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for Calhoun, Jackson, Refugio, and Victoria ¢
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢ Section D

1.0 Evaluations of Recharge and Discharge Representations in the
CGCBGWIodel

TheCentral Gulf Coast Brackish Groundwater Flow M@EICBGWF Modedccounts for the recharge

and discharge process®ccurring at land surface aracrosssurface waterausingthe general head
boundarieg GHBs)The GHBs wenasedexclusively in order to facilitateodel calibrationTo ensure the
Y2RSt RAR y20 LINRRdzOS dzyNBlIt A&8GA0 FtdzESaz GKS DI
as a source or sink were constrained during the calibration process. Sensitivity analyses were performed
on these calibrated parameters to identify potential limitations of using GHBs to represent recharge and
discharge fluxes at aquifer outcrops. These analyses indicated that the current GHB implementation
produces acceptable simulated fluxes when pumping istéacan deeper model layers (where brackish
groundwater exists) rather than in the uppermost layers. However, relying solely on GHBs presents
conceptual risks. If groundwater heads near land surface drop significantly below the assigned GHB
elevation, the GIB may result in an unrealistic supply of water (recharge) that does not align with actual
precipitation or infiltration limits.

To address these concerns and move toward more standard MODFLOW pralteeslistinct modeling
approaches were evaluated:

1. General Head Boundary (GHB) Approd&&charge and discharge land surfaceare treated as
entirely headdependent. Rates are calculated based on the difference between simulated
groundwater heads and assigned GHB hydraulic heads, governed by specified conddience
approach is adopted in the current report.

2. Combined Recharggoundary(RCH) and GHB Approadihis method applies fixed recharge rate
via the RCHwhile treatingdischargeas a heaelependent process via the GHB.

3. Combined Recharge Boundary (RCH) and Well Boundary (WEL) Ap@otchecharge and
dischargeare applied as fixeflux boundariegshrough RCH and WEL, respectivdlkiis approach
assumes thathese rates remain constant regardless of fluctuations in simulated groundwater
heads.

Amongthe three methods evaluated, the Combined RCH and GHB approach (Method 2) is considered the
most conceptually robust. Unlike the exclusive GHB approach, it decouples the recharge and discharge
mechanisms. By using the RCH, the model enforces a physitarithe amount of water entering the
aquifersystem based on available precipitation, preventing plogential unrealistic amount of recharge
inherent in GHBNly approach Meanwhilg it retains the GHB's ability to simulate hedependent
discharg, whichreliably reflects the natural process thagroundwaterdischargednto surface water

bodies only when the water table is sufficiently high.

These three methods are applied stmulatethe drawdown impacts at the sbest well fields (efer to

Table 411 in the report). The simulated drawdown using each method at each well field is provided in
Appendix A through Appendix F. Comparisons of results suggest that the chbmenadfry conditios

resultsin negligibledifferences in simulated drawdowindicaing thathe GHBbasedapproach (Method

1) remains aalidrepresentation of theaquifera @ a 1 SY Q& K & R Ni@r thig spdcific-apptaiios K I FA 2 NJ
Howeverthe Combined RCH and GHB appraaiférstwo advantages. One advantage is that the RCH

GHB combinatioiis based on a sound conceptual frameworkAnother advantage is that the RGHB
combinationpreventsdeclines in the water levels in tl#hallowest model layer from increases recharge

o
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢ Section D

For these two reasons, theobmbined RCH6HB combination will be used e evaluate the drawdown
impacts caused from larggcale brackish production simulated in the ne&ttion
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢ Section 2

2.0 Evaluations bfawdown Impacts of Brackish Groundwater
Development

The CGCBGWF Modé applied tosimulate the drawdown as results oflevelopingslightly saline
groundwater(TDS of 1,00@ 3,000 mg/L)and moderately saline groundwatéfDS of 3,00qQ 10,000
mg/L)acrossVictoria, Calhoun, Refugio, and Jackson Courrtyduction well field locations within each
TDS zone wergelectedbased on aquifer transmissivity values derived from the model, with specific sites
representing maximum and median transmissivity illustrateBligure 21 andFigure 22, respectivelyAs
shown inTable2-1, well fields in the slightly saline zoree assigned a production rate of 20,000 acre
feet per year (AFY), while those in the moderately saline zneassigned 15,000 AFY. Each well field
comprised of nine production wells with Grbile spacing and evenly distributed production rates. These
wells aredesigned to withdraw groundwater from multiple model layers, with recharge and discharge
processes represented using a combined R@IHGHB approach.

