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Introductio n

Purpose and Scope

The purpose ofthe Temp¥¢i | | anova Sustainabl-¢SSitos mwater
Integrated Monitoring Plan is t®@commendnonitoringparameters angroceduresor

the TVSSI 6s research effort andhertpavatgporovi de mon
public stormwater management projects. Thisgrated Monitoring Plan expands upon

typical stormwatemanagementonitoringprograms that focus agither quality or

guantity parametert® includeboth as well agcological criteriaTheT-V S S in€lusion

of ecological criteria, specifically wetlarsfructure andunction responds to the current

trendin stormwater facility desigto mimic wetland systembBy incorporaing, for

example bio-infiltration beds wet pondsandwetlands

The sbrmwater management monitoring critetliascribed hereiwere based othe

VilanovaUr ban St or mwat( & USParst) nQuahip s Assur ance,
Plan for theVillanova Stomwater Research and Demonstration PQR/QC Plan

2005. The stormwger monitoring componerdf the Integrated Monitoring Plan focuses

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

integral toassessg the effectiveness of BMPprojects.

Thewetlandfunction monitoring criteriavere base@nwetland monitoring and success
evaluation guidance developedtin Army Corps of Engineer6ACOE) and publshed

in their Wetlands Engineering Handbodk000) Correspondingly, the wetland function
monitoring component of the Integrated MonitgyiPlan includeghe collection, analysis
and reporting o$oil conditiors, sedimentation ratejegetation andbiological diversity
and abundanceata essential to assessing the succeBdIdfs designed to function like
wetland systems

The Integrated Maitoring 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 functiomegetation monitoringn that theassessment of
plantnutrient uptakeequires controlled experimental application of nutrients and
subsequent collection of samptesenable the evaluation of thatrient 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 phymediation capabilitiesDue to the experiméal
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 projectBemmypack Ecological
Restoration TrustRERT) property, the TVSSI 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) wataiitg monitoring, (5)
bioassessment, and (6) BMP ssgecific 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 indtalweather station in close proximity to the field site,

within %2 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 Mooring 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 obgiguesponds 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. Watezlland conductivity loggers will cost

$500 to $2000) and require calibration and maintenance. A recommended recording
interval is 15minutes to observe storm response without filling up the logger memory

too fast. The loggers should be checked at lmasithly, although temperature loggers
typically have longer memory storage.

Figure 1 - Data logge 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 techrsgoanstall 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 ove? méter length

because erosion is highly variable. Erosion may be episbdicist a single storm may

result in 210 cm of erosion followed by a period of little erosion. Therefore, the bank

pins should be checked every2aveeks or after major storm events. There are a variety

of other methods of evaluating bank erosion, agkurveying and bed erosion

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

1

Figure 2 - Pins in bank at Terwood Run.

(4) Water Quality Monitoring

Stormwater samplers can be used to collect storm water and evaluate water quality. If
samplers are usedd sample is typically not preserved for measuring unstable
parameters, but there are still a variety of measures that are useful for evaluating water
guality (see below). Low cost twottle samplers are available in addition telittle
samplers thatadlect throughout the storm event.

Storm samplesan 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 throumgd 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) Bioassesment

Identify and counting macroinvertebrates is an integrated measure of stream health
because these biological markers respond to water quality over time. The samples should
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be collected according to standard practice and species identified by sdragmaeein
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. Typicalllesargcollected

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 degmpearvious

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 tesaamd 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 kamendments 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 ConstructionMonitoring Recommendations

This sectiondentifiestherecommendd monitoring program for each BMPThe
IntegratedVionitoring Planwas 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 suckeenal factors as changes in technology,
monitoring protocqglextreme weather events funding resourcesAny revisions to the
recommended monitoringarameters and proceduresjuire review and approval by the
T-VSSI project team.

