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Stormwater Runoff Quality and Quantity from Small Watersheds in Austin,
TX: Updated through 2008

Executive Summary

Almost all stormwater quality activities rely upon monitoring as their foundation to one
degree or another. Design and construction of water quality controls or other best management
practices (BMPs) are, or should be, bagedonitoring data to ensure the BMP rsethe
desired goals. Rules and regulations that are not based on monitoring data may reflect the desire
of the rule makemorethan the science of the physical world. Modeling, which may be used to
develop rules and design guidelines, is dependantanmitoring to first develop the stochastic or
physical theories on which the model is based and then to calibrate the model for a specific

location.

The City of Austin (COA) engages in all of the above activities; proposing and enforcing
development ruleand regulation, developing design guidelines for and construction of BMPs,
and modeling small and large watersheds. These activities are all based on a solid foundation of
stormwater monitoring that has encompassed more than tiveatyears. The City articipated
in the Nationwide Urban Runoff Program (NURP) in 1981 (Engineering Science and COA,
1983) and included monitoring of two water quality control systems in their8988operative
monitoring program agreement with theSUGeological Survey (USS). These two monitoring
projects were limited in both scope and duration (COA, 1984; USGS, 1987).

In the mid1980s COA initiated a more comprehensive monitoring program to collect
data to support a series of watershed management ordinances adope€ity (COA, 1985).
The original plan was to monitor eleven sites including seven water quality controls over a five
year period. The longer monitoring period was supposed to allow for monitoring that better
reflected the local rainfall and runoff patie since the earlier programs focused mainly on
smaller events. The data from this program were the basis for much of the quality and quantity
information in the current COA Environmental Criteria Mani#B&CM) as well as initial

discussions on the firdlush phenomena and design criteria for the Austin sand filter design.

I n 1990 COA started a comprehensive monito

stormwater monitoring needs (COA, 1996). These needs include evaluating the design and



performance bdifferent types of structural BMPs, evaluating effectiveness of education
programs, evaluating and refining quality and quantity of runoff from different types of land use
and meeting the requirements of t hdeoll@ontyods
Discharge Elimination System (NPDES) and Texas Pollution Discharge Elimination System
(TPDES) portions of the Clean Water Act. Through 280&Stormwater Quality Evaluation
(SQE) Section of the Watershed Protection Department has collentgtiquality and quantity
data frommore tharone hundred monitoring locations including tweetght BMPs and ten

watersheds greater than five hundred acres.

This reportis intended to summarize the runoff quality and quantity data collected by the
city of since 1981. During the preceding thirty years collection techniques, equipment and
personnel have changed, all having an impact on data quality. However, the data used in this
report represent a unigue dataset in both scope and duration. Whiterfaarf exhaustive
examination of the data, this report does verify some existing hypotheses and also challenges

some existing assumptions.

The relationship betwedntal impervious cover (TICAndRvfound in this report differs
significantly from that fond in the COA ECM (2009). If the relationship found in this report is
adoptedhere will be no changes in capture volume requirements for BMPs currently found in
the GOA ECM except wet ponds which would be larger for most cadestelcould be impacts
onthe designs for alternative contrals well An earlier COA study (2006) found no difference
between the runoff from recharge and sienharge areaso only one relationship is presented

here

It was demonstrated that some mean pollutant concentratange with development
conditions. Ammonia (NH3), lead Pb) andzinc (Zn) increased exponentially with impervious
cover. Total phosphorusTP), dissolved phosphoru®P), total Kjeldahl nitrogenTKN) and
total nitrogen TN) increased as the fractiom mon-urban land decrease@hemical oxygen
demand COD), 5-day biochemical oxygen demar®@D), cadmium Cd) andcopper Cu)
increased linearlgstotal impervious cover increaseétecal coliform FCOL) increased as the
fraction ofsinglefamily residemial (SFR land use increased whi®latile suspended solids

(VS9) varied with changes in SFR andmmercialand uses Nitrate + nitrite NO3z+NO,)
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concentrationsvere different between developed and undeveloped areas but there were no
significant relatbnships with impervious cover or land usecal streptococcHSTR), total

organic carbonTOC) andtotal suspended solid$$S were not significantly related &ny

changes in development condition tested in this re@otable was prepared to repéathe

existing COA ECM (2009) stormwater concentration assumption in Tables 1.10 and 1.11. This
change would have no impact on existing BMP designs but would impact the design of

alternative controls.

It was found that usindisconnected impervious ardaGlA) instead of TIC did not
result in improved predictions of mean concentrations or ruaaffall ratios,Rv. DCIA was
estimated in this report based on empirical relationships developed elsewhere. If local

relationships are developed oDECIA wereactually measuredhis conclusion may be different.

Significant relationships were developed to predicnt mean concentratiortSMCs)
for the pollutants studied and four classes of development. The models used one or more of the
following as preditive variables: preceding dry time,-binute peak rainfall intensity and total
rainfall. While these models were statistically significant, most models resulted in predictions
that were no better than using the meathe observedalues. Better physial models are

needed to predict EMCs, rather than relying on stochastic relationships.

The analyses confirmed results of earlier studies that indicated runoff concentrations are
not constant during a runoff event in small watersheds with moderate tartpghvious cover.
The firstflush effect was less pronounced (even-eaistent for some pollutants) in
undeveloped areas. While other studies focused smidiypervious cover, this report also
examined the type of land use associated with the impeareioer. It was found that in SFR
areas, nutrients, especi alfllyusdh 6s swiltvhe dp onlulturti aen
concentrations increasing rather than decreasing as runoff volume increased. This effect may

have a substantial impact future BMPsign.

Testingof proposed modification® the NRCS curve number method found a slight

improvemenbver the currently accepted methmat it still underpredicts runoff volumes for
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smaller eventghose of most concern for water quality design. Wiméedurve number method
may still be used for flood design, models based on physical processes should be employed when

attempting to perform continuous simulations for water quality design.
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1 Introduction

Almost all stormwater quality activities rely upon monitoring as their foundation to one
degree or another. Design and construction of water quality controls or other begt meamia
practices (BMPs) are, or should be, bagedonitoring data to ensure the BMP meets the
desired goals. Rules and regulations that are not based on monitoring dataecatheetlesire
of the rulemakermorethan the science of the physical worlsllodeling, which may be used to
develop rules and design guidelines, is dependantamitoringto first develop the stochastic or
physical theories on which the model is baged then to calibrate the model for a specific

location.

The City of Austin(COA) engages in all of the above activities; proposing and enforcing
development rules and regulation, developing design guidébnesd construction dMPs,
and modeling small and large watershed@sese activities are all based on a solid foundatf
stormwater monitoring that has encompassed more than tivemtyears. The City participated
in the Nationwide Urban Runoff Program (NURP) in 19Bhgineering Science and COA,
1983)and included monitoring of two water quality control system$éirt198384 cooperative
monitoring progranagreementvith the US. Geological Survey (USGS)These two monitoring
projects wee limited in both scope and durati@OA, 1984; USGS, 1987)

In the mid1980s COA initiated a more comprehensive monitoringanm to collect
data to support a series of watershed management ordinances adopted by(@@Ait)985)
The original plan was to monitor eleven sites including seven water quality controls over a five
year period.The longer monitoring period waspposed to allow for monitoring that better
reflected the local rainfall and runoff patterns since the earlier programs focused mainly on
smaller events. The data from this program were the basis for much of the quality and quantity
information in the cuent COA Environmental Criteria Manual as well as initial discussions on

the firstflush phenomena and design criteria for the Austin sand filter design.

Il n 1990 COA started a comprehensive monito
stormwater monitorig need§COA, 1996) These needs include evaluating the design and
performancef differenttypes of structural BMPs, evaluating effectiveness of education
programs, evaluating and refining quality and quantity of runoff from different types of land use



and meeting the requirements of the Cityos
Discharge Elimination System (NPDES) and Texas Pollution Discharge Elimination System
(TPDES)portions of the Clean Water AcT.hrough 2008, Stormwater Qualivaluation

(SQE) *ctionof the Watershed Protection Departmieas collectedunoff quality and quantity
data frommore tharone hundred monitoring locations including tweetght BMPs and ten

watersheds greater than five hundred acres.

This report willfocus on characterizing the runoff quality and quantity fforty-six
small watershed (<500 ac.) siteBhe pollutantsaddressed in this report include four metals,
cadmium (Cd), copper (Cu), lead (Pb), and zinc (Zn); six nutrients, dissolved phogjp®yus
total phosphorus (TP), ammonia (RHnitrate+ nitrite (NO;+NOy), total Kjeldahl nitrogen
(TKN) and total nitrogen (TN); two bacteria, fecal Streptococci (FSTR) and fecal coliform
(FCOL); two measures of suspended solids, total suspended soligsaficS®latile suspended
solids (VSS); two measures of oxygen demandayp biochemical oxygen demand (BOD) and
chemical oxygen demarf@OD); and total organic carbon (TOC). (NOTE: Throughout this
report units are mg/except metalsv h i ¢ h Laanddatarigwhich cfu/100nL.) The sites
used in this report are listed in Table 1.1 and their locations are shown in Figuge\etal

hypothesesvill be examined in this report

Themean runoffrainfall ratio is relatedo impenious cover.
Themean eventean concentratiois related to impervious cover.

Themean event mean concentratismelatedo impervious cover and land use.

c: c: c: c:

The NRCS curve number method can be modified to predict runoff from small storms
and be used for water quality design.

U Event nmean concentratiaarerelated taotal runoff,total rainfall,rainfall intensity and
preceding dry interval

U Runoff concentrations change during a runoff event.
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Table 1.1: City of Austin small watershed stormwater monitoring site descriptions.

Site ID Site Name Major Land Use
ARA Austin Recreation Center Civic

BC Bear Ck. near Lake Travis Undeveloped

BCU Barton Creek Undeveloped Undeveloped

Bl Brodie Oaks Influent Commercial

BNI Highway BMP #6 Influent Transportation

BRI Barton Ridge Plaza Influn Commercial

BSI Highway BMP #5 Influent Transportation

BUA Burton Road Multi-Family Residential
CMI Central Market Influent Mixed Urban

CTI Ceylon Tea Influent East SingleFamily Residential
CTJ Ceylon Tea Influent North SingleFamily Residential
CTK Ceylon Tea Influent West SingleFamily Residential
E7A East Austin at East 7th Industrial

EBA East Austin at Belfast SingleFamily Residential
EHA Holly Streetat Anthony SingleFamily Residential
EMA Mansell at Boggy Creek SingleFamily Residential
ERA Robert Mueller Airport Transportation

FPI Far West Pond Influent Mixed Urban

FSU Sycamore Ckat Republic of Texas Undeveloped

FWU  Windago Way Undeveloped Undeveloped

GPI Gillis Park O/G Chamber Influent Mixed Urban

HI Highwood Apartments Influg Multi-Family Residential
HLA Trib. atHart Lane SingleFamily Residential
HPA Avenue C at 41st St. SingleFamily Residential
JVI Jollyville Road Pond Influent Transportation

LCA Lost Creek Subdivision SingleFamily Residential
LGA Lost Creek Golf ©urse Undevelopec Undeveloped

LUA Lavaca Streeat2nd St. Commercial

MBA Metric Blvd. Industrial

Ml Maple Run Pond Influent SingleFamily Residential
OFA Spyglass Office Site Commercial

PA3 Parking Area 3 at Dell Commercial

RO Rollingwood SingleFamily Residential
RRI Berdoll Farms Wet Pond Influent SingleFamily Residential
S1M Hargraves Service Center Industrial

SCA BurnetRoad @ 40th Street SingleFamily Residential
SI Barton Creek Square Mall Influent Commercial

3



Table 1.1 (cont.): City of Astin small watershed stormwater monitoring site descriptions.

Site ID Site Name Major Land Use
SWi St. EImo Wet Pond East Influent Industrial

SWJ St. EImo Wet Pond West Influent Industrial

TBA Tar Branchat Carriage Parkway SingleFamily Residential
TCA Travis Country Channel SingleFamily Residential
TPA Travis Country Pipe SingleFamily Residential
W5A 5th St.atRed River Commercial

WBA  Wells Branch Community Center Civic

WCI 3rd StreetitNeches Commercial

WDI 45th & Duval O/G Chamber Influent Industrial
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2 Data Collection, Processingand Analyses

SQE las a detailed system for collecting, screening and processing water quality and
guantity data. For ease of discussion, tliega may be broken in to three main groups: flow
data, rainfall data, and water quality data. A flow chart of the data maeatjand processing
used by SQEnay be found in Figure 2.IThe main objective of these steps is to produce the
best quality evet mean concentration (EM@pdrunoff-rainfall ratio (Rv) data possible for use

in other analyses.

2.1 Flow Data

SQEmonitoring stations are equipped with automatic stage recorders and data loggers
that measure and record stage-imihute increments. &ye may be measured using several
different methods based on the conditions at the monitoring site; methods include pressure
transducers, ultrasonic devices, and bubbler me®&@¥uses bubbler meters in most instances
because they have proven to bertiast reliable for two main reasons. First, bubbler meters do
not exhibit calibration problems that may be associated with pressure probes installed under
normally dry conditions. This is important because installations at small watersheds do not
normallyhave baseflow and are usually dry under-stmym conditions. In addition, it is
difficult and time consuming to calibrate pressure probes that are installed in storm sewers that
require confinegspace entry procedures for service. Ultrasonic metenetloave the
calibration drift problems associated with pressure probes, but they do require a minimum
distance between the probe and the water surface, which may not be possible in some
applications. Bubbler meters do have problems accurately measepitigitdthe flow velocity
surpasses approximately 5 fps, but otherwise they are accurate, reliable and easy to maintain.
SQEuses bubbletype meters from a single supplier unless velocity problems exist and the flow
measurement structure cannot be medifi In these cases, an awedocity meter or an
ultrasonic meter may be used, but these are rare daigsgse 22 demonstrates flow ratings at

FWU station before and after calibration using an-asdacity meter.
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Figure 2.2: Flow ratings before and after calibration using anveleaity meter at FWU station.

Regardless of meter type, SQE staff downloads level data from each meter on a regular
basis andtores it on a central server. The level data are then loaded intosetieedatabase
for further processing. SQE udee Hydstra/TS Tim&eries Data Management module to
store, screen, edit and process flow and level data. Hydstra/TS provitiesister staff to
dynamically verify data loggers were properly operating and recording data, thus reviewing large
guantities of data in a short period of time. While screening level data, staff may delete spurious
points, adjust levels that are outaadlibration, or simply code the data as unreliable. SQE often
installs multiple meters at each monitoring site to examine and verify site hydraulics and provide
redundancy. If the data from the primary meter are unavailable, the data from the secondary
meter may be used to complete the flow record. At this time staff also identifies the start and end

times of flow events.

The start and end of a flow event depend on the type of measurement structure and the
site characteristics. If the site uses a viaithe flow control, identifying the start and end of

flow is quite easy: one simply identifies the time les@irespondindo the crest of the weir and
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sets that as the start of flow or end of flow respectively. If the flow structure is a flumenor ope
channel that is normally dry, the start of flow is set at the time some minimum depth, usually 0.1
ft, is reached and the end of flow is at the time when the level drops below that point. If the site
in question normally has flow, drthere is excesge flow after the end of rain due to

groundwater flow, the start and end of the event are identified on a case by case basis. In all
cases, City staff who are familiar with the site review the start and end of the event to verify their

accuracy.

SQEstrives to measure flow as accurately as possible. In furtherance of thi&Q6al
often installs standard flow measure structures including flumes, weirs or orifices. These
structures are installed accor di ngradtiece. Ih he man
cases where installing a structure is not feas®@uses opeithannel flow techniques
(Manni ngo0s eamrpanethodpetc.) to eslinatp the stdigeharge relationships.
When operchannel flow techniques are used to estimate, fRREmay also use a separate
areavelocity meter to calibrate the flow at the site. Even taking these precautions, some sites
may not have stag@ischarge relationships that are accurate enough to measure flimrestly
for use in runoff quaity computations. In these cases, the data from the site will be excluded

from runoff quantity computation but may still be used in runoff quality computations.

Once the data screening and other quality checks have been completed, Hydstra is used to
compute the emulative volume of runoff for each individual runoff event that has been

delineated. These data are stored in a database for further processing and analyses.

2.2 Rainfall Data

SQEcollects rainfall data from several sources. M&QESstations are equigal with
0.0Zinch tippingbucket rain gauges. Data from these gauges are stored in the same data logger
used for the stage data as -onmute cumulative rainfall depths. These data are downloaded and
stored along with the stage data and screened in HydSt Rainfall data are checked for
spikes or other extraneous data and for clogged or partially clogged rain gauges by comparing
the data to the hydrograph and nearby rain gauges.



SQEal so coll ects rainfaldl dat a ni(FEWS8). t he Ci
FEWS stations are used primarily to predict flooding conditions and are equippedmiith 1
tipping-bucket rain gauges. These stations instantaneously report bucket tips to the FEWS
central server via radio communication to be used for floodinwgs. SQEdownloads these
data quarterlyrom the FEWS server to be used to supplement its own rainfall data. FEWS data
are converted to oaminute rainfall depths in inches and screened to removed spikes

transmission errorand potential clogging.

After the data froneach individual rain gauge hakeen sceened and problematic data
havebeen markedSQEsubstitutes good rainfall data for missing or bad data from the nearest
operable gauge. Substituted data are marked as such for future referemmebgaality is
assigned if the data are from within 1.5 miles and an acceptable quality is assigned if the data are
between 1.5 and 3 miles from the site in question. No substitutiiovsed if there are no

reliabledata within three miles.

After eachsite has a complete, screened rainfall record, the start and end of individual
rainfall events are delineated. Generally, an event must have a minimum of 0.04 inch (1 mm) of
rainfall and should be followed by al®ur dry period.Up to 0.02 inches of raiare allowed

during a dry period. These data are stored in a database for further processing and analyses.
2.3Water Quality Data

The time each water quality sample is collected, whether automatic or manual, grab or
composite aliquot, is recorded to limkater quality results to the flow record. These sample
times are stored in a database for further processing. Water quality results are transferred
electronically from the analytical laboratory along with laboratory QA/QC results. The results
are screeed for statistical outliers that may be due to contamination or laboratory error.
Laboratory QA/QC data for each samples are compared against control limits; results that fall

outside control limits are flagged for further analyses.

Sample times are ogpared against previously recorded flow event starts and ends. If a
sample falls outside a delineated flow event, staff may include the sample by adjusting the event

1C
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start or end or by excluding the sample from computation if it is not representatieefiait

event.
2.4Final Data Processing

Once the individual components are processed, the final stage of processing reconciles
any discrepancies. Rainfall events are compared with flow events to create a single start and end
for each event. Sample timae checked to ensure samples fall within events. Other logical
checks are performed to ensanents have been correctly screened. These include checking for
flow before the start of rain or for rain after the end of flow, verifying that events divedap
or that one event is not entirely contained within another event. Once these checks have been
completed, event data are stored in a common database

SQEhas worked extensively with the developers of Hydstra to customize data reporting
unique to @A needs. The customized program queries the database containing the start and end
times for each event. The program then uses these times to query the times series data to report
various event statistics that may be needed for further analyses. ®iestiesinclude total
rainfall (in), total flow (f€), peak flow rate (cfs), peak rainfall intensityrfn, 15min, 60-min)

(in/hr), preceding dry interval (hr), preceding event rainfall (in), time to peak flow rate (min),
time to peak rainfall intenti (5-min, 15min, 63-min) (min), time to rain centroid (min), time to
rain mid-point (min), time to flow centroid (min), time to flow mpbint (min), and event

runoff-rainfall ratio.
2.5Rv Computations

Rvis defined as the ratio of stormwater runoff vokito storm rainfall volume for a
given watershed. Indigual event runoff ratios ammputed; however, they are strongly
influenced by factors such as antecedent conditrangall intensityandrainfall volumeand are
normally only used to help veyifite data such as watershed area and flow rafihg siteRvis
defined as:

11



Rv= 12t [2.1]

whereRO is the volume of runoff for the event aRF is volume of rainfall for the ass@tied

event. Only events that have both valid rainfall and flow are used for this computation
2.6 EMC Computations

The computation of an EMC is more complex that the computation®¥for an event. The

first step in computing an EMC is dealing witlethnsampled potion of the event at the

beginning and end of an event since samples are rarely collected precisely at beginning and end
of fl ow. To account f odatthelstarsand efidaofflonh &ar gmals a mp |
watersheds, thewatgqrual i ty of the first and | ast sampl e
sample at the start and end of the event respectively. While not part of this report, it should be
noted that for larger watersheds that normally have baseflow, the water gakiég for the

anchor samples are set to be éqoidhe average baseflow concentratitorsthat site, assuming

the baseflow average is lessritthe first or last sample respectively. Since each water quality
sample represents a point in time, the ag#tion was made that water quality changes linearly
between each sample. This assumption allows Hydstra/TS to construcivartyime

concentration record. This record is combined with the hydrograph to create a pollutograph,
mass/time plotted againsinte. Once this is completed, Hydstra/TS computes a total load for the
event. This process is repeated for eacheptality parameter. Figure 2i8an example of
combining the flow hydrograph and individual samples to create a pollutograph. Cuelulativ
load and flow can be computed from these data.

Once the loads for the event have been computed, the EMCs for the event are computed
in a manner similar to thiey, total load of the event divided by the total volume of the event.

The loads and EMCs ar®osed in an external database for later computations.

SQE evaluates each EMC to determine if the event was sufficiently sampled to be

representative of the water quality during the event. Several items are checked during the event
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City of Austin Watershed Protection HYPLOT V129 Output 10/26/2005

Period 4 Hour Plot Start 06:00_06/11/1998 1998
Interval 20 SecondPlot End 10:00_06/11/1998

— TBA Tar Branch 262.00 Stored trac®ischarge (cfs) Merged W
o TBA Tar Branch 2172.00 Line/Point TSS - Conc. w
— TBA Tar Branch 2165.00 Stored tracd'SS - Rate Merged W

300 1500 15

250

200 1000 104

150

100 500 5]

50

Figure 2.3 Hydrogiaph, water quality samples and pollutograph used to compute an EMC.

scoring including the volume sampled, the load sampled, the peak flow rate rel#tedlow

rate at the time of sampling and the number of samples relative to the size of the event.

The first evaluation, the volume score, examines unsampled portions of the Hvesg.
analyses are divided into three components: 1) the portion of the event before the first sample, 2)
the maximum portion of the event between each sample, and 3)rtlom pd the event after the
last sample.The first sample is important becaugberCOA studies have shown that
concentrations usualllyshhecreasemall Ger b oei 4iéd
Section4.3 of this report for a more detaileckamination of firsflush effects.)An initial score
of 120 is assigned to the event and two points are deducted for every percent of the volume
between the start of the event and the first sanfpde.the volume between samples, an initial
score of 120@s assigned andnepoint is deducted for each percent of the volume represented by
the largest gap betweanjacensamples.The end of the events is scored similar to theintra

sample scoring; 120 is initially assigned as the score and one pointietetbr each percent
13



of the volume after the last sampl€he overall score is the minimum of the three components

with the maximum set at 100.

The second evaluation, the load score, is computed by the same methodology as the
volume scoreHowever, he load score is not normally used to exclude events but may be used

to flag an event for potential problems.

The next evaluation, the flow rate score, examines the flow rate at the time samples are
collected relative to the maximum flow rate of the evéitiis score is important for pollutants
that are related to erosion where concentrations may be related to the flow rate. The score is
computed by taking the square root of the ratio of the maximum flow rate of the sé&nples

maximum flow rate of the em¢ and multiplying by 100.

The final evaluation determinédsan adequate number of samples were analyzed for the
size of the givemunoff event. Thisanalysis is more difficult thatihe othersis site specifiand
changes over timeThe initialassumpbn wasthat the mediaisized sampledunoff event at a
site may be adequately characterizedday well-placed water quality samples; this event is
arbitrarily assigned a score of 75. If the event size (runoff volume) is doubled, one additional
sample $ required to maintain a score of 75. One additional sample is required each time the
volume of the runoff doubles. If the runoff volumenisehalf the size of the mediannoff

event, only three samples are required to achieve a score of 75. This soonputed using the

formula:
% ge g&b 4 EventVolure oo ggg
SampIeSccnr:75+§0*§vent$am|els oee E‘T\/Ielgla(n;/olune—o 4888 [2.2]
gl2
2 B o &8
¢ ¢ o TR

An initial score is set as the volume score. Gample EMCs use the sample score only.
Fortwo-sample EMCs, the score is the larger of the volume or sample score if the sample score
is at leat 50. Fothreeor moresample EMCshe score is the larger of the sample or volume
score if the volume score is at least 50. All EMCs are then checked against the flow rate score
and it is used if it is lower than the other assigned score. WQM stédir all event scores and
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may override individual score components or the total score based on professional judgment and

experience.

Once the score has been assigned, the level of acceptance is determined. Because
environmental data are inherently \adolie, a sufficient number of samples are regltioe
produce a valid mean of said dai&hile power analyses have not been condu@&€it; strives
for a minimum of 10 EMCs to compute an McCreduce the potential for error in estimating the
mean As suchthe acceptable score for a site is based on a sliding scale. A score as low as 50 is
acceptable if there are ten or fewer EMCs. A score of 70 is the minimum if there are thirty or
more EMCs. Scordswerthan 50 are never acceptable while scores gréwa 70 are always

acceptable. Data from unacceptable EMCs are preserved for possible use in other analyses.

2.6.1Detection Limits and Censored Data

Censored data should always be addressed when working with environment&@gta.

has multiple typesf censored data and each is dealt with separately.

If an individual sample result in an event is reportedXqs&2 will be used to compute a
flow-weighted mean if the detection limit is reasonable given the concentrations of the other
samples and EMCat the site. Since concentration data cannot be less thamauzéridall
values between zero and the detection limit are equally likely to occur, thgoinids the
expected value. In 1976, Kushner exardilegnormally distributed data aridundthebias of
using the mieboint would be overshadowed by measurement error (Gilbert 1987). If the
detection limit is not reasonable, the sample will be dropped from the computation of the EMC.
This is based on the assumption that a reasonable approximftieiconcentration for a

sample is better than a missing sample when computing an EMC.

If all samples in an EMC are reported as-detect, the EMC will be flagged as nron
detectand these EMCs may be usedurtfieranalyse®f that constituent at thaite using
maximum likelihood estimatoi®LE) on the EMCsdepenahg on the number of nedetects
In practical terms, this appliemly to Cd at most sites and Cu at a few sites as most other sites

and parameters have relatively few raetectEMC. Thedifficulty of MLE analyses is
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compounded by changing detection limits, in these cases the detection limit reported by the

laboratory at the time of analysis are used.

Data are seldom censored on the upper end and in most instances there is littelt@at ca
done with the result. This most often happens when the sample was not diluted properly before
analyses, primarily with bacteria and BOD. In the cases of BOD, the result is estimated from the
result of the COD analysémsed on longerm regressioretationship between COD and BOD
Bacteria results that are censored highaabérarily set at twice the upper limit.

2.7 Other Data

In addition to level, flow, rainfall and water quality da&QEcollects other information
associated with the waterstseiti monitors, most notably watershed size, impervious cover and
land use. These data are generally handled using the geographic information system (GIS)
ArcMAP, existing COA data sources (planimetric maps, land use maps, DEMs, etc.) and field

investigatons. Summaries of these data for each siseybe found in Table 2.1

2.7.1Watershed delineation

Watershed boundaries are initially deterndinsing topographimaps and DEMs. Then
the surface boundary is adjusted based on storm sewer informatiomatenshed boundary is
thenfield verified, preferably during several runoff events. Feedback from monitoring aids staff
in determining the watershed. If the measResifor a site are too high or too low it may mean
the flow rating is incorrect or theatershed boundary is incorrect and both are verified.

2.7.2 Impervious cover

Impervious cover refers to any surface with a significantly reduced infiltration rate such
as rooftops, roadways, sidewalks etc. Impervious cover for each catchment was ddtermin
using planimetric maps developed from aerial photographs. COA planimetric maps include
buildings, roads, parking lots, driveways longer thanf&@0 and impervious sports courts. The
planimetric maps do not include sidewalks or driveways shorterlib@feet Individual parcels
of different land uses were sampled and the planimetric maps were compared with the aerial

photographs. These analyses found that the omission of sidewalks and short driveways had a
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Table 2.1: Summaries of drainage atetal impervious cover, connected impervious cover and
land use for monitoring sites included in this report.

SITE DA TIC DCIA COM INDU NU SFR TRANS
ARA 9.00 0.528 0.384 0.75 0.00 0.05 0.00 0.20
BC 301.00 0.030 0.001 0.00 0.00 0.93 0.00 0.07
BCU 17.33 0.001 0.000 0.00 0.00 1.00 0.00 0.00
Bl 30.90 0.950 0.945 0.96 0.00 0.00 0.01 0.03
BNI 4.93 0.585 0.448 0.00 0.00 0.13 0.00 0.87
BRI 3.04 0.803 0.772 0.98 0.00 0.00 0.00 0.02
BSI 4.63 0.642 0.514 0.00 0.00 0.00 0.00 1.00
BUA 11.59 0.820 0.743 0.88 0.00 0.00 0.00 0.12
CMI 100.03  0.547 0.404 0.66 0.00 0.00 0.13 0.21
CTI 17.89 0.389 0.242 0.00 0.00 0.01 0.74 0.25

CTJ 28.99 0.290 0.156 0.00 0.00 0.54 0.27 0.19
CTK 23.82 0.392 0.245 0.00 0.00 0.57 0.15 0.27
E7A 29.28 0.601 0.466 0.26 0.21 0.11 0.00 0.42
EBA 35.24 0.404 0.256 0.00 0.00 0.05 0.73 0.22
EHA 51.34 0.434 0.286 0.00 0.00 0.09 0.62 0.29
EMA 15.73 0.420 0.273 0.04 0.01 0.00 0.64 0.30
ERA 99.79 0.460 0.268 0.03 0.00 0.97 0.00 0.00
FPI 240.01  0.569 0.430 0.52 0.00 0.24 0.04 0.20
FSU 329.75 0064 0.016 0.04 0.00 0.87 0.02 0.07
FWU 45.90 0.008 0.000 0.00 0.00 0.94 0.00 0.06

GPI 64.17 0.554 0.412 0.36 0.00 0.09 0.38 0.17
HI 3.00 0.500 0.354 1.00 0.00 0.00 0.00 0.00
HLA 329.14 0.391 0.244 0.03 0.00 0.06 0.71 0.21
HPA 43.04 0.450 0.301 0.08 0.00 0.07 0.48 0.38
JVI 7.02 0.944 0.937 0.15 0.00 0.00 0.00 0.85

LCA 209.87 0.225 0.107 0.00 0.00 0.13 0.75 0.12
LGA 481.07  0.007 0.000 0.00 0.00 0.87 0.12 0.01
LUA 13.65 0.974 0.974 0.44 0.03 0.12 0.00 0.41
MBA 20294 0.609 0.476 0.27 0.34 0.24 0.00 0.15
Ml 27.80 0.360 0.216 0.00 0.00 0.00 0.73 0.27
OFA 1.54 0.862 0.841 1.00 0.00 0.00 0.00 0.00
PA3 18.13 0.783 0.749 1.00 0.00 0.00 0.00 0.00
RO 62.90 0.264 0.136 0.00 0.00 0.02 0.76 0.22
RRI 15.72 0.305 0.168 0.00 0.00 0.65 0.06 0.28
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Table 2.1(coh): Summaries of drainage area, total impervious cover, connected impervious
cover and land use for monitoring sites included in this report.

SITE DA TIC DCIA COM INDU NU SFR TRANS
S1M 5.87 0.882 0.864 0.00 0.98 0.00 0.00 0.01
SCA 5.56 0.409 0.261 0.00 0.00 0.00 0.76 0.24
SI 47.00 0.860 0.838 0.90 0.00 0.00 0.00 0.10
SWiI 16.41 0.604 0.470 0.00 0.99 0.00 0.00 0.01

SWJ 5.82 0.838 0.813 0.00 0.99 0.00 0.00 0.01
TBA 49.42 0.452 0.304 0.00 0.00 0.00 0.76 0.24
TCA 40.71 0.374 0.228 0.00 0.00 0.17 0.61 0.22
TPA 41.60 0.415 0.267 0.02 0.00 0.17 0.61 0.20
W5A 6.66 0.871 0.851 0.51 0.00 0.00 0.00 0.49
WBA 0.93 0.306 0.134 0.00 0.00 0.99 0.00 0.01
WCI 16.85 0.930 0.921 0.36 0.16 0.00 0.00 0.49
WDI 0.10 0.950 0.945 0.00 1.00 0.00 0.00 0.00

minimal impacton impervious cover estimates for most land uses; however impervious cover in
high- and mediurdensity singldamily residential areas were underestimated by 10.97% and
10.44% respectively. These errors were addressed by adjusting the impervious @éheas fo

land uses resulting in the following formula for the fraction of impervious cover:

fen P,ea + 0.1097 SFR,, +0.1044° SFR,,
- C

area

[2.3]

wherelC is the decimal fraction of impervious cover in the catchnf@pd, is the area of
impervious feattes from the planimetric maps in the catchm8&fiRiign is the area of high
density singlefamily residential land use in the catchme3fR;eqis the area of mediwdensity
singlefamily residential land use in the catchment, @ad,is the area of theatchment.
(Glick, 2009)

Equation 2.3stimategotal impervious cover (TIC) in the watershed but not all
impervious cover is directly connected to the drainage system. Runoff from some impervious

areas may flow over pervious areas and have a chanddttate. This is called disconnected

18



impervious cover. It has been suggested that ulregtly connected imperviousrea(DCIA)

or effective impervious covenayprovide better results when predicting runoff from rainfall
(Sutherland, 1995)Disconrecting impervious cover is also a common practice initapact
developments (LIDs). Directly measuribgCIA in the field is difficult because each impervious
area needs to be examined. While this may be possible for very smalitayaekly becomes
cost and time prohibitivas the size of the watershed being monitored increases. Sutherland
(1995) proposed five equations to estin@@A from TIC based on the degree of connectivity
in the watershed using the following classes: totally connectedyhlighhected, average,
somewhat disconnected, and extremely disconne&&dused these relationships to estimate
DCIA for the watersheds in this study.

A final note on impervious cover: TIC as defined in equa®@is based on the total or
gross aredraining to the monitoring point. COA development regulations require certain
deductios in the gross site area before computimg fraction of impervious cover using the net
site area. This difference in definition should be considered prior to agphgrinformation in

the report.

2.7.3Land Use

Land use used in this report is derived from the COA land use maps and field
verifications. The COA land use maps are parcel hagadh may introduce some confusion
when comparing these data to other stadiThe most notable difference is that residential
streets are not incorporated into the residential land use but are part of the transportation land
use. The transportation land use includes all roadways with no distinction between different
traffic volumes. The land uses considered are commercial (COM), industrial (INDUjurizam
(NU), singlefamily residential (SFR) andansportation (TRANS). MuHliamily residential is
included in COM. In addition to agricultural and undeveloped areas, Nlhalsdes parks and

cemeteries.

2.8 Site Statistical Summaries

After event EMCs an&\s are computedtertain statistics are computed to aid further

analyses. These include tests on data distribution, maximum, minimum, various representations
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of the mearand standard deviation. The following discussion will explain the various methods

used and where they might be applied.

