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USGS Published NARGFM in 2011
> First model of entire Verde Basin

PrreaS

., Lacher Hydrological Consulting

a USGS

science for a changing world
Prepared in cooperation with the Arizona Department of Water Resources and Yavapai County

Regional Groundwater-Flow Model of the Redwall-Muav,
Coconino, and Alluvial Basin Aquifer Systems of Northern
and Central Arizona

Scientific Investigations Report 2010-5180, v. 1.1

U.8. Department of the Interior
U.S. Geological Survey

Northern Arizona Groundwater
Flow Model (NARGFM)

ARIZONA

NARGFM Boundary

%_u_n from I.I.I&'auhiig-llz&lm
propctian, Zons 12

ELEVATION, IN FEET
ABOVE NGVD:

Verde Valley “*&=

TEGRATED HYDRO SYSTEMS, LLC
50 MILES

50 KILOMETERS




e —— WEAKNESSES:
: " [umped approach to Verde Valley ET

" interbasin flows _
. = external, uncalibrated recharge
" major rivers est|_mgtes varied over multi-decadal
periods

= multi-year time-steps

= pre-development to 2006
" time-varying recharge
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. e Full surface water- groundwater
from hourly interaction with

precipitation, temperature, and « Ability to test

reference ET values o
in integrated

 Explicit simulation of hydrologic space
ET calibration

complex hydrologic connection Snow pack

Climate
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Represents Entire Hydrologic Cycle

Evapotranspiration
o SVAT

« Kristensen and Jensen %&Rain & Snow

+ 2-L ayer Water Balance %% :

+ Net recharge (e.g. DAISY) ..
Snow melt :
+ Degree-day melting Channel Flow (MIKE 11)

Overland Flow 1_D St V_enant Equations:
i « 2D Finite Difference - Diffusive Wave . E)i f};‘;;?\:‘:vt':\::a:;p?gsr°"-
¢ Semi-distributed :

¢ Fully dynamic Channel flow . P>

» Higher-order fully dynamic E
Flow Routing: - Ini —V _o

« No-routing = ltration =~ $ 3
o Muskingum 3 age 1o groyng .

* Muskingum-Cunge ;V;&'-t;b,; I
e

; °{'L2' Yo..,

\/

Unsaturated Zone Flow
¢ 1D Finite Difference:
+ Richards Equation
+ Gravity Flow
¢ 2- ayer \Water Balance
¢ Net Recharge (e.g. DAISY)

G d
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Sewer Flow

(MOUSE)
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Lacher Hydrological Consulting

Pool, D.R., Blasch, K.W., Callegary, J.B., Leake, S.A., and Graser, L.F., 2011, Regional groundwater-flow
model of the Redwall-Muav, Coconino, and alluvial basin aquifer systems of northern and central
Arizona: U.S. Geological Survey Scientific Investigations Report 2010-5180, v. 1.1, 101 p.

NARGFM Kh Distribution

Discontinuous layer 1
in Verde Valley

EXPLANATION

Boundary of simulated grounderster-fiow system
Blank areas were not simulated

3 Boundary of region assigned a single value of
hydraulic conducthvity. Adjacent regions may
have equivelent values.
Figure 14. Distributions of hydrawlic conductivity along rows for the Northarn Arizona Ragional Groundwater-Flow

Model layars. 4, Layer 1. B, LayarZ C, Layer 3.




