Appendix K
Climate Change Assessment

1.0 CLIMATE CHANGE ASSESSMENT

The US Army Corps of Engineers (USACE) Civil Works Program and its water resources infrastructure
built and natural, structural and nonstructurakepresent a tremendous Federal investment that
supportsregional anchational economic developmeppublichealth and safetyand national

ecosystem restoration goals.

The hydrologic and coastal processes underlying this water resources management infrastructure are
very sensitive to changes in climate and weathEnerefore, USACE has a compelling need to
understand and adapt to climate change and variability to continue providing authorized performance
despite changing conditions.

Engineering Construction Bulletin (ECB) No82BA(USACECR018) provides guidance for
incorporating climate changaformation in hydrologic analyses in accordance with the USACE
overarching climate change adaption policy. It calls for a qualitative analysis. The goal of a qualitative
analysis of potential climate threats and impacts to USACE hydroitafed projectsand operations is

to describe the observed present and possible future climate threats, vulnerabilities, and impacts of
climate change specific to the study goals or engineering designs. This includes consideration of both
past (observed) changes as wadl potential future (projected) changes to relevant climatic and
hydrologic variables.

For more information about climate change impacts to water resourcesthaeaverview report, USGS
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http://pubs.usgs.gov/circ/1331/and also the USACE Responses to Climate Change web site at
https://corpsclimate.us/

The SavannaHarbor Expansion Project (SHEP), as authorized in Water Resources Reform and
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As a result, the authorized project included a fish passage for mitigatittrose impacts at the New

Savannah Bluff Lock and Dam (NSBLD). Since 1937, the NSBLD blocked fish from migrating to the
Augusta Shoals; the historical spawning grounds for sturgeon. Other fish species, including American
shad and Striped bass are alsgpacted by the presence of the dam.

To understand the conditions in the project area along the Savannah River including the Augusta
metropolitan areathe USACEonducted extensive hydraulic modeling of over 33 scenarios.

Ultimately, the final array of action alternatives narrowed to sevelSACE conducted the following

model runs to develop alternatives for further analysis. The initial array of alternativeshgses

approved FEMA 2003 1D HE@odel to evaluate the 1 aral2 percent ACE (10@nd 500year) flood
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alternative and refinements, HECRAS 2D model was developed to provide increased resolution of

flood impactsat the 50, 20, and 10 percent ACE events (2, 5, arngea0flood events).
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The final array of alternatives include the action alternativeand 4 action alternatives. One action
alternative, Alternative 11, repairs the lock wall and dam gates anerp and allows fish to pass
adjacent to the lock wall along the Georgia side while maintaining the functionality of the pool for
navigation, recreation, and water supply. Three alternatives use a weir to createchannel fish
passage and remove thedk and dam and partially demolish the dam foundation. Gfnthose action
alternatives, Alternative -8, includes a fixed crest weir with a rock ramp sloping upstream from the
existing dam locationAnother one of those action alternatives, Alternat®®, includes dixed crest
weir with a rock ramp sloping upstream from the existing dam locatiith a flood plain bench for
high stage flood conditionsAlternative2-6 includes four refinements to the weir height. This was
done as a tradeoff analydietween water supply intakes and recreational impacts and high frequency
flooding events. The other action alternative, Alternativ8,21ses an ithannel fish passage with a
fixed weirwith a rock ramp at the existing dam location with a gated floopasg channel

The important hydrologic variables affecting the project include water surface elevation (stage) and
river dischargewhich is also affected by inflow from tributaries between Thurmond Dam and NSBLD
The gates at New Savannah Bluff Lock and Dam are used to help maintain a pool elevation between
111.2 and 114.2 NAVD88 upstream of the dam. Impacts to recreation and navigation appear to occur
when inflows fall below 5,000 cfs. As a result of proposedegt@lternativesvariation in river flow

will have a much larger impact on pool elevation as compared to existing conditions. Several of the
proposed alternatives have the potential to cause increases in nuisance flooding and would create
false attractionflows during high flow conditions that would prevent or delay endangered fish passage
to upstream spawning grounds.

A significant water management structure is located upstream of the study area: J. Strom Thurmond
Dam.Besides fluctuations in climate agfeand flow in the study areaan be influenced by loAggrm
geomorphic change, changesloStrom ThurmonBam operating plans, and gage relocation.

Discharge can be influenced by changes in upstream water storage due to dam construction, changes
in lard-use, and measurement techniques. These factors can make it difficult to determine the role of
climate change in affecting the hydrologic signal at the project scale. The relevant question to answer
at the project scale is whether there has been, or bélla changelue to climate changthat affects
ecological conditions in the study araad how this change would impact the resilience of the

proposed projectn terms of its ability to meet operating objectives for recreation and water supply
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also be assessed. Annual P&gcharge was chosen as the primary hydrologic variable to analyze for
this project.

Ecologically relevant components of rivischarge include its magnitude, frequency, and duration, as

well as the timing of particular discharges, rate of discharge change, aneambeial (yeaito-year)

variability. More frequent or longer duration flood conditions can stress floodplain feredtaquatic
communitiesin the Augusta Shoals area, which is the historic breeding grounds for Atlantic aned Short
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plant habitat in the Augusta Shoals amaweaken the root zone creating conditions more conducive

to erosion Excessive inflows to aquatic areas increases sediment and nutrient loading affecting plant
and fish communities. The occurrence of long duration low water conditions may affect disolve
oxygenmaking areas unsuitable for aquatic animal species, as well as create insufficient depths in the
Augusta Shoals area for breeding.



1.1 Literature Review

According to theThird National Climate Assessme@iimate changesiexpected tantensify current

climate trends of temperature and precipitation in the UiBcluding the Southeast regidCarter et

al, 2014) The NSBLD Fish Passage Project is located on Savannah River, on the border of Georgia and
South Carolina, approximatelBZ river miles upstream of Savannah, GAe frequency and intensity

of precipitation is projected to increase more across the northern portion of the region and show less

of an increase in the southern part of the region. Seasonal differences in préoipiell have a

significant effect on many hydrologic process&il moisture, critical for vegetation and agriculture, is
determined in part by precipitation and temperature, which drives evapotranspiration &oil).

moisture fluctuates seasonally drinas been observed to lekecreasingver time in the Southeast

(Hay et al 2011Zhangand Georgakako2011).
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warm and cool periods, but since 1970, temperatures have increased an average lf @fd.time,

the number of days above 95°F and nights above 75°F have been increasing, while extremely cold days
have been dereasing (Kunkel et al 2013).

Warmer temperatures haveffected seasonal cycles. In the Southeast, the ffiest season has
already expanded on average by 6 dalysojectionsbased on global climate modedaggest the trend
toward a longer fret-free season is likely to continudhe southern freezéree zone will continue to
move northward, displacopspecies requiring freezing (Walsh et al, 2014).