2.8.1Data Distribution

Most environmental data do not fit a normal distribution and many studies have proposed
that environmental da are generally legormally distributed (Gilbert, 1987; Glick, 1992; COA
2006 Geosyntec and Wright Water, 2009Vhile this assumptiorsigenerally truetestsshould
be performed on the data to validate the assumption. The first step in assessuligtdattion
is a visual inspection of the data (Law and Kelton, 1982). This is easily done by first sorting the
data from smallest to largest, and then plotting the gatarsus/n wheren is the number of
points in the data set. This will resinitthe cumulative distribution of the data. The cumulative
distribution function (CDF) for standard distributions (based on the parameters of the data) may
be plotted on the same graph and visually compared to the distribution of the data. This has been
done for EMCs from all COA sites aggregated together, sorted by pollutant (COA., 2008s
clear from visual inspection that the aggregated idattaat studyfit a log-normal distribution

better than a normal distribution and were treated as such.

The 2006 report on COA data did not test the distribution of EMCs from individual sites
but assumed a legormal distributiorbasedon the CDF plots and the experience of SIGZE
staff (COA, 2006) In this studytests for normal and legormality for eaclsitewere
conducted Coefficients of skewness and kurtosis may be used to test for normality but other
more powerful tests exist. (That not withstamgliskewness and kurtosis weamputed for
each dataset aridelog-transformed dataset.) TNétest ceveloped by Shapiro and Wilk in
1965 is one of the most powertelstsfor detecting departure from normal or {ogrmal

distributions for small (n<50) datasets (Gilbert, 1987). The test is computed by:

W:(afa(&.m- x)f

[2.4]

a,(x-xf
where k=/2 if n is even and k+{1)/2 if n is odd an@; are coefficients developed by Shapiro
and Wilk (1965). Normality is rejected if the valueWis less than a value associated with
and t he densrmalityid tested usind-tle game test onttagsformed data.
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The original version of th&Vt e st was d@&®i AeHufoth8 Ourren
SAS have incorporateoystonapproximations to adjust the upper lingtO 2000 ( SAS,
2009. SinceSQErarely has more that 50 EMCs for any site,\Wh&est isthe primary test for
the distribution of data.

While it oftenis difficult to reject normality in favor of a lognormal distribution with
small sample size®lotulsky, 2007) out of 738 sets of EMCs used in the study only 90 rejected
log-normality in favor of normality. In 134 cases neither normality nomlognality could be
rejected at the 0.05 level and in 19 cases both normality antblogality were rejectedin all
other cases normality was rejected andrlogmality was not.In the cases where neither
distribution could be rejectedootstrapping methods were uséithe same was done with cases
where both distributions were rejected/tests were also oolucted on the runcffainfall ratios
andbothdistributions were rejected in all bigiur casesin these caseg-normality was not
rejected but so many zero values had to be excluded to testfoodoglity that lognormality

could not be the propelistributiontherefore neither distribution may be assumedrfodata

2.8.2Estimating Mean and Variance

Gilbert (1987) states there are fouf metho
for log-normally distributed data. The first is the simple arithmetic sample nxeaihis is
easy to compute and is a statistically unldasstimator of the mean regardless of the underlying
distribution. It is also the minimum variance unbiased (MVU) estimator if the underlying
distribution is normal. If the underlying distribution is lognormal, it is not the MVU estimator

and will be sesitive to large values.

't I s tempt i ng -normal dstibuiiomasingthe geomehtric mearn; o g
however, the geometric mean is a basstimator of the true mean of the data (Gilbert, 1987).
For reference, the geometric mean is computed by taking the arithmetiohikarog
transformed data, then transforming with the exponential. While not recommended,ftre
geometric mean isomputed and reported with statistioesults from tests on the log

transformed data.
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A simplified met Rfordog-roonally distributed data that haa long
been used and was accepted by EPA as part of the NURP negpdinesBMP database projest
presented in Equatior&s5 and 2.§Driscoll, et al., 1989eosyntec and Wright Water, 2009

This method isrefereedi n Ci ty data as the &é6Driscolll me a n ¢
a 356
- Ay
m=e - [2.5]
and
- -, 2
&= /Ef(esy - 1) [2.6]

where fis the estimate of the mean of data from a lognormal distribugidris the esimate of
the variance of data from a lognormal distributipns the arithmetic sample mean of the log

transformed data, amﬁ is the sample variance of the lbgnsformed data.

This method has been used by CiDAhe past but it does have some drawbatksnly
a positive bias. Kendall and Stuart (1961) found that the bias approachesrzberases
large. One advantage of this method is it is simple to compute; however, with current computing
capacities tts is not an issueWhile this method has been widely used inghst to compute the
mean of lognormally distributed datdhe bias should be considered for small, highly variable
dataset$Gilbert, 1987). The bias on the mean of &&tion2.5 may be esmated by:

8 &£8 (n-1)/2 . L
.SE’O a Nn- =5 Q
? Y 9 Xpé'.‘e on gg [2.7]

For the data used in this report the bias was generally smalh#sk) in 635 casedut it was
over 5% in 28 cases including one with over 1000% upward bias. Failureotmaéar this bias

could have unwanted influence on any subsequent analyses.

Finney (1941) and Sichel (1952, 1966) independently developed the minimum variance
unbiased (MVE)method to compute the mean fordogrmally distributed dataThis method
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has leen recommended by USEPA for computing the mean eafidogally distributed data
(Singh, et al, 1997)This methochas beemeferenced n Ci ty dat a aandist he 0Gi |
defined as follows:

Bl 28
=\e %5 0 [2.9]
g -
and
& =6y (22)- v 8s)(n- 2)g
=(e?)ev (257 )- ”gen-l% [2.9]

There are two other methods of computing summary statistics on data that are not
dependent on the data distributions, a volwnegghted mean or using bootstrapping techniques.
COA computes a volumeeighted meanEgn. 2.10 to estimate the mean wetbed
concentration. Two issues arise when using this method. First, the distribution of sampled events
should follow the distribution of rainfall eventsecond, a variance cannot be computed. COA
strives to minimize bias in its sample collection toradd the first issue. The second issue is
less problematic since other methods of analysis are used when the analyses are using the EMC
and a variance is required.

n

a (Emc)(rQ)
MC = 2 [2.10]

n

a RQ

i=1

Bootstrg methods are a class of resampling techniques that can be used to compute
summary statistics and their standard errors. The basic bootstrapping method consists of several
steps. First, given a dataset of sizeelectn samples, with replacement. Negbmpute the
desired statistics on the resampled dataset. Repeat several thousand times. The bootstrap
statistics are the means of those statistics computing for each resampling. Bootstrapping has the

advantages of being robust, not dependent on kgpanrunderlying distribution and the
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accuracy of the statistics may be compuietthe form of a standard erroHowever, with small
sample setsn30) inaccurate estimates of population statistics may result due to the multiple
resampling magnifying vaability. In these caseparametric methods may be better if the
underlying distribution is known (Geosyntec and Wright Water, 2009).

Any of these methods for estimating the mean of the data may be considered valid,
depending on the application. Fortheportt he 06 Gi | bwag usedl tcomgputdnteans
and variancegEqgns. 2.8and2.9) if theW test indicated the data followed a {ogrmal
distribution as recommended by the USEPA (Singh et al., 1997). The computational complexity
of this method is @longer an issue with current computing capacity and it eliminates the
possibility of bias i ntr odud\abtindigatessiasnormalj t h e
distribution, the arithmetic mean and variance are used. Witest was inconcluse; both
distributions either rejected or accepted, bootstrap estimates of the mean wédreisise.
conforms to recommended BMP performance reporting methodology (Geosyntec and Wright
Water, 2009) with the exception of the method use to compute the miegrnaimally
distributeddata Usingthe dGilbertomethod rather that thd®riscolldmethod will conform to
USEPA recommendatior{Singh et al., 1997and with the addition of bootstrapping in cases
where the distribution is questionable, should notatevappreciable (personal communications
with Marcus Quigley, 2009).

Site summaries of the water quality datapresented in Table 2.2/alues in bold
represent those used for further analyses in this repomit.to space limitations event data are

not presented in this report but maydiainedrom SQE in electronic form.
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Table 2.2. Summary water quality data information fronsiédis,including means and distribution testgalues in bold were used for additional analyses.

' ' Normal Log-normal Bootstrap Geometric  Volume

Pollutant Site n Min Max Prob. Prob.
Med Mean  SD CVv W W Med Mean SD CV W W Mean SEnean Med  SEneq Mean Mean
BOD BC 21 145 1655| 6.71 7.22 3.95 0.547 0.9533 0.3929| 6.11 7.34 4.73 0.644 0.9737 0.8131| 6.69 0.85 6.21 1.10 6.17 7.41
BOD BCU 12 1.09 6.50 210 3.01 1.98 0.657 0.7965 0.0085| 2.47 2.98 1.90 0.637 0.8944 0.1342| 3.01 0.54 2.30 0.73 2.51 2.00
BOD Bl 11 100 2476 | 559 7.19 6.69 0.931 0.7960 0.0083| 484 7.29 7.20 0.987 0.9822 0.9770| 7.20 1.95 5.68 1.63 5.03 8.10
BOD BNI 1 250 2.50 250 2.50 2.50 2.50 2.50 2.50
BOD BRI 24 259 4220 | 557 9.06 10.00 1.104 0.6252 0.0001| 6.33 8.46 7.15 0.846 0.9030 0.0249| 9.06 2.01 5.66 0.98 6.41 6.42
BOD BSI 2 2.00 3.00 250 2.50 0.71 0.283 240 250 0.71 0.283 250 0.35 2.50 0.35 2.45 2.57

BOD BUA 20 2.00 195.50| 14.24 25.19 4257 1.690 0.4852 0.0001 | 13.36 22.01 25.92 1.178 0.9547 0.4443| 2425 8.86 1256  3.33 13.70 12.74
BOD CMI 11 200 79.43| 11.17 1999 21.82 1.092 0.7246 0.0010| 12.35 19.98 21.65 1.083 0.9820 0.9764| 20.01 6.37 13.49 4.9 12.92 11.33
BOD E7A 25 176 1535 | 7.62 8.04 3.54 0.440 0.9561 0.3422| 7.19 8.16 429 0.526 0.9401 0.1484| 8.05 0.69 7.55 0.63 7.23 5.76
BOD EBA 23 3.12 100.01| 880 16.42 21.02 1.280 06050 0.0001| 10.34 15.20 15.27 1.005 0.9476 0.2608| 16.41 4.30 9.36 2.51 10.52 10.95
BOD EHA 36 3.46 174.19| 16.72 30.88 34.78 1.126 0.6875 0.0001| 20.04 29.66 30.86 1.040 0.9699 0.4227| 30.94 5.78 17.49 3.8 20.26 17.51
BOD EMA 27 557 959.70| 19.22 91.79 20681 2.253 0.4443 0.0001| 28.60 62.88 105.88 1.684 0.8554 0.0015| 92.45 39.94 2198 524 29.47 28.98

BOD ERA 17 329 4502 | 746 11.83 10.36 0.876 0.7238 0.0002 | 9.09 1145 8.34 0.729 0.9518 0.4860| 11.87 2.45 8.25 1.67 9.21 7.33
BOD FPI 15 225 20.20| 588 6.31 4.20 0.666 0.6783 0.0001| 545 6.20 3.27 0.528 0.9290 0.2635| 6.30 1.05 5.65 0.82 5.50 6.22
BOD FSU 6 1.00 5.29 1.60 2.46 1.85 0.750 0.8011 0.0601| 1.89 2.43 1.74 0.717 0.8591 0.1861| 2.46 0.68 2.07 1.05 1.97 3.45
BOD FWU 21 126 16.67 | 3.13 4.52 4.27 0.945 0.6356 0.0001| 3.44 430 3.11 0.723 0.9124 0.0612| 437 0.83 3.18 0.30 3.47 3.68
BOD GPI 17 457 115.34| 1512 2191 25.76 1176 0.5821 0.0001| 15.18 20.50 17.41 0.849 0.9541 0.5253| 22.02 6.08 14.75 3.08 15.45 12.69
BOD HI 18 235 2321 | 6.65 8.23 5.48 0.665 0.8774 0.0236| 6.71 8.22 558 0.679 0.9805 0.9554| 830 1.25 7.00 1.75 6.79 7.41
BOD HLA 21 175 25.72 | 807 9.30 5.90 0.635 0.8320 0.0021| 7.73 9.38 6.23 0.665 0.9475 0.3053| 9.29 1.26 7.88 0.80 7.80 9.64
BOD HPA 18 1.00 4040 | 9.78 14.16 1199 0.847 0.8542 0.0099| 941 1499 16.72 1.116 0.9637 0.6751| 1417 2.76 10.21  2.87 9.66 16.30
BOD JVI 30 242 2533| 534 7.16 4.83 0.674 0.8057 0.0001| 598 7.09 4.42 0.624 0.9628 0.3645| 7.16 0.86 5.73 1.14 6.01 5.52
BOD LCA 25 188 20.00| 6.00 7.59 4.96 0.653 0.9084 0.028 | 6.07 7.68 576 0.750 0.9621 0.4589| 7.60  0.97 6.28 1.43 6.12 5.80
BOD LGA 7 1.00 1.56 1.08 1.17 0.21 0.177 0.8385 0.0962| 1.15 1.17 0.19 0.167 0.8603 0.1523| 1.17 0.07 1.12 0.11 1.15 1.27

BOD LUA 30 5.00 188.00| 12.68 21.47 33.83 1.576 0.4359 0.0001| 13.77 18.67 16.41 0.879 0.8850 0.0037| 21.39 6.03 12.88 1.89 13.91 9.45
BOD MBA 27 3.09 7843 | 830 16.41 1847 1.125 0.6795 0.0001| 10.69 15.39 15.06 0.979 0.9194 0.0383| 16.47 3.56 9.07 2.03 10.84 10.10
BOD Ml 25 113 4263 | 740 8.68 8.06 0.929 0.6642 0.0001| 6.4 8.68 750 0.864 0.9677 0.5880| 8.69 1.58 7.37 1.07 6.51 11.53
BOD OFA 18 2,00 4400 | 11.27 1451 1059 0.730 0.8810 0.0271|11.08 14.84 12.43 0.838 0.9847 0.9853| 1449 241 1215 292 11.26 12.69
BOD RO 15 100 1054 | 583 6.48 2.99 0.462 0.9314 0.2864| 546 6.81 4.83 0.710 0.8140 0.0056| 6.61 0.70 6.55 1.14 5.54 6.97
BOD SIM 28 144 2200 | 6.33 8.35 5.83 0.698 0.8579 0.0014| 6.61 8.38 6.31 0.753 0.9693 0.5631| 8.35 1.07 6.57 1.32 6.67 6.06
BOD SI 21 130 3955)] 803 11.65 10.70 0.919 0.8106 0.0010| 7.73 11.92 1283 1.076 0.9737 0.8128| 11.45 2.19 8.04 1.84 7.90 15.36

25



Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

' . Normal Log-normal Bootstrap Geometric Volume

Pollutant Site n Min Max Prob. Prob.
Med Mean SD CcVv w W Med Mean SD CV W W Mean SEnean Med  SEneq Mean Mean
BOD Swl 12 3.76 12.00| 6.06 6.48 2.52 0.389 0.9098 0.2118| 6.03 6.47 2.49 0.385 0.9349 0.4347| 6.49 0.69 6.18 1.08 6.06 5.27
BOD SWJ 11 142 39.00| 12.05 1352 10.13 0.749 0.8621 0.0613| 9.81 14.33 13.51 0.943 0.9313 0.4245| 1355 2.95 12.08 2.91 10.16 8.03
BOD TBA 30 1.12 98.00| 7.08 12.71 17.76 1.398 0.5397 0.0001| 7.65 12.04 13.67 1.135 0.9816 0.8665| 12.67 3.16 7.71 2.14 7.77 8.55
BOD TCA 21 201 1520 | 479 5.36 3.29 0.614 0.8391 0.0028| 458 5.31 3.04 0.572 0.9689 0.7075| 5.27 0.68 4.43 0.73 4.61 4.65

BOD TPA 24 196 104.07| 12.70 18.7/5 20.84 1.111 0.6297 0.0001| 12.95 18.18 16.92 0.931 0.9846 0.9635| 18.72 4.19 1294 2.40 13.13 10.27
BOD W5A 29 6.40 186.00| 27.74 41.34 43.17 1.044 0.7234 0.0001 | 27.60 40.17 40.21 1.001 0.9730 0.6445| 41.32 7.84 27.39 4.56 27.96 24.67
BOD WBA 22 201 7489 | 6.47 1341 1786 1332 0.6501 0.0001| 7.34 12.32 15.00 1.217 0.9247 0.0953| 13.39 3.74 6.68 1.69 7.52 7.95
BOD WClI 32 294 8481| 7.97 16.05 18.24 1.137 0.6730 0.0001|10.49 15.19 15.14 0.997 0.9433 0.0929| 16.54 3.27 9.12 2.15 10.61 8.88
CD ARA 7 0.050 2.660 | 0.370 0.684 0.903 1.320 0.6841 0.0025| 0.331 0.671 0.842 1.256 0.9692 0.8927| 0.687 0.317 0.408 0.282 0.369 0.841
CD BCU 25 0.300 2.387 | 0.500 0.594 0.399 0.671 0.3328 0.0001| 0.538 0.576 0.218 0.378 0.4243 0.0001| 0.594 0.078 0.500 0.000 0.539 0.507

CD BNI 1 0.200 0.200 | 0.200 0.200 --- --- --- --- -- 0200  --- --- --- --- 0.200 --- 0.200 --- 0.200 0.200
CD BRI 14 0.150 2.728 | 0.264 0.570 0.689 1.210 0.6061 0.0001| 0.374 0.519 0.459 0.884 0.8406 0.0166| 0.551 0.167 0.290 0.080 0.383 0.547
CD BSI 2 0.200 0.809 | 0.505 0.505 0.431 0.854 --- --- 0.308 0.505 0.431 0.854 --- --- 0.508 0.215 0.508 0.215 0.402 0.546

CD BUA 11 0.250 8.291 | 0.508 1.175 2.368 2.015 0.4141 0.0001| 0.538 0.851 0.897 1.054 0.7121 0.0007| 1.175 0.690 0.471 0.095 0.562 0.823
CD CMI 24 0.050 1.400 | 0.500 0.547 0.268 0.489 0.7509 0.0001| 0.467 0.580 0.411 0.709 0.6734 0.0001| 0.547 0.054 0.5 0.006 0.472 0.533
CD CTI 15 0.012 0.602 | 0.094 0.169 0.195 1.151 0.7141 0.0004| 0.092 0.168 0.218 1.296 0.9544 0.5960| 0.168 0.049 0.096 0.041 0.096 0.091
CD CTJ 17 0.060 0.888 | 0.351 0.357 0.229 0.642 0.9040 0.0793| 0.271 0.374 0.332 0.889 0.8994 0.0664| 0358 0.054 0.374 0.119 0.276 0.471
CD CTK 16 0.015 0.666 | 0.186 0.259 0.213 0.822 0.8760 0.0336 | 0.158 0.289 0.376 1.301 0.9280 0.2269| 0.259 0.051 0.211 0.101 0.165 0.266
CD E7A 26 0500 3.133 | 0.500 0.725 0.597 0.824 0.4423 0.0001| 0.619 0.691 0.339 0.491 05404 0.0001| 0.726 0.115 0.501 0.008 0.621 0.751
CD EBA 35 0500 0.651 | 0.500 0.506 0.027 0.054 0.2399 0.0001| 0.505 0.506 0.025 0.049 0.2432 0.0001| 0.506 0.005 0.500 0.000 0.506 0.513
CD EHA 34 0.199 2986 | 0.500 0.703 0.576 0.819 0.5036 0.0001| 0.595 0.675 0.358 0.530 0.7407 0.0001| 0.701 0.097 0.501 0.011 0.597 0.784
CD EMA 48 0.500 1.451 | 0.500 0.557 0.168 0.301 0.3906 0.0001| 0.542 0.554 0.117 0.212 0.4464 0.0001| 0.563 0.024 0.500 0.001 0.542 0.530
CD ERA 20 0.300 32.710| 1.782 3.641 7.032 1.932 0.4199 0.001 | 1.832 3.005 3.516 1.170 0.9418 0.2594| 3.651 1536 1.782 0.413 1.879 4.580
CD FPI 15 0.500 0.562 | 0.500 0.504 0.016 0.032 0.2841 0.0001| 0.504 0.504 0.015 0.030 0.2841 0.0001| 0.504 0.004 0.500 0.000 0.504 0.510
CD FSU 29 0.012 0.973 | 0.500 0.418 0.212 0.507 0.7062 0.0001| 0.302 0.520 0.669 1.286 0.6306 0.0001| 0.418 0.038 0.500 0.010 0.308 0.481
CD FWU 22 0.160 1.000 | 0.500 0.518 0.245 0.473 0.8306 0.0016| 0.459 0.522 0.278 0.531 0.8600 0.0051| 0.497 0.049 0.496 0.024 0.462 0.622
CD GPlI 18 0.200 3.091 | 0.777 1161 0.959 0.826 0.7606 0.0004 | 0.863 1.145 0.940 0.821 0.9257 0.1631| 1.158 0.220 0.788 0.173 0.877 1.257
CD HLA 1 0303 0.303 | 0.303 0.303 --- --- --- --- - 0303 - --- --- --- 0.303 --- 0.303 --- 0.303 0.303
CD HPA 27 0500 0.819| 0.500 0.512 0.061 0120 0.1930 0.0001| 0.509 0.511 0.049 0.095 0.1930 0.0001| 0.512 0.012 0.500 0.000 0.509 0.508
CD Jvi 17 0.209 1.500 | 0.500 0.776 0.439 0.565 0.8866 0.0408 | 0.649 0.783 0.509 0.650 0.9215 0.1565| 0.777 0.103 0.677 0.237 0.656 0.584
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Table 2.2 (cont). Summawater quality data information from alites,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric Volume

Med Mean SD CV W W Med Mean SD CV w W Mean SEpean Med SEneq Mean Mean

CD LCA 12 0.200 0.534 | 0.250 0.329 0.136 0.413 0.7763 0.0051| 0.304 0.328 0.132 0.401 0.8146 0.0138| 0.330 0.037 0.288 0.073 0.306 0.299
CD LGA 30 0.012 0.500| 0.500 0.375 0.211 0.562 0.5673 0.0001| 0.222 0.543 1024 1.888 0.6052 0.0001| 0.379 0.037 0.499 0.016 0.229 0.408
CD LUA 7 0250 2683 | 0.276 1.068 1.099 1.029 0.7531 0.0137| 0.569 1.050 1.221 1.163 0.7481 0.0121| 1.072 0.387 0.761 0.751 0.625 0.965
CD MBA 15 0.182 4.032 | 0.500 0.827 1.010 1.222 0.6291 0.0001| 0.528 0.764 0.726 0.950 0.9231 0.2146| 0.825 0.252 0.493 0.109 0.542 1.157
CD OFA 11 0.184 2551 | 0.500 0.591 0.671 1.135 0.5663 0.0001| 0.417 0.549 0.431 0.786 0.8569 0.0526| 0.591 0.195 0.433 0.132 0.428 0.426
CD RRI 24 0.122 1.719 | 0.500 0.486 0.293 0.604 0.5101 0.0001| 0.424 0.486 0.265 0.546 0.6904 0.0001| 0.485 0.059 0.500 0.008 0.427 0.544
CD SIM 29 0500 1.430 | 0.500 0.607 0.224 0.369 0.5556 0.0001| 0.578 0.602 0.175 0.291 0.5828 0.0001| 0.607 0.041 0.500 0.005 0.579 0.572
CD SCA 27 0.016 0.584 | 0.154 0.18 0.141 0.767 0.9057 0.0181| 0.128 0.197 0.216 1.096 0.9514 0.2317| 0.184 0.027 0.151 0.035 0.130 0.139
CD SWI 13 0.200 1.009 | 0.557 0.635 0.319 0.502 0.8564 0.0345| 0.544 0.646 0.396 0.614 0.8712 0.0544| 0.637 0.085 0.620 0.190 0.551 0.700
CD SWJ 13 0.200 1768 | 0.483 0.561 0.427 0.761 0.7667 0.0028| 0.450 0.551 0.370 0.672 0.9392 0.4466| 0.563 0.114 0.461 0.083 0.457 0.472
CD TBA 31 0.500 2.124| 0.500 0.636 0.362 0.569 0.4300 0.0001| 0.584 0.621 0.224 0.361 0.5172 0.0001| 0.636 0.064 0.500 0.004 0.585 0.678
CD TCA 20 0.050 1.000| 0.311 0.442 0.312 0.706 0.8193 0.0017| 0.341 0.453 0.376 0.830 0.9296 0.1516| 0.443 0.068 0.345 0.085 0.346 0.630
CD TPA 18 0.208 1.000 | 0.404 0.531 0.307 0.578 0.8131 0.0023| 0.450 0.529 0.316 0.598 0.8866 0.0338| 0.530 0.070 0.434 0.105 0.455 0.764
CD W5A 18 0.250 1.924 | 0.670 0.824 0.416 0.504 0.9164 0.1116| 0.728 0.826 0.434 0.525 0.9771 0.9151| 0.823 0.095 0.737 0.153 0.733 0.769
CD WBA 33 0.490 0.578 | 0.500 0.502 0.014 0.027 0.2090 0.0001| 0.502 0.502 0.013 0.026 0.2124 0.0001| 0.502 0.002 0.500 0.000 0.502 0.507
CD WCI 36 0.289 3.382| 0501 0.733 0.603 0.823 0.4860 0.0001| 0.625 0.700 0.350 0.500 0.6935 0.0001| 0.756 0.103 0.528 0.033 0.627 0.614
COD ARA 8 32.00 96.00 | 56.00 58.34 20.32 0.348 0.9550 0.7614| 54.97 58.33 20.25 0.347 0.9870 0.9891| 58,50 6.68 55.87 8.29 55.38 63.91
COD BC 21 524 9220 | 12.62 2147 1937 0.902 0.7081 0.0001| 16.25 20.86 16.06 0.770 0.9506 0.3490| 23.27 3.97 1754 5.62 16.44 27.27
COD BCU 24 1218 94.02 | 4950 52.12 2355 0.452 0.9696 0.6561| 45.73 53.21 30.93 0.581 0.9228 0.0675| 52.06 4.75 50.69 5.29 46.02 57.22
COD Bl 12 568 64.17 | 2557 26.79 17.06 0.637 0.9384 0.4774| 20.86 27.66 2220 0.803 0.9333 0.4169| 26.83 4.66 25.88 6.06 21.36 22.60
COD BNI' 13 7.00 99.77 | 4890 54.35 29.27 0.539 0.9403 0.4603| 43.99 57.22 4433 0.775 0.8752 0.0614| 5452 7.78 52.44 16.05 44.90 49.46
COD BRI 24 1054 212.91| 56.93 70.14 4843 0.690 0.8543 0.0026| 56.30 70.64 51.64 0.731 0.9783 0.8633| 70.88 9.62 58,52 6.74 56.84 54.96
COD BSI 10 7.00 241.61| 3568 56.43 69.98 1.240 0.6937 0.0007| 30.88 54.61 6459 1.183 0.9702 0.8925| 56.55 21.06 36.85 17.13 32.78 39.99
COD BUA 21 34.00 520.00| 97.71 147.39 127.90 0.868 0.7402 0.0001|111.97 142.93 108.53 0.759 0.9501 0.3426|147.10 27.26 101.57 17.68 113.29 97.58
COD CMI 24 10.00 267.76| 57.45 85.01 7580 0.889 0.8025 0.0003| 58.30 86.24 87.82 1.018 0.9697 0.6586| 84.79 15.20 62.30 13.11 59.28 45.73
COD CTI 17 17.24 168.78| 38.68 58.38 47.30 0.810 0.7484 0.0004 | 45.32 56.83 40.98 0.721 0.9204 0.1498| 58.59 11.17 39.86 9.27 45.93 39.67
COD CTJ 24 2193 313.34| 64.00 88.21 70.04 0.794 0.8035 0.0003| 68.11 87.07 66.65 0.766 0.9673 0.6006| 88.04 14.08 65.14 11.32 68.82 58.86
COD CTK 22 15.47 139.76| 36.66 49.00 33.73 0.688 0.8206 0.0011| 40.07 48.37 31.67 0.655 0.9368 0.1698| 48.95 7.04 36.56 6.83 40.42 35.14
COD E7A 26 23.35 180.51| 74.76 77.49 4153 0.536 0.9346 0.0996| 66.68 78.09 46.55 0.596 0.9710 0.6487| 7750 8.05 70.71  9.69 67.09 62.81
COD EBA 37 2191 372.84| 54.08 8881 81.72 0.920 0.7090 0.0001| 66.62 85.32 66.46 0.779 0.9315 0.0250| 88.82 13.32 55.25 8.46 67.07 58.77
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Table 2.2 (cont). Summary water quality data information from ab,siteluding means and distribution testgalues in bold were used for additional analyses.

colutant Site i Vo Normal S Log-normal S Bootstrap Geometric Volume

Med Mean SD CVv W W Med Mean SD CVv W W Mean SEnean Med  SEneq Mean Mean
COD EHA 37 2278 452.36|117.01 146.54 107.22 0.732 0.8835 0.0011|110.68 150.45 133.80 0.889 0.9723 0.4729| 146.49 17.41 122.76 20.15 111.61 102.20
COD EMA 48 46.83 1286.69| 116.15 183.33 241.83 1.319 0.5355 0.0001| 121.59 165.64 149.06 0.900 0.8979 0.0005|180.22 33.88 110.89 13.80 122.38 126.21
COD ERA 21 3224 245.72| 60.46 81.22 51.42 0.633 0.7952 0.0006| 69.71 80.06 44.17 0.552 0.9503 0.3444| 81.11 10.95 63.29 9.20 70.18 62.%
COD FPI 15 19.09 81.23 | 47.08 47.62 18.80 0.395 0.9632 0.7474| 43.69 47.87 20.99 0.438 0.9596 0.6852| 4755 4.76 46.24 5.58 43.96 40.36
COD FSU 31 19.31 126.25| 45.20 53.61 28.11 0.524 0.9173 0.0200| 46.75 53.70 29.84 0.556 0.9548 0.2115| 53.64 4.97 4851 706 46.96 54.46
COD FWU 24 7.09 125.14| 49.08 51.88 27.81 0.536 0.9593 0.4238| 42.85 54.40 40.96 0.753 0.8872 0.0116| 49.88 4.95 48.63 4.67 43.28 49.51
COD GPlI 18 55.83 408.76 | 113.26 146.47 91.58 0.625 0.8428 0.0065| 123.92 145.21 86.00 0.592 0.9542 0.4943| 146.19 20.89 119.38 26.26 125.03 102.29
COD HI 19 11.04 145.22| 20.28 37,51 37.87 1.009 0.7218 0.0001| 25,50 35.68 32.60 0.914 0.8684 0.0135| 40.08 854 2242 7.61 25.96 31.83
COD HLA 21 571 13594 | 22.68 30.80 2851 0.926 0.7171 0.0001| 22.71 30.22 25.17 0.8 0.9827 0.9585| 30.76 6.07 23.59 6.08 23.03 23.93
COD HPA 28 1845 370.26| 73.61 86.84 70.59 0.813 0.7339 0.0001| 68.67 85.53 61.62 0.720 0.9825 0.9058| 86.95 13.11 72.73 11.75 69.21 66.37
COD JVI 33 11.21 148.32| 59.04 63.94 34.09 0.533 0.9542 0.1766| 54.08 65.63 44.12 0.672 0.9435 0.0861| 63.88 5.90 57.82 6.79 54.40 56.47
COD LCA 28 10.33 147.00| 61.86 63.37 37.44 0.591 0.9464 0.1605| 51.01 65.51 50.97 0.778 0.9460 0.1566| 63.38 6.94 58.65 9.48 51.47 48.99
COD LGA 31 250 81.08 | 1429 17.67 14.73 0.834 0.6645 0.0001| 13.99 17.57 12.97 0.738 0.9320 0.0498| 17.25 256 1421 0.74 14.09 22.78
COD LUA 31 34.84 544.00| 92.45 140.86 120.56 0.856 0.7528 0.0001|107.57 137.05 104.90 0.765 0.9560 0.2279|141.01 21.39 98.93 16.03 108.42 91.29
COD MBA 27 32.00 227.65| 62.43 8139 5584 0.686 0.7878 0.0001| 67.34 80.00 50.12 0.627 0.9166 0.0327| 81.55 10.76 62.57 7.68 67.77 57.51
COD MI 26 10.00 223.50| 32.56 38.41 39.81 1.037 0.4882 0.0001| 30.38 36.43 23.48 0.644 0.9094 0.0255| 38.48 7.67 3191 3.58 30.60 30.26
COD OFA 18 40.18 266.83 | 96.04 117.87 70.15 0.595 0.8913 0.0406| 98.69 117.92 74.44 0.631 0.9456 0.3598|117.71 16.06 99.03 24.44 99.68 97.18
COD RO 16 5.00 107.26| 26.70 36.36 29.17 0.802 0.8870 0.0499| 25.47 37.65 37.29 0.990 0.9709 0.8527| 36.37 6.64 29.47 8.03 26.11 23.38
COD RRI 32 2287 585.86| 55.67 105.88 113.55 1.072 0.6818 0.0001| 72.36 101.12 94.48 0.934 0.9361 0.0582|103.71 19.32 58.88 16.13 73.13 51.96
COD SIM 29 9.07 22497| 57.37 82.60 60.42 0.731 0.9041 0.0123| 59.90 87.01 86.80 0.998 0.9486 0.1687| 82.55 10.97 62.01 16.37 60.69 61.29
COD SCA 27 23.31 340.66|130.93 141.24 75.10 0.532 0.9603 0.3750| 118.66 145.68 100.80 0.692 0.9337 0.0852| 141.49 14.42 133.62 22.96 119.57 132.10
COD SI 22 773 8117 | 22.87 29.53 21.63 0.732 0.8328 0.0017| 23.23 29.32 21.71 0.740 0.9634 0.5612| 31.41 4.68 23.75 5.37 23.48 20.71
COD SWI 13 488 98.21 | 43.26 49.26 26.95 0.547 0.9493 0.5883| 38.81 53.35 46.07 0.864 0.8328 0.0172| 49.38 7.19 46.07 7.60 39.80 38.39
COD SWJ 13 7.21 259.00| 69.76 86.58 72.75 0.840 0.8793 0.0699| 55.56 94.83 111.67 1.178 0.9311 0.3525| 86.96 19.41 70.10 18.13 57.97 48.78
COD TBA 30 250 24757| 63.75 77.15 64.32 0.834 0.8699 0.0017| 51.13 85.74 106.59 1.243 0.9433 0.1113| 77.13 1150 60.74 11.78 52.04 59.99
COD TCA 27 11.18 7243 | 3296 37.41 17.03 0.455 0.9253 0.0531| 3363 37.58 18.46 0.491 0.9686 0.5662| 37.05 3.09 3262 3.94 33.77 41.08
COD TPA 24 28.64 347.09| 60.64 80.01 63.51 0.794 0.6088 0.0001| 67.39 77.44 4293 0.554 0.9263 0.0808| 79.88 12.78 62.87 6.49 67.78 61.41
COD W5A 30 67.94 1470.00| 146.88 238.68 279.01 1.1® 0.5767 0.0001|168.40 222.09 184.02 0.829 0.9161 0.0212|238.06 49.79 151.85 30.83 169.97 136.66
COD WBA 33 9.22 319.63| 40.06 57.76 57.73 1.000 0.6653 0.0001| 42.24 56.10 47.35 0.844 0.9887 0.9760| 57.65 9.92 4189 6.76 42.61 37.33
COD WCI 34 598 565.73| 79.51 127.45 125.67 0.986 0.7344 0.0001| 87.01 127.98 131.38 1.027 0.9390 0.0577|132.24 21.25 85.82 13.81 88.02 75.07
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold werased for additional analyses.

