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ABOUT THE WATER INSTITUTE OF THE GULF

The Water Institute of the Gulf is a not-for-profit, independent research institute dedicated to advancing
the understanding of coastal, deltaic, river and water resource systems, both within the Gulf Coast and
around the world. This mission supports the practical application of innovative science and engineering,
providing solutions that benefit society. For more information, visit www.thewaterinstitute.org.

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement
by the U.S. Government.
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The Capital Area Ground Water Conservation Commission (CAGWCC) oversees the use of groundwater
in six parishes in Louisiana. In carrying out its statutory responsibilities and authorities, the CAGWCC
recognizes the complexity of its decisions: the long-term objectives it is seeking are multifaceted; the
actions it can choose from are numerous and interdependent; and the understanding of the
hydrogeological, economic, and social systems affected by its actions is limited. To navigate this
complexity, the CAGWCC is developing a long-term strategic plan to guide its activities and to serve as a
primary mode of communication to stakeholders and the public. This document details the technical work
done thus far in Phase 2 to support the development of a long-term strategic plan.

Questions and comments from the CAGWCC on this report are welcomed. The goal of Phase 2 is to
provide the CAGWCC with the information and data necessary to support future complex decisions about
management of the aquifer. Feedback from the CAGWCC is needed to accomplish this goal.

Phase 2A will conclude in early 2022 with the submission of this report.

Mission Statement?

The mission of the Capital Area Ground Water Conservation Commission is to provide for the
efficient administration, conservation, orderly development, and supplementation of groundwater
resources in the parishes of Ascension, East Baton Rouge, East Feliciana, Pointe Coupee, West
Baton Rouge, and West Feliciana.

The Capital Area Ground Water Conservation Commission will develop, promote, and implement
management strategies to provide for the conservation, preservation, protection, recharging, and
prevention of waste of the groundwater resources, over which it has jurisdictional authority, for
the benefit of the people that the Capital Area Groundwater Conservation District serves.

L The mission statement is taken from the CAGWCC’s web site (https://www.cagwcc.com/site2015/aboutus-
mission.htm).
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The Louisiana Department of Natural Resources, Office of Conservation is acknowledged for providing
electrical logs and well registration data for this study. Potentiometric elevation and chloride data were
provided by the USGS Lower Mississippi-Gulf Water Science Center. Pumping data were obtained from
the Capital Area Ground Water Conservation Commission. Subsurface geology data were provided by
Dr. Frank Tsai at Louisiana State University.

The surveys described in this report were organized and implemented by the Water Institute of the Gulf,
Freese and Nichols, Inc., and the Capital Area Ground Water Conservation Commission and were not
conducted on behalf of the U.S. Geological Survey. The Institutional Review Board for the Protection of
Human Subjects in Research (IRB) has deemed that the public survey and interview research and
procedures are compliant with the University of Alabama, the University of New Orleans, and federal
guidelines and meet the standard for being exempt from further IRB review.

This report was prepared for and funded by the Capital Area Ground Water Conservation Commission.
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The Capital Area Ground Water Conservation Commission (CAGWCC; hereafter “Commission”)
engaged the Water Institute of the Gulf to aid in creating a strategic plan for proactive management of the
Southern Hills Aquifer System (SHAS), within the Capital Area Groundwater Conservation District
(CAGWCD) in southeastern Louisiana. In Phase 1 of this work, the CAGWCC developed, with help from
the U.S. Geological Survey (USGS) and the Institute, five fundamental objectives to guide management
decisions and the development of a strategic plan.

In addition, three high level management strategy alternatives were identified for consideration and
modeling of outcomes. Preliminary performance metrics, used to compare the modeled results of the
different management alternatives, were drafted in Phase 1.
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Table I. The fundamental objectives developed in Phase 1 of the development of a long-term strategic plan for the
Southern Hills Aquifer System of southeastern Louisiana, USA, to describe the long-term outcomes the Capital Area
Ground Water Conservation Commission (CAGWCC) aims to achieve, and the performance metrics developed to
render the fundamental objectives operational to evaluate different strategies for reaching the long-term outcomes.
CAGWCD, Capital Area Groundwater Conservation District (see Figure Il for mapped location).

Fundamental Objective Performance Metric

1 Achieve and maintain sustainable and resilient groundwater Mean potentiometric elevation across
withdrawal rates from the Southern Hills Aquifer System within =~ the CAGWCD at equilibrium,
the CAGWCD boundaries. separately for each sand.

2 Manage the aquifer to maximize availability of healthy, high- Individual subjective and objective
quality drinking water equitably to all residents of the metrics representative of drinking
CAGWCD indefinitely. water quality, quantity, and cost.

3 Manage the aquifer to maximize availability of clean and Composite unit cost of water supply
inexpensive water to commercial and industrial users in the for industrial users; this cost includes
CAGWCD indefinitely. the cost of water treatment to meet

required standards.

4 Reduce the movement of saltwater into the Southern Hills The mass of salt (chloride ion) in
Aquifer System and slow or halt the advance of the existing groundwater in all sands within the
saltwater plumes. spatial bounds of the CAGWCC

authority after 50 years,

corresponding to the planning
horizon of the long-term strategic
plan.

5 Minimize the risk of subsidence. Amount of subsidence at wells in the
CAGWCD.

Under Phase 2A, detailed in this report, these metrics were further developed, and specific methods for
calculating the metrics were drafted. Data analysis and modeling to evaluate the outcomes of the
management alternatives and calculate the performance metrics were also refined and begun during this
phase. In addition, forums were held to engage the CAGWCC and further facilitate discussion of strategic
plan development. The research activities engaged in during Phase 2 were separated into tasks (e.g., Task
2A.1, Task, 2A.3) to aid in project organization. The report is similarly organized to aid the reader. This
report details Phase 2A; Tasks 2.2, 2.7, 2.8, and 2.10 exist only in Phase 2B, and will be detailed in
following reports.

BACKGROUND AND GEOLOGY OF THE SOUTHERN HILLS AQUIFER
SYSTEM

The Southern Hills Aquifer System (SHAS) underlies approximately 14,000 mi? of southeastern
Louisiana and occurs as far north as Vicksburg, Mississippi (Figure I). It is referred to as an aquifer
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system because it consists of many confined, but interdependent, aquifer units (Hemmerling et al., 2016).
The SHAS ranges between 200-2,800 ft deep in the CAGWCD (which includes seven parishes
surrounding Baton Rouge, Fig. Il) (Buono, 1983). The aquifer system has been divided into as many as
13 aquifers (referred to as “sands”), although in the CAGWCD, 10 are primarily recognized (400-foot,
600-foot, 800-foot, 1000-foot, 1200-foot, 1500-foot, 1700-foot, 2000-foot, 2400-foot, and 2800-foot
sands). The aquifer layers dip to the south at an approximate slope of 40 ft/mile but can vary between 10
to 120 ft/mile (Meyer & Turcan Jr., 1955).

The SHAS is a confined aquifer system with multiple overlapping sand and clay units. Historically, prior
to the beginning of the pumping era in the late 1800s, the SHAS had been classified as artesian in the
Baton Rouge area, meaning a well that tapped the aquifer would freely flow above the land surface. In
1914, oil-refineries began to open in the Baton Rouge area and industrial pumping began (Meyer &
Turcan Jr., 1955). The parishes that are part of the Capital Area Ground are East Baton Rouge (EBR) and
West Baton Rouge (WBR), East and West Feliciana, Pointe Coupee, and Ascension (Figure I1).

Within the CAGWCD, there are two primary faults, the Denham Springs-Scotlandville Fault and the
Baton Rouge Fault (Fig. I11). A fault is the boundary between two blocks of sediment or rock that move
relative to one another. Both the Denham Springs-Scotlandville and Baton Rouge faults are active, but are
not known to be able to cause earthquakes. The Baton Rouge Fault is the approximate southern limit of
freshwater in the SHAS. South of the Baton Rouge Fault, the water in the aquifer system is generally
saline and not usable for potable water. The Baton Rouge Fault generally has a low permeability that
impedes horizontal flow across the fault (Pham & Tsai, 2017), except at certain high permeability areas
known as “leaky windows;” the implications of these leaky windows are investigated as part of Phase 2.

Outcrops of the SHAS—areas of exposed bedrock or areas of permeability where water can enter for
groundwater recharge—are primarily located south of Jackson, Mississippi, and in southwestern
Mississippi (Figure I). Recharge for the SHAS is primarily from direct percolation of precipitation to the
water table in the outcrop areas while discharge is primarily due to pumping (Buono, 1983). Prior to the
pumping era, discharge of the SHAS occurred as stream runoff or evaporation near the Baton Rouge
Fault. After the start of the industrial pumping era, in the early 1900s, groundwater began to be
intercepted as flow to pumped wells. Currently, the major discharge of aquifers in the SHAS is induced
by pumped wells. Groundwater storage in the aquifer is closely correlated with pumping rates as seen in
historical data (e.g., lower pumping rates led to increased well levels between 1975 and 1985) and
modeling studies (Hai Pham & Tsai, 2017).

Saltwater in Baton Rouge aquifers was first found in 1950 (Meyer & Turcan Jr., 1955). Since then,
several wells have seen increasing chloride concentrations throughout the SHAS near the Baton Rouge
Fault (Rollo, 1969; Tomaszewski et al., 2002). In 2007, USGS published a study that revealed eight out
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of the ten major aquifers north of the Baton Rouge Fault were observed to have had an increase in
chloride levels (Lovelace, 2007). Saltwater intrusion within the Baton Rouge sands is attributed to high
groundwater withdrawal rates in the Baton Rouge area (Rollo, 1969).
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Figure I. Boundaries of the Southern Hills Aquifer System (SHAS) in Louisiana (LA) and Mississippi (MS), United
States, with county and parish boundaries shown.
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Figure Il. The Louisiana parishes that are part of the Capital Area Groundwater Conservation District (CAGWCD).
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TASK 2A.1

To make informed decisions about aquifer management, the CAGWCC can benefit from an
understanding of the current state of the SHAS and its underlying geology. Information and data from
Task 2A.1 inform Performance Metrics 1 (sustainable groundwater withdrawal), 4 (saltwater intrusion),
and 5 (subsidence) (Table I). Cones of depression in the potentiometric surfaces can be seen in the water
level monitoring data for 2020 in every sand except the 400-foot and 1000-foot sands. Large cones of
depression, more than 10 miles across, can be seen in the 1200-foot, 1500-foot, 1700-foot, 2000-foot,
2400-foot, and 2800-foot sands (e.g., Figure 111; Figure 1V). These cones of depression exist both near the
center of industrial activity north of Baton Rouge and elsewhere, wherever large amounts of pumping
occur. The presence of these cones of depression has many implications for the aquifer health. The
reduced aquifer pressures inside the cones of depression near the Baton Rouge Fault induce saltwater
flow across the fault and result in saltwater intrusion into the sands. Saltwater intrusion is difficult and
expensive to remediate; prevention is easier and less expensive. Several wells in the CAGWCD approach
or exceed the U.S. Environmental Protection Agency (USEPA) Secondary Standard for chloride, 250
mg/L, as of December 2020 (Figure V). Monitoring of the saltwater plume will be crucial for managing
this threat to drinking water. Only a few wells are sampled for chloride in most sands. Over-pumping of
groundwater resources can also lead to aquifer compaction and land surface sinking, known as
subsidence. Compared to 1975, at the beginning of the CAGWCC’s management of the aquifer, the total
amount of groundwater pumped annually has increased, along with an increase in the number of active
wells, and the area over which pumping occurs (Figure V1).
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Figure Ill. Potentiometric surface contour map for the 1500-foot sand using data from June 2020 through December
2020 collected by the USGS. All data are in feet above the National Geodetic Vertical Datum of 1929 (NGVD29).
Points show the locations of wells from which water level data were used to create the contours; the first two letters of
a well name indicate the parish in which is located (PC, Point Coupee; EF, East Feliciana; EB, East Baton Rouge; Li,
Livingston). Contour interval is 10 ft. Contours are drawn as solid lines within the area in which there are available
data and as dashed lines outside this area. The blue lines represent the Denham Springs-Scotlandville fault to the
north and the Baton Rouge Fault to the south.
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Figure IV. Potentiometric surface contour map for the 2800-foot sand using data from June 2020 through December
2020 collected by the USGS. All data are in feet above the National Geodetic Vertical Datum of 1929 (NGVD29).
Points show the locations of wells from which water level data were used to create the contours; the first two letters of
a well name indicate the parish in which is located (PC, Point Coupee; EF, East Feliciana; EB, East Baton Rouge; Li,
Livingston). Contour interval is 5 ft. Contours are drawn as solid lines within the area in which there are available data
and as dashed lines outside this area. The blue lines represent the Denham Springs-Scotlandville fault to the north
and the Baton Rouge Fault to the south.
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Figure V. Chloride measurement locations from June 2020 to December 2020 collected by the USGS. Each point is
sized by its chloride concentration. The dashed lines show the Denham Springs-Scotlandville (north) and Baton
Rouge faults (south).
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Figure VI. Total pumpage as reported to the Capital Area Ground Water Conservation Commission (CAGWCC)
across the Capital Area Groundwater Conservation District in 2020. Each well that reported pumpage to CAGWCC
during this year is represented by a circle. The size of the circle indicates how much water was pumped at each well.
Units are in millions of gallons. The total amount of water pumped is a combination of the industrial and public uses of
water.

TASK 2.2

This task is part of Phase 2B, not Phase 2A, and will be covered in a future report.
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TASK 2A.3

To make informed decisions about the alternative management strategies, the CAGWCC will also need to
weigh the economic data and information, as well as have an understanding of the historical and future
demand for water in the CAGWCD. Information and data from Task 2A.3 inform Performance Metrics 2
(drinking water) and 3 (commercial water) (Table I). All sources of water (groundwater and surface
water) were included in the analysis; both domestic and industrial water use was considered. Water use
reports from USGS suggest that public supply is limited to groundwater sources in five of the six
parishes; some systems in Ascension Parish use a surface water supply. Groundwater exports from EBR
Parish also play an important role in meeting domestic water demand in Ascension Parish. Estimated
average per-capita demand for public supply water from 2010 to 2020 at the parish level was between
approximately 135 and 290 gallons per-capita per day. Total estimated groundwater withdrawals for
public supply in the CAGWCD in 2020 were approximately 32,000 million gallons (Figure VII).

Total industrial demand for water in 2020 was estimated to be slightly more than 600 million gallons per
day (MGD), with about 60 MGD coming from groundwater (Figure VIII). These numbers reflect a large
drop in groundwater demand since 2018, due to decreased withdrawals from a major facility in East
Baton Rouge Parish. For 2010 through 2018, estimated industry demand for groundwater was
approximately 100 MGD. The Water Institute of the Gulf also conducted a survey of industrial water
users to gain information on current water use and treatment, as well as treatment costs, to better
understand and predict how water costs to industry may be impacted by the different management
decisions (see Appendix E). The survey response rate was low, with only 19 out of 80 surveys providing
complete or partial data responses, with an additional four providing basic facility identification data.
Over 80 percent of the industrial entities surveyed utilize groundwater; the most commonly utilized sands
were the 1200-foot sand and 400-foot sand (Figure 1X). Treatment needs were variable, with fewer than
half the respondents with groundwater supplies indicating 100 percent treatment of groundwater.
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Figure VII. Estimated Groundwater Withdrawals for Public Supply in District parishes from 2010 to 2020. (See Fig. Il
for location of the parishes.) <Estimated withdrawals shown in the figure are based primarily on estimated usage
reported to CAGWCC as public supply. The analysis is described in greater detail in the main body of the report
under Task 2A.3.

Figure VIII. Estimated Year 2010 through 2020 partitioning of total groundwater and surface water usage for Industry
across District parishes. Partitioning estimates were developed using usage data reported by respondents in the
Industrial Water User Survey performed as part of this study, usage reported to CAGWCC, and information from
USGS and Louisiana Department of Transportation and Development (LA DOTD) cooperative reports on water use

Sargent, 2011). The analysis is described in greater detail in the main body of the report under Task 2A.3.
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Figure IX. Stakeholder-identified sands in the Southern Hills Aquifer System (SHAS) where groundwater source
originates as percent of respondents indicating use. Percentages were developed utilizing information reported by
respondents in the Industrial Water User Survey performed as part of this study as described in detail in Task 2A.3.

TASK 2A.4

Understanding public knowledge and perceptions of groundwater in the CAGWCD will also aid the
CAGWCC in their decision making. Information and data from Task 2A.4 will inform Performance
Metric 2 (drinking water) (Table I). The problem of saltwater intrusion has been drawing increased public
attention since 2010. In 2012, citizens requested a plan for Baton Rouge water management to ensure a
sustainable future (Louisiana Department of Natural Resources, Public Meeting, March 12, 2012). The
industry stakeholders urged the CAGWCC to make decisions based on science but recognized the need

awareness of both the sources of drinking water and the threats to drinking water (Magellan Strategies BR
2012a, 2012b, 2014). The Water Institute of the Gulf conducted a new survey in 2021 to assess the
current level of public awareness and knowledge as well as gain an understanding of the public
perceptions of water cost, quality, and quantity. According to this survey, public perceptions of household
water quality are very favorable in the CAGWCD (Figure X), yet many still rely on bottled water for
drinking. The majority of respondents (72%, n = 305 respondents) did not know the source of household
water was groundwater, and 78% had not heard about water management in their area. Respondents were
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divided as to whether or not they view saltwater intrusion as a pressing problem (Figure XI). These
survey results suggest the need for an awareness and engagement effort that extends to the entire District.

Figure X. Public perceptions of water quality in the Capital Area Groundwater Conservation District as measured by a
survey conducted by the Water Institute of the Gulf in 2021, with 305 respondents (Appendix F).
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Figure XI. Public perceptions of risk to household water in the Capital Area Groundwater Conservation District as
measured by a survey conducted by the Water Institute of the Gulf in 2021, with 305 respondents (Appendix F).

TASK 2A.5

Providing future water supply for domestic and industrial uses is one of the CAGWCC’s objectives.
Information and data from Task 2A.5 inform Performance Metrics 2 (drinking water) and 3 (commercial
water) (Table I). Thirteen concept portfolios, including a Status Quo scenario, for alternative water supply
and estimated planning-level costs associated with each were researched to aid the CAGWCC in
considering different options. The Status Quo scenario considered costs related to continuing the current
groundwater usage as is; this scenario estimates the costs for treatment of groundwater as the saltwater
plume continues to encroach on the aquifer. These planning-level analyses allow the CAGWCC to assess
the characteristics of supply options, key considerations for development, possible implementation
challenges, and anticipated relative magnitude of cost. The thirteen supply options considered provided a
range of water volumes from 0.5 million gallons per day (MGD) to 20 MGD, to be supplied from a
combination of water sources; the volume estimates are based on aggregations of historical groundwater
use by industrial users and included both potable and non-potable sources. On an annual cost basis, the
Status Quo scenario was the most expensive, followed by a 20 MGD potable surface water project
utilizing the Mississippi River (Figure XII; Figure XII1); however, surface water treatment had among the
lowest estimated unit costs per volume produced of the concepts examined. On a unit cost per 1,000-
gallon basis, brackish groundwater desalination was the most expensive. Water reclamation of both
industrial and municipal supplies were also considered. Industrial reclamation had a higher unit cost, but
municipal reclamation had a high annual cost. A combination of supply options is likely to serve the
CAGWCD best, and several potential portfolios of options were examined. Multiple funding
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development options, including grants, loans, and public-private partnerships for water supply
supplementation, have also been analyzed to inform the CAGWCC'’s decisions.

Figure XII. Estimated project concept capital cost in millions of dollars (October 2021 cost index). The analysis is
described in greater detail in the main body of the report under Task 2A.5 and in Appendix G. MGD, millions of
gallons per day at maximum capacity; SW, surface water; ASR, aquifer storage and recovery; GW Desal.,
groundwater desalination; Mun., municipal; Ind., industrial effluent; Inst., institutional effluent.
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Figure XIIl. Estimated project concept annual cost in millions of dollars per year (October 2021 cost index). Solid
shading reflects energy and operations and maintenance components, with debt service shown in semitransparent
shading. MGD, millions of gallons per day at maximum capacity; SW, surface water; ASR, aquifer storage and
recovery; GW Desal., groundwater desalination; Mun., municipal; Ind., industrial effluent; Inst., institutional effluent.
See Appendix G.

TASK 2A.6

A robust aquifer monitoring network is necessary to provide data to the CAGWCC to inform decision
making; this task assessed the ability of the current network to provide such data. Information and data
from Task 2A.6 will inform Performance Metrics 1 (sustainable groundwater withdrawal), 4 (saltwater
intrusion), and 5 (subsidence) (Table I). The state of the current aquifer monitoring network was found to
be generally good for monitoring the spatial extent of, and changes to, water levels and cones of
depression, but areas for improving monitoring were identified for specific sands. The 1,000-foot sand
was identified as needing the most improvement. Currently, 74 wells are monitored quarterly for water
levels on the USGS CAGWCC network. Collection of water level is most important around the fault line,
around the wells that are withdrawing groundwater, and around the saltwater plumes. Specific
suggestions for improving the monitoring network are given in the main body of the report (section Task
2A.6).
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The chloride monitoring network was also evaluated for its ability to adequately inform the CAGWCC on
the state of saltwater intrusion. Prior to 2021, 42 wells were sampled for chloride concentration once per
year by the USGS for chloride. A new agreement, beginning in FY2021, has increased the frequency of
measurement to twice per year for all chloride network wells. A total of 48 wells were suggested as
additions to the chloride monitoring network by the USGS and Dr. Tsai of Louisiana State University
(Baton Rouge, LA). The addition of these wells to the chloride monitoring network would better constrain
the location and movement of the saltwater plumes which is important for predicting the extent and
timing of saltwater intrusion into the aquifer sands.

Over-pumping of the aquifer has reduced aquifer pressures; this has led to saltwater intrusion, but also to
compaction of the aquifer and land sinking (subsidence). Subsidence has been seen in the CAGWCD
since at least the 1960s (Davis & Rollo, 1969). Leveling studies (1960s and 1970s), extensometer studies
(1975-1979 and 2001-2015), and Continuously Operating Reference System (CORS) GPS measurements
(2014-2021) were compiled to evaluate the relationship between water levels and subsidence (see main
body, section Task 2A.6 for citations of these studies). Extensometer measurements and currently
available CORS data are limited to the area around the Industrial District of Baton Rouge. The effects of
subsidence induced by groundwater extraction could affect the CAGWCD as a whole, not just the area of
greatest pumpage (Figure XIV). Results from a 1978 study suggest that 1100 square miles was affected.
The area affected by subsidence also seems to correspond with the area of the cone of depression in the
aquifer sands. The most recent extensometer measurements agree with earlier work that subsidence will
continue for several years after water levels stabilize. A table of subsidence rates measured in the
CAGWCD is provided in Table I1. The lack of consistent, regional subsidence monitoring in the District
hampers efforts to understand the relationship between water levels and compaction. A regional strategy
for monitoring subsidence will be an important component of future aquifer management.

Saltwater intrusion across the Baton Rouge Fault is recognized to occur across ‘leaky windows’ (areas of
high permeability) in this overwise low permeability zone. Using electrical and drillers logs, these leaky
windows were mapped to gain a better understanding of where monitoring may help to increase
knowledge of the movement of the saltwater plume (Figure XV). In East Baton Rouge Parish and areas
adjacent to the Mississippi River in West Baton Rouge Parish, 67 leaky windows were identified. Five
priority areas are indicated for increased monitoring and potential addition of new monitoring wells to
improve the understanding of where and how saltwater plumes cross the Baton Rouge Fault: Priority 1
area is from the Mississippi River to College Dr; Priority 2 area is from Lobdell Hwy to the Mississippi
River; Priority 3 area is from College Dr to Essen Ln; Priority 4 area is from Essen Ln to Bluebonnet
Blvd; Priority 5 area is from Sherwood Forest Blvd to Hickory Ridge Blvd (Figure XVI). Priority area 1
targets the current saltwater intrusion problem in the 1500-foot sand and 2000-foot sand near the fault.
Wells in Priority area 2 would help to investigate if saltwater plumes are migrating from the west side of
the Mississippi River. Priority areas 3 and 4 target potential saltwater intrusion in the 1200-foot sand.
Priority area 5 would be used to investigate saltwater intrusion to the 1700-foot sand.
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Figure XVI. Priority areas for establishment of new monitoring wells. The map shows the location of existing
monitoring wells (labelled as West Baton Rouge [WBR] or East Baton Rouge [EBR] with identifying numbers) and
location of pumping wells (blue squares). A total of 23 new wells were identified to improve monitoring of the

saltwater plume in these priority areas (see Task 2.6 of this report).
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Figure XIV. Contours of subsidence rate measured as in/yr in the CAGWCD. Modified from Fig 4 in Smith and
Kazmann (1978).
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Table II. Summary of subsidence rates in and around the Industrial District resulting from groundwater withdrawal.
The regional subsidence rate was subtracted from the rate determined by leveling and continuously operating
reference stations (CORS). These rates are given as a range to indicate uncertainty in the regional subsidence rate
(0.055 infyr to 0.12 in/yr). Total subsidence is the estimated excess subsidence over and above regional subsidence
for the time period. Note that the time periods vary considerably between the different measurements.

Total Subsidence

Subsidence Rate
due to Measurement

due to groundwater Data Source

groundwater Type

withdrawal (in/yr) ittt Al

1900-1965 0.06 -0.13 0.33-0.70 Leveling Davis and Rollo 1969
1938-1964  0.42 0.9* Leveling Wintz Jr et al.1970
1934-1976 0.36-0.43 1.26-1.51 Leveling Smith and Kazmann 1978
1975-1979  0.15 0.05 Extensometer Whiteman 1980

2001-2015  0.082 0.10 Extensometer ::]?Scipi?tzl data; analysis in
2014-2021 0.01-0.075 0.0058 - 0.044 DOTD CORS Abdalla 2021

*Wintz Jr et al. (1970) report this as the total subsidence attributable to groundwater extraction.

Figure XV. Leaky windows and their IDs for the 1500-foot sand in the Baton Rouge area of the CAGWCD. Leaky
windows exist in multiple aquifer sands and facilitate saltwater intrusion into the SHAS.
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Figure XVI. Priority areas to acquire more geological information and chloride data in the Baton Rouge area of the
CAGWCD. (See Task 2.6 of this report.)
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TASK 2.7

This task is part of Phase 2B, not Phase 2A, and will be covered in a future report.

TASK 2.8

This task is part of Phase 2B, not Phase 2A, and will be covered in a future report.

TASK 2A.9

Facilitated Forums are being held throughout all phases of strategic plan development. These forums,
hosted by The Water Institute of the Gulf for the CAGWCC, are intended to provide the CAGWCC with
the necessary background to make informed decisions about the management of the aquifer, and a forum
for questions and discussions related to the strategic planning process. Three Facilitated Forums were
held in Phase 2A to discuss the following topics: legal overview; economics; and environmental modeling
and data. During the first Facilitated Forum (held virtually, October 28, 2021), the Institute reviewed the
CAGWCC'’s legal authority, including their authority to set groundwater use priorities and define
“research data” and “detailed research.” These discussions provided a foundation for understanding how
the CAGWCC can exercise its legal authority and powers. The industrial water analysis was presented
during the second Facilitated Forum (also held virtually on October 28, 2021) by Freese and Nichols, Inc.
During the third Facilitated Forum (held virtually, November 30, 2021), the Institute presented on an
equilibrium analysis of the potentiometric surface consistent with current pumping rates and well data
(known as a “Darcy flow analysis”), and Dr. Tsai presented information on how a groundwater
availability model is constructed and how it can be used to inform decisions. More details about the
facilitated forum are presented in the section on Task 2A.9 in the main body of this report.

