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GAM Objectives

Develop realistic and scientifically
accurate GW flow models representing
the physical characteristics of the
aquifer and incorporating the relevant
processes

The models are designed as tools to
help GWCD, RWPGs, and individuals
assess groundwater availability

Stakeholder participation is important to

ensure that the model is accepted as a

valid model of the aquifer B
INTE3A
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GAM Models

1 Ongoing:

Carrizo-Wilcox (9-11) @ O hoposimats ocaton

af madel within Texas

Ogallala south (7)
Gulf Coast central (8)
Gulf Coast north (12) ©)
Lower Rio Grande (5)
Edwards Trinity (6)

d Completed:
Trinity HC (1)
Hueco Bolson (2)
Ogallala north (3)
Edwards - BS (4)
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Model Specifications

1 Three dimensional (MODFLOW-906)
1 Regional scale (100’s of mi2)
1 Grid spacing of 1 square mile
J Include Groundwater/surface water
interaction (Stream routing)
1 Properly implement recharge
J  Stress periods as small as 1 month
J  Calibration within 10% of head drop
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Carrizo-Wilcox GAMs
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Northern Carrizo-Wilcox GAM
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GWCDs & RWPGs
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Outcrop |
of major
Aquifers
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Hydrostratigraphy and Model Layers

Series

Eocene

Jackson Group

Sparta Sand

Weches Fm.

Al

Paleocene

Queen City Sand Layer 1
| Layer 2
Carrizo Sand Layer 3
Upper Wilcox Layer 4

- -M-id-dEa-V\;iI;c:x- Layer 5
Lower Wilcox Layer 6

Midway Fm.

File: Geologic Stratigraphy.fh8
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Conce ptual Recharge
GW Flow Model

Base of Freshwater *~

Older Formations

* Recharge
I River-aquifer o
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Modeling Protocol

smme CALIBRATION g

Define model objectives

Field data
N\

Data compilation

and analysis

Verification Jgms *Includes
sensitivity
analysis

Prediction

Conceptual model
v

Reporting
. ield data
Model design Future Water
Strategies . —
INtelxA
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Modeling Periods

Pre-Development Calibration Verification Prediction
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Model Input

d Hydrostratigraphic Surfaces for each
Layer

d Hydraulic Properties:
Sand Thickness
Hydraulic Conductivity
Storativity (transient)

Recharge

Stream Flow

Pumpage (transient)

Reservoir Stages

U DO O
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Structure
Top of
Wilcox

October 28, 2002
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Carrizo:
Hydraulic
Conductivity

October 28, 2002

0.01 0.03 0.1

Hydraulic Conductivity (ft/day) e

0.3

Miles BV
- . e
0 10 20 30 P L Yl

1 \ RV e
S ! i
e

Variance (Log K)

0.357

0.3

0.251

0.2

0.157

0.14

0.054

—&— Experimental
—— Model

0

100000 200000
Lag Distance (ft)

300000

1

3

10

30

100 300

® Data locations

INTElA

SAF7 Northern Carrizo-Wilcox GAM



Upper Wilcox
Hydraulic
Conductivity
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Sand
Percent
Wilcox
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SWAT
Recharge
Distribution,
calibrated for
steady-state
conditions
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Recharge Estimation: SWAT
(Soil and Water Assessment Tool)

d SWAT developed by Blacklands Research
Center

 Physically based (primarily) watershed scale
model

Jd Infiltration/runoff based on SCS Curve Number
method (daily timestep)
Land use
Soil type
Antecedent soil condition
J Recharge = Infiltration — Evapotranspiration
IntE3A
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Point Source Data Non-Point Source Data

Municipal  Irrigation
Manufacturing  Livestock
Power Rural Domestic
Mining
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" 3\ e
Conceptual County & River Basin
Divided into 1 Mile Grid Cells
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Rural Domestic Pumpage

Distribute pumpage data based of .
population density, excluding &= e
municipalities with a Public Water Supply

1 Distribute annual pumpage into monthly
increments in proportion to nearby larger
municipalities

d Well depths assigned from nearby
wells in TWDB well database

0N
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Water-Level
Data
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Modeling Periods

