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Challenges: TWDB — State Water Plan -

¢ 2020-2030 statewide water demand: ~18M ac-ft/yr
* Growing needs: 4.8M ac-ft/yr (2030) to 6.9M ac-ft/yr (2070)

Totals bY Decade Goetfetyen BMDemands M Existing Supplies
B Needs (Potential Shortages) M Strategy Supplies
Region A 20,000,000
15,000,000
Region O Region B g
- = 10,000,000
Region C 2
=
Region G = 5,000,000
Region E . 2020 2030 2040 2050 2060 2070
Region | £9100
Region P 2020 2030 2040 2050 2060 2070
Demands 17,680,444 18,426,781 18,326,558 18,394,477 |8,647,792 19,230,876
. Existing
Reglon N Supplies 16,748,029 15,394,457 4,615,947 14,142,337 13,834,633 13,750,315
Region M Needs
9 (Potential 3,116,143 4,802,730 5,339,768 5,798,44| 6,307,209 6,917,609
Shortages)
Strategy
Supplies 1,690,192 4,081,861 5,497,295 6,398,116 7,083,691 7,766,984
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%‘ A https://2022.texasstatewaterplan.org/, accessed 2025-MAR-02
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Texas Produced Water Consortium (TxPWC)
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* Established by SB601 (2021) to study technical and economic aspects
of beneficial reuse of treated produced water

Texas Produced
Water Consortium

* Leadership team at Texas Tech University
* Legislative reports: 2022 (link), 2024 (link)

* Active and diverse stakeholder membership:
* agriculture, landowners, O&G upstream, midstream,

environmental, governmental, consultants, etc.
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Objective

* The overall objective of this project is to identify the major hydrological and
ecological processes during and after the release of treated produced water.

o To simulate key hydrological and ecological processes
o To track the fate of released desalinated water

o To assess impacts on streamflow and ecosystems

o To capture spatial and temporal variability

o To support safe and informed water reuse decisions
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Why SWAT+gwflow?

RECHARGE AREA

MODFLOW
DayCent FEFLOW
DSSAT
EPIC
DNDC e 10-15 used at watershed scale
Surface Su bSU rface e ~20global models used in
climate-hydrology research.
SWAT / SWAT+ PRMS-V (Sources: (Eu==fwory %) Wixtnia )
ApEx / HEC-HMS
SWAT+guflow —" HEC-RAS
MIKE SHE
SWAT(SWAT+)-MODFLOW ParFlow  C-TLOW

APEX-MODFLOW-RT3D-Salt
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Why SWAT+gwflow?

Model Construction

s / // e //' i/ l/// /s
/ /
////’/,/r/,//"' /
O R Ay B G AL / /
/ // / // [y /
/ / / / [ i, /

/ 1y

| plant
Sotuo Mo Uocks
Solute/ Mass e

@@t ZoNE
PRNCES
Stream Stage - f\j@'@e’&g
w>lream stagertmVadose Zone)
- Percolatio

Car—
= Clioundwate dRIow
Glioundwatedbischalige Solutelliianspolt

SolutelMasslinteraction Concentration

E §olute = S0O,, Ca, Mg, Na, CI, K, CO,, HCO, , NO,, P, NH,*

o Integrated Hydrologic Process
o GW/SW interaction
o Water Availability

o Management
o Water Allocation
o Land application (irrigation)
o In stream

Key Advantages
 Comprehensive solute
tracking (12+ constituents)
« Explicit GW-SW coupling
« Management scenario
testing
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Study Area -

Pecos River Watershed , :
Location Southwestern United States;

spans New Mexico and Texas.

River source Headwaters in the Sangre de Cristo
Mountains, north-central New Mexico.

Amarilloe

uuuuu

River outlet Flows into the Rio Grande in Texas.

| b River length Approximately 926 miles.

Watershed area Approximately 44,402 square miles.

Climate Mostly semi-arid to arid, with strong
o precipitation variability by elevation and
location.
Land type Mountain headwaters, semi-arid valleys,

rangelands, irrigated agricultural areas, and
I = |

% /r\w.ﬁ%?ﬁmmdpes, arid canyon reaches.
B o 5 5o 75 100 Miles \

FJ_!-‘ ' Pledras Negras“\
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Model Construction

* Daily precipitation and temperature were obtained from NOAA GHCN-Daily stations.
* A final network of 129 climate stations was selected based on record length, coverage,

elevation bands, and spatial spacing criteria.
* Source: NOAA NCEI GHCN-Daily.

