 

>0.075 and <=0.08 Moderate to high soil fragility 

>0.08 Highest soil fragility 

 

 

5) The second parameter contributing to soil erosion is the topography of the study 

area. Inclination of slope is one of the major factors contributing to soil erosion, 

as well as the velocity of the surface run-off. The slopes in the study area are 

categorized as follows: 

e) less that 7% slope (gentle slope: < 4° slope) 

f) 7% to 13% slope (moderate slope :  4° to 7° slope) 

g) 13% to 25% slope (strong slope:7° to 14° slope) 

h) more that 25% slope (steep slope: > 14° slope) 

 

6) Calculation of the steepness of slope is based on tangent law and the fact that 1% 

slope means 1 meter rise/ drop over a distance of 100 meters. 

 

7) The areas of high, moderate and low erosion potential were determined by using 

Boolean logic table. 

 

8) The next step was to determine the intensities of surface runoffs. The areas having 

soils of low infiltration capacity (Group C and Group D) were identified. 

9) Areas of the various factors that prevent or promote the surface runoffs are then 

calculated. 

 

10)  Intensity of contaminant sources were calculated by dividing the cumulative 

areas of agricultural, urban uses land covers, highly erosive soils and the area of 

hydrologic soil group C and group D by the total upland area. Next, buffer 

capacity of the study area was calculated by dividing the area of forest and 

already existing vegetation in the buffer zone by the total transitional buffer and 
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lastly, resiliency of hydrologic response unit was calculated to determine the 

capacity of bottomland sink. [Pitt et. Al. 2002. Page 123]. 

 

11) The values for Source Intensity were classified into three categories: 

a) 17.0423 - 46.7888 (Low source intensity) 

b) 46.7889 - 72.3844 (Moderate source intensity) 

c) 72.3845 - 100.0000 (High source intensity) 

 

12) The values for Buffer Capacity were classified into three categories: 

a) 13.0924 - 51.8639 (Low buffer capacity) 

b) 51.8640 - 78.4422 (Moderate buffer capacity) 

c) 78.4423 - 100.0000 (High buffer capacity) 

 

13) The values for Sink Resiliency were classified into three categories: 

a) 0.1430 - 9.0300 (Low sink resiliency) 

b) 9.0301 - 43.7067 (Moderate sink resiliency) 

c) 43.7068 - 100.0000(High sink resiliency) 

 

14) The above calculated indices are weighted according to the role they play in                                

contributing surface runoffs. 

 

 

Surface water contamination index Assigned weighting value 

Source intensity index 5 

Buffering capacity index 3 

Resiliency index 1 

Table T2 Weighting assigned to the indices 

 

Table T2 shows the weighting assigned to the source intensity index, the buffering 

capacity index, and the resiliency index.  These three indices were then used to calculate 

the surface water quality susceptibility in Valley Branch and Trout Brook watersheds. 

The weighting is assigned in terms of preference and importance. The index which has 

the most prominent affect on surface water contamination is weighted comparatively 

higher. In this case, the source intensity index is weighted highest because surface water 

contamination is affected greatly by the contaminants generated in the upland source 

areas. 

 

During data processing, the resiliency index and source intensity index parameters have 

been normalized in terms of percentage to compare the above mentioned indices on a 

similar basis.  

 

15) Finally, the values of surface water quality contamination are calculated by using the 

following formula: 

 

Surface water contamination = 2(Resiliency index) +4(Buffering Capacity index) -                             

                                                  5(Source Intensity index)   [Pitt et. Al. 2002. Page 128]. 
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16) The values for surface water quality contamination were classified into three 

categories: 

a) -367.8479 to -138.8890  (High surface water quality contamination) 

b) -138.8889 to 68.0077  (Moderate surface water quality contamination) 

c) 68.0078 to 380.5375   (Low surface water quality contamination) 

 

 

Evaluation of the potential for contamination of surface water quality 

 

1) Firstly, the rate at which water percolates in the ground was classified as high, 

moderate and low surface permeability rate.  The depth of the bedrock was categorized 

into four categories: less than 10 feet, 10 feet to 30 feet, 30 feet to 60 feet, and more than 

60 feet. Then, a qualitative rating of rapid, moderate and slow surface permeability rate 

was distributed in the body of tables such that cross- referencing the rate of water 

percolation and depth of aquifers would provide the potential areas of ground water 

contamination. 

 

Table T3. Evaluation of Surface Permeability Rate 

Surface water percolation rate  

Depth of Bedrock High Moderate Low 

Less than 10 feet Rapid Rapid Rapid 

10- 30 feet Rapid Moderate Moderate 

30-60 feet Moderate Slow Slow 

More than 60 feet Slow Slow Slow 

 

Table T3 shows the areas in the study region that have different surface permeability 

rates. The distribution of these areas are based on the fact that water penetrating through 

the geological surfaces that have a high rate of water percolation and having depth less 

than 10 feet have a comparatively higher rate at which surface water may reach an 

underlying aquifer that contains ground water. Likewise, the geological surfaces having 

low rates of water percolation, and a depth of Bedrock more than 60 feet, have a slow 

surface permeability rate. 

 

2) The next step involves evaluation of the different intensities of ground water 

contamination potential using a logic table. The table is created on the basis of surface 

permeability rate, and the value of bedrock aquifers as a drinking water supply. The logic 

behind the table is based on the fact that aquifers that occurs in the areas having higher 

water permeability and yields more water per minute have higher discharge rates than 

those regions having slow water permeability rate and yields less water per minute. 

 

Table T4. Evaluation of Ground water contamination potential 

Surface Permeability Rate Aquifer yields 

Rapid Moderate Slow 

Aquifer yields 

>1000 gallons 

High water 

contamination 

High water 

contamination 

Moderate water 

contamination 
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Aquifer yields 

<1000 gallons 

High water 

contamination 

Moderate water 

contamination 

Low water 

contamination 

Aquitard Moderate water 

contamination 

Low water 

contamination 

Low water 

contamination 

 

Table T4 shows the relationship between the surface permeability rate and the amount of 

water yielded by the aquifer per minute. The table above depicts that the higher recharge 

water rate leads to higher water contamination susceptibility and lower recharge water 

rate have lower water contamination susceptibility. 

 

Assessing Commodity Resource Values 
 

A qualitative rating of slight, moderate and severe limitations was distributed in the body 

of tables such that cross-referencing the land capability class and categories of yield per 

acre would uncover the areas of prime agricultural lands. This is shown in table T5 

below. 

 

Yield Land Capability Class 

> 70 bushels/acres <70 bushels/ acre 

Class I Slight Moderate 

Class II or III Slight Moderate 

Class IV,V,VI,VII or VIII Severe Severe 

Table T5. Agricultural Production Limitations  

 

 

 

Flood Zone Soil Type 

100-Year 

Flood Plain 

500-Year 

Flood Plain 

Not in Flood 

Plain 

Wet Soil  
High Hazard 

Zone 

High Hazard 

Zone 

Moderate 

Hazard Zone 

Dry Soil  
Moderate 

Hazard Zone 

Moderate 

Hazard Zone 

Low Hazard 

Zone 

Table T6. Flood Zone Hazards 

 


