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Introduction
 
 

“Stream restoration is gaining popularity throughout the United States and the 
world as communities work to repair damages to stream corridor ecosystems 
and the amenities they provide.” 
 

 – US Department of Agriculture, Water Quality & Ecological Processes Research Unit 
 
 

“There are many ways to damage a stream.... Fortunately, there are also 
many ways to revive watercourses.” 

 – Lancaster Sunday News, December 9, 2001 
 
 
The rules for containing the environmental impact of commercial and residential 
development are changing almost every day.  Both at the federal and state levels, 
government agencies have recently instituted programs that attempt far-reaching 
changes in land use and sediment releases into waterways, both from direct 
releases and from nonpoint sources such as stormwater runoff. 
 
Almost all subdivisions in this region, for instance, must now strive to meet high 
standards for managing the natural flood cycle.  Developers must demonstrate that 
they are using best management practices (BMPs) to protect local streams and 
floodplains and that runoff from storms has been unaffected by their building 
activities.  It’s a tough challenge and one impossible to meet by relying on older 
engineering approaches.   
 
There is a new method, however, that addresses the problem of managing regional 
floodplains by restoring their original depth and function and thus achieving a more 
natural balance – in other words, by going “back to the future.”   
 
LandStudies, Inc., a Lititz-based company, helped introduce Pennsylvanians to an 
innovative solution for unstable stream corridors called natural channel design, or 
stream corridor restoration.  Each stream corridor restoration project begins with a 
stream geomorphic assessment following established protocols.  The assessment 
allows LandStudies to gather scientifically sound data and provides a measurable 
way to characterize stream-related erosion and sedimentation and their causes, 
compromised habitat quality, and other problems associated with unstable stream 
conditions.  Assessing stable stream lengths (reaches) allows LandStudies not only 
to compare the data with other reaches along the stream but also to create a natural 
channel restoration design that will remain healthy and stable for the long term. 
 
The fluvial geomorphological methodology associated with natural channel design 
has been so well accepted in the scientific community that the Vermont Department 
of Environmental Conservation has embraced it as a way to: “Provide the data to 
support listing or de-listing of waters pursuant to section 303d of the Federal Clean 
Water Act.  Provide the tools to identify the causes of stream adjustment, the basis 
for restoration and the justification for allocation of restoration and remediation 
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resources in Vermont.” (1.0 Programmatic Quality Assurance Plan For Stream 
Geomorphic Assessment Protocols. Vermont Department of Environmental 
Conservation, Water Quality Division.  Version 1.0.  July 30, 2003.) 
 
What many people don’t understand is that the problem of unstable streams and 
polluted waterways is far older than the relatively recent rise of strip malls, residential 
subdivisions, paved roads, and asphalt parking lots.   
 
Those contemporary developments certainly have contributed to some serious 
environmental problems.  In many ways, though, the worst insult to the natural 
environment – at least in the Chesapeake Bay region – came during the agricultural 
period of the 1800s and early 1900s, when unregulated and often-shortsighted 
farming practices dumped millions of tons of soil into our local streams, valleys, and 
floodplains.  Hundreds of mills and dams built all along our waterways in the 19th 
century also contributed greatly to the problem.  As water slowed down and backed 
up behind these encroachments, sediments dropped out of the water courses, 
raising (aggrading) streambeds to the crest elevations of the dam spillways and 
raising floodplains to the elevations of the embankments.  Once these mills and 
dams crumbled or were removed, the stream beds tried to find their historic levels, 
which meant they started working their way down (degrading) through decades of 
accumulated sediments, leaving higher and higher, denuded streambanks and 
making it more and more difficult for the streams to access the now-elevated 
floodplains during times of high flows.  The water courses also moved from side to 
side, creating new floodplains at lower elevations and, in the process, eroding 
additional soils and sediments from the abnormally high banks. 
 
In the process of floodplains and streams becoming detached from each other, 
streamside vegetation also changed.  Historical vegetation was well suited to being 
inundated with water from time to time, but once the tops of streambanks became 
too high, that vegetation was replaced with often undesirable and invasive species, 
better acclimated to dry conditions and less able to absorb floodwaters and 
pollutants. 
 
The legacy of those events is evident in many miles of stream channels throughout 
the area today – water flowing through unvegetated, high, vertical banks, carrying 
soils, sediments, and attached pollutants with it right on down to the Chesapeake 
Bay, where they are dumped and subsequently upset the balance of one of the 
world’s most highly prized aquatic ecosystems. 
 
To remain stable and healthy, streams and floodplains must remain connected to 
each other.  Floodplains are meant to be flooded.  When stream flows become 
high, stream channels remain stable only if there is some way to dissipate the 
increased energy that comes with increased flow.  Flooding is nature’s way to 
dissipate the extra energy that comes with high stream flows, and, at the same 
time, carry sediments out of the channel and onto the floodplain, where naturally 
occurring vegetation can absorb many of the accompanying nutrients.  Normal and 
comparatively frequent flooding keeps streams stable and healthy, keeps floodplains 
fertile, and prevents on-site streambank erosion and downstream sedimentation.   
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The process of stabilizing streams with natural tools – such as lowering elevated 
floodplains to their historic levels and re-planting native vegetation – is an approach 
that truly uses environmental history to shape our residential future.   
LandStudies’ use of natural channel design mimics nature instead of trying to 
control nature.  By connecting a stream channel to its historic floodplain and 
allowing a natural flooding frequency, the solution to healthy, stable riparian systems 
becomes long-term, low-maintenance, and beneficial to everyone who lives 
downstream. 
 
For most developers, stream corridor restoration means taking one critical leap –
embracing an appreciation for the occasional flood.  The restoration process, using 
natural channel design, emulates that system by creating wetland buffer zones at 
their historic depths.  In this way, flooding can occur in a more regular fashion 
without all of its dangerous connotations.  Healthy wetlands and riparian buffers can 
successfully absorb storm runoff while simultaneously providing an appealing natural 
environment supporting native grasses, shrubs, trees, and other plants.   
 
Part of the genius of the natural stream corridor restoration approach is the 
recognition that nature’s own tools – soils, grasses, shrubs, trees, etc. – are still the 
best ones for promoting healthy waterways.  Seeing the problem in historical terms 
allows one to get past the innate human desire to contain problems by defeating 
them.  Instead, an environmentally friendly approach suggests a more flexible 
response that better manages the challenge by allowing it to occur.  Man-made 
solutions such as asphalt, gutters, storm drains, and flood walls have proven that, in 
the end, they only make the situation worse. 
 
Moreover, stream corridor restoration offers developers and municipal leaders some 
powerful and profitable alternatives in a new regulatory environment.  Stream 
restoration has already been hailed as a cornerstone BMP in the second phase of 
the National Pollutant Discharge Elimination System (NPDES II).  It also offers 
intriguing possibilities for developers seeking to accommodate various nutrient 
trading programs at the state level. 
 
Residents in Lancaster County and other neighboring communities live in one of the 
nation’s most vital natural resources – the Chesapeake Bay watershed.  The 
Chesapeake Bay is the continent’s largest estuary and one of its most beautiful 
habitats.  It also has been an unparalleled wealth generator and continues to be 
home to some of the nation’s most creative and enterprising business people.   But 
to continue both enjoying and developing this region, residents and their elected 
representatives must move forward carefully.   There is room for growth and 
preservation if development proceeds with a healthy respect for the wonderfully self-
regulating power of nature. 
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Section One:  New Environmental Order
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
This eroding 1,800-foot section of Lancaster County stream yields 1,200 tons of 
sediment per year.  Analysis of sediment within similar banks yielded 600 pounds of 
total phosphorus and 210 pounds of total nitrogen per year.  Mostly blaming runoff or 
nonpoint source pollution for these types of high sediment loads, regulators have 
recently imposed tighter floodplain restrictions on new developments. 
 