MIKESHE Regional Model Calibration Issues
Related to NARGFM Subsurface

e Springs not emerging correctly

e Some areas have strongly biased groundwater levels (too high or too
low)

e Some stream baseflows hard to match

L /1A & W, V \_/
J

springs and internal flows




ROCKS OF SAM FRANCISCO VOLCANIC FIELD
Andesita flow, flow breceia, or ff breceis (Pleisiocens)
Diciie flow ar doma (Pleistocena))

Rhyolite flow or dome [Pleistocana))

Vant fows, breccies, Wi, and imrusive andasils,
dacite, and rhyolts (Flektocane)
Cldest basaks of San Franciszo Veleanic feld
[Pliccens erd Miszane)
SEDIMENTARY ROCKS

NARGFM: Top 2 layers discontinuous across

Wankepi Fornation (Middle and Lower Triassic)

Tamweap Fomation (Lower Pamian)

Coconine Sandstans (Lower Pemian)

Schnebly Hill Fomation {Lowsr Pammian)

COLORADO PLATEAU NARGFM PRAMA

AND MOGOLLON RIM MODEL LAYERS MODEL LAYERS

LITTLE BIG CHINZ
CHINO SUB-BAZIN
SUB-BASIN

Hermi Fomation (Lowar Pammian)
Supai Fomation (Lower Parmian o Upper Mississippien
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P Kaibab Fomation (Lower Perm ian)
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Fsh
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Mt
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{or Lippar Pannsytvarian of Blakey])
| ! Recwall Limestons {Mssizsippian)
QUA+ NARY A,_,_:JV r Not Not 3 Mertin Formtian {Lippar and Middle? Davonian)
Simulated Simulated & Tapasls Sandstans (Middls and Lowsr Cambrian)
o
&
PERIBASIN FILL/ | uu:usmfu 2 .
El =
|| FciES oF LAYER 1 LAYER 1 o - Recharge Area
1| THE VERDE COCONINO SANDSTONE g
! [FORMATION 2 -
1 = Ep—
VOLCANICI I — == 3,,_ — ""‘__f e — Verde Va”ey
e LAYER 2 LAYER 2 P> = = I 1 M
g
ER BASIN FILL . S Il = & - T &
—] : . — :
Not On | | -=
LAYER3 | simulated |
! PROTEROZOIC SEDIMENTE, GRANITE, AND METAMORPHIC ROCKS
Confining beds indicated by red-brown shading s00
) ) ) 35
Figure 12. Conceptualized relations among major hydrogealogic units and Northern Arizona Regional 2 vertical exageration, width 80 km

Groundwater-Flow Model layers.
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NARGFM 3-Layer Description Published section with more detail in hydrostratigraphic layers




Provided stratigraphic framework
for new MIKE SHE subsurface
configuration

Zone color key
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Primary: TestT_212111.daces

10.0
42.10
inclination: 28.10

X front cut:  415200.0

Y front cut:  3816800.0
Z front cut:  27100.0

X chair cut: 418000.0

Y chair cut: 3830800.0
Z chair cut: -300.0
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| Bills, Flynn & Monroe (2007)
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Sources:

AZGCC QOil & Gas Wells

ADWR Wells-55

D.R. Pool

AZGS Geothermal Well Database

- Lacher Hydrological Consulting
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3445

Lacher Hydrological Consulting

: 2. Simplified geologic map of the Yavapai County study area (from DeWitt and others, in press). Geology outside of thick dotted

LEGEND

Quatermnary and Tertiary sedimentary
deposits

|:| Quatemary deposits

(] Tertiary sedimentary rocks

|:| Tertiary Verde Formation
Tertiary volcanic rocks

[ Tertiary basalt

[ Tertiary latite

Paleozoic and Mesozoic
sedimentary rocks

[] Cambrian-Triassic

Crystalline basement rocks
tonalite/granodiorite
gabbro
metasedimentary

metavolcanics

EOOEO

Cretaceous pluton

«  bedrock well o basinwell
well identifications shown on Fig. 1

FAULT ABBREVIATIONS

BWCF, Bear Wallow Canyon fault
BCF, Big Chino fault

BCw-PC, scarp near intersection
of Big Chino and Pine
washes
CRF, Cathedral Rock fault
RRF, Railroad fault

OF, Orchard fault

5F, Sheepshead fault

VF, Verde fault

EXPLANATION
QUATERMARY ALLUNIUM
QUATERMARY FANGLOMERATE

L]