A positive, but mild, warming trend is identifi@dthin observed temperature recordsr mog of the
area in the spring and summer. For the fall months, the southern portioheoatea is shown to be
warming.

The Eastern portion of the Southeast has observed drier conditions whereas the rest of the region has
experienced wetter conditionsDaily and fivedayobserved rainfall intensities have increased (Ingram

et al 2013), but summers have been either increasingly dry or extremely wet, which is indicative of the
variability of the climate in the Southeast (Kun&ehl2013). Linear trends irobserved annual

precpitation indicate a2 to-5% reduction in precipitation in the upper Savannah River Basin and a +2
to +5% increase in precipitation in the lower Savannah River Basin (McRoberts and-Sesiseron,

2011). The Southeast has seen a 27% increase in heavy precipitation events (defined as the heaviest
1% of all daily events) since 1900 (Karl et al 2009) and is projected to see a varied increase in storm
severity and in the frequenayf severe storms in the futer

Temperatures across the southeast are projected to increase during this century as depicted in Figure
1. Major consequences of warming include significant increases in the number of hot days, 95°F and
above (Carter et al, 2014). This increases evapmatnd decreases freezing events. Increased
evaporation correlates to overall less flow in the river, possibly exposing more shoaling areas and
diminishes the amount of spawning areas available for fish. The NSBLD Fish Passage Project is located
in the pat of the region with a projected increase in number of days above 95°F of approximately 45

60 days. Further, climate change is expected to increase harmful algal blooms and several disease
causing agents in inland waters, not previously problems in themg@arter et al, 2014). This could

have detrimental effects on fish in the Savannah River, especially in the Augusta Shoals area.
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Figurel: Projected Change in Number of Days over 95°F (Source: NOAA NGRC)CICS

The Southeast is also vulnerable to flooding caused by sea level rise. WHieelg@seis expected for
the Southeast Region, the NSBLD Fish Passage Project is several hundredandeof the coast and
therefore will not be impacted by the effects of sea level rise.

There is strong agreement in the literature that temperature for the Southeast region, and the entire
country, will increase over the next centuijhe studiegenerally agree oan increase in mean annual

air temperature of approximately 2 # °C by the latter half of th21st century for the South Atlantic

Gulf RegiofUSACE, 2019 rojections for precipitation events and hydrology are less certain than
temperature projections for the Southeast Region. Figure 2 shows a summary matrix of observed and
projected climate trends and projections for the HUC 03, which is the South At(aualiidRegion,

where the NSBLD Fish Passage Project is located.
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NOTE: Generally, limited regional peer-reviewed literature was available for the upper portion of HUC 3.
Literature consensus includes authoritative national and regional reports, such as the 2014
National Climate Assessment.
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Figure2: Summary Matrix of Observed and Projected Climate Trends and Literary Consensus (Source: USACE Climate Change Assessment
for Water Resources Region 03)

D S 2 NEtitudesad close proximity to the warm waters of the Gulf of Mexico and the Atl@uézan
characterizehe climate adong, hot, humid summers and short, midnters. Georgia, like much of

the southeastern United States, is in one of the few regions globally that has not exhibited an overall
warming trend in surface temperaturewer the 20th century (Figure) 3vhile the United States as a
whole has warmed bgbout 1.5°F(Frankson et al 2017)

Georgia receives frequent precipitation throughout the year, ranging from upwards of 80 inches in the
mountainous northeastern corner of the state to around 45 inches in the eastern and central portions.
Precipitationprojections forGeorgia are uncertain (Figurg. £ven if average annual precipitation
remains constant, higher temperatures will increase evaporation rates and decrease soil moisture
during dry spells, leading to greater drought intensity. This couleéasa competition for limited

water resources, which currently support large population cenli&esthe City of Augusta.
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Figure3: Georgia observemperaturechange (orange linejource: CIG$C/NOAA NCEI
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Figure4: Climate model projections of changes (%) in annual precipitation for the middle of the 21st century compared to the late 20th

century under a higher emissions pathway. Precipitation is projected to increase throughout Gewvgigrhthese changeseasmall
relative to the natural variability in this regioB8ource: CIA$C, NOAA NCEI, and NEMAC.




1.2 First Order Statistical Analysis: Trends in Streamflow & Climate Change at a Regional Scale

The USACE Climate Hydrology Assessif@ol was used to investigate potential future trends in
streamflow for HUC 0306, the OgeecHeavannahwatershed. Figur® below shows the location of
the project area relative to the HUC04 watershed delineations.
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Figure5: Reference Map of HUC 4 Watersheds by DistrictOfleecheesavannahs highlighted by the black arrow.

Figure6 displays the range of projected annual maximum monthly streamflows computed from 93
different climate changed hydrologicadel runs for the period of 1952099. Climate Changed
hydrology output is generated using various greenhouse gas emission sceri®s) and global
circulation models (GCM) to project precipitation and temperature data into the future. These
meteorological outputs are spatially downscaled using the BCSD statistical method and then inputted
Ay GKS | o{ @ . dzNB I dzInfitFatiowSagekcity (WIC)ipkegipftaiigunof ndd@l fo 6 f S
generate a streamflow responséhe VIC model represents unregulatekin conditionsThis is

relevant because the Ogeech&avannah basin is impacted by regulatida.expected for this typefo
gualitative analysis, there is considerable, but consistent spread in the projected annual maximum
monthly flows. The spread in the projected annual maximum monthly flows is indicative of the high
degree of uncertainty associated with projected, climakanged hydrology.



Range of 93 Climate-Changed Hydrology Models of HUC 0306-Ogeechee-Savannah
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Figure6: Range of Projected Annual Maximum Monthly Streamflow among Ensemble of 93 @imaatged Hydrology Models, HUC 306
Ogeeche&savannah.

