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1 Introduction

The Baton Rouge Water Company (BRWC) relies on wells that pump water from the 1,500-Foot
sand aquifer (1,500-Foot sand) beneath Baton Rouge, which is a major source of fresh groundwater
for the Baton Rouge area. Historic pumping from the aquifer has caused leakage of saline water
across the Baton Rouge Fault and into the aquifer. Saline water was first detected in the 1,500-
Foot sand north of the fault in 1965. Since then, a saltwater plume has migrated into the aquifer
between the fault and three BRWC pumping stations with wells screened in the 1,500-Foot sand:
the Government Street Station, the North 45 Street Station, and the Lula Avenue Station.

Recent increases in the background chloride concentration observed at the Lula Station are of par-
ticular concern. Chloride concentrations in Lula wells have increased from a background concen-
tration of approximately 3 milligrams per liter (mg/L) to as high as 180 mg/L. The Lula Station
is an integral source of supply for the utility, pumping an average of 10.9 million gallons per day
(mgd) between 2000 and 2009 from five wells screened in the 1,500-Foot sand. During this period,
an additional 3.6 mgd was pumped from wells screened in the 1,500-Foot sand at the Government
Station (two wells) and the North 45" Station (one well).

This report presents results from an investigation of options for controlling saltwater encroachment
in the 1,500-Foot sand between the fault and the BRWC pumping stations.

2 Objectives

Given the current understanding of saltwater encroachment in the 1,500-Foot sand, it is anticipated
that chloride levels in the Lula wells will continue to rise and could soon be approaching the USEPA
drinking-water standard of 250 mg/L. The primary objective of BRWC is to control and mitigate
saltwater encroachment in the 1,500-Foot sand between the fault and BRWC wells so that drinking-
water standards can be met into the foreseeable future. The objectives of this investigation were to
collect new field data for characterizing the aquifer and the saltwater plume and to investigate engi-
neering approaches for extending the life of BRWC stations. Specific objectives of this investigation

were:

e define the vertical distribution of chlorides in the 1,500-Foot sand near the Lula Station by
observing Lula Well 19 during active pumping,

e characterize the stratigraphy of the 1,500-Foot sand between the Lula Station and the fault,

e define the vertical extent and distribution of chlorides in the 1,500-Foot sand between the
Lula Station and the fault,



e cvaluate engineering options for controlling and mitigating saltwater encroachment in the
1,500-Foot sand, and

e recommend a course of action for extending the life of BRWC stations pumping from the
1,500-Foot sand.

3 Approach

To meet the study objectives, we took the following steps in evaluating remedial alternatives:

e Collected, reviewed, and assessed the existing data for the 1,500-Foot sand. Results from
this step included the development of a conceptual model for groundwater flow and saltwater

encroachment in the 1,500-Foot sand.

e Conducted field testing at Lula Well 19 to provide new information and refine the conceptual

model.

e Installed and tested an observation well in Progress Park to provide new information and

refine the conceptual model.

e Developed a regional groundwater flow model to include available hydrologic data within a

single framework and calibrated the model to existing data.

e Used the groundwater flow model as a predictive tool for initial assessment of remedial op-

tions and to aid in design of field testing.

e Conducted final predictive modeling using the groundwater flow model as a design tool for

the hydraulic design of a remedial system.

The results of these steps are presented in the following sections of this report.



4 Assessment of Existing Data

Our understanding of the 1,500-Foot sand and the occurrence of saltwater in the aquifer as it relates
to the BRWC supply wells is based on review and analysis of existing information. Figure 1 shows
the area of interest, including portions of five parishes (East Baton Rouge, West Baton Rouge,
East Feliciana, West Feliciana, and Pointe Coupee). Features of interest are shown for reference,
including the Baton Rouge Fault, wells that are in the USGS Chloride Monitoring Network, and the
BRWC pumping stations.

4.1 Geologic Setting

Underlying the Baton Rouge area is a complex system of interconnected sand layers that are part
of the Coastal Lowlands Aquifer System. The aquifer system is formed by a wedge of sediment
that thickens towards the coast and consists of alternating beds of sand, gravel, silt, and clay (Weiss,
1992) (Figure 2). The sediments, deposited under fluvial, deltaic, and marine conditions, are very
heterogenous. Changes in lithology occur over short distances laterally and vertically (Martin and
Whiteman, 1999). Generally, the aquifer system consists of massive sand beds separated by clay

layers.

The sand layers were historically named as aquifers by Meyer and Turcan (1955) according to their
depth below ground surface in the industrial area, with the 1,500-Foot sand being the aquifer of
interest in this study (Figure 2). In Mississippi, the aquifers subcrop beneath unconsolidated sedi-
ments and dip toward the Baton Rouge Fault in the south at an average of 50 ft per mile (Huntzinger
et al., 1985). Aquifer sands north of the fault provide the principal supply of freshwater for the

Baton Rouge area. South of the fault, most of the sand layers are contaminated with saltwater.

