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LANDING
“Creating Resilient Environments & Tribal Communities Through 
Ecological Planning & Public Participation on Fort Berthold Reservation”

THIS WE BELIEVE. THIS WE RESOLVE.THIS WE KNOW. 
North Dakota is the second largest in oil production in the United 
States with 85 paramount oil spills within the last 20 years. In July 
2014, a million gallons of brine spilled from one of the many 
pipelines, releasing waste into a tributary of Lake Sakakawea, 
Bear Den Bay. These corridors provide drinking water to the 
reservation which are now contaminated by petroleum, heavy 
metals and salt. What is contained in these water bodies is 
deemed unsafe drinking water and subsequently killing wildlife 
and vegetation. Brine spills are releasing toxins into soils and 
waterways at levels exceeding quality standards, tainting land 
with radium and secreting high levels of ammonium in surface 
waters.

Oil spills are extremely unpredictable, with little available 
information of when, where and how they occur. Beyond the 
unforeseeable, there are few remediation or planning strategies to 
be executed when spills transpire. The increase of oil rigs and 
pipeline development across the Western part of North Dakota 
have led to detrimental impacts within Native American 
reservations. Most of them do not benefit from oil discovery and 
extraction financially and many times suffer environmentally. 
While most studies focus on the reporting protocol and response 
actions, this thesis proposes an analytical strategy to estimate the 
environmental threat of oil spills to water resources through 
environmental planning.  

USGS StreamStats for watershed-based drainage
delineations, basin characteristic visualization, and 
streamflow estimation were used to analyze Fort Berthold 
Reservation. Impacted land uses were examined and 
analyzed to inform environmental intervention and 
phytoremediation techniques. The designed result presents 
an efficient framework for hazard identification, vulnerability 
analysis and ecological planning on various design scales 
for the endangered watershed area on Fort Berthold 
Reservation. The goal is to produce new perspectives on 
possibilities of creating a more resilient and sustainable tribal 
community.

1 2 3implementation of oil spill phytoremediation through 
selective contaminant uptake plant species to benefit 
existing ecosystems and residents

educate the public on necessary human intervention 
within threatened reservation ecosystems to promote 
healthy succession and climax species

create participatory passive and active environments 
for all ages to stimulate a range of learning 
techniques and the importance of conservation
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BEAR DEN CREEK

One gallon of wastewater makes 1 million 
gallons of freshwater undrinkable

Reservations contain $1.5 trillion worth of 
the nation's natural resources

300,000 out of North Dakota’s 1 million 
barrels of oil are exported daily from 
Fort Berthold Reservation 

Only 20% of oil compounds degrade in 
water 

Land Size: 
988,000 acres 

457,837 acres tribal owned

Lake Sakakawea: 
168,320 acresEnvironmental Remediation | Conservation Planning

The typology was chosen for the following reasons:

1. Encroachment of industry on Native American Reservations
2. Failing ecosystem services in Fort Berthold watersheds
3. Ability to create resilience for tribal communities
4. Restore environments and conserve sacred land

PROJECT TYPOLOGY
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MASTER PLAN
BEAR DEN CREEK CORRIDOR
SCALE | 1:1000
50’ CONTOURS

DOMINANT ECOSYSTEMS & EXISTING ISSUES

MASTER KEY

Vulnerable Ecosystems
Northwestern Great Plains 
Piedmont Grassland

PIEDMONT GRASSLAND & PRAIRIES | 57.78% 
Predominantely clay soils = high runoff rates

Upland systems impacted by erosion & moderate slopes [7 - 20%] 

WOODED DRAW & RAVINE | 10.86% 
Silt loam = moderate infiltration rates

Steep Slopes [15 - 40%] 
Forests of Green Ash to deteriorate [EAB] 

Most vulnerable ecosystem | Best remediated

OPEN WATER & WETLANDS | 7.00% 
Clay soil on banks = high runoff

Low infiltration rates
High erosion and contaminant potential 

Great Plains Wooded Draw 
& Ravine

Western Great Plains Open 
Freshwater Depressional Wetland

Stream Flow

Existing Roads

Site Design
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FLOATING WETLAND: Planting structures installed within existing water bodies to 
filter contaminants. Inorganic pollutants are immobilized and remain attached to 
roots, the floating structure substrate or extracted into selected plants. The 
produced biomass is often rich in nutrients and may be used for nutrient recycling. 
Plants are selected based on survival characteristics, ability to withstand water 
inundation and lack of maintenance. 

