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Section 1

Introduction and Objectives

1.1 Project Objectives

The Metropolitan North Georgia Water Planning District (Metro Water District) has undertaken a
utility climate resiliency study to assess the potential impacts of climate variability on the region’s
water resources and infrastructure. The goal is to identify and characterize potential climate
variability impacts so appropriate adaptation measures can be considered during the 2016 District
Water Management Planning effort.

Over the past 15 years, north Georgia has experienced three multi-year droughts followed by years of
significantand record rainfall requiring local governments and utilities to shift between drought
protection and flood management strategies. The increased frequency of these weather swings
demonstratesthe need to incorporate climate resiliency in the Metro Water District’s future water
managementand planning.

Specific objectives of the study are listed below:

= Plausible Future Climate: Develop a set of potential future climate scenarios centered on a
2050 planning horizon, utilizing a combination of climate models and historically available data.

= Impacts to Water Demand: Determine how future climate scenarios affect water demand,
when controlling for other factors thatimpact water use.

= Impacts to Water Supply: Determine how future climate scenarios affect the firm yield or
reliability of water supply reservoirs and how much of the currentyield of the reservoirs may
be atrisk.

= Impact to Water Quality: Determine how future climate scenarios affect river water
temperatures and dissolved oxygen levels and what hydro-climate conditions and watershed
physical characteristics are these water quality parameters most sensitive too.

= Impact to Watersheds: Determine how the future climate scenarios may impact a variety of
watershed issuesincluding: the frequency and intensity of storm events, peak streamflow
levels, and pollutantloading.

= Risks to Water Infrastructure: Translate the climateimpactsidentified in the categories
above into a qualitative assessment of the risks these impacts present to water infrastructure
including wastewater treatment plants, water treatment plants, stormwater conveyance
systems, wastewater collection systems, and dams and levees.

= Adaptive Strategies: Recommend a suite of relevant, proven measures that could help address
or reduce the specific risks identified to water infrastructure.
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1.2 Report Outline

The following sections are included within thisreport:

1-2

Section 2 Future Climate Scenarios: A total of six plausible future climate scenarios of both
temperature and precipitation are developed based on climate models and a trend analysi s of
historical data. Paleo data and impacts of future climate on droughtare also discussed.

Section 3 Climate Vulnerability Methodology: This section describeshow the future climate
scenarios and other data was utilized to perform a vulnerability analysis on the Metro Water
District’s water resources in terms of water demand impacts, water supply impacts, water
quality impacts, watershed impacts, and infrastructure considerations.

Section 4 Climate Vulnerability Analysis: This section presents the results of the
vulnerability analysis for the Metro Water District’s water resources, including water demand
impacts, water supply impacts, water quality impacts, watershed impacts, and infrastructure
considerations.

Section 5 Adaptive Strategies: This section presentsvarious adaptation strategies for climate
resiliency that the Metro Water District should consider in its development of water resource
management plans, working closely with utilities in the region.

Section 6 Recommendations for Future Work: This section identifies near term activities
recommended for implementation by the District.

Section 7 References: This section provides a list of references used throughout the report as
well as some additional resources on recommendation areas.
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Section 2

Future Climate Scenarios

Future climate scenarios were developed utilizing a combination of climate models and historically
available climate data. All scenarios are intended to represent discrete plausible climate futures
centered on a 2050 planning horizon. No attemptis made to assess the likelihood that these potential
climate futures will occur, butrather they are presented in order to determine possible impactsto the
region’s water resources if they should occur.

2.1 Global Climate Models

Future climate projections for the Metro Water District have been summarized under this task using a
range of available global climate model (GCM) projection data sets. These include both monthly and
daily projections of future air temperature and precipitation. Published climate model projections for
north Georgia, downscaled to a 1/8 degree latitude/longitude grid, were obtained from the U.S.
Bureau of Reclamation (Reclamation) data portal.!

A total of 108 different climate model projections were downloaded for the period 2000 to 2100.A
modeling “overlap” period of projections and a historical observed dataset (gridded to same 1/8th
degree grid) were also obtained for the years 1950 to 1999. All projections represent the latestin
scientific research and were developed under the World Climate Research Programme Coupled Model
Intercomparison Project, Phase 5 (CMIP5). The CMIP5 data setincludes 35 different climate models
developed at top research institutions around the world and applied across a range of model input
assumptions. No attempt was made to assess the likelihood of these models being correct or not.
Rather they were used to test plausible future climate scenarios for this study.

Climate model projections were averaged across four 1/8th degree grid cells centered on the City of
Atlanta (Figure 2.1.1). Each grid cell was equally weighted in the calculation. The captured region is
considered representative of the larger Metro Water District study area, with respectto climate
variability, for the vulnerability assessment performed here. Although many of the specific
vulnerability study sites lie just outside of this central region, spatial variations in climate across this
general region are not believed to be significant to warrant the use of more site specific climate data.
This assumption is supported by the fact that only relative changes (modeled future vs. modeled past)
in planning variables, as impacted by relative changes in climate, were analyzed in subsequent tasks.

1The U.S. Bureau of Reclamation data portal can be accessed at:
http://gdo-dcp.ucllnl.org/downscaled_c mip_projections /dcplnterface.html
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Son

|: District Outline

~——— Projection Grid Cells

B

Figure 2.1.1 Representative Climate Model Projection Grid Cells

A 2050 planning horizon was selected for this work after consultation with the Metro Water District
and the District’s Technical Coordinating Committee (TCC). This planning horizon is in line with the
anticipated planning horizon associated with the 2016 water plan update. A samplingband of + 15
years, centered on 2050, was used to capture “natural” year to year variability in the climate data,
while still being representative of climate trend projections associated with the middle of the 21 st
century.

Climate model data were pooled into five different “ensembles”, each of which is used to develop
different future climate scenarios for use in subsequent analyses. The scenarios are intended to be
viewed as equally plausible and representative of the range of inherent variability and uncertainty in
the climate model projections. The ensembling process was guided by annual anomaly plots that
display the changesin mean annual temperature (°F) and precipitation (as a percentage) predicted by
each projection for the 2050 planning horizon, compared to the recent past (1950 - 1999) (Figure
2.1.2). All108 GCM projections, downscaled to the Metro Water District, are represented on this plot
as discrete points. Five (5) different climate data ensembles were constructed using this plot
representing the five boxed quantile ranges shown:

2-2 D RA FT cs?1l‘\|'=th

Document Code



Section2 e Future Climate Scenarios

1. Central Tendency: interquartile range: 25thto 75t percentiles Temp and Precip
2. Hot/Dry: 75t to 100th percentile Temp, 0 to 25th percentile Precip

3. Hot/Wet: 75t to 100t percentiles Temp and Precip

4. Warm/Wet: 0 to 25t percentile Temp, 75t to 100th percentile Precip

5. Warm/Dry: 0to 25t percentile Temp and Precip

Annual P and T Projection Anomalies
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Climate Scenarios: (1) central tendency (2) hot/dry (3) hot/wet (4) warm/wet (5) warm/dry

Figure 2.1.2 Annual Anomalies (2050 vs. historical) of GCM Temperature and Precipitation Projections,
with Designated Scenario Ensembles (each symbolrepresents a different climate model projection set)

Data from all of the model projections residing within a given quantile box were pooled to create the
five ensembles. In this way, not all of the available climate projections were used and no projection
was used in more than one ensemble. Advantages of this approach, as advocated by Reclamation
(Reclamation 2010), are that it allows for easy visualization of the range and uncertainty in climate
projections and does not require subjective selection of model projections; while at the same time still
providinga practical number of pooled scenarios for use in subsequent analyses.
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For each of the five ensembles, a series of summary plots and tables were produced to characterize
future climate conditions, as forecast by the GCMs for specific planning horizons. These summaries,
for both temperature and precipitation, include annual time-series plots, mean monthly seasonal
plots, and percentile plots. Recurrence intervals associated with 24 hour storm events will be
calculated for specific planning horizons. Annual and monthly mean, min, max, and standard deviation
values have also been tabulated for each ensemble. These plots and tables can be found in Appendix
A

For each climate model ensemble, a method referred to as the “hybrid delta ensemble” (HD e) method
(Reclamation, 2010) was applied to adjust historical climate records to reflect the five future climate
projection data sets. In this method, statistical adjustments are made tothe historical observed data
set (1950 - 1999) based on relative changes predicted by the pooled GCM projections. In this way, this
method preserves the month-to-month pattern of variability and many of the core statistics of the
observed historical record in its forecast of future conditions. The method hasbeen used extensively
by the U.S. Bureau of Reclamation, and others, as a means of incorporating climate model projections
into water resources planning studies.

The “delta” inthe HDe name refersto the difference between GCM forecasts of the future vs. GCM
hindcasts of the past. The “hybrid” term refers to the fact that the method uses a range of delta values
to adjustthe historical record based on relative climate conditions. For example, during wet observed
periods calculated deltas associated with wet modeled periods are used. Similarly during observed
dry periods, dry modeled period deltasare used to adjust the record. The same principal is applied in
adjusting the temperature record. The advantages of thisapproach are thatit is often more palatable
to stakeholdersbecause itis so strongly tied to actual observed climate data (rather than using model
projections by themselves) and it eliminates any overriding bias in the GCMs by using delta values
(modeled vs. modeled) rather than the projection data themselves. The reader is referred to
Reclamation (2010) for further details of this method.

The 1950 to 1999 period was selected as the historical climate baseline period for this study for a
number of reasons. First of all, we desired to follow, as closely as possible, well established and
published methods for developing climate scenarios for water resources planning. The 1950 to 1999
period is standard in Reclamation’s HDe approach. There are seemingly multiple reasons for this.
Firstly, historical climate observations projected onto the same 1/8 degree spatial grid as the climate
model projections, and critical to the approach, are only available for this limited historical period
(Maurer et al. 2002). Secondly, all of the climate models used in this study have been “trained”
(calibrated) to the 1950 to 1999 period as part of the model downscaling task. Model output beyond
1999 are pure projection and are not directly linked to observed data. There are therefore numerical
advantages and increased defensibility in using this period as a baseline for calculating climate “delta”
values (modeled future minus modeled baseline). Lastly, it is known that the pastten years globally
have been among the hottest on record and, arguably, reflective of a large timescale shift in climate
patterns. Including this decade in the historical baseline, intended to represent a stationary past,
would therefore be somewhatinappropriate and potentially make the approach less defensible. This
was undoubtedly a consideration in Reclamation’s original methodology development. More specific
to our study, we also recognize that while the drought of the late 2000’s in Atlanta is not explicitly
included in the record, we do include droughts of similar scale and duration from the mid 1950’s and
late 1980’s. In particular, the lowest precipitation year on record (1954) is included in our historical
baseline. We therefore are confident that we have captured an adequate representation of climate
variability in the Metro Water District in our selected baseline period. Lastly, it should be noted that
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Section2 e Future Climate Scenarios

since the focus of this study is on quantifying relative changes in water resources as a function of a
variable and changing climate, the baseline period serves only as a reference in the analysis and, it can
be argued, the specific climate characteristic of the period are less critical.

The result of the HDe method is a set of five different 50 year climate data sets thatare reflective of
2050 conditions, as projected by climate model, but maintain the sam e pattern of variability observed
in the recent historical record (1950 - 1999). Monthly time series and percentile plots of each are
shown in Appendix B. These data sets will be used in subsequent vulnerability analyses as discrete
scenarios. A summary of the average monthly precipitation and average monthly temperature for
each of the climate scenarios is shown in Figure 2.1.3 and 2.1.4.
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Figure 2.1.4 Average Monthly Temperature per Climate Scenario

2.2 Historical Trend Analysis

A sixth scenario was developed based on historical weather data. The overarching assumption in
developing this scenario is that observations of the recent past can be used to generate a plausible
potential future climate condition. In other words, the past is a good predictor of the future. For this
scenario, trend analyses were performed on a continuous monthly historical climate record
(Hartsfield-Jackson Atlanta Airport) for each calendar month. The periods 1930 to 2013 for
precipitation,and 1900 to 2013 for temperature, were used for this exercise. Any potential urban
heatisland impacts associated with historical data were ignored for this study since such impacts
would be difficult to quantify and unlikely to change the overall trendsin the data used for subsequent
analyses.

Mann-Kendall non-parametric statistical trend tests were used to identify statistically significant (p <
0.1) trends in both temperature and precipitation. For months with statisticall y significant trends (e.g.
January), the following transformations were applied to adjust historical observations to reflect future
(2050) conditions as predicted by the identified historical trends:

T2 = Ton + Sjan * (2050 — t)

Jan
P20 = Bhy + Span * (2050 —1t),

Where: Ttan and Pya, = monthly observed January (as an example) temperature and precipitation at
year tin the historical record, respectively; Tt2050;,;, and Pt2050),, = adjusted climate records, from year
t, thatreflect 2050 projections; and S = the slope of the statistically significant trend line for the given
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calendar month (e.g. January) and climate variable. For calendar months with out statistically
significant trends, the untransformed historical data was used to represent future conditions. Results
of the trend analysis are provided in Table 2.2.1.

Table 2.2.1 Mann-Kendall Trend Analysis for Metro Water District Historical Climate Data

Significant?
Parameter Period of Record
(p,=0.1)
Temperature
All Monthly Temperatures 1900 - 2013 0.07 YES 0.0014 °F peryear
Jan Temperature 1900 - 2013 0.99 NO 0 °F peryear
Feb Temperature 1900 - 2013 0.02 YES 0.031 °F peryear
Mar Temperature 1900 - 2013 0.06 YES 0.023 °F peryear
Apr Temperature 1900 - 2013 0.006 YES 0.023 °F peryear
May Temperature 1900 - 2013 0.09 YES 0.013 °F peryear
Jun Temperature 1900 - 2013 0.03 YES 0.014 °F peryear
Jul Temperature 1900 - 2013 0.0002 YES 0.022 °F peryear
Aug Temperature 1900 - 2013 0.0002 YES 0.020 °F peryear
Sep Temperature 1900 - 2013 0.6 NO 0.004 °F peryear
Oct Temperature 1900 - 2013 0.5 NO 0.004 °F peryear
Nov Temperature 1900 - 2013 0.007 YES 0.025 °F peryear
Dec Temperature 1900 - 2013 0.099 YES 0.022 °F peryear
Precipitation
All Monthly Precip 1930 - 2013 0.4 NO 0.00019 in. peryear
Jan Precip 1930 - 2013 0.9 NO 0.0006 in. peryear
Feb Precip 1930 - 2013 0.5 NO -0.0005 in. peryear
Mar Precip 1930 - 2013 0.5 NO -0.006 in. peryear
Apr Precip 1930 - 2013 0.09 YES -0.016 in. peryear
May Precip 1930 - 2013 0.4 NO 0.007 in. peryear
Jun Precip 1930 - 2013 0.5 NO -0.006 in.peryear
Jul Precip 1930 - 2013 0.9 NO -0.001 in. peryear
Aug Precip 1930 - 2013 0.5 NO 0.006 in. peryear
Sep Precip 1930 - 2013 0.4 NO 0.008 in. peryear
Oct Precip 1930 - 2013 0.2 NO 0.01 in. peryear
Nov Precip 1930 - 2013 0.02 YES 0.019 in. peryear
Dec Precip 1930 - 2013 0.8 NO -0.002 in. peryear
Other Parameters
Annual Max 24 hr Precip 1930 - 2013 0.7 NO 0.002 in. peryear
Monthly PDSI 1900 - 2013 0.4 NO 0.0001 PDSI peryear
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2.3 Additional Analysis
2.3.1 Paleo-Climate Analysis

Paleo-climate data for the region wasinvestigated to determine ifthe far pastdisplayed any trends
not captured by the more recent historical data. Often through the use of tree-ring reconstructions,
paleo data provides a record on the order of hundreds to thousands of years as compared to
instrumental records which typically only cover a century or so in duration.

Tree-ring reconstruction is able to estimate climate parameters by developing a statistical model that
capturesthe relationship between tree growth and the parameter of interest during the period of
instrumental overlap. The model can thenbe applied to tree-ring data before instrumental records
were available. Two reconstructed datasets were found for the Metro Water District area: the first
estimates spring rainfall amounts for March through June back to 933, the other dataset contains the
summer Palmer Drought Severity Index (PSDI) back to 365. Two main studies were also found that
analyzed long term droughtin the Southeastern United States through similar PSDI reconstructions.2

The main findings from these datasets and studies were that the recent period of instrumental data s
wetter than the longer paleo record and that more frequent droughts can be seen in the paleo record
as compared to the instrumental record. Figure 2.3.1 shows the 20-year rolling average from both
datasets along with the average over the full period of record. Within this record the existence of
extended droughts, in some cases on the order of 20-years duration, can be seen to have previously
existed.

A specific future climate scenario was not able to be developed based on the paleo data due to the low
resolution (one data point per year) and absence of temperature information. However, qualitatively
the paleo record adds credibility that future droughts might be more severe and frequent than what
has been seenin the recent past.

2 These studies and datasets include:
Cook ER. etal 1999 Drought reconstructions for the continental United States J. Clim. 12 1145-1162

Pederson N et al 2012 A long-term perspective on a modern drought inthe American Southeast Environ. Res. Lett. 7
014034

Seager R etal 2009 Drought in the southeastern United States: causes, variability over the last millennium, and the
potential for future hydroclimate change J. Clim. 22 5021-45

Stahle D.W. and Cleaveland M.K. 1992 Reconstruction and analysis of rainfall over the southeastern U.S. for the past 1000
years Bulletin ofthe American Meterorological Society 73(12): 1947-1961
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Figure 2.3.1 Metro Water District Paleo Data Summary

2.3.2 Palmer Drought Index Analysis

To assess potential changesin drought conditions reflected by the climate data sets, the PDSI was
calculated for each timestep in the monthly climate data sets. PDSI is a well-known metric for
characterizing drought conditions and is based on a simplified soil moisture water balance model that
takes into account time series information on both precipitation (source of soil moisture) and
temperature (loss of soil moisture via evapotranspiration) [Palmer, 1965]. Positive PDSI values
indicate a soil moisture surplus while negative valuesindicate a moisture deficit. The more negative
the PDSI value, the worse the drought conditions, with various drought threshold PDSI values defined
in the literature. A customized version of NOAA’s NCDC PDSI calculator (FORTRAN) was used for
these calculations. PDSI values were calculated for both the historical dataset (e.g. 1930 - 2000) and
each of the GCM projection traces (2000 - 2100). Mann-Kendall trend analysis was then performed on
each of the calculated PDSI data sets.

Figure 2.3.2 shows the historical average PDSI based on observed weather from 1900-2014, and the
PDSI that could change over time based on the different climate scenarios presented earlier. The
average PDSI based on historical, observed weather is -0.20, or near-normal conditions. Looking out
from now until 2050, the average PDSI could range from 0.24 (near-normal)to -1.81 (mild drought)—
depending on the future climate scenario. Looking out from 2050 to 2100, the average PDSI could
range from 0.21 (near-normal) to -4.49 (extreme drought).
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Summary of Mann-Kendall Drought Analysis: Atlanta, 2000 - 2100
Avg Drought Avg Drought
Projection Avg PDSI Condition Avg PDSI Condition
Historical Observed (1900 - 2014) -0.20 near normal
2000 - 2049 2050 - 2100
Central Tendency -0.73 incipient dry -1.72 mild drought
Hot/Dry -1.81 mild drought -4.49 extreme drought
Warm/Dry -0.81 incipient dry -1.34 mild drought
Hot/Wet -0.10 near normal -0.99 incipient dry
Warm/Wet 0.24 near normal 0.21 near normal
Extreme  Severe  Moderate  Mild Incipient ~ Near  Incipient E Unusual ~ Very Extreme

Drought Drought  Drought Drought Drought Normal Wet Spell  Wet Spell Wet Spell Wet Spell
Palmer Index

Figure 2.3.2 Potential Changes in Palmer Drought Severity Indexfrom Future Climate Scenarios

2.3.3 General Understanding of Future Drought and Flood Frequency

Literature reviews were conducted to better inform the reader on the potential climate trends for the
region. Many literature sources reference global climate models (GCMs). Althou gh significant
uncertainties are inherent in these model projections, the GCMs are widely accepted as representing
the best available science on the subject,and have proven highly useful in planning as a supplement to
historical data. A wealth of literature now exists on the use of GCMs across the globe.

The National Climate Assessment (NCA) provides information on climate trends such as temperature
and precipitation for the southeastern United States and also highlights water availability. The NCA
suggests a recent trend towards increased heavy precipitation events will continue. The study shows
the increase in frequency of extreme daily precipitation events (a daily amount that now occurs once
in 20 years) by the later part of this century (2081-2100) compared to the later part of last century
(1981-2000). For the Metro Water District area, these events could occur four times as often.

In addition, the US Army Corps of Engineers recently published the Regional Climate Change and
Hydrology Literature Synthesis for the South-Atlantic Gulf Water Resources Region (HUC3), inclusive
of the Metro Water District’sarea. This reportis a compilation of peer reviewed historic and projected
climate literature. Information from several peer-reviewed reports is summarized in Figure 2.3.3
below. The observed column included studies focused on an analysis of historic data while the
projected column includes studies where models were used to project forward in time typically
through 2100.
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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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Figure 2.3.3 Summary of Observed and Projected Climate Trends and Literary Consensus (USACE, 2015)
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Section 3

Climate Vulnerability Methodology

Utilizing the climate scenarios presented in Section 2, as well as other key data, detailed climate
vulnerability methodologies were developed in order to assess the climate impacts on the Metro
Water District’s water resources, including:

= Waterdemand

=  Water supply

=  Water quality

=  Watershed characteristics (flood statistics and pollutantloading)

“Climate vulnerability” is defined as “the susceptibility of a system to damage or stress from a climate-
induced impact.” This section provides detailed descriptions of the methodologies, assumptions, data
sets used, and statistical analyses to determine the climate vulnerability described in Section 4.

3.1 Water Demand Impacts Methodology

Water demand is a function of many factors, including growth, economy, price of water, water
conservation, and weather. To determine the impact of climate variability on water demands, a
multivariate statistical regression model was used to isolate the impacts that weather has on water
demands.

3.1.1 Data Used

To develop the statistical regression model, the period of 1995 to 2013 was utilized. To normalize for
growth, per capita water use was selected as the dependentvariable. Monthly per capita water use
(gallons/person/day) for the region was calculated by dividing all surface water withdrawals from
DeKalb, Fulton, and Gwinnett Counties by population in those same three counties. The surface
withdrawalsincluded reservoirs and direct diversions from the Chattahoochee River. Surface
withdrawals and population were provided by the Metro Water District.

The independent variables in the statistical regression model were selected based on their collective
strength in predicting monthly per capita water use. These variablesincluded: (1) unemployment
rate, as a measurement of the region’s economy; (2) time periodsin which mandatory drought water
restrictions were in place; (3) price of water; (4) plumbing efficiency, representing both plumbing
codes and utility rebates; (5) Georgia Water Stewardship Act requirements; and (6) temperature and
precipitation.

Unemployment
A weighted average regional unemployment rate was calculated by taking annual unemployed

persons per population for DeKalb, Fulton, and Gwinnett Counties from 1995 to 2014. This data was
provided by the Atlanta Regional Commission. Unemploymentaveraged about4% during the mid-
1990’sto the mid-2000s. The great economic recession began in 2007, with the region’s peak
unemploymentrate of 10% occurring in 2010. Every year since 2010, the unemploymentrate has
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been slowly decreasing as the economy for Georgiaimproved. By 2013, the region’s unemployment
rate was 8%. As the unemploymentrate increases (due to economic recessions), water use is
expected to decrease as there is less economic activity, less discretionary income, and home
foreclosures.

Periods of Mandatory Drought Water Restrictions

Periods in which mandatory drought-related water restrictions were in place were provided by the
District. Equivalent stages of restrictions were derived from the type of restrictions in place.In years
2000,2001,2005,and 2006 alevel 1 restriction was in place, calling for some reductionsin outdoor
water use. By 2007, greater restrictions in outdoor water use were imposed with an equivalent
restrictionlevel 2. And by 2008, the greatestrestriction level was in place, level 4. The greater the
droughtrestriction level, the less water use is expected.

Price of Water

An average residential monthly water bill was constructed for Gwinnett County to represent the
relative change in water price over time for the Metro Water Districtregion. Water rate data from the
UNC/GEFA annual water utility survey was utilized to construct this average monthly water bill. The
datareflects fixed and variable charges, as well as changes in tiered water rates over time for a sample
of water utilities in the county for an assumed single-family water usage. The nominal (current year
dollars) water bill was then converted into year 2000 constant dollars in order to remove impacts of
inflation using the consumer price index (CPI) for Atlanta (see Appendix C for more detail). This price
of water indicator shows that from 1995 to 2007, the average monthly residential water bill increased
in real terms by about $6. As greater utilities imposed tiered water rates (meaning the greater the
water consumption, the greater the rate paid), a distinctjump in the average water bill at the marginal
water use level occurred in 2009. By 2013, the average monthly water bill in real terms was almost
double what itwas in 1995.

Plumbing Code Efficiency
To reflect changes in plumbing efficiency due to increasing plumbing code requirements and utility

rebates for high efficiency toilets, an average toilet flush volume was calculated by using the ratio of
post-plumbing code homes to pre-plumbing code homes. Added to this ratio of post-code to pre-code
homes, was the estimate of high efficiency toilets that were installed in the region due to utility rebate
programs. Since 2007, Metro Water District estimates roughly 100,000 high efficiency toilets have
beenrebated. Based on this data, the average toilet flush volume was estimated tobe 3.7 gallons per
flush in 1995. By 2005, the average flush volume was 3.2 gallons per flush, while the average flush
volume in 2013 was estimated to be 2.7 gallons per flush (see Appendix C for more detail). The lower
the flush volume, the lower the expected water use.

Georgia Water Stewardship Act

Inlight of recent severe water resource management challengesin Georgia, in cluding rapid growth
and droughts, the General Assembly enacted the Georgia Water Stewardship Act duringthe 2010
legislative session. Key provisions of the Act include:

= Required Actions by Local Governments

- ByJanuary 1, 2011, adopt or amend local ordinances to uniformly restrict outdoor water
use for landscapesbetween 10 a.m. and 4 p.m. daily.

- After]July 1, 2012, enforcement of updated plumbing code specifying:
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o High-efficiency flow specification for plumbing fixtures, including toilets, urinals and
showerheads.

o Sub-metersinstalled in new multi-unit buildings, including residential, commercial
and lightindustrial facilities.

o High-efficiency cooling towersin new construction.
= Required Actions by Public Water Systems

- Completion of annual water loss audits by systems serving 10,000 or more people by
January 1, 2012, and by systems serving 3,000 or more people by January 1, 2013.

- Submission of annual water loss audits to the GAEPD within 60 days of audit.

This datawas converted into a scaled variable thatincreased from level 1 to level 3, based on the
relative amount of conservation required by the law.

Temperature and Precipitation

Monthly average maximum temperature and monthly total precipitation from 1995 to 2013 was
obtained from the Atlanta-Hartsfield International Airport weather station. This station was deemed
representative for the region after examining the relative monthly changes in weather from 1950 to
2013.Figure 3.1.1 summarizes the annual precipitation from 1995 to 2013, clearly showing the
periods of extended lower rainfall in years 2000-2001 and 2007-2008,and 2011 and 2012.
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Figure 3.1.1 Annual Precipitation
(Source: Atlanta-Hartsfield Airport Weather Station)
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3.1.2 Statistical Regression Model and Validation

Using multivariate statistical regression, a natural log model was constructed by converting all
variables to natural log values. Multiple regression analysis is a statistical procedure thatis able to
assess the strength of correlations of multiple factors on the “dependent” variable (i.e., per capita
water use). One underlying premise of multiple regression analysisis that the values of the dependent
variable and the “explanatory” variables should follow a normal distribution. If the data are not
normally distributed, then itis common to convertthe datainto the natural log form which then
becomes normally distributed without changing the relationship between variables. From dozens of
empirical studies on water demands since the 1980s, it is shown that water use and many of the
explanatory variables often used in multiple regression (e.g., income, price of water) are indeed not
normally distributed. Thus the statistical analysis of water demands are often developed with the data
in natural log form. The regression equation is shown below:

Q; = If + UEP + Df + MP2+PEf + WSAL +T? +P! + MB}

where:

t = monthly time index

Q = log of monthly per capita water use (gal/person/day)

I =log of model intercept

UE = log of unemployment rate (%)

D = scaled variable indicating level of drought-related water restrictions (1-4)

MP = log of marginal price for water, as indicated by a construct of monthly water bill (S/month)
PE = log of plumbing efficiency, as indicated by an average toilet flush volume (gal/flush)

WSA = scaled variable (1-3) indicating Georgia Water Stewardship Act’s levels of conservation
T = log of average maximum monthly temperature ( °F)

P = log of monthly precipitation (inches)

MB = select monthly binary variables to account for seasonality (0 or 1)

a-i = model coefficients (elasticities)

The regression model outputis summarized below (see Appendix C for more details):

R Square 0.916
Adjusted RSquare 0.909
Standard Error 0.056
Significance F <0.0001
Observations 228

The adjusted R2value indicates overall correlation of allindependent variables tothe dependent
variable. Most econometricians and statisticians believe models with an R2 greater than 0.70 have
good overall correlation. The Metro Water District’s model has an R2 of 0.91. The standard error
indicates the amount of forecast error the model has in predicting the dependent variable; and usually
models with standard errors of less than 10% are considered good predictors. The Metro Water
District’s model has a 5.6% standard error. The significance F value is the overall significance that the
dependentvariable can be predicted. Usually statisticians believe that models are statistically valid
with F values 0.05 or less. The Metro Water District’s model has an F value lessthan 0.0001. In
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summary, the Metro Water District’'s demand model is very robust and excellent in explaining the
factors thatinfluence per capita water use. Figure 3.1.2 shows the model validation, with the blue
line representing actual per capita water use and the dashed black line representing the regression
model’s prediction of per capita water use. As seen on the graph, the statistical model replicates actual
monthly water use extremely well.
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Figure 3.1.2 Statistical Water Demand Model Validation

3.2 Water Supply Impacts Methodology

A total of five representative water supply reservoirs have been identified for use within the analysis.
These reservoirs were chosen to be geographically dispersed as well as represent a diversity of
volumes, residence time, drainage area, and supply utilization. The five reservoirsrepresent small to
mid-size reservoirs in lieu of verylarge reservoir for the following three reasons:

a) Firmyield, which is highly dependent on storage, is likely to be more susceptible to climate
variation in smaller reservoirs thanin verylarge reservoirs.

b) This aspect of the study focuses on water supply only, and single-purpose utility-managed
reservoirs were desired to help isolate this water use for analytical purposes.
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c) The selectedreservoirs afforded the opportunity for individual utilities within the District to
participate directly in the study.