4.2 Baton Rouge Fault

The Baton Rouge Fault is an active east-west striking fault which lies approximately 2.5 miles
south of the Lula Station (Figure 1). The fault is a listric normal fault that dips toward the Gulf
Coast Basin to the south and shows little change in displacement over large depth intervals (5,000-
10,000 ft) (McCulloh, 1991). Vertical displacement of 300 ft or more has occurred below a depth of
about 1,000 ft. The fault is known to be active, but does not produce earthquakes. The geometry and
interconnectedness of the individual sand layers in the system is difficult to interpret from boring
logs or pumping tests. As illustrated on Figure 2, the Baton Rouge Fault has juxtaposed aquifer
layers to the north with either clay layers or other sand layers to the south. At the fault, there is at
least 40 ft of overlap between the 1,500-Foot sand north of the fault and the 1,200-Foot sand south
of the fault (Whiteman, 1979).



"J$a19)ul JO Bate oy} Surmoys dew uoneso  :1 23y

€8AQVN NSTIWLN :uondafoid Apoq ss3em soepns [ (lom BunoyuoW spHolyD @
170z Joquiadas :21eq I I T g— 9MIS e ssaubold @
asnoyalep eleq Sse|weas SOHSN :324nos eyeq
peocy —— uoneIsS ISYIsk 'N @
Wi o peoJjiey -+ UOREIS IS JUBWUIBA0D @
weans uonels Ay BN @
Jne4 abnoy uojeg -1 SIPM
- 868, -63 i ,

N\
N

— S
g¢8z--a3 ]
% 0 ! 5
816 -3 ok !
"
: :
, j (,
/16 53 v£08--63 ,,
,,.
;GuUm::o
(€ 109) €1¢ a3 i ?
n
uot 1S JUSWIULIDAO! @ u>OUv T/ mw_m
| ° 111
\ |
(€ WSy N) £z6-g3

(67 eIn7)/859 -g3 D
(0z ein1)lozs-a3
(zz-ein) 8€6.-93

uon IV

(81 BIN1)59--83
(€zieinT)-6€6|-83

(erem ots g3




(9661 ‘TISMIZSBUIOT,) UONIS SSOIO YINOS-YIoU € Ul WISAS I9Jinbe o) Jo yoiays [emdaouo)) :g aImsLy

- 0007
(peg Buiuyuod) Av10 E
¥34INDV YILYMLIVS -
¥34IN0Y ¥ILYMHSINS _
000°¢ - - 000°¢
NOILVNVIdX3
0002 -000C
000°} - 000')
13ATT - 9T
v3s

LEN

BAPUL

=)
D
=]
-l
]

0 W .
: \Ell .
00% 25 [T 39uvHoa m_m SoMy Ho 00v
1334 3 m =R vy g JE=T
HSI¥vVd - HS1dVd 218 o \ S
HLNOS 39N04 NOLVE 1Sv3 | VNVIOIN3d 1Sva Zi% = ! 3 YV 2 HL¥ON
| e = Y9 v N
_ V. e ‘
_



Little is known about the hydraulic properties of the Baton Rouge Fault, but based on water levels
and the observed distribution of chlorides in the various sand layers, the fault is assumed to be
a leaky barrier to horizontal flow of groundwater across the fault, and therefore, a barrier to the
transport of chlorides from the south to the north. Groundwater flowing from one layer to another
through a leaky barrier is restricted with the leakage rate through the barrier being proportional
to the head gradient between the two layers. Due to the nature of fault mechanics, the hydraulic
properties of the Baton Rouge Fault are certainly highly heterogeneous and anisotropic and cannot

be quantified without detailed field testing.

4.3 The Denham Springs—Scotlandyville Fault

The Denham Springs—Scotlandville Fault lies approximately 3.5 miles north of the Lula Station.
Like the Baton Rouge Fault, the Denham Springs—Scotlandville Fault is east-west striking and
known to be active based on damage to structures that has occurred due to subsidence at the fault.
Unlike the Baton Rouge Fault, the vertical offset between the downthrown and upthrown sides of
the Denham Springs—Scotlandville Fault is small. Observed displacement is a consistent 40-50 ft to
a depth of 10,000 ft (McCulloh, 1991).

Existing evidence suggests that impacts from the Denham Springs—Scotlandville Fault on the hy-
draulics of groundwater flow in the 1,500-Foot sand are minor in comparison to the pronounced
effects of the Baton Rouge Fault. The potential offset does not appear to be significant enough to
juxtapose aquifer layers against clay layers, which would impede flow in some aquifers. USGS
mapping of the regional piezometric contours in the 1,200-Foot, 1,500-Foot, and 1,700-Foot sands
shows no hydraulic effects due to the presence of the Denham Springs—Scotlandville Fault (Griffith
and Lovelace, 2003b,a; Prakken, 2004). There is also no evidence of the fault acting as a conduit for
flow along the fault plane, although this is difficult to detect based on observed heads on either side
of the fault. Because the hydraulic effects of the Denham Springs—Scotlandville Fault are minor, we

have not included it in our analysis of flow in the 1,500-Foot sand.

