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1.  OVERVIEW

Constructing storm water wetlands in the headwater regions of Miller Run has been a 
component of the stream improvement planning underway by Bucknell University.  This 
document provides shares some thoughts regarding the construction of storm water wetlands 
along Miller Run near Abbey Lane.

In designing storm water wetlands, there are many factors to consider, including the hydrologic 
regime, storage capacity, and the seasonal pattern of wetting and drying in the watershed.  
Attached are two sketches which are my first attempt to put on paper some of the  key 
hydrologic and vegetative elements:

• A distributed inlet structure and trash rack where the culvert under Abbey Lane enters the 
upstream end of the constructed wetland.  The existing scour pool and sand bar can be 
enhanced by excavating a bowl-shaped 2 m deep x 10m diameter depression in the main 
channel.  Large, native bolders (NOT limestone) can be placed in a natural pattern in the 
downstream end of this distributed inlet structure to further disipate energy and provide 
protective habitat.  The inlet structure pool will provide some detention storage, but primarily 
will help slow down the water and trap sediment and large debris that may wash in during 
large runoff events.  This feature is identified in Sketch #1.

• The existing multi-threaded Miller Run channel network should remain in place, but a 
broad area, some 30 to 50 feet on either side of the channel will be excavated to to create 
two broader pools along the main multithread channel These features are identified in Sketch 
#1.

• Off-channel wetlands similar to ones proposed by Carolyn Breden can be constructed on 
the margins of the channel, to serve as high-flow by-pass channels and flood storage areas.  
They will be located at the base of surrounding hillslopes and also capture runoff from these 
areas as well.  These features are identified in Sketch #2. 

• An elongate, deeper pool could be excavated in the downstream reach, which would 
include a multi-threaded channel during low-flow periods, but fill up during high-flow periods 
and remain open-water (vernal pool) for a period of days and weeks.  Depending on the 
hydrologic analyses and storage capacity needed, an simple outflow structure (overflow pipe 
or even weir) could be incorporated to better regulate the water levels in the stream and open 
water section.  Deeper marsh plants species could be recruited in these areas.  These 
features are identified in Sketch #1 and 2.

• Broad 20 to 40-ft wide shallow macrophyte zones would be created adjacent to the 
channel and deeper channel areas.  Shrubs and trees could also be planted as well.  These 
features are shown in Sketch #1.  Keep in mind this area used to be forested and therefore establishment of 
wooded section on the hillslopes and low areas should be part of this restoration plan.  Consider the area downstream of the 
storm water detention structure designed by HRG and located approximately 1/2 mile upstream of Abbey Lane - this area is now 
covered with succession facultative upland species, providing excellent wildlife habitat.

• Aesthetic and recreational elements such as a walking path with signs and benches 
should be incorporated into this area, as well as birdhouses and in-channel aquatic habitat 
structures used to help Miller Run return to a new equilibrium over the next 50 years.  These 
features are shown in Sketch #1.
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2. HISTORIC CHANGES IN THE UPPER REACHES* OF THE MILLER RUN WATERSHED

No records exist to the extent and nature of riverine and palustrine wetlands or vernal pools in 
the Miller Run watershed.   However, drawing upon historical photos and written accounts, 
aerial photographs from 1938 to present, and nearby watersheds, one can identify several 
important changes in the hydrology and ecology of the watershed since European settlement 
in the early 18th century:

1780s to 1800 - Ludwig Derr purchases large tracts of land from William Penn and Prescott, 
and begins laying out of tracts of land to “Derrtown”.  Over the next twenty years, Miller Run is 
gradually cleared of forests and converted to agricultural areas, 

1800 to 1930s - Patches of forest continue to be cleared, working their way upstream from 
downtown Lewisburg.  A. Grundy farm (current Art Barn) in middle reach of area of interest.  W. 
Keiser farm and W. Brearn farms in upper reaches of watershed near current day Golf Course 
club house and Abbey Lane respectively.  Bucknell University established in 1846, with limited 
construction of academic buildings and facilities in the lower reaches of Miller Run. 

