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Introductio n 

Purpose and Scope 

The purpose of the Temple-Villanova Sustainable Stormwater Initiativeôs (T-VSSIôs) 

Integrated Monitoring Plan is to recommend monitoring parameters and procedures for 

the T-VSSIôs research effort and to provide monitoring guidance to other private or 

public stormwater management projects.  This Integrated Monitoring Plan expands upon 

typical stormwater management monitoring programs that focus on either quality or 

quantity parameters to include both as well as ecological criteria. The T-VSSIôs inclusion 

of ecological criteria, specifically wetland structure and function, responds to the current 

trend in stormwater facility design to mimic wetland systems by incorporating, for 

example, bio-infiltration beds, wet ponds and wetlands. 

 

The stormwater management monitoring criteria described herein were based on the 

Villanova Urban Stormwater Partnershipôs (VUSPôs) Quality Assurance/Quality Control 

Plan for the Villanova Stormwater Research and Demonstration Park (QA/QC Plan 

2005).  The stormwater monitoring component of the Integrated Monitoring Plan focuses 

on the collection, analysis and reporting of water quantity and quality measurements 

integral to assessing the effectiveness of BMP projects.   

 

The wetland function monitoring criteria were based on wetland monitoring and success 

evaluation guidance developed by the Army Corps of Engineers (ACOE) and published 

in their Wetlands Engineering Handbook (2000). Correspondingly, the wetland function 

monitoring component of the Integrated Monitoring Plan includes the collection, analysis 

and reporting of soil conditions, sedimentation rate, vegetation and biological diversity 

and abundance data essential to assessing the success of BMPs designed to function like 

wetland systems. 

 

The Integrated Monitoring Plan will be supplemented regularly with annual monitoring 

reports, which will document the monitoring activities undertaken at each BMP facility 

and results. 

 

The T-VSSI research program also will include monitoring of vegetation nutrient uptake.  

This differs from the wetland function vegetation monitoring in that the assessment of 

plant nutrient uptake requires controlled experimental application of nutrients and 

subsequent collection of samples to enable the evaluation of the nutrient uptake 

effectiveness of alternative plant communities and arrays of plantings.  The results of 

which contribute to improving the design and effectiveness of BMPs through the use of 

native plant species with proven phyto-remediation capabilities.  Due to the experimental 

nature of this research activity, a description of the experimental design, protocols, data 

collection methods and results will be prepared as a separate document. 
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Pre-Construction Monitoring  

Prior to installing the stormwater management projects on Pennypack Ecological 

Restoration Trust (PERT) property, the T-VSSI project team recommends six monitoring 

tasks: (1) weather station monitoring, (2) continuous stormwater monitoring using data 

loggers, (3) evaluation of bank erosion using pins, (4) water quality monitoring, (5) 

bioassessment, and (6) BMP site-specific infiltration testing and soil sampling.   

(1) Weather Station Monitoring 

To compare responsiveness to storms, the size of the storm needs to be recorded.  The T-

VSSI Project Team should install a weather station in close proximity to the field site, 

within ¼ mile if possible.  If more distant data must be used, both the timing and 

magnitude of storms may differ from local conditions, in particular the magnitude.   

(2) Continuous Stormwater Monitoring Using Data Loggers 

If funds are available, data loggers are useful for recording storm response in stream.  For 

example, the loggers can record temperature, water level and conductivity of the water (a 

measure of dissolved ions).  Water level obviously responds to storms; conductivity and 

temperature may also change because stormwater is different than baseflow (flow 

between storms events).  Temperature loggers are the least expensive (approximately 

$100 per logger) and easiest to maintain.   Water level and conductivity loggers will cost 

$500 to $2000) and require calibration and maintenance.  A recommended recording 

interval is 15-minutes to observe storm response without filling up the logger memory 

too fast.  The loggers should be checked at least monthly, although temperature loggers 

typically have longer memory storage.   