Texas Produced
Water Consortium
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Digital Elevation Model (DEM)

« USGS 3DEP 1/3 arc-second DEM (~10 m) was used as the original elevation
dataset and resampled to 30 m for QSWAT+ watershed delineation.
* Source: USGS 3DEP / The National Map.

» gSSURGO soils from Texas and New
Mexico were used to define soil map
units and hydraulic properties.

* Soil lookup and usersoil files were
developed from MUKEY-level
gSSURGO component and horizon
tables.

* Source: USDA-NRCS gSSURGO.

J

* NLCD 2019 land cover, at 30 m
resolution, was clipped to the
Pecos watershed and reclassified
into SWAT+ land-use classes.

* Dominant classes include
shrub/scrub, grassland/pasture, and
cultivated crops.

* Source: MRLC / USGS NLCD 2019.
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SWAT+ Model Construction

Texas Produced
Water Consortium
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Watershed Delineation Outputs

LSU: 4,783 landscape units representing
upland and floodplain areas within subbasins.
Floodplain: Buffer multiplier 1 selected;
floodplain corridor approximately 480 m
upstream and 2,600 m downstream.

Stream: DEM-derived network using 225 km
stream and 27 km? channel thresholds; 309
subbasins and ~2,400 channels.

HRUs: Land use-soil-slope overlay created
29,644 HRUs

2
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gwflow Construction

K before (GLHYMPS)

 The QSWAT+ production model used aquifer K from
GLHYMPS, which showed unrealistic extremes:

e 21.5% of watershed nearly impermeable: K < 0.01 m/day

* 36% at the GLHYMPS maximum: K = 25.6 m/day

 Low-K cells blocked lateral drainage, causing water
accumulation and excessive saturation-excess flow, which
distorted the early water balance.

 Compared with the calibrated GAM values (median K = 0.76—
2.0 m/day; no K < 0.1 m/day), the GLHYMPS median was
reasonable, but both distribution tails were problematic.
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gwflow Construction

K after (Option B)
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Aquifer K was rebuilt by hydrogeologic province to preserve GLHYMPS
spatial texture while removing unrealistic tails.

Source

Coverage

K rule

GAM (eddt_p, K=T_total/250 m)

31.8 % (SE/E Texas)

calibrated transmissivity

Roswell karst (USGS aquifer #43 polygon)

53 %

clip(GLHYMPS, 0.1, 70)

Clipped GLHYMPS (rest: W Texas + NM)

62.9 %

clip(GLHYMPS, 0.1, 10)

GAM K was recalculated directly from bcf.dat transmissivity and
georeferenced eddt_p polygons, because the existing raster was

misaligned.

Main improvement:

« K<0.1 m/day was reduced from 29.7% to 0%, while the median K

stayed 1.34 m/day.

Specific yield assigned by province:

* GAM /Texas: 0.10

* Roswell: 0.05 / Other areas: 0.12

 Streambed K and thickness kept as default values

 Streambed parameters flagged for calibration
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Optimization Framework

rlydr() IHydrocaI optlmlzatlon Framework swatmf wf / workflows / 03_pilotpoint_ap

Integrated hydrologic model calibration, sensitivity,
uncertainty, and post-processing

b Seonggyu Park updated pp notebooks
ﬁ Python | . Jupyter [ PEST++ PEST/PEST++

e swatplus
</> Pythoii/ [P r e e e e e A i e = e ‘I Preview Code Blame 978 lines (970 pecos calibration setup
Jupyter Configuration & Setup '
& =S5 % |
Interface Q * YAML config * workspace setup 1
1 * parameter databases * observation mapping : In [ ] .
I & ' " %matplotlib inline
: 41 : import os
! . | import pandas as pd
: Parameter Files : import numpy as np
: —_— * template « instruction < control o o \l ' import flopy
4 * model-specific parameter file(s) : : import pyemu
: ‘ i I import swatmf
! ! : import matplotlib.pyplot as
0 . 1
: Hydrologic Model Execution ' . swatmf.__version__
|
: 6 forward_run.py : '
A~ ! '
: A~ [« SWAT+ family (gwflow, salinity, MODFLOW) ! ' In [ ]:
| « SWAT family (MODFLOW) ! I from swatmf import swatmf_p{
1 |
: | » APEX family (MODFLOW, RT3D) | l
§ | » DayCent ! :
|
I N |
| 1 1
| e a4 1. Set up
: g OACS OUTPUES Post-processing & : :
: G| s duchirge Y Observation Matching |
* groundwater levels ) 1 1 H
| i 5 a0 ¢ eractsimisedabes ||| 1.1 write swatmf.co
: o othar dabo vartables * prepare observation tables 1 1
i * build PEST inputs ' :
1 1
' .
| 3 : : In [ 1: # working directory and fild
; ( / PEST / PEST++ o : wd = "C:\\Users\\ykishawi2\
! T = ¥ @ i e | swat_wd = "C:\\Users\\ykishj
I | ! L GLM | IES ~SEN |SWP MOU '
! A . - e 1
I v | # calibration period ) p ~ocal.db.csv
: 5 Updated Parameters . 5 . : sim_start = '1/1/1995"
| w « surface water parameters Analy5|s & Dlagnostlcs 1 warmup = 5
: * groundwater parameters o residuals * sensitivity ¢ uncertainty ’ cal _start = '1/1/2000"'
« salinif ! -
i sa!m-ly parameters  ensemble analysis * figures 1 cal_end = "12/31/28180°
. + soil / HRU / channel parameters ; -
\ X T e g o — g /
"""""""""""""""""""""""""""""""""""""""""""" # time step
j\ time_step = 'month'

