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6.3.2.8.4 PQB025 
Site PQB025 had a hydrodynamic regime and channel morphology similar to that of site PQ050.  
The wetted channel at PQB025 was over-widened and likewise characterized by a homogenous 
depth and velocity regime; however, there were two large boulder clusters in the upstream and 
downstream segments of the reach that decreased velocity magnitude upstream of their location 
thereby producing a more heterogeneous flow regime in the vicinity of their respective locations.  
PQB025 had the largest supply of boulder among all sites assessed.  Although PQB025 had similar 
hydraulic conditions as PQ050, it differed substantially from PQ050 in that a larger proportion of 
suitable habitat was present for all three guilds as H ranged from 7.40% - 30.47%.  WUA at 
PQB025 ranged from 60.84 m² - 250.46 m² (Table 6.4), with the habitat-generalist guild having the 
highest WUA (250.46 m²) followed by the pool-specialist guild (162.89 m²) and the riffle-specialist 
guild (60.84 m²).  WUAp was ranked first among all sites assessed and WUAr was the second 
highest after PQB385.  The large amount of WUA for each riffle-specialist guild was attributed to 
both the large surface area (surface area of PQB025 was 822.04 m²) and extremely shallow depths 
at PQ025.  The large amount of WUA for the pool-specialist guild was attributed to the large pool 
(maximum depth = 1.69 m) at the upstream extent of the reach, which was by far the deepest pool 
observed among all sites; however, depths remained much lower throughout the majority of the 
reach, ranging from 0 – 0.44 m.  A TIN of the site georeferenced to orthophotography is depicted in 
Appendix A Figure A.10. 
 
The location of the thalweg at PQB025 conferred a high degree of composite suitability for both the 
riffle-specialist and habitat-generalist guilds.  The thalweg at this site, which can be distinguished 
by the high magnitude of flow vectors along the DSR side of the channel, was located along the 
DSR side of the channel throughout most of the reach (Figure 6.13).  The large pool at the upstream 
extent of the reach and the areas directly upstream and downstream of it were also highly significant 
features of PQB025.  Depths within the pool were too deep for the habitat-generalist and riffle-
specialist guilds, although the run immediately upstream and the glide immediately downstream 
were highly suitable habitat patches.  Sand and gravel dominated the substrate distribution 
throughout the channel although along the thalweg there were long, contiguous patches of cobble 
and boulder lithofacies that provide very stable and highly suitable substrate for all guilds.  
Substrate suitability was 25%, 45% and 30%, respectively, for the pool-specialist, habitat-generalist 
and riffle-specialist guilds.  Within the channel thalweg, the majority of the substrate was composed 
of cobble (Appendix M Figure M.27).  The combination of stable substrate in the vicinity of the 
thalweg as well as a highly suitable depth regime produced a physical habitat template highly suited 
to these two guilds.  
 
Suitable habitat for the riffle-specialist guild was distributed in four distinct patches.  The first was a 
small patch in the run upstream of the deepest pool, although this area was isolated from other 
highly suitable areas by the highly unsuitable depths in the vicinity of the pool.  The second and 
largest area was a highly contiguous although moderate quality segment that began downstream of 
the large pool at a cluster of boulders located near the center of the channel.  This patch extended 
downstream along the thalweg for approximately 50 m.  Nested within this area was a significant 
area of optimal habitat created as flow diverted around the boulder cluster forced high velocity 
flows toward the DSR bank, creating a scour-pool of moderate depth.  The fourth patch for the 
riffle-specialist guild was located downstream of the large boulder cluster at the downstream-most 
segment of the reach at the head of a shallow run (Appendix M Figure M.30).   
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There was considerable overlap in the distribution of suitable habitat for the habitat-generalist guild 
with respect to the distribution of suitable riffle-specialist habitat, although habitat patches for the 
habitat-generalist guild were present in the shallow areas outside of the thalweg.  Suitable depth 
distributions were highly abundant throughout the majority of the channel for both the habitat-
generalist (approximately 80%) and riffle-specialist (approximately 70%) guilds.  Furthermore, 
highly suitable cobble lithofacies in the vicinity of the thalweg were highly suitable to both guilds.  
The only areas exploited by riffle-specialists and not habitat-generalists were areas that reached 
velocities (maximum velocity = 0.96 m/s) that exceeded the suitability threshold of the habitat-
generalist guild.  These areas were located within the thalweg as well as downstream of the second 
boulder cluster.  In the downstream-most segment of the reach, the two aforementioned pools had 
depths that exceeded the depth threshold for the generalist guild, thus suitable habitat patches were 
small and isolated within the downstream pools (Appendix M Figure M.31). 
 