4.4 1,500-Foot sand

The 1,500-Foot sand is part of the Evangeline Equivalent Aquifer System, which is a regionally
extensive aquifer system of Pliocene and Miocene age (Weiss, 1992). The Evangeline Equivalent
Aquifer System is part of the Southern Hills Regional Aquifer System of Southeastern Louisiana
(Griffith, 2003). The 1,500-Foot sand consists of braided channels of porous materials with variable
base and top elevations and is known to be divided by clay layers in some locations, joined with the

underlying 1,700-Foot sand in some locations, and nonexistent in other locations (Griffith, 2003).



Regionally, we know little about the geometry of the 1,500-Foot sand, particularly between the Lula
Station and EB-807A and west of EB-807A (Figure 1).

Additionally, there has been little field testing of the physical properties of the 1,500-Foot sand,
including the hydraulic conductivity and the vertical anisotropy, which have great bearing on the
feasibility and potential success of any mitigation system. Aquifer properties cited in the literature
(Whiteman, 1979; Tomaszewski, 1996; Huntzinger et al., 1985; Williamson et al., 1990; Griffith,
2003; Rollo, 1969) typically refer to a few pumping tests conducted over 50 years ago (Meyer and

Turcan, 1955; Morgan, 1961), and the original test data is not available for review.

4.4.1 Pumping trends in the 1,500-Foot sand

Annual withdrawals from the 1,500-Foot sand were summarized by Griffith and Lovelace (2003b)
for the period of record (Figure 3). For the Baton Rouge area, including the parishes of East and
West Baton Rouge, East and West Feliciana, and Pointe Coupee, average withdrawals increased
dramatically from 5 mgd in 1952 to 16 mgd in 1975. Pumping rates were maintained near the
1975 levels until 1988 when production increased to 18.5 mgd, continuing at high levels from 18 to
19.5 mgd until 1995, and then decreasing to 17.8 mgd in 2001.

Since 1975, the Capital Area Ground Water Conservation Commission (CAGWCC) has maintained
records of withdrawals from the 1,500-Foot sand from both industrial and public water supply users.
Recent CAGWCC records indicate near-record pumping rates of 19.1 mgd in 2009, with most of the
pumping occurring in East Baton Rouge Parish (15.5 mgd) (CAGWCC, 2011). The increasing trend
in pumping rates has resulted in decreasing water levels in the 1,500-Foot sand near the pumping
centers, as illustrated in Figure 3 for well EB-168, which lies approximately 2 miles north of the
Lula Station. The growing cone of depression centered around the Lula Station has exacerbated
the problem of saline water crossing the Baton Rouge Fault and entering the 1,500-Foot sand and

increased the speed of northward encroachment.

4.4.2 Pumping withdrawals by industry

Total withdrawal from the 1,500-Foot sand fluctuated between approximately 14 and 19.5 mgd
from 1975 to 2001 (Figure 3). During this period, industrial pumping was responsible for 17 to 26
percent of the total withdrawals from the aquifer. Most of the total withdrawal from the 1,500-Foot
sand occurs in East Baton Rouge Parish. Recent data from East Baton Rouge Parish shows that
industrial pumpage from the 1,500-Foot sand in 2009 and 2010 was approximately 16-19% (Table
1) (CAGWCC, 2011).

The 1,700-Foot sand is joined with the underlying 1,700-Foot sand in some locations and is con-

sidered to be hydraulically connected to the 1,500-Foot sand in the industrial area north of the
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Figure 3: Pumping trends and water-level trends in the 1,500-Foot sand, 1973-2001 (Griffith and
Lovelace, 2003b).
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Lula Station (discussed in more detail in Sections 6.2.5 and 7.5). The CAGWCC reports substan-
tial pumping from the 1,500/1,700-Foot sand and the 1,700-Foot sand in East Baton Rouge Parish
(Table 1). The wells classified as pumping from the 1,500/1,700-Foot sand are classified as such be-
cause the specific screened interval is unknown or because the well is known to be screened in both
sand layers. The CAGWCC reports substantial industrial pumping (>8 mgd) from the 1,500/1,700-
Foot sand in East Baton Rouge Parish in 2009 and 2010 (Table 1). This pumpage is concentrated
in the industrial area. The CAGWCC also reports approximately 1.5 to 2 mgd being pumped from
the 1,700-Foot sand in the industrial area in 2009 and 2010 (CAGWCC, 2011). The total industrial
pumpage from the 1,500-Foot and 1,700-Foot sands in East Baton Rouge Parish in 2009 and 2010
was greater than 40% of the total pumpage of approximately 30 mgd (Table 1).