UNDIFFERE NTIATED QUATE RMARY _
AND TERTIARY SEDIMENTS n
L]
"

HOLOCEME TO LATE PLIOCENE
BASALTIC ROCES

TERTIARY VERDE FORMATION
TERTIARTY BASALT FLOWS
TERTIARY BASALT

TERTLARY LATI-ANDESITE

s
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TERTIARY FLUVIAL GRAVEL AND
ALLIVIAL FANS

TRIASSIC. MODENKOP FORMATION

| LATE PALECZOIC ROCKS
| EARLY PALEDZOIC ROCKS

PRECAMBRIAN ROCK
FALLY
COMCEALED FAULT

F={F" TRACE OF GEOLOGIC SECTION
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Figwe 2 Goneralized geclogy, geologic structures, and location of geclogic sections, upper and middie Verde River watersheds,

contral Anzona
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’ corresponding to 8 hydrologic units plus Precambrian basement
> Redwall Limestone and Coconino/Kaibab specified

** Extensive
(1000 m --> 400 m)
*¢* Dynamic improvements

¢ Updated pumping and incidental/artificial recharge

** Prescott Reservoir
groundwater irrigation
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Lacher Hydrological Consulting
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Tertiary/Quat

— Tertiary Verde F

MEMBER OF THE
CHINLE FORMATION Cuwen wuing

can be perched
UNCONSOLIDATED
SEDIMENTS

e S i Tertiary Vo

Permian Coco | KE S H E
Model
Layers

Pennsylvani
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Modified from Bills and others, 2000

Figure 8. Generalized stratigraphic section of rock units in the Coconino Plateau study area, Coconino and Yavapai Counties, Arizona.




\ [VERDE RIVER NEAR PAULDEN, AZ.
1 : SNERNCHLESE RIS
KN ¢

JAILLIAMSON VALLEY WASH NE/ AULDEN, AZ. "

L ard
RDE RIVER NEAR CLARKDALE,

Lo

/ ! o) )
'ﬁﬂgb TANK DRAW NEAR RIMROCK AZ|
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1 km

. 400m
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»Some tributaries difficult to match baseflows
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Stream Discharge — Verde River near Camp Verde (09506000)

VerdeRiver_nearCampVerde [m"3/s] o o
Verde_near_CampVerde [mA3/s]
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2015 2016

2005 2006 2007 2008 2009 2010 2014 2012 2013 2014

ME=-0.669111 MAE=1.97958 RMSE=9.02397
STDres=8.99913 R(Correlation)=0.968172 R2(Nash_Sutcliffe)=0.947005

VerdeRiver_nearCampVerde [m"3/s] o o
N o Londoiel

Calibration very good. O Open circles = observed
Correlation R 2 ~97% Line = simulated
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Peak flows, ascension & recession || NN N N AN

response reproduced well. 0]
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December January February March
2016 2017 2017 2017

Baseflows = function of VerioRver nesrCampVrde mee] -

m [—

cumulative irrigation, consumptive - i
AG loss, Kh

.-~ Lacher Hydrological Consulting

2007 2008 2009 2010 2011 2012 2013 2014




Stream Discharge — Oak Creek near Cornville (09504500)

OakCreek_near_Cornville [m”3/s] ©
OakCreek_nearCornville [m*3/s]

* Flows reproduced
WL

* Correlation R ¥97% , [

2009

ME=0.187362 MAE=0.441683 RMSE=2.42425
STDres=2.417 R(Correlation)=0.96584 R2(Nash_Sutcliffe)=0.931177

OakCreek_near_Cornville [m*3/s] ©
OakCreek_nearCornville [m”3/s]
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- Tror o1 1.1 r 1 rr 17T T 5 .o oo 1. oo o.1. 1. 1.1 1111 1 17T

December January February
2016 2017 2017

=0. =0.447Tbos RVSE=2.42425
STDres=2.417 R(Correlation)=0.96584 R2(Nash_Sutcliffe)=0.931177
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Beaver_nr_Montezumalake [mA3/s] o o
Beaver Creek near Lake Montezuma [m”3/s]

