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EXECUTIVE SUMMARY

The Town of Highlands straddles the Eastern Continental Divide in the Blue Ridge
Mountains of Wesicrn North Carofina. lis position m 4,118 feet above sea leve] results in unique
weather patterns including relutively cool average summer tempematures and nearly 90 inches of
rainfall annually. While the 70 degree days in July and the sbundani natural resources in the
neighboring Nantahala National Forest dmw many visitors to the aren cach year, the extreme
rainfll and resulting runoff from developed areas can cause problems for this growing
community. Stormwater is a national issue and the Town of Highlands has its own unigue
stormwater characteristics,  Flooding impacts and water quality effects are of primary
importance here and across the country,

The purpose of this study is to monitor stormwater runoff pollutant loadings within
small urban watershed of the Town of Highlands and o determine the effectiveness of the
innovative stonmwater system installed in the Pine Street aren, This system consists of the use of
a hydrodynamic separation box and an underground stormwater retention structure which were
installed as part of the Pine Sweet Stormwater Treatment project. This technology, according to
the manufacturer and based on o neview of the current instllutions, hns not yot been previously
field tested in an environment like Highlands, which receives a high degree of annual minfall
thut ofien occurs over many short duration, high-intensity events within an urban mountain
watershed. The approach used for Pine Street can be considersd an engineered BMP (Best
Munagement Practice) system using two technologies which alone or together are not designed
to retain large volumes of siormwater, but rather 1o abate pollutants typleally found in developed
watershed stormwater nunoff.

The study's basic goal was to determine starmwater munoff pollutant loadings from (his
mountiin community’s sub-watershed and evaluate the effectiveness of hydrodynamic separators
n removing these pollutant londings, The evaluation also includes a review af the pollutant
removal characteristics of the entire system. The key determination of this evaluation I8 o
document the beneficial use of these slormwater techoologies in these specific environmenis,
The resulls of this study ean then be used as o haseline for the applicability of these BMPs in
other western North Carolina locations.
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The evaluation collected rainfall data over the entire study period and looked at twenty
(20} specific slorm events. Flow modeling was performed for each noted siorm event and
hydrograph and discharge rouling information was developed for each storm monitored. OF the
events monitored, one (1) included the full range of datn collection (basic water quality data,
nutrient data and metals analyses), twenty (20) of the events included basic water qualiny data,
seven (7) included nutriemt data, and two (2) included metals analyses. For four of the five
cleaning events, sediment capture volume and weight was determined, particle distribution
samples were collected and analyzed, coconut fiber pollutunt removal performance was
determined nnd peneral characieristics of the debris and trmsh removed noted. Detalled
information on these efforts, observations about the sampling procedures used, and anulvtical
results ure outlined in this report and included in the appendices, Ovemll, more then 24 water
quality parnmeier results were genernted from this effor.

Based on the collection and evaluation of samples and data obisined throughout the October 18,
2010 to July 31, 201 | study period, the following major conclusions can be made:

*  The use of hydrodynamic sepamtors similar in design and construction to those employed
in the Pine Street system can remove significant amounts of sediment, nuirients and
certain types of metals.

*  Removal mies for tol suspended solids (TSS) are impressive and well bevond Narth
Carolina's performance criteria for post-construction stormwater treatment.

= Average TSS removal ranged from 90-99% for all storm events with influent TSS
concentralions gresier than 40 mp/L.

* Nutrient data indicate significant removal, with an svernge of 74% removal of total
phosphonus (TF) over the study period and positive removal event rates ranging from 30-
95%; tolal nitrogen {(TN) also saw an average of 74% removal over the study period with
individual event mtes ranging from 35-R9%;

= The separators were effective in removing all particles moging in size from preater than 2
millimeters to less than 0.05 millimeters.
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* The fixed coconut fiber fillers demonstrated the wbility to capture fine pasticles along
with the pollutants associated with the solids. While the ability of the filters to perform is
clearly limited due 1o the fact that once they become saturnted, the storm discharpe
esseritiolly “flows around™ the fiter, the duta shows that pollutants are captured. It is
essentinl that these filters be removed and replaced along with ench tank cleaning event 1o
help nssure the benefits of this component of the design.

= Critical 1o the ongolng effectivensss of hydrodynamic separators in removal of pollutants
from the afected surfilce water system and the environment is the regular cleaning and
maintenance of the structures and the proper disposal of the material removed.

* Exiremely heavy storm events can cause (as in all stormwater systemy) the release of
huge amounts of debris, bed load nnd sediment from a watershed that can physically
impair the ability of & storm drainnge or stormwaler treatment system. This means that
inspection following such events is critical to the ongoing effectiveness of this BMP.

* Overall system performance data, which includes the effect of the post-separutor
stormwater underground volume, shows variable effect on outflow quality, This is due 1o
several factors, including sample collection timing, possible biological, chemical and
physical changes in the stormwater os it is retained for some time in the storage ares and
the variahle time between storm eventa,

* Posi-separsior volume helps 1o “dampen™ the peaking of storm events, but is insufficient
in size to provide significant storm storage volume.

Th?hﬁummmwmmmmmvﬁﬂummmmuumphurﬂmm
of o hydrodynamic separator lollowed by underground storage volume aimed at improving
streamn quality in 0 watershed already developed. This or a similarly designed system should be
considered for similar watersheds 10 meet stormwater munagement objectives. The authors
appreciatively acknowledge the staff of the Town of Highlands, particularly Mr. Lamar Nix, PE,
which made the successful completion of this document possible. In addition, assistance in
gathering and evaluation of the dota was provided by Crystal Stream Technologics, the
manufecturer of the hydrodynamic sepamtor system,
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Lo BACKGROUND INFORMATION

L1 Location

Nestled in one of few temperate min forests found in North America and surrounded by
the Nantahaln National Forest, Highlands Ties on the highest crest of the Western North Carolina
piatenn in the Southern Appalnchinn Mountaing. The Town sits al an elevation of 4,118 fect
above sea level. This location results in approximately 90 inches of rinfall anpually primarily
due to the orogmphic lifting as air masses from the west are forced upward from lower elevation
as they opproach the Appalachian Mountains, The rising air cools adiabaticolly raising the
relative humidity to 100% creating clouds and frequent precipitation. fncorporsted in 1883,
Highlands is one of two incorporated towns in Macon County, the other being the County Sent—
Franklin, With a small part of the eastern portions of the town located in neighboring Jackson
County, Highlands is composed of u central area of commercial activities and surrounding
residential areas. The northern portion of the Town includes a reservoir, Lake Sequovah, formed
in 1927 by the construction of o concrete dam scross the Cullasaja River. The dam was
onginally built for hydroelectric generation but is now owned by the Town. The penstock s no
longer in use and power generating equipment was removed long ago, Southern dwellers have
for decades escaped the summer hient by coming to this picturesque setting und as such there are
u lnrge number of seesonnl visitors und second home owners in the area.

12 Hvdrology

The Town of Highlands sits atop the Eastern Continental Divide, dividing the town into
two major watersheds, The longest aren of the 6.25 square miles incorpornted area drains north
into the Cullasajn River Basin, approximately 4.65 sq miles. The remaining 1.6 sq. mi.
discharges into the Chattooga River Basin through Clear Creek and Big Creek (not to be
confused with Big Creek that discharges into the Cullasaja River), Highlands generally consists
of single family residentinl development on large, semi-forested lots, There is also one (1) golf
course, over iwenty lakes and ponds, and an uhbanized central business district of about 0.15
square miles within Town limits. Highlands is surrounded by the Namtahals National Forest,
with the 3.75 miles ol the southern portion of the Town limits bordering it In addition to a few
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portions of the Nationul Forest inside Town limits, there are also approximately eighty (80) acres
held in trust by Highlands Cashiers Land Trust.

The Cullesaja River is dammed mt the northwestem town limits to form the previously
noted Lake Sequoyah, which along with Big Creek is n source of drinking water for the Town,
The areas of the Town thut drain into the Cullasijn River can be divided into four sub-hasins: 1)
Mill Creek. 2) Monger Creck, 3) Salirock Branch, and 4) Big Creek, and areas that directly
discharge into the Cullasaja River. Figure | below illustrates the Cullasaja River watershed sub-
basins relntive to Town mumnicipal limits.

Figure I: Town of Highlands Major Dralnoge Baxins
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The Mill Creek watershed is approximately 1,095 acres (1.71 sq mi), With the relatively
urbanized downtown Highlands located near the center of the hasin, and forest preserves af fits
headwaters, this watershed has & wide variety of land coverage. There is approximately 820 feey
of relief in the basin with an average slope through-out the basin of 5.8%; however, some areas
have slopes greater than 50%. The basin is dominuted by “B" type soils with hydric solls nlong
the streams and in low areas. Mill Creek discharges into Mimor Lake, o private luke on the
Cullasaja River upsiream of Lake Sequoysh, and ulso contains two lokes, Hamis and
Lindenwood (aka Ravenel Lake or Biological Station Lake) in addition to many smaller lakes
and ponds. Figure 2 below illustrates the Mill Creck witershed and its sub-basins.

Figure 2: Mill Creek Drainage Busing
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13 Stermwater Issues
3.0 Water Quality

The North Carolina Division of Waler Quality (NCDWQ) Degraded Stream List (303(d)
list under the Federal Clean Wiater Act) identifies Mill Creek ns an impaired stream. The
primary source of impaimment is stormwater nonpoint source pollution, sediment from
development and construction activities, and impaired biological integrity due to these and other
factors. Each of these impairments is typical of mouninin waler hodies with significant portions
of their dminage that is urbanized or urbanizing. The stream is also classified as 0 WS-II1; Tr-
(water supply class [T, trout waiers) by NCOWQ. Included in the urbanized aren of Mill Creek
is the drainnge of the Pine Sweet Stormwaoier Treaimen project. the subject of this repor. This
project was underiaken by the Town to help address stormwater nonpoint pollution in the
impaired stream system, focusing on reducing ol suspended solids (TSS) and mitigating high
velogity of stonmwater from the Pine Street dradnage outlall thal contributes to the section of Mill
Creek with impoired biological integrity and degraded stream habitat.

The NCDWQ Degmded Stream List also identifies the Cullassjn River nbove Miror
Lake ns impaired as follows: The Cullasajn River from its headwaters 1o the SR1545 Bridge m
Mirror Lake (4.8 miles), Bioclassification — Fair. The cited waler quality impact is “impaired
hiological integrity ™ caused by dams, hydrological modification of the watershed, and excessive
stream velocities due to urban stormwater nmoff. A detniled description of this impairment and
the evaluation of the noted impacts are thomughly covered in the following references:

. Mr.'fr Tm:.m Ewlmvm- H-'ﬂ.r:r Qurah'.l}- Plan; Draft November 2006, NCDWQ,

. u,upa' Enﬂuugfﬂﬂfﬂhdm:ﬂ#wr anﬂnhu'm NCDENR
ftpef,
. Thl::pn:lfil: impairments relate directly to the 2006 dmft 303(d) list, published by
HEDWQ. can be fnund- at
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In addition to the ngency evaluations, several local orpanizations and citizens have
demonstrated & strong interest in the water quality of the area, including Mirror Lake and Lake
Sequoyah as well os stresms within the Highlands area. Specifically, the Upper Cullasajn
Watershed Association and the Mirror Luke Improvement Associntion have noted sediment
impacts within the Town drainage area and Mill Creek in particular. The Town of Highlnnds has
consistently addressed these concems through their local erosion control program and by
estublishing o strong commitment to effective evaluation and management of stormwater within
the Towr. While Highlands isn'l o designated stormwater management municipality (under
Statc and Federnl Law, Phase 11 of the stormwater requirements), the leadership of the
community has undertaken on its own sieps to address the impacts from the developed arcas
within their dminage system. The Town has also taken steps to reduce local flooding from stom
events and is working to improve its stormwater infrastructure.  The Town developed o
Stormwater Master Plan developed in 2007 which has been wsed 2 a general blueprint of the
stormwater improvement efforts of Highlands,

132 Water Quantity

As mesidential lots and commercial properties are developed and some small vacaiion
structures are transformed into larger second homes, the Town's stormwater system is further
strained, resulting in infrastructure impact and the reloted effects of incrensed stommwiler
velocity, higher flow volumes and sediment amd other pollutants going info the Inkes and streams
of this community. Analysis of the central business distriet, performed ns part of the 2007
Stormwater Master Plan, indicated that much of the stormwaler system is not capable of
handling the 1-year storm event. Fortunately, muny of the culvert crossings in the Mill Creek
watershed ean pass the 25-year storm event without avertopping; however, most of the culverts
are not configured to effectively handle storm fows, leading to on-going mainienance issues.
While the infrustructure considerations are important for many reasons, the increased siorm
energy in the Town's watersheds contribule lo water quality issues like pollutant runofl, stream
bank crosion and habitst degradation. These impacts to the streams in and srotnd Highlands are
highlighted in reports by the NCDOWQ and the Upper Cullasaja Watershed Association. The
Town, committed to improving its stormwater system and to water quality improvement in all of
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its watersheds identified soveral projects that could positively contribute 1o these efforts. One of
(he areas identified iy the Pine Streel drninage.