MULTI-MECHANISM BUFFER: Riparian buffers along the stream corridor prevent 
pollution migration. This typology combines elements of all typologies to degrade, 
stabilize and prevent contamination from spreading. Inorganics are stabilized in 
soil. 

STABILIZATION MAT: The unknowns of streambank soils allow vegetative capping to 
hold pollutants on-site to reduce risk of exposure to humans, wildlife and natural 
systems. Species selection helps to bind contaminants into the top 4-6 inches of 
soil. 

LOW-IMPACT RECREATION: CONTINUED WALKING TRAILS
& ELEVATED STREAM CROSSINGS

PHYTOIRRIGATION: Excess run-off & polluted water generated can 
be collected in holding ponds and irrigated onto plants for 
degradation. 

MULTI-MECHANISM MAT: Helps to stabilize and/or extract 
contaminants using mixed herbaceous plantings. Capping 
pollutants on site can be accomplished by creating a thick 
vegetative mat. Succeeds in carbon sequestering and preventing 
erosion.  

GROUNDWATER MIGRATION TREE STAND: Installation of trees to 
intercept polluted groundwater and creation of intercepting newly 
released contaminants. Trees with deep tap roots act as pumps to 
control water up to 20 feet below the soil surface. 

UPSLOPE ROTATIONAL GRAZING: Environmental benefits compared to 
continuous grazing include reduction in soil erosion, improved water 
quality downstream, increased overall  plant diversity and succession. 
Grazing animals contribute to nutrient cycling through nitrogen-rich 
deposition. 

EROSION CONTROL BUFFER: Native vegetation and rock adjacent to 
vulnerable prairie ecosystems to absorb contaminant and sediment 
movement by wind or water. Captures run-off and excess pollutants 
from upslope and inhibits movement downward towards various 
bodies of water. 

SPECIES RICHNESS: Overgrazing and conversions to farmland 
have been detrimental to the succession of tall grass prairies. 
Light to moderate levels of grazing result in a richer diversity 
of plant species than no grazing at all. Increased diversity is 
caused by opening the vegetation canopy and allowing 
more species to compete successfully.

PRESCRIBED & CONTROLLED BURNS: Natural plant communities 
thrive in contained fires, the aftermath controls invasives and 
helps to restore plant vigor and nutrients. Without fire and/or 
human intervention, prairies would be overtaken by forests of 
trees. [Recommended 3-5-year fire return interval]
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PAPER BIRCH
HACKBERRY

HONEYLOCUST
EASTERN RED CEDAR
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PETROLEUM DEGRADATION TREES
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WHEATGRASS
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SWITCHGRASS
INDIANGRASS
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PETROLEUM DEGRADATION TALL GRASS
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LOW-IMPACT RECREATION: SWITCHBACK WALKING TRAILS ON 
EXISTING 5 - 20% MAX. SLOPES & LOOKOUT TOWER 

LOW-IMPACT RECREATION: SWITCHBACK HORSE TRAILS ON 
EXISTING 15% - 40% MAX.  SLOPES

PHREATOPHYTE SPECIES
Deep-rooted species where root system is in 

contact with water to extract contaminants from 
groundwater or nearby water bodies.  



Bear Den Trails allows visitors to integrate themselves within working ecosystems; wooded draw and tall 
grass prairie. Through this, users will become knowledgable about specific plant species that work 
alone and together in remediating specific contaminants that harm the reservation, specifically 
petroleum. Both sides of the design include gathering spaces and lookout features to obtain the best 
created and existing views to Lake Sakakawea and the Badlands. 

research center
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The lookout tower is the focal point of the 
children’s garden, giving them vertical access to 

view the rest of the site.  These mimicked ecosystems 
are the most dominant biomes found within Fort Berthold 

Reservation, allowing kids to learn and become familiar with their 
surroundings.