4.4.3 Saltwater encroachment in the 1,500-Foot sand

Rollo (1969) first detected saline water in the 1,500-Foot sand north of the fault in 1965. Based on
the geometry of the fault, observed hydraulic gradients, and geochemical signatures of the ground-
water, Whiteman (1979) concluded that the source of saline water in the 1,500-Foot sand north of
the fault is the 1,200-Foot sand south of the fault. There is at least 40 ft of overlap between the
section of the 1,500-Foot sand where encroachment has been observed and the downthrown 1,200-
Foot sand south of the fault is known to contain saltwater. The two sand zones are hydraulically
connected; water levels in the 1,200-Foot sand south of the fault respond to water-level changes in
the 1,500-Foot sand north of the fault (Whiteman, 1979). However, the magnitude and timing of the
response in the 1,200-Foot sand and differences in static water levels between the two zones suggest
that the fault acts as a leaky barrier to movement of saltwater across it. Similarities in water-quality
characteristics between the two aquifers adjacent to the fault suggest that saltwater observed in the
1,500-Foot sand originated in the 1,200-Foot sand (Whiteman, 1979).

The fault has been described as a potential conduit for the vertical flow of groundwater and transport
of chlorides within it (Bense and Person, 2006). With this conceptual model, the source of saltwater
encroachment in the 1,500-Foot sand could be sands layers south of the fault other than the 1,200-
Foot sand. Based on isotope ratios, Stoessell and Prochaska (2005) hypothesize that saltwater in the
aquifers north of fault has migrated up fault planes from deeper, older halite formations. Windeborn
and Hanor (2009) agree that the source may be older halite formations, but believe that the brine has
migrated upward through fractures associated with salt domes south of the Baton Rouge Fault and
migrated along the shallower Miocene sand layers to the fault. This conceptual model is supported
by the spatial variability of salinity (calculated from logs) across the fault and the fact that highest
chloride concentrations occur at mid-depth in the aquifer system (1,500-2,000-Foot sands) rather
than at the base (Windeborn and Hanor, 2009).

When dense saline water moves through an aquifer, it does not simply migrate as a "plug" that
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saturates the entire aquifer thickness. If the saltwater is sufficiently concentrated, freshwater that
is moving within the aquifer floats on top of the salt, with the thickness of salt increasing near the
source of saltwater. In the 1,500-Foot sand, the "tongue" of saltwater that moves along the aquifer
bottom arrives at wells much sooner than the bulk of the saline water that is encroaching from the
south. In addition, the conditions along the interface between saltwater and freshwater may lead to
a transition zone between salt and freshwater. As a result, a well that is becoming saline will exhibit

a gradual increase in salt concentration.

The Chloride Monitoring Network provides little information regarding the thickness of or the con-
centrations in the saltwater tongue. However, the monitoring program has been helpful in tracking
the general movement of the saltwater front in the 1,500-Foot sand through time. Figure 4 shows the
observed chloride concentrations in select wells with time. The results from observation wells and
production wells are separated because the different well types provide samples at different loca-
tions within the aquifer. The monitoring wells were constructed with short screens located at either
the bottom of the aquifer where the denser saline water is observed or at the saltwater-freshwater
interface that was present at the time of installation (Lovelace, 2010). The production well samples
are a composite of aquifer water, integrated from a screen that is open to most of the vertical section

of the aquifer.

Because of the sparsity of data points and the different types of wells in the network, the areal
extent of the saltwater tongue and the vertical distribution of saline water in the aquifer are poorly
understood. Figure 5 shows the inferred shape of the saltwater tongue through time along with the
location of observation wells and supply wells used to assess saltwater encroachment in the 1,500-
Foot sand. There are no observation points west of EB-807A and no observation points between
EB-807A and the Lula Station. Further, the period of record for EB-807A ends in 1996 due to well
failure, leaving a 15 year gap in the record. EB-807A is screened at the bottom of the aquifer, and
the chloride concentration in it has steadily increased from a background concentration in 1970 to
about 3,000 mg/L in 1990 to about 4,000 mg/L in 1996 when the period of record for this well
terminates. It is unknown if the concentration in this well has increased since 1996. We also don’t
know if the front remains this concentrated or if it disperses as it travels toward the Lula Station.
However, we can conclude that saline water with chloride concentration of at least 3,000 mg/L was

moving past EB-807A at least 20 years ago.

