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Figure 1 - Location map of the Verde River, central Arizona. Coverages of 
Interstate 17 and city boundaries are included for spatial reference.
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Figure 2 - Location map of study area within Verde River corridor, central
Arizona. Interstate 17 and relevant tributaries are included for spatial reference.
Blue polygon surrounding main channel is study area.
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1.2.1 Geology 
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Figure 3 - Geologic map of the Verde Valley, central Arizona (after Richard, et al., 
2000). 
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Map Unit Legend 

Quaternary Surficial deposits, undivided (0-2 Ma) 

Holocene to middle Pliocene Basaltic rocks (0-4 Ma)  

Holocene to middle Pliocene Volcanic rocks (0-4 Ma)  

Holocene river alluvium (0-10 ka)  

Holocene Surficial Deposits (0-10 ka)  

Late and Middle Pleistocene Surficial Deposits (10-750 ka)  

Early Pleistocene to latest Pliocene surficial deposits (0.75-3 Ma)  

Early Pleistocene to late Miocene basin deposits (0.75-10 Ma)  

Pliocene to middle Miocene Volcanic rocks (2-12 Ma)  

Pliocene to middle Miocene deposits (2-16 Ma)  

Pliocene to late Miocene Basaltic Rocks (4-8 Ma)  

Late to middle Miocene Basaltic Rocks (8-16 Ma)  

Middle Miocene to Oligocene Volcanic and Sedimentary rocks, undivided (11-32 Ma) 

 Middle Miocene to Oligocene Sedimentary rocks (11-32 Ma)  

Middle Miocene to Oligocene Volcanic rocks (11-38 Ma)  

Middle Miocene to Oligocene Granitic rocks (14-26 Ma)  

Middle Miocene to Oligocene Shallow Intrusions (14-35 Ma)  

Tertiary to Early Proterozoic Gneissic rocks (15-1800 Ma)  

Oligocene to Paleocene[?] Sedimentary rocks (30-65 Ma)  

Early Tertiary to Late Cretaceous Muscovite-bearing Granitic rocks (50-80 Ma)  

Early Tertiary to Late Cretaceous Granitic rocks (50-82 Ma)  

Early Tertiary to Late Cretaceous Volcanic rocks (50-82 Ma)  

Orocopia Schist (Cretaceous - Jurassic, 65-165 Ma)  

Cretaceous to Upper Jurassic Sedimentary rocks with minor volcanic rocks (80-160 Ma)  

Sedimentary rocks of the Upper Cretaceous Mesaverde Group (84-88 Ma)  

Cretaceous Sedimentary rocks (about 88-97 Ma)  

Morrison Formation (Late Jurassic, about 145-160 Ma)  

Jurassic Sedimentary and Volcanic rocks (150-170 Ma)  

Jurassic Granitic rocks (150-180 Ma)  

Jurassic Volcanic rocks (160-200 Ma)  

Jurassic and Triassic Sedimentary and Volcanic rocks (160-240 Ma).  

Jurassic to Cambrian Metamorphosed Sedimentary rocks (160-540 Ma)  

San Rafael Group (Late to Middle Jurassic, about 160-180 Ma)  

Glen Canyon Group (Early Jurassic, about 180-210 Ma)  

Chinle Formation (Late Triassic, 210-230 Ma)  

Shinarump Conglomerate Member  

Moenkopi Formation (Middle(?) and Early Triassic, 230-245 Ma)  

Paleozoic Sedimentary rocks (248-544 Ma)  

Permian Sedimentary rocks (270-280 Ma).  

Permian to Pennsylvanian Sedimentary rocks (280-310 Ma)  

Mississippian, Devonian, and Cambrian Sedimentary rocks (330-540 Ma)  

Middle Proterozoic Sedimentary rocks (700-1300)  

Middle Proterozoic Diabase (1050-1150 Ma)  

Proterozoic Granitic rocks (1400-1800 Ma)  

Middle Proterozoic Granitic rocks (1400-1450 Ma)  

Early Proterozoic Granitic rocks (1600-1800 Ma)  

Early Proterozoic Metasedimentary rocks (1600-1800 Ma)  

Early Proterozoic Quartzite (1650? -1700 Ma)  

Early Proterozoic Metavolcanic rocks (1650 to 1800 Ma)  

Early Proterozoic Metamorphic rocks (1600-1800 Ma) 

Contacts 

Contacts  

Faults 

Faults  

 

 

Figure 3, continued
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Figure 4 - Channel deposit thickness in the Verde Valley within the study area.
Partial exposure of channel deposit along Verde River near Camp Verde, 
central Arizona. This low terrace exposure is about 3 meters, and displays the low 
end of the typical local channel deposit thickness, ranging from 2 to 30 meters.

