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Executive Summary

This report summarizes the monitoring data that establishes theppogect conditions for the Post 45
Charleston Harbor Deepening Project. The Post 45 project will deepen and widen the federal navigation
channel. TheUS Army Corps of Engineers (USA@fEpleted anEnvironmental Impact Statement (EIS)

for the project that evaluated the potential impacts of the project on the salinity and dissolved oxygen
(DO) concentrations in the harbor. The Mitigation Planning and Monitoring and Adaptive Management
Plan for the project includes a water quality monitoring program that is intended to document the

project effects and to determine if the impacts are consistent with those estimated in the EIS.

The SC Ports Authority contracted Water Environment Consulf#/<C) to complete an analysis of the
pre-project monitoring data.WEGsubcontractedDr. Dennis Helsgethe lead scientisof Practical Stats
to provide assistance with statistical analysis methods

The objectives of this prproject monitoring data angsis are to:

1. Compile and malyze themonitoringdata using the methods specified in the{ ! / GctQlier
2017Water Quality Monitoring Program Methodology

2. Estimate what minimum amount of change might be able to be detected with the monitoring
data; and

3. Identify any necessary revisions to the data collection and/or statistical analyses methods.

WEC compiled and reviewed the goeoject monitoring datdor the period between 2006 and 2017

This data includes all of the variables listed in a summdatg ta Section 2 of this report. The

monitoring data includes explanatory variablés., the background variables that affect salinity and DO
in the harbor) and direct measurement of salinity and DO in the project impact dteadata was
organized into kcel spreadsheet format for delivery to the USACE.

To provide watershed runoff data, WEC used the Loading Simulation Program C++ (LSPC) watershed
model to simulate watershed flows for the period from 2006 through 2017. This model was previously
developa for the Total Maximum Daily Load (TMDL) study of the estuary completed by the SC
Department of Health and Environmental Control (SCDHEC). Land use data input to the model were
updated based on the 2011 National Land Cover Datafdls€D) The updated mdel was confirmed

by comparing modeled flows to available measured-tidal freshwater flow data, which is limited to

flows in Tukey Creek (U.S. Geological\eyr[USGSjauge02172039, a tributary to the East Branch
Cooper River.

WEC completed statistical analyses of the data at 11 monitoring locations within the area potentially
affected by the Post 45 Project. This included development of quantile regression models for the
prediction of 10" percentile DO concentrations in the project impact area, and it included development
of linear regression models for the prediction of average annual salinity in the project impact area.

Theresults of thestatistical analyses demonstratlet multiple linear regression and quantile
regression technigues can be used to account for the effects of explanatory variables on salinity and DO

!_A_Z___l r 8 vii
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concentrations in the Charleston Harbor estuary. Onceptiogect construction is completed amupbst

project monitoring data is collectedhéese methods can besed to estimate the DO and salinity in the
estuary that would have occurred had the Post 45 Project not been constructed. These results can then
be compared to the measured aft@roject DO and salityi in order to quantify the project impacts.

The uncertainty in the statistical models varies by location. For DO, the erroramtiual March
October 10 percentileDO is a relatively small fraction of the observed DO (less than 10% error at all
locations, except one). However, the absolute error in this measure of DO ranges betweerg(.1

and 0.8 mg/l at the longterm monitoring locations (at the 90% confidence levdlhis level of error is
greater than the level of Post 45 Project impantdicted by the EIS (which estimated DO impacts less
than 0.10 mg/l in the Cooper River and less than 0.12 mg/l in the Wando River). Therefore, the
statistical analysis of the monitoring data will detect projgaduced changes only if they are
substantidly greater than those estimated by the EIS.

For salinity, the models are generally within an errol8fpercent or less of the average annual salinity

at each location, with one exception (the Ashley River below Summerville location has an ef¥drlof

ppt, which is 44 percent of the average annual salinify)e statistical model error varies by location

and can be smaller or larger than the EIS estimates of Post 45 Project impacts. If the EIS predictions are
accurate, then project effects at saocations will be within the error range for the statistical models

and will not be detected by the monitoring data. However, if the project causes changes in salinity
greater than the statistical model error estimates at each location, then the mongatata will detect

the projectinduced changes.

No revisions to the field monitoring (e.g., USGS gauge locations) are recommended.
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1 Introduction

This report summarizes the monitoring data that establishes theppogect conditions for the Post 45
Charleston Harbdbeepening ProjectThe Post 45 project will deepen and widen the federal navigation
channel. TheUSACE completed &iSor the project that evaluated the potential impacts of the project
on the salinity and DO concentrations in the harbNiumerical modeling analyses indicate that DO
impacts due to the Post 45 project will e minmisas defined in R. 6&8, and the prgect will cause

aft AaKdGte AYyONBFaSR alfAyAdGASa AThe Miatién PNBingaKdS & 2 F
Monitoring and Adaptive Management Plan for the project (Appendix P to the EIS) includes a water
guality monitoring program that imtended to document the project effects and to determine if the
impacts are consistent with those estimated in the Ef$he observed project impacts are greater than
those estimated in the EIS, then suitable corrective action can be taken, if naceSaethermore,if

the monitoring data show that the project caused dissolved oxygen impacts greater than the allowable
cumulative impact of 0.1 mg/l or salinity impacts greater than those estimated in ther Bi& analysis

is inconclusivethen thenumericalmodel will be updated and used to reevaluate the project impacts
and mitigation requirementsBecause numerical modeling may be required to quantify, identify causes
and evaluate the impacts, as well as support analysis of any corrective aetimgspndary goal of the
water gquality monitoring program is to also collect sufficient data to update the model.

The SC Ports Authority contracted WEC to complete an analysis of tpegpeet monitoring data.
WEGsubcontractedr. Dennis Helsgethe lead scientisof Practical Statgo provide assistance with
statistical analysis methods

The obijectives of this prproject monitoring data analysis are to:

1 Compile and malyze themonitoringdata using the methods specified in the{ ! / GctQhger
2017Water Quality Monitoring Program Methodology

9 Estimate what minimum amount of change might be able to be detected with the monitoring
data; and

1 Identify any necessary revisions to the data adlten and/or statistical analyses methods.

The following report sections describe the monitoring and statistical analysis methodology:

1 Section 2Monitoring Data Compilatioand Review, summarizes the pr@roject monitoring
program,includingduration, \ariables, and locations;

1 Section3, LSPC Watershed Modeliggummarizes modeling completed to estimatatershed
flowsusing rainfall data

1 Section 4, Statistic@lnalysis; describes the development of statistical models to estimaté 10
percentleDOaR + GSNI IS | yydzrf &aAlftAyAlGe F2NI GKS aéAidK
estimates of the minimum amount of change that can be detected using statistical methods
following project construction; and

1 Section 5Conclusions

ALT O 1
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2 Monitoring Data Compilation and Review
This section summarizes the gpeoject monitoringperiod, variables, and locations.

2.1 Monitoring Period

Post 45Project construction started in March 281beginning with dredging of the offshore entrance
channel. For the purposes of this analysis, the qu®ject monitoring period ends on December 31,
2017. The pre-projectmonitoringperiod starts on January 1, 2006atB prior to 2006s not used
becaise of the effects of the previous harbor deepening project, which was completed in 2005

2.2 Monitoring Variables and Locations

Table 21 summarizes the variables of interest, the monitordiocationsand the need for monitorig
each of these variableslhe monitoringdata sourcesire each described in greater detail in the
following sections.

2.2.1 Offshore Conditions

Offshore salinity and temperature data was collected from a buoy located about 5 miles offshore from
Capers IslandStation41029- Capers Nearshie [CAP2]jFigure 21). This buoy is part of the Carolinas
Regional Coastal Ocean Observing System, and it is camtechaintained byhe University of North

I I NRBtAYl JUNCWRo¥sEOZeAmResearch and Monitoring Progr@imservations from

this buoywere used in the statistical analysis as explanatory variggtentially affecting DO and

salinity in the harbar

The measured water temperatures and salinity concentrations at the CAP2 buoy are shown in Figures 2
2 and 23, respectively. These figures include the observation data reported every two hours, plus the
daily averaged values calculated by WEC.

