


2019 Pinal Model and 100-Year Assured Water Supply Projection

Technical Memorandum

October 11, 2019



Table of Contents

2 Lol 1€ o ¥ ' 1
Modifications to the Pinal AMA Groundwater Flow Model ..........ccccceiiiiinniiiiinniinnineiini. 1
Structural Modifications to the Pinal AMA Groundwater Flow Model ..........ccccceiiirrnniiiiiieniiiinnnniininennn. 1
Comparative ReSIAUAIS......ciivuiiiiiiiiiiiiiiiiiieiirie ittt tisssettessssestesssssttssssssstsssssssesssssssesssssssenssssssansssns 6
Model Sensitivity and Calibration..........cc.c v ettt eren e e e ren e seas e sensesennsesnnsesnnsenannes 8
100-YEar AWS ProjeCtiON.....ccuiieeieeeerenereeereetreeeraseraseraseressresssessseassensssasssessssssssnsssnsesnsesasssasssassssnssensssasssas 9
Q0T Lot T o 9
Major Assumptions For the 100-Year AWS Projection ......ccccciieeeiiiiieneiiiiieneiiiiiesiiniiesinimesinisssssiesssssiessssssenes 9
Model Assigned PUMPING DemMands.....cccuiiiiiimuiiiiiuiiiiiimiieiiiiisiemmieiienisiiesisisesisienssstessistssssssssssssssssnnss 12
AssSUred Water SUPPIY DEMANAS..........ccooiiiiiiiiie ittt et e e sttt e e s s bt e e e sabteeesaabeeessabeeessastaeesaabeeesanbeeessssaeesassaeessnseeesnnns 12
o T AT T Y=Lt £ Tl D T=T o =T o £ PSP PRUUPPRT 15
Long-Term Storage Credit REMOVAL ............c..oiiiiiiii et s e e sttt e e s s bt e e s s abeeesabeeessabaeessaneeaesasseeenn 16
Well Locations for 2016 — 2115 Projection ......cciieeiiiiiimniiiiieniiiiinmieiiessseiisssseiisssssiissssssisssssssssssssssssssssssssssssns 20
[ T AT Y=V =Y | PSP PRUUPPRTI 20
Propos@d NEW WEIIS..........cooouiiiiiiiieeiiee ettt ettt ettt e e sttt e e st be e e sttt e e e sabbeeesaataeesabeeesaabaeesaaseaeesasbeeessnbaeesanneeaesassenenn 22
LTSC REMOVAI WEIIS.........eiiiiiiiie ettt ettt e e e sttt e e sttt e e s aatee e s abeeeeaabaeeesaaeaeesaabeeesaabeeesaaseaeesasbeeesanbaeesanneeaesnssenenn 24
Total 100-year PUMPING DEMANG.........coooiiiiiiiiii ettt et e e ettt e e sttt e e s sabeeessabeeessstaeesaabeeesanbeeeesssaeesnssaeessnseeesnnns 25
Vertical Distribution of Pumping Demands and Use of the Multi-Node Well Package...............cccccvveeeiiiieeciiie e 26
REChArZe ProJECIONS ...cccuuiiiiiiiiiiiiiiieiiiiiieiiiuiieiiiuieeiesusiettenssiettessssssesssssssenssssssessssssssnsssssssssssssesssssssensssssssness 27
100-Year Projection Model RESUILS........ccuuciiiieeiiiiieeiiiirccerenecessenenesreeansessenasssssenssssssenssssssensssssennssssnennssssrennns 28
TOtal UNMEE DEMANMS..........eiiiiiiiiieiee ettt ettt ettt st e st e s bee s beesabeesabeesabeesabeesabeesabeesateesabeenabeesabeensbeesabeensbeesateenaeees 28
Identification Of AWS UNMeEt DEMANGS..........ccoouiiiiiiiiiiiiiiee ettt e et e et e e e sttt e e sate e e sttt e e s sabeeessbtaeessbeeesssbaeesaneeeesasseeenn 32
Increased Depths to Water and Perched Water Table...............coo ittt st saee e e sabee s 34
CRANEE TN STOTABE ... ... eiiiiiei ittt ettt ettt e e sttt e s sttt e e e s bt e e e s st aee s abeeeesabeeeesasbaee s asaeesaabbeeeasbaeesanbaeessasbaeesnsaeesnnnees 46
SUIMIMIAN Y tuiieiieiieeireiieiienieettastatastesssastastasssssrsssassassssssastassasssssssssassssssssssssassessssssassassasssnssnssassassssssnssnssnnss 48
L] =T =T 1o =13 RPN 50
so‘“"»»‘,% 2019 Pinal Model and 100-Year AWS Projection
xe ii Technical Memorandum

DB October 2019



Figures

Figure 1. Locations of Structural Modifications and Changes in Total Sediment Thickness.........ccccccvieeeieiiiccciieennnnn. 3
Figure 2. Horizontal Hydraulic Conductivity (Kx) Before Structural Modifications...........ccccceeeviiiiiiniiee e, 4
Figure 3. Horizontal Hydraulic Conductivity (Kx) After Structural Modifications...........ccccecieeeeeiiiei e, 5
Figure 4. Simulated vs. ObServed RESIAUAIS .......c.cuiii ittt et e e e ste e e e s ate e e e sate e e s santeeeesbeeeeennnees 7
=V AT [ (U =Y I @AY T ol T =SSP PRR 7
Figure 6. Locations of Designations, Certificates and Analyses Areas in the Pinal Model Area ..........cccceeeevieeeeciienns 14
Figure 7. Existing Wells With PUMPING iN 2005, ......uiiiiiiiee ettt ettt e e et e e e s eatae e e ssataeeessntaeeessntaeeesnnsaeessnnsanassans 20
Figure 8. Existing Wells Removed from Projection Due to Overlap with AWS Development Footprints...........c.......... 21
Figure 9. Proposed and Actual Pump Locations Simulated for Certificates, Analyses Areas Designations.................... 23
Figure 10. Long-Term Storage Credit Removal PUMP LOCAtIONS.......ccociiieiiiiiiii ettt st e e st e e s eaaae e 24
Figure 11. Pump Locations and Total Quantities Assigned 2016 - 2115 .......cccciiiiiiiee e e e e e e e 25
Figure 12. Pump Demands by Sector vs. Total Recharge 1923 - 2115.....ccoiiiiiiiiiiiee ettt e stre e ssaeae e 26
Figure 13. Recharge Projections by SECtOr 2016 - 2115.......uuiiiiiii i ccciiiieee e e e e e e e e e e e e e e e s esnnrre e e e e e e e sennnnsraneeaeaeas 28
Figure 14. Pumping Demands Assigned vs. SIMUIGted...........oooiiiiiiiiiic e e e e e 29
Figure 15. Location of Wells with Unmet Demands 2016 — 2115.......ccciiiiiiiiiiiiiiiee et ecieee e ecree e ssitee e svere e e ssneaee e 33
Figure 16. Simulated Depth to Water 2015 and 2115 and Change in Depth to Water ........ccccccecveeeeeciiee e 37
Figure 17. Water Level Cross Section LOCAtioN IMap ......uviiiiuiiiei ettt sttt e e ettt e s st e e e snta e e e snaae e e sntaeaeeans 39
= U I I T O o T Y=Yt o [ N PP PRPRN 41
FIUIE 19. CroSss SECLION BB’ ...ooo ittt e e e e e ettt e e e e bt e e e e ebteeeesbtaeaeeastasaeestasaesstaseessseeaesnssenananns 42
FISUIPE 20. Cross SECLION C-C' ...oiiniiiiiiiieiite ettt ettt sttt ettt site e sttt e st e e s abeesbte e s bt e s baeesabeesabaeesabeesabeesabteesabeesabaeennseesabaeenaseenns 43
= VT T B @ o T Y=Yt o o 1 D D L URTRPRUNS 44
= VT T I @ o T Y=Yt o I S U UUTRPRRNS 45
Tables