 
Contemporary agricultural runoff is often blamed for many of the pollutants dumped 
into the waterways of the Chesapeake Bay.  Evidence has been mounting, however, 
that nutrients from decades ago – attached to historical sediments built up in 
floodplains and now being eroded from stream banks – are a major source of today’s 
nitrate and phosphate pollution.  The City of Baltimore funded a study, completed in 
2004, that quantified sediment and pollutant (nitrogen and phosphorus) loads being 
carried in Stony Run in Baltimore City, Maryland.  Study results indicate that, from a 
1,392-foot length of stream channel, an average of 912 tons of sediment eroded per 
year.  Attached to that annual sediment load were 133 pounds of nitrates and 330 
pounds of phosphates, deposited there many years ago.  We believe that because of 
historical land use and agricultural practices, this condition exists throughout the 
Eastern United States.  See Appendix 5 for excerpts from the 2004 
Sediment/Pollution Load Study. 
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NPDES II 
 

Background 
The Federal Clean Water Act (1972) established a permit system known as the 
National Pollutant Discharge Elimination System (NPDES) to curtail the discharge of 
pollutants by factories, sewage treatment plants, and other identifiable “point 
sources.”  The U.S. Environmental Protection Agency (EPA) has been vigorously 
enforcing the NPDES regime since the early 1970s, with a noticeable impact on the 
nation’s water supply.  America’s streams and rivers have become safer and 
healthier in the last 30 years even as business has boomed and the population has 
expanded.  See Appendix 3 for a federal/state legislative timeline.  

The progress in combating pollution from point sources, however, has fueled greater 
concern over nonpoint source pollution from sources such as urban and agricultural 
runoff, residential developments, and septic system discharges.  In 1987, important 
amendments to the Clean Water Act provided the statutory authority to create the 
Nonpoint Source Management Program, which has emerged over the last 10 years 
as a principal federal effort to control man-made impairment of the nation’s 
waterways.  The 1987 Clean Water amendments also directed the EPA to establish 
a phased system for regulating nonpoint source compliance.  Consequently, in 1990 
the EPA issued NPDES I rules to manage runoff from municipal separate storm 
sewer systems (MS4s) serving populations greater than 100,000. 

 

Phase II 

In 2003, the EPA began enforcement of the second phase of the nonpoint source 
compliance regime – NPDES II.  This program affects all MS4s either wholly or 
partially within urbanized areas.  For communities such as Lancaster County, 
Pennsylvania, this means that now virtually all new subdivisions must comply with 
stricter federal rules regarding stormwater runoff management and watershed 
protection.  See Appendix 4 to view urbanized areas in Lancaster County. 

Under a general permit, NPDES II requires a host of measures from the MS4: 

• Public education and outreach 
• Public involvement 
• Illicit discharge detection and elimination 
• Construction site runoff control 
• Post-construction runoff control 
• Pollution prevention and housekeeping 

All covered MS4s are now held to a standard for reducing nonpoint source pollution 
that is defined as the “maximum extent practicable” (MEP), which is more flexible 
than the standards imposed in regulating point source pollution.  In this case, for 
example, the EPA typically acknowledges MS4s as meeting the MEP threshold if 
they employ all reasonable best management practices (BMPs).   But in practical 
terms, all new subdivisions must now strive to ensure that stormwater runoff remains 
the same after the development of the land as it had been before construction 
began.  See Section 3 to view selected BMPs. 
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Pennsylvania’s Growing Greener Grants Program 

 
The Environmental Stewardship and Watershed Protection Act, also known as 
Pennsylvania’s “Growing Greener” initiative, has been called the most ambitious 
environmental initiative in the state’s history.  Signed into law in 1999, the program 
called for the distribution of $650 million over five years.  The state created a 
Watershed Protection and Environmental Stewardship Fund to disperse the grants.  
The fund, administered by the Pennsylvania Department of Environmental Protection 
(DEP), provides grants to local groups and municipalities engaged in efforts to 
protect the state’s water resources, preserve farmland, reclaim abandoned mines, 
and reduce nonpoint pollution.   
 

According to the DEP, specific 
watershed projects likely to receive 
funding can include: “watershed 
assessments and development of 
watershed restoration or protection 
plans; implementation of watershed 
restoration or protection projects 
(stormwater management wetlands, 
riparian buffer fencing and planting, 

streambank restoration… agricultural BMPs); construction of mine drainage 
remediation systems; reclamation of previously mined lands; and 
demonstration/education projects and outreach activities.”   
 
In 2001 alone, LandStudies helped Lancaster County organizations receive over 
$1.2 million from Growing Greener funds for invaluable restoration projects in places 
such as Chiques Creek, Hammer Creek, Lititz Run, Cocalico Creek, and Little 
Conestoga Creek. 
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Other Rules and Regulations 
 

 
 
Stormwater Management Act (No. 167) 
 
This act established the essential regulations protecting watersheds for 
municipalities and developers to consider when undertaking new construction.  It 
authorized the hiring of consulting firms to model stormwater planning though the 
use of sound engineering standards and new technology such as geographical 
information systems (GIS) to map floodplains.  Enacted in 1978, the Stormwater 
Management Act (No. 167) authorized comprehensive watershed stormwater 
management programs while retaining local implementation, enforcement, and 
responsibility.   Under the law, the state DEP provides grants to counties for help in 
developing stormwater management plans for designated watersheds.  The goal has 
been to create a coordinated, watershed-wide approach to development. 

 

 – source:  Pennsylvania Department of Environmental Protection 
 
 
 
 
PennVest 
 
The Pennsylvania Infrastructure Investment Authority (PENNVEST) provides loans 
to help resolve drainage problems.  Loans are available to government agencies for 
“the construction, improvement or rehabilitation of stormwater systems and 
installation of best management practices to address point or nonpoint source 
pollution associated with stormwater.”  According to the DEP, here are some 
examples of stormwater projects eligible for state funding: 

• new or updated storm sewer systems to eliminate stormwater flooding 
or to separate stormwater from sanitary sewer systems  

• detention basins to control stormwater runoff  

• stormwater facilities to implement best management practices to 
reduce nonpoint source pollution  
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Section Two:  Challenges and Obstacles
 
 
Historical Stream Floodplain Elevations 
 
 

Many floodplains were 
once four to five feet below 
their current elevations.  
This picture depicts the 
historical log (corduroy) 
roads immediately above 
the previous channel 
elevations.  The accumu-
lation of sediments above 
the road was the result of 
valleys filling during the 
post-settlement era, after 
the completion of clearing 
forests and constructing 
mills and dams.   

 
 
 
 
 
 
 
A gravel layer four to five feet below 
the surface of the depicted soil 
profile indicates the original 
elevation of the stream bed.  The 
soils above the gravel were 
deposited through the actions of 
erosion and sedimentation.  Typical 
sediment profiles in Lancaster 
County are four to six feet deep.  
They can be as deep as 10 feet 
behind mill dams.  
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Pennsylvania and the Chesapeake Bay 
 

The Chesapeake Bay is the largest estuary (mixed fresh and salt water habitat) in 
North America.  Parts of six Southern and Mid-Atlantic states, including 
Pennsylvania, constitute the greater Chesapeake Bay watershed.  All of the 
waterways in Southeastern Pennsylvania are integral components of the watershed.   
 
The history of the Chesapeake Bay region is the history of America, from the 
settlement at Jamestown right up to the present day.  Currently, over 16 million 
people and more than 3,600 species of plants and animals share this valuable 
stretch of land. 
 
