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Hydrology & Water Management Options
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A This meeting will be recorded.

A There will be time for public questions at the end of the informational
session. Questions may be limited to a certain amount of time per speaker.

A If you would like to ask ajuestion, please fill out a speaker card, located at the
entrance, and return it to ADWR staff. Online attendees should complete the
guestionnaireat the link provided in the chat.

A Please keep your phone or audio connection on mute.
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Meeting Agenda

1) Introductions

2) ADWR Presentations
A Overview of Hydrology in the Willcox Groundwater Basin
A Overview of Water Management Options

3) Q&A

4) Conclusion
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days.
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Hydrology Review of the
Willcox Basin

Ryan Mitchell, RG, CPG

Chief Hydrologist
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Hydrology Agenda

A Regional Overview

A ADWR Index Wells

A Water Budgets

A ADWR 2018 Groundwater Flow Model

A Statistical Review of Water Level Data
(Open File Report No. 20)
A Existing Data Summary
A Index Well Measurements
A Discharge Measurements
A Water Level Trends
A Water Level Difference Contours

A Land Subsidence & Earth Fissures

Legend

® Active Index Sites
[ Groundwater Basins

v | Well Count: 52

|  Wells shown have records of being
[ Index Wells on an active measurement
schedule.

Phoeni
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Regional Overview
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Basin and Range Physiographic Province
Contains a large evaporative playa (Willcox Playa)

Mountains/desert basin
A ~4,130 ft AMSL (Willcox Playa) to
A ~10,717 ft AMSL (Mount Graham in tRénaleio Mountains)

Surface water

A Surrounded by topographical highs, most drainages are internal
towards the Willcox Playa

Groundwater occurrence is contained in alluvial deposits
A Major aquifer units in the basin are lakked deposits and basitill

A There are perched hydretratigraphic units from finegrained
alluvial sediments

A Confined and unconfined aquifer conditions
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ADWR Index Wells
“

A Over 1,700 wells across the State.
A Water levels are collected annually, serannually, and
quarterly.

A All water level measurements are updated on the
Groundwater Site Inventory (GWSI) Interactive web map

Index Well Frequency :
® Annually

https://azwatermaps.azwater.gov/gwsiweb/ -

® Quarterly

©  Monthly
—— Streams
[ Groundwater Basins

Planning Areas
Active Management Areas

Central Highlands Figure 1 - Discrete Index Well Water Level
FasterFlateau Measurement Sites for 2023 Water Year
Lower Colorado River R ResO!
September 26, 2024 Southeastern Arizona Miles
; 0 125 25 50 75 100 Hydrology Division
Upper Colorado River A Created on September 6th, 2023
7 ‘Western Plateau 1 278()()’()()() North American Datum 1983



https://azwatermaps.azwater.gov/gwsiweb/

A 52 active index wells

A 4 measured automatically
(transducer)

A 48 measured annually
A Basin sweeps

A 1990, 1994, 1999, 2005, 2014/15, anc
2021

A 4,627 water level measurements
A Discharge data

A 233 pumping discharge rate

measurements

A 62 specific capacity values (gpm/ft)
A Land subsidence measurements
A Earth fissure mapping (AZGS)
A No active USGS streamflow gages

September 26, 2024
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Legend

® Active Index Sites

[ Groundwater Basins

Well Count: 52

schedule.

|  Wells shown have records of being
Index Wells on an active measuremen
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Regional Groundwater
Flow Model

A Published by ADWR in 2018.

A Report found here:
https://www.azwater.gov/sites/default/files/2022
12/Willcox_Report_2018.pdf

A Simulates groundwater flow conditions in the
Willcox Basin during the pre&levelopment era

and the transient period of groundwater
development between 1940 and 2015.

September 26, 2024 9

TI0S

PINALCO

r11s

LOWER SAY REDRO
ER AN SR

3
=5
s
R
':. -
i
\

cresa ns " - - -~ o
R20E_K2IE R22FE R23E R24F R25E

R26E R27E_R28E R20F 1{'«361-‘. R31ER32F
Safford

N

UPPER SAK PEDRO

>
>
4
“

GRAHAM CO

COCHISE CO

SAFFORD

Klongyhe | oY |
\ 3
ARAVAIPA \\ /7 YREENLEE !
ARAV .
; co
CANYON - o |

<"’
) g
I) LAS IN
o ,
4 &l
2 ) o
Mirte = BAN BERNARPINO VALLEY
Mins = |
o 5
H d "J-v‘ k (;‘; ‘
= Dicklgndle §
Explanation 0 25 & 10 15 20 =
[ wittcox Model Boundary t 3ton