Suitable habitat for the pool-specialist guild was severely limited by the distribution of suitable 
depths throughout the channel as areas of suitable depth were present in three distinct patches 
isolated by shallow riffles (Appendix M Figure M.32).  The largest and most highly suitable habitat 
patch was located upstream of the deep pool in the upstream segment of the reach.  Downstream of 
the pool, there were small patches of moderate suitability within a larger, less suitable patch in the 
riffle-run-riffle complex downstream of the first boulder cluster.  Directly upstream of the last 
boulder cluster there were two small pools on the DSL and DSR, both with maximum depths of 
approximately 0.67 m.  Substrate suitability was much higher within the DSR pool, thus WUA was 
concentrated within the pool nearest the DSR bank. 
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6.3.2.8.5 PQB385 
PQB385 had the most complex and heterogeneous depth and velocity regimes of all sites assessed.  
The range of hydraulic conditions was evidenced by the maximum velocity (1.47 m/s) and depth 
(0.63 m) observed at PQB385.  These values were the highest and lowest, respectively, among all 
sites.  There were large segments of the channel where both depth and velocity magnitude were 
highly variable both laterally and longitudinally.  The assortment of depth-velocity combinations 
produced favorable distributions of hydraulic conditions with respect to the partitioning of habitat 
patches throughout the reach.  Such conditions allow species with similar or overlapping niche and 
habitat requirements to coexist within the same habitat patch given differences in the utilization of 
respective depth-velocity microhabitats. 
 
Stable cobble and boulder substrate was distributed widely throughout the channel although silt, 
clay, sand and coarse gravel lithofacies were relatively abundant as well.  A scanned image of the 
field substrate assessment for site PQB385 is presented in Appendix M Figure M.35.  Large boulder 
clusters distributed across the channel can be observed throughout the upstream two-thirds of the 
channel.  These features were critical to the high velocity suitability in both the upstream riffle as 
well as the riffle located within the meander at the center of the reach.  The boulders dissipated a 
significant portion of the high velocity flows in these riffles.  In the downstream-most riffle the 
maximum velocity reached 1.49 m/s, most likely in response to constriction and narrowing of the 
channel.  Similar to PQ825, the DSR streambank was composed of clay material, which is highly 
resistant to scour and erosion.  This lateral confinement on the outside of the meander in effect 
transferred shear stress from the DSR bank back into the channel, producing the high velocity flows 
observed in the third riffle.  In these locations, Froude number reached values greater than 1.0, 
indicating extremely turbulent flow.  In these locations flow velocity ranged from 1.17 m/s to 1.49 
m/s and were highly unsuitable to all guilds. 
 
WUA at PQB385 ranged from 84.08 m2 to 197.36 m2.The habitat-generalist guild had the highest 
WUA (197.36 m2) followed by the pool-specialist (90.78 m²) and riffle-specialist (84.08 m²) guild 
(Table 6.4).  Unlike all other assessment sites, WUA and H for the riffle-specialist guild approached 
the WUA available to the pool-specialist guild.  This was attributed to the preponderance of shallow 
pools throughout the channel, most of which were highly suitable to the depth specifications of the 
riffle-specialist guild but not the pool-specialist guild.  As such both WUAr (84.08 m2) and Hr 
(11.92%) were the highest values observed among all sites.  WUAp, Hp and Hg were the lowest 
values observed among all sites.  
 