' . Normal Log-normal Bootstrap Geometric Volume
Pollutant Site n Min Max Prob. Prob.

Med Mean SD CV W W Med Mean SD CV W W Mean SEpean Med  SEneq Mean Mean

CuU ARA 9 2900 28.000|14.000 14.856 6.900 0.464 0.9537 0.7308|12.671 15.441 10.030 0.650 0.8251 0.0394|14.860 2.167 14.373 1.917 12.958 14.350
CuU BC 22 1.000 33.000|10.000 9.727 8.300 0.853 0.6768 0.0001| 6.674 10.500 11.685 1.113 0.8127 0.0008| 9.544 1.619 9.650 0.905 6.815 10.510
CuU BCU 25 1.000 7.677 | 3.000 3.087 1432 0.464 0.7370 0.0001| 2.749 3.130 1.671 0.534 0.7321 0.0001| 3.090 0.280 3.000 0.021 2.764 2.652
CuU BI 12 1.000 11.719| 5.046 5.985 3.144 0.525 0.9224 0.3067 | 5.023 6.185 4.191 0.678 0.8781 0.0828| 5.992 0.857 5.283 1.064 5.112 5.351
CuU BNI 1 2505 2505 | 2505 2.505 2.505 2.505 2.505 2.505 2.505
CuU BRI 14 1.056 18.925| 4.014 6.581 6.180 0.939 0.8289 0.0116| 4.042 6.660 7.578 1.138 0.9140 0.1801| 6.777 1.513 5.016 2.515 4,194 6.139
CuU BSI 2 5.000 7.094 | 6.047 6.047 1.481 0.245 5.865 6.047 1.481 0.245 6.057 0.740 6.057 0.740 5.956 6.189
CuU BUA 13 7.988 60.000| 22.275 26.055 18.079 0.694 0.8723 0.0562 | 20.159 26.284 20.465 0.779 0.9116 0.1929|26.137 4.821 22.611 6.689 20.582  21.849
CuU CMI 24 5.000 45.800|16.786 20.358 12.091 0.594 0.8960 0.0178|17.035 20.466 13.248 0.647 0.9750 0.7887|20.322 2.428 17.086 2.815 17.167 12.795
CuU CTI 17 1.698 18581 | 4.795 6.412 4.444 0.693 0.7992 0.0020| 5.290 6.329 4.005 0.633 0.9577 0.5889| 6.431 1.048 4.862 0.814 5.346 4,98
CuU CTJ 24 3.040 29.219| 8.487 9.710 6.757 0.696 0.8255 0.0008 | 7.888 9.621 6.513 0.677 0.9484 0.2501| 9.692 1.358 8.074 1.653 7.954 9.332
CuU CTK 22 2065 18.741| 3.681 6.402 4.455 0.696 0.8237 0.0012| 5.114 6.358 4.527 0.712 0.8967 0.0255| 6.399 0.937 4.739 1.879 5.165 5.065
CuU E7A 26 2.328 68.464|13.846 19.833 15.521 0.783 0.7364 0.0001 | 15.705 19.750 14.560 0.737 0.9278 0.0688|19.840 2.986 14.298 1.863 15.845 19.319
CuU EBA 35 3.000 19.330| 4.601 6.507 4.184 0.643 0.8072 0.0001| 5.496 6.419 3.808 0.593 0.9010 0.0042| 6.512 0.699 4.845 0.803 5.521 4.883
CuU EHA 34 1.000 83.620|11.613 15.303 14.519 0.949 0.6687 0.0001|11.223 15.461 14.083 0.911 0.9638 0.3118|15.256 2.425 12.030 1.323 11.330 11.338
CuU EMA 48 3.713 69.100|12.619 14.735 10.665 0.724 0.7195 0.0001|12.311 14.551 9.045 0.622 0.9792 0.5449|14.985 1.517 12.724 0.863 12.354  12.026
CuU ERA 20 11.974 513.902| 28.116 63.830 111.195 1.742 0.4486 0.0001 | 35.603 53.190 54.410 1.023 0.8873 0.0240| 64.002 24.273 31.748 7.798 36.338  73.695
CuU FPI 15 1.000 14.400| 8912 8.018 4.204 0.524 0.9551 0.6072| 6.371 8.627 7.312 0.848 0.8369 0.0114| 7.998 1.064 8.116 1.751 6.504 6.701
CuU FSU 31 0.530 23.882| 3.000 4.648 4.785 1.030 0.5635 0.0001| 3.470 4.491 3.570 0.795 0.8790 0.0022| 4.651 0.848 3.183 0.304 3.499 3.657
CuU FWU 23 1.000 23.083| 3.586 4.613 4.824 1.046 0.6813 0.0001| 3.189 4.480 4.164 0.930 0.9564 0.3950| 4.720 0.971 3.473 0.584 3.237 4.210
CuU GPI 18 17.184 341.632| 64.940 98.104 85.914 0.876 0.8431 0.0066 | 67.005 99.325 99.642 1.003 0.9594 0.5901|97.887 19.597 72.373 25.264| 68.515 82.496
CuU HI 19 1.000 33.000|10.000 8.644 7.700 0.891 0.7751 0.0005| 5.410 9.538 12.164 1.275 0.8506 0.0069|10.094 2.004 9.402 1.349 5.578 9.120
CuU HLA 19 1.000 51.070|10.000 15.179 12.210 0.804 0.7994 0.0011|10.945 16.055 15.899 0.990 0.8899 0.0321|15.268 2.726 10.693 1.795 11.172  14.362
CuU HPA 27 3.000 15.634| 6.947 7.106 3512 0.494 0.9267 0.0575| 6.253 7.137 3.857 0.540 0.9332 0.0830| 7.126 0.676 6.848 1.107 6.284 5.846
CuU JVI 33 2983 103.413| 12.452 17.555 17.901 1.020 0.6183 0.0001|13.003 17.031 13.937 0.818 0.9793 0.7663|17.518 3.073 12.419 2.102 13.111 14.776
CuU LCA 20 1.000 68.917| 5.069 11.154 15.064 1.351 0.5861 0.0001| 6.522 10.486 11.945 1.139 0.9621 0.5871|11.187 3.288 5.982 1.810 6.682 19.199
CuU LGA 31 0.066 15.361| 3.000 2.811 2.605 0.927 0.5149 0.0001| 1.868 3.293 4.382 1.331 0.7293 0.0001| 2.815 0.442 2.998 0.053 1.903 2.932
CuU LUA 24 1.825 79.587|30.159 30.399 22.865 0.752 0.9269 0.0833|18.291 36.775 55.706 1.515 0.8550 0.0027|30.353 4.613 29.475 5.055 18.846  23.247
CuU MBA 18 2126 40.000| 7.163 11.994 9.785 0.816 0.8083 0.0020| 9.039 11.889 9.594 0.807 0.9663 0.7268|11.969 2.231 8.437 2.521 9.180 8.965
CuU MI 26 0.000 35.125| 6.167 7.912 8.344 1.055 0.8302 0.0006| 4.927 9.378 13.486 1.438 0.9077 0.0314| 7.921 1.608 5.679 2.032 5.053 7.961
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric Volume

Med Mean SD CV w W Med Mean SD CV w W Mean SEpean Med SEned Mean Mean

CuU OFA 13 1.016 31.802| 6.558 10.448 10.178 0.974 0.8577 0.0359| 5.645 11.175 15.372 1.376 0.9191 0.2437|10.500 2.716 7.683 4.418 5.963 7.228
Cu RO 15 1.000 14.934|10.000 7.646 4.223 0.552 0.9064 0.1191| 5.770 8.410 8.104 0.964 0.7955 0.0032| 7.225 1.044 8.233 2.009 5.920 6.964
Cu RRI 33 3.000 55.111| 7.114 11.166 11.399 1.021 0.6895 0.0001| 7.849 10.654 9.412 0.883 0.9208 0.0193|11.220 2.024 7.172 1.226 7.923 7.779
CuU SIM 29 3597 34.017| 8.027 11.490 8.181 0.712 0.8132 0.0001| 9.286 11.347 7.760 0.684 0.9428 0.1187|11.486 1.485 8.527 1.816 9.351 8.995
CuU SCA 27 2516 25.029| 8.429 10.885 6.743 0.619 0.9004 0.0137| 8.822 11.026 8.007 0.726 0.9527 0.2485|10.909 1.295 8.810 1.978 8.896 7.999
Cu SI 22 1.000 15.391| 6.309 6.544 4.675 0.714 0.8874 0.0168| 4.498 7.031 7.751 1.103 0.8742 0.0094| 6.559 0.929 6.418 2.453 4.592 6.470
Cu SWI 13 1.000 22.551| 9.343 10.498 5.566 0.530 0.9636 0.8087| 8.482 11.312 9.227 0.816 0.8235 0.0131] 10.525 1.486 9.696 1.521 8.675 10.503
CuU SWJ 13 1.124 81.300| 18.465 23.928 23.138 0.967 0.8318 0.0167|12.478 29.191 46.444 1.591 0.8846 0.0823|24.031 6.174 18.995 4.594 13.369 11.717
CuU TBA 31 1.000 55.750| 5.406 8.77/6 10.748 1.225 0.6505 0.0001| 5.379 8.499 9.732 1.145 0.9853 0.9360| 8.788 1.897 5.475 1.250 5.460 5.089
Cu TCA 21 1.000 19.013| 3.226 4.758 4.424 0.930 0.7397 0.0001| 3.460 4.644 3.939 0.848 0.9709 0.7529| 4.749 0942 3371 0.576 3.509 5.771
Cu TPA 20 1.000 31.612| 6.212 7.923 6.875 0.868 0.7771 0.0004| 5.617 8.188 8.052 0.983 0.9510 0.3821| 7.937 1.498 6.431 0.987 5.725 6.718
CuU W5A 20 7.328 130.000 26.566 32.939 26.802 0.814 0.7260 0.0001|26.087 32.391 22.908 0.707 0.9826 0.9635|33.001 5.850 26.448 5.269 26.373 25.217
CuU WBA 33 3.000 241.244| 4.868 12.664 41.134 3.248 0.2162 0.0001| 5479 7.660 7.171 0.936 0.6671 0.0001|12.579 7.016 4.998 0.747 5.535 6.572
Cu WCI 36 3.793 248.200| 13.119 27.732 43.226 1.559 0.5156 0.0001| 15.705 24.599 28.019 1.139 0.9189 0.0117|29.084 7.250 13.606 3.962 15.904 14.192
DP BCU 23 0.010 0.109 | 0.016 0.023 0.022 0.944 0.6126 0.0001| 0.018 0.022 0.015 0.677 0.8624 0.0046| 0.023 0.004 0.016 0.003 0.018 0.030
DP BNI' 10 0.037 0.150 | 0.066 0.072 0.033 0.451 0.8556 0.0677| 0.066 0.072 0.029 0.408 0.9665 0.8570| 0.072 0.010 0.066 0.008 0.067 0.093
DP BRI 20 0.005 0.391 | 0.091 0.119 0.096 0.807 0.8731 0.0133| 0.080 0.133 0.160 1.197 0.9209 0.1032| 0.119 0.021 0.096 0.018 0.082 0.138
DP BSI 7 0.033 0.083 | 0.055 0.055 0.017 0.312 0.9757 0.9361| 0.052 0.055 0.017 0.316 0.9902 0.9937| 0.055 0.006 0.0%4 0.009 0.052 0.061
DP BUA 18 0.010 1.640 | 0.195 0.301 0.375 1.248 0.6542 0.0001| 0.167 0.318 0.441 1.386 0.9695 0.7873| 0.332 0.086 0.213 0.059 0.173 0.216
DP CMI 16 0.101 0.667 | 0.201 0.242 0.144 0.596 0.7852 0.0017| 0.211 0.238 0.121 0.507 0.9538 0.5527| 0241 0.035 0.206 0.029 0.213 0.158
DP CTI 17 0.053 0.293 | 0.107 0.132 0.071 0.543 0.8557 0.0131| 0.115 0.131 0.068 0.518 0.9496 0.4510| 0.132 0.017 0.108 0.018 0.116 0.167
DP CTJ 24 0.042 0.307 | 0.106 0.123 0.062 0.500 0.9020 0.0238| 0.109 0.123 0.064 0.516 09744 0.7757| 0.123 0.012 0.114 0.017 0.110 0.130
DP CTK 22 0.020 0.427 | 0.100 0.129 0.100 0.777 0.7768 0.0002| 0.101 0.129 0.097 0.757 0.9754 0.8310( 0.129 0.021 0.104 0.020 0.102 0.204
DP E7A 25 0.085 1.145 | 0.138 0.192 0.207 1.080 0.4301 0.0001| 0.154 0.179 0.102 0.572 0.7836 0.0001| 0.192 0.041 0.141 0.006 0.155 0.219
DP EBA 37 0.074 1.215 | 0.190 0.271 0.252 0.932 0.6474 0.0001| 0.208 0.258 0.183 0.709 0.9093 0.0054| 0.271 0.041 0.189 0.018 0.210 0.209
DP EHA 36 0.100 0.802 | 0.263 0.348 0.216 0.620 0.8893 0.0018 | 0.286 0.349 0.240 0.689 0.9522 0.1225| 0.348 0.036 0.279 0.054 0.287 0.265
DP EMA 48 0.057 2177 | 0.222 0.355 0.410 1.155 0.6424 0.0001| 0.238 0.333 0.317 0.952 0.9518 0.0473| 0.351 0.058 0.220 0.024 0.239 0.209
DP ERA 17 0.051 0.535 | 0.142 0.187 0.119 0.63® 0.8494 0.0105| 0.157 0.186 0.114 0.616 0.9912 0.9996| 0.187 0.028 0.159 0.032 0.158 0.196
DP FPI 15 0.044 0.126 | 0.074 0.083 0.026 0.315 0.9290 0.2638| 0.079 0.083 0.027 0.324 0.9510 0.5398| 0.083 0.007 0.077 0.010 0.079 0.088
DP FSU 31 0.008 0.263 | 0.056 0074 0.059 0.802 0.8719 0.0015| 0.053 0.076 0.075 0.986 0.9828 0.8843| 0.074 0.011 0.057 0.014 0.054 0.037
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Table 2.2 (cont). Summary water quality data information frorait@$,including means and distribution testgalues in bold were used for atidnal analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric Volume

Med Mean SD CcVv w W Med Mean SD CcVv w W Mean SEpean Med  SEned Mean Mean

DP FWU 20 0.010 0.139 | 0.024 0.040 0.035 0.887 0.8119 0.0013| 0.028 0.039 0.036 0.924 0.9281 0.1418| 0.039 0.007 0.027 0.008 0.028 0.043
DP GPlI 18 0.052 0.594 | 0.124 0.170 0.133 0.784 0.7557 0.0004| 0.136 0.166 0.112 0.675 0.9592 0.5871| 0.169 0.030 0.126 0.021 0.137 0.153
DP HLA 2 0.047 0.082 | 0.065 0.065 0.025 0.387 --- --- 0.060 0065 0.025 0.387 --- --- 0.065 0.013 0.065 0.013 0.062 0.050
DP HPA 28 0.091 1.181 | 0.168 0.264 0.227 0.862 0.6787 0.0001| 0.209 0.254 0.172 0.676 0.9216 0.0381| 0.264 0.042 0.187 0.043 0.211 0.215
DP Jvi 15 0.010 0.256 | 0.079 0.093 0.074 0.802 0.8906 0.0686| 0.063 0.099 0.108 1.089 0.9363 0.3378| 0.092 0.019 0.073 0.023 0.065 0.090
DP LCA 25 0.005 0.328 | 0.080 0.104 0.085 0.819 0.8695 0.0042| 0.070 0.114 0.135 1.184 0.9438 0.1810| 0.104 0.017 0.082 0.016 0.071 0.089
DP LGA 30 0.001 0.098 | 0.017 0.023 0.020 0.882 0.7929 0.0001| 0.016 0.024 0.025 1.029 0.9484 0.1533| 0.023 0.004 0.016 0.004 0.016 0.021
DP LUA 25 0.083 1.080 | 0.270 0.432 0.315 0.730 0.8730 0.0050 | 0.319 0.442 0.401 0.907 0.9374 0.1288| 0.432 0.062 0.328 0.100 0.324 0.366
DP MBA 27 0.024 0.519 | 0.129 0.18 0.133 0.733 0.9159 0.0315| 0.131 0.189 0.185 0.981 0.9560 0.2991| 0.182 0.026 0.151 0.043 0.133 0.113
DP OFA 17 0.012 0.329 | 0.111 0.137 0.097 0.706 0.8936 0.0531| 0.102 0.145 0.133 0.923 0.9433 0.3597| 0.138 0.023 0.111 0.029 0.104 0.128
DP RRI 32 0.051 0675 | 0.196 0.238 0.150 0.630 0.9134 0.0138 | 0.194 0.240 0.171 0.710 0.9810 0.8275| 0.236 0.026 0.200 0.039 0.196 0.227
DP SIM 29 0.034 0.390 | 0.090 0.120 0.07/3 0.607 0.8239 0.0002 | 0.104 0.120 0.067 0.563 0.9836 0.9189| 0.120 0.013 0.100 0.018 0.104 0.120
DP SCA 27 0.023 2385 | 0.237 0.413 0520 1.259 0.7014 0.0001 | 0.218 0.414 0.597 1.442 0.9807 0.8769| 0.415 0.101 0.225 0.074 0.223 0.443
DP SWI 10 0.034 0.210| 0.062 0.073 0.050 0.689 0.6686 0.0004| 0.063 0.071 0.038 0.525 0.8855 0.1508| 0.073 0.015 0.062 0.008 0.064 0.061
DP SWJ 12 0.010 0.092 | 0.019 0.036 0.030 0.847 0.8171 0.0148| 0.024 0.036 0.034 0.954 0.8518 0.0387| 0.036 0.008 0.026 0.015 0.025 0.031
DP TBA 29 0.013 0.758 | 0.096 0.147 0.154 1.046 0.6890 0.0001| 0.101 0.146 0.144 0.988 0.9845 0.9354| 0.147 0.028 0.104 0.020 0.102 0.145
DP TCA 19 0.033 0.382 | 0.138 0.137 0.083 0.610 0.8878 0.0295| 0.112 0.140 0.099 0.709 0.9312 0.1819| 0.137 0.018 0.133 0.016 0.114 0.139
DP TPA 20 0.080 0.550 | 0.153 0.215 0.141 0.654 0.8085 0.0012| 0.180 0.212 0.129 0.605 0.9233 0.1145| 0.216 0.031 0.161 0.028 0.182 0.237
DP W5A 26 0.056 2.250 | 0.169 0.338 0.445 1.318 0.5889 0.0001 | 0.208 0.313 0.329 1.050 0.9472 0.1989| 0.338 0.086 0.184 0.057 0.212 0.235
DP WBA 34 0.054 0.455| 0.134 0.169 0.098 0.581 0.8286 0.0001| 0.147 0.168 0.092 0.549 0.9553 0.1771| 0.169 0.017 0.136 0.010 0.147 0.189
DP WCl 31 0.020 0.756 | 0.083 0.147 0.176 1.198 0.6364 0.0001| 0.094 0.137 0.137 1.005 0.9393 0.0789| 0.148 0.032 0.086 0.021 0.095 0.156
FCOL BC 22 10 169609| 6625 16633 35938 2.161 0.4264 0.0001 | 4831 25755 81537 3.166 0.8330 0.0017| 15281 6960 6137 1028 5240 23443
FCOL BCU 10 2500 120000| 13241 22364 34919 1.561 0.5431 0.0001 | 11051 20114 24499 1.218 0.9254 0.4043| 22421 10495 13148 4462 11767 16691
FCOL Bl 11 3780 49634 | 21412 24575 15060 0.613 0.9567 0.7295| 18488 26158 23440 0.896 0.8953 0.1618| 24607 4366 23968 7212 19096 20344

FCOL BNI 2 970 2800 | 1885 1885 1294 0.686  --- --- 1422 1885 1294 0.686 --- --- 1893 647 1893 647 1648 2143
FCOL BRI 19 106 101000{ 4742 20229 31878 1.576 0.6630 0.0001| 4029 29313 104660 3.570 0.9623 0.6192| 20451 7130 6601 4983 4515 41252
FCOL BSI 3 372 8800 | 400 3191 4858 1.523 0.7525 0.0055| 575 2648 3576 1.350 0.7672 0.0384| 3213 2289 2611 3708 1094 660

FCOL BUA 15 5000 186000K 24970 53722 59889 1.115 0.7720 0.0016 | 28171 53894 73158 1.35/ 0.9462 0.4674| 53189 13956 31090 13440 29463 58219
FCOL CMI 9 23897 335708 90948 110349 99661 0.903 0.7996 0.0202 | 75885 109759 99969 0.911 0.9373 0.5539| 110462 31615 86467 30961 79168 72583
FCOL E7A 24 2390 396220| 29967 79573 98746 1.241 0.7381 0.0001 | 37744 84823 143788 1.695 0.9532 0.3175| 79305 19817 34410 16131 39080 67863
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric Volume

Med Mean SD CV w W Med Mean SD CV W W Mean SEnean Med  SEqed Mean Mean

FCOL EBA 19 10180 604125| 70242 105261 134577 1.279 0.6215 0.0001| 62194 102561 120345 1.173 0.9756 0.8803| 106200 29974 67710 15398 63892 79987
FCOL EHA 25 500 683121| 90081 130462 135275 1.037 0.6890 0.0001| 77296 177433 308616 1.739 0.7799 0.0001| 130553 26447 95773 27403 79989 129774
FCOL EMA 22 7471 563101| 57465 91840 117804 1.283 0.6244 0.0001| 50900 92722 124709 1.345 0.9604 0.4974| 91885 24855 63991 28066 | 52342 54568
FCOL ERA 13 764 76665 | 16399 25658 26484 1.032 0.8496 0.0281| 10027 32384 64694 1.998 0.9095 0.1807| 23611 7227 14746 10814 11048 24155
FCOL FPI 14 3000 64739 | 15023 22697 21247 0.936 0.8071 0.006l | 14486 23019 24999 1.086 0.9627 0.7670| 22738 5456 15865 5358 14987 23518
FCOL FSU 3 5144 70445 | 10000 28530 36381 1.275 0.8054 0.1276| 10976 26398 29777 1.128 0.9254 0.4715| 28700 17157 24716 27468 15359 17062
FCOL FWU 17 200 68787 | 11175 16912 18236 1.078 0.8270 0.0049| 7245 24051 52395 2.178 0.9266 0.1906| 13213 2974 9574 4238 7809 16968
FCOL GPlI 15 2224 324892 56974 69661 80692 1.158 0.7309 0.0005| 34163 81818 136288 1.666 0.9492 0.5122| 69533 20148 52039 20970 | 36317 44165
FCOL HI 17 70 94523 | 11494 21491 26302 1.224 0.7836 0.0012| 5208 52532 208699 3.973 0.8751 0.0265| 22326 5751 15531 6037 6061 24118
FCOL HLA 20 63 964860 | 15338 97801 248438 2.540 0.4287 0.0001| 12024 94416 358194 3.794 0.9437 0.2810| 98217 54156 14578 4592 13453 108548
FCOL HPA 11 25194 3500® | 99937 127692 95160 0.745 0.8806 0.1058| 96195 129126 105464 0.817 0.9735 0.9191| 128496 27762 109161 36582 | 98863 104072
FCOL JVI 27 24 21000 | 1186 3742 6278 1.677 0.6217 0.0001| 797 4538 15969 3.519 0.9614 0.3969| 3758 1210 1044 461 853 3634
FCOL LCA 23 571 38000000 12113 201864 788693 3.907 0.2654 0.0001| 13537 88279 319557 3.620 0.9422 0.2000| 200854 161205 17309 9821 14774 39362
FCOL LGA 6 165 11139 | 1260 3371 4321 1.282 0.7853 0.0432| 1194 3488 5268 1.510 0.9751 0.9245| 3366 1602 2235 2076 1460 5772
FCOL LUA 24 34 567884 | 24565 56685 116140 2.049 0.4691 0.0001| 14803 96793 356303 3.681 0.9050 0.0275| 56477 23332 22945 6501 16095 25401
FCOL MBA 19 213 153377| 6625 31877 42607 1.337 0.7572 0.0003| 9163 43349 121939 2.813 0.9509 0.4088| 32185 9526 14724 11819 10002 14299
FCOL Ml 25 1109 175625| 31250 41920 40297 0.961 0.8440 0.0014| 22669 52624 92512 1.758 0.9201 0.0515| 419/8 7891 32716 8474 23470 49676
FCOL OFA 9 2098 349861| 8298 48824 113516 2.325 0.4670 0.0001| 9805 30282 53171 1.756 0.8775 0.1478| 49124 36054 9876 16836 11252 33566
FCOL RO 15 114 65841 | 6706 13107 17637 1.346 0.7054 0.0003| 5133 16891 35452 2.099 0.9450 0.4497| 12928 4119 7192 2545 5587 14927
FCOL SIM 27 3958 249292 | 22422 41271 55628 1.348 0.6585 0.0001| 21800 39119 52648 1.346 0.9685 0.5636| 41460 10763 20705 6404 22287 37460
FCOL SI 21 69 76868 | 11180 17017 18976 1.115 0.7548 0.0001| 8014 25155 55264 2.197 0.8829 0.0165| 16530 3903 11200 3531 8485 17032
FCOL SWI 6 2196 168365| 22648 44010 63461 1.442 0.7253 0.0113| 12786 44974 73796 1.641 0.9491 0.7329| 43933 23607 27494 25995 16268 36062
FCOL SWJ 11 100 266184| 2400 35260 79445 2.253 0.5074 0.0001| 3341 35064 112630 3.212 0.9695 0.8810| 35278 23146 6802 8524 4292 24612
FCOL TBA 27 2400 164429| 32193 48698 51465 1.057 0.8269 0.0004| 22942 55847 103724 1.857 09333 0.0833| 48850 9886 29181 13603 | 23734 51886
FCOL TCA 15 217 192250 | 34026 47716 55889 1.171 0.8254 0.0079| 12591 87292 275701 3.158 0.9124 0.1471| 46067 13028 30643 22954 14529 74389
FCOL TPA 14 200 604821 | 39860 105092 157934 1.503 0.6418 0.0001| 32720 174751 473063 2.707 0.8852 0.0690| 105327 41125 53061 29865 | 37327 75280
FCOL WS5A 24 13586 600000 | 94816 135318 138987 1.027 0.7927 0.0002| 80468 141388 183566 1.298 0.9615 0.4699| 134994 27952 90792 24640 | 82421 84840
FCOL WBA 19 522 72618 | 8929 22539 23923 1.06al 0.8133 0.0018| 10323 27683 52797 1.907 0.9477 0.3615| 22695 5352 14062 7639 10899 25874
FCOL WCI 26 1562 286818| 14406 37520 59140 1.576 0.5752 0.0001| 17430 35834 56073 1.565 0.9805 0.8849| 38404 11615 17005 8311 17932 21817
FSTR BC 22 88 26965 | 5490 8778 8860 1.009 0.8576 0.0046| 3077 14783 43903 2.970 0.8972 0.0262| 8109 1754 4898 2708 3319 8221
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional arsaly.

colutant Site M Vo Normal S Log-normal S Bootstrap Geometric Volume

Med Mean SD CVv W W Med Mean SD CV W w | Mean  SEncan Med  SEned Mean Mean
FSTR BCU 10 5000 296888 | 44442 88741 109713 1.236 0.6714 0.0004 | 43666 88399 118831 1.344 0.9222 0.3755| 88638 32995 49201 31971 47045 36471
FSTR Bl 12 1976 27139 | 20493 17597 9195 0.523 0.8023 0.0100 | 12734 20096 21293 1.060 0.6944 0.0007| 17617 2528 20387 3043 13243 15601
FSTR BNI 2 1510 4800 3155 3155 2326 0.737 - 2255 3155 2326 0.737 3170 1162 3170 1162 2692 3619
FSTR BRI 19 613 32450 | 5366 7358 7606 1.034 0.7775 0.0005| 4419 7687 9646 1.255 0.9740 0.8528| 7410 1696 5491 1942 4553 9242
FSTR BSI 3 1984 11600 | 10500 8028 5263 0.656 0.8345 0.1999 | 5248 8446 7513 0.890 0.7922 0.0959| 8050 2493 8603 3918 6229 8822
FSTR BUA 16 6239 379301| 34550 63534 89200 1.404 0.5620 0.0001 | 36618 59559 67566 1.134 0.9650 0.7526| 63997 20381 38933 10687 37779 53231
FSTR CMI 10 12199 206412| 77384 76566 53387 0.697 0.8422 0.0469 | 58920 79035 64020 0.810 0.9240 0.3913| 76555 16115 71986 12735 60719 78415
FSTR E7A 24 29526 398214 | 104636 128932 100729 0.781 0.8241 0.0008 | 98426 128270 102698 0.801 0.9657 0.5630| 128711 20325 101307 15261 99529 138596
FSTR EBA 20 18801 670866 | 134442 183304 172785 0.943 0.7852 0.0005 | 120902 188829 206502 1.094 0.9755 0.8639| 183722 37676 142621 38063 | 123683 144885
FSTR EHA 30 60924 1434705| 302920 424815 370879 0.873 0.8205 0.0002 | 296376 426878 420292 0.985 0.9693 0.5213| 424780 66036 299653 42138 | 300044 386918
FSTR EMA 25 64440 1188104| 402626 506196 374684 0.740 0.9033 0.0216 | 343970 547135 624188 1.141 0.9056 0.0243|506729 73371 434706 108990, 350526 465480
FSTR ERA 13 17041 182215| 49255 60665 42798 0.705 0.7941 0.0058 | 49731 60163 38968 0.648 0.9746 0.9427| 59598 12024 48106 7539 50474 50661
FSTR FPI 15 30000 258127 | 77768 89325 56609 0.634 0.7955 0.0032| 76430 88320 49489 0.560 0.9650 0.7777| 89196 14171 75362 14448 77177 105412
FSTR FSU 6 5648 487788| 24445 103232 189734 1.838 0.5957 0.0004 | 25159 80995 127957 1.580 0.9357 0.6244| 102965 70610 44914 69254 31408 36736
FSTR FWU 17 4213 167147 | 21860 50721 50904 1.004 0.7866 0.0013| 30142 51957 63767 1.227 0.9337 0.2507| 45164 11317 24375 8204 31151 66592
FSTR GPlI 16 72823 468455| 152674 171397 99415 0.580 0.8077 0.0034 | 150381 169618 86262 0.509 0.9638 0.7310| 171195 23920 149767 18635 | 151525 130245
FSTR HI 18 1753 109826 | 14940 23996 28017 1.168 0.7688 0.0006 | 12033 25866 40381 1.561 0.9590 0.5815| 25042 6132 16590 6250 12576 23484
FSTR HLA 20 1228 194882 | 15386 32646 47395 1.452 0.6410 0.0001 | 14039 34464 61636 1.788 0.9641 0.6278| 32749 10336 17053 4904 14710 35935
FSTR HPA 13 42212 538793| 301458 253509 157940 0.623 0.9337 0.3805 | 190507 267460 239726 0.896 0.8908 0.1002| 254987 42280 265365 77495 | 195657 191201
FSTR JVI 30 263 87931 | 9036 13867 1799 1.296 0.6335 0.0001| 7697 14706 21522 1.464 0.9616 0.3400| 13832 3203 8482 1724 7868 13428
FSTR LCA 21 610 193248| 22116 38345 44075 1.149 0.7430 0.0001 | 19291 46258 81679 1.766 0.9513 0.3610| 38243 9373 24092 8358 20143 40270
FSTR LGA 6 61 152507 | 2351 279 61486 2.275 0.5171 0.0001| 1363 18887 45458 2.407 0.9284 0.5676| 26942 22907 7592 21613 2423 60580
FSTR LUA 28 550 660000| 37000 78179 127380 1.629 0.5574 0.0001 | 28247 105485 280539 2.660 0.9499 0.1975| 78374 23734 41909 16366 29668 33344
FSTR MBA 20 100® 205000| 36239 51020 47067 0.923 0.7757 0.0004 | 36174 50319 45606 0.906 0.9732 0.8195| 51130 10252 37387 11122 36785 45242
FSTR MI 25 2273 109571 | 30375 36358 28347 0.780 0.9186 0.0476 | 24289 40039 48015 1.199 0.9476 0.2215| 36401 5547 30787 7278 24788 32130
FSTR OFA 12 2762 51187 | 17287 20150 16275 0.808 0.8783 0.0834 | 13509 21180 22247 1.050 0.9442 0.5548| 20171 4428 17209 5416 14042 17175
FSTR RO 16 2309 139005 32611 42627 37190 0.872 0.7822 0.0016 | 28511 46605 53210 1.142 0.9049 0.0964| 41557 8583 32340 5303 29425 30830
FSTR S1M 27 23351 1484516| 133828 267583 336139 1.256 0.7160 0.0001 | 139692 263503 376360 1.428 0.9693 0.5836| 268807 65081 134988 44613 | 143087 212322
FSTR SI 21 1426 100672| 4654 15525 24144 1.555 0.6271 0.0001| 6530 14205 22923 1.614 0.9317 0.14% | 14861 4974 5418 2561 6785 14589
FSTR SWI 7 3789 400000| 20642 78490 142558 1.816 0.5516 0.0001 | 25638 64599 94117 1.457 0.9245 0.5051| 78817 50027 31352 39621 29638 43990
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

bolutant St 1 Min Vo Normal S Log-normal S Bootstrap Geometric Volume

Med Mean SD CV W W Med Mean SD CVv W W Mean SEnean Med  SEneq Mean Mean
FSTR SWJ 10 5600 400000| 20869 63077 120735 1.914 0.5247 0.0001| 20851 50485 78093 1.547 0.9006 0.2225| 63303 36273 23279 16595| 22923 61240
FSTR TBA 25 4000 609119| 73161 102636 119293 1.162 0.5847 0.0001| 68806 103856 109503 1.054 0.9151 0.0396| 102733 23371 74217 11275 69966 154661
FSTR TCA 15 7559 165682 | 31733 46991 42872 0.912 0.8291 0.0089 | 31585 47373 47723 1.007 0.9767 0.9418| 56923 13886 38639 13655| 32470 58527
FSTR TPA 16 5384 1000428 102000 184787 263567 1.426 0.6287 0.0001 | 85120 191033 304562 1.594 0.9663 0.7765 | 184404 63752 103356 24376| 89730 105436
FSTR W5A 22 1188 2000000| 256591 429073 479918 1.119 0.7743 0.0002 | 204422 636890 1404963 2.206 0.8634 0.0059| 428726 100596 267057 93781 | 215774 268589
FSTR WBA 19 4869 325281 | 26949 53818 73088 1.358 0.6237 0.0001| 28979 52184 68222 1.307 0.9759 0.8849| 54319 16273 32787 14549| 29916 41891
FSTR WCI 28 16956 623061 | 78291 113857 118573 1.041 0.6808 0.0001| 77151 113458 115387 1.017 0.9682 0.5323| 117920 23256 90397 24453| 78235 93636
NH3 ARA 9 0.500 12.600| 0.500 2.076 3.973 1.914 0.4676 0.0001| 0.858 1.527 1.789 1.172 0.6480 0.0003| 2.084 1.262 0.660 0.642 0.918 1.381
NH3 BC 22 0.021 0.275 | 0.058 0.076 0.058 0.759 0.7936 0.0004| 0.061 0.075 0.054 0.716 0.9637 0.5676| 0.084 0.015 0.062 0.016 0.061 0.066
NH3 BCU 24 0.010 0.147 | 0.045 0.053 0.035 0.659 0.9185 0.0541| 0.041 0.055 0.046 0.836 0.9379 0.1468| 0.053 0.007 0.047 0.006 0.042 0.043
NH3 Bl 12 0.018 0568 | 0.201 0.249 0.207 0.831 0.8886 0.1131| 0.139 0.290 0.414 1.426 0.8915 0.1233| 0.249 0.056 0.215 0.091 0.148 0.234
NH3 BNI 1 0.085 0.085 | 0.085 0.085 0.085 0.085 0.085 0.085 0.085
NH3 BRI 24 0.040 0.631 | 0.224 0.244 0.158 0.648 0.9213 0.0623| 0.194 0.248 0.190 0.766 0.9791 0.8789| 0.253 0.031 0.229 0.041 0.196 0.186
NH3 BSI 2 0.060 0.176 | 0.118 0.118 0.082 0.695 0.088 0.118 0.082 0.695 0.118 0.041 0.118 0.041 0.103 0.126
NH3 BUA 16 0.114 0.770 | 0.227 0.301 0.197 0.656 0.7946 0.0023| 0.253 0.297 0.177 0.596 0.9325 0.2669| 0.322 0.049 0.245 0.046 0.255 0.224
NH3 CMI 22 0.068 1.476 | 0.500 0.517 0.348 0.674 0.8281 0.0014| 0.410 0.532 0.421 0.792 0.9084 0.0439| 0.516 0.073 0.472 0.052 0.415 0.348
NH3 CTI 17 0.055 0.755 | 0.219 0.252 0.153 0.607 0.7849 0.0013| 0.216 0.253 0.150 0.592 0.9422 0.3457| 0.253 0.036 0.228 0.028 0.218 0.259
NH3 CTJ 24 0.088 1.225 | 0.243 0.282 0.219 0.775 0.5791 0.0001| 0.240 0.274 0.146 0.534 0.9225 0.0664| 0.281 0.044 0.236 0.027 0.242 0.277
NH3 CTK 22 0.081 0.628 | 0.237 0.266 0.136 0.509 0.9113 0.0503| 0.235 0.268 0.144 0.537 0.9674 0.6503| 0.266 0.028 0.243 0.039 0.236 0.323
NH3 E7A 26 0.020 0.707 | 0.184 0.225 0.163 0.725 0.8982 0.0143| 0.167 0.236 0.221 0.939 0.9623 0.4378| 0.225 0.031 0.183 0.036 0.170 0.206
NH3 EBA 37 0.010 2.040 | 0.230 0.331 0.387 1.170 0.6349 0.0001| 0.199 0.365 0.515 1.412 0.9149 0.0079| 0.331 0.063 0.236 0.030 0.203 0.239
NH3 EHA 36 0.044 1.330 | 0.293 0.368 0.308 0.838 0.8342 0.0001| 0.260 0.380 0.385 1.014 0.9700 0.4263| 0.368 0.051 0.295 0.040 0.263 0.278
NH3 EMA 48 0.010 2901 | 0.130 0.302 0.512 1.692 0.5180 0.0001| 0.142 0.288 0.468 1.628 0.907 0.9660| 0.298 0.071 0.146 0.036 0.144 0.189
NH3 ERA 21 0.012 0.696 | 0.123 0.195 0.185 0.953 0.7573 0.0002| 0.132 0.199 0.207 1.042 0.9579 0.4740| 0.194 0.040 0.131 0.032 0.134 0.138
NH3 FPI 15 0.013 0.422 | 0.157 0.188 0.131 0.695 0.9275 0.2499| 0.132 0.208 0.226 1.083 0.9127 0.1489| 0.188 0.033 0.167 0.042 0.136 0.172
NH3 FSU 31 0.008 0.293 | 0.055 0.062 0.056 0.892 0.6963 0.0001| 0.047 0.063 0.054 0.856 0.9483 0.1402| 0.062 0.010 0.053 0.005 0.047 0.056
NH3 FWU 23 0.013 0.152 | 0.044 0.052 0.038 0.717 0.8588 0.0039 | 0.041 0.052 0.039 0.744 0.9744 0.7927| 0.054 0.007 0.044 0.010 0.042 0.036
NH3 GPI 18 0.068 1.220 | 0.149 0.279 0.305 1.095 0.7204 0.0001| 0.178 0.265 0.266 1.007 0.9063 0.0739| 0.278 0.069 0.158 0.054 0.182 0.166
NH3 HI 19 0.054 2.134 | 0.168 0.309 0.470 1521 0.4944 0.0001| 0.188 0.271 0.261 0.965 0.9140 0.0876| 0.319 0.085 0.181 0.036 0.191 0.356
NH3 HLA 21 0.046 0.662 | 0.120 0.203 0.166 0.821 0.8311 0.0020| 0.150 0.201 0.170 0.848 0.9619 0.5555| 0.202 0.035 0.143 0.042 0.152 0.239
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Table 2.2 (cont). Sumary water quality data information from aites,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric  Volume

