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EXECUTIVESUMMARY

The population of Harris County is expected to continue to grow resulting in an increase of
2,006,000 individualby the year 203fHGAC 2006). As the human population grows there will

be increased demands for housing, roads and commercial development. The resulting increased
urbanization will alter stream hydrology and
syndr ome 0 h adsscribeetiee wonsistertlg obserwed ecological degradation of streams
draining urban land. Symptoms of the urban stream syndrome include a flashier hydrograph,
increased sediment loading, elevated concentrations of nutrients and contaminants, altered
channémorphology and reduced biotic richness with increased dominance of tolerant species.
This is due to the replacement of natural soils and vegetation with impervious surfaces which
leads to elevated stormwater runoff containing higher concentrationstahuoants

In an effort to reduce additional impacts from population growth and associated urbanization
new residential communities and municipalities have begun to adopt low impact development
(LID) technology LID is an approach used in land developirtéat manages stormwater as
close to its source as possildtarris County Flood ControDistrict and Harris County Public
Infrastructure Department have developed d.ow Impact Development & Green
Infrastructure Design Criteria for Storm Water Management
(http://www.hcfcd.org/downloads/manuals/2011 -FINAL_LID_GIDC.pyf Prior to the
publication of this guidance document, developers in Harris County were unable to use LID
practices for detention credit. LID portions of Springwoods Village, and other proposed
developments are operating in Harris County under these guidelines as an evaluations of
the usefulness of LID practices within the upper Gulf Coast Region.

Springwoods Vilage is anewmixed-use community development project covering 1,575 acres
in northern Harris County located 30 miles north of downtown Houston and less than 10 miles
from George Bush International Airport. Development was scheduled to be conducted in six
phases and began in 2011. Low Impact Development (LID) was an integral part of the
community development plan used to mitigate runoff and impacts on water quality. In order to
better understand and quantify the benefits of LID methods used in the SmagWidage, it is
necessary to take pomnstruction baseline conditions of water quality during wet weather
events and compare to conditions during and after construction. The Environmental Institute of
Houston at University of HoustanClear Lake (EIH, partnered with Harris County Flood

Control District (HCFCD) an&pringwoods subdivisiodevelopers to obtain data on the effects
of LID methods for effluent water quality discharging into ne&8pying Creek (HCFCD Unit
J100600-00).

The original scoe of the study was to characterize anthpae pre-constructiorand
constructiorstormwaterquality at the Springwoods Development Sitée overall objectivavas
to verify the effectiveness of LID methodslized by Springwoods Development contractors
during the construction phase of the projedue to an advancing construction timeline,-pre
constructiormonitoring did not take pladeefore construction groundbreaking at the. site
Stormwater runoff samples, grab samples, and photographic technigeesmmoyed to
evaluate the changes in site conditions during construction.
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Based on the results of this stug\H wasable to characterize the runefhterquality from two

sites site 1 with extensive construction activity and site 2, with minimal agtiwntil later in the

project. Evaluation of aerial photography showed that extensive construction activity had

already begun by the tintelH begunthe monitoring project. Therefore it is very difficult to
consider data col |l e &tgeg d udrarstruptipredatahHoweves,isamd y a s
data collected at site 2, prior to June 2011, suggests thptqeet levels of turbidity andotal
Suspended Solidg 65 were closer to 20 NTU and 40 mg/L respectively. These values were

never again obseed throughout the study.

Data collected fronthis study shows that turbidity readings taken on site were elevated in
comparison to ambient levels. Almost all of the runoff samples collected during this study
exceeded the P5percentile for historical abient turbidity levels in Harris County streams. The
TSS levels measured during this study appeared to peak during the high rainfall events, and
seldom fell below 200 mg/L. This pattern was observed most often at site 1, which was adjacent
to more active @nstruction activity. Historical data collected in waterbodies in Harris County
suggests that TSS values seldom exceed 100 mg/L, with an overall median value of 21.2 mg/L.
Current data collected during this study suggest that erosion of soil and/oratsathhwas

occurring at both study sites. Similar trends were observed in other pollutants measured during
this study. Orthophosphorus levels were positively correlated with increased precipitation,
wherea<. colilevels declined, most likely due to iearsed dilution of runoff water as new
precipitation is added to the system.

Dueto the late start of this project and failure to establish a firm baseline in terms of
documentingpre-constructiorrunoff water qualityEIH recommends thatontinuel monitoring

take place athe developed area along with @fditional nearbynaltered site containing only

native vegetation and soils. tlfis additional monitoring isonducted for sufficient time it would

be possible to assess and compare the quality of risapffvarious portions of the new

development against control conditigresr the original scope of warkOnly data from about 1

or 2 stormwater collections made early during
representing preonstructiorconditions.

10
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INTRODUCTION

Problem Statement

The population of Harris Countg expected to continue to grow b$%between 2005 and 2035
resulting in an increase of 2,006,000 individudS&SAC 2006§. As thehumanpopulation grows

there will beincreasd demand for housing, roads and commercial developm&he resulting
increasd urbanizationwill alter stream hydrology and contaminant w@aul and Meyer 2001
Walshetal. 2006 The term fiurban stream syndromeodo has
consisently observed ecological degradation of streams draining urban land (Walsh et al. 2005).
Symptoms of the urban stream syndrome include a flashier hydrograepgased sediment
loading,elevated concentrations of nutrients and contaminants, altered theaorpbology and
reduced biotic richness with increased dominance of tolerant species. This is due to the
replacement of natural soils and vegetation withervious surfacewhich leads televated
stormwaterunoff containing higher concentratiooscortaminants Paul and Meyer 2001

