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Geosyntec Objectives

= [llustrate utility of stable isotope geochemistry and bromide-chloride
systematics in identification of source(s) of brine in groundwater

= Explain principles of analysis, using data from the Raceland Oil
Field, Lafourche Parish

= Demonstrate that integration of stable isotope geochemistry with
bromide-chloride data yields direct and penetrating insight into
source(s) of chloride
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Geoiﬁﬂﬂfiﬁ Procedures

= All methods are widely used to identify sources of brine and to model
mixing of saline waters and fresh waters.

= Plot standard geochemical relationships for saline solutions
= X-Y plots (e.g., Na v ClI, Br/Cl v 1/Cl)
= |dentify groups of wells based on geochemical patterns

= Graph ratios of stable isotopes oxygen-18 (8'80) and deuterium (&?H,
or dD)

= |dentify groupings delineated on X-Y plots

= Graph 080 v Cl or 0'80 v 1/Cl if there is at least one highly saline
end member

= Look for linear patterns (indicators of different sources of Cl and of
mixing)
= Plot strontium isotope ratios v 1/Sr (87Sr/86Sr v 1/Sr)

= Look for clusters or linear patterns and calculate median and e
interquartile 87Sr/86Sr ratios Geosyntec.com
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Geoiﬂflg Sodium v Chloride

100000 -
This graph reveals a distinct linear association between sodium (Na)
and chloride (Cl). Seawater (Na = 10,500 mg/L;Cl = 19,000 mg/L) is
added as a reference point. The concentration of Cl in Raceland
groundwater ranges from 545 mg/L (RS-24) to 56,800 mg/L RS 5-17
(RS-17). Chloride concentrations greater than that of
seawater are clearly related to produced water. Seawater ® GWATN
10000 - € GW-31D
_ Does this linear pattern indicate R5-20 0\’ew_17
E; that all groundwater at Raceland ow-195 A 4 \RS-H
= is mixed with produced water? GW-41 WSt RS-21
] GW-48D s ®owo
% Or are there other sources RS-22
2 of chloride?
£
=2 GW-40
§ RS-23 0\ oW=3P
1000 GW-6 GW-19D PD2
GW-39
GW-4 GW-485
RS-24 * ﬁ;g:t?:r\;\;'ater Sample
* RS-13 M Seawater (see Note 3)
GW-2
100 T T 1
100 1000 10000 100000

Chloride (mg/L)

Notes: 27
1. Data shown are taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, or provided directly

to Geosyntec by Pace Analytical, Isotech Laboratories Inc. (Isotech), and Isotope Tracer Technologies Inc. (IT2).
2. Values for chloride and sodium represent the average concentration based on multiple analytical results, when available. Geosyntec‘com

3. Constituent concentrations for Seawater are provided in Table 2, Composition of Seawater (Hem, 1985). engineers | scientists | innovators



Geosyntec®

Sodium v Chloride
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Without regard to where the wells are located at the Raceland field,

we can identify two broad groups, based on Cl concentrations: RS-1, RS-18 &V

(1) High Salinity Groundwater (>3000 mg/L), and (2) Local RS-164 ¢

Brackish Groundwater (<3,000 mg/L). The next step is GW-16 GW-17N

. GW-545 RS 19 *

to see how these wells plot on a map of the site. ,
- 10000 - RS—ZU GW-31D
"né‘a GW 17
£ GW.41 GW—195 * o
= .
g Gwsip SW=0D GW-54D RS20 GW-9
L] GW-19D GW-23 GW-31S
£ GW-40 *GW-37
£
=
=§ RS-23 RS 14
v 1000 - GW-6 GW—485 S0 GW-53D

5 15 GW-535
GW-51S GW-11 Legend
RS.24 GW—39 @ High Salinity Groundwater
@ Local Brackish Groundwater
GW- 2 GW-38
GW-36
Mw-13s  RS-13
100 T T 1
100 1000 10000 100000

Chloride (mg/L)

Notes:
1.

2.