The result of this interaction has been wonderful – and sometimes unfortunate.  
Americans since the 17th century have been awed by the pleasures and resources of 
the Chesapeake Bay, but especially in 
more modern times, man-made 
activities have threatened those awe-
inspiring bounties.   “Many of 
Pennsylvania's surface waters, 
including Chesapeake Bay tributaries,” 
reports the Natural Resources Defense 
Council, “are also contaminated with 
nitrates and other animal-related 
pollutants.”  The NRDC adds that the 
“lower Susquehanna watershed, for 
example, suffers from high levels of 
nitrogen enrichment” and points out 
that the “glut of the nutrients nitrogen 
and phosphorus is the leading cause of environmental degradation in the 
Chesapeake Bay.” 
 
This is critical because pollutants flowing into Pennsylvania waterways have been 
damaging the all-important Chesapeake Bay watershed for generations.  Wide and 
shallow streams and creeks contribute their own problems, but centuries of human 
interaction – farming, milling, industry, and residential development – have created 
devastating environmental problems that have radically altered the ecosystem and 
continue to threaten the entire Chesapeake Bay watershed.   The NRDC explains 
that nitrogen in the waterways “fuels the runaway growth of algae,” which consumes 
oxygen as it decomposes and thus depletes the Bay water’s oxygen supply, “a 
crucial element for survival of the Chesapeake's famed shellfish and fish stocks.” 
 

– sources:  http://www.cbf.org/site/PageServer?pagename=resources_facts_general
and http://www.nrdc.org/water/pollution/factor/stpen.asp  
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Current Types of Pollution 
 

• According to the EPA’s most recent Water Quality Assessments, almost 40 
percent of the nation’s waterways are impaired by an excessive Total 
Maximum Daily Load (TMDL) of various pollutants.  “Agriculture is the leading 
source of pollution in assessed rivers and streams,” concludes the report, 
noting that siltation from farms contributes to almost 50 percent of the 
nation’s reported water quality problems.   

 
• The 2000 Water Quality Report in Pennsylvania found that 80 percent of the 

state’s surveyed rivers and streams had good water quality. 
 

– source:  National Water Quality Inventory, 2000 Report, p. 15 
 

• Of the 20 percent of the state’s waterways that showed significant 
impairment, the leading nonpoint causes were: 

1) Agriculture 
2) Drainage from abandoned mines 
3)  Urban runoff/storm sewers 
4)  Habitat modification 
 

– source:  Pennsylvania Department of Environmental Protection,  
Bureau of Water Supply and Wastewater Management, 

Division of Water Quality Assessment and Standards 
 

• More urbanized areas of the state report a different balance.  In the 
Philadelphia suburbs, environmentalists have claimed that sprawl or 
development contributes up to 40 percent of the region’s stream pollution 
because of heightened erosion and the increased flow of contaminants, 
created largely by impervious surfaces such as roads, pavements, and 
parking lots. 

– source:  “Regional Open Space Priorities Report,” (2003) 
Greenspace Alliance of Southeastern Pennsylvania, p. 5 

 
 

• According to the Natural Resources Defense Council, “Lancaster's 
Conestoga River has the highest concentration of nitrogen and 
phosphorus of any Susquehanna tributary monitored by the 
Susquehanna River Basin Commission.”  These discharges are the result 
principally of agricultural runoff. 

 

– source:  http://www.nrdc.org/water/pollution/factor/stpen.asp  
 
• It is also worth noting that despite the many advances in federal and state 

clean water regulation, industrial pollution remains a problem in heavily 
industrialized states such as Pennsylvania.  A coalition of environmental 
groups issued a study based on the EPA's Toxic Release Inventory (TRI), 
which placed Pennsylvania as the nation's second worst state for illegal 
toxic dumping into waterways.  More than 40 million pounds of toxic 
pollutants were released into state waterways in 1997 (out of 270 million 
pounds nationwide).  According to the study, 18 percent of the state's 
largest industrial facilities violated the Clean Water Act. 

 

– source:  Pittsburgh Post-Gazette, February 18, 2000 
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New Development and Floodplains 
 

• The nation’s average annual decline in wetlands has slowed since the 
1960s, but the current estimated loss is still nearly 60,000 acres of 
wetlands per year – caused mainly by filling and draining, conversion to 
farming, residential development, and road construction. 

 

– source:  Profile from the 2000 National Water Quality Inventory Report 
produced by the EPA 

 
 

• According to the Greenspace Alliance of Southeastern Pennsylvania, the 
region’s open space is being converted to various uses by development 
at a rate that currently exceeds population growth by a factor of 10.  
Current projections suggest that almost 180,000 more acres of land will 
be consumed by 2025 if the current growth rate continues unabated. 

 

  – source: Regional Open Space Priorities Report (2003), pp. 5-6 
 
 

• The problems caused by sprawl or residential development are especially 
acute in the greater Chesapeake Bay region.  According to a recent 
report by the Chesapeake Bay Foundation, “More than 90,000 acres 
(nearly 150 square miles) of open land are consumed annually by growth 
in the Bay states.” 

 
 
The results of floodplain loss are disturbing but easy to catalogue: 
 

1)  Channel incision and erosion 
2)  Reduced water quality and higher total nitrogen/phosphorous loads 
3)  Loss of vegetation and destruction of native habitats 

  4)  Greater flooding potential 
5) Destruction of aquatic life 

 
 

    13



A LandStudies Policy Report  March 2004 

 
 
Section Three:  Best Management Practices 
 
 
Cause:   Restore/Relocate Stream to Historic Location (if possible) 
  Maximize “Flooding” of Floodplain   
 
Effect:  Increase: Storage Area for Sediment and Nutrients 

Aquatic/Wildlife Habitat 
    Water Quality 
  
  Decrease: Downstream Sedimentation and Flooding 

Nutrient Pollution 
Streambank Erosion 

 
 
 
 

 
 Before: 
  
The tops of the eroding 
banks are too high to serve as 
a functional floodplain.  Note 
that the water must be three to 
five feet deep before it can 
reach the top of the bank (the 
floodplain). 
 

 
 
 
 
 
 
After: 
 
The floodplain has been 
excavated to its historic 
elevations. Note that now the 
water must be only one foot 
deep to access the floodplain 
and that the streambanks are 
vegetated and stable.   
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Riparian Zones 
 

Let it flood… 

According to the EPA, riparian zones are ecosystems along a waterway through 
which “energy, materials, and water pass.”  The federal agency notes that riparian 
zones “characteristically have high water-tables and are subject to periodic 
flooding and influence from the adjacent water body.”   Riparian zones include 
both wetlands and uplands and are vital for promoting the filtration of stormwater and 
for preventing the dissemination of pollutants, sediments, and other discharges that 
might impair water quality. 

Centuries of human interaction have seriously impaired numerous riparian zones 
along waterways throughout the Chesapeake watershed.  Re-establishing full-
fledged riparian zones near developed areas means not only accepting the 
inevitability of flooding, but also recognizing the inherent desirability of such 
natural flooding.  Studies suggest that storms need to access the floodplains, on 
average, five or six times each year, but many areas see floodplains accessed only 
once or even less frequently.  The result is destabilizing and dangerous to the 
existing environment. 

LandStudies has created fully functional riparian zones that can absorb the impact of 
runoff without diminishing the visual appeal of neighborhoods and municipal or 
industrial facilities.  They have done this by restoring the stream and floodplain, by 
lowering floodplains to their historic elevations, and by re-establishing vegetation 
suitable for stormwater filtration.  
 
 
The streambed is dropping to its 
historical, pre-1800s elevation 
(foreground).  More recently  
deposited sediments are being 
released into the unstable water  
course as the process to erode the 
bed, banks, and floodplain to their 
historical elevations works its way 
upstream.  At the current rate of bed 
and bank erosion in this stream, the 
sewerage manhole sitting in the  
stream (background) will be  
completely exposed within a year.   
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Planting Success 

 
 
The EPA has indicated that the key to planting trees, shrubs, and grasses effectively 
in a wetlands restoration effort is to use native species while striving for habitat 
diversity.   
 