4.5 Connector Well

The connector well, installed in 1998 by CAGWCC to test the concept of a recharge barrier to
mitigate saltwater encroachment in the 1,500-Foot sand, reportedly moves about 500 gpm from the
800-Foot sand to the 1,500-Foot sand. Water-quality results show that chloride concentrations in

Well 3 at the Government Station have not increased as much or as quickly as observed at the Lula
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Figure 4: Chloride observations through time in select wells in the USGS Chloride Monitoring
Network (Lovelace, 2010).
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Station, despite being located much closer to the fault. The effectiveness of the connector well is
likely helped by extensive pumping at the Lula Station. Water-level measurements show that the
hydraulic gradients that control movement of water from the fault are dominated by the cone of
depression created by the Lula Station (Griffith and Lovelace, 2003b; Prakken, 2004).

4.6 Conclusions
Based on our review and analysis of existing information, we conclude:

e Over-pumping in the 1,500-Foot sand has resulted in a saltwater tongue moving northwards

from the Baton Rouge Fault toward the Lula Station.

o The areal extent and vertical distribution of the saltwater front in the 1,500-Foot sand is poorly
understood because data are sparse. Current chloride conditions in the aquifer are only doc-
umented by composite samples collected from BRWC wells. Based on observations at EB-
807A, saline water with a chloride concentration of at least 3,000 mg/L. was moving past
EB-807A at least 20 years ago.

e Based on the geometry of the fault, observed hydraulic gradients, and limited water-quality
data, the USGS has concluded that encroachment of saline water in the 1,500-Foot sand in
East Baton Rouge is due to leakage of saltwater from the downthrown 1,200-Foot sand south

of the fault. The source of saltwater south of the fault is likely from deeper halite formations.

e Regionally, little is known about the hydrogeologic characteristics of the 1,500-Foot sand,
such as aquifer interaction, leakage, and interactions across the Baton Rouge Fault. The
complex setting makes interpreting existing data difficult and collecting new pertinent data

costly.
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5 Field Investigation

Field tests were conducted to estimate the hydraulic properties of the 1,500-Foot sand and to better

understand the distribution of saltwater in the aquifer. The field testing included:

e Testing at Lula Well 19 with the objective of defining the vertical distribution of chlorides
over the depth of the aquifer. This testing included a spinner flow test, conductivity logging,
and discrete water-quality sampling. The Well 19 test results were inconclusive because the
conditions that cause the elevated chloride concentration in the well were not present dur-
ing the test. This analysis included correlating chloride levels in individual wells with the

operation of Well 19.

e Drilling and testing a new observation well at Progress Park, south of the Lula Station. This
included geophysical logging, hydrophysical logging, a spinner flowmeter tests to evaluate
the vertical distribution of flow in the aquifer, and multiple water-quality tests to evaluate the

vertical distribution of chlorides in the aquifer.

e Collection and correlation of water-level data at the Progress Park observation well during
controlled pumping at the Lula and North 45™ Stations. The results confirm that the observa-
tion well is screened in a formation in direct connection with the Lula and North 45" Stations,

which allowed for evaluating the hydraulic properties of the aquifer.

5.1 Lula Well 19 testing

Spinner flowmeter testing and fluid electrical conductivity (FEC) logging were conducted by Layne’s
logging division (COLOG) at Well 19 on May 12 and 13, 2010. The objective of the logging was
to define the vertical distribution of freshwater and saline water entering the screen during both
ambient and pumping conditions. The well was pumped with a temporary submersible pump at
approximately 725 gpm for approximately 30 hours, beginning at 0943 hours on May 12, 2010. A
complete description of the test and results are in Appendix A.

Prior to pumping, ambient measurements showed no vertical difference in FEC. Measurements
recorded during active pumping showed little water entering the bottom of the screen where we
would expect the heavier saline water to be located. For the active test, Well 19 was pumped for
approximately 30 hours, beginning May 12, while the conductivity and the flow rate were recorded.
Based on the logs, conductivity generally increased during the test, with some stratification devel-
oping late in the test. This stratification was apparent in the conductivity of groundwater entering
the well directly above the non-producing portion of the screen (about 10 ft above the bottom of the

screen).
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The results from Well 19 showed that during the test, chloride was entering the well as a vertically
diffuse front. Subsequent water-quality results indicated that, at the end of the test, the stratification
evident in the conductivity log was not significant with regard to chloride. Results from discrete
water-quality samples collected at the top of the casing and at the lowest productive area of the
screen where the highest conductivity was recorded were not significantly different. At the end
of the test, water with a chloride concentration of approximately 15 mg/L was entering the well

throughout the vertical length of the screen.

The Well 19 test results were inconclusive regarding the vertical distribution of freshwater and saline
water because the conditions that cause elevated chloride in the well to rise were not present during
the test. This is very likely due to the fact that Well 19 was used sparingly in the eight weeks prior
to testing on May 12. During this time, the well was pumped for only four days, between April 30
and May 3. During the test, Well 19 was not pumped long enough for the elevated chloride to be
observed entering the screen. As noted by BRWC’s monthly chloride sampling, the occurrence of
elevated chloride in the Lula wells is related to pumping stress. When Well 19 is off, the chloride
concentration increases in other wells, particularly at Well 22.