In an effort to reduce additional impacts from population growth and associated
urbanization new residential communities and municipalities have begun to adopt low
impact development (LID) technology EPA 20®; NAHB 2012. LID is an approachused in
land development that manage stormwater as close to its source as possible. LID employs
principles such as preserving and recreating natural landscape features, minimizing
imperviousness to create functional andiesthetically appealing site drainage that treas
stormwater. There are many practices that have been used smpport these principles
including bioretention facilities, vegetated swalesand permeable pavements. By
implementing LID principles and practices, water catbe managed in a way that reduces

the impact of built areas and promotes the natural movement of water within an ecosystem
or watershed. Applied on a broad scale, LID can maintain or restore a watershed's
hydrologic and ecological functiongEPA 2000) Harris County Flood Control District, and
Harris County Public Infrastructure Department have developed Bow Impact

Development & Green Infrastructure Design Criteria for Storm Water Management
(http://www.hcfcd.org/downloads/manuals/2011 -FINAL_LID_GIDC.pygf Prior to the
publication of this guidance document, developers in Harris County were unable to use LID
practices for detention credit. LID portions of Springwoods Villageand other proposed
developments are operating in Harris County under these guidelines as an evaluations of
the usefulness of LID practices within the upper Gulf Coast Region.

SpringwoodyVillage is a $10 billiormixed-use community developmergrojectcoveringl,575
acresin northern Harris Countipcated 30 miles north of downtown Houston and less than 10
miles from George Bush International Airp{figurel). Developmentwasscheduled to be
conducted in six phases and began in ACC 2012). The overallprojectsite islocated

adjacent td&spring Creekl10000-00 (Figure2). Project development plans inclutle

commercial, residential, corporate, and institutional uses as well as programmed open spaces.
Low Impact Development (LID) was an integral part of the community development plan used
to mitigate runoff ad impacts on water qualifCDC 2012) Developers were required to
implement LID methods to meet certain water quality and quantity goasléMeloper required

LID would be supplemented with community LID in some of the public spaces. However, low

11
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impact development requires methods resulting in tangible and evidased benefits to better
market the concept of LIDCDC 2012).

In order to better understaadd quantifythe benefits of LID methodssed in the Springwoods
Village, it is necessario take preproject baselineconditionsof water quality during wet
weather eventandcompare to conditionduring bothbeforeand after constructiomhe
Environmental Institute of Houston at University of Houstddlear Lake (EIH), has partnered
with Harris County Flood Control District (HCFCD) and developers for the Springwoods
subdivision to obtain data on the effects of lrii@thods foeffluent water quality leaving the
property and discharging into nearby streams.
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Background

Study Area

The Springwoods subdivision is located in the Spring Creek water3iedSpring Creek
watershed is classified &JC Unit 12040102which includesTCEQ segment 1015, and

HCFCD Unit NumberJ106G00-00 (Figure3). The watersheéxtends across the southern area of
Montgomery County, Waller and Grimesueties, and extersdnto northern Harris County.he
largerwatershed includesbout half of Tomball and the Woodland48 area in southern
Montgomery County. It coverparoximately765.88mi® (source: EPA MyWaters Mapper:
http://watersgeo.epa.gov/mwm/?layer=LEGACY_WBD&feature=12040102&extraLayers=null
However, other sources including the HGAC GIS maps indicate the surfacd tirea o
watershed is only 44453mi? (source: HGAC online Water Resources Information Map
http://arcgis02.fgac.com/wrim/and HGAC 2011 There areapproximatelyl11l miles of open
streams within the watersheadcluding the primary stream aitd tributary channel$§HFCFD
2012).The TCEQ designated segment 1008 (From the confluence with the West Fork San
Jacinto River in Harris/Montgomery County to the most upstream crossing of FM 1736 in Waller
County) is appoximately 69 miles long.
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http://cfpubl.epa.gov/surf/huc.cfm?huc _code=12040102Location of project site and adjacent USGS gage
08068500denoted by red star.

Land Use and Environment

Rapidcommercial and residentidévelopment has occurred in thertheastern ancentral

portions ofSpring Creekvatersheaind will likely continue into the futuras the Woodlands,
Tomball, and other existing communities exp8ACFCD 2012 HGAC 2011).Most of Spring
Creekbetween H5 to the west and U.S. Highway 59 to #asthas been @served as a

greenbelt to minimize floodingsks. The primary land cover west of Tomball is agricultural and
cultivated landLarge tracts oforested areas in the middle and northwest portion of the
watershed are interspersed by subdivisions. Ranclagttelsobby ranches are also common in
that portion of the watershed. Bite sewage facilities are the primary means of waste disposal
in those aread here are numerous county parks along the main chahSglring Creekn the
lower reaches of the wateesh (HCFCD 2012).

Historical Hydrology in Watershed

The Spring Creek watershed has undergone considef@méopmenover the last 20 years as
the population of Harris and Montgomery County has expanbtedrder to assessdtorical and
currenthydrology EIHobtainedhistorical stream flovdata from theclosest gageThe closest
USGS gagevas identified a®8068500and issituated withinSpring Creek at-#15 bridgein
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Montgomery County, Texas. Gage station coordinate3Gf@6'37"latitude -95°26'10"
longitude This gage monitors stream flow fronpartion of the watershed with astimated
drainage areaf 409 square mile€Source: USGS web sitefhe HCFCD rain gage 10%®also
co-located at this sitél'his rain gage was used to monitor pp&ation during the study.