DO concentrations in thiswer estuaryare affected by offshore DO concentratian©ffshore D@ a
function ofa numtler of variables, including salinity, temperature, wind and wave action, phytoplankton
productivity and respiration, and biochemical oxygen demand. In addition, Peterson et al. (2015)
present evidence that there is a naturally occurring discharge of saim&ic groundwater in areas
offshore from Myrtle Beach, South Carolina that can affect DO concentrations in nearshore waters. It is
unknown if there is any anoxic groundwater discharge that could affect Charleston Harbor DO
concentrations.Continuous reasured offshore DO concentrations would be ideal for this analysis,
however,DOwasnot continuouslymeasuredn the ocearoffshorefrom Charleston. Therefore, the

best available indicator of offshore DO variations is the DO saturation concentratiosatir@tion
concentration varies in response to ocean temperature, salinity and atmospheric pre$§&e.

calculated offshore DO saturation concentratids@sed on the daibaveraged measured temperature

and salinity data from the CAP2 buy@g shown ifigure 24. These values are corrected for

atmospheric pressure using observations from Charleston International AildEC calculated DO
saturation concentrations using the formulation givenBsnson and Kraug&980, 1984).No DO
saturation values wre calculated for days when temperature, salinity or pressure data are missing.

\ALL 2
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Table2-1 Summary of variables of interest, monitoring data sources and the need for each variable

Variable Monitoring Source Need
= Pa)
g 80| 2| ¢
SIREIEHEE
Ec|0S| 28|28
Offshore:
Offshore salinity and Buoy at Station 41029Capers Nearshore (CAP-2 X X
temperature Continuous data
Offshore DO Assume constant % saturation (calculate %
saturation based on measured salinity and X X
temperature)
Offshore mean water level | NOAA Customs Hougauge X X
Upstream Cooper River:
Upstream DGnd New USGS DO sensor at existing Tailrace Cang X X
temperature gauge
Upstream loads Santee Cooper monthly water chemistry
monitoring (S33) and USGS flow rates at X X
existing Tailrace Cangauge
Watershed:
Local watershed flows and | Rainfall gaging statiorteroughout watershed X X
loads
Impact Areas:
Wando River DO USGS continuous monitoring stations
- Existing miedepth at 1526
- New bottomgaugeat -526
- New middepth gaugenear Hwy 41
Cooper River DO USGSontinuous monitoring stations
- Existing miedepth at Hwy 17,-626 and
near Goose Cr.
- New bottomgaugeat I-526
- New middepth gaugebetween Hwy 17
and 526 (at Navy Base)
Ashley River D@nd salinity | USGS continuous monitoring station
- Existing midepth at 1526
- New middepth 2 mi.downstream of
Jessen Landinon private dock
Cooper River Salinity Above listed USGS continuous monitoring statio
for DO, plus
- Existing miedepth gaugeat Mobay
- Existing miedepth gaugeat Pimlico
- New middepth gaugebetween Mobay
and Goose Cgauges
Other variables:
Point source discharges Daily monitoring reports (maintained by individus
dischargers) for flow, BOD, NH3
Estuary watechemistry SMOHEC fixed water quality monitoring stations X X
Meteorological conditions Airport and othermonitoring stations X X
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Figure2-3. Offshore salinitymeasurements at CAP2 buoy

2006

9.0

8.0

7.0

6.0

5.0

4.0

3.0

2.0

85% DO Saturation Concentration (mg/l)

1.0

0.0

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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WEC used value of 8%ercentof DO saturation concentration for this analysiThis is consistent with
the TMOL modelanalysis, whiclassumes an offshore boundary concentration of 85 percent of DO
saturation concentration The actual fraction of DO saturation in the ocean varies; howesgerof a
different constantfraction of DO saturation will not change thiastical analysis results because the
offshore DO saturation time series will still exhibit the same relative pattern of vararergime

Measured water levels at the NOAA gauge at the Charleston Customs House &&868() provide

an estimae of offshore water levels. The measured hourly water levels and calculateehdaiyged
values are shown in Figurexin feet relative to theNorth American Vertical Datum of 1988 (NAVD. 88)
Daily averaging of tidally influenced variables can téswd phenomenon known as tidal aliasit@gpgin
1972in USGS 2031which results in a low frequency variation on the order of 3 to 4 percent of the tidal
component of the signal. Tidal aliasing is an artifact of the averaging process and it doegessmep
actual low frequency variation in the signal. Therefore, tidally influenced data werpdss/filtered to
remove the effects of serdiurnal tides prior to calculating daily averaged values. WEC used a Fourier
low-pass filter with a 3@ cutoff period using a Matlab program written by Jeff List at the USGS that
applies the methodology given by Walters and Heston (1982). WEC also calculated the daily tidal range
at the Customs House gauge (Figu®)2

2.2.2 USGS Gauges

The USACE, USGS, Berk€legrleston-Dorchester Council of Governments (BCDCOG) and other
cooperators operate a system of water quality data collection stations within the Charleston Harbor
system using IJninute data collection. These gauges were installed and are maintained by tf& USG
Data collected include temperature, water level, specific conductance (SC) and DO. SC data are used to
calculate salinity at each gauge location. The gauges used to monitor DO and salinity impacts from the
Post 45 project are shown in Figure§ and2-8, respectively.

The gauges include both lotgrm monitoring stations as well as newer gauges added specifically to
monitor the Post 45 project impacts hd@available 15minute monitoringdata for longterm gauges
extendsback toOctober 12007. Instruments were installed at the new monitoring locations in July
2016, except for a gauge in the Ashley River, which was installed in January 2017 .-ZTidiketBe

start date for data compiled for the various USGS gauges. Newgagalled to monitor Post 45
project changes in the anticipated impact areas include:

1 Two bottom DO gauges added at the existing-gegth gauge locations on the Cooper and
Wando Rivers at the326 highway crossings;

1 A new SC, temperature and water égauge on the upper Cooper River in the vicinity of the
existing 0.5 ppt contour (installed approx. 1 mile upstream from the Williams Station Steam
Plant discharge);

1 Anew DO, SC, temperature and water level gauge on the upper Ashley River in theaficinit
the existing 0.5 ppt contour (installed orpavate dock 2milesdownstream of the Herbert
Jessen boat landing); and

ALT O 6
WEC



Post 45 Project Pre-Project Water Quality Monitoring
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1 Anew DO, SC, temperature and water leyalgeon the Wando Rivepcated at the power
lines jst upstream fronthe State Highway 41 crossing.

In addition, a new DO sensor was installed at the exigiingyeat the tailrace canal to monitor DO
concentrations just downstream from the dam. This sensor monitors the DO concentrations entering

the estuay from the upstream boundary.
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Legend
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Table2-2 List of USG8augelocations and data start dates for prproject monitoring analysis

Gauge Location & Variables

Upstream boundary

Lake Moultrie Tailrace Canal at Moncks Corner, flow rate
Lake Moultrie Tailrace Canal at Moncks Corner, temperature

Gauge No. Start Date

2172002 10/1/2007

DO 2172002 6/24/2016
Impact area DO monitoring

Ashley R. below Summerville 21720825 1/26/2017
Ashley R. nr North Charleston 21720869 10/3/2007
Cooper R. nr Goose Cr 2172050 10/3/2007
Cooper R. at Filbin Cr. @ North Charleston 21720677 10/3/2007
Cooper R. at Pier K, surface 217206935 7/2/2016
Cooper R. at Pier K, bottom 217206935 7/2/2016
Cooper R. at US 17, railépth 21720709 10/7/2007
Cooper R. at US 17, bottom 21720709 6/22/2016
Wando R. above Mt. Pleasant &26, middepth 21720698 10/3/2007
Wando R. above Mt. Pleasant é826, bottom 21720698 7/22/2016
Wando R. at Cainhoy 217206962 6/22/2016
Impact area salinity

Ashley R. below Summerville 21720825 1/26/2017
Ashley R. nr North Charleston 21720869 10/12/2007
W. Branch Cooper R. @ Pimlico 2172020 10/3/2007
Cooper R. above Goose Cr 21720508 6/22/2016
Cooper R. at Mobay 2172053 10/3/2007
Cooper R. nr Goose Cr 2172050 10/3/2007
Cooper R. at Filbin Cr. @ North Charleston 21720677 10/3/2007
Cooper R. at Pier K, surface 217206935 7/1/2016
Cooper R. at Pier K, bottom 217206935 7/1/2016
Cooper R. at US 17, railépth 21720709 10/3/2007
Cooper R. at US 17, bottom 21720709 6/23/2016

2.2.3 Point Source Discharges

There were thirteen major point sources discharging to the Charleston Harbor estuary durprgthe
project monitoring period. These discharges, shown in Fig®esach have a National Pollutant

Discharge Elimination System (NPDES) permit. The impacts from the discharges on DO in the estuary
were evaluated in a Total Maximum Daily Load (TMDLgdystompleted by the South Carolina