During Phase 2B the entire project team will continue to work with the CAGWCC to provide data,
information, and guidance on the development of a strategic plan for the CAGWCD. Phase 2B tasks
include the development of a Groundwater Availability Model to inform the CAGWCC on water supply,
a forecast of water demand across the CAGWCD, further economic analyses of alternatives, analysis of
public attitudes towards the alternatives, and a legal and policy analysis. The Institute looks forward to
working with the CAGWCC and our project partners on the important work to come.

TASK 2.10

This task is part of Phase 2B, not Phase 2A, and will be covered in a future report.
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COMMON UNITS

Throughout this report, we have reported the units that are commonly in use for the various metrics by
scientists and partners in the CAGWCD. These units include a mix of measurements from the Internatioal
System of Units, from other metric systems, from the British Imperial system, and from the United States
customary system. We have chosen to continue to report the metrics in the ways that are locally familiar
to people, rather than create a consistent set from a single system of measurement.

Abbreviation Term

°F Degrees Fahrenheit

ft Feet

gpcd Gallons per-capita daily
gpm Gallons per minute

in Inches

kg Kilograms

km Kilometers

kWh Kilowatt-hour

m Meters

m3 Cubic meters

Mgal Millions of gallons
MGD Millions of gallons per day
mi? Square Mile

mg/L Milligrams per liter
mm/yr Millimeters per year
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LIST OF ACRONYMS AND ABBREVIATIONS

ACS American Community Survey

AEP Annual Exceedance Probability

ASR Aquifer Storage and Recovery

BFE Base flood elevation

BOD Biochemical oxygen demand

BR Baton Rouge

C4G Center for Geoinformatics, Louisiana State University
CAGWCC Capital Area Ground Water Conservation Commission
CAGWCD Capital Area Ground Water Conservation District
CDBG Community Development Block Grant

COD Chemical oxygen demand

CORS Continuously Operating Reference Station
CWEF Community Water Enrichment Fund

CWSRF Clean Water State Revolving Fund

DBB Design-bid build

DBF Design, build, and finance

DBFOM Design, build, finance, operate, and maintain
DBO Design, build, operate

DBOM Design, build, operate, and maintain

DO Dissolved oxygen

DOTD Department of Transportation and Development
DWRLF Drinking Water Revolving Loan Fund

DWSRF Drinking Water State Revolving Fund

EBR East Baton Rouge

FEMA Federal Emergency Management Agency

FNI Freese and Nichols, Inc.
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Acronym

Term

GAM
GPS
GRP
GTUA
HUD
JA
INSAR
LA DOTD
LDEQ
LDNR
LGAP

LMG-WSC

LSU
MRAA
NGS
NWIS
o&M
OCD
P3
PWS
REAP
SHAS
SONRIS
SRF
TDS
USEPA
USGS

Groundwater Availability Model

Global Positioning System

Groundwater reduction plan

Greater Texoma Utility Authority

U.S. Department of Housing and Urban Development
Infrastructure Investment and Jobs Act
Interferometric Synthetic Aperature Radar

Louisiana Department of Transportation and Development
Louisiana Department of Environmental Quality
Louisiana Department of Natural Resources

Local Government Assistance Program

Lower Mississippi Gulf-Water Science Center, U.S. Geological
Survey

Louisiana State University

Mississippi River Alluvial Aquifer
National Geodetic Survey

National Water Information System
Operations and Maintenance

Office of Community Development
Public-Private Partnership

Public Water System

Regional Economic Analysis Project
Southern Hills Aquifer System
Strategic Online Natural Resources Information System
State Revolving Fund

Total Dissolved Solids

U.S. Environmental Protection Agency

U.S. Geological Survey
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WBR West Baton Rouge

WIFIA Water Infrastructure Finance and Innovation Act
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In June 2018, the Capital Area Ground Water Conservation Commission (hereafter, CAGWCC)
contracted with The Water Institute of the Gulf (hereafter, the Institute) to facilitate and undertake a three-
phase project (hereafter “the project”) to develop a long-term strategic plan for the management of the
Southern Hills Aquifer System (SHAS) within the Capital Area Groundwater Conservation District
(CAGWCD) in southeastern Louisiana. During Phase 1 of the project, which was completed in 2020, a
framework for the long-term strategic plan was developed (Runge et al., 2020). The Institute worked with
the U.S. Geological Survey (USGS) to facilitate five public meetings with the CAGWCC and used the
principles of structured decision making (Gregory et al., 2012) to elicit and develop the elements of this
framework with the CAGWCC. Much of the discussion within these facilitated meetings occurred
directly with Commissioners, but members of the public in attendance also had the opportunity to provide
comment. Phase 1 resulted in five fundamental objectives for the management of groundwater by the
CAGWCC, as well as the development of broadly defined alternative strategies for meeting these
objectives. Additional information on Phase 1 can be found in Runge et al. (2020). The fundamental
objectives will guide the work and research in Phase 2 and the development of the long-term strategic
plan.

In Phase 2 of the project, the Institute and other experts are evaluating alternative strategies as they relate
to the fundamental objectives developed in Phase 1 so as to provide a better understanding of the efficacy
of each alternative, and the trade-offs that need to be balanced when assessing the alternatives. This
analysis is occurring in two stages. First, initial analyses are being conducted to quantify the expected
demand for water within the Capital Area Ground Water Conservation District (hereafter CAGWCD) via
socioeconomic forecasting and the available, sustainable supply of water from the sands within the
aquifer (via Darcy flow analysis; [Darcy, 1856]). In addition, options for water supplementation are being
examined in terms of cost, availability, and other relevant concerns. From this information, it is possible
to estimate the water surplus or deficit over time and develop details for each alternative strategy (e.g., the
timing of production caps and the location of production zones). Second, a consequence analysis will be
used to evaluate the performance of those alternative strategies as they relate to the fundamental
objectives, including articulating and quantifying the uncertainties associated with each alternative.

Phase 2 was initiated in 2021 and will occur over multiple years in multiple phases: Phase 2A, Phase
2A1, and Phase 2B (Figure 1). The technical work within Phase 2A includes initial data gathering and
analyses that will be used in Phase 2A1 and Phase 2B. These latter parts of Phase 2 include economic
analyses, community outreach, and the development of the Groundwater Availability Model (GAM).
Phase 2A includes Tasks 2.1, 2.3, 2.4, 2.5, 2.6, and 2.9 (but not Tasks 2.2, 2.7, 2.8, and 2.10); Phase 2B
includes Tasks 2.2, 2.3, 2.4, 2.5, 2.7, 2.8, 2.9, and 2.10 (but not Tasks 2.1 and 2.6).
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PURPOSE OF THIS REPORT

This report serves as the final written update to the CAGWCC for Phase 2A of the project. It details the
Phase 2A work conducted and describes the next steps that will be part of Phase 2B. At the beginning of
each task section, there is a task description—maodified from the Scope of Work—for reference.
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Figure 1. This flow chart details how each task of Phase 2 interacts to support the fundamental objectives and the development of a strategic plan. Freese and
Nichols (FNI) and Dr. Frank Tsai from Louisiana State University (LSU Tsai) are project partners with the Institute (TWI). The USGS Lower Mississippi-Gulf Water
Science Center (LMG-WSC) is also participating in this work through its long-standing agreement with CAGWCC.
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The fundamental objectives describe the long-term outcomes that the CAGWCC aims to achieve through
its activities, including outcomes important to stakeholders. All work, throughout all phases, is guided by
the fundamental objectives, and thus it is useful to review them, in brief, here. For a more detailed

discussion see (Runge et al., 2020). “The District” refers to the CAGWCD in the fundamental objectives.

1. Achieve and maintain sustainable and resilient groundwater withdrawal rates from the Southern
Hills Aquifer System within the District boundaries.

2. Manage the aquifer to maximize availability of healthy, high-quality drinking water equitably to
all residents of the District indefinitely.

3. Manage the aquifer to maximize availability of clean and inexpensive water to commercial and
industrial users in the District indefinitely.

4. Reduce the movement of saltwater into the Southern Hills Aquifer System and slow or halt the
advance of the existing saltwater plume.

5. Minimize the risk of subsidence.

As part of Phase 1, the CAGWCC, in consultation with the Institute and USGS, drafted a set of
performance metrics. These metrics render the fundamental objectives operational for evaluating
the different alternatives. They will be finalized in Phase 2.

Performance metrics are quantitative or qualitative scales that enable the alternative strategies to be
objectively evaluated based on how well those strategies are advancing the fundamental objectives. As
such, performance metrics are a key component in both selecting the alternate strategy most likely to have
the preferred outcomes and, later, in evaluating how successful the strategy was after implementation.

During Phase 2, each of the metrics proposed in Phase 1 is being refined and the Institute is working with
project partners to develop the calculation methods specific to each metric. Thus far, the Institute has held
multiple meetings with the different project partners to refine the performance metrics. Calculation
methods for all metrics are being drafted and discussed. The USGS Lower Mississippi-Gulf Water
Science Center (LMG-WSC) and Louisiana State University (LSU) have been involved in the discussions
related to Performance Metrics 1 and 4, which reference potentiometric surface elevations and mass of
salt in the aquifer, respectively. Because these two metrics will be calculated using outputs from the GAM
developed in Phase 2, it is important to ensure these metrics are understood by the project partners and



that they can be calculated from model inputs. The Institute is refining Performance Metric 2, targeted
toward maintaining public access to drinking water and based on data relating to cost, quantity, and
quality. Performance Metric 3, cost to industrial users, was drafted by Freese and Nichols, Inc. (FNI) and
is based, in part, on the data that are available to support calculation and includes consideration of the cost
of treatment and the quantity of water that will be treated. Performance Metric 5 (“Minimize the risk of
subsidence”), is being developed by the Institute based on historical records of water levels, pumping, and
subsidence rates.

The proposed performance metrics for each of the fundamental objectives are described below. All of
these metrics are still under development and feedback from the CAGWCC is welcomed.

Objective 1:

Achieve and maintain sustainable and resilient groundwater withdrawal rates from the Southern
Hills Aquifer System within the District boundaries.

Performance Metric:
Mean potentiometric elevation across the CAGWCD at equilibrium, separately for each sand.

This objective will be achieved when the withdrawal rate in each sand is less than or equal to the recharge
rate for that sand. If this happens and the spatial distribution of withdrawal is fixed, then the pressure
levels throughout the sand would be expected to stabilize over time, along with the water levels at each
well. As such, stable water levels in wells or a stable potentiometric surface are sufficient indicators of
withdrawal rates that are sustainable with respect to water level (but not water quality or land subsidence
which are considered in other performance metrics). These indicators, however, may not be necessary,
because the spatial distribution of withdrawal need not be static; the locations of production wells may
change over time. Instead, it would be sufficient for the average water level across the sand to be stable.
This water level could be measured using water level data from wells in each of the sands, mapping the
potentiometric elevation and integrating over the area of the sand. This objective could then be visualized
as the shape, character, and spatial extent of the cone of depression. The proposed summary metric is the
mean water level, calculated as:

ﬁ_fs p(S) ds
[, ds
(1)

where:

p(S) is the potentiometric elevation that varies by spatial location (S) and the integration is taken
over the extent of the CAGWCD.



It is proposed to calculate this metric separately for each sand. An integrated metric across sands (e.g., by
adding the volumes of the respective cones of depression) could obscure impacts of concern within a
particular sand. During Phase 3, methods of tradeoff analysis incorporating the performance metrics of
individual sands will be developed.

The primary consideration for this objective is sustainability. Since sustainability cannot be calculated
directly, the metric is based on potentiometric elevation. An underlying assumption in using
potentiometric elevation to evaluate sustainability when comparing management alternatives is that the
potentiometric elevation has reached equilibrium at the end of the 50-year planning horizon. If a given
alternative shows that the potentiometric elevation is dropping at the end of the 50-year planning horizon,
it would be considered less sustainable than an alternative for which the potentiometric elevation that has
stabilized.

Because of the potential for the potentiometric elevation to change over time, two questions that will be
asked to serve as checks on this performance metric include:

Have the water withdrawals (within each sand) stabilized within the planning period?

Have the mean potentiometric elevations (within each sand) stabilized, in turn, within the planning
period?

Many different mean water levels could meet these two checks, but they may not all confer the same
degree of resilience. Further work will be needed in Phase 3 to define the desired levels at which to hold
the average water level in each sand.

Objective 2

Manage the aquifer to maximize availability of healthy, high-quality drinking water equitably to
all residents of the District indefinitely.

Performance Metric:

Individual subjective and objective metrics representative of drinking water quality, quantity, and
cost.

Drinking water metrics can be broken down into categories based on issues related to accessibility and
reliability (quantity), acceptability (quality), and affordability (cost). Both subjective and objective
metrics are necessary to provide an accurate baseline of drinking water quality. Subjective metrics are
calculated based on the public attitudes about groundwater that were collected as responses to the survey
conducted for Task 2A.4. The survey was designed to capture the public perception of the quantity,
guality, and cost of water resources in the study area using 33 water-related questions, and was
administered to 300 respondents using the Qualtrics platform (see Appendix E ). While the subjective
metrics are based on survey responses, it is important to note that the majority of survey respondents have



not read or heard anything regarding groundwater management, suggesting that 78 percent of respondents
are not aware of any type of quantity, quality, or cost issue.

The subjective metrics, which were captured in the survey conducted in Fall 2021, provide a baseline to
systematically assess the changes in the perceptions to groundwater management and quality across the
CAGWCD every five years. The subjective metric for water quantity will be derived from survey
question 24: “Please rate the following local water related issues on a scale of not a problem to very
serious”. To assess the public perception of water quantity issues, question 24 specifically asked
respondents to rate their perceptions of the seriousness of the depletion of water sources. The subjective
metric for quality is derived from the groundwater survey responses to question 14: “‘What do you think of
the following aspects (taste, odor, appearance, and feel) of the water in your household?’ The respondents
were asked to rank each of these aspects on a four-point scale ranging from “bad” to “excellent.” The
subjective metric for cost is derived from survey question 29: “What do you think of your current water
bills?” for which the respondents were asked to select from either “low,” “about right,” and “high”.

There are also objective measures for each category (quantity, quality, and cost). The quantity metric
incorporates the per capita consumption (gallons per person per day), the size of the population served by
the water system, and the fraction of time there are service disruptions.

Water Quantity = Per Capita Consumption X Population Served X (1 — Disruption of Service)

(2)

where
e Per Capita Consumption = (Total Volume of Domestic Water Produced / Pumped Daily)/ Total
Number of People Served

e Population Served = Total Number of Persons Served by the Domestic Water Supply

0 Total population based on census

or
0 Number of Service Connections x 2.5
= Where 2.5 represents the standard occupancy factor per service connection

e Disruption of Service = Number of Service Calls / Number of Connections

The objective metric for quantity represents the actual quantity used by households, whereas the quantity
of water available in the aquifer will be calculated by the GAM. Objective measures of drinking water
quality are best calculated using a minimum of ten variables from the following five classes: oxygen
level, eutrophication, health aspects, physical characteristics, and dissolved solids (Tyagi et al., 2020).
These water quality variables can be combined using a weighted arithmetic water quality index method
which classifies the water quality by degree of purity (Tyagi et al., 2020). Based on the available well
sampling information, the quality metric incorporates pH, specific conductance, chlorides, temperature,
total dissolved solids, alkalinity, color, hardness, salinity, nitrates, and total phosphorus.

XO:W;

Water Quality = SW
i

(3)



where

e Qi =the quality rating scale for each parameter
e irepresents the value related to a specific parameter

i =100 Vi - Vo
et = [si-vo]
(4)

where

e Viis the estimated concentration of i" parameter in the sample

eV, is the ideal value of this parameter in pure water
0 Vo =0 (except pH = 7. and dissolved oxygen (DO) = 14.6 mg/L)
o0 Pure water represents the ideal value, not the best measurement of local water quality
0 The ideal value is based on EPA Drinking Water Quality standards

e Sjisthe recommended standard value of the ith parameter

(5)

where

o K =proportionality constant and is calculated in Equation 6
e §jisthe recommended standard value of the ith parameter

(6)

where
e Sjisthe recommended standard value of the ith parameter

The cost objective metric incorporates the service affordability, monthly cost, and consumption levels.

Average Monthly Water Bill x 12
Median Household Income

Water Af fordability =

(7)

When a water bill increases above 2.5 percent of the median household income, the bill is considered to
have a significant impact on the household (The Pacific Institute & The Community Water Center, 2012).
The U.S. Environmental Protection Agency (USEPA) considers a combined annual water bill and
wastewater bill that is less than 4.5 percent of the median household income to be affordable (Stratus
Consulting, 2013).



Objective 3:

Manage the aquifer to maximize availability of clean and inexpensive water to commercial and
industrial users in the District indefinitely.

Performance Metric:
Composite unit cost of water supply for industrial users.

The performance metric for Objective 3 will provide context for industrial supply alternatives or
portfolios of alternatives examined in the study. The two major supply drivers for industries in the study
area, and which are incorporated into the language of Objective 3, are water quality and cost. Commercial
and industrial users have requirements for water quality which can be met by water treatment at their
facilities. Water quality and cost are directly linked through the cost of treating water (to achieve the
appropriate quality) and the connection to potential future alternate sources of supply. Due to this linkage,
the proposed performance metric examines composite unit treatment cost for industry under each supply
alternative scenario relative to current composite unit cost as shown in Equation (8):

Composite Unit Cost .
Cost Factor = ( P )scenario

(Composite Unit Cost) yrrent

Composite Cost = %
Zi=1 Vi
(9)

where

Vi is the volume of treated water for each source

Ci is the treated water cost per volumetric unit of that source

i reflects the existing industrial entities considered in the analysis
Xis count of entities

Evaluation of this metric is applied in the context of the industrial water users as a whole. Note that no
data are presented at the individual entity or facility level, in order to retain anonymity for individual
industrial water users.



Objective 4.

Reduce the movement of saltwater into the Southern Hills Aquifer System and slow or halt the
advance of the existing saltwater plume.

Performance metric:

The mass of salt (chloride ion) in groundwater in all sand layers within the spatial bounds of the
CAGWCC authority after 50 years, corresponding to the planning horizon of the long-term
strategic plan.

The total mass of salt in each sand layer is a measure of the degree of intrusion. Continued intrusion will
increase the mass while mitigation strategies such as scavenger wells will decrease the mass (scavenger
wells are designed to remediate the intrusion of saltwater by selectively removing it; Duplechin, 2013).
The desire would be for the mass of salt to stabilize in each sand layer, so there is no continued increase
in net salt. The proposed metric would add the mass of salt across each sand layer, without weighting, to
calculate a total salt mass for the aquifer.

The mass of salt is calculated as an unweighted sum of all sand layers after 50 years, corresponding
to the planning horizon of CAGWCC.

mg = 1073 Zgzl Pn,50 /4
(10)

where
e m;, = total mass of chloride ions (CI°) in groundwater within the spatial bounds of CAGWCC
authority, in kg.
e n=sand layer
¢ N = total number of sand layers
e V,=volume of sand layer n, in m®
® Dnso — average concentration of CI- in sand layer n at 50 years, in mg/L
e 1073 is the unit conversion factor from mg/L to kg/m?

The chloride ion (CI) concentration is used as a measure of salt concentration in calculation of this metric
because the GAM can calculate it readily, monitoring data are available for calibrating and validating this
parameter in the model, and it is well-correlated with total salt concentration. While the dominant cation
is sodium (Na*), there are other potential cations (Ca?*, Mg?*, and others), but the precise mix of cations is
not needed to measure the magnitude of saltwater intrusion.

This calculation methodology only considers the total mass of salt present at 50 years, which is the
planning horizon for the CAGWCC long-term strategic plan. This calculation method may not be the best
approach if different management strategies have the same concentration of salt at the end of the 50-year
period but different trajectories over time. In addition, the total mass of salt within the aquifer is
calculated as the unweighted sum of mass within each of the sand layers. Calculating the concentration of



salt within individual sands may be necessary to inform the fundamental objective of “Reduce the
movement of saltwater into the SHAS and slow or halt the advance of the existing saltwater plume” if the
salt concentration of one sand layer is changing drastically while the others are stable, or if the salt
concentration increases in some sand layers while decreasing in others.

To account for this potential change in salt concentrations, two checks of the performance metric will be
conducted:

1. Evaluation of the shape of the time-series of salt mass within the aquifer under varying
management alternatives, and

2. Evaluation of the trajectory of the salt in each sand layer over time under varying management
alternatives.

In the first check, the mass of salt at the end of 50 years will be retained as the calculation method if the
overall shape of the curve is similar for the management alternatives. If the shape of the curve varies for
different management alternatives, however, the average mass of salt per year will be used as a more
appropriate metric. In the second check, the trajectory of the salt in each sand layer over time will be
calculated. If the concentration of salt within the sand layers are well-correlated with each other, the
unweighted sum of the mass of salt in each sand layer will be kept as the calculation method (Eq. ( 10]).
If there is inconsistency in the behavior of mass of salt within each sand layer, the calculation
methodology will be revisited based on that analysis. For example, a single sand layer or subset of sand
layers may be identified as being most indicative of the status of the saltwater plume in the aquifer, in
which case the calculation method will be updated to limit calculation to only those sand layer(s) or to
weight the influence of those sand layers within the calculation more heavily.

Objective 5.
Minimize the risk of subsidence.
Proposed Performance Metric:
Amount of subsidence at wells in the CAGWCD.

A detailed review of subsidence data for the region is presented in the section, “Review of current
subsidence measurement activities.” Subsidence effects from groundwater pumping are highly localized
and thus should be calculated at well locations rather than averaged across the CAGWCD. However, due
to the deep nature of groundwater withdrawal and resulting broad cone of depression, the result of
subsidence can be broadly conceptualized to be a bowl-shaped depression of the land surface covering a
large portion of the CAGWCD, centered on the Industrial District (Figure 2). The metric would ideally be
calculated at all wells to monitor across the CAGWCD for subsidence hotspots which may change with
changes in the location of areas of large pumpage.

The relationship between water levels and measured subsidence will be used to calculate the subsidence
metric. The extensometer data provided by USGS is expected to provide the information for this
calculation as it provides the longest and most detailed record at any location in the CAGWCD. Careful



consideration will be given to how to apply the relationship between subsidence and water levels
determined in the Baton Rouge Industrial District to the wider CAGWCD. Analysis of the extensometer
data has been performed, and the data inform the next step in defining this metric. Analysis of the
historical subsidence record has provided a range of subsidence rates, from a minimum observed value in
the 1980s of approximately 0.055 in/yr to a peak observed value of 0.54 in/yr in the 1960s; these rates
result in very different potential amount of total subsidence over time (Figure 3). As discussed in more
detail later in this document (Task 2A.6 Evaluate the Existing Aquifer Monitoring Framework), historical
time lag between pumping and apparent effects on subsidence show a time lag of 5.5 to 9 years in the
Baton Rouge area, and subsidence can continue for decades after reductions in pumpage, due to the time
necessary for interbedded clay strata to re-equilibrate with rebounding groundwater pressures.



Figure 2. Top: Reproduced from Smith and Kazmann (Figure 5; 1978) showing a North-south subsidence profile
through Baton Rouge. Two periods are shown: 1964/65 to 1976 (A) and 1935/38 to 1976 (B). Bottom: The location of
survey monuments along this transect. A survey monument is a permanent marker set by a land surveyor to
reference a point on the landscape. Not all monument locations from the original study were located.
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Figure 3. Total subsidence extrapolated over 50 years for different subsidence rates in the CAGWCD. The high
estimate for regional subsidence was added to the extensometer measurements to make them comparable with the
leveling measurement. The high estimate of regional subsidence was also added to the rate from Wintz J et al.
(1970) because the report defines the reported subsidence value as the subsidence attributable to groundwater
extraction. The total subsidence at the end of the 50-year period is labeled at the end of each line. The subsidence
rate associated with each line is listed in the legend.

In order to define a performance metric for subsidence, it is important to determine the effects of
groundwater pumping on subsidence rates within the CAGWCD using the potentiometric surface
modeled by the GAM. It is also important to determine the potential effects of subsidence within the
CAGWCD, for example the effects on infrastructure, homes, and quality of life. These effects may be
directly damaging, through the impacts on regional-scale infrastructure such as highways, pipelines,
railroads, etc., or indirectly damaging, through the increased impacts of flooding on homes, and quality of
life impacts such as submerged roads.

There are several options to define a subsidence performance metric that will be explored and refined in
Phase 2B of the project. One performance metric that will be further evaluated is subsidence in terms of
downward movement of the land surface per unit time (inches per year, for example). The rate of this
metric could be benchmarked against a rate of subsidence that is deemed acceptable to the CAGWCC
with respect to the direct and indirect damages mentioned above.
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One direct linkage of this metric to stakeholder concerns within the CAGWCD is related to flood hazards.
Figure 4 and Figure 5 show Federal Emergency Management Agency (FEMA)-estimated 1 percent and
0.2 percent Annual Exceedance Probabilities (AEP; 100 and 500-year) flood depths for a neighborhood
near the Industrial District. In this example, the 0.2 percent annual chance flood depth is approximately
1.5 ft deeper than the 1 percent annual chance event, and is used as a proxy for subsidence of that amount,
equivalent to a rate of 0.6 in/yr. This value falls within the middle to upper part of the historically
observed subsidence rates for the area (0.2-0.8 inches/year). The FEMA maps show increased flood
depths in the area, which could lead to increased flood damages to homes and businesses, as well as more
impassable roads and other flood-related hazards. Figure 6 shows the increased extent of the flooded area
(shown in dark purple), which illustrates the potential for additional homes and businesses being exposed
to increased flood risk, including potential impacts to flood insurance requirements and costs to affected
homeowners.

Figure 4. FEMA-estimated 1 percent AEP (100-year) flood depth for a neighborhood near the Industrial District.
Warm colors (red) indicate deeper water, and cool colors (blue) indicate shallower water.
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Figure 5. FEMA-estimated 0.2 percent AEP (500-year) flood depth for a neighborhood near the Industrial District.

Warm colors (red) indicate deeper water, and cool colors (blue) indicate shallower water. The 0.2 percent annual

chance flood depth is ~1.5 ft deeper at this location, and is used as proxy for ~1.5 ft subsidence for demonstration
purposes.
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Figure 6. FEMA flood extents for the 1 percent (light purple) and 0.2 percent (dark purple) AEP flood events for a
neighborhood near the Industrial District.

This relationship to potential flooding impacts can be used to benchmark the performance metric of
groundwater pumpage-related subsidence (objective 5). This metric, combined with evaluation of the
other four performance metrics, allows for the consequences of potential management alternatives to be
weighed and tradeoffs to be considered. In addition, the CAGWCC could directly use this metric to set
limits on pumping based on modeled subsidence, under a range of pumping conditions, that falls below a
threshold of acceptability determined by the CAGWCC. For example, the threshold could be set to not
exceed subsidence anywhere in the CAGWCD greater than one foot over the time period of a 30-year
mortgage (0.4 in/yr) or six inches over the same time period (0.2 in/yr).
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This section provides a brief overview of the geologic background of the South Hills Aquifer System
(SHAS) as context for this report. A detailed summary of the geologic background of the SHAS was
produced in Phase 1 and is provided in the report State of the Science to Support Long-Term Water
Resource Planning (Mclnnis et al., 2020).