Both velocity and depth suitability for the riffle-specialist guild were relatively high.  Suitable 
velocities and depths were present throughout approximately 65% and 85% of the channel, 
respectively.  The large proportion of sand, gravel and clay distributed throughout the reach limited 
the availability of suitable substrate to approximately 50% of the channel for this guild.  The most 
optimal habitat patches for the riffle-specialist guild were observed in locations directly downstream 
of the two largest boulder clusters near the center of the reach (Appendix M Figure M.38).  There 
was  another patch of highly suitable habitat located at the head of the run among a deposit of large 
cobble and boulder substrate.  Moderately suitable habitat was observed throughout the entire reach 
in long contiguous patches, especially in the upstream-most and central segments of the reach. 
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Suitable habitat for both the habitat-generalist and riffle-specialist guilds were generally distributed 
in the same areas of the channel (Appendix M Figure M.39) although the high velocities observed 
in the riffle segments were most favorable to the riffle-specialist guild.  The most limiting habitat 
variable was substrate suitability (approximately 60%) although velocity suitability was rather high 
for the habitat-generalist guild as 65% of the channel had suitable velocity.  Velocities downstream 
of all of the large boulder clusters were highly suitable for the habitat-generalist guild.  As such, 
suitable habitat for the habitat-generalist guild was distributed throughout the entire channel with 
the exception of the very high velocity areas located within riffles and the downstream-most 
segment of the reach dominated by clay and gravel substrate.   
 
Suitable habitat for the pool-specialist guild was very limited within the PQB385 stream channel 
(Appendix M Figure M.40).  Hp (12.87%) was one of the lowest values observed aside from PQ115 
and PQ050.  Suitable habitat for the pool-specialist guild was limited by low depth suitability as 
favorable substrate and velocity distributions were present throughout the channel.  Approximately 
90% of the channel contained suitable substrate and close to 80% of the channel had a suitable 
velocity regime for this guild.  Less than 10% of the channel had depths suitable for the pool-
specialist guild, thus suitable habitat was limited to two relatively small pools.  The maximum depth 
observed in the largest pool was 0.63 m, which was the lowest value of maximum pool depth 
observed among all fish assessment sites. 
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Figure 6.14 River2D Modeled Depth and Velocity Profile of Byberry Creek Site PQB385 
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6.3.2.9 PROBLEM SUMMARY 
The stream network of the Byberry-Poquessing Watershed has been considerably impacted by the 
effects of unabated stormwater runoff and its associated constituents – with the most prevalent 
being sediment.  Many of the channels were much wider, less sinuous and contained more fine 
sediment than regional reference channels of similar orders.  The channel morphology and substrate 
conditions are a direct result of the dynamic relationship between sediment transport and the 
dominant channel forming discharge (i.e. bankfull discharge), which has been commonly defined as 
the discharge that occurs at the 1.5 year flow event.  
 
The level to which a stream channel is impacted by stormwater runoff can be assessed by 
calculating the value of its Runoff Response Index (RRI).  The RRI is defined as the ratio of the 1.5 
year flow event to the average daily baseflow.  This index provides a dimensionless, independent 
measure of a stream’s flashiness using readily available flow data provided by most USGS stream 
gages.  Using flow data recorded at USGS stream gage 01465798 located at Grant Avenue, the 1.5 
year return interval was estimated at 2,194 ft3/s compared to an average daily baseflow of 11 ft3/s, 
producing a RRI of 183.  In comparison, at French Creek (USGS gage 014722157), a regional 
reference stream, the 1.5 year return interval was estimated at 1,866 ft3/s compared to an average 
daily baseflow of 57 ft3/s, producing a RRI of 33.  Based upon the RRI metric, Poquessing Creek is 
5.5 times flashier than French Creek. 
 
The disparity between these two flows at Poquessing Creek resulted in a wetted channel at baseflow 
that is tremendously oversized to convey a relatively small discharge; therefore, these channels had 
limited depth and capacity to transport bedload sediment during the descending limb of the 
hydrograph.  The lack of sediment transport competency results in excessive deposition of fine 
sediment throughout the channel.  Excessive fine sediment deposition adversely impacts habitat 
quality by filling in the interstitial spaces between larger cobble and boulder substrate (i.e. 
embeddedness) while also reducing hyporheic gas exchange, which is critical to respiration and the 
transport of metabolic byproducts in benthic organisms. 
 