 

Figure 1 - Data logger at Terwood Run. 
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(3) Bank Erosion 

Although evidence of bank erosion can be obvious (steep banks, banks cut into tree 

roots), it is more difficult to measure rates of erosion.  One technique is to install bank 

pins.  Metal rods (e.g., rebar) can be hammered into an exposed bank at regular intervals.  

The pins should be spaced both horizontally and vertically over a 1-2 meter length 

because erosion is highly variable.  Erosion may be episodic; that is, a single storm may 

result in 2-10 cm of erosion followed by a period of little erosion.  Therefore, the bank 

pins should be checked every 2-4 weeks or after major storm events.  There are a variety 

of other methods of evaluating bank erosion, such as surveying and bed erosion 

measures, but these are more time consuming and require extra equipment and training.    

(4) Water Quality Monitoring 

Stormwater samplers can be used to collect storm water and evaluate water quality.  If 

samplers are used, the sample is typically not preserved for measuring unstable 

parameters, but there are still a variety of measures that are useful for evaluating water 

quality (see below).  Low cost two-bottle samplers are available in addition to 24-bottle 

samplers that collect throughout the storm event.   

 

Storm samples can be analyzed for anions, including nitrate, phosphate, and chloride.   

Nitrate and phosphate are typical nutrients found in urban streams, and chloride, as 

mentioned earlier, can be introduced through road salt.  Chloride from road salt can vary 

throughout the year and should be analyzed in all seasons.  If samples are collected 

immediately after the storm and clean conditions are used, additional parameters include 

metals, organics, and pH. 

(5) Bioassessment 

Identify and counting macroinvertebrates is an integrated measure of stream health 

because these biological markers respond to water quality over time.  The samples should 

Figure 2 - Pins in bank at Terwood Run. 



Integrated Monitoring Plan_11162007.doc  Page 6 of 20 

be collected according to standard practice and species identified by someone trained in 

macroinvertebrate counting.  The specimens can be identified with a simple microscope, 

and often without even microscopic magnification.  Samples take about 2 hours to count 

and three duplicates are recommended at each location.  Typically samples are collected 

in early spring.   

(6) BMP Site Specific Infiltration Testing and Soil Sampling 

Infiltration and soil conditions need to be assessed in the basin surrounding BMP 

installations.  The size of the capture basin for rainfall and the degree of impervious 

surface and other land uses should be mapped.  The topography of the surrounding area 

influences basin size and degree of runoff.  Land use such as pavement, forest and shrub, 

and grass all influence degree of infiltration.  Infiltration testing and soil sampling for 

grain size analysis is also useful.  The grain size results indicate how soil type is related 

to infiltration based on proportions of sand, silt, and clay.  Soils can also be sampled and 

tested for fertility to determine whether soil amendments would need to be added to 

support the vegetation.  For constructing wet ponds and wetlands, the depth to the water 

table is important to determine. 
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Post Construction Monitoring Recommendations 

This section identifies the recommended monitoring program for each BMP.  The 

Integrated Monitoring Plan was based on an adaptive management approach, which 

enables the researchers to modify the monitoring program based on information gathered 

through monitoring activities, as well as such external factors as changes in technology, 

monitoring protocol, extreme weather events or funding resources.  Any revisions to the 

recommended monitoring parameters and procedures require review and approval by the 

T-VSSI project team.   

Under Parking Lot Infiltration Gallery  

 

In July 2006, the T-VSSI project team constructed a small infiltration gallery beneath a 

portion of the parking lot at Pennypack Ecological Restoration Trustôs (PERT) main 

entrance. The infiltration gallery was a retrofit to an existing parking lot and consists of 

an underground earthen-walled chamber, approximately 25 x 39 feet, which houses five 

(5) 32.5 feet long Recharger® 330s, a modular prefabricated stormwater management 

system by CULTEC Inc.  The Recharger® 330s were installed on a bed of and were 

covered by crushed stone.  The crushed stone was washed to remove fines, and was 

encased in filter fabric and covered by compacted fill, pavement sub-base covered with 

porous pavement.  The chambers of the Recharger® 330s and voids between the crushed 

stone provide stormwater storage.  The infiltration gallery was designed to capture, retain 

and infiltrate the ñ2-year, 24-hourò storm event: approximately 3.3 inches of 

precipitation.  The infiltration gallery was located to receive runoff from the 4.5-acre up 

gradient drainage area and thereby to reduce non-point source runoff within the upper 

Pennypack Creek watershed. 