LandStudies landscape architects have planted riparian or streambed buffers in over 
50 locations that include residential developments, treatment facilities, and golf 
courses.  Working with residents of one local golf course and residential 
development, the landscape architects encountered some of their most challenging 
planting dilemmas.  They discovered, however, that warm-season grasses and 
earthen berms (or small landscaped terraces) created the perfect means of buffering 
the homes from the course while retaining the sweeping Scottish links character of 
the course. This berming also allowed the homeowners breathtaking views of the 
course while protecting the privacy of their living spaces. Large areas devoted to 
reforestation were strategically placed to reduce wind within the development and 
create a sense of scale within the community.  LandStudies worked with new 
homeowners individually to develop landscape plans that were unique to their needs 
while protecting the character of the overall golf course community. 
 
Partnering with the Lancaster County Conservation District, the Lititz Run Watershed 
Alliance, and Donegal Chapter of Trout Unlimited, LandStudies is currently working 
to install Best Management Practices (BMPs) on farms throughout the Lititz Run 
watershed.  The BMPs related to planting include the introduction of forested riparian 
buffers, wetland creation, grassed waterways, and invasive plant control. 
 

 
Planting efforts are of particular 
importance around riparian zones. 
As seedbanks from buried 
floodplains are excavated, they 
germinate into natural systems 
that trap sediments and nutrients 
and thus help disperse potential 
pollutants. These native plants are 
adapted to floodplains that 
experience seasonal flooding. 
This type of vegetation cannot 
survive unless functioning 
floodplains are restored.  Studies 
have repeatedly shown that 
nitrogen removal occurs at a 

much higher rate when such vegetation is within 12 to16 inches of groundwater.  
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Moving Soil and Water 
 

 
Moving Water 
Many streams in Pennsylvania are too wide and shallow.  Agriculture is often blamed 
for sediment runoff, but the truth is that in this state much of the sediment that can 
impair water quality actually comes from the floor and banks of the streams 
themselves.   
 
LandStudies became involved in the area’s most ambitious tactic of stream 
relocation in the early 1990s, when a local waterway (Octoraro Creek), which was 
wide and shallow, proved to be carrying an excessively heavy sediment load.  
Analysts estimated that just one portion of the creek produced 1,500 tons of 
sediment annually.  LandStudies then proceeded to relocate 1,650 feet of channel, 
creating a wetland buffer zone and a much more naturally flowing stream. 
 

Moving Soil 
Many firms involved in floodplain management resist attempting wholesale changes 
to the floodplain elevation.  Instead, they choose to install quick-fix stabilization 
efforts such as rock rip-raps along streambanks or within streams themselves.  Many 
firms recommend developing stormwater management ponds – an approach that 
fails to acknowledge the historical discontinuity created by elevated floodplains. 
 
LandStudies stands apart in its determination to move soil in order to re-establish 
historical floodplain levels.  Besides improving the riparian ecosystem, such an 
approach also promises to yield results for developers and municipalities interested 
in participating in nutrient trading programs currently under development. 
 
The Pennsylvania Department of Environmental Protection is working with 
LandStudies and several other firms to promote a pilot nutrient trading program in 
the Conestoga River Watershed.  The LandStudies approach of attempting extensive 
soil removal offers a convenient way for companies or municipalities to gain credits 
within such a trading regime by exceeding their nutrient filtration requirements.  And 
by re-establishing a functioning floodplain that can absorb and disperse nutrients 
such as nitrates and phosphates on a regular basis, the LandStudies method 
promises clients a continuous advantage within the trading marketplace.  
 
The Lancaster County Department of Engineering is working with LandStudies to 
quantify the benefits of BMPs related to stormwater in the Conestoga River 
Watershed.  The primary goal of implementing both traditional and non-traditional 
BMPs in the agriculturally based Conestoga River watershed is to reduce sediment 
and nutrient loading in the Conestoga River and, ultimately, in the Chesapeake Bay.  
To date, the effectiveness and benefits of BMP implementation have been difficult to 
calculate because sediment and nutrient reductions have not been quantified. 
   
Specifically with regard to Act 167 applications, there is increased sentiment 
statewide, as well as recognition in Lancaster County, that a sound and effective Act 
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167 Plan should be a diversified, multiple-purpose plan, addressing the full range of 
hydrologic consequences resulting from development instead of simply focusing on 
controlling site-specific peak flow, without consideration of tributary timing, flow 
volume reduction, base flow augmentation, water quality control, and ecological 
protection.   
 
The implementation of BMPs is an important first step; quantifying the benefits of 
those BMPs in a variety of settings is a critical follow-up. The goal of the plan is to 
ensure less impact on the Conestoga River and its tributaries after land currently 
zoned for development is actually developed. 
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Appendix 1:  Glossary 
 

Clean Water Act (CWA) 33 U.S.C. s/s 121 et seq. (1972, 1977, 1987)  
The current Clean Water Act is based largely on a 1977 amendment to the Federal 
Water Pollution Control Act of 1972, which set the basic structure for regulating 
discharges of pollutants to waters of the United States.  The CWA makes it unlawful 
for any person to discharge any pollutant from a point source into navigable waters 
unless a permit (NPDES) is obtained under the Act. In 1987, the CWA was 
reauthorized and extended to cover nonpoint source pollution through additional 
phases of the NPDES system. 
 
MS4 
Acronym used by the EPA for “municipal separate storm sewer systems.”  MS4s of 
different sizes fall under various phases of the NPDES anti-runoff control program.  
Phase 1 of the NPDES program covered MS4s serving populations greater than 
100,000 people.  Phase 2, promulgated in 2003, covers all MS4s wholly or partially 
within urbanized areas as defined by the 2000 census.   This covers virtually all new 
subdivisions in Lancaster County. 
 
Natural channel design 
Innovative approach to flood management that aims to curb erosion and waterways 
pollution by stabilizing streams through the creation of a more natural condition that 
restores historic orientation and form to the stream.  
 
Nonpoint Source Pollution  (also called “runoff” or “stormwater”) 
“NPS pollution occurs when rainfall, snowmelt, or irrigation runs over land or through 
the ground, picks up pollutants, and deposits them into rivers, lakes, and coastal 
waters or introduces them into groundwater.  Imagine the path taken by a drop of 
rain from the time it hits the ground to when it reaches a river, groundwater, or the 
ocean. Any pollutant it picks up on its journey can become part of the NPS problem. 
NPS pollution also includes adverse changes to the vegetation, shape, and flow of 
streams and other aquatic systems.” (EPA, Pointer No. 1 EPA841-F-96-004A)   
 
Riparian 
Anything having to do with a stream or river bank.  In wetland restoration, landscape 
architects typically strive to create a riparian buffer zone to absorb intermittent 
flooding by natural means. 
 
ACT 167 
The Storm Water Management Act (Act 167) was adopted in 1978 in Pennsylvania 
to help counties implement stormwater management ordinances and regulations. 
Under the program, counties develop grant agreements with the DEP to cover 75 
percent of the cost to prepare a comprehensive stormwater management plan.  
Once the county and the DEP approve the plan, municipalities within the county 
adopt ordinances consistent with the plan requiring developers to comply with 
specific standards when preparing any land development plans. 
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Appendix 2: Selected LandStudies Projects

Project #1:  Stewart Run

BEFORE

AFTER

LandStudies has been working with the Octoraro
Watershed Association for several years to develop
and implement a stewardship plan for the watershed,
beginning with the “Headwater Assessment of the West
Branch Octoraro Creek Watershed.”  Stewart Run, in
southern Lancaster County, is part of the headwaters
for the 176-square-mile Octoraro Creek watershed,
designated a Pennsylvania Scenic River in 1983.