Reaches PQ050, PQ115 and PQB025 exhibited the aforementioned widening and excessive fine 
sediment deposition characteristic of impacted urban streams.  These channels were dominated by 
fine sediment (i.e. silt, sand, gravel) throughout. Larger, coarser sediment (cobble and boulder) was 
distributed sporadically, often in pools where only large storm events could generate the power to 
transport them further downstream.  These streams also lacked sinuosity, which affected the 
distribution of riffle, run and pool mesohabitat units throughout these reaches.  The traditional 
riffle-run-pool-glide-riffle habitat unit morphology was not observed in these reaches As a result, 
many habitat units were poorly developed or not present such that riffle-run-riffle complexes were 
commonly observed.  Pools were very infrequent and were often extremely shallow.  Pools are 
usually formed largely by the channel thalweg as it migrates across the stream channel in response 
to sinuosity and changes in slope.  In wide, reduced-sinuosity channels, the thalweg does not 
migrate in the same manner and therefore does not create scour pools on the outside of meander 
bends as in more natural systems.   
 
PQB385 and PQ825 had the most stable channel morphology of all the reaches assessed.  For both 
of these reaches, the upstream portion resembled the over-widened morphology of PQ050, 
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PQ115 and PQB025, however these streams had narrow, more stable channels in the downstream 
portions of the reach.  In both of these reaches, the downstream stream banks consisted mostly of 
clay, which is highly resistant to erosion.  In both PQB385 and PQ825, these banks were along the 
channel thalweg, which prevented the excessive widening observed in the other three reaches.  The 
combination of clay material along the thalweg and depositional features (i.e. point bars and 
channel bars) on the opposite bank constricted the channel and prevented excessive bank erosion 
and subsequent lateral migration of the channel.  
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6.4   TREE CANOPY ANALYSIS 
6.4.1   HERITAGE CONSERVANCY RIPARIAN BUFFER ASSESSMENT OF   
  SOUTHEASTERN PENNSYLVANIA 
Heritage Conservancy, a land trust organization in Doylestown, PA, received funding from 
Pennsylvania Coastal Zone Management and the PA Stream ReLeaf Program to document the 
presence or absence of forested riparian buffers throughout Southeastern PA.  The project was 
completed in two phases of grant funding: an initial study of tree canopy in the Perkiomen, 
Neshaminy, Valley, and Chester Creek Watersheds, and a second, more detailed inventory of the 
remaining watersheds in the five-county region, including the Darby-Cobbs, French, Namaan, 
Pennypack, Pickering, Ridley-Crum, Tookany/Tacony-Frankford, and Poquessing creeks, as well as 
the Lower Schuylkill and Delaware rivers (Heritage Conservancy 2002).  More than 1,200 miles of 
stream were mapped using digital orthophotography and helicopter flight video analysis.  
 
Of 25.5 linear miles assessed in Poquessing Creek, approximately 25% of the riparian land was 
found to be lacking a forested buffer (defined as at least 50 ft. wide with at least 50% canopy 
closure) on one or both banks (Heritage Conservancy 2002).  These results indicate that most 
riparian problems in the Poquessing Creek Watershed are located in areas where lands are managed 
as mown lawns or fields.  This most notably includes golf courses, sports fields, local parks, 
cemeteries, and residential properties.   
 
The Heritage Conservancy study was conducted with an incomplete watershed hydrology dataset, 
and extensive areas of the watershed were not assessed.   The source base hydrology data set was 
cited only as “USGS Hydrography.”  For the purpose of the PWD analysis of the dataset, the 
National Hydrography Dataset (NHD) was used.  As the NHD includes approximately 22 miles of 
hydrologic features in the Poquessing Creek Watershed, there may be errors related to the exact 
extent that was assessed. 
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Figure 6.15 Poquessing Creek Watershed Stream Segments Lacking a Forested Riparian 
 Buffer on One or Both Banks (Redrawn from Heritage Conservancy 2000) 
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6.5   DOCUMENTATION OF INFRASTRUCTURE IMPACTS IN   
  FLOODPLAINS OF POQUESSING CREEK WATERSHED 
6.5.1   INTRODUCTION 
As an extension of the fluvial geomorphological (FGM) investigation of stream channels within the 
Poquessing Creek Watershed during 2007, an infrastructure assessment was conducted.  In order to 
document infrastructure throughout the basin, PWD staff and trained consultants walked along 
stream segments with GPS, digital photography, and portable computer equipment, compiling an 
inventory of each infrastructure feature encountered.  These features included bridges, culverts, 
dams, stormwater outfalls and drain pipes greater than 8” in diameter, sewers, pipe crossings, 
confluences, manholes, and areas where one or more of the streambanks were artificially 
channelized.  All field work was completed in 2008, and results are included herein to better 
integrate the results with the findings of other assessments (e.g., to help explain observed 
impairments found in the biological assessments).  Due to the large number and spatial distribution 
of the features, infrastructure maps (Figures 6.16 and 6.17) were prepared at a finer resolution than 
the watershed scale maps presented in other sections of the Comprehensive Characterization Report. 
 