The Pine Street Stormwaler Treatment project watershed sub-basin aren comsists of
approximately 14.6 neres located within and adjacent to the centml business district, A small
wnamed stream tributary to Mill Creek flows through the sub-basin and s routed under Fifth
Street where it then becomes very namow as it meanders between severnl businesses before
discharging to Mill Creek.  The Fifth Streel stream crossing has historically been a sile of
frequent flooding due o the local topography and the relative inahility of the narrow downstream
sections of the stream to pass significant peak flow events without surcharging. Figure 3 below
illustrates the project aren watershed.

Figure 3: Profect Area Watershed

MeGill Associates, P.A. 10 Town of Hightands
Septembser 2011 Pine Strest Siormwaler Monagement Focllitie Study

" ] [S— [SE—— [SS——r1

ol



2.0 DES N

1 Overall Svstom Design

In 2006, the Town of Highlands received stormwater mini-grant funding from the Clean
Water Monagement Trust Fund (o complete a stormwater master plan for the Mill Creek
watershed.  The results of this master plan included recommended stormwater quality capital
improvement prajects in the Mill Creek basin. The Pine Street Stormwater Treatment project
addresses two of the capital projects from the master plan.

The approach of most communitics towands managing stormwater quantity is o simply
canvey it 1o a nearby waterway as efficiently as possible, including in some cases a detention
pond or bio-retention facility if space and funding allows these trestment steps. The Pine Street
Stormmwater Treatmend project was envisioned and designed 16 consist of the construction of &
new stormwater conveyance system, improving the eapability of the system to handle peak lows
and physical treatment of the initinl fush of stormwater through the use of & hydrodynamic
separstor and underground stormwaler detention facility. The system would effectively manage
stormwater from Fifth Street and Pine Street Park 1o improve stormwater quality and dumpen
peak flows prior to ultimately discharging to Mill Creek. The system also represents a good use
of property within the ceniral business district and emiploys facilities and technologles that allow
for the continued use of the property as o Town mmenity,

The new stormwater system was installed during constroetion of Pine Street Park located
in downtown Highlands. The system was designed to sccommodate # 25-year storm event by
collecting stormwater runoff in areas where higher volumes of water were antictpuied to
sccumulate. The collection system included a box culvert under Fifth Street which conveys
flows from the unnamed tributary 1o a junction box. This junction box was designed with o weir
wall and both & 12-inch and 36-inch (equivalént) outllow pipes; normal flows from the unnamed
tributary remain below the weir wall and flow out the 12-inch discharge pipe 1o the downstream
natural drainage channel that flows by several area businesses. This important component of the
project allows base flow to stay within @ natwral channel, but diverts high energy flow with
runoff pollutants 1o the trestment system and new stormwaler conveyance system. This
configuration not only reduces Mooding and removes pollutants from the stormwater but also

McoGill Associates, P.A. 11 Teown of Highlands
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protects the naturn] channel section from the effects of storm events. During periods of increased
flows, water tops the junction box weir wall and flows through the 36-inch pipe section 1o a
second junction box fitied with n weir wall; Mows less than the 25-year design storm are routed
to the hydrodynamic separator and excess flows are routed over the weir wall and bypass the
treaument sysiem via new siormwater piping.  All remed stormwater is conveyed inlo o closed
(underground) system to (he hydrodynamic separator where it is screened und filtered to improve
siormwater quality belore enlering the underground detention/attenuation system. The
undergrotind detention system is used 1o dampen stormwater runoff peaks and reduce runoff
velocitics when the system experiences high velocity flows. Upon exit from the underground
detention system, the stormwater is routed to the downstream channel and discharges w Mill
Creek. Figures 4 and 5 below illustrate the eollection and treatment system schemuatic flow

diagram mnd plan layout.

Figure 4: Pine Streer Stormwater Treatment System Schematic Flow Dingram
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Figure 5;: Pine Street Stormwater Treatment System Layout
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12  Hydrodvnumic Separator

The stormwater hydrodynamic separstor installed ax part of this project collects
stormwaler nunof¥ and passes it through a series of chambers that removes pollutants before the
runoll is relensed. This treatment is conducted in at area much smaller than a typieal detention
pond footpring, is underground, and is ideal for an urban setting where aesthetics and Hmited land
sren must be condidered. The hydrodynamic separlor proved to be an jdenl stormwater
treatment solution for the Town of Highlands since adequate square footage was not availeble for
a water quality detention pond, but still allows for significent improvement of stormwater
quality. This wechnology allowed the Town 1o sccomplish the project’s dual purpose; 10 both
improve the water quality of Mill Creek and better manage stormwater flow volume from the
walershed.

The hydrodynamic separator boxes were selecied for installation 10 address the primary
issue of TSS mnd sediment in stormwater flows and to prevent those pollutants from ending up in
Mill Creek. The hydrodynamic separator collects and traps TSS and other pollutants 1o prevent
these muterials from entering ino surisce woters. The hydrodynamic soparmor boxes also
facilitate the colléction of surfice debris thal typically pollutes walerways in the form of wrass
clippings, leaves and trash. The hydrodynamic scparstors also have the potential to mldress
removal of other stormwater runoff pollutants such as nitrogen, phosphorus and heavy metals.

Figure 6 below illustrates the CrystalStream Technologies hydrodynamic separator boxes
that were installed as part of the praject. Influent stormwater is conveyed to Unit #1 and passes
through n coarse screen basket where larger solids and debris ore retsined. The stormwater flows
through the sereen and passes (hrough two (2) perfbrated weir plates which slow the water
velocity to improve particle seitling. The coarse screen and perforated weir plates are designed
1o ursent (move out of the way) during high flow events to allow flow to pass through the system
and 10 keep the stormwater Nlowing through the system, Stormwater is then conveyed to Unit 42
where it passes through an additional perforated weir plate nnd on oil/waler separator baffle wall;
the oil/witer separator collects all Noatubles while allowing the stormuwaler to pass undemeath,
Swormwater then flows upward through a %-inch coconw fiber filter in the rear chumber of the
device prior to discharging out of Unit #2 and into the underground detention system. This

McGill Associates, LA 14 Town of Highlands
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fabric filters almost all of the water that comes through the device, but can tilt up out of the way

during high fliow events, keeping the flow moving through the system.

The hydrodynamic separator was specified 1o meet the following design criteria:

Hydraulic Copacity 25 cfs
TS5 Removal B5%,
Phosphorous Removal 15%

Figure 6: CrystplStrenm Technologies Hydrodynamic Separator

Mete: Ut B locoted on upper left slde; Unlt 82 located on lower right side
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i3 Linde i Detention Sysle

In sddition 1o the hydrodynamic separator which addresses water quality, an underground
detention system was installed immediately downstream of the hydrodynamic scpamstor
nddress waler quantity by relaiming high volume Nows and reducing velocitied during storm
events. The 32,150 ft’ capacity underground detention system utilized RainTank® subsurface
water storage structures which provide 95% void area for storage volume, This system
maximizes the available arca for underground detention due 1o its modular construction, cube
geomeiry, und low cleammnce.  Pictures | and 2 below depicl a typical RainTank® unit and
nssembly instalintion. A perforated weir pinate was insmlled in the outlet junction box 1o slow
fiow though the detention system amnd dampen peak flow discharges.

Picture |: RainTankd Uit Pictire 2: RainTank® Axsembly [nstallotion
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3.0 D COL ON

i1 Data Colleetion Strategy

The goal of the sampling and testing plan for this evalustion was nimed st messuring
incoming and oulgning solids and other pollutants 10 the hydrodynamic separator and
underground detention system lo determine their overall effectiveness. Data collected during the
October 18, 2010 - July 31, 2011 study period included precipitation, water samples, sediment
samples, sediment mass measurement, and filter fabric samples. A detniled sampling and testing
protocol was developed 1o ensure consisient and sysiematic data collection. A copy of the
sampling and testing protocol can be found in Appendix A of this report.  Water samples were
tnken from three points within the system during or after storm events; sediment and filter fabric
samples were fnken during scheduled quarterdy cleaning maintenance of the hydrodynamic
separator. Figure 7 below illustrates the sampling point locations.

Fignre 7: Sampling Poini Locations

MeGill Associates, PA. 17 Town of Highlands
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32 Precipitation Measurement

A combination rnin collector and datn logger was installed ar the Highlands Town Hall,
located approximately 500 feet from the hydrodynamic separator, to record precipitation during
the study period. The tipping bucket gauge system is calibrated 1o 0.01-inch and Jogs total
precipitation volume at a continuous one minute resolution to measure both minfall mie os well
an overill rinfall. The gauge svstem was filted with a datn link so that real time dots can be
observed and recorded remotely,. Instead of having only daily precipitation daia for select storm
events, this gouping system provides data for every minfoll event, and information on the mie of
rainfall can then be used 10 more accurntely determine the flow mic associnted with the storm.
This is vitally importanl, as most historical minfill data only notes the 24 hour minfll for an
event. A storm may span two doys and be artificially “separaled™ into two events. This
continwous rainfall dota alone provides valuable insights into the hydrulic conditions in the
siream and in stormwater conveyances during storm events. The minfall rate is integral in
estimating runoff volume and corresponding flow velocity in all areas of the drainege sysiem o
include the proposed hydrodynamic separator, which as noted is designed to treal a specific
stormwater flow mie,

e | Water Quality Snmpling

During the testing perind, grab samples were taken both upstream and downstream of the
hydrodynamic separator as well ns downstream of the underground detention system during
selected storm events, The storm event criteria to trigger water sampling consisted of o
minimum {1.5-inch storm event that was preceded by three consecutive days of less than 0.2-inch,
to ideally average three samples per menth. A toial of 20 sampling evenis occurred over the
study period, most of which met the precipitation criterin restraints. The time of sample
collection was recorded for each storm evenL.  Measurement of temperature, dissolved oxygen,
pH., TS, and specific conductance was taken for each sample. Targel nuirients were measured
for eight sampling cvents atd target metals were measured for three sumpling events. Funding
constraints and the necessity of “on demand™ sampling in response to minfall required that the
project depend on personnel on site 10 collect the rainfallrunoff samples as close o the event and
resulting flow increase as possible. Town personnel were critical {o this step and their efforts
resulled in good sample covernge.
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34 Sediment Sampling

A total of three composite sediment samples were taken fram the from the hydrodynamic
sepuirntor floor and unalyzed o determine particle size distribution.  Distribution analysis
separated the sediment sample into the following sizes: > 2mm, |-2 mm, 0.5-1 mm, 0.25-0,50
mim, 0,10-0.25 mm, and 0.05-0.10 mm. In sddition to weighing these fractions, the fines that
pass through to the pan were also weighed ns a group, This datn is needed 10 document (he size
of particles coming off of the drainage and 1o determine how the hydrodynamic separator
performed following the ser of storm events prior to sampling. Two sets of the composite
sediment samples were tested to determine concentration of target nutrienta.  Additionally, one
composite sediment sample was tested to determine concentration of trget metals,

340 Mass Measurement of Materinls

The hydrodynamic separator was inspected and cleaned on o quanerdy basis. Prior o
cleaning, each hydrodynamic separmtor unit was opened and the total depth of sediment and
organio debris was measured for each compartiment within the two units. Measurements were
made for materinls retnined on the Noor of each compartment as well as on the influent coarse
screen and oilfwater separtor basket, The weight of the trash, debris, and organic materfal from
the trash bosket and the filver wos then summed up and reported separate from the weight of the
sediments. Because of the nature of siormwiter and the matenials invalved, trash and organic
materinls were present in the sediments and sediment was present in organic materials.  To the
maximum extent practical under field conditions, these were separmted for messurement and

sampling.
35 Filter Fabric Sampling

The final chamber of the hydrodynamic sepamtor features n Y-inch coconut fiber filter.
This material filters, under most flow conditions, all of the water that comes through the device
bt is designed to tlt up owt of the way during high flow events. Most of the material caught on
this filter consists of fine sediments and organics. A total of thtee 12-inich by 12-inch samples of
the used filler were taken in conjunction with the scheduled quarierly inspection and cleaning of
the hydrodynamic sepamtor. The used filter samples were used 10 mensume retainage of target

MeGill Associates, PA. 19 Tewn of Highlands
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nutrients and metals.  Additionally, two sumples of the clean filter were tken to establish o
baseline for the target nutrients and melals. The representative clean filter sample was weighed
wet and dry, and then the representative used filter sample was weighed when upon removal to
et an ppproximate welght of the material sontained in and on the filter.

MicGill Associates, PA 20 Town of Highlands
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41 Precipitation

The roin data was uploaded at regular infervals during the study period 10 monitor storem
event occurrences and associated hydrodynnmic separator performance. A totl of 74.7 inches of
precipimtion were recorded over the study period.  Figure 8 below [llustrates the total
precipitation recorded for ench month of the study period.

Figure 8 Stndy Perivd Precipiiation
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A total of 20 storm events occurmed over the study period which triggered water quality
sumpling actions. A portion of the storm events did not meet the protocol eriteria for total
precipitation. The actual storm pattems experienced over the study period necessitated sampling
during smaller storm events, Table | below presents the storm events in which samples were
inken.