Med Mean SD CvV W W Med Mean SD CVv W W Mean SEnean Med SEned Mean Mean

NH3 HPA 25 0.010 1.166 | 0.148 0.246 0.301 1.225 0.7642 0.0001| 0.102 0.291 0.613 2.109 0.9432 0.1753| 0.247 0.059 0.150 0.063 0.106 0.165
NH3 Jvi 32 0.083 0.589 | 0.308 0.322 0.152 0.474 0.9489 0.1338| 0.282 0326 0.186 0.571 0.9486 0.1318| 0.322 0.026 0.304 0.042 0.283 0.322
NH3 LCA 21 0.024 0.570| 0.180 0.189 0.123 0.650 0.8777 0.0133| 0.152 0.193 0.145 0.749 0.9553 0.4277| 0.189 0.026 0.171 0.042 0.154 0.144
NH3 LGA 31 0.003 0.099 | 0.028 0.029 0.021 0.717 0.9003 0.0073| 0.021 0.031 0.031 1.004 0.9356 0.0625| 0.030 0.004 0.028 0.004 0.022 0.029
NH3 LUA 25 0.138 1570 | 0.388 0.505 0.387 0.766 0.7709 0.0001| 0.402 0.495 0.343 0.694 0.9425 0.1693| 0.506 0.076 0.382 0.055 0.405 0.327
NH3 MBA 25 0.010 0.543 | 0.161 0.223 0.167 0.749 0.8975 0.0162| 0.152 0.247 0.292 1.179 0.9307 0.0904| 0.223 0.033 0.187 0.053 0.155 0.172
NH3 Ml 26 0.020 0.580 | 0.179 0.211 0.166 0.785 0.8989 0.0148| 0.141 0.228 0.266 1.166 0.9418 0.1479| 0.211 0.032 0.170 0.042 0.144 0.313
NH3 OFA 18 0.050 0.596 | 0.203 0.231 0.140 0.604 0.9107 0.0886| 0.192 0.234 0.156 0.666 0.9795 0.9451| 0.231 0.032 0.207 0.028 0.194 0.207
NH3 RO 16 0.062 0.586 | 0.162 0.170 0.125 0.735 0.7084 0.0002| 0.141 0.167 0.101 0.605 0.9429 0.3865| 0.197/ 0.038 0.156 0.026 0.143 0.140
NH3 RRI 32 0.080 2.880 | 0.215 0.428 0.568 1.328 0.5989 0.0001| 0.261 0.390 0.410 1.051 0.9282 0.0350| 0.417 0.097 0.216 0.052 0.264 0.219
NH3 SIM 29 0.034 0.542 | 0.122 0.173 0.117 0.676 0.8571 0.0011| 0.140 0.173 0.122 0.705 0.9623 0.3737| 0.173 0.021 0.131 0.031 0.14 0.149
NH3 SCA 27 0.007 0531 0.161 0.172 0.131 0.760 0.9102 0.0230| 0.112 0.205 0.283 1.378 0.8857 0.0064| 0.172 0.025 0.157 0.033 0.115 0.142
NH3 SI 22 0.030 1.160 | 0.139 0.199 0.236 1.183 0.5970 0.0001| 0.133 0.192 0.186 0.970 0.9723 0.7628| 0.191 0.048 0.138 0.029 0.135 0.253
NH3 Swl 13 0.019 0.672 | 0.167 0.234 0.201 0.859 0.8900 0.0977| 0.145 0.250 0.299 1.195 0.9413 0.4735| 0.235 0.053 0.188 0.097 0.151 0.193
NH3 SWJ 13 0.020 0.810| 0.370 0.370 0.227 0.613 0.9676 0.8640| 0.262 0.428 0.479 1.120 0.8361 0.0189 | 0.371 0.060 0.375 0.076 0.272 0.315
NH3 TBA 28 0.022 0.560 | 0.197 0.219 0.173 0.793 0.9004 0.0117| 0.141 0.239 0.301 1.259 0.9223 0.0396| 0.218 0.032 0.184 0.047 0.144 0.204
NH3 TCA 26 0.019 0.416 | 0.094 0.119 0.104 0.876 0.7838 0.0001| 0.086 0.118 0.104 0.885 0.9713 0.6585| 0.126 0.021 0.091 0.015 0.087 0.112
NH3 TPA 23 0.050 0.900 | 0.235 0.298 0.239 0.800 0.8785 0.0093| 0.210 0.305 0.300 0.984 0.9427 0.2055| 0.299 0.049 0.231 0.092 0.213 0.266
NH3 W5A 29 0.017 1590 | 0.324 0.413 0.327 0.791 0.8444 0.0006| 0.206 0.446 0.474 1.061 0.9365 0.0811| 0.413 0.059 0.326 0.047 0.300 0.308
NH3 WBA 33 0.010 1.137| 0.332 0.406 0.312 0.770 0.8808 0.0018| 0.283 0.450 0.520 1.157 0.9173 0.0155| 0.405 0.054 0.320 0.057 0.287 0.341
NH3 WCI 34 0.158 3.425| 0.698 0.941 0.775 0.824 0.8082 0.0001| 0.706 0.932 0.775 0.832 0.9793 0.7491| 0.960 0.131 0.704 0.138 0.712 0.662
NO23 ARA 8 0.200 1.890 | 0.430 0.574 0.540 0.941 0.5786 0.0001| 0.444 0.544 0.357 0.655 0.8016 0.0298| 0.577 0.177 0.433 0.091 0.456 0.489
NO23 BC 22 0.020 0.503| 0.100 0.137 0.117 0.853 0.8052 0.0006| 0.097 0.140 0.137 0.976 0.9444 0.2431| 0.166 0.041 0.107 0.016 0.099 0.139
NO23 BCU 24 0.025 3.117 | 0.314 0.589 0.746 1.267 0.7368 0.0001| 0.273 0.626 1.084 1.731 0.9756 0.8037| 0.587 0.150 0.312 0.122 0.283 0.227
NO23 Bl 12 0.038 0477 | 0308 0.278 0.137 0.494 0.9568 0.7377| 0.225 0.296 0.234 0.792 0.8333 0.0230| 0.278 0.038 0.296 0.045 0.230 0.296
NO23 BNI 11 0.184 1.022 | 0.316 0.426 0.297 0.696 0.7697 0.0038| 0.350 0.419 0.261 0.623 0.8958 0.1640| 0.427 0.086 0.335 0.092 0.356 0.555
NO23 BRI 24 0.248 1.175| 0.524 0.576 0.259 0.449 0.9279 0.0877| 0.520 0.576 0.271 0.470 0.9542 0.3329| 0.574 0.052 0.537 0.085 0.522 0.535
NO23 BSI 6 0.140 0.583| 0.266 0.335 0.200 0.597 0.8307 0.1089| 0.279 0.334 0.203 0.608 0.8975 0.3594| 0.335 0.074 0.311 0.125 0.287 0.256
NO23 BUA 20 0.127 4.349| 0.833 1.076 1.029 0.956 0.7661 0.0003| 0.726 1.090 1.124 1.031 0.9692 0.7379| 1.056 0.214 0.808 0.102 0.741 0.784
NO23 CMI 24 0.025 2431 | 0410 0.627 0526 0.839 0.7396 0.0001| 0.463 0.663 0.640 0.965 0.8507 0.0023| 0.626 0.106 0.446 0.062 0.470 0.365
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstap

Pollutant Site n  Min Max Prob. Prob. Geometric  Volume

Med Mean SD CvV W W Med Mean SD CVv W W Mean SEnean Med SEned Mean Mean

NO23 CTI 17 0.149 1.362 | 0476 0.567 0.347 0.612 0.9042 0.0799 | 0.467 0.571 0.386 0.675 0.9600 0.6306| 0.569 0.081 0.487 0.126 0.472 0.605
NO23 CT) 24 0.120 1.163 | 0.557 0.568 0.275 0.484 0.9685 0.6292| 0.492 0.580 0.353 0.608 0.9360 0.1330| 0.568 0.055 0.565 0.066 0.495 0.569
NO23 CTK 22 0.163 1.828 | 0.449 0.661 0491 0.743 0.8480 0.0031| 0.508 0.659 0.520 0.789 0.9550 0.3951| 0.660 0.103 0.481 0.106 0.514 0.878
NO23 E7/A 26 0.264 1.711| 0.706 0.765 0.358 0.468 0.9180 0.0404 | 0.688 0.767 0.372 0.486 0.9796 0.8658| 0.765 0.070 0.713 0.054 0.690 0.571
NO23 EBA 37 0.138 2598 | 0.460 0.608 0.489 0.805 0.7479 0.0001| 0.482 0.595 0.423 0.710 0.9668 0.3276| 0.608 0.080 0.451 0.069 0.484 0.473
NO23 EHA 36 0.158 2.110| 0.627 0.744 0.503 0.676 0.8500 0.0002| 0.604 0.744 0.523 0.703 0.9754 0.5897| 0.744 0.083 0.609 0.089 0.607 0.604
NO23 EMA 48 0.108 2.184 | 0.442 0.548 0.407 0.742 0.8229 0.0001| 0.436 0.545 0.402 0.738 0.9895 0.9423| 0.542 0.057 0.432 0.057 0.438 0.399
NO23 ERA 20 0.110 1.637 | 0.489 0.650 0.435 0.669 0.9119 0.0692| 0.497 0.669 0.570 0.852 0.9422 0.2641| 0.651 0.095 0.579 0.208 0.504 0.493
NO23 FPI 15 0.149 0.715| 0.319 0.346 0.152 0.440 0.8363 0.0112| 0.318 0.344 0.140 0.405 0.9461 0.4647| 0.345 0.038 0.311 0.029 0.320 0.296
NO23 FSU 31 0.101 1.724 | 0.346 0.502 0.387 0.771 0.8518 0.0006| 0.381 0.504 0.419 0.833 0.9755 0.6789| 0.503 0.069 0.379 0.099 0.385 0.261
NO23 FWU 24 0.018 2.129 | 0.248 0.432 0.569 1.318 0.67%5 0.0001|0.214 0.436 0.670 1.538 0.9712 0.6975| 0.438 0.113 0.243 0.052 0.220 0.190
NO23 GPI 18 0.221 1.830| 0.897 0.874 0.402 0.460 0.9683 0.7649 | 0.774 0.885 0.477 0.539 0.9600 0.6008| 0.873 0.092 0.864 0.135 0.780 0.761
NO23 HI 19 0.092 0.738 | 0.222 0.255 0.174 0.682 0.8372 0.0042| 0.209 0.252 0.165 0.653 0.9527 0.4388| 0.300 0.058 0.221 0.045 0.211 0.221
NO23 HLA 21 0.298 1.215| 0.741 0.702 0.236 0.336 0.9554 0.4281| 0.658 0.706 0.273 0.386 0.9224 0.0970| 0.702 0.050 0.736 0.086 0.660 0.655
NO23 HPA 28 0.086 2.483 | 0.404 0.581 0.491 0.844 0.7761 0.0001| 0.433 0.586 0.512 0.874 0.9802 0.8552| 0.582 0.091 0.456 0.113 0.437 0.461
NO23 Jvi 30 0.100 2.180 | 0.334 0.473 0.449 0.949 0.6331 0.0001| 0.363 0.452 0.326 0.721 0.9272 0.0414| 0.472 0.080 0.339 0.030 0.366 0.355
NO23 LCA 26 0.091 1.800 | 0.593 0.662 0.396 0.598 0.8949 0.0120| 0.552 0.675 0.463 0.686 0.9599 0.3890| 0.662 0.077 0.592 0.082 0.556 0.572
NO23 LGA 31 0.100 1.545| 0.278 0.377 0.308 0.818 0.7294 0.0001| 0.300 0.366 0.250 0.683 0.9606 0.3021| 0.373 0.053 0.274 0.027 0.302 0.315
NO23 LUA 31 0.091 3900 | 0.531 0.758 0.768 1.014 0.7092 0.0001| 0.526 0.746 0.715 0.958 0.9926 0.9985| 0.759 0.136 0.539 0.092 0.533 0.428
NO23 MBA 27 0.058 2.074| 0.678 0.654 0.405 0.619 0.8826 0.0055| 0.522 0.691 0.576 0.833 0.9003 0.0136| 0.655 0.078 0.634 0.113 0.528 0.447
NO23 Ml 26 0.100 0.838| 0.399 0.450 0.209 0.464 0.9400 0.1347| 0.399 0.455 0.245 0.539 0.9487 0.2159| 0.450 0.041 0.410 0.066 0.401 0.473
NO23 OFA 18 0.198 2470 | 0.716 0.793 0.551 0.694 0.8304 0.0042| 0.648 0.788 0.526 0.66/ 0.9873 0.9948| 0.791 0.126 0.673 0.125 0.655 0.740
NO23 RO 16 0.135 2393 | 0.482 0.768 0.614 0.800 0.8161 0.0045| 0.578 0.762 0.616 0.808 0.9512 0.5086| 0.776 0.140 0.561 0.174 0.588 1.333
NO23 RRI 32 0.228 2940 | 0.759 0.974 0.687 0.706 0.8453 0.0003 | 0.781 0.967 0.687 0.710 0.9670 0.4213| 0.956 0.118 0.710 0.134 0.786 0.713
NO23 SIM 28 0.185 1.032 | 0.549 0.544 0.237 0.436 0.9635 0.4195| 0.488 0.548 0.275 0.502 0.9580 0.3123| 0.543 0.044 0.531 0.071 0.490 0.526
NO23 SCA 27 0.004 1.134| 0.221 0.335 0.311 0.929 0.7846 0.0001| 0.213 0.387 0.530 1.369 0.8586 0.0017| 0.336 0.060 0.220 0.054 0.218 0.220
NO23 SI 22 0.055 0.645| 0.324 0.335 0.177 0.529 0.9580 0.4490| 0.274 0.351 0.268 0.763 0.8908 0.0195| 0.332 0.035 0.311 0.049 0.277 0.268
NO23 SwI 12 0.176 1.198 | 0.479 0559 0.300 0.536 0.9229 0.3107| 0.483 0.561 0.317 0.565 0.9778 0.9731| 0.559 0.082 0.492 0.097 0.489 0.457
NO23 SWJ 12 0.226 1888 | 0.702 0.870 0.569 0.654 0.9043 0.1802| 0.684 0.883 0.670 0.759 0.9440 0.5515| 0.872 0.155 0.759 0.219 0.699 0.674
NO23 TBA 28 0119 1.600 | 0.496 0.602 0.363 0.602 0.9275 0.0533| 0.496 0.613 0.434 0.708 0.9705 0.5950| 0.602 0.067 0.523 0.080 0.500 0.485
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Table 2.2 (cont). Summary water quality data information frorsit@$,including means and distribution testgalues in boldvere used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric  Volume

Med Mean SD CcVv w W Med Mean SD CcVv w W Mean SEnean Med  SEneg Mean Mean

NO23 TCA 25 0.087 1.998 | 0.368 0.455 0.370 0.812 0.6589 0.0001 | 0.369 0.448 0.301 0.672 0.9511 0.2653| 0.452 0.070 0.363 0.032 0.372 0.304
NO23 TPA 24 0.187 1431 | 0.670 0.725 0.333 0.460 0.9555 0.3557| 0.643 0.735 0.398 0.541 0.9461 0.2226| 0.726 0.067 0.671 0.106 0.647 0.607
NO23 WSGA 30 0.151 2.053 | 0.552 0.797 0505 0.634 0.8488 0.0006 | 0.664 0.796 0.514 0.646 0.9522 0.1937| 0.797 0.090 0.602 0.106 0.668 0.644
NO23 WBA 32 0.204 3583 | 0.619 0.836 0.751 0.899 0.7214 0.0001| 0.626 0.818 0.666 0.814 0.9564 0.2183| 0.836 0.131 0.633 0.087 0.631 0.906
NO23 WClI 33 0.216 3.231 | 0.549 0866 0.746 0.861 0.7818 0.0001| 0.645 0.847 0.697 0.823 0.9540 0.1745| 0.895 0.132 0.579 0.120 0.650 0.578

PB ARA 7 6.30 25.00 | 16.90 16.01 6.29 0.393 0.9880 0.9889 | 14.54 16.16 7.50 0.464 0.9335 0.5812| 16.04 2.22 16.18 2.98 14.76 14.68

PB BC 22 1.00 8.06 255 3.25 2.05 0.632 0.8878 0.0171| 2.65 3.27 227 0.694 0.9385 0.1844| 4.04 0.89 2.80 0.52 2.68 2.80
PB BCU 25 150 19.00| 451 5.13 4.11 0.802 0.8035 0.0003| 3.90 5.10 4.12 0.808 0.9374 0.1289| 5.13 0.80 4.22 1.07 3.94 4.74
PB Bl 12 2.64 66.07 | 2265 2544 19.27 0.758 0.9238 0.3187|17.69 27.02 27.40 1.014 0.9610 0.7981| 2548 526 2194 6.24 18.34 21.73
PB BNI 8 5.16 42.03 | 13.97 18.13 1354 0.747 0.8908 0.2382| 13.35 18.21 14.94 0.820 0.9286 0.5039| 18.24 4.46 1564 6.95 13.89 15.86
PB BRI 14 050 2513 | 886 10.86 8.98 0.827 0.8944 0.0936| 597 13.09 20.00 1.528 0.9013 0.1179| 11.14 221 10.13 3.68 6.33 8.89
PB BSI 6 1.00 48.40 | 10.72 16.34 17.34 1.062 0.8479 0.1513| 7.83 18.09 24.05 1329 0.9701 0.8931| 16.32 6.43 12.67 754 9.12 10.95

PB BUA 13 250 98.16 | 23.82 27.60 23.04 0.835 0.6938 0.0005| 20.42 28.77 2595 0.902 0.8705 0.0531| 27.69 6.17 2442 3.62 20.98 24.48
PB CMI 24 050 119.00| 27.28 33.01 2490 0.754 0.8368 0.0013| 23.39 39.50 48.76 1.234 0.8030 0.0003| 32.97 5.02 27.43 3.82 23.91 25.70

PB cTit 17 039 10.00| 226 3.36 3.06 0.910 0.8124 0.0030| 2.20 347 3.80 1.095 0.9625 0.6797| 3.38 0.72 2.42 0.64 2.26 2.53
PB CTd 24 127 2949 | 573 7.76 6.70 0.863 0.7751 0.0001| 5.71 7.74 6.73 0.869 0.9797 0.8903| 7.76  1.35 6.12 1.56 5.79 7.62
PB CTK 22 0.65 10.00| 270 4.14 3.32 0.801 0.8228 0.0012| 294 421 4.04 0.959 0.9391 0.1893| 4.14 0.69 3.01 0.98 2.99 3.38

PB E7A 26 9.13 290.12| 29.09 54.70 59.25 1.083 0.6391 0.0001| 38.64 51.73 44.02 0.851 0.9363 0.1093| 54.76 11.39 32.26 6.84 39.08 62.52
PB EBA 35 231 3352 | 1037 11.84 6.34 0.536 0.9258 0.0210| 10.17 12.02 7.42 0.618 0.9704 0.4542| 11.84 1.06 10.86 1.30 10.22 9.37
PB EHA 34 1435 24250| 48.82 5180 40.71 0.786 0.6783 0.0001| 42.42 50.88 33.03 0.649 0.9635 0.3067| 51.68 6.79 46.59 6.43 42.65 43.82
PB EMA 48 5.04 86.10 | 24.77 27.00 15.28 0.566 0.8942 0.0004| 23.16 27.24 16.66 0.612 0.9852 0.8000| 27.73 2.29 2525 2.39 23.23 22.32
PB ERA 20 295 60.97 | 10.52 17.34 15.17 0.874 0.8290 0.0024| 12.10 17.31 16.50 0.953 0.9614 0.5715| 17.39 3.30 1197 4.06 12.32 21.35

PB FPI 15 520 1952 | 838 10.68 4.74 0.444 0.8796 0.0468| 9.73 10.66 4.66 0.437 0.9350 0.3234| 10.67 1.20 9.21 1.78 9.79 9.77
PB FSU 31 0.14 1465 | 3.60 432 3.50 0.809 0.8858 0.0032| 290 4.77 578 1.211 0.9333 0.0540| 4.33 0.62 3.49 0.94 2.95 4.75
PB FWU 22 050 1023 | 1.68 241 2.12 0.881 0.6972 0.0001| 1.86 2.35 1.74 0.743 0.9554 0.4015| 2.65 0.52 1.71 0.21 1.88 2.15
PB GPI 18 11.61 88.32 | 40.04 4351 2192 0.504 0.9565 0.5354| 37.72 44.04 25.76 0.585 0.9691 0.7798| 43.45 5.01 40.66 6.55 38.05 47.56
PB HI 19 196 3768 | 881 1144 1044 0.912 0.8265 0.0028| 7.47 11.68 12.75 1.091 0.9357 0.2203| 11.47 221 9.17 2.16 7.65 10.30

PB HLA 19 225 452.05| 17.18 50.67 100.57 1.985 0.4559 0.0001| 20.17 44.07 70.43 1.598 0.9704 0.7843| 51.33 22.39 20.10 9.57 21.04 51.63
PB HPA 27 693 43.78 | 21.69 2270 9.16 0.404 0.9693 0.5845| 20.72 22.90 10.63 0.464 0.9517 0.2356| 22.73 1.76 21.71 1.62 20.80 19.24
PB JVI 33 1.80 474.49| 29.77 42.67 79.03 1.852 0.3334 0.0001| 25.20 39.56 45.01 1.138 0.8907 0.0031| 42.50 13.50 28.79 4.06 25.55 35.60
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

polutant Site i Vo Normal S Log-normal S Bootstrap Geometric  Volume
Med Mean SD CV W W Med Mean SD CV W w | Mean  SBnean Med  SEned Mean Mean

PB LCA 20 0.76 2231 | 6.64 8.29 6.71 0.810 0.8623 0.0086| 5.70 8.62 8.99 1.042 0.9361 0.2025| 8.31 1.46 6.43 2.04 5.83 6.33

PB LGA 31 0.14 9.95 2.25 3.06 2.83 0.925 0.8737 0.0017| 1.60 3.86 7.26 1.879 0.8904 0.0042| 3.01 0.49 2.12 0.58 1.64 3.50

PB LUA 23 4.00 247.36| 8254 97.79 69.95 0.715 0.9133 0.0480| 69.53 108.28 119.09 1.100 0.9132 0.0478| 97.88 14.26 80.54 19.37 70.91 99.62

PB MBA 18 7.00 95.00| 16.96 25.93 25.08 0.967 0.7060 0.0001| 18.57 24.93 20.99 0.842 0.9316 0.2073| 25.88 5.71 17.70 4.34 18.88 21.31

PB MI 26 0.00 1800 | 7.85 8.10 5.07 0.625 0.9710 0.6483| 7.32 9.05 6.38 0.704 0.9179 0.0524| 8.10 0.99 7.93 1.36 7.38 7.67

PB OFA 13 186 43.00| 12.61 15.10 12.12 0.803 0.8662 0.0466| 10.66 15.68 15.14 0.966 0.9637 0.8098| 15.16 3.23 12.06 3.12 10.99 11.35

PB RO 15 134 29.61 | 14.01 13.42 8.22 0.613 0.9644 0.7681| 10.08 14.48 13.63 0.941 0.9072 0.1225| 15.02 2.45 14.11 3.51 10.33 15.80

PB RRI 33 150 1190| 290 4.0 3.50 0.777 0.7852 0.0001| 3.35 4.47 3.82 0.853 0.8455 0.0003| 4.34 0.59 2.87 0.92 3.38 4.17

PB SIM 29 331 71.88 | 12.36 19.84 17.99 0.907 0.7776 0.0001| 14.16 19.49 17.61 0.904 0.9664 0.4664| 19.83 3.27 13.02 2.20 14.32 16.42

PB SCA 27 056 2417 | 9.10 10.76 7.12 0.662 0.9393 0.1174| 7.64 12.15 13.93 1.146 0.8920 0.0088| 10.78 1.37 9.49 1.85 7.78 8.34

PB SI 22 3.00 152.03| 21.29 30.90 32.14 1.040 0.7146 0.0001|19.94 31.61 3556 1.125 0.9756 0.8358| 31.57 6.44 2350 6.50 20.37 20.92

PB SWI 13 050 2094 | 659 7.16 6.01 0.839 0.8672 0.0480| 4.74 7.72 8.60 1.114 0.9554 0.6825| 7.19 1.61 5.92 1.81 4.92 6.43

PB SwJ 13 133 55.12 | 10.83 14.05 14.88 1.059 0.7821 0.0042| 8.09 14.74 18.65 1.265 0.9650 0.8280| 14.13 3.98 10.28 3.51 8.49 8.91

PB TBA 31 186 3780 | 9.77 13.13 11.36 0.865 0.7978 0.0001| 917 13.22 13.03 0.986 0.9613 0.3156| 13.15 2.01 9.40 2.26 9.28 12.57

PB TCA 21 130 5818 | 545 10.18 1453 1.427 0.6381 0.0001| 5.02 9.29 12.66 1.362 0.9180 0.0790| 10.15 3.09 4.96 1.55 5.18 5.52

PB TPA 20 1.06 2884 | 9.17 11.45 8.65 0.755 0.8841 0.0210| 8.16 12.08 12.16 1.007 0.9580 0.5040| 11.47 1.88 9.32 1.89 8.33 6.31

PB W5A 20 14.84 240.00| 46.58 66.21 56.63 0.855 0.7657 0.0003| 49.90 65.14 5196 0.798 0.9704 0.7633| 66.36 12.32 49.31 8.30 50.58 46.54

PB WBA 33 150 2355| 7.31 8.39 5.08 0.605 0.9194 0.0176| 6.92 8.53 6.00 0.703 0.9778 0.7193| 8.38 0.88 7.31 0.87 6.96 8.40

PB WCI 36 4.00 281.00| 31.77 52.22 52.62 1.008 0.7199 0.0001|35.71 52.06 52.76 1.013 0.9789 0.7069| 50.30 8.37 3224 6.31 36.09 34.62

TKN ARA 8 050 17.40 | 294 451 5.37 1.190 0.6548 0.0007| 271 4.38 456 1.040 0.9452 0.6624| 4.55 1.77 3.03 1.08 2.88 3.50
TKN BC 19 0.06 0.98 0.35 0.40 0.24 0.614 0.8720 0.0156| 0.32 0.41 0.30 0.735 0.9285 0.1623| 0.42 0.06 0.36 0.04 0.33 0.35
TKN BCU 24 0.27 2.10 095 1.00 0.50 0.499 0.9401 0.1637| 0.87 1.02 0.59 0.578 0.9567 0.3752| 1.00 0.10 0.94 0.14 0.88 0.87
TKN Bl 12 0.38 1.80 0.61 0.66 0.38 0.578 0.6524 0.0003| 0.59 0.65 0.29 0.440 0.8340 0.0234| 0.66 0.10 0.59 0.07 0.60 0.60
TKN BNI 11 0.35 2.83 094 1.23 0.83 0.672 0.8813 0.1080| 0.98 1.23 0.86 0.699 0.9690 0.8765| 1.23 0.24 1.02 0.34 1.00 1.05
TKN BRI 24 0.46 6.60 1.21 1.82 1.74 0.954 0.7265 0.0001| 1.29 1.77 1.57 0.889 0.9233 0.0690| 1.89 0.35 1.43 0.37 1.31 1.32
TKN BSI 7 0.40 1.57 062 0.71 0.41 0.578 0.7783 0.0248| 0.62 0.70 0.35 0.493 0.8845 0.2474| 0.71 0.14 0.62 0.17 0.64 0.60
TKN BUA 21 071 1260 | 1.69 2.76 2.70 0.978 0.6486 0.0001| 2.07 2.63 1.97 0.747 0.9411 0.2288| 2.75 0.57 1.94 0.45 2.10 2.01
TKN CMI 24 0.50 7.13 1.47 2.29 1.81 0.792 0.8122 0.0005| 1.74 2.28 1.86 0.817 0.9465 0.2274| 2.29 0.37 1.60 0.29 1.76 1.59
TKN CTI 17 0.24 2.08 099 1.05 0.45 0.430 0.9708 0.8327| 094 1.06 0.55 0.515 0.9307 0.2237| 1.05 0.11 1.00 0.10 0.95 0.99
TKN CTJ 24 041 3.23 1.19 1.43 0.73 0.515 0.8841 0.0101| 1.26 1.42 0.73 0.514 0.9797 0.8909| 1.42 0.15 1.21 0.13 1.27 1.51
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