Data shown are taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, or provided directly

to Geosyntec by Pace Analytical, Isotech Laboratories Inc. (Isotech), and Isotope Tracer Technologies Inc. (IT2).
Values for chloride and sodium represent the average concentration based on multiple analytical results, when available.
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Geosyntec® Wells Representative of High-Salinity
consultants Groundwater and Local Brackish Groundwater

The cutoffbetween local brackish . o
water and.produced wateris set for Flotant M'e_adgw,j
this project at 3,000'mg/L Ci: ¥

SCALEIN FEET

LEGEND
B cwa3ay HIGH SALINITY GROUNDWATER
® RS-14 LOCAL BRACKISH WATER
RS-13
N GW-4
GW-2
_ - \
\ PD1 GW-51DI GW-54D)
CIC1SHE y GW-515 5
GW-9
R A
A - v Criinst S s SRR ores
’(.‘\._ GW—I‘ : ; : L d ] 1. %&mw‘rmTﬂNEnWUEWJAR!ZGIS-CNLDEU\BMWR\'
L G
_ ey €
All b tflve of:the High-Salinity weIIs Ile W|th|n or on the bﬂgnd;ry of the *
Flotaht Meadow. This grouping indicates thét there is a stro patial

assbciation with chioride. The largest group: of wells lies wi

in the:-primary
pr{)ductlon area of Raceland field. A
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e Chloride and Bromide

Periodic Table

Group 1 2 3 4 5 &6 i 8 9 10 112 13 14 15 16 17 18

Chlorine (atomic number, 17) and Bromine
(atomic number, 35) are members of the
Halide Group of elements (Group 17).

Period[q
1 2 Mon betals .Nnbleﬁases
) §ﬁlt§lin'ﬂi?§als EH:E‘Q;:?; I R ‘. The concentration of Cl in seawater
T itior Metal Other ketal e ~
, @ Fiore Earth Elements s T2 14 |15 is ~19,000 mg/L (536 mMol/L).
AI Si| P
32 33 . .
4 Ge | As | se The concentration of Br in seawater
B0 |51 b2 Qe ~
5 . . TE is ~67 mg/L (0.84 mMols/L)
g2 (|83
b Pb || Bi L : :
The Br/Cl ratio is used to identify
Fi

113 (| 114 | 115 || 116 18 . c
.um Uug|Uup|Uuh . sources of brine in groundwater.

v T

o i
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S0 Bromide-Chloride Systematics

= Br and Cl are important dissolved components of seawater.
* The molar ratio of Br to Cl in seawater is ~0.0016.
= The Brion is larger than the Cl ion.

" Because of its larger size, Br is not easily incorporated into halite
crystals when salt precipitates from highly concentrated brines.

= Because Br remains in solution while halite precipitates, halite
contains negligible Br.

= \Water that dissolves halite will have Br-to-Cl ratios much lower than
the ratio in seawater (0.0016).

= Residual brine, that is, the brine that remains after precipitation of
halite, will have a higher Br-to-Cl ratio than seawater.

= Br-to-Cl ratios in rainwater are similar to the ratio in seawater.

Slide 8 of 27
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Geosyntec® Identifying Brine from Halite Dissolution

consultants
0.003 -
This plot of Br/Cl v 1/Cl is the first major indicator of different
sources of groundwater and chloride at Raceland.
GW-515
+
0.0025 -
GW-39
GW-30D + GW-38
+ . L
GW-31D Higher Br/Cl ratios indicate lower-TDS
__ D.002 - water with sources of Br and CI NOT
2 aw-at derived by dissolution of halite. The
& . ;
P + GW-11 different ratios of the Red and Blue wells
2 Seawater ratio GW-48D +* establish another basis for dividing
< T 00016 * GW-535 ¢ w523 Raceland groundwater into
E 0.0015 1 : . + cwa two distinct groups:
5} cw-saD GW-53D . GW-36 High Salinity Groundwater and 4 rs-2a
2 . * Local Brackish Groundwater.
E
£ GW-16 Gw-e GW-2
0001 1 | GW-19D * .
| GW-545 +
| RS-22
| .// GW-9 GW-485
|$ . + Legend
00005 1 | GW-37 # High salinity Groundwater
*cw-195 —_— & Local Brackish Groundwater
GW-17N . Low Br/Cl ratios are indicators of brine
GW-31D - erived by dissolution of halite.
s derived by dissolution of halit
o _T‘:]i GW-315
0.00000 0.00020 0.00040 0.00060 0.00080 0.00100 0.00120 0.00140 0.00160 0.00180

Inverse of Chloride (mg/L)

Notes: - -
1. Data shown are taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, or provided directly

to Geosyntec by Pace Analytical, Isotech Laboratories Inc. (Isotech), and Isotope Tracer Technologies Inc. (IT2). Geosyntec_com
2. Values for chloride and bromide represent the average concentration based on multiple analytical results, when available.