 

The design allows stormwater to enter the infiltration gallery by two routes.  One route 

allows stormwater to enter through a drop inlet and the other through the porous paving 

covering the lower half of the infiltration gallery.  The drop inlet has a sumped inlet (i.e., 

Figure 3 - Location of Infiltration Gallery at Pennypack Ecological 
Restoration Trust 
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the outlet is above the bottom) and there was a Snout® that covered the outlet that 

connected to a Cultec, Inc. Stormfilter®, which was designed to filter the stormwater 

before entering the infiltration gallery.  The sumped inlet captures heavy particles carried 

in by stormwater, and the Snout® prevents floatables from entering the Gallery.  The 

Stormfilter® was installed as the final site for particulate removal before the stormwater 

enters the infiltration gallery.  Stormwater that is not captured in the drop inlet will be 

intercepted by the porous paving.  

 

Monitoring of this facilityôs stormwater retention and infiltration capacity is important for 

two reasons.  This was the first of such installations in Southeastern Pennsylvania.  

Second, the monitoring results could demonstrate the value of this type of BMP for 

retrofitting parking areas and for designing stormwater retention and infiltration facilities 

for new development instead of the more conventional surface storage facilities that 

consume valuable land.    

 

Monitoring equipment installed at this BMP include: a monitoring well, a 5-foot long, 1-

inch diameter slotted PVC tube, equipped with a pressure transducer to monitor depth of 

water in the infiltration gallery, and two pieziometers located within the infiltration 

gallery.   

Design Goals  

The design goals of the infiltration gallery facility are to: 

ï Capture non-point source stormwater runoff from the parking lot area 

ï Retain stormwater  

ï Infiltrate stormwater  

ï Pre-treat stormwater to remove sediment, floatables, and grit  

Post-Construction Monitoring  

Post-construction monitoring should commence immediately upon the completion of 

construction and installation of monitoring equipment.  Due to the nature of this BMP, 

wetland structure and function monitoring and plant nutrient uptake monitoring are not 

recommended.  It is recommended that stormwater monitoring occur on a wet weather 

basis and evaluate the BMPôs performance based on measuring and monitoring the 

following stormwater management parameters:  

ï Stormwater Quantity.  The effectiveness of the BMP to capture, retain and infiltrate 

stormwater should be monitored using the following methods: 

o Rainfall should be measured by the rain gauge installed at the project site.  

Rain gauge data should be input to a hydrologic modeling system, HEC-

HMS, and used to calculate stormwater flows into the infiltration gallery. 

o Stormwater levels within the infiltration gallery should be recorded at 15-

minute intervals.   

o As funds become available additional monitoring equipment should be 

installed to allow the measurement of stormwater flows out of the 

infiltration gallery and into underlying soils and assessment of 

groundwater mounding.   
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ï Stormwater Quality. For this BMP, recommendations for monitoring stormwater 

quality improvement were limited to pre-treatment for the removal of sediment, 

floatables, and grit because the infiltration gallery is not the type of BMP designed to 

improve stormwater quality by reducing contaminants.  The effectiveness of the BMP 

to remove sediment, floatables and grit should be evaluated using the following 

practices:   

o Sediment and grit removal by the grass-lined swale should be measured 

quarterly, or ass appropriate, by recording the volume of grit deposited.  

This should be measured by using a ruler to measure the depth and surface 

area, of the material deposited within the swaleôs depression adjacent to 

the rim of the drop-down inlet. 

o Sediment and grit removal by the sumped inlet should be measured by the 

accumulation of sediment and grit in the bottom of the inlet. The 

accumulation of sediment should be removed if and when 50% of the 

storage capacity is used. 

o Floatables should be removed periodically and noted; however, volumetric 

measurement of the collected floatables is not recommended.  

o Sediment and grit removed by the stormfilter should be measured by 

recording the volume of material collected by the filter when the inlet 

filter is cleaned on a quarterly basis. The filter should be weighed when 

removed and then after it is cleaned, and the difference between the two 

weights should be recorded as the amount of material removed by the 

filter.  