The goal for the analysis was to identify changesto firm yield and reliability for the potential future
climate scenarios through use of reservoir storage modeling. The predicted precipitation for each
climate scenario was converted into runoff patterns while the predicted temperature changes affected
the modeled evaporation rates.

3.2.1 Purpose

The fundamental goal of modeling the selected water supply reservoirs is to determine if possible
future climate conditions could affect the firm yield or reliability of these reservoirs. More specifically,
these models helped determine how much of the currentyield of the reservoirs may be at risk, and
whatindicators could alert planners of any potential increases or decreasesin future yield.

Because the output is not intended for permitting purposes but rather for a relative study of current
and future conditions, itis not essential that firm yield estimates exactly match other published values,
or carry an inherent precision on the order of 0.1 mgd as is often inferred from firm yield studies.
Rather, itis important that estimates of current yield be reasonably close to published valuesin order
to establish a credible baseline from which to evaluate potential relative changes due to possible
future climate conditions.

3.2.2 Selected Reservoirs

Water supply reservoirs were selected with broad physical and hydrologic characteristics in order to
help identify key relationships between climate patterns and the risks of changingyield. Table 3.2.1

lists the five reservoirs selected for simulation study, with the support of the local utilities that utilize
them, while Figure 3.1 illustrates their drainage areas.

Table 3.2.1 Selected Reservoirs and Key Features

Drainage Percent Estimated
Reservoir County v IStorag(; G) Area watershed I Perce.nt Average

Aluls (sq. mi.) | developed MPErvious - rlow (cfs)
Dog RiverReservoir Douglas | 1.9 (el.760) 78.3 15.4 2.8 117
RandyPoynter Reservoir Rockdale | 5.4 (el.735) 47.0 38.5 9.9 78
Long Branch Reservoir Henry 1.5 43 8.3 1.5 5
Gardner Reservoir Henry 0.7 16.9 35.9 10.5 21
Upper Towiliga/Cole Henry 6.0 29.4 13.1 2.1 40
Reservoir
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Figure 3.2.1 Reservoir Drainage Basins

3.2.3 Baseline Climate Data

The historic monthly precipitation and temperature dataset developed as part of building the future
climate scenarios will be used as the baseline climate data in this analysis. The historical dataset
covers 1950-1999 and was created using multiple long-term continuous weather stations and gridded
spatially for the study area. Additionally daily evaporation was collected from the National Climate
Data Center (NCDC) at two locations in the vicinity of the study area:

= NCDC COOP Station 90432: University of Georgia, Athens. (June 1953 - May 1971)

= NCDC COOP Station 98950: University of Georgia Plant Science Farm. (June 1971-December
1999)

While there are other evaporation records collected at other nearby stations that are closer to the
study area, the Athens gages consistently provided the most days per year of measurements through
the study period of 1950-1999. Allatoona Dam is closer to Atlantabutascan be seenin Figure 3.2.2
below, itsrecord is primarily 1952-1978 and 1988-1994, with just a few days per year after that.
Merging the gages in Rome and Calhoun also yields a long record. However, only Athens has
consistently 300 days a year across much of its period of record. The median days/year of dataare
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310 for Athens, 220 for Allatoona, and 237 for Rome/Calhoun. Hence, the Athens datawere used to
minimize the need to fill data gaps synthetically.

North Georgia Evaporation Records

300

200

Days/year

100

1950 1960 1970 1980 1990 2000
B-— Athens —a—AllatoonaDam —©— Rome-Calhoun

Figure 3.2.2 Extent of Nearby Evaporation Records

Missing pan evaporation data were filled in with Hargreaves theoretical temperature-based values
and converted to monthly totals for use inthe model. Pan evaporation values were multiplied by a
pan evaporation correction coefficient of 0.76.

3.2.4 Streamflow Estimation

Historic inflows were needed from 1950-1999 to match the baseline climate data. None of the five
reservoir basins have long-term continuous streamflow gages before the year 2000. Hence, synthetic
streamflow records were generated using one of two techniquesin each basin:

1. Dog River Reservoir and Randy Poynter Reservoir (Summary): Both of these basins
have USGS gages with multi-year continuous records beyond the year 2000. These
records were found to be highly correlated (on a monthly basis) with other USGS
records with overlapping time periods, and which also extended back to 1950.
Regression equations were developed to extend the inflow records for the reservoirs
(see below for details).

2. Henry County Reservoirs (Gardner, Long Branch, and Cole - Summary): None of these
reservoirs have gaged inflow from the USGS. However, flow records were available for
a period of approximately ten years and the Henry County Water Authority Long Range
Water Supply Plan presents regression equations for each of these three reservoirs
using a nearby long-term gage that extended back before 1950. These regression
equations were applied in this study (see below for details).

Inlieu of the statistical methods above, rainfall-runoff modeling was also considered as an estimation
technique for streamflow. However, because three of the basinsare ungagged, there would be no flow
records to which such models could be calibrated, and it was determined thatrainfall -runoff modeling
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would resultin more uncertainty that what we can expect with the statistical record
extension/developmenttechniques described above. Itwasalso deemed to be more data-intensive
and costly than the statistical methods.

Dog River Reservoir: The Dog River Basin hasa USGS gage with a continuousrecord a short distance
upstream of the reservoir from 2007-2013 (USGS Gage 02337410). These records were found to be
highly correlated (on a monthly basis) with records on the Flint River and Alcovy River (USGS Gages
02344500 and 02208450, respectively) with overlapping time periods. The Alcovy correlation was
better, but the Alcovy records only extended backthrough 1972, so the Flint correlation was used to
synthesize flows from 1950-1971, and the Alcovy correlation was used from 1972-1999. Comparison
of the regression models against the historicmeasured flow is illustrated in Figure 3.2.3. The
extended flow record at the gage, representing a drainage area of 66.5 square mileswas then
increased by drainage arearatio to the full drainage areainto the reservoir (78.3 square miles).

Dog River Flows: Measured vs. Estimated with Regression Models
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Figure 3.2.3 Dog River Regression Models for Extending Historic Inflow into the Dog River Reservoir

Randy Poynter Reservoir: The Randy Poynter Basin has two USGS gages with continuous records
upstream of the reservoir from 2001-2013 (USGS Gage 02207400 on Brushy Fork Creek, and USGS
Gage 02207385 on BigHaynes Creek). These records were also found to be highly correlated (on a
monthly basis) with records on the Flint River and Alcovy River (USGS Gages 02344500 and
02208450, respectively) with overlapping time periods. The Alcovy correlation was better, butthe
Alcovy records only extended back through 1972, so the Flint correlation was used to synthesize flows
from 1950-1971, and the Alcovy correlation was used from 1972-1999. Comparison of the regression
models against the historic measured flow is illustrated in Figures 3.2.4 and 3.2.5. To help preserve
low flow accuracy for Big Haynes Creek, a nonlinear regression equation was developed for Flint River
flows less than 170 cfs, and a linear equation was used for flows above 170 cfs. The extended flow
record at these gages, representing a combined drainage area of 25.8 square miles was then increased
by drainage arearatio to the full drainage area into the reservoir (47 square miles).
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Brushy Fork Creek Flows: Measured vs. Estimated with Regression Models
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Figure 3.2.4 Brushy Fork Creek Regression Models for Extending Historic Inflow into Randy Poynter

Reservoir
Big Haynes Creek Flows: Measured vs. Estimated with Regression Models
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Figure 3.2.5 Big Haynes Creek Regression Models for Extending Historic Inflow into Randy Poynter
Reservoir

Henry County Reservoirs (Gardner, Long Branch, and Cole): None of theriver basins flowing into
these reservoirs have gaged inflow from the USGS. However, flow records were available from 1961-
1971 for a short-term gage located on the Towaliga River near Jackson, GA (USGS Gage 02211300),
and theserecords are reported as correlated with flows in the Tobesofkee Creek near Macon, GA
(USGS Gage 02213500) according to the Henry County Water Authority Long Range Water Supply
Plan Update. Table 3-1in thatreport presentsregression equations for each of these three reservoirs.
These previously-developed regression equations were applied in this study.

3-10 D RA FT %mth

Document Code



Section 3 e Climate Vulnerability Methodology

Inlieu of the statistical methods above, rainfall-runoff modeling was also considered as an estimation
technique for streamflow. However, because the basins are not well gaged over the simulation period,
there would be few, if any, flow records to which such models could be calibrated, and it was
determined thatrainfall-runoffmodeling would result in more uncertainty than what we can expect
with the statistical record extension/development techniques described above. Rainfall -runoff
modeling was also deemed to be much more data-intensive than the statistical methods.

Figure 3.2.6 below illustrates the synthesized long-term inflow records for each of the five reservoirs,

and demonstrates on a logarithmicscale the range of hydrologic conditions, as average flows vary
over an order of magnitude.

1000.0

Monthly Flow (cfs)
=
o
o

01
Od N MTNONNOOANMTWM ONNWONDOANMTINMONONOOOANMITNONOINOOANMITUM ONONOG
S N R A B B B B S S S NN T T A
cccccccececececececececececececececececececececececceccecececceccececcecceccecceccecceccoccecccocccccecc
™ @ © ® ® © © © © O© O © O© O0COCOCOCOCOCOCOCOCOCO0OCOOCO0C OO0 O OO0 0 OO0 0 O O 0 0 000 0 0 0 60 O
23333232332333332332332333233233232333333233233333233233233333237%3
«=Randy Poynter Inflow ~ ===Dog River Inflow ~ ===Gardner Inflow ~ ===Long Branch Inflow ~ ===Upper Towiliga Inflow

Figure 3.2.6 Synthesized Long Term Historic Inflow for the Five Reservoirs

3.2.5 Model Development

The reservoir yield models were developed in the transferrable platform of Microsoft Excel. The

models employed a monthly time step that matches the resolution of the synthesized inflow data. The
models included the following components:

Reservoir bathymetry (relationships between stage, storage, and surface area)
= Monthly hydrologic inflows (from the procedure outlined above)

= Direct precipitation

= Surface evaporation

= Spillsand downstreamreleases

= Consumptive withdrawals

Operating requirements such as minimum drawdown level, downstream flow requirements,
etc.
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These are simple mass balance models, tracking inflow, outflow, and change in storage. Inflows (as
described above) and the model functionality were validated by comparing the calculated historical
firm yield from these new models to previously published values, as available.

Examples of model inputand outputare illustrated below (Figure 3.2.7 and 3.2.8). Firmyield was
calculated by adjusting the average monthly withdrawal over the historical period of 1950-1999 until
the withdrawal rate depletes the available storage at leastonce. The models report the percentage of
time that demand cannot be satisfied, so that both the firm yield and yield values with reliability 95%
(for example) can be reported and compared.

RESERVOIR INFLOWS | RESERVOIR OUTFLOWS | VOLUME
Streamflow In| Streamflow In]Streamflow IN]Precip Direct Precip | Direct Precip ‘ Surface Evap | Surface Evap | Desired WD | Withdrawal | Withdrawal | Desired DS | Downstream | Downstream TotalIN | TotalOUT | Reservoir Vol
Date (cfs) (mgd) (MG) (IN/MO) (aF) (vG) __ |evap iIN/MO)| (AR mM6) (MGD) (MGD) (M6) Rel. (MGD) | Rel (MGD) | Release (MG) | spill (MG) (M) M) (M)
11/1950 734 7.4 14423 2.40 2556 512 167 0 0 1280 1280 389.12 6.46 6.46 5 5 1459.0 1459.0 1881.0 760 7235
2/1/1950 1055 68.2 20727 330 2556 703 29 0 0 1280 1280 389.12 6.46 6.46 196.4 15101 2095.6 2095.6 1881.0 760 7235
3/1/1950 1580 1020 31023 213 255.6 8.9 26 0 0 12.80 12.80 389.12 646 6.46 196.4 2545.4 31309 31309 1881.0 760 7235
4/1/1950 621 401 12202 156 255.6 333 108 0 0 12.80 12.80 389.12 646 6.46 196.4 645.6 12311 12311 18810 760 7235
5/1/1950  50.1 324 984.7 443 2556 943 307 0 0 1280 1280 389.12 6.46 6.46 196.4 4299 10154 1015.4 1881.0 760 7235
6/1/1950 55.8 36.0 1095.7 3.75 255.6 79.8 26.0 0 0 12.80 12.80 389.12 6.46 6.46 196.4 536.2 11217 11217 1881.0 760 7235
7/1/1950 461 208 904.4 7.06 255.6 150.4 9.0 0 0 12.80 12.80 389.12 646 6.46 196.4 367.9 953.4 953.4 1881.0 760 7235
8/1/1950 445 287 8736 5.43 255.6 1157 377 0 0 12.80 12.80 389.12 646 6.46 196.4 3258 9113 9113 18810 760 7235
9/1/1950  66.7 3.1 1309.5 373 2556 796 259 0 0 1280 1280 389.12 6.46 6.46 196.4 749.9 13354 13354 1881.0 760 7235
10/1/1950 254 16.4 498.1 3.20 255.6 68.2 22 0 0 12.80 12.80 389.12 6.46 6.46 196.4 0.0 5203 585.5 1815.8 759 7235
1/1/1950 308 19.9 604.0 077 29.1 161 52 0 0 12.80 12.80 389.12 646 6.46 196.4 00 6093 5855 18396 7595 7235
12/1/1950 654 423 1285.1 324 2524 68.2 22 0 0 12.80 12.80 389.12 646 6.46 196.4 680.4 1307.3 1265.9 18810 760 7235
1/1/1951 719 6.5 14128 243 2556 517 168 0 0 12.80 12.80 389.12 6.46 6.46 196.4 844.1 14297 14297 1881.0 760 7235
2/1/1951 803 519 1577.8 3.15 255.6 67.1 219 0 0 12.80 12.80 389.12 6.46 6.46 196.4 1014.1 1599.6 1599.6 1881.0 760 7235
3/1/1951 1008 65.1 1980.3 5.09 255.6 1084 353 0 0 12.80 12.80 389.12 646 6.46 196.4 14301 2015.6 20156 1881.0 760 7235
4/1/1951 1460 943 2868.0 5.18 2556 1103 359 0 0 1280 1280 389.12 6.46 6.46 196.4 23184 2903.9 2903.9 1881.0 760 7235
5/1/1951 367 27 7209 052 2556 w1 36 0 0 1280 1280 389.12 6.46 6.46 196.4 1390 7245 7245 1881.0 760 7235
6/1/1951  39.1 253 767.7 5.03 255.6 107.2 349 0 0 12.80 12.80 389.12 646 6.46 196.4 2171 8026 8026 1881.0 760 7235
711951 710 458 13936 678 255.6 1444 470 0 0 12.80 12.80 389.12 646 6.46 196.4 855.1 14406 1440.6 1881.0 760 7235
8/1/1951 204 132 4005 114 2556 222 79 0 0 1280 1280 389.12 6.46 6.46 196.4 00 408.4 5855 1703.9 7575 7235
9/1/1951 268 173 527.0 4.9 239.4 98.9 322 0 0 1280 12.80 389.12 6.46 6.46 196.4 00 559.2 5855 1677.7 7575 7235
011951 217 140 4262 332 2394 6.3 216 0 0 12.80 12.80 389.12 646 6.46 196.4 00 2478 5855 15400 7555 7235
11/1/1951 559 361 10983 219 22655 a4 135 0 0 12.80 12.80 389.12 646 6.46 196.4 185.2 1118 7707 1881.0 760 7235
1211951 2176 1406 42738 866 2556 1844 60.1 0 0 12.80 12.80 389.12 6.46 6.46 196.4 3748.3 43338 43338 1881.0 760 7235
1/1/1952 125.0 80.7 2454.0 371 255.6 789 257 0 0 12.80 12.80 389.12 6.46 6.46 196.4 1894.2 2479.7 2479.7 1881.0 760 7235
211952 1482 95.7 2910.4 3.99 255.6 8.1 7.7 0 0 12.80 12.80 389.12 646 6.46 196.4 23526 20381 29381 1881.0 760 7235
3/1/1952 5135 3317 10084.2 9.63 255.6 205.2 66.9 0 0 12.80 12.80 389.12 646 6.46 196.4 9565.6 101511 101511 18810 760 7235
4/1/1952 1145 74.0 22486 254 2556 542 17.7 0 0 1280 12.80 389.12 6.46 6.46 196.4 1680.7 22662 22662 1881.0 760 7235
5/1/1952 734 47.4 1441.7 3.51 255.6 74.9 24.4 0 0 12.80 12.80 389.12 6.46 6.46 196.4 880.6 1466.1 1466.1 1881.0 760 7235
6/1/1952 478 308 937.8 284 255.6 605 197 0 0 12.80 12.80 389.12 645 6.46 196.4 3720 957.5 9575 1881.0 760 7235
71/1952 152 98 299.1 108 255.6 230 75 0 0 12.80 12.80 389.12 646 6.46 196.4 00 3066 585.5 1602.1 756.5 7235
8/1/1952 251 162 493.6 6.10 233 1185 38.6 0 0 12.80 12.80 389.12 6.46 6.46 196.4 0.0 5322 585.5 1548.8 755.5 7235

Figure 3.2.7 Example Reservoir Model Mass Balance Input and Calculation Worksheet
(Partial data shown only)

Yield Estimation Model
Metro North Georgia Water Planning District
Reservoir Yield Estimation Model

Reservoir Name: | Dog River Reservoir |

Full Volume (MG) 1881 Target WD (mgd):
MinVolume (MG) | 60| Target DS Release (cfs):

Number of Months with shortage: [ 0 |

Percent of Months with shortage: 0.0%
Dog River Reservoir
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Figure 3.2.8 Example Reservoir Model Output
(Sample results only)
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Simplifying assumptions were made regarding downstream flow requirem ents (which were given
priority over supply withdrawalsin the yield models), and the volume thatis considered fully
available for water supply in each reservoir. These assumptionswere taken from published reportsto
the greatest extent possible, and the values used in the analysis are listed in Tables 3.2.2 and 3.2.3
below, along with citations for their sources. Storage-Area-Elevation curves were available from the
utilities operating the reservoir, and were not adjusted for this study.

Table 3.2.2 Downstream Flow Requirements

‘ Reservoir ‘ g:;vur;:;::aer:t ';:;:; ‘ Source of Information
DogRiver 9 Douglasville-Douglas County Water & Sewer Authority fact sheet
RandyPoynter 1.9 Jack Turner Dam Operations and Maintenance Manual, Section 2
(June 2002)
Gardner 2.8 Henry County Water Authority website:
LongBranch 0.4 http://www.hcwsa.com/reservoirs-as-water-supply
Cole/U.Tawiliga 2.6*

*Approximated as 50% of the total required release from Lower Towiliga Reservoir, whichis fed by Upper Tawiliga Reservoir.

Table 3.2.3 Usable Storage Volume
Usable Storage

Reservoir Sources of Information

Volume (MG)
DogRiver 1,731 1,881 Max, 150 Min
Randy Poynter 5,280 5,400 Max, 120 Min Storage-Area-Elevation
3 = curves and
Gardner >8 Assumed to be 80% of totalstorage, per Henry | documentation from
LongBranch 1,238 CountyWater Authority LongRange Water respective utilities
Cole/U. Tawiliga 2,643 SupplyPlanUpdate, Section 3

Additionally, it was assumed that Upper Tawiliga Reservoir (also referred to as “Cole Reservoir”
provides the majority of yield for the Tawiliga System (Upper and Lower Tawiligareservoir). Lower
Tawiliga Reservoir, and its contributing drainage area downstream of Upper Tawiliga Reservoir were
not included in thisanalysis.

A further simplification is that demand is assumed to be constant in each month of the year, with the
exception of the Dog River Reservoir. Table 3.2.4 lists the monthly factors applied to average annual
demand for Dog River, and these were applied because they were previously published as Table 6 of
thereport: Hydraulic Budget Models: Dog River Reservoir & Bear Creek Reservoir, Black and Veatch
Project No. 179756 (July 2013).
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Table 3.2.4 Dog River Reservoir Monthly Demand Factors

Month Percent of Annual
on Average Demand

Jan 91%
Feb 90%
Mar 93%
Apr 100%
May 110%
Jun 111%
Jul 111%
Aug 110%
Sep 107%
Oct 98%
Nov 92%
Dec 87%

3.2.6 Climate Adjusted Hydrology

Once the baseline yield values were determined for each reservoir, the precipitation, streamflow, and
evaporation time series were modified to determine if the yield rates are sensitive to possible future
climate conditions. The adjusted monthly precipitation time series associated with the future climate
scenarios as presented in Appendix B were used directly to estimate changes in surface precipitation.
Potential climate-induced changes to streamflow and evaporation were estimated as described in the
following sections. Once these time series were adjusted, they were inputinto the reservoir yield
models and the yield and reliability values were recomputed and compared with the historic yield
estimates.

3.2.6.1 Climate Regression Models for Potential Future Streamflow

Once historical streamflow into the reservoirs was synthesized, it was then necessary to determine
how these inflow records could change if subject to the future climate scenarios. Changesin
streamflow were estimated using multivariate regression of historic precipitation and temperature
(one, two, and three month totals or averages as possible predictor variables). The regression
equations were applied for historic climate conditions (P and T) and the potential future conditions (P
and T) to estimate a percentage change in streamflow. Note that to maintain a consistent comparative
basis and direction of change, the percentage change was computed without the actual historic
streamflow, but the climate conditions that created it. The percentage change was then added to or
subtracted from the historic streamflow measurements to establish climate-adjusted inflow estimates,
and to avoid the introduction of exaggerated uncertainty by using absolute values of future flow
predictions generated only from precipitation and temperature, which alone cannot explain all of the
variability in monthly streamflow.

The goal was not to recreate perfect hydrologic prediction models, because precipitation and
temperature alone are not the only causal mechanisms that affect streamflow. Rather, the goal was to
isolate the impacts of these climate variables on streamflow, and use these relationships to investigate
how changes in these variables could alter future streamflow patterns, and thus affect reservoir yield.

314 DRAFT com,

Document Code



Section 3 e Climate Vulnerability Methodology

To estimate any given monthly flow, the precipitation and temperature statistics for the currentand
prior two months were considered. Generally the best correlations between precipitation and
streamflow were found by using the current month precip and the total precip over the currentand
prior month. The best correlation between temperature and streamflow was found using the average
temperature over the three months leading up to the current month (inclusive). Examples are shown

below in Figure 3.2.9 for the Dog River inflow, and these are reasonably typical of results for the
other four reservoirs

Dog River Dog River Dog River

N oW oA ow

Streamflow (cfs)

Monthly Precip (mm) 2-Month Total Precip (mm) 3-Month Average Temp (deg C)

Figure 3.2.9 Correlation Between Monthly Precipitation, Temperature, and Streamflow (Dog River*)
*Results are similarin other reservoirs.

Individually, the precipitation variables can explain approximately 42% - 48% of the monthly
variability in streamflow for the Dog River (28% - 49% across all five reservoirs), while the
temperature can only explain approximately 35% of the variability in the Dog River flow (consistent
across all five reservoirs). This was the first indication that monthly streamflow is probably more
highly correlated to precipitation than to temperature. The next step was to combine them into
multivariate regression models to examine how well they could describe streamflow variations
collectively. Regression equations of the following form were developed by using optimization

algorithms to minimize the sum of squared errors between regression predictions and synthesized
values:

Q=aPf+b(P+P_ )+ c{T, + Ty +T,_,3}/3) (egn. 3.2.1)
where:

t = monthly time index

Q = average monthly flow in cfs

P = monthly precipitation in mm

T = average monthly temperature in °C
a-c = calibrated coefficients

d-f = calibrated exponents

Each equation, therefore, is the sum of three factors and their associated calibration parameters:

monthly precipitation, total precipitation over the past two months, and average temperature over the
pastthree months.
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Table 3.2.5 lists the calibrated coefficients for this equation for each of the five reservoirs, all of which
are based on the same monthly precipitation and temperature values, which were not varied
geographically. We can see that the calibrated parameters for the two precipitation terms carry much
more influence in the equations for each reservoir than do the parameters for temperature. Either the
coefficient or the exponent for the three-month average temperature is close to zero, which reinforces
the earlier conclusion that precipitation is much more a driver of streamflow variability thanis
temperature, though temperature can have observable impacts at extreme statistical low flow
conditions, such as the 7Q10, by increasing soil evaporation. However, because of the buffering effect
of storage in the reservoirs, yield is generally not sensitive to extreme low flow conditions of short
duration, but ratherlong-term hydrologic trends that affect the depletion and replenishment of
storage, and these are much more dependent on rainfall than on temperature.

Table 3.2.5 Calibrated Multivariate Regression Parameters for Streamflow*

Parameter Function Pa'r;laanr:‘e:er Dog River P’:Ja\‘/r:::‘ér Gardner T:\Aplz?;a
Coefficient, Current Precip a 0.1410 0.0528 0.0014 0.0011 0.0247
Coefficient, Total2-month Precip b 0.0175 0.0130 0.0123 0.0024 0.0102
Coefficient, 3-month avg. Temp C 0.0003 8.9734 0.0003 0.0007 0.0001
Exponent, Current Precip d 1.2122 1.2894 1.7651 1.5563 1.3405
Exponent, Total 2-month Precip e 1.5446 1.5089 1.3165 1.3566 1.4504
Exponent, 3-month avg. Temp f 0.2619 0.000002 0.2289 0.0038 0.1561

*See equation3.2.1above

Figure 3.2.10 illustrates the regression models for the effects of precipitation and temperature on
flow into the five reservoirs. The two climate variables were found to explain between 36% and 54%
of the total monthly variability in streamflow for the five reservoirs. Of note is that the models do not
predict extreme high flow very well, but this was deemed to be inconsequential to firm yield
estimates, which are more dependent on sustained low-flow conditions. All of the simulated
reservoirs recover from steep drawdown quickly, so underestimating peak flows did not impact firm
yield results.
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Dog River Inflow
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Randy Poynter Inflow
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Cole/Tawiliga Inflow
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Figure 3.2.10 Multivariate Climate Regression Models for the Five Reservoirs*
*Each model based only on monthly precipitation and temperature in order to isolate the influence of climate on streamflow.

As illustrated in the figure, the regression equations are able to predict the occurrence and magnitude
of low flow reasonably well, if not always the duration. However, inaccuracies in these models are
expected, because we are isolating the predictive variables to just the climate impacts, and not the
impacts of local geography, geology, land use, etc. Because climate can only predicta portion of the
streamflow variability, it was necessary to use relative changes in flow rather than absolute flow
values predicted with the regression models.
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The regression models were applied first to the historicmonthly precipitation and temperature
values, and then to the precipitation and temperature values associated with the future climate
scenarios, and the ratiobetween the two predictions was applied to the historic flow, as shown in the
following equation:

Regression Flow (Future P,T)

quture = X thstoric (eqn. 322)

Regression Flow (Historic P,T)

In this way, the regression models were useful by predicting the direction and relative magnitude of
streamflow changes, butlarge uncertainties in any specific streamflow value were prevented from
propagating through the yield analysis.

3.2.6.2 Climate Regression Model for Potential Future Evaporation

Applying similar principles to water surface evaporation as those applied to streamflow, a climate
regression model was developed for free-surface evaporation throughout the Metro Water District.
Site-specificvariations in evaporation were not considered, as evaporation is a more geographically
homogenous phenomena than runoff, which mustbe estimated locally. Also, intuitively, evaporation
from lake surfaces would be physically correlated with air temperature, and not with precipitation.
Hence, historical monthly evaporation was only correlated with air temperature.

Figure 3.2.11 illustratesthe correlation between historicair temperature and lake surface
evaporation. Monthly air temperature predicts approximately 76% of the recorded evaporative losses
from lake surfaces.