«
g ( :S Willcox Basin

(73 Groundwater Basns

®  City or Town
~Moe- Streams
S Power Plant
Townshipy' Range
I Counties
l—] State Boundary

Location of the
Willcox Model Area

Willcox Basin
Groundwater
Flow Model



https://www.azwater.gov/sites/default/files/2022-12/Willcox_Report_2018.pdf
https://www.azwater.gov/sites/default/files/2022-12/Willcox_Report_2018.pdf

Regional Groundwater

Flow Model

INAL CO
ER- AN PEDRO
Redingros

A Up to 400 ft of drawdown between pre-

development (1940) and current (2015)

conditions.

A An estimated 5.7 million acréeet of
groundwater was mined from storage

between 1940 and 2015.

If all pumping stopped today, it
would take over 280 years for the

aquifer to recover. *

*(using ACM 1la calibrated natural recharge rate, underflow, and ET)
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Water Budgets

precipitation  evaporation

S

ASimpIe In concept, difficult in practice

E E

6 6 !Qé !O "Y yY 6 é é C‘) basin
A P = precipitation ¥
A Q,, = water flow into the watershed S storage value s
A ET = evapotranspiration (from soils, surface water, plants, etc.) R
A¥S = Change i n water storage

A Q. = sum of water flowing out of the watershed

T,

. 5
PR
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Inflows

Water Budget

Precipitation Outflows

Surface Water Inflows Groundwater Pumping

Groundwater Inflows Evapotranspiration
Imported Water Surface Water Outflows

Runoff Groundwater Outflows
Artificial Recharge
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Inflows

Water Budget

Precipitation Outflows

Surface Water Inflows Groundwater Pumping
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Box and Whisker Plot Explanation

e — Ouitlier: Exceeds 1.5 times above
the upper quartile

A Open File Report No. 20

(https://www.azwater.gov/hydrology/elibrary/adwr-open-ile-report-number-20)

i —— Maximum: Largest observation within 1
A Statewide Groundwater Level Changes times above the upper quartile

A Published in April 2023 Upper Quartile: 25% of data greater

A Table 6:Groundwater level change statistics and counts of than this value
wells with declines, rises, or no water level change in
Arizona by sulbasinz Water Years 2000 and 2020

A Box and Whisker Plots
A 1 per basin
A All plotted on the same scale for comparison

A Mapped subsidence features —— Minimum: Smallest observation within 1
times below the lower quartile

Median: 50% of data is greater/less than
this value
Mean: Average

Lower Quartile: 25% of data less than
this value

® — Quitlier: Exceeds 1.5 times below
September 26, 2024 14 the lower quartile



https://www.azwater.gov/hydrology/e-library/adwr-open-file-report-number-20
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GWSI Well Hydrograph
T |

Arizona GroundWater Monitoring Site Hydrograph
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https://azwatermaps.azwater.gov/gwsiweb/?data_id=dataSource_12-GWSI_Layers_2453%3A945678

GWSI Well Hydrograph
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GWSI Well Hydrograph
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GWSI Well Hydrograph
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https://azwatermaps.azwater.gov/gwsiweb/?data_id=dataSource_12-GWSI_Layers_2453%3A945678

GWSI Well Hydrograph
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GWSI Well Hydrograph

Arizona GroundWater Monitoring Site Hydrograph
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https://azwatermaps.azwater.gov/gwsiweb/?data_id=dataSource_12-GWSI_Layers_2453%3A945678

GWSI Well Hydrograph

Arizona GroundWater Monitoring Site Hydrograph
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https://azwatermaps.azwater.gov/gwsiweb/?data_id=dataSource_12-GWSI_Layers_2453%3A945678
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A Contour lines represent the change in water level
from 1990 until 2021

A Data used to contour are from Basin Sweeps
A Water level changes greater than 200 feet in areas
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Dry Wells in Willcox

Explanation
Data Source: GWSI
Last Water Level Measurement
®
(Dry)
A Most Recent Measurement with
Water Level, Previously (Dry)

E ADWR Groundwater Basins

71 Dry Wells

Explanation

Data Source: GWSI
PY Last Water Level Measurement
(Dry)
D ADWR Groundwater Basins

29 Dry Wells in
the last 10 years

Report yourDry Well here:
https://app.azwater.gov/eforms/
forms/drywell/drywellrpt.aspx

[=]

The (Dry) data set represents wells that did not have a measurable
water level during the most recent well site visit. Site visits for the
(Dry) data set ranges from 7/26/1946 to 10/26/2023 and includes 71
well sites.