Infiltration Trenches 

 

In July 2006, the T-VSSI project team constructed three stormwater infiltration trenches 

along the sloping field between the lower parking areas and an upland pond located 

below PERTôs main buildings.  The trenches were designed to infiltrate stormwater 

runoff from the lower parking areas, access roads, walkways and roof tops at the PERTôs 

office, visitor center and greenhouse.  The trenches were designed to capture non-point 

Figure 4 - Location of Infiltration Trenches at Pennypack Ecological 
Restoration Trust 



Integrated Monitoring Plan_11162007.doc  Page 10 of 20 

source stormwater runoff from a 3-acre portion of the up gradient drainage area and 

thereby reduce non-point source runoff within the upper Pennypack Creek watershed.  

The three acres were generally the remaining area not captured by the infiltration gallery 

that was installed up gradient from the infiltration trenches. 

 

This project site was designed to test the failure rate of a typical residential gravel-filled 

infiltration bed facility and to compare the performance and maintenance requirements of 

side-by-side sand and gravel infiltration beds.  Creation of this project site included 

replacing the existing +100 feet of 6-inch diameter tar paper pipe that conveyed 

stormwater to the pond, with +20 feet of 8-inch PVC pipe that conveys the stormwater to 

a swale, which diverts the stormwater into three flows.  One third of the total flow was 

diverted directly into a gravel infiltration bed and the stormwater flowing to that bed is 

not filtered to remove organic and inorganic debris.  This facility was designed to 

replicate conditions when a homeowner does not properly maintain the infiltration bed 

and to test the failure rate of this BMP.  The remaining runoff, two thirds of the total 

flow, is diverted into a sand-filled bed and a gravel-filled bed.  This gravel-filled bed has 

a filter/screen to remove organic and inorganic debris from the water. The sand-filled bed 

was not installed with a filter/screen to remove organic and inorganic debris. Any debris 

that accumulates can simply be raked off the surface.  Each of the three trenches was 5 by 

10 feet with a depth of 4 feet.  The earthen walls and floors of the trenches were lined 

with filter material before filling with stone or sand. The trenches were all open topped.  

These three infiltration trenches will be monitored and analyzed to compare performance 

and maintenance requirements.     

 

Monitoring equipment installed at this BMP includes:  three monitoring wells, 5-foot 

long, 1-inch diameter slotted PVC tubes, equipped with pressure transducers to measure 

the depth of water in each trench.   

Design Goals  

The goals of the trench designs are to:  

ï Capture non-point source stormwater runoff 

ï Retain stormwater 

ï Infiltrate stormwater  

ï Remove sediment, grit and debris  

Post-Construction Monitoring 

Post-construction monitoring should commence immediately upon construction and 

installation of monitoring equipment.  Due to the nature of this BMP, wetland structure 

and function monitoring and plant nutrient uptake monitoring are not recommended.  

Stormwater management monitoring should occur on a wet weather basis and evaluate 

performance based on measuring and monitoring the following stormwater management 

parameters: 

ï Stormwater Quantity.  The effectiveness of these BMPs to capture, retain and infiltrate 

stormwater should be monitored using the following methods: 

o Rainfall should measured by the rain gauge installed at the infiltration 

gallery project site.  Rain gauge data should be used in conjunction with a 
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hydrologic modeling system, HEC-HMS, to calculate the stormwater 

flows to each of the trenches. 

o Stormwater levels within each of the trenches should be recorded at 15-

minute intervals at each of the three monitoring wells.   