Lake Evap (IN)

Lake Evap (IN/MO)

0 5 10 15 20 25 30 35
Monthly Avg T (deg C)

Figure 3.2.11 Correlation Between Temperature and Measured Lake Evaporation
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From this relationship, the following linear regression equation was developed:
E,=aT; +b (eqn. 3.2.3)
where:

t = monthly time index

E = monthly lake surface evaporation (inches)
T = average monthly temperature in °C

a = calibrated coefficient

b = calibrated y-intercept

The calibrated value of a was 0.1946, and the calibrated value of b was 0.8687. The application of this
regression relationship was applied to the historical temperature and compared against measured
lake surface evaporation. This comparison is shown in Figure 3.2.12. Again, most of the monthly
variability in evaporation is described well by temperature. Some of the higher values of evaporation
are underpredicted, but these generally occur in periods later in the record that did not usually create
the highest hydrologic stress that defines firm yield (which was usually observed in the 1950s).
Additionally, an error of 1-inch in lake surface evaporation for a period of one month would have a
negligible impact on reservoir drawdown and firm yield. Again, the precipitation and corresponding
runoff is much more adriver of firm yield than is evaporation from the lake surface. As an

experimental example, free surface evaporation was increased by 20% for the Dog River Reservoir,
and the firm yield was reduced by less than 1%.

Also, as was done with the streamflow estimates, the absolute values of predicted evaporation were
not used directly. Rather, the relative difference between the regression model applied to historic
temperature and possible future temperature was applied as a ratio to the historic evaporation, so

thatit increased or decreased with an appropriate direction and relative magnitude, but did not, for
example, double simply because of model uncertainty.

o

~

o
—

«
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Inches per Month

w

=== \easured Evaporation

Linear Regression on Temperature

Figure 3.2.12 Regression Model for Evaporation as a Function of Temperature
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3.3 Water Quality Impacts

Four stream reaches (Figure 3.3.1) were evaluated with respect to potential water quality impacts
and vulnerabilities associated with climate variability. The selected study streams are: Flint River,
Yellow River, Big Creek, and Little River. Reach watersheds varyin size and land use, from 37 to 268
square milesand from 48 to 81 percentdeveloped. Table 3.3.1 and Figure 3.3.2 show the watershed
statisticsand land cover information for each of the chosen stream reaches.
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03150103 | cpbiw 0350402
Tartnor Broad .
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g Ath
)
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Figure 3.3.1 Water Quality Case Study Reach and Drainage Basin Locations

Table 3.3.1 Water Quality Study Watershed Characteristics

Drainage Area Modeled Reach

Study Reach

Percent Impervious

3-20

(square miles) Length (mi)
Big Creek 374 9.88 9
Little River 80.6 6.29 1
YellowRiver 126.9 25.59 9
Flint River 267.5 13.31 28
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Developed Undeveloped Undevelopable

6% 2% 12% 5%

100%

90%

80%

70%

60%

50%

40%

30%
20%

10% +—

(M T T T 1
Little River Big Creek Flint River Yellow River

Agriculture m Commercial/Industrial m Forest Golft Course
®m Open Park/Cemetary  m Quarry m Residential m Water
m Wetlands ® Institutional m Urban-Other m TCU/Limited Access

Transitional

Figure 3.3.2 Land Cover of Water Quality Study Reaches
(National Land Cover Database, 2011)

The process of evaluating each reach for water quality impacts from climate variability followed four
steps:

1. Develop empirical hydrologic regression models which predict stream flow changesas a
function of temperature and precipitation variability.

2. Use newly developed QUAL2K water quality models to translate projected air temperature
and low flow changes into changes in river water temperature;

3. Use existing Georgia Dosag water quality models to translate projected low flow and water
temperature changesintochangesin river dissolved oxygen.

4. Evaluate climate impacts on each study reach and explore the potential implications for
existing wastewater discharges.

3.3.1 Empirical Hydrologic Regression Models

The hydrologic regression models, developed using site specific historical flow and climate data for
each case study basin, predictannual 7 day low flow as a function of the combination of two climate
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variables: an extended cumulative precipitation total and a near-term average air temperature.
Intuitively, we interpret the former as a driver of perennial baseflow and the latter as reflective of
summer evapotranspiration (ET) losses in the basin. For three of the four basins, the best predictor
variables were total water year precipitation and 2 month average temperature. For the Flint River, 8
month total precipitation and 1 month average temperature were found to be slightly better
predictors of stream low flow and are used in the regression models. These differences across sites
are not surprising and reflect differences in basin hydrogeology. Streamflow data used in the analysis
were obtained from US Geological Survey (USGS) flow gages, where available (Table 3.3.2). For
locations with insufficient data, a nearby gage was used to supplement the time series of streamflows
to complete the 1950-1999 historical baseline period. This was done by developinga regression
equation relating the study reach streamflow to streamflow from a nearbyriver with adequate data
availability. Final hydrologicempirical regression modelsare summarized in Table 3.3.3.

Table 3.3.2 Water Quality Study Streamflow Gages

Primary USGS Gage Secondary USGS Gage
Gage Name & Number Available Years Gage Name & Number WL US.Ed to Supplement
Primary Gage
. 02335700 02392500
Big Creek B|g Creek near 1960-1999 . . 1950-1959
Little River near Roswell
Alpharetta
02392500 02335700
Little River Little River near 1950-1974 Big Cree k near 1975-1999
Roswell Alpharetta
02207500
i 1976-1982
02206500 YeII_ow Rivernear
Yellow vellowRi 1950-1970 and 1988- Covington
River* ellowRlvernear 1999
Snellville 02208450
AlcovyRivernear 1972-1975
Covington
2344500
Flint River . ] . 1950-1999 notnecessary
Flint River near Griffin

*Note:No data were available at anysuitable gagesfor 1972

Table 3.3.3 Results from Hydrologic Regression Analysis

Stream Independent Variables Regression Equation R'ig':z;ed
Flint River X1: Minimum annual 8-month total precipitation
. 269 + 0.089X: - 10.9X; 0.55
X2: Maximum annual 1-month average te mperature
YellowRiver Xi: Total wateryear precipitation
. -49.0 +0.075X1 - 0.34X; 0.37
X2: Maximum annual 2-month average temperature
Big Creek X1: Total water year precipitation
. 18.7 + 0.017X; - 1.20X, 0.71
X2: Maximum annual 2-month average temperature
Little River Xi: Total wateryear precipitation
. 87.4 + 0.028X; - 4.06X> 0.72
X2: Maximum annual 2-month average temperature

3.3.2 QUAL2K Water Quality Models

The QUAL2K models apply well-established heat and radiation balance algorithms to estimate reach
average, steady state water temperature as a function of reach hydraulics, ambient air temperature,
and incident solar radiation conditions (the latter parameterized according to model default values).
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Cloud cover and shade were assumed to be minimal, and held constant, for the studyreachesand
simulated late summer critical conditions. Model reaches were constructed for each model to replicate
those represented in existing State GADosag models (described below). Baseline model reach lengths,
flow rates, tributary and point source inputs,and headwater conditions were all set to replicate the
modeled GADosag systems. Reach hydraulics (velocity and depth)are calculated in QUAL2K as a
function of flow according to power equations, also obtained from the GADosag models. For future
scenario simulations, only air temperatures and headwater and tributary flow rates were modified
according to climate projections. Point source temperatures and flow rates were maintained at
baseline levels.

3.3.3 Georgia Dosag Water Quality Models

Water quality models, for each case study reach, have been previously developed, calibrated, and
published by the State of Georgia, in support of discharge permitting. These models were developed
usinga tool called GADosag. GADosag is a steady-state, branching, one-dimensional, freshwater
dissolved oxygen model for TMDLs, NPDES permit development, and dissolved oxygen standards
review (Georgia EPD). They apply classic Streeter-Phelps type equations to simulate dissolved oxygen
dynamicsin a river as a function of reaeration and pollutant oxidation. Simulated pollutantsin the
model include nitrogenous and carbonaceous bio-chemical oxygen demand (NBOD and CBOD). No
aquaticplant or algae dynamics (photosynthesis and respiration) were included in the models used
here. Inputsto the model include flow and water temperature. The model does not calculate water
temperature as a function of environmental conditions, thus the need for separate models, describ ed
above, to quantify water temperature impacts. The projected water temperatures from the QUAL2K
models serve as inputs to the GADosag models. Only flow and water temperature parameters were
changed in the models to simulate future scenarios in this study. Flows were modified, in line with the
“delta” method applied elsewhere, using modeled adjustment factors. These adjustment factors were
calculated using the hydrologic regression models, described above, as: modeled future low flow /
modeled historical low flow. Adjustment factors were applied to existing GADosag model headwater
and tributary flows. All other parameters were held at previously established values. This includes
wastewater and industrial discharge flows and quality, which were significant components of reach
flow and mass balances for all sites. In other words, effluent discharge flows and loads were assumed
to remain constant in the future, un-impacted by climate variability.

For all models, late summer (September) conditions were simulated. September was identified, ina
separate analysis of flow gage data, as the month with the lowest average flow in the calendar year. It
was thusdeemed to be best representative of critical conditions, with respect to water quality, and
presumably serves as the critical period for State permitting analysis. A total of seven (7) climate
scenarios were simulated, including a historical baseline, for each of four (4) study sites. Separate
QUAL2K and GADosag models were developed for each. As described previously, the historical
baseline scenario corresponds to the 1950 to 1999 period. Future climate scenarios were developed
by adjusting this historical period to reflect climate model projections of the 2050 (+ 15 years)
planning horizon.

3.4 Watershed Impacts Methodology

The impacts of climate variability on watershed issues were evaluated using the following steps:

1. Listpotential watershed impactsrelevantto Metro Water District planning.
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2. Quantify potential changesin frequency and intensity of storm events due to climate
variability

3. Develop simple hydrologic models to relate the changes in storm frequency and intensity to
peak streamflows.

4. Estimate potential impacts of precipitation patterns on watershed pollutantloads.

3.4.1 Potential Watershed Impacts

A draftlist of potential watershed impacts from climate variability has been developed based on
scoping discussions with the Metro Water District, preliminary research into other watershed-based
climate variability impact studies, and general watershed planning guidance documentation. The US
Environmental Protection Agency’s (EPA) Global Change Research Program hasreleased several
studiesin recentyears exploring the impact of climate variability on watershed systems3+4. EPA also
provides a handbook for developing watershed plans, which provides watershed issues to consider
when planning to protect and restore local surface water resourcesS. Future watershed planning may
include studies to assess the impact of climate variability on these same traditional watershed
planning objectives.

List of Potential Watershed Impacts from Climate Variability
= Pollutantloading
* Habitat quality and biodiversity
= Sedimentation
= Erosion
= Stream morphology
*  Flooding
= Publicaccess and recreation
=  Floodplain connectivity
= Baseflow
=  Wetlands
= Hydraulic connectivity
» Riparianbuffer and shading

= Fisheries

3.4.2 Storm Frequency and Intensity

To quantify changesin frequency and intensity of storm events, trend analysis of daily climate forecast
models as well as historical weather data was performed. This analysis results in identification of

3US EPA, 2012. Climate and Land-Use Change Effects on Ecological Resources in Three Watersheds: A Synthesis Report.

4 US EPA, 2013. Watershed modeling to assess the sensitivity of streamflow, nutrient and sediment loads to potential climate
change and urban development in 20 U.S. watersheds.

5 water.epa.gov/polwaste/nps/handbook_ind ex.cfm
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statistically significant changesin 24-hour storm event frequency and intensity for the 2050 planning
horizon relative to the recent past. Additional metrics for characterizing changes in extreme flow and
precipitation were also considered. To determine the effect of the future climate scenario on projected
river high flows, a method similar to that used for regulatorylow flows was followed.

By 2050, one-day extreme rainfall depths are projected to be five to ten percent higher relative to 20th
century conditions, according to estimates presented in EPA’s Climate Resilience Evaluation and
Awareness Tool.6 This increase concurs with the IPCC (2014), which indicates that “Extreme
precipitation events over most mid-latitude land masses and over wet tropical regions will very likely
become more intense and more frequent as global mean surface temperature increases.””

Design storms for use in watershed modeling can be developed using synthetic hyetographsor
historical data. For applications where an SCS (NRCS) Type Il distribution is customarily used, this
distribution can be applied using adjusted 24 -hour rainfall depths as computed for the 2050 planning
horizon. For conditions where use of realistic storm hyetographsis appropriate, observed hourly
hyetographs from Atlanta Hartsfield-Jackson Airport can be scaled upwards according to the expected
change in design storm magnitude. Table 3.4.1 lists rainfall totals at various durations for major
storms (defined as those events with 5-year or longer average recurrence interval depths at three or
more of the durations shown) observed at the airport since 1948. These storms encompass a variety
of hyetograph shapes, from short, intense events, such as those in July 1988, June 1991, and July 5,
2005, as well as less intense but high total rainfall multi-day storms such as in September 1989, and
on July 10, 2005. Depending on the size of a watershed of interest, different hyetograph shapes may be
appropriate as design events. These storms were used along with USGS streamflow gage records to
develop a relationship between rainfall and peak daily streamflow for two study area streams. The
peak streamflow analysis is discussed in the next section.

6 EPA, 2013. Climate Resilience Evaluation and Awareness Tool.
http://water.epa.gov/infrastructure/w atersecurity /climate/cr eat.cfm

7 Intergovernmental Panel on Climate Change (IPCC), 2014. Fifth Assessment Synthesis Report. www.ipcc.ch/pdf/assessment-
report/ar5/syr/SYR_AR5_LONGERREPORT.pdf
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Table 3.4.1 Major Storm Depths (inches) at Atlanta Hartsfield-Jackson Airport since 1948
3-day 4-day

July9, 1948 1.1 15|26 |33 ] 37 5.4 6.6 6.7 7.6
November 26, 1948 07 10|13 ([22]33 3.6 6.5 7.0 7.0
September 24,1956 06 11]15 (22|41 5.5 5.7 5.7 5.7

February 24,1961 121172129 |44 5.7 6.0 6.6 7.1
May8, 1969 23127 (33 ]39](43 4.3 4.3 4.4 4.4
March 19,1970 08| 12|15 (24|42 5.l 53 6.0 6.1
March 15,1976 08 (11)14|21]33 5.1 5.4 5.4 7.4
April 12,1979 11114 |15 |26 39 5.6 6.1 6.1 6.1
May 23, 1980 24127 (30 ]3.0(3.0 3.8 4.0 4.0 6.5
October1, 1985 14 24|28 |32] 36 3.9 4.0 4.0 4.0
July 29,1988 26| 26|27 |27 |27 2.7 2.7 2.9 2.9

September 25, 1989 18| 25|27 |32] 4.2 49 4.9 5.1 5.6
September 30, 1989 11 (14118 | 3.1 | 40 5.4 6.3 7.1 7.3

March 16,1990 050912 |21]37 5.7 5.9 58 5.9
June 18,1991 31|36 (37 ]38]38 4.2 4.5 4.6 5.6
September4, 1992 16 28|34 (3841 5.9 6.0 6.1 6.1
July4,1994 08 13]19 29|41 6.5 7.3 7.7 8.1
October4,1995 1212021 |31] 46 7.3 8.7 8.7 8.7

September 16, 2004 18] 26|30 |38]49 5.0 5.1 5.1 5.1
September 27,2004 09 (17])21|36]| 48 4.9 4.9 4.9 4.9

July5, 2005 36| 47|50 |51(5.2 52 5.5 5.5 5.6
July 10, 2005 14 ] 20|26 |35]56 6.7 6.9 6.9 7.0
August 23, 2005 20129 (30 )3.0(3.0 3.0 3.0 3.0 3.0
August 31, 2006 20 25 (31 ]32](3.2 4.3 4.4 4.5 4.9
September 19, 2009 1223|3136 37 3.8 4.6 6.5 6.6
June 5,2013 22133 (37|41 41 4.1 4.2 4.2 4.9
5-year 19 23 26 31 37 4.5 5.4 5.7 6.1
10-year 22 27 3.0 35 42 5.2 6.2 6.6 7.0
25-year 26 32 36 42 51 6.1 7.4 7.9 8.3

Note: Cell shadingindicates the return period of the storm (yellow=5-year, green = 10-year, red = 25-year). Forexample, on
May 23, 1980 the 1-, 2-,and 3-hourrainfall totals were high enough to each be considered 10-year storms. The 4-daytotal
forthateventwas highenoughto be considereda 5-yearstorm. All other (unshaded)interval totals for that event were less
than a 5-yearstorm

3.4.3 Peak Streamflow Analysis

The peak streamflow analysis used hourly rainfall records to predict peak streamflow. The USGS
maintains records of annual peak streamflow values that can be used to develop a regression
relationship between known hourly rainfall, and other p otential independent variables and peak
streamflow. The regression relationship was then used to predict peak streamflows using the various
future rainfall statistic predictions described in the previous subsection. A different relationship was
developed for three different storm intensity/frequency pairs.
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The peak streamflow analysis was conducted for two watersheds that have good peak streamflow
dataavailability and are also being analyzed for wastewater/water quality impacts and pollutant
loading impacts: Yellow River and Flint River watersheds. Peak streamflows are available for the
Yellow River streamflow gage at Snellville (2206500) for 60 dates between 1943 and 2002 and for the
Flint River gage near Griffin (0234450) for 78 datesbetween 1929 and 2013. Table 3.4.2 liststhe
gages and available data. Figure 3.4.1 shows the locations and delineations of the watersheds.

Table 3.4.2 USGS Streamflow Gages Used for Peak Streamflow Impacts Analysis

Stream USGS ID Available Daily Streamflow Data

YellowRiver | 02206500 nearSnellville, 134 mi2 | 1942-1971 and 1988-2002

Flint River 02344500 near Griffin, 272 mi? 1937-present

The predicted changesin peak streamflows caused by potential changes in climate were used as a
proxy for assessing the likely impact of changing precipitation patterns on flooding in the two study
watersheds.
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Figure 3.4.1 USGS Gages and Contributing Watersheds Used for Peak Streamflow Impact Analysis
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Peak daily streamflow was extracted from the USGS gage records for unique rainfall events in Atlanta
from June 1948 to August 2013. Streamflows were matched with 1,798 rainfall events for the Flint
River gage and 1,051 rainfall events for the Yellow River gage. The maximum daily flow occurring
duringthe four days during and after each storm was identified as the peak flow for that storm.
Regression relationships were explored usinga variety of independentrainfall variables, including the
storm totals at different durations and rainfall totals representing antecedent conditions such as
monthly or seasonal total rainfall. One through four day rainfall totals were the best predictors of
peak daily streamflow, according to the following equations:

Flint River, R-squared =0.27

Qpeakdaity = —265.7 + 227.6P; 4qy + 121.6P, 40y, + 286.2P; 44, + 156.3P, 4o, (Equation 3.4.1)
Yellow River, R-squared = 0.34
Qpeakdaity = —132.9+ 67.4P, 44, + 52.0P, 40y, + 256.4P; 44y, + 136.3P, 4,  (Equation 3.4.2)
Where:
Qpeak daily = peak daily streamflow resulting from rain event, cfs
Pnday = rainfall total for n days duration, inches

Many factors affect peak streamflow resulting from rainfall; the equations above do not consider all
factors. The regression modeling offers areasonable predictor for peak streamflow using
independentvariables that can be projected for climate variability assessment. The R-squared values
suggest that storm duration and intensity, asrepresented by the one to four day rainfall totals,
comprise 30 percent of the factors driving peak streamflows in the Yellow and Flint Rivers. EPA’s
CREAT tool projects changesin precipitation totals of various durations and recurrence intervals; the
same cannot be done at this time and within the scope of this study for all factors that affect peak
streamflow. Figure 3.4.2 shows the frequency distribution for the observed and modeled peak
streamflows over the dataset of available rainfall events used to generate the regression relationship.

These frequency distribution plots show that the regression model does not reproduce the highest
peak flows resulting from storm events. Other factors besides one- to four-day total rainfall likely
influence these extreme high flows. Other available recorded independent variablesthat maydo well
to represent these other factors, such as seasonal or previous month rainfall totals, did not correlate
well with peak streamflows. Specifically, the monthly average recorded temperatures did not
correlate well with the peak streamflow events used for this analysis. Inthe water supply and water
quality impacts tasks, temperature was used as an independent variable in streamflow regression
models and correlated fairly well. However, those models focused on low flows and average daily or
monthly flows. Temperature and average/low streamflow trend well together because there tends to
be less overall precipitation, and more evaporation, in warmer periods. The peak streamflow analysis
for the Yellow and Flint Rivers has shown that storms in all seasons resultin varying peak flows that
are more related to the one through four day precipitation totals than the time of year that the storms
occur.
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Figure 3.4.2 Peak Streamflow Regression Models Showing Frequency Distribution of Gaged and
Calculated Streamflow

3.4.4 Pollutant Loading

Annual average pollutantloading was modeled using land use data, projected rainfall totals, and event
mean concentrations (EMCs). The pollutantloading assessment was conducted for the Flint River and
Yellow River watersheds, which are also included in the wastewater and water quality impacts
assessment. These two watersheds have considerably differentland uses, as shown previouslyin
Figure 3.3.2 and below in Table 3.4.3 and Figure 3.4.3. The Flint River watershed has more
agricultural and forested land than the Yellow River watershed. The Yellow River watershed, by
comparison, is much more developed and mainly covered with residential and commercial /industrial
uses. Conducting the pollutantloading assessment on these two watersheds will provide guidance as
to how currentland uses may affect a watershed’s vulnerability to climate variability.
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Table 3.4.3 Watershed Land Use for Pollutant Loading Comparison

Land Use Flint River Watershed Yellow River Watershed
Residential 35% 60%
Agriculture 14% 1%
Commercial/Industrial 8% 18%

Forest 24% 8%
Other 18% 13%

Source: 2011 National Land Cover Database (NLCD)
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Figure 3.4.3 Land Use Map of Yellow and Flint River Watersheds
(National Land Cover Database, 2011)

The pollutantloading model relatesland use to EMCs and directly connected impervious area, using
the information shown in Table 3.4.4. These valueshave been published with CDM Smith’s
Watershed Management Model (WMM) and the sources listed with the table. The land use categories
used in the data provided by the Atlanta Regional Commission were related to the land use categories
listed below. Pollutantsof interest were chosen based on watershed TMDLs and impairments. Total
suspended solids loading were used to estimate changes in sedimentloads. The NLCD and percent
impervious land use classifications are slightly different and have been consolidated according to
Table 3.4.5.
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Table 3.4.4 Watershed Loading Model Impervious Fractions and Event Mean Concentrations

C Fﬁfca "l Ph TOt:I TKN TSS Copper Lead
Impervious Cle osphorus
Land Use ] ] ]

%1

#/100 ml‘ mg/I mg/I mg/| ‘ ug/l ug/l

f:(;‘:g‘tfl;cl'za v 52% 3,500 0.24 15 60 20 22 180
Residential? 13% 7,750 0.30 1.4 48 12 12 73
Open/Forest? 1% 3,100 0.25 0.60 51 5 5 39
Agriculture3 1% 0 0.20 0.0 196 7 7 16

Sources: 1 User’s Manual, Watershed Management Model Version 4.1 (CDM, 1998)

2 EMCs from:Shaver, E., Horner, R., Skupien, J., May, C.,and R. Graeme, 2007. Fundamentals of Urban Runoff Management,
2nd Edition. North American Lake Management Society.

3 Agriculture notincludedin Shaver, 2007. CDM Smith maintains a database of published regional EMCvalues, Wolosoff, S.
and A. Greene, 2010. Compilation of a National Storm Eve nt Mean Concentration Database, Internal CDM Smith R&D Memo.

Table 3.4.5 Land Use Consolidation

NLCD Category Used for Watershed

Consolidated Category WMM Percent Impervious Category

Land Use and EMC Calculations

Low Density Residential

Residential Medium Density Residential Residential
High Density Residential
Commercial Commercial/ Industrial
Commercial/Industrial ] Institutional
Industrial
Urban-Other
Agricultural Agricultural/Pasture Agriculture
Forest

Forest/Rural Open

Golf Course

Open/Forest
Open Park/Cemetery
Urban Open —
Transitional
Quarry
Highways
& y Water
Other
Wetlands

Water/Wetlands

TCU/Limited Access

The percent of impervious cover for each basin reported by the USGS8 was compared against the
calculated percentimpervious using the watershed loading model. The USGS reports that the Flint
River gage watershed is 13 percentimpervious while the watershed loading model calculates 12
percentimpervious. The USGS reportthatthe Yellow River gage watershed is 26 percentimpervious
while the watershed loading model calculates 20 percentimpervious. The values are close for both

8U.S> Geological Survey. StreamStats: A Water Resources Web Application. <water.usgs.gov/osw/streamstats/ind ex.html>
Accessed 31 Jan 2015.
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watersheds, indicating that the combination of land use and percentimpervious shown in Table 3.4.4
provides a reasonable representation of the watersheds.

The parameterslisted in Table 3.4.4 were chosen for their relevancy to water quality concerns and
impairments within the study area. Total phosphorus and Total Kjeldahl Nitrogen (TKN) represent
nutrientloading that may contribute to eutrophication and low dissolved oxygen. Fecal coliform is
indicative of bacteria-contaminated runoffthat presents a publichealth risk. Total suspended solids
(TSS) loading will be used to estimate changes in sedimentloads. Copper,lead, and zinc are common
urban stream impairments and contribute to declining aquatic habitat.

The pollutantloadings were calculated for each land use and summed for each watershed, using the
following equation and unit conversion factors.

Pollutant Loadqng yse xpotiutanty = P * IMP, x EMC,,  (Equation 3.4.3)

Where:
P = precipitation depth
IMP = percentdirectly connected impervious area
EMC = event mean concentration for pollutant

The precipitation values were taken from the baseline and projected future climate variability
scenarios described in this work plan and are listed in Table 3.4.6.

Table 3.4.6 Monthly Average Precipitation for Baseline and Climate Variability
Watershed Loading Scenarios

Monthly Total Rainfall (in)

| Historic | Central | Hot Dry Warm Dry Hot Wet Warm Wet Trend Analysis

Jan 5.1 5.2 5.1 4.8 5.2 5.6 5.1
Feb 4.8 5.0 4.9 4.7 5.5 5.5 4.8
Mar 5.6 5.9 5.7 5.4 6.2 6.6 5.6
Apr 4.3 4.9 4.0 4.5 4.8 4.9 31
May 4.0 4.3 3.6 3.8 4.6 4.7 4.0
Jun 3.9 4.0 4.0 3.9 5.4 4.4 3.9
Jul 4.9 5.2 4.5 5.1 6.2 5.5 4.9
Aug 3.7 3.9 3.5 3.6 4.5 4.1 3.7
Sep 3.7 4.1 3.8 3.8 4.6 3.8 3.7
Oct 31 3.6 3.1 3.2 3.4 3.6 31
Nov 3.6 3.8 3.7 3.5 3.9 4.0 5.1
Dec 4.3 4.7 4.8 4.1 4.5 4.7 4.3
Annual Total 50.9 54.6 50.7 50.3 58.8 57.6 51.2

3.5 Infrastructure Considerations

This task, which is a precursor to the adaptive strategies assessment, aims to translate the effects of
climate variability determined in the previously outlined vulnerability analyse s into impacts and risks
to critical infrastructure related to water management throughout the Metro Water District. This
information was used to screen potential climate impacts to water resources infrastructure and
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determine potential risks in order to identify and prioritize the facilities with the greatest need of
adaptation strategies. Infrastructure critical tothe Metro Water District for the purpose of this climate
change vulnerability assessmentincludes:

=  Watertreatment plants

=  Wastewater treatment plants

=  Wastewater collection systems

= Stormwater conveyance systems
= Dams & Levees

The currentand future vulnerability of critical infrastructure isa function of the infrastructure’s
sensitivity and adaptability to future climate impacts. The adaptive capacity of critical infrastructure
can be evaluated asits ability to accommodate impacts of climate change with minimal potential
damage or cost. Systems or infrastructure with high adaptive capacitiesare better able to deal with
climate change impacts. Evaluating vulnerabilities can help determine which critical infrastructure is
leastresilient to impacts of climate scenarios and can help identify where comprehensive adaptation
strategies are most needed.

For this study, a qualitative evaluation was performed to assess the vulnerability of critical water
infrastructure to potential climate scenario impacts such as water demand, firm yield, dissolved
oxygen, 24-hour storm depths, peak streamflow, and nonpoint source pollutantloads. Vulnerability of
critical water infrastructure to those six climate scenario impacts are assessed. Water infrastructure
relevant to the Metro Water District may be vulnerable to climate scenario impacts beyond the six
evaluated as part of this assessment.

The critical infrastructure qualitative vulnerability assessment evaluates the relative magnitude to
which exposed assets would be impaired by the climate scenarioimpacts. Itis importantto protect
critical facilities to ensure that service interruptionisreduced or eliminated. In addition, negative
environmental and water quality impacts may be mitigated. The objective of the critical vulnerability
assessmentis to answer the primary question: What are, relatively, the most vulnerable critical
facilities?