The overall trend in the mean projected annual maximum monthly streamflow (ANSMI&)reasing
over time(Figure7). Earlierdata showso statistically significant trendsChere is a statistically
significant increasintater trend for the water basinAMMS = 32.84 [Water Yearl 20552.40 R =
0.262933 Pvalue < 0.01)The pvalue is for the linear regression fit drawn; a smalleatue would
indicate greater statisticaignificance. There is no recommended thresholdstatistical significance,
but typically 0.05 is used as this is associated with @igl€ef a Type | error @falsepositive.This
finding suggests that there is potential faAMMSto increase in the future in the study area, relative to
the current canditions.
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Figure7: Mean Projected Annual Maximum Monthly Streamflow, HUC 306 Oge&eave@nah.
1.3 Screening Level Vulnerability Assessment to Climate Change Impacts

The USACE Watershed Climate Vulnerability AssessmenVPod@bolwas used to compare the

relative vulnerabilityto climate changef the HUC 03080geecheeSavannahwatershedto allHUC @
watersheds across the continentdhited States (CONUS). The tool facilitates a screening level,
comparative assessmenf how vulnerable a given HU@ Watershed is to the impacts of climate

change. The tool can be used to assess the vulnerability of a specific USACE business line such as
G902a2aiGSY wSail2NIrGA2yé (2 LINRP2SOGSR OfAYI(GS OK
identify and characterize specific climate threats and particular sensitivities or vulnerabilities, at least

in a relative sense, across regions and busifiees.The four (4) USACE business lmsvant to the

Fish Passage project inclydecosystem Restoration (Mitigation), Recreation, Water Supply, and Flood
Risk ReductionThe tool uses the Weighted Order Weighted Average (WOWA) method to represent a
composite index of how vulnerable a given HU@ watershedVVulnerability Score) is to climate change
specific to a given business line.
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used to get the final scerfor each HUC. After normalization and standardization of indicator data, the
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HUGepochscenario, all indicators in a business line are ranked accorditigeir weighted score, and
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level. This yields a single aggregate score for eachdgoehscenario called the WOWA score.
WOWA contributions/indicator contoutions are calculated after the aggregation to give a sense of
which indicators dominate the WOWA score at each HE@ther information regarding indicators
can be found in Table 1.

Indicators considered within the WOWA score EmosysteniRestoration (Mitigation; Tabl8) include:
macroinvertebrate index (sum score of six metrics indicating biotic condipengent of at risk
freshwater plant communitiggunoff elasticity (ratio of streamflow runoff to precipitatiprshort-term
variability in hydrologychange in sediment loadpean annualunoff, two indicators of flood
magnification (indicator of how much high flows are projected to change overtane)change in low
runoff.

Indicators considered within the WOWA score Raceation (Table4) include:two indicators of flood
flow, runoff elasticity (ratio of streamflow runoff to precipitatipyshort-term variability in hydrology
change in sediment loadyrought severitytwo indicators of flood magnification (indicator of how
much high flows are projected to change overtine)dchange in low runoff

Indicators considered within the WOWA score Yéater Supply (Tabl®) include: change in sediment
load, longterm variabiity in hydrology shott-term variability in hydrologyrunoff elasticity (ratio of
streamflow runoff to precipitatiol and drought severity

Indicators considered within the WOWA score for Flood Reski€tion (Table) include: bngterm
variability inhydrology runoff elasticity (ratio of streamflow runoff to precipitatipriwo indicators of
flood magnification (indicator of how much high flows are projected to change overtand)the
acres of urban area withithe 500-year floodplain

When assessing future risk projected by climate change, the U8ATEDI makes an assessment for

two 30-year epochs of analysis centered at 2050 and 2085. Thespéviads were selected to be

consistent with many of the other national and international analyses. The tool assesses how

vulnerable a given HU®I watershed is to the impacts of climate change for a given business line using
climate hydrology based on ambination of projected climate outputs from the general climate

models (GCMs) and representative concentration pathway (RCPs) resulting in 100 traces per watershed
per time period. The top 50% of the tradeg flow magnitudeA & O f t SR a¢Sié¢ FyR Gl
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VICmacroscalenydrologic modelMany of the indicators included in the ViAol rely on an ensemble

of GCMs to capture the uncertainty inherent in climate projections

In the context of the VA Tool, there isncertainty in all of the inputs to the vulnerability assessments.
Some of this uncertainty is already accounted for irt tha tool presents separate results for each of
the scenarieepoch combinations rather than presenting a single aggregate result. Despite that,
analyses may include significant uncertainty.

For this assessment the default, National Standards Settingssaceto carry out the vulnerability
assessment.



Tablel: Descriptiongor indicators used in the Fish Passage Vulnerability Tool analysis.

Indicator Short Name

95 DROUGHT SEVERITY

156 SEDIMENT

175L ANNUAL COV

221C MONTHLY COV

277 RUNOFF PRECIP

AREA

8 AT RISK FRESHWATER PLANT

65L MEAN ANNUAL RUNOFF

297 MACROINVERTEBRATE

568C FLOOD MAGNIFICATION

568L FLOOD MAGNIFICATION

570L 90PERC EXCEEDANCE

571C 10PERC EXCEEDANCE

571L 10PERC EXCEEDANCE

590 URBAN 500YRFLOODPLAIN

700C LOW FLOW REDUCTION

. Large Values = High
Indicator Name 9 9

Vulnerability

% of freshwater plant

L . Yes
communities at risk
Mean annual runoff

No

(local)
Drought Severity Index Yes
Change in sediment
load due to change in Yes
future precipitation
Annual CV of
unregulated runoff Yes
(local)
Monthly CV of runoff Yes

(cumulative)

% change in runoff
divided by % change i Yes
precipitation

Macroinvertebrate
index of biotic No
condition

Flood magnification

. Y
factor (cumulative) es
Flood magnification

Yes
factor (local)
Low flow (monthly
flow exceeded 90% of No

time; local)

Flood flow (monthly
flow exceeded 10% of Yes
time; cumulative)

Flood flow (monthly

flow exceeded 10% of Yes
time; local)

Acres of urban area

within 500-year Yes
floodplain

Low flow reduction

. No
factor (cumulative)

Indicator Description Data Sources
NatureServe - Explorer (customiz
dataset). Data were obtained fror
Jason McNees at NatureServe,
1101 Wilson Blvd., 15th Floor
Arlington, VA 22201 via email or
July 31, 2009

Mean runoff: average annual runoff, Data calculated from interagency
excluding upstream freshwater inputs CMIP5 GCM - BCSD - VIC datas Sep-2014
(local). (2014)

Greatest precipitation deficit: The mos

negative value calculated by Data calculated from interagency
subtracting potential CMIP5 GCM - BCSD - VIC datas Jul-2015
evapotranspiration from precipitation (2014)

over any 1-, 3-, 6-, or 12-month perioc

% of wetlands & riparian plant
communities that are at risk of
extinction, based on remaining numb:
& condition, remaining acreage, three
severity, etc.

Feb-2016

The ratio of the change in the sedimel

load in the future to the present load. Ccbm Feb-2016

Long-term variability in hydrology:
ratio of the SD of annual runoff to the
annual runoff mean. Excludes upstre:
freshwater inputs (local).

Measure of short-term variability in tr
region's hydrology: 75th percentile of
annual ratios of the SD of monthly
runoff to the mean of monthly runoff.
Includes upstream freshwater inputs
(cumulative).