' _ Normal Log-normal Bootstrap Geometric  Volume

Pollutant Site n Min Max Prob. Prob.
Med Mean SD CV W W Med Mean SD CVv W W Mean SEnean Med  SEneq Mean Mean
TKN CTK 22 0.40 2.88 0.85 1.04 0.55 0.526 0.8074 0.0007| 0.94 1.03 0.47 0.459 0.9593 0.4751| 1.04 0.12 0.87 0.09 0.94 1.11
TKN E7A 26 0.53 2.50 1.08 1.26 0.57 0.456 0.9167 0.0377| 1.14 1.26 058 0.466 0.9670 0.5476| 1.26 0.11 1.12 0.14 1.14 1.16
TKN EBA 37 037 1221 | 1.78 2.78 2.80 1.010 0.6909 0.0001| 1.94 271 254 0.936 0.9779 0.6590| 2.78 0.46 1.88 0.35 1.96 2.02
TKN EHA 36 0.67 17.20| 3.00 4.02 2.99 0.745 0.7520 0.0001| 3.27 3.99 272 0.682 0.9828 0.8341| 4.02 0.50 3.22 0.62 3.29 3.04
TKN EMA 47 0.19 16.87 | 255 341 3.14 0.919 0.7679 0.0001| 2.38 352 3.69 1.047 0.9773 0.4873| 3.43 0.45 2.58 0.31 2.40 2.55
TKN ERA 21 0.77 3.74 1.21 1.43 0.74 0.518 0.7917 0.0005| 1.29 1.41 0.63 0.442 0.9156 0.0708| 1.43 0.16 1.21 0.12 1.30 1.30
TKN FPI 15 0.29 1.06 0.86 0.78 0.27 0.349 0.8486 0.0166| 0.72 0.79 0.36 0.451 0.8008 0.0038| 0.78 0.07 0.86 0.10 0.73 0.67
TKN FSU 31 0.29 3.88 087 1.11 0.84 0.763 0.7936 0.0001| 0.88 1.09 0.77 0.709 0.9671 0.442 | 1.11 0.15 0.85 0.12 0.89 0.77
TKN FWU 24 0.22 2.74 095 1.12 0.65 0.577 0.9280 0.0880| 0.94 1.14 0.77 0.671 0.9739 0.7625| 1.06 0.11 0.96 0.16 0.95 0.89
TKN GPI 18 0.94 7.76 1.73 2.38 1.61 0.676 0.7400 0.0002| 2.02 234 1.31 0.562 0.9340 0.2280| 2.38 0.37 1.89 0.40 2.04 1.83
TKN HI 17 0.08 2.62 0.36 0.60 0.61 1.028 0.7383 0.0003| 0.38 0.61 0.67 1.102 0.9601 0.6331| 0.61 0.12 0.46 0.15 0.39 0.70
TKN HLA 21 0.13 1.63 0.70 0.70 0.40 0.562 0.9592 0.4999| 0.58 0.73 053 0.734 0.9368 0.1879| 0.70 0.08 0.68 0.12 0.58 0.68
TKN HPA 28 0.58 9.67 1.61 221 1.83 0.830 0.7005 0.0001| 1.77 2.15 146 0.677 0.9581 0.3138| 2.22 0.34 1.61 0.32 1.78 1.70
TKN JVI 31 0.34 2.23 0.87 0.98 0.45 0.463 0.8926 0.0047| 0.89 0.98 0.44 0.453 0.9868 0.9597| 0.98 0.08 0.88 0.07 0.89 0.94
TKN LCA 28 0.38 7.07 1.20 1.66 1.38 0.831 0.7633 0.0001| 1.27 164 1.29 0.787 0.9723 0.6428| 1.66 0.26 1.30 0.31 1.28 1.21
TKN LGA 31 0.05 0.73 0.33 0.38 0.23 0.604 0.9251 0.0323| 0.29 040 0.37 0.929 0.8915 0.0045| 0.37 0.04 0.34 0.08 0.29 0.40
TKN LUA 31 0.68 9.98 1.79 255 2.23 0.872 0.7587 0.0001| 1.92 249 2.00 0.802 0.9459 0.1204| 256 0.39 1.74 0.37 1.93 1.51
TKN MBA 27 0.57 5.49 1.17 1.71 1.26 0.739 0.7576 0.0001| 1.39 1.67 1.07 0.643 0.9220 0.0442| 1.71 0.24 1.26 0.21 1.40 1.25
TKN Ml 26 0.07 4.51 0.73 0.9 0.96 1.001 0.7868 0.0001| 0.58 1.03 1.36 1.326 0.9669 0.5450| 0.96 0.18 0.73 0.24 0.59 1.25
TKN OFA 18 0.36 4.72 1.36 2.00 1.35 0.676 0.9002 0.0580| 1.54 2.04 169 0.826 0.9430 0.3261| 2.00 0.31 1.68 0.60 1.56 1.59
TKN RO 16 0.10 1.97 0.79 0.91 0.54 0.593 0.9519 0.5196| 0.72 096 0.79 0.822 0.9183 0.1583| 0.94 0.13 0.87 0.22 0.74 0.90
TKN RRI 32 0.18 5.26 1.01 164 1.48 0.905 0.7936 0.0001| 1.13 1.63 1.63 0.997 0.9619 0.3086| 1.59 0.26 1.03 0.30 1.14 1.10
TKN SiIM 29 0.19 1.99 1.04 1.05 0.50 0.479 0.9687 0.5238 | 0.91 1.07 0.67 0.620 0.9349 0.0737| 1.05 0.09 1.01 0.14 0.91 1.07
TKN SCA 27 033 1362 | 3.07 3.66 2.68 0.732 0.7971 0.0001| 291 3.74 291 0.779 0.9505 0.2200| 3.67 0.52 3.12 0.38 2.93 2.88
TKN SI 20 0.05 1.78 0.60 0.71 0.52 0.737 0.9295 0.1512| 0.47 0.80 0.98 1.231 0.9058 0.0530| 0.71 0.11 0.63 0.17 0.48 0.55
TKN SwWI 13 0.29 2.21 0.93 0.97 0.46 0.468 0.8618 0.0407| 0.88 0.98 0.48 0.492 0.9254 0.2966| 0.98 0.12 0.95 0.10 0.88 0.78
TKN SwWJ 13 043 6.67 1.47 201 1.70 0.844 0.7993 0.0067| 1.48 2.01 168 0.836 0.9696 0.8889| 2.02 0.45 1.56 0.42 1.52 1.29
TKN TBA 30 0.25 5.66 1.11 154 1.33 0.862 0.7847 0.0001| 1.13 154 135 0.881 0.9849 0.9357| 1.54 0.24 1.14 0.17 1.14 1.20
TKN TCA 27 0.37 2.64 0.88 0.98 0.54 0.546 0.8460 0.0010| 0.87 0.98 0.50 0.508 0.9711 0.6315| 0.98 0.10 0.86 0.07 0.87 0.92
TKN TPA 24 0.69 9.34 1.74 2.26 1.75 0.773 0.6772 0.0001| 1.88 2.21 1.34 0.606 0.9584 0.4071| 2.26 0.35 1.80 0.24 1.89 1.68
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and drdbution tests.Values in bold were used for additional analyses.

colutant Site Vi Vo Normal S Log-normal S Bootstrap Geometric  Volume
Med Mean SD CV W w | Med Mean SD CV W w | Mean SEnean Med  SEped Mean Mean

TKN W5A 30 099 1410 260 351 2.70 0.769 0.7697 0.0001| 2.81 345 239 0.693 0.9625 0.3583| 3.51 0.48 2.63 0.57 2.83 2.41
TKN WBA 33 0.35 5.13 156 1.97 1.33 0.673 0.8534 0.0004| 158 199 1.48 0.741 0.9671 0.4045| 197 0.23 1.61 0.16 1.60 1.73
TKN WCI 35 026 1142 | 165 241 2.44 1.013 0.7459 0.0001| 1.62 2.38 243 1.022 0.9881 0.9626| 2.59 0.42 1.75 0.31 1.64 1.46
TN ARA 7 097 1784 | 3.10 4.82 5.82 1.206 0.6155 0.0004| 3.05 4.45 399 0.897 0.8971 0.3136| 4.84 2.04 3.15 1.62 3.23 3.75
TN BC 19 0.17 1.19 | 049 055 0.28 0.520 0.9221 0.1240| 0.48 055 0.30 0.554 0.9771 0.9043| 0.60 0.10 0.49 0.07 0.48 0.50
TN BCU 24 0.46 5.16 1.34 1.59 1.17 0.732 0.8263 0.0008| 1.26 158 1.15 0.726 0.9629 0.4993| 1.59 0.23 1.29 0.21 1.28 1.10
TN BI 12 0.43 2.27 | 0.88 0.94 0.46 0.494 0.7390 0.0021| 0.86 0.93 0.39 0.418 0.9105 0.2165| 0.94 0.13 0.86 0.07 0.86 0.90
TN BNI 11 0.55 3.32 1.63 1.66 0.86 0.519 0.9289 0.3994| 144 166 0.93 0.559 0.9681 0.8664| 1.66 0.25 1.56 0.29 1.46 1.61
TN BRI 24 0.76 7.77 1.84 2.40 1.93 0.804 0.7484 0.0001| 1.88 2.34 1.67 0.712 0.98344 0.1221| 2.46 0.38 1.97 0.31 1.90 1.85
TN BSI 6 054 2.15 | 0.96 1.10 0.60 0.544 0.8951 0.3460| 0.96 1.09 0.56 0.514 0.9654 0.8600| 1.10 0.22 1.00 0.28 0.98 0.89
TN BUA 19 084 14.08| 2.48 3.69 3.11 0.843 0.7132 0.0001| 290 359 253 0.704 0.9500 0.3953| 3.72 0.66 2.74 0.35 2.93 2.73
TN CMlI 24 0.53 8.88 | 2.02 292 2.20 0.754 0.8158 0.0005| 2.28 290 221 0.760 0.9680 0.6177| 291 0.44 2.11 0.36 2.30 1.96
TN CTlI 17 0.39 3.44 142 1.61 0.77 0.476 0.9608 0.6467| 1.43 1.63 0.88 0.542 0.9668 0.7608| 1.62 0.18 1.49 0.24 1.44 1.59
TN CTJ 24 0.53 4.00 1.82 1.99 0.87 0.435 0.9362 0.1341| 1.81 2.01 095 0.472 0.9632 0.5050| 1.99 0.17 1.81 0.14 1.82 2.08
TN CTK 22 0.57 4.26 146 1.70 0.89 0.522 0.9012 0.0314| 150 1.70 0.89 0.522 0.9842 0.9687| 1.70 0.19 1.52 0.27 1.51 1.99
TN E7A 26 1.02 3.49 1.84 2.02 0.70 0.348 0.9470 0.1973| 1.90 2.02 0.73 0.360 0.9650 0.5002| 2.02 0.14 1.93 0.26 1.91 1.73
TN EBA 37 063 1480 | 2.26 3.38 3.11 0.919 0.7111 0.0001| 2,52 329 2.68 0.813 0.9728 0.4885| 3.38 0.51 2.38 0.41 2.54 2.50
TN EHA 35 0.8 19.31| 3.81 4.73 3.40 0.718 0.7681 0.0001| 3.90 4.70 3.11 0.661 0.9848 0.8991| 4.74  0.57 3.80 0.65 3.92 3.53
TN EMA 47 040 19.06 | 3.05 3.97 3.46 0.873 0.7664 0.0001| 291 4.00 3.66 0.915 0.9825 0.6961| 3.97 0.49 3.10 0.30 2.93 2.95
TN ERA 20 1.03 4.76 1.86 2.08 0.88 0.423 0.8732 0.0134| 1.93 2.08 0.81 0.389 0.9776 0.8998| 2.09 0.19 1.93 0.23 1.94 1.80
TN FPI 15 0.53 1.76 1.14 1.3 0.37 0.330 0.9466 0.4730| 1.06 1.14 0.43 0.376 0.9085 0.1283| 1.13 0.09 1.15 0.10 1.07 0.97
TN FSU 31 0.58 5.28 1.21 161 1.12 0.68 0.8209 0.0001| 1.32 159 1.05 0.662 0.9446 0.1103| 1.61 0.20 1.24 0.18 1.32 1.03
TN FWU 23 0.39 2.87 1.31 1.48 0.81 0.547 0.9214 0.0716| 1.23 151 1.04 0.690 0.9197 0.0656| 1.56 0.16 1.49 0.34 1.24 1.06
TN GPlI 18 1.16 959 | 271 3.25 1.93 0.593 0.7896 0.0011 | 2.84 3.23 1.70 0.527 0.9680 0.7601| 3.25 0.44 2.82 0.53 2.86 2.59
TN HI 17 0.18 3.36 | 0.59 0.87 0.76 0.881 0.7576 0.0006| 0.64 0.86 0.72 0.837 0.9779 0.9355| 0.93 0.17 0.70 0.20 0.65 0.94
TN HLA 21 045 2.51 140 141 0.50 0.355 0.9806 0.9334| 1.30 142 0.60 0.422 0.9272 0.1212| 1.40 0.11 1.40 0.09 1.31 1.33
TN HPA 28 0.84 1215 | 213 2.79 2.23 0.798 0.6813 0.0001| 2.29 272 1.69 0.622 0.9629 0.4065| 2.80 0.41 2.18 0.35 2.31 2.16
TN JvI 30 0.48 3.34 1.20 141 0.72 0.510 0.8473 0.0005| 1.26 1.40 0.67 0.479 0.96®2 0.4172| 1.41 0.13 1.20 0.10 1.27 1.30
TN LCA 26 094 8.87 1.90 2.38 1.64 0.690 0.7382 0.0001| 2.02 234 135 0.578 0.9527 0.2684| 2.38 0.32 1.97 0.32 2.03 1.80
TN LGA 31 0.25 2.08 | 0.68 0.75 0.43 0.571 0.8820 0.0026| 0.65 0.75 0.44 0.582 0.9743 0.6448| 0.74  0.07 0.68 0.09 0.65 0.72
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

' _ Normal Log-normal Bootstrap Geometic  Volume

Pollutant Site n Min Max Prob. Prob.
Med Mean SD CV W W Med Mean SD CVv W W Mean SEnean Med  SEneq Mean Mean
TN LUA 30 090 1228 | 2.34 3.33 2.77 0.831 0.7464 0.0001| 259 324 236 0.730 0.9465 0.1358| 3.33 0.49 2.39 0.46 2.61 1.96
TN MBA 27 0.92 6.17 1.80 2.36 147 0.624 0.7750 0.0001| 2.03 233 1.28 0.549 0.9152 0.0302| 2.37 0.28 1.81 0.16 2.04 1.70
TN MI 26 0.31 472 1.14 141 0.97 0.693 0.8628 0.0026| 1.12 142 1.06 0.750 0.9781 0.8303| 1.41 0.19 1.22 0.27 1.13 1.72
TN OFA 18 0.78 6.26 235 2.79 1.64 0.586 0.9095 0.0842| 2.32 281 1.84 0.655 0.9449 0.3511| 2.79 0.37 2.42 0.72 2.35 2.33
TN RO 16 0.1 3.53 1.41 1.68 0.87 0.517 0.9345 0.2866| 1.46 1.69 0.97 0.574 0.9578 0.6224| 1.72 0.20 1.65 0.41 1.47 2.23
TN RRI 32 041 8.00 1.77 261 2.05 0.784 0.7870 0.0001| 2.02 258 1.97 0.765 0.9523 0.1673| 255 0.35 1.79 0.28 2.04 1.81
TN SIM 28 0.42 2.96 1.44 156 0.61 0.392 0.9835 0.9240| 1.43 158 0.75 0.472 0.9435 0.1355| 1.56 0.11 1.52 0.16 1.43 1.43
TN SCA 27 044 1436 | 329 4.00 2.86 0.716 0.8111 0.0002| 3.21 4.05 3.02 0.747 0.9668 0.5192| 4.01 0.55 3.34 0.41 3.23 3.10
TN SI 20 0.11 2.35 0.88 1.05 0.66 0.627 0.9483 0.3424| 0.80 1.11 1.01 0.910 0.9308 0.1602| 1.04 0.14 0.95 0.21 0.81 0.81
TN SWI 12 0.46 2.60 1.44 154 0.62 0.404 0.9809 0.9870| 1.39 156 0.77 0.495 0.9252 0.3324| 154 0.17 1.52 0.26 1.40 1.23
TN SWJ 12 0.66 5.80 2.08 2.49 1.54 0.616 0.9126 0.2303| 2.03 253 1.76 0.697 0.9462 0.5827| 250 0.42 2.17 0.47 2.07 1.85
TN TBA 28 0.66 7.26 1.66 2.18 1.56 0.716 0.7971 0.0001| 1.78 2.16 1.43 0.663 0.9693 0.5624| 2.18 0.29 1.73 0.30 1.80 1.71
TN TCA 25 0.68 4.64 1.28 1.48 0.80 0.539 0.7018 0.0001| 1.34 146 0.61 0.420 0.9178 0.0456| 1.47 0.15 1.25 0.06 1.35 1.28
TN TPA 22 143 10.27 | 2.48 3.04 1.92 0.631 0.7076 0.0001| 2.66 2.99 150 0.500 0.9240 0.0921| 3.04 0.40 2.50 0.30 2.68 2.35
TN W5A 30 141 16.01| 291 4.26 3.13 0.735 0.7730 0.0001| 3.49 418 2.70 0.646 0.9507 0.1760| 4.26 0.56 3.13 0.63 3.51 3.11
TN WBA 32 0.55 8.54 219 2.83 1.88 0.664 0.8478 0.0004| 2.32 283 192 0.679 0.9893 0.9837| 2.83 0.33 2.34 0.36 2.34 2.64
TN WClI 33 054 1416 | 2.07 3.11 2.97 0.955 0.7389 0.0001| 223 3.03 268 0.885 0.9784 0.7367| 3.32 0.53 2.26 0.45 2.25 1.95
TOC ARA 9 400 1440 | 579 7.97 4.04 0.507 0.8021 0.0216| 7.08 7.93 3.86 0.487 0.8583 0.0919| 7.95 1.27 6.78 2.41 7.17 6.87
TOC BC 21 100 2532| 7.65 8.16 5.99 0.733 0.8978 0.0317| 5.72 8.89 9.67 1.088 0.8807 0.0151| 8.03 1.17 7.25 0.86 5.85 8.87
TOC BCU 24 564 2955 | 16.43 17.70 6.28 0.355 0.9775 0.8456| 16.48 17.81 7.20 0.404 0.9563 0.3694| 17.68 1.26 16.91 1.78 16.54 15.39
TOC Bl 12 167 6659 | 573 11.70 17.87 1528 0.5406 0.0001| 6.41 10.27 11.08 1.080 0.9296 0.3758| 11.73 4.90 6.16 1.60 6.68 11.15
TOC BNI 12 360 2091 | 6.49 8.31 4.86 0.584 0.7663 0.0040| 7.30 8.20 4.05 0.494 0.9038 0.1777| 8.33 1.33 6.68 1.07 7.37 6.56
TOC BRI 19 295 1890 | 6.69 8.04 4.35 0.541 0.8701 0.0145| 7.06 8.00 4.18 0.523 0.9665 0.7055| 8.07 0.97 6.74 1.23 7.10 7.71
TOC BSI 10 3.01 18.05| 5.05 6.54 4.80 0.735 0.7088 0.0011| 541 6.35 3.72 0.586 0.8552 0.0670| 6.54 1.45 4.96 1.04 5.50 5.46
TOC BUA 15 437 5261 | 10.61 1527 1283 0.840 0.7823 0.0022| 11.58 1497 11.54 0.771 0.9619 0.7255| 14.73 3.03 10.84 2.48 11.78 9.63
TOC CMI 21 265 68.70| 10.90 17.20 18.37 1.068 0.7459 0.0001| 10.73 16.84 18.63 1.106 0.9553 0.4261| 17.16 391 11.03 2.85 10.96 8.64
TOC CTI 17 382 26.16 | 9.63 11.48 6.56 0.571 0.8994 0.0664 | 9.78 11.47 6.82 0.594 0.9622 0.6727| 11.50 1.54 9.68 2.33 9.87 8.94
TOC CTJ 24 404 41.05| 8.83 1194 9.13 0.764 0.7345 0.0001| 9.73 11.62 7.38 0.636 0.9214 0.0626| 11.92 1.83 8.70 0.95 9.80 8.31
TOC CTK 22 398 2420| 6.68 9.43 6.43 0.682 0.7625 0.0001| 7.85 9.25 5.62 0.607 0.8831 0.0138| 9.42 1.34 6.90 1.24 7.91 7.84
TOC E7A 25 342 2054 | 7.38 8.70 4.50 0.517 0.8866 0.0095| 7.71 8.67 4.39 0.506 0.9773 0.8268| 8.71 0.88 7.65 0.94 7.75 6.61
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Table 2.2 (cont). Summary water qualitgta information from abites,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n Min Max Prob. Prob. Geometric Volume

Med Mean SD CcVv w W Med Mean SD cVv w W Mean SEnean Med  SEneg Mean Mean

TOC EBA 37 478 89.11 | 11.49 19.69 20.17 1.025 0.6739 0.0001| 14.00 18.66 15.92 0.853 0.9171 0.0091| 19.69 3.29 11.58 1.19 14.11 11.78
TOC EHA 37 3.84 105.19| 17.97 25.71 2410 0.938 0.7902 0.0001| 17.66 25.49 2541 0.997 0.9745 0.5433| 25.71 3.92 17.65 2.73 17.84 15.78
TOC EMA 48 6.10 339.22| 18.11 40.60 71.05 1.750 0.4597 0.0001| 21.61 33.34 37.57 1.127 0.8794 0.0001| 39.69 9.95 18.03 2.71 21.81 20.26
TOC ERA 20 568 59.68| 891 1215 11.74 0966 0.4898 0.0001| 9.93 1145 6.40 0.559 0.8071 0.0011| 12.17 2.56 9.01 0.80 10.00 9.03

TOC FPI 15 225 1085 | 531 5.75 2.54 0.441 0.9451 0.4507| 5.18 5.78 2.79 0.482 0.9528 0.5703| 5.74 0.64 5.36 0.68 5.22 4.81
TOC FSU 31 589 2284 | 10.74 1195 3.89 0.325 0.9591 0.2766 | 11.34 1195 395 0.331 0.9885 0.9788| 1195 0.69 11.29 0.98 11.36 9.14
TOC FWU 23 484 23.07 | 7.47 8.89 3.77 0.424 0.7566 0.0001| 832 882 3.09 0.350 0.9331 0.1273| 9.04 0.75 8.23 1.02 8.34 8.57
TOC GPI 17 491 113.77| 15.30 2410 26.06 1.081 0.6678 0.0001| 16.48 23.06 20.92 0.907 0.9652 0.7301| 24.21 6.15 16.24 4.80 16.82 13.65
TOC H 19 100 31.79| 535 7.50 7.08 0.944 0.7581 0.0003| 5.12 7.68 7.88 1.026 0.9633 0.6384| 8.00 1.57 6.26 1.42 5.23 6.16
TOC HLA 20 168 1391 | 6.10 6.93 3.41 0.492 0.9412 0.2531| 6.09 6.99 3.86 0.552 0.9711 0.7/85| 6.94 0.74 6.28 0.95 6.13 7.07

TOC HPA 25 512 69.79 | 1263 18.75 16.41 0.875 0.7706 0.0001| 13.89 18.29 15.01 0.821 0.9346 0.1109| 18.79 3.22 1287 3.92 14.04 16.00
TOC Jvi 29 3.02 4293 | 1236 1436 11.16 0.777 0.8667 0.0017| 10.47 14.61 1356 0.928 0.93%47 0.0729| 14.36 2.03 12.22 2.75 10.59 11.61
TOC LCA 21 356 3260 | 6.08 911 7.51 0.825 0.7209 0.0001| 7.20 8.79 595 0.676 0.8923 0.0249| 9.09 1.60 6.20 1.14 1.27 5.96
TOC LGA 31 3.07 1430 | 6.06 6.58 2.45 0.373 0.9093 0.0124| 6.18 6.57 235 0.357 0.9881 0.9/55| 7.21 0.74 6.19 0.49 6.20 6.93
TOC LUA 25 044 107.00| 13.25 17.57 2151 1.225 0.6037 0.0001| 10.17 20.09 30.00 1.493 0.8750 0.0055| 17.58 4.22 12.82 2.19 10.46 15.13
TOC MBA 25 413 4448 | 8.76 13.17 1093 0.830 0.7739 0.0001| 10.04 1283 9.83 0.766 0.928 0.0697| 13.19 2.15 9.10 1.65 10.14 8.71
TOC MI 26 438 5533 | 11.69 13.87 10.19 0.734 0.6954 0.0001| 11.67 1357 7.87 0.580 0.9648 0.4958| 13.88 196 11.23 1.35 11.74 12.63
TOC OFA 16 4.09 50.21 | 13,57 1853 1391 0.751 0.8438 0.0110| 14.27 18.49 1437 0.777 0.9761 0.9251| 1850 3.34 1410 3.53 14.50 15.57
TOC RO 16 495 71.01| 930 1782 17.83 1.000 0.7287 0.0004| 12.29 17.13 15.39 0.898 0.9096 0.1147| 17.63 4.09 11.83 4.27 12.55 13.40
TOC RRI' 32 454 164.00] 11.15 2291 31.19 1.361 0.5654 0.0001| 14.29 20.62 2044 0.991 0.9067 0.0092| 22.35 5.30 11.21 2.22 14.45 10.43
TOC SIM 29 325 3856 | 12.60 14.72 8.33 0.566 0.9235 0.0374| 1251 14.84 9.26 0.624 0.9833 0.9134| 14.72 151 13.01 2.31 12.58 11.23
TOC SCA 27 382 110.35| 22.85 2833 2491 0.879 0.8076 0.0002| 20.13 28.52 27.12 0.951 0.9850 0.9537| 28.42 4.82 21.30 5.13 20.40 27.85

TOC SI 22 147 3461 | 596 9.27 9.31 1.004 0.7717 0.0002| 595 9.23 10.06 1.091 0.9581 0.4510| 10.17 2.06 6.50 1.63 6.07 5.91
TOC SWI 12 493 2345 | 7.61 8.78 5.12 0.583 0.7158 0.0012| 781 864 397 0.460 0.8866 0.1065| 8.79 1.40 7.54 1.16 7.88 6.78
TOC SWJ 12 281 26.60 | 11.88 11.98 7.39 0.617 0.9371 0.4613| 9.37 1235 9.79 0.793 0.9040 0.1787| 11.99 2.03 11.67 2.89 9.59 8.56
TOC TBA 27 236 2408 | 584 7.88 5.65 0.716 0.8382 0.0007| 6.30 7.81 556 0.712 0.9556 0.2921| 7.90 1.09 5.91 1.02 6.35 7.26
TOC TCA 23 362 1956 | 6.72 8.16 4.09 0.502 0.8289 0.0012| 7.36 8.10 3.66 0.452 0.9481 0.2667| 8.07 0.81 6.79 0.69 7.40 8.63
TOC TPA 23 329 3220 | 950 1160 7.60 0.655 0.7980 0.0004| 9.78 11.48 6.87 0.598 0.9748 0.8025| 11.61 1.55 9.53 1.39 9.85 8.65
TOC W5A 30 3.66 135.00] 14.55 27.10 2891 1.067 0.7205 0.0001| 17.88 26.12 26.35 1.009 0.9611 0.3297| 27.06 5.16 15.45 3.97 18.11 17.54
TOC WBA 33 333 7391 | 650 12.04 1492 1.239 0.5579 0.0001| 8.26 10.92 9.14 0.836 0.8668 0.0008| 12.02 2.56 6.88 1.18 8.33 7.05
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

' . Normal Log-normal Bootstrap Geometric  Volume

Pollutant Site n Min Max Prob. Prob.
Med Mean SD CV W W Med Mean SD CcVv W W Mean SEnean Med  SEned Mean Mean
TOC WCI 32 1.61 169.80| 8.95 23.34 33.39 1431 0.6124 0.0001| 12.15 21.67 29.33 1.354 0.9530 0.1750| 23.81 5.95 9.85 2.49 12.38 10.70
TP BC 21 0.020 0.240 | 0.040 0.059 0.053 0.898 0.7381 0.0001| 0.043 0.057 0.046 0.814 0.8975 0.0313| 0.066 0.013 0.042 0.012 0.044 0.059
TP BCU 24 0.010 0.214 | 0.050 0.069 0.0563 0.762 0.8697 0.0052| 0.052 0.070 0.061 0.866 0.9824 0.9353| 0.069 0.011 0.052 0.010 0.053 0.105
TP Bl 12 0.025 0.303 | 0.093 0.107 0.088 0.816 0.8085 0.0117| 0.079 0.107 0.088 0.825 0.9480 0.6084| 0.107 0.024 0.087 0.023 0.081 0.093

TP BNI 10 0.023 0.839 | 0.243 0.320 0.259 0.809 0.9195 0.3526| 0.203 0.354 0.412 1.167 0.9446 0.6056| 0.322 0.079 0.273 0.117 0.215 0.283
TP BRI 24 0.048 1.036 | 0.256 0.345 0.283 0.822 0.8507 0.0023| 0.245 0.348 0.330 0.949 0.9607 0.4523| 0.347 0.057 0.256 0.077 0.249 0.269
TP BSI 7 0.060 0.356 | 0.133 0.160 0.097 0.604 0.8399 0.0991| 0.137 0.159 0.089 0.559 0.9586 0.8067| 0.161 0.034 0.138 0.035 0.140 0.144
TP BUA 21 0.092 2940 | 0.470 0.674 0.666 0.988 0.6762 0.0001| 0.488 0.656 0.558 0.851 0.9675 0.6783| 0.673 0.142 0.473 0.085 0.495 0.566
TP CMI 16 0.249 1.150 | 0.524 0.620 0.298 0.480 0.9206 0.1726| 0.549 0.622 0.321 0.517 0.9496 0.4834| 0.619 0.071 0.563 0.116 0.553 0.420
TP CTI 17 0.104 0.579 | 0.259 0.287 0.151 0.526 0.8569 0.0137| 0.252 0.286 0.150 0.523 0.9498 0.4541| 0.288 0.035 0.246 0.039 0.254 0.299
TP CTd 24 0.145 0.790| 0.370 0.404 0.175 0433 0.9218 0.0641| 0.38 0.405 0.184 0.453 0.9665 0.5825| 0.404 0.035 0.366 0.034 0.370 0.407
TP CTK 22 0.101 0488 | 0.216 0.248 0.108 0.437 0.8953 0.0239| 0.227 0.247 0.106 0.430 0.9656 0.6092| 0.248 0.023 0.221 0.029 0.228 0.302
TP E7A 25 0.267 2.595 | 0.560 0.714 0.546 0.764 0.7635 0.0001| 0.576 0.698 0.463 0.664 0.9234 0.0613| 0.715 0.107 0.521 0.100 0.581 0.725
TP EBA 37 0.187 2.694 | 0462 0.618 0479 0.776 0.6965 0.0001| 0.511 0.601 0.366 0.609 0.9473 0.0790| 0.618 0.078 0.477 0.056 0.513 0.491
TP EHA 37 0353 3384 | 1.281 1456 0912 0.627 0.9062 0.0044| 1.176 1.476 1.092 0.740 0.9526 0.1175| 1.456 0.148 1.265 0.152 1.183 1.406
TP EMA 48 0.241 4.032| 0.579 0901 0.737 0.818 0.7432 0.0001| 0.709 0.876 0.624 0.713 0.9330 0.0088| 0.917 0.105 0.606 0.083 0.712 0.690
TP ERA 20 0.176 1.849 | 0.489 0.635 0.416 0.655 0.8637 0.0091| 0.523 0.633 0.417 0.658 0.9798 0.9316| 0.636 0.091 0.521 0.123 0.529 0.793
TP FPI 15 0.099 0.297 | 0.174 0.179 0.053 0.297 0.9419 0.4062| 0.172 0.179 0.053 0.294 0.9744 0.9175| 0.179 0.013 0.171 0.017 0.172 0.159
TP FSU 31 0.011 0.810| 0.171 0.209 0.168 0.803 0.8383 0.0003| 0.150 0.223 0.232 1.040 0.9537 0.1978| 0.209 0.030 0.167 0.025 0.152 0.212
TP FWU 23 0.038 0.568 | 0.170 0.205 0.137 0.670 0.8714 0.0068 | 0.165 0.207 0.150 0.726 0.9872 0.9871| 0.180 0.022 0.160 0.024 0.167 0.176
TP GPI 17 0.315 1.030| 0.529 0.629 0.231 0.367 0.9119 0.1076| 0.587 0.629 0.239 0.380 0.9373 0.2877| 0.629 0.054 0.574 0.099 0.590 0.556
TP HI 18 0.020 0.582 | 0.161 0.175 0.158 0.902 0.8710 0.0185| 0.095 0.199 0.302 1.520 0.8435 0.0067| 0.168 0.035 0.139 0.076 0.099 0.203
TP HLA 21 0.020 0.775| 0.143 0.221 0.211 0.954 0.7753 0.0003| 0.148 0.222 0.229 1.031 0.9793 0.9154| 0.221 0.045 0.149 0.036 0.151 0.223
TP HPA 28 0.222 1.773 | 0.471 0543 0.335 0.616 0.7933 0.0001| 0.471 0.537 0.289 0.539 0.9584 0.3202| 0.54 0.062 0.463 0.076 0.473 0.451
TP Jvi 33 0.035 0.595| 0.179 0.219 0.119 0.542 0.8888 0.0028 | 0.190 0.221 0.131 0.591 0.9485 0.1206| 0.219 0.021 0.185 0.025 0.191 0.234
TP LCA 28 0.003 1.203 | 0.203 0.330 0.273 0.827 0.8796 0.0039| 0.191 0.468 0.882 1.883 0.8234 0.0003| 0.330 0.050 0.264 0.097 0.197 0.290
TP LGA 31 0.004 0.256 | 0.031 0.052 0.053 1.003 0.7252 0.0001| 0.036 0.052 0.052 0.997 0.9676 0.4558| 0.055 0.009 0.034 0.008 0.036 0.074
TP LUA 31 0.148 1.710 | 0.376 0.571 0.409 0.717 0.8301 0.0002| 0.457 0.564 0.399 0.707 0.9439 0.1060| 0.571 0.073 0.402 0.085 0.460 0.425
TP MBA 27 0.219 1.356 | 0.449 0.498 0.260 0.521 0.8217 0.0003| 0.448 0.494 0.227 0.459 0.9614 0.3985| 0.499 0.050 0.439 0.051 0.450 0.446
TP Ml 26 0.020 0.511 | 0.249 0.257 0.126 0.491 0.9831 0.9326| 0.211 0.276 0.222 0.806 0.8411 0.0010| 0.257 0.025 0.251 0.030 0.214 0.235
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap Geometric  Volume

Pollutant Site n Min Max Prob. Prob.
Med Mean SD CcVv W W Med Mean SD CV W W Mean SEnean Med  SEned Mean Mean
TP OFA 18 0.037 0.859 | 0.199 0.287 0.234 0.815 0.8560 0.0105| 0.205 0.293 0.277 0.944 0.9818 0.9667| 0.287 0.053 0.219 0.064 0.210 0.238
TP RO 16 0.020 0.721 | 0.170 0.216 0.194 0.897 0.8783 0.0366| 0.131 0.236 0.303 1.282 0.9441 0.4021| 0.211 0.045 0.161 0.058 0.136 0.312

TP RRI 32 0.113 2.133 | 0.420 0.547 0.480 0.877 0.7240 0.0001| 0.413 0.538 0.434 0.807 0.9753 0.6565| 0.544 0.081 0.429 0.062 0.417 0.429
TP SIM 28 0.073 0.588 | 0.215 0.254 0.157 0.616 0.8865 0.0056 | 0.210 0.255 0.172 0.676 0.9523 0.2267| 0.254 0.029 0.212 0.040 0.211 0.206
TP SCA 27 0126 2.870| 0.751 0.869 0.537 0.618 0.8435 0.0009 | 0.725 0.884 0.600 0.678 0.9601 0.3707| 0.871 0.104 0.7/7/0 0.102 0.731 0.829
TP SI 22 0.020 0.391 | 0.093 0.113 0.096 0.848 0.8430 0.0026| 0.079 0.116 0.117 1.006 0.9462 0.2651| 0.115 0.019 0.096 0.020 0.080 0.092
TP SWI 13 0.043 0.402 | 0.232 0.245 0.098 0.400 0.9612 0.7722| 0.217 0.254 0.150 0.589 0.7957 0.0061| 0.246 0.026 0.237 0.033 0.219 0.218
TP SWJ 13 0.066 1.270 | 0.200 0.288 0.314 1.092 0.6092 0.0001| 0.206 0.270 0.213 0.790 0.9372 0.4215| 0.289 0.084 0.200 0.036 0.210 0.173
TP TBA 28 0.078 1.398 | 0.363 0.414 0.299 0.723 0.8661 0.0020| 0.322 0.417 0.331 0.793 0.9824 0.9042| 0.414 0.055 0.342 0.054 0.325 0.454
TP TCA 27 0.077 0.948 | 0.189 0.245 0.179 0.733 0.7282 0.0001| 0.204 0.240 0.147 0.610 0.9672 0.5302| 0.242 0.033 0.192 0.022 0.205 0.229
TP TPA 24 0.131 1.841 | 0.363 0.455 0.33% 0.740 0.6300 0.0001| 0.388 0.444 0.243 0.546 0.9229 0.0678| 0.454 0.068 0.365 0.032 0.390 0.421
TP W5A 30 0.182 3.460 | 0.592 0.903 0.744 0.824 0.7616 0.0001| 0.699 0.887 0.673 0.758 0.9653 0.4186| 0.902 0.132 0.635 0.126 0.704 0.640
TP WBA 33 0.084 0.915| 0367 0.413 0.203 0.491 0.9673 0.4088| 0.359 0.421 0.253 0.601 0.9523 0.1549| 0.413 0.035 0.386 0.050 0.360 0.392
TP WCl 35 0.068 2421 | 0.316 0.547 0.557 1.019 0.7517 0.0001| 0.359 0.544 0.588 1.081 0.9770 0.6611| 0.574 0.092 0.383 0.094 0.363 0.480