The following methodology was used in performing the critical infrastructure vulnerability analysis:

1. Determine the climate scenarios which could yield increases or decreases to the following
climate impacts:

- Waterdemand

- Firmyield

- Dissolved oxygen

- 24-hour storm depths

- Peakstreamflow

- Nonpoint source pollutantloads

2. Determine the relative sensitivity, if any, on a scale of High, Moderate, or Low, of each of
the following water infrastructure componentsto increases or decreases in the climate
impacts:
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- Wastewater treatment plants

- Water treatment plants

- Stormwater conveyance systems
- Wastewater collection systems

- Dams andlevees

The relative sensitivity represents the extent of impact to operations under the potential
projected conditions. Many assumptions are needed to determine the potential impacts to
the critical infrastructure, which will be explicitly stated.

3. Determine the extent of impact to the critical infrastructure, ifany, on a scale of All, Most, or
Few.Many of the climate scenarioimpacts are evaluated using case studies. The extentto
which the case studies exhibit similar trends is used to determine the expected ubiquity of
the projected climate impact on each infrastructure component.

Results of this assessment are summarized in vulnerability matrices, with one matrix developed for
each of the infrastructure components. These matrices help indicate those infrastructure components
which are most vulnerable to changes in climate impacts. An example of a vulnerability matrix is
shown below for illustration purposes only.

Table 3.5.1 Example Vulnerability Matrix

Impact to Associated .
. e . Adaptive Extent of .
Infrastructure Climate Sensitivity . Assumptions
R Capacity Impact
Type Scenario
. CT, HD, HW,
increase WD, WW, HT Low Moderate
Climate Impact
decrease Not Impacted

* The climate scenarios are abbreviated Central Tendency (CT), Hot/Dry (HD), Hot/Wet (HW), Warm/Dry (WD), Warm/Wet
(WW), and Historical Trend (HT).
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Climate Vulnerability Analysis

This section presents the results of the vulnerability analysis covering potential impacts to water
demand, water supply, water quality, watersheds, and infrastructure. Summary conclusions are
presented in aggregate in Section 4.6, following a discussion of all results.

4.1 Potential Impact to Water Demand
4.1.1 Explaining Water Use

Inorder to isolate the impacts that future climate can have on water use, the statistical water demand
model summarized in Section 3.1 was used to explain the differences between actual per capita water
use between the years 2007 and 2013. Figure 4.1.1 shows the breakdown in contributing factors that
were statistically estimated using the statistical water demand model. While the data for this analysis
came specifically from DeKalb, Gwinnett and Fulton counties, for the purposes of this study, the
results are assumed to be representative of the District as a whole.

160
= 140 +5%
g -19%
o 120
5 -9%
g— 100 |
© -3%
0
@ 80
2 140
g 60
= 101
S 40
Q.
S
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0 :
2007 2013

O Actual B Drought B Weather OEconomy O Conservation
Figure 4.1.1 Statistically Explaining Water Use in Metro Water District Using Demand Model
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In2007,the per capita water use was 140 gal/person/day, whilein 2013 the per capita water use
decreased to 101 gal/person/day. To the naked eye, it might appear that water conservation was
solely responsible for the decrease in water use between 2007 and 2013. Using the statistical water
demand model presented in Section 3, all the major factors influencing water use can be explained
more thoroughly. The statistical water demand model indicates that if water use restrictions were not
in placein year 2007, then per capita water use would have been 5% greater than actual (147 vs. 140
gal/person/day). The model also indicates that cooler and wetter weatherin 2013 vs. 2007 resulted
in per capita water use being 3% lower. The higher unemploymentratein 2013 vs. 2007 resulted in
per capita water use being 9% lower. And finally, water conservation from plumbing code efficiencies,
policy, water pricing, and utility rebatesresulted in 2013 per capita water use being 19% lower than

2007.

4.1.2 Future Climate Vulnerability on Water Demands

To estimate the impacts of future climate vulnerability on water demands, the statistical demand
model was used to compare monthly per capita water use under long-term historical average weather
and future monthly climate using the climate scenarios described in Section 1. To see the monthly
impacts of these future climate scenarios, Figure 4.1.2 compares monthly temperature and
precipitation thatare inputs to the statistical water demand.
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Figure 4.1.2 Comparing Monthly Weather and Future Climate Scenarios

4-2 D RA FT %mth

Document Code



Section 4 e Climate Vulnerability Analysis

Figure 4.1.3 shows the potential impacts that the climate scenarios have on water demands, all other
factors remaining the same. The potential impacts from climate on water use range from 1.3%
(historical trend climate) to 3.8% (hot/dry climate scenario) by 2050. This means thatif nothingelse
changed except for climate, water demand is projected to be between 1.3 and 3.8% higherin 2050.

4.0%

3.5%

3.0%
2.5%
2.0%
1.5%
1.0%
0.5%
0.0% T T T T T

Figure 4.1.3 Potential Impacts on Water Demand from Climate Scenarios in 2050

from Climate Scenarios

Annual Change in WaterUse

Hot/Dry
Hot/Wet
Warm/Dry
Warm/Wet
Hist. Trend

Central Tend

4.2 Potential Impact to Water Supply
4.2.1 Review of Objectives

The fundamental goal of modeling the selected water supply reservoirs is to determine if possible
future climate conditions could affect the firm yield or reliability of these reservoirs. More specifically,
these models helped determine how much of the currentyield of the reservoirs may be at risk, and
what climate trends could alert planners of any potential increases or decreases in future yield. Small
and mid-sized reservoirs were selected throughout the Metro Water District thatare independently
operated by single-purpose utilities primarily for water supply.

Because the output is not intended for permitting purposes but rather for a relative study of current
and future conditions, itis not essential that firm yield estimates exactly match other published values,
or carry an inherent precision on the order of 0.1 mgd as is often inferred from firm yield studies.
Rather, itis important that estimates of currentyield be reasonably close to published valuesin order
to establish a credible baseline from which to evaluate potential relative changes due to possible
future climate conditions.

For the purposes of this assessment, the following definitions are offered:

= Firm Yield = the rate of water withdrawal from a reservoir that can be sustained continuously
through the period of record (including the severe droughtin the 1950s) without depleting
storage.
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= Reliability = a percentage of the time at which a given level of withdrawal could be achieved.
In this study, firm yield has an equivalentreliability of 100%, and we also evaluate the amount
of water that could be withdrawn successfully 95% of the time (95% reliability).

Lastly, we examine whether or not the physical or hydrologic features of the reservoirs or their
contributing watersheds are indicative of potential vulnerability to future climate scenarios.

In summary, the objectives of thisaspect of the vulnerability assessment were toanswer the following
questions:

1. Whatimpacts could the possible future climate scenarios have on firm yield?
2. Whatimpacts could the possible future climate scenarios have on 95% reliable yield?

3. Whataspect of the future climate, precipitation or temperature, is a better indicator of
changesin yield?

4. Aretherephysical or hydrologic features of the reservoirs or their watersheds that
could help indicate future risks or changes?

4.2.2 Validation of Historic Yield Estimates

While it was not an explicit objective of this analysis to match previously published firm yield values
for the five reservoirs, the baseline values simulated in this study using historic (unadjusted) climate
conditions and streamflow were compared against available published information on reservoir yield.
Values for the three Henry County Reservoirs (Gardner, Long Branch, and Cole/Upper Tawiliga) were
obtained for comparison from the Henry County Water Authority Long Range Water Supply Plan
Update, Section 3. Values for the Dog River Reservoir were obtained for comparison from Hydraulic
Budget Models: Dog River Reservoir & Bear Creek Reservoir, Black and Veatch Project No. 179756 (July
2013). Published values of the firm yield of Randy Poynter Reservoir were not immediately available,
butit is know that the permitted withdrawal from that reservoir is 22.1 mgd, and this is shown in the
figure as a reference value.

Firmyield values were estimated with the spreadsheet models described in Section 3.2.5. Historic
estimates of monthly runoff (described above), surface precipitation, and surface evaporation were
used for the baseline estimates of firm yield. Annual average withdrawal wasincreased until the
demand for at least one month in the simulation could not be satisfied due to depletion of storage.

Figure 4.2.1 illustratesthe results of this comparative validation. Generally, the objectives for this
comparison were achieved. The historic firm yield values simulated in this study are in reasonably
good agreement with other published values of firm yield for these reservoirs. In some cases, recent
post-2000 droughts have been more severe than the drought of the 1950s (while climate conditions
may be homogenous across a region, the impacts of droughts on water supply reservoirs are usually
very specific to individual systems and their characteristics). Butin general, the firm yield values
estimated with the data and assumptions of this study are very close to, or fall within the range of,
previously published values of firm yield for these reservoirs. With this affirmation in place, the next
step was to examine the potential impacts of future climate scenarios on these estimated firm yield
rates.
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Historic Firm Yield Summary

35
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[a)
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=
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Dog River andy Gardner ong Upper
. Poynter . Branch -
Reservoir . Reservoir . Tawiliga
Reservoir Reservoir .
Reservoir
M Published: 1950s 23 3.29 2.63 14.21
M Published: 2000-2013 9 22 3.34 1.9 13.71
M This Study: 1950s 12.8 32 2.7 2.7 15.1
This Study: 1950-1999 12.8 28 2.7 2.5 15.1

Figure 4.2.1 Comparison of Simulated Yield with Previously Published Values*
*Henry County published values include both Upper and Lower Tawiliga Reservoirs, butitappears that the majority of the
storage and yield originates from Upper Tawiliga (Cole) Reservoir.

4.2.3 Comparative Impacts of Climate Scenarios

Once the baseline historic values of firm yield were established for each reservoir, the streamflow and
evaporation timeseries were adjusted using the climate regression models and process discussed
earlier. Also, the surface precipitation timeseries associated with the possible future climate scenarios
were inputinto the models. Once the streamflow, surface evaporation, and surface precipitation were
adjusted, the firm yield was recomputed for each reservoir, and this process was repeated for each of
the six climate scenarios.

Figure 4.2.2 illustrates the findings, and shows that the future climate scenarios could impact the firm
yield either positively or negatively, but the magnitude of the changes would not be extreme. The
results are fairly intuitive - the two wetter scenarioslead to increased firm yield, the two drier
scenarios would tend to produce slightly less firm yield, and the effects of the Central Tendency
scenario are fairly muted, as are results for the Trend Projection. Itis not surprisingto see thelarge
percentincreasein firm yield for Dog River and Gardner Reservoir for the wetter scenarios - these
reservoirs have the highestratio of drainage area to storage volume, and hence canrefill (and stay
full) more readily than the others.

Also, the impacts of climate trends are somewhat buffered by storage. While increasing temperatures
(common to all scenarios) would tend to amplify the reductions in streamflow because of additional
soil evaporation, such impacts would be more pronounced over short-duration periods and are not
likely to have a pronounced effect on yield. Reservoir yield typically results from longer-term
hydrologic trends, and one wet event can quickly compensate for short-term extreme stressin the
stream network by replenishing storage.

Figure 4.2.3 presents the same results on a relative basis, showing the percent change in yield for
each scenario and each reservoir. On the far left side of the graph, the two sets of columns represent
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changesin average monthly rainfall associated with each climate scenario, and changesin the 5t
percentile of annual rainfall (intuitively correlated with low-flow but not extreme low flow, which can
be a good indicator of risks to firm yield). Generally, most of the yield results vary within the same
relative ranges as the precipitation statistics, again suggesting that precipitation is the primary driver
of reservoiryield.

Potential Impacts of Climate Trends on Firm Yield
35

1. .1

Dog River Randy Poynter Gardner Long Branch Cole/Tawiliga
H Central Tendancy M HotDry W HotWet Warm Dry B Warm Wet ETrend Projection  — Historic

FIRM YIELD (MGD)

=
o

wv

Figure 4.2.2 Firm Yield Sensitivity to Future Climate Scenarios
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Relative Changes in Precip and Firm Yield
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Figure 4.2.3 Relative Changes in Firm Yield Associated with Climate Scenarios

In addition to the vulnerability of the firm yield of the reservoirs, this study also evaluated potential
changesin the 95% reliable yield rate, or the rate at which water could be successfully extracted from
thesereservoirs over 95% of the months in the 50-year simulation period. In simulation models,
whenreservoir systems are allowed to be occasionally depleted for experimental purposes only, the
allowable withdrawal rate during times of plenty is higher than the firm yield. Figure 4.2.4 illustrates
the simulated 95% reliable yield for three representative reservoirs, and for the two climate scenarios
with the largest positive and negative impacts on the firm yield. As expected, the wetter scenario
would likely resultin an increase in reliable yield, while the drier scenario would tend to slightly
decrease water availability.
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Figure 4.2.4 Potential Changes in 95% Reliable Yield Associated with Climate Scenarios

Lastly, the changes in firm yield were compared against watershed and reservoir characteristics to
determine iftrends in the impacts of climate scenarios on firm yield could be related to physical or
hydrologic features. Featuresthat were tested for relationshipsto the trendsin yield included:

= Reservoir volume

»=  Watershed drainage area

»=  Percentof the watershed thatis developed
=  Percentof the watershed thatis impervious
=  Averageinflow

= Residence time in the reservoir

= Ratio of drainage area to reservoir storage

Of these, drainage area, average flow, and the ratio of drainage area to reservoir storage exhibited the
highest potential correlation values with yield changes, but even these were isolated to one or two
climate scenarios, and the correlations were not very informative because the trends were fairly flat
and sometimes contradictory (for example, the two wet scenarios show one positive and one negative
correlation for all three of these physical variables). Figures 4.2.5 and 4.2.6 summarize these
findings, and are reasonably representative of the other variables tested.
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4.3 Potential Impacts to Water Quality

Itis well established that the quality of streams and lakes is highly sensitive to both temperature
increases and changesin flow regime and consequently will be impacted by climate change. Higher
water temperatures can be lethal to key freshwater biota. Higher temperatures alsolead to increased
pollutant oxidation rates and lower dissolved oxygen (DO) saturation levels, both of which resultin
decreased DO concentrations. Increased nuisance algal growth rates are also a concern with higher
water temperatures. These problems are all exacerbated by lowered flow rates, which increase reach
residence timesand decrease dilution and assimilative capacities.

Inthe task described here, an integrated modeling approach was applied to quantify potential impacts
of future climate variability on river water quality, specifically DO levels and water temperature, for
four case study streams. In line with other vulnerability tasks described above, the focus of this
evaluation was on the projection of relative, rather than absolute, water quality impacts.

4.3.1 Review of Objectives

The future climate scenarios described in Section 2 were used to investigate potential impacts on
river water quality due to future climate variability. The specific objectives of this task were to:

= Evaluate the potential impacts of future climate scenarios on river water temperature and
dissolved oxygen levels;

*  Assess water quality sensitivities across a range of hydro-climate conditions and watershed
physical characteristics; and

= Consider the implications of this work with respect to future discharge permitting and stream
health.

[twas not an aim of this task to quantify future absolute DO or temperature values specificto a given
study site or to establish likelihoods or probabilities of occurrence. There was not enough site specific
data analysis or model calibration to support such an objective. Rather, the work should be viewed as
a sensitivity analysis where potential vulnerabilities were identified and quantified on the basis of
projected relative changes.

4.3.2 Results and Discussion

Results are presented in terms of projected changes in flow and water quality relative to historical
baseline model simulations (i.e. modeled future vs. modeled baseline). This approach reduces
concerns about model bias or error due to the lack of site specific calibration and is consistent with
the “delta” methods applied elsewhere in this study.

The first set of results (Figure 4.3.1) shows projected changes in 7-day annual low flow with a 10 year
recurrence interval (7Q10) for each of the six climate scenarios, relative to historical baseline flows.
Also included, for reference, are the original baseline 7Q10 values calculated from observed flow data.
The flow change factors shown were generated using the empirical regression hydrologic models
developed for each study basin, as a function of various combinations of long term precipitation and
short term temperature projections, as described in Section 3. For three of the four case study basins,
all six of the climate scenarios resultin decreasesin late summer low flow. This is despite the fact that
a majority of the scenarios project a general increase in precipitation. Clearly, the impacts of
increasing temperature projections, as captured by the multivariate regression model, out-weigh the
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impacts of increasing annual precipitation. Quantified decreases range from -7% to -100% (complete
dry up) across the basins and climate scenarios. For the fourth basin (Yellow River), results are mixed.
Three of the six scenarios (Hot/Dry, Warm/Dry, and the Historical Trend Projection) resultin small
decreasesin 7Q10, while the other three resultin small increases. In general, results for the Yellow
River basin suggest minimal sensitivity in summer low flow in thisbasin to the projected climate
scenarios.

Relative Changes in River 7Q10
80%

60% .
Baseline Observed 7Q10 Values (CFS):

Flint River = 7.5
Yellow River = 9.9
40% Big Creek = 3.8
Little River = 5.8

20%

-20% I I I I
-40%
-60%
-80%
-100%

Flint River Yellow River Big Creek Little River

Percent Change From Historical

W Central Tendancy M HotDry M Hot Wet Warm Dry EWarm Wet B Trend Projection

Figure 4.3.1 Projected Changes in River Flow (7Q10)

Note thatthe projected changes in river low flow presented in Figure 4.3.1 were applied, in
subsequent steps, only to the “naturalized” flow in the water quality models. Changes were not made
to the wastewater treatment plant effluent discharge portions of flow in the models, which were
assumed to remain constant in the future (i.e. insensitive to climate variability). This is clearly a
simplification, as we can surmise that such discharges would indeed change as source water
availability and water use change in the future. However, quantifying such changes was outside the
scope of the current study.

The second set of results (Figure 4.3.2) shows modeled water temperature changes, as predicted by
the QUAL2K models. Water temperature changes are quantified in these models as a function of flow
changes (Figure 4.3.1) and changesin late summer (September) air temperature. As expected, in
nearly all scenarios, the models projectincreasesin water temperature, as flows generally decrease
and ambient air temperatures increase. Projected water temperature incr eases range from +0.1 to
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+2.9 %, resulting from projected changesin air temperature ofapproximately +4 to +7 °F. For one
scenario and study reach combination (Big Creek, Historical Trend Projection), results indicate a very
small decrease (-0.1 °F) in water temperature. However, this change should be considered insignificant
in the context of the modeling performed here.

Relative Changes in Reach Average Temperature
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Figure 4.3.2 Projected Changes in River Water Temperature

The final set of results (Figure 4.3.3) illustrate the netimpact of projected changes in flow and water
temperature on reach average dissolved oxygen (DO) levels. In all but one of the scenario-study site
combinations (Yellow River, Hot/Wet), we see projected decreasesin DO levels. In other words, with
near full consensus, water quality is projected to worsen in the future compared to the recent past.
Projected DO reductionsrange from -0.1to -1.4 mg L-1. The very small increase in stream DO
projected for the Yellow River, Hot/Wet scenario (+0.1 mgL-1) is clearly a result of the relatively large
flow increase projected for the reach under this scenario.
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Relative Changes in Reach Average Dissolved Oxygen
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Figure 4.3.3 Projected Changes in River Dissolved Oxygen

Not surprisingly, the sites with the largest projected flow reductions (Flintand Little River) also
exhibitthe greatestreductionsin DO. However, the directimpacts of air temperature change also play
arole, as evidenced by the fact that the positive impacts of increased low flow for two of the Yellow
River scenarios (Central Tendency and Warm/Wet) are fully offset by the negative impacts of air
temperature increase - resultingin a zero net change in DO.

The largest of the projected changes in low flow (-100%) resultin flows at the extreme end of low
flows observed in the historical record. Some of the streams gages, however, do exhibit extreme 7 day
low flows ator near zero and baseline observed 7Q10 values range from only 4 to 10 cfs. [t therefore
does not appear implausible that future 7Q10 values could drop to zero under hotter conditions. It is
also important to keep in mind that the quantified flow changes were only applied to natural flows in
thismodeling exercise. Effluent flows were maintained at existing baseline levels for all future
scenarios. In other words, a -100% flow factor did not resultin a completely dry reach in the model,
due to the point source effluent flow.

Differences in low flow sensitivity to climate variability across study sites are reflected in the site -
specific hydrologic regression models. More specifically, the coefficient in the temperature term of the
regression varies widely across site models. The greater the temperature coefficient, relative to the
precipitation term coefficient, the greater the projected sensitivity to future climate variability (which
is primarily a temperature change). A mechanistic explanation for this variability is beyond the scope
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of this study, but we can surmise that differences in soil drainage and land use across sites play an
importantrole.

Interms of water temperature, modeled reach length clearly plays alarge role in explaining variability
across sites. Longer modeled reach lengths resultin greater projected reach-averaged temperature
changes. This is expected, as longer reaches allow for greater air-water interaction in the models. This
resultis largely trivial, however, since model reach lengths were set somewhat arbitrarily (based on
previously developed water quality models). It does highlight the fact that headwater sites will likely
be less vulnerable to climate variability, with respect to water quality, than downstream sites. The
modeled variability in projected water temperature changes across climate scenarios, for a given site,
appearsto be nearly fully attributable to air temperature variability, rather than differencesin
projected flows. This is partly due to the significant effluent flows for each site (which were
unchanged across climate scenarios). It is also reflective of the fact that we are simulating only daily
average air and water temperatures, rather than diurnal fluctuations. We surmise that reduced stream
flows would enhance diurnal fluctuations in water temperature, more so than impacting average
temperatures, with potentially concerningincreasesin stream daily maximum temperatures.
However, this dynamicis not captured in the simulations performed here.

The projected net changesin dissolved oxygen come with importantimplications for future discharge
permitting. Clearly, for streams at or near full allocation with respect to oxidizing pollutants, the
projected decreases in stream average DO (upwardsof 1 to 1.5 mg L-1) are a cause for concern. The
results imply that existing allocations to point source dischargersin these types of streams would no
longer be protective of stream water quality, even with no other changesin watershed operations.
More restrictive permitting would be required under such scenarios. Further, the projected water
temperature increases, by themselves, pose concern with respect to sensitive cold water fish and
macro-invertebrate species.

There are a number of limitations in the study performed here that should be noted. As described
previously, site specific calibration of the water quality models was not performed as part of this
study. We assume that the previously developed Dosag models were calibrated to some extent (e.g.
pollutant oxidation rates) using site-specific data. However, this can’t be confirmed. The new QUAL2K
water temperature models relied on default model parameterization with respect to heat and light
constants. The models themselves are therefore a source of uncertainty that, in future studies, could
be reduced through site-specific calibration.

Also as described above, point source discharges were assumed to remain unchanged, in terms of both
flow rate and temperature, for future scenario simulations. This is obviously a simplification, as both
parameters might be expected to change as a result of environmental and source water changes.
Simplified handling of tributary inputs were also required for the work performed here. Uncertainties
associated with these simplifications could be reduced in future studies with more holistic modeling
approaches, at a watershed, rather than reach, scale.

Lastly, all modeling performed here focused on reach and diurnally averaged temperature and
dissolved oxygen levels. Spatial variability in temperatures and concentrations, although simulated,
could not be reported with confidence, nor was it necessary for thistype of sensitivity analysis.
Diurnal variability in both parameters can also be assumed to be significant, but was not captured in
our steady state models. This includes DO variability due to aquatic plant photosynthesis and
respiration and temperature variability due to daily air temperature and solar radiation cycles.
Consequently, projected changes in maximum temperature, or minimum DO levels, for example, were
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not quantified, despite the fact that they may be of greater concern than the changes in average values
reported here.

4.4 Potential Impacts to Watershed Planning Issues

For the purposes of this study, climate variability impacts that affect watershed issues include storm
intensity, peak streamflows, flooding, and nonpoint source pollutantloads. Projected climate
variability is an important factor to consider during watershed planning. While historical data is
essential in understanding current and future climate, nonstationarity in atleast some of the data (i.e.
a changing climate) dictates the use of supplemental information in long-term planning studies. In
other words, the past may no longer be a good predictor of the future (Milly et al., 2008).°

The list below identifies potential watershed impacts resulting from climate variability. Thislist is
based on discussions with the Metro Water District, other watershed-based climate variability impact
studies, and general watershed planning guidance documentation. The US Environmental Protection
Agency’s (EPA) Global Change Research Program has released several studies exploring the impact of
climate variability on watershed systems1011, EPA providesa handbook for developing watershed
plans, which identifies planning issues pertinent to protection and restoration of local surface water
resources!2. Future watershed planning may include studies toassess the impact of climate variability
on these same traditional watershed planning objectives.

Potential Watershed Impacts from Climate Variability
= Pollutantloading

= Habitat quality and biodiversity
= Sedimentation

= Erosion

=  Stream morphology

= Flooding

= Publicaccess and recreation
=  Floodplain connectivity

= Baseflow

=  Wetlands

= Hydraulic connectivity

= Riparianbufferand shading

= Fisheries

9 Milly PC, Dunne KA, Vecchia AV, 2005. Global pattern of trends in streamflow and water availability in a changing climate.
Nature 438:347-350.

10US EPA, 2012. Climate and Land-Use Change Effects on Ecological Resources in Three Watersheds: A Synthesis Report.

11US EPA, 2013. Watershed modeling to assess the sensitivity of streamflow, nutrient and sediment loads to potential climate
change and urban development in 20 U.S. watersheds.

12 water.epa.gov/polwaste/nps/handbook_index.cfm
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4.4.1 Storm Frequency and Intensity
4.4.1.1 Objectives

To quantify changesin frequency and intensity of storm events, trend analysis of climate forecast
models and historical weather data was performed. This analysis resulted in identification of
statistically significant changesin 24-hour storm event frequency and intensity for the 2050 planning
horizon relative to the recent past. By 2050, one-day extreme rainfall depths are projected to be five
to ten percent higher relative to 20th century conditions, according to estimates presented in EPA’s
Climate Resilience Evaluation and Awareness Tool (CREAT).13 This increase concurs with the IPCC
(2014), which indicates that “Extreme precipitation events over most mid-latitude land massesand
over wet tropical regions will very likely become more intense and more frequentas global mean
surface temperature increases.”1* The objective of this analysisis to quantify how climate variability
may impact storm depths of varying average recurrence intervals (ARI). The storm frequency and
intensity results will also be used to assess climate variability impacts to peak streamflows.

4.4.1.2 Comparative Impacts of Climate Scenarios

Storms in the future may not follow the same patterns as storms of the past. Larger storms may occur
more often, which would resultin greater ARI depths. In other words, the storm depthsatthe bottom
of Table 3.4.1 may increase in the future. Planners will need to account for more rain when meeting
the same designrequirements (e.g. the 10-year, 24-hour storm). EPA’s CREAT software was used to
project 5-,10-,and 25-year ARI rainfall. As described in the next section, one to four day rainfall
correlates well with daily peak flow records. Table 4.4.1 shows projected frequency estimates,
reflecting the projected 2050 storm totals for three scenarios offered by the tool: hot/dry, median, and
warm/wet. These scenarios are similar to those used in the rest of this study, but were developed by
EPA for CREAT from a subset of models in the Coupled Model Intercomparison Project Phase 3
(CMIP3) dataset. The CREAT scenarios are:

= Hotand dry model projection - model nearest the 5th percentile of precipitation and 95th
percentile of temperature projections (larger increase in temperature with lower total
precipitation)

= Central model projection - model nearest the 50th percentile of both precipitation and
temperature projections (central condition, among models, for temperature and total
precipitation)

= Warmand wet model projection - model nearestthe 95th percentile of precipitation and 5th
percentile of temperature projections (smaller increase in temperature with larger total
precipitation)

Figure 4.4.1 shows a visual comparison of the projections.

13 EPA, 2013. Climate Resilience Evaluation and Awareness Tool.
http://water.epa.gov/infrastructure/w atersecurity /climate/cr eat.cfm

14 Intergovernmental Panel on Climate Change (IPCC), 2014. Fifth Assessment Synthesis Report.
www.ipcc.ch/pdf/assessment-report/ar5 /syr/SYR_AR5_LONGERREPORT.pdf
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Table 4.4.1 Projected 2050 Storm Depths for Various Recurrence Intervals and Durations

Rainfall (in)
Average
Recurrence Climate Scenario 2-day 3-day
Interval (y)
Historic 4.5 5.4 5.7 6.1
5 2050 Hot/Dry 4.7 5.6 6.2 6.6
2050 Median 4.6 5.4 6.0 6.4
2050 Warm/Wet 4.7 5.5 6.1 6.5
Historic 5.2 6.2 6.6 7.0
10 2050 Hot/Dry 5.5 6.5 7.1 7.7
2050 Median 5.2 6.1 6.7 7.2
2050 Warm/Wet 5.3 6.3 6.9 7.4
Historic 6.1 7.4 7.9 8.3
) 2050 Hot/Dry 6.6 7.8 8.6 9.3
2050 Median 6.0 7.1 7.8 8.4
2050 Warm/Wet 6.3 7.5 8.2 8.8
Preciptitation Frequency Projections

10

9

7

[e)]

Inches of Rainfall
= N w H [0,

o

2-day 3-day 4-day 1-day 2-day 3-day 4-day 1-day
5-year recurrence 10-year recurrence
W Historic M Hot/Dry ™ Median ™ Warm/Wet

1-day

2-day  3-day 4-day

25-year recurrence

Figure 4.4.1 Projected 2050 Storm Depths for Various Recurrence Intervals and Durations
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The Hot/Dry scenario resultsin the largestincreasesin projected ARI de pth, ranging from 4 percent
to 12 percentincreases from the historic totals. The largest projected increase is for the 25 -year, 4-
day rainfall, which is projected to increase 12 percent from 8.3 to 9.3 inches of precipitation. The
Median climate scenario projects decreases as well as increasesin ARI depths, ranging from a 2
percentdecreaseto a5 percentincrease from the historic totals. Inall three scenarios, longer
duration depthsare projected to increase more than shorter duration projections. Figure 4.4.2
illustrates these findings, showing the percentincrease for each duration, recurrence interval, and
scenario. While it maybe counterintuitive that the drier scenario produces the largestincrease in
storm depths, this highlights the potential for changing precipitation patterns where rain isless
frequent on an annual average basis but occurs in more intense storms. Similarly, the fact that some
of the larger storms under the median climate scenario (10 and 25-year recurrence) are projected to
decrease in the future compared to the historical baseline, despite an overall projected increase in
annual precipitation, implies more frequent, butless intense, rainfall patterns under this scenario.