The Most Recent Measurement with Water Level, Previously (Dry)
data set represents wells that did not have a measurable water level
during a previous well site visit, but a subsequent site visit resulted in
a successful water level measurement. Most Recent Measurement
with Water Level, Previously (Dry) data set ranges from 12/5/1994 to
2/11/2021 and includes 5 well sites.

TIETDry) data set represents wells that did not
have a measurable water level during the most
recent well site visit. Site visits for the (Dry) data
set range from 8/1/2014 to 10/26/2023 and
mcludes 29 well sites.

N - . . o » N XX 3 x7: - o < s
. Historically Dry W‘ells . O g 2006 Dry Wells in Willcox Groundwater Basin i
/ Willcox Groundwater Basin, Arizona ol =4, e Since May 1, 2014 Crndler A o
£ Asizes Department of Waser Rescurces’ .53 Arizona f Water Resources
1338000 g (r-.md'ﬂ'w:‘;u:u;mmhm D;uu::'(zwsn 1:538,000 Ground “m‘mma -?mu(cavsn
0 3 Newth Aserican Dasass 1983 24 0 25 Nostis Amserican Datum 1983
1 Miles 3 ) Miles



https://app.azwater.gov/eforms/forms/drywell/drywellrpt.aspx
https://app.azwater.gov/eforms/forms/drywell/drywellrpt.aspx
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Well Category ® Exempt Wells ®Non-Exempt Wells

Exempt: 990 (87%)
Non-Exempt: 145 (13%)

Exempt: 552 (44%)
Non-Exempt: 711 (56%)
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Land Subsidence and Earth Fissuring




Land Subsidence
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Land Subsidence

A Inelastic compression of aquifer materials
Recharging the aquifewill not reverse the compression
A Permanent loss of aquifer storage
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INSARData Used to Measure Subsidence

INSARz Interferometric Synthetic Aperture Radar

1% pass:
Measures reference phase (@, )
for each pixel for time ( 7, )

2™ pass:
Measures phase (® , ) or
each pixel ime (7, )

ground motion
¢ (relative to the satellite)
- A
‘ > / away from——>» N2
4 |pe[AzEEEE 0 €]
~ (A} (2.83 cm)
towards €———
AN
o
N
\ / ~
lnter(erqgram shows the \ /’ N\
zrraes:c:lg?;g‘ ::Sn(:g; “®9) - -z - Pixel moves half \ N N 3 C
time interval (7, - /;) - - ) waveler;?ths bersveen ;e N
. 5 1*and 2 | / ‘pass 2
D ¢ satellite pass \ 4 N
£ — ; e \o\,o C \
“ ) e A . 4 O N\ 2 \ pass 1 ’l A= 5.66 cm R D /
. - . g | / N
.AO o (311 | NSZSN \b’\a
Phase (@) \ / <'
\ Nitial gy, N\
=z e — Jroy, .
phase /C = & nd\s‘.’.'@t‘e b \ €
difference A4 b B\
\ = -~
One radar wavelength represented \___,/
by phase (@) in radians [} ~ 50 km 1
B 0 o L

Lwww.ga.gov.au . g " - Fpm

Two SAR images of the same area are acquired at different times. If the surface moves between the two
acquisitions a phase shift is recorded. An interferogram maps this phase shift spatially.
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ADWR InSAR Program

A Processed INSAR data from multiple
satellites

A ERS-1 & 2, Envisat
A Radarsat-1 & 2

A ALOS-1 & 2

A TerraSAR-X

A Sentinel-1

September 26, 2024

116°(')'0"W 115"?’0"W 114‘(|)'0"W 113"?‘0"W 112"%‘0"W 111°?'0"W 110‘?‘0"W 109°f.l‘0"W

37"%'0“N

33°Q'0"N
1

32"("0“N

0"N

Explanation
Highways and Interstates [~ ERG

I 131
: l:‘f i [ Radarsat-2
— e [ Radarsat-1
[ Envisat ALOS-1

N
3 Mile:
0 125 25 50 75 100
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ADWR InSAR Program

A Cooperate with federal,
state, county, and local
agencies and private water
companies to help fund the
INSAR program
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z Explanation

g- Highways and Interstates Total Land Subsidence

‘é —nterstate Decorrelation/No Data

— U B Greater 40 cm (15.7 in)
e — 7 otal Land Subsidence
B 15-25cm (5.9-9.8in)
P 10-15cm (3.9-5.9in)
P 6-10cm (2.4-3.91n) ’
0 4-6em(16-2410n) 1 2
2-4cm (0.8-1.61n)