TSS ARA 21 140 699.0| 101.0 1385 1525 1.101 0.6755 0.0001| 91.4 136.1 1389 1.020 0.9865 0.9873| 138.2 32.5 97.7 16.1 93.2 117.3
TSS BC 22 038 438.1 | 46.1 955 118.2 1.237 0.7920 0.0004| 30.1 147.0 440.8 2.998 0.9437 0.2355| 879 23.2 41.4 23.4 32.5 61.0
TSS BCU 24 20 2219 | 10.0 33.0 56.2 1.704 0.5723 0.0001| 13.0 27.7 446 1.608 0919 0.0572| 328 113 10.4 3.0 13.4 76.6
TSS Bl 12 2.2 198.6 | 450 64.0 63.0 0.985 0.8872 0.1084 | 275 83.6 1575 1.884 0.9076 0.1985| 64.1 17.2 49.1 23.7 30.4 54.5

TSS BNI 12 359 1014.7| 398.4 407.1 3126 0.768 0.9395 0.4917| 248.4 466.5 602.2 1.291 0.8817 0.0922| 408.3 854 3842 1247 262.4 308.3
TSS BRI 27 50.0 1001.2| 91.3 2394 2729 1.140 0.7033 0.0001| 144.2 2248 250.3 1.113 0.8705 0.0030| 240.5 525 1085 35.6 146.6 1731
TSS BSI 10 145 2950 | 620 86.5 82.8 0.957 0.7868 0.0100| 58.0 86.2 82.6 0.958 0.9838 0.9823| 86.6 24.9 66.7 23.5 60.4 63.7
TSS BUA 21 13,5 1948.4| 134.3 289.7 459.3 1.585 0.6156 0.0001| 1129 290.8 546.5 1.879 0.9695 0.7218| 288.9 978 1346 51.1 118.3 279.5
TSS CMI 24 50 778.7 | 161.1 2109 176.4 0.836 0.8689 0.0050| 133.0 249.7 350.6 1.404 0.9063 0.0294| 210.5 356 1706 294 136.7 166.8
TSS CTt 17 275 5919 | 86.3 1345 131.7 0.979 0.6680 0.0001| 99.4 129.7 102.7 0.792 0.9691 0.8021| 135.1 31.1 97.6 26.0 101.0 95.2
TSS CTd 24 823 2193.1| 264.1 505.7 562.2 1.112 0.7313 0.0001| 308.1 489.1 554.6 1.134 0.9475 0.2388| 504.1 1128 282.2 80.9 314.2 484.4
TSS CTK 22 300 5049 | 103.1 137.3 119.7 0.872 0.7852 0.0003|100.8 135.3 115.0 0.850 0.9709 0.7322| 137.2 25.0 102.0 17.4 102.2 89.7
TSS E7A 26 386 6933 | 126.8 186.7 1756 0.941 0.7582 0.0001| 131.6 181.8 164.6 0.906 0.9536 0.2807| 186.7 33.8 126.5 30.6 133.3 350.2
TSS EBA 37 173 5775 | 73.3 88.2 91.3 1.034 0.5325 0.0001| 68.0 85.1 62.6 0.735 0.9566 0.1569| 88.3 14.9 73.0 7.6 68.4 740
TSS EHA 37 311 1130.5| 192.2 2923 261.9 0.896 0.7865 0.0001| 208.3 291.2 273.8 0.940 0.9825 0.8145| 292.2 42.6 1984 42.0 210.2 265.5
TSS EMA 48 30.3 875.6 | 241.1 2927 2076 0.709 0.8899 0.0003| 222.7 305.0 277.7 0.910 0.9542 0.0589| 302.1 309 2472 36.5 224.1 267.5
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal

Log-normal

Bootstrap

Pollutant Site n Min Max Prob. Prob. Geometric - Volume

Med Mean SD CV W W Med Mean SD CVv W W Mean SEnean Med  SEneq Mean Mean
TSS ERA 21 45 182.0 | 42.3 52.7 40.4 0.766 0.8240 0.0016 | 40.2 54.4 46.8 0.862 0.9493 0.3311| 52.7 8.6 40.9 7.0 40.8 57.6
TSS FPI 15 40.3 213.3| 856 94.9 42.5 0.448 0.8666 0.0301| 87.0 945 395 0.417 0.9763 0.9379| 94.7 10.7 86.6 12.7 87.5 92.3
TSS FSU 31 3.6 466.0 | 875 118.6 1219 1.028 0.8062 0.0001| 67.2 131.2 197.7 1506 0.9690 0.4928| 118.7 21.6 78.0 24.0 68.7 134.3
TSS FWU 24 19.0 910.0| 179.0 261.4 239.1 0.915 0.82% 0.0007|170.0 273.9 317.3 1.159 0.9788 0.8730| 218.7 37.8 150.5 445 173.4 207.6
TSS GPlI 18 60.2 758.3| 208.6 226.6 171.8 0.758 0.8179 0.0027 | 176.7 225.7 170.6 0.756 0.9590 0.5832| 226.1 39.2 196.8 41.4 179.2 232.2
TSS HI 19 4.9 5859 | 79.9 1205 1338 1.110 0.6734 0.0001| 75.2 127.1 1539 1.211 0.9289 0.1652| 126.2 30.7 76.9 14.4 77.4 109.7
TSS HLA 21 938 521.3 | 100.5 153.2 159.8 1.044 0.7989 0.0006| 84.4 1629 2329 1.429 0.9688 0.7052| 152.7 33.9 94.4 30.7 87.1 151.0
TSS HPA 28 358 2543 | 922 1123 66.0 0.588 0.9159 0.0275| 93.3 113.3 76.0 0.671 0.9431 0.1326| 112.4 12.2 98.0 18.6 93.9 97.5
TSS JVI 34 399 990.1 | 145.6 261.7 2534 0.968 0.7013 0.0001| 186.2 251.9 221.2 0.878 0.9193 0.0154| 260.9 42.7 1524 22.8 187.9 222.4
TSS LCA 24 100 5289 | 924 161.1 1505 0.934 0.8381 0.0013| 96.7 171.3 224.4 1.310 0.9550 0.3467| 160.6 30.2 1035 456 99.1 145.7
TSS LGA 31 138 488.1 | 152 55.6 115.1 2.068 0.4610 0.0001| 18.0 48.0 98.9 2.060 0.9620 0.3286| 62.4 20.9 18.0 8.3 18.6 83.6
TSS LUA 31 228 686.7| 160.0 1849 1416 0.766 0.8112 0.0001| 143.1 187.4 1529 0.816 0.9754 0.6766| 185.0 25.0 155.0 24.0 144 .4 161.4
TSS MBA 26 40.0 639.4 | 1579 2475 1827 0.738 0.8578 0.0020| 185.4 252.3 222.0 0.880 0.9436 0.1636| 247.6 35.2 173.3 395 187.6 304.5
TSS MI 26 6.3 981.0 | 227.8 296.3 272.3 0.919 0.8875 0.0083| 153.7 389.9 7479 1.918 0.9175 0.0393| 296.3 525 222.2 593 159.5 319.5
TSS OFA 27 25 206.0 | 474 65.6 52.7 0.803 0.8905 0.0082| 435 73.8 924 1.252 0.9354 0.0938| 65.8 10.1 49.9 10.3 44.4 52.1
TSS PA3 15 8.0 1170 | 37.0 46.5 36.8 0.790 0.8386 0.0120| 33.8 46.8 41.4 0.884 0.9543 0.5948| 46.4 9.3 34.4 12.0 34.5 45.3
TSS RO 16 319 677.8| 122.0 220.0 2184 0.993 0.8045 0.0031| 131.1 222.8 266.9 1.198 0.9339 0.2809| 219.8 49.8 1504 57.7 135.7 414.2
TSS RRI 32 27.8 970.9 | 186.7 263.6 2249 0.853 0.7956 0.0001| 191.4 268.3 252.1 0.940 0.9696 0.4884| 264.3 38.2 200.4 31.7 193.5 263.4
TSS SIM 29 84 3944 | 48.7 87.2 99.6 1.142 0.7357 0.0001| 49.8 86.7 113.0 1.304 0.9658 0.4520| 87.2 18.1 47.6 16.1 50.8 70.0
TSS SCA 27 174 4049 | 117.8 141.8 98.9 0.697 0.9157 0.0312| 106.9 148.6 136.6 0.919 0.9553 0.2880| 142.1 19.0 121.2 20.3 108.2 109.3
TSS SI 22 38 143.6 | 415 59.7 42.7 0.716 0.8805 0.0123| 43.1 64.7 67.0 1.035 0.9066 0.0404| 59.5 8.5 46.2 9.3 44.0 52.4
TSS Swi 13 17.1 338.9 | 100.7 1189 96.4 0.810 0.8512 0.0296| 83.6 122.6 117.9 0.962 0.9540 0.6597| 119.3 25.7 101.0 24.8 86.2 119.6
TSS SWJ 13 8.9 964.0 | 71.1 165.8 2605 1571 0.5806 0.0001| 77.6 150.2 202.1 1.345 0.9530 0.6449| 167.1 69.9 75.1 30.2 81.9 73.8
TSS TBA 30 142 585.1| 168.4 1959 143.0 0.730 0.9270 0.0408| 137.3 215.7 244.1 1.132 0.9265 0.0396| 195.8 25,5 169.3 40.1 139.5 178.3
TSS TCA 26 1.7 475.1| 199 68.1 1265 1.856 0.5263 0.0001| 23.0 60.5 120.0 1.984 0.9602 0.3951| 66.7 23.9 20.6 3.7 23.9 47.9
TSS TPA 25 127 7126 | 81.7 1404 1742 1.240 0.6256 0.0001| 85.4 134.7 151.7 1.126 0.9668 0.5649| 1405 34.2 81.2 13.5 87.0 106.8
TSS W5A 28 39.0 687.3 | 1299 186.3 163.0 0.875 0.7643 0.0001| 138.3 182.4 150.9 0.827 0.9672 0.5091| 186.3 30.1 130.8 20.1 139.6 150.6
TSS WBA 33 7.7 234.0 | 89.3 97.8 70.5 0.721 0.9183 0.0164 | 65.8 108.5 132.6 1.223 0.9055 0.0074| 97.7 12.2 89.7 20.6 66.8 86.8
TSS WCI 36 10.0 678.8| 88.6 1253 138.3 1.103 0.6560 0.0001| 83.9 123.3 126.6 1.027 0.9758 0.6044| 132.1 25.3 89.8 12.5 84.9 93.5
VSS BCU 24 092 4187 | 476 873 10.22 1171 0.7112 0.0001| 5.14 850 10.22 1.202 0.9776 0.8470| 8.70 2.05 5.08 1.23 5.25 16.00
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap Geometric  Volume
Pollutant Site n Min Max Prob. Prob.
Med Mean SD CcVv w W Med Mean SD cVv w W Mean SEpean Med  SEneg Mean Mean
VSS BNI 1 952 9.52 9.52 9.52 9.52 9.52 9.52 9.52 9.52
VSS BRI 23 153 123.31| 20.96 36.03 33.17 0.921 0.8133 0.0006 | 23.51 38.10 44.36 1.164 0.9508 0.3038| 36.13 6.78 23.83 6.70 24.02 25.79
VSS BSI 2 6.00 1953 | 12.76 12.76 9.57 0.749 8.99 12.76 9.57 0.749 1283 478 1283 4.78 10.82 13.68

VSS BUA 16 4.43 236.00| 37.19 55.87 65.31 1.169 0.6954 0.0002 | 31.11 57.62 76.23 1.323 0.9480 0.4587| 56.56 14.95 40.07 8.99 32.37 43.70
VSS CMI 15 2731 171.74| 53.65 62.97/ 36.41 0578 0.7782 0.0020 | 55.66 62.17 30.16 0.485 0.9554 0.6132| 62.89 9.10 5396 6.2 56.08 39.72
VSS CTI 17 569 4051 | 12.84 16.72 11.83 0.707 0.7991 0.0020| 13.43 16.51 11.29 0.684 0.9225 0.1630| 16.77 2.78 12.79 2.62 13.60 11.23
VSS CTJ 24 986 131.43| 26.39 35.32 28.78 0.815 0.7911 0.0002 | 27.13 34.75 26.71 0.769 0.9629 0.4994| 35.24 5.7/ 2646 4.21 27.42 31.14
VSS CTK 22 524 47.70| 11.96 16.16 1098 0.679 0.8331 0.0017| 13.30 16.01 10.42 0.650 0.9644 0.5822| 16.14 2.30 12.65 2.24 13.41 10.45
VSS E7A 26 6.45 114.34| 21.83 3151 2737 0.868 0.7221 0.0001| 24.12 30.68 23.27 0.759 0.9656 0.5124 | 31.53 5.27 22.62 4.16 24.34 60.59
VSS EBA 37 7.49 320.71| 23.25 38.46 54.44 1.415 0.4802 0.0001| 25.66 34.78 30.77 0.885 0.9350 0.0320| 3848 8.88 2396 3.26 25.87 27.13
VSS EHA 37 10.88 276.24| 52.33 78.14 6445 0.825 0.8049 0.0001 | 58.54 77.28 64.59 0.836 0.9640 0.2704| 78.14 10.49 53.04 8.03 58.98 65.66
VSS EMA 48 13.12 312.33| 49.92 7439 66.88 0.899 0.7421 0.0001| 55.25 7290 61.26 0.840 0.9779 0.4927| 75.13 945 5254 7.92 55.57 66.32
VSS ERA 21 3.79 5427 | 1262 17.58 12.00 0.682 0.8188 0.0013| 14.49 174/ 11.39 0.652 0.9766 0.8699| 17.55 2.55 13.87 2.42 14.62 16.61
VSS FPI 15 10.12 3440 | 16.05 17.63 6.65 0.377 0.9008 0.0980| 16.54 1759 6.27 0.357 0.9639 0.7598| 17.61 1.67 16.29 2.28 16.61 15.87
VSS FSU 31 053 6731 | 13.78 1929 1849 0.958 0.8216 0.0001 | 11.53 21.63 31.08 1.437 0.9553 0.2185| 19.32 3.28 13.58 3.46 11.77 22.56
VSS FWU 23 349 9552 | 19.39 30.25 26.60 0.879 0.8264 0.0010| 20.65 30.70 31.44 1.024 0.9766 0.8413| 27.25 493 1852 3.98 21.02 23.80
VSS GPlI 18 16.20 76.89 | 34.38 41.04 1858 0.453 0.91/0 0.1143| 36.89 41.11 19.81 0.482 0.9418 0.3110| 40.99 426 37.69 8.82 37.12 47.07
VSS HLA 2 1516 19.27 | 17.22 17.22 2.90 0.169 --- --- 16.97 17.22 290 0.169 --- --- 17.24 145 17.24 1.45 17.10 15.89
VSS HPA 26 1154 98.27 | 35.09 40.95 25.82 0.630 0.8969 0.0133| 33.38 41.20 2891 0.702 0.9571 0.3377| 41.04 5.02 3435 6.32 33.65 34.48
VSS JVI 16 9.65 77.16 | 26.52 32.10 19.65 0.612 0.8906 0.0570| 26.86 32.06 20.11 0.627 0.9797 0.9611| 32.05 4.72 26.83 5.53 27.16 22.68
VSS LCA 17 2.08 121.00| 25.84 43.14 3433 0.796 0.8962 0.0587 | 28.49 47.74 56.57 1.185 0.9308 0.2248| 43.25 8.07 3242 13.37 29.40 32.46
VSS LGA 31 038 47.71| 280 5.77 8.97 1555 0.5207 0.0001| 3.22 5.27 6.37 1.208 0.9758 0.6898| 595 1.55 3.23 0.76 3.27 9.77
VSS LUA 17 8.35 188.81| 44.72 64.86 54.14 0.835 0.8301 0.0054 | 4553 66.02 63.68 0.964 0.9580 0.5936| 65.08 12.77 52.74 20.02 46.55 42.33
VSS MBA 24 3.84 210.51| 27.31 4244 4317 1.017 0.7073 0.0001 | 29.01 42.39 42.28 0.998 0.9878 0.9881| 42.37 8.68 29.03 6.43 29.48 39.53
VSS OFA 17 430 22091| 24.6/ 4539 5261 1.159 0.7092 0.0001| 26.39 45.88 56.89 1.240 0.9787 0.9440| 45.60 12.41 29.14 10.57 27.28 37.10
VSS RRI 32 4.00 104.35| 2482 30.50 23.54 0.772 0.7993 0.0001 | 23.47 30.87 2550 0.826 0.9772 0.7140| 30.34 422 2488 3.76 23.67 25.74
VSS SIM 29 285 8185 | 10.23 20.79 2192 1.055 0.7678 0.0001|12.71 20.48 24.02 1.173 0.9539 0.2307| 20.78 3.99 11.68 3.46 12.93 15.95
VSS SCA 27 9.69 178.75| 55.00 67.51 4486 0.664 0.9348 0.0908 | 51.61 70.53 62.68 0.889 0.9487 0.1994| 67.65 8.63 57.62 11.83 52.22 52.52
VSS SWI 13 4.07 40.07 | 10.69 14.44 9.68 0.670 0.7944 0.0059| 12.03 14.29 8.75 0.612 0.9308 0.3493| 1449 259 11.06 2.80 12.20 12.32
VSS SWJ 13 2.85 108.00| 14.76 24.45 27.86 1.139 0.7015 0.0006 | 14.74 24.32 27.48 1.130 0.9745 0.9415| 2459 7.44 1647 6.23 15.34 12.53
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric Volume

Med Mean SD CV w W Med Mean SD CV W W Mean SEnea, Med SEned Mean Mean

VSS TBA 28 348 104.00| 29.45 33.52 22.89 0.683 0.9128 0.0232| 25.85 34.90 30.32 0.869 0.9660 0.4787| 33.52 4.23 29.02 5.05 26.13 28.60
VSS TCA 25 131 64.08 | 6.47 1289 17.03 1.321 0.6419 0.0001| 7.00 12.11 1548 1.278 0.9460 0.2033| 12.63 3.21 6.15 1.02 7.16 11.37
VSS TPA 24 397 301.77| 27.73 4431 5887 1329 0.5319 0.0001| 28.09 42.80 45.68 1.067 0.9600 0.4391| 44.17 11.83 28.74 4.54 28.59 28.01
VSS WGA 28 16.00 279.86| 46.08 70.07 65.02 0.928 0.7378 0.0001| 51.22 67.69 56.19 0.830 0.9506 0.2050| 70.07 11.99 47.27 9.40 51.74 48.65
VSS WBA 33 3.61 8200 | 25.05 3225 2244 0.696 0.9276 0.0299| 23.70 34.17 33.86 0.991 0.9473 0.1112| 32.22 3.88 27.44 551 23.96 27.60
VSS WCl 35 3.81 101.28 | 25.27 29.05 2146 0.739 0.8565 0.0003| 22.41 29.57 24.65 0.834 0.9865 0.9362| 29.99 3.86 25.02 2.89 22.59 22.52
ZN ARA 9 57.10 211.00| 84.00 100.90 48.59 0.482 0.8053 0.0234| 92.03 100.05 41.47 0.415 0.9177 0.3739|100.95 1541 87.68 14.55 92.90 91.79

ZN BC 22 349 4267 | 6.77 1130 10.76 0.953 0.6389 0.0001| 851 10.75 797 0.742 0.8789 0.0115| 11.25 2.13 7.13 1.44 8.60 9.36
ZN BCU 25 3.00 84.09 | 1413 1890 21.27 1.126 0.7475 0.0001| 10.67 18.88 24.82 1.315 0.9083 0.0279| 18.93 4.18 1228 5.20 10.92 39.14
ZN BI 12 16.75 158.08| 48.36 56.62 37.71 0.666 0.8310 0.0215| 46.83 56.42 36.00 0.638 0.9829 0.9928| 56.71 10.31 4954 8.84 47.57 47.20

ZN BNI 14 1261 220.00| 40.00 63.65 60.22 0.946 0.7964 0.0045| 43.16 62.44 59.15 0.947 0.9602 0.7265| 63.79 1555 4290 14.96 44.34 46.28
ZN BRI 15 10.00 118.00| 58.74 60.69 33.71 0.555 0.9273 0.2488| 49.44 63.11 47.24 0.749 09001 0.0954| 58.69 7.99 5516 7.76 50.26 51.21
ZN BSI 12 9.70 350.00| 66.57 109.93 119.55 1.087 0.7711 0.0045| 58.80 111.94 146.48 1.309 0.9457 0.5749|110.06 32.58 68.48 33.14 62.19 52.06
ZN BUA 14 2499 320.00| 84.33 11499 89.28 0.776 0.8334 0.0133| 87.28 114.17 89.90 0.787 0.9686 0.8579|115.16 22.99 85.87 23.69 89.00 81.70
ZN CMI 24 38.80 413.00| 138.63 161.32 100.57 0.623 0.9129 0.0407|132.10 162.69 113.20 0.696 0.9773 0.8405| 161.09 20.23 137.84 23.38 133.26 102.67
ZN CTlI 17 13.82 109.02| 32.90 42.14 27.00 0.641 0.8602 0.0154| 34.94 4199 26.95 0.642 0.9573 0.5815| 42.25 6.35 3482 5.71 35.32 28.82
ZN CTd 24 553 21948 44.10 63.64 56.88 0.894 0.7500 0.0001| 45.88 63.52 57.60 0.907 0.9382 0.1485| 63.47 1141 43.60 6.74 46.51 39.39
ZN CTK 22 5.00 87.56 | 23.27 29.73 2256 0.759 0.8174 0.0009| 22.93 29.70 23.36 0.787 0.9664 0.6282| 29.69 4.72 2356 3.88 23.20 20.09
ZN E7A 26 91.68 945.44| 195.38 234.87 162.47 0.692 0.6121 0.0001|205.51 229.19 111.48 0.486 0.9201 0.0453|235.17 31.34 19359 15.93 206.38 229.66
ZN EBA 35 13.58 180.80| 51.32 57.00 35.27 0.619 0.8381 0.0001| 48.63 56.70 33.44 0.590 0.9878 0.9579| 57.05 590 49.05 4.87 48.84 41.86
ZN EHA 34 41.18 1500.00{ 11634 182.58 256.07 1.402 0.4444 0.0001|127.27 164.45 130.57 0.794 0.9103 0.0087| 181.60 42.73 119.39 12.94 128.24 145.84
ZN EMA 48 66.94 594.38| 123.76 152.85 94.21 0.616 0.7386 0.0001|134.27 150.49 75.51 0.502 0.9514 0.0453|154.97 13.41 129.86 12.44 134.59 134.73
ZN ERA 20 30.78 325.23| 89.97 105.86 79.61 0.752 0.8386 0.0035| 81.86 105.63 82.09 0.777 0.9481 0.3390|106.06 17.34 88.03 19.09 82.92 140.86
ZN FPI 15 20.72 11596| 7283 66.84 25.55 0.382 0.9801 0.9705| 61.03 67.62 3154 0.466 0.9255 0.2334| 66.74 6.4 69.16 9.61 61.45 57.24
ZN FSU 31 3.00 45.09 | 1645 17.38 11.44 0.658 0.9330 0.0530| 13.35 18.01 15.68 0.870 0.9436 0.1040| 17.39 2.02 16.43 3.08 13.48 16.43
ZN FWU 23 10.04 231.71| 34.38 4557 47.12 1.034 0.6677 0.0001| 31.89 44.22 40.13 0.907 0.9450 0.2297| 48.33 8.37 37.43 10.83 32.35 24.11
ZN GPlI 18 40.31 244.62| 92.19 99.47 53.95 0.542 0.8152 0.0025| 88.37 98.60 47.79 0.485 0.9541 0.4932| 99.37 12.30 87.05 12.34 88.91 80.75
ZN HI 19 6.00 228.88| 32.45 4249 50.15 1.180 0.6129 0.0001| 28.11 40.67 39.37 0.968 0.9748 0.8670| 44.97 12.12 29.18 6.95 28.67 35.69
ZN HLA 19 6.00 153.70| 36.56 55.87 45.38 0.812 0.8864 0.0278| 37.69 58.77 63.88 1.087 0.9608 0.5885| 56.17 10.12 43.20 16.05 38.60 52.78
ZN HPA 27 34.34 227.95| 103.00 112.34 47.17 0.420 0.9551 0.2847|102.60 112.79 50.89 0.451 0.9823 0.9101|112.51 9.09 104.82 9.51 102.96 91.54
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Table 2.2 (cont). Summary water quality data information frorait@s,including means and distribution testgalues in bold were used for additional analyses.

Normal Log-normal Bootstrap

Pollutant Site n  Min Max Prob. Prob. Geometric Volume

Med Mean SD CcVv w W Med Mean SD CcVv w W Mean SEpean Med  SEned Mean Mean

ZN JVI 33 22.82 963.13| 88.93 133.06 159.08 1.196 0.4692 0.0001| 99.67 124.78 91.52 0.733 0.9402 0.0686| 132.75 27.23 93.52 12.49 100.35 114.08
ZN LCA 21 500 230.00| 50.00 66.26 55.66 0.840 0.8078 0.0009| 45.72 71.82 79.48 1.107 0.8965 0.0300| 66.18 11.84 50.95 7.18 46.74 46.13
ZN LGA 31 253 4193 | 7.79 1026 9.15 0.892 0.7751 0.0001| 7.48 10.03 8.64 0.861 0.9444 0.1®5| 10.64 1.61 7.39 1.54 7.55 11.31
ZN LUA 23 15.76 825.44|290.00 328.56 221.35 0.674 0.8990 0.0241| 242.48 363.31 376.73 1.037 0.8828 0.0114|328.92 45.20 294.72 53.34 246.85 278.47
ZN MBA 18 33.57 453.90| 78.02 120.48 111.63 0.927 0.6565 0.0001| 92.10 115.a 82.24 0.715 0.9063 0.0741| 120.25 25.38 81.46 11.13 93.25 85.59

ZN MI 26 000 8200 | 21.06 24.67 18.38 0.745 0.8886 0.0088| 21.72 27.30 20.11 0.737 0.9458 0.2194| 24.69 357 21.00 2.66 21.91 23.71
ZN OFA 13 7.59 147.46| 65.10 70.57 52.77 0.748 0.8571 0.0352| 48.43 74.81 77.64 1.038 0.9168 0.2271| 70.83 14.08 ©61.19 26.06 50.12 55.48
ZN RO 15 799 76.24 | 25.04 34.73 18.86 0.543 0.9304 0.2763| 29.43 35.21 22.18 0.630 0.9507 0.5361| 3594 450 3430 9.35 29.79 36.60

ZN RRI 33 5.00 275.66| 37.61 56.09 ©55.86 0.996 0.6914 0.0001| 39.91 54.93 49.88 0.908 0.9574 0.2179| 49.39 7.03 36.11 3.92 40.30 41.68
ZN SIM 29 16.29 227.75| 4254 62.40 50.39 0.807 0.7968 0.0001| 48.08 61.36 47.08 0.767 0.9640 0.4110| 62.37 9.16 44.75 8.39 48.48 49.76
ZN SCA 27 1736 24439| 64.11 76.83 5266 0.685 0.8843 0.0059| 61.12 77.44 5824 0.752 09777 0.8082| 77.02 10.17 65.69 13.30 61.66 60.75
ZN SI 22 16.62 359.96| 93.23 110.16 85.37 0.775 0.8170 0.0009| 84.26 110.99 90.66 0.817 0.9826 0.9517|117.27 18.36 96.55 19.03 85.33 102.97
ZN SWI 13 22.62 21469 | 72.88 90.84 5258 0.579 0.9327 0.3695| 76.08 91.82 59.06 0.643 0.9825 0.9894| 91.09 14.02 83.37 20.06 77.21 83.31
ZN SWJ 13 38.64 505.00| 153.00 182.76 130.96 0.717 0.8810 0.0735|140.36 185.98 149.73 0.805 0.9606 0.7625| 183.44 3494 157.58 33.30 143.49 113.03
ZN TBA 31 16.06 529.00| 59.76 95.73 119.09 1.244 0.5970 0.0001| 61.78 88.94 87.63 0.985 0.9469 0.1284| 95.80 21.11 57.10 9.44 62.52 66.43
ZN TCA 20 390 67.30 | 15.18 22.31 18.11 0.811 0.8508 0.0055| 16.03 2245 20.60 0.917 0.9542 0.4355| 22.35 3.94 1661 6.42 16.31 17.87
ZN TPA 21 10.03 137.78| 37.92 51.78 38.84 0.750 0.8260 0.0017| 39.85 51.77 40.95 0.791 0.9650 0.6216| 51.68 8.24 39.02 5091 40.36 37.06
ZN W5A 20 89.18 1200.00] 249.30 390.73 324.69 0.831 0.7852 0.0005|293.57 384.23 308.27 0.802 0.9578 0.5M08 |391.53 70.72 276.51 71.69 297.60 213.15
ZN WBA 33 53.72 749.37| 139.82 185.28 144.43 0.780 0.7559 0.0001|148.59 181.98 125.65 0.690 0.9709 0.5064| 185.04 24.84 143.77 20.22 149.51 143.80
ZN WCI 37 63.64 2821.00] 183.26 361.10 509.35 1.411 0.5258 0.0001 | 228.30 325.65 317.83 0.976 0.9289 0.0207|367.28 83.30 197.60 37.91 230.52 193.81
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3 Runoff Quantity

The methods used to estimate runoff quantity depend greatly on the reason for estimation.
If the purpose is to estimate peak runoff rates, the ratroatilod is often used while the NRCS
curve number metho@N) may be usetb estimate runoff volume from large storms for flood
detention computation. These methods are commonly used in many models such as the HEC
suite but they do hawdrawbacksvhen apped to water quality desigi.o address this, COA
criteria (COA, 2009) currently relupon longterm average runoffainfall ratios to size water
quality controls.

The ratio between runoff and rainfally, has beemsedto estimate runoff volume to
size water quality controls for some timBut, there are some isssielated to its use that may
be problematic. At first inspection of the data in this repiomiay appear that too little runoff is
generated from areas with high impervious coritt (2003) found that there is a substantial
amount of infiltration from roadwayeither through the aggregate or in tbmfs in the case of
concrete and that it is the road base that is impermeable. Parkiranltdte other handio have
higher runoff rées because of the extensive area. It may be tempting to URetthpredict
event runoff but the estimates mayt be reliable without considering other event variables
(Glick, 2009). The first part of this section will focus on the relationshRutd impervious

cover and how that relationship may be used to size water quality controls.

While the CN method may produce reasonable results for large events, the vast majority
of rainfall events of concern twater quality engineers and planners are kevants (Pitt, 2003).
In addition, the value of the curve number used in the model is not a constant but changes with
the size of the event. The second part of this section will examine proposed modifications to the
CN method that may allow it to be neosuitably used to estimate runoff volume from small

rainfall events.
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3.1 Estimation of Annual Average Runoff

SQEhas been monitoring runoff from many watersheds over the past 20 years, resulting
in a broad localized dataset of rainfall and runoff foalgsis. The runoffainfall ratio, Rv, for
each watershed was computed based on these data for small watersheds in the Austin area. The
watershed characistics and theomputedannual averageainoff coefficientsare presented in
Table 31 forthirty-six City of Austinsmallwatersheds used in these analysdsedirectly
connected imperviousrea(DCIA) in Table 3.1 is the portion of the total impervious cover (TIC)
within a watershed that is directly connected to the drainage collection systeaus8#ue
direct measurement &fCIA is impractical for most watersheds, the valueBGfA in Table 3.1
were estimated based on different empirical equatimatsiescribe the relationship between TIC
andDCIA (Sutherland, 1995)

Several curvditting models were applied tthe runoff coefficient and impervious cover
datain Table 3.1 After comparing standard errors and correlation coefficients for the different
models, it was found that quadratic majmloducedhebest fits. For TIC-Rvrelationshifs, the
linear model and thquadratic modedre very closéo each otherfurther statistical analyses
indicatedthat the secondegree term ithe quadraticmodel wa not significant. Therefore, the
linear TIGRvmodel is recommended to represent thati@hship between runoff coefficient
and total impervious coveihelinearrelationship betweemlC andRvandthequadratic
relationship betweeBCIA andRvare shown in Figur8.1 It is understandable that thfeof
theDCIA-Rvrelationship is lowethan ther? of the TIC-Rvrelationship because the values of
DCIA are not from direct measurement in the field, but derived from the values of TIC based on
empirical guations. Terefore, the errors @CIA values should usuallye higher than the
errorsin TIC values. Because the values of TIC are more reliable than the vaDE$AQf
further analysewiill focus on the TICRvrelationship instead dCIA-Rvrelationship in this
study. The intercept of thenearmodel, wherdotal impervious cover igero, results in a runoff
coefficient of 0.®44.

The depression storage (Sd) is defined as the amount of water in a rainfall event retained
in the watershed before runoffgenerated In this study, we use two methods to estimate Sd

values for all watefseds. The first method is the method presentéddiams and Pap@000)
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and the second method is to take the average value of depression storages for all events as the

depression storage of the watershed.

The Adams and Papaethod is to plot event rurfofolume \ersusevent rainfalfor each
watershed, and then finlderainfall valuefrom aregressiorcurve (linear oguadrati¢ whenthe
runoff volumeis zera That interceptainfall valueis thedepression storage Sd foeth
watershed.Runoff versis rainfall data must be physically plausiblethgintercept ofthe
regression igreater thamzero,thenit is problematic ag indicatesthatrunoff is generated when
there is no rainfall When using thddams and Papaethod, Sd values could be detareu for
only 31 out of 36 watersheds. For the other watersheds, the intercept was a negativeandmber

not a reasonable result for Sd.

The second method is, for each event, to take the rainfall amount thefaheect runoff
hydrograph begins akepession storage Sd for this event, and then take the average value of
depression storages for all events as the depression storage of the watershed. The Sd values can

be determined for all 36 watersheds using this method.

The eponentialrelationshipbetwesn Sd and TIC produced the best fit amoenesal
curvefitting modelsandis shown inFigure3.2. Because Sd values for all 36 watersheds can be
obtainedwith the second method (Sd_COA in Figure 3.2) and becausedhexponential
model from the secahmethod is much higher than tHfeof exponentialmodel from the first
method (Sd_Adams in Figure 3.2), the values of Sd from the second method were used in the
following study and presented in Table 3bth methods resulted in a wide range of values of
Sd for low TIC sites; this may be due to the site being in the recharge zone or differences in

vegetative cover.