Under Parking Lot Irfiltration Gallery

e e e Parirypa ck Creek
........... Hiking trafls

o= M fiple use trails

ded)
[ PennypackTrust property
500 0 500 1000 Fest
——______——|

Figure 3 - Location of Infiltration Gallery at Pennypac Ecological
Restoration Trust

In Juy 2006, the TVSSI projectteam constructedsmall infiltration gallery beneath a
portion of the parking lot atdhnypackecologicalRestorationTrustd €PERT)main
entranceThe infiltration gallerywas a retrofit to an existg parking lot andonsists of

an undergroundartheprwalled chambeyapproximately 25 x 39 fegtvhich houses five
(5) 32.5 feet londgrecharge® 330s, a modular prefabricated stormwater management
system byCULTEC Inc. The Recharg®r330swere installecbna bed of andvere
covered by crushed stone. The crushed st@sewashed to remove fines)dwas
encased in filter fabric and covered by compacted fill, pavemerbasdzovered with
porous pavementThe chambers of the Rechar@e830s and voids beeen the crushed
stone provide stormwater stme. The infiltration gallery weadesigned to capture, retain
and infiltratet h eyed; 24h our 0 s t approrimatelye.Bnchesof

precipitation. The infiltration gallery as located toeceiwe runoff from the4.5-acreup
gradientdrainage area and therefmyreduce nofpoint source runoff within the upper
Pennypack Creek watershed.

The design allowstermwaterto enterthe infiltration gallery bytwo routes. One route

allows stormwater to enter thugha 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.,
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the outletis above the bottom) and there was a Snout® that covered the outlet that
connectedo a Culec, Inc. Stormfilter®, whichivas designed to filtethe stormwater
beforeenteringthe infiltration gallery. The sumped inlet captures heavy particles carried
in by stormwater, and the Snout® prevents floatables from entdenGallery. The
Stormfilte® was installed aghe 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 facilityp s s t o r mwmanckimfiltratien tcapacitisiimportantfor
two reasons.This was thefirst of such installatiosin Southeastern Pennsylvania
Second, the monitoring results could demonstrate the valiésdfpe of BMPfor
retrofitting parking areas and for desigg stormwateretention and infiltratioriacilities
for newdevelopmeninstead of thenore conventional surface storage facilitiest
consume valuable land.

Monitoring equipment installed at this BMP include: a monitoring welkf@ob long, *

inch diameter slotted PVC tupequipped with a pressure transducer to monitor depth of
water in the infiltration galleryandtwo pieziometers located within the infiltration

gallery.

Design Goals

Thedesigngoals of the infiltration gallerfacility areto:
i Capturenonpoint sourcestormwaterrunoff fromthe parking lot area
i Retain stormwater
i Infiltrate stormwater
i Pretreatstormwateto removesediment floatablesand grit

PostConstruction Monitoring

Postconstruction monitoringhouldcommence immdiately uporthe completion of
construction and instaltion of monitoring equipmentDue to the nature of this BMP,
wetlandstructure andunction monitoringand plant nutrient uptake monitoring aret
recommended It is recommended thatagmwater nonitoring occur on avet weather
basis and evaluatte B M P pesformance based eaneasuring and monitoring the
following stormwater managemeparameters
i Stormwater Quantity The effectiveness of the BMP to capture, retain and infiltrate
stormwater shdd be monitored using the following methods:
o Rainfall should beneasured byherain gaugeanstalledat the project site.
Rain gauge datshould be input tahydrologicmodeling system, HEC
HMS, andused to calculate stormwater flows into the infiltratgallery
o0 Stormwater levels within the infiltration galleshould beecordedit 15-
minute intervals
o As funds become available additional monitoring equipment should be
installed to allow the measurement tdrsnwater flows out of the
infiltration galery and into underlying soilandassessent of
groundwatemounding
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i Stormwater Qality. For thisBMP, recommendations for monitorirgjormwater
guality improvementverelimited to pretreatment for the removal of sediment
floatablesand gritbecauséhe infiltration gallery is not the type of BMP designed to
improve stormwater quality by reducing contaminarnthe effectiveness ahe BMP
to removesediment floatablesand gritshould besvaluatedisingthe following
practices

o Sediment and gritemoval bythe grasdined swaleshould bemeasured
quarterly, or ass appropriatey recording the volumef grit deposited.
This should be measured byginga rulerto measue the depthand surface

aregof the material depossionadjacenno t hi n

the rim of the droglown inlet.

o Sediment and grit removal by teempednlet shouldbe measured by the
accumulation of sediment and grit in the bottom of the iiileé
accumulation of sediment should be remowWethd when 50% of the
storage capacity is used.

o Floatableshouldbe renoved periodically and notetiowever, volumetric
measuremertf thecollected floatables not recommended

o0 Sedment and grit removely the storrfilter should bemeasured by
recording thevolume of materibcollectedby the filterwhen the inlet
filter is cleanedbn a quarterly basig he filter shouldbe weighed when
removed and then after it is cleaned, and the difference between the two
weightsshould beecorded athe amount of material removed by the
filter.