Table 22 presents the simulated drawdown in both brackish and freshwater zones resulting from
independent pumping at each well field. For withdrawals in the slightly saline zone, simulations indicate
brackish groundwater drawdown ranging from 84 to B2t maximum transmissivity sites and 162 to
342ft at median transmissivity sites, with associated freshwater drawdown varying between 5 ind 54
When pumpingn the moderately saline zone, brackigiloundwaterdrawdown rangs from 101 to 121

ft at maximum transmissivity sites and 257 to 66&t median transmissivity siteBreshwater drawdown

from moderately saline zone pumpirig lower, ranging from 1 to 17t, due to the greater vertical
separation from the freshwater zoneBhespatial distribution of drawdown impacts faach well fields

shown inFigure2-3 through 218.

The cumulative impacts of simultaneous pumping from four well fields within the same TDS zone are
summarized iMable 23. When pumping concurrently, the brackish groundwater drawdown at maximum
transmissivity well fields increasby 44% compared to independent pumping scenaridse dawdown

at median transmissivity well fields increa$y onlyup to 7%, as theseellfields are situated in different
model layers. Simultaneous pumping in the slightly saline zone sasifeshwater drawdown ranging

from 11 to 73t, while pumping in the moderately saline zone resunt2 to 30ft of freshwater drawdown.

Figures 219 through 222 illustrate the spatial distribution of drawdown impacts resulting from
simultaneous pumping from four well fields. Because the pumping layers and freshwater layely vary
well field, each figure depicts the composite maximum simulated drawdown across all the pumping layers
(ada brackish layerg)nd all the freshwater layers of a group of four well fielllae composite maximum

is generated byreating a raster that uses the maximum drawdown that osaueny of the layers for a
specific grid cell location

INTERA 5



Characterization of Brackish Groundwater R

for Calhoun, Jackson, Refugio, and Victoria ¢ Section 2
Table . Locations @fell fields for brackish groundwater productions.
well Transmissivity| Transmissivit Pumping Pumpin Fresh
Field| County Catedqor y values (f-‘ld)y Latitude | Longitude| TDS Zoneg Rate La ng Water
D gory (AFY) y Layer
. Slightly
1 |calhourl Maximum 13831 | 28.60298] -96.86738f oY | 20,000 | 56,7 | 4
. Slightly
2 Jackson Maximum 12,183 28.778064¢ -96.692491] Saline 20,000 56,7 4
. . Slightly
3 | Refugio Maximum 8,334 | 28.48664] -96.93512¢ oY | 20,000 | 6,7 5
o . Slightly
4 | Victoria]  Maximum 15810 | 28.74264] -96.71119¢ o 'Y | 20,000 5,6,7,8 4
5 |cCalhoud  Maximum 8,135 | 28.64448{ -96.68537( Mg‘;‘ﬁrnaete' 15,000 | 6,7 2
6 | Jacksonl  Maximum 9,612 28.730231 -96.629946 Mgiﬁ"irnaée' 15000 | 7,8,9 | 2
7 | Refugio] Maximum 5914 | 28.40901¢ -96.90849; Mgi?i:]a;e' 15,000 | 6,7 3
8 | Victoria]  Maximum 7,199 28.70072( -96.677623 M%iﬁ"irna;e' 15000 | 7,8,9| 3
. Slightly
9 | cahouq  Median 4,734 | 28.60032% -96.762604 oY | 20,000 | 4,5 2
. Slightly
10 | Jackson Median 3,910 29.055364 -96.513284 Saline 20,000 10, 11 8
: . Slightly
11 | Refugio]  Median 2,718 28.35445] -96.98575¢ 1Y | 20,000 5 3
o . Slightly
12 | Victorial  Median 3,433 29.00364¢ -96.88954§ 1) | 20,000 | 11,12 | 9
13 | calhourl  Median 1,788 | 28.48044] -96.690943 Mg‘;‘ﬁrna;e' 15,000 5 1
14 | Jacksorl  Median 1,662 29.07714] -96.559339 M%da?irna;e' 15,000 | 13 9
15 | Refugio]  Median 1,218 | 28.173684 -97.39150¢ Mg‘;ﬁ"i;"’ge' 15,000 | 8,9 4
16 | Victorial  Median 1,589 28.84191] -96.988164 M%‘;ﬁ"ige' 15,000 | 13 6
‘ﬂ
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢

Section 2

Table 2. Simulated drawdowmpiyping at each well field independently.

Well Transmissivity Pumping Drawdown (ft) after 30 Years
F;gld County Category TDS zone Rate Brackish Zone | Freshwater Zone|
(AFY)
Calhoun Maximum Slightly Saline 20,000 84 34

2 Jackson Maximum Slightly Saline 20,000 93 36

3 Refugio Maximum Slightly Saline 20,000 132 54

4 Victoria Maximum Slightly Saline 20,000 84 35

5 Calhoun Maximum Moderately Saling 15,000 101 8

6 Jackson Maximum Moderately Saling 15,000 102

7 Refugio Maximum Moderately Saling 15,000 121 12

8 Victoria Maximum Moderately Saling 15,000 105 10

9 Calhoun Median Slightly Saline 20,000 162 24

10 Jackson Median Slightly Saline 20,000 339 8

11 Refugio Median Slightly Saline 20,000 269 43

12 Victoria Median Slightly Saline 20,000 342 42

13 Calhoun Median Moderately Saling 15,000 257 13

14 Jackson Median Moderately Saling 15,000 667 11

15 Refugio Median Moderately Saling 15,000 402 17

16 Victoria Median Moderately Saling 15,000 600 1

Table 3. Simulated drawdadwnpumping at four well fields simultaneously.

Maximum Transmissivity Median Transmissivity
TDS Zond Well | Pumping Drawdown (ft) after 30 Yeqd well | Pumping| Drawdown (ft) after 30 Year
Field| Rate | Brackish | Freshwater | Field| Rate Brackish Freshwater
ID (AFY) Zone Zone ID (AFY) Zone Zone
20,000 114 57 9 20,000 166 27
Slighty | 2 | 20,000 144 71 10 | 20,000 363 11
Saline | 3 | 20,000 152 72 11 | 20,000 272 45
4 20,000 138 73 12 20,000 366 55
5 15,000 152 19 13 15,000 258 13
Moderated 6 | 15,000 161 13 14 | 15,000 695 16
Saline | 7 | 15,000 129 16 15 | 15,000 403 17
8 15,000 175 30 16 15,000 629 2
 — 7
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢ Section 2
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢
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Characterization of Brackish Groundwater R

for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Calhoun, Maximum Transmissivity, Layer 4 (Fresh Water),
with 20000 AFY Pumping at Slightly Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Jackson, Maximum Transmissivity, Layer 4 (Fresh Water),
with 20000 AFY Pumping at Slightly Saline Zone.
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Characterization of Brackish Groundwater R

for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Refugio, Maximum Transmissivity, Layer 5 (Fresh Water),
with 20000 AFY Pumping at Slightly Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Victoria, Maximum Transmissivity, Layer 4 (Fresh Water),

with 20000 AFY Pumping at Slightly Saline Zone.
\ ck‘/—\ INTERA

//\ R ;

b Lavaca s e
S
9> B

[DeWitt
e i
3 —._Jackson
i s e \ |
N S 215
Karhes \ AiVictorta | ,//%1 \\ \ '
(@] |
j ' \ @ 5 \ﬂF 1_1'/]
= / /’ e Matagorda
Goliad " s —/ ”
“ {
/ J
”‘M‘T Tt JJ
- (
Calhoun
vl = Il\mm }’ /
Y Well Field
— Drawdown (ft)

LI County
1 Model Domain

o
{
xk’\.
Aransas }J
e /K/L‘L, \9\ o 10 20 mi
San Patricio ol T / ¢ = :