Stream corridor restoration projects are particularly
valuable in watershed headwaters, because the erosion
and sedimentation problems that arise from instability
upstream can affect the entire watershed.  Restoring
headwaters has long-term beneficial effects on the
main stem of water bodies.

AERIAL

20

Stewart Run has become degraded over time because of agricultural activities, channel straightening,
and the existence and subsequent removal of a dam.  Accelerated erosion is a substantial problem.
Stewart Run contributes large amounts of sediment and
pollutants  into the West Branch Octoraro Creek.  The
“Before” photograph, above, illustrates the highly
unstable condition of Stewart Run, with high, vertical,
exposed banks and acute bends and turns in the stream
channel.

The “After” photograph shows a portion of Stewart Run
restored to its historical, stable condition.  Banks were
cut down, allowing high flows to escape onto the
floodplain rather than scouring the bed and banks of the
channel.  Sod mats provide immediate bank stabiliza-
tion and improve aesthetics.  The “After” photograph
was taken two months after the sod mats were installed
and just one week after a pounding, seven-inch rainfall
(September 2003).  Excess flows moved into the floodplain, where they were filtered by the vegetation
and returned naturally to the groundwater supply.  The restored channel and banks remained stable,

with virtually no erosion.

The bird’s-eye view of the Stewart Run stream
corridor restoration shows the gentle meanders of
a stable stream.  The restoration design included
the creation of pools and riffles for aquatic wildlife,
and in-stream structures (rock vanes) help control
the flow while providing additional habitat features
for wildlife.  The light areas at either end of the
restored reach are stabilized cattle crossings.  The
local chapter of Trout Unlimited will contribute to
the restoration in this area by planting native-
species shrubs and trees to create a riparian buffer.
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Project #2:  Rife Run - Mummau Park

Rife Run, a tributary to Chiques Creek, flows
through Rapho Township and Manheim
Borough in Lancaster County.  The 900-foot
reach shown here was targeted for restoration
during the 2002 Chiques Creek Watershed
Assessment, conducted by LandStudies and
commissioned by the Chiques Creek Water-
shed Association.

Historical and on-site research indicated to
LandStudies that the original channel had
been straightened and ditched for agricultural
purposes and possibly also during construc-
tion of the Route 772 bridge at the down-
stream end of the reach.  Before restoration,
the stream channel exhibited typical charac-
teristics of an unstable stream trying to
restore itself to a stable pattern and profile (above) – high, vertical, eroding banks; sharp bends

rather than gentle meanders; and deposition in
the channel that forces the channel into the
opposite bank, creating even more erosion. The
sideways, or lateral, movement of the channel
as it tried to establish a lower floodplain had
exposed a water pipe (left).  Fortunately, the
pipe was an inactive one.

LandStudies restored this section of Rife Run by
moving the stream channel nearer to its historical
location, creating gentle meanders with pools and
riffles, and cutting the floodplain and the stream
bed down to their lower, historic elevations.  As in
most of LandStudies’ stream corridor restoration
projects, in-stream structures such as root wads
and rock vanes (seen in photo, below) help control
the direction of flow, maintain channel grade, and

enhance the aquatic habitat.  LandStudies created a stream corridor with long-term health and stability,
improved the streamside (riparian) and in-
channel habitat, and improved floodflow
access to the floodplain and through the
downstream bridge.

Volunteers from the Chiques Creek Watershed
Association planted both sides of the lower,
restored floodplain with native trees and shrubs
according to LandStudies’ restoration plan.  Once
these plantings are established, the newly restored
reach of Rife Run will serve as an aesthetically
pleasing stream corridor restoration demonstration
project in a highly visible public park.

BEFORE

BEFORE

AFTER
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Project #3:  Hammer Creek - Snavely’s Mill

BEFORE

AFTER

Hammer Creek is located in the headwaters of the
Conestoga River.  Both bodies of water are listed on
Pennsylvania’s State Water Plan as “impaired” by
agricultural pollutants and siltation problems.  The
Hammer Creek Watershed Association selected the
nearly 2,500-foot reach of Hammer Creek at the
Snavely’s Mill site as a high-priority restoration project
because of mass wasting of stream banks and degraded
aquatic habitat.

The schematic shown above right, based on aerial
photographs, provides a dramatic example of not only
the Hammer Creek restoration project but also many of
LandStudies’ stream corridor restorations.  The old
channel, shown in blue, has many tight bends.  The
restored channel, relocated to the center of the historical
floodplain, contains gentle meanders that help prevent
erosion.  The lighter blue areas are wetlands.  Hammer
Creek, like most other unstable, degraded streams,
flows through high, vertical banks that continue to erode
because floodflows cannot access the floodplain (right).

LandStudies moved the Hammer Creek channel from
the mill race to its original path through the floodplain,
cut down the banks to lower elevations, installed sod
mats along the banks for immediate stabilization, and
created or restored more than 10 acres of emergent and
forested wetlands.

After just one growing season, seedbanks
that had been buried for decades came
back to life and created a floodplain filled
with lush wetland vegetation.  The photo-
graph on page 16, under “Planting Suc-
cess,” depicts the newly restored wetland
vegetation at the Snavely’s Mill site.

LandStudies designed the project to preserve
as many mature trees of desirable species as
possible to provide seed for the future forest
along Hammer Creek.  They also eradicated
undesirable, invasive species such as
multiflora rose, mile-a-minute, and Japanese
honeysuckle over more than five acres.

The photographs to the left show the site
just a few months after its spring 2003
completion.  Notice the silt that has
already accumulated on the lower, now-
accessible floodplain.  This is material
that, otherwise, would be carried down-
stream and eventually dumped into the
Chesapeake Bay.

22
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Project #4:  Cocalico Creek - Church Street
The Cocalico Creek stream corridor restoration
project along Church Street in Ephrata, Lancaster
County, is of particular interest because it in-
volved LandStudies’ coordination, design, and/or
construction of three projects in one: the restora-
tion of 2,200 feet of unstable, eroding stream
corridor for the Save Our Creeks organization, the
construction of streamside wetlands as a mitiga-
tion for Wal-Mart, and the design of one segment
of a proposed seven-mile creekside trail for the
Borough of Ephrata.  The aerial photograph
shows the newly restored channel immediately
after construction, along with the created wetlands
– one on either bank.  The pedestrian trail will be
installed on the right bank, along the larger
wetland area, which replaced a high-maintenance,
mowed turfgrass field.

AERIAL

BEFORE

AFTER

The 2,200-foot stream restoration: stabilized the
stream channel; reconnected the channel with its
floodplain; created a more efficient conveyance of
flood flows throughout the reach, especially at a
constriction caused by a bridge at the downstream
limit of the project; improved conveyance of both
sediment and stormwater; and improved wildlife
habitat, both in and near the stream.

LandStudies used a natural channel design approach
to the restoration by relocating a portion of the stream
to its more natural location, grading banks that were
too steep and high, and installing in-stream structures
such as rock vanes, log vanes, and root wads to help
control grade, convey flows, and augment in-stream
aquatic habitat.  Numerous native trees and shrubs
were planted to enhance the existing riparian buffer
and create additional buffer.  Landscape-grade trees
were planted near the larger wetland, along the right
bank, where the public pedestrian trail and educa-
tional signage will be installed.  Both emergent
wetland areas were planted with native wetland
grasses and forbs.  Temporary water control struc-

CREATED WETLAND

tures in the wetlands will allow manual
control of water levels until the plants are
well established.