Table 1. Head Residual Statistics (in feet) Before and After Structural and Kx Modifications..........ccccceeecieieeicieneennee. 6
Table 2. Summary of Pinal Model Area Issued, Developed and Baseline Model Assigned Adequate and Assured

Water SUPPIY (AWS) VOIUMIES ......uviiieiiiee ettt e ettt e e ettt e e e ettt e e e e eabae e e e tbaeeeesabbeeeesssteeeeansbeseeaasseeeeansees 12
Table 3. Long-Term Storage Facilities and Credits (AF) Simulated Removal Between 2016 — 2115 ..........cccoveeeecveeenns 18
Table 4. Model-Wide Pumping Assigned vs. Simulated and Unmet POrtions .........ccocvveeeiiiieeccciiee s 29
Table 5. Summary of Cumulative Demands and Simulated Pumping by Sector.......cccoveiiiiiieei e, 31
Table 6. Summary of Model-Wide Heads, Depths to Water, and Saturated Thicknesses...........ccccevvviieeeiiiieeeciineeeens 35
Table 7. Water BUAZEE SUMIMAIY .....oiiiiiieee ettt ee e ettt e e et e e e stta e e e seataeeesataeeesstaeeesntaeeesastaeessastaeessassseeesnsseeessnns 47

Appendices

Appendix A — Modifications to the Pinal Model Since 2014

Appendix B — Structural Modifications to the Pinal Model

Appendix C — Head Residual Maps and Hydrographs Before and After Structural Modifications
Appendix D — Control Calibration Statistics

Appendix E — 100-Year AWS Projection Agricultural Water Use and Recharge

Appendix F —100-Year Projection Tables

Appendix G — Gila River Indian Community Agricultural Water Demand and Incidental Recharge
Appendix H — Simulated Hydrographs During 100-Year Projection

S

)
5
&

Q’.,o R 2019 Pinal Model and 100-Year AWS Projection
» B iii Technical Memorandum

X

&

DB October 2019



”
} Fla

List of Acronyms
AAWS Analysis of Assured Water Supply

ACM Alternative Conceptual Models

ADWR Arizona Department of Water Resources
AF Acre-Feet

AFA Acre-Feet per Year (Annually)

AMA Active Management Area

ASTM American Society for Testing and Materials
AWC Arizona Water Company

AWS Assured Water Supply

AZGS Arizona Geological Survey

BC Boundary Condition

CAGRD Central Arizona Groundwater Replenishment District
CAIDD Central Arizona Irrigation and Drainage District
CAM Central Arizona Model

CAP Central Arizona Project

CAWS Certificate of Water Supply

CDL Cropland Data Layer

CFD Cubic Feet per Day

DAWS Designation of Water Supply

ESRV East Salt River Valley

FLTSC Future Long-Term Storage Credit

GFR Grandfathered Right

GRIC Gila River Indian Community

GSF Groundwater Savings Facility

GW Groundwater

GWSI Groundwater Site Inventory

HARN High Accuracy Reference Network

HIDD Hohokam Irrigation and Drainage District
HLTSC Historic Long-Term Storage Credit

HOB Head Observations

ITD Information Technology Department

Kx Horizontal Hydraulic Conductivity

LCU Lower Conglomerate Unit

LTSC Long-Term Storage Credit

MSIDD Maricopa-Stanfield Irrigation and Drainage District
NAD North American Datum

PCC Program, Certificate and Conveyance

QC Quality Control

RoGR Registry of Grandfathered Rights

RRA Replenishment Reserve Account

SCIDD San Carlos Irrigation and Drainage District
SRP Salt River Project

SRV Salt River Valley

SvD Singular Value Decomposition

USF Underground Storage Facility

USGS United States Geological Survey

s
¥
)
5

&

&

DB October 2019

L\ R 2019 Pinal Model and 100-Year AWS Projection
U‘ iv Technical Memorandum



Background

The Pinal AMA (Active Management Area) groundwater flow model was originally developed by the Arizona
Department of Water Resources (ADWR) in 1990 as a two-layer, finite-difference groundwater flow model using the
USGS MODFLOW code (Corkhill and Hill, 1990). A major update was performed in 2014 by ADWR which included a
steady state (circa 1923) and transient (1923 — 2009) calibration with several other improvements listed in the
published model report (Liu, et.al, 2014). The 2014 Pinal model used MODFLOW-2005 (Harbaugh, 2005). Since 2014,
ADWR has updated the model with annual pumping and recharge data from 2010 through 2015 and made other
modifications.

This report documents ADWR’s 2019 Pinal Model, which includes annual updates, structural and other modifications
to the 2014 Pinal groundwater flow model, and results from a 100-year Assured Water Supply (AWS) projection. The
recent structural modifications to the 2019 Pinal AMA groundwater flow model were made mainly to address
differences found between the simulated thickness of the aquifer materials and the thickness described in numerous
well drillers’ logs. The structural modifications required adjustments to maintain a comparably low amount of model
error.

The 100-year AWS projection, and corresponding results, presented in this report were conducted using the 2019 Pinal
Model. Results of the 100-year AWS projection are generally indicative of future groundwater conditions based on
current estimates of locations and volumes of future pumping and recharge.

Modifications to the Pinal AMA Groundwater Flow Model
Since publication of the 2014 Pinal model update (Liu, et.al, 2014) several updates and improvements have been
made, including:

Updated pumping information 2010 — 2015,

Updated recharge estimates 2010 -2015,

Improvements to the Numerical Solver Settings and Layer Property Flow (LPF) packages,
Revisions to the Central Arizona Model (CAM) grid,

More comprehensive head targets and use of the head observation (HOB) package,
Conversion of three out of four boundary conditions from specified head to specified flux,
Structural modifications to the model geology, increasing model thickness in several areas.

NouswnNe

The first six modifications are summarized in Appendix A.

The most significant update to the Pinal model is the structural modifications, summarized below. A more detailed
description of the structural modifications is provided as Appendix B.

Structural Modifications to the Pinal AMA Groundwater Flow Model

Modifications were made to the model layer thicknesses based on information in ADWR databases, numerous well
drillers logs, and sediment thicknesses mapped by the Arizona Geological Survey (AZGS). The areas where differences
between modeled and observed layer thickness were noted were primarily in areas of shallow depth to bedrock. In
these areas, log descriptions often report semi-consolidated to consolidated materials such as conglomerates,
decomposed granite, volcanics and bedrock that have uncertain water bearing properties. In many areas it was found
that numerous water-producing wells were drilled below the bottom depth of the 2014 Pinal model, and it was
therefore appropriate to increase the thickness of the lowermost model layer (Layer 3) that represents the Lower
Conglomerate Unit (LCU).
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Other structural modifications to the 2014 Pinal model were made in the Florence area to recognize new geologic
information and interpretations provided from a joint geologic study by the AZGS and the Salt River Project (SRP) of
the Superstition Vistas Planning Area, Maricopa and Pinal Counties (Gootee et.al, 2017). Changes were also made in
the East Salt River Valley (SRV) portion of the SRV model based on these data. Limited structural changes were also
made within the Pinal model domain near the northeastern boundary of the Gila River Indian Community (GRIC) and
within the SRV model domain near the northwestern boundary of the GRIC to improve the correspondence and
transition between Pinal and SRV model geology in those areas. This resulted in some areas where sediment thickness
was reduced. These structural modifications were made so that the geologic contacts between the two models would
be seamless. Figure 1 maps the change in total sediment thickness simulated by the 2019 Pinal Model after structural
modifications were made and the basis for the changes. Further details on provided as Appendix B.
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Figure 1. Locations of Structural Modifications and Changes in Total Sediment Thickness