Victoria, Maximum Transmissivity, Layer 6 (Brackish Water),

with 20000 AFY Pumping at Slightly Saline Zone.
( T X J=INTERA

BN T B
' \ / \\ Wharton
P b\ /

\ Jackson r
10

[DeWitt

et S B ‘
20
Karhes / 257 TH L) : // 2"\\\ 1
Vicloria / .‘ / \ \ \
] (@)
| ' — | Matagorda
Goliad ,' f
{
- T cunoas
; ‘A‘l‘r \Q Calhoun
vl e \-\r g i
e H Well Field
Bee Refugio _._,«_4‘(7 — Drawdown (ft)
\ = i | 1 County
J Model Domain

h X
\ /(ﬁ" " Aransas /
—\ b . [ 10 20 mi
San Patricio W;L\_\ / f/ : - :

Figure -B. Simulated drawdown in freshwater zone (top) and brackish water zone (bottom) due to well field #4.

|

‘/‘"\
INTERA 13




Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Calhoun, Maximum Transmissivity, Layer 2 (Fresh Water),
with 15000 AFY Pumping at Moderately Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Section 2

Jackson, Maximum Transmissivity, Layer 2 (Fresh Water),

with 15000 AFY Pumping at Moderately Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Refugio, Maximum Transmissivity, Layer 3 (Fresh Water),
with 15000 AFY Pumping at Moderately Saline Zone.
7

A Ll = INTERA
onzales ;

Lavaca / oy
/< Wharton

=

[DeWitt

Jackson

T 1

2 Matagoerda
Goliad

Kames K A Yictoria \L,_
{
J
{

| C *\@/ Calhoun |
\ M % Well Field

i \
Refugio i — Drawdown (ft)
TAranTe<. Nuwas L County
it [ Model Domain

\\,‘_ e
Aransas
0 10 20 mi
f{"\ 1 1 |

San Patricio

Refugio, Maximum Transmissivity, Layer 6 (Brackish Water),
with 15000 AFY Pumpmg at Moderately Saline Zone.

JE=INTERA
&onzales Lavaca
% \\/ Wharton

/ K Jackson 1
N /\\‘\x{f\ }L l
ames
} T Yictoria
J

2 _/]
A e o
/Mn o Matagorda

Goliad

- ,‘Q \
L(’ Calhoun {
il N\ J

; \)_) % Well Field
Bee Reluglo 7 — Drawdown (ft)
i ,r' Al = I County

9 on st

\// sy N’E"“'" et
N Fal s

Aransas /
S /jl'\z [} 10 20 mi
o
San Patricio ?'-F‘A ;1"‘ / ; ; :

Figure -®. Simulated drawdown in freshwater zone (top) and brackish water zone (bottom) due to well field #7.

—

‘/“"N
INTERA 16




Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Section 2

Victoria, Maximum Transmissivity, Layer 3 (Fresh Water),

IDeWVitt

with 15000 AFY Pumping at Moderately Saline Zone
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Section 2

Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Calhoun, Median Transmissivity, Layer 2 (Fresh Water),

with 20000 AFY Pumping at Slightly Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Section 2

Jackson, Median Transmissivity, Layer 8 (Fresh Water),
with 20000 AFY Pumpmg at Slightly Saline Zone.
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Figure 42. Simulated drawdown in freshwater zone (top) and brackish water zone (bottom) due to well field #10
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Section 2

Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Refugio, Median Transmissivity, Layer 3 (Fresh Water),
> JE=INTERA

with 20600 AFY Pumping at Slightly Saline Zone
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Victoria, Median Transmissivity, Layer 9 (Fresh Water),
with 20000 AFY Pumping at Slightly Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Calhoun, Median Transmissivity, Layer 1 (Fresh Water),
with 15000 AFY Pumping at Moderately Saline Zone.
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Figure 45. Simulated drawdown in freshwater zone (top) and brackish water zone (bottom) due to well field #13
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Characterization of Brackish Groundwater R
Section 2

for Calhoun, Jackson, Refugio, and Victoria (

Jackson, Median Transmissivity, Layer 9 (Fresh Water),

with 15000 AFY Pumping at Moderately Saline Zone.
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Figure 46. Simulated drawdown in freshwater zone (top) and brackish water zone (bottom) due to well field #14
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Section 2

