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Explanation

Qe Sediment input
e Dominant current

Deltaic

Prodelta —muddy sand

Inner shelf

Outer shelf — mud

Bowie —Cass County net sand;
high, connective seaway
Nacatoch Formation -outcrop
Tidal-flat deposit

Shorefoce deposit

Inner shelf - greensand

Tidal —inlet deposit

From McGowen and Lopez, 1983
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SECHORS

Source: Adapted from Ashworth, 1988
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: Counties

======: State Line

—=—m— Downdip Model Extent

[ — —— Approx. Elevation (ft) lowest Nacatoch sand
0 10 20 +  Data Control Points
Miles Elevation of Nacatoch Base (ft)
Note: Lines of elevations are . High : 577
estimates in areas where

control is absent or limited
Madified from Ashworth, 1988

Low : -1408
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IHEeaeARZINVSIS

Collected and organized head database for
Texas and Arkansas

— TWDB database and county reports

— USGS reports

— Ashworth 1988 (Table 5)

Developed and analyzed control for
Predevelopment, 1980, 1990, 1997 head
surfaces

Developed a regression for head in unconfined
section (outcrop) to guide surface development

Selected wells with adequate time series to be
calibration hydrographs
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Preclavalggert mleeiel SitffEiee
Agorozlen

* Used a combination of maximum, earliest
measured, and hydrograph extrapolated heads
to develop adequate control

 Developed a regression between ground surface
elevation and head in outcrop areas
— Best regression eliminated Hunt and Hopkins Co.
WSS
e Then contour and iteratively
— ID inconsistent wells
— Consider transient head trends
— Choose predevelopment targets
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ERSIERE ECaCrSUITEACES

 To have adeguate coverage, we used multi-year
window around the year of interest (1980, 1990,
1997)

— Used Ashworth 1988 as a guide on 1980 surface
(reported 1982 surface)

 Significant head change has not been observed
except in isolated regions
— Especially since 1980

 We used the regression for guidance in outcrop
areas where minimal drawdown was expected
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Regional Discharge
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DECPIRECHEAIGE

e Muller and Price (1979) estimated 1,500
AFY

* Ashworth (1988) estimated 3,000 AFY
based on Darcy’s law

e 3,000 AFY equates to approximately 0.5%
of precipitation, or 0.2 in/yr recharge




ShHaliGWARECHaIGE

* Performed baseflow separation for several
gages in the region

* Area weighted baseflow discharge Is
approximately 0.5 in/yr in the area

e This would be considered a lower bound
for shallow recharge, since we have not
accounted for groundwater ET




Velffetilo ) Wita) Preelgfiziiien

« Compared annual baseflow response (log transformed)
with annual precipitation in the gage catchment area

* Performed linear regressions including a time lag from
zero to ten months
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Velffetilo ) Wita) Preelgfiziiien

* Derived single equation from series of regression results
using the following constraints

— Should contain coefficients that are bounded by the regression
coefficients

— Should produce average recharge (0.7 in/yr) given average
precipitation (45 in/yr)

Recharge = 10*(0.033*precipitation-1.8)+0.2

\ A

Slope Intercept Deep




DISUHIULGR
PifRECHAGE

 Based on along-
term average
precipitation and
derived equation
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VARG REIES

e Qwellswith Scand T
e 56 other wells with Sc

e 0 wells with storage properties
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NP aoavall Thickness

EXPLANATION

I Nocatoch Formation
[ Navarro Group undifferentiated
—d—
Line showing approximate net
sand thickness of the
Nacatoch Formation, in feet
Interval is variable

Areas of sediment input

(from Ashworth, (1988) as modified from McGowen and Lopez (1984)
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Evapotranspiration Precipitation
33.7 inlyr (74.9%) 4 45 infyr

Runoff
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Local Discharge
0.5 in/yr (1.1%)
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Regional Discharge
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DECPIRECHEAIGE

e Muller and Price (1979) estimated 1,500
AFY

* Ashworth (1988) estimated 3,000 AFY
based on Darcy’s law

e 3,000 AFY equates to approximately 0.5%
of precipitation, or 0.2 in/yr recharge




ShHaliGWARECHaIGE

* Performed baseflow separation for several
gages in the region

* Area weighted baseflow discharge Is
approximately 0.5 in/yr in the area

e This would be considered a lower bound
for shallow recharge, since we have not
accounted for groundwater ET
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« Compared annual baseflow response (log transformed)
with annual precipitation in the gage catchment area