150

100

L B B

L e |vmv|vmv|‘uv||\m||v

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

ME=-0.766598 MAE=0.766598 RMSE=1.47018
STDres=1.2545 R(Correlation)=0.748666 R2(Nash_Sutcliffe)=-4762.69

Beaver_nr_Montezumalake [m73/s] o o
Beaver Creek near Lake Montezuma [m”3/s]
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2005 2009 2010 2012

ME=-0.766598 MAE=0.766598 RMSE=1.47018
STDres=1.2545 R(Correlation)=0.748666 R2(Nash_Sutcliffe)=-4762.69
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WestClearCreek_nearCampVerde [m*3/s] o o
WestClearCreek [mA3/s] We st C | ear C ree k
r 3 ; 3

5.0 . !

] ° L ‘
"/l | Original MIKE SHE - NARGFM
3.0 ]

o
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7 4

2.0 ]
o

1.0 o D) o 9

7 Lo fo 9 b P] ° © o < d d
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1 . . l L ! L § !
0.07

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 ‘ 2011 2012 2013 2014 2015 2016 2017 2018 2019

SToreer6 0107 _R(Corrlaion)=0.432141 _Ro(Nash. Sulle)=0 162675 Lack of more detailed hydrostratigraphy and faulting = impossible to
simulate baseflow and event-level runoff response

WestClearCreek_nearCampVerde [m*3/s]
WesiClearCreek [m*3/s]

West Clear Creek

4.5

404

354

9-Layer MSHE — New Geologic
Model
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2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

ME=0.723035 MAE=0.816625 RMSE=6.66774

Dres=—6 6754 Ri{Correlation)=0.096 R2(Mash Sutcliffe)=-0.00




VerdeRiver_nearCampVerde [m"3/s] = =
Verde_nearCamp\Verde [m*3/s]

Verde River Near Caml Verdle

Moo T o001 1T 2002 T 2005 T sooa T 008 T ooos T ooz | o008 | 005 | oo | ot | mors | mora | aota | a0t 1 more 1 aorr 1 2ot 1 2018
SToresrss 1504 RiCamslaton-0 462005 Ralash suciio-01s0419  |Nitial runs with new Geologic Model = baseflows at key gages reproduced very

well. Event-level performance needed refinement>> Snowpack/Snowmelt.

VerdeRiver_nearCampVerde [m"3/5] o o

_Verde_nearCelimpVerde | [m"3/s] I | | | Ve rde Rlver Nea r Cam D Ve rde | | | | | | | L
80 - e P CwTTTTT H s o P pre e P F o froes P frm pr P H P
?oé -------------- e ORCCEE o T ERRCEEELY: e R bosoooooooooee- brosmooooooooe- ERREEECEECEETE: EECEPTTRPTLY: T e T e P e LR T b LR LT ERRREECEE LT RREEECEECEPPLE: A .
of s 1 9l gyer MSHE — New Geologic Model | R R
I R beroenoneoes R SRREEEE oo dromenomenaes domenoncooeaes % -------------- bromooemnaes e I I T [EEEE S T S R RS i -------------- i domenonnennd
ol A E S | [ ______________ T I T [ [ A A I I — | [
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2000 ! 2001 2002 ! 2003 2004 2005 2006 2007 2008

ME=6.62932 MAE=6.81323 RMSE=32 2356
STDres=31.5465 R(Correlation)=0.21299 R2(Nash_Sutcliffe)=-0.0282672
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WestClearCreek_nearCampVerde [m'3/s] = »
WestClearCreek [m*3/

)

West Clear Creek

160-

140-

]| 9- Layer I\/ISHE New Geologic I\/IodeI with Frozen SO|Is [E— E—

ek . T— A Ind|V|duaI events captured well.
0] el ittt s ————

. R N A ------------------------------- DeV|at|ons associated with errors
40 e | B o S related to NLDAS-2 climate inputs