3. Bromide was reported as not detected in GW-31S. The value is shown here as one half of the Method Detection Limit. engineers | scientists | innovators
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oD and 080
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- The D and '80 abundances in precipitation i
—~  fall along a linear trend known as the o
0} Global Meteoric Water Line (GMWL). The )
—~  abundances are reported in per mil c /
- deviations (3D and 5'80) from % % o°
~  isotopic standards established "% o Closed pasins
_100l. by the International N ™
— | Atomic Energy Agency.
£ [
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Figure 17-1 Deuterium and '®O variations in rivers, lakes, rain, and snow.

Notes:
1. Fi

(Craig, 1961. Copyright 1961 by the American Association of Science.)
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Geosyntec® 080 in Global Precipitation
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Figure 2.13. The global picture of 8'*0 in precipitation (Clark and Fritz, 1997).

Precipitaiion becomes more depleted in D and 180 with greater distances north and

south of the equator. In the figure above, this is illustrated by increasingly negative 180 Slide 11 of 27
values at higher latitudes in the northern and southern hemispheres. G
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Geosyntec®
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OD and 0'80 in North American Precipitation

North American precipitation
becomes increasingly depleted with
respect to D and 180 with increasing
distance from coastal areas.

The depletion is caused primarily by
the “rainout” effect (known as
Rayleigh distillation) as moisture-
laden air masses move inland from
coastlines.

Depletion occurs because the
heavier D and 180 isotopes are
“rained out” in preference to the
lighter TH and 160 isotopes of
hydrogen and oxygen. As this
happens, the amount of D and 180
in precipitation decreases.

Figure 17-2  Distribution of 5D and corresponding &'*0 (in parentheses) in mete-
oric waters in North America (adapted from Sheppard et al., 1969).

Geosyntec.com
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Geosyntec®
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Evaporation causes water to become
enriched in D and 180 because the
process removes the lighter and
more abundant 'H and 160 fractions
from water. This causes the dD and
0'80 signatures of water to shift
upward and to the right from the
GMWL.

In many high-temperature
subsurface environments, water
becomes enriched in 180 through
interaction with carbonate rocks and
silicate rocks. As a result of such
exchange, the 8D and 0'80
signatures will plot along horizontal
lines to the right of the GMWL.
This is typical of produced waters.
We see this in the highly saline
groundwater of the Raceland field.

Evaporation and Water-Rock Interactions

o « I8
6D=8°06"0+10 Evaporation

*  trend

Some water-
rock reactions

Slide 13 of 27




Geosyntec”  5p and 580 of Groundwater at Raceland Field
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15 -

This dD v 0'80 plot is the second major indicator
10 - that there are two different sources of groundwater
and chloride at Raceland. 2.This group of red
diamonds lies
further to the right

37 Global Meteoric Water Line (GMWL) of the GMWL.
These points
represent 880 and

0 4

oD signatures of

1. The blue diamonds saline water from

5 represent 3'80 and 3D high temperature
E 5 - signatures derived from oil reservoirs. The
2 local rainwater. These CW-195 enrichment in 180
E points form a trend CW-2  GW.54S &35 indicates isotope
g 10 - parallel to and slightly . * enrichment

F below the GMWL GW-38 Gw-17  BYS1D i i
A elow the : GW-37 GW—lﬁ’ e * GW-17N from interaction
¢ with silicate rocks
157 sew-23 or carbonates
. . Rs-24 oo 5o '

GW-6 “pp5
-20 *cwo Legend
\ W-4 “GW-54D # High Salinity Groundwater

. & Local Brackish Grou ater L.

5 GW-50D GW-135 3. The red diamonds here represent mixtures o ﬁlg salinity

Gw-a8s groundwater and local brackish groundwater. The distinction between
cw-a0 Red and Blue wells in this area of the plot is clearly apparent on the next
figure, a plot of 380 v 1/CI.

-5 -4 -3 -2 -1 0 1

Oxygen-18 (%o VSMOW)

Not
1.