The SHAS underlies approximately 14,000 mi? of southeastern Louisiana and occurs as far north as
Vicksburg, Mississippi (Figure 7). It is referred to as an aquifer system because it consists of many
confined, but interdependent, aquifer units (Hemmerling et al., 2016). The SHAS ranges between 200-
2,800 ft deep in the Baton Rouge area (Buono, 1983). The aquifer system has been divided into as many
as 13 aquifers (referred to as sands), although in the Baton Rouge area, 10 are primarily recognized
(referred to as the 400-foot, 600-foot, 800-foot, 1000-foot, 1200-foot, 1500-foot, 1700-foot, 2000-foot,
2400-foot, and 2800-foot sands). The aquifer layers dip to the south at an approximate slope of 40 ft/mile
but this slope can vary between 10 to 120 ft/mile (Figure 8; Meyer & Turcan Jr., 1955). A general
summary of the geologic ages and names of major water-bearing sand units in the SHAS is included in
Table 1. The parishes that are part of the CAGWCD are East Baton Rouge, West Baton Rouge, East
Feliciana, West Feliciana, Pointe Coupee, and Ascension (Figure 9).
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Figure 7. Boundaries of the Southern Hills Aquifer System (SHAS) in Louisiana (LA) and Mississippi (MS), United
States, with county and parish boundaries shown.

16



Figure 8. Generalized north-to-south hydrogeologic section of the SHAS. Cross section goes through East Baton
Rouge Parish, Louisiana (Griffith, 2003).



Table 1. Geology of major sand units in the SHAS (LGS, n.d.)

Geologic Time

Hydrogeologic Unit

Age Baton Rouge
ears Before ystem quifer System rea Aquifer
(Years Bef S Aquifer S Area Aquif
Present) Unit
12,000 to 2.58 . . . LR
iHlion Quaternary Pleistocene Chicot Equivalent
mi 600-foot sand
800-foot sand
1000-foot sand
Evar.1ge| ne 1200-foot sand
Equivalent
2.58 t0 23.03 Tertiar Pliocene (possibly 1500-foot sand
million y at top) Miocene

1700-foot sand

Jasper Equivalent

2000-foot sand

2400-foot sand

2800-foot sand




Figure 9. The Louisiana parishes that are part of the Capital Area Groundwater Conservation District (CAGWCD).

The aquifer names commonly used to refer to the sands in the Baton Rouge area were determined by their
position relative to surface elevation in the Baton Rouge Industrial District (Figure 10). The Industrial
District is an area adjacent to the Mississippi River and north of downtown Baton Rouge where several
industries are located and withdraw groundwater from the SHAS for their operations (Meyer & Turcan
Jr., 1955).



Figure 10. Approximate location of the Industrial District in East Baton Rouge Parish. The depth of each aquifer within
the Industrial District yielded aquifer names, i.e., 1000, 1500, 2,000-foot aquifers.



The SHAS is a confined aquifer system with multiple overlapping sand and clay units. Prior to the
introduction of pumping in the late 1800s and early 1900s (Whiteman Jr., 1980; Meyer & Turcan Jr.,
1955) the SHAS was classified as artesian in the Baton Rouge area, meaning a well that tapped the
aquifer would freely flow above the land surface. All aquifers below the 600-foot sand in the Industrial
District for the SHAS were at one point artesian before the pumping era. The first-known constructed
well in the Baton Rouge area was a public supply well in 1892; records indicated that the well was drilled
to 758 ft and that the water would rise to within 6 ft of the surface elevation (Harris, 1905). In 1914, the
first oil refineries opened in the Baton Rouge area and industrial pumping began (Meyer & Turcan Jr.,
1955).

Within the SHAS there are individual sand and clay beds that vary in size. The sand layers are generally
around 75-200 ft thick. Clay intervals between the sand layers are usually 100 ft thick and can be 400-
500 ft thick (Whiteman Jr., 1980). The 1500-foot and 2000-foot sand layers generally dip and thicken to
the south and consist of sand intervals between 65 ft and 300 ft thick.

Within the CAGWCD, there are two primary faults, the Denham Springs-Scotlandville Fault and the
Baton Rouge Fault (Figure 11). A fault is the boundary between two blocks of sediment or rock that move
relative to one another. Both the Denham Springs-Scotlandville and Baton Rouge faults are active, but are
not known to be able to cause earthquakes. Activity along these faults was determined by breaks in
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Figure 11. The approximate location of two faults in the Baton Rouge area that impact the SHAS on a 1 m digital
elevation map (DEM). The northern fault is the Denham Springs-Scotlandville Fault, and the southern fault is the

Baton Rouge Fault. Saltwater intrusion into the SHAS occurs across the Baton Rouge Fault.Vertical offset of
geologic layers occurs across faults that have relative motion in the vertical direction. This type of motion
occurs along the Baton Rouge Fault, resulting in offset of the aquifer sand layers across the fault. This can
be seen in Figure 8, where sands north of the Baton Rouge Fault (left side of the figure) occur at
shallower depths than the same layer on the south side of the fault (right side of the figure). Sands on the
south side of the fault have experienced relative motion to the south and down as a result of motion along
the Baton Rouge Fault.



The Baton Rouge Fault is the approximate southern limit of freshwater in the SHAS. South of the Baton
Rouge Fault, the water in the aquifer system is generally saline and not usable for potable water. The
Baton Rouge Fault generally has a low permeability that impedes horizontal flow across the fault (Pham
& Tsai, 2017), except at certain high permeability areas known as leaky windows; the implications of
these leaky windows are investigated as part of Phase 2. The western extent of the SHAS is marked by a
zone of saline water within the Pliocene and Miocene sediments (corresponding to the Evangeline and
Jasper equivalent 800-foot to 2,800-foot sands, Table 1) that lie beneath the Mississippi River alluvial
valley (Hemmerling et al., 2016).

Outcrops of the SHAS—areas of exposed bedrock or areas of permeability where water can enter for
groundwater recharge—are primarily located south of Jackson, Mississippi, and in southwestern
Mississippi (Figure 7). The farthest northern extent of the outcrops for the SHAS is around Vicksburg,
Mississippi, in Warren County (Figure 7). Recharge for the SHAS is primarily from direct percolation of
precipitation to the water table in the outcrop areas while discharge is primarily due to pumping (Buono,
1983). Estimates of recharge in the SHAS have high uncertainty. A recent modeling study estimated that
a large proportion of total inflow (recharge) likely comes from the east and west (Hai Pham & Tsali,
2017). Within the model domain, the Baton Rouge area simulated a total average annual inflow of
580,000 m*/day (~150 million gallons per day) between the Denham Springs-Scotlandville and Baton
Rouge faults (Hai Pham & Tsai, 2017). Approximately 581,000 m*/day was estimated as flow leaving the
Baton Rouge area that was heavily associated with pumping of groundwater via wells (Hai Pham & Tsali,
2017).

Prior to the pumping era, discharge of the SHAS occurred as stream runoff or evaporation near the Baton
Rouge Fault. After the start of the industrial pumping era, in the early 1900s, groundwater began to be
intercepted as flow to pumped wells. Currently, the major discharge of aquifers in the SHAS is induced
by pumped wells. Groundwater storage in the aquifer is closely correlated with pumping rates as seen in
historical data (e.g., lower pumping rates lead to increased well levels between 1975 and 1985) and
modeling studies (Hai Pham & Tsai, 2017).

Saltwater, typically identified using chloride levels as a proxy, in Baton Rouge aquifers was first found in
well EB-123 screened in the 600-foot sand when chloride levels surged from 7 ppm in 1943 to 710 ppm
in 1950 (Meyer & Turcan Jr., 1955). Since then, several wells have seen increasing chloride
concentrations throughout the SHAS near the Baton Rouge Fault (Rollo, 1969; Tomaszewski et al.,
2002). In 2007, USGS published a study that revealed eight out of the ten major aquifers north of the
Baton Rouge Fault were observed to have had an increase in chloride levels (Lovelace, 2007).

Saltwater intrusion within the Baton Rouge sands is attributed to high groundwater withdrawal rates in
the Baton Rouge area (Rollo, 1969). There are two schools of thought on the sources of saltwater
intrusion into the Baton Rouge aquifers (Anderson, 2012; Bray & Hanor,1990). The first school of
thought is that saltwater has migrated up the Baton Rouge Fault, from older halite, commonly known as



rock salt, formations. The second school of thought is that brine associated with fractures in salt domes
south of the Baton Rouge Fault has moved north along Miocene sands to the Baton Rouge aquifers.



Task Summary: For the CAGWCC to proceed with long-term planning, additional background
knowledge of the aquifer is needed. The Institute will provide the requisite background materials as
well as a preliminary assessment of aquifer dynamics. Piezometric water levels will be used to
construct potentiometric surfaces. Conductivity and chloride measurements, well locations, and
groundwater pumping data will also be compiled and mapped.

CURRENT STATE OF THE SOUTHERN HILLS AQUIFER SYSTEM

A key component of the technical work in Phase 2 is the creation of synoptic potentiometric surface maps
to provide information on the current state of water levels in SHAS. The Institute has compiled USGS
data that were measured between June 2020 through December 2020. This period was chosen to
maximize the number of observations for each sand layer of the SHAS, while not extending the data
period beyond the range that is reasonable for a synoptic map. The number of measurements in each sand
layer during this time period ranges from four to 15 data points. For an area as large as the CAGWCD,
this is a relatively small number of points with which to construct a potentiometric surface. A kriging
interpolation method provides reasonable results and was used to construct the potentiometric surface for
all the sand layers. The software used to construct these maps was Surfer® (2021), a program designed
for scientific gridding. Examples of potentiometric surface maps for the 1500-foot sand and 2800-foot
sand are provided in Figure 12 and Figure 13; these maps reference National Geodetic Vertical Datum of
1929 (NGVD29). Maps for all the sand layers can be found in Appendix A. The potentiometric surface
maps provided are a useful aid for the CAGWCC’s understanding of the current state of the aquifer and
the current extent of data collection. These surfaces will also be used in the Darcy flow analysis, which
will provide the CAGWCC with a preliminary understanding of the sustainable withdrawal levels in each
sand layer.



Figure 12. Potentiometric surface contour map for the 1500-foot sand using data from June 2020 through December
2020 collected by the USGS. Points show well locations with water level data used to create the contours. Contour
interval is 10 ft. Contours are drawn as solid lines are within the area in which there is available data and as dashed
lines outside this area. The blue lines represent the Denham Springs-Scotlandville Fault to the north and the Baton
Rouge Fault to the south. The vertical datum is NGVD29.
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Figure 13. Potentiometric surface contour map for the 2800-foot sand using data from June 2020 through December
2020 collected by the USGS. Points show well locations with water level data used to create the contours. Contour
interval is 5 ft. Contours are drawn as solid lines are within the area in which there is available data and as dashed
lines outside this area. The blue lines represent the Denham Springs-Scotlandville Fault to the north and the Baton
Rouge Fault to the south. The vertical datum is NGVD29.

Data on chloride measurements has also been compiled—in a manner similar to the synoptic
potentiometric surface maps—to provide an understanding of the current condition of the chloride plume
in the aquifer. The compiled data are composed of USGS chloride level data collected in each aquifer
from June 2020 through December 2020. Fewer wells are sampled by USGS for chloride than for water
level. Additionally, chloride is currently only sampled once a year, but will be sampled twice a year for
2022 through 2024, according to a new agreement between the CAGWCC and USGS. During 2020, 30
wells within the SHAS sand layers were sampled for chloride concentration. The number and spatial
distribution of chloride measurements in the sand layers (Figure 14; Figure 15) were insufficient to create
contour maps; instead, the maps provided in Figure 16-Figure 18 show the location of chloride
measurements with graduated symbol sizes to show concentrations. The highest concentration reported
was 10,200 mg/L in well EB-805 in the 1000-foot sand. This well is located slightly north of the Baton
Rouge Fault (Figure 14). The lowest concentration reported (2.12 mg/L) was also found in the 1000-foot
sand in well EB-632. This well is located approximately 2.75 miles from the Baton Rouge Fault (Figure
15). The majority of SHAS sand layers have fewer than five wells sampled for chloride. The exception is
the 1500-foot sand, which has eight chloride measurements recorded during 2020, ranging from
approximately 2 mg/L to 298 mg/L (Figure 16). Maps of the chloride measurements and concentrations
for all sand layers can be found in Appendix C.

11



Figure 14. Chloride measurements within the CAGWCD from June 2020 through December 2020 collected by the
USGS. Each point is colored to reflect the sand layer within which it was measured.
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Figure 15. Chloride measurements with the Industrial District from June 2020 through December 2020 collected by
the USGS. Each point is colored to reflect the sand layer within which it was measured.
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Figure 16. Chloride measurement locations in the 1000-foot sand from June 2020 to December 2020 collected by the
USGS.
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Figure 17. Chloride measurements from the CAGWCD in the 1500-foot sand, measured between June 2020 and
December 2020 collected by the USGS.
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Figure 18. Chloride measurements within the Industrial District in the 1500-foot sand, measured between June 2020
and December 2020 collected by the USGS.
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DARCY FLOW ANALYSIS

By the end of Phase 2B, a GAM will be developed that will allow the CAGWCC to predict how different
management decisions affect the SHAS; however, Phase 2B is a multi-year phase. In the near-term, the
CAGWCC needs estimates of sustainable yields for each sand layer to support aquifer management. The
Institute has been conducting a Darcy flow analysis to address this need. Darcy flow analysis can provide
initial estimates of the groundwater yield for each sand layer and support preliminary water budget
calculations, which in turn support science-based management decisions in the near-term. This analysis
uses estimates of hydrogeologic parameters, such as aquifer transmissivity, to estimate withdrawal
amounts that can be sustained in the short term (Brown, 2002; Darcy, 1856). During Phase 2, the Institute
has been testing a method for the Darcy flow analysis using datasets from the USGS model (e.g.,
Heywood et al., 2014, 2019; Heywood & Lovelace, 2015) and incorporating subsurface geology data
from LSU. Institute staff have met with USGS to discuss the Darcy flow method, the input parameters for
the method, and how the parameters in the USGS model might help to define the parameters for the
Darcy flow analysis. The potentiometric surface maps are an important input to the analysis and were
completed to provide input to the Darcy flow analysis. There is uncertainty in the input parameters, and
thus it is anticipated that there will be uncertainty in the estimates of sustainable yield. Uncertainty is
expected to be quantified by investigating how changes to the input parameters change the end result.

The analysis uses Darcy’s Law (Darcy, 1856), the principle that governs how fluid moves through porous
media such as rock in the subsurface. It is stated by the equation:

dh
Q = —KAE (11)
where:
e Q =rate of groundwater flow (volume per time);

o K =hydraulic conductivity (physical parameter that accounts for how easily the fluid can
move through the pore space of the material);

e A =column cross sectional area; and

o dh/dl = hydraulic gradient, that is, the change in head over the length of interest.

The equation was based on a series of experiments designed to determine the flow rate of a fluid through
an inclined column of porous media, as illustrated in Figure 19.
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Figure 19. Schematic diagram of apparatus used in Darcy's flow experiments, modified from Herod (2013).

The Darcy flow calculations are being performed using the Groundwater Toolset of ArcGIS Pro (ESRI,
version 2.8.5). The tool uses the following inputs: groundwater head raster (potentiometric surface);
effective formation porosity raster; saturated thickness raster (sand unit thickness); and formation
transmissivity raster (hydraulic conductivity*saturated thickness, K*b). An example of output from a
simulation for the 2,000-foot sand is shown in Figure 20. It illustrates flow magnitude and direction using
gold vector arrows, and Residual volume at each voxel in MGD.

The next steps in this process are to calculate the sum of residuals (Darcy flux) for each sand layer, which
can provide an initial estimate of groundwater availability for preliminary water budgeting.
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Figure 20. Darcy flow output example for the 2,000-foot sand.

PUMPING DATA IN THE CAGWCD

Wells have been pumped in what is now CAGWCD since the late 1800s (Davis & Rollo, 1969; Wintz Jr
et al., 1970). Since the establishment of CAGWCC, it is required that pumpage from wells within the
CAGWCD be reported to CAGWCC. Currently, the pumpage is self-reported (also called voluntary
reporting) by users and the wells are not metered by the CAGWCC. The amount of water and the rate at
which it is pumped from the aquifer, and from each sand, is directly related to the potentiometric surface
height of each sand layer. An understanding of where this pumpage occurs and how pumpage patterns
have changed through time is necessary for the planning efforts of the CAGWCC.

Data prior to the establishment of CAGWCC were obtained from Davis and Rollo (1969) and Wintz Jr. et
al. (1970). These data are a single estimated total for the entire Baton Rouge area; no information on
specific wells is available. Data from 1975 through 2020 were obtained from CAGWCC; the pumpage
from specific wells is available from this data. The pumping data were reviewed to ensure consistency of
format and data completeness. It was particularly important to reference the CAGWCC Well Number
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with a location so that the spatial variability of pumping could be represented on a map. The CAGWCC
database had incomplete information on well locations. All wells in the CAGWCC database are identified
by a Well Number (e.g., 22005-274). This number is composed of the Louisiana state code (22), the
parish number (e.g., Ascension Parish is 005), and the local well number (e.g., 274) found in the Strategic
Online Natural Resources Information System (SONRIS) Well Registration database kept by the
Louisiana Department of Natural Resources (LDNR; Louisiana Department of Natural Resources, 2021).
Using this information, the Institute was able to pair each well with its latitude and longitude location.
During this process two wells in different locations were found to have the same Well Number in the
CAGWCC database. The Aquifer Code from the CAGWCC database (known as the Geologic Unit in the
SONRIS database) provides information on the specific geologic unit of SHAS that a well pumps water
from, defined at the time of drilling. Data from SONRIS was used to fill gaps in the CAGWCC database;
where the two data sources conflicted, the CAGWCC database was used. Beyond the Industrial District of
Baton Rouge the geologic units are less well defined, which leads to uncertainty in determining the
Aquifer Code. In these areas, the code assigned when the well was drilled is useful in understanding
pumping patterns at a high level.

Total pumpage per year in CAGWCD has increased from approximately 1,000 Mgal of water in the late
1800s to nearly 65,000 Mgal in 2011 at the peak of pumpage (Figure 21). The total amount of water
pumped is a combination of the industrial and public uses of water. Total pumpage has decreased in the
CAGWCD from 2018 to 2020; a portion of this decrease may be attributable to the closure of the
Georgia-Pacific facility north of the Industrial District. Between 1975 (Figure 22) and 2020 (Figure 23),
the spatial extent of pumping has expanded in all directions. The number of pumped wells in all parishes
has increased, and Ascension Parish has been added to the CAGWCD. Additionally, the spatial pattern of
pumping has changed. In 1975 pumping was concentrated in the Industrial District of Baton Rouge
(Figure 24). By 2020, large amounts of pumping occur outside the Industrial District as well as within it
(Figure 25). Additional maps of pumpage are provided in Appendix B. These maps are provided for 1975,
1980, 1990, 2000, 2010, 2015, 2016, 2017, 2018, 2019, and 2020. Data are available to map the pumping
distribution for any year between 1975 and 2020.
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Figure 21. Total pumpage in CAGWCD bhoth before and after the establishment of CAGWCC. Data prior to the
establishment of CAGWCC were obtained from Davis and Rollo (1969) and Wintz Jr et al.(1970). The total amount of
water pumped is a combination of the industrial and public uses of water.
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Figure 22. Total pumpage as reported to CAGWCC across the CAGWCD in 1975. Each well that reported pumpage
to CAGWCC during this year is represented by a circle. The size of the circle indicates how much water is pumped at
each well. Units are in millions of gallons. The total amount of water pumped is a combination of the industrial and
public uses of water.
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Figure 23. Total pumpage as reported to CAGWCC across the CAGWCD in 2020. Each well that reported pumpage
to CAGWCC during this year is represented by a circle. The size of the circle indicates how much water is pumped at
each well. Units are in millions of gallons. The total amount of water pumped is a combination of the industrial and
public uses of water.
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Figure 24. Total pumpage as reported to CAGWCC in the Baton Rouge Industrial District in 1975. Each well that
reported pumpage to CAGWCC during this year is represented by a circle. The size of the circle indicates how much
water is pumped at each well. Units are in millions of gallons.
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Figure 25. Total pumpage as reported to CAGWCC in the Baton Rouge Industrial District in 2020. Each well that
reported pumpage to CAGWCC during this year is represented by a circle. The size of the circle indicates how much

water is pumped at each well. Units are in millions of gallons.

When considering the problem of saltwater intrusion, both the location of pumping and the specific sand
layer from which water is pumped are important factors. Using the Aquifer Code to map the locations of
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pumping provides the ability to show which aquifers are being pumped throughout the CAGWCD (Figure
26; Figure 27; Figure 28; Figure 29). Only the SHAS sand layers were specifically mapped. Many of the
new wells added between 1975 and 2020 were drilled in the deeper sand layers (Figure 26, Figure 27).
New wells in East Baton Rouge (EBR) and West Baton Rouge (WBR) parishes were also drilled in the
shallower sand layers (600-foot sand to 1500-foot sand). New wells in the Industrial District were largely
drilled in the shallower sand layers (400-foot sand to 600-foot sand; Figure 28; Figure 29). Maps of this
type were created for 1975 and 2020, but can be created for any year between 1975 and 2020. The overall
pattern of well development has broadened across the CAGWCD to include an increased number of wells
across a larger geographic area including Pointe Coupee, East Feliciana, West Feliciana, and Ascension
Parishes. The wells in Ascension Parish are shown as “all other values” because they are not located in
the SHAS aquifers of most concern for this project and the CAGWCC.
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Figure 26. Pumpage from the 10 primary SHAS aquifers of most concern for strategic planning across the CAGWCD
according to CAGWCC records from 1975.
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Figure 27. Pumpage from the 10 primary SHAS aquifers of most concern for strategic planning across the CAGWCD
according to CAGWCC records from 2020.
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Figure 28. Pumpage from 10 primary SHAS aquifers in the Baton Rouge Industrial District according to CAGWCC
records from 1975.
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Figure 29. Pumpage from the 10 primary SHAS aquifers in the Baton Rouge Industrial District according to CAGWCC
records from 2020.
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TASK 2.2 QUANTIFYING GROUNDWATER
SUPPLY FOR THE CAPITAL REGION

This task is part of Phase 2B, not Phase 2A, and will be covered in a future report.

TASK 2A.3 EVALUATING WATER DEMAND
ACROSS THE CAPITAL REGION

Task Summary: Water demand is dynamic, with factors such as population and economic growth,
technology, weather and consumer behavior affecting patterns of use. Long term planning requires
an appreciation of its dynamic nature, and the appropriate means for evaluating demand considers
such factors. For use in strategic decision making and modeling, factors will need to be quantified
and estimated through a range of possible outcomes, first looking at historical demand and
evaluation of water use.

UNDERSTANDING HISTORICAL AND CURRENT DOMESTIC DEMAND

Evaluation of historic and current domestic water demand is a vital component in developing an
understanding of the overall regional water needs and potential future demand growth. The following
report subsections document the available references on water use within the CAGWCD, the detailed
methodologies utilized to estimate domestic and industrial water demands, and efforts undertaken as part
of the study to collect additional data regarding industrial water use characteristics.

Overview and Data Sources

While characterization of domestic water demand may be relatively straightforward in areas with a single
water provider, for more complex regions, multiple factors influence both water use characteristics and
the availability of detailed data. Domestic water supply and use characteristics within the CAGWCD are
diverse, incorporating areas of suburban and urban development supplied by a number of water suppliers
of varying size, system age, pricing structures, and data management practices, with additional substantial
rural areas and associated self-supplied groundwater.
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To inform the assessment of domestic use, available data sources related to population, water use, and
well information in the CAGWCD parishes and the State of Louisiana were reviewed, including:

e Groundwater well pumpage summaries by well owner developed by the Institute and CAGWCC,
available annually from 1975 to 2020;

o Groundwater Well Registration database from the LDNR SONRIS data portal (accessed 2021);

e USGS and Louisiana Department of Transportation and Development (LA DOTD) cooperative
reports on water use and the SHAS (Lovelace, 1991; Lovelace and Johnson, 1996; Sargent, 2002;
Sargent, 2007; Sargent, 2011; Collier and Sargent, 2018);

e National water use data reported by source (surface water, groundwater) and category (e.g.,
public supply, industrial) from the USGS National Water Information System (NWIS), available
every five years from 1985 to 2015;

e Louisiana House Concurrent Resolution (HCR) No. 115 (2016) groundwater study report
(LDNR, 2017);

e Findings of the Louisiana Parish Population Projections Series, 2010-2030 developed by LSU
(Blanchard, 2007);

¢ Findings of the Water Resources Assessment for Sustainability and Energy Management
performed by the Institute (Hemmerling et al., 2016);

e The Louisiana Public Service Commission 2017 Water Rates in Louisiana report (Purpera et al.,
2017);

¢ Population estimates in the Regional Economic Analysis Project, developed by the U.S. Bureau
of Economic Analysis Regional Income Division; and

e Population and housing data from the U.S. Census and the American Community Survey (U.S.
Census Bureau, 2019).
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Populations within the CAGWCD were assessed at the parish level for each decade for 1980-2010 and
annually for 2011-2020. Table 2 demonstrates the years in which data are available from various sources.

Although American Community Survey (ACS) data are available on an annual basis for 2010 and later,
they were not used in the assessment of municipal demands. ACS five-year estimates represent data
collected over a five-year period and therefore are not always up to date when estimating total population
counts of a geographical area. ACS one-year estimates generally have higher accuracy, but because less
data are available from a single year, summary data are not available for geographical areas with a
population of less than 65,000, so data are not available within the CAGWCD except for the two more
populous parishes (Ascension and EBR). Both the Regional Economic Analysis Project (REAP) and the
five-year ACS estimates indicated a growth curve that fell behind the decennial Census counts by 2020,
suggesting that the methodologies of the annual datasets underestimated growth rates. Decennial Census
data provide the most detailed look at population distributions. Figure 30 highlights areas of growth
across the CAGWCD from 2010 to 2020 using decennial Census counts. From 2010 to 2020, Ascension
Parish and EBR Parish grew rapidly, with average growth rates of +1,929 and +1,661 persons/yr,
respectively. WBR Parish grew more modestly, gaining 341 residents per year on average, and the three
remaining parishes lost population.
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Table 2: Population data availability by source and year.

Data Type

Source
Dataset

Decennial

Source 1980 1990

U.S. Census

Population v v
opufatio Census Bureau
1-Year ACS U.S. Census v
Bureau
5-Year ACS U.S. Census v
Bureau
Regional
Regional Income
Economlc Divisions, v v
Analysis Bureau of
Project Economic
Analysis
Water Use LA DOTD in
in Louisiana = cooperation v v
reports with USGS
Population Water Use LADOTD in
served by in Louisiana = cooperation v v
public supply ' reports with USGS
Appendix Purpera et al. v
EW (2017)

(1) Population served by each public water supply system reported in Purpera et al. (2017) is assumed to be
population served in 2015, but the source document does not clarify the date of the population estimate.
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Figure 30. Population Density Change in District parishes (2010 to 2020).