Large trees along the stream were
saved wherever possible.  One healthy
river birch specimen was in the path of
earth-moving activities, so, rather than
destroy it, LandStudies dug it up and
replanted it in the restored floodplain,
where it is thriving.
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LandStudies, under the auspices of the Octoraro
Creek Watershed Association, identified a 1,650-
foot reach of the Octoraro Creek, adjacent to the
Octoraro Plant Nursery and bordering Colerain and
East Drumore townships in southern Lancaster
County, as a high-priority restoration site.  The
stream displayed typical signs of instability: tight
bends; high, vertical, eroding banks with a flood-
plain detached from the stream channel; a heavy
load of sediment; and lateral migration of the
channel itself.

To restore this stream corridor using the fluvial
geomorphological principles of natural channel

Project #5:  Octoraro Creek

AERIAL

design, LandStudies relocated much of the channel to its historical location, creating gentle meanders
instead of tight bends, and designing a flow of alternating pools and riffles, with slower-flowing pools in
the meander bends and the faster riffles through the straighter stretches.  The floodplain elevations were
reduced, providing dramatically improved floodflows and sediment transport, while imparting long-term
stability to the stream corridor.  The restoration also included the creation of almost 10 acres of wetlands
and wetland pockets scattered throughout the abandoned channel and floodplain.

The floodplain, wetland benches along the stream
channel, and wetland pockets in the restored
floodplain were vegetated with herbaceous
growth from the newly exposed seedbanks.
Mature, native shrubs were acquired from the
adjacent nursery.  Native trees and shrubs
(willows, chokeberry, arrowwood, and silky
dogwood) were transplanted from a downstream
property and from areas scheduled for excava-
tion.  The rootballs of arrowwood planted along a
wetland bench helped stabilize the outside bank
of a meander pool.  After the project was com-
pleted, a landowner along the reach planted
approximately two acres of native woody plants
through the Conservation Reserve Enhancement
Program to further improve the riparian corridor
and wildlife habitat.

BEFORE

AFTER RESTORED SEEDBANK
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Appendix 3:  Federal/State Legislative Timeline 
 
1899 Congress passes the Rivers and Harbors Act (sometimes referred to as the Refuse 

Act), generally regarded as the first piece of federal environmental protection 
legislation.  Prompted by the need to keep the nation's rivers free from obstruction, 
the law places limits on waste discharges. 

  
1905 Pennsylvania adopts Act 182, Purity of Waters Act, to ensure clean supplies of 

drinking water (repealed in 1984). 
  
1913 Pennsylvania bans the discharge of anthracite coal into streams (Act 375). 
  
1924 Congress passes Oil Pollution Act, banning the discharge of oil into navigable waters. 
  
1937 Pennsylvania adopts Act 394, Clean Streams Law, protecting streams from pollution 

and strip coal mining. 
  
1948 Congress passes the Federal Water Pollution Control Act, commonly known as the 

first Clean Water Act, which establishes federal standards for safe drinking water but 
relies on state and local enforcement.  Under the legislation, the Surgeon General of 
the Public Health Service has principal oversight responsibility for water pollution. 

  
1952 Congress extends Water Pollution Control Act. 
  
1956 Congress amends Water Pollution Control Act, providing expanded authority.  
  
1961 Congress amends Water Pollution Control Act, moving responsibility for monitoring 

water pollution directly to the Secretary of Health, Education, and Welfare (HEW). 
  
1961 Delaware River Basin Compact is signed by various states, creating a 

groundbreaking multi-state conservation effort. 
  
1965 Pennsylvania adopts Act 515, Open Space Act, to promote the preservation of 

farmland and open spaces. 
  
1965 Federal Clean Water policy is amended through the Water Quality Act, designed to 

simplify federal water quality standards and formalize state and local enforcement 
procedures that include arbitration and negotiation. 

  
1966 Congress passes Clean Water Restoration Act, providing funds for Water Quality Act. 
  
1968 Creation of Pennsylvania's Department of Environmental Resources (DER). 
  
1968 Pennsylvania's Municipalities Planning Code (MPC) is revised, establishing a 

framework for state municipal planning laws that will remain unchanged until 2000. 
  
1970 Congress passes the Environmental Quality Improvement Act, designed to help 

implement the National Environmental Policy Act (NEPA). 
  
1970 In July, President Richard Nixon proposes the creation of the Environmental 

Protection Agency (EPA), which Congress quickly approves. 
  
1970 Congress passes the Water Quality Improvement Act, which replaces the Oil 

Pollution Act of 1924 and substantially strengthens the federal government's ability to 
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stop oil spills. 
  
1971 Adoption of the Environmental Rights Amendment to the Pennsylvania state 

constitution, guaranteeing clean air and water to state citizens. 
  
1972 Congress passes the Ocean Dumping Act. 
  
1972 Congress passes a new version of the Clean Water Act that finally provides for real 

federal enforcement tools, establishing potential criminal penalties and authorizing 
the EPA to issue and regulate point source discharge permits. 

  
1974 Congress passes the Safe Drinking Water Act. 
  
1977 Major Clean Water Act amendments passed by the Congress. 
  
1978 Pennsylvania adopts Act 167, The Stormwater Management Act. 
  
1980 Pennsylvania adopts the Solid Waste Management Act, which becomes the state's 

basic law regulating the treatment and disposal of municipal and hazardous waste.   
  
1984 Pennsylvania adopts Act 43, Safe Drinking Water Act. 
  
1987 Amendments to the Federal Clean Water Act establish a phased nonpoint source 

pollutant compliance system – NPDES. 
  
1988 An oil storage tank collapses at an Ashland Oil Company site near Pittsburgh, 

releasing 770,000 gallons of diesel oil into nearby rivers and creating the worst such 
spill in Pennsylvania history. 

  
1988 Pennsylvania enacts a state Superfund bill to clean up the state's worst waste sites. 
  
1989 Pennsylvania adopts the Storage Tank and Spill Prevention Act, a comprehensive 

program to prevent leaks and spills from storage tanks above and below ground.  
  
1990 EPA begins NPDES I, which affects MS4s serving over 100,000 people.  
  
1992 Pennsylvania legislature amends the Surface Mining Conservation and Reclamation 

Act to better protect drinking water supplies from mine discharges. 
  
1995 Pennsylvania DER reorganizes as DEP and DCNR. 
  
1999 Governor Tom Ridge signs into law the “Growing Greener” initiative, authorizing the 

investment of more than $650 million for the promotion of farmland preservation and 
watershed restoration. 

  
2000 Governor Tom Ridge signs into law Acts 67 and 68, which amend the Municipalities 

Planning Code (MPC) for the first time in any significant way since 1968, providing a 
variety of incentives for regional planning and farmland preservation. 

  
2003 The EPA begins implementing NPDES II, which affects all MS4s wholly or partially 

within urbanized areas. 
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Appendix 4:  Urbanized Areas in Lancaster County 
 

NOTE:  The shaded areas fall under NPDES Phase II guidelines 
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Appendix 5:  2004 Sediment/Pollution Load Study 

 

 

 
• Conducted on Stony Run in the City of Baltimore  

• Funded by the City of Baltimore Department of Public Works, 
Bureau of Water & Wastewater, Water Quality Mgmt. Section 
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VIII. Time-Trend Analysis 
 
The Time-Trend Analysis provides the validation phase of this study to confirm and quantify 
the Channel Stability Predictions performed earlier in this study effort. The time-trend data 
has been analyzed using two methods including bank pin measurements and monumented 
cross sectional surveys. The bank pins and monumented cross sections were established in the 
spring of 2002. The time-trend monitoring data has been collected over one time interval thus 
far, which spanned approximately 17 months. Over this monitoring period, numerous bankfull 
and greater events have occurred. Since numerous bankfull events passed through our study 
corridor, we can assume that the channel derived sufficient energy to transport the available 
sediment load and either maintain or adjust its morphological characteristics. This Time-Trend 
Analysis will provide the primary means of establishing a prioritized order for restoration at 
specific locations along the stream corridor.  This information will then be the basis for 
providing a Stony Run restoration plan that addresses specific channel instabilities.   
 