In order b evaluate trends in hydrology ElHilized the Index of Hydrologic Alteration (IHA) to
evaluateselected flow regime indices of teeeam Gao et al. 2009The Nature Conservancy
2009. In particular EIHestimated th@umber of high flow pulses that occurred annually using
the IHA algorithm that classifieadh flows as any daily average flow exceedihg75th
percentile ofall daily flowsrecorded during the period of recorfihe period of record examined
was from B39 through 2011Based on ta IHA algorithmthe flow gage records indicate
urbanizatiorhas steadilyncreased andffected the rainfall runoff relationship in this watershed
(Figure4). High flow events have increased over time suggesting the stream has Iblesbinee
responding quickly to rainfall events.

o
Y =0.1492X- 2823

Spring Creek IHA R2=0.3218
High Flow Pulses (Frequency)

Frequency

1939 1941 1943 1945 1947 1949 1961 1953 1956 1957 1959 1961 1963 1965 1967 1969 1971 1973 1976 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011

Figure 4. Annual frequency ofdaily high flow pulsesrecorded at theUSGS 0806850&pring Creek gage
based on IHA software analysis

Study Objective

The original scope of the study was to characterizecampae pre-development and
constructionStormwatemquality at the Springwoods DevelopmteSite.Due to an advancing
construction timeline, prdevelopment monitoring did not take place before construction
groundbreaking at the sit&tormwater runoff samples, grab samples, and photographic
techniques were employed to evaluate the changateinonditions during construction.
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METHODS

Site Selection and Description

Two sites(Tablel) were selected for stormwater quality monitoring throtigdcombined effort

of EIH personnel, HCFCRechnical staffand the Sprigwoods Development contractors based

on two criteria: 1) the sites had to be accessible in wet conditions and 2) the sites would represent
stormwater runoff from two of the major drainage corridors located on the property.

Table 1 Sample site descriptions and locations for Springwoods Subdivision study.

Site # Site Description Latitude | Longitude
At border of PTO East Lake Zone,
1 under main road andeceives 30.10431 | -95.44065

drainage fronCorridor 1

At border of West Detention zone;
2 receives drainage fro@orridor 4 30.09630| -95.45340
minimal developmenpresent.

Site 1(Figure2) was locatedlownstream frondrainage corridor Aanddownstream of the main
entrance road crossig it enters the PTO East Lake z@Rigure2 andrigure5). This site was
the first to se@re-development constructiaffects of land clearing and ro#dilding

throughout the course of this study. Due to its proximity to the maiarexe road, much of the
land around Site 1 also experienced heavier vehicular traffic than Site 2 throughout the course of
the study. Site @as locatedlownstream oflrainage corridor anddownstream of a previously
cleared poweline corridor immedidely within the West Detention zoifEigure2 andrigure6).
Until later in the sampling period, this site received miniozadstruction influences such as
forest clearing, and vehicular traffiduring the study, Ellbersonnehad to adjust the exact
locations of the samplers ladth sites. At site {moved on 1/28/2011)the samplehad to be
movedslightly dueto prolongedvater retention ahe site Early efforts asite 2,yielded
insufficient mnoff water sample volumes, so Eétdjusted thsampledocation(moved on
11/8/2010}o a depression slightly downstream of the initial site. Blitilly thoughtthat the
insufficient samfe volumes collected at SitewzZas due to the upstream catchment being too
small However, EIHdiscovered that this was primarily due to soil rundffu@cteristics since it
appeared that at least 1 inch of rainfall within 24 hours was required at site 2 to generate
sufficient runoff to fill the collector, whereas oniy0.4 inch of rainfall withir24 hours was
required at site.1Therefore, a significamainfall event at site 1 was generaitigt of sufficient
magnitude to be ranked asignificantevent asite 2

Sampling Schedule

Sampling began in November 2010 and continued through November 2011. GoogleEarth
time-lapse imagery from 2008 to 2010 shows evidence ellpvelopment clearing in the
sample area and large scale habitat alteration by early E@jLik€7). While the original
objectives of project included documentation ofpoastruction stormwater quality to determine
baseline levels for comparison of nraffected and LID affected runoff, dueitotial lack of wet
weather events and the comnstion schedule, most samples were collected after initial
construction had already begun.
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=

Site 2:= '@p?tream

Figure 6. Upstream (left) and downstream (right) view ofsite 2 stormwater sampling location.
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Figure 7 Time lapse GoogleEarth™ imagery showing
presence of predevelopment clearingduring the early
phases of this study.
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Sampling Methods

Precipitation

Daily precipitation was monitored at the site using data from the HCFCD 1050 rain gage co

located with the USGS 08068500 site ptifg Creek and-#5. Data from this site was also

used by the project team to determine whether to initiate a wet weather sampling event after a
significant rainfall event. Aignificant rainfall eventvas designatedas 0. 40 of r ai nf a
24 hous preceded by 72 hours of dry conditiofi$is data was correlated with game camera
photographs to determine times of peak flow through each site.

Stormwater samplers

Single grabfirst flush stormvater samplerénanufactured by Nalgeng®vere deployed atach

site before and after every significant rainfall event to evaluate changes in stormwater quality
from runoff during the course of constructiatthe Springwoods Subdivisidifrigure8, Figure9
andFigurel1Q). The sampler bottle is mounted within a black sample bottle container. The
sample bottle contain@ncludesa coarse screen and is usually deployed within a similar
diameter pit, within 1 ioh of the bottom of the strearihe stormwater sampler colls@ne full

liter of water intheun-refrigerated container. The unit is designed to remain sealed until a
criticaldepth(22 6) of runoff i s present at the site ar
depth occurs. Upon filling, the sample bottlalso designed to sedeal to prevent cross
contamination with additional surface water that may be present afterfingtidlush runoff
conditions occur.Samplescollected by the stormwater samplegre tested for standard water
guality measures ingtling nitrogen, orthophosphate, suspended solids, and turbidity.

Originally, the objective of this study included monitoring of-poastruction and construction
stormwater quality. Due tananitial lack of significant wet weather events aagid

progression in the construction schedule, most samples were collected after initial construction
had already begun.