Tabfe 1@ Study Period Sampling Storm Events

; Totul = o -
FventDate ] B | ) | Event
Oclober 25, 2010 1.10 .00 -
November 4, 2010 .35 13.000 -
November 16, 2010 |  0.28 9,00 -
November 30, 2010 4.59 21.00 |=Year
Diecember 21, 2010 .08 250 -
January |8, 2011 0.07 6.75 -
. Jﬂnm 26, 2011 .51 9.50 -
February 1, 2011 014 425 =
February 28. 201 1 .98 21125 =
March 9, 2011 .65 0,00 -
March 26,2011 | 073 | 400 -
Apal12,2011] 036 | 3.95 :
A]I'I]gl,.lﬂ” 0.16 1.50 -
April 36,2011 | 0.06 | 615 -
May4,2011 | 0.81 875 =
May 27,2011 | 112 12.00 >
June 16,2011 | 176 | 350 | i-Yew
June 23, 2011 073 525 -
July 21, 2011 (.30 1.00 =
July 26, 2011 .90 3.00 .

*Note: Sioewmi Event refficts groaient precipétanion ieteaity and nor Tone! Rain/Tuts! Dwation

The min dotn was uploaded for easch ruin event ond entered into XP-SWMM hydraulic
modeling software program based on the project area walershed. Flow was estimated by this
approach for the storm event and projected through the stormwater system. The modeling
program simulated the storm event hydrology and system hydraulics to estimate flow raies and
wotal liquid volume conveved 1o the hydrodynamic separmior. The estimated flow mates where
then used 10 produce hydrographs for each storm event in relation to the storm event. The
hydrodynamic separstor hydrographs may be found in Appendin F of this repon.

Mcllill Asociates, F.A 22 Torwm of ighlands
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42 Water Quality Evaluation

The water quality duim was collected both during and sfter a variety of storm event
durations and intensities. A summary of the water quality data along with the collected data
muy be found in Appendix F of this report. Table 2 below presents the overll system
performance for the entire study period in regard to target pollutant and water parameters. Cane
should be taken in Jooking ot the overall system performance datn wince this includes the
detention‘attenuation system. Because of storage capability and the fact that ssmpling occtirred
during or just following an event, it is likely that the effluent values from the entire system
reflects the pollutant Jevels of water in the system discharged well before the waier entering
(influent) the hydrodynamic separator actually exited the storage system. This means the overall
performance is only = general indication of pollwant removal. Due 1o detestion and the
characteristics of the delention/atienuation area, biologlcal, chemical and physical changes in the
waler guality charucteristics of the water in the storage system will couse results 1o vary
depending on when sampling i done and how long the water in the system was there before it
wits discharged. Therefore, over time sampling results from the entire system may not be
reflective of the sctual trestment performance, The dam from the hydrodynamic sepamtor,
however, is a much better predictor of the perfarmance of that companent of the sysiem.

MeGlll Associaes, PA ok | Town of Highlands
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Table 2: Overall System Perforniance

Hydrodynamic | Underground
Separator Detention
Influent Efftuent
(A) ()
FMarameter Unlis Average Average lllt::r::uﬂ ::I
Temperature Celsius 11.7 123
Dissolved Oxygen mg/L 6.4 4.4
pH 6.2 6.1
Totnl Suspended Solids my/L 283.8 5.5 98%
BOD, 5 day mg/L 7.1 5.2 2%
Fecal Coli form CFL/100mL 1443.3 1281.7 11%
Specific Conductunce pmhos 98.1 1173 [20%]
Ammonie. Nitrogen m/L 02 0.1 50%
Total Nitrogen mg/L 1.66 0.71 57%
Toial Kjeldahl Nitrogen mg/L 1.36 0.46 %%
Nitrogen, NO2 plus NO3 mg/L 029 0.55 [ 50
Towl Phosphorous mg/L 0.19 0.07 63%
Cirthophosphate as P mp/l Non-Detectable Level (23724) -
Arsenic mgfl < 0,005 < (.005 =
Barium ug/L 9.5 113 [19%4]
Cadmium mg/l. <0,010 <0.010 .
Chromium mg/L < 0.05 < ()05 -
Lead mg/L < 0,003 < 0,003 -
Mercury ug/l 0.1 0.1 -
Selenium ug'l 5 3 -
Silver mg/L <(),05 <0.05 -
Copper mg/l. <03 <0.05 -
Zine mp/L 0.003 0.121 [30%4]
*Nuge: Non-Devevt ssmplivg reanlte colclated ot one-fiall of e Raport Limis
MGl Associaes, PA. 24 Town of Highlamds
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Table 3 below presents the overall hydrodynamic separator performance during sampled
storm events throughout the study period. 1t can be seen that the hydrodynamic sepamitor
performanee excesded the design removal specifications for TSS and Total Phosphorous. The
hydrodynamic separator also removed significant concentrations of nitrogen and ammonia.
Because of the relatively shori detention time of the hydrodynamic separator, these performance
data are a very pood indication of how this component of the system worked during the test
period.

Table 3: Hydrodynamic Separator Performance

Hydrodynamic | Hydrodynamic
Separator Separator
Influent EfMuent
(A) (m)
Removal %

Parameter Units Average Average (Increase %]
Total Suspended Solids mp/L 2838 11.9 6%
BOD, 5 day mg/L 7.1 7.8 [11%]
Fecal Coli form CFL/100mL 1443.3 1127.0 22%,
Specilic Conductance jmhos 98.1 122.0 [24%]
Ammonia, Nitrogen mg/L 0.2 0.1 50%
Total Nitrogen mg/L 1.66 0.43 T4%
Total Kjeldahl Nitrogen mg/L 1.36 0.34 75%
Nitrogen, NO2 plus NO3 mg/L 029 0.27 TS
Total Phosphorous mg/l. 0.19 (.05 T4%
Orthophosphate as P mg'L Nan-Detectable Level -

Table 4 below presents the overall underground detention system separator perfbrmance
during sampled storm events throughout the study period. It can be seen that the underground
detention system did retain TS5, A genersl increase in nutrient concentrations occurred through
the undergroind detention system; it is suspected that these increases may be due o biological
sctivity within the artenuation system which likely included biological maierinl attached 1o the
RainTank® structure itself. Chemical and physical changes are also expected to be fiscton in the
varintion in data from this component of the sysiem.

MGl Associnies, PLA. 25 Town of Highlnd
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Table 4: Undergrownd Detention Performance

Hydrodynamic | Underground
Separitor Detention
EiMuent Effuent
(B) (©)
Parameter Units Average Average Iﬁm“ﬂ ﬁl

Total Suspended Solids myL 11.9 55 54%
BOD, § day m/L 79 o 4%
Fecal Coli form CFU/100mL 1127.0 1281.7 [14%]
Specific Conductance pmihos 122.0 117.3 4%
Ammonia, Nitrogen mp/L 0.1 0.1 =
Totnl Nitmgen my/L 0.43 0.7 [65%]
Towl Kjeldahl Nitrogen mp/L 054 046 [35%]
Nitrogen, NO2 plus KO3 mg/L 027 055 [104%]
Total Phosphorous mg/L 0.05 0.07 [40%5]
Orthophosphale ns P mg/L Non-Detectabie Level -

43 Sediment Fvaluation

Composite sediment samples were taken from the floors of the hydrodynamic separator
units ¥ | & ¥2. The nnalysis found that the sediment retnined wos genemlly comprised of the
following: $7% sand, 35.5% silt and 7.5% clay. Table 5 below presents (he average particle size
distribution based on the sieve analysis of the composite sediment samples, The particle size
distribution shows that the majority of particles retnined were less than 0.25-millimeters in size.

This is consistent with expectations given that flows to the hydrodynamic scparator must (it
fow over o weir wall, which should typically exclude larger size particles from the separator.

Table §: Average Sieve Analyais Resulix

Coarse Coarse | Medium Very Fine.
Fragments Particle | Course Sand | Particle Fine Particle Panicle
{ﬂmt:-zm] ﬂ-gﬁr;m '{uiam} tﬂlﬁ-ﬁ.ﬁ mm) W.l«ﬂiﬁm} mu’s%umq
3 12 2.19 529 3.3.1 3123 1132
"Nobte! Remjaiindng perveritoge iy fner bhan 005 mm
McGill Apsaciates, PA. 2% Town of Highlsnds

September 201 |
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During quarterty hydrodynamic separtor inspection and cleaning, measurements were
tuken at severnl points within each compartment of the hydrodynamic separator units und
avernged to determine the volume of sediment and organic debris in the device. That volume
was then converted 10 u dry weight based on o formuls that has been derived over time for the
avernge weight of wet sedimems. The potentinl weight of & cubic foot of sand is sbout 165
pounds (at a relative density of 2.65). The nctual averuge weight of sediment samples dricd and
measured has been found to be approximately 105 pounds per cubic foot which is a relative
density of about 1.70. The actunl avernge dry weight of organic debris was estimntad 1o be 15
pounds per cubic foot. Using average density data, the total weight of the sediment and debris
was ealculated and is presented in Table & below. 1t can be seen from the Table 6 below that the
hydrodynamic sepurstor retained significant quantities of sediment and debris tht would have
otherwise pafluted downstream waters.

Tabfe 6: Sediment and Debris Retained by Hydrodynamic Separaior

Volume | Volume | Weight | Weight

Clemning Date: [|ia00n 0| -0k = ol SRl oar
Sediment | Debris | Sediment | Debria

{eh | (ch | (k) | {b)

December B, 2010 82| 468| 29624 7016
March 8, 2011 18.6 74| 19512] 1109
June B, 2011 19.7 63| 20668 9.0
August 11,2011 316] 1ol 33123] 1657

Tatal = 980 TLS 10,2926 140702

The composite scdiment samples were also lested for the presence of target pollutants.
The average pollutant concentrations for the composite samples are shown in Table 7 below.
The total estimated quantity of target pollutants removed, bused on the total estimated sediment
retained in the hydrodynamic separmtors, is also presented in Table 7. It can be seen (hat a

significant amount of various target pollutants was captured by the hydrodynamic separator.

McGill Arsocistes, PLA 2T Tewn of Highlunds
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Tahle 7: Sediment Pollutants Retained by Hydrodynamic Separator

Tatal
Sediment uan
Parameter Tl - 4
by
Merciiry mg/ky 0,081 0.0008
Arzenic /g 4.1 0.04
Barium myg'kg 170.0 1.7
Cadmiim mg/kp 1.10 0.01
Chroniium mpky 30,00 0.31
Copper mg/l 170.0 1.7
Lend mgkg 35.00 0.36
Selenium mgikg 1B 0.04
Silver mg/kg 1.10 0,01
Zing mgkg 400.0 4.1
Total Kjeldahl Nitrogen | ma/kg 2,650 27
Nitrate + Nitrile mgkg 24 0.2
Tonal Nitrogen me'kg 2,650 27
Total Phosphorus mp/kg 935 10

44 Filter Fabric Evaluation

Representative samples of clean and used filter fabric mulerial were collected in
comjunction with scheduled quarterly hydrodynamic separator inspection and maimtenunce. The
representative filter fabric samples were tesied for the presence of target pollutanis. The avernge
pallutant concentrations for the representative sumples are shown in Table 8 below. The towml
estimated quantity of targel pollutants removed, based on the total estimated mass of used flwer
fabric, is also presented in Table 8. It con be scen that a significant smount of various target
pollutints were captured by the filter fabric each quarter.

MeGill Axpocines, PUA. . Tovn al Highlam
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Table 8: Filter Fabric Performance

Clean Lised Tutal
Fabric Fabrie Quantity
AR Unlts | Filter Test | Filter Test | Retained

Hesult Result {m
Meroury mg/kg 0,023 0.058 0.324
Arsenic mg'ke 0.6 14 T4
Barium mgkg 3.2 78.0 6739
Cadmium mg/kg 0.28 0.66 347
Chromium mp'ky 0.36 13.50 121.59
Copper _mp/kp iR 191.0 1.731.6
Tend mplkg | 0.38 18,00 162.99
Selenium mp/lg 0.6 23 154
Silver mg'kg 0.28 0,66 347
Zinc mp/kg i3 660.0 6,029
Total Kjeldahl
Nitroge mp/kg 155 1767 14,008
Nitrate + Nitrite mgkg 8 E 40
Total Nirogen mglkyg 160 1767 14,862
Total Phosphoris mgki 7 447 3419

29 Teawn of Highlands

MeGill Assouisies, PA
September 201 1

Plne Steet Stwrnvwater Management Facilities Srady



MeGill Associntes, LA
Sepiember 2001

(This page intentionolly feft blank)

Town of Highlands
mmm—uum:“mm&mm

]




50 SYSTEM MAINTENANCE

The hydrodynamic sepamtors were inspected and cleaned on a quarterly basis. Based on
these results and recommendutions from the manuficturer, the separator units should be cleaned
and serviced on @ minimum semi-annual basis; bowever, based on the sediment and debris
observed ot these units, it is recommended thal the units be inspected at regular intervals and
cleaned after periods of heavy rain or leaf fall, During periodic inspection, the screens should be
checked for debris sccumulation and (heir position adjusted as necessary to prevent shont
circuiting. All screens and effluent piping should be checked for blinding (maerials filling and
blocking openings in the sereens and filters), to ensure that the system opernies as designed and
thisl svstein surcharging does nol occur.,

The units were cleaned by personnel from Storm System Services. The required
equipment incloded vacuum truck, portable elecincal generntor, sump pump, ladder, confined
spoce equipment, and replacement filter fabric, The hydrodynamic unit #1 was first dewatensd,
removing the clear water above the sediment deposited in the tank and discharged 1o the bypass
storm system piping.  Alter dewatering unit #1, all materials on the screens and floors were
vacuumed out. The typically elearer decant water from unit #2 was then pumped into unit #] 1o
clean the walls and screens.  Unit #2 was then dewatered, vacuumed, and washed down. All
remuining water was pumped out of the units. The filier fabric device was then removed and
reploced with new filier fubric. The process typically took a two person crew approximately
three hours 1o complete.  Fictures 3 through 20 below illustrate the hydrodynamic separator
mainienanee.