Another factor that may have contributed to the inconclusive test was that Well 19 was not tested at
the normal production rate as planned. Because of space issues in the casing, the pumping rate for

the test was constrained to 725 gpm, which is about 60% of the well’s normal production rate.

The chloride response to changes in pumping at the Lula Station described in Section 5.2 is con-
sistent with the modeled capture zones of the wells. When all of the wells are pumping, Well 19
captures a large portion of the water moving toward the station from the south (Figure 6). When
Well 19 is off, Well 22 and Well 17 capture more water moving toward the Lula Station between
North 32™ St. and North 30" St.

Despite the ambiguous results, we can draw some conclusions from the test. When low chloride
concentration (<20 mg/L) is observed in Well 19, chloride is entering the well as a diffuse front.
While we did not observe elevated chloride (>20 mg/L) conditions in Well 19 during the test, the
FEC logs suggest that a stratified front with a higher chloride concentration was developing at the
bottom of the screen. These results imply that the saltwater front is broad and diffuse (chloride

<20 mg/L) at the edges and more narrow and concentrated between Well 19 and Well 22.

5.2 Saltwater encroachment at Lula Station

Chloride concentration at the Lula Station wells changes in response to pumping stress. The results
from BRWC monitoring suggests that a broad and diffuse saltwater edge (chloride <20 mg/L) is
present at all of the wells, depending on pumping, and a more narrow and concentrated front is
present between Well 19 and Well 22.
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Chloride concentrations in the Lula wells have increased from a background concentration of ap-
proximately 3 mg/L since approximately 2001 (Lovelace, 2010). Monthly sampling of the Lula
wells by BRWC since the Fall of 2009 shows that chloride concentrations at the Lula Station are
affected by pumping stress (Figure 7). Specifically, when all the wells are pumping consistently,
the raw water from Well 19, Well 22, and Well 17 are elevated above background concentrations.
Of the three wells, Well 19 pumps the highest concentration of chloride (120-180 mg/L). When
Well 19 is off for more than two weeks the chloride concentration drops below 20 mg/L in Well 19
and increases in Well 22. When Well 19 is returned to service, the chloride concentration increases
in Well 19 and decreases in Well 22. This is consistent with the conclusion that the saltwater front
is broad and diffuse (chloride <20 mg/L) at the edges and more narrow and concentrated between
Well 19 and Well 22.

5.3 Progress Park observation well

A new observation well was installed in the southwest corner of Progress Park to investigate the oc-
currence of the 1,500-Foot sand, investigate the distribution of saltwater in the aquifer, and estimate
the hydraulic properties of the aquifer between Progress Park and the Lula and North 45% Stations.
The observation well is located approximately 2,800 ft south of Lula Well 19 and 10,400 ft north
of the fault (Figure 8). Information regarding drilling and construction of the well, including a con-
struction log, the registration form submitted to the state, the driller’s formation log, sieve analysis

results, and the complete geophysical log is included in Appendix B.

The geophysical log indicates the presence of aquifer material in two distinct zones, between depths
of 1,495 ft and 1,530 ft and between depths of 1,555 ft and 1,670 ft (Figure 9). The observation
well was constructed with 60 ft of screen placed at the base of the sand unit. The screen length and
location were chosen based on the geophysical log. The gamma log indicates aquifer material with
discontinuities from a depth of approximately 1,555 ft to 1,670 ft. The decrease in the resistivity log
beginning at a depth of 1,620 ft over this interval indicates that the formation water is increasing in
electrical conductivity, which is interpreted as an increase in salt content. The screen was placed at
a depth of 1,605 ft to 1,665 ft to provide access to formation water from the base of the sand, where

chloride is expected to be the highest, to above the perceived saltwater/freshwater interface.
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Figure 9: Comparison of lithology and geophysical log to the screened interval at the Progress Park

observation well.



5.3.1 Geologic cross section

We integrated the new geologic information from the Progress Park well with existing information
to create an updated cross section of the 1,500-Foot sand (Cross section A-A’) in the area between
the Lula Station and the fault (Figure 8). Cross section A-A’ shows our interpretation of the location
of the 1200-Foot sand, the 1500-Foot sand, and the 1,500/1,700-Foot sand layers (Figure 10). In
addition to the lithologic information from the Progress Park well, the new cross section was based
on geophysical logs from existing wells (EB-781, EB-807-A, EB-972, Lula Well 19, and Lula Well
23). We also used existing regional cross sections (Griffith, 2003) as well as local cross sections
created by BRWC (BRWC, 2010). The projection of local east-west cross section Lafayette 18 —
Government 7 as shown on Figure 8 was used to create Cross section A-A’. This and other local cross
sections guided our interpretation of the geophysical logs and the differentiation and connectivity

between the different sand layers.

