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* Reasons for Improving the Model
* Science
* Policy

e OPMAN Calibration
e Historical Water Levels
* Vista Ridge Production
* Aquifer Pumping Tests

* OPMAN Application
* Desired Future Conditions (DFCs)
» Total Estimated Recoverable Storage (TERS)
e Sustainable Pumping
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Reclamation Study

* Objective
* Enhance GAM to develop an OPerations and
MANagement Model (OPMAN)

* Apply OPMAN to help guide management
decisions

* Apply OPMAN to investigate long-term
sustainability

* OPMAN (Blue Box)

* Extend historical calibration (1930 to 2021)
* Simulate aquifer pumping tests
* Incorporate predictive uncertainty
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Reasons for Improving the Model: Science

* Hydrogeologic Data: Significant New Information Since 2011
* Geology
* Water Levels
* Aquifer Pumping Tests
e 2012-2023 Gap in Modeling Simulation

* Modeling Approach: Significant Advancement in Modeling Software since 2011
* Grid Refinement
* Focused on POSGCD and Adjacent District
* Advanced Calibration
* Parameter/Prediction Uncertainty



Reasons for Improving the Model: Policy

* Management & Evaluations

e Evaluation of DFCs & PDLs Compliance

e GWAP Annual Needs Assessment (GANA)
Sustainable Pumping
Climate/Drought Resiliency
Multi-year Average for Production Permits
Unreasonable Impacts

e Curtailment
* Plan, Implement, and Monitor
 Maximum Allotment per Acre
* Litigation Support



Geology



Summary of INTERA Analysis of 32 Historical Wells As Part of AICOA’s

Amendment to 0148 Permit

* INTERA Classified 55 out of the 56 production wells as
Simsboro wells

o e . I:lCounties
— 11 of the 32 existing wells mapped into the Calvert Bluff ! ] Cavert Bl Outcrop
based on GAM data were assigned to Simsboro based I +ooper Outcrop
on analysis of geophysical logs [ simsboro Outorop
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Reklaw
Carrizo

Coal Seam
Simsboro
Hooper

Low permeability lignite
layer was added to the
bottom of the Calvert
Bluff to restrict vertical
flow to and from the
Simsboro Layer
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Changes to Model Grids and Layers
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*Refined Geology
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* 1600 logs

e measured water
levels

e fault locations

* measured water
quality



Evidence for Making Changes to Model Layers: Water Levels

GAM OPMAN
e Well #1 is Calvert Bluff e Well #1 is Simsboro

 Well #2 is Calvert Bluff e Well #2 is Calvert Bluff
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Section 245
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Aquifer Assighment Change Between GAM and OPMAN
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Location of
Measured Water
Levels



Measured Water Levels: Carrizo
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Measured Water Levels: Calvert Bluff

Monitoring Wells GAM 2020 (1930 - 2010)
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Measured Water Levels: Simsboro
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Measured Water Levels: Hooper

Monitoring Wells OPMAN (2011 - 2022)
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Comparison of Simulated to Measured 1930 — 2022 Water Levels:

Carrizo

Simulated [ft a.m.s.]
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Comparison of Simulated to Measured 1930 — 2022 Water Levels:

Calvert Bluff
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Comparison of Simulated to Measured 1930 — 2022 Water Levels:

Simsboro
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Comparison of Simulated to Measured 1930 — 2022 Water Levels:

Hooper
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Vista Ridge Drawdowns
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Vista Ridge 3 Years Simulation
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Simulated Drawdown for Vista Ridge Carizzo Monitoring

Locations: Well i45

i45 | Layer 7 | Burleson | 5.0 mi | 88 Obs | RMSE ratio 0.3
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Simulated Drawdown for Vista Ridge Carrizo Monitoring

Locations: Well i67

i67 | Layer 7 | Burleson | 7.3 mi | 5 Obs | RMSE ratio 0.1
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Simulated Drawdown for Vista Ridge Simsboro Monitoring

Locations: Well i140

i140 | Layer 9 | Burleson | 9.4 mi | 34 Obs | RMSE ratio 0.5
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Simulated Drawdown for Vista Ridge Simsboro Monitoring

Locations: Well i214

i214 | Layer 9 | Burleson | 5.4 mi | 42 Obs | RMSE ratio 0.7
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Comparison of Measured versus Modeled Drawdowns:

Monthly Intervals from 2020 to 2030: Carrizo
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Comparison of Measured versus Modeled Drawdowns:

Monthly Intervals from 2020 to 2030: Simsboro
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Aquifer Pumping Tests



Aquifer Pumping Tests: Locations

e GAM Model Calibration - 2018 o Simsboro (42 aquifer pumping tests)
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e Historical Simulation 1930 — 2010 to match water 5 S 43
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* Adjust Simboro properties at Vista Ridge to 30
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Aquifer Properties: Simsboro Transmissivity Values
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Aquifer Transmissivity: Carrizo
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Aquifer Properties: Simsboro Transmissivity Values