Department of Health and Environmental Control (SCDHEC). The TMDL study used the Environmental
Fluid Dynamics Code (EFDC) water quality model to estimate the DO impactbdnoaint-source

pollution discharges (Cantf&d013). The TMDL established the permit limits for oxygen demanding
substances for the point source discharges (measured as the Ultimate Oxygen Demand [UOD] of the
discharges) such that the 9@ercentile effects on the daigveraged DO concentratioms the river will

not exceed 0.Ing/l during the March through October time period. Tabl8 8ummarizes the major
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Figure2-9. Major NPDES permitted discharges
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Table2-3. Major NPDES point source discharges

Discharge Name NPDES uoro % of DO impactin % of DO impact in

Permit No. (Ib/day) critical Cooper River critical Wando River
Segment Segment

Summerville SC0037541 2,745 0% 0%

DCPW/Lower Dorchester SC0038822 2,365 0% 0%

Moncks Corner SC0021598 5,730 8% 4%

BCWSA/Central Berkeley SC0039764 3,788 7% 3%

DAK Americas & Dupont SC0026506 § 2,466 3% 2%
SC0048950

Sun Chemical SC0003441 7,625 12% 9%

BP Amoco SC0028584 4,736 4% 4%

BCWSA/Lower Berkeley SC0046060 8,846 9% 10%

WestRock (formerly SC0001759 40,959 28% 25%

KapStone)

NCSD/Felix Davis SC0024783 29,090 22% 29%

CWSPIlum Island SC0021229 24,612 4% 7%

Mount Pleasant CS & RF  SC0040771 11,415 4% 7%

1 UOD loading rates and percent DO impact values are from the 2013 TMDL (@patrell 2013pased on constant
discharges at maximum permitted rates.

NPDES discharges, their maximum UOD discharge rates from the TMDL report, and the relative effect in
the critical segment of the river (i.e., the segment of the river where the greatest discharge effects
occur).

To comply with theNDPE®$ermit, the discharge flows and pollutant concentrati@are monitored by
the permitteesand reported to SCDHEC on a mdytasis a®ischarge Monitoring Repor(®MR).
The DMR¢ypically includea monthly average and a maximum daily value for the month, anddbey
not includethe daily monitoring data However, his datawascollected by the permittees and/EC
obtainedthe dataupon request to the permitteeirough the BCDCOG

Figure 210 summarizes the point source discharge UOD loading rates into the estuary. The total UOD
discharge rates to the Ashley River (i.e., Summerville and Lower Dorchester) are much saraller th
those into the harbor (i.e., CWS Plum Island and Mount Pleasant), which in turn, are much smaller than
the total UOD discharge rates to the Cooper River. The loading rates for individual discharges are
plotted in Appendix A.

2.2.4 Local Watershed Flows

Watershed loads were estimated using monitored rainfall data and the LSPC watershed model
developed as part of the TMDL model. Available monitoring data includes daily rainfall data collected by
the National Weather Service (NWS), USGS, the Communip&@alive Rain, Hail and Snow network
(CoCoRaHS) amikmote Automatic Weather StatisfRAWS). Rainfall monitorigguges in the study

area are shown in FigureIA. For the preproject monitoring data analyses, rainfall data from the
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Figure2-10. Summary of point source discharge loading rates

following sources were used: Charleston International Airport (NWS), Berkeley County Airport (NWS),
Turkey Creek above Huger (USGS), Witherbee (RAWS), and WgrAb&\8). CoCoRaHS data were
reviewed, but the data were not used for the LSPC modeling because it was not possible to distinguish
zero rainfall values from neaperational periods for a given gauge. Additionally, the varying data
availability at each stain location is not well suited for use with a watershed model such as LSCP. The
continuous records at the other monitoring locations were found to be sufficient for the LSPC modeling
(discussed in detail in Section 3 of this report).

2.2.5 Estuary Water Chemistry

{/519/Qa ! YOASYUG {dzNFIFIOS 2 GSNJt KeaAaolt -3 / KSYAO!
location monitoring and statewide statistical survey monitoring. The fizedtion component of the

monitoring network is comprised of Base Sites that generally sampled every other month, year

round. Statistical Survey Monitoring Sites are typically sampled once per month for one year and moved
from year to year. The nine Base Sites in the estuary are shown in FigjareBmonthly variables

analyzed include DO, pH, water temperature, air temperature, specific conductance, salinity, turbidity,

BODD5, nitrate/nitrite nitrogen, total phosphorus, alkalinity, ammonia nitrogen and Total Kjeldahl

Nitrogen (TKN). TKN is the sum of organic nitrogen andamanmitrogen, and it represents the total

amount of oxidizable nitrogen in the water.
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The variables that are potential explanatory variables for DO concentrations in the estuary include
BODS5, ammonia nitrogen and TKN. WEC reviewed the monitoring data and found that BOD5 and
ammonia nitrogen values are predominantly below practical quaatiton limit (PQL). Data with a large
fraction of values below the PQL are much less useful for developing statistical models than data that
has few observations below the PQL. TKN has good coverage and is more often above the PQL than
ammonia and BOD5@asurements. Therefore, the TKN concentration data were used as an
explanatory variable. The ambient TKN concentrations for each monitoring station are plotted in
Appendix B.

2.2.6 Upstream Load

The Biological Services group at Santee Coogércts monitong data at StatiolsG033 (located on

the Tailrace canal just below Highway 52) on a monthly baseycollect the followingn situdata: DO,
pH,temperature and onductivity. Theyalso colleceamplesanalyz&l by their irhouselaboratory for
turbidity, color, alkalinity, bacteria, NH3, TKI¥, (total phosphorus), chlorides, fluorides, bromide,
sulfate, nitrate, nitrite, solids data (TSS & B8Jvarious metals. SCDHEC also monitored Station €STL
062 at the same location.

The UOD concentration #tis boundary was estimated based on TKN from Statie@33@nd total
organic carbon (TOC) measured at Station @8ZL Based on stoichiometric ratios, the relationship
between UOD and these variables is:

YOO 18 XYO U ¢& XY0 6

The calculated UD concentration is shown in Figurel2 along with the measured TKN and TOC
concentrations. TOC data are not available after April 2009, and therefore the median concentration of
4.1 mg/l was used for the remainder of the time period, as shown by Figlig 2lso, TKN has not

been reported at the SA33 site since January 2016. There were three TKN measurements @i62STL
between September and November 2017 that were used in combination with #@8%qata to fill in

the end of the monitoring period.

Flowrates near the upstream boundary are monitored by &G $ontinuousgauge(02172002 Lake
Moultrie Tailrace Cana Moncks Corner, SCWEC calculated UOD mass loading rates based on the
measured daily flow rates and the calculated UOD concé&atrs. The UOD loading rate estimates are
plotted in Figure 214.

2.2.7 Meteorological Monitoring

In addition to rainfall monitoring, discussed previously, monitoring of other meteorological variables
(including wind speed, wind direction and air temperatusedvailable at the two NWS monitoring
stations shown in Figure@ which includes the Charleston International Airport and downtown
Charleston.Figures 215 and 216 show the air temperatures and wind speedsspectivelymeasured

at the Charleston I@rnational Airport
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3 LSPC WatershedModeling

To provide daily watershed runoff flow estimates, WEC modified the calibrated LSPC watershed model
to simulate watershed flows for the period from 2006 through 20Réfer toTetra Tectand Jordan,

Jones, and Gouldin@@08 for a complete desiption of the LSPC watershed model setup for the
Charleston Harbor Estuary DO TMDhe LSPC watershed modeling system includes algorithms for
simulating hydrology, sediment, and general water quality on land as well as a simplified stream
transport modé. For the purposes of this analysis, the water quality component of W&P@bt used,

and the modelvas only used to estimate watershed hydrologyhe following subsections describe the
revisions to thanodelfor this studyand theresulting estimatesf watershed flows

3.1 Model Update

3.1.1 Watershed Delineation

Figure 31 shows the watershed stilasins used for the DO TMDL model. In this analysis, for the
purposeof processing the LSPC model output and summing the total flows to each river, thasinb

have been grouped into four watershed areas: Ashley R@eoper River, Wando River and Harbor.

The LSPC model input sbasin delineations and areas were not changed from those established for the
DO TMDL model study.

3.1.2 Land Use Data

In the DO TMDL model, watershed land use activities were defined forseddiasin based on the
2001Multi-Resolution Land Characteristitatabase. and use for each basin waggregated within

the categories used by LSPC, includigren land, cropland, forested aregmsture, strip mining,

urban pervious, wetlands, angdban impervious.For this analysis, thahd use data input to the model
were updated based on the 20NLCD The NLCD is updated every four years, and the 2011 data set is
assumed to be representative of the average conditions for the 2006 throughtoé period.