The Water Use in Louisiana reports, published by USGS and LA DOTD every 5 years, also report parish
populations; these populations are available for every parish and match 1-year ACS data where they are
available. Because the REAP and ACS datasets did not ultimately align with growth indicated by the
2020 Census, those data were not used. Instead, municipal demand estimates for 2010 to 2020 were based
on decennial Census counts and USGS-LA DOTD parish populations in 2015, with linear interpolation
applied from 2010 to 2015 and from 2015 to 2020.

The USGS-LA DOTD reports also include an estimate of the total number of residents served by public
water supply systems in each parish. Purpera et al. (2017) provided an estimate of populations served by
some of the larger public supply systems in the area. However, the associated year of the system-level
population estimates reported by Purpera et al. (2017) was unclear, and these population estimates did not
align well with total estimates of publicly supplied population in the USGS-LA DOTD “Water Use in
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Louisiana” report (2015). Because the system-level population data did not appear to align with USGS
data, population and water use were not assessed at the system level.

Historical and current domestic water demands were estimated using the population data discussed in the
previous section, in conjunction with water use estimates from CAGWCC and USGS (Table 3). Domestic
demand discussed here includes water for residential, commercial, or institutional use provided through a
public water supply system as well as self-supplied water for residential use pumped from private
groundwater wells. Population, per-capita water consumption, public supply groundwater withdrawals,
and total estimated domestic demand were estimated on an annual basis at the parish level from 2010 to
2020. Limited data and associated documentation were available at the water system level, and as a result,
demands were not estimated at the water system level.

Table 3: Domestic water use data availability by source and year

Groundwater Use  Annual groundwater CAGWCC v v v v v
for Public Supply pumpage, by parish and
by well owner

Water Use in Louisiana LA DOTD in v v
reports, by parish cooperation with
USGS
Surface Water Use ~ Water Use in Louisiana LA DOTD in v v
for Public Supply reports, by parish cooperation with
USGS
Population served = Population served by LADOTD in v v
by public supply or = public supply or by self-  cooperation with
self-supplied supply, by parish USGS
Appendix E® Purpera et al. v
(2017)

(1) Population served by each public water supply system reported in Purpera et al. (2017) is assumed to be population served in
2015, but the source document does not clarify the date of the population estimate.

Records of groundwater withdrawals are not available for private residential wells, and data on surface
water usage for public supply were not available, with the exception of USGS estimates in 2010 and
2015. Because detailed, annual groundwater pumpage information was available from CAGWCC, this
was the primary data source for estimating per-capita demands. Per-capita demand was estimated each
year in each parish for all users of publicly supplied water based on the groundwater withdrawals reported
to CAGWCC and the estimated population using publicly supplied groundwater. The number of residents
using surface water in each parish were estimated using 2010 and 2015 estimates from USGS NWIS. The
population of surface water users was interpolated between these values in 2011 through 2014. Due to
lack of information regarding growth of surface water use, the 2015 value was extended through 2020
rather than assuming any change in usage. This surface water user population was subtracted from the
total publicly supplied population such that per-capita demand could be based on groundwater public
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supply users only. Then, that per-capita demand was applied to the surface water users to estimate the
approximate amount of surface water demand (this primarily applied to Ascension Parish, but USGS
NWIS data showed a few surface water users in West Feliciana Parish prior to 2015). Finally, the
population estimated to use self-supplied groundwater was multiplied by an assumed constant per-capita
demand and added to the public supply groundwater pumpage and estimated surface water use to estimate
the total annual domestic water demand in each parish for years 2010 to 2020.

Two approaches were used to estimate the number of residents in each parish using private wells rather
than public supply, and per-capita demand rates for public supply systems were estimated from the
remaining population. Due to the uncertainty of publicly supplied and self-supplied population estimates,
both results from the two approaches are presented here to indicate a likely range of per-capita demand.

e Approach A: The self-supplied population in each parish was calculated as the number of
domestic self-supply wells multiplied by the average household size in that parish. Number of
wells was based on those listed as currently active and used for domestic self-supply in the LDNR
SONRIS groundwater well database. The typical household size was derived from parish-level
estimates in the 2019 ACS 5-year dataset, and this household size was assumed to be a reasonable
estimate for all years 2010 through 2020.

e Approach B: Domestic self-supplied population by parish was reported in the USGS NWIS in
2010 and 2015. The trend between these years was assumed to be linear and to continue into the
future to 2020.

Approach B estimated a higher number of residents using self-supplied groundwater instead of public
supply compared to Approach A, particularly in Ascension Parish. This difference in estimates could be
due to incomplete well data in SONRIS due to wells not reported to DNR by owners or drillers but could
also be the result of varying household sizes and the estimation approach used by USGS, which relies on
estimates of publicly supplied populations from the U.S. Census Bureau’s American Housing Survey.

The estimated range of average annual per-capita water demand from 2010 to 2020 by parish is shown in
Figure 31. Figure 32 illustrates groundwater pumping for public supply over time by parish in the
CAGWCD. Several factors should be considered in examining these estimates:

¢ Information in these figures is based on estimated usage reported to CAGWCC as public supply.
e For some water systems, a portion of public supply may serve end uses other than direct domestic
consumption, such as common areas, non-industrial commercial development, or small-scale

manufacturing.

e Usage reported to CAGWCC as public supply by correctional facilities and prisons was
recategorized for assessment with industrial demands because the types of strategies developed
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for industrial use are considered to be more relevant to these institutions. As a result, these
demands are excluded from this discussion of municipal and domestic demand.

It should be noted that due to the considerations described above, Figure 31 does not reflect direct
household-level domestic use, but rather an overall high-level estimate of per-capita public
supply demand (excluding users with private groundwater wells).

Ascension Parish became a member of CAGWCD in 2018, with reporting of pumpage data
becoming available beginning in 2019. Groundwater withdrawals for public supply reported by
LA DOTD and USGS were used to estimate pumpage in the parish prior to 2019.

Water use reports from USGS suggest that public supply is limited to groundwater sources only
in five of the six parishes; some systems in Ascension Parish use a surface water supply.
Available surface water withdrawal data were small relative to estimates of surface water user
populations in the same dataset (USGS NWIS), so the surface water withdrawal data were not
used. Instead, the population estimated by USGS to use surface water supplies was multiplied by
the same per-capita demand developed for groundwater users in Ascension Parish to estimate
historical demand for surface water supply.

Groundwater exports from EBR Parish play an important role in meeting domestic water demand
in Ascension Parish; therefore, Ascension Parish and EBR Parish were evaluated together to
estimate a combined per-capita demand rate, since much of the pumping from EBR Parish has
been used to satisfy a large component of domestic water demand in Ascension Parish, but the
volume of that transferred supply is not known in all years.

Water demands by self-supplied domestic users, including rural residents with small household
wells, have been estimated based on an assumed per-capita demand of 80 gallons per-capita daily
(gpcd), which is an equivalent value to that used in Collier and Sargent (2018).
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While Task 2A.3 is focused primarily on developing an understanding of historic and current levels of
water use, subsequent analyses under Phase 2A1 and 2B of the study will utilize this information in
examining potential future water needs through a projection process anticipated to incorporate:

e Extrapolation of Census and ACS population trends through a multi-decade horizon;
e Projection of future water use to be compared against sustainable groundwater production;

o Estimation of the future spatial distribution of water demands based on Census and ACS trends as
well as current build-out; and

o Consideration of variability in future unit demand forecasts.

Similar to the assessment of historic and current water use, estimation of potential future water needs will
examine municipal demands for all District parishes and consider available data for usage from multiple
water source types. While groundwater production is vital to the area and the ultimate focus of the study,
the water supply landscape within the CAGWCD is complex; for example, Ascension Parish includes a
combination of surface water, locally produced groundwater, and externally produced groundwater to
meet demand. This combination of water supply sources necessitates an inclusive approach to supply
examination.

In order to enhance domestic water use study data, refine estimates of household and per-capita use, and
integrate these data and estimates with associated study components, the project team and CAGWCC
staff have coordinated regarding distribution of a detailed data request letter to the water providers within
the CAGWCD. The list of requested items includes details related to system intake, volumetric usage by
demand category, billing amounts and structures, service area boundary and population, and water supply
quality and reliability indicators. In addition to refining understanding of current domestic demand and
facilitating water demand projections, this information is anticipated to support the evaluation of
Performance Metric 2 related to public water supply. As additional data become available, estimates of
population, water use, and household-scale water usage may be refined as appropriate for the study area
in order to facilitate future demand estimation.

UNDERSTANDING HISTORICAL AND CURRENT INDUSTRIAL DEMAND

Quantification of industrial water use is key to long-term planning of water resources in the CAGWCD,
driven both by the major role that industry plays in the local economy and an associated reliance of many
facilities on groundwater for all or part of their water supply. Due to the limited availability of detailed
data on water use by industrial facilities in the CAGWCD, Phase 2 of the study included a survey of
industrial water users (Industrial Survey). This survey was developed to fill information gaps and allow
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estimation of the magnitudes and sources of current industrial water use, and evaluation of potential
future strategies. In particular, the Industrial Survey was intended to facilitate the following:

o Development of estimates of historical and current industrial water use;

o Detection of trends in industrial water use and partitioning of trends into groundwater and surface
water components;

o Identification of industrial water user locations, current use of industrial water, and current plans
for expansion of alternative (non-groundwater) supplies; and

o Development of an estimate of the water cost for current supplies used by the industry. This cost
represents a baseline to compare to other potential future water supply alternatives in order to
assess Performance Metric 3 (evaluated as part of Subtask 2A.5).

Due to the sensitivity of industrial stakeholders to the potential release of facility-specific data, the project
partners have and will continue to maintain confidentiality of detailed survey results and provide
summaries of water use, cost, and other relevant data in a consolidated format based on overall industrial
sector, general location of industrial aggregations, or similar factors.

In addition to the Industrial Survey, available data sources related to industrial water use and well
information in District parishes and the state of Louisiana were reviewed to evaluate historical industrial
demands including:

e  Groundwater well pumpage summaries by well owner developed by the Institute and CAGWCC,
available annually from 1975 to 2020;

e Groundwater Well Registration database from the DNR SONRIS data portal (accessed in 2021);

e USGS and LA DOTD cooperative reports on water use, published every five years from 1960 to
2015 (Snider and Forbes, 1961; Bieber and Forbes, 1966; Dial, 1970; Cardwell and Walter, 1979;
Walter, 1982; Lurry, 1987; Lovelace, 1991; Lovelace and Johnson, 1996; Sargent, 2002; Sargent,
2007; Sargent, 2011; Collier and Sargent, 2018);

¢ National water use data reported by source (surface water, groundwater) and category (e.g.,
industrial, power generation) from the USGS NWIS available every five years from 1985 to

2015;

e Water withdrawals by source and category in Louisiana parishes, 2014-2015 (Collier, 2018).

As part of the industrial demand estimation effort, FNI developed a preliminary survey question list,
along with a study-specific definition of industrial use, a list of targeted industrial sectors, and an
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overview of study risks and data sensitivity. The Institute and FNI reviewed and revised these
components, and discussed approaches to both survey content and stakeholder outreach to promote data
collection while maintaining facility confidentiality, which is important to industrial water users.
Following these discussions, an online Industrial Water User Survey form that allows user-friendly
collection of data was developed and tested. Feedback from the Institute and CAGWCC staff and board
members facilitated further refinement of the online survey tool to incorporate local expertise and
familiarity with the concerns of many of the intended recipients. Based on a recipient list provided by
CAGWCC, FNI developed entity-specific survey links and provided end user guidance on survey
navigation and the process for requesting additional custom survey links for additional facilities.

In the context of this study, “industry” was defined as: commercial facilities engaged in non-retail
manufacturing, material processing, material production, or bulk transportation activities and partially or
wholly self-supplied with water. This definition is intended to focus analyses on the portion of industrial,
commercial, and institutional activities that are larger-scale within the CAGWCD and are predominantly
self-supplied with groundwater. While this definition narrows down the focus of the analysis, it still
covers a wide range of industrial sectors. Potential target industrial types identified for the Industrial
Survey include:

e Chemical (petroleum processing and refining (crude oil or natural gas), petroleum production,
other);

e Correctional institutions;

e Electrical power generation;

e Food processing;

e Manufacturing and fabrication;

¢ Mining (petroleum exploration, petroleum extraction/production wells, sand/gravel/concrete
production, other);

e Shipping (port facilities, rail facilities);
e Wood products (pulp and paper, timber); and
e Other.

The recipient list provided by CAGWCC was primarily composed of users in these industrial sectors, but
also included some public supply (municipal) and non-industrial commercial sectors that use groundwater
as a source in the CAGWCD.

The survey was distributed via email by CAGWCC in early June 2021, with a requested response window
of approximately two to three weeks. Responses were examined and organized as they were received,
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with FNI coordinating with respondents as appropriate to clarify unclear or suspected erroneous data and
compare reported usage and infrastructure capacities against available historic data. Due to a limited
initial response rate, CAGWCC staff engaged in additional outreach to non-responding entities to
encourage survey participation. As of December 2021, 19 of the 80 entities surveyed have provided
complete or partial responses, with the amount and level of detail of data varying among respondents.
Four other entities provided incomplete surveys containing only facility locations and contact
information. While the response rate is limited, the participating entities do represent a broad range of
water uses (Figure 33) and demand levels. Sixteen of the entities that responded to the survey meet the
industrial use classification defined in this study, while the other seven respondents were either public
supply or domestic users (“water supply/distribution” in Figure 33). Analysis was focused on the
industrial respondents.

Water Supply /

Chemical
Distribution 6
7
Food Processing, 1
Institutional Shipping
2 Other Industrial 2
4 Wood
Products

1

Figure 33. Number of Industrial Water User Survey respondents by facility type.
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While the Industrial Water User Survey is an important component of Phase 2 of the project, it should be
noted that a limited response rate does not prevent or invalidate planned analyses of water demands,
potential future supply strategies, or evaluation of Performance Metric 3. A large number of survey
responses and high rates of completion for individual questions would undoubtedly provide a valuable
resource for assessing potential future strategies at a finer spatial scale and with more specificity for target
users. Where necessary, however, a more general approach to study parameters combining available
stakeholder data with carefully considered assumptions still allowed for meaningful analyses of industrial
supply and project options at a regional scale. The project partners have utilized approaches to executing
Phase 2 project analyses in the context of available data, both for quantification of existing water use and
for economic analyses associated with Task 2A.

Of the 19 entities that responded, over 80 percent utilize groundwater, with approximately 17 percent
indicating at least some access to alternate sources including surface water, emergency interconnect
facilities, or alternate groundwater supplies. Groundwater withdrawn by the 16 industrial respondents
comprise nearly 45 percent of the total industrial pumpage reported to the CAGWCD over the past 10
years (2011-2020). The frequency with which survey respondents identified any given sand layer of the
SHAS as a groundwater source is shown in Figure 34.
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Figure 34. Stakeholder-identified sand layers in the SHAS where groundwater source originates.

Fewer than half of the respondents with groundwater supplies indicated 100 percent treatment of
groundwater source supplies, with the remainder either not indicating treatment or indicating that only a
small percentage of groundwater is treated. Limited data have been received on current treatment costs,
with reported values ranging from $0.02 to $7.00 per 1,000 gallons. Based on the limited information
available to date, it appears that in areas not yet impacted by saltwater intrusion, treatment needs may be
limited for most of the uses, and in some cases treatment components could be integrated into facility
processes and systems. Approximately one-third of respondents indicated one or more water quality
parameters of interest for current or potential future supplies, with the parameters identified and
associated percentage of these respondents illustrated in Figure 35.

Figure 35. Stakeholder-identified water quality parameters of interest and frequency by responding entities. TDS
stands for total dissolved solids.

Six respondents indicated that their facility has not reached its maximum development, three of which
indicated the need for additional water supplies to support their facility at maximum development. If a
new water supply was brought online, important water quality considerations mentioned in the survey
included conductivity, calcium, chlorine, hardness, iron, manganese, and for reuse supply, chemical
oxygen demand (COD) / biochemical oxygen demand (BOD). Some respondents indicated that the
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required water quality will ultimately be dependent on the end use type. As of December 2021, none of
the survey respondents indicated an interest in utilizing an alternative water supply. Of those who
provided a response as to why they are not interested, the respondents mentioned current use of a reliable
surface water supply or minimal overall water use. Four respondents indicated that they have a 5-year
water supply plan or similar document. One respondent provided a diagram that outlines their long-range
water supply plan for various processes; a timetable for this plan was not included.

Annual industrial water demand estimates were developed at the parish level from 2010 to 2020 using
information from the Industrial Survey, in conjunction with historical water use information from the
CAGWCC, USGS, and LA DOTD. These estimates were used to identify trends in industrial water use
data and partition usage into groundwater and surface water components. Water use data between the
various data sources are reported at different intervals, span different time periods, and report different
source data (groundwater only or both surface water and groundwater), as shown in Table 4.
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Table 4: Industrial Water Data Availability by Source and Year.
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As described in Task 2A.1, CAGWCC maintains a database of groundwater well data in the CAGWCD,
which includes annual groundwater pumping by well from 1975 through 2020. These pumping data were
used in conjunction with the SONRIS Well Registration database to pair each well with a geographic
location and other well characteristics described in the database. For this analysis, groundwater well
pumping data from the CAGWCC were aggregated to the parish level, based on well locations identified
by CAGWCC and SONRIS. The locations and magnitudes of groundwater withdrawals are consistent
with the annual pumping data maps shown in Appendix B.

Industrial Survey responses regarding groundwater and surface water use provided a snapshot of annual
use in the most recent year of data (2020) at specific facility locations. While the limited response rate to
the survey precludes aggregation of individual user data to the parish level for this analysis, responses to
the survey can be used as a resource to compare to existing data available at the individual industrial
water user scale (e.g., annual groundwater pumping data) and supplement the knowledge base developed
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as part of this study regarding industrial water users across the CAGWCD (e.g., existing system capacity,
annual surface water demands). Current groundwater use data submitted by industrial users through the
Industrial Survey are generally consistent with what has been reported to the CAGWCC.

The USGS-LA DOTD cooperative reports and USGS NWIS show annual groundwater and surface water
withdrawals at the parish level (the scale of this analysis), and as such no aggregation of these data were
needed. For most parishes and source types, the USGS-LA DOTD cooperative reports and USGS NWIS
were consistent; however, some data reported were slightly different; in these cases, the data sources were
evaluated separately. The 2015 water use data reported by Collier (2018) corresponds with the year 2015
water use reported in the 2015 USGS-LA DOTD cooperative report (Collier and Sargent, 2018).

Due to these differences in data availability, a generalized approach was applied to determine which data
source to use to estimate annual demands for each parish from 2010 to 2020 and partition out to source
types (groundwater, surface water):

¢ If historical groundwater pumpage data reported to CAGWCC were available throughout the
analysis period (2010-2020) and contained minimal outlier values, this dataset was used to
estimate demands on an annual basis.

o If there were sparse or no annual industrial pumpage data from CAGWCC, which was the case
for groundwater in Ascension Parish and surface water in all District parishes, then the USGS-LA
DOTD cooperative reports or USGS NWIS datasets were used to estimate demands. The
demands in reported years (2010, 2014, 2015) were set to their respective withdrawal rates.
Demands in unreported years (2011-2013; 2016-2020) were estimated based on trends in data
during recent reported years. For most cases, values from 2011 to 2013 were estimated by
interpolating the withdrawals reported in years 2010 and 2014. From years 2016 through 2020,
trends in historical use were assessed on an individual parish-source type basis to estimate an
annual demand. Since there were no water use data available during this period (2016-2020)
from these datasets and the annual variability is unknown, the demands estimated during this
period were assumed to be constant.

o If no withdrawal or pumpage data were reported for a source type in a given parish over the past
10 years in any of the data sources, then it was assumed that there is no current demand.

When industrial water use data were available across multiple datasets in a given year for the same source
type, historical industrial usage was not always consistently reported across datasets. For example, the
industrial groundwater pumpage reported to CAGWCC in East Feliciana and West Feliciana parishes
exceed the pumpage reported in the USGS NWIS database and the USGS-LA DOTD cooperative reports
in 2010 and 2015 due to reclassification of the water use from correctional facilities from public supply to
industrial (see details in the following paragraph). Conversely, industrial groundwater withdrawals
reported in the USGS-LA DOTD cooperative reports in Ascension and Point Coupee parishes exceed
those reported in the USGS NWIS database and CAGWCC records in 2010 and 2015. In most cases, the
largest reported usage value was used in the demand estimates. If groundwater withdrawal data were
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approximately the same from all data sources (e.g., industrial groundwater pumpage in East Baton Rouge
parish), the CAGWCC pumpage data were used since annual data are available.

Based on these data sources and assumptions, annual industrial demands were estimated from 2010 to
2020 for District parishes and were partitioned to groundwater and surface water components. Figure 36
and Figure 37 illustrate the estimated industrial demands for groundwater and surface water by parish,
respectively. Figure 38 shows the partitioning of total water use between groundwater and surface water
across the CAGWCD. Several factors should be considered in examining these estimates:
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o Information in these figures is based on usage data reported by respondents in the Industrial
Survey and estimated usage reported to CAGWCC, USGS, and USGS-LA DOTD as industrial.

0 Some of these industrial water systems may serve other end uses, such as on-site potable,
commercial, or other non-industrial uses.

No sources of industrial surface water use data were identified at the parish-level after 2015. There are
also limited industrial groundwater use data reported by users in certain parishes (Ascension, Pointe
Coupee) after 2015. Thus, trends in historical data reported by the various datasets were used to estimate
industrial demands for these parishes and source types from 2016 through 2020. Ultimately, the actual
surface water and groundwater use from parishes with no or limited data during this period will not be the
same as the estimates in this analysis. Water use in these parishes during recent years also may not follow
historical trends. Furthermore, due to the uncertainty attributed to the lack of data, estimated demands
during the 2016-2020 period were assumed to be constant. Similar to the groundwater pumping, surface
water use is variable from year to year, so estimates from this analysis do not capture this variability.

As discussed in the previous subsection, there were various potential targeted sectors defined as
“industry” for this analysis, including chemical production, correctional institutions, electrical power
generation, food processing, manufacturing, mining, shipping, and wood products. Other sources of data
have different categorizations for these “industrial” sectors to the categories defined in this study. For
example:

0 The CAGWCC database categorizes water usage from correctional institutions or prisons
as the “public supply” use type. CAGWCC also categorizes some individual wells from
owners that fall under the “industry” definition as “public supply” or “other” use
categories.

0 CAGWCC, USGS, and USGS-LA DOTD classify water withdrawals from electrical
power generation users as its own individual water use category (“power generation”)
which is separate from industrial use.

To remain consistent with the definition of “industry” in this study, water usage data from electrical
power generation, correctional institutions, and other applicable individual industry users in the
CAGWCC, USGS, and USGS-LA DOTD datasets were recategorized to industrial use type. Water usage
from these sectors were incorporated into estimates of total industrial demands, as described subsequently
in this section.

Two correctional institutions, located in East Feliciana and West Feliciana parishes, have historically
reported groundwater production to CAGWCC. Data sources indicate that these facilities are reliant on
groundwater as their self-supplied water supply source and utilize no surface water. Due to the
recategorization of correctional institutions to the industry use type, annual groundwater pumpage data
reported to the CAGWCC from these institutions were removed from the public supply groundwater use
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totals in East Feliciana and West Feliciana parishes and incorporated into the industrial groundwater use
totals in these parishes. No public supply surface water use data were reclassified.

Since the different water use datasets categorize the “power generation” use type as a separate category
from industrial use, annual power generation demands were estimated separately from what other data
sets classify as “industrial”, but using the same assumptions described in this section. Power generation
demands were estimated at a parish-level and by source type (groundwater, surface water) from 2010 to
2020. These estimates were then added to the industrial use estimates (i.e., those categorized as
“industrial” in other datasets and excluding power generation use) to calculate total industrial demands for
each District parish and source type from 2010 to 2020.

Illustrated usage is based upon systems reporting to CAGWCC, USGS, or USGS-LA DOTD. These
numbers do not necessarily reflect 100 percent of the groundwater or surface water production within the
CAGWCD parishes. Scattered unreported wells, unmetered systems, estimated pumpage, and other
factors introduce uncertainty.

Ascension Parish became a member of CAGWCD in 2018, with reporting of groundwater pumpage data
becoming available beginning in 2019. Reported pumpage data and other references indicate limited
groundwater production in Ascension Parish relative to the overall District pumpage, due in part to
saltwater issues in much of the parish. However, groundwater exports from EBR Parish play an important
role in meeting Ascension Parish water demand.
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Figure 36. Estimated Year 2010 through 2020 industrial groundwater production for District parishes.
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Figure 37. Estimated Year 2010 through 2020 industrial surface water production for District parishes.
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Figure 38. Estimated Year 2010 through 2020 partitioning of total groundwater and surface water usage across
District parishes.
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Demand estimates show that industrial groundwater use declined considerably from 2018 to 2020. A
significant portion of this decline is attributed to decreased groundwater withdrawals from Georgia
Pacific, a major facility located in EBR Parish north of the Industrial District. In March 2019, the owner
reduced their operations at this facility, thus decreasing their groundwater demands. It is not expected that
the user will return to the historical volume of water usage indicated in preceding years. Without annual
data past 2020, it is unknown whether groundwater use in EBR Parish will continue to decline or will
begin to move towards more stable levels after 2020. Groundwater use reported in WBR Parish in 2010,
2014, and 2015 (average of 1.53 MGD) is noticeably less than the historical average pumpage (4.27
MGD) reported in the USGS-LA DOTD cooperative reports. Groundwater use in all other District
parishes do not show any noticeable trends over the past 10 years; however, as more annual pumpage data
from Ascension Parish is reported to the CAGWCC, additional trends may become discernable.

Analyzing detailed trends in surface water data over the past 10 years may not be appropriate for this
analysis as most years during this period (2010-2020) do not have reported values. However, the surface
water use data from the LA DOTD and USGS, reported every five years at the parish-level, can be
evaluated for general historical trends, e.g., increases, decreases, or same level with annual variability.
For instance, industrial surface water use in West Feliciana Parish has decreased from the average use
reported from 1985 to 2005 (47.8 MGD) to the average in the most recent years of 2010, 2014, and 2015
(34.1 MGD). Meanwhile, industrial surface water use in Pointe Coupee Parish, which is attributed to
power generation, has steadily increased from the first two decades for which use was reported (268.2
MGD average from 1985 to 2005) to the average in the most recent years of 2010, 2014, and 2015 (312.4
MGD). Increased surface water use for power generation in EBR Parish has also been reported in recent
years (8.08 MGD in 2010 and 2015), whereas previous decades did not show any water use (1990
through 2005).

Task 2A.3 of the study is primarily focused on developing an understanding of historic and current
industrial water use. Subsequent analyses under Phase 2A1 and 2B of the study will utilize this
information to examine potential future industrial water demands through a projection process that is
anticipated to incorporate:

o Comparisons between water use trends developed for industrial users with census data and ACS
employment data;

e Correlations between historic employment data and industrial water use data to forecast industrial
demands over a 50-year planning horizon;

e Survey information collected from industrial users and other relevant studies conducted in the
region that capture future growth patterns for industry;

¢ Information from the economic bureau and trends in cities or municipalities with similar
conditions, as available, to develop estimates for future growth patterns; and
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o Consideration of variability in future unit demand forecasts.