ï Stormwater Quality. For this site, recommendations for monitoring stormwater quality 

improvement were limited to pre-treatment for the removal of sediment, grit and 

debris.  Sand and gravel infiltration trenches are not the type of BMPs designed to 

improve stormwater quality by removing contaminants.  The effectiveness of these 

BMPs to remove sediment, grit and debris should be evaluated by recording the 

amount of material collected using the following methods:   

o Sediment and grit removal by the grass-lined swale should be measured 

quarterly, or as appropriate, by recording the volume, using a ruler to 

measure the depth and surface area, of the material deposited within the 

swaleôs depression before the first diversion structure.   

o Debris removal by the second diversion structure should be measured 

quarterly, or as appropriate, by recording the volume, using a ruler to 

measure the depth and surface area, of the material such as leaves 

deposited. Leaf accumulation should be measured monthly during 

October, November and December.  

Upland Stormwater Wet Ponds 

 

In July 2006, the T-VSSI project team constructed two upland stormwater wet ponds 

adjacent to a shallow pond along Paper Mill Road on PERT property.  The stormwater 

wet ponds are designed to capture non-point stormwater runoff from a 54-acre drainage 

area of grassy meadow and forest.   There is about one foot of storage available in the 

upper pond before it overflows into the lower pond.  There is little stormwater storage 

capacity in the lower wet pond.  As stormwater runoff exceeds the storage capacity of the 

larger wet pond it overflows into the second stormwater wet pond.  During high-water 

Figure 5 - Location of Upland Wet Ponds Pennypack Ecological 
Restoration Trust 
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events water overflows from the lower wet pond into the existing pond over a vegetated 

berm that is about six inches high. When stormwater storage capacity exceeds that of the 

existing cascading pond system, the overflow drains into an existing drainage ditch and 

then into a stormwater pipe that eventually flows into a shallow pond draining into 

Terwood Run, an important tributary to Pennypack Creek.  Through retention and 

evapotranspiration this project site reduces non-point source runoff within the upper 

Pennypack Creek watershed. 

Design Goals  

The goals of the upland wet pond design are to: 

ï Capture non-point source stormwater 

ï Retain stormwater  

ï Evapotranspiration of  stormwater 

ï Achieve upland wetland structure and function  

Post-Construction Monitoring 

Post-construction monitoring initially should lag the completion of construction by 4-5 

months in order to give the vegetation sufficient time to establish.  While the upland 

stormwater wet ponds provide important non-point source stormwater retention, it is 

recommended that the monitoring program focus on recording the establishment of 

upland wetland structure and function.  Wetland structure and function monitoring should 

occur on an initial post-construction basis and then annually. 

ï Initial Monitoring.  Initial monitoring is important to assess if the constructed BMP 

complies with design drawings and planting plans.  At this point, the T-VSSI project 

team should assess whether any additional or remedial work such as replanting and 

regrading is required.  If remedial actions are not required, initial monitoring should be 

undertaken to evaluate and establish a baseline for the wet ponds as well as at a 

reference wet pond site.  For this BMP, the existing shallow pond adjacent to the wet 

ponds is recommended as the reference site.  Baseline conditions should be established 

for the following parameters using comparable procedures recommended for annual 

monitoring.   

o Biological Diversity and Abundance 

o Soil Conditions  

o Sedimentation Rate  

o Vegetation 

ï Annual Monitoring. Annual monitoring should take place during peak vegetation 

(mid-August through the end of September). Each annual monitoring event should 

occur in tandem with annual monitoring at the reference site.  Annual monitoring 

should include:   

o Biological Diversity and Abundance.  Biological assessments are 

important to evaluating the contribution of the wet ponds to regional 

habitat and biological diversity.  Monitoring aquatic macroinvertebrates 

records the establishment of colonies essential in fostering vertebrate 

diversity. Macroinvertebrate samples should be collected from three 

replicate samples plus a leaf litter sample.  The assessment should include 
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counts of the numbers of individuals, diversity of species and tolerance of 

species.   

o Soil Conditions.  Monitoring wetland soil conditions is important to assess 

pollutant and nutrient retention and to provide indirect measures of 

wetland function. Five soil core samples should be collected randomly 

from each plot.  These samples should be analyzed for organic content, 

texture, particle size and hydric state. 

o Sedimentation Rate  Monitoring a wetland systemôs sediment retention 

provides information on wetland function.  Sediment traps should be 

placed in each plotôs inlet area.  Trap data should be collected annually 

and should include in field measurement of the depth of sediment 

followed by dried weight and volume of sediments collected.  

o Vegetation.  Monitoring of plant communities is essential to evaluating 

wetland function as vegetation impacts hydrology, sedimentation, and 

habitat suitability. 