Projected Percent Changes in ARI Depths
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Figure 4.4.2 Projected Changein ARI Depths from Historic Observations to 2050
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4.4.2 Peak Streamflow Analysis

4.4.2.1 Objectives

The peak streamflow analysis estimates the potential for increased streamflows, and therefore
increased risk of flooding and erosion, from future climate variability. The objectiveis to relate the
results of the rainfall frequency and intensity analysis to peak streamflow levels as a method of
estimating the potential impacts of climate variability on flooding potential.

4.4.2.2 Comparative Impacts of Climate Scenarios

The regression models were applied using projected one through four day precipitation events to
estimate the potential increase in peak flows due to climate variability. The resultsare presented as
percent-change to provide an overall assessment of the potential streamflow increasesrather thana

prediction of future streamflows.

Figure 4.4.3 shows the results of applying the peak flow regression models (Equations 3.4.1 and
3.4.2) using one to four year storm event precipitation totals developed with EPA’s CREAT, which
estimates future storm statistics considering climate variability. The percentagesreflectthe
difference between modeled peak streamflow using historic storm totals and modeled peak
streamflow using projected storm totals for the three climate variability scenarios.

Estimated Changes in Peak Streamflows
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Figure 4.4.3 Estimated Change in Peak Streamflows for Various Intensity and Duration Storms Due to
Climate Variability
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These analyses suggest that peak streamflow may increase as much as 11 percent asa result of
climate variation. Estimated peak streamflow increasesare highest for the hot/dry CREAT scenario.
The hot/dry scenario projects the largest change in precipitation totals (Figure 4.4.2) and yields the
largest estimated increase in peakstreamflow. The regression model predicts that the five-year
recurrence interval rainfall for all three scenarios will cause increased peak streamflow in the Flint
and Yellow Rivers compared with historic storm peak flows. For the 10- and 25-year rainfall, the
median climate scenario predicts no change or a slight decrease in peak streamflowsin both rivers.

4.4.3 Watershed Loading Analysis
4.4.3.1 Objectives

Annual and monthly average pollutantloading were modeled usingland use data, projected rainfall
totals, and event mean concentrations (EMCs). This is a coarse approach to estimating nonpoint
source pollutantloading from watersheds. Other, more detailed models that simulate build -up and
wash-off of pollutants over time may give a more refined estimate of watershed loading. However
coarse, the EMC method has been widely used in watershed planning and is appropriate for
determining the impacts of climate variability on seasonal watershed loads.

The watershed loading model uses average monthly precipitation totals to generate baseline and
scenario monthly pollutantloading rates. The monthly time scale is valuable in determining if
watershed loading changes are seasonal. Higherloadingrates during the summer months may be of
interest to future watershed management efforts, including nonpoint source reduction strategies and
permitting of point source discharges.

Table 4.4.2 shows the massloading results of the watershed models. These are coarse estimates and
should not be used for permitting or regulatory decisions such as developing Total Maximum Daily
Load allocations. The highestloading rates occur in March and the lowest in October, corresponding
to the months with the highestand lowest rainfall totals. Changes to these monthly patternsdue to
climate variability will be explored in the next section.
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Table 4.4.2 Baseline Watershed Pollutant Loading

Total

S Fecal Coliform Phosphorus Copper Lead Zinc
W| Ibs Ibs
Flint River
Jan 4.98E+14 5,500 29,500 1.14E+06 330 350 2,670
Feb 4.72E+14 5,200 27,900 1.08E+06 310 340 2,530
Mar 5.50E+14 6,000 32,600 1.26E+06 370 390 2,950
Apr 4.25E+14 4,700 25,100 9.73E+05 280 300 2,280
May 3.94E+14 4,300 23,300 9.03E+05 260 280 2,110
Jun 3.81E+14 4,200 22,500 8.72E+05 250 270 2,040
Jul 4.86E+14 5,300 28,700 1.11E+06 320 350 2,600
Aug 3.59E+14 3,900 21,200 8.22E+05 240 260 1,920
Sep 3.59E+14 3,900 21,300 8.23E+05 240 260 1,920
Oct 3.07E+14 3,400 18,200 7.03E+05 200 220 1,640
Nov 3.55E+14 3,900 21,000 8.14E+05 240 250 1,900
Dec 4.20E+14 4,600 24,800 9.60E+05 280 300 2,250
Annual 5.01E+15 55,000 296,100 1.15E+07 3,340 3,570 26,810
Yellow River
Jan 4.25E+14 4,700 26,100 9.88E+05 300 320 2,440
Feb 4.02E+14 4,500 24,700 9.36E+05 280 300 2,310
Mar 4.70E+14 5,200 28,800 1.09E+06 330 350 2,690
Apr 3.62E+14 4,000 22,300 8.43E+05 260 270 2,080
May 3.36E+14 3,800 20,700 7.82E+05 240 250 1,930
Jun 3.25E+14 3,600 20,000 7.55E+05 230 240 1,860
Jul 4.14E+14 4,600 25,500 9.63E+05 290 310 2,380
Aug 3.06E+14 3,400 18,800 7.12E+05 220 230 1,760
Sep 3.07E+14 3,400 18,800 7.13E+05 220 230 1,760
Oct 2.62E+14 2,900 16,100 6.09E+05 180 200 1,500
Nov 3.03E+14 3,400 18,600 7.05E+05 210 230 1,740
Dec 3.58E+14 4,000 22,000 8.32E+05 250 270 2,050
Annual 4.27E+15 47,600 262,300 9.93E+06 3,010 3,220 24,490
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4.4.3.2 Comparative Impacts of Climate Scenarios

The watershed loading models were used to simulate the climate variability scenarios described in
Section 2 by adjusting the monthly precipitation totals from average historical to average projected.
The changes in pollutantloading follow the trends of changing seasonal precipitation patternsin the
projection scenarios. Table 4.4.3 lists the percent change in loading, which is the same for all
pollutants, for the six climate scenarios for each watershed. Figure 4.4.4 shows the relative changes,
where each bar is sized proportionally to the percent change in the table. Note that for the scenario
based on the historic trend analysis, only precipitation in April and November was found to have a
statistically significant trend which is why there are predicted pollutantloadingimpactsin these two
monthsbut not the others under this scenario.

Table 4.4.3 Relative Change in Watershed Pollutant Loading Due to Climate Variability

Flint River Yellow River
Warm Hot Warm Trend Central Warm Hot Trend
Dry Wet Wet Analysis Dry Wet Analysis
Jan 2% 0% -6% 2% 10% 0% 2% 0% -6% 2% 11% 0%
Feb 1% 2% -2% 13% 13% 0% 1% 2% -2% 14% 15% 0%
Mar 5% 2% -4% 9% 16% 0% 5% 2% -4% 10% 19% 0%
Apr 12% -8% 3% 11% 11% -38% 13% -7% 3% 12% 13% -28%
May 6% -12% -5% 13% 15% 0% 7% -10% -5% 15% 18% 0%
Jun 4% 3% 1% 28% 12% 0% 4% 3% 1% 38% 14% 0%
Jul 5% -9% 3% 20% 11% 0% 5% -9% 3% 26% 12% 0%
Aug 6% -5% -1% 19% 12% 0% 7% -5% -1% 23% 13% 0%
Sep 12% 3% 4% 20% 5% 0% 13% 3% 4% 25% 5% 0%
Oct 13% 1% 3% 7% 13% 0% 15% 1% 3% 8% 15% 0%
Nov 6% 2% -4% 8% 10% 28% 6% 2% -4% 8% 11% 40%
Dec 8% 11% -5% 6% 9% 0% 9% 12% -5% 6% 10% 0%
Annual 7% -1% -1% 13% 11% 0% 7% -1% -1% 15% 13% 0%
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Figure 4.4.4 Relative Change in Watershed Pollutant Loading Due to Climate Variability

With a greater percentimpervious cover, nonpoint source pollutantloadingin the Yellow River
watershed ismore vulnerable to climate variability than the Flint River. This is evidentin the larger
increasesin loading for the hot/wetand warm/wet scenarios. As land uses change throughoutthe
region, watershed planners should be cognizant of the potential vulnerabilities introduced by
increasingimperviousland cover.

The different climate scenarios produce average annual precipitation changesbetween -1 and 15
percent change from the historic records. Additionally, the seasonal distribution of the precipitation is
different for each scenario. The watershed loading model allows for the following observations of
seasonal loading rate changes:

= Central: The average annual precipitation increases by 7 percent. The increased pollutant
loading is well-distributed throughout the year with slightly more of the impact seen in April,
September, and October. The maximum month load increaseis in October: 13 percent for the
Flint River and 15 percent for the Yellow River.

= Hot/Dry: The average annual precipitation decreasesby 1 percent. The seasonal distribution
of precipitation and loading changes dramatically, with the months of April, May, July, and
August seeing decreases while December sees an increase. The other months are within 3
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percent of the historical values, mostly showing small increases. The maximum month load
increaseis in December: 11 percentfor the Flint River and 12 percent for the Yellow River.

Warm/Dry: The average annual precipitation decreases by 1 percent. Each month sees asmall
change in loading between -6 and 4 percent. In this scenario, the seasonal variation in
precipitation and loading is largely unchanged from the historic records.

Hot/Wet: The average annual precipitation increasesby 15 percent. Every month sees an
increasein loading. The leastsignificantincreaseis in January: 2 percent for both rivers. The
maximum month load increaseis in June: 28 percent for the Flint River and 38 percent for the
Yellow River. The summer months, June through September, all see a significant increase in
pollutantload in this scenario.

Warm/Wet: The average annual precipitation increasesby 13 percent. Every month sees an
increase in loading and the changes are evenly distributed throughout the year. The range of
changesin loading is 5 to 16 percent for the Flint River and 5 to 19 percent for the Yellow River.
The increases are slightlyless significantin the summer months, June through September.

Trend Analysis: The average annual precipitation does not change (0.5 percent difference).
There are only two months with projected precipitation changes: a 28 percentd ecrease in April
and a 42 percentincrease in November which are some of the largest monthly changes of any
scenario. These changestranslate into loading decreases of 38 and 28 percent for the Flintand
Yellow Riversin April, and loading increases of 28 and 40 percent for the Flintand Yellow
Riversin November. All other months have no predicted loading changes since the rainfall was
not changed from the baseline for these months.

4.5 Potential Risks to Water Resource Infrastructure

The purpose of this exercise was to screen potential climate impacts to water resources infrastructure
and determine potential risks in order to identify and prioritize the facilities with the greatest need of
adaptation strategies. Existing and future climate variability has the potential to impact critical
infrastructure related towater managementin the District, including wastewater treatment plants,
water treatment plants, stormwater conveyance systems, wastewater collection systems, and dams
and levees. Discussion of the vulnerability assessment process is found in Section 3. Potential impacts
to each water sector (water demand, water supply, water quality, etc.) are described in Section 4.1
through Section 4.4. The results and trends from the water sector analysisis the basis for the
qualitative assessment of water resources infrastructure presented in this section.

Selected impacts are evaluated for each infrastructure type: water demand, firm yield, dissolved
oxygen, 24-hour storm depths, peak streamflow, and nonpoint source pollutantloads, as a result of
the different climate scenarios. Water resources infrastructure may be vulnerable beyond these
impacts, but additional conditions are not evaluated as part of this assessment. Results of this
infrastructure assessment identifies the relative vulnerability of each of the critical water resources
infrastructure types and may be used to identify potential adaptation strategies.

4.5.1 Definition of Matrix Terms

A vulnerability matrix is presented for each infrastructure type (wastewater treatment plants, water
treatment plants, etc.). The five potential impacts to specific water sectors are listed for each
infrastructure type. The associated climate scenarios (Section 2) are grouped by an increasing or
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decreasingtrend based on the results for each impact. They are abbreviated to: Central Tendency
(CT), Hot/Dry (HD), Hot/Wet (HW), Warm/Dry (WD), Warm/Wet (WW), and Historical Trend (HT).
Since the 24-hour storm depthsand peak streamflow impacts were developed using outputs from EPA
CREAT, only the Hot/Dry, Central Tendency (or Median), and Warm/Wet climate scenarios were
evaluated.

Next, the sensitivity, adaptive capacity, and extent of impactare assessed from low to moderate to
high in an attempt to answer the following questions for each impact.

1. Sensitivity: If no action is taken, how much will

Sensitivity ‘

Adaptive ‘ Extent of ‘

the climate impact worsen the stress on the Capacity Impact
facility? Low High Few
sensitivity | adaptability
2. Adaptive capacity: Is the system or operation Moderate Moderate Some

already able to accommodate changes in climate? sensitivity | adaptability

If so, is current adaptability likely to remain intact
when the analysis year is reached? Whatis the
ability of the facility to accommodate future impacts with minimum disruption or cost?

3. Extentof impact: How many facilities of this infrastructure type may be impacted by an
increase or decrease of the impact?

The final column of the vulnerability matrix provides assumptions regarding potential impacts to the
infrastructure type. For instances when a change in the potential impact is not expected to have an
effect on the infrastructure type, the entry is grayed out.

4.5.2 Wastewater Treatment Plants

As partof the 2009 Wastewater Management Plan, it is anticipated that there will be 87 wastewater
treatment plants within the District by 2035 (MNGWPD, 2009a). The vulnerability of wastewater
treatment plants tothe effects of climate scenarios was qualitatively assessed considering the
wastewater treatment plant facility, inclusive of pumps, influent, effluent, and itsreceiving water
body. Based on this assessment, wastewater treatment plants appear to be most vulnerable to
increasesin 24-hour storm depthsand pollutantloads, as they are highly sensitive to an increase in
these conditions with minimal adaptive capacity.

For some of the wastewater treatment plants that treat combined sewage, an increase in 24 -hour
storm depths may increase inflow and infiltration, which may exceed wastewater treatment plant
capacity, causing the potential for combined sewer overflows or flooding of the facility. If storms occur
more frequently as the result of increased 24-hour storm depths this may also resultin the increased
frequency of combined sewer overflows. An increase in precipitation may also place additional strain
on equipment.

Wastewater treatment plants are typically located in low-lying areas near waterbodies. Assuming that
an increase in peak streamflow is related to a potential increase in stage of the nearby water body, the
wastewater treatment plant may be subject to flooding. This may cause equipment or power failure,
complications with discharging effluent, system backups, and the inability to treat wastewater.

An increase in pollutantloads may also require a change in treatment capabilities. If pollutant loads
are expected to increase in receiving water bodies, pollutantload regulations on treatment plant
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effluent may become more stringent. However, there is a temporal variation in pollutantloading over
the course of a typical year, which may affect the extent of its impact on wastewater treatment plants.

To a lesser degree, wastewater treatment plants may alsobe vulnerable to a decrease in dissolved
oxygen levelsin receiving water bodiesand changing water quality. [tis assumed that regulatory
standards of wastewater treatment plant effluent may change in the eventthatreceiving water body
dissolved oxygen levels decrease. However, it is anticipated that waste water treatment plants have
the capacity to adaptto these conditions. Similarly, wastewater treatment plants may alsobe
vulnerable to a decrease inlow flows of the receiving waterbody, which could require changesto
treatment processes for wastewater treatment plant effluent.

While all climate scenarios show an increase in water demands, the impacts to wastewater treatment
plants will likely be minimal. This is due to the fact that most of the increase in water use from
changing climate will be increased water needs for irrigation, which does not impact the wastewater
system. Any potential changesin firm yield and droughtare not expected to have an effect on
wastewater treatment plants. This information is summarized in the vulnerability matrix provided in
Table 4.5.1.

4.5.3 Water Treatment Plants

As part of the 2009 Water Supply and Water Conservation Management Plan, it is anticipated that
there will be 44 water treatment plants within the Districtby 2035 (MNGWPD, 2009 b). The
vulnerability of water treatment plants to the effects of climate scenarios was qualitatively assessed
considering water treatment plant facilities, inclusive of pumps, distribution pipes, and influent.
Results of the qualitative assessment suggest that water treatment plants are most vulnerable to
increases in water demand and 24-hour storm depths. Water treatment plants may be highly sensitive
to these conditions with minimal adaptive capacity, with most of these conditions impacting all water
treatment plants under certain climate scenarios.

Water treatment plants may not be able to meetincreasing water demands, which are anticipated
with all evaluated climate scenarios, based on system capacity limitations or inadequate water supply.
Water treatment plants have a low adaptive capacity to meetincreased demands when water supply
is limited. Water treatment plants are also highly sensitive to an increase in 24 -hour storm depthsand
nonpoint source pollutantloads. The water treatment plantinfrastructure is considered to have a
moderate adaptive capacity to such changes. Anincrease in 24-hour storm depths may resultin
surface flooding, submerging the facility and pumps. Additionally, an increase in storm depths may
also alter source water chemistry, increasing turbidity released from erosion and runoff. Water
treatment plantinfrastructure may be moderately adaptable tosuch conditions. Water treatment
plants may not be designed to adequately treatincreased nonpoint source pollutantloadsin influent,
and therefore maybe vulnerable to such changes. The intake infrastructure of a wastewater treatment
plant may also be vulnerable during times of drought or low flow if the water level in the receiving
water body of the water treatment plant drops.

To alesser degree, water treatment plants may be vulnerable toan increase in peak streamflow. An
increase in peak streamflow may resultin anincrease in sedimentation, which has the potential to
minimize reservoir storage capacity, and may also alter water quality. Water treatment plants may not
be prepared tohandle influent with varied water quality or reduced supply. Additionally, if the
increased peak streamflow exceeds the capacity of the stream, it may resultin anincrease in stream
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stage, and potential flooding. If the water treatment plantis within the floodplain, the facility and
pumps may be subject to flooding. This information is summarized in Table 4.5.2.

4.5.4 Stormwater Conveyance Systems

The local utilities, which are part of the Metro Water District, manage and maintain public stormwater
infrastructure in 15 counties, and provide water, sewer, and/or stormwater services. Stormwater
conveyance systems are responsible for directing stormwater to receiving waterbodiesin many
separated systems, or these systems direct combined stormwater and wastewater to the wastewater
treatment plant. These systems include pipe networks, catch basins, pump stations, and outfalls.
Stormwater conveyance systems are most vulnerable toan increase in 24-hour storm depths, as the
system may be highly sensitive to precipitation changes with a minimal ability toadapt.

The existing stormwater system may not have the capacity to convey the increased stormwater runoff
associated with increased 24-hour storm depths. An undersized system for the increased 24-hour
storm depth has the potential to cause system flooding. In addition, higher flows have the potential to
carry significant debris, which may clog or deteriorate the conveyance system.

Stormwater conveyance systems are also highly sensitive to an increase in peak streamflow. Ifan
increase in peak streamflow resultsin an increase in stream stage, stormwater outfalls may be
inundated. Ifthe system is not designed for this condition, submerged outfalls may resultin backflow
from the stream into the conveyance system, and inhibit the release of stormwater from the system
leading to additional upstream flooding. A stormwater conveyance system, however, may be
moderately adaptable to these conditions.

To a lesser degree, stormwater conveyance systems may be vulnerable toan increase in nonpoint
source pollutantloads and associated water quality impacts. Polluted stormwater runoff is the leading
source of water quality degradation and source of impaired waters in the Metro Water District.15 An
increase in nonpoint source pollutantloads may resultin stricter regulations on stormwater
discharge, which the conveyance system may not currently be designed to meet. While not a direct
impact, a decrease in dissolved oxygen levels may also trigger changesin regulations which
stormwater discharge may be expected to comply with. In addition, stormwater conveyance systems
may be vulnerable to anincrease in drought conditions. Increased frequency and extremity of
droughts could lower the water table, thus stimulating the growth of deeper tree root systems, which
may penetrate and block stormwater conveyance systems (WERF, 2009).

Stormwater conveyance systems are assessed to have a low adaptive capacity to an increase in
nonpoint source pollutantloads with impacts expected to affect the entire system. This information is
summarized in Table 4.5.3.

4.5.5 Wastewater Collection Systems

There are approximately 16,000 miles of sewers and more than 450,000 manholes in the Metro Water
District. Sewers and manholes within the District range in age from new to over 100 years old
(MNGWPD, 2009a). With the proposed expansion of the wastewater treatment plants, additional miles
of sewersand wastewater collection infrastructure may be needed. Wastewater collection system s
include the pipe networks and pumps that convey sanitary, and in some cases, combined sanitary and

15 MNGWPD. 2014. Stormwater Pollution and Impaired Waters. http://www.northgeorgiawater.org/stormwater /stormwater-
pollution-and-impaired-waters Accessed 2014.
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stormwater flows to the wastewater treatment plant. Based on the qualitative vulnerability
assessment, these systems are most vulnerable toan increase in 24-hour storm depths. Anincrease in
24-hour storm depths will resultin an increase in stormwater flows in combined portions of the
system, an increase in infiltration should the groundwater table be elevated as a result of the increase
in precipitation, and an increase in inflow volumes. Wastewater conveyance systems are sensitive to
potential flooding when flows exceed hydraulic system capacity with few adaptation opportunities.
The increased wastewater flow may put strain on the system and increase wear and tear.

An increase in peak streamflow may also leave wastewater collection systems vulnerable. An increase
in stream stage may occur as a result of the increase in peak streamflow if capacity is limited.
Depending on the configuration of the wastewater collection system, outfalls within the system may
be highly sensitive to stream stage increases caused by peak streamflow increases. If outfalls become
submerged, it may inhibit flow from the wastewater collection system and cause backups and
associated flooding. Streambanks mayalso be sensitive to erosion around sewer outfalls with the
need to reinforce stream banks to protect piping during peak flows.

While all climate scenarios show an increase in water demands, the impacts to wastewater collection
systems will likely be minimal. This is due to the fact that most of the increase in water use from
changing climate will be increased water needs for irrigation, which does not impact the wastewater
system. Wastewater collection systems may be vulnerable toa decrease in the elevation of the water
table associated with drought conditions. Extreme and frequent drought conditions can lead to the
migration of tree roots, which may interfere with underground wastewater piping networks. This
information is summarized in Table 4.5.4.

4.5.6 Dams and Levees

Inthe Metro Water District, dams and levees are used for both flood protection and for surface water
supplyreservoirs. The vulnerability of dams and levees was qualitatively assessed considering the
physical, structural componentand any supporting infrastructure (e.g., spillways, pumps). Results of
this qualitative assessment suggest that dams and levees are moderately vulnerable toan increase in
24-hour storm depth and peak streamflow, and are also vulnerable to an increase in water demand.
Dams and levees are not impacted by changesto dissolved oxygen or firm yield.

Dams and levees may be subject to overtopping if an increase in 24 -hour storm depths causes an
increase in flows and water levels in lakes and water supply reservoirs. Floodwaters may resultin
bank erosion or scour of dam or levee toe. Increase debris flow and sedimentation behind the dam are
other potential hazards. The capability for dams and levees to adapt to certain climate scenarios is
considered moderate for both sensitivity and adaptive capacity. Current freeboard requirements
allow for a certain factor of safety.In addition, inspection requirements from Georgia Environmental
Protection Division provide for detailed criteria, which may identify dams or levees with current
deficiencies that may be adapted for future climate scenarios.

Dams and levees are also vulnerable to changes in water demand and pollutantloads. An increase in
water demand may resultina change in dam operations at water supply reservoirs. If water demand
increases and water supply reservoirs can supportit, then changesin dam operations to adjust the
holding capacity of the reservoir may occur. Some utilities may consider the need to raise dam heights
to impound more water. An increase in total suspended solids may cause more deposition behind the
dam, which may accelerate the reduction of storage capacity. This information is summarized in Table
4.5.5.

428 DRAFT oM.

Document Code



Section 4 e Vulnerability Analysis Results

Table 4.5.1 Wastewater Treatment Plant Vulnerability Matrix

Associated .
Impact to Wastewater . e e Adaptive Extent of .
Climate Sensitivity . Assumptions
Treatment Plants . Capacity Impact
Scenario
Water Demand Increase Not Impacted Anincreaseinwaterdemand would be related to outdoor use and
Degease Not Impacted thus notimpacting the wastewater treatment plants.
Increase Changesinfirmyield and in withdrawals fromwater supply
Firm Yield Not Impacted reservoirs will notimpact operations of wastewater treatment
Decrease plants.
Increase Not Impacted Dissolved oxygen levelsin effluent to receivingwater bodies may
Dissolved Oxygen CT HD. HW. I need enhancedtreatmentin orderto comply with regulatory
Decrease WD WW. HT standards.

If storm intensityincreases, combined sewage and stormwater may
exceed the capacity of the wastewater treatment plants, leading to
releases of untreated or partially treated sewage into water ways.
Treatingmore intense storms mayincrease wearandtearon
wastewater treatment plant equipment. Flooding mayalso occurat
Decrease Not Impacted the wastewater treatment plant as a result of surface flooding from
intense storms.

Increase CT, HD, WW * Moderate Moderate !n the eventthat increases in peak flows ex_ceed the stream capacity,
itmaylead to increases in stream stage. This may cause

complications withtreatment plant effluent and systembackups or
surface flooding of the facility.

CT, HD, HW, . . . -
. Increase Anincreaseinpollutantloadsinreceiving waters maylead to more
Nonpoint Source WD, WW, HT . . :
stringent effluent pollutant load regulations, which wastewater

Pollutant Loads

Increase CT, HD, WW *

24-Hour Storm Depth

Peak Streamflow
Decrease Not Impacted

Decrease Not Impacted treatment plants maynotbe currently configured to meet.
Increase
Drought Not Impacted
Decrease
Increase Not Impacted A decreaseinlow flows inreceiving waters may resultin changesto
Low Flow CT. HD. HW effluent regulations, which wastewater treatment plants maynotbe
sy 4 currently configured to meet.
Decrease WD, WW, HT Moderate Moderate y g

*Note:Onlythe Central Tendency, Hot/Dry, and Warm/Wet climate scenarios were evaluated for 24-Hour Storm Depths and Changes in Peak Streamflow.
** Note: Historic Trends were not evaluated for Drought
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Table 4.5.2 Water Treatment Plant Vulnerability Matrix

Impact to Water Associated Climate S Adaptive Extent of
. Sensitivity o Comments
Treatment Plants Scenario Capacity Impact
CT, HD, HW, WD,
Increase WW. HT .
Water Demand , If water demandincreases, water treatment plants mayhave
5 Not | ; difficulty meeting demands due to treatment ca pacity limitations.
ecrease ot Impacte
Increase
Firm Yield Not Impacted Changesinfirm yield maynotimpact water treatment plants.
Decrease
Increase Changesindissolved oxygeninreceiving water bodiesis a primary
Dissolved Oxygen Not Impacted concern for wastewater effluent, but maynotimpact water
Decrease treatment plant processesand distribution.
24-Hour Storm Increase CT, HD, WW*
Depths Watertreatment plants are atrisk of surface water flooding.
Decrease Not Impacted
Increase CT. HD. WW* ex Moderate An increaseinpeak streamflow may cause changesinsedimentation
Peak Streamflow Y and water quality, whichthe water treatment plant maynot be
configured to treat. An increase in peak streamflow mayalso resultin
Decrease NotImpacted potential flooding of the water treatment plant.
Nonpoint Source Increase cr, HVI\DMI/-'VX%WD’ Anincreaseinpollutantloads mayalter water supply chemistry,
Pollrfjtant Loads ’ turbidity, and contaminants to levels that water treatment plants
Decrease Not Impacted maynotbe configuredto treat.
Increase CT, HD, HW, WD** Moderate High -
Drought Intake infrastructure at the water treatment plant maynotbe
Decrease Not Impacted designedto pull water from alower water surface elevation.
Increase
Low Flow Not Impacted A decreaseinlow flows at water bodiesused for water supply may
Decrease CT, HD, HW, WD, Moderate High - make it difficult for water treatment plants to intake water.

WW, HT

*Note:Onlythe Central Tendency, Hot/Dry, and Warm/Wet climate scenarios were evaluated for 24-Hour Storm Depths and Peak Streamflow.