Figure 8. Nalgene stormwater first flush sampler used during the study.
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Figure 9. Deployment ofthe stormwater samplerused during this study
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Figure 10. Retrieval of stormwater sampleat Site 2
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Grab Samples and Flow

Rainfall in the Springwoods Subdivision area was monitored closely and aftgrificant event

was detected, EIH field team personnel attempted to arrive at the project site as quickly as
possible generally within 6 hours of initial rainfallGrab samples were collected at each

sampling site (when standing water was presentpaatyzed for water quality (similarly to the
stormwater samples) to evaluate changes during the course of construction for the Springwoods
Subdivision. Grab samples were also analyzet& f@oli bacteria, oil/grease, arsglectecheavy
metals. Flow wagtaken at each sample site when moving waterolkasrved While the

original objective of this study included monitoring of {menstruction and construction water
quality, most samples were collected after initial construction had already begun.

Game Caneras and Site Photographs

Game cameras were installed at each sampling site and programmed to take a photograph of the
installed staff gage and sampler every hour. The purpose of these game cameras was twofold: 1)
to illustrate when the first flush of rufiaccurred after a significant rainfall event and 2) to

represent the flow type each site experienced at peak flow times. Game cameras were also
programmed for motion activation, thus recording wildlife frequenting these areas of the
Springwoods Subdivien. Only photographs documenting site conditions during the rain event

are provided in the report, although all photographs are provided as an electronic supplement
(Appendix 3)

During each site visit, EIH personnel also took photographs to document conditions of the
sampling areas at the time of sample collection. Any major changes in Springwoods Subdivision
site construction were also photographed (i.e. creation of roads, develagrassds, clearing

of trees, etc.) to document progress in development.

Sampling Protocol

To determine 2our rainfall prior to samplingainfall data werelownloadedrom the Harris
County Flood Control District Flood Warning System website at sit® LIB)0 Spring Creek at
I-45). After a significant rainfall evendésignated as 0.4inchesof rainfall within 24 hours
preceded by 72 hours of dry conditions), an EIH field teammaasilizedto the Springwoods
Subdivisionarea. Prior to arrivamanag@ment and security at the development area were
contactedhs specified in the safety and access protocol established by Springwoods Subdivision
developersUpon arrivalthe EIH field teamretrieved stormwater sample bottles|lected grab
samples (if weer was still present at the site)pasurediow; recorded current site conditions;
photographed the site areand distributedgtormwater samplasto specifiedcortainers for

delivery to the Eask lab for analysi¢seeTable2 for specific parameters evaluatel)

conditions allowedduring each site visittsrmwater samplers were replaced with clean units
andredeployed Memory cards within thgame cameras were replaced, battery life was checked
(and batteries replaced if necessary), and photographs were downloaded backfat&dH
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Table 2. Field parameters collected by EIH personnel at every site visit (whgmossible) and water quality
sample types with specified containers and preservatives.

Activity Parameter Bottle Preservative

Amount of Rainfall (in)i
HCFCD Gage 1050

Sample site ggedepth (ft)
Runoff flow (cfs)
Field Data Collection Water Temperature (C)
SpecificConductance(uS)
Dissolved Oxygelf%sat)
Dissolved Oxygetrtmg/L)
pH

Ammonia,NH3 (mg/L)

Nitrate + Nitrite,NO, + NO, 500 mL Ice, H2S04
(mg/L)
Stormwater Sampler Ortho-PhosphorugOP)
(Water) (mg/L)
Total Suspended Solids[$9
(mg/L)
Turbidity (NTU) 100 mL Ice

500 mL Ice

Ammonia,NH; (mg/L)

Nitrate + Nitrite,NO, + NO, 500 mL Ice, BSO,
(mg/L)
Ortho-PhosphorugOP)
(mg/L)

Total Suspende8olids, TS
(mg/L)

Grab Sample Turbidity (NTU) 100 mL Ice
Water
( ) E. oli (MPN/100mL) 100 mL Ice, Na230;
Oil/Grease (mg/L)
Mercury,Hg (mg/L)
Cadmium,Cd (mg/L) 1L Amber Ice, LSO,
Zinc, Zn (mg/L)
Lead,Pb (mg/L)

500 mL Ice

Additional water quality variables were measured at each site, when possible, using a YSI
600XLM® multi-parameter sondd able2). When flowing watekas present at each site,
instantaneous flow values were obtained using a SonTek Acoustic Doppler Velo®imeter
(ADV) flow meter. All methods used during water quality sampling followed protocol outlined
in the TCEQ Surface Water Quality Monitoringanual(Texas Commission on Environmental
Quality 200&).
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Data Analysis

Several methods were used to analyze the data collected during this study. Raw data collected
during the study was tabulated and/or plotted using bar gréphsges below the detection limit
were assigned a value of %2 the detection limit to facilitate data anafyacdition,EIH also
utilized box plotgo facilitatecomparisorof the median value and distribution of the data
between sites and sampling madls Figurell). A nonparametric KruskalWallis one way
ANOVA was used to test for significant differences between site and collection type (grab or
stormwatersamplr ) combi ndtyipems (-grab;esiieslisdimglee; sité 2 grab; site
2 sampler). Data was analyzed using the Minitab® 16.1 statistical software pda&tgeere

also compared to TCEQ water quality numerical criteria or screening leselseglbrted in

HGAC (2011). It should be noted that these criteria are for ambient water quality in receiving
streams and not for effluent standards for stormwater.

Cutlier — an unuzualty large or z=mall
observation. Values beyond the By default, the upper whisker

whiskers ars outliers. extends to the highest data value
within the upper limit.

By default, the top of the box iz the * Upper limit = Q3 + 1.5 (Q3 - Q1)
third quartile (Q3) - 75% of the data
values are legs than or equal to thiz \

value.