Cross section A-A’ suggests continuity between the saltwater zone at Progress Park and the Lula
and North 45" Stations. This conclusion is confirmed by the water-level response in the Progress
Park well due to pumping changes at the Lula Station (Section 5.4). The cross section is based on
sparse data between the fault and the Lula wells, but the lower section of aquifer material observed
at the Progress Park observation well appears to be a continuation of what others have identified as
the 1500/1700-Foot sand (BRWC, 2010; Griffith, 2003).

5.3.2 Hydrophysical logging

Hydrophysical logging was conducted at the Progress Park observation well on April 23, 2010, to
understand flow in the screen under pumping conditions and observe the distribution of chlorides in
the aquifer. Results of the the flow results, conducted while pumping a net 75 gpm, are summarized
in Figure 11 and detailed results are included in Appendix C. Results of the test show three distinct
zones of productivity in the screen, with most of the water entering in the top 20 ft of the screen and

little water entering the middle of the screen and the bottom 14 ft of screen.

Based on the flow results from hydrophysical logging, water-quality samples were collected while
pumping at 75 gpm; a composite sample was collected at the wellhead and discrete samples were
collected in the screen at depths of 1613 ft and 1631 ft. The chloride concentration at the wellhead
was 449 mg/L. Because the samples were collected during pumping, each observed concentration
represents an average chloride value in the underlying water column. The flow results were used to
infer by mass balance the chloride concentrations entering the middle section of the screen. Results
of the testing show inferred chloride concentrations of 75 mg/L at a depth of 1,610 ft and 722 mg/L
at a depth of 1,622 ft and an observed concentration of 1,955 mg/L at a depth of 1,648 ft (Figure
12). Complete water-quality results are in Appendix D.
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\ Location: Baton Rouge, LA
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Figure 11: Results from flow testing the Progress Park observation well, including a hydrophysical
logging test conducted on 4/27/11 while pumping 75 gpm and a spinner flowmeter test conducted

on 7/18/11 while pumping 221 gpm.
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Figure 12: Chloride concentrations in the Progress Park observation well at discrete depths during

active pumping and non-pumping conditions.



5.3.3 Additional development and testing

Additional well development, including chemical and mechanical treatment, was conducted be-
tween June and August, 2011 to ensure that remnants of the drilling mud were removed and the
screen was sufficiently open to the aquifer to characterize the chloride profile. A spinner flowmeter
test was conducted on July 13, 2011 to re-assess flow conditions in the screen. Results of the the
flow test, conducted while pumping a rate of 221 gpm, are summarized in Figure 11. Results of the
spinner flowmeter test were similar to those from the hydrophysical logging test on April 23, 2011,
and showed that most of the pumped water was from a zone near the top of the screen. However,
the spinner flowmeter test also showed low, but measurable flow in the middle and lower parts of

the screen that were previously unproductive.

Discrete samples were collected from four locations in the screen on July 14, 2011 under ambient
conditions (Figure 12). The ambient testing showed similar stratification as observed during the
hydrophysical logging, with 67 mg/L of chloride at a depth of 1,610 ft, 604 mg/L at a depth of
1,630 ft, 1,642 mg/L at a depth of 1,650 ft, and 1,566 mg/L at the bottom of the screen. On August
4, 2011, after more development that focused on the middle part of the screen, discrete samples
were again collected under ambient conditions from the same locations in the screen. The second
ambient test showed similar stratification as observed during the hydrophysical logging and the first
ambient test, with 121 mg/L at a depth of 1,610 ft, 846 mg/L at a depth of 1,630 ft, 1,671 mg/L at
a depth of 1,650 ft, and 1,834 mg/L at the bottom of the screen. Results of the spinner flowmeter
testing are in Appendix E. Complete water-quality results, including samples collected at various

times from the wellhead to assess development efforts, are in Appendix D.

5.3.4 Source of saline water

The composition of saline water at Progress Park suggests that the source of saline water observed
near the base of the sand layer at Progress Park is from leakage at the fault. To confirm the source
of saline water observed at Progress Park, Layne collected two samples from EB-918, which is
screened in the 1,500-Foot sand north of the fault and has exhibited elevated chloride levels. Water-
quality characteristics of saline water at EB-918 are similar to saline water observed Progress Park:
water from both sites is dominated by sodium and chloride and have similar concentrations of iron
and manganese (Table 2). Natural water from the 1,500-Foot sand north of the fault is soft, sodium-
bicarbonate water that contains small amounts of magnesium and sulfate (Meyer and Turcan, 1955).
Figure 13 compares water-quality characteristics of saline water at Progress Park with EB-918,
freshwater from the 1,500-Foot sand, and results from observation wells south of the fault screened
in saline portions of the 1,200-Foot and 1,500-Foot sands. The figure shows that the general ionic

composition of water at Progress Park is similar to EB-918 and potential sources south of the fault,
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and is distinctly different than natural freshwater from the 1,500-Foot sand. The freshwater samples

are dominated by sodium bicarbonate and the saline samples are dominated by sodium and chloride.