Infiltration Trenches

Figure 4 - Location of InfiltrationTrenches at Pennypack Ecological
Restoration Trust

In Juy 2006, the FTVSSI projectteam constructedteestormwater infiltration trenches
along the sloping field between the lower parking areasaangland pondocated
belowP E R T 6 sbuildiags rmhe trenchewere degned toinfiltrate stormwater

runoff from the lower parking areas, access roagdkwaysa nd r oof t ops
office, visitor centerand greenhouseT he trenches we designed to capture npoint
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source stormwater runoff from3-acreportion oftheup gradiendrainage area and
thereby reduce nepoint source runoff within the upper Pennypack Creek watershed.
Thethreeacresweregenerally theemainingarea not captured by the infiltration gallery
thatwas installedup gradienfrom the infiltration trenches.

This project site waidesigned to test the failure rate of a typical residential gféleel
infiltration bed facility and to compare the performance andtaeaance requirements of
sideby-side sand and gravel infiltration beds. Ci@abfthis project sitencluded
replacingthe existing+100feet of6-inch diametertar papepipethat conveyed
stormwater to the ponavith +20 feet of8-inch PVC pipe thatconveys the stormwater to
a swalewhichdiverts the stormwater into three flswOne third of thetotal flow was
diverteddirectlyinto a gravel infiltration bednd the stormwater flowing toahbedis

not filtered to remove organic and inorganic debifi$isfacility was designed to
replicate conditionsvhen a homawnerdoes no properly maintain thefiltration bed

and to test the failure rate of this BMFPhe remainingunoff, two thirds of theotal

flow, is diverted intoa sandfilled bed ancagravetfilled bed This graveffilled bed has

a filter/screen to remove orgarand inorganic debris from the water. The shihed bed
was not installed witl filter/screen to remove organic and inorganic debris. Any debris
that accumulates can simply be raked off the surf&@eh of the three trenches sva by
10feet with a @pth of 4 feet. The earthen walls and floors of the treneksslined

with filter material before filling with stone or sarihetrenchesvere all open topped
Thesethreeinfiltration trenches will be monitored and analyzed to comparéormance
andmaintenance requirements.

Monitoring equipment installed at this BMP incledehree monitoring wells, foot
long, Xinch 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
i Capture nospoint source stormwater runoff
i Retain stormwater
i Infiltrate stormwater
i Removesediment, grit and debris

PostConstruction Monitoring

Postconstruction monitoringhouldcommence immediately upon congttian and
installation of monitoring equipmenDue to the nature of this BMP, wetlagttucture
andfunction monitoringand plant nutrient uptake monitoriage not recommended
Stormwater managementomitoring shouldoccur on avet weathebasis and ealuate
performance based aneasuring and monitorindpe following stormwatemanagement
parameters
i Stormwater Quantity The effectiveness of teseBMPsto capture, retain and infiltrate
stormwater should be monitored using the following methods:
o Rainfal shouldmeasured by theain gaugeanstalledat the infiltration
gallery project site Rain gauge datshould be used in conjunction wih
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hydrologic modeling system, HEBMS, to calculate the stormwater
flows to each of the trenches.

o Stormwater levelsvithin each of the trencheshould berecorded afl5-
minute intervalsat each of the thremonitoring wells.

i Stormwater Qualityfor this siteyecommendations for monitorirggjormwater quality
improvementwerelimited to pretreatment for the removal seédiment, grit and
debris Sand and gravel infiltration trenches are not the type of Bi¥#3igned to
improve stormwater quality by removing contaminants. The effectivenesssef the
BMPsto remove sediment, grit and delstsould besvaluated by recordg the
amount of material collectagsing the following methods

0 Sediment and gritemoval by the grasined swaleshould beneasured
guarterly, or as appropriatley recording the volume, using a ruler to
measure the depth and surface apéshe mateal deposited within the
s wa |l e@réssiondefore the first diversion structure

o Debrisremoval by the second diversion structsineuld bemeasured
guarterly, or as appropriatley recording the volume, using a ruler to
measure the depth and surfaceaa of the materiaduch as leaves
depositedLeaf accumulatioishouldbe measured monthly during
October, November and December.