Based on the ranannualstorm statisticsfrom longterm rainfall datathe average
numberof rainfall eventsn Austin area i§9.33per yea andthe averageraualrainfall volume
is 31.73 inchTherefore, the average rainfallentvolumeis 0.40 inch. Using the @anannual
storm statisticsand based on equations presentefiddams and Pap@000), the average annual
number ofrunoff evens and the averagannual runoff volume can be estimated for different
impervious coves. In Table3.2, therecommended runoff coefficieniRy) from zero to 100%
total impervious cover is presented. The depression storage (Sd), the average annual runoff
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Table 3.1:Computed runoff coefficients and characteristics of watersheds

Site Im;—eort\?ii)us Icrjnopner;sgﬁg Watershed Runoff Dg)orf:;éon Recharge No. of Per'iod'of
ID Cover Cover Area (ac.) Coefficient (in.) Zone Events Monitoring
BC 0.0300 0.0009 301 0.007 0.603 No 51 19841991
BCU 0.0007 0.0000 17.33 0.020 0.828 Yes 431 19962004
BRI 0.8032 0.7724 3.04 0.758 0.042 No 419 19932002
BSI 0.6420 0.5144 4.63 0.716 0.078 Yes 125 19941997
CMmI 0.5468 0.4043 100.03 0.302 0.071 No 291 19962002
CTI 0.3885 0.2422 17.89 0.660 0.048 No 148 20052007
CTJ 0.2899 0.1561 28.99 0.374 0.037 No 156 20052007
CTK 0.3917 0.2451 23.82 0.569 0.068 No 154 20052007
E7A 0.6007 0.4656 29.28 0.380 0.051 No 258 19951999
EBA 0.4036 0.2564 35.24 0.105 0.059 No 230 19992003
EHA 0.4342 0.2861 51.34 0.416 0.053 No 449 19942003
EMA 0.4204 0.2726 15.73 0.503 0.062 No 232 19992003
ERA 0.4600 0.2684 99.79 0.355 0.070 No 268 19941999
FSU 0.0640 0.0162 329.75 0.060 1.034 Yes 618  1998Present
FWU 0.0080 0.0001 459 0.045 0.258 No 369 19942001
HI 0.5000 0.3536 3 0.565 0.097 Yes 59 19851987
HPA 0.4495 0.3014 43.04 0.430 0.066 No 215 20002003
JVI 0.9436 0.9371 7.02 0.690 0.058 Yes 510 19942002
LCA 0.2250 0.1067 209.87 0.127 0.053 No 279 19921999
LGA 0.0072 0.0001 481.07 0.079 0.369 No 544  1999Present
LUA 0.9742 0.9737 13.65 0.627 0.036 No 247 19921998
MBA 0.6093 0.4756 202.94 0.415 0.163 No 178 19921995
MGA 0.0568 0.0032 13.02 0.101 0.151 No 169  2006Present
OFA 0.8620 0.8408 1.54 0.746 0.100 Yes 304 19931997
PA3 0.7828 0.7489 18.13 0.485 0.052 No 80 2007Present
RRI 0.3047 0.1682 15.72 0.362 0.041 No 270 20032007
S1M 0.8818 0.8640 5.87 0.484 0.057 No 186 19951999
SCA 0.4088 0.2614 6.42 0.224 0.045 No 130 2006Present
Sl 0.8600 0.8384 47 0.781 0.083 Yes 33 19851987
SWI 0.6043 0.4698 16.41 0.541 0.101 No 104 19951997
TBA 0.4521 0.3040 49.42 0.191 0.045 No 210 19962000
TCA 0.3736 0.2284 40.71 0.213 0.234 Yes 189 19931997
TPA 0.4145 0.2669 41.6 0.221 0.125 Yes 193 19931997
W5A 0.8708 0.8511 6.66 0.741 0.036 No 320 19931999
WBA 0.3059 0.1341 0.93 0.548 0.041 No 201 19992003
WCI 0.9298 0.9207 16.85 0.869 0.025 No 247 19992003
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event number (Nr), and the averageual runoff volume (ROMyom zero to 100% total

impervious cover is alspresentedn Table3.2.

The City of Austin Environmental Criteria Many&OA, 2009 (ECM) has included
data to be used for estimating the average annual runoff based on impervious cover for a number
of years. These data were based on early researck Bjtyhand best engineering judgment at
the time. Figure 3.compares the data in the ECM with the linedationshipfrom this study
for all watershedsThe ECM data, a quadratic relationship,dallitside the 95% confidence
limit for the data used ithis study, indicating a significant difference. The ECM model
generally predicts a lower volume of runoff for a given impervious cover. Other studies

including that by Barrett et al. (1998) also folardundetpredictionof runoffto be the case.

The unoff coefficient and impervious cover relationship is also compared with the model
proposed by Barrett et al. (see Fig@rd). This study was based in large part on City of Austin
data; however it was a limited dataset. Because maisé Barrett et & model is within the
95% confidence limit of thenearmodel from this study, the two models are not significantly
different statistically. The Barrett et al. model iguadrationodelinstead of a linear model
This model generally predicts lowemaff at lower impervious cover and greater runoff for

impervious covers exceedisg%.

Thelinearmodel for the relationship between runoff coefficient and impervious cover is
further compared with data presented in an EPA Nationwide Urban Runoff ProgicHRir}
(Environmental Science and COA, 1983) report in the early 1980s (see Figur€he linear
models for NURP mean and median data are generally within 95% confidencdirnéadne
model from this study. The mean NURP data result in a highathigher impervious cover
and the median data result in a slightly loRerand slightly higheRvat low and high
impervious cover respectively. The NURP median data may be represetheditgar model
presented in this study. While the NURP data wetecollected in the Austin area, they were
used to develop the original runoff rainfall relationships presented in the HGM.may be one
reason for the relationship currently in the ECM differing significantly from the one presented in
this study. Aditionally, SQEcannot apply current QA/QC criteria to the NURP data; therefore

the NURP data from other areas should not be included in any City of Austin data analyses.
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Table 3.2Recommende®&vand Summary of Runoff Parameters

TIC Rv Sd Runoff Events Runoff(in.)
0% 0.064 0.218 46.0 1.18
5% 0.100 0.198 48.4 1.94
10% 0.136 0.180 50.6 2.76
15% 0.172 0.163 52.8 3.63
20% 0.208 0.148 54.8 4.55
25% 0.243 0.134 56.7 5.52
30% 0.279 0.122 58.5 6.54
35% 0.315 0.110 60.2 7.59
40% 0.351 0.100 61.8 8.67
45% 0.387 0.091 63.2 9.78
50% 0.423 0.082 64.6 10.91
55% 0.458 0.075 65.8 12.06
60% 0.494 0.068 66.9 13.23
65% 0.530 0.062 68.0 14.42
70% 0.566 0.056 69.0 15.61
75% 0.602 0.051 69.9 16.82
80% 0.637 0.046 70.7 18.03
85% 0.673 0.042 71.5 19.24
90% 0.709 0.038 72.2 20.46
95% 0.745 0.034 72.8 21.69
100% 0.781 0.031 73.4 22.91

1.0

Linear Model for All Watersheds
95% Confidence Level Lines
A All Watersheds
— — — — COA Recharge
COA Non-Recharge

0.9 4

Runoff Coefficient (Rv)

0.0 T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Total Impervious Cover (TIC)

Figure 33: Comparison of runoff coefficient and impervious corgationshipwith models in
COA Environmental Criteria Manuélepresented by dashed lines)
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Figure 3.4:Comparison of runoff coefficient and impervious cover relationship withetnod
recommended iBarrett et al.
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Figure 3.5:.Comparison of runoff coefficient and impervious cover relationship with linear
models based on EPA NURP data
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3.2 Estimation of Event Runoff

Thecurvenumber method for estimating event runoff from event rdihtes been used
sincel950s(Schwab et al., 1981 Thegeneral runoff equation icurve number method is:

Q=(P-1a?/(P-la+9S) P2 |a (3.1)

Q=0 P¢la (3.2)

Where Q is event runoff depth, P is event rainfall depth, la is initial abstraction or event
rainfall required for the initiation of runoff, and S is a watershed index defined as the maximum

possible differencbetween P and Q as-Pa. Pi lais also called effective rainfall, or Pe. The

index S can be transtuouenmmbdet 0 bhet merequat ubhn
CN=1000/(10+5S) (3.3)
where S is in inches. CN, which is dimensionless, mayvakees fromzeroto100.

The relationship between la and S was fixed at la = 0.2S. Inserting that value into
equation 3.1 gives:
Q = (P- 0.2S¥/ (P + 0.8S) P2 0.2S (3.4a)

Q=0 P¢0.2S (3.4b)

Theratio of l1a/S is called initial abstraction ratio)( The value of wasexaming using
rainfall-runoff data froml34watersheds from states mainly in téest,Midwest, andsouth of
the United StatéHawkinset al, 2002) Theresuts showed thakt is not a constant from storm to
storm or watershed to watershed, and that the assumptie®&0is unusually high It was
concluded that the initial abstraction rdtiwalueof 0.05 fits observed rainfatunoff data much

better thardoes the handbook value of 0.20ith | =0.05, the runoff equation becomes:

Q = (P- 0.05%.09°/ (P + 0.95%5) P2 0.05%.05 (3.5a)

Q=0 P ¢ 0.05305 (3.5b)

57



Using theobservedainfall andrunoff dataof thirty-six COA small watersheds, the
values of initial abstraction ratlowere estimated for all runoff events. The waterdhedlue is
defined as te mediarl value of all eventé the watershed. The values of watershedle
presented in Table 3.3 for all events and for events with different rainfall ranges. In Table 3.4,
the values of watershédare summarized statistically andn becompared \th the results from
Hawkinset al(2002) It can be seen that for events with higher rainfall amountahes of|
are smaller and close to the value of 0.05 proposed by Haetkaisfor events with lower

rainfall amount, thevalues ofl are highemand close to theandbook value of 0.20

The S (or $») value in Eq. 3.4 and the §sVvalue in Ea. 3.5 can be estimated by curve
fitting using theobservedainfall andrunoff data In Table 3.5, the estimated nd 9.5
values are presented fdt thirty-six COA small watersheds. The correspondimgye number
CNo.2and CN s Vvalues can be determined usinghE8.3 and are also presented in Table 3.5.
Therelationshig betweercurve number§CNy 2 or CNy 05) andtotalimpervious cove(TIC) are
shownin Figure 3.6; a third degree polynomial resulted in the best fit for these relationships
These CN~TICQelationshi are recommended estimate curve number from total impervious
cover in Austin arealn Table3.6,therecommended curve numbeluesfrom zero to 100%

total impervious cover are presented.

From Figure 3.7 to 3.11, the observadhfall andrunoff values for five typical
watersheds with very different total impervious covers are shown along with predictét]
curves from the mdommendedRv~ TIC model, CN,~ TIC model, and Chbs~ TIC model.
The values of total impervious cover tbese five watersheds are 0.974 for LUA, 0.803 for BRI,
0.547 for CMI, 0.305 for RRI, and 0.06& FWU. It can be seen thfatr the majority of events,
especially for events with rainfall amount less than 1 inch, the Curve Number models under
predict runoff compared witRvmodel. This can be seen more clearly in Figure,3nl&hich
only events with less than 1 inch rainfall are shown for BRtershed. It also can be seen in
Figure 3.12 that the G)Nsmodel is a little bit better than the @Nmodel for predicting runoff

with less than 1 inch rainfall.

58



Table3.3: Initial abstraction ratid for all watersheds

. Events with Events with Events with

StelD  AllBvents 5 75inch  Pe0.75inch P& 1.0 inch
BC 0.0023 0.1111 0.0015 0.0013
BCU 0.0184 0.6867 0.0183 0.0078
BRI 0.1949 0.2299 0.1085 0.1059
BSI 0.4099 0.4979 0.3387 0.2824
CMI 0.0810 0.1373 0.0282 0.0258
CTI 0.3196 0.5161 0.0516 0.0516
CTJ 0.0696 0.1165 0.0186 0.0179
CTK 0.2032 0.3162 0.0764 0.0649
E7A 0.0992 0.1542 0.0285 0.0245
EBA 0.0236 0.0452 0.0053 0.0047
EHA 0.0934 0.1769 0.0310 0.0221
EMA 0.1350 0.2824 0.0416 0.0307
ERA 0.0624 0.0881 0.0319 0.0293
FSU 0.6426 0.0796 0.71® 0.2150
FWU 0.0120 0.0107 0.0157 0.0023
HI 0.1047 0.0637 0.1916 0.1311
HPA 0.1576 0.3479 0.0423 0.0333
JVI 0.2651 0.3399 0.1060 0.0817
LCA 0.0064 0.0081 0.0025 0.0020
LGA 0.0787 0.0899 0.0685 0.0526
LUA 0.1408 0.2347 0.0525 0.0512
MBA 0.2944 0.3611 0.1759 0.1436
MGA 0.0173 0.0038 0.0358 0.0349
OFA 0.1459 0.2805 0.0899 0.0990
PA3 0.1866 0.3638 0.0626 0.0609
RRI 0.0398 0.0653 0.0102 0.0093
S1M 0.1629 0.4397 0.0326 0.0225
SCA 0.0473 0.0650 0.0104 0.0083
Sl 0.1919 0.4841 0.1878 0.1622
SWi 0.3811 0.5322 0.1956 0.2207
TBA 0.0131 0.0230 0.0056 0.0046
TCA 0.1489 0.3375 0.0808 0.0515
TPA 0.0899 0.1905 0.0333 0.0290
W5A 0.2038 0.4656 0.0375 0.0309
WBA 0.0945 0.1863 0.0239 0.0221
WCI 0.0842 0.1513 0.0301 0.0280
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Table 34: Statistical smmary ofwatershednitial abstraction ratid

Statistics All Events P<0.75ich P20.75irch Pe1.0irch Pe 1.0 inch (ARS?*)

Min 0.0023 0.0038 0.0015 0.0013 0.0005
Median 0.1019 0.1884 0.0366 0.0308 0.0476
Mean 0.1451 0.2356 0.0830 0.0602 0.0701
Max 0.6426 0.6867 0.7152 0.2824 0.4910
STDV 0.1346 0.1793 0.1300 0.0686 0.0812
Skewness  1.8053 0.6243 3.7003 1.7904 2.5899
% ¢0.20 75.7% 51.4% 91.9% 89.2% 93.™%
Watershed# 36 36 36 36 134
Event# 5461 3771 1690 960 12499

* ARS = USDA-Agricultural Research Service.
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Figure 3.6:Relationship betweecurve numberandtotal impervious ceer
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Table 3.5: Values of S and CN for all watersheds

Site TIC So2 S0.05 CNo.2 CNo.os
BC 0.0300 12.57 55.20 44.30 15.34
BCU 0.0007 10.45 34.36 48.91 22.54
BRI 0.8032 0.39 0.51 96.27 95.14
BSI 0.6420 0.33 0.42 96.83 96.00
CMI 0.5468 2.07 3.18 82.83 7587
CTI 0.3885 0.61 0.84 94.21 92.23
CTJ 0.2899 1.39 1.99 87.76 83.40
CTK 0.3917 0.81 1.11 92.49 89.97
E7A 0.6007 1.58 2.44 86.35 80.38
EBA 0.4036 5.01 14.52 66.63 40.79
EHA 0.4342 1.98 2.98 83.47 77.02
EMA 0.4204 1.28 1.86 88.61 84.30
ERA 0.4600 181 2.75 84.71 78.43
FSU 0.0640 10.58 21.48 48.59 31.77
FwWU 0.0080 7.41 25.06 57.43 28.53

HI 0.5000 0.88 1.17 91.94 89.53
HPA 0.4495 1.66 2.52 85.75 79.87
JVI 0.9436 0.41 0.55 96.05 94.83
LCA 0.2250 5.81 14.49 63.24 40.83
LGA 0.0072 5.75 10.94 63.48 47.75
LUA 0.9742 0.49 0.64 95.36 93.99
MBA 0.6093 1.17 1.61 89.52 86.13
MGA 0.0568 2.85 6.01 77.83 62.46
OFA 0.8620 0.75 1.01 93.04 90.81
PA3 0.7828 0.70 0.98 93.47 91.04
RRI 0.3047 1.85 2.73 84.41 78.57
SIM 0.8818 1.78 2.87 84.88 77.70
SCA 0.4088 2.33 4.06 81.07 71.13

S 0.8600 0.39 0.50 96.21 95.23
SWiI 0.6043 0.52 0.69 95.07 93.55
TBA 0.4521 4.19 9.25 70.48 51.94
TCA 0.3736 3.06 4.90 76.58 67.10
TPA 0.4145 3.18 5.14 75.90 66.05
W5A 0.8708 0.82 1.17 92.38 89.52
WBA 0.3059 0.90 1.25 91.73 8886
WCI 0.9298 0.56 0.78 94.71 92.77
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Table 3.6.Recommende@Ny,and CN gs

TIC CNO.2 CNO0.05
0% 53.85 29.91
5% 59.34 38.35
10% 64.25 45.90
15% 68.60 52.61
20% 72.44 58.53
25% 75.81 63.73
30% 78.73 68.26
35% 81.27 72.18
40% 83.44 75.55
45% 8529 78.42
50% 86.86 80.86
55% 88.18 82.93
60% 89.30 84.67
65% 90.25 86.15
70% 91.08 87.43
75% 91.81 88.57
80% 92.50 89.61
85% 93.17 90.63
90% 93.87 91.68
95% 94.63 92.81
100% 95.49 94.09
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Figure 3.7: Observed and predicted runoff for LUA wdteds
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Figure 3.8: Observed and predicted runoff for BRI watershed
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Figure 3.9: Observed and predicted runoff for CMI watershed
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Figure 3.10: Observed and predicted runoff for RRI watershed
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Figure 3.11: Observed and predicted runoff for FWU watershed
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Figure 3.12: Observed and predicted runoff with rainfall less than 1 inch for BRI watershed
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Figure 3.13: Impacts on wet pond sizing using prop&sedIC relationships
3.3 Discussion of Water Quantity Analyses

The analyses of lorterm R\s indicate thathe relationship with TIC is linear and that
this provides a better estimation than udf@glA. The estimate fdDCIA used in this report
was determined using and relationship with TIC and was not directly measured. If a direct
measurement dDCIA were aailablethe relationship with runoff mighie better. The theory
behind disconnecting impervious cover as an afid usingddCIA to estimate runoff is that
runoff from impervious areas would have an opportunity to infiltrate before entering a drainage
way. Given the soils in the Austurbanarea, measuring the difference in runoff after
disconnecting impervious cover may be within the margin of error of current measurement

techniques.

The relationship between TIC aR¥found in this report differs sigicantly from that
found in the COA ECMQOA, 2009). If the relationship found in this report is adoplente
would be no change in the capture volume requirementadetBMPs currently in the ECM
butwet ponds would be larger for TIC less than 0.8@yfe 3.13) for examplejf TIC is 0.45,
the wet pond would need to be 34% larger for-rexharge areas. Thareybe animpact the

design of alternativeontrolsthat rely onRvas the basis for design rather than capture valume
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4 Runoff Quality

Predcting stormwater runoff quality in an urbaneacan be a difficult proposition
because mangifferentpollutant sources contribute to the runoff. If a watershed were composed
entirely of rooftopsfor example, the runoff concentrations might be readgrmabdicted,
assuming the variability in roofing materials can be taken into account. But actual watersheds
are composed of many different sources including rooftops, parking areas, lawns, sidewalks and
roadways to name a few; each of these may be mdmagkfferent ways as well. All of this
results inmonitoredpollutant concentrations that are highly variable. adiress this, Pitt (2003)
suggestednodeling each source area independenttythen combining the resultsowever

each source also raspds differently.

This section will examine runoff quality in three ways. First, the-@nm mean
concentrations will be examineshd how they may be impacted ttne characteristics of the site
including impervious cover (total and connected) and laedwill be explored. Second, the
EMCs will be examined to determine if any state variables, like antecedent period, total rainfall,
etc., in combination with impervious cover, can explain variatio&VCs. This information
mayaid planners attempting tlevelop continuous simulation models. Lastly, the {etent
variability will be examined. This can improve results from short-ste@ models and may be

useful in designig and sizing water quality controls

In the following analyses of water gitglseveral sites were omitted for various reasons.
EHA and EMA were dropped because a prior study (Glick, 2007) indicated that the runoff
guality from these two sitewas not representative of the land use or impervious cover in those
watersheds. ERA vgalropped for similar reasons. Cu and COD at GPI were dropped due to
possible contamination. Zn was dropped from WBA because a galvappeshclchannel was
usedthus skewing the results. NMasdroppedat ARA because of bad detection limits.
Lastly, sites with poor flow conversions that were not usedRfcanalyses were omitted from all

analyses that rely on loads or runoff computations
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4.1Long-Term Runoff Quality

Three analyses were conducted on the@ngn site mean water quality datatést three
different hypotheses which were: 1) the runoff concentrations from developed and undeveloped
areas are different, 2) the runoff concentrations change with changing impervious cover, and 3)
the runoff concentrations change with changing impes/@ayer and land es The first
hypothesisvastested usingnalyses of variance (ANOVA), both parametric and-non
parametricthe seond using linear regression whatepwise multi-linear regression wassed

to test the last hypothesis.

4.1.1Analyses 6 Variance

The primary assumption in requiring water quality controls is that runoff quality from
undeveloped areas is different from runoff from developed areas. If increased load due to
increased runoff is not considered, the difference between caostb@msrof runoff from
developed and undeveloped areas can be comparedAMiIgA tests which determine if two
populationshavethe same distributionThe meartoncentrations listed in Table 2nere
divided into two groupsdeveloped and undevelopedndéveloped catchmenrdse listed in
Table 1.1).

Two tests were used to evaluate the gatstandard parametric ANOVA test and the
Wilcoxon rank sum test (RST). The parametric test asstimedata are normally distributed
and evaluatethe differencesn the means. Thé/ilcoxon RST makes no assumptions about the
underlying distributions but evaluates the differences in the median of the ranks of the data
(Gilbert, 1987) TheWilcoxon RST is a special case of theuskatWallis test fortwo datasets.

The results of thestests are presented in Table. Bbthtests fail to reject the null
hypothesisdata are from the same distributidar four of the seventeen parameters tested, Cd,
FSTR, TOC and TSS. The failure to detect a difference in Cd mayebi ghoor detection
limits for muchof the COA datait has more noiletects than any other standard parameter.
FSTR and TOC have been monitored foany years by COA and no discernable trends have
been detected in the past. TSS presents a curiousTdaseindeveloped mean is lower than the
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Table 4.1: Results ANOVA (pr>|z|)

Wilcoxon
Pollutant RST ANOVA
BOD 0.003 0.018
CD 0.165 0.424
COD 0.014 0.054
CuU 0.005 0.043
DP 0.004 0.016
FCOL 0.014 0.053
FSTR 0.298 0.348
NH3 0.001 0.002
NOs+NO,  0.041 0.047
PB 0.001 0.038
TKN 0.029 0.037
TN 0.015 0.020
TOC 0.187 0.323
TP 0.002 0.007
TSS 0.158 0.305
VSS 0.026 0.054
ZN 0.001 0.042

developed mean concentration but the variability is such that the data are not significantly
different at the 0.Blevel (the level of significance selected for this repoRart of the reason for
this may be that many events sampled at undeveloped sites were associated with larger, high
intensity events that have more potential for erosion because these ary theeotsthat

generate runoff from those sites. If load were considered rather than conceatoat@tinere

maybe a significant differendeased on the changes in runoff volume

Threeparameters, COD, FCCOdnd VSS, produced conflicting results betwéee parametric

and norparametric test. The parametric test did not indicate a significant difference between the
datafor these parameters ke Wilcoxontest did. This may be due the comparison of the
medians rather than the means but it may bésrelated to the distribution of the data. It was
originally assumed that the site means would have a normal distribution (COA; 18&éyer

when this was tested (see Table 4t 2ppears that the lofigrm means may deg-normally
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Table 4.2: Radts of ShapireWilk test for normality on longerm mean concentrations.

Pollutant Normal Log-normal
W P>W W P>W
BOD 0.871 0.000 0.961 0.261
CD 0.933 0.034 0.948 0.107
COD 0.864 0.000 0.989 0.965
CuU 0.831 0.000 0.972 0.427
DP 0.914 0.011 0964 0.32
FCOL 0.886 0.002 0.889 0.002
FSTR 0.773 0.000 0.987 0.947
NH3 0.851 0.000 0.934 0.022
NOs+NO, 0.992 0.993 0.935 0.024
PB 0.787 0.000 0.985 0.875
TKN 0.928 0.014 0.982 0.765
TN 0.960 0.172 0.975 0.515
TOC 0.906 0.003 0.956 0.119
TP 0.936 0.026 0950 0.080
TSS 0.912 0.003 0.979 0.632
VSS 0.950 0.123 0.955 0.191
ZN 0.744 0.000 0.978 0.622

distributed. This may be a result of sampling fewer undeveloped sites rather than atruly log
normal distribution. It appears the results of the Wilcoxoi B®duce more reliable results.

Several agencies and associations, through the International BMP Databaseharagect,
recommended plotting the distribution of influent and effluent EMCs on the same graph
(Geosyntec and Wright Water, 20090)his approdt, while not a statistical test, can be applied
in this study to graphically show the differences between developed and undeveloped runoff.
Developed and undeveloped probability plots are shown in Figurds4.Thesegraphs, log
transformed EMCs on theaxes and inverse probability on theyes, indicate the variance of
the data by the slope and the mean where the line crossesaxise Xhe probability plots
closely follow theresultsof theparametridests. The lines representing the distriburtgofor
TSS, Cd, VSS, FSTR, TOC and NO3+NO2 crasdicating unequal variance. TOC crosses

near the mean for both distributions.
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Figure 4.1: Normal probability plots of legansformed BOD EMCs from developed and
undeveloped monitoring sites.

While the lines for FCOL dmot cross they are close anajtpearshe lognormal distribution

may not be the best fit for the data.

Based strictly on development condition, there are no statistically significant differences
between developed and undevelopee siean runoff concentrations for Cd, FSTR, TOC and
TSS. There are significant differences for BOD, COD, Cu, DP, FCOl, N&;+NO,, Pb,

TKN, TN, TP, VSS and Zn. Further tests will try to determine if those differences may be better

explainedby additionafactorsother thardevelopment condition alone.
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Normal Probability Plot of Ln(EMC) - Cd
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Figure4.2 Normal probability plots of logransformed Cd EMCs from developed and
undeveloped monitoring sites.
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Figure4.3 Normal probability plots of logransformed COD EMCs from developed and
undeveloped monitoring sites.

72



MNormal Probability Plot of Ln{EMC) - Cu
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Figure4.4: Normal probability plots of logransformed Cu EMCs from developed and
undeveloped monitoring sites.
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Figure4.5 Normal probability plots of logransformed DP EMCs from developed and
undeveloped monitoringtsss.
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Normal Probability Plot of Ln{(EMC) - FCOL
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Figure4.6: Normal probability plots of logransformed FCOL EMCs from developed and
undeveloped monitoring sites.
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Figure4.7. Normal probability plots of logransformed FSTR EMCs from developed and
undeveloped monitoring sites.
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Normal Probability Plot of Ln{EMC) - NH,
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Figure4.8 Normal probability plots of logransformed NEHEMCs from developed and
undeveloped monitoring sites.
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Figure4.9 Normal probability plots of logransformed N&NO, EMCs from developed and
undeveloped monitoring sites.
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MNormal Probability Plot of Ln(EMC) - Pb
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Figure 4.D: Normal probabiliy plots of logtransformed Pb EMCs from developed and
undeveloped monitoring sites.
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Figure 4.1: Normal probability plots of logransformed TKN EMCs from developed and
undeveloped monitoring sites.
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MNormal Probability Plot of Ln{EMC) - TN

Expected Normal Value
o

“o.. Developed
“o.. Undeveloped

Ln(EMC)

Figure 4.2: Normal probability plots of logransbrmed TN EMCs from developed and
undeveloped monitoring sites.

MNormal Probability Plot of Ln(EMC) - TOC

Expected Normal Value
o

2t
"o Developed
3 “a. Undeveloped
-4
-2 1 0 1 2 <) 4 5 6

Ln(EMC)

Figure 4.8: Normal probability plots of logransformed TOC EMCs from developed and
undeveloped monitoring sites.
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MNormal Probability Plot of Ln{EMC) - TP
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Figure 4.8: Normal probability plots of logransformed TP EMCs from deloped and
undeveloped monitoring sites.
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Figure 4.5: Normal probability plots of logransformed TSS EMCs from developed and
undeveloped monitoring sites.

78



MNormal Probability Plot of Ln(EMC) - VSS
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Figure 4.5: Normal probability plots of logransformed VSS EMCs from developed and
undevel@ed monitoring sites.
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Figure 4.7: Normal probability plots of logransformed Zn EMCs from developed and
undeveloped monitoring sites.
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Table 4.3: Results from regression analyses using mean concentration as the dependant variable
and TIC orDCIA asthe independent variable.

Pollutant Tic DCIA
P>f r2 P>f r2

BOD 0.005 0.214 0.010 0.191
CD 0.001 0.289 0.001 0.310
COD 0.003 0.205 0.003 0.214
Cu 0.000 0.331 0.000 0.329
DP 0.058 0.108 0.107 0.082
FCOL 0.926 0.000 0.816 0.002
FSTR 0.354 0.026 0.344 0.028
NH3 0.000 0.279 0.001 0.265
NOz;+NO, 0.170 0.049 0.238 0.037
PB 0.000 0.402 0.000 0.400
TKN 0.061 0.089 0.111 0.067
TN 0.068 0.085 0.089 0.076
TOC 0.237 0.036 0.170 0.050
TP 0.091 0.073 0.203 0.043
TSS 0.842 0.001 0.608 0.007
VSS 0.040 0.125 0.050 0.118
ZN 0.000 0.382 0.000 0.394

4.1.2Relationship with Impervious Cover

In addition to the assumption that stormwater runoff concentrations are different between
developed and undeveloped areas, it is also assumed that the concentratioses withrea
increasing impervious cover. To test this hypothdisisar regression analyses were performed
on each parameter to determiné¢hiére was a significant relationship with impervious cover.
The analyses were conducted using both TICI2GHA; results of these analyses are in Table
4.3

Of the 17 parameters testemightexhibited significant relationships to TIC dadDCIA;
BOD, Cd, COD, Cu, Nl Pb, VSS, and ZnThere was little or no improvement in the
prediction when usin@CIA as opposed tdIC. Because there is little improvement in the

relationships with impervious covand the difficulty inmeasurindCIA accurately, it is
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Figure 4.8: Linear regression of BOD v. TIC and the 95% confidence interval.

recommended thatlC be used to prect runoff pollutant concentrations. Further investigations
using measured DClfather than an estimation might yield better results since the Sutherland

equations were not verified for use in the Austin area.

Scatter plots of theightparameters with gnificant linear regressiorage in Figures
4.18-25. Scatter plots of data without significant regression may be found in the appendix.
Coefficients for the linear regression are found in Table H.dan be seen the residuals of the
regression tend timcrease as impervious cover increagadicating a higher degree of
variability in runoff concentrations as impervious cover increases. This may indicate that other
watershed characteristics are influencing mean runoff concentrations and will beeXgier

in this report.

In an effort to increase the proportion of variability explained by TIC;|ma&ar
regression was performed on the data using an exponential form efi€=ahree parameters,
NHs, Pb and Zn, demonstrated significantly improvedsing an exponential relationship. For

Pb and Zn the exponential estimation is also more reasonable because the linear model would
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Figure 419: Linear regression of CAHMCsv. TIC and the 95% confidence interval.

20 COD = 38.888+i‘56.6165’x; 085 Colnf.lnt.

240 o
220
200
180
160

140 o o]

COD {mgfl)

120 —

00 02 04 06 08 1.0
TIC

Figure 420: Linear regression aCOD EMCsv. TIC and the 95% confidence interval.
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Figure 421: Linear regression of CEMCsv. TIC and the 95% confidence interval.
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Figure 422: Linear regression of N\ EMCsv. TIC and the 95% confidence interval.
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Figure 425: Linear regression of ZEMCsv. TIC and the 95% confidence interval.

Table 4.4 Coefficients for suggested 8ar relationships to predict concentrations using TIC.

Pollutant Intercept Slope

BOD 4.83 11.9
CD 0.322 0.470
COD 38.9 66.6
CuU 3.54 16.0
NH; 0.106  0.295
PB -2.07 44.28
VSS 21.2 22.5
ZN -4.4 194.2

predict negative concentrations at low impervioager. The exponential relationships are
included in Figures 4.288 respectively. Results and coefficients for the exponential analyses

are in Table 4.5
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Figure 426 Exponential relationship between BIHMCsand TIC.
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Figure 4.27: Exponential relahship between Pb EMCs and TIC.
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Figure 4.28: Exponential relationship between Zn EMCs and TIC.

Table 4.5: Coefficients for suggested exp. relationships to predict concentrations using TIC.

Pollutant  P>f r2 a b

NH3 0.0004 0.382 0.102 1.487
Pb 0.0000 0.5411 4.283 2.424
Zn 0.0000 0.508 23.565 2.179

4.1.3 Relationship with Impervious Cover and Land use

As mentioned previously, impervious cover may not be the only watershed characteristic
influencing the mean runoff concentratiptige type of imperviousover may have as much or
more impact in the mean concentration than the total amount of impervious cover. To test this,
stepwise multilinear regression was performed in the seventeen parameters using TIC and
fraction of five different land use typesofrurban, singléamily residential, commercial,

transportation and industrial) as independent variables.
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Stepwise regression assesses all potential independent variablesyhag mcluded in
a model and selects the best single variable for inclusitre model in the first step. In the
second step, it assesses the remaining independent variables for inclusion in the presence of the
previously selected variable based on previously selected thresholds. In subsequent steps

variables are also evalted for removal from the model. These steps continue until no variable
meets the criteria for inclusion in or removal from the model. While this is a useful tool,
collinearity should be evaluated and the model should be reasonable from a practipalrgtand
as well The coefficients in Table 4r6ay be used to predict mean concentrations using the

following equation:

MC = f, + bTIC+ b,NU + 5,SFR+ 5,COM + 5. TRANSH £,IND [4.1]

whereTIC is the decimal fraction of total impervious covdt) is the decimal fragn of non
urban land use, SFR is the decimal fraction of shfeyhily residential land use, COM the
decimal fractiorof commercialand use, TRANS ithe decimal fractiof norturban land use,
and IND isthe decimal fractioof industrialland use.

Threeparameters, FSTR, N®ONO, andTOC, could not be significantly related to any of
these independent variables. TIC alone was the best predictor for BOD, COD and Cu. Pb and
Zn included industrial and transportation land uses respectiigly TIC for an improved
model, but the mukiinear model still had a lowef texplaining less of the variability)
compared to the exponential model using TIC as the sole predidtermodel for TP included
the fraction of norurban land use as the spleedictorwith the runoff concentration decreag
as the fraction of nearban land increased. Analyses of V&N, TN, TSSand DP resulted in
models with combinations of land u3ée model for FCOL included only the fraction of single

family land use with theancentration increasing as the land use increased
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Table 4.6: Significant multivariate regression models for urban pollutants using impervious
cover and land use as dependant vargable Coef,f iagiiewin ebs cfactfirtfor b
fraction impervious covefy,, undeveloped land use;, S F R | afradionccamengrcigh
land usefs, transportation land uskg, industrial land use. Coefficients marked withwere

not spnificant at the 0.05 level.