Median of: deviation of runoff from  Data calculated from interagency
monthly mean times average monthly CMIP5 GCM - BCSD - VIC datas
runoff divided by deviation of (2014) using method of
precipitation from monthly mean time: Sankarasubramanian & Vogel
average monthly precipitation. 2001 WRR 37(6)1771-1781

The sum (ranging from 0-100) of scor
for six metrics that characterize
macroinvertebrate assemblages:
taxonomic richness, taxonomic
composition, taxonomic diversity,

Data calculated from interagency
CMIP5 GCM - BCSD - VIC datas Sep-2014
(2014)

Data calculated from interagency
CMIP5 GCM - BCSD - VIC datas Sep-2014
(2014)

Feb-2015

USEPA - Wadeable Streams
Assesment (WSA) (Stream Watel

Benthic Macroinvertebrate Feb-2016

. A . Metrics
feeding groups, habits, pollution )
tolerance.
cnarnge in noou rurotr. rauo oi

Data calculated from interagency
CMIP5 GCM - BCSD - VIC datas Sep-2014
(2014)

indicator 571C (monthly runoff
exceeded 10% of the time, including
1netranm frachumtar innuite) tn E71 0
Change in flood runoff: Ratio of
indicator 571L (monthly runoff Data calculated from interagency

exceeded 10% of the time, excluding CMIP5 GCM - BCSD - VIC datas Sep-2014
upstream freshwater inputs) to 571L i (2014)

base period.

Low runoff: monthly runoff thatis Data calculated from interagency

exceeded 90% of the time, excluding CMIP5 GCM - BCSD - VIC datas Sep-2014
upstream freshwater inputs (local). (2014)

Flood runoff: monthly runoff thatis
exceeded 10% of the time, including
upstream freshwater inputs
(cumulative).

Data calculated from interagency
CMIP5 GCM - BCSD - VIC datas Sep-2014
(2014)

Flood runoff: monthly runoff thatis  Data calculated from interagency
exceeded 10% of the time, excluding CMIP5 GCM - BCSD - VIC datas Sep-2014
upstream freshwater inputs (local). (2014)

(1) FEMA - 500 year Flood Zones
(2) EPA - Integrated Climate & Lé Jan-2011
Use Scenarios (ICLUS)

Acres of urban area within the 500-ye
floodplain.

Change in low runoff: ratio of indicatc

570C (monthly runoff exceeded 90% (Data calculated from interagency

the time, including upstream CMIP5 GCM - BCSD - VIC datas Sep-2014
freshwater inputs) to 570C in base  (2014)

period.

Last Updated




Theresults of the USACEAToolanalysis of the 4 business lines in the HUC 306 Oge&tdnesmnnh
watershed are found in Table W/ithin Table 2a comparison can be made between the Ogeeehee
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scoresand the Savannah District range of WOWA scohste: The Savannah District only has two
HUC 04 watershed$he Ogeeche&avannah watershed has zero business lines considered vulnerable
(falls within the top 20% of vulnerability scores) relative to thigeo 201 HUC 04 watersheds in the

CONUS.

Table 2: Rijected Vulnerability (WOWA Score) comparison chart.

Summary of Vulnerability

Business Line Scenario - Epoch | WOWA Score | Range Nationally | Range SAD Range in District
Dry 2050 70.93 55.95-81.73 64.82-73.30 69.15-70.93
Ezzzii:‘;n Dry 2085 71.31 55.84-81.85 | 65.21-73.76| 69.14-71.31
(Mitigation) Wet 2050 70.25 55.64-89.84 64.20-73.16 68.31-70.25
Wet 2085 70.83 54.69-89.43 64.65- 73.36 68.46- 70.83
Dry 2050 59.17 57.05-74.39 58.65-61.20 59.17
. Dry 2085 68.19 57.42-82.23 62.53-76.96 68.19
Recreation
Wet 2050 57.67 57.67-85.65 57.67-60.40 57.67
Wet 2085 57.23 56.67-83.62 56.67-66.63 57.23
Dry 2050 46.57 43.70-73.54 43.70-46.57 46.57
Dry 2085 60.70 46.91-79.27 50.13-60.70 60.70
Water Supply
Wet 2050 55.98 49.86-80.34 53.78-56.03 55.98
Wet 2085 58.03 49.42-81.82 56.56- 60.68 58.03
Dry 2050 43.81 35.15-70.08 41.53-67.07 43.81-49.79
Flood Risk Dry 2085 44 .20 35.66-69.10 41.93-68.18 44.20-51.20
Reduction Wet 2050 47.73 39.80-92.85 | 46.76-70.46 47.73-52.04
Wet 2085 48.65 40.86-86.71 47.65-71.78 48.65-54.09

When analyzing the business line Ecosystem Restoratiompared to the national range and the SAD

range, the Ogeeche8avannah atershed has higheWOWA scoreéTable 2) Relative to the other
HUQO4 watersheds in SAD, the Ogeeci&vannah watershed is relativehore vulnerable to the
impacts of climate change on ecosystem restoration (mitigatiofoth the wet and dry scenarios
(FigureB8). For theOgeecheeSavannalwatershed, the major drivers of the computedosystem
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Table 3: Indicators associated with Ecosystem Restoration (Mitigation) and thgibation to the WOWA scores.

Ecosystem Restoration (Mitigation)

Dry Scenario

Indicator # 2050 Value 2050 % Score | 2085 Value | 2085 % Score | % Change
297 MACROINVERTEBRATE 16.55 23.34 16.55 23.21 0.00
8 AT RISK FRESHWATER PLA 28.50 40.19 28.50 39.97 0.00
277 RUNOFF PRECIP 9.23 13.01 9.47 13.28 2.61
221C MONTHLY COV 5.51 7.77 5.63 7.89 2.10
156 SEDIMENT 1.34 1.89 1.23 1.72 -8.41
65L MEAN ANNUAL RUNOFF 3.01 4.25 3.01 4.23 0.07
568C FLOOD MAGNIFICATIOI 2.02 2.84 2.04 2.86 1.17
568L FLOOMAGNIFICATION 0.80 1.12 0.81 1.13 1.17
700C LOW FLOW REDUCTIOI 3.97 5.59 4.07 5.71 2.59
Wet Scenario

Indicator # 2050 Value 2050 % Score | 2085 Value | 2085 % Score | % Change
297 MACROINVERTEBRATE 16.29 23.19 16.40 23.16 0.68
8 AT RISK FRESHWATER PLA 28.06 39.94 28.25 39.88 0.68
277 RUNOFF PRECIP 9.32 13.27 9.14 12.90 -2.00
221C MONTHLY COV 5.17 7.36 3.06 4.31 -40.95
156 SEDIMENT 2.95 4.20 5.40 7.62 83.05
65L MEAN ANNUAL RUNOFF 2.24 3.18 2.24 3.16 0.16
568C FLOOD MAGNIFICATIOI 3.86 5.49 4.01 5.66 3.97
568L FLOOD MAGNIFICATION 0.90 1.29 0.94 1.33 3.97
700C LOW FLOW REDUCTIOI 1.46 2.08 1.40 1.98 -3.87




