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Stroubles Creek Stream Restoration

2008 AEES Annual Meeting
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University of Maryland Terps:
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Laura Schumann

Yin-Phan Tsang
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Our bench-scale design for restoring Stroubles Creek aimed to meet the four
stated objectives:
Minimizing bank and bed erosion
Processing sediment load and flow through the reach
Maximizing nutrient cycling (i.e. dye retention)
Incorporating a variety of habitats for native plants and animals

Moo bR

Our design incorporated several main elements to meet these objectives,
including:
e Meanders
e Log jam/ beaver dam
e Afloodplain wetland
e \Wetland plants
¢ Riffles and pools
e Braided channel
e Hummocky topography in the wetland

1. Design of stream channel cross-section to minimize erosion

Given: Strouble Creek has a base flow of 2.5 GPM (gallons per minute) and a storm
event flow of 5 GPM with a 2% slope.

- We decided to design the stream channel bed dimensions based on the base
flow. By doing this, the water is allowed to overflow to the floodplain wetland
or other areas of depression nearby during the storm event flow. Floodplain
interactions are especially important in this case to dissipating energy in the
flow, settling out sediments and absorbing tracer dye.

- Q. =25 GPM =10 I/min=0.17 I/sec =0.00017 m*/sec

- The channel as designed will be natural shaped and have protected or
vegetated banks for minimizing erosion. Calculations were made to get a
rough idea about the channel size and dimensions for our designed base flow.
We calculated for the sake of simplicity, a rectangular cross-section and also
used Manning’s equation to estimate the stream channel cross-section for our
reference.

11
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Both an example of a stream channel cross-section and the Manning equation and
flow equation are displayed above. Since we would like our channel to be meander
and be naturally protected, we used a roughness coefficient of n = 0.035 which is
representative of a winding natural stream with a vegetated bed (from
www.serc.arleton.edu ). From this, we thus derived:

2/3
v =L( a-b j % (0.02)"2
= 1" T 0.035a+2b

0.00017 =V x (a-b)

:>0.00017=EL( a-b j x(0.02)”2]-(a-b)

0.035\ a+2b

- Inorder to solve for two unknowns, we used an MS Excel spreadsheet to
experiment with different channel widths and water depth combinations. The
final chosen size was:

0 Channel width a=0.06 m=6 cm=2.5 inch
0 Channel bank height b= 0.025 m=2.5 cmz1 inch

- We thus use this for reference to create our stream channel in the model.
2. Processing sediment load and flow through the reach
Upon designing the stream channel we realized two major ways to reduce the erosive

power of the stream flow. In our limited working space, we felt it would be
important to:

12



1) reduce velocities using various structures such as pools and rock structures
and;

2) reinforce high stress areas such as the outside banks with rock and large
woody debris.

Several structures represent this attempt to reduce erosion within the streambed. A
series of riffle and pool sequences were incorporated to slow velocities while adding a
diversity of habitats. A very gradual meander was incorporated to the design to
simulate in some way natural conditions, this also allowed room on our board for a
backwater wetland where pooling could occur and sediments could settle out of the
water column. We also built a mid-channel bar to split and slow flow by increasing
surface area and roughness through the reach. Following the mid-channel bar, we
created a log jam reinforced with clay material to create a pool where sediments could
settle out as well as a nice island in the middle of the stream for habitat.

Although the flow turned out to be pretty slow, areas of potential high erosion were
reinforced with a clay/rock mixture to limit erosion.  All of the cutbanks had the clay
mixture as well as other sensitive areas like the inlet flow from the hose and upstream
side of the mid-channel bar responsible for splitting the flow.

We additionally felt the need to re-grade the stream banks from the heavily degraded
current condition (vertical, heavily eroded and un-vegetated) to a more gradual slope
to reduce the shear stress on the banks and allow for re-vegetation where the root
structure will act to bind the soil.  This slope was entirely approximated as our
methods of carving were rough due the use of a utility knife in Styrofoam.

The channel was also lined with cobble stone in certain spots. The cobble simulates
the streambed of a healthy stream with plenty of oxygenated flow through the
hyporheic zone for invertebrates and spawning habitat for fish. This action also acts
to slow flow while adding to the pool and riffle sequence. Although we would have
liked to maximize floodplain interaction along the entire reach of the channel, we
were limited in both time and ease to creating the only wetland and backwater to
serve as our locations of floodplain interaction. Ideally, we would have liked to
carve adjacent to the stream channel a very gradual sloping side-wall to act as a
second stage flooded condition where sediments could be deposited and food and
nutrients could be picked up and brought back into the stream. But as stated before,
the Styrofoam made it difficult to be that precise.

3. Nutrient Attenuation

13



Our design maximizes nitrogen removal as consistent with the principles for
nitrogen removal set forth by Dr. Margaret Palmer of the University of Maryland,
Chesapeake Biological Laboratory:

e Increase flow path length (via meanders)

e Increase carbon sources (via woody debris and wetland creation with organic
soil)

e Increase contact with the substrate (via widening of the channel and gently
sloping the banks)

Most nitrogen in streams exists as nitrate because the stream water is generally
well-oxygenated. Our log jam created a “dead water” area that fostered
denitrification during base flows. Our design also diverts nitrate-rich stream water
to the floodplain wetland where it can undergo denitrification under anaerobic
conditions.  The wetland also functions as a settling basin for stormwater and
agricultural runoff laden with other nutrients such as phosphate, heavy metals, and
other toxins to the wetland. Once this water is diverted to the wetland, excess
phosphorus and toxins are sequestered and/or degraded by the harsh chemical
conditions in the wetland soil. These substances are also taken up to a certain extent
by the wetland plants, though this is not expected to be the primary removal pathway.
During base flow our design diverted a small amount of stream water to the wetlands,
and during the simulated storm flow this served as a major settling area for flood
waters. We mimicked the absorptive, organic, wetland soil by lining our wetland
with napkins and paper towels.  Our wetland appeared to attenuate a significant
amount of the dye carried during the simulated storm flow. ~ The braided channel
created by our island also enhanced nutrient removal by maximizing contact of stream
water with the substrate.

4. Incorporating a variety of habitats

Our stream channel incorporates an engineered log jam, coarse woody debris,
riffles, and pools to maximize habitat for aquatic invertebrates and fish.  For
example, baetid mayflies drift from riffles to pools and require both of these habitats
in sequence.  The gravel in our riffles and pools provides habitat for filter-feeding
aquatic invertebrates and fish.  The riffles and the coarse woody debris provide
shelter from predators for a variety of aquatic invertebrates and a substrate for algae,
the base of the food chain.

Our backwater wetland provided habitat for several native wetland species. We

planted Typha latifolia (cattail), Juncus effusus (soft rush), Murdania kaysak, and
maple and oak seedlings. These plants provided food and shelter for birds, ducks,

14



and aquatic invertebrates. Our planting design incorporated the hummock and
hollow topography typically found in stands of J. effusus, a tussock-forming species.
These hummaocks are valuable habitat for many species because they provide dry
refugia from the wetter conditions in the hollows. Wading birds nest in hummocks,
they are often colonized by plants which cannot tolerate fully anoxic conditions, and
invertebrates also use them as refuge from water and predators.

Our design also incorporated two isolated wetlands. These were not designed to be
hydrologically connected with the stream. They were designed with the knowledge
that the real Stroubles Creek floodplain is underlain with clay and contains many
wetlands which are hydrologically isolated from the stream. These were designed to
provide additional habitat for wetland species.
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