Pinal AMA Historical
Groundwater Model Review
Part 2

ELOY AND MARICOPA STANFIELD BASIN STUDY
GROUNDWATER SUB-GROUP MEETING
SEPTEMBER 29, 2020

{J/ MONTGOMER

& ASSOCIATES



Tentative Revised Schedule

1. Compile Datal N
2. Review ADWR Model
3. Update and Calibrate Model |
4. Future Climate Models —— |
5. Future Planning Scenarios
6. Mitigation Strategies | ——
7. Draft and Final Reporting b |
Tech Memo 2 -
- . - . Model Review Miticati Draft Modeling  Final Modeling
Tech Memo 1 - Data rou.n water rou.n water and Update itigation Report Report
Compilation Meeting Part 1 Meeting Part 2 October 2020 Workshop
Jan 17, 2020 May 15, 2020 Sept 29, 2020 crober _February 2021 July 2021 Sept 2021

I

2019 ‘ 2020 ‘ 2021

{Jf MONTGOMER

& ASSOCIATES




Introduction

History
o ADWR 2014 - original model
o ADWR 2019 — extended model through 2015
o M&A 2020 — this study, updated through 2018 with minor adjustments

Study Objective
o Facilitate evaluation of future Pinal basin groundwater mgmt. alternatives proposed by Stakeholders

o Alternatives include groundwater pumping increases from 5% to 50% more than current, and consider climate change
effects

o Focus on model’s regional-scale accuracy and regional feasibility for Stakeholder alternatives

Results
o Update showed no issues that warranted substantial model modification; made a few adjustments

o Model review has not identified concerns about model’s ability to meet study objectives

o Ready to proceed with predictive modeling
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What was covered in the last meeting?

Date : May 15th

We reviewed component inflows and
outflows for the ADWR 2019 model.




Outline

1. Review of Hydraulic Properties
2. Review of Simulated Subsidence
- Break for Questions -

3. Model 3-Year Update (2016 — 2018)
4. Review of Historical Model Performance with the updates

- Conclusions and Questions -




1. Review of a. Introduce of terms

ﬂydragtl,lc b. Review hydraulic conductivity
roperties changes made in ADWR 2019
model from the 2014 model

c. Aquifer tests for hydraulic
conductivity

d. Aquifer tests for specific yield
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Aquifer Properties - Definitions

Hydraulic conductivity (K)
o Ability of water to move through aquifer material

o Higherin coarser material (e.g. gravels and sands) and lower in finer material (e.g. clays and slits)

o Model has both horizontal (Kxy) and vertical (Kz) hydraulic conductivities

Aquifer Transmissivity
o Rate at which groundwater flows horizontally through an aquifer

o Aquifer Transmissivity = Aquifer Thickness * Hydraulic conductivity

Aquifer Storage
o Describes the release of water (stored volume) in aquifer as the hydraulic head declines

o Specific Yield (unconfined conditions) — water release due to gravity drainage

o Specific storage (confined conditions) — water release due to pressure changes in aquifer
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Review: Horizontal Hydraulic Conductivity (K

TR O2E |ROSE )R O4E |ROSE|R OGE |ROTE |ROBE |ROSE |R 10E |
Thickness Layer 1
UAU

R 02E.|R03E. [RO4E. [ROSE [ROGE |RO7E. |ROBE. |ROIE |R10E || T
Thickness Layer 3
LCU

RO02E |RO3E |ROE IR OSE |ROGE |ROTE |R 0BE |R 09E |R 10 |
Thickness Layer 2
~ Mscu

rE

®* Model layer thickness was changed
in ADWR 2019 model (top row of
maps)

o

7]

L
URA
b 1L

Aquifer Transmissivity =
[ (Aquifer Thickness) * | (K

A Layer Thickness Change
|DECREASE  INCREASE

020 >0-200 [ 601 - 800

xy)

® Horizontal hydraulic conductivity
(K,,) was adjusted by ADWR to
maintain same model calibration
(bottom row of maps)

G4 |23 984284 P2HPEAPEA PR 9B
3 R T e
dd-aloaHogdevgdosHogloaloe-loa-

Conductivity Layer 3

Conductivity Layer 2
; - Leu

——57  Conductivity Layer 1
s a' - Mscu

UAU

pi M
). et

®* The behavior of the model onahange el
effectively did not change with the 50-10 50-10