 Native plant species planted for soil and water erosion control 

around the ponds should be evaluated for their establishment rates.  

General information about the vegetation should be obtained by 

sampling the site with a transect method.  Five permanent transects 

should be established through the wet ponds. Nested quadrants, 

which include 5 x 5 m for sampling trees/shrubs and 0.5 x 0.5 m 

for sampling herbaceous plants, should be randomly located along 

the transects.  Following vegetation properties should be recorded: 

total vegetation cover, species richness, relative dominance, and 

Shannon-Winner diversity index.  For each species, the survival 

rate should be tallied annually. Ten plants of each species should 

be tagged and growth rates of elongating shoots and leaves should 

be measured monthly.  

 Emergent species planted inside the stormwater ponds should be 

evaluated for their growth and contaminants uptake capability. 

Survival rate should be tallied annually. Growth rate should be 

measured using the method mentioned above.  Biomass should be 

sampled from a random set of 25 x 25 cm quadrants. Vegetation 

and litter in each quadrate should be clipped at ground level. Roots 

should be sampled by inserting a 6-cm diameter soil core 17 cm 

deep in the center of each quadrant. Roots should be separated out 

from the soil core. Plant materials should be sorted to species and 

weighted separately after drying. 

 

In addition to the post construction monitoring tasks outlined above, this BMP site may 

be used to assess plant nutrient uptake through controlled experimental application of 

nutrients.  A description of this experimental design, protocol, data collected, and results 

will be provided separately. 
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Riparian Buffer 

 

In July 2006, the T-VSSI team constructed a riparian buffer along Terwood Run, south of 

the bridge on Inverness Road on PERT property.  The riparian buffer is located 

approximately 200 feet upstream of the riparian stormwater wetland on Terwood Runôs 

eastern bank.  The riparian buffer extends 75 feet. Through establishing an extended root 

network, the riparian buffer will stabilized the stream bank, thereby reducing stream bank 

erosion and sediment loading in Terwood Run.  

Design Goals 

The design goals of the riparian buffer are to: 

ï Stabilize stream bank through the installation of plants and their attendant root 

network.  

ï Reduce stream bank erosion by providing a rapid and complete root network to resist 

the erosive forces of the stream. 

Post-construction Monitoring  

Post-construction monitoring should lag the completion of construction by 4-5 months in 

order to give the vegetation sufficient time to establish. 

ï Initial Monitoring.  Initial riparian buffer monitoring is important to assess if the 

constructed BMP complies with design drawings and planting plans.  At this point, the 

T-VSSI project team should assess whether any additional or remedial work such as 

replanting and regrading is required.  If remedial actions are not required, initial 

monitoring should be undertaken to establish a baseline for the parameters listed 

below using comparable procedures recommended for annual monitoring.    

o Vegetation  

o Benchmarks  

Figure 6 - Location of Riparian Buffer at Pennypack Ecological 
Restoration Trust 
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ï Annual Monitoring. Annual monitoring should take place during peak vegetation 

(mid-August through the end of September) and should include:  

o Vegetation.  The width and density of vegetation plays a critical role in 

stabilizing shorelines.  Recording plant densities and vegetated area 

width over time are common methods to monitor stabilization 

capacity.  Vegetation should be evaluated by sampling 0.5 m x 0.5 m 

quadrants placed at 3-m intervals along three transects running through 

the riparian buffer zone.  Canopy coverage of each species in the 

quadrant should be estimated. Relative abundance of a particular 

species should be calculated and the percent of bare ground estimated.  