6.5.2   INFRASTRUCTURE IN POQUESSING CREEK WATERSHED 
6.5.2.1   STORMWATER OUTFALLS 
The Poquessing Creek Watershed was developed in distinct stages of differing land use patterns, but 
unlike most of Philadelphia’s watersheds, much of the Poquessing Creek Watershed was developed 
after modern-day wetlands protection and stormwater management regulations.  Numerous 
wetlands, small tributaries and stormwater conveyance flow paths were drained and encapsulated in 
the stormwater collection system.  Unlike most other streams in Philadelphia where the city had the 
foresight to acquire riparian lands for parkland and to protect drinking water sources, the 
Poquessing Creek Watershed generally suffers from a lack of riparian buffers along most of its 
length.  Stormwater outfalls in the watershed thus tend to be located along the mainstem as well as 
along tributaries.   
 
The 2008 survey documented a total of 328 outfalls in Philadelphia County, 143 in Bucks County, 
and 14 in Montgomery County, for a total of 485 in the Poquessing Creek Watershed.  Due to the 
prevalence of large stormwater outfalls, Poquessing Creek and its tributaries were found to be 
severely affected by localized erosion, and geomorphic instability caused by stormwater outfalls 
was determined to be a serious problem throughout the watershed.  Stormwater outfalls and natural 
surface runoff flow paths (i.e., gullies) have been scoured and enlarged as a result.  Throughout this 
process, tributaries and gullies have contributed much sediment to the mainstem.   
 
 
6.5.2.2   STORMWATER DETENTION BASINS 
As noted in section 6.1, much of the land area within the Poquessing Creek Watershed was 
developed subject to traditional stormwater management regulations.  The watershed thus contains a 
large number of stormwater management facilities, the majority of which are surface detention 
basins.  Based on a stormwater detention basin inventory and inspection program carried out by 
PWD in 2009, very few of these facilities were constructed in order to enhance infiltration to 
groundwater.  Rather, they were designed to “shave peaks” of large flood events.  Flow rates from 
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these facilities in smaller, more frequent events are considerably higher than desirable for protection 
of stream channels.  These facilities generally serve as collection points for stormwater over large 
parcels and thus present good opportunities for retrofitting with newer stormwater management 
techniques.   
 
Additionally, many light industrial and other large parcels in the watershed have extensive areas of 
lawn, providing opportunities for stormwater treatment in swales, rain gardens, infiltration galleries, 
and other management strategies.  New PWD stormwater-based billing charges should provide a 
good incentive for landowners with large parcels of impervious cover to take additional steps to 
protect the Poquessing Creek from damaging stormwater flows.  PWD is presently evaluating 
options for stormwater charge credits in these situations.    
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Figure 6.16 Infrastructure Locations in Poquessing Creek within the City of Philadelphia and 

Bucks County, 2010  



Poquessing Creek Watershed Comprehensive Characterization Report 
Section 6 • Physical Characterization 

6-44 • PCWCCR •       Philadelphia Water Department 

 
September 2010 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6.17 Infrastructure Locations in Poquessing Creek within the City of Philadelphia, 
Bucks County, and Montgomery County, 2010 
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6.5.2.3   CULVERTS, BRIDGES, AND CHANNELIZATION 
The 2008 survey of infrastructure in the Poquessing Creek Watershed documented a total of 155 
culverts, totaling 3.34 river miles.  Culverted streams do not perform the same ecological functions 
as natural streams and promote the process of stream erosion, particularly at locations where the 
stream enters and flows out of the culvert.  In addition to this extensive system of culverts, a total of 
253 instances of channelization were observed, accounting for 7.18 river miles.  Many private 
landowners install revetments along stream banks in order to arrest bank failure and property loss or 
damage associated with stream erosion.  Though these features may protect individual properties, 
the aggregate effect of restricting the stream from its floodplain confines more erosive forces within 
the stream channel, and erosion problems may be exacerbated downstream.  Altogether, more than 
23% of all stream segments in the Poquessing Creek Watershed were found to be either culverted or 
channelized.  PWD is addressing data quality control of the locations and dimensions of bridges and 
culverts in preparation for the Poquessing Creek Watershed Act 167 plan, slated for completion in 
2011.  
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Figure 6.18 Recreational Trails in Poquessing Creek Park, 2010 
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6.5.2.4   DAMS 
The Poquessing Valley within Philadelphia remained primarily large tracts of farmland until 
development accelerated in the 1950s and 1960s.  The watershed probably once had a greater 
number of mill dams, however only one major dam remains, approximately 400 ft.  downstream of 
the Delaware Expressway (I-95).  Smaller dams (n=27) are found throughout the watershed, none of 
which impound major areas of stream channel. 
 