to Geosyntec by Pace Analytical, Isotech Laboratories Inc. (Isotech), and Isotope Tracer Technologies Inc. (IT2). Geosyntec.com
2. Values for deuterium and oxygen-18 represent the average concentration based on multiple analytical results, when available.
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Geosyntec® o180 v 1/ClI
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0
GW-17N A plot of %80 v 1/Cl is the third major indicator + High Salinity Groundwater
i i + Local Brackish Groundwater
05 of different sources of water and chloride. 8- Mbding Line 1 (GW-41, and GW-17)
—&—Mixing Line 2 (GW-41 and GW-2)
. “‘ 25:75 75:25 Mix Ratio (Note 4)
By plotting 180 against 1/CI, we can more clearly
- see clusters and linear trends that allow for the
50:50 differentiation of waters from different reservoirs GW-2
2 , . ' or the mixing of waters of different reservoirs.
=
> -
ﬁ -2.5 @
s
-
&
v
g -3
(o]
-3.5
GW-41 #
-4
-4.5 .
-5
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018
1/Chloride (mg/L)
1. ' Data shown is taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, and provided by
Isotech Laboratories Inc. (Isotech).
2. Values for chloride (Cl) and oxygen-18 (O-18) represent the average concentration based on multiple analytical results, when available.
3. mg/L indicates milligrams per liter and %o VSMOW indicates Permil Vienna Standard Mean Ocean Water. GeO'SYnteC-CC'm
4 In the mix ratios, the first number refers to the percentage of GW-41 constituents present in the mixture, and the second number refers to the it | Biemtists)| ik

percentage of constituents from the other well (GW-17N or GW-2).



Geosyntec® o180 v 1/ClI
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0
GW-17N .. ] . + High Salinity Groundwater
Two distinct trends are clearly apparent in this + Local Brackish Groundwater
e figure. Points representing  high-salinit pisMbug i LiaN-4dand SW LN)
g . ; Y g g y —&—Mixing Line 2 (GW-41 and GW-2)
N 258 groundwater lie along a trendline that slopes 75:25 Mix Ratio (Note 4)
" upward and to the left. Points representing
local brackish groundwater form a different
-15 .
trendline that slopes downward toward the left. Zigs
= 50:50
=
O 2 *
=
>
ﬁ -2.5 @
s
-
&
v
g -3
o}
-3.5
-4
-4.5 .
-5
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018
1/Chloride (mg/L)
1. . Data shown is taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, and provided by
Isotech Laboratories Inc. (Isotech).
2. Values for chloride (Cl) and oxygen-18 (O-18) represent the average concentration based on multiple analytical results, when available. : :
3. mg/L indicates milligrams per liter and % VSMOW indicates Permil Vienna Standard Mean Ocean Water. GCOSYHtEC.COm
4. In the mix ratios, the first number refers to the percentage of GW-41 constituents present in the mixture, and the second number refers to the
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Geosyntec® o180 v 1/ClI
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0
The two trendlines indicate two reservoirs with different : -
SWCHIN percentage mixtures between endmembers. The blue . [';igls;r';'l';i‘gfg‘;ﬁ“;\?:{er
-05 points represent local brackish groundwater. This group —s—Mixing Line 1 (GW-41 and GW-17N)
Is a product o the mlxmﬁ of fresh to slightly brackish o T e e e S
. groundwater (GW-2) with a brackish local groundwater Mo itrlrig Line 21 an )
. 25:75 more depleted in T and for which the concentration of 75:25 Mix Ratic (Note 4)
chloride is approximately 3,000 mg/L (GW-41). This
s trend accounts for most of the groundwater outside of
' the Flotant Meadow. The mixing percentages between e
= the endmembers are marked along the blue trendline.
=
X
g 2.5 * *
o
20 3
F
o
35 The upward sloping trend of red points represents high salinity groundwater,
Gw-41 ¢ most of which is found within the Flotant Meadow. The red trendline is a
hypothetical mixing curve illustrating dilution of the high salinity group with a
b brackish water similar in composition to that of GW-41. GW-17N is the high
salinity endmember of this group. Mixing does not occur with the more dilute
45 components of local brackish groundwater.
-5
0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018

1/Chloride (mg/L)

1. Data shown is taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, and provided by
Isotech Laboratories Inc. (Isotech).

Values for chloride (Cl) and oxygen-18 (O-18) represent the average concentration based on multiple analytical results, when available.
mg/L indicates milligrams per liter and %0 VSMOW indicates Permil Vienna Standard Mean Ocean Water.

In the mix ratios, the first number refers to the percentage of GW-41 constituents present in the mixture, and the second number refers to the
percentage of constituents from the other well (GW-17N or GW-2).