The root density should be sample by inserting a 6-cm diameter soil 

core 17 cm deep in the center of each quadrant.  Roots should be 

separated out from the soil core.  Later it should be dried and 

weighted.  The root density should be expressed as dry mass of 

roots/per cubic meters. 

o Benchmarks:  Benchmark monitoring is useful for assessing long-term 

shoreline stability.  Benchmarks may include photographic records and 

stream bank pins placed at points where erosion is likely to occur.  

Benchmark data should be collected annually and if appropriate, after 

intense storms. 

Riparian Stormwater Wetland 

 

In July 2006, the T-VSSI team constructed a riparian wetland along Terwood Run, south 

of the bridge on Inverness Road on PERT property.  The riparian stormwater wetland is 

approximately one half acre in size flanking the western bank of Terwood Run.  The 

wetland has a storage capacity of 20,000 cubic feet. The wetland was designed to capture 

surface stormwater flows from an upland drainage area of about 34.5 acres. The wetland 

also captures and dampens stormwater flows that overflow Terwood Runôs western bank. 

Figure 7 - Location of Riparian Stormwater Wetland at Pennypack 
Ecological Restoration Trust 
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Through retention and infiltration, the BMP reduces downstream stormwater volumes 

and non-point source pollution.   

Design Goals 

The goals of the riparian stormwater wetland are to:  

ï Capture stormwater related stream bank overflow  

ï Retain stormwater  

ï Capture sediment 

ï Achieve wetland structure and function 

Post-construction Monitoring  

Post-construction monitoring should lag the completion of construction by 4-5 months in 

order to give the vegetation sufficient time to establish. It is recommended that 

monitoring of this BMP address the sites effectiveness at managing stormwater 

management and establishing wetland structure and function.   

 

Stormwater management monitoring should occur on a rain event basis and should 

evaluate performance based on measuring and monitoring the following stormwater 

management parameters: 

ï Stormwater Quantity. It is very difficult to measure flows entering into or leaving the 

stormwater wetland because there are no specific entry or exit points.  Instead, 

stormwater will enter the wetland via stream bank overflow and will exit the 

stormwater wetland by overflow or evapotranspiration.  Therefore, stormwater 

quantity monitoring should be limited to measuring and recording the volume of water 

retained by the stormwater wetland and the occurrence of stream bank overflows.   

o Stormwater levels within the stormwater wetland should be monitored by 

installing a transducer into a monitoring well located within the wetland.  

Wetland water levels should be recorded at 5 minute intervals.   

o Stormwater levels within Terwood Run should be monitored by installing a 

transducer into a monitoring well located immediately upstream of the 

stormwater wetland.  In stream water levels should be recorded at 5 minute 

intervals. 

ï Stormwater Quality. For this project site, it is recommended that stormwater quality 

improvement monitoring be limited to measuring the BMPs effectiveness at removing 

sediments from stormwater flows.  Because sediment removal also is a wetland 

function, the recommended monitoring activities are included under wetland structure 

and function monitoring.  

 

Wetland structure and function monitoring should occur on an initial post-construction 

basis and then annually.   

ï Initial Monitoring.  Initial wetland function monitoring should assess the BMPôs 

compliance with design drawings and planting program.  At this point, the T-VSSI 

should assess whether any additional or remedial work such as regrading and 

replanting are required.  If remedial actions are not required, initial monitoring should 

establish a baseline for the wetland and a reference site.  For this BMP, the existing 

shallow pond adjacent to the newly constructed wet ponds is recommended as the 
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reference site.  Baseline conditions should be established for the following parameters 

using comparable procedures recommended for annual monitoring.   

o Biological Diversity and Abundance 

o Soil Conditions 

o Sedimentation Rate 

o Vegetation 

ï Annual Monitoring.  Annual wetland function monitoring should take place during 

peak vegetation (mid-August through the end of September). Each annual monitoring 

event at this site should occur in tandem with annual monitoring at the reference site.   