- 1-2cm (0.4-0.8in)

° 0-1cm(0-0.4in)
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Land Subsidence (hjear period)

110° 1I0'0"W 110”?’0"W 109’4|0’0'W lOSl‘GIO'O'W

A Land Subsidence 2012024
A 120-140 cm (47.2 55.1in)

A Due to compaction of alluvium caused by
dewatering the aquifer

https://new.azwater.gov/hydrology/field
services/landsubsidencearizona

Total Land Subsidence in the Willcox Groundwater Basin, Cochise and Graham Counties ©MDA2010 - 2024
Based on Radarsat-2 Satellite Interferometric Synthetic Aperture Radar (InSAR) Data
Time Period of Analysis: 14.0 Years 05/05/2010 To 04/09/2024

32° 1?‘0'N

Arizona

Explanation
05/05/2010 To 04/09/2024 Kansas Settlement Feature N
Total Land Subsidence &) Fort Grant Rd Feature “%E
Decorrelation/No Data I Hardrock 1403816 ¢
05/05/2010 To 04/09/2024 & Fort Grant Rd Feature I 120150 cm (47:2 - 55.1i0) AN, Earth Fissures : - i = e Mles
Total Land Subsidence o3 Kansas Settlement Feature [ 100 120 cm (394 - 472 10) Highways and Interstates
z Decorrelation/No Data Hardrock [ 20100 M (31.5-39.41N)  mmm Intorstate
S o sc00m 25510~ e B 0 s 15) 05 Dot (e s s s s e e o e
“ - 4. " 40 -60 cm (15.7 - 23.6 in| — - N ’
I 100120 cm (39.4 - 47.2 ) Highways and Interstates \ . . ¢ ) State causing the data to be unusable. This occurs in areas where
I 50100 o (31.5-39.4 i) s |nterstate | 20-40cm(7.9-157in)  ——— Roads the land surface has been disturbed (ie bodies of water, Coordinate System: NAD 1983 UTM Zone 12N
B 6050 cm (23.6-31.510) e US > 10- 20 cm (3.9 - 7.9in) —+— Railway snow, agriculture areas, areas of development, etc). Projection: Transverse Mercator

Datum: North American 1983

B 1060 cm (15.7-23.6/n) e State 5-10em(2-39in)

B 2040 om (7.9 - 15.7 in)

§ Earth fissures were mapped by the Arizona Geological Survey. Units: Meter
g 0-5cm(0-2in) For information on earth fissures visit: www.azgs.az.gov/EFC Created: 8/18/2024
@

Roads
10 - 20 em (3.9 - 7.9 in) —+— Raiway
5-10cm (2-3.9in)

0-Sam(0-2in)

; J,//vﬂ A\~ 77

September 26, 2024 32



https://new.azwater.gov/hydrology/field-services/land-subsidence-arizona
https://new.azwater.gov/hydrology/field-services/land-subsidence-arizona

110° ‘IlU'U'W

109°50'0"W

110 ’g'O'W 1 09°4|0’0'W

32°200°N

"ﬂ Explanation

9 11/12/1992 To 11/06/1993

Land Subsidence Rate
Decorrelation/No Data

I Greoter 7 omiyr (2.8 infyr)

B s - 7 omiyr (2.0 - 2.8 infyr)

B 3 - 5 omiyr (1.2 - 2.0 infyr)
2 - 3 emjyr (0.8 - 1.2 infyr)
1«2 emjyr (0.4 - 0.8 infyr)

32"({0'N

0.5« 1 omyyr (0.2 - 0.4 infyr)

4
7
_/I 0- 0.5 emyjyr (0 - 0.2 infyr)

o) Fort Grant Rd Feature
) Kansas Settiement Feature

Hardrock

M\ Earth Fissures

Highways and Interstates

— ntersiate
—US

— State

Roads

—— Railway

)

CHAMBERS
KIMZEY
BAKER
SWANSON

"’/ﬂ \

A Land Subsidence Rate 1996
A 1-3 cm/yr (0.4z 1.2 in/yr)

A Due to compaction of alluvium caused by
dewatering the aquifer

https://new.azwater.gov/hydrology/field
services/landsubsidencearizona

©ESA 1996

Land Subsidence Rate in the Willcox Groundwater Basin, Cochise and Graham Counties
Based on ERS-1 and 2 Satellite Interferometric Synthetic Aperture Radar (InSAR) Data

Time Period of Analysis: 1.0 Years 01/06/1996 To 12/24/1996

Explanation w %s e
01/06/1996 To 12/24/1996 Kansas Settlement Feature | 11403816 7S
Land Subsidence Rate &) Fort Grant Rd Feature Miles
2 4 8 12 16
Decorrelation/No Data - Hardrock
I Greater 7 co/yr (2.8 infyr) ™\ Earth Fissures

Decorrelation (white areas) are areas where the phase of the
received satellite signal changed between satellite passes,
causing the data to be unusable. This occurs in areas where
the land surface has been disturbed (i.e. bodies of water,
snow, agriculture areas, areas of development, efc).