The model incorporates modified geologic contact elevations that required adjusted horizontal hydraulic conductivity
values in areas where structural modifications were made. Horizontal hydraulic conductivity was adjusted in model
cells within all three model layers to maintain the Pinal model’s original transmissivity distribution. Since the structural
adjustments to the top and bottom elevations of each layer did not coincide with Kx zone boundaries, the adjusted Kx
values are slightly different than the original published values. Figures 2 and 3 show the Kx values before and after

structural modifications.
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Comparative Residuals

Head residuals, in units of feet above mean sea level (amsl), were calculated by subtracting the simulated head from
the measured head for the model before and after structural modifications and hydraulic conductivity adjustments
(Table 1). These statistics are based on head observations alone, with each observation given the same weight.
Figures 4 and 5 display the simulated vs. observed values and residuals over time before and after the modifications.
These comparisons indicate that model error before and after structural modifications and adjustments to the Kx
values is very similar. Note that the residual count is slightly different because when the same set of head targets
were used on the model prior to structural modifications, 99 heads were simulated to be dry. Summary statistics
based on a dataset with dry simulated heads cannot be used. The comparison indicates that the mean residual is
slightly better (closer to zero), while the absolute mean residual is slightly worse (further from zero) after the structural
modification.

Table 1. Head Residual Statistics (in feet) Before and After Structural and Kx Modifications

Pinal Model Pinal Model
Steady-State - 2015 Steady-State - 2015
Before Structural After Structural
Modifications and Modifications and
Original Kx Adjusted Kx
Residual Count: 21,057 21,156
Mean: -1.3 -0.9
Median: -5.8 -6.2
Count Pos 9,265 9,222
Count Neg 11,792 11,933
Percent Pos 44% 44%
Percent Neg 56% 56%
Count Sim Dry 0 0
StDev: 52.70 53.06
Max: 439.4 430.3
Min: -353.0 -351.8
Range: 792.4 782.0
Model Error: 4.22% 4.24%
Abs Mean 36.38 36.78
SumSq 58,507,646.91 59,584,339.30
Max ob Elev 1,761.50 1,761.50
Min Ob Elev 511.30 511.30
Ob Elev Range 1,250.20 1,250.20

Positive = Obs > Sim (Model is under simulating
Negative = Obs < Sim (Model is oversimulating)

~°,\>=4,,,$ 6 2019 Pinal Model and 100-Year AWS Projection
u Technical Memorandum
October 2019



Simulated Heads

Residual (Obs Head - Sim Head)

450.0

400.0

350.0

300.0

250.0

150.0

100.0

-100.0

-150.0

-200.0

-250.0

-300.0

-350.0

-400.0

1920

1800

Simulated VS Observed Heads Before and After Structural Mofificaitons

1750
1700
1650
1600 1
1550
1500
1450
1400
1350
1300
1250

1200
1150 4
1100
1050
1000
950
900
850 A

800
750
700 1
650 1

600 0

550 1
500

®
®

"‘§,
X

X" * Sim Vs Obs Before Structual Modifications

i Sim Vs Obs After Structural Modifications

500

550 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 1300 1350 1400 1450 1500 1550 1600 1650 1700 1750

Observed Heads

Figure 4. Simulated Vs. Observed Residuals

HOB Distribution of Head Resuduals (Obs-Sim) Over Time Before and After Structural Mofificaitons

1800

x Residuals Over Time Before Structual Modifications

Residuals Over Time After Structual Modifications

1925 1930 1935 1940 1945 1950

1955 1960 1965 1970

Year

1975 1980

Figure 5. Residuals Over Time

1985 1990 1995 2000 2005 2010 2015

2019 Pinal Model and 100-Year AWS Projection
Technical Memorandum
October 2019



Appendix C includes maps of groundwater elevation residuals and timeseries of observed vs simulated water levels at
12 locations throughout the basin over the course of 12 basin “sweep years”, simulated before and after structural
modifications to the model. Water level measurements recorded during a “basin sweep” form part of the single largest
available dataset of nearly-simultaneous observations and provide a more complete snapshot of groundwater
conditions on a regional scale. The spatial distribution of residuals remains largely unchanged between model
simulations performed pre- and post- structural modifications.

Model Sensitivity and Calibration

A manual sensitivity analysis was conducted on the 2014 Pinal model. Additional sensitivity analysis and inverse model
testing was conducted on the 2019 Pinal Model using the latest available calibration target data and a model-
independent parameter estimation and uncertainty analysis utility (PEST) (Doherty, 2015). Inverse modeling is a
commonly used method for evaluating a model’s performance relative to an observed period of record and
determining its ability to forecast (Anderson et. al., 2015).

Results of the 2019 Pinal Model sensitivity analysis indicate that the model provides an acceptable representation of
the groundwater flow system in the Pinal AMA with respect to the sensitivity, correlation, and confidence intervals of
key parameter values included in the non-linear regression, based on available calibration data. With respect to the
2019 Pinal Model’s ability to forecast, the values of invariant aquifer parameters estimated during the calibration
period are shown to be valid for future projections. Furthermore, the 2019 Pinal Model generally provides a solution
that, overall, minimizes model error in a regional-scale context. Although the 2019 Pinal Model represents regional-
scale processes and annualized stress periods, this model may be used for site specific analysis. Additional information
on model sensitivity and calibration testing and results is presented in Appendix D.

2019 Pinal Model and 100-Year AWS Projection
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100-year AWS Projection

Introduction

A 100-year AWS projection was completed using the 2019 Pinal Model described above which included all issued AWS
demands for analyses, certificates and designations. Demands for pending AWS applications were not included in this
projection.

The purpose of this projection was to model existing and projected future groundwater use and recharge over the 100-
year projection period, quantify any unmet demands by sector and well within the model domain, and provide the
spatial extent of the depth to water after 100 years of pumping.

The 2019 Pinal Model with 100-year AWS projection was completed using the MODFLOW-2005 version of MODFLOW.
Datasets were pre- and post-processed using ArcMap, Access databases, Python scripts, Excel and Groundwater Vistas.

Major Assumptions For the 100-Year AWS Projection
The 100-year AWS projection is based on several assumptions related to existing and future groundwater water use
and recharge in the Pinal AMA, which include:

1. Municipal and Industrial Groundwater Uses

a. Existing (current) municipal and industrial groundwater withdrawals are based on reported 2015 well-specific
Registry of Grandfathered Rights (RoGR) pumping data.

b. Some of the existing municipal groundwater pumping is serving built-out lots within AWS developments.

c. Existing municipal and DAWS demands are simulated in the location of existing wells.

d. Agricultural lands with AWS development overlays/footprints are assumed to urbanize at the beginning of the
projection period (2016).

e. For partially built-out certificates, any issued, but currently unserved, AWS demands are calculated by
subtracting the reported 2016 groundwater uses for existing AWS developments from their full issued AWS
volumes and are simulated to begin pumping in 2016.

f.  For fully built-out certificates, current demands are assumed to be represented in the existing municipal
pumping and no new demands were created, although current demands were generally less than the original
issued volume.

g. For designations, rates are increased to the full issued volumes beginning in 2016 and pumping assigned to
existing wells.

h. Projected future pumping to serve unbuilt lots within AWS developments is simulated only within the
footprints of AWS developments.

i. Pumping associated with exempt wells is not included.

2. Agricultural Groundwater Uses

a. Existing agricultural groundwater withdrawals are based on reported 2015 well-specific RoOGR pumping data.

b. Future agricultural water use is projected for the Central Arizona Irrigation and Drainage District (CAIDD), the
Maricopa-Stanfield Irrigation and Drainage District (MSIDD), the Hohokam Irrigation and Drainage District
(HIDD), the San Carlos Irrigation and Drainage District (SCIDD), non-ID IGFRs, the Gila River Indian Community
(GRIC), the Ak-Chin Indian Community (Ak-Chin). Appendix E provides more detail on the projection of
agricultural water use and incidental recharge.