Table 2: Comparison of select water-quality results from EB-918 and Progress Park.

EB-918 EB-918 Progress Park  Progress Park

Constituent 9/2/11 9/2/11 4/23/11 4/23/11

900 gal purge 1880 gal purge 1613 ft 1631 ft
pH 8.28 8.06 7.79 7.67
Conductivity—ms/cm 7.79 7.43 4.03 6.09
Sodium Chloride-mg/L 3,498 3,358 2,192 3,092
Magnesium Chloride-mg/L 89.9 83.4 35.2 40.7
Manganese-mg/L 1.05 0.99 0.93 1.81
Iron-mg/L 0.48 0.34 0.14 0.68
Potassium—mg/L. 5.07 4.88 3.07 3.87
Magnesium 23.0 21.3 9.0 10.3

Sodium-mg/L 1,372 1,320 779 1,216
Bicarbonate—mg/L. 53.7 58.6 127 80.0

Chloride-mg/L 2,596 2,477 1,233 1,955

Sulfate—-mg/L 1 1 <1 <1

Note. mg/L=milligrams per liter, ms/cm=millisiemen per centimeter, gal=gallons

5.4 Water-level monitoring at Progress Park

A transducer was placed in the Progress Park observation well from May 3 through May 19, 2011.
The transducer recorded water-level fluctuations in the aquifer, which were correlated to the tran-

sient operation of wells at the Lula and North 45™ Stations (Figure 14).
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Figure 13: Comparison of general water-quality characteristics of saline water at Progress Park with
new results from EB-918 and existing data from the 1,500-Foot and 1,200-Foot sands.
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The water-level data was split into two samples. The first sample (May 4-May 9) represents the
drawdown at Progress Park caused by turning on Lula Wells 18 and 23 at a combined pumping
rate of 1,680 gpm and subsequently shutting them down; the second sample (May 14-May19)
represents the drawdown caused by operation of the well at the North 45" Station. Each data
set was analyzed separately using AQTESOLV software (Duffield, 2002) to evaluate the hydraulic
properties of the 1,500-Foot sand (Figure 15). The results are summarized in Table 3. As noted
in the table, a standard Theis analysis for a confined aquifer (Theis, 1935) was performed on the
first data set, and a Cooper-Jacob analysis (Cooper and Jacob, 1946) performed on the second data
set. The transmissivity values obtained from the two analyses are similar (12,810-13,560 ft*/day)
and comparable to published values for the 1,500-Foot sand. The storage coefficients are large for
a confined system (0.00771-0.01978). This is likely due to confining layer storage and possibly
due to some degree of inter-aquifer leakage occurring, although the leakage could not be quantified

from the pumping test data and does not appear to be significant.

Table 3: Results of pumping test analysis.

Data set Transmissivity — Storage coefficient Analysis
(fr*/day) ©)
Lula wells pumping 13,560 0.00771 Theis
North 45" wells pumping 12,810 0.01978 Cooper-Jacob

Note. ft2/day=feet squared per day

5.5 Conclusions

Field tests were conducted to investigate the hydrogeologic characteristics of the 1,500-Foot sand
and to characterize the occurrence of saltwater encroachment south of the Lula Station. Results
of the field testing were used to evaluate potential methods for controlling the encroachment of

saltwater in the 1,500-Foot sand. Based on the results of field testing, we conclude:

e Currently, operation of Lula Well 19 helps mitigate the chloride levels at the remaining Lula
wells. Shutting down Well 19 results in increased chloride concentrations at the other wells,
with the largest impact on Well 22 and Well 17. The observed chloride levels in the wells and
the modeled capture zones suggests that Well 19 shields the other wells from portions of the
saline plume with the highest chloride concentrations, which appears to lie between Wells 19
and 22.

o The saltwater plume is vertically stratified at Progress Park, with a general chloride concen-

tration between:
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— 65 mg/L and 120 mg/L at the top of the screened interval (1,605 ft—1,615 ft deep)
— 600 mg/L and 850 mg/L in the middle of the screened interval (1,615-1,640 ft deep)
— 1,500 mg/L and 2,000 mg/L at the bottom of the screened interval (1,640-1,665 ft deep).

Water-quality results suggest that the source of saline water observed at Progress Park is from
leakage at the fault. The general water-quality characteristics of saline water at Progress Park

is similar to EB-918 and potential sources south of the fault.

The water-level response to pumping changes at the Progress Park observation well indicates
that the screened interval of the Progress Park well is hydraulically connected to the screened
intervals of the Lula and North 45" wells.

In the context of existing information, the new lithologic data from the Progress Park well
suggests that there is continuity between the saltwater zone at Progress Park and 