- 5-7 cmjyr (2.0 - 2.8 injfyr)
- 3 -5 emjyr (1.2 - 2.0infyr)
2 -3 cmjyr (0.8 - 1.2 infyr) us
1-2 cmfyr (0.4 - 0.8 infyr)

Highways and Interstates
mm [nterstate

Coordinate System: NAD 1983 UTM Zone 12N
Projection: Transverse Mercator
Datum: North American 1983
Units: Meter

Created: 8/18/2024

m—— State
0.5- 1 cmjyr (0.2 - 0.4 injyr) ——— Roads
0-0.5 cmfyr (0 - 0.2 infyr)

Earth fissures were mapped by the Arizona Geological Survey.
For information on earth fissures visit: www.azgs.az.govw/EFC

—— Railway

/7
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https://new.azwater.gov/hydrology/field-services/land-subsidence-arizona
https://new.azwater.gov/hydrology/field-services/land-subsidence-arizona

||0‘1I0'D'W

|09‘4|0’0'W

32°200°N

Explanation
05/09/2023 To 04/09/2024
Land Subsidence Rate
Decorrefation/No Data
B Greater 7 omiyr (2.8 infyr)
B s -7 oniyr (20 - 28 infyr)
B 3- 5 omiyr (1.2 - 2.0 infyr)
2 -3 omjyr (0.8 - 1.2 infyr)

32° g'O‘N

12 emfyr (0.4 - 0.8 infyr)
0.5 - 1 em/yr (0.2 - 0.4 infyr)

109° i’a'O'O’W

&) Fort Grant Rd Feature
3 Kansas Settiement Feature

B Hardrock

M\ Earth Fissures

Highways and Interstates

N

A 0- 0.5 emyyr (0 - 0.2 infyr)

AN

A Land Subsidence Rate 2022024

A Greater than 7 cm/yr (>2.8 in/yr)
A Due to compaction of alluvium caused by

dewatering

the aquifer

https://new.azwater.gov/hydrology/field
services/landsubsidencearizona

— nterstate §
—US -
— State e, :j
Roads ey | o ‘E‘
—— Railway - 9 °l
— '
v/ - ap

September 26, 2024

Land Subsidence Rate in the Willcox Groundwater Basin, Cochise and Graham Counties
Based on Radarsat-2 Satellite Interferometric Synthetic Aperture Radar (InNSAR) Data

Time Period of Analysis: 1.0 Years 05/09/2023 To 04/09/2024

Explanation
05/09/2023 To 04/09/2024
Land Subsidence Rate

Kansas Seftlement Feature
&) Fort Grant Rd Feature
- Hardrock
™\ Earth Fissures

Highways and Interstates

Decorrelation/No Data
- Greater 7 cm/yr (2.8 infyr)
- 5-7 cmyjyr (2.0 - 2.8 infyr)
- 3 -5 emjyr (1.2 - 2.0infyr)

2 -3 cmjyr (0.8 - 1.2 infyr) us

mm |nterstate
1-2cmjyr (0.4-08infyr) wemmm State
0.5 -1 cmfyr (0.2 - 0.4 in/yr) ——— Roads

0-0.5cmyr (0-0.2in/y1)  —j— Raitway

&
1:403,816

2 4 8 12

Decorrelation (white areas) are areas where the phase of the
received satellite signal changed between satellite passes,
causing the data to be unusable. This occurs in areas where
the land surface has been disturbed (i.e. bodies of water,
snow, agriculture areas, areas of development, efc).

Earth fissures were mapped by the Arizona Geological Survey.
For information on earth fissures visit: www.azgs.az. gow/EFC

© MDA 2023 - 2024

Miles
16

Coordinate System: NAD 1883 UTM Zone 12N
Projection: Transverse Mercator
Datum: North American 1983
Units: Meter

Created: 8/18/2024
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Land Subsidence in Willcox Basin

11.5 Feet
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Kansas Seulernent Areca
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