20

September ! ! November ! December ! February

2007 2007 2007 2008

ME=0.142667 MAE=0.902057 RMSE=7.41525
STDres=7.41388 R(Correlation)=0.310043 R2(Nash_Sutcliffe)=-0.240659

WestClearCreek_nearCampVverde [m'3/s] o o
WestClearCreek [mars] West Cl ear C reek
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2002 2004 2008 2009 2013 2014 2015 2016 2017 2018 \'——-\/
TEGRATED HYDRO SYSTEMS, LLO

2001

Pz

ME=0.142667 MAE=0.902057 RMSE=7.41525
STDres=7 41388 R(Correlation)=0.310043 R2(Nash_Sutcliffe)=-0.240659




VerdeRiver_nearCampVerde [m"3/s] o o

Verde_nearCampVerde  [m"3s] Verde River Near Camp Verde
500 ] . . .

; 9-Layer MSHE — New Geologic Model, with Frozen Soils
400 :
300 :
200 i
100 : 5 hHLK JJJ’I.‘I-L‘J‘.LH

0 " 0™ e I e ‘ = 0000070k 2
2007 2008
ME=2.61647 MAE=6.4387 RMSE=29.4976

STDres=29.3814 R(Correlation)=0.453893 R2(Nash_Sutcliffe)=0.13815

VerdeRiver_nearCampVerde [m"3/s]
Verde_nearCampVerde [m*3/s]

70 ]
60 1

50 ]

40

30 3-

204-

2000 | 2000 | 2002 | 2003 | 2004 2007 | 2008 | 2000 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019  IEDHDRDSYSTENS, LLC

ME=2 61647 MAE=6.4387 RMSE=29.4976
STDres=29.3814 R(Correlation)=0.453893 R2{Nash Sutcliffe)=0.13815




Latest Simulations 9-Layer MSHE — New Geologic Model, with Frozen Soils and Revised Snowpack/melt (slope,
aspect) and time-varying Native Vegetation Crop Coefficients

WestClearCreek _nearCampVerde [m*3/s] o =

WestClearCreek imrs]
e P D, A i c s ., LSS B LA LG S s s O ] G-éé B i L D D O
B0 -
?0% -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
- - -l —iiie.—-_.ad e i B ll i - il sl i - a ik

] : 1
R oo .. ] ] (PR U O £ sddsder ..
- [ -------- e o
I | H

N _ -~ I -
| 2008 | |

ME=0320354  MAE=1.06879 RMSE=6.28324 Improved calibration at event level and baseflow = needs further input

R(Correlation)=0.471926 R2(Nash_Sutcliffe)=0.115548

STDres=6.2746

refinement.
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[m] Total Snow storage.REV

Verde surface-subsurface (integrated) (Wé&—g}
™

A Wupaitki-Natiohat
Monument

S

hydrology = dominated by snowmelt J[i Q,,

J Red Lake : -
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IMS Snowcover

Many snow products — we chose 3:

SWE (snow water equivalent) observation station data (mm)
- SNOTEL and CoCoRahs stations

MODIS estimated Snow Cover (% of cell area covered by snow)
- NASA product; 500-m, daily

SWANN estimated SWE (mm)

- UA “Snowview” simulated product; 800m, daily, based on PRISM climate data, observ. Data,

Lacher Hydrological Consulting

‘V
D terrain, forest cover ——
INTEGRATED HYDRO SYSTEMS, LLQ
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100

80

Example 4 days
in Jan 2009

60

Y Coordinate
Snow Cover (%)
¥ Coordinate
Snow Cover (%)

e White = missing data

20

1e6 MODIS Snow Cover - example day: 2009-01-03
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MODIS vs observed SWE i [
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MSHE model predicts snow where the MODIS data
says it is not present = adjust snowmelt
parameters & lapse rates in MIKE SHE