* Performed linear regressions including a time lag from
zero to ten months

7342500

Gage Intercept

2.00
|

7342465 -1.86
7342470 -1.27
7342500 -2.06
7343200 -1.86
8017300 -1.73
8062900 -3.74

8063500 -2.24
25 30 35 40 45 50 55 60 8064500 -2.43

0.20 0.50

Baseflow (in/yr)

0.05
|

Precipitation (in/yr)




Velffetilo ) Wita) Preelgfiziiien

* Derived single equation from series of regression results
using the following constraints

— Should contain coefficients that are bounded by the regression
coefficients

— Should produce average recharge (0.7 in/yr) given average
precipitation (45 in/yr)

Recharge = 10*(0.033*precipitation-1.8)+0.2
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DISUHIULGR
PifRECHAGE

 Based on along-
term average
precipitation and
derived equation
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DISChcIGE PIOCESSES

e Natural aquifer discharge
—Baseflow
—Groundwater Evapotranspiration
—Springs

 Pumping
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Stream Gage 7342500 Stream Gage 7343200

South Sulphur River Near Cooper, TX Sulphur River Near Talco, TX
0 8,000.00

7,000.00

e DallyASEam

4,000.00

WA son EleWAGAUGING

0.00 -

Oct-91 Oct-95 Oct-99 Oct-03 Oct-91 Oct-95 Oct-99 Oct-03
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Stream Gage 8017300
]20030uth Fork Sabine River Near Quinlan, TX

0
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Stream Gage 8062900 Stream Gage 8063500

2000 Kings Creek Near Kaufman, TX Richland Creek Near Richland, TX
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e No low-flow studies available in the area

Performed hydrograph
separation analyses using
the BFI code to estimate
baseflow
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Gages and catchment
separation analysis
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 Hydrograph separation results
 Area-weighted average of 0.5 in/yr

Unregulated | Drainage Baseflo Runof
Gage Station Name Ygars Aren
(miz) (m/yr) (|n/yr)

7342465 S Sulphur Rv at Commerce, 1992 Present

7342500 | S Sulphur Rv nr Cooper, TX | 1943-1992 -
7343200 | Sulphur Rv nr Talco, TX 1957-1992 1405

8062900 Kings Ck nr Kaufman, TX 1964-1972 -m

8063500 Rlchland Ck nr Richland, TX 1940 1963 O 45

8064500 _(Izgl(ambers Ck nr Corsicana, 1940-1961 -m-
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e No measurements available in the area

* Objectives
— Estimate potential ET
— Estimate vegetation coefficients
— Estimate rooting depths




PET
(infyr)

I High : 60.0
Low : 52.8
E County Boundaries

| state Line

|:| Nacatoch and Midway Outcrops
- Nacatoch Midway Contact

=

(IGRENERnEVErZGE)

*More correctly called
reference ET, and based
on the Penmann-Monteith
equation

*Does not vary
significantly across the
model area
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(lempoeRINVaIaneR)
Based on the
Hargreaves method,
uses Tmin and Tmax
*Again, not much
annual variation in ET

1992 1994 1996 1998 2000 2002 2004




Land Cover Type

- Water
[ Bare soil
- Cropland
- Urban Area
[ Evergreen

- Lowland Mixed Evergreen - Drought Deciduous Shrubland

- Temporarily Flooded Cold Deciduous Woodland

|:| Short Sod Temperate or Subpolar Grassland

- Cold-Deciduous Woodland

B Round-Crowned Temperate or Subpolar Needle-Leaved Evergreen Woodland
- Temperate Broad-Leaved Evergreen Woodland

|:| Sand Flats

E County Boundaries
D State Line

|:| Nacatoch and Midway Outcrops
|:| Nacatoch Midway Contact

Stream Coverage

Vegeiaion
COVEIEUE

*Based on Texas GAP
analysis program
*Resolution of
approximately 300 ft

*Does not show
significant vegetation
change in riparian
areas
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3000004~~~

2800004~~~ - -

2600004

240,000 -~ Temporarily Flooded — — —

220,000
200,000
180,000+
160,000+
140,000+
120,000+
100,000
80,000~
60,000
40,000
20,000+
o

Cold-Deciduous

S Cold-Deciduous
2 Woodland

***** Temperate -
Broad-Leaved

77777 Evergreen |- —
Woodland

77777 (Live Oak) —_—

100,000+
95,000
90,000
85,000
80,000
75,0004
70,000
65,000
60,000
55,000
50,000
45,0004
40,0004
35,000
30,000
25,000
20,000
15,000+
10,000+
5,000