18” raised walkway allows 
underlying growth. Metal and native 
timber for the boardwalk, seating 
and overhead structures keep 
design consistent and natural.

The raised boardwalk jutting off the 
educational center provides access 

to another passive recreational 
opportunity at the sculpture walk 

where local Native American artist 
work will be displayed. 

D1

D2

D3
The children’s lookout tower 

connects to an elevated walk for 
kids to play amongst the trees. 
Underneath lies the rubberized 

prairie grasses of varying heights. 
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PRAIRIE WALK TRANSITIONS
SCALE | 1/4” = 1’

BOARDWALK & ART
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SCALE | 1/2” = 1’
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Populus | poplar 

Quercus | oak 

Picea | spruce

Pinus | pine

Cedrus | cedar

Ulmus | elm

Salix| willow

Betula | birch

Celtis | hackberry
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Bear Den Educational Center is the central node of the design. Visitors will 
be immersed in educational and interactive experiences which will 

enhance individual and community growth. The ecological systems are 
mimicked on smaller scales to promote human participation and reveal 

the larger ecological systems at work within Fort Berthold Reservation. 

A raised boardwalk extends off the back 
of Bear Den Educational Center and 
allows users to view the working systems 
of a wetland and its complementing 
species.  The community garden acts as 
a gathering space and place for 
sustenance growing.

OBSERVATIONAL WETLAND & 
COMMUNITY GARDEN SECTION
SCALE | 1: 5
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Raised metal grate walkways throughout the prairie allow water and sun to filter 
through, allowing underlying growth. The wood and metal palette keeps design 
consistent and natural. Mass single-species plantings into zones allows users to 

learn about the benefits of specific species & their benefits to the overall prairie.

PRAIRIE WALK & VIEWING POINTS
PERSPECTIVE



LOOKOUT TOWER & PRAIRIE PLAY
PERSPECTIVE

The lookout tower and walk allows kids to experience nature at various 
levels, up to the crowns of trees. The raised walk connects to an imitation 
badlands, allowing gets to climb up and around the structure. A rubberized 
play prairie beneath allows children to get a feel of how tall grasses can 
grow; they are able to get lost in their own prairie. 



ACTIVE & PASSIVE INTERACTION 
PERSPECTIVE

The Children’s Garden consists of rubber ground material, safe for a wide range of 
kids play. The differentiating rubber colors abstractly represent the various 

ecosystems found within the reservation. The native grass and sculpture walk is a 
passive opportunity to captivate MHA Nation culture.



Bear Den Educational Center is the central node of the design. Visitors will 
be immersed in educational and interactive experiences which will 

enhance individual and community growth. The ecological systems are 
mimicked on smaller scales to promote human participation and reveal 

the larger ecological systems at work within Fort Berthold Reservation. 

ACTIVE & PASSIVE INTERACTION 
PERSPECTIVE

The Children’s Garden consists of rubber ground material, safe for a wide range of 
kids play. The differentiating rubber colors abstractly represent the various 

ecosystems found within the reservation. The native grass and sculpture walk is a 
passive opportunity to captivate MHA Nation culture.
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The lookout tower and walk allows kids to experience nature at various 
levels, up to the crowns of trees. The raised walk connects to an imitation 
badlands, allowing gets to climb up and around the structure. A rubberized 
play prairie beneath allows children to get a feel of how tall grasses can 
grow; they are able to get lost in their own prairie. 

Raised metal grate walkways throughout the prairie allow water and sun to filter 
through, allowing underlying growth. The wood and metal palette keeps design 

consist and natural feeling. Mass single-species plantings into zones allows users to 
learn about the benefits of specific species & their benefits to the overall prairie.
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of Bear Den Educational Center and 
allows users to view the working systems 
of a wetland and its complementing 
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a gathering space and place for 
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Bear Den Trails allows visitors to integrate themselves within working ecosystems; wooded draw and tall 
grass prairie. Through this, users will become knowledgable about specific plant species that work 
alone and together in remediating specific contaminants that harm the reservation, specifically 
petroleum. Both sides of the design include gathering spaces and lookout features to obtain the best 
created and existing views to Lake Sakakawea and the Badlands. 
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The lookout tower is the focal point of the 
children’s garden, giving them vertical access to 

view the rest of the site.  These mimicked ecosystems 
are the most dominant biomes found within Fort Berthold 

Reservation, allowing kids to learn and become familiar with their 
surroundings.