Wedian - the middle of the data.

__.f-""ff Half of the observations are less

than or egual to it.

By default, the bottom of the box is / By default, the lower whizker

the first quartile (Q1) - 25% of the ———— extends to the lowest value
data values are le=s than or equalto within the lower limit.
this value.

Lower limit = Q1- 1.5 (Q3 - Q1)

Figure 11. lllustration of boxplot used to analyze distribution of data.

RESULTS

Precipitation

During the study the nearby HCFCD 1050 gdgeumented precipitation throughout the study
period(Figurel?). A total of 19 possible qualifying even{s0.4 inches of rain within 24 hours
following 72 hours of no rainfalpccurred during the period of 11/1/2010 through 11/15/11.
ElIH targeted pecipitationeventsoccurringduring weeklays onlydue to sample holding time

and lab availability The hghest 24 hour precipitation events (1i58.00 inches) occurred in

July 2011. The qualifyingamplingevents ranged between 0.4 and 3.0 inches within a 24 hour
period Figurel?).
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Precipitation (in) vs Date
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Figure 12. Recorded 24 hour precipitation at theHCFCD 1050 rain gage cdocatedat the USGS 08068500
siteon Spring Creek and |-45. Red lines denote dates when sampling was conducted at the sdashed red
lines denotes dates when unsuccessful sampling attempts were maddhat date or afterwards The
horizontal reference line is the 0.4 inch decision level for sampling when combindgth 72 previous hours of
dry weather.

Sampling Schedule

Stormwater sampling proved difficult in 2011 due to severe drought conditions experienced in
the southern region of the WHd Texas (Nielse@amon 2011). Twelvemonthaverage

rainfall wasthedriest on record across much of western, central, and sodteeas, and many
stations received less than 25% of their normaibth precipitationThe statewide average
precipitation was generally the driest period on recbable3). The statewidelrought index

value has surpassed all previous values, and it has been at least forgyngeaasything close

to the severity of the present drought has been exjpedeacros3exas.

Table 3. Ranking of three month precipitation among historical values based on Texas statewide average
precipitation (Source: NielsenGamon 2011).

Months Precipitation Amount (in) Ranking

November 2010 April 2011 5.20 2" driest
Februaryt July 2011 5.15 Record driest
Marchi August 2011 5.14 Record driest
April T September 2011 5.93 Record driest

Stormwater samplers were deployed first on October 8, BH<®d on available resources and
observed precipitation at the HCFCD 1050 rain g&tjd,personnesuccessfullycollected
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samplesduring7 out of a total ofl9 independengualifying (minimum rainfall met and 72 hour
antecedent dry periotjet weatheeverts from Novemberl, 2010 to Novembet5,2011(Table

4). A total of an additionab unsuccessful (unable to obtain sufficient volume of runoff samples
attempts were madBue to differences in the physical characteristics of eachtsitas
discovered thathe actualcriteria for a wetweather eventhat would generate measurable runoff
differedby site Runoff at #e 1 occurredmore quicklyin regponse to smaller amouni@.4
inches)of rainfall while site 2 experiencedgignificant (enough to fill the stormwater sample
bottle)runoff only after greater amoung$ inch)of rainfall had occurredThis resulted in only
two events whersufficient runoff volumes occurred agdabsamplesandstormwater samples
were collected at both sites on the salate Table4).

Table 4. Attempted wet-weather sample events for each site at Springwoodshdivision.
Site # | Sample Date Wet Wiitg%r Event Rainfall (in) © Grak? ample Cgltlc()arcr:/\cljater
11/2/2010 1 1.220 X X
5/13/2011 2 0.32 X
6/22/2011 3 1.48 X X
1 6/23/2011 4 0.08
9/19/2011 5 0.4 X X
10/10/2011 6 2.16
11/15/2011 7 1.28 X X
11/2/2010 1 1.220 X
5/13/2011 2 0.32
6/22/2011 3 1.48 X X
2 6/23/2011 4 0.08 X X
9/19/2011 5 0.40
10/10/2011 6 2.16 X X
11/15/2011 7 1.28 X X

#Note although counted as two sampling events, the 6/22 and 6/23 events sampled the same rainstori
® Site visits weralsomadeon the following dates (sitei11/14/11, 1/28/11, 2/8/11, 3/7/11, 8/18/11, 11/9/1:
11/29/11) (site 2 12/3/10, 8/18/11, 9/1/11, 11/9/11, 11/29/1Dring six dates 1/14,1/28, 3/7, 9/29, 11/8
and 11/26kamplers were redeployed,aitempts were made collect stormwater samplé®m that date or
earlierunsuccessfully

¢ Cumulative rainfall for 24ours prior to sampling everSource: HCFCD Rain Gag®5Q0

Stormwater and Grab Samples

Gauge depth, flow and sonde readings taken at each site including water temperature,
conductivity, salinity, dissolved oxygen, and pH egported(Table5). During the study EIH

field personneseldom observed flowing water at the time of stormwater sample retrieval
because of lack of standing water or moving water. This was most evident at site 2. Highest flow
was measured at site 1. The higher amoohtanoff at site 1 may be due to a higher proportion

of the catchment being under construction, resulting in a higher runoff amounts during rain
events Ambient measurements of water temperatspecific conductance, dissolved oxygen,