** Note: Historic Trends were not evaluated for Drought
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Table 4.5.3 Stormwater Conveyance System Vulnerability Matrix

Impact to
Stormwater
Conveyance

Systems

Associated
Climate Sensitivity

Adaptive Extent of

Capacity Impact Comments

Scenario

Increase Changesinwaterdemand maynotimpact stormwater conveyance
Water Demand Not Impacted s ste%ns y P ¥
Decrease Y ’
Increase Ch infi ield and in withd Is fi t | i
Firm Yield e angesinfirmyield and in withdrawals from water supply re servoirs may
D notimpact stormwater conveyance systems.
ecrease
| Dissolved oxygen maynotdirectlyimpact stormwater conveyance
ncrease - X . .
. systems. However, secondaryimpacts associated with the dissolved
Dissolved Oxygen Not Impacted . . -
Decrease oxygen balance due to nutrient enrichment and eutrophication may affect

receiving waters.

Increase CT, HD, WW* If storm |nten5|ty.|ncreases, combined sewage and stormwater may
exceed the capacity of the stormwater conveyance system, leading to
24-Hour Storm backupsin the system and street flooding. Runoff carries organic detritus,
Depths debris andtrash, which can cause blockages withinthe system. Treating

Decrease Not Impacted more intense storms maywear and tear on the stormwater conveyance
system.

Increase CT, HD, WW* High Inthe event thgt anincreasein peak flows gxceed the stream capacity, |t.
Peak Streamflow mayleadto anincreaseinstreamstage. Thismaycause system backups if
drainage outfalls are submergedand are not designed for the increased
Decrease Not Impacted water level

CT, HD, HW, Polluted stormwater runoff is the leading s ource of water quality
. Increase Moderate ) . . . -
Nonpoint Source WD, WW, HT degradationandsource ofimpaired waters inthe Metro Water District

Pollution Loads (MNGWPD, 2014d). Stormwater conveyance systems maynot be

WD, WW, HT
*Note:Onlythe Central Tendency, Hot/Dry, and Warm/Wet climate scenarios were evaluated for 24-Hour Storm Depths and Peak Streamflow.
** Note: Historic Trends were not evaluated for Drought
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Decrease Not Impacted configured to store additional nonpoint source pollution loads.
Increase CT, HD,*|;|W, Moderate Moderate Adecrease|nthewatertableelevat|on asa resultofe.xtre.medroughtor
WD increased drought frequency may cause downward migration of tree

Drought roots, which have the potentialto interfere with the stormwater

Decrease Not Impacted !

conveyance system.

Increase Not Impacted A decreaseinthe low flow condition mayresultin changes to stormwater
Low Flow CT. HD. HW discharge regulations, which the existing systems may not have capacity

Decrease L 4 Moderate Moderate - to meet.
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Table 4.5.4 Wastewater Collection System Vulnerability Matrix

Impact to

Wastewater Ass?mated e . Adaptive Extent of
. Climate Sensitivity X Comments
Collection s A Capacity Impact
cenario
Systems
Increase Anincreaseinwaterdemand would be related to outdoor use and thus
Water Demand Not Impacted . - .
Decrease notimpacting the wastewater collection systems.
) ) Increase ) ) . )
Firm Yield Not Impacted Firm yield may notimpact wastewater collection systems.
Decrease
. Increase Dissolved oxygenlevelsmaynotimpact wastewater collection systems
Dissolved Oxygen Not Impacted . !
Decrease but mayimpact wastewater treatment plants.
If storm intensityincreases, combined sewage and stormwater may
Increase CT, HD, WW* exceed the capacity of the wastewater collection system, leading to
24-Hour Storm backupsin the system andintohomes and businesses, combined system
Depths overflows andstreet flooding. Conveying more intense storms with
Decrease Not Impacted increasedinflow/infiltration (1/1) mayincrease wearandtearonthe

wastewater collection system.

Increase | CT, HD, WW* Inthe eventthatanincrease in peak flows exceed the stream capacity, it
mayleadto anincreaseinstreamstage. Thismaycause backupsinthe

systemif combined sewer outfalls become submerged and are not

Peak Streamflow

Decrease Not Impacted
g designedfortheincreased water level.
Nonpoint Source Increase Changesinpollutantloads ona watershed-scale maynotimpact
p . Not Impacted wastewater collection systems, but mayimpact wastewater treatment
ollution Loads | pecrease plants
Increase CT'V*;'/[D):*:'W: Moderate Moderate - A decreaseinthe watertable elevation as the result of extre me drought
Drought orincreased drought frequency may cause migration of tree roots, which
Decrease Not Impacted have the potentialto interfere with the wastewater collection system.
Increase Not Impacted Ade.cr.easelnthelowflow condition mayresuljcln changes to the
receiving water body and changes to the combined system overflow
Low Flow
Decrease CT, HD, HW, discharge regulations, which the existing systems may not have capacity
Low Moderate
WD, WW, HT to meet.

*Note:Onlythe Central Tendency, Hot/Dry, and Warm/Wet climate scenarios were evaluated for 24-Hour Storm Depths and Peak Streamflow
** Note: Historic Trends were not evaluated for Drought

4-32 D RA FT %I?#ith

Document Code



Impact to

Dams and Levees

Associated Climate
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Table 4.5.5 Dam and Levee Vulnerability Matrix

Sensitivity

Adaptive
Capacity

Extent of
Impact

Comments

CT, HD, HW, WD,

Water Demand Increase WW, HT Moderate High Anincreaseinwaterdemand mayresultin a changein dam operations
orthe needto reviewthe volume ofimpounded water.
Decrease Not Impacted
. . Increase o . .
Firm Yield 5 Not Impacted Changesinin firm yield maynotresultimpact dams and | evees.
ecrease
. Increase . ;
Dissolved Oxygen 5 Not Impacted Dissolved oxygenlevelsmaynotimpactdams andlevees.
ecrease
Anincreaseinstormintensityandvolume mayresultinanincreasein
Increase CT, HD, WW* Moderate Moderate flows to water supplyreservoirs. Ifthe water levels in water supply
reservoirs or waterways increase, damorlevee crests maybe
24-Hour Storm overtopped. An increase inrainfall intensity mayalso increase peak
Depths discharge and peakvelocities, which mayscourthe toe of these
Decrease Not Impacted structures. An increase in storm intensitymayresultinanincreasein
debris which may cause complications in dam operations and
maintenance.
Increase CT. HD, WW* Moderate Moderate Anincreaseinpeak streamflow mayleadto an increase in bank
Peak Streamflow erosion and scour, which can impact dams and levees. An increasein
sedimentation mayalso occur behind dams if more sediment is
Decrease Not Impacted
P mobilized bythe increased streamflow.
Nonpoint Source Increase cr, HVI\DMI/-'VHV:I_WD’ Moderate Moderate Anincreaseinpollutantloads, suchas total suspended solids, may
Pollutant Loads ’ cause more deposition behind the dam, which mayaccelerate the
Decrease Not Impacted reduction of storage capacity.
Increase Operations of dams and levees may need to change to accommodate
Drought N IpeE e increased frequencyand/orintensity of drought. Systems mayneedto
Decrease pass more flowthrough dams to satisfyinstream flow re quirements,
butthe infrastructureitselfis not necessarily vulnerable.
Increase Operations of dams and levees may need to change to accommodate
Low Flow Not Impacted increased frequencyand/orintensity of drought. Systems mayneedto
Decrease P pass more flowthrough dams to satisfyinstream flow requirements,

butthe infrastructureitselfis not necessarily vulnerable.

*Note:Onlythe Central Tendency, Hot/Dry, and Warm/Wet climate scenarios were evaluated for 24-Hour Storm Depths and Peak Streamflow.

** Note: Historic Trends were not evaluated for Drought
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4.6 Summary Impacts
4.6.1 Conclusions on Water Demand

The following conclusions can be drawn from the water demand vulnerability analysis:

Water demands are sensitive to weather, butalso to changes in economy and conservation
effectiveness.

When all other factors are held constant, future climate can increase water use from 1.3%to
3.8% by 2050, depending on ranges of future temperature and precipitation.

The hot/dry climate scenario is the most worrisome, as future conservation would have to
increase over the current 19% to over 23% just to be equal to today’s level of efficiency.

4.6.2 Conclusions on Water Supply

The following conclusions can be drawn from the water supply vulnerability analysis:

Monthly streamflow is driven more by precipitation than by temperature. Note that this
conclusion is different from other analysis presented in this report on extreme low-flow
conditions, which can be more susceptible to the impacts that higher temperatures have on soil
moisture and evaporation.

Tests reveal thatyield is dominated by inflow and storage, not evaporation.

The wetter climate scenarios will likely increase the firm yield from small and midsize water
supplyreservoirs.

The drier climate scenarios could reduce firm yield 5 - 10% in small to midsize water supply
reservoirs.

The Central Tendency and Trend Projection scenarios will have a less pronounced effect on firm
yield than the wetter and drier scenarios.

The 95% reliable yield will exhibit similar trends to the firm yield: Wetter scenarios will likely
increase the amount of time that certain amounts of water can be withdrawn, while the drier
scenarios will likely reduce the amount of time thatthe same amounts can be withdrawn.

It does not appear that physical or hydrologic features of the watersheds or reservoirs are good
indicators of specific water supply risks, although the reservoirs with high ratios of drainage
areato storage could see larger relative increases in yield than those with smaller ratios if the
climate trendsin a direction of more precipitation. Thisis because they can refill quickly.

Trends in monthly and annual precipitation will likely be the bestindicators of changesin yield.

4.6.3 Conclusions on Water Quality

Key conclusions on the potential impacts of the future climate scenarios on water quality are listed
below:
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variability (via ET losses). Seven day annual low flows, at all but one of the study sites, are
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projected to decrease for future climate scenarios, despite projected increases in basin
precipitation.

= Projected air temperature changes (4 - 7 °F) translate into reach-averaged water temperature
changesof 0.1 - 3 °F.

=  Projected decreases inreach-averaged dissolved oxygen range from 0 to 1.5 mg/L, depending
largely on hydrology. In only one reach/climate scenario combination (out of 24) was therea
projected increase in average dissolved oxygen.

= A majorimplication of these results s that, for fully or near fully allocated streams, existing
discharge permits may not be protective of stream health in the future, due solely to changesin
climate.

=  Sources of uncertainty in these analyses have been noted, included uncertainty about how
future discharge loads will be impacted by climate variability.

=  Futurestudies mightlook to extend this work by developing more comprehensive water quality
models ata basin, rather than reach, scale to better incorporate climate impacts on small
tributaries and point source discharges and to extend study reaches from headwater to mouth.

4.6.4 Conclusions on Watershed Impacts
4.6.4.1 Conclusions on Storm Frequency and Intensity

The Hot/Dry scenario resultsin the largestincreases in projected ARI depth, ranging from 4 percent
to 12 percentincreases from the historic totals. The largest projected increase is for the 25-year, 4-
day rainfall, which is projected to increase 12 percent from 8.3 to 9.3 inches of precipitation. The
Median climate scenario projects decreases as well as increasesin ARI depths, ranging from a 2
percentdecreaseto a5 percentincrease from the historic totals. Inall three scenarios, longer
duration depths are projected to increase more than shorter duration projections.

4.6.4.2 Conclusions on Peak Streamflow

The results suggest that peak streamflow is likely to increase due to climate variability in mid-sized
streams such as the upper Flintand Yellow Rivers. The primary driver for the increase is total rainfall
for stormslonger than 24 hours. Shorter storms and other climate factors, such as temperature, were
not good predictors of peak streamflow.

The smaller, more frequent rain events (5-year storms) are likely to become larger and produce
increasesin peak flows between five and 11 percent, as shown by the EPA’s CREAT precipitation
predictions and a peak streamflow regression model relating storm totals to peak streamflow. This
analysis suggests that the peak streamflow changes from larger, less frequent storm events (10 - and
25-year storms) are less certain. Some scenarios show no change or a decrease in peak streamflow
while other scenarios show an increase of up to 11 percent compared to historic storm-driven peak
streamflows.

4.6.4.3 Conclusions on Pollutant Loading

The watershed loading model was used to compare the estimated changes in pollutantloadingin two
watersheds with differentland uses, for the six climate scenarios described in Section 2. The
increased precipitation projected by the hot/wetand warm/wet climate scenarios resultsin greater
increasesin loading in the Yellow River than the Flint River, indicating that a higher per cent
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impervious cover could cause a watershed to be more susceptible to nonpoint source loading
increases from climate variability. The climate scenarios produce different average annual
precipitation totals, from slight decreases (-1 percent) to more significantincreases (15 percent). The
distribution of rainfall over the year is different for each scenario and results in different seasonal
loading patternsin the watersheds. The hot/wetscenario causes the most significantloading change
from baseline historic conditions. This scenario resultsin a 13 percentincrease in annual
precipitation thatis largely focused in the summer months. Increasedloadsin the summer months
may be of particular importance in watershed planning and permitting because of the impact of
increased nutrients and algal growth on dissolved oxygen during the growing season, and bacteria
concentration impacts on publichealth during the recreational season.

4.6.5 Conclusions on Water Resource Infrastructure

The infrastructure vulnerability assessment synthesized the impacts from each water sector and
climate scenario in order to qualitatively determine the potential sensitivity, adaptive capacity, and
extent of impact to six different water resources infrastructure types: wastewater treatment plants,
water treatment plants, stormwater conveyance systems, wastewater collection systems, and dams
and levees. The result of this high level assessmentare the infrastructure vulnerability matrices that
summarize the potential impacts and results based on anincrease or decrease of the water sector
impact. These results will be used to prioritize the infrastructure with the greatest need for adaptation
strategies.

The infrastructure types that are considered most vulnerable are those that are highly sensitive to
changes in water sector impact and have minimal capacity to adapt to climate scenarios. The facilities
and the associated water sector impactarelisted in Table 4.6.1:

Table 4.6.1 High Sensitivity, Low Adaptive Capacity Infrastructure Types

Infrastructure Type Greatest Risk

Increase in 24-hour Storm Depths
Wastewater Treatment Plants

Increase in Nonpoint Source Pollutant Loads

Water Treatment Plants Increase in Water Demand and/or Droughts
Stormwater Conveyance Systems Increase in 24-hour Storm Depths
Wastewater Collection Systems Increase in 24-hour Storm Depths

Dams and Levees Increase in 24-hour Storm Depths

Three of the infrastructure types are interrelated: combined sewer and stormwater systems thatare
eventually treated at the wastewater treatment plant are all highly susceptible to changesin storm
severity and have the least capacity to adapt to such changes. Many of the systems are agingor are
pasttheir useful life. Some of these facilities have already been decommissioned by local utilities, but
with the potential climate scenarios, facilities that are being designed and built now may not have the
adaptability to change. An increase in 24-hour storm depths pose the greatestrisk to water resources
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infrastructure. Only three climate scenarios were analyzed for changes in 24-hour storm depths and
changesin peak flows. The climate scenarios were the Central Tendency, Hot/Dry, and Warm/Wet
scenarios. All three climate scenarios resulted in increasesin 24 -hour storm depths and peak flows.
These three climate scenarios also produced increases in pollutantloads, decreases in dissolved
oxygen, and increases in water demand.

In addition, water supply reservoirs and water treatment plants are susceptible to changesin w ater
demand, low flows, and drought conditions. All six climate scenarios indicated an increase in water
demand. For three out of four case studies, low flows are expected to decrease across the board for all
climate scenarios. For drought conditions, four out of five of the climate scenarios analyzed indicate a
trending towards drier or drought-like conditions by 2100.
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Section 5

Adaptation Strategies

5.1 Objectives of Adaptation Strategies

Numerous objectives guided the formulation of adaptation strategies for the Metro Water District.
The fundamental objective wasto recommend a suite of relevant, proven measures that could help
address or reduce the specific risks identified in this study. Secondarily, it is important for the District
as it moves into its next phase of planningto distinguish between projects and policies that could offer
universal benefits regardless of future climate conditions from those that would be targeted at
mitigating the impacts of just one or two future climate trends. Hence, another objective of the study
was to recommend a suite of “preemptive” adaptation measures that could be implemented
immediately with no regrets, and also a group of measures that would only be implemented if
triggered by specific future climate trends once they are clearly evident.

Also, because there are so many climate adaptation measures thathave been applied in other areas, it
was important to identify the measures most suitable for the Metro Water District. Hence,a number
of other secondary objectives helped frame this work, specifically:

= Understand the most significant risks to the District
= Understand the future climate conditions that would create the broadest risks
= Identifyrisks that would result from ANY future shiftin climate conditions

Understanding these risks and their causes allowed the project team to identify the most relevant,
universal, and least risky adaptation measures based on the specific risks to the Metro Water District
identified during this study.

5.2 Summary of Risks

This section summarizes the risks associated with the climate impacts on water resource sectors and
on water and wastewater system infrastructure components. Risks to the Metro Water District from
various climate scenarios were summarized in three ways:

1. Risks were first categorized by the most significantrisks by water sector impact (e.g., non-point
source pollutantload, 24-hour storm depths). In other words, this summary evaluates the
climate scenarios that will produce the greatestimpact.

2. Secondly, the broadestrisks to water and wastewater infrastructure (e.g., stormwater
conveyance systems, dams and levees) were summarized. The evaluation of broadest risks is
based on determining the climate scenariothatis likely to have the greatestimpact on water
and wastewater infrastructure.

3. Lastly, risks were identified for water and wastewater infrastructure that could occur under any
of the climate scenarios evaluated as part of this study.
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5.2.1 Review of Most Significant Risks by Water Resource Impact

This section summarizes the climate scenario that has the potential to pose the greatestrisk to each of
the water resource sectors evaluated: water demand, water supply, water quality, watershed impacts,
and water availability (i.e., drought). The results from Section 2, Future Climate Scenarios, and
Section 4, Climate Vulnerability Analysis, were used to characterize the climate impacts that may have
an effect on the region. The vulnerability analysis in these sections was based on analysis conducted
on watersheds, representative river reaches, or the entire Metro Water District region. The scale of the
analysis depended on the water resources sector evaluated. Watersheds and representative river
reaches may not respond uniformly to the given climate scenarios, so for the purposes of summarizing
risk, the general trend of the majority of the watersheds or river reaches was considered. The range of
impacts on water resources for all scenarios and the most severe climate scenarios are summarized in
Table 5.2.1.

The Hot/Dry climate scenario creates the most significant risks to the water resources sectors.
Only three climate scenarios were analyzed for changes in 24-hour storm depths and changesin peak
flows. The climate scenarios were the Central Tendency, Hot/Dry, and Warm/Wet scenarios. All three
climate scenarios resulted in increases in 24-hour storm depths and peakflows. For the three
categories of Watershed Impacts, Hot/Wet scenario is assumed to be more severe than Hot/Dry.

Table 5.2.1 Summary of Water Resource Impact by Climate Scenario

Most Severe

Climate Scenario

‘ Water Resource Range of Impacts Across all Climate Scenarios ‘ Study Reference

Water Demand - Uptoa3.8%increasein2050 Figure4.1.3 Hot/Dry
WaterSupply - Uptoan 11% decrease (fromhistorical) infirmyield | Figure4.2.3 Hot/Dry
forsmallto midsize reservoirs indrier climate
scenarios.
Water Quality - Adecreaseinannuallow flows with potential for Figure4.3.1 Hot/Dry
some basins to be completely dry.
- Uptoa29°Fincreaseinriverwatertemperatureat | Figure4.3.2 Hot/Dry
selected reaches.
- Uptoal.4mg/Ldecrease comparedto historicalin Figure4.3.3 Hot/Dry
dissolved oxygenat selected reaches
WatershedImpacts | - Uptoa 12%increaseinrainfall depth Figure4.4.2 Hot/Wet*
- Uptoan 1ll%increasein peak streamflow Figure4.4.3 Hot/Wet*
— Uptoad40%increaseinpollutantioading Figure4.4.4 Hot/Wet*
gaterﬁ\t/?”abi”ty - Between 2050-2100, climate scenarios indicate an Figure2.3.2 Hot/Dry
roug

average Palmer Drought Severity Index (PDSI)from
near(0.21) normal conditions to extreme drought (-
4.49)

* Storm frequency, storm intensity, and peak streamflow impacts were only analyzed for three climate scenarios (Hot/Dry, Median,and
Warm/Wet). Assume that impacts from a Hot/Wet s cenario would be more severe than Hot/Dry for these impacts.

5.2.2 Climate Conditions that Create the Broadest Risks to Water and
Wastewater Infrastructure

Climate scenarios evaluated as part of this study pose risks to water and wastewater utility
infrastructure in the Metro Water District. This section summarizes, based on qualitative analyses,
which climate scenario is likely to pose the greatestrisk to water and wastewater infrastructure
including wastewater treatment plants, water treatment plants, stormwater conveyance systems,
wastewater collection systems,and dams and levees. As part of the vulnerability assessment (Section
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4.5), risk to differentinfrastructure types were evaluated based on the impact to the water resource
sector (i.e., how wastewater treatment plants are affected by a change in water quality caused by a
decrease in dissolved oxygen). Some climate impacts may not affect every type of water and
wastewater infrastructure. Riskto each infrastructure type was qualitatively evaluated based on a
combination of three factors: sensitivity, adaptive capacity, and extent of impact to each infrastructure

type.

The greatest perceived risk to the majority of the infrastructure typesare related to an increase in 24-
hour storm depths and therefore, a possible increase in flooding (Table 5.2.2). As described above,
only three climate scenarios were evaluated for watershed impacts. The Hot/Wet scenario is assumed
to be more severe than Hot/Dry. The Hot/Wet climate scenario may result in broadest risk to
wastewater treatment plants, stormwater conveyance systems, wastewater collection systems,
and dams and levees.

Table 5.2.2 Summary of Risk by Infrastructure Type and Climate Scenario

Infrastructure Type Climate Impact Climate Scenario
Increase in 24-hour Storm Depths Hot/Wet*
Wastewater Treatment Plants
Increase in Nonpoint Source Pollutant Loads | Hot/Wet
Increase in Water Demand Hot/Dry
Water Treatment Plants
Increasein Drought Hot/Dry
Stormwater Conveyance Systems Increasein 24-hour Storm Depths Hot/Wet*
Wastewater Collection Systems Increase in 24-hour Storm Depths Hot/Wet*
Damsand Levees Increasein 24-hour Storm Depths Hot/Wet*

* Storm frequency, storm intensity, and peak streamflow impacts were only analyzed for three climate scenarios (Hot/Dry, Median,and
Warm/Wet). Assume that impacts from a Hot/Wetscenario would be more severe than Hot/Dry for these impacts.

5.2.3 Risks Resulting from Any Climate Condition

Impacts to water resource sectors are expected to occur under all of the climate scenarios evaluated
as part of this study. The severity of those impacts vary depending on the analysis methods, the
climate scenario, and how they eventually impactinfrastructure. Section 4.5 discusses the
vulnerability analysis used to determine the water and wastewater infrastructure that are at risk.

Water demand is expected to increase under all of the climate scenarios evaluated as part of this
study. Depending on the season, non-point source pollution loads are also expected to increase for the
majority of the climate scenarios. Dissolved oxygen levels are expected to decrease in nearly all of the
climate scenarios evaluated. The response of 24-hour storm depthsand peak streamflows were only
evaluated for the Central Tendency, Hot/Dry, and Warm/Wet climate scenarios, all of which produce
increasing trends. Drought conditions are likely to occur under almostall climate scenarios (excluding
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the Warm /Wet scenario). These impacts to water resource sectors, which are likely to occur under
any climate condition, pose risks to water and wastewater infrastructure as described below.

Water and wastewater treatment plants are considered the two major infrastructure elements that
are theleast capable to adaptbutare at elevated risk to climate variability. Due to the complexities of
each individual facility, the required regulatory compliance, and the aging infrastructure,
identification and implementation of adaptation measures are a necessity in order for these facilities
to mitigate future risks.

Wastewater Treatment Plants

Wastewater treatment plants may be affected by several water resource sector impacts which are
expected to occur under any climate scenario evaluated. Anincrease in water demand, expected to
occur under all climate scenarios, could resultin anincrease in system flows, placing additional wear
and tear on the system. Increasesin nonpoint source pollutantloads, also expected to occur und er
nearly all climate scenarios evaluated, may pose risks to wastewater treatment plantsifmore
stringent effluent pollutantload regulations are initiated due to pollutantloads in receiving water
bodies. Similarly, decreases in dissolved oxygen levelsin receiving water bodies, expected to occur
under any of the climate conditions evaluated, may also result in risks of meeting changing regulatory

standards in wastewater treatment effluent. Increases in 24 -hour storm depth and peak streamflow,
which are expected to increase under the climate scenarios evaluated for these water resource sectors
could resultin surface flooding of wastewater treatment facilities, increased wear and tear on
wastewater treatment plantinfrastructure, system backups, and capacity limitation risks. In summary,
there are several risks to wastewater treatment plants which are expected to occur under any given
climate scenario.

Water Treatment Plants

Water treatment plants are subject to several risks which are expected to occur und er any of the
evaluated climate scenarios. Increases in water demands could pose risks to water treatment plants
based on their capacity to meet those demands, which are expected to increase under all climate
scenarios. In addition, increases in nonpoint source pollutantloads in source waterbodies, expected to
occur under all climate conditions, may create risks with regard to the water treatment plant’s ability
to meet water quality criteria. Increasesin 24-hour storm depth and peak streamflow, which are
expected to increase under all the climate scenarios for which it was evaluated, could resultin surface
flooding of water treatment facilities, and may cause risks to water treatment facilities with regard to
sedimentation and water quality changes within source waterbodies. Regardless of which climate
scenario may occur, there may be some risks posed to water treatment plant facilities.

Stormwater and Wastewater Conveyance

Stormwater conveyance systems and wastewater conveyance systems may face similar risks under
any climate scenario that may occur. Both systems are sensitive to increasesin 24 -hour storm depths
and peakstreamflows. Increases to these parameters could resultin system capacity risks and
associated backups, especially when outlet structures become submerged and system flow rates
increase. For wastewater collection systems in particular, the increase in demand predicted for all
climate scenarios may resultinincreased system baseflows, which may place additional wear and tear
on the collection system and cause risks with regard to system capacity. Increases in nonpoint source
pollutantloads in receiving water bodies may pose risks to stormwater conveyance systems, which
may not be design to meet water quality effluent standards which may exist under any future climate
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scenario. Therefore, some risks may be evident to both stormwater and wastewater conveyance
systemsunder any climate scenario which may occur.

Water Supply Infrastructure
Water supply reservoirs managed by dams/levees and water treatment plants are interrelated

infrastructure. Anincrease in droughtis expected to occur in 2050-2100 based on the PDSI analysis
where nearly all of the climate scenarios (except for the Warm/Wet scenario) yields worsening
drought conditions than what is expected in the first half of this century (2000-2049). Additionally,
for the studied water supply reservoirs, a decrease in firm yield was expected in the Hot/Dry and
Warm/Dry climate scenarios, adding stress to the systems. Dams and levees may also be atrisk under
any climate scenario to handle increased storm intensity and increased peak streamflow. Such
increases may resultin risks of overtopping of dam and levee crests. In addition, increases to
streamflow velocities and discharges mayresultin scouring, and increased debris and sedimentation,
which may pose risks to the longevity and operation of dam and levee infrastructure.

5.2.4 Conclusions on Risks Related to Climate Conditions

[tis expected thatthe Hot/Wetand Hot/Dry climate scenarios pose the greatestrisk to the Metro
Water District. The Hot/Dry climate scenario is predicted to have the greatest effect on the water
resource sectors evaluated through water demand, water supply, water quality, and water availability
(drought) impacts. These impacts have the potential to affect the entire region and the health and
livelihood of its people However, the Hot/Wet climate scenario has the potential to affect the greatest
range of infrastructure systems given the estimated increases in storm severity under this scenario. It
will be important to continue to track the climate and identify indicators to assess which direction the
future climate is trending. Additionally, for some water resource sectors, regardless of the climate
scenario, impacts may produce negative effects that the Metro Water District needs to consider when
planning for the future.

5.3 Relevant Adaptation Strategies

Adaptation strategies were identified to address the major risks identified to water, wastewater, and
stormwater systems and infrastructure. A literature review was performed to initially identify
potential adaptation strategies, this was combined with a review of the 2009 Water Supply and Water
Conservation Management Plan, Wastewater Management Plan, and Watershed Management Plan to
evaluate the current recommendations and identify which should be prioritized or modified to
increase their adaptive capacity.

5.3.1 Literature Review

Several references were used in the development of adaptation strategies for the Metro Water District
under various climate scenarios. A description of the main references are provided below:

= The United States Environmental Protection Agency (USEPA) developed the Adaptation
Strategies Guide for Water Utilities (2013). [t was developed as an informal guide for water
and wastewater utility owners to help them understand and address risks associated with
climate. The goals of the Adaptation Strategies Guide for Water Utilities are to (1) provide water
and wastewater utilities with an understanding ofhow future climates can impact operations
and missions, and (2) provide examples of actions that utilities can take to prepare for these
impacts. Several actions from this publication were adopted into this reportand identified as
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potential adaptation strategies to address impacts of future climate scenarios for the Metro
Water District.

*= The Water Environment Research Foundation (WERF) published Implications of Climate
Change for Adaptation by Wastewater and Stormwater Agencies (2009). The publication
provides a risk management paradigm approach, including the identification, assessment and
characterization, and management of risks associated with climatic variability. Several of the
management techniques presented in this publication may be applicable to water and
wastewater utilities in the Metro Water District, and were incorporated into this report.