Pre-Development Calibration Verification Prediction
D
=
£
(-
kel
©
>
o
LI
O
©
=
1900 1980 1990 2000 2050

INte3a

October 28, 2002 SAF7 Northern Carrizo-Wilcox GAM 28

|




Pre-development Ca

v Miles |

=

—
¢

}

{

mv/’“{'f’r

2| ¥ -1000 to -100 | ¢
- @ 00t -0 |
O 1010 10 E
€ 10 to 100 L
| =4 100 to 1000 | |

\

October 28, 2002

ibration: Carrizo

700

_ 500 : . :
S e :
g < l l
@ I : :
100 200 300 MeasuretthOHead (ft) 500 600 700
Layer Total RMS (ft) Range (ft) Adj. RMS
Layer 1 45.8 366 0.13
Layer 3 25.9 308 0.08
Layer 4 38.5 257 0.15
Layer 5 33.9 418 0.08
e e

SAF7 Northern Carrizo-Wilcox GAM



Pre-development Calibration: Middle Wilcox
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Steady-State Sensitivity Analysis

T T T T R
| | | | ! !
| | | | ! !
| | | | 'e} ! ! [Ye]
Fk ot = =1 t-————m—-{ N b [ - -4
, | | | | -~ | ! ~
) | | ) | |
| | | | | [
| | | | | N v/ /0L
| | | | | |
| | | | |
| | | |
| | | | -~ || L______r_ Lyl ~
< | | | ~ -—
x | | |
mm , | | e N T © o
=% o B | E
W.W% \\\\\\\\\\\ 0 | .Va > > > \\\\ia\i ©
S L © 8585 >
v o ®
[ © +V‘A+ ,e %
|
PR - los tht L o
> ° R s
9s c - oW °
N (0] o [,
13- R o ®m ] 2]]eee £
TGO T ® [ I R RN/ | R N _ L 13
oY s< © o | ”W ©
L Q9 w =
> g L
XXX +++
I i DY/ S R A o
o 1 o
; I |
| I |
L+ E— -+ I |
| 1 | r
| | |
| | |
L+ AV :_/u | | [%e)
| | | | | | | | o r ' I R ™~
[ N N [ I I I o
| | | | | | | | ! ! !
| | | | | | | | ! ! !
T T T T T T T T T | | |
O 00 O© T N O N  © 0o O ! ! ! T !
= YT TS ® N - o T o
(1) peaH ul aduaiayq uesiy (1) peaH ul asuaiayig uea|y
T T T T
| | | |
| | | |
| | | | v [Ye]
, , N F-=- N
| | ~ ~
| |
| |
[E e - - e
|
|
|
I I PR P ~ L1 -
| -~ —
%% |
38 | o N < © [
=@ | 2 555 2
225 N T TeA T g 55 S
N © 588 [
ANa 9 b4
3 | 454 3
\\\\\\\\\\\\\\ o 5 o 5
—~ ®Ww
.mwme 5 o 5
cTEg -] 09009 =
Exaoo | 5 > > > 5
TH O @ T S T o 2
O &5 £ i | ©
2299 = =
eovy !
N 1) S N @ @
i 2 2
|
|
O Y | . N
|
|
| w0 w0
e oo — — —1— — — N~ R + N~
| | | | o o
| | | |
| | | |
: : : :
19 o 1) o I o I
-~ -~ ' ~ ~

(1) peaH ul aduaiayq uesiy

(1) peaH ul aouaiayiq uespy

31

SAF7 Northern Carrizo-Wilcox GAM

October 28, 2002



Modeling Protocol

smme CALIBRATION g

Define model objectives

Field data
N\

Data compilation

and analysis

Verification Jgms *Includes
sensitivity
analysis

Prediction

Conceptual model
v

Reporting
. ield data
Model design Future Water
Strategies . —
INtelxA
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Modeling Periods

Pre-Development Calibration Verification Prediction
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Transient Calibration: Carrizo
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Transient Calibration: Upper Wilcox
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Hydrographs:
Carrizo

October 28, 2002
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Hydrographs:
Carrizo

October 28, 2002
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Hydrographs
Carrizo

October 28, 2002
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Hydrographs:
Upper Wilcox