Geosyntec.com
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Geosyntec 87Sr/86Sr
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Strontium (Sr, atomic number 38) is a member of the

Alkaline Earth group of elements (Group 2). Pe r|0d |C Table

Thesl;e ar8e6foug7naturallxsoccurring stable isotopes of
Sr: 848, %8r, 87Sr and *Sr. o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Period[q
There are two components of 87Sr: (1) Primordial 87Sr 1 & hon Metals @ hable Gazes ]
that formed along with the other stable isotopes of Sr . 7 © tlkalne Metals @ Halogens a8 7 |8 ‘.
4.5 billion years before present time, and (2) 87Sr Bz @ Transition Metals  © Other Metals BI1CINIO MNe
. ’ @ Rare Earth Elements

12 |14 [n5 [f16 18
Al[Si | P | S Ar
A |EE 33 |4 36
Ga ||Ge | As | Se Kr
49 1150 |51 52 54
In |Sn | Sb| Te Xe
g1 |82 |[&83 | 84 Bk
Tl (|Pb| Bi || Po Rn
13 [ 114 [ 115 | 116 118
Uut [UugjUup|Uuh Uuo

formed over eolo%lc time by the radioactive decay 3
of rubidium-87(87Rb, Group 1, atomic number 37).

=h

It is the “radiogenic” component of 87Sr that is of special
significance here, because the production of 87Sr has
varied over Earth’s history as tectonism has alternately
increased and decreased over hundreds of millions

of years.

. . — “Lanthanid
The ratio of 87Sr to 8Sr in water (87Sr/86Sr) varies in anhan Es....

response to the age of the rocks with which water has  *=actinides ....
been in contact. This ratio is a powerful isotopic tracer

of brines and of produced waters from deeply buried
oil and gas reservoirs.

-

The 87Sr/86Sr ratios of Raceland groundwater clearly SR
reveal marked differences in the ratios of produced Geosyntec.com
water and the ratios of local brackish water.

engineers | scientists | innovators
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The 8/Sr/86Sr ratio in seawater has varied
over the last 500 million years
(Phanerozoic Era), as shown by the figure

on the right. 87 G /865y
0.70%

The maximum ratio over this period of time

has been 0.7092. This is known as the

VARIATION IN SEAWATER “Sr/*Sr WITH TIME

. . 0.706
Phanerozoic Maximum.
. 0.707}-
Modern ratios in seawater are close to the
Phanerozoic Maximum.
0706L.T | K [J[Tr{P] C |[D S| O|CPC
: . CEN|MESOQOZOIC PALAEOZOIC
Groundwater that has been in contact with 0 100 200 300 400 500 my.

rocks rich in 87Rb and radiogenic &7Sr often
have 87Sr/86Sr signatures greater than the
Phanerozoic Maximum. This is common
among many produced waters, and this is
what we see in the highly saline
groundwater at Raceland.

Slide 19 of 27




Geosyntec®
. ot 87Sr/86Sr v 1/Sr

0.709700 -
Gw-19s Anplot of 88r/86Sr against 1/Sr is the fourth indicator of Legend
different sources of water and brine. @ High Salinity Groundwater
0.709600 - GW-31D @ Local Brackish Groundwater
GW-17/N
GW-17 This plot reveals sharp differences between high salinity 75th Percentile
0.709500 - groundwater samples and local brackish groundwater
*GW-545 samples. Although there is a small amount of overlap
between the two groups, it is highly significant that the 25th
T 4709400 - GW-16 percentile_ 87Sr/86Sr ratio of the high salinity groundwater
® samples is greater than the 75t percentile 87Sr/86Sr ratio of
= local brackish groundwater.  This establishes a clear Medi
*'é: difference between the groups. It also indicates that the :5\.:'; .
w» 0.703300 waters are not from a common reservoir and that there is
B GW-315 limited mixing outside of the Flotant Meadow.
‘Gw_gj' ‘GW—485
0.709200 -
GW-9 GW-23 25th Percentile
GW-51D . ¢
Cre 5-22 GW-53D " g5.33. o Gw-11 GW-515 75th Percentile
. GW—54[}* G ;%%W-E* :GW—4D . Median
ew-19p  EWS0DTGw-36  R5-24 25th Percentile
0.709000 ; . . . .
0.00 0.50 1.00 1.50 2.00 2.50

1/Strontium (dissclved) (mg/L)

1. Data shown is taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, or provided directly
engineers | scientists | innovators

to Geosyntec by Pace Analytical, Isotech Laboratories Inc. (Isotech), and Isotope Tracer Technologies Inc. (IT2).