Simsboro
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B Simulated T - GAM2020
B Simulated T - OPMAN
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Desired Future Conditions (DFCs)
&

Protective Drawdown Limits (PDLs)



OPMAN “DFC” Prediction with Uncertainty: Carrizo

POSGCD - Zone4 - Carrizo

2020 GAM
Drawdown (2011 to 2070)
e S-19 prediction: 162 ft
e Adopted DFC: 146 ft*

OPMAN Predictions
Drawdown (2011 to 2070)
e S-19 prediction: 197 ft
* Uncertainty (95%)
e: 198 ft+ 10 ft

Probability of Occurence (%)

OPMAN Prediction approximately

35 ft (22%) greater drawdown 185 190 195 200 205 210
than 2020 GAM Average Drawdown (ft) from 2011 to 2070

1000 different models were calibrated and run to

generate the range of DFC predictions

28 * DFC adopted as 90% of DB Stephens DFC calculations



OPMAN “DFC” Prediction with Uncertainty : Calvert Bluff

2020 GAM
Drawdown (2011 to 2070)
e S-19 prediction: 158 ft
* Adopted DFC: 156 ft *

OPMAN Predictions
Drawdown (2011 to 2070)
e S-19 prediction: 183 ft
* Uncertainty (95%)
o: 184 ft+ 13 ft

Probability of Occurence (%)

OPMAN Prediction approximately
25 ft (16%) greater drawdown
than 2020 GAM

39 * DFC adopted based on DB Stephens DFC calculations

POSGCD - Zone4 - Calvert Bluff

165 170 175 180 185 190 195 200 205
Average Drawdown (ft) from 2011 to 2070

1000 different models were calibrated and run to
generate the range of DFC predictions



OPMAN “DFC” Prediction with Uncertainty : Simsboro

POSGCD - Zone4 - Simsboro

2020 GAM
Drawdown (2011 to 2070)
e S-19 prediction: 277 ft
* Adopted DFC: 278 ft *

OPMAN Predictions
Drawdown (2011 to 2070)
e S-19 prediction: 330 ft
* Uncertainty (95%): 334 ft + 18 ft

Probability of Occurence (%)

OPMAN Prediction approximately

53 ft (19%) greater drawdown 320 325 330 335 340 345
than 2020 GAM Average Drawdown (ft) from 2011 to 2070

1000 different models were calibrated and run to

40 * DFC adopted based on DB Stephens DFC calculations generate the range of DFC predictions



OPMAN “DFC” Prediction with Uncertainty : Hooper

POSGCD - Zone4 - Hooper

2020 GAM
Drawdown (2011 to 2070)
e S-19 prediction: 176 ft
* Adopted DFC: 178 ft *

OPMAN Predictions
Drawdown (2011 to 2070)
e S-19 prediction: 253 ft
* Uncertainty (95%): 255 ft + 14 ft

Probability of Occurence (%)

OPMAN Prediction approximately

77 ft (44%) greater drawdown 230 240 250 260 270
than 2020 GAM Average Drawdown (ft) from 2011 to 2070

1000 different models were calibrated and run to

41 * DFC adopted based on DB Stephens DFC calculations generate the range of DFC predictions



Sustainable Pumping
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Nine Factors Districts Shall Consider When Adopting DFCs

Paraphrased Factors in Texas Water Code Sec. 36.108(d) :

1.
2.
3.

L 00 N o U ok

Aquifer uses or conditions...
Water supply needs and management strategies...

Hydrological conditions, including for each aquifer in the
management area the total estimated recoverable storage
(TERS) as provided by the executive administrator [of
TWDB]...

Other environmental impacts
Impact on subsidence
Socioeconomic impacts

Impact on private property rights
Feasibility of achieving the DFC

Any other relevant information
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TERS Defined

Total Estimated Recoverable
Storage—The estimated
amount of groundwater
within an aquifer that
accounts for recovery
scenarios that range
between 25% and 75% of
the porosity-adjusted aquifer
volume

Texas Administrative Code
Sec. 356.10

Aquifer Area

Storage volume = area x thickness x Speciﬁc }'ield

(Plus some for the confined storage)

confining unit

l aquifer

thickness



TERS: Example

of Depletion of a Confined Aquifer

Example Aquifer

Initial Water wp

Level
500 feet of confined pressure

head
(Specific Storage =
Ss = 0.0001)

500 feet of saturated thickness
Specific Yield (Sy) = —
0.15 ft3 water/ 1 ft of drawdown