October 28, 2002
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Hydrographs:
Upper Wilcox
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Transient Calibration: Simulated Stream Flow
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Stream Gage Comparison

Comparison of Trinity River Guage 8065000 to Model Predicted Streamflow
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Transient Sensitivity Analysis
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Model Calibration

1 Average pre-development recharge is lower
than from transient calibration
R(steady-state) = 0.93 inches/yr
R(transient) = 2.6 inches/yr

Difference may represent “rejected recharge”, though
result may be affected by steady-state model
limitations, which restricted ET to be less than R.

d Transient calibration required:
Reduced K (Reklaw), particularly in the Smith Co. area
Increased K, (Reklaw) in Nacogdoches Co.

Reduced K, (Carrizo, Upper Wilcox) in central area
(Smith Co.)

Assume significant portion of pumpage, allocated to
Queen City, is from Carrizo-Wilcox

INcE3A

October 28, 2002 SAF7 Northern Carrizo-Wilcox GAM 45



Predictive Simulation (2000-2050)

d Predictive Pumpage based on RWPs
d Six Model Scenarios:

October 28, 2002

Average Recharge Conditions through 2050

Average Recharge Conditions ending with the
drought of record (DOR) in 2010

Average Recharge Conditions ending with the
drought of record (DOR) in 2020.

Average Recharge Conditions ending with the
drought of record (DOR) in 2030.

Average Recharge Conditions ending with the
drought of record (DOR) in 2040.

Average Recharge Conditions ending with the
drought of record (DOR) in 2050.
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DOR Definition

4
------- 1 Month
3 -—--1Year
— - =2 Year
2 - 3 Year ) ;\:
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Modeling Periods

Pre-Development Calibration Verification Prediction
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Prediction 2050 (no DOR): Carrizo
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Head Difference: 2000 - 2050
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Head Difference: 2000 - 2050
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Pumpage in Layer 4 (Upper Wilcox)
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Pumpage in Layer 5
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Pumpage in Layer 3 (adjusted)
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(w/ adjusted pumpage)

Prediction 2050 (no DOR): Carrizo
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Conclusions

J GAM for northern Carrizo-Wilcox
Aquifer:
Incorporated all relevant features, data on
aquifer properties, recharge estimates,
and pumpage
Calibrated to pre-development conditions,
transient, and verification period

Required some adjustment of properties
during transient calibration.
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Conclusions (cont.)

J Predictive Simulations based on
Pumpage from RWPs:

No noticeable effect of DOR, since DOR
only reflects recharge but not potential

increase in pumpage
Significant rebound in Nacogdoches,
Angelina Counties

Potential inconsistency in pumpage
allocation for different layers between
historical and projected pumpage

INcE3A
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Northern GAM Schedule

SAF1—May9 W
SAF2—Aug.1 W

SAF3—Nov.19

@ War. 13 — Kickoff Meeting
@ Aug. 13 — Conceptual Model
@ Dec. —initial model design

SAF 4 —Feb.28

SAF 5 — May 21

SAF 6 — Aug. 1

SAF 7 — Oct. 29

>

‘ May 7 — Steady-state model review
O Aug. 20 — Transient model review
Q Sep. 13 — Model predictions review
O Nov. 14 — Draft report review

Q Dec/Jan — Present SAF Model Seminar

A Jan. 31 Heliver BNl Paadues
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List of Questions
SAF No. 7
City of Nacogdoches Recreation Center
Nacogdoches, Texas
October 29, 2002

Questions.

1.

Areyou still predicting conservation to start at around 2030 (modeling periods graph)?
A: The modeling periods graph is a schematic representation of potential water-level
trends in the future and is not based on real data.

Is the figure (modeling periods) based on actual data or is a schematic representation?
A: The modeling periods graph is a schematic representation and is not based on
actual data.

Is the figure (modeling periods) strictly for the Carrizo-Wilcox GAM?
A: The modeling periods figure is general and not specific to the Carrizo-Wilcox

Why isthere adifference in simulated and measured heads in the hydrograph for Wood
County?

A: The simulated water |evels agree with the measured trend but are offset by as
much as 20 ft, which is likely due to topographic variability within the 1-by 1-mile grid
block represented in the model.

Where are the major areas of recharge in the model area?