= [n2014,CDM Smith developed a vulnerability assessment and adaptation plan for the City of
Salem, Massachusetts. The report entailed a detailed risk assessment for the city, and identified
immediate, actionable adaptation priorities tobe incorporated into existing and future projects
and policies. Concepts and management strategies pertaining to water and wastewater utilities,
management approaches, and planning were adopted from this report for the Metro Water
District.

In addition to these resources, other potential adaptation measuresincluded in thisreport were
developed based on the experience and expertise of engineersand plannersat CDM Smith. Additional
adaptation strategies exist beyond those included in this report but those provided compose an initial
suite of relevant, proven measures. Appendix D contains a full listing of adaptive strategies
developed during the literature review, while those most relevant to the identified greatest risks are
highlighted later in this section.

5.3.2 Review of District 2009 Plans

As partof the original legislation creating the Metro Water District, three long-term regional plans
were required to address water resources challenges: a Water Supply and Water Conservation
Management Plan, a Wastewater Management Plan, and a Watershed Management Plan. The first
planswere adopted in 2003, updated in 2009, and are currently undergoing another round of
revisions with newly updated plans expectedin2016. As part of this study, the recommendations
from the 2009 plans were reviewed to identify actions that could improve the adaptive capacity of the
District to future climate variability. A full listing of action items from these plansand the climate
impactsthey could aid in addressing are provided in Appendix D while those most relevant to the
identified greatestrisks are highlighted in the following section.

5.3.3 Adaptation Strategies for the Greatest Infrastructure Risks

For each of the greatestrisks identified for the infrastructure types analyzed, a list summarizing the
potential issues, key adaptation strategies and links to the recommendations in the 2009 Water
Supply and Water Conservation Management Plan, Wastewater Management Plan, and Watershed
Management Plan are provided in Table 5.3.1 through Table 5.3.8. The climate scenarios under
which each specific risk is assumed present have also been highlighted.
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Table 5.3.1 Adaptation Strategies for Increase in Storm Depths for Wastewater Treatment Plants

ISSUE

INCREASE IN STORM DEPTHS FOR WWTPs

Impact Potential Issues Critical Scenarios
Increased storm Overflows, plant capacity, decreased service ‘ Central
frequgncy and life, flooding ‘ Hot/Dry
intensity (0-12% depth
increase). Highest ‘ @ Hot/Wet
increases underthe v Warm/Dry
Hot/Dry scenarioand ‘ Warm/Wet
for longerduration
storms. O Trend

Key Adaptation Strategies

= Increase capacity for wastewatertreatmentand discharge, including redundancies to hedge againstinfrastructure losses and
disruptions.

= |mprove effluent piping for backflow prevention if receiving waterlevelsrise.
=  Minimize flooding by relocating facilities to higher ground, or build flood barriers to protectinfrastructure fromflooding.
= |dentifyand protectvulnerable facilities, including developing operational strategies that isolate these facilities and re-route flows.

= Mitigate increased storm volume through greeninfrastructure design.

Links to 2009 Wastewater Plan

= Considerdesignstormdepthincreases for planned new and expanded WWTPs (Actions 6.1, 6.2, 6.5).

= |ncrease priority on system maintenance, rehab and capacity certifications priorto authorizing new connections to ensure capacity
maintained (Actions 7.1-7.6).

= Increase priority on sewer system overflow emergency response program (Action 7.8).
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Table 5.3.2 Adaptation Strategies for Increase in Nonpoint Source Pollutant Loads for Wastewater Treatment Plants

ISSUE INCREASE IN NONPOINT SOURCE POLLUTANT LOADS FOR WWTPs

Impact Potential Issues Critical Scenarios

Increased pollutant a More stringent effluent regulations
loading (-1to +15%)

B

Central
Hot/Dry
Hot/Wet
Warm/Dry
Warm/Wet
Trend

o

eakkee

Key Adaptation Strategies

= Regulate pointsourcesand non-pointsource pollutantsources.
= Land use planning changes.

=  Mitigate non-point source pollution increases through greeninfrastructure.

Links to 2009 Wastewater Plan

= Considerpotential for more stringent regulation during planned plantupgrades (Action 6.3).

= Help protect water quality through better planning and maintenance of septicand decentralized systems (Actions 8.1-8.6).
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Table 5.3.3 Adaptation Strategies for Increase in Water Demand on Water Treatment Plants

ISSUE INCREASE IN WATER DEMAND ON WTPs

Impact Potential Issues Critical Scenarios
V\/.aterd_emand.dueto Difficulty meeting demand, especially if Central
Fllmatelspredlctedto combined with loweryields Hot/Dry
increase 1.3—-3.8%

Hot/Wet
Warm/Dry
Warm/Wet
Trend

Key Adaptation Strategies

= Monitor and inspect the integrity and capacity of existinginfrastructure.

=  Practice demand managementthrough communication to publicon water conservation actions.

= Diversify optionstocomplement current watersupply, including recycled water, conjunctive use, and stormwater capture.
= Establish mutual aid agreements with neighboring communities.

= Implement adaptive waterrates to correspond with watersupply.

Links to 2009 Water Supply Plan

= Increased priority on conservation programs to balance increased demand (Actions 5.1—-5.19).
= Explore opportunities forreturning reclaimed water to Lake Lanierand Allatoona Lake to supplement water supply (Action 7.1).

= Considerincreased demands when planning new/expanded water supply reservoirs and treatment plants (Actions 8.1 - 8.3).
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Table 5.3.4 Adaptation Strategies for Increase in Storm Depths for Stormwater Conveyance Systems

ISSUE

INCREASE IN STORM DEPTH FOR STORMWATER CONVEYANCE SYSTEMS

Impact Potential Issues Critical Scenarios
Increased storm Capacity issues leadingtoincreased street ‘ Central
frequgncyand flooding and potential flooding of structures. ‘ Hot/Dry
intensity (0-12% depth
increase). Highest ‘ @ Hot/Wet
increases underthe v Warm/Dry
Hot/Dry scenarioand ‘ Warm/Wet
for longerduration
storms. O Trend

Key Adaptation Strategies

= |ncrease capacity of stormwater collection, conveyance, and storage systems.
= Design greeninfrastructure to reduce stormwatervolumes.

= Conduct extreme precipitation eventanalyses with climate change to understand the risk of impacts to the stormwater water
collection system.

= Monitor and inspect the integrity of existinginfrastructure.

Links to 2009 Watershed Plan

= Considerincreased storm depths fordevelopment stormwater management (Action 5.A.1).
= Ensure best practicesin place for stormwater design (Action5.C.2).

= Effectively manage existing assets to maintain capacity (Actions 5.0.1-5.D.5).
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Table 5.3.5 Adaptation Strategies for Increase in Storm Depths for Wastewater Conveyance Systems

ISSUE

INCREASE IN STORM DEPTH FOR WASTEWATER CONVEYANCE SYSTEMS

Impact Potential Issues Critical Scenarios
Increased storm Overflows, backupsinto homes and Central
frequency and businesses Hot/Dry
intensity (0-12% depth
intenst v <70 aep Hot/Wet
increase). Highest ‘
increases underthe ‘ Warm/Dry
Hot/Dry scenario and Warm/Wet
for longerduration

Trend

storms.

Key Adaptation Strategies

= Monitor and model inflow and infiltration in the sewer system and modify the sewer system to reduce impacts.
= Design extra capacity to avoid SSOsand CSOs.

= Monitor and inspect the integrity of existinginfrastructure.

= Conduct extreme precipitation events analyses with climate change to understand the risk of impacts to the wastewater collection
system.

= Preventillegal connections toreduce flow volumes.
Links to 2009 Wastewater Plan

= |ncrease priority on system maintenance, rehab and capacity certifications prior to authorizing new connections to ensure capacity
maintained (Actions 7.1-7.6).

= Increase priority on sewer system overflow emergency response program (Action 7.8).
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Table 5.3.6 Adaptation Strategies for Increase in Storm Depths for Dams and Levees

ISSUE

INCREASE IN STORM DEPTH FOR DAMS AND LEVEES

Impact p‘ Potential Issues ” Critical Scenarios
Increased storm Overtopping, ‘ Central
frequgncyand scouring from higher v Hot/Dry
intensity (0-12% depth . .

. ) é intensity storms, @ Hot/Wet
increase). Highest é ‘ i

increasesunderthe O&M issues from v Warm/Dry
Hot/Dry scenario and increase debris ‘ Warm/Wet
for longerduration

storms. ‘ Trend

Key Adaptation Strategies

= Monitor and inspect the integrity of existinginfrastructure.
= Evaluate the level of control provided by existingdams and levees.
= Considerraising crest elevations of dams and levees.

= Designgreeninfrastructure to hold more rain volume where itfalls.

Links to 2009 Watershed Plan

= Post-Development Stormwater Management (Action 5.A.1).
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Table 5.3.7 Adaptation Strategies for Increased Drought for Water Treatment Plants

ISSUE

INCREASED DROUGHT FOR WTPs

Impact Potential Issues Critical Scenarios
r
Increase.d drought Intake infrastructure at the watertreatment Central
(changemPaIrper plant may not be designedto pull froma Hot/Dry
Drought Severity Index lowerwater Hot/Wet
of upto -4.29) oL/ve
surface Warm/Dry
elevation
Warm/Wet
Trend

Key Adaptation Strategies

=  Monitor and inspect existinginfrastructure’s capacity to handle drought.
= Retrofitintakes to accommodate lowerwaterlevelsin reservoirs and decreased late season flows.

=  Form utility-specific drought management plans including both conservation and supply side management such as reservoirre-
operations.

Links to 2009 Water Supply Plan

=  Prioritize actions associated with the water conservation program (Actions 5.1-5.19).

=  Prioritize development of local emergency water plans (Action 9.2).

cS?‘II‘\l’lith D RA FT 5-13

Document Code




Section5 e Adaptation Strategies

Table 5.3.8 Adaptation Strategies for Increased Drought for Stormwater & Wastewater Collection Systems

ISSUE

INCREASED DROUGHT FOR STORMWATER & WASTEWATER COLLECTION SYSTEMS

Impact Potential Issues Critical Scenarios
Increased drought A decrease in watertable elevation may cause Central
I()Changhi 'sn PaIr:e: g migration of tree roots. Hot/Dry

rought Severity Index
of upto -4.29) Hot/Wet
Warm/Dry
Warm/Wet
Trend

Key Adaptation Strategies

= Increase systeminspection and maintenance.
= Anticipate damage to the conveyance pipesdue tothe increased growth depth of tree roots.

=  Form utility-specific drought management plans.

Links to 2009 Wastewater and Watershed Plans

=  Wastewater Collection System Inspection and Maintenance Actions (Section 7of WW Plan).

= Asset Management (Section 5.D of Watershed Plan).
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5.3.4 Multi-Benefit Strategies

One method to prioritize adaptation strategies for implementation is to first consider those with wide
ranging, multiple benefits. Two types of adaptation strategies that show up multiple times when
considering the greatestrisks are highlighted below.

Green Infrastructure: Use of green infrastructure aims to protect and restore the natural
water cycle. It allows for water to be absorbed and filtered by soil and plants instead of running
directly through the engineered collection system. Implementation of green infrastructure
throughout the District has the potential benefit of reducing flooding from increased storm
depths by retaining more water where it falls and slowing its travel to receiving water bodies.
This can reduce the need for increased dam and levee level of service, reduce flooding risks of
key infrastructure and limit overflow concerns in stormwater and wastewater conveyance
systems. Green infrastructure can also help reduce non-point source pollutantloads through
the filtering and absorption benefit of soil and plants as well as the opportunity for settlement
as water is slowed and detained. This reduction in pollutantloads maylimitthe need for
changesin water treatment processes or wastewater effluent regulations. Finally, some green
infrastructure canresultin additional local water supply. Additional resources concerning
green infrastructure can be found in Section 7.

Asset Management: General asset managementincluding regularinspection and maintenance
of key infrastructure is a valuable tool in addressing future uncertainty. By keeping the current
infrastructure in good condition (i.e. efficient treatment processes, maintaining conveyance
capacities), it will have the most flexibility in meeting future challenges.

5.3.5 Preemptive verses Trigger Based Strategies

As the District progresses into the next phase of planningand considers possible future risks
associated with climate trends, it will be important to distinguish between projects and policies that
could offer universal benefits regardless of future climate conditions from those that would be
targeted at mitigating the impacts of just one or two future climate trends. This section is aimed at
summarizing a suite of “preemptive” adaptation measures that could be implemented immediately
with no regrets, either because they address risks regardless of climate trends, or because they
represent sound preparedness planning withoutlarge infrastructure investment. Infrastructure or
policies designed to protect againstrisks isolated to one or two climate trends would be triggered if
such a trend becomes plainly evident or likely in the future. Table 5.3.9 below liststhe
recommended preemptive adaptation measures that could be adopted in the near term with very low
risk and broad benefits:

CDM
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Table 5.3.9 Recommended Preemptive Climate Adaptation Measures

Preemptive Measures

Relevant Climate

Specific Risks

Benefits of the Measure

Conditions
Mitigate storm depthand
Increased Storm
. volume
Depth/frequency/Intensity Reduce nonpoint pollution
Green Infrastructure All Increased nonpoint source loads pointp
pollution
o Increased local water
Reducedreservoiryields
supply
Specificdrought triggers
foreach utilityand supply
system
Increasedtendencytoward y' . .
Unified guidance from the
more severe/frequent drought L
Drought Management Al . . Districtondrought
Plans conditions fromallscenarios response
Potential reduction of reservoir . .
. . Correlation with Demand
yieldfrom the dryscenarios
Management (below)
Potential forsupplyside
management
Help conserve waterb
Demand Management All Increase in water demand P 4

lowering demand

Integrate Reclaimed
Water into Supply
Planning (possibly
through policy
incentives that do not
yet exist)

All conditions could
increase demand and
alltend toward more
droughtrisk. Dry
scenarios also reduce
reservoiryield

Increasein waterdemand
Reduction inreservoiryield
Increased drought frequency
and/orseverity

Utilizesanavailable
resource to offset demand
without new hydrologic
stresses

Policies and incentives
could foster regional
collaboration

Extreme Precipitation

Central, Hot Dry,

Increased Storm

Prioritize spedfic facilities
atthe greatestrisk
(conveyance, treatment,

maintenance

Analysis Warm Wet Depth/frequency/Intensity retention, etc.)that would
benefitfromclimate-
triggered enhancements

Increased flows duringstorm

Conveyance system t Prioriti des t

inspection and All events rioritize upgrades to

Damage due to lowering water
tableandtreeroot migration

conveyance systems.

The adaptation measuresin the table above are somewhat universal, in the sense that most would
offer benefits to the District regardless of the future climate trends. They would either help protect
against future climate-induced impacts, or provide information with which to manage the impacts
when they occur. Because they are not site-specific, they can be integrated into regional planning for
the overall benefit of all member counties and utilities. As part of the regional planning process, they
can also be codified through regional policy (or decision frameworks) as a first step without large up -
front investment. Assuch, these measures could be implemented in the near term with broad benefits
and no regrets, regardless of future climate trends.
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Most of the rest of the recommended adaptation measures would help protect against specific risks
caused by one or two specific climate trends, and many are structural solutions thatrequire
investment in site-specific infrastructure. For these reasons, such measures should be implemented
based on identifying triggers in climate patterns (such as five continuous years of more frequent
storm events, for example).

5.4 Relevance to the Case Study Basins

Nine case study basins from throughout the District were selected to evaluate specific climate
vulnerabilities; Four basins were selected for water quality evaluation (and two of these were also
used for flood frequency and pollution vulnerabilities), and five additional basins were selected for
reservoir yield vulnerability analysis. The following paragraphsdiscussthe relevance and importance
of certain recommended adaptation strategies for these basins.

5.4.1 Reservoir Yield Basins

The increased propensity toward more frequent drought conditions could be exacerbated by
increasesin water demand. Both of these future trends are likely to occur regardless of the way the
climate trends. Under certain dry scenarios, reservoir yield in small-to-midsize reservoirsin the case
study basins is projected to decrease from 5-10%, and this could be compounded by a corresponding
climate-induced increase in demand of 1-4%. Add to thisthe potential for demand to increase in
response to population and industrial growth, and the water supplyissueis one thatrequires
immediate management.

Two “No Regret” or “Preemptive” adaptation strategies that are recommended to help reduce the risks
to water supply respond directly to these potential threats:

= Drought Management Plans that are Specific to Each Utility: The analysisin this study
suggests that the five reservoirs evaluated are susceptible to different types of droughts. While
Dog River, Gardner, and Cole Reservoirs are most vulnerable toa drought similar to that of the
1950s, Randy Poynter and Long Branch Reservoirs were more susceptible to droughts
occurring later, and with different characteristics. For this reason, generalized drought
responses based on regional climate indicators are not sufficient - each system respondsto
regional climate trends differently, based on storage, drainage area, water consumption rates,
etc.

One of the most important protections against the possibility of increased frequency and/or
severity of future droughts are utility-specificdrought management plans. Such plans should
include both supply and demand management (where feasible), and should include trigger
levels for response actions thatare based on time of year, demand, and the status of water
availability (storage in reservoirs, flows in rivers, etc.). These variables can be combined into a
probabilisticanalysis of specific supply systems, but because different types and sizes of
systems are vulnerable todifferent types of droughts, utility-specific plans are highly
encouraged. For example, asmall reservoir in a comparatively large drainage basin may be
susceptible to sudden short-term (several months) reductions in rainfall, but would recover
quickly with a few heavy rainstorms. Conversely, a large reservoir may be more susceptible to
gradual, multi-year rainfall deficits,and would require longer, sustained recovery periods. The
specific vulnerabilities of each system mustbe understood and addressed.
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The District could provide generalized planning guidance so that each member util ity could
develop a drought management plan with a consistent template, but with unique triggersand
response actions aimed specifically at their individual protection.

* Demand Management: The District has been promoting various forms of demand
management for many years, with measureable results. Because climate-induceddemand
increases could compound the increases associated with other cultural and economic causes, it
will be important to continue and enhance these efforts. The best opportunity to do thiswill be
to incorporate enhanced conservation practices into the 2016 Plan Integration as a key
component of any overarching water management strategy.

The case studyreservoirs selected for this study were chosen based on their single-purpose use and
affiliation with individual utilities. However, drought management and conservation should be
planned for all reservoirs within the District because these two forms of “no-regret” planning can help
to counter the compounded effect of increased demand and decreased water availability. Ifthe
combined effects of drought management and conservation (not entirely mutually exclusive) can help
reduce the use of reservoir water during droughts by approximately 5 - 15%, the climate-induced
risks could be largely avoided in the case study basins.

5.4.2 Water Quality, Flooding, and Pollution Loads

Four basins were evaluated for water quality, and a subset of these were evaluated for changes in
flood characteristics and pollutant loading. In all of these basins, it is evident that two key
recommended adaptation measures could yield significant benefits in terms of prioritizing future
actions, and in reducing the potential climate-inducesrisks: Better understanding of event-based
precipitation potential, and the encouragement of green infrastructure.

= Better Understanding of Event-Based Precipitation Dynamics: Hydrologic and Hydraulic
computer modeling of individual river basins will refine the planning-level assessmentsin this
study. It will be important to know which rivers throughout the Districtare leastlikely to adapt
to higher intensity or more frequentrain, and which are most likely to exhibit the most severe
consequences. Through detailed physically-based modeling, rivers and adjoining infrastructure
and communities can be prioritized for protective measures.

* Green Infrastructure: This study has posed green infrastructure asa potential way to guard
againstincreased flows and increased pollutantloading. Itis not inconceivable that creative
encouragement of infiltration could help reduce the risk of lower low-flow conditions, too. All
of these potential benefits could be realized in the case study basins. For example, accordingto
the 2009 Wastewater Plan, the Flint River Basin (one of the four case study basins in this study)
had 30 wastewater treatment plants (public and private) permitted to dischargeup to 17.1
mgd. All of this effluent could be subject to stricter regulation if background pollutantloads
increase, or low flows become lower. Many of these facilities would also likely be at risk of
flooding, due to their close proximity to the riverways. Green infrastructure can potentially
alleviate stressin all of these areas by helpingto reduce high flows and higher nonpoint source
pollutantloads, and also by potentially encouraging more infiltration to preserve low flows in
between storm events.
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5.5 Recommendations

The most important recommendation of this study is for the District to integrate policies and projects
into its 2016 Plan Integration process that will protect against climate conditions regardless of future
climate trends, or which would yield a better understanding of specific risks for some of the prevailing
indications of future climate conditions. These recommendations are listed in Section 5.3.5 as the
Preemptive Adaptation Measures. In Section 6 (Recommendations for Future Work), we recommend
thata workshop be held to prioritize these activities and discuss the best ways to integrate them into
the 2016 Plan Integration process. Some of the recommendations will fit naturally into the Plan
Integration, while others may be worthwhile supplements. Thelist of recommended preemptive
adaptation strategies includes:

= Integration of Green Infrastructure

= Drought Management Planning

= Demand Management

= Incentivized use of Reclaimed Water for Indirect Potable Use

= Refined Hydrologic Analysis of Precipitation Events and Frequency

= Conveyance System Inspectionand Maintenance (Water and Wastewater)

The adaptation measures that provide multiple benefits, such as Green infrastructure, are also
recommended for detailed consideration in the Plan Integration process, both at the region-wide
policy level and at the site-specific project level. Any project that can help reduce the risk of more
damaging flows and higher pollutantloading should be prioritized, as these can have broad reaching
ecological benefits as well as economic benefits by reducing the need for enhanced facilities.

The remaining adaptive measures are considered to be more specific to certain climate trends, and are
aimed specifically at reducingisolated risks. For these measures, appropriate triggers should be
identified so thatas the climate trends in certain directions, action can be taken before risks become
extreme. This is discussed in more detail in Section 6. The triggers and corresponding adaptive
measures could be easily included in the Plan Integration process.
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Section 6

Recommendations for Future Work

The following list identifies near term activities that should be undertaken by the District, either as
partof the 2016 Plan Integration or separately. These activities will help prepare the District for
future climate eventualities, regardless of what they may be. They are not prioritized here, butare
listed for consideration based on the interpretations of the findings of this study:

1. Establish climate tracking protocols: Establish procedures for data collection,
storage, quality assurance, and interpretation for rainfall (event, seasonal, and annual),
and temperature (minimums, maximums, averages). These data will be used for Item
#2 below (identifyingindicators of statistically significant trends, and trigger levels for
adaptive measures). Because the study period examined climate patterns through the
year 2000, it would be advisable to include the years 2001 - 2015 in this data collection
process.

2. Identify indicators of climate trends and trigger levels for adaptive measures:
Specifically, identify indicators that temperatures, rainfall volumes, storm frequency,
etc. are trendingin certain directions with high statistical confidence levels. Because
the study period examined climate patterns through the year 2000, it would be
advisable to include the years 2001 - 2015 in this assessment. Use hydrologic and
other models to establish thresholds of increases or decreases in climate variables that
would trigger certain adaptation measures notincluded in the preemptive listin
Section 3.6.

3. Workshop on the preemptive adaptation measures recommended in Section 3.6:
As partof the 2016 Plan Integration, conduct a workshop on the suggested measures
thatare recommended regardless of future climate trends. Generally, these measures
are comparatively low cost, low risk, and potentially have broad benefits to help protect
againsta variety of climate conditions in the future. The workshop should aim to
prioritize the recommended preemptive measures, decide which ones should be
included in the 2016 Plan Integration as specific recommendations, and identify those
that may need further evaluation or definition. An exampleis greeninfrastructure;
while it may be advisable to codify the green infrastructure philosophy intothe plan,
specific implementation alternatives would require additional evaluation and
prioritization.

4. Drought Management Plans: Because of the prevailing tendency toward increased
drought conditions regardless of the specific climate trends, it is highly recommended
that the District develop uniform guidelines for utility-specificdrought management
plans. This is one of the preemptive measures discussed in Section 3.6 and also in Item
#3 above, but this study leads to the conclusion that drought preparedness planningis
essential for the District, and it is therefore recommended here. Such plans should
include both supply and demand management (where feasible), and should include
trigger levels for response actions thatare based on time of year, demand, and the
status of water availability (storage in reservoirs, flows in rivers, etc.). These variables
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can be combined into a probabilisticanalysis of specific supply systems, but because
different types and sizes of systems are vulnerable to different types of droughts,
utility-specific plans are highly encouraged. For example, a small reservoir in a
comparatively large drainage basin may be susceptible tosudden short-term (several
months) reductions in rainfall, but would recover quickly with a few heavy rainstorms.
Conversely, a large reservoir may be more susceptible to gradual, multi-year rainfall
deficits, and would require longer, sustained recovery periods. For these reasons,
regional climate indicators are insufficient to adequately gird all supply systems against
drought. The specific vulnerabilities of each system must be understood and addressed.
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Appendix A

Summary Figures for the Five GCM Based Climate
Scenarios - DRAFT

This Appendix contains a series of summary plots and tables to characterize the future climate
conditions as forecast by the Global Climate Models. Included are mean monthly seasonal plots,
annual time series plots and percentile plots for both precipitation and temperature. Annual mean,
minimum, maximum, and standard deviation values of precipitation and temperature have also been
tabulated for each ensemble.
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Figure A.1: DRAFT Central Tendency Climate Scenario Summary Plots
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Table A.1: DRAFT Annual Statistics for Projections in the Central Tendency Climate Ensemble

Statistics gicfj;i; T;’:Z:’SJO' bee fml Cm;i;';;‘l' Cm;i;’;jl' b;:.flr.r;ip4 cmc5r.7‘r1r.rr]cp4 cmc5r.7‘r1r.rr]cp8 g_sgi-:s;-s esrrgg{l.rc esrrgggl.l.rc
m.1.rcp85 5 5 5 p60 p85
Mean Annual Precipitation (in) 53.2 51.9 56.3 55.4 53.4 56.2 53.8 54.0 55.2 53.2 52.5
Maximum Annual Precipitation (in) 78.3 69.5 65.2 75.2 74.2 70.4 76.1 71.6 66.9 76.8 69.6
Minimum Annual Precipitation (in) 39.5 34.4 43.0 41.1 40.3 37.2 37.7 43.8 39.3 37.2 37.2
Std Dev in Annual Precipitation (in) 7.8 9.9 6.4 9.2 8.6 9.5 9.6 7.5 8.2 10.2 8.4
Mean Annual Temperature ('F) 65.5 65.2 65.5 65.3 65.9 65.6 64.5 65.6 64.5 64.6 65.7
Maximum Annual Temperature ('F) 67.4 67.1 67.8 67.2 67.6 68.0 67.0 68.3 66.6 66.9 67.7
Minimum Annual Temperature ('F) 62.7 63.2 63.4 63.7 64.3 63.6 62.8 63.4 63.0 62.8 63.3
Std Dev in Annual Temperature ('F) 13 13 1.0 11 0.8 13 11 1.2 1.0 11 13
Table A.1: DRAFT Annual Statistics for Projections in the Central Tendency Climate Ensemble Cont.
s gfdl- giss-e2- hadgem2- hadgem2- ipsl-cm5a- ipsl-cm5a- ipsl-cm5b-  miroc5.1.rc  miroc5.1.rc miroc- miroc-
Statistics esrzj;r;.l.r r.1.rcp45 ao.1.rcp26  es.1.rcp60 Ir.1.rcp60 mr.1.rcp26 Ir.1.rcp45 p26 p60 esm.é.rcp 2 esmé.rcp4
Mean Annual Precipitation (in) 55.2 55.5 51.7 52.5 54.1 52.2 54.3 51.8 52.4 51.7 53.2
Maximum Annual Precipitation (in) 79.4 83.7 711 64.8 86.1 72.1 72.9 63.1 62.3 58.6 65.9
Minimum Annual Precipitation (in) 36.5 37.6 40.2 40.1 38.6 41.5 37.3 40.7 39.0 42.7 38.9
Std Dev in Annual Precipitation (in) 9.7 12.0 7.7 6.6 12.8 7.7 8.7 6.4 5.7 5.0 6.6
Mean Annual Temperature ('F) 65.0 64.9 65.3 65.7 64.9 64.8 64.6 65.1 64.6 65.1 65.1
Maximum Annual Temperature ('F) 67.7 67.3 67.4 68.4 66.0 66.7 66.8 68.0 66.4 66.5 66.6
Minimum Annual Temperature ('F) 61.3 62.4 63.1 63.8 62.6 63.0 62.5 63.1 62.9 63.3 63.3
1.6 11 1.2 1.3 0.9 0.9 1.2 11 0.8 0.9 0.9

Std Dev in Annual Temperature ('F)
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Table A.1: DRAFT Annual Statistics for Projections in the Central Tendency Climate Ensemble Cont.

miroc- miroc-esm-  miroc-esm-  miroc-esm- .
Statistics esm.1.rcp6  chem.l.rco  chem.l.rcp  chem.l.rcp n’:;pll_f;ﬁ; ;olre:(:;zi; ;:rlesr::r;’i.l_s ;:rlesr::;g 0 observed