Similar to the assessment of historic and current water use, estimation of potential future water needs will
examine industrial demands for all District parishes and consider available data for usage from multiple
water source types (groundwater, surface water). As additional data become available, estimates of
industrial water usage may be refined as appropriate for the CAGWCD in order to facilitate future
demand estimation.
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Task Summary: To engage public as part of conservation and understanding of long-term
groundwater management, one first must survey the public for their current and historical views.
This task includes developing and implementing a series of survey instruments, interviews, and
targeted focus groups to gauge public awareness, attitudes and preferences for water
management strategies, potable water supply, and willingness to conserve water resources.

A key component of Phase 2 is to conduct an assessment of public attitudes regarding groundwater and
groundwater management. This assessment is being conducted in multiple stages and will include
targeted focus groups composed of different stakeholders organized through community organizations,
trade and business associations, and other local entities, as well as through a distributed survey to
understand public views on the uses of local groundwater and alternatives as those are developed.

Before a public survey is distributed, existing research and data on public understanding of the economic
and social consequences of saltwater intrusion and groundwater management in the Baton Rouge area is
being summarized. Given the paucity of published research on this topic, this information has been
assessed through a review of prior outreach and engagement activities by the LDNR Office of
Conservation, including two public surveys and materials developed for the agency’s “Water-Wise in
BR” [Baton Rouge] campaign to improve and refresh classroom education initiatives and water-related
curricula. Additional data were compiled through a review of public comments and minutes from
CAGWCC public meetings. These data will be used to guide the development of the public surveys,
interviews, and focus groups and assure that the CAGWCC long-term strategic plan addresses issues
relevant to sustainability.
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PREVIOUS ASSESSMENTS OF PUBLIC UNDERSTANDING OF
GROUNDWATER ISSUES IN THE CAPITAL AREA

Despite efforts to mitigate saltwater intrusion into SHAS, the problem has persisted and by 2010 began to
draw increased public attention. There have been prior efforts to evaluate and improve public
understanding, but as these efforts have not been synthesized in the context of CAGWCC decision
making this is the focus of Task 2A.4.

As a result of requests from the Metropolitan Council of Baton Rouge and the Capital Region Legislative
Delegation in late 2011 and early 2012, LDNR held a public meeting on March 8, 2012, and a hearing on
April 12, 2012, to provide information to the public on saltwater intrusion and provide interested parties
with an opportunity to provide comment. These meetings included statements from CAGWCC members,
Baton Rouge City Officials, industry stakeholders, advocacy groups, citizens, scientists, and LDNR
Office of Conservation officials. The public meeting and the public hearing were both transcribed and all
documents and/or evidence presented has been made available online by LDNR
(http://www.dnr.louisiana.gov/index.cfm?md=pagebuilder&tmp=home&pid=922).

In addition to outreach and engagement efforts of LDNR, CAGWCC holds several public meetings per
year, including bi-monthly meetings of the Board of Commissioners for CAGWCD. Other administrative,
executive, planning, and technical meetings are held throughout the year to address specific issues related
to the sustainability and management of SHAS. As with the LDNR public meetings, the CAGWCC
meetings and public hearings are recorded and transcribed, with all documents provided on the
CAGWCC'’s public website (https://www.capitalareagroundwater.com/). In order to assess and monitor
the effectiveness of these outreach efforts, LDNR commissioned a series of surveys to gauge public
awareness about threats to the sustainability of SHAS.
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This section presents an overview and analysis of the surveys, meetings, public hearing transcripts, and
public outreach conducted previously by CAGWCC and LDNR to determine the public’s understanding
of the social and economic consequences of saltwater intrusion in the CAGWCD. The review of
CAGWCC meetings, public hearing transcripts, surveys conducted (Figure 39 to Figure 55), and the
material/media sent to the public as part of community outreach were keyword searched, with the
guestions brought forward and general themes identified. The responses were divided by stakeholder type
to determine the level of knowledge on social and economic consequences depending on how respondents
use and value SHAS. The stakeholder types were industry representatives, citizens, government officials,
scientists, and nonprofit advocacy groups. Additionally, state audits and annual reports were reviewed for
recommendations to determine known points for improvement.

During the 2012 LDNR public meeting, hearing, and collection of written commentary, there were 34
comments (see: Public Hearing Re: Water Table Under East Baton Rouge Parish, 2012; Saltwater
Encroachment Public Meeting, 2012; Written Comments, 2012). The individual citizen responses (8)
called for the state to act rather than continue to collect data. Thirteen respondents wanted a formal plan
to resolve or prevent the saltwater intrusion. One citizen suggested the need for better coordination with
other state agencies and officials. Two commentors thought the groundwater issue was especially
important and that more public outreach and education needed to be done, so that more people would be
aware of the situation facing the drinking water supply. Nonprofit advocacy groups spoke on their
members being concerned about saltwater intrusion, but also noted that the information provided to the
public regarding the matter was inadequate and lacked the basic facts to show the public that the issue
was of importance. The public officials, ranging from Baton Rouge Metropolitan Council members to a
representative from the Mayor’s office, all echoed the citizens’ sentiment for acting and developing a plan
based on existing knowledge. Council members from Ascension Parish, which also draws water from
SHAS via the Baton Rouge Water Company, submitted a resolution requesting the LDNR Commissioner
of Conservation to declare EBR Parish an area of concern and begin to form a plan to reduce the
encroachment of saltwater on the drinking water system. The industry stakeholders urged CAGWCC to
make decisions based on science, and recognized the need for a sustainable future for the SHAS.

LDNR has conducted three surveys of public knowledge about Baton Rouge area groundwater resources.
Two surveys were conducted via phone by a contractor and the other was conducted during a “Water-
Wise in BR” teacher training workshop. In Spring 2012, 300 participants across six Senate districts in
EBR Parish provided responses to nine survey questions and four demographic questions (Magellan
Strategies BR, 2012a, 2012b, 2014). Just over half of the participants believed water is sourced from a
below ground aquifer, and 30 percent did not know where the water is sourced from (Figure 39 and
Figure 40). Only 11 percent thought a special commission regulated the groundwater resources, while 64
percent expected regulatory control to lie with either the state or city/parish government (Figure 41).
When asked about potential threats and what is the most serious threat, 76 percent were not aware of any
serious threats and the majority of these respondents believed industrial pollution or contamination to be
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the biggest threat of those that existed (Figure 42 and Figure 43). In terms of managing a potential threat,
36 percent would most trust a special commission to manage a serious threat, whereas just over half
would trust either the state or city/parish government (Figure 44). This study concluded that residents are
largely unaware of the threat of saltwater intrusion to Baton Rouge’s water supply. Additionally, the
survey company recommended that a parish wide public relations campaign be developed. Senate
Districts 14 and 15 were particularly notable as 28 percent rated the water quality as very bad (Figure 45),
53 percent could not identify the source of Baton Rouge’s drinking water, and 53 percent were not aware
of any serious threats.

30%
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3%
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Figure 39. In 2012, a slight majority (52 percent) of respondents believes that most water originates from a below
ground aquifer, while 30 percent did not know (adapted from Magellan Strategies BR, 2012b).
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Figure 40. In 2012, 60 percent of white respondents stated, “a below ground aquifer,” compared to 41 percent of the
Black respondents (19 percent difference) (adapted from Magellan Strategies BR, 2012b).
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Figure 41. In 2012, 11 percent of the total respondents thought a special commission regulated the groundwater
resources, while 64 percent expected regulatory control to lie with either the state or city/parish government (adapted
from Magellan Strategies BR, 2012b).
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Figure 42. In 2012, 23 percent of respondents are aware of a serious threat to Baton Rouge’s groundwater
resources. An overwhelming majority, 76 percent are not aware of any threat (Magellan Strategies BR, 2012b).
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Figure 43. In 2012, among the 23 percent of respondents who were aware of a serious threat, responses are almost
evenly distributed. Among this group, 32 percent believe saltwater intrusion is the most serious threat. Among survey

participants who are not aware of any current serious threats, 69 percent percent of respondents stated that industrial
pollution is the most significant potential threat (adapted from Magellan Strategies BR, 2012b).
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Figure 44. In 2012 36 percent would most trust a special commission to manage a serious threat, whereas just over
half would trust either the state or city/parish government (adapted from Magellan Strategies BR, 2012b).
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Figure 45. In 2012, the senate districts (SD) in close proximity to the Mississippi River rated the quality of water lower
than respondents in the remaining districts (adapted from Magellan Strategies BR, 2012b).

In July 2014, a survey of 26 math, science, and social studies teachers was conducted as part of a Water-
Wise in BR (Baton Rouge) workshop convened by the Louisiana Office of Conservation. Of the 26
teachers who attended the workshop, five were elementary school teachers, seven were middle school
teachers, and fourteen were high school teachers. The survey consisted of seven water resources questions
and six curriculum questions (see: Reonas, 2014). Almost 77 percent of respondents were not aware of
Baton Rouge’s reliance on groundwater and the problem of saltwater intrusion in the aquifer (Figure 46).
Over 90 percent had not heard of scavenger wells being used in Baton Rouge and 40 percent had not seen
references to groundwater or “drinking water” in newspapers, magazines, or television (Figure 47 and
Figure 48). After the workshop, every participant, except one who was already aware of groundwater
management issues, stated that they were going to pay more attention to groundwater and drinking water
issues. However, the majority of those surveyed were not aware of either CAGWCC (80.1 percent; Figure
49) or the LDNR Office of Conservation (57.7 percent; Figure 50). The workshop did provide curriculum
information that 84 percent of the teachers were going to utilize, and 69 percent rated the quality and
effectiveness of presentations during the workshop as excellent.
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Figure 46. In July of 2014, almost 77 percent of respondents were not aware of Baton Rouge’s reliance on
groundwater and saltwater intrusion in the aquifer (adapted from Reonas, 2014).
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Figure 47. In July of 2014, over 90 percent of workshop participants had not heard of scavenger wells being used in
Baton Rouge (adapted from Reonas, 2014).
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Figure 48. In July of 2014, significantly more respondents had seen references to groundwater or “drinking water” in
newspapers, magazines, or television in the past year (adapted from Reonas, 2014).
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Figure 49. In July of 2014, approximately 80 percent of respondents had not heard of CAGWCC (adapted from
Reonas, 2014).
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Figure 50. In July of 2014, just below 60 percent of respondents had not heard of the Louisiana Department of
Natural Resources, Office of Conservation (adapted from Reonas, 2014).
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In September 2014, a follow-up to the 2012 public survey was conducted. In this second survey, 961
people were asked 18 questions related to water resources and five demographic questions (see: Magellan
Strategies BR, 2014). In the two years between surveys, the ability of respondents to correctly identify
Baton Rouge’s water source had improved by 26 percent, with 78 percent of individuals knowing the
drinking water source was an aquifer or groundwater (Figure 51). Perceptions about the quality of water
had also improved by 22 percent, with 86.7 percent of respondents viewing the drinking water as high
guality as compared to other locations they had been. In terms of threat awareness, the numbers had not
improved significantly. One third of the respondents had not heard of saltwater intrusion as a threat to
groundwater, another third did not believe it was a threat, and the last third believed it was a threat
(Figure 52). When asked about the measures to prevent the threat, 68 percent had not heard of any
measures taken to prevent saltwater intrusion. Of the 32 percent who were aware of preventive measures,
23 percent were aware of the actions of CAGWCC including the scavenger well system or scientific
modeling of saltwater intrusion (Figure 53). In terms of managing a potential threat, 49 percent would
most trust a special commission to manage a serious threat, whereas just 37 percent would trust either the
state or city/parish government (Figure 54). When asked about organizations or public awareness
campaigns active in Baton Rouge water resource issues, only 25 percent had knowledge of CAGWCC, 18
percent knew about the Save BR Water campaign, and 7 percent knew about the LDNR’s Water-Wise in
BR campaign (Figure 55). Despite the larger sample size, there were some issues with the demographics
of the survey (Minutes: Capital Area Ground Water Conservation Commission - December 9, 2014,
2014). The results did indicate that the public did not have a lot of knowledge about CAGWCC and their
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Figure 51. In September of 2014, 78 percent of individuals knew the source of Baton Rouge’s water was an aquifer or

groundwater (adapted from: Magellan Strategies BR, 2014).
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Figure 52. In September of 2014, one-third of respondents had not heard of salt intrusion as a threat to groundwater.
The other third does not believe it was a threat and the last third believe it was a threat (adapted from: Magellan
Strategies BR, 2014).
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Figure 53. In September of 2014, 68 percent have not heard of any measures taken to prevent saltwater intrusion. Of
the 32 percent who were aware of preventive measures, 23 percent were aware of the actions of CAGWCC including
the scavenger well system or scientific modeling of saltwater intrusion (adapted from Magellan Strategies BR, 2014).
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Figure 54. In September of 2014, 49 percent would most trust a special commission to manage a serious threat,
whereas just 37 percent would trust either the state or city/parish government (adapted from Magellan Strategies BR,

2014).
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Figure 55. In September of 2014, only 25 percent had knowledge of CAGWCC, 18 percent knew about the Save BR
Water campaign, and 7 percent knew about LDNR’s Water-Wise in BR campaign (adapted from Magellan Strategies
BR, 2014).

The Water-Wise in BR campaign was launched in November 2012 when—following the spring LDNR
2012 survey—the Commissioner of Conservation, James Welsh, issued an order mandating a
groundwater conservation and aquifer awareness public education initiative for the Baton Rouge area
(Order Concerning Management Planning Strategy and Agency Actions to Address Sustainability of the
Southern Hills Aquifer System Underlying the City of Baton Rouge and Surrounding Areas, 2012).
Water-Wise in BR included the development of a website, a workshop for elementary, middle, and high
school teachers, and creating a traveling exhibit for schools and libraries (Reonas, 2012). The LDNR
Office of Conservation launched an advertising campaign in March 2013 encouraging residents to “Be
Water-Wise” and gather additional information from the new website. A “Water-Wise in BR” brochure
was developed by the LDNR Office of Conservation through funding from Baton Rouge Water
Company, Georgia Pacific, ExxonMobil, and Entergy that was managed by the Baton Rouge Area
Foundation (Minutes: Capital Area Ground Water Conservation Commission - December 9, 2014, 2014).
In late 2016, the LDNR Office of Conservation released a film geared towards 5™ through 11" graders to
align with existing “Water-Wise BR” earth and science lesson plans (Minutes: Capital Area Ground
Water Conservation Commission - December 13, 2016, 2016).

In September 2014, a study to improve CAGWCC’s communication with the public was proposed, and it
was determined the study would be conducted by internal staff (Minutes: Capital Area Ground Water
Conservation Commission - September 17, 2013, 2013). The need for communication about CAGWCC
and its mission became clear when the CAGWCC was repeatedly confused (and used interchangeably)
with the LDNR Office of Conservation during a series of 2016 Louisiana House and Senate Committee
Hearings (Minutes: Capital Area Ground Water Conservation Commission - June 28, 2016, 2016). In
June 2016, it was suggested that CAGWCC could do more to engage and educate the public, which
would also help to build public trust in the organization (Capital Area Ground Water Conservation
Commission, 2016b). A final communications plan was approved by CAGWCC at the December 2016
meeting (Minutes: Capital Area Ground Water Conservation Commission - March 15, 2016, 2016)

Lastly, the issue of access to meetings by the public was raised in the March 2017 Commission meeting.
At that time, CAGWCC meetings were held mid-morning on Tuesdays, which was described as making
attendance prohibitive for those other than retirees, vendors, and paid contractors and project employees
to attend (Minutes: Capital Area Ground Water Conservation Commission - March 21, 2017, 2017). It
was noted that there were numerous people interested attending the meetings and aware of the issues
facing the drinking water supply but were unable to attend because of the time (Minutes: Capital Area
Ground Water Conservation Commission - March 21, 2017, 2017). In September 2019, CAGWCC voted
to change future meeting times to 6 pm, which would allow access to wider audience (Minutes: Capital
Area Ground Water Conservation Commission - September 25, 2019, 2019). Despite this plan to move
meeting times to the evening, subsequent meetings (including administrative, board, executive, and

71



technical meetings) continued to take place during the mornings and afternoons. However, these meetings
are recorded and posted on the CAGWCC website.

Understanding the effectiveness of prior public outreach efforts is a key component of future qualitative
research planning as there may be institutional knowledge that was not captured in the surveys or the
other government sources. The public’s knowledge of sustainability issues is key because it will provide
necessary support for changed infrastructure or understanding for the need to implement conservation
measures.

This preliminary analysis conducted as part of Task 2A.4 of public comments and survey results
establishes a need for improved public engagement and further development of outreach and education
materials. Such enhanced efforts may benefit both the citizens of the Capital Area and CAGWCC itself.
This need was noted in a Legislative Auditor report from May 2019, which explicitly noted that
CAGWCC should consider investing in educating the public on the need for water conservation and how
to reduce withdrawals (Water Resources Commission, 2020). This report also called for a more public
outreach and suggested that CAGWCC may need to create a specific budget line item for it (Water
Resources Commission, 2020). The review of public understandings of groundwater sustainability in the
Capital Area conducted under Task 2A.4 of this study reinforces the findings of the Legislative Auditor,
and supports the earlier findings that improved public education and knowledge of the issues could create
a better relationship for CAGWCC with the public and improve trust.

This initial review of public outreach efforts and public understanding of groundwater sustainability
issues reveals several opportunities to enhance future qualitative data collection efforts and better support
CAGWCC. Between the 2012-2014 surveys, the LDNR Office of Conservation implemented a water
education program which, as discussed, showed an improvement in the public knowledge in the 2014
survey about drinking water source, but the majority of people still did not know about the issues with the
SHAS. Particularly concerning, however, is that the survey of teachers suggests that there was less
awareness of groundwater issues and the region’s reliance on groundwater among the teachers surveyed
compared to the general public. While the results of the two public surveys and the teacher survey cannot
be directly compared due to different methodologies (i.e., a random phone survey of the general public
compared with a survey of teachers attending a workshop) and questions asked of them, this discrepancy
still raises a number of potential problems with earlier outreach and engagement efforts. Understanding
this discrepancy in knowledge dissemination represents a key opportunity for future research and can
assure that future engagement efforts will explicitly reach key population groups in the CAGWCD.

PUBLIC UNDERSTANDING OF GROUNDWATER RESOURCES

During Phase 2A, the Institute has synthesized previous outreach and engagement efforts and has built on
these efforts by conducting qualitative research with public water users and other stakeholders in the
CAGWCD. This research involves a mixed methods approach combining an additional web-based public
survey (beyond the surveys described in the previous section), interviews, and focus groups to assess the
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effectiveness of prior educational efforts, knowledge of groundwater sustainability issues, and best public
outreach methods. The internet-based public survey attempted to reach all segments of the population in
the CAGWCD.

Following completion of the internet-based public survey in 2021, the Institute will conduct interviews
and focus-groups. The participants of these will be identified through the assessment of prior public
engagement and education efforts. Participant selection will focus on major groundwater producers,
public stakeholders, and other interested parties.

The Institute and its project partners designed an internet-based survey using software called Qualtrics.
Qualtrics is a commonly used survey platform for scientific surveys. The survey will reach residents in
Ascension, EBR, East Feliciana, Pointe Coupee, WBR, and West Feliciana parishes, which are all
included in CAGWCD’s jurisdiction. This survey expands the geographic footprint beyond the original
surveys, which were only conducted in EBR Parish, and will gather knowledge and opinions from the
breadth of residential users of CAGWCD resources. While the surveys conducted in 2012 and 2014 were
primarily focused on issues directly related to the public’s knowledge and understanding of groundwater
in EBR Parish, the internet-based survey places an additional focus on the public perceptions of water
cost, quality, and quantity. These additional questions will provide CAGWCD with data that can be used
to gauge public opinions related to ongoing and future groundwater management and conservation
strategies and the willingness to pay for or support these strategies.

The internet-based survey has been structured to provide values that will directly feed the weighted
subjective portion of the metric that was used to display the results of the survey questionnaire (Appendix
C) which consists of eleven demographic questions and 33 water-related questions. The survey was
administered from October 19, 2021 to November 1, 2021 and resulted in 305 responses to assure
statistical significance of the responses.

Survey respondents were drawn from the Qualtrics sample pool, which consists of both traditional and
actively managed market research panels. These panels were composed of individuals who decide to
participate in online surveys through a double opt-in registration process, first random selection via an ad
or email link then the survey panel member opting in to take a designated survey, rendering online
surveys non-probability surveys. With consistent low response rates found in traditional probability
surveys, non-probability surveys have gained growing popularity in recent years due to its cost-effective
and timely features. Additional benefits associated with online surveys are they can elicit honest and
accurate responses to sensitive questions that traditional phone survey mode cannot due to individuals
willingness to respond openly (Chang & Krosnick, 2009).

In this particular survey, screening questions included parish residence (Ascension, EBR, East Feliciana,
Pointe Coupee, WBR, West Feliciana), age, race, ethnicity, and gender. Each respondent who completed
the survey received $5 in monetary compensation for their time. There were 305 complete responses.
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There were some noticeable discrepancies of compositions in gender, age group, and ethnicity between
the sample and the population. To account for the characteristics of non-probability in online surveys,
modeling such as ranking adjustment, matching and propensity were used (Kennedy et al., 2016). Despite
being the most basic weighting method, ranking has been found to perform as well as more sophisticated
methods in weighting online opt-in samples (Mercer et al., 2018). A stepwise adjustment known as
iterative proportional ranking was thus utilized to obtain probability weights for point estimates in this
study (Bergmann, 2011).

Survey results suggest that public perceptions of household water in the CAGWCD are favorable. When
guestioned about specific characteristics of their household water quality (Figure 56), an overwhelming
majority of respondents indicated that taste (72 percent), appearance (88 percent), odor (77 percent), and
feel (85 percent) are good or excellent overall. When asked how the quality of drinking water had
changed over the past five years, 68 percent of respondents stated it was ‘the same,” with 15 percent
stating that it was ‘better’ now than before (Figure 57).

Figure 56. Public Perceptions of Household Water Characteristics.
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Figure 57. Public Opinion on Changes to Water Quality in Past Five Years.

The public perception of water quality sourced from groundwater was more favorable than surface water
(62 percent stated quality of groundwater was either ‘good’ or “very good’ versus 45 percent who
indicated the same re: surface water; see Figure 58). Despite respondents ranking both surface water (45
percent) and groundwater (62 percent) as good or very good, 58 percent were unsure of the source and 14
percent incorrectly identified the source of their own household water supply (Figure 59). While 58
percent of respondents do not know the source of their drinking water, almost 80 percent know that their
household tap water is supplied by a private water company, such as Baton Rouge Water Company,
Ascension Water Company, or M&S Water Supply. Additionally, although respondents largely indicated
their water quality was good, 37 percent still filter their tap water (Figure 60) and 66 percent primarily use
bottled water for drinking (Figure 61).
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Figure 58. Public Perceptions of Water Quality

Figure 59. Public Perceptions of Household Water Source
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Figure 60. Public Use of Filtered Water.

Figure 61. Public Use of Bottled Water for Drinking.
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Although a relatively large proportion of respondents (42 percent) stated that they were not at all
concerned about the quality of drinking water in their area (Figure 62), this was only a slightly higher
percentage than those who were somewhat concerned (41 percent) about it. When combining the
‘somewhat concerned’ group with their “very concerned’ counterparts, it reveals that a sizable majority
(58 percent) expressed at least some degree of concern about the quality of drinking water in their area.

Figure 62. Level of Concern re: Water Quality
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Figure 63. Level of Concern re: Water Cost

Respondents replied similarly when asked about water affordability. Although 43 percent of respondents
were not concerned about the cost of drinking water in their area, 57 percent indicated they were either
somewhat concerned or very concerned about affordability (Figure 63, above). However, when asked
about the cost of their water bills, 61 percent of respondents thought they were “about right” and five
percent stated their bills were “low” (Figure 64, below). Just over 50 percent of respondents reported that
they would be willing to pay more to guarantee safe drinking water (Figure 65) Of these, nearly half (49
percent) stated a willingness to pay $5 more per month, with 19 percent claiming they would pay $5 to
$10 more per month to guarantee safe drinking water (Figure 66), indicating that drinking water safety is
a priority among most respondents.
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Figure 64. Perceptions on Cost of Water Bills.

Figure 65. Perception on Willingness to Pay More.
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Figure 66. Perceptions on Amount Willing to Pay.

Availability of drinking water does not appear to be a concern among a substantial proportion (57
percent) of respondents (Figure 67). When asked specifically about whether they perceive depletion of
their household water source as a problem (Figure 68), 49 percent of respondents either indicated that it
was not a problem at all (29 percent), or they were unsure (20 percent) whether it was a problem.

Figure 67. Public Level of Concern Regarding Water Availability.
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Survey respondents were also asked about the perceived risk of contamination of water sources, saltwater
intrusion, affordability, aging water and wastewater infrastructure were to their household drinking water
(Figure 68). On average 46 percent of respondents did not perceive any risks or were not sure about the
risks. While an average of 54 percent of respondents perceived some or a serious risk to their household
drinking water. Depletion of water sources (25 percent) and aging water and wastewater infrastructure (24
percent) were identified as the most serious problems of the five presented. Aging infrastructure and
wastewater infrastructure (40 percent) and contamination of water sources (35 percent) were identified as
the highest risk that respondents viewed as somewhat of a problem. While affordability of water (37
percent) and saltwater intrusion (34 percent) were noted most as not a problem.

Figure 68. Public Perceptions of Risk to Household Water

These data indicate a wide range of attitudes surrounding household water-related issues and public
perceptions of risk. When asked about whether they had heard or read about groundwater management in
their area, 78 percent of respondents replied that they had not (Figure 69). Of the 22 percent of
respondents who claimed they had heard about groundwater management in their area, 48 percent
received their information from newspapers and another 23 percent received information from television
(Figure 70), indicating a gap in public awareness and understanding of water management issues as well
as an opportunity for public outreach and education.
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Figure 69. Groundwater Management Awareness.

Figure 70. Information sources used by the 22% of respondents (Figure 69) who had heard or read about
groundwater management.
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There was also a broad spectrum of perceptions on which sector is the heaviest user of water, as well as
which authority should be trusted to manage groundwater. Nearly half (47 percent) of respondents
believed that public supply was the biggest consumer in the area, followed by industry at 26 percent
(Figure 71). When asked who should manage a serious risk to groundwater, 18 percent thought a special
commission, eight percent of respondents trusted business and industry leaders, and 12 percent trusted the
state government to manage potentially serious threats to groundwater (Figure 72). City and parish
government garnered the highest amount of trust among respondents, as 30 percent, while an almost equal
number of respondents (31 percent) were unsure as to which authority should be trusted to handle these
issues.

Figure 71. Biggest Consumer of Water.
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Figure 72. Most Trusted Entity to Manage Groundwater.

When asked about possible policy options for managing water, respondents seemingly favored incentives
over regulations (Figure 73). The most popular management option was investment in groundwater
monitoring (56 percent), followed by incentivizing water efficient equipment (50 percent) and conducting
educational campaigns (42 percent) to increase public awareness of water management-related issues.
Regulatory options to increase rates for large volume users and impose caps on non-essential uses
received the least amount of support among respondents, with slightly over a quarter of respondents in
support of them and 25 percent and 21 percent outright opposing them, respectively.
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Figure 73. Level of Public Support for Water Management Policy Options.

Overall, these results indicate that the public is largely unaware of issues concerning their water supply
and there is a wide array of opinions regarding how best to manage it. However, a substantial proportion
of respondents supported outreach and education on water management-related issues, which presents an
opportunity to further engage the public regarding policy options to manage the existing and future risks
to their water supply.