Ecosystem Restoration (Mitigation)
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Business Line c""s wie Data N:m Threshold  ORNeSS  pataset 22016 - data update for selected

Ecosystem Restoration CMIP-5 (2014) EACH 20% o70; | ndcslors
- D | Wet

~ = 7 0 e > oo

| MIS&?_H v rginis. )
s 2 '
"

75 - :
/|fAsansas

. 4.‘| SRR T
M g A i
| touisiana . | Loutsiana-

o4 - 4 .-

N

2050

| Mizsoury et
w IN“

— N

el e

yoa, 4 Tennessae

|Aransas

~ (T
l—-'T"
A o3 '4‘7

>

2085

i kousiana W
-

LT

WOWA Score
64.199 T73.759 %
Dry Wet wn
1 HUC(s) selected 1 HUC(3) selected §

0 HUC(s) vulnerable 0 HUC(s) vulnerable . 8 AT RISK . 291C MONTHLY . S68C FLOOD M

2
v HUC(s) selected 1 HUC(s) selected [ 85L_MEAN_ANN.. [ 277_RUNOFF_P.. [JJ] 568L_FLOOD_ M.
& 0HUC(s) vulnerable 0 HUC(s) vulnerable B 156_seDiMENT [ 297_macroinv.. ] To0c_LOW_FLO

Figure8: Results of the USACE climate vulnerataliglysis for the Ecosystem Restoration WOWA score of the Ogegahaenah
watershed (highlighted by the black arrow) compared to SAD.




When analyzing the business line Recreation, compared to the national range and the SAD range, the
Ogeecheésavannah atershed has lower WOWA scor@&ble 2) Relative to the other HU@!

watersheds in SAD, the Ogeeckhgavannah watershed is relatively less vulnerable to the impacts of
climate change on recreation in both the wet and dry scenarios (FB)ureor theOgeecheeSavannah

watershed, the major drivers of the computeecreation@ dzf y S NI 6 A f Boiw Elona O2 NB | NB
Reductiord the Local and dzY dzf OGPoAEKCSedanég YR Ay 6SG aO0OSYyIFNA2&asx O
Magnificatioré (Table 2.6 5 NR dza K i { Sjer 8rNév éf thé corhpitedirecrgdtion vulnerability
score in the2085 dryscenario
Table 4: Indicators associated with Recreation and their contribution to the WOWA scores.
Recreation
Dry Scenario
Indicator # 2050 Value | 2050 % Score | 2085 Value 2085 % Score % Change
571CO0PEREXCEEDANCE 8.47 14.31 6.01 8.81 -29.07
570L 90PERC EXCEEDANCE 12.25 20.70 8.75 12.83 -28.56
277 RUNOFF PRECIP 3.13 5.29 2.96 4.33 -5.56
221C MONTHLY COV 2.25 3.81 2.12 3.11 -6.03
156 SEDIMENT 0.89 1.51 0.75 1.11 -15.70
95 DROUGHT SEVERITY 4.07 6.88 27.00 39.59 563.25
568C FLOOD MAGNIFICATIO 5.37 9.07 3.85 5.64 -28.32
568L FLOOD MAGNIFICATIOI 1.35 2.28 1.25 1.84 -6.89
700C LOW FLOW REDUCTIO 21.39 36.15 15.51 22.74 -27.52
Wet Scenario
Indicator # 2050 Value | 2050 % Score | 2085 Value 2085 % Score % Change
571CO0PEREXCEEDANCE 8.95 15.53 8.87 15.50 -0.95
570L 90PERC EXCEEDANCE 12.09 20.97 11.81 20.64 -2.29
277 RUNOFF PRECIP 4.35 7.55 4.18 7.31 -3.88
221C MONTHLY COV 2.91 5.05 1.69 2.95 -42.08
156 SEDIMENT 1.61 2.79 2.88 5.04 79.54
95 DROUGHT SEVERITY 0.49 0.85 2.20 3.84 349.86
568C FLOOD MAGNIFICATIO 6.45 11.18 6.58 11.49 1.98
568L FLOOD MAGNIFICATIOI 2.10 3.64 1.27 2.22 -39.57
700C LOW FLOW REDUCTIO 18.71 32.44 17.75 31.01 -5.14
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Figure9: Results of the USACE climate vulnerability analysis fdre¢beeationVOWA score of the OgeechB8avannah watershed
(highlighted by the black arrow) compared to SAD.



When analyzing theusiness line Water Supply, compared to the national range, the Ogeechee
Savannah watershed has lower WOWA sc¢fable 2) Relative to the other HU@ watersheds in
SAD, the Ogeeche®avannah watershed is relatively more vulnerable to the impactsméatd change
on water supply in both the wet and dry scenarios (Fidude For theOgeecheeSavannalwatershed,
the major drivers of the computedater supplyd dzf Yy S NI 0 A f Sedlieni ez NRizy 12 NF =
9 f I & (lahdduritig&lé scenarios excefir the 2050wet scenario,d 5 NP 8ededtitg o0 ¢ L 6 f S

Table 5Indicators associated wittWater Supplyand their contribution to the WOWA scores.

Water Supply

Dry Scenario
Indicator # 2050 Value 2050 % Score | 2085 Value | 2085 % Score | % Change
156 SEDIMENT 23.55 50.57 13.21 21.76 -43.91
175CANNUAL COV 1.89 4.07 1.78 2.93 -6.01
221C MONTHLY COV 3.07 6.60 3.02 4.98 -1.61
277 RUNOFF PRECIP 12.00 25.77 7.71 12.70 -35.76
95 DROUGHT SEVERITY 6.05 13.00 34.97 57.62 477.80

Wet Scenario
Indicator # 2050 Value 2050 % Score | 2085 Value | 2085 % Score | % Change
156 SEDIMENT 34.62 61.84 36.00 62.03 3.99
175C ANNUAL COV 2.84 5.08 1.79 3.09 -36.83
221C MONTHLY COV 4.73 8.45 2.90 5.00 -38.68
277 RUNOFF PRECIP 12.91 23.07 11.99 20.66 -7.17
95 DROUGHT SEVERITY 0.88 1.57 5.35 9.22 509.96




Water Supply
Summary of HUC Results
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FigurelO: Results of the USACE climate vulnerability analysis faWtter SupplyWOWA score of the Ogeech8avannah watershed
(highlighted by the black arrow) compared to SAD.



When analyzinghe business line Flood Risk Reduction, compared to the national range, the Ogeechee

Savannah watershed has lower WOWA scores (Table 2). Relative to the oth@4 Miatérsheds in

SAD, the Ogeeche®avannah watershed is relatively less vulnerable to the impacts of climate change

on Flood Reduction in both the wet and dry scenarios (FigjlireFor theOgeecheeSavannah
watershed, the major drivers of the comput&dhter supplyulnerability score ardpcal and

cumulativedFlood Magnificatiod E Yy R

idKS

Table 61ndicators associated withlood Risk Reducti@md their contribution to the WOWA scores.