2019 Pinal Model and 100-Year AWS Projection
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c. Future agricultural acreage and water demand (consisting of a combination of groundwater and Central
Arizona Project (CAP) surface water) is projected for CAIDD and MSIDD based on information supplied by the
two irrigation districts and estimates developed by ADWR.

d. Future agricultural water demand (consisting of a combination of groundwater and CAP) is projected for HIDD
based on estimates developed by ADWR.

e. Future agricultural water demand (consisting of a combination of groundwater, CAP and Gila River surface
water) is projected for SCIDD based on estimates developed by ADWR.

f.  Future agricultural water demand (consisting of a combination of groundwater, CAP surface water, and Gila
River surface water) for the GRIC is based on estimates developed by ADWR.

g. Future agricultural water demand (consisting of CAP surface water) for the Ak-Chin is based on estimates
developed by ADWR.

h. Future agricultural water demand (consisting of groundwater) for non-Indian, non-irrigation district IGFRs is
based on estimates developed by ADWR.

i. Within the Analysis of Assured Water Supply (AAWS) and Certificate of Assured Water Supply (CAWS)
development footprints, agricultural wells that were active in 2015 are not assigned any further pumping
during the 2016 — 2115 projection period.

3. Projected Recovery of Long-Term Storage Credits and Groundwater Replenishment

a. All existing Central Arizona Groundwater Replenishment District (CAGRD) replenishment obligations accrued
in the Pinal AMA will be met by using previously accrued Central Arizona Water Conservation District
(CAWCD)/CAGRD Long-term Storage Credits (LTSCs), excluding a small volume set aside as Replenishment
Reserve Account (RRA) credits.

b. Future CAGRD replenishment obligations will be met through storage of CAP water in Groundwater Savings
Facilities (GSFs) located near the AWS developments where the replenishment obligations were incurred.

c. Total Pinal AMA Replenishment obligations are limited to a maximum annual rate of 15,500 AFA based on the
CAGRD 2015 Plan of Operation (CAGRD, 2015).

d. Non-CAGRD LTSCs accrued as of the end of 2015 at 8 Underground Storage Facilities (USFs) and four GSFs were
removed at a rate of 1/100™ of the total for each location over the next 100 years.

4. Recharge

a. Non-CAGRD CAP GSF water making up a portion of three irrigation district supplies are treated as accruing
FLTSCs. However, these credits will be removed in the same year, at a rate of 95%, thereby leaving 5% of
the recharged volume in the aquifer (“cut to the aquifer”).

b. Future agricultural incidental recharge will be applied evenly on remaining active irrigable acres without
AWS development overlays at a 34% rate based on current dominant use of flood irrigation in Pinal and
will not be subjected to any lagging.

¢.  Within GRIC and Ak-Chin lands agricultural incidental recharge is based on estimates developed by ADWR
and are estimated to be 26% and 33.4%, respectively.

d. Stream and canal recharge follow the previous pattern estimated from 1995 — 2010 that is repeated every
16 years through the projection period.

e. All other types of recharge (Urban, Mountain Front, Picacho Reservoir) remain at 2014 rates.

f. No recharge is simulated at USFs for accrual of future long-term storage credits (FLTSCs) because they
cannot be relied upon by non-storing entities. In addition, the potential volume of future recharge at USFs
is considered insignificant over the 100-year projection based on the minimal volume of storage historically
at USFs.
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5. Groundwater underflows at model boundaries are held constant at 2009 published model rates from 2010 - 2115
as described in Appendix A.
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Model Assigned Pumping Demands

Assured Water Supply Demands

Information on current water use per lot, including aerial photography and CAGRD reports, was reviewed by ADWR to
determine current demand for the partially or fully built-out developments. Current demand is included in existing
withdrawal data from RoGR. Appendix F includes detailed demand information for the analyses, certificates and
designations included in this model projection.

Table 2 summarizes the type, number and annual volume of issued AWS demands. There are two developments, one
CAWS and one AAWS, located within the Pinal AMA but outside the model domain. Demands associated with these
two developments, totaling 326 AFA, were not included in this model projection. The locations of the AWS
developments are shown on Figure 6.

Table 2. Summary of Pinal Model Area Issued, Developed and Baseline Model Assigned Adequate and Assured Water Supply (AWS) Volumes

Adequate and Assured Water Supply Analyses | Certificates | Designations
Totals
(AAWS) Type
(AAWS) (CAWS) (DAWS)
Total Count in Pinal AMA 41 210 6 257
Originally Issued Demand (AFA) 127,287 55,775 48,865 231,927
Count Outside Model Area (Demand Not
. 1 1 0 2
Simulated)
Issued Demands Outside Model Area 314 12 0 326
Certificates Issued from Original Analysis
(AFA) 10,101 0 0 10,101
Summary of Demands Within Model Area
Count In Model Area (Demand Simulated) 40 209 6 255
Remaining Issued Demand (AFA)! 116,872 55,763 48,865 221,500
Subdivisions Enrolled in CAGRD 0 135 0 135
Currently Developed Demand (AFA) 0 5,991 10,611 16,602
Committed Demand Based on Remaining
Lots (AFAY? 116,872 48,754 38,254 203,880
Model Projected GW Demand (AFA) 116,872 48,754 48,865 214,491
100-Year Cumulative Demands (AF) 11,687,181 | 4,875,410 4,886,490 21,449,081
Extinguishment Credits (AFA) 0 4,288 0 4,288
GW Allowance (AFA) 0 29,877 0 29,877
Replenishment Obligation (AFA) 0 15,500 0 15,500
Cumulative 100-Year Replenishment
Obligation (AF) 0 1,550,000 0 1,550,000
CAGRD Credits Used First 20.66 Years
(2016 - 2035)’ 0 320,279 0 320,279
2Rleilgai1nmg Replenishment Occurring 2035- 0 1229721 0 1,229,721
SR 12 2019 Pinal Model and 100-Year AWS Projection
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1. The remaining issued demand reflects the original issued volumes minus volumes issued outside the model domain and
minus the 10,101 acre-feet per year of Certificate demands issued on Analyses.

2. Currently developed lots are estimated to be using less water than the issued demand for those lots. Therefore,
Committed Demand Based on Remaining Lots does not equal Issued Demand minus Currently Developed Demand.

3. 320,279 non-RRA CAGRD Credits/15,500 Years = 20.66 Years. 5,220.75 AF Obligation for partial year 2035.

4. 5,220.75in 2035 + 15,600 Year 2036 - 2115 (79 Years)
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Certificates of Assured Water Supply
There are 209 issued CAWS for developments within the model domain. Each CAWS falls into one of three categories:

e  Fully Built Out: There are 49 issued CAWS developments with zero remaining lots to be built out. No new
pumping was assigned in the 100-year projection for these CAWS developments. The total current demand is
estimated to be 1,967 AFA for this category of certificates. The total current demand is accounted for at 2015
RoGR pumping data.

e Partially Built Out: There are 75 issued CAWS developments that are partially built out. Within this category
of certificates, approximately 23% of the lots (7,334 of 31,598 lots) have been built. The current demand within
these developments is estimated to be 4,024 AFA. The current demand is accounted forin 2015 RoGR pumping
data. The remaining issued, but unserved, demand is included in the 100-year projection.

e Not Yet Built: There are 85 issued CAWS developments that have no developed/built lots and the fully issued
demand of 32,097 AFA is included in 100-year projection for these CAWS developments.

Appendix F provides detailed information on CAWS developments.