and pH were withimormal ranges encountered in surface water and precipitation.
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Table 5. Field parameters collected after each rainfaleventin Springwoods Subdivision.
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Wet _ Gauge Water Specific
Weather | Site Depth (ft) Flow (cfs) Tempiarature Conductar]ce DO (% sat) DO (mg/L) pH
Event # (°c) {0ov
1 1 0.55 0.0530 18.98 261 77.7 7.03 7.79
2 0.00 0.0000 Dry Dry Dry Dry Dry
) 1 0.00 0.0000 Dry Dry Dry Dry Dry
2 0.00 0.0000 Dry Dry Dry Dry Dry
3 1 1.50 2.8972 24.15 205 89.6 7.53 9.53
2 0.00 Pools Only 22.54° 141° 89.0% 7.66% 6.87%
4 1 Not Sampled | Not Sampled | Not Sampled Not Sampled | Not Sampled | Not Sampled | Not Sampled
2 0.00 Pools Only 26.63° 109% 19.5° 1.42° 6.00%
1 0.50 0.6740 24.03 364 84.7 7.02 7.77
> 2 0.00 0.0000 Dry Dry Dry Dry Dry
5 1 Not Sampled | Not Sampled | Not Sampled Not Sampled | Not Sampled | Not Sampled | Not Sampled
2 0.00 Pooled 21.80° 183% 83.8% 7.35% 6.49%
; 1 0.79 0.5528 21.02 272 89.1 7.80 9.85
2 0.00 <0.0100° 20.80° 59° 96.5% 8.45% 6.95%
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Nitrogen

Results of water quality monitoring were tabulated by sampling event, sample type and site.
Individual ntrogen (ammonianitrogen and nitrates + nitrite nitrogemeasurement results are
presentedn Figurel3 and-igurel4. In order to evaluate the distributiof selected measured
variablesbox plotswere utilizedto describeéhe dataBoth of these nutrients overlap

considerably between sites and sample typegifel5 andFigurel6). Median levels of

ammonia nitrogen varied between 0.08 and 0.8 migijufe15). In contrast, median combined
nitrate and nitrite nitrogewaried little ranging 0.7 to 1.0 mg/Eigurel6). EIH wasunable to

detect a difference in ammonia nitrogen or combined nitrate nitrite nitiogameen site or

collection methodst the alpha = 0.05 level using the KrusWéhllis ANOVA. EIH did not

observe dinearrelationship between precipitation agither ammonia nitrogen or combined

nitrate nitrite nitrogen and precipitation levels at each Bigu¢e17 and-igure18). Seven out of

the 17 samples (41.2%) collected exceeded the ambient stream screening criteria of 0.33 mg/L
ammonianitrogen (HGAC 2011). None of the samples exceeded the ambient screening criteria
of 1.95 mg/L nitatenitrogen (HGAC 2011)Elevated ammontaitrogen levels can be caused by
manynatural processes and marade sourceisicluding application of fertilizer in the
watershedChapman and Kimstach 1996\t high pH levels and water temperature a larger
perentage of ammoniaitrogen is in the more toxic tionized form (Boyd 1990).

Orthophosphate

Individual orthophosphorus measurement results are preserigire19. Site 2 had slightly
higher median levels of orthophospho(Egure20). Median levels obrthophosphorusaried
between A and1.2 mg/L (Figure20). However, EIH wasinable to detectrgy significant (p <
0.01)difference inorthophosphorus levels between site type graspgg the KruskaWallis

ANOVA. EIH did observe aignificant positive linearelationship between precipitation and
orthophosphorus levels in runoff at each sfiggre21). How the f values were below 50%ix

outof the 18 samples (33.3%) collected exceeded the ambient stream screening criteria of 0.37
mg/L orthophosphorus (HGAC 201The source of this phosphorus is unknown, since to our
knowledge there is no agricultural use of fertilizers in the contributiaigage.

Suspended Solids and Turbidity

Individual total suspended solids (T)S&d turbidity measurement results are presaented
Figure22 andFigure23 . In order to evaluate the distributioh selected measured variables
box plotswere utilizedto describe the data. Both of thesgiables exhibited considerable
variationbetween sites and samplates Median levels of TSS varied betweé88and1070
mg/L (Figure24). In contrast, median turbidity (NTU) varied little rangib@g.2to 503.5NTU,
although the range of data was considerfhigure25). EIH wasunable to detect a difference
in TSS or turbidity between site type levels at the alpha = 0.05 lewngl tie KruskalWallis
ANOVA. EIH did not observe a significant linear relationship between precipitatidreither
TSS orturbidity, although at rain amounts greater than 1.0 inches, levels of both variables appear
to be elevatedHigure26 andFigure27). It did appear that turbidity levels increased over time
with highest levels occurring near the end of the study in November 15, 2012 atrsijer@46
andFigure27). This pattern is consistent witihserved construction activity at site 1 and then
later at site 2 near the end of the study. This included road constridct&st clearingand
placement of culverts.
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Figure 13. Ammonia nitrogen levelsin runoff during rainfall events. Dashed line represents detection limit
for this test (<0.01 mg/L), values below this lineindicate presence at levels below the detection limiGrab =
grab samples;SWS = stormwater sampler
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Figure 14. Nitrat e and nitrite nitrogen levelsin runoff during rainfall evens. Dashed line represents
detection limit for this test (<0.04 mg/L), values below this line indicate presence at levels beldte detection
limit . Grab = grab samples;SWS = stormwater sampler.
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Figure 15. Boxplot of ammonia nitrogen levels measured at each site and type of sample over all sampling
periods of the study.
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Figure 16. Boxplot of nitrate + nitrite nitrogen levels measured at eackite and type of sample over all
sampling periods of the study.
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Figure 17. Relationship between precipitation and ammonia nitrogemunoff levels at each site by collection

method.
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Figure 18. Relationship between precipitation andcombined nitrate nitrite nitrogen runoff levels at each site
by collection method.
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Figure 19. Orthophosphate levelsn runoff during rainfall events. Dashed line represents detection limit for
this test (<0.02 mg/L); values below this line indicate presence at levels below the detection liGitab = grab
samples; SWS = stormwater sampler.
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Figure 20. Boxplot of orthophosphoruslevels measured at each site and type of sample over all sampling
periods of the study
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Figure 21. Relationship between precipitation andorthophosphoruslevelsin runoff at each site by collection