G! NDIYy péngow &Cftft R 2RALI F Ay

Flood Risk Reduction

Dry Scenario

AREA

Indicator # 2050 Value 2050 % Score | 2085 Value | 2085 % Score | % Change
175C ANNUAL COoV 1.66 3.79 1.62 3.66 -2.47
277 RUNOFF PRECIP 4.10 9.35 4.20 9.51 2.61
568C FLOOD MAGNIFICATIOI 19.51 44.55 19.74 44.66 1.17
568L FLOOD MAGNIFICATION 6.41 14.62 6.48 14.66 1.17
i??OELA{RBAN S00YR FLOODPL 12.13 27.69 12.16 27.51 0.23
Wet Scenario
Indicator # 2050 Value 2050 % Score | 2085 Value | 2085 % Score | % Change
175C ANNUAL COV 1.54 3.23 1.57 3.23 1.96
277 RUNOFF PRECIP 4.20 8.80 4.09 8.41 -2.67
568C FLOOD MAGNIFICATIOI 22.48 47.09 23.21 47.71 3.26
568L FLOOD MAGNIFICATION 7.38 15.46 7.62 15.66 3.26
590 URBAN S00YR FLOODPL 12.13 25.42 12.16 24.99 0.23




Flood Risk Reduction
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Figurell: Results of the USACE climate vulnerability analysis féfidoel Risk ReductidlOWA score of the OgeechBavannah
watershed(highlighted by the black arrow) compared to SAD




1.4 First Order Statistical Analysis: Site Specific Trends and Nonstationarity Assessment

A series of twelve different nonstationarity detection tests were carried out on the peak annual
discharge record collected at USGS d¢a2e07000Savannah River at Augusta, &g the USACE
Nonstationarity Detection TooMaximum annual 8w was chosen for this analysis due to the nature

of the project. NSBLD Fish Passage is a mitigation project focused on creating a passageway for the
Atlanticsturgeon to reach spawning grounds. Flow down river is a strong signal for the fish to find thei
way upriver to the spawning grounds.

I aadNRy3¢éE y2yaildl A2y NARGeE A& 2yS F2NJ 6 KAOK (K
detection methods, robustness in detection of changes in statistical properties, and relatively large
changeinthemaghiéi dzZRS 2F | RIFGFasSaQa adlFdAadAOrf LINELISN
Detection Tool offergnsight into the following three key criteria related to each identified

nonstationarity, which can be used to help the user select a homogenous dataset that ftathiee

used for hydrologic analysjgriedman et al 2018)

i. A nonstationarity that isetected can be considered strong if it is detected by two or more
detection methods of the same type (e.g. mean or variance/standard deviation or distribution).
This represents consensus that a statistically significant nonstationarity occurs at a givien po

in a flow record. If consensus cannot be found for a given year or short period of time, then it is
reasonable to discount it.

ii. A statistically significant nonstationarity can be considered robust when tests targeting
changes in two or more differérstatistical properties (mean, variance/standard deviation
and/or overall distribution) are indicating a statistically significant nonstationarity. While a
robust nonstationarity is not necessarily stronger, it represents a multifaceted change in the
recard. This can be taken into consideration when deciding which portion of the period of
record to use in order to perform hydrological analysis.

iii. An identified nonstationarity is also associated with a given magnitude of change in the
mean or standard deviation/variance in the annual instantaneous peak streamflow datasets
prior to and after the identified nonstationarity. Nonstationarities tleat produced by greater
changes in the statistical properties of the datasets before and after the identified
nonstationarities may be important to take into consideration when performing subsequent
hydrological analysis.

Annual peak charge datanformationfor the Savannah River at Augusta, GA (USGS gage 02197000),
which includes an annual record of daily river flows frb®76to 2014 wereanalyzed.While there

are several gagasearthe project location, this gage was chosen becausdacisted at theNew

Savannah Bluff Lock and Dam whigB.2 miles upstream from Butler Creek, 12 miles downstrea

from the city of Augusta, GAhe Savannah River at Augusta, GA gage is impacted by regulation.

The upper natural river system above the Savanah gage has been fragmented by a series of reservoirs,
including three large federal reservoirs (Hartwell Lake, Richard B. Russell Lake, and J. Strom Thurmond
Lake). These reservoirs provide hydropower, watgapdy, recreational facilities, and a limited degree

of flood control.River flows at Augusta and New Savannah Bluff Lock and Dam are reguldted by



Strom Thurmond Dam and to lesser extent by Stevens Creek Dam. During normal operating conditions
flows rarge from 3,600 cfs to around 8,000 cfs, though there is daily and even hourly variability in flow
due in large part to hydropower generation at Thurmond. Stevens Creek Dam, built in 1916 and
located between Thurmond Dam and Augusta, impounds a mineofdine-river reservoir compared

to the three major reservoirs. Stevens Creek dam and other dams upstream of Hartwell Lake have little
impact on flood discharges at Augustdie Savannah River at Augusta, GA gage twalaipstream

drainage area of 7,510 ggre milesand a local drainage area of 1,329 square miles between the

NSBLD and J. Strom Thurmond Coproximately 25 mileapstreamThe NSBLD is a rafi-river

project and does notegulate for flood controlThe NSBLD wasnstructedin 1937 for the purpose of
navigation. This project purpose has since beesadthorized.

Figurel2 shows the annual instantaneous peak streamflow time series obtained from the USGS
website. A visual examination of this time series suggests that there heen changes in the annual
instantaneous peak streamflow record over the paS0years. In particar, the values prior to the

195@s are on average higher than later years. Examination of the metadata associated with this record
indicates that the costruction of theJ. Strom Thurmond Dam was completed around 1®8&6ed on

this information, a priori knowledge exists that an abrupt change occurred in the early ninfftesn

due to construction of thd. Strom Thurmond Dgrmwhich impounds). Strom fiurmond Lake

Therefore, the next step in the analysis is to formally test whether a nonstationarity exists in the
annual instantaneous peak streamflow record observe8atannah River at Augusta, GA in the early
fifities.