Refugio, Median Transmissivity, Layer 4 (Fresh Water),
with 15000 AFY Pumping at Moderately Saline Zone.
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Figure 47. Simulated drawdown in freshwater zone (top) and brackish water zone (bottom) due to well field #15
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Section 2

Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Victoria, Median Transmissivity, Layer 6 (Fresh Water),
with 15000 AFY Pumping at Moderately Saline Zone.
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Figure 48. Simulated drawdown in freshwater zone (top) and brackish water zone (bottom) due to well field #16
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Section 2

Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢

Maximum Transmissivity, Fresh Water,
with 80000 AFY Pumping at Slightly Saline Zone.
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Characterization of Brackish Groundwater R
Section 2

for Calhoun, Jackson, Refugio, and Victoria (

Median Transmissivity, Fresh Water,
with 80000 AFY Pumping at Slightly Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢ Section 2

Maximum Transmissivity, Fresh Water,
e.

with 60000 AFY Pumping at Moderately Saline Zon
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Section 2

Median Transmissivity, Fresh Water,

with 60000 AFY Pumping at Moderately Saline Zone.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢ Append

Appendix B&omparisonsAifernative MethimdRepresent Recharge
and Discharge Land SurfaaeWell Field #1.
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Append

Drawdown in Layer 4 (fresh water) with a pumping of 15,000 AFY

Drawdown in Layer 4 (fresh waler) with a pumping of 30,000 AFY

Drawdawn in Layer 8 (brackish water) with a pumping of 15,000 AFY
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Characterization of Brackish Groundwater R

for Calhoun, Jackson, Refugio, and Victoria ¢

Append

Drawdown in Layer 4 {fresh waler) with a pumping of 15,000 AFY

DOrawdown in Layer 4 (fresh waler) with a pumping of 30,000 AFY
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Characterization of Brackish Groundwater R

for Calhoun, Jackson, Refugio, and Victoria ¢ Append
Drawdown in Layer 4 {fresh water) with a pumping of 15,000 AFY Drawdown in Layer 4 (fresh water] with a pumping of 30,000 AFY
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria (

Drawdown in Layer 4 (fresh water) with a pumping of 15,000 AFY

Drawdown in Layer 4 (fresh waler) with a pumping of 30,000 AFY
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Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ¢

Append

DOrawdown in Layer 4 (fresh waler) with a pumping of 30,000 AFY

Drawdown in Layer 4 {fresh waler) with a pumping of 15,000 AFY
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Drawdown in Layer 1 (fresh water) with a pumping of 15,000 AFY Drawdown in Layer 1 (fresh walter) with a pumping of 30,000 AFY

A ZINTERA A EA INTERA

I -//
p = /
D — /
/ / N\
/ =.“ h
,/ | J‘
{ “v‘ \
| |' \
| | \
\ \ \
\ \
A - b
\ N Lo %
N ,__,7 /, N2l \,7
Rafugk Rof
R W
Vi - V/ N
a s 10 mi o s ) _A(lm
\\l.- 1 i \{ 1 )
Drawdown in Layer 3 (brackish water) with 2 pumping of 15,000 AFY Drawdown in Layer 3 (brackish water} with a pumping of 30,000 AFY
A A~ INTERA A e P=INTERA
—
- .
/ \‘-.,
/ 20 2

Refugio N s
\ \\ //
- \ /
7 S
g \\ - 4
o 5 10 mi 0
\< 1 ] oL
&

Figuré-4. Simulated drawdowns afterea® pumping at well field #2 at a rate of 15,000 AFY (left) and
30,000 AFY (rigla}iB is used for cells at land surface to represent redisalgeged

it

‘/“"N
INTERA 41




Characterization of Brackish Groundwater R
for Calhoun, Jackson, Refugio, and Victoria ( Append
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Drawdown in Layer 1 {fresh water) with a pumping of 15,000 AFY

Drawdown in Layer 1 (fresh water) with a pumping of 30,000 AFY
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Figure>-1. Simulated drawdowns afigas pumping at well field #3 at a rate of 15,000 AFY (left) and
30,000 AFY (rigla}iB is used for cells at land surface to represent redisalgeged
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