1e6 MODIS Snow Cover - example day: 2009-01-01
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3 One NLDAS cell may span ‘%\7
several thousand feet in ] ) B
elevation

L Requires correction for
temperature and precip lapse
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NLDAS-2

)

N

Attribute

Spatial
Coverage

Spatial
resolution

Latency

Verde MIKE SHE will be among first BETA Testers for NLDAS -3

Summary of NLDAS-3 improvements

NLDAS-2 NLDAS-3
CONUS (25-53 North North America including Alaska, Hawaii, Puerto Rico and
[ 125-67 West) Central America (7-72 North / 169-52 West)
12.5-km
= >
~4 days

Precipitation CDC daily 12.5-km  Assimilation using gauges, CaPA, IMERG, with MERRA-2/
analysis over CONUS GEOS-IT as background

Surface NARR with constant MERRA-2/GEQOS-IT with advanced downscaling
meteorology lapse rate
adjustments
Land Surface 4 (Noah, VIC, 1 (Noah-MP)
Modeling Mosaic, SAC)
Surface Water None 1 (HyMAP)
i ] Modeling
0 7 14 21 28 35 42 49 56 63 Data None Assimilation of remotely sensed datasets of soil moisture

assimilation (e.q., SMAP), leaf area index (e.g., MODIS), snow (e.g.,

Spatial domain of NLDAS-2 (CONUS) vs. NLDAS-3 (North and Central America). AMSR), terrestrial water storage (GRACE-FO)

» Significant corrections for spurious precipitation values

-~ Lacher Hydrologic

» Corrections along borders of coverage area
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| Wells in Verde Basin MIKE SHE Model Domain

> 30,000 active pumping wells
Other wells — gw monitoring,
geothermal investigation, etc.
Data sources:
« ADWR S ERESNT leveEh  E b ST e IR
e Wells-55 N Y L o 1o LR sl e o el
* Comm. Water Syst.
* Prescott AMA
NWIS
Individual communities — SE&ZF TRE JEEER ¢ sl . S Ll G SRR
il Clrous e Bk Cyn | , g o AR, R

O wl
Kachinal\illage
. ¥ 3

ok |
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Population in Yavapai County Annual population change in Yavapai County

3%
240K
2%
;f 0INg 1%
220K
) 6 2010 2012 2014 2016 2018 2020 2022

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
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Pumping and Population Growth Have Decoupled

:

:
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Water System Pumping within Active Model Boundary

Yavapai
Co. Pop.
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https://www.google.com/search?client=firefox-b-1-d&g=watson+lake+prescott

:\Natson Lake |

¥ 0y
e A ¥
B P .--- S
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i e e R

» Affect downstream flows
* |Influence groundwater
recharge
e Seepage below reservoir
 Managed recharge near
airport
e Likely influence Del Rio
Springs

Willow Creek Dam and Reserveoir = Prescott AZ
Photo by: Short & Stanley-Brown 1939
@ Public bomain 1939




Note: Elevations based on

1

-\
N

T ANN ||
WATSON LAXE
CAPACITY CHART
In Acre Feet
Bottom of Outlet Pipe Elev. - 3¢ )
y Spillway Elev. 83.75 - - 4324 ; :
Flesd 4, 4 7 Top of Dam Elev. 85.75 - 47407 Willow Lake Storage Capacit
bt e ”7‘ “Ht (Capacity = 4740 Acre Feet) 5165 & P y —8— Prescott Storage -
Rating 5
Elev. 0 .1 2 .3 A -5 .6 7 .8 9 :
35 0 2 4 s 7 9 1 12 & 16 R ]
36 18 20 22 2% 26 28 29 31 33 35 —®— 1980 Starage i
37 37 39 41 43 45 47 49 s1 53 55 5155 Rating )
38 57 59 61 64 66 68 70 72 74 77 .
39 79 81 84 86 88 91 93 95 97 100 = )
. o ) i
40 102 106 107 109 112 114 117 119 122 124 g k0 ZDIHLIDAR, i
41 197 120 120 115 127 140 122 1< 129 1en e B Storage Rating :
Z 515
&
% —O—Willow Lake's
O 5140 Spillway
5180 g
—@— Prescott Storage ©
5175 B S 5135 —0—Willow Lake's
Lake Spillway Conservation CPE Distance | Approximate Dam
5170 Elevations Pool Elev Below Spill Storage Volume
(SE to CPE} —@— Willow Lake Rd at
Willow Dr
5165 Watson 5161.5 5152.0 9.5 Feet 1530 Ac/Ft
5140.5 5132.5 8.0 Feet 2100 Ac/ft ., A3 Inflet of Crass-Cut