MeGill Associates, A, 31 Town of Highlunds
September 201 | Plie Strest Stormwaler Monegemen Facilites Study



Picture No, 30 it BT friffieesid Seress Sedimaniahion
iifer flinliinr evenid Storm (frisd sorees reswored)

Picrure Mo, 37 it #1 Hifleeed Sereen prpical dvleris
aviel sedfusentt (fromt soreon shown dovey)

Picowre No, 72 Uit 81 Weir Sorewiretaining fomobler  Piore Mo 8- Uing 2] Wi Soreer top limdnd

MeGil Associates, A 312 Town al Highlands
Sepleenber 200 | Pine Street Stormwater Maragement Faciilles Sidy
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Picowre N T3 Ll 81 Fozmme Cleaning
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&9 CONCLUSIONS

The study’s goul of determining typical stormwater runoff pollutant loadings in the target
mountain community and evaluating the effectiveness of hydrodynamic separators fn removing
these pollutant loadings hos been achieved. Typical stormwater unofT pollutant loadings have
been documented for various siorm event intensities and durations that eceurred throughout the
October 18, 2010 - July 31, 2011 study period. Although some of the water quality samples
were tiken afier peak stormwater unoff flows subsided, a sufficlent number of samples were
collected during wvarious stiges of individunl storm evenis such that when compiled in
catjunction with results from other similar projects in mountain communities, a fairly sccurste
representative stormwater ninoff pollutant loading bascline for western North Caroling could be
estnblished.

The evalustion collected minfall datn over the entire study period and looked ai tweniy
(20) specific storm events. Flow modeling was performed for cach noted storm event and
hydrograph and discharge routing information was developed for each sform monitored. OF the
events monitared, one (1) included the full range of datn collection (basic water quality data,
mitrient data and metals analyses), twenty (20) of the events included basic water qualily data,
seven (7) included nutrient dats, and two (2) included metals snalyses. For four of the five
cleaning events, sediment capture volume and weight was determined, particle distribution
samples were collected and mnnlyzed, coconut fiber pollutant removal performance was
determined and general characteristics of the debris and trush removed noted, Detailed
information on these efforts, observations about the sampling procedures used, and annlytical
results are outlined in this report and included in the appendices. Overall, more than 24 water
quality parameter resulis were generated from this effon.

Based on the collection and evaluation of samples and data obtained throughout the sudy
period, the following major conclusions can be made:

*  The use of hydrodynamic separators similar in design and construction i those employed
in the Pinc Strect system can remove significant amounts of sediment, nutrients ams
certain types of metale

McGill Amnciates, PA. 15 Town of Highlands
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* Removal mtes for total suspended solids (TSS) are impressive and well beyond North
Caroling's performance eriteria for post-construction stormwater treatment,

»  Avernge TS5 removal manged from 90-99% for all storm evenls with influent TSS
concentrations greater than 40 me/L.

* Nutrient data indicste significant removal, with an average of 74% removal of total
phosphorus (TP) over the study period and positive removal event rtes ranping from 30-
95%: total nitrogen (TN} also saw an average of 74% removal over the study period with
individual event mies ranging from 35-89%;

*  The separators were effective in removing all particles mnging in size from greater than 2
millimeters to less than 0.05 millimecters.

* The fixed coconut fiber lillers demonstrated the ability 10 capture fine particles along
with the pollutants nssocinted with the solids. While the ability of the filters to perform is
clearly limited due 1o the faer that once they become satursted, the storm discharge
essentinlly “fows around”™ the filter, the dota shows that pollutants are captured. 1 is
essential that these filters be removed and replaced along with each tank cleaning event 1o
help assure the benefits of this component of the design.

»  Critical to the ongnoing elfectiveness of hydrodynamic separaiors in removal of pollutants
from the affected surface waler system and the environment is the regular cleaning wnd
maintenunce of the structures und the proper disposal of the material removed,

* Extremely heavy siorm evenis can cause (a8 in all stormwiater systems) the release of
huge amounis of debris, bed load and sediment from o watershed that can physically
impair the ability of a storm dminage or stormwaler treatment system. This mesns that
inspection following such events is eritical to the ongoing eflectiveness ol this BMP.

s Overall system performance diats, which includes the effect of the post-separtor
stormwaier underground volume, shows vanasble effect on outflow quality. This is due to
severnl factors, including ssmple collection timing, possible biological, chemical and

MGl Awsocinecs, P.A. i6 Town of Highlands
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physical changes in (he stormwater as it is retained for some time in the storage aren, and
the varinble time between storm events,

* Post-separator volume helps to “dampen™ the peaking of storm events, but is insufficient
in size to provide significant storm stomge volume.

Enudmdmwuu:mdihmuuhnmﬂuﬂulypﬂiud,mehyd:ndymhmm
successful in removing TSS and tnrget nutrients.  The hydrodynamic scparator performed
especially well in removing TSS with an overall estimated removal mie of 96%. This removal
mie i even more significant when site conditions wre tiken into sccount; the project site fentures
fairly steep slopes and climate pattems prone to intense storm events which result in higher
concentrated TSS in storm event runoff Mows. 11 should be noted that the subject stormwater
collection system utilized an external bypass system (overflow weir) 1 divert flows greater than
that of the hydrodynamic separator design flow around the sepumator system. The external
bypass system improved overal] system performance by protecting the hydrodynamic separator
from excessive flows while preventing most solids from bypassing the wreatment system. This
overflow weir allowed the hydrodynamic separator 1o normally operate under intermedinte flow
events which typically produced re-suspension velocities to somewhat fush the collection
system and allow the hydrodynamic separator to operate ae desipned.

Overall, the hydrodynamic separmator proved to be particularly effective in removing TSS
s evidenced by the water quality sample TSS removal rutes, quarterly mass removal estimates
end general Inck of sediment deposition observed downsiream of the unit during quartecly
inspections of the system. The hydrodynamic separaior also proved effective in removing targel
nutrients. Although significant nutrient removal is expecied due 1o the high solids removal rate,
the hydrodynamic separator's coconut fabric filter proved to be & valuable wreatment feature to
further capture nutrients and metals. While this particular filter fabric performed well, o myriad
of alternate filter fabrics exisl on the market today which could easily be used to potentially
achieve even better removal results for target sutrient and metal pollutants os requited by project
goal parameters for other specific mountain communities.
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In areas of established or historic urbanization, the use of the BMPs nssessed here have
significant applicability where there is flexibility 1o retrofit these sub-droinnge arens. The
availability of city park aress or “open space™ owned by the municipality or by home owner
associations willing to work with the city provides an excellent opportunity 1o have a messurable
effect on the ongoing pollunnts contained in this type siormwater. In srens of new development
where traditional stormwiter structures miy be difficult 1o install or where the consequences in
terms of public sufiety and ncceptability make their use problematic, these separator type systems
offer the capability to allow for the areas of installotion to continue to have public or community
use and value while still making a significant contribution lo water quality improvement. Dased
on the performunce measured in Highlands the reviewed instlistion hos excellent applicability
to other similar sites in western North Caroline. Where surface waters fall under s regulutory
mandaies 10 improve water quality under the Clean Water Act, this technology hns potential as
retro-fit installutions for existing development.

The use of hydrodynamic separators as an elfective stormwater management tool must, in
comparison 10 other options, consider the ongoing maintenance cost of cleaning the structures
and removal and replacement of any fillers included in the design. However, more traditional
stormywater treatment systems must also include sn operation and maintenance component as
well, Inmany such systems this cost is nol properly considered becnuse the timeframe between
construction and maintenance activities can be long (example: wet detention point requirement
cleaning relatively far into the future). Hydmodynumic separators hove to be cleaned normally
several times during the year, but muinienance costs are easy o project ond plan, These
relatively small structures alss have the benefit of essily accessible observation parts (hat can be
checked ns ofien s necessary fo establish mainicnance schedules and 10 trigger o wpecial
cleaning if runoff conditions between the last cleaning dictate such sction.

It Is typically réecommended that bydrodynamic separator units be inspected and cleaned a
minimiim of twice per year. Hydrodynumic sepamtors which are not equipped with bypass
systems typically utilize a much larger footprint sized larger in which case the twice-yearly
maintenance schedule would be adequate. However, the hydrodynamic separator utilized for this
project employed n bypass system which minimized the required footprint of the tremtment
system but necessitaied more frequent mointenance. The subject hydrodynamic sepamior was

MeGill Assaciates, P.A a8 Town of Highlands
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maintained on n quarterly basis to facifitate data collection. The frequent clemnings nllowed for
the positive comelation between quantity of material retnined and faciors such as stormwaler
flow rales and material constituents such as leaf litter and floatable organics. Therefore, it is
recommended that hydrodynamic separator units be inspected o minimum of onee per month or
after significant storm events.  Although this may lead to an irregular cleaning schedule, it will
undoubtedly ensure optimum unit performance and watershed protection,

The Pine Street stormwater management system provides a reasonable example of the use
of a hydrodynumic separator followed by underground stomape volume aimed at improving
stream quality in a watershed already developed. This or a similarly designed svstem should be
considered for similar walersheds to meet stormwater management objectives.
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TOWN OF HIGHLANDS
STORMWATER TREATMENT SAMPLING/MONITORING PROTOCOL

1. Sample after each 0.5” to 1" ruin (or greater) that is preceded by ot least 3 days of dry weather (less than 0.2" of rain), to average 3 per monih.

2, Take samples during storm when approximately 0.5 has rained, or immediately following storm.

3. A sample locations:

*Nutrients to be sampled:
Water Sampling: Tot! Nitrogen, Towl Kjeldah] Nitrogen, Nitrogen (Nitrate + Nitrite), Tow Phosphorous, Onho Phosphate as P, Ammaonia

Sediment Sampling: Total Nitrogen, Total Phosphorous
Fabrie Filter: Total Nitrogen, Total Kjeldahl Nitrogen, Nitrogen (Nitrate + Nitrite), Total Phosphorous

A = Upstream of Crystal Stresm treatment units

H - Between second Crystal Stream wunit and Underground Detention

C = Downstream of Underground Detention

D - Sediment captured by Crystal Stream units & Filier Fabric Testing (in conjunction with quarterly unii cleaning).

** Metals Series to be sampled: Arsenic, Barium, Cadminm, Chromium, Lesd, Mercury, Seleninm, Silver, Copper and Zinc

Dctober 2010
Revised Jaonary 2011
Sampling Det Oet Ot Now Nev Nav Dhee Dee Dee Jan Jan Tun Feb Feb Feb Mar Mar | Mar Apr Apr Apr
Parameter 1] n i3 Il ] w3 M1 w2 £3 #1 mn 3 #1 2 i1 1 m_| = £1 £1 £
HIJDTIM ABC | ABC | ABRC | ARC | ARC | ABC | ARG | ABC | ABC [TABC | ABC | ABC | ARC | ABC | ABC | ABC | ABC | ARC | ABC | ARC | ABC
Specific . = . ABC | ADC | ABE | ABE | ABE | ABE | ABC | ABL | ABC | AE | ABE | ABC | ALC | ABC | ABRC | ABC | ARC [ ARC
Condwetuner
Temp., DO, pll AC AC | AC | AC | AC | AC | AL AL | AL AL A AL AC AL AL AL AL AL AC AC AL
“Nutrienis ARC - - ABC » - ARC . - ABLC - < ABLC . - ABRC. D = - AR . .
** Mitals AL - F . . . 7 = = . - = : - AL, D - o - . :
%% Solids = - . ” - . T n - = = = - D = = - . .
Grain Size Distrib, . - - - - D . - . = - - D - - - = =
(wicleaning)
Sampling Ay Mlay My T June June July July July Aug Aug Aug
Paramuler i1 21 #3 #1 (2] &3 H1 #1 #1 #1 w2 3
1SS ABC | ABC | ABC | ABC | ABC | ABC | ABC | ABC | ABC | ABC | ABC | ABC
BOD & Feeal AJLC : = = = : 2 : = ABC = .
Speeilic ADEC | ABC | ABRC | ABC | ABC | ADC | ABC | ABC | ABC | ABC | ABC | ABC
Conducinnes
Temp., DO, pH AL AL AT AL AL AL AL AL ALC AL AC ALC |
**Metals - - = 2 - = AL s - = = -
% Solids - - b - - - . D__ - -
Grain Sire Distr. = = n - = = = D , =
(wichenning)
NOTES:



APPENDIX B

Water Sampling Results Summary
&

Water Quality Sampling Data
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ENVIRONMENTAL
i, A"

P.O. Box 954 (5690 Old Cullowhee Road)
Cullowhee, North Carolina 28723
Fhone (828) 293-93946 (BOD) 213-4035