Upland StormwaterWetPonds

Figure 5 - Location of Upland Wet Ponds Pennypack Ecological
Restoration Trust

In Juy 2006, the FTVSSI projectteam constructetivo uplandstormwatemwet ponds
adjacent ta shallowpondalongPaper Mill Road on PERT property{fhe stormwater

wet ponds are designed to captoog-point stormwater runoff frona 54-acredrainage
areaof grassy meadownd forest There is about one foot of storage available in the
upper pondefore it overflows into the lower pond.here is little stormwater storage
capacity in the lower wet pondAs stormwater runoff exceeds the storage capacity of the
larger wet pond it overflowinto the second stormwater wet ponduring high-water
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everis wateroverflowsfrom the lower wet ponéto the existing pond over a vegetated
berm that is about six inches highthen stormwater storage capacitgesds that of the
existingcascading pond systeitimneoverflow drains into an existingrainage ditctand
then into astormwater pipe that eventually flowso a shallow pond drainingtio
Terwood Runan important tributary to Pennypack Cred@krough retention and
evapotranspiratiothis project siteeducesionpoint source runoff within the upper
Pemypack Creek watershed.

Design Goals

The goals of the upland wpbnddesignare to:
i Capture nospoint sourcestormwater
i Retainstormwater
i Evapotranspiration otormwater
i Achieveuplandwetland structure and function

PostConstruction Monitoring

Postconstruction monitoringnitially shouldlag the completion of construction bys4
monthsin order to give the vegetatiaufficienttime to establish While the upland
stormwater wet ponds provide important fgoint source stormwater retentionis
recommended thahe monitoring prograrfocus onrecordng the establishment of

upland welandstructure and functionWetland structure andunction monitoring should

occur on an initial postonstruction basis and then annually.

i Initial Monitoring. Initial monitoringis important teasses# the constructedMP
complieswith design drawings and plantingaps At this point, the TVSSI project
teamshould assess whether any additional or remedial work sueplantingand
regadingis required If remedial actions areot required, initial monitoring shoulae
undertaken t@valuate and establish a baseline forvileé ponds as well as at a
reference wet pond site. For this BMRe existing shallow poradjacent to the wet
pondsis recommended asdheference siteBaseline conditions should be established
for the following parameters using comparable procedures recommended for annual
monitoring.

o Biological Diversityand Abundance
o Soil Conditions
0 Sedimentation Rate
0 Vegetation
T AnnualMonitoring Annual monitoringshould 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 Diversty and Abundance Biological assessments are
important to evaluating the contribution of the wet pond=¢ponal
habitat and biological diversityMonitoring aquatic macroinvertebrates
recordsthe establishment of colonies essential in fostering veateb
diversity. Macroinvertebrate samples should be collected fitmee
replicate sampleglus aleaf 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 important to assess
pollutant and nutrient retention and to provideirect measuieof
wetland functionFive soil core sampleshould becollectedrandonty
from each plat Thesesamples shoultde analyzed foorganiccontent,
texture, particle size and hydric state.

0 Sedimentation Ratéonitoring a wetland syste@ sediment retention
provides information on wetland functiosediment trapshouldbe
placedine ac h p | ot @rap datashHowddibe alleced anally
and should include in field measurement of the depth of sediment
followed by dried weight and volume of sediments collected

0 Vegetation Monitoring of plant communitieis essential to evaluating
wetland function as vegetation impacts hydrologgireentation, and
habitat suitability.

e 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 transect method. Five permanent transects
should be established through the wet ponds. Negtadrants
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. Mowing vegetation properties should be recorded:
total vegetation cover, species richness, relative dominance, and
ShannorAWinner diversity index. For each species, the survival
rate should be tallied annually. Ten plants of each species should
be taggednd growth rates of elongating shoots and leaves should
be measured monthly.