Geosyntec® 87Sr/86Sr v 1/Sr
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0.709700 - 4
GW-195 Legend
* . ..
GW-31D #® High Salinity Groundwater
0.709600 - i @ Local Brackish Groundwater
GW-17/N
QGW—l}' 75th Percentile
0.709500 - These highly radiogenic 87Sr/8Sr ratios exceed the Phanerozoic Maximum of
*GW-545 0.7092. These ratios are derived from the interaction of brine with clays and
feldspathic rocks in the deep subsurface. All of these ratios are
) GW-16 representative of produced water. The ratios of the local brackish
% 0.705400 - groundwater samples are consistent with modern 87Sr/86Sr ratios.
& .
@ ) Median
N The 87Sr/88r ratio of these wells GW-2 4
A 0.705300 - has been diluted by mixing
= GW-315 . .
. with local brackish groundwater.
GW-37 ‘GW—485 |
0.709200 Phanerozoic Maximum = 0.7092
GW-9 GW-23 25th Percentile
GW-51D . ¢
 R5-22 GW-53D " g533. o Gw-11 GW-515 75th Percentile
0.709100 - Py . .
\GW-54D /G _%—5‘ :GW-4D - Median
& : . .
GW-19D &W-50DGW-36 RS-24 25th Percentile
GW-39
0.709000 . . . . .
0.00 0.50 1.00 1.50 2.00 2.50

1/Strontium (dissclved) (mg/L)
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1. Data shown is taken from the Conestoga-Rovers & Associates (CRA) database, accessed electronically on 16 March 2015, or provided directly
to Geosyntec by Pace Analytical, Isotech Laboratories Inc. (Isotech), and Isotope Tracer Technologies Inc. (IT2).
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Geo;ﬂgg Conclusions

= Raceland groundwater can be divided into two groups, based on CI
concentrations:

= High salinity groundwater
* Local brackish groundwater

= The highest Cl concentrations are found in the Flotant Meadow.
Outside of the Flotant Meadow, high CI concentrations are found at
discrete locations between broad areas where local brackish water
predominates.

= The division into the two groups described above is further supported
by sharp differences in Br/Cl molar ratios which, for the high salinity
samples, are very low and consistent with brine derived from the
dissolution of halite.

Slide 22 of 27
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Geosyntec Conclusions
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= OD and 0'80 data indicate that local brackish groundwater plots parallel
to and slightly below the GMWL.

= Local brackish water is derived from precipitation.

= Most high salinity samples plot to the right of the GMWL in a location
that indicates enrichment in 180 through interaction with carbonates or
silicates in deeply buried reservoirs. This is produced water.

= Afew high salinity samples outside of the Flotant Meadow plot near
local brackish water samples.

= A plot of 0'80 v 1/Cl reveals two distinct trendlines:

= A high salinity trendline, and
= A local brackish water trendline.

Slide 23 of 27

Geosyntec.com



3 :
Geoimtgg Conclusions

= The two trendlines indicate different sources of water with different
sources of chloride.

* The local brackish groundwater trendline indicates mixing between a
low-TDS endmember (GW-2) and a higher-TDS but still brackish
endmember (GW-41) that is more depleted in 180.

* The high salinity groundwater trendline is consistent with mixing
between a high salinity endmember similar to GW-17N and brackish
endmember such as GW-41.

= There is no apparent mixing with the more dilute components of local
brackish groundwater.

= Most of the high salinity groundwater is located within the boundaries
of the Flotant Meadow.

= There is limited mixing of high salinity groundwater and local
brackish groundwater outside of the Flotant Meadow. Slide 24 of 27
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Geoimtgg Conclusions

= 875r/86Sr ratios also divide Raceland groundwater samples into two
groups, with different medians and interquartile ratios.

= The ratios of the high salinity samples indicate a highly radiogenic

source of Sr from deeply buried rocks. These ratios are typically
greater than the Phanerozoic Maximum of 87Sr/86Gr,

= The ratios of the local brackish water samples are below the
Phanerozoic Maximum but within the range of ratios characteristic of
modern seawater.

= 1he 87Sr/86Gr ratios indicate that produced water is limited primarily

to the Flotant Meadow. There is limited interaction between
produced water and local brackish water beyond the boundaries of
the Flotant Meadow.
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* The stable isotope data and the inorganic analytes Br, Cl and Sr

establish a firm basis for the following conclusions:

* There are two groundwater sources at Raceland:
= High salinity (produced) groundwater, and
= Local brackish groundwater

* The signatures of the produced water samples are consistent with
groundwater from high-temperature oil and gas reservoirs.

= The local brackish waters are of meteoric origin.

" Most of the high salinity groundwater is within the boundaries of
the Flotant Meadow.

* There is limited interaction between high salinity (produced) water
and local brackish water beyond the boundaries of the Flotant
Meadow.
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