By 1930s, most of the timbering has completed.  Trees in the 1938 photograph are still visible 
today, with the exception of a few.

1880s to 1920s - As farm field sizes increases, the low-lying wet or marshy areas adjacent to 
the stream channels filling in of depressions and straightening of selected reaches to increase 
acreage of tillable land and convey storm water runoff downstream.  Floods of 1889 causes 
erosion and filling of the channel in places.

1920s - Construction of roads, bridges, and associated ditches and storm water culverts and 
drainage.  A concrete bridge which connected an old, tree-lined road visible on the 1938 
photograph crosses Miller Run several hundred feet upstream of the Grundy farm (the Art Barn 
today).  This concrete bridge abutments are still there, now bordering the day-care facility.

1930s - construction of the Bucknell golf course, straightening of channels and conveying of 
water through buried pipes under fairways. 

1940s - straightening of several hundred feet of Miller Run channel in the current day -driving 
range buried culvert reach.  It is meandering in the 1938 photo and straight swale-like feature 
in the 1959 photo.

1950 to 1970s - dumping of 10,000 to 15,000 ft3 of coal ash to fill in wet ares along middle 
reach of Miller Run, the primary source of power on campus.   Some fill is visible in the 1959 
aerial photograph.  Note: the volume of coal fill is a rough estimate; not to be used in reporting or calculations.

1970s to present.  Extensive subsurface drainage installed in the golf course region, capturing 
the natural channel network in this area of the watershed.  Thousands of linear feet of drain 
tiles and pipe installed and channel is diverted underground through corrugated steel culverts 
in the fairways and the driving range areas.

Groundwater wells installed for irrigation and ponds in golf course.

*Because the Growing Green grant is for restoration in the upper reaches of Miller Run, I have not 
addressed historic changes to the watershed and channel in the lower reaches, both on the campus of 
Bucknell along Moore Avenue and further downstream.  These changes are significant and both impact 
the hydrology and ecology of the headwater regions and also constrain our ability to ability to improve 
the habitat in the upper portions of the watershed.
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August 30, 1938

Drainages straightened or otherwise 
manipulated; beginnings of subsurface 
drainage in golf course area

Absence of forests and 
riparian corridor - grass 
planted on hillslopes 
and along 
channel

Channel straightened 
upstream of bridges for 
flood conveyance

Concrete bridge 
remains in 
channel today Channel straightened

BUCKNELL GOLF 
COURSE

Channel 
incised after 
1936 flood

A portion of this drainage 
may now be diverted into 
the Miller Run watershed 
as a result of urban 
development and routing 
of storm water drainage

BUCKNELL 
UNIVERSITY

Drainages that has been 
either rerouted, diverted 
underground, or otherwise 
manipulated

LEGEND
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July 3, 1959
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July 7, 1970



4. RESTORATION OBJECTIVES OF THE ABBEY LANE WETLANDS

A number of water quality and quantity objectives would be supported by restoring the 
contours of the areas adjacent to Miller run in its headwater regions to include off-channel 
wetlands as well as in-channel features will help:

(1) reduce flooding by capturing storm water runoff from headwater slopes into off-channel 
wetlands that slowly can release water back to the channel

(2) reduce flood peaks in Miller Run by retaining flow from the housing development areas 
upstream

(3) remove the ecological barrier imposed by the 1000-foot long corrugated pipe that Miller 
Run is forced to flow through the driving range area,

(4) provide aquatic and terrestrial habitat for amphibians, fish, birds, and mammals where no 
(zero) habitat currently exists

(5) improve water quality downstream, by filtering sediment and pollutants

5.  HYDROLOGIC ELEMENTS 

The constructed wetlands will provide a shallow (less than 2 m deep) environment at the 
interface between the intermittent stream (Miller Run) and the upland areas by the the driving 
range and farm field. 
Water levels in the vernal pool sections will fluctuate considerably over the year, with regular-to- 
very-erratic drying cycle, depending on the summer and fall conditions.   While the deeper 
contours of this wetlands may contain pockets of permanent water, its characteristic feature is 
the presence of emergent macrophytes, (large aquatic plants whose parts protrude above the 
waterline).   Epiphytes (algae growing on the surface of aquatic macrophytes) may also be 
found in this environment, associated with macrophytes in the vernal pool.