20

G 1GISTuC Projects\ 1668 \Reports_andd_Debverables\ 658 030 dereehmiveme=roms 7 orehiessv2 mxg
R O2EIR03E.IRO04E. IROSE.IRO06E.| RO7E. IRO8E. IR O03E IR 10E

ADWR 2019 model update

Ho8HogHoHog8doglor-loa-

1934284984248 PR LR LS~
I T T TS N

=)

% ; . Miles &,

w

T, ; ;
R02EIR03E IR E TR OSE [R06E T RO7E TRO8E TR 09E TR 10E] IR 02ETR 03E IR 04E TR O5SE TR 06E [ RO7E TRO08E TR 09E IR 10E

(Jf MONTGOMER

& ASSOCIATES




Review: Horizontal Hydraulic Conductivity (K

Kxy Changes (bottom map row)
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Layer 1 and 2 Kxy had minor
changes from +30 to -10 ft/day in
the northwestern corner of GRIC

Layer 3 Kxy mostly decreased -5 to
-30 ft/day along Gila river and Casa
Grande ridge

The modified K values are still
within a reasonable range for this
type aquifer
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Review: Resulting Kxy in ADWR 2019 Model
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Aquifer Test Locations with Measured
Hydraulic Conductivities (K), in feet/day*

Review: Aquifer Test Data for Ky e

B MSCUandLCU
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Review: Vertical Hydraulic Conductivity (K)
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Review: Ratio of Horizontal to Vertical (K, /K,)
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Review: Specific Yield (Sy)
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2. Review of
Simulated
Subsidence

a. Introduction to subsidence

b. When and where subsidence
occurs in Pinal

c. Model Specific Storage

d. Compressible sediment
representation in the Model
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Introduction to Subsidence

Land Surface

® Subsidence is compaction of the sediments
caused by lowering of the hydraulic head.

®* When pressure is decreased, pore space matrix is
no longer supported and matrix compresses
(shown on right)

®* Cumulative effect causes the land surface to Clayel: a1t
lower:; this is subsidence Bt

® Causes problems with canals and structures, for
example

® Generally not recoverable

Source: Willcox Subsidence storyboard by ADWR
https://www.arcgis.com/apps/Maplournal/index.html?appid=c5758018997c4
02b863c11e36727ed31
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Measured Land Subsidence in Model Area

Subsidence Point
_ROIE, ROQE , ROSE , ROE , ROSE , RO0sE , R¢ Measurements, in feet

Sources of Measured Subsidence Data o ¢ 0
® Point measurements from 1952 — 1977 (Laney et al, @ ¢ 1-5
1978) . . e
® Point measurements from 1922* — 1992 (B. Conway, H -
ADWR) e
® INSAR Data from early 2000’s — 2020 (not shown) ] FLORENCE
When did it occur? i

®* Majority subsidence occurred pre-1990’s
® Since early 2000’s measured subsidence is appx. one foot ¢

or less based on INSAR data 7 - SREoMA BT ” 0y
08 ’\2 ] e
o . ) 565? :..Oa‘: o
Where did it occur? 1 © Sggeme -
09 om0 @ ) ©
. . , 00 @CO-A ©
® Subsidence occurs generally south of Sacaton Mountains " N °°088 S0
' T é/g 623 °=Q )
® Largest measured subsidence (11 to 16 feet) occurs S| . A 4 ) . TN

south of Eloy and I-10

hbzb w3~ T 0841 08~ v~ 08~ 0w~ v~ «

* Starting year varied

M X¢
. " RO7E. ' ROSE. ' ROYE. ' RI10E R1E
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Review: Subsidence in Mode|

® Model uses Subsidence Package: “MODFLOW SWT”
o Complex phenomenon with many parameters to “estimate” in the SWT package

o ADWR representation of subsidence followed a principal of “parsimony” for the
representation (simple approach)

®* Reviewed two key components in Subsidence Package
1. Inelastic/elastic specific storage

o Base Modflow file (LPF) contains contains only elastic storage (incompressible
sediments)

o SWT contains elastic and inelastic storage for compressible sediments
2. Compressible sediment thickness
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Review: Specific Storage

‘iIncompressible’ Subsidence Property
Sediments (LPF) Compressible Sediments (SWT)
® Specific storage ranges in ADWR 2019 model Elastic Storage Elastic Storage* Inelastic Storage*