 
6.5.2.5   MAN-MADE PONDS AND IMPOUNDMENTS 
Approximately 23 ponds and impoundments have been created in the Poquessing Creek Watershed, 
typically by damming up a small spring or stream, and constructing berm(s) to raise water surface 
elevation (Table 6.5, Figure 6.19).  Small man-made ponds have primarily been constructed in 
residential developments, farms, and golf courses, with discharge to streams via standpipes, other 
overflow control structures, or weirs.  Like run-of-river dams, these ponds generally do not have 
any flood storage capacity.  While these ponds do serve as wetland habitat for waterfowl, resident 
Canada geese (Branta canadensis) are often attracted to these ponds in large numbers, creating a 
nuisance.  Ponds may increase water temperature, though PWD research suggests that this heating 
effect may not directly impact receiving streams when ambient air temperatures are high.    
 
 
Table 6.5 Man-Made Ponds in Poquessing Creek Watershed within Philadelphia, Bucks, and 
 Montgomery Counties 

County 
Total 

Number of 
Ponds 

Connected Disconnected Headwaters Total Pond 
Area (acres) 

Philadelphia 12 12 0 0 5.63 

Bucks 11 9 1 0 4.58 

Montgomery 1 0 0 1 1.15 
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Figure 6.19 Man-Made Ponds and Impoundments in Poquessing Creek Watershed, 2010 
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6.6   PROBLEM SUMMARY 
Poquessing Creek is an urbanized stream system that has been adversely affected by development 
and land use practices over the past century.  Impervious cover is estimated at 37% of the watershed 
in total and 41% within the City of Philadelphia.  Impervious cover, especially directly connected 
impervious cover, decreases groundwater recharge and the percent of annual streamflow 
represented by baseflow.  Streams in the watershed are "flashy"– increases in streamflow and 
erosive forces occur quickly during storm events.  Both maximum discharge and total runoff 
volume are increased compared to an undeveloped watershed.   
 
Changes in hydrology have resulted in destabilization of much of the watershed.  Urbanization 
promotes a cumulative, self-reinforcing pattern of streambank erosion.  As stream channels become 
physically larger and further disconnected from their historic floodplains, more stormwater forces 
are restricted to the stream channel, where compromised, heavily eroded banks are least suited to 
dissipate them.  These overwidened stream segments deficient in baseflow make very poor habitats 
for all but the most tolerant generalist species.  Signs of habitat impairment were present in the 
watershed's biological communities; the Poquessing Creek Watershed is nearly devoid of sensitive 
macroinvertebrates and fish taxa, while unstable streambanks have been extensively colonized by 
invasive species, especially Japanese knotweed (Polygonum cuspidatum).    
 
Other habitat effects include widespread sedimentation in runs and pools as well as along channel 
and lateral bars.  Many historic first-order tributaries and wetlands within the watershed have been 
filled in and/or piped into storm sewers.  Erosion has exposed, threatened and, in some cases, 
destroyed valuable infrastructure and private property.  Unfortunately, traditional solutions for 
addressing erosion and flooding problems may increase instability overall, exacerbating problems 
they are intended to solve.  Philadelphia’s 2006 stormwater ordinance and the Poquessing Creek 
Integrated Watershed Management Plan (PCIWMP, in preparation) outline several options for 
detaining, infiltrating, and treating stormwater to reduce stream channel impacts.  Healthy 
ecosystems require healthy habitats, and healthy habitats cannot be restored without addressing 
stormwater impacts. 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 