# extract simulation (what d

ET BN T
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Optimization Framework

Hydro

A

iHydroCal Optimization Framework

Integrated hydrologic model calibration, sensitivity,
uncertainty, and post-processing

-2
Python | . Jupyter | PEST++ PEST/PEST++

init_project_config(TxtinOut)

</>

Jupyter

Python /

Interface

Configuration & Setup

* YAML config ¢ workspace setup

%A

* parameter databases * observation mapping

.

Parameter Files

* template « instruction < control

* model-specific parameter file(s)

'

Hydrologic Model Execution

forward_run.py

. SWAT¢ family (gwflow, salinity, MODFLOW) ‘
* SWAT family (MODFLOW)
* APEX family (MODFLOW, RT3D) ‘

. DayCent
\ —/)

Model Outputs
* surface discharge

* groundwater levels
* water quality
* other state variables

______ @ PEST / PEST++ W)
GLM IES MOU

v
Analysis & Diagnostics

* uncertainty

A~
A

Post-processing &
Observation Matching

* extract simulated values

i

* prepare observation tables
* build PEST inputs

\4

Updated Parameters

« surface water parameters

* groundwater parameters

* salinity parameters

« soil / HRU / channel parameters

* residuals  sensitivity

* ensemble analysis « figures

A B C D E F G H | J K L M N (0] P R S
# iHydroCal SWAT+ parameter database
# Edit flag=1to activate a parameter. chg_type can be blank; iHydroCal will use pctchg by default.
# obj_ids blank means all objects. Use comma-separated IDs like "1,2,3" for selected objects.
# Generate cal_parms.cal:,written,by, SWAT+,editor,v3.0.8,0n,11/10/2025,14:48,for, SWAT+,rev.61.0.1
223
flag name chg_type wval obj_typ obj_ids conds lyrl lyr2 yearl year? dayl day2? obj_tot abs_min abs_max parlbnd parubnd partrans
0 ecn2 1.00E-07 hru 0 0 0 0 0 0 0 0 35 95 -50 50 none
0 en3 swf 1.00E-07 hru 0 0 0 0 0 0 0 0 0 1 -50 50 none
0 usle p 1.00E-07 hru 0 0 0 0 0 0 0 0 0 1 -50 50 none
0 own 1.00E-07 hru 0 0 0 0 0 0 0 0 0.01 30 -50 50 none
0 elev 1.00E-07 hru 0 0 0 0 0 0 0 0 0 5000 -50 50 none
0 slope 1.00E-07 hru 0 0 0 0 0 0 0 0 0.0001 0.9 -50 50 none
0 slope_len 1.00E-07 hru 0 0 0 0 0 0 0 0 10 150 -50 50 none
setup_workflow
[ A B [ L E F €]
17 |SITENO LINKNO Channel distance_to_chanr channel_id manual_modified
2 | 8379500 2197 209 36.74383761 209
3 | 8382000 A B C D E F G H |
1 date site_08379500 site_08382000 site_08382500 site_08382600 site_08382650 site_08382730 site_08382830
4 | 8382500 13859 11/28/2025 0.682 0.185 0.286 0 0.736 0.094
> 8382600 13860 11/29/2025 0.682 0.179 0.264 0 0.705 0.095
6 8382650 Y3861 11/30/2025 0.68 0.174 0.227 0 0.646 0.097
718382730 u3ge2 12/1/2025 0.677 0.177 0.209 0 0.694 0.102
8 8382830 #3863 12/2/2025 0.671 0.174 0.209 0 0.682 0.106
9 | 8383000 F3864| 12/3/2025 0.646 0.179 0.206 0 0.657 0.108
10 | 8383500 13865 12/4/2025 0.629 0.202 0.225 0 0.606 0.109
11 | 8384500 13866, 12/5/2025 0.813 0.239 0.233 0 0.629 0.11
i | anocana 3067 12/6/2025 0.564 0.2 0.243 0.001 0.609 0.113
13868 12/7/2025 0.496 0.208 0.244 0 0.66 0.114
13869 12/8/2025 0.773 0.209 0.229 0 0.606 0.114
n3870 12/9/2025 0.66 0.184 0.229 0 0.614 0.113
13871 12/10/2025 0.566 0.174 0.238 0 0.564 0.114
13872 12/11/2025 0.555 0.173 0.226 0 0.538 0.117
13873 12/12/2025 0.609 0.168 0.208 0 0.521 0.118
13574 12/13/2025 0.51 0.161 0.156 0 0.549 0.117
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Optimization Framework