USGS 82197080 SAYANNAH EIVER AT AUGUSTA, GA
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Figurel2: Annual peak streamflow time series for tBavannah River at Augusta, G/SGS ID 02197000

Figurel3 shows the results of the nonstationarity analySsatistically significant nonstationaritiese
shown as black lines in the top graph. Heatmap (middle graphhdicates which nonstationarity
detection test identified a statistically significant nonstationarifys shown in Figurg3 below,

although astatistically significant, nonstationarity was detected by Meod (CPM) test in 19261d

1931 and by the Energy Divisive Method in 1,988re is no consensus between the statistical tests so
it can be concluded that there are no operationally significant nonstationaritigseiflow record at



those times(Friedman, eal. 2018). However eight of the twelvestatistical testshow statistically
significant nostationaritesbetween 1948 and 950 and three of the twelvstatistical tests indicate a
statistically significant nonstationaritp 1998 (Figurd.3). Thee is a significandecrease in the
segment mearin the pre and postL9481950 nonstatimarity detection. Between 1948 and 195@he
mean annual instantaneous peak streamfldecreases from approximately 1000 cfs to
approximately 2300 cfs.



Nonstationarities Detected using Maximum Annual Flow/Height
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Figurel3: Nonstationary Analysis of Peak Annual Dischémgéhe Savanah Riveit the Augustg GAUSGS gage (Gage Number
02197000) from 1876 2014

The next portion of the analysis consists of assessing the subsets of homoget@ds monotonic
trends. Because twetrong statistically significant nonstationarity was detected between 1948 and



1950,and 1998 the data was divided into thretatistically stationary (homogenous) segments or
periods of record based on the/o nonstaionarity periodsidentified:

1 18761949 (Before J. Strom Thurmond Dam)
1 19501997 (After J. Strom Thurmond Dapne ¢ 1998 nonstationarity detection
1 19982014 @After J. Strom Thurmond Dapwost¢ 1998 nonstationarity detection)

To assesmionotonic trends within thee subsets of the flowecord,the trend analysis tab within the
USACE Nonstationarity Detection Tool was u$ads tool performs multiple statistical tests to detect

the presences of monotonic trends in the annual instantiasipeak streamflow recordThe results
indicate that, if the dataset is separated into statistically homogenous subsets of flow data prior to and
after the construction of the J. Strom Thurmond Dand post 1998 nonstationarity detectiothere

is not anoverall, statistically significant, monotonic trend in the annual instantaneous peak streamflow
record forthe Savannah River at Augugkagures 4-16).

Piot of Maximum Annual Flow/Height at
SAVANNAH RIVER AT AUGUSTA, GA
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Figurel4: Trend Analysis for tH@avannah River at Augusta gdgefore the J Strom Thurmond Dam was constructed (1848; Pvalue
> 0.05).



Piot of Maximum Annual Flow/Height at
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Figurel5: Trend Analysis for the Savannah River at Augusta gtigethe J Strom ThurmahDam was constructeaut before the
significant droughof record in 1998 (1950997 Pvalue > 0.05).
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The significant nonstationarityetected between 1948 and 1950 can be attributed to the construction
of the J. Strom Thurmond Dam located 34 miles north of Augusta, GA. The dam was constructed
between 1946and 1954 and was officially completed July 1954. Post dam construction, the rang
maximum annual flow height is gridareduced as shown in Figui8. It is also clear by the large
change in the segment mean pre and post dam construction that the J Strom Thurmond Dam
construction is the greatest driver discharge/streamflow/nonitaarity at the Augusta, GA gauge
(02197000).

The significant nonstationarity detected in 1998 can be attributed to the notable Drought of Record
that started in 1998.This drought led to the USACE updating the Drought Plan for the J Strom
Thurmond Danand Lake Project in 2006

Due to the Savannah River at Augusta, GA gage being impacted by regulation, a second set of analyses
were completed on the Broad River near Bell, GA (USGS gage 02192000), an unregulated stream within
the Ogeeche&avannah \Wtershed (Figurd 7). This gage was chosen because it is one of the few

gages within the Ogeeche®avannah Watershed on an unregulated stream with a long record of data
collection. By completing this second analysis on an unregulated stream, better msumsean be given

to climate impacts within the project area taking the J. Strom Thurmond Dam out of the picture. The
Broad River near Bell, GA gagdocated 12 miles southeast of Elberton, GA has a drainage of

1,420 square miles. The dates analyrnaste from 1938 to 2014.
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Figurel7: Annual peak streamflow time series for tBead River near Bell, GA (USGS ID 02192000

Figurel8shows the results of the nonstationarity analyisthe Broad River near Bell, GA
Statistically significant nonstationarities are shown as black lines in the top graph. The heatmap
(middle graph) indicates which nonstationarity detection test identified a statistically significant
nonstationarity. As shown in Figut8below, althoudh astatistically significant, nonstationarity was
detected by theBayesian test in 1948, 1949, 1989 and 1990 and by the Lombard Wilcoxon jn 1985
there is no consensus between the statistical tests so it can be concluded that there are no
operationally gynificant nonstationarities ithe flow record at those time@~riedman, eal. 20B).
However, fiveof the twelve statistical tests show statistically significant nonstationarities between
around 1998.There is a significant decrease in the segment medhe pre and pos1998



nonstationarity detection.Around 1998 the mean annual instantaneous peak streamfli@creases
from approximately25,000cfs toapproximately 14,50@fs.

Nonstationarities Detected using Maximum Annual Flow/Height
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Figurel8: NonstationaryAnalysis of Peak Annual Discharge forBinead River near Be(BAUSGS gage (Gage Number 02192000) from
1938to 2014.

The next portion of the analysis consists of assessing the subsets of homogenous dadadtonic
trends. Because strong statistically significant nonstationarity was detectadund 1998, the data
were divided into twostatistically stationary (homogenous) segmentperiods of record based on
the nonstationarityperiodidentified:

1 19381997 (Pre start & drought in1998
1 19982014 (Poststart of droughtin 1998

As completed with the Savannah River at Augusta, GA gagsséss monotonic trends within the

subsets of the flowecord,the trend analysis tab within the USACE Nonstationarity Detection Tool was
used.The results indicate that, if the dataset is separated into statistically homogenous subsets of flow
datapre and post the 1998 nonstationarity detectidhgere is not an ovall, statistically significant,



monotonic trend in the annual instantaneous peak streamflow recordifeBroad River near Bell, GA
(Figuresl9 and20).
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Is there a statistically slgnificant trond?.
No, vaing the Mann-Kendall Taat at the .05 level of significance. The exact p-value for this test was 0.774.
No, usaing the Spaarman Rank Ordar Tast at the 05 laval of significance. The axact p-value for this test was 0.827

What type of trend was detected?
Using parametric statistical methods, no trend was detected
Using robust par l iatical thods (Sen's Slope), no trend was detected

Figurel9: Trend Analysis for thBroad River near Bejhgebeforethe significandrought of record in 1998 (193897, Pvalue > 0.05).
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Monotonic Trend Analysis

Ip thete o statistically significant rend?
No, using the Mann-Kendall Test at tha 05 lavad of significance. Tha exact pvalua for this test was 0 552
No, using the Spoarman Rank Order Test at the 04 lovel of significance. The exact povalue for this test was 0 653

What type of trend was deteciad?
Using parametric statistical mathods. no trend was dalected
Using robust parametnic statistical methods (Sen's Slope). no trend was detected

Figure20: Trend Analysis for thBroad River near Bell, @Age after the significant drought of record in 1998 (1:2034; Pvalue >
0.05).