i from Watson to
Water Surface Elevation (FT): Please note that assumed NAVD29 elevations are shiffted to NAVD88 Willow Lake

Storage (ACFT)

5155
Figure 4 — Willow Lake storage capacity in relation to elevation
g cyui oLl O BRESE A1 W] S N S . —
5150 2002 0 0 ! In AR | have not found SW deliveries t o
£ B 2003 | 362,346,312 1,112 | o o
TOP OF PRINCIPAL (8 2004 294,243,453 903 | I : I
5145 SPILLWAY EL 5164 + (§ 2005 526,901,067 | 1617 )
b = 2008 | 77878388 | 23
2007 0
2008 793,773,036
5140 . 2 2008 526,249,365
: Sy 2010 923,548,947
k i - 2011 179,863,235
5135 1 B - TOP OF DAM EL. 5166+ (Sitas a i ke ) / 2012 146,636,209 ) i - ) - .
4 e R s, . : 12" VALVE z i . 4 2013 | 437,373,505 1842 o o . .
% g < -ty T < e o e ol 4 | After Recreation Services Outdoor Festival, Ops moved large quantites
SE 2014 | 764120585 | 2345 | 415(Oct-S5T9AF.NOVBASAF) o -
5130 2015 974,884,280 | 2,992 55.3|Largest quantities moved April -July, backed off thereafter B
’ | |Recharge slowed in the summer due to reservoirs at or nearing their
o 1000 2000 3000 4000 2016 128,150,000 1,085 ~12.15,conservation pool. Late Oct/early Nov recharge resumed. |
[ |SRP contacted the City on 2/16/17 to commence recharge in
H | . " .
Water Surface Elevation [FT}: MNote that assumed NAVD29 elevatio nanTe creex o _— b {accordance with Stipulated Judgement, and again on 3/20/17 to
SIS FIGURE 3 | continue to recharge to March 31, 2017. In early April the Gity had 0
2017 1,351,629,948 | 4,148 77.8|recharged approx. 1,150 AF. -
: : | = : ,
Figure 2 — Watsor e starage capacl o Ea el |
= R S
2000-2015 a =
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Big Chino Irrigation

112°30°0"W

Fiqure 9-1: Big Chino Crop Survey
2021 at Paulden

12300 W

A Afalfa & Grass Sod #" No Crop Evident (Abandoned/Fallow)

Grain

Pasture #f Vegetable £ Groundwater Sub-basin (ADWR)

Map Courtesy of

Sk
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defined for unique crop type and irrigation water source
(eg, crop type, rooting depth, crop coefficient, crop stress factor)

(eg, stream, ditch, groundwater)

- > e

(T... Precip, ReferenceET) from NLDAS combined with crop

air,
@ @ UINE

CROP STRESS (%RefET) —> Triggers WATER APPLIED TO SATISFY CROP DEMAND (Q;;,)

%
INTEGRATED HYDRD SYSTEMS, LG
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MIKE SHE Groundwater Irrigation Example

WD -y ,
Irrigation well specs
from ADWR Database

Lacher Hydrolog
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High-resolution (100-m grid) and
directly compatible with new




supplied by USGS gaging stations
(red arrows)

Regional model provides daily
changes in groundwater level
along entire VVOC model
boundary for all 8 model layers.