method. Slope of regression line wasignificant at p = 0.009.
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Figure 22. Total suspended solid levelm runoff during rainfall events. Grab = grab samples;SWS =

stormwater sampler.
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Figure 23. Turbidity levels in runoff during rainfall events. Grab = grab samples; SWS = stormwater
sampler.
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Figure 24. Boxplot of total suspended solids (TSSgvels measured at each site and type of sample over all
sampling periods of he study.
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Turbidity
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Figure 25. Boxplot of turbidity (NTU) levels measured at each site and type of sample over all sampling
periods of the study
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Figure 26. Relationship between precipitation andotal suspended solidsTSS) levels in runoff at each site by
collection method.There was no significant (p <0.01) linear relationship between variables.
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Precipitation vs. NTU in Runoff
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Figure 27. Relationship between precipitation andurbidity (NTU) levels inrunoff at each site by collection
method. There was no significant (p <0.01) linear relationship between variables.

Bacteria

E. colilevels exhibited considerable variation between sites and sample Batzsilevels
rangedbetweeril35and14,101mpn/100 ml(Figure28). Seven of the eight samples (87.5%)
exceeded the single grab criteria Eorcoli of 394mpn/100 ml. Due to the limited sample size
EIH did not construct box plots or conduct formal ANOVadysis.However, the majority of
higher values (>1Dmpn/100 ml) were observed ateSl. A significant linear relationshifp =
0.05) between precipitation artél. colilevelswas observedFigure29). This relationship
indicates that as the precipitation amount increase§.tbelilevels generally decrease.

Oil and Grease

Oil and grease levelsere generally low (< 5 mg/L, the detection limit) except for evdavdls

at site 2 when 70.4 mg/L of oil and grease was deteEigdre30). There is no explanation for
the elevated level. Due the limited sample size Eléid not construct box plots aonduct
formal ANOVA analysis. EIHIid notobserve a significar{fp = 0.07)linear relationship

between precipitation ardil and Greasé&evels There are no listed TCEQ screening criteria for
oil and grease in this streammgsnent (HGAC 2011).
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Figure 28. E. colilevelsin runoff during rainfall events. Data
based on grab samples only.
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E. coli (mpn/ 100 mL)

Figure 29. Relationship between precipitation andk. coli (mpn/100 mL) levels in runoff at each site.
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Significant at (p = 0.05) linear relationship between variablesCL = TCEQ criteria level.
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Figure 30. Oil and grease levelsn runoff during rainfall
events.Dashed line represents detection limit for this test (<5
mg/L); values below this line indicate presence at levels below
the detection limit. Grab samples only.

Heavy Metals

Total mercury levels were generally low (< 010@g/L, the detection limit) exapt for evenb
and6 levels at site 1and2 respectivelywhen 0.00204 mg/L of mercury was detecteéd(re

31). There is no explanation for the elevated lew@lieto the limited sample size EléHd not
construct box plots aronduct formal ANOVA analysis. Eldid not observe a significant (p =
0.099) linear relationship between precipitation and orgrievels. The TCEQ freshwater
chronic criteron for protection éaquatic life is 1.3 mg/l(Texas Commission of Environmental
Quality. 200®).

Total cadmium levels were generally low (< 0.0002 mg/L, the detection limit) except for event 6
levels at site 2 when concentrations of 0.003 to 0.004 mg/L of cadmium werteddtggure

32). There is no explanation for the elevated lewle to the limited sample size Ethd not

construct box plots or conduct formal AN@ analysis. EH did not observe a significant (p =

0.932) linear relationship between precipitation and total cadmium levels. TCEQ does not have a
criterion for total cadmium in watefTexas Commission of Environmental Quality. 20D8

Their criteronis based on disse¢d concentration and ambient pH and/or hardness levels.
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Figure 31 Mercury levels for rainfall events. Dashed line
represents detection limit for this test (<0.0002 mg/L); values
below this line indicatepresence at levels below the detection
limit. Grab samples only.
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Figure 32. Cadmium levels for rainfall events. Dashed line
represents detection limit for this test<0.0001 mg/L);
values below this line indicate presence at lels below the
detection limit. Grab samples only.
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Total zinc levels were highly variable ranging from <0.005 to 0.24 nfgfdu¢e33). There is

no explanation for the elevated level. Median values at site 1 were slightly higher (0.11 mg/L)
when compared to site 2 (0.05 mg/L). However highest values (0.24 mg/L) werestbabsite

2 during event 6 Due to the limited sample size Ethid not construct box plots or conduct
formal ANOVA analysis. EIHdid not observe a significant (p = 0.158) linear relationship
between precipitation and total cadmium levels. TCEQ doesavet dstatecriterion for total
cadmium in waterTexas Commission of Environmental Quality. 2608l hestatecriterion is
based on dissolved concentration and ambient pH and/or hardness levels.

Total lead levels werkighly variable ranging from <0.006 0.18 mg/L(Figure33). Median
values were lower at site 1 versus 2 (0.03 vs. 0.18 mg/L). Highest values (0.213 mg/L) were
recorded at site 2 during event3ue to the limited sample size Ethd not construct @x plots

or conduct formal ANOVA analysis. Eldid not observe a significant (p =264) linear
relationship between precipitation and total cadmium levels. TCEQ does not have @andateri
total cadmium in waterTiexas Commission of Environmental Quali200®). Their criteronis
based on dissolved concentration and ambient pH and/or hardness levels.