. —i- Layer1 ,v' Layer1 || & Layer1 |- .
appear to be reasonable for sedimentary C ' ™" | 4 ’ - Magnitude
basins E : _ Ranges (1/feet)

[ ]0.00e+000
® Trends include: i - small [7 1.00e-007
o Specific Storage decreases from layer 1to | A 1'0 7 Serivls ' 4 ; 1.00e-006 -
£ AV X. = = H
layer 3 52 .9. .z.ﬁ".g. 1 ,’$1. - .FA|V.9| =2, |8>$1P : 1.006-005
, Layer & Layer ) g e I 1.00e-004

o Incompressible sediments are
approximately an order magnitude lower
than compressible sediments

bigger [Jij 1.00e-003

* Based on effective stress
in first transient period

Im:1 ms-||ws«“v-i~ﬂm51~ﬂma<]ma—lu-2~|m5<lm54'v-

o Inelastic storage is set to be 3 times P g ' N 4
. ,‘ Avg 86x106 Avg 56x105 Avg 17x104
greater than elastic storage for et 20 3 2 2 A
compressible sediments 1 '

e o e B e EE

| ks |

Avg 2 8x10 =

15 Avg —8 6x10 3 Avg 8 5x10 E
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Changes in Total Aquifer Storage

®* Between the years 1923 — 2015 about 13% of total storage release is from compressible beds

1 1 1 1 111 1 111 1 111 1 111 1 111 | 1 111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 1 111

- 0.8 7 Aqwfer Is losing water from storage (~falling water levels) B

H 0.6 1980s CAP

LL. i water B

LIIJ 0.4 - Introduced n

|I I | |

<Zt-0 o 7 AqU|fer Is adding water to storage (~ raising water Ievels) I II I B

O.0.4 -+

—.06 | IHEM Storage Change - Incompressible Sediments || 1983 v -

—_— ] . . flood n

= s | I Storage Change - Compressible Sediments flood

'1 L | LI | LI | LI | LI | LI | UL | LI | LI | LI | LI | LI | LI | LI | LI | LI | LI | UL | UL |

Te) o 0 o T} o o) o 0 o 0O o 0 o To, o o} o o)
N ™ ™ < < e} e} © © N~ N o0 e} o o o o - —
© 2 2 2 ¢ 2 2 2 2 2 2 2 2 2 2 g 2 R 8
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Review: Layer 1 Compressible Sediment Thickness

AL | |R04E|R05E|R06E|R07E|R08E |R09E RWERPIE__ROE[ROUE|RISE|ROEROTE |R08E|R09E R10ER01|E |R03E|R04E|R05E|R06E|R07E|R08E|R09E R10E.

® Defaultvalue =65 ¢ Compressnble Sedlm
feet | g

® Insome areas
(purple), interbed
thickness exceeds
model layer
thickness

\1658.0309 Tech I
PR R

* M&A 2020:
adjusted the
model by reducing
thickness in these

10 15 20

£ o ‘o ‘
S s 21 e T "«,;?‘“ £ de

G:\GIS-Tuc\Projects\1658'\Reports_and_Del

7 — s
areas to equal Thickness, in feet Percent of CompreSS|bIe Sedlments of Total Layer Thlckness —
100% Compressible < Total Compressible > Total

18 - 50 801 - 1200 |

- 1% - 25% 101% - 200%
51 -200 1201 - 1600

= 26% - 50% B 201% - 300%

201 - 400 1601 - 2000
— B 51% - 75% B 301% - 400%

401 - 800 [} 2001 - 2682
i/ MONTGOMER_ B 75% - 100% B 401%-517% H
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Review: Layer 2 Compressible Sediment Thickness

BIE. |R03E|R04E|R05E|R06E|R07E|R08E|R09E RIERMIE  |ROE.|RO4E [ROSE [ROGE [RO7E. [ROBE. [ROJE. [R 10ER

® Default value =30
feet

® Insome areas
(purple), interbed
thickness exceeds
model layer
thickness

* M&A 2020:
adjusted the

model by
redUCing J T G5 = g o CHne 3 = & .
thickness in these = Thiékness, in feet o " Percent dfkgc’:é‘rﬁpressibleVS'fé(diments of Total LayeF}'THiékness
areas to equal B 550 801 - 1200 Compressible < Total Compressible > Total
100% 1% - 25% 101% - 200%
0 B 51 - 200 1201 - 1600
26% - 50% B 201% - 300%