45

Confining Unit

Aquifer

Feet of Drawdown

0
100
200
300
400
500
600
700

800

900
1,000

Confined Storage

500 ft * 0.0001 = 0.05 ft3 water

— 0.066% =7

Unconfined Storage/Drainage
500 ft * 0.15 = 75 ft3 water

0.001% 0.010% 0.100% 1.000% 10.000% 100.000%

Percent of Initial Aquifer Storage Removed



POSGCD Total Estimated Storage: Carrizo & Simsboro

Aquifer

Confined storage

Unconfined storage

Total storage

(acre-ft) (acre-ft) (acre-ft)
Carrizo 132,135 24,897,133 25,029,268
Z ] ?
(.5%) (99.5%)
Simsboro 194,232 6,1224,718 61,418,951
I ) 4
(0.3%) (99.7%)
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An acre-foot = 325,851 gallons

An acre-foot will cover a foot field with
0.8 ft of water




Recoverable Storage: Considerations and Constraints

« TWDB Definition — between 25% and 75% of the porosity-adjusted aquifer volume

e No considerations

* Unreasonable impacts
* Groundwater & surface resources
* Existing wells

* Aquifer water quality

* Water levels dropping below pumps

e Land surface subsidence

* Degradation of water quality

* Changes to surface water-groundwater interaction
* Practicality/economics of development

* Groundwater physics of removing of removing the

47



Aquifer Dynamics for Sustainable Pumping

* Sources for Pumped Water
* Initial water is from aquifer itself (storage) 100

* As cone-of-depression spreads outwards,
additional sources of water besides
storage

* At very late times, cone-of-depression
stops migration and water levels remains
constant

* At very late times, all water is from
boundary conditions

~ Water captured from
boundary conditions

' Water from storage

* Hydraulic Boundary Conditions
* Streams, lakes, creeks, springs
* Recharge from precipitation 0
* Adjacent aquifers

PERCENTAGE OF GROUND-WATER PUMPAGE
4
S
|

PUMPING TIME ——p
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What Hydrogeologic Conditions will Favor Maximum

Sustainable Pumping

Condition #1 Condition #2 Condition #3
Water Exists Outside Water Exists Outside No Water Exists
of County and there of County and there Outside of County
is no Pumping is consta t Pumping
External o v
Conditions ‘ «X X
Va A
Condition #A Condition #B

Constant pumping at maximum
number of wells spaced as close as
possible

Constant pumping at a
Internal few selected wellfields
Conditions

49



Sustainable Production from POSGCD: Simsboro

POSGCD, Aquifer: SB Simulated S-19 outside POSGCD
—e— No pumping outside POSGCD
1000 4 —*— No flow from outside POSGCD Bal e
S-19 outside POSGCD —— Q = 50000 AFY
w— Q = 100000 AFY
Q= 150000 AFY
Maximum | Percentage
% Cases Production oftotal
th 800 - (AFY) storage loss
- 200
o] No pumping o
o outside PosGep | 3°0/000 19% =
0 3
= No flow from o =
Eﬂ{ 600 - outside posGcp | 2>0% 12% §
; S-19 outside '8 400 1
150,000 15% =
g POSGCD ’ o
'g ©
© 400 - o
© b
w > Y
g Z 600
g
< 200 A
800
0 -
___ 10000 . 100,000 . -
104 10° 1929 2130 2330 2530 2730 2930
Pumping rate (AFY) in Simsboro Year
Steady-state drawdown versus pumping in Carrizo Transient drawdown in Carrizo with S-19 outside
50 in POSGCD. POSGCD (time to reach point where all water .



Sustainable Production from POSGCD : Carrizo

POSGCD, Aquifer: CZ Simulated S-19 outside POSGCD

w— Q = 5000 AFY

—e— No pumping outside POSGCD 0 1 —— Q = 15000 AFY
—— No flow from outside POSGCD e it o e
1200 - S-19 outside POSGCD = Q= 150000 AFY
Maximum | Percentage ]
o Cases Production of total 200 + amte
JrTJ' (AFY) storage loss
3 1000 -
=) No pumping 250,000 86% =
© outside POSGCD ’ ? o
e &
o = 400 1
o 800 A No flow from 50.000 . =
=) outside POSGCD ’ -8
- =
g $-19 outside 144 464 25% ©
. ’ ° ©
_8 600 POSGCD g 600 -
g 8
= o
B
S 400 - S
m
o 800 -
E
200 -
1000 +
0 1 10,000 100,000 B
1{I}‘1 1(I]5 19I29 21I30 23I30 25I30 27130 29130
Pumping rate (AFY) in Carrizo Year
Steady-state drawdown versus pumping in Carrizo Transient drawdown in Carrizo with S-19 outside
in POSGCD. POSGCD.
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Sustainable Production With Social-Economic and

Environmental Considerations

* Land Subsidence

* Water levels below pump elevations

* Water levels in and below well screens

* Impacts to environmental flows for streams
* Impacts to springs

e Degradation of water quality

* Costs to produce water

* Costs associated with lost of water
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