Uponcompletion ofthe second nonstaonarity detection on amnregulated riverat the NSBLD

projectsite i KS W { iNRBY ¢KdzZNX¥2yR 51 YQa OZpiscanhdzeenby2y A 3
the abrupt change in flow post dam consttion. Around the same time period, there was no

consensu®f detection of nonstationarityt the Broad River near Bell, GA gagéthough the dam

caused a detection of nonstationarity, the monotonic trend analysis showed no significadstpee

and postconstruction The second nonstationarity detected was t@98drought. ¢ KS RNR dz3 K (i Q2
impact was basin wide as shown in the Broad River analysis but monotonic trends have remained
insignificant showing no increase or decrease in flow at either of thetelocations beyond the
nonstationarity detections.Thiswas a significant drought of record. As noted befahés drought led

to the USACE updating the Drought Plan for the J Strom Thurmond Dam and Lake ARtrtject

NSBLD, poshe 1998 drought, there were no significant monotonic trends detected.

Besides flow, another important trigger for migration of Atlantic sturgeon upriver is water
temperature. Atlantic sturgeon are triggered to spawn during the fall when water temperatalles f
below 2% [(Ingram and Peterson, 201&all was considered the months of September through
Decembeffor this analysisTo analyze if therare any trendsin fall water temperature at the project
site, annual fallvater temperature data was gatheredofn the Savannah River at Augusta, GA gage.
¢KS 3IIF3SQa (i &nygkedSrott 19HEBR(MiRsing 4 years)A MannKendall test was
performedusing the Kendall Package in R to look for significant trends in theMata¢d 2011R



Core Team 20188nce the 197@& G KSNB | NB y2 AAIYAFAOFYyd GNBYR.

temperature in the project areéFigure 21, Ralue > 0.05)

! 1 ?

Figure2l: Average Fall temperatures for the Savannah River at Augusta, GA gagel@ezy.3

1.4 Summary and Conclusions

Relative to the other 201 HUCO04 watersheds in the camial United Stateshe Savannah watershed

Aay Qi KAIKEE @dzt ySNIo6fS o6G2L) wmr 2F [/ hb! { &I GSN

four business lines evaluated (Ecosystem Restoration, Recreationr Bigiply or Flood Risk
Reducton). The results of the vulnerability assessment do catcludethat the Savannah watershed
will not be impacted by climate change, it just implies that climate change will comparatively have less
of an impact in theSavannatwatershed relative to its impact on other HUC04 watersheds in the U.S.
Climate change coulafffect theoperating objectives of theecommendedalternativeboth negatively
and positively. Whileccasionaflooding can be beneficial to the ecosystem dimdplain, it could

also negatively affect fish migration due to large flows in the river. Convessgihyficant droughts in

the basin could also negatively affect fish migration due to insufficient streamflow for adequate
spawning pool depths in the breetj grounds known as Augusta Shoklisne of theevaluated project
alternatives would be impacted positively or negatively more so than another by climate change
effects.

Areview ofclimate change literaturgpecific to the regiosuggests atrong trend towardsvarmer
climateand a small trend towards more extreme precipitatiarthe future Several gages, both

regulated and unregulated, were evaluated 8ite specific trends and nonstationarity detection. The
regulated gge showed two instances nbnstationarity one in 1950and one in 1998. The 1950
occurrence is attributed to the construction of J. Strom Thurmond Dam in 1954. The 1998 occurrence
is attributed to a severe, prolonged drought in the Savannah River Basimc¢hthe mean annual
instantaneous peak streamflodecreased from approximately 25,006 toapproximately 14,500fs.

If the dataset is separated into statistically homogenous subsets of flow data prior to and after th
construction of the J. Stromhurmond Damand post 1998 nonstationarity detectiothere is not an



overall, statistically significant, monotonic trend in the annual instantaneous peak streamflow record
for the Savannah River at Augusta

Increased flow rates over time wilbt be operationallysignificant due to the large impact theStrom
Thurmond Dam has on flow rates in the project area (Figur&Bice the construction of the J Strom
Thurmond Dam, flow rates through the project area have not gone above 100,000 cfs, an amount that
was topped over 15 times from 19@Q1948 Both the current NSBLD and the recommended fish
passage alternativprovideessentially nstorage and therefore are ruaf-river projects. The three

large multipurpose dars upstream (Hartwell, Richard B. Russell, and J. Strom Thurmond Dams) each
have gjnificant storage, including flood control storage. There is not a significant amount of drainage
area between J. Strom Thurmond and the NSBLD, and therefore very little additional inflow will be
contributed between Thurmond Dam and NSBDRDxing droughtsThurmond Dam operates according

to an approved Drought Management Plan (DMP) which provides adequateeam flow for fish and
wildlife and has been approved by afipropriatestate and federal agencies for such.

Table 7 identifiepotential hazardshat could be caused due to climate change effects, the harms
associated with those effects, and the qualitative likelihood of this harm to be realized.

Table 71dentifiedclimate risks for recommend alternativepd

Feature or Qualitative
Tri Hazard H
Measure nieger aza arm Likelihood
Some hazard If the weir is
i<ts with damaged to the
exists wi
int that th
Alternative 2-6d: Increased greater than Uf;czr eljuati:n
Fixed t wei "| precipitation 30,000 cfs flows i« reduced
Iﬁithcgefsio:;lr from larger, as to whether municipal Elild Mot likely
lain bench slower-moving the weir may indugtrizl water
plain benc storms need repair ,
following the supply intakes
event may be
impacted
Because the
Wat |
water releases . ater supply
are controlled intakes are not
impacted at
Decreased from the
Alternative 2-6d: 3600 cfs fl \
Fixed crest weir precipitation or upstream howeg;ir tcl":l:S
with a flood increased reservoir based Idb ¥ Mot likely
. severity of on the Drought . wou E_
plain bench impacted with
drought Management ,
Plan. flows in-stream flows
! I than 3,600
below 3600 cfs | af"
are not likely e




The New Savannah Bluff Lock and Dam Fish Passage project is a mitigation project and thus falls mostly
dzy RSNJ GKS / 2N1JAQ 902aeaidSY wSalu2NrdA2y o0dzaAySaa
structure, the USACE is attempting to improve ecologicadlitions, thus counter acting any potential
negative impacts the Savannah watershed might experience in the face of a changing. dfantter,

impacts associated with climate change are not going to severely impact the objective of the project,
which is to allow fish to access their native breeding grounds.
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