201 - 400 1601 - 2000
— B 51% - 75% B 301% - 400%

401 - 800 [} 2001 - 2682
i/ MONTGOMER_ B 75% - 100% B 401%-517% H
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Review: Layer 3 Compressible Sediment Thickness

|R03E|RO4E|R05E|R06E|R07E |R 08E. |R09E R 10E.

o

RPIE. |R03E|RO4E|R05E|R06E|R07E|R08E|R09E RIERPIE  |ROSE|RO4E|ROSE |ROSE [ROTE |RO0BE [RWE RI0ER

® Default value =99
feet

® Insome areas
(purple), interbed
thickness exceeds
model layer
thickness

* M&A 2020:
adjusted the model
by reducing
thickness in these
areas to equal

Percent of Cferﬁpressmle S

edlments of Total Layer Thlckness — '

100% B it s Compressible < Total Compressible > Total
1% - 25% 101% - 200%
1201 - 1600
26% - 50% B 201% - 300%

201 - 400 1601 - 2000
— B 51% - 75% B 301% - 400%

401 - 800 [} 2001 - 2682
i/ MONTGOMER_ B 75% - 100% B 401%-517% a
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Model Review: Measured vs Simulated Subsidence

Meas. Subsidence 1995 Sim. Subsidence

ROIE, ROE , ROE . RME , RosE.  Rose  rRc * O ‘: 0-10
. . . . T | | | | | | -

Conglu5|on..S|muIategI o e 1.5 £ 0=
subsidence in model is %; ® 6-10 51-10.0
consistent with measured i 11-16 B 10.1-135

T .
subsidence data 8 ®

] i

o4 04
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- Break for Questions -
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3. Model 3-Year

Update (2016 —
2018)

y )
7\

a.
b.

C.

Summary of 3-year Update
Inflows
Outflows
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Summary of 3-Year Model Update (2016 — 2018)

1,600,000
1,400,000 — INFLOWS
— 1.200,000 -] B Agriculture Return Flows
L - Canal Seepage
w 1,000,000 W Stream Recharge
m —
4] 800,000 B Basin Inflows
® 600000 — I WMt Front, USF, Picacho, Urban i
O 7 | —-II --- -.I I- N .
<C 400,000 — x it
Z . =
= 200,000 —
L _
S 0]
S 200,000 === R T
2'400,000 ---_-___.—_______=_ """
_ -600,000 i ---_'_‘ """""""""""""""""""""" N _—_‘—'— = = ———"]
S -800000 4 OUTFLOWS | o | B L
Z1oooooo— GW Pumping B e
< 1,200,000 — Evapotranspiration = g = ¢ =
4| Basin Outflow
-1,400,000 —/mml Stream Outflow =
_136009000 ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||I|||
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Update Inflows: Agricultural Recharge

: 2 8 B 2 2 8 B 8 2 2 2 3 2 % B 3 2 2 @2 g3
® Estimated Ag Return flows by ADWR © 2 2 & 9 o 2 2 2 % 2 2 & & & g g g & g
for years 1923 — 2009 are updated 07_5 Annual Volumes
from our previous presentation, based ]
0.6 7 Ag. Return Flows
on further M&A review (shown right) %
20.5 4 Sim. Ag. Recharge
) i
®* 3-year update used similar method  $o0.41 L
<™
reported in ADWR 2019 model update S 03]
o USDA cropland data rasters =021
] . Assumed
. . . 0.1 ~ Ag. Return Flows Greater Sim. Ag. Recharge Greater e
o lrrigation requirements by crop : (1933 - 1982) (1983 - 2009) (Ez%‘;'(')'_‘;g;’g;
o Irrigation efficiency values o '
201 Difference in Cumulative Volumes
CHNNE
® 2010-2018: simulated aquifer £ 103 :
o . Cumulative Ag. Recharge Greater
recharge rates reachs an assumed < 00
c ] Cumulative Ag. Return Flows |Greater
equilibrium with estimated Ag Return £ 3 ‘\\_\//
=207

flows E
-3.0

2020

1925
1930
1935
1940
1945
1950
1955
1960
1965
1970
1975
1980
1985
1990
1995
2000
2005
2010
2015
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Update Inflows : Stream Recharge