o Biological Diversity and Abundance. Biological assessments are important to 

evaluating the contribution of the wetland to regional habitat and biological 

diversity.  Monitoring aquatic macroinvertebrates records the establishment of 

colonies essential in fostering vertebrate diversity. Macroinvertebrate samples 

should be collected from three replicate samples plus a leaf litter sample.  The 

assessment should include counts of the numbers of individuals, diversity of 

species and tolerance of species. 

o Soil Conditions.  Monitoring wetland soil conditions is important to assess 

pollutant and nutrient retention and to provide indirect measures of wetland 

function. Five soil core samples should be collected randomly from the wetland.  

These samples should be analyzed for organic content, texture, particle size and 

hydric state. 

o Sedimentation Rate  Monitoring a wetland systemôs sediment retention provides 

information on wetland function.  Sediment traps should be placed in the 

wetlandôs inlet area.  Trap data should be collected annually and should include in 

field measurement of the depth of sediment followed by dried weight and volume 

of sediments collected. 

o Vegetation. Monitoring of plant communities is essential to evaluating wetland 

function as vegetation impacts hydrology, sedimentation, and habitat suitability. 

o Native plant species planted for soil and water erosion control around the 

ponds should be evaluated for their establishment rates.  General 

information about the vegetation should be obtained by sampling the site 

with a transect method.  Five permanent transects should be established 

through the wet ponds. Nested quadrants, which include 5 x 5 m for 

sampling trees/shrubs and 0.5 x 0.5 m for sampling herbaceous plants, 

should be randomly located along the transects.  Following vegetation 

properties should be recorded: total vegetation cover, species richness, 

relative dominance, and Shannon-Winner diversity index.  For each 

species, the survival rate should be tallied annually. Ten plants of each 

species should be tagged and growth rates of elongating shoots and leaves 

should be measured monthly.  

o Emergent species planted inside the stormwater ponds should be evaluated 

for their growth and contaminants uptake capability. Survival rate should 

be tallied annually. Growth rate should be measured using the method 

mentioned above.  Biomass should be sampled from a random set of 25 x 

25 cm quadrants. Vegetation and litter in each quadrate should be clipped 

at ground level. Roots should be sampled by inserting a 6-cm diameter soil 
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core 17 cm deep in the center of each quadrant. Roots should be separated 

out from the soil core. Plant materials should be sorted to species and 

weighted separately after drying. 

 

In addition to the post construction monitoring tasks outlined above, this BMP site may 

be used to assess plant nutrient uptake through controlled experimental application of 

nutrients.  A description of this experimental design, protocol, data collected, and results 

will be provided separately. 

Stormwater Wetland Restoration 

During the summer of 2000, the Villanova Urban Stormwater Partnership (VUSP) project 

team converted an existing detention basin on Villanovaôs campus into an extended 

detention wetland BMP. The facility treats runoff from a 41 acre- tract of land with 16 

impervious acres. The impervious runoff makes its way to the wetland through inlet 

sources and the combined flow exits through a single outlet.  The purpose of the wetlands 

is to treat runoff in a medium priority degraded watershed whose flows impact a high 

priority stream. The goal is to modify the flow of water into a two-stage release during 

low flows via meanders, gravel berms and forebays. The larger storm outflow should not 

be compromised.  

 

Overtime, wetland species have been displaced by invasive species.  Displacement by 

invasive species, vegetation loss due to high salinity stormwater runoff and vegetation 

loss due to extreme weather are common in urban wetland environments.  As part of the 

T-VSSI research project the wetland will be restored by removing invasive species and 

replanting. Restoration of the wetland commenced during the fall of 2006 with the initial 

removal of invasive species.  Upon completion of the restoration program in late 2007, 

the T-VSSI will commence vegetation monitoring and plant nutrient uptake monitoring.  

These actions will demonstrate how to restore an existing stormwater wetland, to restore 

habitat, to increase plant diversity and to achieve enhanced stormwater management 

outcomes. 

 

 
Figure 8 - Location of Stormwater Wetland at Villanova 