It should be noted that 3 of the 4 metals monitored (mercury, zinc and lead) exhibited pksak lev
at site 2 during event 6. EIH is uncertain awhy this may have occurrethut may be due to
increased vehicular traffic associated with road construdtiovas noted that water samples

were collected at site 2 imanstream pool located 9 meters upstream from the gage on that date.
This was done becaai®f lack of water at the normal sites located closer to the stormwater
sampler and gage.
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Figure 33. Zinc and leadlevels for rainfall events. Dashed line represents detection limit for this test (< 0.01
mg/L); values belowthis line indicate presence at levels below the detection limit. Grab samples only.
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Site Photographs and Progression of Construction

A series of photoweretaken during the projects i ng hand hel d cameras an
cameras durig site visits and osampling dates depictirggte conditiongFigure34to Figure

82). As documented earlier, the exact location of the stormwater collecite atvgas moved on

1/28/11. The collector atige 2 wasalsomoved on 11/8/10Each series of photographs is

grouped by date and sampling location in chronological ofdere are other photos that are not
presentedn this reportutareincluded in the electronic supphent(Appendix 3) The

photographic record provides very good documentation of site conditions and associated changes

in the contributing watershed including onsite construction activities.

During the early phases of the projeogasuredunoff flows andsuspended solids were
generallylower, but gradually increasethrough timeas new development occurratboth sites
(Figure22 andFigure23, andFigure53to Figure82). Thistrendwas first observed at site 1 and
subsequently after June, 2011 at site 2 as well. The ultimate cause of increased sediments and
turbidity appears to increased road construatiear each site. The background levels of each
monitoredpollutant were likely onlyresennear the beginning of the project before road
construction activity hatlegunat each site. In the case of site 1, it appears that construction
activity had alreayl affecedwater quality athe site before sampling startedt site 2,o0bserved
turbidity in the field,and associated turbidity measurementseased near the end of the project
and were likely associated with the increased road construction thablesnered on 11/15/12
(Figure22 andrigure23; Figure76to Figure78). The general appearance of the turbid water
both sitesvas a yellowish clay color.

Similar trends in nutrients and heavy metals and to a lesser &teali are probably associated

with particulate associated forms of these pollutants. The only pollutant exhibiting a very strong
positive relationship with rainfalevelswas orthophosphoru<. colilevels appeared to actually
decline with increasing rainfall amounts suggesting a dilution effect. This is arilegllyanism
sinceE. colimeasurements were taken exclusively from grab samples and not first flush
samples, which have been shown to typicedigtainhigher amounts of pollutants.

EIH Personnealso collected photographs on various species of wildlife using our automated
game ceneras. Detailed information on these species is presented in the game camera section. It
should be noted that warbiooded vertebrate wildlife can be a significant sourde. afoli

bacteria when the ganisms arén high densities. EIHlid not attemptd conduct a study of or
estimate the density of the various species observed.
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10-8-2010Initial Stormwater Sampler Deployment

5

Figur 34. Photograph of site i;;ake on 10/8/10 before deployent of stormwater
sampler (Source: hand held camera).

Figure 35. Photograh o i 2, taken 1/8/10 immdiétely aer éplymenf of
stormwater sampler facing upstream (Source: hand held camera).

e
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Sampling Event 1 November 2, 2010

B

K AT

Figure 36. Photogrph of dte 1, aken during wet weatherevent 1 on11/2/10,
looking downstream at stormwatersampler and gage (Source: automatedgame
camera).
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Figure 37. Photograph of ste 1, taken during wet weatherevent 1 on11/2/10,
looking downstream at stormwater sampler and gaggSource: hand held
camera).

9/1012
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Figure 38. Photograph of dte 1, taken during event 1 on
11/2/10, looking upstream from stormwater sampler and
gage (Source: hand held amera).
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Figure 39. Photograph of site 2, taken during event 2 on 11/2/10, looking
downgream from stormwater sampler and gage. (Source: hand held
camera).
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Site Visit January 14, 2011

Figure 40. Photograph of site 1, taken during 1/14/11, looking downstreatoward flood
area containingstormwater sampler and gageb days after significant rain(Source: hand

held camera).
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Site Visit January 28, 2011

Figure 41. Photograph of site 1, taken on 1/28/11, depicting HCFCD
personnel digging up stormwater sampler to move it downstream (Source:
hand held camera). Sampler was buried in mud.
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Figure 42. Photograph ofsite 1, taken on 1/28/11, depicting downstream view
of new site location from midchannel, upstream (Source: hand held

camera).

9/1012
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Site Visit February 8, 2011

2 " 4 y
Figure 43. Photograph of site 1, taken on 2/8/11, depictingtormwater
sampler and gauge posts from right bank (Source: hand held camera).

Figur 44, Photograph of site 1, taken on 2/8/11, depicting stormwater
sampler with sediment caked on sampler tube top (Source: hand held
camera). Sanpler checked after nonqualifying rain event.
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Figure 45. Photograph of site 1, taken on 2/8/11, depicting stormwater
sampler bottle completely filled after a nonqualifying rain event (Source:
hand held camera).
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Site Visit March 7, 2011

Figure 46. Photograph of new clearly area along road adjacent to
site 1, taken on 3/7/11 (Source: hand held camera).

Sampling Event 2, May 13, 2011

Figue 7. Photograp
2011. (Source: hand held camera).

49



Springwoods Subdision Study Final Report 9/1012

W

event 2on May 13, 2011.
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Figure 48, Photograp of gte 2 taken during
(Source:hand held camera).
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Sampling Event 3, June 22, 201

Figure 49. Photograph of site 1 taken during event 3 on June 22,
2011. (Source: handheld camera).

Figure 50. Photograph of site 2 taken during event 3 on June 22,
2011. (Source: game camera).
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