Stream Recharge Location

- ROE, RO2E. , RO3E. , RO4E. , ROSE. , ROGE , R - o T T m—
01
Gila River 2 || Gila 'flooded extension’
I 2ih I santa Cruz 'ancestral’
. ] T Maricopa , ,
* Sourced from measured flow at Maricopa USGS gage : 7, Uses Gage NNt ket ;
! Ashurst-Hayden D
and SCIP annual reports for flow at Ashurst-Hayden Dam ° i Aty R
03 \
. . . . MARICOPA
® Used same distribution from year 2015 in ADWR 2019 ’ | L
A T .
model (base channel conditions) s s
: COOLIDGE S.
' L B
Santa Cruz River °§? e e o
® Sourced from Trico Road USGS gage oSTv [:',h o 0;7
. . . " ARIZONA CITY 5
® Calculated infiltration loss along 7.1-mile stretch from ® = o
Trico Road to edge of Pinal model (different method ] -
than described in ADWR 2019 model report) s s
- N -
1 T
® Used same distribution from year 2015 in ADWR 2019 S|, }5\ 2 ~— S
model b e — USGS ci(g?e b
S.Jeigis: jects\ eports_and Deliverables\1658, e echarge_Streamflow.mx
RO7E. ' ROSBE ' RO9E ' R10E R 1 S
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Update Inflows : Canal Seepage and Picacho Reservoir

Canal Recharge Location
- ROIE, RO2E. , RO3E. , RO4E. , ROSE. , ROBE , R

CAP Aqueduct o B CAP Canal
& | |scipcanal
. s. . «
* Set at same constant rate used in ADWR 2019 model y || Picacho Reservoir
T
03 i EEmaruEn 03
At : s g S e _
San Carlos Irrigation Project (SCIP) Canals i SRR ’
o 1 I ccccceceeceeeecic.. e e T
® Total canal deliveries sourced from SCIP annual reports ¢ MARICOPA st B, TR i o
. . N L FLORENCE .
® Assumed 37% seepage loss of total SCIP deliveries 2 o T
. : LIDGE ;
based on 10-year average seepage loss (2006-2015) in i i °
T oA T
ADWR 2019 model % s ... a8 ®
® Distribution similar to ADWR 2019 model 1 HEEEgE e TR :
S. S.
Picacho Reservoir i e z
08
®* Applied same seepage calculation method used in ] °
: A
ADWR 2019 model ®
® Storage volumes sourced from SCIP annual reports T A -
L T :
= 0 5 10 B
1"
ROGE T ROTE | ROBE T RO9E T RI0E R 11 Q
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Update Inflows : Other Recharge

Recharge Locations
RO1E., RO2E. , RO3E. , RO4E. , ROSE , F

o I Underground Storage Facilites
ege, o S
Underground Storage Facilities (USFs) . || Urban Runoff
02 .
s. | Mountain Front
® Sourced from ADWR USF/GSF database y =
03 Gric Olberg 03
. . > Dam USF s.
®* Added GRIC USF (began recharging in 2015) : Anthem at METIT North Florend -
04 Ranch USF USF 04
S. L S.
®* Minor adjustments to historical distribution and volumes 1] B
05 05
S. S.
2 C Grand »
Urban Runoff ; Managed USF by :
%6 - E ; Hohokam.USF 056
. ' H . '
* Same rate and location as year 2015 (3,182 AF/yr) k e B
037_ Casa Grande USF' b | 087
Mountain-Front Recharge 7 UF Aons S ol 1 | B
< District—! ageffg?med ®
®* Same rate and location as year 2015 (500 AF/yr) : -
S
B
i 9
- I showing USFs with recorded recharge prier to 2019 '1T1
P ROME | ROE T ROE T ROTE T ROGE T ROE T RI0ERTE
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Basin Inflows/Outflows

Update: Basin Inflows/Outflows
- Specified Flux Basin Inflow/Outflow

. ROIE, RO2E , RO3E , RO4E. , ROSE - Specified Head Basin Outflow

® Maintained same constant rates and locations from of "
- East Salt River s;
year 2015 ! Valley ( -1,002) I
S; P— Florence _S'
* Adjusted historical model 7| Estrella il '
5 (-6,400*)'—L| ~ 5 f @
o Restored inflows at dry cell locations (Santa Rosa . g
Wash, Cactus Forest, Aguirre Valley) s %
o Restored 93,000 AF of cumulative inflows over the e *
- 1 1 1 — - [ Vekol Cactus ||
96- year model simulation period (1923 — 2018) 7w | L= | R
s| | (500) (3,898) (|
o Qﬁ 0 o
S f S
N North | o
S. Picacho S.
il Santa Rosa Wash Peak i
T (5,829) R 6oey) | |1
S. S
- N ..
i South
115 A Ag‘;'gf,o\(,a;'ey l Picacho 1T0
S| o 5 10 Peak ||s.
1T1_ Wiles (24,148) -1T1
02 RO7E. ' ROBE. ' ROJE. ' R10E R 11 _s
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Update Outflows: Groundwater Pumping