Analyses of Assured Water Supply

There are 40 issued AAWS within the model domain that have a total net issued demand of 116,872 AFA. Any issued
demands for issued CAWS that rely on an AAWS for physical availability were subtracted from the gross issued AAWS
total demand to produce the net AAWS demand. The net issued AAWS demand of 116,872 AFA was included in the
100-year projection.

Appendix F provides detailed information on AAWS developments.

Designations of Assured Water Supply

The Designations of Assured Water Supply (DAWS) were simulated at fully issued rates. However, based on the City
of Eloy’s request for modification of their DAWS, the total for the City was reduced significantly from the originally
issued volume of 49,159 AFA to 3,101 AFA for their groundwater portion. The reduced volume request of 3,101 AFA
was included in this model projection.

Appendix F provides detailed information on DAWS developments.
Existing Sector Demands

Municipal and Industrial Demands

Withdrawals for existing non-DAWS municipal and industrial demands were kept at 2015 rates and locations. Demands
for exempt wells were not included in this projection due to the minimal demand associated with exempt wells. ADWR
estimated that exempt well pumping would represent less than 2% of all current pumping in the Pinal AMA.

Appendix F provides detailed information on municipal and industrial demands.

Agricultural Demands

Over the 100-year projection period, groundwater demand for non-Indian irrigation districts was projected to increase
corresponding to reductions in the CAP Ag Pool supplies but decrease corresponding to reduction in farm acres due to
urbanization. Agricultural lands with AWS development overlays/footprints are assumed to urbanize (taken out of
agricultural production) at the beginning of the 100-year projection period (2016). Agricultural lands without AWS
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overlays/footprints were assumed to remain in production at the beginning of the 100-year projection and the
associated water demand was applied to these remaining lands. Adjustments to the number of irrigated acres and
associated water demand were made to some agricultural lands as described below.

This 100-year projection assumes full Ag Pool deliveries through 2030. CAP GSF water is projected to be available to
the CAIDD, MSIDD and HID over the 100-year projection period and groundwater pumping by irrigation districts is
limited to maximum permitted volumes. Appendix E, Table E-1 provides the projected water supplies for agriculture
by entity used in this 100-year projection.

CAIDD and MSIDD provided farmed acres and water use information to calculate an estimated district total demand
on an annual basis through the 100-year projection period. ADWR’s draft Pinal 4" Management Plan (4MP) projections
include total demand estimates for each district. Demands for CAIDD and MSIDD were updated for this 100-year
projection based on the averaging of projections from ADWR'’s draft Pinal 4MP and those provided by the MSIDD and
CAIDD. ADWR and district-provided estimates of the future total active acres and water sources per district were
different. However, estimates from the two irrigation districts and ADWR displayed a trend of decreasing water use
through the projection period. CAP Ag Pool water and GSF water were incorporated into the total demand projections,
with groundwater assumed to make up the balance of the total demand.

Demand estimates for SCIDD were based projections from ADWR’s draft Pinal 4MP.

ADWR reviewed the total demand in the draft Pinal 4MP for HIDD. After accounting for significant urbanization, the
total demand for HIDD was adjusted (reduced) based on historical irrigation rates within HIDD.

Demand estimates on the GRIC Reservation were based on ADWR’s draft Pinal 4AMP with an estimated incidental
agricultural recharge rate of 26%.

The Ak-Chin Indian Community uses only CAP supplies and is projected to continue to use the same 72,000 AFA of CAP
water with 24,048 AFA (33.4%) of incidental agricultural recharge evenly spread over the Ak -Chin Community lands.

Agricultural demand for non-Indian, non-irrigation district IGFRs is assumed to be met with groundwater and was based
on the proportion of acres remaining after consideration of immediate urbanization by AWS development footprints.

Long-Term Storage Credit Removal

Pumping locations were added for eight USFs that have accumulated 14,556 AF of LTSCs as of the end of 2015. This
volume was simulated to be removed at a uniform annual rate over 100 years at those locations. This projection
assumes that no FLTSCs would be accrued at USFs during the 100-year projection period because entities may not rely
(benefit) from LTSCs accrued by others. Table 3 lists the USFs and the accumulated volumes of LTSCs.

This projection includes the removal of existing LTSCs accrued at GSFs as of the end of 2015, except for 320,279 AF of
CAGRD credits which are not removed but extinguished for replenishment purposes in the early years of the projection
to meet replenishment obligations. These CAGRD LTSCs were extinguished for replenishment purposes at a rate of
15,550 AFA as included in the approved 2015 CAGRD Plan of Operation. As a result, these existing LTSCs will cover the
CAGRD replenishment obligation for the first 20.66 years (320,279/15,500) of the 100-year projection period.

The remaining balance of LTSCs accrued by other entities (1,155,437 AF) were removed from the model at a uniform
annual rate over the 100-year projection period. These credits would not contribute to annual agricultural water use
nor contribute to estimated agricultural incidental recharge over the 100-year projection period. Appendix E provides
additional information on the LTSCs.
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A small volume of CAGRD replenishment reserve account credits (3,823 AF) is not removed or extinguished for
replenishment purposes.

FLTSCs projected to be accrued over the 100-year projection period from the storage of CAP water at GSFs are removed
in the same year they were accrued with a residual 5% cut to the aquifer.

Additionally, GSF LTSCs were removed from existing wells within CAIDD, MSIDD and HID and on the GRIC. FLTSCs were
assigned at the same locations on the CAIDD, MSIDD and HID and removed in the same year, with a residual 5% cut to
the aquifer.
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Well Locations for 2016 — 2115 Projection
Existing wells

Existing wells that were active in 2015 are used as locations to simulate demands for non-AWS sectors for the 100-year

projection.
pumping during the 100-year projection period.

However, agricultural wells located within AAWS/CAWS development footprints are removed from
Pumping to meet demands for the remaining agricultural lands is

assigned to wells located on agricultural lands outside of AAWS/CAWS development footprints. Figure 7 depicts the
locations of existing wells active in 2015 and Figure 8 shows those wells in relation to AAWS and CAWS footprints and

which agricultural wells are removed from the pumping projection.
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Proposed New Wells

For the issued but unserved AAWS and CAWS demands, new wells were created and placed within each AWS
determination’s development footprint. Point locations were named by the most recent Program, Certificate and
Conveyance (PCC) number.

There are 12 developments located inside the AMA but outside the active model boundary. Two of these
developments (Hacienda Acres Certificate #53-500768.0000) and (Pinebrooke and Diffin Analysis #28-700313.0000)
are expected to obtain their supply from outside the model domain and so they were removed from this analysis.
Although located within a few miles of the active domain, the projected demands for these two developments are
small and the impact in the model domain is considered negligible. The other 10 developments are expected to receive
water from water providers located inside the model domain. For these 10 developments, the pumping locations are
simulated within close proximity of the developments (generally up to a few miles), and inside the model domain. The
Copper Mountain Ranch (Analysis #28-700805.0000) development footprint is located mostly outside the model
boundary and has an annual demand of 6,314 AFA that was distributed to eight locations shown on a map submitted
with their application. For larger developments covering multiple model cells, pumping was simulated from multiple
pumping locations, with demands distributed evenly among the locations. Figure 9 shows the locations of proposed
AAWS, CAWS, and existing DAWS wells used for the projections.
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LTSC Removal Wells
Pumping well locations were also created for the removal of long-term storage credits. Figure 10 shows the location
of LTSC removal wells. There is one well location for each of eight Underground Storage Facility (USF) sites, while there
are several well locations for the removal of water from GSF sites which correspond to the location of existing, active

agricultural wells.