Pollutant  P>f r2 int TIC NU SFR COM TRANS INDU
BOD 0.0051 0.214 483 11.87 -
CD 0.0010 0.404 0.174 0559 0.244  --- 0.216
COD 0.0033 0.205 38.89 66.62  --
CuU 0.0001 0.331 354 1597 -
DP 0.0277 0.207 0.201 - -0.125 - -0.118
FCOL 0.0023 0.248 37709  -- 70274 -
FSTR
NH3 0.0005 0.280 0.106  --- 0.295
NOs+NO, -
Pb 0.0000 0.483 -5.078 61.095  --- - -13541 -  -25.021
TKN 0.0392 0.161 0.782 1.120  -- 0.745 -
TN 0.0288 0.222 -0.265 3.058 1.621 1929  ---
TOC
TP 0.0458 0.101 0.407  --- -0.200 -
TSS 0.0485 0.094 138.44  --- 124.42 -
VSS 0.0016 0.341 2152  -- 20.21 36.02
Zn 0.0000 0.429 -14.32 17533  -- 84.98

The stepwise model for Cd included TIC and fraction of parban land use. A further
examination of the results indicated that the results were influenced by collinearity and the model

was not valid. Once again this could be residual effects of detection limit problems with Cd.

4.1.4Discussion of Longrerm Runoff Analyses

Of the seventeemean pollutant concentrations examingeb of them-- FSTRand
TOC -- did not exhibit any significant relationship to development condition, impervious cover
or land use. FSTR and TOC have been monitbygdOA for a number of years (COA, 1984;
1990; 2@6; Glick, 2009) and have not shown significant relationships in the past. FSTR was
dropped from the COA sampling pland801due to problems with holding timesrfsample

analyses. TOC maalsobe dropped from future sampling plankhese pollutantsenerally had
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high variability across all ranges of other explanatory variables, therefore the best estimate of the
runoff concentration when estimating letegm loading is the mean of the concentrations for all
sites (FSTR = 84720 cfu/100ml, TOC = 13.08/th Even though the concentrations do not

change for these pollutants the loading wdte to the increased runoff volume.

The remaining pollutants do vary with urbanization to one degree or another. BOD and
COD were significantly related to Tj@s TC increased these concentrations also increased.
This is reasonable because the myriad of constituents in urban runoff will increase the oxygen
demand in the runoff. This is an important consideration because the increased demand will
result in a lowepxygen environment and be detrimental to aquatic life. Because both
concentration and runoff increase with impervious cover, the load will increase following a

guadratic function.

Metals are strongly related to TIC. This is reasonable as there areumgsof these
met als that are not associated with i mperviou
in the case of zingalvanized roofs and other materials. Cu was significantly related to TIC in a
linear manner. The mullinear relatimship for Cd, while significant, was not valid due to
collinearity problems so the linear relationship to TIC should be (is®dle 4.4) Pb and Zn are
the most ubiquitous metals found in the monitoring data, rarely below the detection limits. As
such, heir relationships are much stronger than Cd and Cu. While-limelir analysesf both
metals resulted in significant and improved relationships with TIC and land use, the exponential
relationship with TIC alone explained more of the variability (higher This is not entirely
unexpected because as impervious cover increases of the impervious area is generally

devoted to transportatioanassumed source for Pb and Zn.

Nutrientsare an interesting cas&he concentrations of all measured nuitsewere
significantly different between developed and undeveloped conditions but explaining those
differences was not the same for all nutriem$i; was the only nutrient that was related to TIC
and followed an exponential relationship. When land wseincluded, Ngidemonstrated some
correlation to commercial land use. A 2005 COA study found that the land use with the highest
NHj3; concentration was downtown commercial areas. This could be due to iabeing

entertainment are@utalso,waste from hbids and other animals may accumulate on impervious
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areas and easily be washed off during rain evenBBP, TP,TKN and TNwere not related to
TIC but showed some relationship with the fractionaf-aorban land usencluding parks,
undeveloped areas anther open space but natludinggolf courses or other highly managed
turf areas. While nutrients generally decrease asunoen land use increases, a previous COA
study (2005) indicated that nutrient concentrations in runoff from golf courses @aedi@above
other land uses. While these relationships are significant, there is a significant scatter for
watersheds with little or no nesrban land use and the regression explantgabout 10% of

the variability. Given this, it may be better to mseans for developed and undeveloped areas
that weregfoundsignificantly differentin the ANOVA testfor DP, TP, TKN and TN. NO3+NO,,
was not significantly related to TIC or land umé there was a significant difference between

developed and undeveloped

FCOL is related to the fraction of singfi@mily residential land use in the watershed.
Since pets are one of the biggest sources for FCOL it is reasonable that increases in FCOL are
related taareaswvhere pets generally reside. As more people with gtart to reside in the
downtown area, an increase in FCOL may be seen. VSS is related to two land uses, commercial
and SFRbut there is not a ready explanation as to Wwh$S showed a relationship with
transportation land use but not TI& this time the best recommendation for TSS is to use the
mean concentration from all sitassuming a lognormal distributionlt is recommended that for
FSTR, TOC and TSS that the mean concentration be used when computiteyhongads. For
NHjs, Pb, and Zn, thexponential relationshiis used along with the coefficients in Table 4.5.
For all other pollutants the lortgrm mean concentrations should be estimated using Equation
4.1 and the coefficients in Table 4.6

The COA Environmental Criteria Manual (ECMxslis assumed pollutant concentrations
for various land uses and impervious covers in Tables 1.10 andThbge tables were
combined to create table 4.7. Results of the analyses in this report for the same pollutants are
listed in Table 4.8In many cass the undeveloped concentrations found in Table 4.8 are greater
than developed concentrations in Table 4.7. It is recommended that the ECM be updated to
reflect the most recent data analys@éghile TP, TN and FCOL did vary with land use, the

project tean believes that the slight improvement in pollutant loading gained by using those

91



Table 4.7: Current City of Austin Environmental Criteria Manual pollutant concentration

assumptionsTable 1.10 and 1.11

Pollutant UND SFR MFR COMM
0-15% >15% 0-15% >15% 0-15% >15%
TSS (mg/l) 55 82.5 110 82.5 110 82.5 110
TP (mg/l) 0.04 0.1 0.16 0.1 0.16 0.1 0.16
TN (mg/l) 0.54 1.27 2 0.97 1.4 1.18 1.82
COD (mgll) 22 28.5 35 28.5 35 50.5 79
BOD (mgl/l) 8 8 8 8 8 8 8
Pb (ug/l) 3 12 20 12 20 17 30
FCOL (cfu/100 ml) 4000 6,200 8,400 6,200 8,400 21,500 39,000
FSTR (CFU/100 ml) 3000 7,000 11,000 7,000 11,000 24,500 46,000
TOC (mg/l) 6 7.5 9 7.5 9 12.5 19
Zn (ug/l) 8 24 40 24 40 29 50

Table 4.8: Recommended changes to City of Austin Environmental Criteria Mantggdlaoe

Tables 1.10 and 1.11.

Pollutant UND DEV
TSS (mg/l) 166
TP (mg/l) 0.124 0.396
TN (mg/l) 1.19 222
COD (mg/l) 38.9 + 66.6 TIC
BOD (mg/l) 483 +11.9TIC
Pb (ug/l) 4.283 EXP (2.424*TIC)
FCOL (CFU/100 ml) 17,870 57,055
FSTR (CFU/100 ml) 84,720
TOC (mg/l) 13.03
Zn (ugll) 23.565 EXP (2.179*TIC)

relationshipss offset by the increased complexifcomputatiorand varying definitions of the

land use categoriemd therefore does not recommend using them in the.EQM main impact

of these hanges will be in evaluating pollutant removal requirements for alternative controls.

4.2 Event Runoff Quality

While longterm mean concentrations discusaeédve are usually used for lotgym

loading, they may be used in event modeling (Glick, 2009)Hayt would provideonly
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differences in watershed characteristiostvariation in load due to state conditions such as
rainfall, antecednt conditions, etc., Asan be seen in Table 2RMCs at a site can show a
large variation and neglecting theseiaaons will result in a lesthanoptimal model. It has
been suggested that if state conditions cannot explain tia¢ieas, EMCs can be randomly
drawnfrom the distribution of the measured data (Pitt, 2003). This section will investigate
whether anytate conditions significantly explain the variations in EMCs #rsb, to evaluate

the resulting stochastic models.

The initial analyses conducted wengalyses of variancANOVA) teststo determine
which state variables might be used to explain #reation in EMCs. The dependant variable
was the natural log of EMC because of the prior analyses indicating EMCs are usually log
normally distributed. Independent variables used were the length of the preceding dry period
(days), the peak iminuterainfall intensity (in/hr), the total rainfall (in) and the total rundtfy,
The natural log of the rainfall and runoff were also used. Rather than using TIC as a continuous
independent variable, the sites were grouped into four classes that coversas$Caddor non
SFR with TIC less than 70%, IC2 for n@¥R greater than 70%, SFR and undevelgpd¢D).
Seventy percent TIC was selected for the-86iR classes due to a natural break in monitoring
data relating to high and low intensitgnresidentiauses These analyses indicated that most of
the variability could be explained using previous dry pefiany), rainfall intensity(ip.15) and
the log of the rainfall deptfi;). The dry period and rainfall depth correspond to bugdvash
off theory whle the intensy is a measure of the energfytbe rainfall that may dislodge

particulate matter.

After selecting the most likely predictors, regression analyses were conducted to find the
significant state variables for each pollutgnbup combinatiomnd develop a predictive
equation for each. The coefficients for tlygiationbased on the regressicar® presented in

Table 49 using the general equation form:

EMC = boe(lery+b2i p-15) I tbe 4.2]

The natural log of the totalirdall is important for most of the pollutants in the

developed groups but appears in fewer of the pollutants for.BNDpeak intensity is prevalent
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in UND predictions. This is not unexpected because tugldrashoff processes will dominate

in areas wih impervious while rainfall energy would be needed in pervious areas. The length of
the preceding dry period was less important in commercial areas than was expected.
Theoretically, particulate matter builds up on impervious areas and is then wasthedngffa

runoff event; therefordonger dry period should result in higher EMCs, especially for particulate
matter. This is not seen in these data; for groups IC1 and IC2 the parameters that should be most
affectedby preceding dry period (TSS, metal$) were noaffected Of all of the analyses,

only fourpollutants fromundevelopedreagCd, Cu, Pb and N§j could not be related to these

state variables. In these cases the EMC may be randomly dawthie distribution of the data

as previously sggested by Pitt (2003).

While these relationships are statistically significémty still may not be useful. USGS
developed similar regression equations using NURP data (Tasker and Driver, 1990) to predict
loads for runoff events rather than concentragi This was extended to the DalkisWorth
area by Baldys et al. (1998) using local monitoring data. Because these equations were
predicting loads, runoff was also estimated so impervious cover and drainage areas were
included as independent variahleGlick (2009) compared the predicted loads using the USGS
relationships to those predicted using ldeagnRws and mean concentrations and found that the
long-term predictions were often better predictors of loads than the USGS relationships. In order
to compare the relationships presented in Table 4.7 using Equation 4.2, th®ustabtie (Nash
and Sutcliffe, 1970) coefficient (NS) was computed for each group and pollutant (Table 4.10).

NS is a coefficient that ranges from 1-f. A value of 1 indicates
perfectly predicts the observed data while a value of 0 indicates that the model is no better than
using theobservednean and a negative NS means the model is a wordietprehan the mean.
Twenty of the models resulted in an NS of more than 0.10. The models for COD showed
improvements in all categories. The predictions were better for thees@ential areas
compared to SFR and UND. This may be due increased imapsreover and buildip washkoff
processes being more important than traditional erosion processes. While twenty models did
show a slight improvement over using the mean, the rest were no better than using the mean and

represent little or no improvementar using the longerm mean relationships or the USGS
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Table 49: Significant multivariate regression models for urban pollutants using impervious
cover and |l and use as de,peageted;misht;dactorifoa bl e s .
preceding dy period in daysry); by, factor for peak 1%nin rainfall intensity ip-15); bs, factor

for total rainfall in inches {J. Coefficients marked witk-- were not significant at the 0.05 level.

Group Pollutant  P>f r? b O b1 b 2 o8
IC1 BOD 0.0000 0.301 5.72 0.022 --- -0.456
IC1 CD 0.0480 0.015 0.545 --- 0.110 ---
IC1 COD 0.0000 0.243 27.24 0.018 0.265 -0.530
IC1 Cu 0.0000 0.088 6.552 --- 0.352 -0.528
IC1 DP 0.0021 0.040 0.116 --- --- -0.167

IC1 FCOL 0.0000 0.160 4094 -0.031 1.016 -0.904
IC1 FSTR 0.0000 0.213 20368 -0.040 0.727 -0.610

IC1 NH3 0.0006 0.050 0.160 0.031 --- ---

IC1 NO23 0.0000 0.183 0.415 --- --- -0.371
IC1 PB 0.0000 0.150 5.70 --- 0.576 -0.573
IC1 TKN 0.0000 0.256 0.521 0.013 0.418 -0.575
IC1 TN 0.0000 0.257 0.940 0.011 0.281 -0.504
IC1 TOC 0.0000 0.415 4.75 0.025 0.135 -0.553
IC1 TP 0.0000 0.121 0.174 --- 0.426 -0.431
IC1 TSS 0.0000 0.165 39.52 --- 0.647 -0.427
IC1 VSS 0.0000 0.102 12.48 --- 0.421 -0.348
IC1 ZN 0.0000 0.166  51.19 --- 0.324 -0.577
IC2 BOD 0.0000 0.285 4.89 0.015 0.176 -0.567
IC2 CD 0.0481 0.019 0.540 0.012 --- ---

IC2 COD 0.0000 0.285  40.97 --- 0.212 -0.592
IC2 CuU 0.0000 0.122  9.580 --- --- -0.366
IC2 DP 0.0001 0.089 0.081 0.029 --- -0.200
IC2 FCOL 0.0291 0.015 8834 --- --- -0.277
IC2 FSTR 0.0001 0.079 14633 -0.024 0.423 -0.616
IC2 NH3 0.0000 0.174 0.156 --- 0.256 -0.490
IC2 NO23 0.0000 0.271 0.318 0.009 0.156 -0.463
IC2 PB 0.0002 0.044 21.02 --- --- -0.234
IC2 TKN 0.0000 0.269 0556 0.013 0.373 -0.595
IC2 TN 0.0000 0.325 0.928 0.010 0.308 -0.547
IC2 TOC 0.0000 0.167 6.32 0.016 0.181 -0.417
IC2 TP 0.0000 0.179 0.130 --- 0.430 -0.552
IC2 TSS 0.0000 0.087 42.34 --- 0.501 -0.412
IC2 VSS 0.0000 0.169 10.99 0.017 0.369 -0.521
IC2 ZN 0.0000 0.224 69.01 0.025 -~ -0.396
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Table 49 (cont) Significant multiariate regression models for urban pollutants using

i mpervious cover and | and useg aagcedepbgadtnt bva
factor for preceding dry period in dayBry); by, factor for peak 18nin rainfall intensity ip-15);

b3, factor for total rainfall in inches )l Coefficients marked witk- were not significant at the

0.05 level.

Group Pollutant  P>f r? b O b1 b 2 b 3
SFR BOD 0.0000 0.211 4.86 0.035 0.192 -0.559
SFR CD 0.0336 0.012 0.307 --- 0.154 -0.117
SFR COD 0.0000 0.257 30.16 0.027 0.244 -0.538
SFR Cu 0.0000 0.119 4,199 0.023 0.185 -0.278
SFR DP 0.0000 0.072 0.127 0.025 --- -0.104
SFR FCOL 0.0070 0.052 19129 -0.032 0.592 -0.460
SFR FSTR 0.0319 0.026 100730 -0.032 --- -0.151
SFR NH3 0.0000 0.098 0.091 0.026 0.218 -0.314
SFR NO23 0.0000 0.108 0.392 0.012 --- -0.246
SFR PB 0.0000 0.070 4,97 0.022 0.342 -0.330
SFR TKN 0.0000 0.133 0.789 0.018 0.280 -0.407
SFR TN 0.0000 0.164 1.276 0.016 0.207 -0.363
SFR TOC 0.0000 0.269 6.27 0.029 0.147 -0.468
SFR TP 0.0000 0.086 0.241 0.022 0.223 -0.253
SFR TSS 0.0000 0.075 55.47 0.015 0.448 -0.289
SFR VSS 0.0000 0.089 14.41 0.019 0.329 -0.343
SFR ZN 0.0000 0.111 30.51 0.018 0.228 -0.392
UND BOD 0.0953 0.024 2.55 --- 0.133 ---

UND CD --- --- --- --- --- ---

UND COD 0.0000 0.1% 18.54 --- 0.348 -0.320
UND Cu --- --- --- --- --- ---

UND DP 0.0055 0.055 0.019 --- 0.209 ---

UND FCOL 0.0003 0.235 1684  -0.027 0.750 ---
UND FSTR 0.0013 0.181 4524  -0.040 0.686 ~--

UND NH3 --- --- --- --- --- ---
UND NO23 0.0132 0.034 0.177 --- 0.192 ---
UND PB --- --- --- --- --- ---
UND TKN 0.0000 0.106 0.381 --- 0.273 ---
UND TN 0.0000 0.120 0.625 --- 0.302 -0.248
UND TOC 0.0012 0.062 7.16 --- 0.143 ---
UND TP 0.0034 0.050 0.053 --- 0.219 ---
UND TSS 0.0000 0.115 17.68 ~-- 0.493 ~--
UND VSS 0.0002 0.096 4.43 --- 0.359 ---
UND ZN 0.0001 0.104 9.05 --- 0.320 -0.481
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Table 410: NashSutcliffe results for EMC predictions by group and pollutant.

Pollutant  IC1 IC2 SFR UND
BOD 0.252 0.170 0.049 0.001
CD -0.016 -0.037 -0.048 ---
COD 0.314 0.205 0.164  0.115
CuU -0.001 0.061 0.066 ---
DP 0.003 -0.005 0.024 -0.044

FCOL -0.103 -0.146 -0.041 -0.122
FSTR -0.044 -0.068 -0.163 -0.044

NH3 -0.046 0.119 0.035 ---

NO23 0.142 0.192 0.100 -0.090
PB 0.102 -0.061 -0.029 ---

TKN 0.193 0.230 0.044 0.022
TN 0.243 0.288 0.095 0.100
TOC 0.403 0.009 0.103 0.033
TP 0.021 0.091 0.061 -0.067
TSS 0.058 -0.090 -0.051 -0.078
VSS 0.027 0.067 -0.015 -0.045
ZN 0.139 0.160 0.041 -0.008

equations (Glick, 2009). In these cgsasadomly drawing from the distriftion may be

preferable, but the models are not appreciably worse than using the mean as a prediction.

These relationships based on state variables for concentrations appeaistight
improvement for event predictions. While these stochastic modsigrovide improved
estimations, a physical model that can be applied under varying conditions is needed to replace
the reliance on stochastic relationships. However, any suggested model should be tested against
observed data using NS or some other divecriteria.

4.3 Intra -Event Runoff Concentrations

How runoff concentrations change during an event is important to both modeling and

BMP design. If the concentration does not change, but is constant throughout the event, the
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changes in load are solaeyfunction of the change in the runoff rate. If, however, the
concentration does change, the change in load is a function of both the change in flow rate and
the change in concentration. This could be critical in designing BMPs when determining
treatmentapacity of the BMP.

An earlier report by COA (1990) indicated that runoff concentrations are higher at the
start of the runoff and decrease as the runoff continues, approaching an asymptotic minimum.
This effect has been reportedsomestudies whilets presence has been disputedthers
Part of the confusion may be a result of peop
The phenomenon is most prevalent in small catchments with high impervious cover. Itis
masked in larger watersheldscause the runoff from upland areas asatedifferent time,
serving to smooth the concentration during the runoffeandion processes may dominate wash
off processes in natural channels.highly impervious watersheds particulate matter is washed
off of the impervious areas fairly rapidly and the pollutant source no longer remains while in
highly pervious watersheds it may be more diffitaltlislodge and transport particles but the

source would be near limitless.

Washoff processes have been caoted in the past and numerous equations have been
proposed for inclusion in water quality models. That is not the purpose of therstiay this
study will examine existing data and report observed trdndghis may serve as a starting point

for further study.

The relationship betweanstantaneousunoff concentration and intr@vent location
was examined in three different ways, eactvigliag different information yesimilar results.
The first met hod ,icrecaac he thg Galincmenafisateradalityd bi n s
samples were placed in the bin corresponding to the amount of runoff that had ogdarrexd
the sample beingollected. Multiple samples from a single event that fell into the same bin were
averaged to prevent ovareighting an event. The resulting concentrations from each site were
then averaged to prevent owgeighting a single site. The sites were then combined into groups
as was previously don&C1 for noaSFR with TIC less than 0.70, IC2 for n@FR with TIC
greater than 0.70, SFR for all singéamily residential watersheds and UND for all undeveloped

watersheds. These groups were chosen because of the similarity of the sites and to increase the
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power of the analyses. This method is simple and all sammalg$be used, even if the EMC

does not score well. The drawback is that there is more noise than the other methods and there
may be gaps in the data if no samples were collected for a giveimlime interest of spacthe

results of these analysasdthe other twdestsmay be found in the appendix of this report.

The second method whsased on the percentage of runoff. The total of load and runoff
that occurs in each 10%, by runoff, segment of the hydrograph is computed. The concentration
in that £gment is the load divided by the volume. The resulting concentrations were combined
into groups as before. The advantage to this method is that segments of a storm need not be
sampled to provide a valid data pginbweverthe storm must have a passEBC and sites
with less than optimal flow rating may be usdeurther, because the size of the st@ifactored
out, the first part of the evenaf the same weight as tlast part of the eventThis advantage
also creates a drawback in that the cleangconcentration is attenuated because small events
where the concentration has not changed as much are combined with larger events where the
concentration has changed considerably. Normalized concentrations for each segment were also
computed in thistep, which would allow for varying EM&Xo be computed for an eveitihen

the load could be proportionally distributed across the event following the correct trend.

The thrd set of analyses followed the procedoudinedin a CalTrans study (Stenstrom
and Kayhanian, 2005) and was similar to the analyses used in the 1990 COA study. Load for
each 0.1 inh partition of runoff is computed based on the sampling data. This is accoadplish
in a manner not unlike that which was described for computing load&dMC computation
except that the start and end times correspond to the start and end times of the partition rather
than the start and end of the event. The concentration for the partition is computed by dividing
the load in the partition by the volum&hese partitions were then combined into groapswith
the previous analyses. In additioondrterm runoff characteristics of the runoff were coneput
during this step including the percentage of load and volume occurring before the partition
(includve), the concentration before and after the partition, the masfdshtratio (MFF) and
the effectiveness factor (EF). MFF is the percent of load to the partition divided by the percent
of volume to the partition while EF is the concentration bettoegpartition divided by the
concentration after the partition. The lagbtfactors may be used to evaluate BMP capture

volumes.
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Figure 4.29: Firstlush analyses for Zn by load, volume of runoff.

The results of these analyses are not substantialgretitfrom those preserty others
(COA, 1990; Pitt, 2003; Stenstrom and Kayhanian, 2005) in that concentrations tend to decrease
as runoff volume increases. Howewmost of the other studies focused on particulate veéish
from high impervious covertas. These analysedemonstrate that the first flush is related to
impervious cover and land yseit not all pollutants behave in the samanner(seeFigures
4.29 and 4.30 and othdrsthe appendix) While outside the scope of this report, furthedsgtu
may be conducted to develop better wafimodels incorporating land use and impervious

cover.

The results of all three analyses are similar for each pollutant. BOD and COD
demonstrated strong first flush effects for IC1 and IC2 groups and littlgehatJND. This is
expected because much of the oxygen demand is often associated with particulate matter. Cu, Pb
and Zn all demonstrated similar trend with strong first flush for IC1 and IC2 gmwitpdess
pronounced effects on SEBut UND demonstiad no change in concentration based on storm
volume(see Figure 2.49)Cd was the only metal that did not show a significant trend, most
likely due to poor detection limits. Solids like TSS and VSS exhibited first flush effects for all

groups, strongewith higher impervious cover. The first flusiends for solids generally follow
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Figure 4.30: Firstlush analyses for N@NO, by load, volume of runoff.

an exponential decay pattern and do not disagree with the work of Sartor and Boyd BL172)

modfications are needed to account for rgashoff erosion in pervious areas.

While particulate matter follows traditional trends, the same cannot be said for nutrients,

especially dissolved phases. Generally UND, IC1 and IC2 follow similar trends as the

particulate pollutants; howeveBFR concentrations tend to increase as the runoff increases.

This may be due to the initial runoff from SFR areas coming from impervious areas while the

latter portion of the runoff is coming from the pervious lawn ar@ah. e

presence

of

in SFR areas may have a profound impact on BMP design for theseSe&3sgure 4.30 for an

exampl e

of

a

ol

ast fl usho

trend for

ni

trate

The presence of the first flush effect has an impact on both modeling aRdiBa&ign. If

shorter timestep modeling is plannethe model should take into account the change in

concentration. The first flush also allows the designers of BMPs to dgstgmghat treat a

larger percentage of the load than the volume of ruragiffuzed for treatmenfThe design

capture volume for each developed group and pollutant may be found in Tablesiag the
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Table 4.11: Results of MFF analyses indicating the capture valumehesrequired to treat
90% of the annual load for sitestire IC1, IC2 and SFR classes andfkecentagef the load

treated using | 0+ sizing requirements.
IC1 IC2 SFR
Capture Percent Capture Percent Capture Percent
Pollutant volume load volume load volume load

(in) for treated (in) for  treated (in) for treated
90%  with 1/2"+ 90%  with 1/2"+ 90%  with 1/2"+
Load capture Load capture Load capture

BOD 0.8 91.7 1.6 85.5 0.6 93.1
CD 0.9 90.2 1.4 87.3 1.2 80.4
COD 0.8 92.6 0.8 95.9 0.9 88.1
Cu 0.9 91.3 1 92.2 0.7 90.3
DP 1.0 88.9 11 920 1.9 69.4
FCOL 0.8 922 0.8 94.3 1.3 77.7
FSTR 0.7 94.5 1.0 93.8 0.7 90.5
NH3 0.8 924 2.4 78.0 1.7 77.1
NO23 0.8 92.8 11 90.5 1.8 68.3
PB 0.9 91.2 0.8 94.1 0.6 92.8
TKN 0.9 90.5 11 90.5 11 83.5
TN 0.9 91.2 11 90.8 1.5 78.7
TOC 0.9 910 0.6 96.8 1.3 81.6
TP 0.9 90.7 1.0 93.3 1.2 80.0
TSS 1.0 88.7 0.7 94.2 0.7 90.3
VSS 1.2 85.6 0.6 96.9 0.6 94.3
ZN 0.7 93.7 1.0 91.6 0.6 92.8

load partitioned by runoff volume method, assuming the goal is to design a BMP that will

capture and treat 90% of the load. By comparigfenCOAI 0 + criteria will cap
the fractions of load also shown in Table 4.11. It was assumed that IC1 has an impervious cover

of 60%, 90% for IC2 and 40% for SFR, corresponding to design capture volumes of 0.9, 1.1 and

0.7 inches respectivel It can readily be seen that nutrients from SFR are the most problematic.

One caveat about the data in Table 4.11: this does not take into account instances where a runoff
event occurs while the full BMP capture volume is not available due to a pseaweat. While

this is a rare occurrence it will lower the reported percentage of load treated.
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5 Conclusions

This reportis intended to summarize the runoff quality and quantity data collected by the
City of Austinsince 1981. During the preceding thiyears collection techniques, equipment
and personnel have changed, all having an impact on data quality. However, the data used in this
report represents a unique dataset in both scope and duration. While far from an exhaustive
examination of the dat this report doegerify some existing hypotheses and also challenges

some existing assumptions.

The relationship between TIC aR¥found in this report differs significantly from that
found in the COA ECM (2009 If the relationship found in this refias adoptedhere will be
no changes in required capture volumemostBMPs currently in the ECM buhe size of wet
ponds will increase. flere may be an impact on the design of alternative water quality controls
An earlier COA study (2006) foundahthere was no difference between the runoff from
recharge and nerecharge areasherefore only one relationship is presented in this report

It was demonstrated that some mean pollutant concentrations change with development
conditions. NH, Pb and A increased exponentially with impervious cover. TP, DP, TKN and
TN increased as the fraction of narban land decreased. COD, BOD, Cd and CU increased
linearly at total impervious cover increased. FCOL increased as the fraction of SFR land use
increagd while VSS varied with changes in SFR and Com land useg+NMB concentrations
were different between developed and undeveloped areas but there were no significant
relationships with impervious cover or land use. FSTR, TOC and TSS were not siggificant
related to changes in development condition tested in this repdable was prepared to
replace the existing COA ECM (2009) stormwater concentration assumption in Tables 1.10 and
1.11. This change would have no impact on existing BMP designs bid wapact the design

of alternative controls.

It was found that usin@CIA instead of TIC did not result in improved predictions of
mean concentrations or runginfall ratios,Rv. DCIA was estimated in this report based on
empirical relationships deloped elsewhere. If local relationships are developeddCIiA

were actually measurethis conclusion may be different.
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Significant relationships were developed to predict EMCs for the pollutants studied and
four classes of development. The modedsd one or more of the following as predictive
variables: preceding dry time, -bbinute peakainfall intensity and total rainfall. While these
models were statistically significamhost models resulted in predictions that were no better than
using themean value. Better physical models are needed to predict EMCs, rather than relying on

stochastic relationships.

The analyses confirmed results of earlier studies that indicated runoff concentrations are
not constant during a runoff event in small watedsh&ith moderate to high impervious cover.
The firstflush effect was less pronounced (even-egistent for some pollutants) in
undeveloped areas. While other studies focused smietgpervious cover, this report also
examined the type of land use @dated with the impervious cover. If was found that in SFR
areas, nutrients, more especlilatslyddwissiol peldl o1
concentrations increasing rather than decreasing as runoff volume increased. This effect may

have asubstantial impaduture BMP design.

Testing proposed modifications the NRCS curve number method found a slight
improvement but it still under predicts runoff volumes for smaller eymise of most concern
for water quality design. While this methothy still be used for flood design, models based on
physical processes should be employed when attempting to perform continuous simulations for
water quality design.
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Appendix A Site Pages

Austin Recreation Center (ARA)

This monitoring station was established at the entrance to the parking lot of Austin
Recreation Center located at"@nd Shoal Creek Blvdind was monitored between 1995 and
1997 and reactivated in 2006as part of a study on PAHs on runoff. The 9.0 ac. watershed in
the Shoal Creek watershed is 53% impervious and is dlasse civic land use but more closely
resembles an office compleXhe station measured the flow into an oil and grit chamber using a
flow metering insert. The chamber was designed to capture low flows; when the runoff rate
exceeded the capacity of the chamber flows bypassed the station and were not measured. This
staion was not used for runeffiinfall analyses for this reason. During very large events flows

in Shoal Creek backed up into the chamber and also impacted the monitoring.

Site Summary

Site ID ARA
Site Name Austin RecreatiorCenter Influent
Latitude 302776 N
Longitude 97.7501 w
Predominate Land Use Civic
Drainage Area 9.0 Acres
Impervious Cover 0.5279
Runoff-Rainfall Ratio N/A
Runoff-Rainfall Events N/A
Recharge Zone No

Parameter Mean EMC Units  Count
TSS 136.1 mg/L 21
NO,+NOs 0.577 mg/L 8
NH3 2.084 mg/L 9
TKN 4,380 mg/L 8
TN 4.450 mg/L 7
COD 58.50 mg/L 8
TOC 7.93 mg/L 9
Cadmium 0.671 Hg/L 7
Copper 14.856 ug/L 9
Lead 16.04 e g 7
Zinc 100.05 e g 9
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Bear Creek near Lake Travis (BC)

This monitoring station was located on Quinlan Park Road and was operated between
1984 and 1987. The 301 ac. watershed had approximately 3% impervious cover at the time of
monitoring. The primary land use at the time of monitoring was undeveloped. Flow was
measured using a 2.5 foot Hlume at the end of a 24 inch pipe that ran under Quinlan Park Rd.
There was an existing pond inside the watershed that may have affected thieootad of

runoff recorded.

Site Summary

Site ID BC
Site Name Bear Creelnear Lake Travis
Latitude 30.3867 N
Longitude 97.8826 w
Predominate Land Use Undeveloped
Drainage Area 3010 Acres
Impervious Cover 0.03
Runoff-Rainfall Ratio 0.007
Runoff-Rainfall Events 51
Recharge Zone No

Parameter Mean EMC Units  Count
TSS 147.0 mg/L 22
NO,+NO; 0.140 mg/L 22
NH3 0.075 mg/L 22
TKN 0.406 mg/L 19
TN 0.602 mg/L 19
TP 0.066 mg/L 21
BOD 6.69 mg/L 21
COD 20.86 mg/L 21
TOC 8.03 mg/L 21
Copper 9.544 e 4 22
Lead 3.27 e g 22
Zinc 11.25 e g 22
F. Coliform 15,281  cfu/100m 22
F. Strep. 8,109  cfu/100m 22
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Barton Creek Tributary (BCU)

This site is on a tributary to Barton Creek in the Barton Creek Greenbelt in the recharge
zone. The drailge area is 17.33 acres with minimal impervious cover (0.007%) with the land
use being classified as parks. The monitoring station was operational from 1996 through 2004.
The flow was measured by a compound weir with the bottom portion being ar@tN.The
weir collapsed three times during the monitoring period during very large runoff events, after 7
inches of rain in 1998 and 6 inches in 2001 and finally 6.75 inches in 2004.

Site Summary

Site ID BCU
Site Name Barton Creek Undeveloped.
Latitude 302603 N
Longitude 97.8271 w
Predominate Land Use Undeveloped
Drainage Area 17.33 Acres
Impervious Cover 0.0007
Runoff-Rainfall Ratio 0.02
Runoff-Rainfall Events 431
Recharge Zone Yes

Parameter ~ Mean EMC Units  Count
TSS 27.7 mg/L 24
VSS 8.5 mg/L 24
NO,+NO; 0.626 mg/L 24
NH3 0.053 mg/L 24
TKN 1.002 mg/L 24
TN 1.581 mg/L 24
DP 0.023 mg/L 23
TP 0.070 mg/L 24
BOD 2.98 mg/L 12
COD 52.06 mg/L 24
TOC 17.68 mg/L 24
Cadmium 0.594 e g 25
Copper 3.090 e 4 25
Lead 5.10 e g 25
Zinc 18.93 e g 25
F. Coliform 20,114  cfu/100m 10
F. Strep. 88,399  cfu/100m 10
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Brodie Oaks Shopping Center (Bl)

This monitoring station was located at the influent to a water quality corotigte in
the Brodie Oaks Shopping Center and was operational between 1985 and 1987. The 30.9 acre
watershed has 95% impervious cover and a commercial land use. Due to concerns with the
accuracy of the flow measurements at this station, data frontdtimnswere not used in runeff
rainfall analyses. A portion of the watershed is in the recharge zone and another portion is in the

contribution zone east of the recharge zone.

Site Summary

Site ID BI
Site Name Brodie Oaks Influent
Latitude 30.2380 N
Longitude 97.7914 w
Predominate Land Use Commercial
Drainage Area 30.9 Acres
Impervious Cover 0.95
Runoff-Rainfall Ratio N/A
Runoff-Rainfall Events N/A
Recharge Zone Yes

Parameter Mean EMC Units  Count
TSS 64.1 mg/L 12
NO,+NO; 0.278 mg/L 12
NH3 0.249 mg/L 12
TKN 0.663 mg/L 12
TN 0.933 mg/L 12
TP 0.107 mg/L 12
BOD 7.29 mg/L 11
COD 26.83 mg/L 12
TOC 10.27 mg/L 12
Copper 5.992 e 4 12
Lead 25.48 e g 12
Zinc 56.42 e 4 12
F. Coliform 24,607 cfu/100m 11
F. Strep. 17,617 cfu/100m 12
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