e Emergent species planted inside the stormwater ponds should be
evaluated for their growth and contaminants uptake capability.
Survival rate should be tallied annually. Growttershould be
measured using the method mentioned above. Biomass should be
sampled from a random set of 25 x 25 quadrantsVegetation
and litter in eaclyuadrateshould be clipped at ground level. Roots
should be sampled by inserting @® diameter sbcore 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 aboweBMP site may
be used tassess plant nutrient uptake through controlled experahapplication of
nutrients A description othis experimentadlesign,protocol, data collecte@ndresults
will be provided separalye
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Riparian Buffer

Figure 6 - Location of Riparian Buffer at Pennypack Ecological
Restoration Trust

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

thebridge onlnverness Road on PERT properiyhe riparian buffer is located

approximately 200 feet upstream of tigarian stormwatewet | and on Ter wood F
eastern bank. Th#parian buffer extends 75 fed@through establishing an extended root

network, the riparian buffer will stabilized ts&ream bankthereby reducingtream bank

erosion and sediment loading in Terwood Run.

Design Goals

The design goals of the riparianfter are to:
I Stabilizestream bankhrough the installation of plants and their attendant root
network.
T Reducestream banlerosion by providing a rapid and complete root network to resist
the erosive forces of the stream.

Postconstruction Monitoring

Paost-construction monitoring should lag the completion of constructionBynbnths in

order to give the vegetation sufficient time to establish.

i Initial Monitoring. Initial riparian buffermonitoringis important toasses# the
constructedBMP complieswith design drawings and plantingaps 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 shoule undertken toestablish a baseline for the parameters listed
belowusing comparable procedures recommended for annual monitoring

0 Vegetation
o0 Benchmarks
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i Annual Monitoring.Annual monitoring should take place during peak vegetation
(mid-August through the enof Septemberand should include:

0 Vegetation The width and density of vegetation playsritical role in
stabilizing shorelines. Recording plant densities and vegetated area
width over timearecommon methods to monitor stabilization
capacity. Vegetaion should be evaluated by sampling 0.5 m x 0.5 m
guadrants placed atr8 intervals along three transects running through
the riparian buffer zone. Canopy coverage of each species in the
guadrant 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 insertingcan6diameter soil
core 17 cm deep in the center of each quadrant. Roots should be
separated out from the soil core. Later it shouldresd and
weighted. The root density should be expressed as dry mass of
roots/per cubic meters.

0o Benchmarks:Benchmark monitoring is useful for assessing {oamgn
shoreline stability. Benchmarks may include photographic records and
stream bank pins pdad at points where erosion is likely to occur.
Benchmark data should be collected annually and if appropriate, after
intense storms.

Riparian StormwaterWetland

[ Pennypack Trust property
500 0 500 1000 Feet

Figure 7 - Location of Riparian Stormwater WetlaatPennypack
Ecological Restoration Trust

In July 2006, the TVSSI team constructed a riparian wetland along Terwood §awuth

of thebridge oninverness Road on PERT properfyhe ripariarstormwatemetland is

approximately one half acre in size flankiing western bankf Terwood Run The

wetland has a storage capacity26{000cubic feet The wetlandvas designed to capture

suface stomwater flows from an upland drainage arealodut 34.5cres. The wetland

also captureand dampess t or mwat er fl ows that overflow Te
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Through retention and infiltration, the BMP reduces downstream stormwater volumes
andnonpoint source pollution.

Design Goals

The goals of the ripariastormwatemetland are to:
i Capture stormwater relatstream banloverflow
i Retain stormwater
i Capture sediment
i Achieve wetland structure and function

Postconstruction Monitoring

Postconstruction monitoring should lag the completion of constructionbyndnthsin
order to give the vegetation sufficient time to establisis recommended that
monitoring of this BMP address the sites effectiveness at managing stormwater
management a@hestablishing 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:

T Stormwater Quantityit 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 \s&ream banloverflow and will exit the
stormwater wetland by overfloar evapotranspiration. Therefore, stormwater
guantity monitoringshould bdimited to measuring and recording the volume of water
retained by the stormwater wetlaadd theoccurrencef stream banlkoverflows

o Stormwater levels within the stormwater wetlatould bemonitored by
installing a transducer into a monitoring well located within the wetland.
Wetland water levels should becorded at 5 minute intervals.

o0 Stormwater levels within TerwooduR should be monitored by installing a
transducer into enonitoringwell located immediately upstream of the
stormwater wetlandln stream water levels should be recorded at 5 minute
intervals

T Stormwater Qualityf-or this project sitef is recommended thatormwater quality
improvemenimonitoring beimited to measuringhe BMPs effectiveness at removing
sedimens from stormwater flowsBecause ediment removadlsois a wetland
function, the recommended monitoring activities are included under wetiaraure
andfunction monitoring.