Note: some well locations in the original model were located on boundary conditions including both constant head and
specified flux cells, making the model unable to properly simulate their demands. In those cases, wells were relocated
to the nearest non-boundary model cell.
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Total 100-year Pumping Demand
All future cumulative projected demand over the next 100 years are shown in Figure 11 by sectors, including existing
and proposed AAWS/CAWS/DAWS wells, existing ag and municipal & industrial (M&I) wells, and LTSC removal
locations. Altogether, the 100-year future cumulative projected demand is over 80.6 MAF. Figure 12 provides a chart
of demand by type over time as compared to total recharge.
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Figure 12. Pump Demands by Sector vs. Total Recharge 1923 - 2115

Vertical Distribution of Pumping Demands and Use of the Multi-Node Well Package

The traditional MODFLOW well pumping (WEL) package was used in the historic period (through 2015). The model
100-year projection (2016-2115) utilized the Multi Node Well (MNW) package. The MODFLOW WEL package was used
to simulate historical pumping because it was found that introducing the MNW in the historic period resulted in less
agreement between observed and model simulated water levels.

The MNW includes well construction information on depths, diameters and the elevation of perforated intervals,
where available, for the existing wells. Where well construction information was not available, wells were assigned
between 1 and 3 vertical nodes to withdraw water from the 3-layer model. For proposed new well locations created
to represent pumping for issued, but unserved demands related to AAWS, CAWS, and DAWS, each location was
assigned 3 vertical nodes. The use of the MNW package allows for dynamic lowering of the pumping distribution as
the upper layers are dewatered, maximizing simulated pumping more realistically, and eliminates the need to manually
lower pumping to deeper layers. The use of the MNW package helps eliminate wet-dry solver oscillations. Another
advantage of the MNW package is the resulting output files that provide information on the net pump rates per stress
period per well, allowing for the calculation of simulated unmet demand and percentage unmet demand over time.
Because sectors are associated with each well, unmet demand results can be aggregated by sector, entity or sub-area.

Demands are unmet when the model assigned pumping rate cannot be achieved and therefore the simulated pumping
rate is less than assigned pumping rate for a specific well. This occurs not only when model layers become dewatered
as was the case with the WEL package, but also with the decrease in the saturated thickness and corresponding aquifer
transmissivity.
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Recharge Projections

Gross recharge is simulated to fluctuate between 327,000 AFA and 609,000 AFA per year over the 100-year projection
period with an average of 428,000 AFA. Agricultural incidental recharge was based on a percentage of total agricultural
demand. Stream recharge is simulated to fluctuate consistent with the 16-year historical pattern between 1995-2010.
Other types of recharge (Urban, Mountain Front, Picacho Reservoir) are simulated to remain at 2014 levels.

CAP supplies include Ag Pool water that is available only until 2030 pursuant to the Arizona Water Settlement
Agreement. CAP water, the likely future source of the CAGRD replenishment obligation water, is applied within the
nearest GSF of each participating CAGRD member. This projection included the removal of 95% of the non-CAGRD CAP
GSF water in the same year it was projected to be stored, leaving 5% in the aquifer.

Non-Indian IGFR acres that overlapped CAWS or AAWS footprints were immediately removed from all agricultural
activities at the beginning of the 100-year AWS projection period. Agricultural incidental recharge for non-Indian IGFR
acres during the 100-year projection period was estimated to be 34% of the total agricultural water supply, including:
groundwater, Gila River surface water, and CAP water. Any estimated agricultural incidental recharge was applied
uniformly over the remaining IGFR acres within each model cell associated with each agricultural entity (irrigation
district or non-ID IGFR). The 66% irrigation efficiency used to estimate future agricultural incidental recharge was
based analyses of USGS crop survey data from 2013 and 2014 that indicated approximately 90% of fields in the Pinal
AMA are irrigated using flood irrigation. This efficiency was used as a baseline percentage for the Pinal model’s
historical calibration. Projected agricultural incidental recharge was not lagged for the 100-year AWS projection period.

For the Ak-Chin Community, a constant agricultural incidental recharge rate of 24,048 AFA of the 72,000 AFA of the
CAP water used for agricultural purposes (33.4%) was spread evenly across the Ak-Chin Community lands. This recharge
rate is based on the average estimated from a recent mix of crops and irrigation methods used.

For the GRIC, agricultural incidental recharge was based on a percentage of total agricultural demand, prorated based
on the number of acres located inside the model domain. Approximately 11.3% of GRIC ag lands are located outside
the model domain. Therefore, 88.7% of the total demand was applied and generated agricultural incidental recharge
within the model domain. The percentage assumed to be recharged was 26% of the total demand, based on an overall
74% irrigation efficiency. Appendix G provides more details on how the agricultural incidental recharge on the GRIC
was calculated for this projection.

Figure 13 provides projected recharge by sector for the period 2016-2116. No assumption was made for possible
future efficiencies changes related to agricultural water use and irrigation systems yet to be installed. Appendix E
provides more detail on agricultural supply and incidental recharge assumptions.
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Figure 13. Recharge Projections by Sector 2016 - 2115

100-Year Projection Model Results

Total Unmet Demands

Demands are unmet when the model assigned pumping rate cannot be achieved and therefore the simulated pumping
rate is less than assigned pumping rate for a specific well. The 2019 Pinal Model 100-year AWS projection resulted in
approximately 8.1 MAF of total unmet demand, comprising just over 10% of cumulative total projected 100-year
demand (80.6 MAF). Approximately 2.0 MAF of the total 8.1 MAF of unmet demand is within the AWS sector. Table
4 shows the assigned model-wide pumping vs. simulated and unmet portions at the end of the 100-year projection.
Figure 14 is a graph comparing the total assigned and total simulated pumping for the 100-year projection period.
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Table 4. Model-Wide Pumping Assigned vs. Simulated and Unmet Portions

2019 Pinal Model
100 Year Cumulative Projections
2016 - 2115
Model Assigned Demands (AF) vs. Simulated Pumping (AF)
Model Assigned Demand 80,648,525
Simulated Demand 72,560,695
Total Simulated Unmet
. . . 8,087,830
(Model Assigned minus Simulated)
Assured Water Supply (AWS
) Pply (AWS) 1,969,950
Portion of Unmet Demands
Percent of Model Assigned Unmet 10.03%

Pumping Demands Vs Simulated in the Pinal Model Area 1923 - 2115
Assured Water Supply Projections
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Figure 14. Pumping Demands Assigned vs. Simulated
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As stated above, approximately 2.0 MAF of the nearly 8.1 MAF of unmet demand is associated with issued AWS
determinations. The remaining unmet demand of approximately 6.1 MAF is associated with agriculture, M&I, and LTSC
removal. Approximately 5.8 MAF of the total 6.1 MAF is associated with agriculture and M&I uses, with agricultural
uses comprising the largest share, approximately 5.1 MAF. Most of the LTSC demand was successfully simulated.
However, approximately 0.27 MAF of LTSC sector demand is not met. Annual unmet demand increased later in the
projection period due to cell dewatering. Table 5 lists the unmet demands by sector in the 100-year projected period.

Although there may have been some small volume of unmet pumping in the historic period due to dry cells, that was
not quantified nor is the focus of this study.

A
v

o

5
&

30 2019 Pinal Model and 100-Year AWS Projection
Technical Memorandum
OShreig October 2019

b"o
-

S
L\“'\

o
'S
=



1€

“ront (nact oral ‘ (s¥o1o3s

[v) . 0, ® o, .