Inlet structure. The inlet zone of a constructed wetland may resemble a small pond, but the 
dominant feature of the system is the macrophyte zone, containing emergent vegetation that 
requires or can withstand wetting and drying cycles.

Multithread channel.  After passing under Abbey Lane through the corrugated steel culvert, 
flow in Miller Run discharges in the broad, grassy low-lying grassy swale.  Over the years, flow 
has carved out a series of narrow (0.2 to 1 m wide) and shallow (0.2 to 0.4 m) deep channels 
that bifurcated and reconnect in a multi-threaded channel downstream.

Over bank storage cells (riverine wetland pools).  One concept being considered is to 
excavate shallow, elongated off-channel vernal pool/storm water wetlands areas adjacent to 
the channel These areas were naturally present before the forests were removed and converted 
to farmland.  were filled and smoothed over to increase crop areas and drain low-lying wetland 
areas for agriculture.  The dimensions of these areas are not overwhelming, but would provide 
several times the storm water areas as well as greatly reduce the erosive capacity downstream 
by slowing down the water and distributing over a broader area.

Modifications to existing storm water features.  It is recommended the existing storm water 
detention basin constructed for the new driving range facility be removed and runoff be 
directed into the wetland areas as shown in Sketch #1.
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6.  VEGETATIVE ELEMENTS OF THE CONSTRUCTED WETLANDS

Wetland vegetation creates the physical and biological conditions required for the successful 
removal of finely graded particles and associated pollutants. Emergent vegetation in the 
channel and bank areas and shrubs and trees in the floodplain area create more uniform flow 
distribution and retard the flow, resulting in less soil erosion and increased pollutant contact 
with plant surfaces. 

Emergent vegetation and riparian vegetation helps reduces wind turbulence and resulting soil 
moisture loss and evaporation rates The root system of wetland vegetation binds and stabilizes 
deposited particulates, protecting them against re-suspension. The root-zone can also modify 
sediment redox (reduction-oxidization) conditions, and influence the stability of pollutants 
trapped in sediments.

Because most pollutants are transported during storm events, physical processes of reducing 
velocity and spreading out flow over a broader area are more important in trapping pollutants 
at these times. Biological processes become important under low flow conditions, when 
previously trapped materials are transformed and recycled. Small suspended particles adhere 
to plant surfaces, which act as filters. Plants also provide a surface on which photosynthetic 
organisms such as algae can grow. These epiphytic algae remove both fine particles and 
dissolved pollutants from the water column (Wong, et. al., 1999).

During Baseflow During Storm-event flows

Provides surface area for epiphytes
• epiphytes take up materials from the water and 
introduce them to sediments, as cells dislodge from 
plant surfaces and settle; this is a short-term process 
occurring over hours to weeks

Increases hydraulic roughness

Takes up nutrients from the sediments
• nutrients in the sediment are trans- formed into plant 
biomass; this is a medium-term process occurring over 
weeks to years

Promotes uniform flow

Transforms absorbed materials into less available forms
• plant biomass is returned to the sediment for storage 
as low-level biodegradable macrophyte litter; this is a 
long-term process occurring over years to decades

Enhances sedimentation of particles

Control of surface sediment redox
• plant root-zones generally help maintain an oxidised 
sediment surface layer preventing chemical 
transformation of settled pollutants

Provides surface area for small-particle adhesion

Protects sediments from erosion

Table 1:The functions of vegetation for storm water control in constructed wetlandsTable 1:The functions 
of vegetation for storm water control in constructed wetlands (after Wong, et. al., 1999)

- 9 -



7. REFERENCES 

Wong, Tony H. F., Breen, Peter F., Somes, Nicholas L. G., and Sara D Lloyd, 1999.  Managing Urban 
Stormwater Using Constructed Wetlands, Industry Report No. 98/7, Cooperative Research Centre 
for Catchment Hydrology, Monash University, 50 pgs.

- 10 -