8.1 Lateral Validation from Bank Pins 
 
Bank pins provide the means to measure the amount of lateral (stream bank) erosion over the 
study period by measuring the exposed bank pin length protruding from the bank. The bank 
pins were driven into the banks at a 90-degree angle until flush with the surface at the time of 
installation in the spring of 2002. The lateral erosion shown by the length of bank pin exposed 
provides the means to quantify the amount of sediment generated over the monitoring period 
of approximately 17 months. The bank pin exposure has been extrapolated over the length of 
reach that is representative of the bank conditions where the pins were installed and over the 
height of the bank influenced by each pin installed in the bank profile. In most cases 
numerous bank pins were installed in each stream bank being studied, and therefore the 
erosion measured from each pin was only applied to the region representing each pin. See 
Appendix B-1 for the locations of the bank pin installation.  
 
Since the bank pins only measures stream bank erosion and does not consider total channel 
erosion, the bank pin data provides the means to validate the Lateral Stability Predictions 
utilizing the BEHI and NBSS methodology for the same 7 percent of Stony Run’s main-stem 
using the USFS Colorado Stream Bank Erodibility Curve, as presented in the Channel 
Stability Predictions chapter of this report. Moreover, the bank pin time-trend data allows for 
the development of a Stony Run Stream Bank Erodibility Curve that is based on actual 
measured data specific to the Stony Run corridor. This curve provides the means to more 
accurately predict stream bank erosion in the Stony Run and neighboring watersheds with 
similar geologic conditions. The Stony Run Stream Bank Erodibility Curve is included in 
Appendix D-2 with the BEHI and NBSS data forms.  
 
The following Table 8-1 summarizes the collected bank pin data for the Lower Stony Run 
study corridor and reports the length of each pin exposed over the study period. The pin 
exposure length is converted to an actual quantity of stream bank erosion measured at each 
pin location.   
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Table 8-1:  Summary of Bank Pin Measurements 
Cross 

Section 
No. 

Bank 
Pin 
No. 

Study 
Period 

(Weeks) 

Exposed 
Pin 

Length 

Length 
of Study 

Bank 

Study 
Height 
of Bank 

Pin 

Cubic 
Feet of 
Erosion 

Tons 
Erosion 

Per 
Study 

Avg. Tons 
Erosion 

Per 
Year 

1-1 1-1 72 0.16’ 35’ 1.5’ 8.4 0.4 0.3 
1-1 1-2 72 0.08’ 35’ 1.5’ 4.2 0.2 0.2 
3-1 3-1 67 0.00’ 81’ 4.9’ 0.0 0.0 0.0 
3-1 3-2 67 0.00’ 81’ 4.8’ 0.0 0.0 0.0 
4-1 4-1 72 0.07’ 96’ 6.6’ 44.4 2.1 1.6 
4-1 4-2 72 1.21’ 96’ 6.6’ 766.7 36.9 27.7 
4-2 4-3 72 * 97’ 16.9’ * * * 
5-1 5-1 55 0.35’ 76’ 5.2’ 138.3 6.7 6.6 
5-1 5-2 55 0.35’ 76’ 5.2’ 138.3 6.7 6.6 
5-1 5-3 55 0.29’ 76’ 5.2’ 114.6 5.5 5.4 
5-2 5-4 71 0.15’ 97’ 2.2’ 32.0 1.5 1.1 
5-2 5-5 71 Buried 97’ 2.3’ - - - 
5-2 5-6 71 2.00’ 97’ 2.3’ 446.2 21.5 16.4 
5-3 5-7 71 >3.00’ 41’ 2.8’ 344.4 16.6 12.6 
5-3 5-8 71 >3.00’ 41’ 2.8’ 344.4 16.6 12.6 
5-3 5-9 71 >3.00’ 41’ 2.7’ 332.1 16.0 12.2 
5-3 5-10 71 >3.00’ 41’ 2.7’ 332.1 16.0 12.2 
6-2 6-1 73 0.00’ 50’ 3.0’ 0.0 0.0 0.0 
6-2 6-2 73 0.00’ 50’ 3.0’ 0.0 0.0 0.0 
6-2 6-3 73 0.00’ 50’ 3.0’ 0.0 0.0 0.0 
6-2 6-4 73 0.00’ 50’ 3.0’ 0.0 0.0 0.0 
6-2 6-5 73 0.00’ 50’ 3.0’ 0.0 0.0 0.0 
7-1 7-1 72 2.55’ 190’ 2.3’ 1114.4 53.7 40.3 
7-1 7-2 72 1.25’ 190’ 2.3’ 546.3 26.3 19.7 

 
Totals: 

 
 

 
 

 
 

 
763’ 

  
4,706.8 

 
226.7 

 
175.5 

* Due to catastrophic stream bank failure along JHU campus, unable to capture bank pin exposure. 
 
 
The results of the bank pin measurements show that our stability predictions from the BEHI 
and NBSS methodology were fairly accurate in prioritizing which study reaches are in the 
least stable to most stable conditions. However, the Channel Stability Predictions using the 
BEHI and NBSS methodologies over estimated the total quantity of erosion by an 
approximate factor of 2. Therefore, we have validated that the USFS Colorado Stream Bank 
Erodibility Curve is not an accurate predictor of lateral bank erosion given the 
geomorphological conditions of Stony Run. The stream bank soils throughout the Stony Run 
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corridor are somewhat cohesive and therefore yield lower erosion rates than stream banks that 
are dominated with sand and gravel. The soil cohesiveness could be one logical explanation 
for the lower than expected erosion rates based on the USFS Colorado Stream Bank 
Erodibility Curve. 
 
8.2 Total Channel Erosion from Cross Sectional Evaluation 
 
The monumented cross sections were set and surveyed in the spring of 2002 and were then re-
surveyed in the fall of 2003 for an approximate monitoring period of 17 months. The cross 
sections were monumented with 3-foot rebar stakes and capped with a plastic hub, so that 
each cross section could be accurately recovered and re-surveyed in the future. The cross 
sectional data from the spring of 2002 and the fall of 2003 has been plotted and overlaid so 
that the cut and fill changes in each section could be accurately measured using 
streaMMetrics MS-Excel based program. The cut and fill quantities have been extrapolated 
over a reach length that is representative of the channel conditions where each cross section 
was surveyed. This methodology allows for the calculation of tons of cut and fill over the total 
study period as reported in the Table 8-2 below. See Appendix B-1 for locations of the 
monumented cross sections and Appendix E for the Time-Trend Cross Section Overlay Data 
by which the cut and fill quantities were computed.  
 

Table 8-2: Summary of Cross Section Evaluations 

Cross 
Section  

No. 

Study 
Period 

(Weeks) 

Total Cut 
Per Foot 
(Sq.Ft.) 

Total Fill 
Per Foot 
(Sq.Ft.) 