%00°00T %€0°0T 0€8480°8 | S69'09S‘CL %00°00T S75‘8%9'08 9€S LYS‘T T1v) V101
27443 %8L'V rL'9Le SYZVIS’S %8T'L 856°06L°S 9sST S€6 [p303gNS JS11
%S6'C %9T°S 8t9'8€¢ 9TETBEY %EL'S 796029y 20T LEY D517 84ning
%L17°0 %STE ¥908¢€ 6C6'TET'T %SY'T €66'69T°T ¥S 861 JS11 8unsix3
%TTeL %v6°0T 89T‘T¥8‘S 8TE'L9S LY %TT 99 98t‘80V'€S 92 €56 fo103GnS
? ° ° sasn bunsixz
%106 %6C TE Te6'stL TEE'009°T %68°C GST6LET 6C €01 lersnpu
%000 %00°0 € 6€€°00S %C9°0 TrE‘00S 0 8% IBIN JI4D
%99°0 %S9°'C L8T'ES 8€ECS6'T %61'C ¥75'500°C €1 1S [edpIUNA
%SS 79 %Cy 0T 950'6S0°S 60E VTS €Y %EC 09 G9E‘ELS 8y e 8G/ 24n3ndL3y
%9€'vT %816 0S6696°T IET'6Lb'6T %0992 180°6bb'1Z 9IT 659 [b3039NS SMV

. . { { ‘ . { ‘ AW\</<DV
%ES'L %96'CT €67°€€9 LET'EST'Y %90°9 06t°988't 91 St suoneuSisaq
. . . (o . ‘ool (SMVD)
%6C € %St'S 976'S9¢ 78t'609't %509 0Tt'SL8'Y LY TCE 53181111137
. . ‘ { { ‘ . ‘ ‘ Am\</<<v
%YTET %916 0LL'0L0°T TT¥'919°0T %61 7T I8T/89'TT €S €6¢ SisAjeUY
spuewag
awun |ejoL 1otHn (4v) (4v) spuewsaq |e1oL (4v) spuetiioa uno)
ﬂuco_ JlodoJ Spuellaq 103335 WU alejnwii O JU9d4o spuewo lawun him 9 ejo $103935
| : htwm d 10 82484 Pwun paleinwis jo1 d p Q| gomaunoy | PMIEIOL

sa8ejuadlad Jwun pue pajejnwis ‘spuewaq pajdafoid 1eaA-00T STTZ - 9T0T

103035 Aq Suidwing pajejnwis pue spuewaq aAlenWN) jo Alewwns °g a|qel




Identification of AWS Unmet Demands

Comparing model assigned pumping rates to simulated rates, unmet demand was calculated annually for each well
simulated in the model. Any well with cumulative unmet demands exceeding 1 acre-foot over 100 years, or unmet
demand exceeding 1% of total demand, was flagged as having unmet demands. In this 100-year projection, unmet
demands were identified in 116 wells associated with 9 Analysis, 32 Certificates and 4 Designations. Most of the fully
built out developments are supplied by Arizona Water Company which operated 28 wells in 2015, 8 of which were
projected to have unmet demands in this projection. Others list a different provider or no provider.

The unmet portion of the existing municipal sector demands was associated with 13 out of 92 existing municipal supply
wells. Because many of the developments with issued CAWS that are fully built out are supplied by AWC, this unmet
demand could impact existing developments.

Locations of wells with unmet demands are shown in Figure 15. As previously mentioned, structural modifications to
the model geology (increasing model thickness in some areas) more accurately represented the productive thickness
of basin-fill deposits in the model domain, including in the Casa Grande ridge area.
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Figure 15. Location of Wells with Unmet Demands 2016 — 2115
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Appendix F includes several tables presenting detailed results of the 100-year pumping projection and information on
associated entities, issued demands, current demands, and counts of pumping locations associated with the issued,
but un-developed demands simulated in this projection.

Tables F-1, F-2, and F3 include results for AWS Analyses, Certificates and Designations, respectively. The list includes
fully built out developments that have no new pumping locations.

Tables F-4, F-5, and F-6 includes results for existing non-DAWS municipal, industrial and agriculture, demands. All non-
AWS sectors have some unmet demands simulated in the next 100 years.

Table F-7 includes a summary of LTSC entities and their cumulative assigned vs. simulated demands. There were no
unmet demands simulated among the eight USFs but there was 276,712 AF of unmet demand associated with existing
and future long-term storage credit removal at the three non-Indian GSFs. Since those credits were simulated to be
removed (pumped) at the same location as other agricultural pumping demands, the locations correspond to well
locations where wells also experience diminished capacity to meet demands in this 100-year projection.

Increased Depths to Water and Perched Water Table

The results of the 100-year projection reveal a substantial lowering of water levels and greater depths to water model-
wide. The model simulates water level elevations for each of the three model layers. Calculations are made from
those data to derive estimates of depths to water in the regional aquifer based on land surface elevation. In addition,
the saturated thickness of each layer within the model domain and the saturated thickness above 1,100 feet was
determined.

Appendix H shows the observed water elevations and simulated water elevations through the 100-year projection
period for the same 12 hydrographs identified in Appendix C. Ten (10) of the 12 hydrographs indicate significant water
level declines at the end of the 100-year projection period. The remaining two hydrographs indicate stable or slightly
increased water levels at the end of the 100-year projection period. These two wells are located on the GRIC
Reservation and near the Gila River. The other 10 wells with significant simulated water level declines are located
outside of the GRIC Reservation and cover the remaining area within the model domain.

In some areas thin, isolated perched water tables were simulated to develop in portions of upper two model layers
during the 100-year projection period as the regional water table dropped due to projected pumping and the
downward flow of deep percolating agricultural incidental recharge was impeded by fine-grained materials in the
vadose zone. Although these remnant, or “perched,” water tables have depths to water that are shallower than the
AWS regulatory limit of 1,100 feet BLS, the perched zones generally have limited thickness and do not represent a
viable source of water supply. These perched zones are not considered when evaluating AWS applications for
compliance with the 1,100-foot static depth to water pumping limit.

Perched groundwater is defined as a localized body of unconfined groundwater above and separated from the main
body of groundwater by a groundwater barrier immediately below which lies unsaturated material. (ASTM D653-14).
Unsaturated soil or rock within the simulation was identified by comparing the total thickness of each model cell and
layer with the saturated thickness. Within any model cell, if there was a saturated zone above an unsaturated zone
with a thickness of greater than 1 foot, the upper saturated zone was identified as hydrologically disconnected or
perched. Perched water is located within either layer 1 or layer 2, or in bother layers, with unsaturated thickness
underlying it in layers 2 and/or 3. In some areas, layers 2 and 3 are hydrologically connected but water in layer 1 is not
connected and identified as perched. In other areas water in layers 1 and 2 are in connection yet perched and separated
from the regional aquifer within layer 3. In some areas, layer 3 is completely unsaturated with perched water above.
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Table 6 includes a summary of perched water conditions in addition to the model-wide elevations, depths to water,
saturated thickness and saturated thickness above 1,100 feet below ground surface (bgs) for the regional aquifer at
the start and end of the 100-year projection period. Each cell represents 0.25 square miles, with the entire 6,052-cell
active domain covering 1,513 square miles. When perched water is excluded from the regional aquifer, and the
1,100-foot static depth to water limit is imposed, the remaining saturated thickness is significantly less than the total
saturated thickness above the model bottom, and there are more cells with no regional aquifer supplies within that
zone.