FAX
E-mail

|B2B) 293-1206
environmentalinc@acl.com

Certificate of Analysis

1 Client Name: McGill Associates

Collection Date: 10/2572010

Address: 55 Broad Street Date Received: 10/2572010
Asheville, NC 28801
RESULTS
Sumple Identification: Storm water site A (grab)
| % WD Date Fook-
Parameters Result | MDL | Units An Method notes
BOD, 5 day 8.0 2.0 mg/L 10/27/2010 | SM 5210
' | Ammaonia,
" | Nitrogen 0.3 0.1 mg/L 11/42010 | SM 4500NH3-F
Sulids, Total
| Suspended 364 2.0 mg/L 10/29/2010 | SM 2540D
Fecal Coliform l >l600 |4 CFU/100mL 10/2572010 | SM 9222D 1
Sumple Identification: Storm water site B (grab)
; Date Foot-
Parameters Result | MDL | Units Analyvzed | Method notes
BOD, 5 day <8.0 2.0 mg/L 10/27/2010 | SM 5210
Ammonin,
Nitrogen 0.2 0.1 mg/L 11/42010 | SM 4500NH3-F
Solids, Total
Suspended <200 (2.0 mg/L 10/29/2010 | SM 2540D
Fecal Coliform | 820 4 CFU/100mL 10/25/2010 | SM 9222D
Jin
Laboratory Supervisor " Date
Report prepared:  1/12/2011 323 PM puge |




Sample I:Imﬂ_ﬂul:h_n:_ﬂl_nm water sile C i,'yi_h]

Parameters Result | MDL | Units Analyzed | Method notes
BOD, 5 day <40 (20 |mgl 10/27/2010 |SM 5210

Ammonia,

Nitrogen <01 |01  |mgl 11/4/2010 | SM 4500NH3-F

Solids, Total

Suspended <200 |[2.0 mg/L 10/29/2010 | SM 2540D

Fecal Coliform | 580 4 CFU/100mL 10/25/2010 | SM 9222D

|. Fecnl count based on non-ideal count,

171272011 page 2 of 2
3:24 PM



ENVIRONMENTAL
n e ——
sk AT

P.O. Box #54 (5490 Old Cullowhee Road)
Cullowhee, North Carolina 28723
Phone (B28) 293-73%4 (800) 213-4035

FAX
E-mall

[828) 293-1206
environmentalinc@aol.com

¢ Client Name: McGill Associnies

Certificate of Analysis

Collection Date: 11/472010

. Address: 55 Broad Street Date Received: 11/472010
Asheville, NC 28801
RESULTS
Sample ldentification: Storm water site A )]
. i 33 | Date Foot-
Porameters Result | MDL | Units Analyzed | Method noies
BOD, 5 day <8.0 2.0 mg/L 11/5/2010 | 8M 5210
Ammonia,
Nitrogen <. ] 0.1 mg/L 11/152010 | SM 4500NH3-F
Salids, Total
Suspended <4.0 2.0 mg/L 11/5/2010 | SM 2540D
Specific
| Conductance 59.7 1.0 jmhos 11/15/2010 | SM 2510B
Sample Identification: Storm water site B (grab)
| Date Foot-
Parameters Result | MDL | Units Analyzed | Method noles
| BOD, 5 day <8.0 2.0 mg/L 11/5722010 | SM 5210 )
Ammonia,
Nitrogen <0.1 0.1 mg/L 117152010 | SM 4500NH3-F |
Solids, Total
Suspended <4.0 2.0 mg/L 11/5/2010 | SM 2540D
Specific
Conductance 122 1.0 umhos 11/15/2010 | SM 25108 .
WJ\/ 1)
unjirmu. Labomtory Supervisor Date
Report prepared:  1/12/2011 342 PM page |



Sample Identification: Storm waler site C (grab)

Date Foot-
Parnmeters Riesult | MDL | Units Analyzed | Method notes
BOD, 5 day <B.0 2.0 mg/L 11/52010 | SM 5210
Ammonin,
| Nitrogen <(.1 0.1 mg/L 11/1572010 | SM 4500NH3-F
Solids, Total
Suspended <d4.0 2.0 mg/L 11/5/2010 | SM 2540D
¥
111272011 page 2 of 2

3:42 PM
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P.O. Box 954 (5490 Old Cullowhee Road)
Cullowhee, North Carolina 28723
Phone (B828) 293-7394 (BOO) 213-4035

ENVIRONMENT FAX  (828) 293-1204
Iili.’i—._h— ——— E-mall environmentalinc@aol.com

Certificate of Analysis

1 Client Name: McGill Associntes Collection Date: 117162010

Address: 55 Broad Street Dute Received: 11/16/2010
Asheville, NC 28801
RESULTS

Sample Identification: Sworm water site A (grab)

|5 G 4 1 Date : | Foot-
Parameters Result | MDL | Units Analyzed | Method notes
Temperature 9.7 -_ °C 11/16/2010 | SM 2550 B

| Oxygen,

" | Dissolved 84 1.0 mg/L 1171672010 | SM 4500-0 G
pH 6.2 —— | Std Units 11/16/2010 | SM 4500 HB
Solids, Total
Suspended 20.8 2.0 mg/L 11/22/2010 | SM 2540D
Specific
Conductance 12.1 1.0 pmbhos 12/10/2010 | SM 25108
Arsenic <0,005 |0.005 |mglL 1272011 |SM 31138

| Lead <0.003 |[0.003 |mg/L 171422011 |[SM 3113 B

| Cadmium <0.010 | 0.010 | mg/L /2872011 |SM3111B
Chromium <005 |0.05 |mg/lL 1/28/2011 |SM3111B
Silver <005 [005 mg/l 17282011 |SM 3111 B
Copper <005 |005 |mglL 21272011 SM3lllB *
Zinc 0053 |0.010 |mg/lL /272011 SM3lll B *
Sample Identification: Storm water site B {grab)

A 1 Lk Date Foot-
Purameiers Result | MDL | Units Analyzed | Method notes
Solids, Total
Suspended 273, (20 mg/L 11/22/72010 | SM 2540D
i
, > Afaiet

\_Anthony Laboratory Supervisor Dute

Report prepared: 2722011 3I3FM page |




Sample Identification: Storm water site C

' Dhte Foot-
Parameters Result | MDL | Units Analyzed | Method notes
Temperature 10.8 - "~ 11/16/2010 | SM 2550 B
Oxygen,
Dissolved 4.1 1.0 mg/L 11/16/2010 | SM 4500-0 G
pH 39 ~— | Std Units 11/16/2010 | SM 4500 HB
Solids, Total
Suspended =240 2.0 mg/L 11/22/2010 | SM 2540D
Specific
Conductance 50.5 1.0 pumhos 1271072010 | SM 25108
Arsenic <0.005 [0.005 |mgL 1/27/2011 (SM3113B
Lead <0003 (0.003 |mglL 1/14/2011 |[SM3113B
Cadmium <0.010 |0.010 |mg/L 1/28/2011 |SM3111B
Chromium <0.05 1005 |mp/l 12872011 [SM3111B
Silver <0.05 005 |mglL 1/28/2011 |SM3111B
Copper <005 |0.05 |[mglL 21212011 SM3111B
Zinc 0.125 |[0.010 |mg/L 27272011 SM3l111lB te

* This report amends the report prepared on 172811, This repont includes results for copper and zine for water
gite A and water site C.

2272011
EHER G

page 2 af 2
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o Client Name: McGill Associates Collection Duate: 11/302010
Address: 55 Broad Street Dute Received: 117302010
Asheville, NC 28801
RESULTS
Sample ldentification: Siorm waler site A {(rab)

; I TN Dale Foot-
| Parameters Result | MDL | Units. Analyzed | Method noles
'| Solids, Total
. | Suspended 10.6 2.0 mg/L 12/7/2010 | SM 2540D

Specific =
Conductance 28.5 1.0 wmhos 12/10/2010 | SM 2510B
Sample Identification: Storm water site B (grab)

! Iate Foot-

| Parnmeters Result | MDL | Units Analyzed | Method notes
Solids, Total

| Suspended 6.9 2.0 mg/L 12/7/2010 | SM 2540D
Sample ldeatification: Storm water site C (gmb)

_ Date l Foot-
Parameters Result | MDL | Units Analyzed | Method notes
Solids, Total
Suspended 2.0 2.0 mg/L 12/7/2010 | SM 2540D
Specific
Conductance 18.1 1.0 umhos 12/10/2010 | SM 25108

~

Aol Titii pfrai

~Afithany Tirons, Laborntory Supervisor " Date

P.O. Box 254 (56920 Old Cullowhee Road)
Cullowhee, North Carolina 28723
Phone (B828) 293-9394 (800) 213-4035

EHHIIIIIHHIHTIL FAX  (828) 293-1206

Ine.=—— E-mail environmentalinc@acl.com

Certificate of Analysis

Report prepared:  1/1272011 3:59 PM page |
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ENVIRODNMENTAL
—Ing.——

i, T

FAX

P.O. Box 954 (5690 Old Cullowhee Road)
Cullowhee, North Carolina 28723

Phone (828) 293-9396 (BOOD) 213-4035
(828) 293-1206
E-maill  environmentalinc@aol.com

Certificate of Analysis

Client Name: McGill Associates
Address; 55 Broad Street

Collection Date:; 12/2172010
Date Received: 1222172010

Report

Asheville, NC 28801
RESULTS
Sample Ideatification: Storm waler site A (grab)
Date Foot-
Parnmeters Result | MDL | Units Analyzed | Method notes
Ammonia,
Nitrogen <00 |01  |mgL 1/4/2011 | SM 4500NH3-F
| Solids, Total
Suspended 407 |20 |mgl 12/28/2010 | SM 2540D
Specific
| Conductance 132 1.0 jumhos 1/4/2011 SM 25108
| Sumplo Identification: Storm wator site B (grmb)
Date Foot-
Paramelers Result | MDL | Units Analyzed | Method notes
Ammonia,
| Nitrogen 0.1 0.1 |melL 1/4/2011 | SM 4500NH3-F
Solids, Total
Suspended <2.0 2.0 mg/L 12/28/2010 | SM 2540D
e 1
Anthony Tjrona, Laboratory Supervisor Date
171872011 4:04 FPM page | of 2




Sample Identifieation: Storm water site C (grab)

Date Foot-
Parameters Result | MDL | Units Analyzed | Method notes
Ammuonia,
Nitrogen <().] 0.1 mg/L 1/4/2011 SM 4500NH3-F
Solids, Total
Suspended <20 |20 |mgl |2/28/2010 | SM 2540D
Specific
Conductance 245 1.0 umhos 1/4/2011 SM 25108
171872011 page 2 0f 2

4:04 PM
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P.O. Box 954 (5690 Old Cullowhee Road)
Cullowhee, North Carolina 28723
Fhone (828) 293-9394 (BOD) 213-4035
FAX  [828) 293-1206
E-mall envircnmentalinc@aol.com

Certificate of RAnalysis

Client Name: MeGill Associates Collection Dale; 1/18/2011
Address: 35 Broad Strott Dete Recelved: 1/1872011
Asheville, NC 28501
RESULTS
ﬂﬂwm st gife A (grab) -
! S - 1'.,‘_ ".F*'f" --1".M .:- ] L '---‘E.-' TW"-
_L-;hm | Resuie | VDL viits "1 Anslyzed | Method . notes
02 SM 4500NH3-F
M 2540D
aM 25108
: L Font-
Method . -~ | nates
Nitrogen <(.1 0.1 mg/L 122672011 | SM 4500NHI-F
Solids, Total
Suspendead 9.2 2.0 mg/L 172572011 | SM 25400 |
—
2i5fn
Dtz

puge | af2



Sample Identification: Storm water sifs C (grab)

e i i e Ry Dute i Foot-
Parumiters | Result | MDL °*'Units - .. - | Analyzed | Method noles
Aminonin, ’

Nitrogen <0.1 0.1 mg/L 172672011 | SM 4500NH3-F
Solids, Total

Suspended <20 2.0 mg/LL 172572011 | SM 2540D

Specific

Concdoctance | 307 1.0 pmios 1/20/2011 | SM 25108

A011 page 2 of 3
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P.O. Box 954 (5690 Old Cullowhese Road)

Cullowhes, Nodh Corolina 28723

Phone (828) 203-939% |BOO) 213-4035

FAX  (B28) 293-1204 _
enviranmentalince@®aol.com

Certificate of Anal ysis

Client Name: MoGill Associates Callection Dase: 1/26/2011
Address: 55 Broad Street Dade Received: 1/26/2011
Asheville, NC 28801
RESULTS
Mtﬂﬂw Shorm waler sits A )
Dute Foot-
Parametors Resmlt | MDL Units Analyzed | Method notes
Solids, Total
Suspended 420 (20 mp/L 1/31/2011 | SM 2540D -
Specific
Conductance 993 10 | pumhos 2/472011 | Sm 25108
Sample [dentification; Stomt watar xile B (grah)
' ' Date Foot-
MDL | Units Annlyzed | Method nofes
Solids, Total
Suspended 272 120  |mgL 13172011 _[SM2s40D |
Sumple Identifieation; Siorm water site C (grab)
Date Foot-
Parmmeters Result | MDL | Units Annlyzed | Method nofes
Solids, Total
Suspended 10.8 2.0 mg/L 13142011 [ SM 2540D
Specific
Conductance | 353 1.0 | umhos 2/4201) | SM 25108
l'I'I'_--l"'
M- - Thac. il
éw.h‘:w Laboratory Supervisor Date