0

— — — — Temperate ==
Broad-Leaved

— — — — Evergreen =
Woodland

~ ~ — — (Live Oak) T

Vegeiaion
Co\Verziofe

Entire Outcrop

Frequency similar
between overall
outcrop and
riparian areas
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VEGEIEONNCOE ICIENniSIane
ROGUIICNDERHIS

e Based on Scanlon (2005)
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Source of Spring Locations
e Brune (1981)
= USGS (1993)
»x TWDB well database
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« GAM Calibration Period (1980-1997)

— TWDB master pumping tables in the pumpage
geodatabase

« Historical Period (1963-1980)
— Ashworth (1988)
— County Reports and River Basin Reports

o Arkansas (1965-2000)
— USGS(2004);five year estimates
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Includes Arkansas counties
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Lozl =gl giglef oy Gatifiy (A=)

Year 1963 1965 1970 | 1975 | 1980 1985 1990 1995 [ 1997 |
Texas counties
[Bowie 396 483 708 5301 1,372 2,709] 2,353 643 581 |
Delta 466 406 563 490 480 497 540 273 268 |
[Franklin il il 1 1 il 1 il il il
Henderson 5 5 6 8 9 11 13 15 14
Hopkins 189 243 308 360 367 260 303 411 361
Hunt 1,086 9631 11,2961 L1172 L04ri| 1317 L125| 1,045 909
Kaufman 77 77 78 80 82 61 66 75 59
Lamar - - - - 2 2 1 1 1
Navarro 25 24 28 29 15 15 15 14 11
[Rains 3 3 3 4 4 2 4 5 5
Red River 922 924 954 996 750 556 632 549 507 |
Titus . . . . 68 80 . . 1
[Texas 1otal 3,170 3,131 23,9451 3,6/0] 4,192 5,511 5,054 3,03L| 2,716
Little River 300 224 34 45 69 = = = =
Miller 211 160 34 45 69 = = = 13
Arkansas Total 511 384 6/ 90 139 - - - 13]
Total 3681 3516| 4,013] 3,759 4,331| 5511 5,054 3,031] 2,730
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Explanation

| Model Domain TDS in Nacatoch Aquifer
[l state Line © <1,000 mgiL

| | county Boundaries ¢ 1,000 - 3,000 mg/L
Nacatoch Outcrop ® 3,000 - 5,000 mg/L

B Nacatoch Sand ® 5,000 - 10,000 mg/L
|:| Alluvium

[ Terrace Deposits

S L K
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Y diechemical
EACIES

Explanation

[]Model Domain  Navarro-Taylor Nacatoch
[ state Line “ Other Facies Other Facies
E County Boundaries +  Ca-HCO3 Ca-HCO3
4~ Na-Cl Na-Cl
Na-HCO3 Na-HCO3

Na-Mixed anion Na-Mixed anion




Explanation
[ Mode! Domain Sodium Hazard
] stateLLine Computed as Sodium Adsorption Ratio
I:] County Boundaries o <10 (low)
Nacatoch Outcrop ® 10 - 18 (medium)
I Nacatoch Sand @ 18 - 26 (high)
[ ] Allwvium ® > 26 (very high)
- Terrace Deposits

A

SealtmrEazans
INthe
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Telot)feiiee] Welie
@UZIINAGY:
NaCaIeCHPAGUITE)

Fuoride  |PrmaryMcl' | 4 | mgL | 200 11 | 6% | 0 |
Nitrate  |PrimarymcLl' | 10 |mglasN|  207] 14 | 1% | 0 |
pH  |secondaryMCL'(lowerbound) | 7 | | 21| 10 | 5% | 0o |
Chloride  [SecondaryMcL' | 300 | mgL |  215] 50 |  23% | 0 |
Fluoride  [Secondarymcl' | 2 | mgL | 2000 39 | 2% | 0 |
Sufete  [SecondaryMcL' | 300 | mgL | 245|200 | 9% | 0 |
_-ﬁﬁﬁ.‘-
SAR |l Sodium Hazard-Medum® | 10 [ | 200 150 | 0 |
-E-_“
SAR _ |lmig. Sodium Hazard-VeryHigh®| 26 [ | 200 131 | 63% 0 |
Specific Conductance |lrrig. Salinity Hazard - High® | 750 |pmhos/em| 203|175 | 8% | 0 |
Specific Conductance |lIrrig. Salinity Hazard - Very High®| 2250 |pmhos/em| 203 39 |  19% | 0 |
-Em.__‘-
______
_______
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l Recharge

* Discharge
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River-Aquifer
Interaction

J—

No Flow Cross - Formational
Neylandville - Marlbrook Flow
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540 rows

670 cols

2 layers
~130,000 active