Study 
Area 

Length 

Tons of Cut 
Per Study 

Area 

Tons of Fill 
Per Study 

Area 

Total Sum 
Cut & Fill 

(Tons) 
1-1 72 0.3 1.1 35’ 0.5 1.9 2.4 
1-2 72 1.9 0.9 40’ 3.7 1.7 5.4 
2-1 72 1.2 2.2 101’ 5.8 10.7 16.5 
2-2 72 1.3 8.3 56’ 3.5 22.4 25.9 
3-1 67 3.5 3.3 81’ 13.7 12.9 26.6 
4-1 72 48.8 8.1 96’ 225.6 37.4 263.0 
4-2* 72 0.8 137.7 97’ 3.7 643.1* 646.8 
5-1 55 52.8 8.4 76’ 193.2 30.7 223.9 
5-2 71 3.8 13.1 97’ 17.7 61.2 78.9 
5-3 71 31.6 16.8 41’ 62.4 33.2 95.6 
6-1 73 0.0 21.9 63’ 0.0 66.4 66.4 
6-2 73 2.6 5.5 50’ 6.3 13.2 19.5 
7-1 72 15.3 12.1 190’ 140.0 110.7 250.7 
7-2 72 10.3 7.5 96’ 47.6 34.7 82.3 
8-1 72 13.5 2.3 140’ 91.0 15.5 106.5 
8-2 72 22.5 23.3 133’ 144.1 149.2 293.3 

* Catastrophic Stream Bank Failure along JHU campus yielding temporary fill condition. 

 
Totals: 

  
210.2 

 
272.5 

 
1,392’ 

 
958.8 

 
1,244.9 
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Measuring the total tons of cut and fill over a known monitoring period allows for the 
conversion of the data into tons per year of erosion generated at each reach, as presented in 
the following table. 
 
 

Table 8-3:  Average Tons of Erosion per Year from Cross Sections 

Cross 
Section  

No. 

Study 
Period 

(Weeks) 

Study 
Period 
(Years) 

Total Tons of 
Erosion Per 

Study Period

Avg. Tons of 
Erosion Generated

Per Year 
1-1 72 1.33 0.5 0.4 
1-2 72 1.33 3.7 2.8 
2-1 72 1.33 5.8 4.4 
2-2 72 1.33 3.5 2.6 
3-1 67 1.24 13.7 11.0 
4-1 72 1.33 225.6 169.6 
4-2* 72 1.33 3.7 2.8 
5-1 55 1.06 193.2 182.3 
5-2 71 1.37 17.7 12.9 
5-3 71 1.37 62.4 45.5 
6-1 73 1.35 0.0 0.0 
6-2 73 1.35 6.3 4.7 
7-1 72 1.33 140.0 105.3 
7-2 72 1.33 47.6 35.8 
8-1 72 1.33 91.0 68.4 
8-2 72 1.33 144.1 108.3 

 
Totals: 

 
 

 
 

 
1,222.0 

 
912.1 

* Expected future erosion rate is extremely high due to catastrophic bank failure. 
 
 
Based on the cross sectional time-trend study, there is a significant increase in channel erosion 
over the data computed from the bank pin study. This is due to the cross sectional data set 
considering both stream banks and the channel bed, where as the bank pin data is only 
considering one stream bank within a study area. The cross sectional monitoring of a stream 
channel therefore yields more accurate results of the total evolutionary changes occurring in 
the channel. The measurement of total channel erosion from the cross sectional data considers 
approximately 13 percent of the total Stony Run main-stem. Since significant erosion was 
observed over the study period outside of the analyzed study reaches, we were unable to 
capture this data. Therefore, we can infer that this estimate of channel erosion is a very 
conservative estimation in terms of total erosion being generated from the watershed.  
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8.3 Summary 
 
The data obtained from the Time-Trend Analysis includes the measurement of morphological 
changes in the channel from bank pins and cross sectional survey data over a known time 
period.  Analysis of this data has yielded an accurate method to determine which study areas 
are aggrading/degrading the most and at what rate these changes are taking place.  This 
information allows the restoration designer to identify the specific forces creating channel 
instabilities, set priorities for restoration measures, and permits the ability to validate the 
predictions of stream bank erosion using the bank pin and cross sectional survey data.   
 
From Table 8-2 shown above, the Total Sum of Cut & Fill in the channel over the study 
period has established the prioritized need for restoration based on measured data.  The 
restoration prioritization, based solely on channel aggradation and degradation, starting from 
the highest priority to the lowest priority within the eight Study Reaches is in the following 
order:  Study Reach No. 4, Study Reach No. 8, Study Reach No. 5, Study Reach No. 7, Study 
Reach No. 6, Study Reach No. 2, Study Reach No. 3 and Study Reach No. 1.   
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IX. Nutrient Load Estimation 
 
To estimate the amount of nutrients contained within the stream banks, four sediment samples 
were collected from stream banks where we have measured erosion over a known monitoring 
period. The four nutrient measurement sites were spread throughout the study corridor of 
Stony Run. The collected sediment samples were sent to a laboratory to measure total 
phosphorus (TP) and total nitrogen (TN) concentrations within the soil. Using the 
concentrations of TP and TN at the four sample sites within the Stony Run corridor along 
with the channel erosion data has provided the means to estimate nutrient loads delivered to 
downstream reaches over the course of a year. This methodology provides a useful means to 
help quantify the benefits of stabilizing the eroded stream channels, not only to reduce 
sedimentation, but to reduce nutrient load contained within the soil delivered to the 
downstream receiving waters.  
 
9.1 Nutrient Measurement Sites 
 
The four nutrient measurement sites were spread throughout the Stony Run corridor in areas 
of measured channel erosion. Nutrient Measurement Site No. 1 is located approximately 
1,200 feet upstream of Northern Parkway, Site No. 2 is located approximately 1,100 feet 
upstream of Wyndhurst Avenue, Site No. 3 is located approximately 25 feet downstream of 
University Parkway, and Site No. 4 is located approximately 2,000 feet upstream of 
Remington Avenue. See Appendix F-1 for the mapping that depicts the locations of these 
sites.  Laboratory analyses of the sediment samples have yielded the following concentrations 
of TP and TN. 

 

Table 9-1:  Measured Concentrations of TP and TN 

Nutrient 
Measurement 

Site No.  

TP 
Concentration 

(mg/kg) 

TP 
Concentration 

(lb/ton) 

TN 
Concentration 

(mg/kg) 

TN 
Concentration 

(lb/ton) 
1 270 0.54 92 0.18 
2 210 0.42 73 0.15 
3 250 0.50 65 0.13 
4 150 0.30 73 0.15 

 
 
9.2 Calculation of Nutrient Loads 
 
Since we have computed the amount of channel erosion per year at each study reach, we can 
divide the quantity of erosion into four separate zones of individual nutrient concentration. 
Knowing the tons per year of sediment generated from each of the four nutrient zones and the 
concentration of TP and TN in each zone, we can compute an estimated quantity of TP and 
TN in lbs. per year, as shown in the following table. 
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Table 9-2:  Estimated Nutrient Loads of TP and TN 

Nutrient 
Measurement 

Site No.  

Channel 
Erosion 
(ton/yr) 

TP 
Concentration

(lb/ton) 

TN 
Concentration 

(lb/ton) 

TP 
Nutrient 

Yield 
(lb/yr) 

TN 
Nutrient 

Yield 
(lb/yr) 

1 3.2 0.54 0.18 1.7 0.6 
2 155.3 0.42 0.15 65.2 23.3 
3 190.4 0.50 0.13 95.2 24.8 
4 563.2 0.30 0.15 169.0 84.5 

Totals:    331.1 133.2 
 
 
9.3 Summary 
 
The estimation of nutrient loads of TP and TN, contained within the measured eroded soil 
over the study period provides a methodology to help quantify the benefits of stream 
stabilization or restoration. The measured channel erosion only accounts for approximately 13 
percent of the Stony Run main-stem open channel length. Since significant areas of erosion 
and channel degradation were observed outside the limits of our identified study reaches, the 
computed total nutrient yield is expected to be quite low compared to the actual yields being 
generated from the Stony Run watershed if we were to consider all of the Stony Run main-
stem, tributaries and the significant gully erosion of the valley walls.   
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