18” raised walkway allows 
underlying growth. Metal and native 
timber for the boardwalk, seating 
and overhead structures keep 
design consistent and natural.

The raised boardwalk jutting off the 
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to another passive recreational 
opportunity at the sculpture walk 

where local Native American artist 
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Reservations contain $1.5 trillion worth of 
the nation's natural resources

One gallon of wastewater makes 1 million 
gallons of freshwater undrinkable

300,000 out of North Dakota’s 1 million 
barrels of oil are exported daily from 
Fort Berthold Reservation 

Only 20% of oil compounds degrade in 
water averages
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LANDING
“Creating Resilient Environments & Tribal Communities Through Ecological 
Planning and Public Participation on Fort Berthold Reservation”

THIS WE BELIEVE. THIS WE RESOLVE.THIS WE KNOW. 
North Dakota is the second largest in oil production in the United 
States with 85 paramount oil spills within the last 20 years. In July 
2014, a million gallons of brine spilled from one of the many 
pipelines, releasing waste into a tributary of Lake Sakakawea, 
Bear Den Bay. These corridors provide drinking water to the 
reservation which are now contaminated by petroleum, heavy 
metals and salt. What is contained in these water bodies is 
deemed unsafe drinking water and subsequently killing wildlife 
and vegetation. Brine spills are releasing toxins into soils and 
waterways at levels exceeding quality standards, tainting land 
with radium and secreting high levels of ammonium in surface 
waters.

Oil spills are extremely unpredictable, with little available 
information of when, where and how they occur. Beyond the 
unforeseeable, there are few remediation or planning strategies to 
be executed when spills transpire. The increase of oil rigs and 
pipeline development across the Western part of North Dakota 
have led to detrimental impacts within Native American 
reservations. Most of them do not benefit from oil discovery and 
extraction financially and many times suffer environmentally. 
While most studies focus on the reporting protocol and response 
actions, this thesis proposes an analytical strategy to estimate the 
environmental threat of oil spills to water resources through 
environmental planning.  

USGS StreamStats for watershed-based drainage
delineations, basin characteristic visualization, and 
streamflow estimation were used to analyze Fort Berthold 
Reservation. Impacted land uses were examined and 
analyzed to inform environmental intervention and 
phytoremediation techniques. The designed result presents 
an efficient framework for hazard identification, vulnerability 
analysis and ecological planning on various design scales 
for the endangered watershed area on Fort Berthold 
Reservation. The goal is to produce new perspectives on 
possibilities of creating a more resilient and sustainable tribal 
community.

Land Size: 
988,000 acres 

457,837 acres tribal owned

Lake Sakakawea: 
168,320 acresEnvironmental Remediation | Conservation Planning

The typology was chosen for the following reasons:
1. Encroachment of industry on Native American Reservations
2. Failing ecosystem services in Fort Berthold watersheds
3. Ability to create resilience for tribal communities
4. Restore environments and conserve sacred land
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Northwestern Great Plains 
Piedmont Grassland

PIEDMONT GRASSLAND & PRAIRIES | 57.78% 
Predominantely clay soils = high runoff rates

Upland systems impacted by erosion & moderate slopes [7 - 20%] 

WOODED DRAW & RAVINE | 10.86% 
Silt loam = moderate infiltration rates

Steep Slopes [15 - 40%] 
Forests of Green Ash to deteriorate [EAB] 
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1 2 3implementation of oil spill phytoremediation through 
selective contaminant uptake plant species to benefit 
existing ecosystems and residents

educate the public on necessary human intervention 
within threatened reservation ecosystems to promote 
healthy succession and climax species

create participatory passive and active environments 
for all ages to stimulate a range of learning 
techniques and the importance of conservation