CONCLUSIONS AND NEXT STEPS FOR INTERVIEWS AND FOCUS-
GROUPS

A direct comparison of the results of the internet-based survey to the previous surveys is not feasible due
to the change in sample area from EBR Parish in 2012 and 2014 to the CACWCD in 2021. By expanding
the survey area there is no longer a baseline of knowledge. However, general comparisons about the
public’s knowledge can still be made and future directions can be informed. The change between 2012
and 2014 in respondent awareness as to the source of drinking water in EBR was attributed to the Water
Wise campaign being implemented in EBR schools and the parish. When the survey area is expanded to
the surrounding parishes, the knowledge of where drinking water comes from falls to 28 percent, which is
less than the 2012 survey in which 52 percent of respondents in EBR Parish knew the water came from an
aquifer.

In terms of the understanding of potential threats to the aquifer, the 2014 survey only examined saltwater
intrusion as a threat to the drinking water refraining from asking respondents about any other potential
threats. Thirty-one percent thought saltwater intrusion was a ‘big threat” while 37 percent thought it was
not a threat and 33 percent “had never heard of saltwater intrusion or saltwater encroachment’. In the 2021
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survey, a similar percentage (34 percent) thought saltwater intrusion was not a threat and only 20 percent
were unsure. 21 percent of respondents thought saltwater intrusion was a serious threat to drinking water,
while 26 percent thought the threat was somewhat serious. In both the 2014 and 2021 surveys, over 50
percent of respondents did not perceive saltwater intrusion as a threat, nor had they heard of it. The
overall public understanding of threats to the drinking water supply is very low in both surveys. Less than
33 percent were aware of any potential threats or of groundwater management issues, whereas more than
68 percent were unaware of any potential issues.

Both the 2014 and 2021 surveys showed that greater than 50 percent of respondents had not read or heard
anything regarding groundwater management, saltwater intrusion, or drinking water from newspapers,
magazines, billboards, radio, or on television. Both surveys also confirmed that overall, greater than 50
percent of respondents view their drinking water as fair, good, or very good. Less than 10 percent in both
surveys view the drinking water as bad or very bad.

Given that both a high number of respondents rated the water favorably yet have little knowledge about
potential issues with the water supply suggests the need for an awareness and engagement effort that
extends to the entire District. To identify the most appropriate materials for an awareness effort, further
work with focus groups will be done to identity the best way to communicate with all residents, since in
the 2021 survey almost 50 percent said they had not read or heard about water management in the
newspaper. The number of people who receive news from newspapers has been on the decline in the
digital age (Nielsen & Reuters Institute for the Study of Journalism, 2019), so information consumption
needs to be incorporated into the stakeholder engagements.

Additionally, a multi-year education and outreach effort, similar to the one undertaken in 2012-2014,
followed by a survey that is consistent with the one conducted in 2021, could be helpful to determine if
the proposed awareness and engagement efforts were successful in reaching and informing the public.
Consistency in questions asked between the 2021 survey and any future surveys could provide direct
points of comparison and ultimately better understanding of the public’s awareness. The responses
collected in 2021 provide a baseline of public understanding for the entire District, which is important as
68 percent of respondents were not aware of any issues related to water supply. Therefore, the willingness
to pay more, concern about water cost, and other monetary driven questions might have responses driven
by people’s lack of knowledge of water management issues.

Surveys like those conducted in 2012, 2014, and 2021 are appropriate for measuring public opinion,
attitudes, and beliefs but less useful for explaining them. Future actions by the Institute include
conducting a series of small focus-groups and interviews to better understand the relationships that this
survey work uncovered. Public stakeholders, major groundwater producers, and interested parties from
across the CAGWCD will be identified and asked to participate. Through this process, participants will
enable the Institute to collect specific information about the public’s knowledge and understandings about
issues and the viability of potential solutions.
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Task Summary: Some of the alternatives for sustainable water management of the SHAS require
the development of alternative water supplies. An important part of the long-term plan is evaluating
the different options for water supplies as well as the costs associated with each. Potential sources
of project funding for the development of alternative water supplies will also be evaluated.

EVALUATE ALTERNATIVE WATER SUPPLY OPTIONS

Addressing the region’s future supply needs and achieving long-term management objectives requires an
understanding of the potential water sources and strategies which could supplement or reduce reliance on
groundwater and provide long-term diversification to the region’s water source profile. While this study is
not intended to mandate a particular project, a greater understanding of the key considerations for various
supply options could provide a valuable reference for both CAGWCC and the entities within the
CAGWCD. Based on the characteristics of the study area, CAGWCC and project partners identified a
number of potentially feasible projects anticipated to be evaluated as part of the study:

o Mississippi River Surface Water: Development of a traditional surface water supply project
including diversion and treatment of a portion of the substantial flow of the Mississippi River.

¢ River Bank Filtration (Alluvial Groundwater): Use of wells in the Mississippi River Alluvial
Aquifer (MRAA) or other shallow sand layers to leverage abundant surface water while
benefiting from natural filtration as pre-treatment.

e Aquifer Storage and Recovery (ASR): Use of surface water development and treatment in
conjunction with injection wells, creating subsurface storage in lieu of a traditional reservoir to
increase supply reliability.

o Brackish Groundwater Desalination: Production of groundwater from non-traditional supply
formations with high dissolved solids and salinity, and application of desalination treatment to
produce a high-quality treated source for direct use or blending.

e Municipal Effluent Reclamation: Repurposing treated municipal wastewater treatment plant
effluent for beneficial supply use through additional advanced treatment and conveyance to
demand centers.

e Industrial Effluent Reclamation: Repurposing treated industrial facility wastewater effluent for
beneficial supply use through additional advanced treatment.

88



o Institutional Effluent Reclamation: Diverting a portion of the wastewater stream from educational
or correctional institutions—possibly supplemented by municipal wastewater—for treatment and
utilization for green space irrigation or other non-potable water demands.

e The “Status Quo” Scenario: Not a true supply project, but rather the potential for increased
treatment requirements as a result of saltwater intrusion caused by maintaining or increasing
levels of production from traditional local source sand layers.

The planning-level analyses, which were performed as part of Phase 2A of the study, characterize the
potential water supply strategies for entities within the CAGWCD including conceptual supply strategy
technical evaluation, estimation of current costs for industrial groundwater supply, evaluation of
Performance Metric 3 (cost to industrial users) for individual project concepts, evaluation of Performance
Metric 3 for multi-project portfolios, and consideration of the various funding approaches and programs
which may be available to support development of alternative water supplies. Analyses performed as part
of Task 2A.5 are discussed in greater detail in the following report subsections.

Planning evaluation of the identified water supply concepts requires consideration of multiple aspects of
project development. While both capital and unit costs are important considerations for evaluating
potential supply options, there are other factors which also bear examination in order to provide context
for the feasibility and viability of water supply projects. Additional quantitative or qualitative
considerations anticipated to be considered in developing project assessments include:

e Water quality: Quality influences the overall suitability of a source for certain uses and impacts
project cost directly through treatment needs.

¢ Reliability: The reliable quantity of water that can be produced from a source influences what
portion of demands can be met from the source and impacts project volumetric unit cost.

e Implementation feasibility: All projects may face potential implementation challenges of an
economic, sociopolitical, or environmental nature.

e Permitting, Development, and Environmental Considerations: All projects will require some level
of construction permitting, and may have specific requirements based on source type, quality, or
infrastructure components. Some projects may also have environmental impacts that must be
assessed and mitigated.

e Potential for other benefits: Beyond water supply, some projects may offer opportunities for
partnerships with local entities, training opportunities for students or water industry personnel, or
support local job creation.

It should be noted that the project concepts for the Phase 2A study are planning-level analyses and not
intended for construction, bid, or permitting purposes. However, while planning-level analysis is more
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general than a detailed feasibility analysis or preliminary engineering report for a site-specific project, it is
extremely valuable in assessing the characteristics of supply options, key considerations for development,
possible implementation challenges, and anticipated relative magnitude of cost. The following report
subsections provide additional detail on the general considerations, assumptions, cost estimation
procedures, and estimated cost results. The discussions in these subsections examine project concepts in
the context of supplies developed primarily by industry or institutions for their own water demands, due
to the importance of these activities on the local economy and the need to assess the applicable
performance metric in the context of existing and possible future water supply costs. While not examined
in detail in this report, the potential supply options discussed for industry could potentially also be
implemented through other arrangements such as municipal supply or shared municipal-industrial joint
sources. Evaluations are also documented in a technical memorandum in Appendix G for each project
concept.

The project concepts evaluated by the study could each be developed across a wide range of potential
facility sizes, with implications for implementation logistics and economic economy of scale. It is
therefore important to consider what would be likely to constitute a reasonable project size based on
characteristics of water demand and source availability. The CAGWCC’s Long-Term Strategic Planning
program includes multiple elements intended to enhance the science and knowledge base for multiple
aspects of water demand, including evaluation of historic, current, and potential future domestic and
industrial water demand, as well as investigating how demand could drive continued subsurface saltwater
intrusion and land surface subsidence. While the CAGWCC has not yet established a particular regulatory
limit for sustainable average groundwater production, CAGWCC groundwater database records and the
analyses from Task 2A.3 provide insights into potential aggregations of industrial water demands that can
be used to inform reasonable project size intervals for addressing industry needs.

Historical pumpage records and well information (e.g., aquifer codes) from the CAGWCC database were
used in conjunction with well location data from the LDNR SONRIS Well Registration database to
identify major clusters of one or more adjacent industrial facilities that currently produce groundwater
from the SHAS, specifically those that produce from the primary sand layers of concern (the 1,500-foot
and 2,000-foot sands). Fourteen major industrial clusters were identified in parishes across the
CAGWCD. The annual groundwater produced from the industrial entities in these clusters, as reported to
CAGWCC, were aggregated to evaluate potential industrial project size intervals across the CAGWCC.
Figure 74 and Figure 75 illustrate the distribution of the aggregated groundwater production (total
pumpage across the CAGWCD and pumpage from primary sand layers of concern in the SHAS,
respectively) in 2020 by the identified major industrial clusters.
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Figure 74. Distribution of total aggregated groundwater pumpage by identified major industrial clusters, as reported
across the CAGWCD in 2020.
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Figure 75. Distribution of aggregated groundwater pumpage from primary sand layers of concern in the SHAS (1500-
foot and 2000-foot sands) by identified major industrial clusters, as reported across the CAGWCD in 2020. Note: only

8 of the 14 identified major industrial clusters produce groundwater from these sand layers.
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The categorization of “industrial” facilities was consistent with the demand analysis in Task 2A.3, and
included those in the CAGWCC records as corresponding with industrial, power generating, and
correctional institution facilities.

Overall, the combined pumpage from the facilities in these clusters encompassed over 99 percent of the
overall pumpage in the SHAS and pumpage from the primary sand layers of concern by industrial entities
reported to CAGWCC. The Industrial District of Baton Rouge contains several industrial facilities with
wells that produce a significant volume of water. Rather than evaluating the Industrial District as one
large industrial cluster, geographic boundaries (streams, roads) were used to divide the Industrial District
into multiple clusters of adjacent facilities. This allowed for evaluation of project size intervals that could
be applied across the CAGWCD parishes.

In general, the groundwater volumes produced from these industrial clusters indicate project sizing
between approximately five and 20 MGD would be reasonable for meeting either some or all water
demand at one or more industrial sites. Institutional sites, which are considered for some projects, would
likely support smaller project concepts. It should also be noted that demand centers vary not only in
demand volume but also in potability requirements. Due to a limited number of detailed responses to the
Industrial Water User Survey, sufficient data are not available at this time to partition industrial demands
into clear potable and non-potable categories. Project analyses for this study therefore do not apply
produced water type as a limiting factor in project sizing.

In addition to demand, source availability influences the practical size of a project due to the need for
future sources to maintain a high degree of reliability. Source availability can vary widely by source type,
and in some cases may require detailed study to quantify. For the project analyses for the Phase 2 study,
source availability was considered in a general context based on available data, and in cases of higher
uncertainty project sizing was generally limited to five or 10 MGD.

ESTIMATING COSTS ASSOCIATED WITH PROVIDING
SUPPLEMENTARY WATER SUPPLIES

To facilitate the economic analyses, a planning-level costing tool has been developed to estimate capital
and life-cycle costs for potential project alternatives. An example of the summary output table generated
by the tool is shown in condensed form in Figure 76. The tool is intended to develop planning-level cost
estimates in a consistent manner for alternative water supply options rather than extremely fine-scale
listings and costs for all minor valves, fittings, and other project appurtenances. However, it is also
intended to be robust and reasonable, with costing of infrastructure components adapting methodologies
and extensive actual bid tab data from the Texas Water Development Board Unified Costing Model
(HDR & Freese and Nichols, 2018). The tool was also designed to allow flexibility, with many
parameters such as energy costs, per-acre land cost, loan durations, and interest rates capable of being
user-adjusted to capture local considerations. Values from reference cost tables were escalated to October
2021 cost indices to estimate costs in an approximately current context. It should be noted that detailed
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economics and the behavior of materials markets are not readily predictable, and future changes in project
economics could future influence cost. Major cost components examined through the tool include:

e Capital Costs

(0}

Construction costs for infrastructure including intakes, pump stations, pipelines and
pipeline crossings, tanks and impoundments, production or injection wells, various levels
of water treatment and wastewater treatment, as well as other components.

Engineering, financial, and legal services and contingency costs associated with
designing, permitting, and developing projects.

Purchase of land or easements for infrastructure components, along with associated
survey costs.

Environmental studies and mitigation.

Interest accrued during construction, particularly for large projects or those with an
anticipated long construction timeline.

e Annual Costs

(0}

Debt service on project funding, calculated based upon anticipated repayment terms and
interest rates.

Annual operations and maintenance costs for each infrastructure component, with
associated cost rates varying by component type.

For projects with pumping facilities, energy costs estimated based on electric rates,
facility size, pipeline properties, and anticipated water supply volumes.

The purchase cost of source water where applicable.
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Planning-Level Project Cost Estimate September 2021
STRATEGY: EXAMPLE PROJECT

PROJECT CAPITAL COST SUMMARY

TEM DESCRIFTION QUANTITY UNIT UNITPRICE  TOTAL
1 CONSTRUCTION COST 1 LS $4,154,828| 34,154,828
2 ENGINEERING, FINANCIAL, AND LEGAL SERVICES AND CONTINGENCIES 1 LS $1,432,657| 51,432,657
3 LAND AND EASEMENTS 1 LS $568,920 5568920
4 ENVIRONMENTAL - STUDIES AND MITIGATION 1 LS $25,000 $25,000
5 INTEREST DURING CONSTRUCTION 1 LS 5344925 5344925
PROJECT CAPITAL COST $6,526,330
TEM DESCRIFTION ANNUAL TOTAL
1 DEBT SERVICE {20 YEARS AT 3.5% INTEREST) $459,200
2 OPERATION AND MAINTENANCE (O&M) $56,160
3 PUMPING ENERGY COSTS $13,239
TOTAL ANNUAL COST - DURING DEBT SERVICE $528,598
TOTAL ANNUAL COST - AFTER DEBT SERVICE $69,399

UNIT COST SUMMARY

ITEM DESCRIFTION ANNUAL TOTAL
1 ESTIMATED YIELD [ACRE-FEET PER YEAR) 1,120
2 ANNUAL COST - DURING DEBT SERVICE $528,598
3 AMNUAL COST - AFTER DEBT SERVICE $69,399

TOTAL UNIT COST DURING DEBT SERVICE (5 PER ACRE-FOOT PER YEAR) 5472
TOTAL UNIT COST AFTER DEBT SERVICE ($ PER ACRE-FOOT PER YEAR) 562

CONSTRUCTION COST SUMMARY

ITEM DESCRIFTION QUANTITY UNIT UNIT PRICE  TOTAL
1 PUMP STATIONS 1 LS $974,100) $974,100
2 PIPELINES 1 LS 5430,667| 5430667
3 WATER STORAGE TANKS 1 LS 51,014,732 51,014,732
4 OTHER 1 LS 51,735,329 51,735,329
PROJECT COST 54,154,828

OPERATION AND MAINTENANCE (O&M) COST SUMMARY

TEM DESCRIFTION QUANTITY UNIT UNITPRICE  TOTAL
1 PUMP STATIONS 25 % $974,100 $24,353
2 PIPELINES 1.0 % $430,667 54,307
3 WATER STORAGE TANKS 1.0 % $1,014,732 510,147
4 OTHER 1.0 % $1,735,329 $17,353
ANNUAL OPERATION AND MAINTENANCE COST $56,160

Figure 76. Example planning-level costing tool condensed summary output.

Major components considered by the costing tool and generalized methods applied are summarized in
Table 5 and Table 6. Note that not all available tool components apply to the projects as currently
conceptualized for the study but could provide value in future studies as available data are refined.
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Table 5: Capital cost components

Pump stations
Pipelines

Pipeline crossings

Water treatment plants

Advanced water treatment facilities

Wastewater treatment plants

Water storage tanks

Dams and reservoirs
Off-channel reservoirs
Stilling basins

Well fields

Relocations
Other

Engineering, financial, and legal
services and contingency

Land and easements
Environmental studies and mitigation

Interest during construction

Table 6: Annual cost components

Debt service

Operations and maintenance

Pumping energy
Purchase cost of water

Estimated required horsepower, with separate reference data for intake
and booster pump station types.

Length, calculated diameter for target flow rate, urban or rural setting,
and soil or rock subsurface.

Length, calculated diameter for target flow rate, soil or rock
subsurface, and tunneling or directional drilling methods.

Capacity and treatment method (disinfection, groundwater, direct
filtration, conventional [surface water], brackish groundwater, or
seawater)

Capacity and advanced treatment methodology

Capacity and treatment method (Disinfection, tertiary, secondary +
tertiary, membrane)

Calculated volume for target hours of storage, tank type (ground
storage with roof, ground storage without roof, or elevated storage)
Estimated storage volume

Estimated storage volume

Estimated cubic feet per second capacity required

Well type (public supply, irrigation, ASR, or injection), capacity, and
depth

Project-specific for more detailed tool applications

Project-specific components for more detailed tool applications

Percentage of physical infrastructure cost, varying by component types

Estimated by major physical component, considering setting, whether
sites are owned, and applying a percentage cost for survey

Based upon land and easement area, with separate considerations for
pipelines and other components

Calculated from other capital costs, development duration, and interest
and discount rates

Calculated for estimated debt term (based on project type) and interest
rate

Calculated as a percentage of capital cost by major infrastructure
component

Estimated pumping rate, duty cycle, and unit energy cost

Project-specific assumption based on available seller data
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Key assumptions applied to project cost estimation are summarized in Table 7 through

Table 9. Additional project-specific details are included in the Technical Memoranda in Appendix G.

Table 7: Major Cost Estimation Assumptions (Basic Parameters) Adapted from HDR Engineering and Freese and
Nichols, Inc (2018) using expert judgement.

Build time (months) 12-24
Engineering - Pipelines (% of infr. cost)! 30
Engineering - Other (% of infr. cost)? 35
Debt term (years)? 20
Loan rate (%) 35
Interest During Construction - Interest Rate (%) 3
) Interest During Construction - Return Rate (%) 0.5
I Urban land cost ($/ac)® $435,600.00
Parameters

Energy cost ($/kw-h) $0.08
Pump connection cost ($/HP) $150.00
Environmental - Pipeline ($/mile)* $25,000.00
Environmental - Other 100% of land cost
Survey - Reservoir N/A
Survey — Other® 10% of land cost
Water purchase cost ($/ac-ft)® $0.00

1. Includes estimated cost for engineering, financial, and legal services, and contingency. Capital cost for this
category is estimated as a percentage of associated physical infrastructure cost.

2. Costing analyses for the study assume that the project sponsor(s) utilize loan programs to assist in financing
the project.

3. Conceptual project development within the study area is anticipated to be associated with urbanized settings
and/or highly developed industrial aggregations

4. Includes estimated cost for environmental studies and mitigation. For non-pipeline components, this is
estimated as a percentage of associated land cost, including equivalent cost for project development acreage not
requiring purchase.

5. Survey cost for development of non-reservoir survey components is estimated as a percentage of associated
land cost, including equivalent cost for project development acreage not requiring purchase.

6. This component is assumed to be zero for the strategy analyses for this study.
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Table 8: Major Cost Estimation Assumptions (Infrastructure) Adapted from HDR Engineering and Freese and Nichols,
Inc (2018) using expert judgement.

Wells

Treatment

Storage

Pump Station
and Pipeline

Max well size before new site (gpm)
Spacing (ft)

Duty cycle (%)*

Peaking Factor?

Wire to water efficiency (%)
Residual pressure (psi)

Land per well (ac)

Requires land purchase?
Peaking Factor

Land per MGD capacity
Requires land purchase?
Storage type

Volume

Max tank size before new tank (MG)
Land per tank (ac)

Requires land purchase?
Intake?

Duty cycle (%)?

Land per site (ac)

Peaking Factor

C Factor

Wire to water efficiency (%)
Elevation change (ft)
Residual pressure (psi)
Easement width (ft)
Crossings and relocations??
Requires land purchase?

1,800
1,320-2,640
80 (100 for ASR)
1.5 (1.0 for ASR)
80
50
0.5
No
15
0.5
No
Ground Storage w/ Roof
4 hrs at peak
2
1
No
No
80-100
5
1.5 (1.0 for ASR)
120
70
0 (70 for river water)
50
50
No
No

1. Proposed parameters for aquifer storage and recovery (ASR) assume injection well and pipeline operation at

a high duty cycle and constant rate during high source water flow events.

2. For the project, surface water pump stations are assumed to operate at a high overall duty cycle. Individual

pump units within the station would be expected to have some degree of down time.

3. Infrastructure crossings and relocations are be assumed to be zero for the strategy analyses for this study.
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Table 9: Major Cost Estimation Assumptions (Operations and Maintenance Factors) Adapted from HDR Engineering
and Freese and Nichols, Inc (2018) using expert judgement.

Pump stations 2.5
Pipelines and crossings 1
Water or wastewater treatment Varies?
Water storage tanks 1
On and off-channel reservoirs 15
Stilling basins

Well fields 1
Other

Pump stations 2.5
Pipelines and crossings 1
Water or wastewater treatment Varies?
Water storage tanks 1
On and off-channel reservoirs 1.5

1. Annual operations and maintenance (O&M) costs are estimated by multiplying the construction cost of a
component type by an assumed O&M factor.
2. O&M costs for treatment facilities vary with treatment type, level, and capacity.

The planning level costing tool, used to develop estimates of existing groundwater costs, was adapted to
calculate the future cost of industrial groundwater supplies for major groundwater users in the CAGWCD
if groundwater usage continued at current rates. These estimates were labeled as “status quo” costs since
they represent a portion of the potential future cost to industry if groundwater production in the traditional
local source sand layers were to remain the same. The 2013 report prepared by the USGS on the
“Simulation of Groundwater Flow in the “1,500-Foot” Sand and “2,000-Foot” Sand and Movement of
Saltwater in the “2,000-Foot” Sand of the Baton Rouge Area, Louisiana” (Heywood & Griffith, 2013)
created a groundwater flow and saltwater transport model to assess the migration of the saltwater plume
created by groundwater withdrawals in the Baton Rouge area. The 2013 USGS study determined that the
plume extends beyond the Baton Rouge Fault and is encroaching on industrial wells located 3 miles north
of the fault, which include the southernmost industrial clusters. The industrial water users within these
clusters were used in the future cost estimates to determine the predicted cost of treatment for saltwater
intrusion.

The status quo cost estimates were developed at the individual water user level for each of the entities
located within the general proximity of the predicted expanding saltwater plume. The status quo cost
estimates utilized the same assumptions as the existing groundwater cost estimates, however, only
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operations and maintenance (O&M) costs for treatment of groundwater were accounted for in the costing
tool; pumping costs were not accounted for. O&M costs for treatment of future groundwater supplies
were estimated using the same maximum capacity (MGD) of each facility as used in the existing cost
estimates, which was calculated for each entity by taking the maximum annual groundwater pumpage of
that entity over the last 10 years (2011 through 2020). For each required treatment (e.g., disinfection,
iron/manganese removal and disinfection, direct filtration, etc.), brackish groundwater desalination was
used as the necessary future treatment in order to account for the predicted increased salinity of the
groundwater. Additionally, the level of total dissolved solids (TDS) for water treatment was assumed to
be 1,000 mg/L due to the saltwater plume. With the O&M cost of treated groundwater added into the
costing tool, the future annual cost and project capital costs were calculated for each owner.

The annual cost produced by the status quo costing tool was then adjusted to account for the estimated
existing O&M costs that are already paid by the entities. This adjustment was done by taking the existing
O&M cost of each entity, which accounts for the estimated current water treatment O&M and pumping
energy costs, and subtracting it from the future annual cost value produced by the status quo costing tool.
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Summary of Estimated Concept Costs

The estimated project capital costs for the concepts examined here are presented in Figure 77, with annual
costs illustrated in Figure 78. Annual costs for debt service are estimated for a 20-year debt term and
would therefore contribute to a higher unit water cost during the initial two decades of project lifespan,
after which annual costs would decrease to the amounts for energy and O&M, along with any purchase
cost of water (assumed to be zero for this study). Long-term O&M costs are shown in solid shading in
Figure 78, with debt service in semitransparent shading. Capital and annual unit costs for the Status Quo
Scenario for an example impact area of industrial aggregations near Interstate 10 are also included for
comparative purposes. Estimated composite unit costs for a hypothetical 50-year project lifespan are
shown in Figure 79. Detailed unit cost and performance metrics for the Status Quo Scenario are not
included in the analysis as calculated values are facility specific, and a Status Quo approach ultimately
would have a cascading cost as continued production would draw increasingly saline supplies not only
toward producing industries but also surrounding industries and municipalities Additional project-specific
details are included in the Technical Memoranda in Appendix G.
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Figure 77. Estimated project concept capital cost in millions of dollars (October 2021 cost index). Potable and non-
potable categories are included to cover varying water quality requirements for different uses.
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Figure 78. Estimated project concept annual cost in millions of dollars per year (October 2021 cost index). Solid
shading reflects energy and operations and maintenance components, with debt service shown in semitransparent
shading. Potable and non-potable categories are included to cover varying water quality requirements for different
uses.
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Figure 79. Estimated project 50-year composite unit cost in dollars per 1,000 gallons (October 2021 cost index).
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In examining these costs both individually and comparatively, there are several key considerations to
keep in mind. As noted previously, project concepts are envisioned and examined at a planning level, and
site-specific considerations could impact cost dynamics. It is also of note that costs in this analysis are
presented for a reference month of October 2021. National and international economic drivers and
materials markets are prone to fluctuations which cannot always be accurately predicted and present a
source of uncertainty regarding the cost of project development in the future. Costs presented for the
study are examined in the context of each independent project. In real-world implementations, these
supplemental supplies could be integrated with other supplies held by an entity and thus contribute to an
overall system water rate; however, due to the need for strategy-specific evaluation and comparison and a
lack of detailed information on existing water cost, an examination of potential combinations of existing
and new supplies and the resulting costs was not conducted.

Available data from the Industrial Water User Survey and identified assumptions and supplemental data
were utilized to estimate the current cost of industrial water supplies. This information, in conjunction
with planning-level estimates of potential future project costs, is a key component in evaluating
Performance Metric 3 (water supply and cost for industry) and characterizing the cost of future supply
concepts and portfolios relative to current supplies. Due to the focus of the study on regional or sub-
regional supply opportunities and the desire to maintain industrial stakeholder data confidentiality, project
analyses are presented for general aggregations of water users rather than for individual facilities or water
users, with the level of aggregation reflective of the quantity and level of detail of local stakeholder data
available.