3.1.3 Meteorological Inputs

LSPC calculategdirologic conditiondased on inpuprecipitation and evapotranspiratioratesin the
watershed. The TMDL model used only the Charleston International Airport for input precipitation data.
The LSPC rdel was updated for the prproject monitoring time period2006 through 2017)sing
availableprecipitationdataat the five meteorological statimshown in Figure-3. Precipitation

monitoring data includes daily rainfall data at:

Charleson International Airport (NWS);
Berkeley County Airport (NWS);
Turkey Creek above Huger (USGS);
Witherbee (RAWS); and

T Wambaw (RAWS

=a =4 4 A

WEC calculated evaporation rateased on the meteorological data at these statioisgng the
OYPANRYYSY Gl f t NP JiBst@iAss2sgmeht B8eyic® i@giating Pdint a@dENonpoint
SourceBASINS softwargackage.
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3.2 Model Calibration

The updated modetalibrationwascheckedoy comparing modeled flows to available measured-non
tidal freshwater flow data, which is limited to flows in Turkey Creek (W@aGg02172035, a tributary
to the East Branch Cooper Riv@he Turkey Creajaugelocation is shown in Figure3

The modehydrologic variables are listed in Tabld 3 This table includes the values used for the TMDL
study, as well as the revised values used for this stuigure 32 shows the modeled monthly flows in
TurkeyCreek using the TMDL model variables prior toakbration, and Figure-3 shows daily flows
from the same model. As shown by these figures, the modeled base flow is too high, and thednodel
peak flow rates are too low.

The model calibration was adjted to increase runoff, decrease infiltration and decrease interflow
rates. The resulting modeled monthly flows in Turkey Creek are shown in Figiras@daily flows
are shown in Figures3and 36.

3.3 Model Results

The revised LSPC model was useahdalel daily flow rates in the three river basins for the period

between 2006 and 2017. The resulting aggregated daily flows in each river basin are shown in Figures 3
7 and 38.
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Table3-1. Watershed modévariables

TMDL
Model Revised
VariableID VariableDescription Values Values
Fraction of remaining potentidETthat can be
agwetp satisfied from active groundwater 0.007 0.2
agwrc Base groundwater recession 0.99 same
agws Initial activegroundwater storage 0.01 same
Fraction of remaining potential ET that can be
basetp satisfied from baseflow 0.05 0.2
ceps Initial interception 0.01 same
Interception storage capacity (inchegjaried
cepsc monthly 0.01-0.13 same
Fraction of groundwater inflow that will enter deep
deepfr groundwater 0 same
gwvs Initial index to groundwater slope 0.01 same
ifws Initial interflow storage 0.01 same
infexp Exponent in the infiltration equation 1 2
Ratio between the maximum and mean infiltration
infild Capacities over the PLS 1 2
infilt Index to the infiltration capacity of the soil (in/hr) 0.01:0.3 0.0010.018
intfw Interflow inflow parameter 3 same
irc Interflow recession parameter 0.6 0.7
kvary Variable groundwater recession (1/in) 0 same
Izetp Lowerzone ET parametegvaried monthly 0.2-0.65 0.250.72
Izs Initial lower zone storage 15 same
Izsn Lower zone nominal soil moisture storage (inches) 1-35 2.257.88
nsur Manning's for the assumed overland flow plane 0.1-0.35 same
petmax Air temperature below which ETreduced {F) 40 same
petmin Airtemperature below which ETzsro (F) 35 same
surs Initial surface (overland flow) storage 0.01 same
uzs Initial upper zone storage 0.3 same
uzsn Upper zone nominal storage (igyaried monthly 0.2-0.8 0.31.1
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4 Statistical Analysis

Following project constructionhanges caused by the Post 45 project on estuary DO and salinity will be
evaluatedby using statistical models to separate out the project impacts from the effects caused by
other factors (i.e., explanatory variables). This will be dagiggregression mdelsof effects fromthe
explanatory variables listed in Tablel2 These statistical models were created usinggpmgect

monitoring dataof explanatory variables and observed DO and salinity in the project impact aren G
the input explanatory vaables (e.g., offshore water level, upstream flow, etc.) the statistical models
provideestimates of the DO and salinity in the project impact area. FollowiregPost 45 RBject
construction andollection of the aftetproject monitoring data, the statial models will then be used

to estimate the DO and salinity in the project impact area that would have occurred had the project not
been constructed. These results will be compared to the measaftedproject DO and salinity in

order to quantify theproject impacts.

The sections belowescribe the development of the regression models for each®flL1l impact
monitoring locations (i.e., the US@&uges listed in theTable2-1). In addition,based on the regression
analyses, WEC estimatevhat minmum amount ofprojectinducedchange might be detected at each
locationusing themonitoring dataand statistical models

WEC used the R statistical analysis software package to develop the regression models. When importing
the data for the explanatoryariables and the DO monitoring data in the project impact area to the
software, WEC assigned the abbreviated variable names listed in Fabl&He sections below will

reference these R variable names for brevity.

4.1 DO Analysis

WEC used the R softwai@ develop regression models to predictlpercentileof daily mearDO

concentrations during the March through October time period. Evaluation of tfe#@centiledaily

meanDO for the March through October time period is consistent with the goal oD@ MDL

methodology, which is to evaluate impacts during warm wates DO conditionsThe evaluation usk

a variation of regression called quantile regresgiQR) It is analogous toatypical linearregression

modelprocedure except that instead of estimating the mean of the response variable Y, a percentile

(quantile) of the Y variable is estimatebh the following discussions, the regression response variable Y

is thedaily meanDO in the project impact area, and the explanatory variables are referred to as the X
variables.¢ KS w LJ O1F 3S& dzaSR Ay Of dzZRSY wWOYRNE ||jdzZl yiNBE3I=
with a tau value of 0.5 to predict the median DO valukeri the 16" percentile value of the dailpO

predictions was calculated for the March through October time period for each yeav.DO

concentrations are the issugf concenz | YR (1 KS NB TING®v2.H K SIN® g2 QRIRLI0 & & 5 NIp
was used to alculate the lower confidence limit (LQi8low the predicted 19 percentile.

The followingsubsectiorprovides a detaileddescriptionof the development o regression modefor
DO concentrations in the Cooper River at Filbin Caeé$26, which wa identified as an area of
concern in the Feasibility StudWEC used similar processes to develop regression models at the other
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Table4-1. Monitoring variable labels used in R

Variable Type Monitoring Variable Variable in R
Offshore conditions Water Level (ft) WaterLevel
Tide range (ft) TideRange
Salinity (ppt) Salinity
Temp (F) Temp
DO Saturation (mg/l) DOSat
Upstream inflows Temp (C) TempC
at Pinopolis DO (mg/l) DO
Flow (cfs) Flow.cfs
Upstream Load (Ibs/day) UpstreamLoadBOD
Met. Conditions Wind Speed (mph) WindSpeed
Air Temp (F) AirTempF
Watershed Inflows Ashley Flow AshleyFlow
Cooper Flow CooperFlow
Wando Flow WandoFlow
NPDES Point Source Lot Ashley (Ib/d UOD) Ashley.UOD
Cooper (Ib/d UOD) Cooper.UoOD
Harbor (Ib/d UOD) Harbor.UOD
Instream TKN MD-052 MD_052
Concentrations MD-045 MD_045
MD-248 MD_248
MD-264 MD_264
MD-115 MD_115
MD-049 MD_049
CSTi102 CSTL_102
CSTi123 CSTL_123
Impact Areas for Ashley R. below Summerville AshleyRbelowS
Dissolved Oxygen Ashley R. nr North Charleston 16 AshleyRnrNCHS
Cooper R. nr Goose Cr CooperRnrGC
Cooper R. afFilbin Cr. @526 CooperR_at._1526
Cooper R. at Pier K, surface CooperRatPier Ksur
Cooper R. at Pier K, bottom CooperRatPier Kbot
Cooper R. at US 17, railgpth CooperRat17mid
Cooper R. at US 17, bottom CooperRatl7bot
Wando R. above MPleasant at-b26, middepth WandoRaboveMPmic
Wando R. above Mt. Pleasant &26, bottom  WandoRaboveMPbol
Wando R. at Cainhoy WandoRatCain
Impact Areas for Salinity Ashley R. below Summerville AshleyRbelowS
Ashley R. nr North Charlestonlgi16 AshleyRnrNCHS
Cooper R. at Pimlico Pimlico
Cooper R. above Goose Cr CooperRaboveGC
Cooper R. at Mobay Mobay
30
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Table4-1. Monitoring variable labels used in R

Variable Type Monitoring Variable Variable in R

Impact Areas for Salinity Cooper R. nr Goose Cr CooperRnrGC
Cooper R. at Filbin Cr. @26 CooperRatl526
Cooper R. at Pier Kyrface CooperRatPier Ksur
Cooper R. at Pier K, bottom CooperRatPier Kbot
Cooper R. at US 17, railgpth CooperRat17mid
Cooper R. at US 17, bottom CooperRatl7bot

project impact monitoring locations, and the resulting regression models for those locations are also
provided.