o
i =
y P

N - N
[NEWMAN CANYON ABOVE UBRER LAKE MARYGAZ-+
- = e
&

O K SEDONA, AZ
avgaa\f?ex R SEDONA,

0

MormoniLake

@
(Be.. SRCREEK'NEAR RIMROCK, AZ _J
I S )

Eam}\/‘e’r

e T

Happy Jack

sy 9 <

L EAR CREEK NEAR CAMI
L N
» & Y %

=z Lacher Hydrologic

INTEGRATED HYDRQ SYSTEMS, LLQ




[ ] [ ]
| O ‘ a ; D ‘ I l O O I ‘ B. Middle Verde River watershed and adjacent Coconino Plateau
K QUATERNARY? —(Qal) Poorly sorted gravel, sand, silt and clay of channel and
floodplain deposits; finely stratified clay, silt, sand, and gravel
terrace facies
IVI | ‘ LEASALITL ROUAS (U1 N HOLOCENE TO LATE PLIOCENE'2— (b} Basaltic rocks
Formation
1,600-4,000 (3 layers) TERTIARY 23— (Ty) Lacustrine deposit primarily composed of a thick lime-
e r e a e r e a stone with marly imestone, mudstone, and sandstone facies
with nterbeds of basalt

Volcanics-Basalt
TERTIARY'—(Tby) Younger basalt

TERTIARY'—Basalt flows (Thb) and underlying sedimentary
units (Ths)

Quaternary/Tertiary:
1. Alluvium plus Upper Verde e
2. Middle Verde coglonerts i i
3. Lower Verde

PERMIAN?—Limestone or dolomitic limestone

PERM IAN’—Ahernaling layers of friable and soft
sandstone, silstone, and shaly mudstone
with fine- to coarse-grained sandstone
inthe lower parts of the unit

Coconino PERMIANZ—Very fine to fine-grained well-cemented
Sandstone sandstone
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PENNSYLVANNIANZ " . LATE
AND PERMIAN —Alternating beds of sandstone, siltstone, PALEDZOIC

mudstone, and limestone UNITS (Pzg}

Pennsylvannian
i 2
and Permian SUPAI PENNSYLVANNIAN —Primarily sandstone with some siltstane,
180-620 AND PERMIAN 404 mudstone
GROUP

Redwall 1518 SIPPIAN"—Coarse-grained crystalline limestone

EARLY

; 2 polom PALEOZOIC
Devonian and DEVONIAN?—Dolomite UNITS (o)

Cambrian

Lacher Hydrological Consulting

\ T | g ko CAMBRIAN—Medium to very coarse-grained
. crossbedded sandstone
\ PRECAMBRIAN—(p€) Metamorphosed and tuffaceous rocks
DeWitt and others, 2005
D oWitt and others, in press
Blangsnhsim and others, 2005

,

Figure 17. Continued.
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Northing

410,000.0
T T T

Easting
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430,000.0
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410,000.0
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Q00

Cottonwood Section

Cross-sections Reveal Areas of Potential
Connection to Verde River Flows
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VERDE VALLEY NW SECTION

Verde Valley NW Section




1
aol}
c
=
S
(%))
c
(@)
(@]
©
O
)
o
o
—
o
>
I
j -
3]
<
O
©
-
.

1,150

1,100

1,050

Meters

1,000

950

Oak Creek Section

Cl

— 3,750




Lithologic Trends Across Verde Valley

More Clay

More Limestone = o/ More Sandstone
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BOREHOLE LOGS INTERPOLATED TO 3D SURFACES
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d Water Management Alternatives Analysis

O Irrigation improvements
O Flood-control projects
O Recharge projects

d Water Supply Studies
O Water budgets
O Future demand analysis
O  Groundwater sustainability (AWS)

d Water Resources Development Planning
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» Permit analysis of human-caused and natural changes to Verde Basin
hydrologic system

»Shared and open development process invites parties to contribute and
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