Wetlandstructureandfunction monitoring should occur on an initial pastnstruction
basis and then annually.
T Initial Monitoring. Initalwet | and function monitoring shou
compliance with design drawings and planting program. At this point,-\8ST
should assess whether any additional or remedial work suelgrading and
replantingarerequired If remedial actions aneot required, initial monitoringhould
establish a baseline for tixetland and a reference siteor this BMR the existing
shallow pond adjacent to the ngweonstructed wet ponds is recommended as the
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reference siteBaseline conditions should be established for the following parameters

using comparable procedures recommended for annual monitoring.

o Biological DiversityandAbundance

o Soil Conditions

0 Sedimentation Rate

0 Vegetation

AnnualMonitoring. Annualwetland function monitoring should take place during
peak vegetation (midugust through the end of September). Each annual monitoring
event at this site should occur imteem with annual monitoring at the reference site.

o Biological Diversityand AbundanceBiological assessments are important to
evaluating the contribution of the wetlandremionalhabitat and biological
diversity. Monitoring aquatic macroinvertebratescords the establishment of
colonies essential in fostering vertebrate diversity. Macroinvertebrate samples
should be collected frominree replicate samplgdus aleaf litter sample.The
assessment should include counts of the numbers of individuadssity 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 collectedbmly from the wetland.
Thesesamples shoulbde analyzed foorganic content, texture, particle size and
hydric state.

0 SedimentatonRRattMoni t oring a wetland systemds
information on wetland function. ediment trapshouldbeplaced inthe
wet | and o6 sTrap datashduld Bercalexted annually and should include in
field measurement of the depth of sediment followed by dried weight and volume
of sediments collected.

0 Vegetation Monitoring of plant communities is esseht@ 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. Nestgdadrantswhich include 5 x 5 m for
sampling trees/shrubs and 0.5 x 0.5 m for samplimgaeeous plants,
should be randomly located along the transects. Following vegetation
properties should be recorded: total vegetation cover, species richness,
relative dominance, and Shanrdfinner diversity index. For each
species, the survival rate shd be tallied annually. Ten plants of each
species should be tagged and growth rates of elongating shoots and leaves
should be measured monthly.

o0 Emergent species planted inside the stormwater ponds should be evaluated
for their growth and contaminantstage 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 cmqguadrantsVegetation and litter in eacjuadrateshould be clipped
at gound level. Roots should be sampled by insertingcen@liameter 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 t@ssess plant nutrient uptake through controlled experahapplication of
nutrients A description othis experimental design, goxol, data collectedand esults

will be provided separately

StormwaterWetland Restoration

During the summer of 2000, thalnovaUrbanStormwaterPartnership (VUSPproject

team converted an existing detentionbasin Vi | | a n ointosad extermledmp u s
detention wetland BMPThe facility treats runoff from a 41 aeregact of land with 16
impervious acres. Thenpervious runoff makes its way to the wetland through inlet
sources and the combined flow exits through a single ouflet. purpose of the wetlands

is to treat rundfin a medium priority degraded watershed whose flows impact a high
priority stream. The goal is to modify the flow of water into a-stage release during

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

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 environmsmnartof the
T-VSSI research project the wetland viié restoredby removng invasive species and
replaning. Restoration of the wetland commenced during the fall of 2006 with the initial
removal of invasive species. Upon completion of the restoration pragrate 2007

the T-VSSI will commence vegetation monitoring goldnt nutrient uptake monitoring.
Theseactions will demonstrate how to restore an existing stormwater wetland, to restore
habitat, to increase plant diversity and to achieve enhancednsitgnmanagement
outcomes.
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VILLANOVA UNIVERSITY
Figure 8 - Location of Stormwater Wetland at Villanova
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