The Industrial Water Use Survey in Task 2A.3 yielded limited, highly variable responses regarding the
current unit cost of on-site treatment for water sources (groundwater, surface water, etc.) for industry.
This precluded the ability to directly use survey information to develop an aggregated cost estimate of
industrial water supplies across the CAGWCD. Nevertheless, the survey data that was received provided
some data regarding existing water use, important water quality parameters, and cost of water treatment
for specific facilities, which could be used to infer treatment quality and costs for these entities and other
industrial users in similar subcategories.

Due to the limitations of the Industrial Water Use Survey data, an alternative approach was used to
estimate the current cost of industrial water for the Performance 3 Metric evaluation. This alternative
approach involved leveraging existing data with available tools to estimate the two fundamental
components of a treated water supply unit cost: (1) the annual cost to retrieve and treat the water; and (2)
the volume of treated water produced. To estimate the first component (annual cost), existing information
on groundwater wells from CAGWCC and LDNR SONRIS, such as historical pumpage, location, depth,
and specific capacity, were used in conjunction with the planning-level costing tool used for the strategy
concepts, to develop estimates of annual costs that major industrial groundwater users in the CAGWCD
pay to develop treated groundwater on an individual, facility level basis. To estimate the second
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component (volume), historical groundwater well pumpage data (2010 through 2020), used in the demand
evaluation analysis in Task 2A.3, were compiled by well owner to estimate the average groundwater
production by industrial facility. These two components were used to estimate individual unit costs by
major industrial facility and were then aggregated to estimate a composite unit cost of current industrial
water supply for the CAGWCD. More detailed discussion of this approach is included in the following
subsections.

The focus of this alternative approach was specifically limited to groundwater, rather than other sources,
due to lack of facility level industrial water use data from other sources, as shown in Task 2A.3, and lack
of costing information for these sources. Furthermore, honing this estimate toward groundwater is in line
with the overall focus of Commission’s fundamental objectives to maintain sustainable use and maximize
the heath of groundwater in the SHAS.

Multiple existing datasets were used to obtain information used in the approach to estimate a current cost
of industrial water. The CAGWCC database provided data for individual wells, such as well numbers,
current owner or entity names, well depths, use categories (industrial, public supply, etc.), aquifer codes
(geologic unit), and annual pumping data from 1975 through 2020. The LDNR SONRIS Well
Registration database was primarily used to identify well latitude and longitude locations. However, it
was also used to obtain additional well information or fill in any gaps in the CAGWCC database for
information, such as the well status (e.g., plugged vs active), well depth, aquifer codes, and well specific
capacity (reported as “yield” on well application to the LDNR). If data from the CAGWCC database and
LDNR SONRIS database conflicted, the CAGWCC database was used. As discussed in Task 2A.3, the
Industrial Water Use Survey provided locations and current water usage by source (groundwater, surface
water, purchased water, etc.) for 16 industrial facilities in the CAGWCD. This information was used to
verify the total current groundwater use estimated for these facilities.

The historical pumping data from the CAGWCC database was used in conjunction with the LDNR
SONRIS Well Registration database and Industrial Water Use Survey from Task 2A.3 to estimate recent
annual average industrial groundwater usage (2010 through 2020) by individual industrial entities across
the CAGWCD. In addition to pumping data, these sources were used to obtain individual well parameters
that could be input into the planning-level costing tool to estimate current costs to develop treated water
by individual entities. Well data were filtered to include industrial production wells. The categorization of
“industrial” wells was consistent with the demand analysis in Task 2A.3, e.g., pumpage of wells classified
as industrial in the CAGWCC database, in addition to pumpage from power generation facility and
correctional institution wells. The owner or entity names identified in the CAGWCC database were
assumed to represent the most up to date ownership of wells and were used as a uniform source to
identify which groundwater wells and pumpage were associated with an industrial entity. This
information was used to compile the groundwater use by individual industrial entities.

The planning-level costing tool, used to develop estimates for potential project alternatives, was leveraged
to develop estimates of the current costs of industrial groundwater supplies for major groundwater users
in the CAGWCD. Costs were evaluated at the individual owner/entity level in order to provide the most
accurate representation of the cost of industrial water supply at a finer scale. Since water infrastructure
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(pipelines, wells, water treatment facilities, pump stations, storage, etc.) at these individual facilities are
already in place, this analysis focused solely on evaluating annual costs associated with developing
treated groundwater at these facilities, which includes annual O&M of water treatment facilities and wells
and pumping energy costs from individual wells.

Of the total number of industrial groundwater users across the CAGWCD, most of the current total
reported pumpage is conducted by a select number of major industrial entities. To focus this analysis on
those major entities, cost estimates for individual entities were limited to owners that have recently
produced groundwater above a certain threshold. In this analysis, the top producing industrial owners in
the CAGWCD were identified by calculating the most recent 10-year (2011 through 2020) average
pumpage by entity. Entities were selected for this costing analysis based on the average annual pumping
threshold of 50,000 gallons per year. In all, 22 industrial entities met this threshold. These 22 entities
comprise approximately 99 percent of the annual industrial groundwater pumpage reported in the
CAGWCC database.

The study costing tool was adapted to estimate current groundwater costs for these top 22 industrial
groundwater users, scaled to an October 2021 cost index. Pumping energy costs were assumed to be
$0.08 per kWh. Land was not accounted for in the cost estimates, assuming that all land was previously
purchased and owned by these entities. Additionally, the costing tool did not account for energy costs of
infrastructure types other than pumping from wells (e.g., transmission pipelines, storage, pump stations,
etc.), as the focus of this analysis was to assess the cost of developing treated water, which precludes any
distribution.

Individual information on active wells for each of the industrial owners assessed were input into the
planning-level costing tool to develop estimates of O&M and pumping energy costs of the well system
for each owner. A few key assumptions were applied to constrain the current cost estimates to include
only active wells that contribute to recent groundwater pumpage by the major industrial entities:

e If an owner had not used a well over the last 10 years (e.g., there was no pumpage reported since
2010), then it was assumed that the well was out of service and was not accounted for in the
current groundwater cost estimates.

e If an owner had not used a well over the last five years (e.g., there was no pumpage reported since
2015) and the well was designated as "Plugged and Abandoned," "Abandoned,"” "Inactive," or
"Destroyed” in the LDNR SONRIS database, then it was assumed that it was out of service and
was also not accounted for in the current groundwater cost estimates.

o If awell was located in a parish other than the parish in which the majority of wells owned by an
entity were located, then the well was excluded from the current groundwater cost estimates.

e Otherwise, any active industrial production wells that have pumped over the last 10 years were
included in the current groundwater cost estimates.
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The planning-level costing tool requires five well parameter inputs to estimate groundwater well O&M
and pumping energy costs: well maximum capacity (gpm), depth, type, wire-to-water efficiency, and a
well peaking factor (e.g., peak flow over average flow). The input for well maximum capacity was
calculated using the maximum value between the historical pumpage reported in CAGWCC records
(1975 to 2020) and the specific capacity (yield) reported by SONRIS. The depth for each well was based
on the reported depth in the CAGWCC database, in conjunction with the data from SONRIS where it was
not available in the CAGWCC database. For well type, the planning-level costing tool does not
specifically include an industrial well type. Instead, a public supply well type was used as a more
conservative cost estimate, as opposed to other well types built into the tool (e.g., ASR, irrigation, or
injection well types). An 80 percent wire-to-wire efficiency was selected based on standard cost
assumptions for wells used for the strategy concept. Well energy costs account for average pumping. The
average pumping for energy costs was calculated by dividing the well capacity by a peaking factor. This
peaking factor was calculated for each well by dividing the inputted maximum well capacity by the
average non-zero pumpage over the last 10 years (2011-2020), providing a ratio of the maximum flow to
the average 10-year flow. These well parameters were input into the costing tool to estimate the cost of
O&M and pumping energy for individual wells owned by an industrial entity, which the costing tool
could compile into a total composite cost for all wells owned by an entity

O&M costs for treatment of groundwater supplies were also estimated in the costing tool for each of the
major industrial groundwater users. To estimate O&M costs for water treatment, the costing tool requires
two inputs: the maximum capacity (MGD) of the facility and the treatment type (disinfection,
iron/manganese removal and disinfection, direct filtration, etc.). Maximum treatment capacities were
estimated for each entity by calculating the maximum annual groundwater pumpage by that entity over
the last 10 years (2011 through 2020). The Industrial Survey was used to estimate the treatment type
needed for groundwater for individual users, where applicable. Treatment levels designated by a
respondent in a specific industrial subcategory were assumed to be applicable to other entities in that
same subcategory. For example, if a survey respondent was in the pulp and paper industrial subcategory
and designated a treatment quality needed for their water supply, then that same treatment quality level
was assigned to entities in the same subcategory. For most entities, as a conservative estimate,
iron/manganese removal and chlorine disinfection were assumed to be appropriate to treat existing
groundwater supplies. Direct filtration treatment was assumed for electric generating facilities. The
costing tool also has an option to adjust for the level of total dissolved solids (TDS) for water treatment. If
a respondent provided information on existing TDS levels of their groundwater, adjustments were made
to the O&M cost estimates for treatment.

The total O&M and pumping energy costs for current water treatment and wells per entity, generated with
the planning-level costing tool, were used to calculate a total annual cost per entity. The total annual cost
per entity was divided by the 10-year (2011 through 2020) non-zero, average groundwater pumpage by
that entity to calculate a total unit cost per entity. The unit cost per entity was multiplied by the total
pumpage per owner over the last 10 years and summed to produce an aggregated 10-year cost. This total
10-year cost was divided by the sum of the total pumpage of all owners over the last 10 years to produce a
volume- weighted, composite unit cost of current industrial groundwater across the CAGWCD parishes.
This composite unit cost was calculated to be $1.05 per 1,000 gallons.
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This composite unit cost represents an estimate of the CAGWCD-wide cost to develop treated industrial
water supplies, which was compared to the unit cost of the strategy concepts in order to assess
Performance Metric 3 (cost to industrial users). Ultimately, the true cost of treated water supply for
individual facilities across the CAGWCD parishes could be lower or higher than estimated costs
presented in this report. Responses to the Industrial Water Use Survey regarding the current cost to
produce treated water supply (as of December 2021) ranged from $0.02 to $7.00 per 1,000 gallons. The
composite unit cost calculated in this analysis falls within this range. As more information on treatment
needs and costs for water supplies is obtained by CAGWCC, this estimate can be used to further refine
the assumptions and methods built into this estimate.

The Fundamental Objectives and Performance Metrics sections of the Phase 2A study report provide an
overview of the long-term strategic planning objectives identified by the CAGWCC and the associated
performance metrics established to evaluate alternatives through consistently applied and meaningful
guantitative or qualitative procedures. As noted in these sections, Performance Metric 3 is based upon a
composite unit cost of water for industrial users and is intended to help characterize the ability of
potential alterative water supply concepts to support management of the aquifer to maximize long-term
availability of clean and inexpensive water to industry and commercial entities.

As explained in greater detail in the Performance Metrics section of this report, Performance Metric 3 is
calculated as a ratio of the composite unit cost for a project concept (or portfolio of concepts) to the
estimated current cost of producing and treating water supply for industry (Equation 8). The analyses of
estimated project concept costs and existing industrial groundwater costs therefore provide the necessary
inputs to evaluate Performance Metric 3 for the individual project concepts and concept size variants
examined in this study. Resultant values for evaluating Performance Metric 3 for a 50-year hypothetical
project life cycle are summarized in Figure 80.
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Figure 80. Estimated project 50-year composite Performance Metric 3 cost ratios. Performance Metric 3 reflects a
ratio of estimated project cost to estimated current industrial water supply cost (top axis). Higher values correspond to
greater long-term costs relative to current supplies and other supply concepts with lower values.

In examining the results shown in Figure 80 both in terms of individual project concepts and
comparatively among concepts, it is important to view Performance Metric 3 values in context, including
that the various options produce differing supply types and for a range of purposes. Treated surface water
projects could meet the majority of water demand types in the area, and generally have relatively low cost
ratios. Brackish groundwater desalination shows the highest estimated ratio, but also would be expected
to produce a very high-quality treated supply. The use of brackish groundwater desalination may provide
an option for more isolated locations where other solutions could be impractical. Therefore, a high cost
ratio alone should not be the only parameter to consider to classify an option as inapplicable. Municipal
and industrial reclamation projects generally display moderate factors for the analysis but would produce
non-potable supplies which may not be suitable for all users but that may be viable options for some
industrial aggregations. The cost ratios for institutional effluent reclamation are higher than the other
reuse options due in large part to limitations on economy of scale for a small facility size, but also offer
potential social benefits that cannot be directly captured in a cost ratio analysis.

As shown in Figure 80, all project concepts have cost ratios greater than 1.0, and thus all have an
estimated long-term unit cost exceeding the current estimated cost of groundwater. This outcome is to be
reasonably expected, given the ability of existing groundwater to be produced by existing and largely
already funded infrastructure, along with the historical high quality of groundwater available within much
of the CAGWCD parishes. However, saltwater intrusion toward major industrial aggregations is ongoing,
and if it continues unabated there will be a downgrade in groundwater quality and subsequent increase in
treatment cost in order to maintain use of current groundwater formations.
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Supply Concept Portfolios

The magnitude and complexity of water demands, and in particular industrial water demand, within the
CAGWCD suggest that future supply diversification may not revolve around a single project or project
type, but rather lead to a regional suite of various supply types to meet these diverse needs. For this
reason, it is useful to examine project economics and Performance Metric 3 factors not only in the context
of individual projects, but also in terms of potential project portfolios. Because a long-term sustainable
regulatory limit on groundwater production has not yet been established for the sand layers in the
CAGWCD and due to a lack of detailed data on proportions of potable and non-potable water needs for
industry, the supply concept portfolio evaluation for this study utilizes a representative portfolio size of 20
MGD, with portfolios structured to examine a range of projects and treated supply percentages. Table 10
summarizes the portfolios considered for the study, the percentage of potable supply generated, and the
constituent projects. Note that the portfolios do not include institutional effluent reclamation projects,
which would generate relatively small supplies individually, but could be integrated with any of the
portfolios and as previously noted have potential for considerable non-supply benefits.

Table 10: Supply concept portfolio composition

= = S =
2 B § 5 5 <
2 2 2 5 5 0§ ¢
Portfolio _05:_ .?_;_ an. % c_% E g
20 =20 § < S5 80 3
173} @ om i) x © )
R i - X : . x
2 2 g S S 5 5
> S @ s > b £
1. Surface Water 100 v
2. Surface Water w/ Mun. Effluent and
Brackish GW & v v v
3. Surface Water and Municipal
Effluent 50 v v
4. Bank Filtration and Municipal
Effluent 50 v v
5. ASR and Municipal Effluent 50 v v
6. Surface Water and Mixed Effluent 50 v v v

Composite unit costs were calculated for each portfolio for a 50-year hypothetical project lifespan based
on the costs and volumetric contribution of each project in the portfolio. These composite portfolio costs
were then compared against estimated existing groundwater costs to generate Performance Metric 3
factors as summarized in Figure 81.
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Figure 81. Estimated project portfolio 50-year composite Performance Metric 3 factors. Portfolios categorized as
100% Treated include only project concepts generating treated potable water supply. The 75% Treated category
includes portfolios with 25 percent of the corresponding supply volume being non-potable, with the 50% treated
category reflecting portfolios with supplies evenly split between potable and non-potable supply types.

IDENTIFYING POTENTIAL FINANCIAL INSTRUMENTS AND PROPOSE
APPROACHES FOR PUBLIC-PRIVATE PARTNERSHIP (P3)

Overview of Funding Programs

Based on the outcomes of the alternative water supply options and the estimated costs of supplementary
water supplies, potential options for providing project funding to proposed water supply alternatives were
reviewed, potentially including available incentivized loan or grant programs, as well as opportunities for
municipal or industrial demand sectors to utilize public-private partnership (P3) arrangements. This
process identified existing federal, state, and local grant and loan programs that could potentially be
applied to fund water supply infrastructure projects in Louisiana and address the additional supplementary
water supply costs from the alternatives discussed in this study.

As of 2016, private water utilities accounted for approximately 15 percent of the municipal water sector
in the U.S. (Bluefield Research, 2016). The remaining 85 percent is served by the local municipalities and
communities. As a result, the financial burden to either provide improvements or construct new water
infrastructure is primarily taken on by these local governmental entities, as well as by the state
government. The federal government has established on-going funds to aid local government entities with
financing water infrastructure, such as the Clean Water State Revolving Fund (CWSRF). Funds for the
CWSREF are appropriated by the federal government and in Louisiana, are administered by the Louisiana
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Department of Environmental Quality (LDEQ). This funding program provides state and local
governments the opportunity to obtain low interest loans for eligible projects such as construction of
publicly owned treatment facilities, decentralized wastewater treatment systems, and reuse or recycling of
wastewater, stormwater, and drainage water (LDEQ, 2021). In Louisiana, the state is required to match at
least 20 percent of the funds appropriated to LDEQ during a fiscal year.

There are other ongoing financial instruments that can be used for water infrastructure projects, such as
the Water Infrastructure Finance and Innovation Act (WIFIA) program, established in 2014 and
administered at the federal level by USEPA. The WIFIA program can fund the development and
implementation for eligible projects, including those that are eligible for the CWSRF and Drinking Water
SRF (DWRSF) programs, as well as individual water supply projects, such as brackish or groundwater
desalination, aquifer recharge, alternative water supply, and water recycling, or combinations of projects
submitted under one application (USEPA, 2021). The minimum project size for large communities
(population greater than 25,000) is $20 million and WIFIA can provide up to 49 percent of eligible
project costs.
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In addition to the funding options identified, municipalities could also explore municipal bonds to finance
water infrastructure projects. Funding from the private sector could also be an option, where private
entities invest the capital required for water or wastewater infrastructure improvements or construction of
new projects. Alternatively, private funding through a P3 could be a potential opportunity. P3s are
discussed in greater detail in the Public-Private-Partnerships and Key Considerations for a P3 subsections
of this report.

The list of programs contained in Table 11 provides an overview of current, on-going financial
instruments available during Phase 2A of this study. New funding programs may become available and be
applicable financial opportunities. For example, under the Infrastructure Investment and Jobs Act (11JA),
which was recently signed into law by the federal government in November 2021, Louisiana will expect
to receive $580 million over five years to improve water infrastructure and ensure clean, safe drinking
water for communities across the state (White House, 2021). This program will be based on the traditional
state revolving fund (SRF) formula. However, at the time of this study, specific details to secure these
funds, including the timing, availability, and application process in Louisiana are unknown. At the time of
writing (2023), much of the water and wastewater infrastructure funding is anticipated to come through
the programs identified in this report, such as the SRF programs or from the USEPA directly.
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Table 11

Source
Type

State,
Federal

State,
Federal

Federal

State

Federal

State,
Federal

State

: Summary of Potential Funding Sources for Water Supply Alternatives (FNI, 2021; this report)
Agency Program Name

Eligible
Applicants

Public Water
Systems

Municipalities
and Parishes

Municipalities
and Parishes

Municipalities
and Parishes

Local, state,
tribal, and
federal
government
entities;
Partnership and
joint ventures;
Corporations
and trusts;
Clean Water
and Drinking
Water SRF
programs

Municipalities
or Parishes

Municipalities
and parishes
within LA
identified by
HUD as non-
entitlement
communities

/Grant

Source

LDH,
USEPA

LDEQ,
USEPA

USDA
-RD

LA
Div. of
Admin.

USEPA

HUD,
LA
Div. of
Admin.

OoCD

Drinking Water
Revolving Loan
Fund

Clean Water
State Revolving
Fund

Water & Waste
Disposal Loan
& Grant
Program

Local
Government
Assistance
Program

Water
Infrastructure
Finance and
Innovation Act

Community
Development
Block Grant
Program

Community
Water
Enrichment
Fund

Program
Acronym

DWRLF

CWSRF

USDA

Loan /

Grant

LGAP

WIFIA

CDBG

CWEF

Assistance
Type

Summary

Loans,
Principal
Forgiveness

Assists PWS in financing needed
drinking water infr.
Improvements. Consolidation of
multiple PWS is also eligible.
Assists communities by
providing low-cost financing for
eligible projects like
implementation of a non-point
source pollution mgmt. program,
water conservation, efficiency,
or reuse.

Provides funding for clean and
reliable drinking water systems,
sanitary sewage disposal,
sanitary solid waste disposal,
and storm water drainage to
households and businesses in
eligible rural areas.

Water, equipment, drainage, and
reasonable engineering costs
(10% of grant award for basic
engineering services if
associated with const. and 3%
for insp. services)

Fund dev. and implementation
activities. Projects that are
eligible for the CWSRF,
notwithstanding public
ownership clause, Projects that
are eligible for the DWSRF,
Energy efficiency projects at
drinking wastewater facilities.
Alternate water supply.
Acquisition of property if
integral to project or mitigates
environmental impact.
Combination of projects secured
by common security pledge or
under one application by SRF.
Provides grants to eligible
activities under the Louisiana
CDBG program, including
projects to improve existing or
construct new potable water
systems.

Provide a source of funding to
aid units of local government
solely for the purpose of
rehabilitation, improvement, and
construction projects for
community water systems to
provide safe and clean drinking
water.

Loan,
Principal
Forgiveness

Loans,

Grants

Grants

Loans

Grants

Grants
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Benefits and Drawbacks of Loans and Grants

When evaluating whether a loan or grant program is the most appropriate financial structure to fund a
water infrastructure project, it is important to note the potential benefits and drawbacks of each. Table 12
provides some key potential benefits and drawbacks of loans and grants.

Table 12: Key Potential Benefits and Drawbacks of Loans and Grants

Funding Benefits

Type
Loan

Grant

Interest rates subsidized so
typically lower than the applicant
can get on the open market;

Loan repayment terms, up to 30
and in some cases, 40 years;

Typically, greater total funds
available and available annually;

Less competitive than grants;

Application and requirements may
be easier than grants;

Can typically fund Planning,
Design, Acquisition, and
Construction and include pre-
award and management costs.
Grants do not have to be repaid;

Typically, more grant
programs/opportunities than loan
programs.

Drawbacks

Must be repaid with interest;

Many times, loan approvals depend on the
overall financial, managerial, and technical
capabilities of the applicant;

Agency review and approval timeframes (can be
a year or more);

Applicants will normally need to hire a financial
advisor, a bond counsel, and an engineer;

Typically, fewer loan programs than grant
programs/opportunities;

Agency loans will typically impact (count
against) a political subdivisions debt service
capacity

Must meet priorities of the agency delivering the
grant which can change by need and by year;

Many grants programs are not annual, some may
only be available after a federal disaster;

Grants are typically more competitive;

Scoring criteria in applications can be lengthy
and confusing;

Failure to follow requirements completely could
result in a recapture, or claw-back, of grant funds
under future audit;

Agency review and approval timeframes (can be
a year or more)

Applicants will likely need to hire a grant
management firm and an engineer;

Some grant programs do not allow pre-award or
management costs;

Some grant programs may limit grant
management and engineering fees.
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P3s have been used as a tool to enable private entities to assist the public sector with the design, build,
and operation components of publicly owned water and wastewater infrastructure. It is estimated that P3s
have accounted for 1 to 3 percent of infrastructure spending for transportation (highway, transit) and
water sectors (U.S. Congressional Budget Office, 2020). The water supply alternatives evaluated in this
study could potentially lend themselves to a P3 procurement process, where the municipal and industrial
sectors share the risks, services, and asset life-cycle maintenance associated with the delivery of water
infrastructure projects.

In a traditional approach for municipal water supply infrastructure development, often referred to as a
“design-bid-build” (DBB), services are procured through a private firm to develop and construct an asset,
but the majority of risk associated with delivery and operation of the asset are retained by the public
sector (EY and AWWA, 2019). In contrast, a P3 typically constitutes a long-term, performance-based
contractual agreement between a public sector entity and a private entity, where the public entity retains
ownership of the asset, while the private entity is given control over more than one of the following
components of the water infrastructure project: design, construction, financing, operations, or
maintenance (Congressional Budget Office, 2020). There is a wide spectrum of approaches for a P3 that
can be used to deliver water infrastructure, where risk is progressively transferred from the public partner
to the private partner. This risk transfer occurs by combining the responsibility for multiple stages of a
project so that the private partner bears the risk of potential increases to costs or other financial shortfalls.
On the spectrum of potential approaches to a P3, common combinations include (from lowest to highest
extent of risk and project financing transferred to the private partner):

e Design and build (DB);

e Operate and maintain (O&M);

e Design, build, and finance (DBF);

o Design, build, and operate (DBO)

e Design, build, operate, and maintain (DBOM); and

e Design, build, finance, operate, and maintain (DBFOM; Jamieson, 2013; EY and AWWA, 2019).

P3 arrangements can be financed through public funds, private funds, or various combinations of both
options (Congressional Budget Office, 2020). With public financing, federal, state, or local governments
can issue bonds that are tax exempt and typically offer lower interest rates than bonds without tax
exemption. Private financing will not be tax exempt and will be subject to higher interest rates, which
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could make the cost of service higher than public financing. However, management and technical
efficiencies added by having a private partner could counteract any savings from tax exemptions on
municipal debt. In a P3 that uses private financing, the private partner is generally compensated in two
ways: 1) private financing is repaid with payments from the government as the private partner constructs
or maintains the infrastructure in a manner that meets specific criteria in a performance agreement; or 2)
private financing is repaid with revenues generated by fees to the infrastructure users, such as water and
sewer fees (Congressional Budget Office, 2020). Private financing will require a certain percentage of
equity from the private investor, and financing terms will be based on the risk of the project. The greater
equity or financial risk given to the private investor in a project, the more generous other terms in the
contract will need to be, i.e., rewarding the private entity with greater tax incentives or subsidies, or to
allowing higher fees to be charged to water users.
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P3 arrangements have the potential to provide benefits that are not offered through a traditional
infrastructure delivery and financing approach for municipal water supply projects. P3s can provide the
private partner with incentives to complete a project more efficiently than the public sector, which could
lead to technical innovations, accelerated design and construction timelines, improved operational
efficiencies, and lower total life cycle costs (West Coast Infrastructure Exchange, 2016). In addition, a
private partner could provide access to new sources of private financial resources and take on greater risks
associated with financing, design and build, or O&M of a project. In parallel, there are potential barriers
and drawbacks associated with P3s. Depending on the contractual agreement, the public sector could cede
control over certain aspects of a project, such as technical control over assets or the authority to set water
and sewer fees (Congressional Budget Office, 2020). Although a P3 could provide the private entity with
incentives to reduce costs, the cost of the financing will not be impacted. As such, private partners could
provide financing that lowers the up-front costs paid by the public sector for an infrastructure project,
however, the private sector will be repaid by user fees or future tax revenues generated from the project.

In Louisiana, pursuant to Louisiana R. S. 8§ 48:250.4, when determined to be in the best interest of the
taxpayers and with approval of the Louisiana State House and Senate transportation, highways, and public
works committees, LA DOTD may solicit proposals and enter into contracts for P3 projects for
transportation facilities (“Public-private partnership projects,” 2010). This policy has enabled the
procurement of P3s for transportation projects across the state of Louisiana, such as the Belle Chasse
Bridge and Tunnel replacement project (LA DOTD, 2018). Currently, there is no Louisiana state policy in
place to grant a designated water authority(s) the ability to pursue P3s to fund water infrastructure
projects. However, this does not preclude the ability of a municipal entity to pursue a P3 in the state of
Louisiana.