A: The major areas of recharge for the Carrizo-Wilcox aguifer are along the western
outcrop area and in the Sabine Uplift area. In areas of significant drawdown in the
Carrizo-Wilcox aquifer, vertical leakage from the shallow Queen City aquifer can
contribute significant amounts of water to the underlying Carrizo-Wilcox aquifer.

Why are there no stream flow pointsin the southern part of the study area?

A: The southern part of the study area represents the area where the Queen City
Formation dips beneath younger formations, which is represented in the model by general
head boundary conditions. This boundary condition accounts for vertical flow between
the Queen City aquifer and the shallow water table in the younger formations, but does
not specifically track stream flow in this part of the model.

Can water availability conditions/water levels be predicted with the model for each
decade?

A: Y es, the model calculated water levels monthly throughout the 50-year period and
water-level distributions for each decade were presented in the draft report which is
posted on the TWDB'’ s web site: http://www.twdb.state.tx.us/'Gam/czwx_n/czwx_n.htm.



http://www.twdb.state.tx.us/Gam/czwx_n/czwx_n.htm

10.

11.

12.

13.

14.

Can problem areas in Texas be predicted over the long-term with this model? Would you
know what these problems might be?

A: Y es, the GAM model can identify areas where water levels decline significantly
due to projected excess pumpage or potential drought conditions during certain future
time periods. The problems would consist of water-levels that may fall below the depth
of the pumping wells. The model could not show potential problems associated with
deteriorating water quality.

Are the closed lines shown on the water-level map, cones of depression?
A: The closed contour lines represent a cone of depression due to significant

pumpage.

Do actua water-level measurements have an effect on the model ?

A: Actual water-level measurements are used to calibrate the model; the goodness of
fit based on the comparison between simulated and measured hydraulic heads indicate
how well the model represents the hydraulic behavior of the aquifer. The better the
model reproduces the measured water-level data, the better is the confidence for the
model to predict water levelsin the future

Is not the projected reduction in groundwater usage (in Wood County?) due to conversion
to surface water?

Thereisadistinct drop in overall annual pumpage between 1999 (based on historical
data) and 2000 (based on predicted pumpage from the RWPGs) for Wood County.
Between 2000 and 2050, predictive pumpage data indicates a gradual increase. The
sudden change in pumpage suggests that there is a problem in pumpage allocation
between the historical pumpage data set and the predictive pumpage data set and does not
represent conversion to surface water. This discrepancy between historical and
predicitive pumpage data sets needs to be examined in more detail.

Is recharge applied uniformly over the entire model area rather than just over the
outcrops?

A: Rechargeis applied to the entire surface of the model area, except for the southern
part, which is represented by a general head boundary condition. This boundary
condition effectively calculated recharge or discharge at the surface based on difference
in water levels between the shallow water table and calculated water levelsin the
underlying layers. Inthe northern area, the applied recharge varies spatially and
seasonally, which is based on information on precipitation, temperature, and soil
conditions throughout the year.

Is the sensitivity analysis being pushed the wrong way?

A: No, it isbased on individual simulations whereby a specific parameter is
increased or decreased by a certain fraction of theinitial value. However, thisinitial
value is associated with some uncertainty and may be biased toward the low or high side.

If population increases in a county (Wood County), will not groundwater pumping also
increase?

A: Y es, predictive pumpage estimates are based on projected popul ation increases
and pumpage typically increases with increasing population, unless the increased demand
is covered by additional surface water.



15. Do you expect advance conservation to be amajor player in the areain the future?
A: Probably to alimited extend, because there are alarge number of surface
reservoirs, which are being tapped for additional water demands.

Comments:

1 STAKEHOLDER: There appears to be a discrepancy between the historical groundwater
usage numbers and those projected by the RWPGs for the predictive groundwater usage.

INTERA: We will be examining these in more detail.

2. STAKEHOLDER: The GAM is an important tool for integrating the relevant
hydrogeologic data as well as pumpage data, and will be very useful to groundwater
conservation districtsin the area to assess groundwater availability for the next fifty
years.

INTERA AND TWDB: The model can be used to update new information and to assess
potential water management strategies that were not included in the current RWPGs or
that are being planned in the future.
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