Table 6. Summary of Model-Wide Heads, Depths to Water, and Saturated Thicknesses

Perched Water
min max ave Count Perched Sq. Mi With
Cells Perched Water
Thickness of Perched 0.001 385 99 1,108 277.00
Water in 2015
Thickness of Perched 0.001 354 33 3,009 752.25
Water in 2015
Regional Aquifer (Excludes Perched Water)
End of 2015
(Pre-Projection Period)
min max ave Count Dry Cells | Sq Mi. Dewatered
Head 727 1,635 1,185 18 4.50
Depth to Water 7 728 217 18 4.50
Saturated Thickness
Above 1,100 BGS 0 1,081 712 18 4.50
Saturated Thickness
Above Model Bottom 0 3,203 1,343 18 4.50
End of 2115
(After 100 Year Projection Period)
min max ave Count Dry Cells | Sq Mi. Dewatered
Head 359 1,569 874 103 25.75
Depth to Water 7 1,258 525 103 25.75
Saturated Thickness
Above 1,100 BGS 0 1,084 404 307 76.75
Saturated Thickness
Above Model Bottom 0 2,894 1,032 103 25.75
Summary of Change Between 2015 - 2115
min max ave Additional Dry | Additional Sq Mi.
Cells Dewatered
Head -994 51 -310 +85 +21.25
Depth to Water -50 968 319 +87 +21.75
Saturated Thickness
Above 1,100 BGS -886 50 -316 +304 +76
Saturated Thickness
Above Model Bottom 994 >0 318 87 2175
AT 35 2019 Pinal Model and 100-Year AWS Projection
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Figure 16 shows the depth to water in the regional aquifer before the 100-year projection period (2015) and after
(2115). In addition, the change in depth to water over the projection period is provided. In general, the greatest depths
to water at the end of the 100-year projection are observed in the Eloy sub-basin. Depth to water in this area exceeds
the 100-year projection regulatory depth to water limit in the Pinal AMA of 1,100 feet bgs. The projected maximum
depth to water at the end of the 100-year projection was 1,258 feet bgs. In the area south of the City of Maricopa,
depth to water at the end of the projection is approaching 1,000 feet bgs. The 100-year projection simulated the first
exceedance of the regulatory depth to water to occur in 2074, 59 years into the 100-year projection period.
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Figure 17 shows the saturated thickness of the regional aquifer, which excludes any perched water zones, above 1,100
feet bgs and “dry cells” at the end of the projection period. When all three model layers within a model cell become
dewatered due to pumping, that cell is identified as a “dry cell.” In addition, the figure shows cells (light brown with
label 0*) that have no saturated thickness above 1,100 feet bgs. Dry cells and cells lacking saturated thickness
contribute to unmet demands as the well(s) within these cells cannot support the assigned pumping volumes. Dry cells
are typically found along model boundaries due to shallower bedrock. The are 18 dry cells simulated 2015. That number
increases to 103 in 2115, with 307 cells being either dry or lacking any regional aquifer above 1,100 feet bgs (Table 6).
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To better illustrate the situation described above, cross sectional views of the model geometry and regional and
perched water levels are presented. The locations of cross sections are shown as Figure 17 and Figures 18 — 22
provide cross sectional views of A-A’, B-B’, C-C’, D-D’ and E-E’.
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Change in Storage

Projected groundwater pumping over the 100-year projection period is higher, approximately 72.4 MAF, than the
historic period (1920s to 2015) which totaled approximately 59 MAF. Non-agricultural uses increase over the 100-year
projection period while there is a gradual decrease in overall pumping related to agricultural uses over the same time
period. The projected reduction in agricultural activity also caused total incidental recharge projections to decrease.
Historically, and in this 100-year AWS projection, pumping is greater than recharge, thus resulting in the continued loss
of groundwater storage. The projected future decrease in groundwater storage also caused additional projected land
subsidence.

The simulated cumulative loss in groundwater storage from predevelopment to 2115 was over 44.8 MAF, with 17.3
MAF occurring before 2016 and the remaining 27.5 MAF occurring between 2016 and 2115. About 38.3 MAF of storage
loss was from the drainage of pore space and the release of water due to the elastic compression of inter-granular
pore space. The remaining 6.5 MAF of storage loss was from the release of water due to the permanent, inelastic
compaction of fine-grained interbed materials. Table 7 provides a water budget summary of inflows, outflows and
changes in storage during steady state, historic transient, and the projected periods.
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Summary

This report documents ADWR’s 2019 Pinal Model, which includes recent updates and structural
modifications to the 2014 Pinal groundwater flow model, and results of a 100-year AWS projection.
ADWR’s updates include:

Updated pumping information 2010 — 2015

Updated Recharge Estimates 2010 -2015

Improvements to the Numerical Solver Settings and Layer Property Flow (LPF) packages
Revisions to the Central Arizona Model (CAM) grid

e More comprehensive head targets and use of the head observation (HOB) package

e Conversion of three out of four boundary conditions form specified head to specified flux
e Structural modifications to the model geology, increasing model thickness in several areas.

The recent structural modifications to the 2014 Pinal groundwater flow model included increasing the
model thickness in several areas to address differences found between the model simulated thickness of
the aquifer materials and the thickness described in numerous well drillers’ logs.

The purpose of this 100-year AWS projection was to model existing and future groundwater use and
recharge, quantify unmet demands by sector and location within the model domain, and present the
resulting depth-to-water.

Results of the 100-year AWS model projection indicate that there is significant unmet demand within
multiple sectors throughout the modeled area of the Pinal AMA at the end of the 100-year projection
period. Demands are unmet when the model assigned pumping rate cannot be achieved and therefore
the simulated pumping rate is less than assigned pumping rate for a specific well. The 2019 Pinal Model
100-year AWS projection resulted in almost 8.1 MAF of total unmet demand, comprising just over 10% of
total projected 100-year groundwater demand (80.6 MAF). Approximately 2.0 MAF of the total 8.1 MAF
of unmet demand is related to issued AWS determinations. Water demand associated with agriculture,
municipal, industrial and GRIC M&lI uses total approximately 5.8 MAF. Of this 5.8 MAF volume, agricultural
uses comprise the largest share, approximately 5.1 MAF. Approximately 0.27 MAF of LTSC sector
demands were not met.

The results of the 100-year AWS projection reveal a substantial lowering of water levels model-wide. In
general, the greatest depths to water at the end of the 100-year projection are observed in the Eloy sub-
basin area. Depth to water in this area exceeds the 100-year projection regulatory depth to water limit
in the Pinal AMA of 1,100 feet below ground surface (bgs). The projected maximum depth to water at the
end of the 100-year projection was 1,258 feet bgs. In the area south of Maricopa, depth to water at the
end of the projection is approaching 1,000 feet bgs.

In some areas perched water tables were simulated in portions of upper model layers during the 100-year
AWS projection period as the regional water table dropped due to projected pumping, and the downward
flow of deep percolating agricultural incidental recharge was impeded by fine-grained materials in the
vadose zone. These isolated perched zones do not represent a developable or viable source of water to
wells and are not considered when evaluating AWS applications for compliance with the 1,100-foot static
depth to water pumping limit in the Pinal AMA.
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The simulated cumulative loss in groundwater storage from predevelopment until 2115 was over 44.8
MAF, with 17.3 MAF occurring before 2016 and the remaining 27.5 MAF occurring between 2016 and
2115. About 38.3 MAF of storage loss was from the drainage of pore space and the release of water due
to the elastic compression of intergranular pore space. The remaining 6.5 MAF of storage loss was from
the release of water due to the permanent, inelastic compaction of fine-grained interbed materials.

The 2019 Pinal Model presented in this report represents the best available tool for understanding the
groundwater flow system and projecting simulated regional groundwater levels into the future. The 2014
Pinal model was extensively reviewed both internally and externally, including three external professional
peer reviews.

Results of the 2019 Pinal Model sensitivity analysis indicate that the model provides an acceptable
representation of the groundwater flow system in the Pinal AMA with respect to the sensitivity,
correlation, and confidence intervals of key parameter values included in the non-linear regression based
on available calibration data. With respect to the 2019 Pinal Model’s ability to forecast, the values of
invariant aquifer parameters estimated during the calibration period are shown to be valid for future
projections. Furthermore, the 2019 Pinal Model generally provides a solution that, overall, minimizes
model error in a regional-scale context. Although the 2019 Pinal Model represents regional-scale
processes and annualized stress periods, this model may be used for site specific analysis.
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