run_pestpp_ies_workers(model _dir, ies_pst _file, main_dir)

def run_pestpp ies workers(

dir: str EY s tseries ensemble by group(

~ file=model dir / "pecos rw ies.pst”,

|
str

se="pecos rw ies"”,

i mn

ut dir=model dir / "figures™ / "tseries monthly”,

= None,
N "ies tseries monthly",

None = None,

) -> None:

iF I an

Run PESTPP-IES in parallel using pyEMU workers.

iF F1an
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Preliminary Results: Streamflow

%A

Texas Produced

Water Consortium

Discharge

Ensemble realization animation (MS, mean): cha0508
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Preliminary Results: Streamflow

T O

Texas Produced
Water Consortium

Discharge

Ensemble realization animation (MS, mean): cha0508

(o]

Prior realizations: 300
Posterior realizations: 0

Observed Prior ensemble

M&D
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Preliminary Results: Streamflow

Posterior realization animation on prior (MS, mean): cha0508

Posterior%ealizations: 64

Prior realizations: 300|

Discharge

Prior ensemble o Observed —— Posterior ensemble
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Preliminary Results: Sensitivity Analysis

Pecos SWAT+gwflow: Morris Sensitivity

le8
147 BN Mean absolute sensitivity
1.2 4 W Standard deviation
1.0 A
o
> 0.8 -
=
c
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V2]
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Preliminary Results: Groundwater
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Annual groundwater balance (gwflow_balance_gw_yr)

B Storage change
I Recharge (in)

mm Groundwater ET (out)
Il Discharge to streams (out)

B Stream-=aquifer seepage (in)
Bl Saturation excess (out)
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Preliminary Results: Groundwater

Mean water table head (m)

Mean water table drift (warm-up)
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Mean slope: +0.017 m/year
Last year - first year: +0.45m
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Conclusions and Key Takeaways

Right Below Reservoir

Flow Duration Curve: cha0079

103
107 RN
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—— Posterior median

o Observed

0 20 40 60 80 100
Exceedance probability (%)

A

The SWAT+gwflow model with the iHydroCal
optimization framework was able to mimic overall
streamflow patterns and major temporal variability.

However, larger uncertainty near reservoir-
influenced reaches highlights the need to include
reservoir storage-release specifications in future
model development.

Sensitivity results also support spatially
heterogeneous parameterization of key channel and
runoff-related parameters.

The ensemble-based framework also provides
uncertainty bounds that can support risk-informed
evaluation of future produced-water reuse scenarios.
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T

Thanks!
questions ?

Contact information
seonggyu.park@ttu.edu

Ol0



	Slide 1
	Slide 2
	Slide 3
	Slide 4: Challenges: TWDB – State Water Plan
	Slide 5: Texas Produced Water Consortium (TxPWC)
	Slide 6: Objective
	Slide 7: Why SWAT+gwflow?
	Slide 8: Why SWAT+gwflow?
	Slide 9: Study Area
	Slide 10: Model Construction
	Slide 11: SWAT+ Model Construction
	Slide 12: gwflow Construction
	Slide 13: gwflow Construction
	Slide 14: Optimization Framework
	Slide 15: Optimization Framework
	Slide 16: Optimization Framework
	Slide 17: Preliminary Results: Streamflow
	Slide 18: Preliminary Results: Streamflow
	Slide 19: Preliminary Results: Streamflow
	Slide 20: Preliminary Results: Sensitivity Analysis
	Slide 21: Preliminary Results: Groundwater
	Slide 22: Preliminary Results: Groundwater
	Slide 26: Conclusions and Key Takeaways
	Slide 27: Thanks!