4.1.1 DO Regression Modeling

If there are two strongly correlated explanatory variables, then only one of the two should be used in a
regression. Both are not needed, because they model the same effect, and including both correlated
variables decreases quality and increases errdhefregression model estimates. Regression assumes
independence of all explanatory variablesariables must not be strongly correlated with each other.
Both DOSat and upstream DO are highly correlated, which is unsurprising (FigurBdcaus®0OSat

has moremonitoringdata,the upstreamDOvariable was dropped from the analysis

Temp and TempC are even more strongly correlated (Figl)e Because Temp has more data, the
TempC variable was dropped from the analysis.

The first step of the modekgression process is to determine if transformation of the Y variable is
necessary. To do this, all of the remainprugsible explanatory variablegere put into a linear
regressiormodel, and the model residuals were plotted usithgee common types ofasiduals plots:a
residuals vs. fittegblot to judge linearity(Figure 43); a Q-Q plot of residuals to judge normaliiFigure
4-4); andscalelocation plot to judge changing variance (the Y variable on this plot is the standard
deviation)(Figure 45). The latter two involve the Y variable directior linear regression models, i
data appear to be nomormal it can inflatgp-values, causing important variables to be dropped from
the regression modedquation. The sme effectis shownby increasing variance of residuals (shown as
an upslope on the scalecation plot).

There is no upslope in Figureb4so the residuals look like they have reasonably constant variance.
Figure 44 shows the residuals follow a normal distribution in thieldle predominant part. The
residuals in Figure-4 are symmetric (the departures are on differing sides of the line in the upper and
lower ends) though they are not a normal distribution. The boxplot in Figérelbws this clearly. No
transformatian of the Y variable would be helpful because the residuals are not skewed.

The next step in the regression model development process is to look for curvature in the relationships
GAOK GKS - OFNAl ORSERY SYKA A Hz(crPRE)gias shéan i BigueTd 2 ( 4 ¢
through 49 for each of the model X variables. The three flow variables have a smooth (pink line) that
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Residuals vs Fitted
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Figure4-4. Normal QQ plot for DOlinear regression model
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Figure4-9. crPlots forDOlinear regression model (continued)

Aay Qi &AYAf-lindldashed line&r8preaeitiNg the Feffréssion equation. Therefore, the three
flow variables were log transformed to straighten the relationship. The relationship with MD_045 is
strange too, so it was also lgansformed. Tie two UOD variables have all values grouped to the left,
so a log was used to help those variables not be dominated by their highest values.

The logged variables replace the original variables in the next regression equation. crPlots of the model
with the logged variables show improved relationships (Figtt6)4

WEC created an initial QR model with the logged variables, which produced the regression model

coefficients listed in Table2. The model was then improved by eliminating the least signifiXa

variables. The criterion we used to select the variables to eliminate Bdiiesian information criterion

6. L/0 adlrdraidaroos CKAA S@I t dz-di5yaS WAKREOKG 21BS iXF |-y X
models have lower BIC. Theafiables with the highegt values were dropped from the model to

determine if it resulted in a lower BIC. If dropping a variable resulted in a higher BIC, it was added back

into the model. The final QR model coefficients are shown in TaBleMl 13remaining explanatory

variables are significant.

QR moddfor the other DO monitoring locations in the project impact avesre developed using a
similar process. The QR model coefficients for these locatianksted in Appendix C.
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Figure4-10. crPlots for logged variables iDOlinear regression model

4.1.2 Minimum Level of Detectable Change in DO

Using the QR model, Wiedicted 10" percentiles of DO for each yeduring the MarchOctober

period. These modeled values asmmpared to observed 18 percentile DO values in Tablet4 The

variation around the annual 10percentile depends on the number of daily observations. That has

G NASR SIFOK B8SINE Fa aK2gy -40®BK S KER IG&RE edzd SRS RE 2 N2
comparisons depends on the number of days in the March through October time period that all of the X
variables and Y variable have measured values (out of a maximum of 245 possible days). Any days with
missing XorYobsewah 2y a YSIya (GKIG RIFIe OFyQid 0SS dzZA®R F2N Y
differences in annual TOLISNOSYy GAt S 5h @I fdzSa INB tAaiGdSR Ay (KS
0.01 and 0.24 mg/l and averages @rhg/l. The difference is greater than 6.thg/l in one out of ten

years. Based on this analysis, the predicted"I#rcentile DO should beithin 0.15 mg/l of the true

value for the Cooper River at Filbin Creek location.

As discussed previously, the regression model will be used in the future to predict the anfiual 10
percentile DO for conditions in the pegtoject period (based on thebserved explanatory variables)
but without the effects of the projectThe difference between the observed'percentile DO and the
predicted 10" percentile DO is the estimate of project effectst the Filbin Creek locationhé
predictedannual Maré - October10" percentileDOwas within + 015 mg/L of the observed value 90%
of the time, and thereforewe expect a similavariability of the predicted posproject estimate of the
10" percentile DO without project effects.
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Table4-2. Initial QRmodel coefficients

Variable Value Std. Error tvalue Pr(>|t))
(Intercept) 7.92845 2.63342 3.0107 0.00264
WaterLevel -0.17871 0.0147 -12.1586 0
TideRange -0.05516 0.00686 -8.04373 0
Salinity 0.01276  0.0114 1.11928 0.26318
Temp -0.08724 0.01379 -6.32521 0
DOSat 0.56805 0.19431 2.92344 0.00351
Flow.cfs 0.00005 0.00002 3.128 0.00179
UpstreamLoadBOI 0 0 -1.67314 0.09448
WindSpeed 0.0231 0.002 11.53863 0
AirTempF 0.0012 0.00122 0.98443 0.32504
MD_049 0.0127 0.05273 0.24086 0.80969
MD_052 -0.07929 0.06747 -1.17523 0.24007
MD_115 0.0419 0.05774 0.72568 0.46813
MD_248 0.05217 0.01551 3.36365 0.00079
MD_264 0.31896 0.06115 5.21638 0
CSTL_102 -0.12368 0.02711 -4.56214 0.00001
CSTL_123 -0.27508 0.05324 -5.16662 0
InAshleyFlow -0.02229 0.01588 -1.40335 0.16069
InCoopFlow -0.06223 0.02843 -2.18886 0.02874
InWandoFlow 0.04074 0.02253 1.80826 0.07074
InCooperUOD 0.04945 0.01581 3.12855 0.00179
InHarborUOD -0.00385 0.01479 -0.26025 0.7947
InMD_ 045 0.05596 0.01606 3.48566 0.0005

Table4-3. FinalQRmodel coefficients forDO atCooper River at Filbin Creeind |-526

Variable Value Std. Error tvalue Pr(>t|)
(Intercept) 9.17193 1.78801 5.12968 0
WaterLevel -0.1802 0.01105 -16.304 0
TideRange  -0.05312 0.00703 -7.55371 0
Temp -0.09114 0.01019 -8.94259 0
DOSat 0.48371  0.1408 3.43541 0.00061
Flow.cfs 0.00003 0.00001 2.85511 0.00435
WindSpeed  0.02375 0.00188 12.61018 0
MD_248 0.05417 0.01937 2.79634 0.00523
MD_264 0.33381 0.06079 5.49114 0
CSTL_102  -0.10068 0.02267 -4.44164 0.00001
CSTL_123  -0.29237 0.0439 -6.65974 0
InAshleyFlow -0.0451 0.00402 -11.2269 0

InCooperUOLC 0.04814 0.01832 2.62748 0.00868
InMD_045 0.04283 0.01276 3.35558 0.00081
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Table4-4. Modeled and observed 10percentile DO concentrations for Cooper River at Filbin Creek at
1-526

Observed Predicted Days Delta Delta 95th LCL
Year (mg/l) (mg/l) used (mg/l) >0.15mg/l (mg/l)

1 2008 4.59 4.74 184 0.15 4.70
2 2009 5.35 5.36 137 0.01 5.12
3 2010 4.38 4.46 164 0.09 4.40
4 2011 4.59 4.70 106 0.11 4.63
5 2012 4.73 4.81 153 0.08 4.76
6 2013 4.49 4.73 173 0.24 * 4.70
7 2014 4.42 4.55 216 0.13 4.50
8 2015 4.43 4.52 149 0.08 4.47
9 2016 4.38 4.46 241 0.07 4.39
10 2017 4.46 4.56 215 0.09 4.47
Average  4.58 4.69 0.10

Given that low DO is the issue of concern, WEC computed-aided 95% lower confidence limit (LCL)
below the predicted 10 percentile. Dr. Helsel provided the Tol_low2.R script for this calculation
(Appendix E). The LCL is a value that we are 95% confident thattipert@ntile will not go below,
assuming nothing has changed. Tablkeidcludes the calculated LCL fockaear.