#
Report prepared: 2272011 12:06 PM pege | of 2
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FAX

P.O. Box 754 (5490 Old Cullowhee Road|
Cullowhes, North Caroling 28723

Phone [(828) 293-2374 ([B0O0] 213-4035
(828) 293-1204
E-mall envimmnmenialinc@aal.com

Certlificate of Analysis

Client Wame: McGill Associat=s

Collection Date: 2/172011

Address: 55 Brond Street Date Received: 212011
Asheville, NC 20801
RESULTS

Sample Identification: Storm water sits A (grab)

: _ Date Foot-
Paramelers Result | MDL | Units Analyzed | Method noles
Amunonia,
Nitrogen <01 |01 |mpL V82011 | SM 4500NH3-F
Solids, Total
 Suspended 773 |20  |mgL 272011 | M 2540D
Specific
Conductance 119 L0 umhos 242011 | SM 25108
Samplo Identifieation: Storm water site B (grab)

Pate Foot-
Parnmeters Result | MDL | Unids Aninlyzed | Method nofes
Ammonia,
Nitropen <ll.} 0.1 mg/L 21472011 SM 4500NH3-F
Solids, Toral
| Suspended 250 |20 mg/L 272011 | SM 2540D
-~
_aliz{u
Lahoratory Supervisor Dte

Remart prepeced: /172011 2:50 PM pego | of 2




Sumple Identifieution: Staren water site C (prab)

Date Foot-
Paramefers Result | MDL | Units Analyzed | Method notes |
Ammanis, ;
Nitrogen <01 |00 |mpl Ji2011 | BM 4500NH3-F
Solids, Total
Suspended 34 2.0 mg/L 2772011 | SM 2540D
Specific
Conductunce | 149 10 | pmhos 242011 | SM2510B
217001 page 2 of 2

a:50 PM
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FJlEnuF&iHMHMHH£1MumMEeEunﬂ
Cullowhea, Norih Carolina 28723 .
Phone (828} 293-9394 (800) 213-4035
FAX  (82B) 293-1204

E-miail environmenialinc8aol.com

Certificate of Analysis

Cliert Name: MeGlll Assocluies Collection Daie: 27287201 |
Addrens: 335 Hroad fiest Dale Recsived: 27287200 )
Ashevilla, NC 2880)
RESULTS .

Suinple Identifiention: Storm water slie A (grab)

Date Fool- |
Parameters Resnlt | MDL | Uniis Analyzed | Method notes
Solids, Total
| Suspended 2150 (20 mg/L 3772011 | SM 2540D
Specific
Conductance {105 |10 | umhos 3182011 | SM 25108
Sample [dentification: Siorm water sit= B (grab)

Date Foot-
Parametors | Result | MDL | Units Analyzed | Method nofes.
Sollds, Total
Suspendad 47 j20 3/7/2011 | §M 25400
Sample dentifieation; Stanm water sits C {mrab)

_ . Date Foot-
Parameters | Result |MDL | Units | Analyzed | Method uoles
Solida, Total
Suspended 5.5 20  |mglL 3/7/2010 | SM 2540D
Specific
Conductance  |B68 1.0 | umhos 31872011 | 8M 25108
',-i‘-

s -
Labormiory Supervisor Dt

Report prepared:  3/22/2011 333 PM page | of 2
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P.0. Box 954 {5690 Old Cullowhea Road)
Cullowhee, Nerth Caroling 28723

Phone (B28) 2939396 (800) 213-4035
FAX  (828) 293-1204

E-mail ervironmenialinc@ool.com

Certificate of Analysis

Clieat Name: McGill Associates Callection Date: 32011
Addres: 55 Broad Street Date Roceived: 191201 |

Ashevilla, NC 28801

RESULTS .
Sample [dentification: Storm walcr site A (grab)
Date Foat-
Paramefers | Result | MDL | Units Analyzed | Method notes
Ammania,
Nitrogen 0.2 0.1 mg/l. 322011 | SM 4500NHI-F
Solids, Total
Suspended 187 120 |mgfl 3/142011 | SM 2540D
Specific
Conductence 144 |10 | ymhos 3182011 | SM 25108
Arsenic <0005 | 0,005 |mgll 4/13/2011 |SM3113B
Lead <0.003 |0.003 | mg/L 4122011 |SM3113 8
Cadmium <0010 [0.010 | mgfL 4/6/2011 | SM3111B
“Chromium <005 |0.05 | mpL 4m2011__|SM3IILB
Silver <005 |0.05 | mgL /57011 |SM3ILLB
Copper <005 [0.05 |mglL 3282011 |[SM3ITIB
Zine 0.051 |0.010 |mglL 4/R2011  |SM3111B
Sample llentification: Storm water sits B {grab)
Dale Foot-

Parameters Hesult | MDL | Units Anslyzed | Method nofes
Ammonia,
 Nitrogen 01  lod |mgl 3/22/2011 | SM 4500NH3-F
Solids, Totnl
Suspended 167 |20 |[mgl 3/14/2011 | SM 2540D

-

’ T ELL

Tirana, Labormtory Supervisor Daie
preparsdt 471372011 S0 MM page 1 ef 2




_Sample Identifieation: Storm water site C (grab) =
Date 1 Faot-
Paramaters Result | MDL | Units Analyzed | Method nofes
Ammaonia,
Nitrogen AN 32212011 | SM 4500NH3-F
Solids, Total | N
 Suspended <20 120 |mglL 37142011 | SM 3540D
Speeiiic \
Conductance | 83.8 1.0 | uhios 3182011 |SM 25108
Arsenlo <0005 |[0.005 |mglL 41372011 |SM3113B
Lead <0.003 |0.003 [mga/L 4/122011 |SM31138
Cadmiim <0.010 | 0.010 |mg/L 4672011 [SM IR =
Chromfum <0.05 005 [mpl 4782011 |SM3III1B
Silver <005 |0.05 |mal 452017 |SM31118
Copper <005 |0.05 |mgl /282011 [SM31118
Zinc 0141 _|0.010 | mgL 4822011 [SM3ILIB
41132010 page2 of 2

5:28 PM
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P.O. Box 954 (5490 Old Cullowhee Road)
Cullowhee, Morth Caroling 28723
Phone (828) 2939394 (B0D) 213-4035
FAX  (828) 293-1204
envimnmentalinc@aol.com

Certificate of Analysis

Clicnl Name: McGill Associates Collection Date: 1/26/20 |
Address: 55 Broad Street " Dite Rocslved: 326/2011
Asheville, NC 28801
RESULTS |

Sumple Identifieation: ftorm wstor site A (prah)

r{n,ub Date Fant-
Parnméters Result | MDL | Units Analyzed | Mefhod notes
Sollds, Tatal
 Sugpended 244 |20 m 4/5/2011 | M 2540D
Specific
Conductance 14.6 1.0 pmhos 3302001 | SM 25108
Sample Identifieation: Siorm waler siie B {grab)

Date Foot-
Parameters Result | MDL | Uniis Analyzed | Method Hotes
Sollds, Total
Suspended 293 |20 |mgL 452011 | sM 2540D
Tdentification: Storm waler site C

I Date Fooi-
Parametsrs Result | MDL | Units Analyzed | Method notes
Sollds, Total
[Suspended  |<20 |20 452011 | SM2540D
Specific
Conductance 108 10 | ,umbsos 3302011 [SM 25108

23
sffaal it
. Laboratory Supervisor Dt
47202011 331 PM pige | of 2
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P.O. Box 954 (5690 Old Cullowhee Road)
Cullowhee, North Carolina 28723
Phone (B28) 293-9396 (BOO) 213-4035
FAX (B828) 293-1204

E-mail environmenialinc@aal.com

Certificate of Analysis

Client Nmme: MzGill Associntes Collsction Date: 4/122011
Address: 55 Droad Swnest Date Received: 47122011
Aslsville, NC 28301
RESULTS .
Sample Identification: Siorm water sifte A (grab)
Date Foot-

Parameters Result | MDL | Uniis Annlyzed | Method notes
Ammaonia,

Mitrogen 0.1 0.1 mg/L 4/26/2011 | SM 4500NH3-F

Salids, Total

Suspanded 1010 120 mg/L 4182011 | SM 2540D

Specific

Conductance 107 1.0 jumhos 4182011 |SM 25108

Sample [dentification: Storm water site B (grab)

Date Foot-

Parameters | Result | MDL | Units Analyzred | Method nofes
Ammaonia,

Nitrogen <).1 0.1 mg/L 472672011 | SM 4500NH3-F
Sollds, Total

Suspended <33 2.0 mp/L. 4/18°2011 | SM 2540D

ApE(y

{&:um TMrona, Labomtory Supervisor Dats

Reporiprepared: 42772011 [:54 P page | of 2



Sample Identifiention: Storm water site € (grab)

Date Fooe-

l’l%g Result | MDL | Units Annlyred | Method notey
Ammon :

Nitrogen 0.1 0.1  |mgl 4262011 | SM 4500NH3-F

Solids, Total = —
 Suspended <20 (20 mg/L 4/1872011 | SM 2540D

Specific Pt e

Conductance 118 1.0 Limbos 4/18/2011 |SM 25108

412011 puze daf 2
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P-O. Box 954 (5690 Old Cullowhee Road]
Cullowhee, Norfh Careling
Phone [828) 293-9394 (800} 212-4035

FAX

(828) 293-1206

28723

E-mail environmentaline@aol.com

Certificate of Analysis

Client Name: McGlll Associntes Collectlon Date: 4212011
Addresar 55 Broad Sirest Dtz Received: 4262011
Asheville, NC 28801 .
RESULTS "
Sample Identification: Siorm water ite A (grab)
[ Date Foot-
Parmmeters Resuli | MDL | Units Analyzed | Method notes
Solids, Tota!
Suspended 265 2.0 4282011 | SM 2540D
Specific
Conductancs 78.7 1.0 jumhos 4282011 | SM 25108
Sample Identifieation: Storm wter alts {grab)
Date Foot-
Parumeters Result | MDL | Units Analyred | Method nofes |
Solids, Total
| Suspended 4.7 20 - |mgl 42872011 | SM 2540D M|
Sample Identification: Storm water sile C (grab) .
Date Foot-
Parameters Result | MDL | Enits Analyzed | Method nofes
Solids, Total
 Suspended 48 120  |mpL 4/28/2011 _| SM 2540D
Specific
Conductance 91.3 1.0 wumhos 4728/2011 | SM 25108
.
7 Cuse _slisin
ﬁmuwsw Dale
4 fropared:  5/25/2011 143 PM page | of2







FAX
E-mail

(828) 293-1206

P.O. Box 254 (5490 Old Cullowhee Road)
Cullawhee, Norlh Caroling 28723
Phone (B28) 2939394 (B00] 213-4035

environmenlalinc@aol.com

Certificate of Analysis

Client Name: Mclitll Amnointes

Colleoton Date: 426201 1

Addresee 55 Broad Street Dats Meceived: 42672011
) Astieville, NC 28801
RESULTS :

Sample Identification; Storm water site A (grab) '

Date Foot-
Parameters Result | MDL | Units Analyzed | Method notes
Sollds, Totnl
Suspended 537 |20  |mgl 42872011 | SM 2540D
Specific
Conductance 794 1.0 wmhos 4/28/2011 |SM 25108
Sample Identifieation: Siorm water sile B (grab)

Date Foaol-
Parameters | Result | MDL | Units Analyzed | Method notes
Solids, Total
Suspanded 70 |20 |met /2872011 | SM 2540D

i [dentifieation; Slomm waler sils C {grab)

Date Foot-
Paramelers Result | MIML | Units Analyzed | Method notes
Solids, Tota!
Suspendad 4.5 2.0 mg/L 42872011 | SM 2540D
Specific
Conductance | 90.8 1.0 pmhos 4282011 |SM 25108
Aty e _ s

Tiroos, Laboratory Supervisor Diuite
. prepared; 57252011 1344 PM pags | of 2







P.O. Box 954 [56%0 Oid Cullowhee Road)
Cullowhee, North Carolino 28723
Fhone (828) 293-9394 (800} 213-4035

FAX
E-mall

(B828) 293-1206
environmentalinc@aol.com

Client Name: MceGill Associates

Certificate of Analysis

Collection Datez 542011

Address: 55 Broad Street Dats Reesived: $4/201!
Asheville, NC 28801
RESULTS .
Snemple Identifiention: Storm waicr site A (grab)
Date Foot-
Parameters Result | MDL | Units Method notes
BOD, 5 day <80 |20 |mglL 5/572011 | SM 5210
Ammaonia,
| Nitrogen 0.1 0.0 |mglL 5/17/2011 | SM 4500NH3-F
Sollds, Total
Suspended 164 a0 mg/L 5/10/2011 | SM 215406D
Specific
Conductance 112 1.0 jrmhios 5202011 | SM 25108
Fecal Coliform | BR 4 CFU/00mL s/42011 SM 9222D
_Sumple ldeatilication: Siom walss site B (greb)
Date Foot-
Parameters Result | MDL | Unita Method tinfes
BOD, 5 day <20 (20 |mal 5/572011 [SM 5210
Ammonia,
| Nitrogen 0.3 0.0 | mglL 5/17/2011 | SM 4500NH3-F
Solids, Total
Suspended 7.7 2.0 m AN02011 | SM 2540D
Focal Collform | BO o CFU/M00mL 52011 SM 9222D
_—
AT sI351u
Laborutory Supervisar Dintz
Report prepared: 52572011 1:52 PM pogs | of 2




Sample Identificailon: Siorm water site C (grah)

Date Foot-

 Paramuoters Result | MDL | Units Analyzed | Method notes
BOD,5day |49 20 |mg/l 5/5/2011 |SM 5210

Ammonia,

Nitrogen 0.2 0. |mgL 5172011 | SM 4500NH3-F
Salids, Total

Suspended i 2.0 mi/L 31072011 | 5M 25400

Specific '

Conductance | 65,3 10 | umhos 5202011 [SM 25108 -

Fecal Coliform | 304 4 CFU/100mL 5/42011 SM 92220
3150 page 2af 2
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P.O, Box 954 (5690 Old Cullowhee Road)
Cullowhee, North Carolina 28723

Phone [B28) 2939396 (B00) 213-4035
FAX (828) 293-1204

E-moll  environmenlaline®acl.com

Certificate of Analysis

Coliection Dates 573772071
Dite Recsived: 3312011

Clizns Name: McOlll Assooiztes
Address: 55 Droad Streol

Asheville, NC 28801
RESULTS .