2018 Pumping by Data Source
(ROE, ROE | ROE | RME | ROSE | RO ‘:I SCIP for District

Pumping from ADWR (78% of pumping in 3-year period) H - e [ scIP for Agency (GRIC)
° Downloaded from ADWR web portal 5 G SN B GrIC
I ADWR (55-wells)

® Used similar layer distribution from ADWR 2019 model

GRIC (12% of pumping in 3-year period)
® Sourced from GRIC (P. Mock)

®* Improved location and volumes as compared to ADWR
2019 model

PR~ PR PRA | 9T 4,
o&-" o244 o

R

» |

SCIP (10% of pumping in 3-year period)
® Sourced from SCIP, Bureau of Indian Affairs (A. Fisher)

®* |Improved location information as compared to ADWR
2019 model

o P34, 934, P,
Hos~ ! 08~ o8- o4

S
=

@

P

o
o=

ROGE. ' ROZE. ' ROBE. ' ROYE. ' R10E RME.
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Update Outflows : Evapotranspiration and Stream Outflow

ROE, ROE  ROE  ROME ROSE | ROGE ROTE | ROBE , RO9E |, R10ERME
° ° 01 01’
Evapotranspiration (ET) & || stream Routing Package [°
02 - 02

* Calculated by model using EVT package ° B Evapotranspiration E
T. T

03 03

®* Maintained same EVT model properties from ADWR | e °
2019 model o =

1] '=.'.......=-"'=...=. E

05 05

S. S.

Stream Outflow (STR) ® ®
® Calculated by model using STR package g} .
A S.

®* Maintained same STR model properties from ADWR . E
08 08

2019 model s K

T L

09 09

S. S.

T E

10 10

S. s

£ T_STR.mxd \\ _1:1

ROGE | ROE | ROBE | ROE ! RI0E RME
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4. Review of
Historical Model
Performance
with Updates

a. Methods to evaluate model
calibration
b. Calibration statistics

c. Option to switch to MODFLOW
NWT during predictive modeling

&
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Calibration: Comparing Measured vs Simulated heads

®* The substantial vertical gradients in 2019 ADWR
model make calculating simulated heads across
multiple layers challenging

Example of how water levels are affected by well
screens crossing multiple aquifer layers

_ground surface A B »
® High vertical gradients occur due to deep Ag. gratertable A £ N—— L 2 . R
pumping, shallow Ag. recharge and low vertical aquifer A — 1
conductivies aquitard A —~
® Wells screened across multiple layers requires aquifer B Dowpward
consideration of how each layer is represented — Gradient
in that measured or simulated head aqurta
* |mportant to consider when comparing aquifer C
measured and simulated heads for calibration aquitard C ——

https://www.chegg.com/homework-help/questions-and-answers/following-figure-well-c-pumped-following-conclusions-plausible-regarding-
vertical-gradient-q25053883
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3 Methods for Sim. Heads Vs. Meas. Comparison in Model

Method 1 (brown line)

ADWR (2014): selected single layer simulated head for

calibration with no layer weighting

Water Level, feet amsl

1200

1100

1000

aw_ =X »

N g '.Il
_ llIl.." " .

Layer 2

Layer 3
O LI {3 |y o g | s I (G s L Perforation Bottom
N N A N N AN AN
VNV OIS OSONANI DSOS ISN N
R I 22292292HP0F%S

------ = Measured Water Levels

Simulated Head in Layer 1

—— Simulated Head in Layer 2

Simulated Head in Layer 3 - Method 1
% Weighted Simulated Head - Method 2

= \\eighted Simulated Head - Method 3

v /
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3 Methods for Sim. Heads Vs. Meas. Comparison in Model

_ 1200 -
Method 1 (brown line)
1100
®* ADWR (2014): selected single layer simulated head for % 1000
calibration with no layer weighting B
_ . 900
Method 2 (pink X’s) :
4 800 -
®* ADWR (2019): weighted simulated heads for multiple 2 s
layers limited by screened interval & measured = | Layer 3
saturated interval for calibration 600 4 = = = = == —————— — — - - Perforation Bottom
N I N
RIS