Comparisons for the other project impact locations are shown in Tablethrbugh 414. A summary of
the model error estimates is provided in TabldB. For the locations with a ¥@ar record for
comparison, the Table-#5 error estimate ishe annual MarchOctober 18 percentileDO error not
exceeded 90% of the time. For the locations with only two years of data for comparison, the -I&ble 4
error estimate is the maximum error value between the two years, and a level of confidence for the
error prediction is not provided for those shetdrm gauge locations. The error is also estimated as a
percentage of the observedarch-October 18 percentileDO at each location. The errors are less than
10 percent at each location, with the exceptiof the Ashley River near North Charleston-326,

which has an error of1P6. At the longerm gage locations, which provide the most data to assess
model performance, the error levels are between®mg/l (Cooper River at Filbin Creek-&26) and

0.43 mg/l (Ashley River near North Charleston-&26).

Table4-5. Modeled and observed 10percentile DO concentrations for Ashley R. below Summerville

Observed Predicted Days Delta Delta >0.2 95th LCL
Year (mg/l) (mgl/l) used (mg/l) mg/I| (mgl/l)
1 2017 3.84 4.02 190 0.18 * 3.90
Average 3.84 4.02 0.18

YALL 40
—vy LGS



Post 45 Project Pre-Project Water Quality Monitoring

Table4-6. Modeled and observed 10percentile DO concentrations for Ashley R. nr North Charleston
at I-516

Observed Predicted Days Delta Delta 95th LCL
Year (mg/l) (mg/l) used (mg/l) >0.483mg/l (mg/l)

1 2008 4.01 4.35 196 0.35 4.29
2 2009 4.00 4.24 140 0.24 4.02
3 2010 3.45 3.74 166 0.29 3.65
4 2011 3.61 4.04 139 0.43 3.94
5 2012 3.83 4.20 164 0.37 411
6 2013 3.63 4.08 181 0.45 * 4.03
7 2014 3.70 3.75 200 0.05 3.70
8 2015 3.83 4.07 169 0.24 4.02
9 2016 3.76 4.04 230 0.28 3.95
10 2017 3.68 3.96 215 0.28 3.83
Average 3.75 4.05 0.30

Table4-7. Modeled and observed 10percentile DO concentrations for Cooper R. nr Goose Cr

Observed Predicted Days Delta Delta 95th LCL
Year (mg/l) (mgl/l) used (mg/l) >0.38mg/l (mgll)

1 2008 5.62 5.70 168 0.08 5.66
2 2009 5.68 5.92 148 0.24 5.76
3 2010 5.52 5.30 165 -0.22 5.19
4 2011 5.57 5.52 139 -0.05 5.43
5 2012 5.72 5.83 164 0.11 5.77
6 2013 4.83 5.56 181 0.73 * 5.54
7 2014 5.45 5.48 164 0.03 5.40
8 2015 5.36 5.44 169 0.08 5.38
9 2016 5.52 5.50 234 -0.03 5.47
10 2017 4.80 5.18 204 0.38 5.11
Average 541 5.54 0.13

Table4-8. Modeled and observed 10percentile DO concentrations for Cooper River at Pier K, surface

Observed Predicted Days Delta Delta >0.2 95th LCL
Year (mgl/l) (mg/l) used (mg/l) mg/I (mg/l)

1 2016 4.58 4.58 122 -0.01 4.47
2 2017 4.63 4.65 215 0.01 4.56
Average 4.61 4.61 0.00
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Table4-9. Modeled and observed 10percentile DO concentrations for Cooper River at Pier K, bottom

Observed Predicted Days

Delta Delta >0. 95th LCL

Year (mgl/l) (mg/l) used (mgll) mg/I (mgl/l)

1 2016 4.43 4.39 122 -0.03 4.34

2 2017 4.22 4.25 215 0.03 4.14
Average  4.32 4.32 0.00

Table4-10. Modeled and observed 10percentile DO concentrations for Cooper River at US 17,-mid

depth
Observed Predicted Days Delta Delta 95th LCL

Year (mg/l) (mgl/l) used (mg/l) >023mg/l (mgll)
1 2008 5.41 5.53 229 0.13 5.48
2 2009 5.48 5.59 159 0.11 5.47
3 2010 491 5.07 162 0.16 4.93
4 2011 4.97 5.10 134 0.13 5.03
5 2012 5.13 5.37 161 0.25 * 5.27
6 2013 5.09 5.32 175 0.23 5.29
7 2014 4.94 5.08 197 0.13 5.02
8 2015 5.03 5.23 160 0.20 5.10
9 2016 5.10 5.28 226 0.19 5.22
10 2017 4.98 5.16 215 0.19 5.04

Average 5.10 5.27 0.17

Table4-11. Modeled and observed 10percentile DO concentrations for Cooper River at US 17,

bottom
Observed Predicted Days Delta Delta 95th LCL
Year (mg/l) (mg/l) used (mg/l) >0.1mg/l (mg/l)
1 2016 5.05 5.15 132 0.10 5.08
2 2017 5.09 5.26 21 0.17 * 5.11
Average  5.07 5.20 0.13
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Table4-12. Modeled and observed 10percentile DO concentrations for Wando R. above Mt.
Pleasant at4526, middepth

Observed Predicted Days Delta Delta 95th LCL
Year (mg/l) (mg/l) used (mg/l) >026mg/l (mg/l)

1 2008 5.01 5.18 212 0.17 5.12
2 2009 5.59 5.57 119 -0.02 5.49
3 2010 4.71 4.75 164 0.04 4.63
4 2011 4.55 4.84 130 0.29 * 4.80
5 2012 4.99 5.16 155 0.17 5.09
6 2013 4.81 5.00 169 0.19 4.93
7 2014 4.67 4.83 216 0.16 4.70
8 2015 4.59 4.84 159 0.26 4.79
9 2016 4.78 4.98 236 0.20 4.89
10 2017 4.57 4.82 206 0.25 4.74
Average 4.83 5.00 0.17

Table4-13. Modeled and observed 10percentile DO concentrations for Wando R. above Mt.
Pleasant at4526, bottom

Observed Predicted Days Delta Delta 95th LCL
Year (mg/l) (mgl/l) used (mg/l) >0.1mg/l (mg/l)

1 2016 4.34 4.56 102 0.22 * 4.39
2 2017 4.50 4.54 206 0.04 4.46
Average 4.42 4.55 0.13

Table4-14. Modeled and observed 10percentile DO concentrations for Wando R. at Cainhoy

Observed Predicted Days Delta Delta 95th LCL
Year (mgl/l) (mg/l) used (mg/l) >0.1mg/l (mg/l)

1 2016 3.93 4.12 129 0.20 * 4.05
2 2017 3.89 3.89 193 0.00 3.76
Average 391 4.01 0.10
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Table4-15. Summary of error estimates foannual MarchOctober10" percentile DO concentrations

Average Model Error
Observed DO Model Error  as Rercentof
Location (mgl/l) (mg/l) Observed DO
Ashley R. below Summerville** 3.84 0.18 5%
Ashley R. nr North Charleston &16 3.75 0.43 11%
Cooper R. nr Goose Cr 541 0.38 7%
Cooper R. at Filbin Cr. @26 4.58 0.15 3%
Cooper R. at Pier K, surface* 4.61 0.01 0%
Cooper R. at Pier K, bottom* 4.32 0.03 1%
Cooper R. at US 17, railgpth 5.10 0.23 5%
Cooper R. at US 17, bottom* 5.07 0.17 3%
Wando R. above MPleasant at-b26, middepth 4.83 0.26 5%
Wando R. above Mt. Pleasant €826, bottom* 4.42 0.22 5%
Wando R. at Cainhoy* 3.91 0.20 5%

Note: * indicates only 2 years of comparisptisonly 1 year of comparisons
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4.2 Salinity Analysis

The primary salinity impact concerns are related to wetland vegetation impacts and the effects on DO.
For wetland impacts, the EIS used the change in average annual salinity to estimate changes in wetland
vegetation. Therefore, WEC used the R softwareteelop regression models to predict average

annual salinity concentrations.