Samiple {dentificution: Storm water site A (grab)

Dute Foot-
Parnmeters | Resuli | MDL | Units Analyzed | Method nutes
Salids, Total
Suspended 112: 20 mg/L 632011 SM 2540D
Specific
Conductance 782 1.0 pmhos 6/10/2011 |SM 25108
Sumple Identifieation: Stamn water slte B (grb)

Date Fool-
Parameters Result | MDL | Units Analyred | Meihod noles
Solids, Total
Suspended 1.0 20 6/3/2011 SM 2540D
Sample Identification: Storm water slie C (pmb) :

Date Foot-
Parameters Result | MDL | Uniis Analyzed | Method notes
Solids, Total
Suspended 16.7 20 mg/L 67372011 SM 2540D
Specifia
Conductance 60.7 1,0 pmhos 6/10/2011 | 8M 25108

_apaain
Labonitory Superyisor [t

Report prepared:  &7227201 [ 1:04 PM page 1 of 2







FAX

P.O. Box-754 (5690 Old Cullowhee Road)
Cullowhee, Nerih Caroling 28723

Phone [B28) 293-9396 (800) 213-4035
(B28) 293-1204
Emall envionmentalinc@aol.com

Eartificﬂte of Analysis

Client Name: McGill Assoclaies

Collection Date: &/1472011

Address: 35 Broad Strect Daie Recelved: 616/201)
Asheville, NC 28801
RESULTS
Sample ldentification: Storm watersits A (grab) -
Date Foot-

Parameters Result | MDL | Units Analyzed | Method nofes
Ammaonia,
| Nitogen 0.4 0.0 |mpiL 6202011 | SM 4500NH3-F
Solids, Total

| Suspended 116 20 mg/L 6202011 | SM 2540D

Specific

Conductance 130 1.0 wunhos 7/822011 SM 25108

Sample ldentification: Storm waler sile B (prak) ‘

Dute Foat-

Parameters | Resnit | MDL | Units Analyzed | Method noies
Ammoniz,

| Nitrogen <0,1 0.1 mg/L 6/20/2011 | SM 4500NH3-F
Saolids, Total
| Suspendzd 56 |20 [mgL 6/2042011 | SM 2540D

.
Tl s s
A nn, Labarmory Supervisos Nats
Report propured:  7/132001 11:12 AM pags | of 2




*_Sample Identification: Storm vater sile C (grab)

Date Foot-
Purameters Resnlt | MDL | Units Analyzed | Method notes
Ammania, :
Nitrogen <01 0.1 mg/L 6/2072011 | SM 4500NH3-F
Salids, Total
Suspended 3.6 20 |mglL 62072011 | SM 2540D
Specific
Conductance | 44.9 L0 | umhos TR0 | SM2510B
73201 page 2072
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P.O. Box 954 (5690 Old Cullowhee Road)
Cullowhee, Narth Carolina 28723

Phone {828) 293-9396 [800) 213-4035
FAX [828) 293-1206

E-mall  environmentalinc@aol.com

Certificate of Analysis

Client Name: MeGill Associates Collection Date: 6/23/201 |
Address: 55 Broad Strect ; Dite Received: 62372011
Asheville, NC 28801
RESULTS .
Sample Identifiention: Storm water sile A (gmb)
! Date Foot-
_Parameters Result | MDL | Units Analyzed | Method nates
| Solids, Total
Suspended 13.7 2.0 mg/L. 6/28/2011 | SM 2540D
 Specific
‘Conductance | 24.5 1.0 umhos 7/8/2011 | SM 25108
Sample Identilfication: Storm water site B (grab)
Date Foaot-
!' Parameters Result | MDL | Units Analyzed | Method notes
'Solids, Total
i Suspended <6.7 2.0 mg/L 6/28/2011 | SM 2540D
Sample [dentifieation: Storm water shte C {gb)
- Date Foot-
Parameters Result | MDL | Unifs Analyzed | Method notes
Solids, Total
Suspended <6.7 2.0 mg/L 6/28/2011 | SM 2540D g
Specific
Conductance 87.8 1.0 umhos 77812011 SM 25108 _ 4

Lk Fidin
Aqithony Tirona, Laborstory Supervisor Dale
” i [MAA 00" &l sy | 7]
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P.O. Box 954 {5690 Old Cullowhee Road)
Cullowhee, North Caroling 28723

Phane (828) 293-93%4 {B00) 213-4035
FAX
e-mail environmentalinc@ool.com

(828) 293-1206

Cli=nt Name: MeGll! Associales

Certificate of Analysis

Callection Date: 772172011

Address: 55 Broad Strest Date Received: 72172011
Agheville, NC 28801

RESULTS
Sample Idontifieation: Stonm water site A (grab)

' Date Foot-
Purametors Resnlt | MDL | Units Analyzed | Method noles
Aminoniz, -
Nitrogen 04 [0 |mgn 9972011 | SM 4S00NH3-F
Solids, Total
Su 565 (20  |mgL 7/25/2011 | 8M 2540D
Specific
Conduetance (983 |10  |pmhos 7272011  |SM 25108
Arsenic <0005 |0.005 |mgL R/11/2011 |SM3113B
Lead <0.003 |0.003 |mgl RI12011 [SM3TI3B
Cadmium <0.010 | 0,010 |mgL_ /82011 |SM3111B
Chromiuwm <0.05 1005 [mp/l /122011 [SM3111 B
Silver 2005|005 |mgl BAR0IL _|SM3IIIB
Copper <005 |005 |mgl /52001 |SM3IIIB
Zine 0.176 | 0.010 |mg/L_ 8123011 _|SM3I111 B
Snmple identification:_Storm water site 3 (gmb)’

Date Foot-
Parameters Result | MDL | Units Analyzed | Method notes
Ammonia,
Nitrogen 0.1 0.1 mg/L 4972011 SM A500NH3-F
Solids, Total
| Suspended <33 120 |mgh 7/25/2011 | SM 2540D
-~

%ﬁ- — R
(Apihery Jirone, Labomiory Supervisor Date
Repart prepared:  £/12/2011 4:52 M pags | of 2




Sample Identilleation: Storn water site C (grab)

Foot-

Date
Parameters Result | MDL | Unils Analyzed | Method nofes
Ammonia,
| Nitrogen s0.l 0.1 mel, B/9/2011 | SM 4500NH3-F
Solids, Total

<33 120 |mgl 7125/2011 | SM 2540D
Specific
Conductance | 874 |10 | pumhos 7272011 |SM 25108
Arenic <0005 |0.005 |mgL @l12001 |[SM3113 B
Liead <0003 |0.003 | maL 81172011 |SM3i13 B
| Cadmium <0.010_[0.010 | mg/L R/ER011 |SMIILIB
Chromium <005 1005 |[mplL &/12/2011 | SM3IIT A
Silver <005 |0.05 |mgl 83RO [SMJIILB
Copper <0.05 |005 |mglL B52011 | SM3LIB
Zine 0.098 | 0.010 | mp/L B/1272011 _|SM3I11 B
122011 page 2ol
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P.O, Box 954 (5490 Old Culléwhee Road)
Cullawhes, North Coroling 28723

Phone (828) 293-9394 (BOO) 213-4035
FAX [828) 293-1204

Emall environmentolinc®aol.com

Certificate of Analysis

" Cliant Name: MoGill Associntes Collestian Date: 7/26/2011
Address: 55 Bioad Sirest Date Reseived: 72672011
Asheville, NC ZR8D1
RESULTS
Tdentificafion: Storm waier A (gmb)
| Date Fouot-

Parameters | Resnlt | MDL | Units Analyred | Method notes
BOD, 5 day 5.4 20 |mglL 72712011 | 8M 5210
Solids, Total
Suspended 123 |20 |mgl 812011 | SM 2540D
Specific
Conductance | 105 1.0 | yumbhios 7/27/2011 | SM 25108
Fecal Caliform  [>2640 |4 CFUMOOmL | 7262011 |SM9222D I
Sample Identifieation: Storm water site B (grab)

. Date Foot-
Parameters | Result | MDL | Units Analyzed | Method notes
BOD, § day <40 |20 |mglL 72712011 [SM 5210
Solids, Total
| Susnended 9.2 20 | mgl B/1/72011 | SM 2540D
Feeal Coliform | >2480 |4 CFUM00mL | 7/26/2011 |SM 922D |
1, Pocal count based on non-ideal count.

. -
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Date Foot-

Parameters | Result | MDL | Units | Method notes

BOD,Sdsy |<0 |20 |mglL 772011 | SM 5210

Salids, Total

Suspended <3.3 1.0 mg/L 87172011 SM 2540D

Specific

 Conductance | 64.1 1.0 pmbos TR72011 | SM 25108

Fecal Coliform [>2960 |4 CFL/I00mL | 77262011 |SM9222D |
R162011 pape 2 of 2
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APPENDIX C

Sediment Sampling Results Summary
&

Sediment Sampling Data
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Ervislon Daiy: 01,7608

Farm Na. TR-DNZ22-3 I
S Particlo Stze Analysis of Solls OSME
Aprurznee

ASTM DI
S&ME, Inc. ~ 9751 Sonthern Plns Boulevand ~ Charlotte, NC 25273
SEME Project & 1353-10-125 Report Dute: 1
Project Namo: ETS Luh Testing Test Dat=(sy 121410112001
Client Name: Envirommental Testing Solutions
Addren: T
Boxing & Sampla #; | Semple Cute: 1210710
Leeation: Agheville, NC et Blevation: Bulk
Sample Doserlption: _____ Guay Black Well Graded Sand wiSilt (SW-5M) _ Loaded wirganics =
W WM upam M s B e W oew aw

TS '

Prreent Fuming
SSEnmmnn

b
|
L f
1] i i [ 5 | (W11 ] 811
Particle Siee {mm)
Cahbiles < 500 e (137 smdd > 75 mum (7%) Fize Sl <(.425 > )
Orar=l < T8 e i 7Y e Sitt OIS end > =
Come B < 4,75 o end > 200 IIEIE _Clay <000 mm
o 10} vt e 2 (LA e (AT Callulils < 000 mm
Muximuen Partiels Slee: e Mo Gravel: 13.7% Bili T3%
Bilt & Clay (% Passing 200): 9,35 Total Sansl: T7.0% Clay 20%
rend Relative Denslty{ Assumed) 2650 Moleturs Content Collolds  0.5%
Liguid Limit Plastic Limit Plastic Index
Coarse Sand:  14.4% Medijzm Sand: 4099 Fine Sand:  21.5%

Lrmrpmem of Sacd anid Craned Romded O Anpior 0 2 HeddDundle 0O Soff O Westhered k Froble O
Appesgiug B Alr Yot Dispersion Dispesine Fedodt 1 min Digpembsg At Seifem Hessmepphesphaie: 60 g/ Ly
Hferemrey 7/ Cemeesy / Deslarloes: ASTRL D 4218, D ES4, [ 2407

Ren Hurrie _EH‘_L__. Sutf Professioul i3 (2201

Technpmo! Kegmenrdilio
mﬂ.ﬁl-hﬂ _"EE'-"'_E
A, Ine - Covporais L1A] Spring Forert Rosf 25000125 | Nyslrozis

Rudeiph, NC. 19814 Page I af']
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. Fax: (§26) 1505260
L] Asheville, NC 28800
a Phone: (E18) 130-5364
) Fax: [E2K) 150-9304
3

Project name MeGill Assaciates Pmject nmbert  1TI00E539
Callsction dite
Diste received: B-Aar-11
Smnple idenlification: Stormwatar Sediment - Grab Semiple munber: BOT9
Parsmeter Methund Resli RL  Uniti ‘_Tﬁ Amstpst Fosmutes
Grain Size ASTMEHMIE  Sew Affoched Rmulis a1 ARL 2
Mescery M7 e <L0Nl 0008 mabky e s |
Arsenie slec 41 12 mghg maen DWR [
Bizriipm &010 C 170 22 makg musn  DWR |
Cadsmlum &010 C =1 LI eghp musn  DWR |
Chromdum 6010 C H L1 mphyg mesi  DWR |
Copper &inc T 11 mphy musq  DWR |
Lesid 400 C 3 LI mpkyg mesn DWR 1
Sefenium o c i 12 mgky e DWR 1
Silver @ioc <11 L1 mphg raen DWR 1
Fins haInc Aty N mghg meeen  DWR 1
% Solids SMIM00 LT 000 mghg ke JAR 1
Total Kjeldshl Nirogem na Mo 1100 mplg busn COE |
Milkmie + Nirlis Bl M =X 3 mphg vued  RSL 1
Tiztal Mieroges Cabculation 08 1100 mphky naesn CDE 1
Total Phospborus SMANO-PF_ Ma 22  capfhy iesanin  RSL |
Fipsl A amrii m i ST Co—