0 26 45 60
Mean Annual Precipitation (in) 52.6 53.1 53.5 52.5 54.5 55.4 53.8 54.4 50.9
Maximum Annual Precipitation (in) 61.0 61.6 65.5 62.3 72.5 68.5 82.2 70.5 68.5
Minimum Annual Precipitation (in) 439 44.4 433 37.5 47.2 421 42.4 40.2 32.0
Std Dev in Annual Precipitation (in) 5.8 4.7 6.0 5.2 7.0 7.2 10.1 9.1 7.5
Mean Annual Temperature ('F) 65.4 65.0 65.7 65.2 64.9 64.9 65.6 64.7 61.4
Maximum Annual Temperature ('F) 68.2 66.5 67.5 66.3 67.3 68.5 67.2 66.7 64.5
Minimum Annual Temperature ('F) 63.5 63.5 64.0 63.9 61.5 62.5 63.7 62.1 58.9
Std Dev in Annual Temperature ('F) 1.2 0.8 1.0 0.7 1.5 1.3 1.0 1.0 14
Table A.2: DRAFT Annual Statistics for Projections in the Hot/Dry Climate Ensemble

o o ol Al ceio el oy A

Mean Annual Precipitation (in) 51.2 50.3 49.0 50.2 51.0 48.4 51.4 50.9
Maximum Annual Precipitation (in) 60.5 66.2 67.1 66.7 62.8 62.3 78.7 68.5
Minimum Annual Precipitation (in) 39.7 37.7 36.5 35.6 41.6 33.9 40.3 32.0
Std Dev in Annual Precipitation (in) 6.3 7.0 8.2 8.5 6.3 7.8 9.6 7.5
Mean Annual Temperature ('F) 67.1 66.2 66.9 66.6 67.6 68.9 65.9 61.4
Maximum Annual Temperature ('F) 71.3 69.8 69.6 69.0 70.0 71.4 68.0 64.5
Minimum Annual Temperature ('F) 65.4 63.5 64.1 64.6 65.5 66.6 64.2 58.9

1.5 1.5 1.4 1.3 1.3 1.5 1.1 1.4

Std Dev in Annual Temperature ('F)
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Table A.3: DRAFT Annual Statistics for Projections in the Hot/Wet Climate Ensemble

cesml-

cesml-

gfdl-

gfdl-

gfdl-

Statistics CCS';’;'SIJC bgc.15.rcp8 camg;.rcp cm3.é.rcp2 cm3. é.rcp4 cm3.§.rcp8 ,r;o;ers:;;; g:zelsr':plés observed

Mean Annual Precipitation (in) 57.0 57.1 58.3 60.2 58.9 60.8 59.6 57.6 50.9

Maximum Annual Precipitation (in) 71.4 74.2 70.3 75.2 83.8 76.2 79.4 73.6 68.5

Minimum Annual Precipitation (in) 45.6 41.6 42.1 44.5 41.8 51.5 42.0 41.4 32.0

Std Dev in Annual Precipitation (in) 6.9 9.3 6.8 8.2 8.3 7.2 10.0 8.4 7.5

Mean Annual Temperature ('F) 66.5 66.5 67.1 66.2 66.4 67.4 66.3 66.5 61.4

Maximum Annual Temperature ('F) 68.8 68.0 68.8 68.6 69.9 70.3 67.8 69.4 64.5

Minimum Annual Temperature ('F) 64.8 65.0 64.3 64.0 63.5 65.1 64.5 65.2 58.9

Std Dev in Annual Temperature ('F) 1.1 0.8 1.0 1.0 1.4 1.3 0.8 0.9 1.4

Table A.4: DRAFT Annual Statistics for Projections in the Warm/Dry Climate Ensemble

Statistcs bt Joode Dyt emimis emomis ememir TETAL IMONLEpsnse mpien
p26 cp26 cp45 cp60
Mean Annual Precipitation (in) 51.1 50.8 51.4 49.9 50.9 49.1 50.7 49.1 46.0 51.1 50.9
Maximum Annual Precipitation (in) 73.4 61.9 65.2 69.5 74.2 66.7 66.7 71.1 62.0 64.1 68.5
Minimum Annual Precipitation (in) 29.7 34.1 39.9 32.3 28.6 33.7 30.8 37.4 26.3 39.8 32.0
Std Dev in Annual Precipitation (in) 9.3 6.6 7.4 10.6 11.9 9.2 9.8 7.8 8.8 7.0 7.5
Mean Annual Temperature ('F) 64.5 64.5 63.9 64.2 64.5 64.4 63.4 64.1 64.4 64.2 61.4
Maximum Annual Temperature ('F) 67.2 66.2 65.8 67.4 67.5 68.8 65.5 66.1 65.8 67.2 64.5
Minimum Annual Temperature ('F) 62.0 63.2 61.3 61.5 62.4 62.2 61.9 62.2 62.3 61.8 58.9
Std Dev in Annual Temperature ('F) 1.3 0.9 13 1.6 14 1.8 0.8 1.1 0.9 1.3 14
DRAFT ao




Table A.5: DRAFT Annual Statistics for Projections in the Warm/Wet Climate Ensemble

gk g mmem el enl o
Mean Annual Precipitation (in) 57.1 56.9 57.0 57.1 58.7 50.9
Maximum Annual Precipitation (in) 80.1 69.2 72.9 71.3 74.4 68.5
Minimum Annual Precipitation (in) 36.3 35.2 34.2 41.4 45.7 320
Std Dev in Annual Precipitation (in) 9.9 8.9 9.5 8.0 8.8 7.5
Mean Annual Temperature ('F) 63.8 64.3 63.8 64.4 64.3 61.4
Maximum Annual Temperature ('F) 65.8 68.1 67.8 66.0 66.2 64.5
Minimum Annual Temperature ('F) 61.1 62.1 61.9 63.3 63.1 58.9
Std Dev in Annual Temperature ('F) 1.2 1.5 1.4 0.7 0.9 1.4
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Appendix B

HDe Method Results - DRAFT

This Appendix contains the results of the Hybrid Delta Ensemble (HDe) method applied to adjust the
historical climate record to reflect the five future climate scenarios. Monthly timeseries for the full 50
year adjusted period is provided as well as percentile plots of both temperature and precipitation.
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Figure B.1: DRAFT Central Tendency Ensemble
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Monthly Precipitation: Hot/Dry Ensemble

Monthly Temperature: Hot/Dry Ensemble
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Figure B.2: DRAFT Hot/Dry Ensemble
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Monthly Precipitation: Hot/Dry Ensemble

Monthly Temperature: Hot/Dry Ensemble
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Figure B.3: DRAFT Hot/Wet Ensemble
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Monthly Precipitation: Warm/Dry Ensemble

Monthly Temperature: Warm/Dry Ensemble
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Figure B.4: DRAFT Warm/Dry Ensemble
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Monthly Precipitation: Warm/Dry Ensemble

Monthly Temperature: Warm/Dry Ensemble
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Figure B.5: DRAFT Warm/Wet Ensemble
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Appendix C

Statistical Water Demand Analysis

Data

To construct the multivariate statistical regression for the water demand model, monthly per capita
water use (in gallons per person per day) was used as the dependent variable. Per capita water use

was constructed by taking the total surface water withdrawals (reservoir and river) for DeKalb,
Fulton, and Gwinnett Counties and dividing it by population for the same three counties. Figure C-1
presents the water withdrawals and population data, both provided by Metro Water District.
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Figure C-1. Monthly Surface Water Withdrawals and Population for DeKalb, Fulton and Gwinnett

Counties
(source: Metro Water District)

Details for the following independent variables are indicated below:

*  Average maximum monthly temperature (see Figure C-2) and monthly precipitation (see
Figure C-3), both obtained from Atlanta Airport weather station.

* Constructed average monthly water bill for Gwinnett County (see Figure C-4), using
GEFA/EFC annual water rate reports.

* Constructed toilet flush volume, as an indicator of plumbing efficiency (see Figure C-5), using
housing data and plumbing code dates provided by Metro Water District.

DRAFT ¢

it

Document Code



Appendix C e« Statistical Water Demand Analysis
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Figure C-2. Monthly Precipitation
(source: Atlanta Airport weather station)
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Figure C-3. Average Maximum Monthly Temperature
(source: Atlanta Airport weather station)
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Appendix C e« Statistical Water Demand Analysis
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Figure C-4. Average Monthly Household Water Bill
(source: GEFA/EFC annual water rates reports)
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Figure C-5. Toilet Flush Volume
(source: constructed from annual housing data and plumbing code dates provided by Metro Water District)
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Appendix C ¢ Statistical Water Demand Analysis

Statistical Model

The output from the statistical demand model is shown below.

Regression Statistics

Multiple R 0.957

R Square 0.916

Adjusted R Square 0.909

Standard Error 0.056

Significance F <0.0001

Observations 228

Coeff. St. Error P-value  Lower 95%  Upper 95%

Intercept 4.512 0.353 <0.0001 3.815 5.209
Unemployment -0.202 0.025 <0.0001 -0.251 -0.152
Rainfall -0.028 0.006 <0.0001 -0.040 -0.016
Temperature 0.346 0.048 <0.0001 0.250 0.441
Drought Restrictions -0.033 0.005 <0.0001 -0.042 -0.024
Plumbing Efficiency 0.080 0.113 0.480 -0.143 0.302
Water Price -0.192 0.060 0.002 -0.310 -0.073
Stewardship Act -0.054 0.009 <0.0001 -0.072 -0.036
Jan 0.009 0.016 0.590 -0.023 0.040
Mar -0.050 0.015 0.001 -0.080 -0.019
Apr -0.032 0.017 0.061 -0.066 0.001
May 0.030 0.020 0.128 -0.009 0.070
Jun 0.059 0.023 0.010 0.014 0.103
Jul 0.068 0.024 0.004 0.022 0.115
Aug 0.074 0.023 0.002 0.028 0.120
Sep 0.055 0.021 0.009 0.014 0.095
Nov -0.004 0.015 0.805 -0.033 0.026

Model Parameters:
Dependent Variable

Independent Variables

c-4

Per Capita Demand (gpcd), monthly, natural log value

Unemployment Rate (%), annual, natural log value
Rainfall (inches), monthly, natural log value

Average Max Temperature, monthly, natural log value

Drought Restrictions (binary), monthly

Pluming Code Average Flush Capacity (gal/flush), annual, natural log value

Water Price (household water bill, $2000), annual, natural log value
GA Stewardship Act (binary), monthly
January Binary, monthly

March Binary, monthly

April Binary, monthly
May Binary, monthly
June Binary, monthly
July Binary, monthly

August Binary, monthly
September Binary, monthly
November Binary, monthly
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Appendix D

Adaptive Strategies

This appendix provides a full list of adaptive strategies developed during the literature review (Table
D.1) and the review of the 2009 Management Plans (Table D.2 through D.4).

Table D.1: Adaptive Strategy List

Climate Trend J System Impacted

Adaptive Strategy

Central Tendency
Warm/Dry
Warm/Wet
Historical Trend
Water Treatment
Plants
Wastewater Treatmen
Stormwater
Conveyance Systems
Dams & Levees
Wastewater Collection
Streams & Ecosystems
Reservoir

Elevate facilities to avoid flooding fromincreased
storm depth X1 X X X X X

Floodproof facilities to avoid flooding from increased
storm depth X X X X X X

Relocate fadlitiesto higher groundto avoid flooding
from increased storm depth X[ X X X X X

Build levees to avoid flooding from increased storm
depth X | x X X X X

Changedrinking water treatment processesto address
water quality concerns from source water bodiesfrom
increased non-point source pollutantloads and other
potential future climate conditions

Add additionalchlorine boosters to address increased
temperatures X| X| X| X[ X] X X

Develop models to understand water quality changes
and costs of resultant changes in treatment due to

changesin non-point source pollutant loads and other XX x| x| x|px X X X X XX
potential future climate conditions

Retrofit water treatment plant intakes to

accommodate lower water levels in reservoirs and x| x| x| x X

decreased late season flows as a result of increased
drought

Monitorandinspectthe integrity of existing
infrastructure to handle existing and potential future X| X X| X| X]| X X X X X X X | X
climate scenarios

Establish alternative power supplies, potentially
through on-site generation, to support operations in X| X| X| X[ X[ X X X X X X
caseoflossof power

Improve pumps to avoid backflow preventionfrom
receiving and source water bodies withincreased X[ x X X X
waterlevels as a result of increased storm depths

cs%th DRAFT D-1
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AppendixD e Adaptive Strategies

Table D.1: Adaptive Strategy List

Adaptive Strategy

Design extra re-aerationto account forthe reduced
DOin the effluentand receivingwater bodies to
address potential increased temperatures and
pollutantloading.

Central Tendency

Climate Trend

Warm/Dry

Warm/Wet

Historical Trend

Water Treatment

Wastewater Treatment

System Impacted

Conveyance Systems

Dams & Levees

Wastewater Collection
Streams & Ecosystems

Reservoir

Land use planning changesto address increasesin
non-point source pollutantloads

Design plant outfalls, structures, and equipment at
higherelevationto address increases in stormdepth

Design water reuse systems to addresswatersupply
shortages during times ofincreased drought

Anticipate reduced flows from increased water
conservationduringtimes of increased drought

Anticipate changesin TMDLs and more stringent
permits to offset reduced stream flows due to
increaseddrought

Anticipate permits to require cooling wastewater
before discharging to receivingwater bodies and
design temperature treatment processes due to
increasedtemperatures

Anticipate needs for revisiting NPDES permitting
process for water qualitydue to increased
temperatures impacting water bodies

Identify weakness inthe processes that would be
stressed bysudden shifts between extreme operating
conditions due to increased storm depths.

Increase capadtyto hedge againstinfrastructure
losses, overflows, and disruptions due to increased
storm depths

Monitorsystems to understand the impact of higher
groundwaterinfiltration due to increased storm
depths

Conduct stress testing on wastewater treatment
biologicalsystems to assess tolerance to increased
heat

Design green infrastructure with a ppropriate
vegetation to address increased non-point source
pollutantloadings, increased storm depth, and
increased temperatures

Anticipate increased maintenance andinspection costs
due to increased drought, increased stormdepth, and
associated sedimenttransport

Anticipate damage due to tree root migration due to
increaseddrought

Develop models to predict future runoffconditions
due to increased storm depth
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AppendixD e Adaptive Strategies

Table D.1: Adaptive Strategy List

Climate Trend System Impacted
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Adaptive Strategy 3 o | @ 2 21 wl® 2
c - - E (= n Q (&) o
(] Fal Q ': = - - @ g - 2
2 5 = ] © ] [TIRe] ) ]
= S I Q © ®5 - © g =
5 E|E|ls|T. 3 2> | 2 gl S
c I I A 2 EL | »| & g | &
3 z|2|z |85 B SE|E| & o &
Szl 3 5SS 1al=3 3| &
Conductanalyses onextreme precipitation to wx Ix Px Ix I xllx X X | x « | x
understandtherisks ofimpacts on the system
Model systems to understand inflow and filtration,
and reduce system inflowand infiltration by
preventingillegal connections and leaks, as wellas O X X X
other prevention measures, to reduce flow volumes
duringincreased storm depths
Design ms for water r ressincr
desg systems for water reuse to addressincreased x| x | x| x X X X X X
rought
Regulate point source and non-point source pollutant
& P P P X X X X X X X X X X X X X X
loads
Acquire and manage ecosystems to regulate runoff
X X X X X X X

from increased storm depths

Monitor surface water conditions, i ncludingriver
discharge, streamflow, and water quality to XX [ X | X|[X]X X | X
understandimpacts of climate conditions

Monitorvegetation changes in watersheds to

understandimpacts of climate conditions XpXpxpxpxgx X
Practice fire management strategies, such as
mechanicalthinning, weed control, selective x| x| x| x X

harvesting, controlled burns, and creation offire
breaks to address increased drought

Modify filland withdrawal procedures for reservoirs to
address changesindrought, water supplyand XX [ X |[Xx[X
increased storm depths

Control reservoirs to limit flooding to address
increased storm depths

Work with irrigators to install advanced equipment to
addressincreased drought conditions

Practice water conservation and demand management
through water metering, rebates for water
conservationappliances, and/orrainwater harvesting | X | X | X | X | X [ X
tanks to address water supply concerns during times
of increased drought and increased water demand

Build infrastructure needed foraquifer storage and
recoveryto addresswater supply concerns during xIxIx!x|x]x X
times of increased drought andincreased water
demand

Diversify options to complement current water s upply,
includingrecycled water, to address water supply xIxIx x| x]x X
concerns duringtimes of increased drought and
increased water demand

Expand current resources by developing regional
waterconnections to allowforwatertradingintimes | X [ X [ X [ X [ X [ X X
of service disruption orshortage
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AppendixD e Adaptive Strategies

Table D.1: Adaptive Strategy List

Climate Trend System Impacted

Adaptive Strategy

Central Tendency
Warm/Dry
Warm/Wet
Historical Trend

Water Treatment
Wastewater Treatment
Conveyance Systems
Dams & Levees
Wastewater Collection
Streams & Ecosystems

Reservoir

Increase reservoir storage capacity, including silt
removal to expand capacity at existing reservoirs and
byconstructingnew reservoirs and/or dams to X[ X[ X [X[X[X X X
addressincreased water demands and increased
drought conditions

Manage reservoir water quality by investingin
practices such as lake aeration to minimize algal X[ X | X [X]|X[X X [ X
blooms due to higher temperatures

Conduct climate impacts and adaptation training for

staff X X X X X X X
Participate in community planning and regional wlx x| x| x| x X
collaboration related to climate adaptation
Monllt(.)rcyrrentweathercondltlonsmcludmg xlx Tx Ix !l x| x X
precipitation and temperature
EsFa!pllshmutualaldagreementSW|thnelghborlng wx x| x x| x X
utilities
Adoptinsurance mechanisms and other finandal
instruments, such as catastrophe bonds, to protect

R X R R L X X X X X X X
against financial losses associated with infrastructure
losses
Update drought contingency plans xIx x| x x| x X
Implement adaptive water rates to correspond with wlx x| x x| x X

watersupply

Develop communications package for customers
promotingincentives and available equipment for XX | X | XXX X
rainwater collection and water conservation practices
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AppendixD e Adaptive Strategies

Table D.2: Relevant Action Items from the 2009 Water Supply and Water Conservation Plan

2009 Water Supply Management Plan Action Items Identified Potential Climate Impacts
River Peak Nonpoint
Cat Descristion DW:‘ter: d SZ t4 :::‘ DO Low Stream  Source Comment
ategory escriptio ema ” Flow Flow Pollutant
Loads
5.1 | ConservationPricing X X All conservation measures can help mitigate rising
Replace Older, nefficient waterdemand and stress during low flow/drought
>:2 Plumbing Fixtures X X periods.
Require Pre-Rinse Spray Valve
>3 Retrofit Education Program X X
RainSensor Shut-Off Switches on
>4 New Irrigation Systems X X
55 Require Sub-Metersin New X X
’ Multi-Family Building
Assess and Reduce Water System
2.6 Leakage X X
5.7 | ConductResidential Water Audits X X
5.8 Distribute Low-Flow Retrofit Kits X X
Water : to Residential Users
Conservation Conduct Commercial Water
Program 5.9 Audits X X
Implement Educationand Public
5.10 X X

Awareness Plan

InstallHigh Efficiency Toilets and
5.11 | High Efficiency Urinalsin X X
Government Buildings

Require New Car Washes to

>.12 Recycle Water X X
Expedited Water Loss Reduction

5.13 X X
Multi-Family High-Efficiency

>.14 Toilets Rebates X X
InstallMeters with Point of Use

5.15 X X

Leak Detection
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AppendixD e Adaptive Strategies

Table D.2: Relevant Action Items from the 2009 Water Supply and Water Conservation Plan

2009 Water Supply Management Plan Action Items

Category

Description

Identified Potential Climate Impacts

Peak
Stream
Flow

River
DO Low
Flow

Nonpoint
Source
Pollutant
Loads 1

Water 24-hr
Demand Storm

Comment

1 Require Private Fire Lines to Be X X All conservation measures canhelp mitigaterising
>.16 Metered waterdemand and stress during low flow/drought
Water 517 Maintaina Water Conservation X X periods.
Conservation Program
Program 5.18 | WaterWaste Policy X X
Cont.
Require High Efficiency Plumbing
5.19 | Fixtures Consistent with State X X
Legislation
Return Redaimed Waterto Lake Return of reclaimed water can help supplement
Reuse 7.1 | LanierandAllatoona Lake for X X theseimportant water supply sources.
Future Indirect Potable Reuse
Support Construction of 6 More watersupplyreservoirs can help meet
8.1 | Planned Water SupplyReservoirs X X increasingwater demands and provide increased
Planned storage for droughts.
WaterSupply 8.2 Construct 6 New Water X X New andexpanded water treatment plants will help
Facilities ’ Treatment Plants meetwaterdemands. The effects of increased
Expand 28 Existing Water pollutantloads onwaterchemistryand required
83 | Treatment Plants X X treatmentshould also be considered.
Develop Local Water Master During planningefforts consider potential climate
9.1 | Plans X X X X impacts to water demand, drought, water quality,
and increased flooding risks of keyinfrastructure.
DeveloporUpdate Local Although droughts are the main concern for
Local Water 9.2 | EmergencyWaterPlans X X emergencywater plans, also consider planningfor
Planning instances of flooding of keyinfrastructure.
9.3 Source Water Supply Watershed Protect watersupplyfrom increased nonpoint
’ Protection X pollutionsources.
Water System Asset Management Ensureinfrastructureis wellunderstoodand
2.4 X X maintained.
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Table D.3: Relevant Action Items from the 2009 Wastewater Plan

2009 Wastewater Management Plan Action Items

Category

Description

Identified Potential Climate Impacts

Water
Demand

0

River
Szt“'h’ DO Low
?Prm N (1
N2

Peak
Stream
Flow

(N

Nonpoint
Source
Pollutant
Loads 1

AppendixD e Adaptive Strategies

Comment

6.1 Construct 19 New Wastewater X X New andexpanded WWTPs will increase available
’ Treatment Plants capacityto treat higher system flows related to
Expand 48 Existing Wastewater increased baseflow andincreased peak wet weather
6.2 | TreatmentPlants to Meet X X events
Capacity Needs
Upgrade Wastewater Treatment Planned treatment upgrades can help protect
Planned 6.3 | Plantsto Protect Water Quality X X X receiving waters from effects of lower DO, lower flow
Wastewater eventsandincreased nonpoint source pollution
Treatment Retire 24 Existing Wastewater Retiringthe oldestand worst performingplants can
Facilities 64 | Treatment Fadiities X X help protect water quality
Enhance Reliability of Wastewater Ensuring adequate firm capacityat plants and pump
6.5 | TreatmentPlants and Pumping X stations will help handle increased storm events
Stations without overflows
ReclaimWater for Lake Lanier Reclaimed water planned to augment these important
6.6 | andLakeAllatoona X watersupplysources to ensure demand can continue
to be met
Sewer SystemInventoryand All these measures lead to a better understood and
7.1 . X X X Lo . .
Mapping maintained collection system. This willbe of greater
7.2 | SewerSystemAsset Management X X X importance ifincreased baseflows, wet weather
- events, and potentialfloodingis seen.
7.3 | SewerSystemInspection Program X X X
W 74 SewerSystem Maintenance X X X
astewater Program
Cc;llection ;5 | SewerSystem Rehabilitation X X X
ystem Program
Inspection Capacity Certification Program Ensure adequate ca pacity available before authorizing
and 7.6 X X new connections
Maintenance Grease Management Program Help reduce clogging to keep as much capacity
7.7 X available for peakflow events
Sewer System Overflow Have plansinplace for whenoverflows dooccur.
7.8 EmergencyResponse Program X X These mayoccur more as peakstorm events increase.
Sewer System Inspection and Ensure other plannedactions are as effective as
7.9 . . X X X .
Maintenance Training possible
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AppendixD e Adaptive Strategies

Table D.3: Relevant Action Items from the 2009 Wastewater Plan

2009 Wastewater Management Plan Action Items Identified Potential Climate Impacts

Water 24-hr

River Peak Nonpoint

Comment
emand stom 00 fov Speam  Source

T T ap Loads 1

8.1 | SepticSystem Planning X X X Protect water quality through better maintenance and
3.2 SepticSystem Critical Area X X X planning of septic systems
) Management
Septic 33 SepticSystem Maintenance X X X
Systems and Education
Decentralized | 8.4 | SepticTank Septage Disposal X X X
Systems Private Decentralized Wastewater Ensure decentralized systems are preparedto handle
8.5 System Ordinance X X X X X X potential climate impacts and protect water quality
Septic System Coordination Protect water quality through better maintenance and
86 X X X planning of septicsystems
9 Develop Local Wastewater Incorporate potentialclimate impacts into | ocal
Local 1| MasterPlans X X X X X X wastewater master plans
Wastewater - — - - - —
Establish Policiesfor Connections Ensure adequate capacity available before authorizing
MasterPlans | 9.2 . X X :
to Public Sewer new connections
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AppendixD e Adaptive Strategies

Table D.4: Relevant Action Items from the 2009 Watershed Plan

2009 Watershed Management Plan Action Items Identified Potential Climate Impacts

River Peak Nonpoint

DO Low Stream Source
Flow Flow Pollutant

Loads

Water 24-hr
Category Description Demand Storm

Comment

Ensure developments manage their stormwater
Post-Development Stormwater

5.A.1 X X X qualityand quantityimpacts to limit downstream
Management fl . . .
ooding and nonpoint source pollution.
Floodplain Management / Flood Minimize future flooding i mpacts
5.A.2 . X X
Damage Prevention
More intense storms and higher water levelscan
Lega l, 5.A.3 | Stream BufferProtection X X . . g
Authority lead to increased erosion.
Illicit Discharge and Illegal Protect water quality from unauthorized discharges
5.A4 . X X
Connection to the stormwatersystem

Litter can cause blockages within the stormwater
5.A.5 | Litter Control X X systemduring storm events as well as potentially
increase pollutantloads

. Ensure developmentincludes watershed protection
Comprehensive Land Use

5.B.1 X X X measures anddoesnot escalate floodingrisks.
Planning
Future-Conditions Floodplain Consider future climate impacts while updating
5.B.2 . . X X .
Delineation floodplain maps.
Protect water quality through coordination with
5.B.3 | SewerandSepticPlanning X X X sanitarysewerandseptic system programs and
Watershed projects

Plannin
& Green infrastructure can have a variety of be nefits

depending onthe typesimplemented including
improved water quality, storing water duringstorm
events, orreplenishinggroundwaterto help
counteractriver low flows.

Greenspace and Green
5.B.4 | Infrastructure Toolsfor X X X X X
Watershed Protection
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AppendixD e Adaptive Strategies

Table D.4: Relevant Action Items from the 2009 Watershed Plan
2009 Watershed Management Plan Action Items

Identified Potential Climate Impacts

River Peak Nonpoint
DO Low Stream Source Comment
Flow Flow Pollutant
Loads

Water 24-hr
Category Description Demand Storm

Provides coordination to support other stormwater
Integrated Development Review and watershed management actionitems but limited
>.C1 Process direct effect on mitigating climate impacts.
Land —— -
Stormwater Design Criteria& Ensure best practices in place for stormwater design
Development >
5.C.2 | Standards (GeorgiaStormwater
Management Manual)
5C3 Construction Erosionand Limit erosion from construction sites
"7 | Sediment Control
Stormwater Infrastructure Asset management of the stormwaterinfrastructure
5.D.1 . . .
Inventory willleadto better understanding, maintenance, and
5.0.2 | Extentand Level of Service Policy improvements providing a better level of service and
Asset - limiting effects of increased stormevents.
Inspections (publicand private
Management | 5.D.3
systems)
5.0.4 | Maintenance
5.D.5 | Capital Improvement Program
Pollution Prevention/ Good Improve water quality through reductions in
. 5.E.1 | HousekeepingforLocal nonpoint source pollution and illicit discharges
PO””“F’” Operations
Prevention — -
Illicit Discharge Detectionand
5.E.2 L
Elimination Program
51 Long-term Ambient Trend Monitorwater qualityand quantity so strategiescan
Watershed e Monitoring be adjustedas trends arise.
Conditions Important monitoringfor general watershed health,
Assessment | 5.F.2 | HabitatandBiological Monitoring butlimited direct effect on mitigating spedific dimate
impacts
Education . . Education to build support for other measures and
and Public | 5.G.1 ;ocal Educaslonand Public buildawareness of personal behaviors effecting
Awareness wareness Frogram watershed health
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Table D.4: Relevant Action Items from the 2009 Watershed Plan

2009 Watershed Management Plan Action Items

Category

Description

Identified Potential Climate Impacts

River
DO Low
Flow

Water 24-hr
Demand Storm

Peak
Stream
Flow

Nonpoint
Source
Pollutant
Loads

AppendixD e Adaptive Strategies

Comment

5.H.1 Source Water Watershed X Protect water supply from nonpoint source pollution
o Protection
Address water qualityissueswhen waterbodies are
Total Maximum Daily Load not meeting designated standards. Monitorand
5.H.2 (TMDL) Management X X X change strategies as changingconditions seen.
Watershed-
Specific
P Limited direct relationship to identified climate
Measures . . . -
) ) impacts, although changing climate conditions can
5.H.3 | Endangered Species Protection putadditional pressure on endangered s pecies
Watershed Improvement Projectto addresss pecifically i dentified watershed
5.H.4 . X X X X X . .
Projects needs across a variety of categories.
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