The following subsection provides a detailed description of the development of a linear regression
model for salinity concentrations in the Cooper River at Molvdyich was idetified as an area of

concern in the Feasibility StudyWEC used similar processes to develop the regression models at the
other project impact monitoring locations, and the resulting regression models for those locations are
also provided.

4.2.1 Salinity Regression Modeling

The explanatory variable set was modified for the salinity analysis. The water chemistry monitoring
variables (i.e., TKN concentrations) were dropped. The explanatory variables were modified to included
sine and cosine of timef-year. Salinity is often seasonal, so the wave pattern of the seasonal variation
can be picked up using sine and cosine. In addition, iti@y3average of the upstream flow was added

as an explanatory variable (listed as Flow.3day in thedR/sis.

All of the explanatory variablewere put into a linear regressianodelfor Cooper River salinity at

Mobay, and the model residuals were plotted using the sdmee types of residuals plotdescribed
previously in the DO analysis (Figurekl4through 413). Figure4-11 shows that the residuals are nen
normal (smiling shape to the distribution), and FigurE2shows that the residuals are increasing in
variance. Therefore, either the Ynable should be transformed, or the statistical model should include
variables with g-value a bit higher than 0.05, because the amrmality will be increasing-values for

the t-tests. The latter is the alternative used in this analysis. The otftenis to take logs of Y, which
may correct the nomormality, but will predict the geometric mean of Y (which is a median), requiring a
subsequent bias correction in order to predict a mean. That is more complicated, and therefore our
preferred methodis toobtainthe relations with all X variables linear and use an alpha of 0.10 in order to
get a good regression that predicts the mean of Y.

FiguresA-14 and4-15 showcrPlotsof a linear regression model with all of the X variablEse three
river flow variables were log transformed, similar to the DO analysis. Figlestiows the crPlot of the
logged variables.

WEC created an initial linear regression model with the logged variables, which produced the regression
model coefficients listed ifable 417. The modelvasimproved by eliminating the least significant X
variables. Similar to the DO analysis, the criterion we used to select the variables to eliminate is the BIC
statistic.

The final model coefficienfer the Cooper River at Mobdgcationare shown in Table-48. All9
remaining explanatory variables are significafhe regression model coefficients for the other salinity
monitoring locations in the project impact area are listed in Appendix D.
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Residuals vs Fitted

7930
08227940

Residuals

-2
|

Fitted values

Figure4-11. Residuals versusitted plot for salinity linear regression model

Normal Q-Q
© - 7930
o2
<
»
[}
i
o
B
o
Le
@ [ I
N
2
@
o
C
o
]
o
Lo |
}
(e

Theoretical Quantiles

Figure4-12. Normal QQ plot for salinity linear regression model
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Figure4-13. Scalelocation plot for salinity linear regression model
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Figure4-15. crPlots for salinity linear regression model (continued)
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Figure4-16. crPlots for logged variables in salinity linear regression model
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Table4-16. Initial salinity regressiormodel coefficients

Variable Value Std. Error  tvalue Pr(>|t)

(Intercept) -23.62221398 4.15889263 -5.68 1.51E08
WaterLevel 1.46492351 0.04112161 35.624 < 2el6

TideRange  0.03652507 0.01807412 2.021  0.043404
Salinity 0.38777897 0.02159711 17.955 < 2el6

Temp 0.08454207 0.02454657 3.444  0.000582
DOSat 1.80002195 0.27965294 6.437 1.46E10
Flow.cfs 0.00012918 0.00003203 4.033 5.67E05
Flow.3day -0.00086631 0.00004531 -19.118 <2e-16

WindSpeed -0.0054731 0.00609137 -0.899 0.369007
AirTempF -0.00205781 0.00313728 -0.656 0.511935
InAshleyFlow -0.32100342 0.04264633 -7.527 7.25E14
InCoopFlow  -0.42944437 0.09802767 -4.381 1.23E05
InWandoFlow 0.43685329 0.08212115 5.32 1.13E07
sinT -0.06147952 0.06411349 -0.959 0.337695
cosT -0.35721154 0.10416263 -3.429 0.000615

Table4-17. Finalregressionmodel coefficients for Cooper Rivesalinity at Mobay

Variable Value Std.Error  tvalue Pr(>|t|)
(Intercept) 1.89052355 0.85772456 2.204  2.76E02
WaterLevel 1.37488622 0.03812661 36.061 < 2e16
Salinity 0.3122782 0.01804795 17.303 < 2el6
Temp -0.06640642 0.00678739 -9.784 < 2el6
Flow.cfs 0.0001211 0.00003145 3.851 0.00012
Flow.3day -0.00085328 0.00004454 -19.156 < 2e16
InAshleyFlow -0.3499792 0.03701969 -9.454 < 2el6
InWandoFlow 0.06994843 0.0273157 2.561 0.0105
sinT -0.21253856 0.05793139 -3.669 0.000249
cosT -0.54073267 0.09632784 -5.613 2.19E08

4.2.2 Minimum Level of Detectable Change in Salinity

Using the regression model, WR(@dictedaverage annual salinifipr each yeafrom 2008 through
2017. These modeled values a@mparal to observed average annual salinity values in Takl6e.4
The differences in annualverage salinit@ I t dzSa I

NB

fAaGSR AY

iKS

G5Stdté

-0.27 and 0.30 ppand averages 0.ppt. The difference is greater thar30pptin oneout of ten years.

WEC also calculated the width of confige interval around annual average salinifyhe equation for
the standard error of the annual averagd B/E, wherei is the residual standard error of the
regression, and is the number of independent observations used to compute the average. The

number of independent observations each year depends on the autocorrelation in the daily salinity time
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Table4-18. Modeled and observed averagannual Cooper River salinity at Mobay

Observed Predicted Days Delta Delta

Year (ppt) (ppt) used (ppt) >027ppt
1 2008 3.48 3.26 299 -0.21
2 2009 2.85 2.97 283 0.12
3 2010 2.73 2.52 187 -0.21
4 2011 3.17 3.22 206 0.05
5 2012 3.09 3.10 277 0.01
6 2013 2.55 2.28 251 -0.27
7 2014 2.65 2.55 287 -0.10
8 2015 2.34 241 202 0.07
9 2016 2.23 2.50 261 0.27
10 2017 2.20 2.50 310 0.30 *
Average 2.73 2.73 0.00

series data. WEC usBe@arson's produetnoment correlationto calculate the correlation between each
salinity measurement and the measurement value the day befbtsing the calculatetl S| NB& 2 y Q &
correlation of 0.6, a year of daily values (365) is equivalerd®independent observations in terms

of information. Therefore, for the Mobay cas#9 was used as in the standard error computation.
Multiplyingi 7€ by the 95% confidence intervabtatistic for 365 daily measurements of 1.97 yields an
estimated annual average salinity error of £0.24 ppt at tB&Sconfidence interval leveThis error is

9% of the average salinity at that locatiohable 419 shows that 7 out of 10 values are within that
range, and 9 out of 10 are within £0.27 ppt.

Comparisons for modeled and observed average annual saliaigeshown for the other monitoring
locations in Tables-20through 428. The locations with newly installed monitorigguges have only
oneto two years of annual average salinity comparison data (i.e., Tabl2g 4-23, 4-26, 4-27). The
bottom instrument in theCooper River at US 17 is an exception, because 63 days are available from
monitoring in 2012 that was conducted for the Post 45 hydrodynamic and water quality modeling
analysis.

Table 429 summarizes the estimated annual average salinity eradrthe 95% confidence interval level

for each of the monitoring locationdWith the exception of the Aséy River below Summerville

location, the error levels are a reasonably small percentage (13 or less) of the average annual salinity at
each location Table 429 also includes estimates imicreases in annual average salinity caused by the
Post 45Project. These estimates wealculated for the EIS using the EFDC hydrodynamic model.