------ w. Measured Water Levels

Simulated Head in Layer 1

—— Simulated Head in Layer 2

Simulated Head in Layer 3 - Method 1
% Weighted Simulated Head - Method 2

= \\eighted Simulated Head - Method 3
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3 Methods for Sim. Heads Vs. Meas. Comparison in Model

1200 -
Method 1 (brown line)
1100
®* ADWR (2014): selected single layer simulated head for % 1000
calibration with no layer weighting B
900
Method 2 (pink X’s) =
4 800 -
®* ADWR (2019): weighted simulated heads for multiple 2 -
layers limited by screened interval & measured = | Layer 3
saturated interval for calibration TR o e e e e o e Perforation Bottom
| [ TR L T = I R R P B FRA L B PRLB B! P (L2 ER.B PO B AL 23 Pl P
Method 3* (purple line) FESFSTFEELEFSEEESETSESS
°* M&A (2020): weighted simulated heads for multiple ™ ! UG WAtERLEVES

.. . ) Simulated Head in Layer 1
layers limited by screened interval & simulated

. . . ~— Simulated Head in Layer 2
saturated interval for calibration

Simulated Head in Layer 3 - Method 1
% Weighted Simulated Head - Method 2
= \\eighted Simulated Head - Method 3

* Used method 3 in following calibration stats.
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Calibration: Changes resulted in negligible difference
from ADWR 2019

ADWR 2019 model

Basin Study model with minor adjustments

1800 — ’ 1800 - (1923 -2018)
1700 — (1923 -2015) > 1700 — .
B i B i
5 1600 — . £ 1600 = .
$ 1500 — ’ 3 1500 — -
2 1400 — T 1400 —
() o ]
— 1300 — 1300
& 1200 - & 1200 — 8
© — © =
; . ; . ' * "
E’ 1100 B . E 1100 B .4 ..".f,g:.
®© _ & .t o . - 7.
:ES 1000 ] s, count = 22001 é’ 10080 - o count = 23340
o 900 — range = 1264.2 o 900 — range = 1264.2
k] ] : min residual = -360.1 k) 5 min residual = -359.7
% 800 — **«  max residual = 428.6 % 800 — max residual = 435.8
o 700 — Sum Sqg residual = 68221713 § 700 — Sum 5q residual = 73171282
< — RMSE = 55.7 < . RMSE = 56.0
T e Scaled RM = 4.405% 800 T [Scaled RM = 4.429% |
rd
500 NN s 500 r~r~r~¢rr>r>r>r-rvprvrprprpt
o o o o (@) o (@] (@) o o o o o o o o (@) (@) o (@) o o o o o o o o
o o o (@) o o o o o o o o o o o o o o o o o o o o o o o o
e R @2 08B 3 8 E B8 wee e e o - eI e
Measured Water Levels, in feet amsl| Measured Water Levels, in feet amsl|
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Option of Switching to MODFLOW NWT

®* ADWR Predictive Model Demonstrated Dome Instability

o The numerical solution in MODFLOW 2005 version used by ADWR can be subject to stability problems
with model cell drying/wetting

o The ADWR historical model used a numerical convergence criteria of 0.1 feet, but the predictive model
required a looser criteria of 13 feet for the solution to converge

o We have not evaluated the ADWR predictive simulations, and make no implications about the effect of the

larger convergence criteria; however, we recognize we may encounter some stability problems for
predictive scenarios

®* Potential Option
o Switch to MODFLOW NWT version which could provide a more stable solution for predictive scenarios
o We have not run predictive scenarios with any MODFLOW version

o A preliminary MODFLOW NWT historical model simulation altered the calibration, but an initial

assessment indicates parameters can be defensibly and easily adjusted to restore calibration, if NWT is
needed
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Conclusions and Next Steps

Conclusions

®* Update showed no issues which warranted substantial model modification; made a few adjustments
®* Model review has not identified concerns about model’s ability to meet study objectives

®* Ready to proceed with predictive modeling

Next Steps

®* Technical Memo documenting changes — October 2020

® Predictive model simulations (5)
o Reclamation climate projections

o CAP:SAM supply/demand
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Questions and Discussion

Thank you!
Brittney Bates
Hale Barter
Juliet McKenna
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