T 7oy i iy rrepmert rekee oyt e meples mbemied for matyris



Laboratory Report

ISM | mmm_l
DAL

Emdranmantal Tesling Solilons Projess: Mol Associnles Clent Sampls I0:  Semmesier St 031
Atn: Kefloy Kasrmn Prism Sample 10: 1030306-01
PO Bow TERS Prism Wark Drder; 4030308
Aakavilla, NC 2602 Berpls Malric Salid Tirm= Colleched: 0DAMN1 11:00

Tirme Bubmitiad: 03N 149 1318
Faawinr At Lirsn feptt MOl Daston i Avarguie st Aairs

Lt Fiztar Tl Tres 4]

wwnm—n
Toksl Waregen B3 mglgdry  fiea L t  “Toud Mtmgen 2311 1408 SDE  JSALS)
5 Esfaly ey ::" .10 w0 L] WETREE  aNA TeE  JAR PICETM
FetreEmhinrm m M AL gy By - Ei 1 SMdEEENOEF BhEM BN AL PiCEE
i - T 5l (L] e A - ] 3 T EMESF A B EEL PICE:D
Trotel W jiiba il Pl o eylg dry Thod L1 " 2ia FItY Jemm EOE  PRCRAE
Todal Metnls
re=ry AL Ty iy asm o= 1 “TaTiH MEEAY 1nEE CUE FICEI
Amenla LA g Ay L LI 1 sa1o ETLE PIRES T e+
Burturs 6] Eagihy dry i3 L i S s 1 SaE POm
Caminhirt AL iy iy L1 (1] L] *a0i00 T thES OAR  FICEIW
Chmmism 1o g ary L 16 1 SOC N L OWR PRCEIM
st fra T Y i3 sl L] SERTIT AMFT pEE  GWN PCEIM
Lend ] mghy oy 11 axf ] =tac BTTD EE  fwm PICEIM
Selenlum iy mky Y i1 (1] 1 e T e Dem PAoTI
i [ 8 =i dry 1 L] ! =010 AT 1REE  DwA  Pr0mat
Sar ieg mpyikg dry Tl 1.4 i =i YUY 1288 oWm PROEN

Touw rger] e il e vepneiamel. st 0 B wrdieny weihoul Ta el Sl af FEm labeessnes, e

448 Bpringlenok Moad - PO Boe 2080 - Chartese, NE HTTL2040
Proanm: TOARIENRA - Tull Frow bz {SRSATS-A304 - Far TRAEISZ40N




A&L Eastemn Laboratories, Inc.

TEST Wi jron et o, Wgiwn CISHT  [WDM] 7400027 W JIO) ZT40

TEXTURE ANALYEIS

Clant : Direwezr - Fepart No - 114974-0815 |
ENVIRONMENTAL TESTING oA ASSOCIATES Cal Mo - 46033
BOLUTIONS INC HIOHLANDS STORMWATER Dz Pringes) oarazo11
POS 7558 002 SEDIMENT P - 1ot
ASHEVILLE NG 28802

Famme Dwdn Rec=ived - DANSZ011

o Identification Band Clay

13745 2 SEDIMENT g7 W2 70 Aaty Loam

Armdyils pragared by: ALL Esstem Laboratorie, Inc.
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Laboratory Report

BISM | sz
aEn TR
Envirorsmanmf Tesing Solufom Project: MeGlll Associales Clienl Samgla i} 00/ -Sedimanl #1
Atry Mellsy Kesnmn Prism Sampts I 108021701
PO Box TGOS Prism Work Oeder: 1080217
Ashawille, NC 28802 Sarple Matrx: Soild Time Collsctad: CO0O8M1 11:30
Time Submitiad: 081011 11:10
Peinmeise Feemult Limiin Aepert oL Dduties i aitad Aralpsin  Ahwirmt pamn
[TH Pcite i T i
. Genaral Chemistry Parsmatsrs
Tkl Hitkregen 1204 mgikg dry % B Toml NEuges B EX RS joRicg
% Baildy LT ::u Bz [ R1- i "HUNGEE AN wdE JAR PIPEE
hresiaitEs w4 BAL g ey 14 18 T CEMMSIO-NONF aferi {RT AAL  PYRCE
P s Tl el Fegg dry il k4 B "SEaEFF N1 BN RS FfIE
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APPENDIX D

Filter Fabric Sampling Results Summary
&
Fabric Filter Sampling Data
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Fax: (H2N) 250-9564
Askewille, NC 2RADD
; Fhones (E18) 350-9364
| Pax: (H2H) 350-5368

\:' Dvvtrmeniinmial Tasting Lahitiens, I Certificate ﬂfﬁlﬂ]}’ﬂl

el I T X

Project came:  MeGill Assaciates Project sumber: 10120801

Collection dute B-Dhec-10
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% Sollds M 2M0 G By 0100 mpkg oo JAB [
Total Kjeldahd Mitrogen isa T I oigkg =oein CDE 1
Mierute + Miirite SM 4300303 F (1] 56 gy woeels  RSL 1
Total Nitugen Caleulation e H mphg moww CDE |
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Prodect neimber: L1301 501
Sumple muanber: w7
Paramater Mkt Resmht ML Daits M;T_, Asalyt  Fontmates
Asmupunts Riroges Biam¥an <40 240 mpts moew KER
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Slhwer 0o C e D6 mphkg ro=m  DOWR i
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APPENDIX F

Storm Event Hydrodynamic Separator
Hydrographs
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APPENDIX G
Field Notes



Town of Highlands

Innovative Stormwater Project Implementation
Project No. 10.00336

Crystal Stream Unit Cleaning — Fleld Motes
Becember B, 2010

See Spxtern Description schematic for noming conventions.

Personnel present: MeGill Associates [IC Williams, Forrest Westall), Environmental Maintenance (Micky
and Dale], Town of Highlands (Lamar Mix)

Splitter Box #1.
s Culvert discharging normal flow to existing cresk is partially clogged

Splittar Box 83,
* Larger rocks / sediment noted upsiream of overflow weir

Linit #1:

. laat debris in Bay 1 fiter basket

» Leaves and other matter blinding Bay 2 weir screen plate

» Sirong sulphurisewer odor noted upon cpening

*  Approximately 12-14" debris layer on basin floor (~E° leaves, 4-5° sediment)

Unit &2

= Bay 4 weir screen plats partially blinded with lsaves and matter

. mwmmﬁhhhﬂdﬂirEhtﬂHﬂIIﬂpll‘linr[-Eﬂ"hlthﬂ
concrets

. mrswmﬂpﬂmnmmmwmﬂmmzﬂwmm

= [Bay 5 baffle/oll separator contained some floatables, leaves, matter (not significant); ne
significant amount of ciligrease noted

= Bay 5 baffie/oll separator sediment addad 1o sample for testing

Approximately 8-10° debris layer on basin floor (3-4° sediment)

Checked access ports; no ssdimentation noled in detention system

Leaves | sadiment washed & vacuumed off cocaniut fiber filter prior lo sampling

Lots of sedimantation stuck to leaf litter

Cleanars vacuum top layer of leaves/silt first

Cleaners noted that the amount of debris in basin is more than typical for 3 months service
(locks more like 8-8 months of servica)



Town of Highlands
Innovative Stormwater Project Implementation
Project No. 10.00336

Crystal Stream Unlt Cleaning — Fleld Notes
Auguit 11, 2011

Sap Spstern Description schermatic for naming conventions.

persanne| present: MoGill Associates (JIC Williams), Environmental Maintenance (Jeff Askew)

Splitter Box #1:
s Water level topping wair

s Heavy sediment has clogged thru-flow pipe; dabris within 0.75" of top of welr
« Down stream creak axhibits NO flow

Solitter Box #2-

= Coarse sediment and grave! deposit along Inverl of upstream pipe (4-5" deep)
s |nfiuent pipe to Unlt #1 containa small amotint of sedimant deposits

= No significant sedimentidebris downstream of weir

Unit #1;

Bay 1: vertical screan wall blown over

Bay 1: 0.4' solids deposiled on top of screen (85% of arsa),

Bay 1: 6" sadiment on bottom of basin

Bay 2: evidence of high waler 1.3' below calling

Bay 2: top 18" of wair screan plate blinded with leaf itterforganics
Bay 2: 6" sediment on botlom of basin

Bay 3: water standing lo effiuent pipa invert

Bay 3: 8" sadiment on botiom of basin

Bay 4: standing water to sfiluent pips invert

Bay 4: top 18" of weir screan plate blindad with leal literforganics

Bay 4: organics stuck (o wall

Bay 4: 3" sediment/muck on bollom of basin

Bay 5: evidence of high waler o within 1.3' of calling

Bay 5: oll shean, lNoatables, organics in baffle trap (2° lotal dewaterad)

Bay 6: fitar fabric — appears relatively clean compared to usual caked muck
Bay B: = 3" solids/muck on bottomn of basin

:

L 2]

Sadimeni fo within 18° of inside top of culvert
Efflusnt Box:
s 1/B" fine sediment accumulated

« Approximately 0.9' standing waler measured at dataniion basin access porl



Town of Highlands
Innovative Stormwater Project Implementstion
Project No. 10.00336

Crystal Stream Unit Cleaning — Fleld Notes
June B, 2011

See System Description schematic for naming conventions.
Personnel present: MGl Assoclates (IC Williams), Environmental Maintenance (Micky and Asulstant)

Watar level within %" of lop of weir, slowly moving through box
Overflow welr appaars to be fres of significant sediment (10.0° from top of wair to sedimant)
Downstream creak exhibits ~2° watar flow

Coarse sadiment and gravel (1-57) deponsit along invert of upstream pipe (4* dezp)
Influent plipe to Unlt #1 relatively clear; small sediment deposits
No sediment/debrs downstream ol wair

Bay 1: vertical screan wall blown over to horizontal position

Bay 1: 3° solids deposited on top of screen (75% of area); small amount of leaf litter,
organics, cigarettes, frash

Bay 1: 4" sadiment on bottom of basin

Bay 2= evidence of high water B° above weir screan plala

Bay 2 top 18" of weir screan plate blinded with leaf liter'organics

Bay 2: 8" sediment on bottom of basin with mixed \eaf litier

Bay 3: water standing to effluant pipe invert

Bay 3: §° sadiment on bottom of basin

Bay 4: standing water to effiuent pips inver

Bay 4: top 19" of weir screen plaie blinded with l=al It=rforganics
Bay 4. organics stuck to wall

Bay 4. 1-2° sedimant on bottom of baain

Bay &; evidance of high watar to within 5° of top of bafle separalor
Bay 5: oll sheen, floatables, organics in baffie trap (2° lolal dewalered)
Bay 5: 1" solids on botiom of kasin

Bay 6: filtter fabric — 50% covered in siudge

Bay 8: < 1" solids on battom of basin

Gadimenl 1o within 12" of Inside 1op of culvar
Sadimentation extends evenly upsiream > 25'

~12" standing watar
High water mark = <22"

Approximately 12° standing water measured at detention basin access port



Town of Highlands
Innovatlve Stormwater Project Implementation
Project No. 10.00336

Crystal Stream Unit Cleaning ~ Fleld Notes
March 8, 2011

See Spstem Description schematic for naming converntions.

Personnel present: McGiil Associates (JC Willlams), Environmental Maintenance [Micky and Dala), Town
of Highlands (Lamar Nix, Matt Shuler}

Splitter Box #1:
e Watler trickling ower weir (approximately 2 gpm
s Overflow weir appears fo be free of significant sediment (10.5" from top of weir to sediment)

Splitter Box #2.
s 3" |args gravel sadimant noted in structure upstream of wair
s =12 from lop of weir lo ssdimant

Sigria of high water up 1o top of Bay 2 weir screan plala

Bay 3 walsr claar (2 of sludge-lke sediment)

Bay 2 has -4" sclide

Bay 1 - approximately 3° solids on filter screen; scresn near biinded with organics, 6° solids
on floor

Linit #2;

« Signs of high water elevation up to 7" above Bay 4 weir scraen plate (5" below top of
baffiadoil

s Bay 4 has 1.5 solids {sludgs) on basin ficor

» Bay 5 has floatables in baffie/oil separator (mostly cigarsties and organica); with a sfight oil
shaen noled, ~1" sludga on basin floor

« Bay 8 fiber filter caked in sludge type cover

:

Culveri Entrance;
* Heavy sediment (see picture) in structure; approximately 12° balow top of interior culvert

Effivant Box;

s =12° standing water

» High watar mark = ~18"

o Approximately 14" fine sediment accumulated in bax prior to discharge culvert

General Nates:
* Approximately 12° standing water measured al detention basin access port
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