The regression model at the Ashley River below Summerville location has a much greater relative error
(44 of the average annual salinity at that locatiofhis is because the regression model does not
reproduce the spikes in salinity that ocoed at that location. This may be because the LSPC model

does not accurately represent the variation in the base freshwater flow rate into the river. Tetra Tech
and JJG (2008) found that the LSPC watershed model developed for the TMiektiowated the base
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Tabk 4-19. Modeled and observed averagannual Ashley Rsalinity below Summerville

Observed Predicted Days Delta
Year (Ppt) (Ppt) used  (ppt)
1 2017 0.25 0.26 273 0.012

Table4-20. Modeled and observed averageannual Ashley Rsalinity near North Charleston at-626

Observed Predicted Days Delta Delta

Year (ppt) (ppt) used (ppt) >1.2 ppt

1 2008 16.25 15.77 299 -0.48

2 2009 14.42 14.65 172 0.22

3 2010 15.23 14.11 228 -1.12

4 2011 18.40 17.57 212 -0.83

5 2012 17.87 18.42 266 0.55

6 2013 13.62 13.27 257 -0.35

7 2014 13.87 13.49 273 -0.38

8 2015 11.83 13.06 209 124 *

9 2016 12.49 12.54 317 0.05

10 2017 12.98 14.00 323 1.02
Average 14.70 14.69 -0.01

Table4-21. Modeled and observed averagannual Cooper River salinity &imlico

Observed Predicted Days Delta Delta
Year (ppt) (ppt) used (ppt) >0005ppt
1 2008 0.059 0.049 299 -0.0106 *
2 2009 0.045 0.045 290 -0.0004
3 2010 0.038 0.043 210  0.0050
4 2011 0.051 0.048 221  -0.0032
5 2012 0.052 0.048 277 -0.0041
6 2013 0.039 0.041 257  0.0024
7 2014 0.039 0.042 292  0.0035
8 2015 0.040 0.043 186  0.0028
9 2016 0.037 0.042 325 0.0046
10 2017 0.043 0.044 318 0.0005
Average 0.044 0.044 0.000
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Table4-22. Modeled and observed averagannual Cooper River saliniigbove Goose Geek

Observed Predicted Days Delta

Year (Ppt) (ppt) used  (ppt)
1 2016 0.24 0.23 193  -0.007
2 2017 0.19 0.22 325  0.028
Average 0.22 0.23 0.002

Table4-23. Modeled and observed averagannual Cooper River salinityear Goose Grek

Observed Predicted Days Delta Delta
Year (ppt) (ppt) used (ppt) >0.025 ppt

1 2008 0.156 0.131 281 -0.025
2 2009 0.114 0.114 281 0.000
3 2010 0.092 0.100 228 0.008
4 2011 0.129 0.126 221 -0.003
5 2012 0.125 0.124 277 -0.002
6 2013 0.099 0.087 251 -0.012
7 2014 0.101 0.098 292 -0.003
8 2015 0.097 0.097 209 0.001
9 2016 0.08 0.10 323 0.016
10 2017 0.08 0.10 312 0.026 *
Average 0.11 0.11 0.001

Table4-24. Modeled and observed averagannual Cooper River salinigt Filbin Cr. and-526

Observed Predicted Days Delta Delta
Year (ppt) (ppt) used (ppt) >042ppt

1 2008 17.198 16.831 287 -0.367
2 2009 16.034 16.451 186 0.417
3 2010 16.214 15.744 189 -0.470 *
4 2011 16.861 17.183 139 0.322
5 2012 16.726 16.942 222 0.217
6 2013 15.156 15.144 248 -0.012
7 2014 15.713 15.526 292 -0.186
8 2015 15.590 15.455 189 -0.134
9 2016 15.32 1541 326 0.091
10 2017 15.76 15.95 306 0.186

Average 16.06 16.06 0.006
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Table4-25. Modeled and observed averagannual Cooper River salinity &ier K, surface

Observed Predicted Days Delta

Year (Ppt) (Ppt) used  (ppt)

1 2016 18.73 18.73 178 0.001
2 2017 19.09 19.09 324  -0.001
Average 18.91 18.91 0.000

Table4-26. Modeled and observed averagennual Cooper River salinitgt Pier K, bottom

Observed Predicted Days Delta

Year (ppRY) (ppRY) used  (ppt)

1 2016 21.06 21.52 181 0.46
2 2017 21.97 21.71 325 -0.26
Average 21.51 21.62 0.020

Table4-27. Modeled and observed averagannual Cooper River salinitgt US 17, miedepth

Observed Predicted Days Delta Delta

Year (ppt) (ppt) used (ppt) >0.76ppt

1 2008 25.712 25.549 289  -0.164

2 2009 25.452 25.243 188  -0.209

3 2010 25.842 24.779 189  -1.063 *

4 2011 26.611 26.316 169  -0.294

5 2012 25.862 26.178 222 0.316

6 2013 24.810 24.305 257  -0.505

7 2014 24.641 24.588 273  -0.054

8 2015 23.808 24.559 200 0.752

9 2016 24.05 24.38 293 0.329

10 2017 24.32 24.87 315 0.552
Average 25.11 25.08 -0.034
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Table4-28. Modeled and observed averagannual Cooper River salinity &ooper R. at US 17, bottom

Observed Predicted Days Delta Delta

Year (ppt) (ppt) used (ppt) >0.20 ppt
1 2012 26.64 26.28 63 -0.362 *

2 2016 25.28 25.08 184  -0.197
3 2017 25.23 25.41 316 0.187
Average 25.72 25.59 -0.037

Table4-29. Summary of error estimates for average annual salinity

EIS Statistical
Observed Estimate of Model Standard Error

Mean Project Standard as Rercentof

Salinity Impacts Error Average Annual
Location (ppt) (ppt) (ppt) Salinity
Ashley R. below Summerville 0.25 0.05 0.11 44
Ashley R. nr North Charleston &16 14.70 0.4 1.1 7
Cooper R. @imlico 0.04 0.0 0.0049 11
Cooper R. above Goose Cr 0.22 0.4 0.0z 13
Cooper R. at Mobay 2.73 0.5 0.24 9
Cooper R. nr Goose Cr 0.22 0.04 0.012 11
Cooper R. at Filbin Cr. @26 16.06 0.6 0.52 3
Cooper R. at Pier K, surface 18.91 0.9 0.50 3
Cooper R. at Pier K, bottom 21.51 0.9 0.46 2
Cooper R. at US 17, railgpth 25.11 0.3 0.63 3
Cooper R. at US 17, bottom 25.72 0.3 0.51 2

flow rate into the Ashley River and therefore they modified the base flow rate input to the EFDC water
guality model for the river.Improvements in regression model salinity predictions at this location would
likely require additional monitoring and analg of base flow into the Ashley Riv&tonetheless, the
regressiormodel presented herein fothis location should be suitable for detecting projéetiuced
changes irsalinity that exceed 0.11 ppt at this location.

As shown by Table 29, the statisttal model errovaries by location and can lsenaller or larger than

the EIS estimates of Post 45 Project impacts. If the EIS predictions are accurate, then projedteffects
some locationsvill be within the error range for the statistical models andl wot be detected by the
monitoring data. However, if the project causes greater impact than the statistical model error
estimatesat each locationn Table 429, then the monitoring data will detect the projertduced

changes.
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5 Conclusions

The statistical analyses in this report demonstrate tmadtiple linearregressiorand quantile regression
techniques can be used to account for the effects of explanatory variables on salinity and DO
concentrations in the Charleston Harbotugry. Once the posproject monitoring data is collected,
thesemethodscan beused to estimate the DO and salinity in the estuary that would have occurred had
the Post 45 Project not been constructed. These results can then be compared to the medtered
project DO and salinity in order to quantify the project impacts.

The uncertainty in thatatisticalmodels varies by location. For i error in theannual March
October 1@ percentileDO is a relatively small fraction of the observed @8s(than 10% error at all
locations, except one)However, the absolute error in this measure of DO ranges betwedmagll
and 0.8 mg/l at the longterm monitoring locations (at the 90% confidence levdlhis level of error is
greater than the levebf Post 45 Boject impactestimatedin the EIS (which estimated DO impaletss
than 0.10 mg/l in the Cooper River and less than 0.12 mg/l in the Wando River). Therefore, the
statistical analysis of the monitoring data will detect projg@uced changesnly if they are greater
than those estimatedh the EIS.

For salinity, the models are generally within an errol®fpercent or less of the average annual salinity
at each location, with one exception (the Ashley River below Summerville locati@m fegior of+0.11
ppt, which is 44 percent @he average annual salinity)he statistical model error varies by location
and can be smaller or larger than the EIS estimates of Post 45 Project imipdaesEIS predictions are
accurate, then project effectgt some locationsvill be within the error range for the statisticalodels
and will not be detected by the monitoring data. However, if the project cacisasges in salinity
greater than the statistical model error estimataseach locationthen the monitoring data will detect
the projectinduced changes.

No revisiongo the field monitoring (e.g., USGS gauge locations) are recommended.
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Appendix A. NPDES Point Source Discharge UOD Loading Rates
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Figure A2 BCWSACentralBerkeleyWWTHFdischarge data
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