116



Although P3s have been more commonly associated with large-scale transportation projects, there have
been several P3 cases applied in the water sector (Hughes, 2017). The University of North Carolina at
Chapel Hill Environmental Finance Center (EFC), with support of the EPA Water Infrastructure and
Resiliency Finance Center and West Coast Infrastructure Exchange, conducted an assessment of the
potential benefits of alternative water delivery project models (P3s) and highlighted case studies
involving P3s for water and wastewater infrastructure (Hughes, 2017) . A few examples of P3s developed
for water and wastewater infrastructure are discussed below.

e A regional surface water treatment facility was constructed through a joint effort by the City of
Woodland, California, the City of Davis, California, the University of California at Davis, and
Woodland Davis Clean Water Agency through a DBO service contract with a private partner
(CH2M Hill). Initial financing for this project came from the public sector through SRF loans
issued by the project sponsor. Services provided by the private partner included permitting,
project design and construction, and on-going operation of the facility (Hughes, 2017).

e The City of Phoenix, Arizona constructed the Phoenix Lake Pleasant Water Treatment Plant, one
of the first large-scale DBO water treatment plant projects in the U.S. The City joined into a
service contract with multiple project partners, where each partner provided services for
individual phases of the project (design, construction, and operations). Initial financing for this
project came from revenue bonds (tax exempt) issued by the project sponsor (Hughes, 2017).

e The City of Santa Paula, California used an alternative delivery model to construct a new,
privately-owned wastewater recycling facility that was designed, built, financed, and operated
(DBFO) through private entities. Initial financing for the project came from private equity and
privately placed loans issued by the service provider. Although the facility was initially privately-
owned, the City issued debt (tax-exempt) to purchase the facility back after its completion due to
perceptions of high costs of private capital (Hughes, 2017).

Public and private entities in the CAGWCD could develop similarly structured P3 agreements between
partners (DBO, DBFO, DBFOM, etc.) to optimize the delivery of multiple stages of the alternative water
supply projects evaluated in this study. The potential P3 structure for each alternative project type
(surface water treatment plant, industrial or municipal wastewater reclamation, brackish groundwater,
ASR) evaluated will ultimately be dependent on a multitude of factors, such as which public and private
entities are involved, what phases of a project should be allocated to whom in the partnership, and what
funding options are the most appropriate to fund the project (public, private, or both). Furthermore, the
suitability of a P3 will ultimately depend on factors such as the ability for public and private partner to
agree to terms, project scale, capital costs, technical complexity, financial risk, and public perception. The
selection of the most appropriate P3 project delivery and financing approach could be evaluated based on
an objective assessment of which approach can provide the greatest value for the cost over the duration of
the infrastructure asset’s life cycle (Jamieson, 2013).
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Before a potential P3 arrangement for a water infrastructure project can gain traction, there are a number

o Existence of a municipal entity (the project sponsor) that has legal ownership of a water source
and has the authority to enter into contracts, finance, and design and build infrastructure;

e Mutual interest in a P3 for a water infrastructure project between the municipal entity and private
entities or municipalities; and

e Service agreements or commitments between public and private sector partners.

A key prerequisite of a P3 is that there will need to be a municipal entity (the project sponsor) that has
legal ownership of a water source in order to enter into contracts with private entities or other
municipalities. Any leases or sales of a water supply require legal ownership of that water by the selling
entity. In addition to legal ownership of a water source, the municipal entity must have the legal authority
to finance water infrastructure and incur debt, and to design, build, and operate infrastructure to deliver
treated water. If necessary, a municipal entity can be created to fulfill these roles and serve local
municipalities in the CAGWCD (Douglas Herbst, DBIA, personal communication, November 17, 2021).
For example, the Greater Texoma Utility Authority (GTUA) is a political subdivision of the State of
Texas that was created to serve local municipalities served under their jurisdiction, referred to as their
“member cities.” GTUA has the authority to assist its member cities with financing and construction of
water and wastewater facilities and the ability to incur debt supported by the revenue streams from the
facility operations it finances (Texas Spec. Dist. Local Laws. Code, Title 6, Subtitle F, Chapter 8283;
Texas Water Code, Title 4, Chapter 49). It also has the authority to enter into contracts to provide water
and wastewater services, as well as to provide operations services for water or wastewater facilities by
member cities and others.

A P3 will require a mutual interest in a water infrastructure project between both the public and private
sectors (e.g., industry). Therefore, having some type of incentive for private entities to have interest in
establishing a regional water supply option is essential. To gauge interest in a project and a potential P3,
the procuring municipal entity, which meets the prerequisites discussed in the previous paragraph, could
consider sending out a request for expression of interest to local private sector entities and municipalities.
In general terms, this request could include questions, such as:

o If aregional water supply option were to be developed, would you be willing to sign a purchase
agreement for this supply?

o Are there any specific conditions or pre-qualifications that would be required for this agreement?

e What are your current and future water supply needs and existing treated water quality standards?
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If there are any entities that are interested in entering into a purchase agreement for that regional supply,
the next step would be for the municipal entity to follow up to gauge interest in a potential P3. The
municipal entity would need to re-convey the conditions that the interested parties mentioned would be
essential to enter into an agreement, and pose the questions:

o If these conditions or pre-qualifications are met, would you be interested in a P3?
¢ In addition to the conditions listed, is there anything else needed?

If the municipal entity and interested entities can come to a purchase agreement for the water supply and
there is mutual interest in the community for a P3, then there is a potential for a P3 to be procured.
Otherwise, other funding options will likely need to be explored.
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If there is mutual interest in a P3 between the public and private sectors, the next step is to come to terms
on a long-term service agreement. To be able secure long-term financing for a water infrastructure project
in a P3 arrangement, there has to be an ironclad commitment or service agreement between the municipal
entity and entities in the private sector (or potentially other municipalities), typically in the form of a take-
enter into a long-term contract with the municipal project sponsor to purchase a specified volume and
continue to pay for that contracted volume even if entities do not consistently use the full specified
volume. This contract will ensure a revenue stream from the project.

In areas outside of Louisiana, joint groundwater reduction plans (GRPs) have proven to be successful
cooperative efforts employed by water utilities to achieve regional groundwater reduction goals set by
regulatory groundwater districts. In a GRP, two or more entities (public or private utilities, industries,
etc.) in a regulated groundwater area enter into a contractual partnership to share costs or cooperate in
ways that achieve reduction goals for total groundwater use and conversions to alternative water supplies.
For example, through a GRP partnership, utilities that have access to alternative water supplies can
convert wholly or partially to those supplies, allowing others that do not have access to these alternatives
the ability to use or continue meeting water demands with groundwater so long as the composite
groundwater use by participating entities meets regulations (Harris Galveston Subsidence District, 2021;
Fort Bend Subsidence District, 2022). Similar cooperative efforts for a GRP could be leveraged by
entities in the CAGWCD to pursue potential groundwater reduction goals set by the CAGWCD and
incentivize the development of alternative water supply options to offset groundwater demand.
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Joint GRP frameworks have proven to be successful in reducing groundwater withdrawals in areas across
southeast Texas, including within the Harris-Galveston Subsidence District and Fort Bend Subsidence
District, which have historically experienced subsidence from excess groundwater use that led to
increased risk of coastal flooding flooding (Harris Galveston Subsidence District, 2021; Fort Bend
Subsidence District, 2022). Subsidence districts were created to regulate groundwater withdrawals across
these areas to address this concern. These subsidence districts have established policies to regulate
groundwater withdrawal, which include costly disincentive fees if required conversion goals from
groundwater to alternative water use are not met. The implementation of these policies has limited further
subsidence across the region and led to the development of a multitude of alternative water supplies
(surface water, reuse, etc.). To avoid disincentive fees, one of the alternatives offered to entities in a
regulatory area by these groundwater districts is the option to cooperatively develop a Joint GRP, which
has been implemented by utilities across the region to offer a cost-effective, reliable solution to decrease
groundwater withdrawals.
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Task Summary: The CAGWCC needs to be able to assess progress toward meeting specified
management objectives, as well as adapt its management approach to changing conditions and
needs. This includes monitoring water levels, chloride concentrations, and subsidence in the
SHAS. A comprehensive and robust observation framework can also provide the learning
necessary to refine and update the GAM, the primary tool for predicting the potential impacts of
management.

EVALUATE THE ADEQUACY OF THE EXISTING CHLORIDE
MONITORING NETWORK

This activity aims to evaluate the adequacy of the existing monitoring well network for determining the
spatial distribution and concentrations of salt throughout the SHAS, ensuring a current and synoptic view
of all sand layers within the SHAS. It assesses whether additional data collection should be initiated to
meet long-term fundamental objectives. In the current USGS monitoring program, 42 wells are sampled
for chloride (pers. comm., Max Lindaman, USGS Lower Mississippi-Gulf Water Science Center, 2021).
Two wells in WBR are sampled twice a year, and the remaining 40 have been sampled once per year.
Recent (FY2021) rescoping of the contract between CAGWCC and USGS has increased the frequency of
measurement to twice a year for all chloride network wells. A map showing the locations of wells
monitored in 2020 is provided in Figure 14. Samples are collected using either an existing turbine pump
(~62 percent of wells on current network) or by airlifting for non-production/monitoring wells (~38
percent of wells on current network). Airlifting requires an air compressor to force water out of the well,
but also purges stagnant water in the well to provide a sample of the native aquifer water.

Valuable information is given by chloride samples from wells that are in the transition zone between the
core of the saltwater plume and the freshwater portion of the aquifers. These wells can help to determine
the movement and extent of saltwater. Most of these wells are already being monitored as part of the
USGS network, but there are wells that could be added if they are available to be sampled. Some wells
could be sampled less frequently, such as wells that appear to be relatively distant from the plume area
and have historically yielded fresh water, or wells south of the Baton Rouge fault.

Continuous monitoring using in situ conductivity sensors may be difficult. The sensors would ideally
need to be placed at the bottom of the well in the screened interval, since saltwater is dense and the water
in the well might be stratified with depth. Many probes have pressure limits and cannot be submerged in
exceedance of their pressure rating—for example, some brands of conductivity loggers may not be rated
for pressures exerted by depths greater than 225 ft. The well screens for the aquifers in this area that have
saltwater intrusion are much deeper than 225 ft. More research into the use of continuous systems in deep
aquifers is needed if this option is to be explored. (pers. comm., Max Lindaman, USGS Lower
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Mississippi-Gulf Water Science Center, 2021). One potential option is the use of sondes designed for use
in deep oceanographic settings. Portable conductivity (not in situ) probes to test grab samples from
production wells could be an inexpensive and quick chloride proxy, especially for wells that appear to be
in the path of the movement of saltwater but are currently at a distance from the plume front. To increase
the number of wells being monitored, it may be possible to use a grab sample approach to obtain chloride
concentration in pumping wells. It may also be possible in non-pumping wells to both take grab samples
semiannually and install a conductivity meter for continuous reading. Conductivity values can later be
correlated with lab results (Tsai, pers. comm, 2021).

Thirty-nine wells have been identified by the Institute, Dr. Tsai (LSU), and Dr. Max Lindaman (USGS) as
possible useful additions to those currently monitored for chloride concentration and could improve the
ability for the CAGWCC to manage the aquifer. The wells were chosen by expert review of the well
locations where data is currently regularly collected to identify existing wells that could be added to the
network to increase the understanding of the chloride plume. The identified wells are a mix of production
and monitoring/non-pumping wells and are listed in Table 13. These wells will have to be evaluated for
their overall status and ability to be added to the network given potential damage or access constraints
that have occurred since these wells were last sampled. Additional research could determine the necessity,
locations, and depths of any additional wells that will be necessary to fill gaps in the dataset coverage.
Additional detail added to future work could address the spatial distribution and temporal sampling
frequency of monitoring in each of the units of the SHAS.

Table 13: Additional chloride monitoring wells in the CAGWCD identified as important for monitoring the chloride
plume (Lindaman, 2021 pers. comm.) and (Tsai, 2021 pers. comm.).

EB-825 400 Monitoring Lindaman
EB-1442 600 Monitoring Lindaman
EB-806A 600 Monitoring Lindaman
EB-824 600 Monitoring Lindaman
EB-782A 1000 Monitoring/ Non- Tsai
Pumping
EB-782A 1000 Monitoring Lindaman
EB-1276 1000 Production Lindaman
EB-1328 1000 Production Lindaman
EB-146 1200 Production Lindaman
EB-301/EB-618 1200 Production Lindaman
EB-780A 1200 Monitoring/ Non- Tsai
Pumping
EB-621 1200 Monitoring/ Non- Tsai
Pumping
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EB-1287

EB-1297

EB-157
EB-1423

EB-1424
EB-1293
EB-1400
EB-658
EB-771
EB-780B
EB-782B
EB-783A
EB-789B
EB-803A
EB-807A
EB-1295C

EB-1400

EB-774
EB-814

EB-855

EB-10183Z (Myrtle-
Delpit)

1200

1200

1500
1500

1500

1500

1500

1500

1500

1500

1500

1500

1500

1500

1500

1500

1500

2000
2000
2000

2000

Monitoring/ Non-
Pumping
Monitoring/ Non-
Pumping

Production
Scavenger
Scavenger

Production (Connector
well)

Monitoring

Production

Monitoring/ Non-
Pumping

Monitoring
Monitoring
Monitoring
Monitoring
Monitoring

Monitoring

Monitoring/ Non-
Pumping

Monitoring/ Non-
Pumping

Production
Production

Production

Test well

Tsai

Tsali

Lindaman

Lindaman

Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai
Lindaman/
Tsai

Lindaman
Lindaman

Lindaman

Lindaman/
Tsali
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Well Name

EB-778

EB-807B

EB-1039
EB-1187
EB-723
EB-730

Strata
feet

2000

2000

2400
2400/2800
2800
2800

Well Type

Monitoring/ Non-
Pumping

Monitoring/ Non-
Pumping

Production
Production
Production

Production

Source

Lindaman/
Tsai
Lindaman/
Tsai

Lindaman
Lindaman
Lindaman

Lindaman
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Figure 82. Proposed wells to be added to the chloride monitoring network (Lindaman, 2021 pers. comm.) and (Tsali,
2021 pers. comm.) from Table 13.
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EVALUATE THE ADEQUACY OF THE EXISTING WATER LEVEL
MONITORING NETWORK

This activity is intended to evaluate the adequacy of the existing monitoring well network for determining
the spatial extent of, and changes to, water levels and cones of depression, and ensure a current and
synoptic view of all sand layers within the SHAS. The Institute and project partners are assessing whether
additional data collection should be initiated to meet long-term fundamental objectives. Currently, 74
wells are monitored quarterly for water levels on the USGS CAGWCC network (pers. comm., Max
Lindaman, USGS Lower Mississippi-Gulf Water Science Center, 2021).

In order for water level data to best inform the modeling process, increased sampling could be valuable.
Priority could be given to the general boundaries of CAGWCD, including the Louisiana-Mississippi
border to the north, and the EBR-Livingston Parish boundary to the east. To model the saltwater intrusion
problem, the most important areas to collect groundwater level data are around the fault line (both sides),
around the wells that are withdrawing groundwater, and around the plumes. This could help to establish
the groundwater flow paths that dictate the movement of saltwater. It is also useful to have a spatially
dispersed network that extends beyond CAGWCD to help constrain recharge of groundwater to the
CAGWCD itself. Areas with little development and withdrawals will not need to be sampled as
frequently, because groundwater levels are not expected to vary as much as areas with significantly more
development and withdrawals.

Spatial patterns of pumpage, in terms of location and volume, have changed over time throughout the
CAGWCD. Figure 83 and Figure 84 show the change in distribution and magnitude of pumping in the
CAGWCD from 1980 to 2020. These figures show an overall expansion of pumping across the
CAGWCD. A review of the monitoring well network could ensure that the water level data collected is
adequate to document the effects of pumpage in 2020 and beyond.
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Figure 83. Total pumpage, in million gallons, as reported to the CAGWCC for wells in the CAGWCD in 1980.
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Figure 84. Total pumpage, in million gallons, as reported to the CAGWCC for wells in the CAGWCD in 2020.
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Research has been conducted, by the Institute in collaboration with USGS and LSU, to determine the
necessity, locations, and depths of any additional wells that will be necessary to fill any gaps in the water
level dataset coverage. A preliminary analysis of the spatial distribution and temporal sampling frequency
of monitoring in each of the units of SHAS was conducted. Maps depicting the spatial distribution of total
pumpage from wells in 2020, and monitoring wells that were measured in 2019-2020, are included in
Appendix D. A brief list of locations identified for water level monitoring is included in Table 14.

The current extent of the monitoring system for the sand layers of the SHAS enables an assessment of the
current state of groundwater levels over most of the CAGWCD. Due to growth in demand spatially across
the CAGWCD, as well as the need for data in critical locations, such as along the Baton Rouge Fault and
in the Industrial District, additional monitoring wells as described in Table 14 could help inform the
model and the ability to manage the aquifer.
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Table 14. Wells identified for water level monitoring in the CAGWCD that could help inform the groundwater model
development and aquifer management.

Aquifer o : . o
Ugi i Monitoring Status Locations Identified for Monitoring
1. Add monitoring well in southeast corner of East Baton
400-Fout Very good, with slight Rouge Parls\z,ﬂ(])r. northernmo_st ?scenswn Parish to
ey modifications monitor growth in pumpage in that area.
recommended 2. If resources are limited, reconsider monitoring frequency
(decrease) in Livingston Parish.
Good, with slight Add monitoring well(s) in southeastern East Baton Rouge
600-Foot I . . .
sand modifications Parish, along the Baton Rouge Fault, to monitor growth in
recommended pumpage in that area.
800-Foot Very good, with slight Add monitoring well(s) in southeastern East Baton Rouge
sand modifications Parish, along the Baton Rouge Fault, to monitor growth in
recommended pumpage in that area.
1. Add monitoring wells at pumping centers in central East
Baton Rouge Parish.
2. Add monitoring wells in Industrial District and adjacent
1,000- Needs Improvement areas in West Baton Rouge Parish.
Foot Sand o )
3. Add monitoring well(s) in southeastern East Baton
Rouge Parish, along the Baton Rouge Fault, to monitor
growth in pumpage in that area.
1. Add monitoring wells at pumping centers in central East
Baton Rouge Parish.
1,200- ith modification L .
,200 Good, with modifications 2. Add monitoring well(s) in southeastern East Baton
Foot Sand | recommended . .
Rouge Parish, along the Baton Rouge Fault, to monitor
growth in pumpage in that area.
1.500- Neny oottt Islighe Adq monitoring well in nor.thwe.stern East Baton .Rouge.: .
e . Parish, between the Industrial District and Georgia Pacific, to
Foot Sand | modifications requested i
better define a transect.
1.700- Good, with modifications There is c.urr(.entl)./ no monltorlpg m_tht? Industrl.al District.
Add monitoring in the Industrial District to verify no
Foot Sand | recommended . .
pumpage in that important area.
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Aquifer

Unit Monitoring Status Locations Identified for Monitoring

Very good, with slight 1. Add monitoring well at pumping center in central East
2’000- modifications Baton ROUge ParlSh
Foot Sand

recommended

1. Add monitoring well at northern end of Industrial

Foot Sand 2. Add monitoring well at pumping center in central East

recommended .

Baton Rouge Parish.

2 800- Very good, with slight Add monitoring well at border of East Baton Rouge and East
F’oot sand modifications Feliciana Parishes, in the vicinity of the Comite River, to

recommended measure growth in pumpage in that area.

REVIEW OF CURRENT SUBSIDENCE MEASUREMENT ACTIVITIES

Subsidence due to groundwater withdrawals has been recognized in the CAGWCD since at least the
1960s (Davis & Rollo, 1969). Subsidence requires considerable effort to measure and has historically
required repeat measurements of leveling lines (Davis & Rollo, 1969; Shinkle & Dokka, 2004; Smith &
Kazmann, 1978; Wintz Jr et al., 1970). This task aims to collate historical estimates, update data where
possible, and assess whether additional data collection should be initiated in other areas of the CAGWCD,
outside of the central cone of depression.

Lessons from Other Locales

Overpumping of groundwater that leads to subsidence and infrastructure damage has been widely
documented in many locations globally (e.g., Bertoldi, 1989; Davis & Rollo, 1969; Kasmarek et al., 2016;
Kasmarek & Strom, 2002; Smith & Kazmann, 1978; Sneed et al., 2013; USGS, 2019; Whiteman Jr.,
1980; Wintz Jr et al., 1970). The Houston-Galveston area of Texas and the San Joaquin Valley of
California provide valuable insight into the magnitude of subsidence and the scale of costs that can result
from overpumping groundwater, as described below.

The Gulf Coast aquifer system extends from Florida through Louisiana and Texas to Mexico (Kasmarek
& Strom, 2002). The Evangeline and Chicot aquifers are confined aquifers in this aquifer system in the
Houston-Galveston area that have been used to supply groundwater for the area (Kasmarek & Strom,
2002). The geology of the Houston area is very similar to the geology of the SHAS where the Chicot and
Evangeline equivalent aquifer systems make up part of the SHAS (LGS, n.d.). Prior to 1975, groundwater
withdrawal from the Chicot and Evangeline aquifers in the Houston-Galveston area was unregulated, and
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resulted in potentiometric surface declines tochecked and fixed 300 ft below NGVD29 in the Chicot and

By 1979, about 30 percent of the Houston-Galveston area had experienced more than 1 ft of subsidence,
with up to 10 ft occuring in some areas (Coplin & Galloway, 1999). Model similations of the Chicot and
Evangeline aquifers show that water withdrawals in excess of the aquifer recharge rate are withdrawn
from storage in sand and clay layers (Kasmarek & Strom, 2002). Depressurizing and dewatering of
aquifer layers, caused by potentiometric surface declines, results in the sediment matrix of the aquifer
bearing more of the weight of the overlying sediments, causing compaction of the aquifer (Galloway et
al., 1999; Kasmarek et al., 2016; Kasmarek & Strom, 2002). In the clay layers, this extra load causes the
individual clay grains to reorient into a more compact matrix with a lower porosity and lower water
storage ability. Compaction is almost entirely permanent in clay layers, and does not rebound with
potentiometric surface recovery (Kasmarek et al., 2016; Kasmarek & Strom, 2002). Following regulation,
water withdrawals decreased and compaction rates in the aquifers slowed (Kasmarek et al., 2016; Kearns
et al., 2015); however in areas where the potentiometric surface is still below the preconsolidation levels,
subsidence rates of up to 1 in/yr still occur (Kearns et al., 2015). There are more than 10 extensometer
stations and 95 permanent GPS stations in the Houston-Galveston area that can be used to investigate
subsidence trends (Kearns et al., 2015). Land subsidence has increased the frequency and extent of
flooding and damaged buildings and transportation infrastructure in Houston (Kearns et al., 2015). Miller
and Shirzaei (2019) found that flood severity in Houston during Hurricane Harvey (Category 4, August
2017) was exacerbated by subsidence.

Although the San Joaquin Valley has different geology from Baton Rouge and Houston, the consequences
of subsidence are no less instructive. Overpumping of groundwater in the San Joaquin Valley has resulted
in groundwater declines, aquifer compaction, and land subsidence in excess of 28 ft leading to permanent
aquifer-system storage loss. (Bertoldi, 1989; USGS, 2019). Between 2008 and 2010, subsidence rates
were up to 9.8 in/yr in some areas (Faunt et al., 2016, 2017). This subsidence has caused structural
damage to canals requiring millions of dollars of repairs, with costs only increasing into the future (Sneed
etal., 2013; USGS, 2019). A 2014 engineering study found that costs for subsidence related damage from
1955-1972 were in excess of $1.3 billion (Luhdorff and Scalmanini Consulting Engineers (LSCE) et al.,
2014). Additional damage to aqueducts, roads, bridges, buildings, and well casings has been recorded
(Bertoldi, 1989; Sneed et al., 2013). As seen in Houston, subsidence has also increased the potential for
flooding in low lying areas (Bertoldi, 1989; Faunt, 2009). Compaction rates were slowed, in some cases
to near zero, when groundwater levels were allowed to increase (Faunt, 2009).

There have been several studies in the Baton Rouge area that consider the subsidence due to groundwater
extraction (Davis & Rollo, 1969; Smith & Kazmann, 1978; Whiteman Jr., 1980; Wintz Jr et al., 1970).
These studies mainly use releveling data from repeat measurements at survey benchmarks (Figure 85;
Figure 86; Figure 87; Davis & Rollo, 1969; Shinkle & Dokka, 2004; Smith & Kazmann, 1978; Wintz Jr
et al., 1970). Leveling studies measure the total change in the height of a benchmark relative to
benchmarks in areas that are considered geologically stable. These studies cannot provide information
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about the depth at which subsidence is occurring; however, they provide information over a large
geographic area. Extensometers measure the motion at the specific location of the instrument between the
surface and the installation depth. Extensometers specifically measure compaction and expansion of the
sediment column; compaction is the type of subsidence that is induced by groundwater extraction. This
type of measurement is taken at a single location, at three different depths, in the CAGWCD (Whiteman
Jr., 1980). The extensometer is located at the cyan triangle in Figure 85. Both leveling surveys and
extensometer measurements are useful in understanding the subsidence due to groundwater extraction in
the CAGWCD. Note that Shinkle and Dokka (2004) did not conduct new leveling in the Baton Rouge
area; rather that report provides a compilation of leveling points from previous studies. The points shown
in Figure 86 are from the 1960s through the 1980s.
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Figure 85. Subsidence measurement locations categorized by data source.
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Figure 86. Subsidence measurements in the CAGWCD colored by subsidence rate. These data represent a
combination of leveling studies and extensometer measurements. See Figure 85 for data sources.
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Figure 87. Subsidence profile reproduced from Smith and Kazmann (Figure 5; 1978) showing a North-south profile
through Baton Rouge. The elevation is shown on the y-axis; datum is not referenced in the original figure, but is likely
NGVD29. Two periods are shown: 1964/65 to 1976 (A) and 1935/38 to 1976 (B). Note that survey monument N76 is
at the northern end of the Industrial District at the yellow circle in Figure 85 and that the transects are approximately
40 miles long. Figure 2 shows the locations of some of these monuments. A survey monument is a permanent
marker set by a land surveyor as a reference point on the landscape.
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Regional subsidence, unrelated to groundwater extraction, is known to occur in the Baton Rouge area.
Estimates of this subsidence rate are used to differentiate the background subsidence rate from the
subsidence rate induced by groundwater extraction. The regional subsidence rate for the Baton Rouge
area has been estimated to be 0.12 in/yr (Holdahl & Morrison, 1974; Smith & Kazmann, 1978; Whiteman
Jr., 1980) in the past from leveling studies. Estimates using Global Positioning System (GPS) technology
can also be made. Continuously Operating Reference Stations (CORS) measure a precise position using
GPS and can be used in modern studies of subsidence (Figure 88; Figure 89). The National Geodetic
Survey (NGS) operates a CORS network (US Department of Commerce,
https://geodesy.noaa.gov/CORS/, accessed 18 April 2023) with stations in Louisiana. Subsidence rates at
two such stations to the east and west of Baton Rouge (Figure 88) that are expected to be well outside the
influence of groundwater extraction, suggest that the regional rate of subsidence may be as low as 0.055
in/yr (average of th