DESIGN GOALS

PROJECT TYPOLOGY

SITE SUITABILITY
IMPACTED BASIN & STREAM ANALYSIS

FLOATING WETLAND: Planting structures installed within existing water bodies to 
filter contaminants. Inorganic pollutants are immobilized and remain attached to 
roots, the floating structure substrate or extracted into selected plants. The 
produced biomass is often rich in nutrients and may be used for nutrient recycling. 
Plants are selected based on survival characteristics, ability to withstand water 
inundation and lack of maintenance. 

MULTI-MECHANISM BUFFER: Riparian buffers along the stream corridor prevent 
pollution migration. This typology combines elements of all typologies to degrade, 
stabilize and prevent contamination from spreading. Inorganics are stabilized in 
soil. 

STABILIZATION MAT: The unknowns of streambank soils allow vegetative capping to 
hold pollutants on-site to reduce risk of exposure to humans, wildlife and natural 
systems. Species selection helps to bind contaminants into the top 4-6 inches of 
soil. 

LOW-IMPACT RECREATION: CONTINUED WALKING TRAILS
& ELEVATED STREAM CROSSINGS

PHYTOIRRIGATION: Excess run-off & polluted water generated can 
be collected in holding ponds and irrigated onto plants for 
degradation. 

MULTI-MECHANISM MAT: Helps to stabilize and/or extract 
contaminants using mixed herbaceous plantings. Capping 
pollutants on site can be accomplished by creating a thick 
vegetative mat. Succeeds in carbon sequestering and preventing 
erosion.  

GROUNDWATER MIGRATION TREE STAND: Installation of trees to 
intercept polluted groundwater and creation of intercepting newly 
released contaminants. Trees with deep tap roots act as pumps to 
control water up to 20 feet below the soil surface. 

UPSLOPE ROTATIONAL GRAZING: Environmental benefits compared to 
continuous grazing include reduction in soil erosion, improved water 
quality downstream, increased overall  plant diversity and succession. 
Grazing animals contribute to nutrient cycling through nitrogen-rich 
deposition. 

EROSION CONTROL BUFFER: Native vegetation and rock adjacent to 
vulnerable prairie ecosystems to absorb contaminant and sediment 
movement by wind or water. Captures run-off and excess pollutants 
from upslope and inhibits movement downward towards various 
bodies of water. 

SPECIES RICHNESS: Overgrazing and conversions to farmland 
have been detrimental to the succession of tall grass prairies. 
Light to moderate levels of grazing result in a richer diversity 
of plant species than no grazing at all. Increased diversity is 
caused by opening the vegetation canopy and allowing 
more species to compete successfully.

PRESCRIBED & CONTROLLED BURNS: Natural plant communities 
thrive in contained fires, the aftermath controls invasives and 
helps to restore plant vigor and nutrients. Without fire and/or 
human intervention, prairies would be overtaken by forests of 
trees. [Recommended 3-5-year fire return interval]

GREEN ASH
AMERICAN ELM

POPLAR SSP.
BUR OAK 

PAPER BIRCH
HACKBERRY

HONEYLOCUST
EASTERN RED CEDAR

SCOTCH PINE
BLACK HILLS SPRUCE

PETROLEUM DEGRADATION TREES
EXISTING VS. NEW IMPLEMENTATION 

BIG & LITTLE BLUESTEM
SIDEOATS GRAMA

JUNEGRASS
WHEATGRASS
BLUE GRAMA
SWITCHGRASS
INDIANGRASS

BUFFALOGRASS

PETROLEUM DEGRADATION TALL GRASS
EXISTING VS. NEW IMPLEMENTATION 

LOW-IMPACT RECREATION: SWITCHBACK WALKING TRAILS ON 
EXISTING 5 - 20% MAX. SLOPES & LOOKOUT TOWER 

LOW-IMPACT RECREATION: SWITCHBACK HORSE TRAILS ON 
EXISTING 15% - 40% MAX.  SLOPES
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