~ 3 meters
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Figure 5 - River valley exposures of the Verde River, central Arizona (after
Richard, et al., 2000). Refer to Figure 3 for map legend.
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Figure 7 - Map of  major tributaries of the Verde River, central Arizona.
Interstate 17 and city areas for Cottonwood and Sedona are included
for spatial reference.
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1.2.2 Settlement 
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1.2.3 Demographics 
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1.3.1 Water demand and supply 
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Subject Total Margin of 
Error (+/-) Male Margin of 

Error (+/-) Female Margin of 
Error (+/-)

Median 
earnings 
(dollars)

Margin of 
Error (+/-)

Civilian 
employed 
population 16 
years and over 92,128 1,858

53.7%

1

46.3%

1 26,264 766

Agriculture, forestry, 
fishing and hunting, 
and mining: 2,957 728 71.6% 10.1 28.4% 10.1 28,543 8,211

Agriculture, 
forestry, fishing 
and hunting 1,504 619 62.6% 18.6 37.4% 18.6 18,539 3,141

Mining, quarrying, 
and oil and gas 
extraction 1,453 389 80.9% 7.8 19.1% 7.8 43,222 4,413

Construction 11,207 1,196 89.3% 3.3 10.7% 3.3 30,313 2,523
Manufacturing 5,487 771 68.9% 6.3 31.1% 6.3 31,767 2,161
Wholesale trade 2,177 564 79.5% 9.1 20.5% 9.1 32,083 2,516

Retail trade 13,085 1,198 50.5% 3.9 49.5% 3.9 22,824 2,083
Transportation and 
warehousing, and 
utilities: 2,970 552 74.9% 7.8 25.1% 7.8 44,096 6,662

Transportation 
and warehousing 2,084 429 74.9% 8.2 25.1% 8.2 38,833 6,452
Utilities 886 378 75.1% 16.7 24.9% 16.7 54,413 8,100

Information 1,307 311 61.4% 13.1 38.6% 13.1 28,093 5,888
Finance and 
insurance, and real 
estate and rental 
and leasing: 4,838 660 36.4% 7.1 63.6% 7.1 31,415 1,582

Finance and 
insurance 1,929 401 25.8% 9.6 74.2% 9.6 33,622 7,087

Real estate and 
rental and leasing 2,909 559 43.5% 9.9 56.5% 9.9 30,042 9,641

Professional, 
scientific, and 
management, and 
administrative and 
waste management 
services: 8,789 1,164 55.4% 6 44.6% 6 27,546 2,030

Professional, 
scientific, and 
technical services 4,197 735 53.7% 6.4 46.3% 6.4 31,923 2,757

Table 1 - Employment statistics by sector of Yavapai County  workforce 
(Arizona Department of Economic Security [ADES], 2008)
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Table 1, continued.

Management of 
companies and 
enterprises 43 49 44.2% 55.8 55.8% 55.8 - **
Administrative 
and support and 
waste 
management 
services 4,549 903 57.0% 10.1 43.0% 10.1 23,335 3,268

Educational 
services, and health 
care and social 
assistance: 18,281 1,254 31.1% 3.4 68.9% 3.4 28,229 2,816

Educational 
services 7,128 1,001 38.7% 6 61.3% 6 23,095 5,421
Health care and 
social assistance 11,153 1,123 26.2% 4 73.8% 4 30,623 1,602

Arts, entertainment, 
and recreation, and 
accommodation 
and food services: 12,395 1,302 48.2% 5.7 51.8% 5.7 16,487 1,206

Arts, 
entertainment, 
and recreation 2,740 535 44.5% 9.5 55.5% 9.5 19,817 4,180

Accommodation 
and food services 9,655 1,243 49.2% 6.4 50.8% 6.4 16,050 1,201

Other services, 
except public 
administration 4,731 773 48.9% 6.9 51.1% 6.9 17,143 3,331
Public 
administration 3,904 839 42.3% 7.4 57.7% 7.4 40,527 3,423
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1.3.2 Ditch systems overview 
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Figure 8 - Verde Ditch head gate and spillway. Initial spillway is on right side of 
picture, while the head gate is on the lower left side. Note the large percentage of flow
that the spillway is returning to the river. Blue arrows indicate flow direction.
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Figure 9 - Location map of Eureka Ditch diversion and head gates, Camp 
Verde, central Arizona. The first major spillway in on the ditch before the 
head gates control flow diverted into the ditch proper. Red arrow is diversion,
and yellow arrow is location of head gates.
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Figure 10 - Location map of Eureka Ditch return flow to Beaver Creek, Camp
Verde, central Arizona. Red arrow is return location.
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OK Ditch

Diamond S Ditch 
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Figure 11 - Location map of OK Ditch diversion and head gates, Camp Verde,
central Arizona. First major spillway of ditch is above headgate control structure.
Red arrow is diversion location, and yellow arrow is head gate location.
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Figure 12 - Location map of OK Ditch return flow to Verde River, Camp Verde,
central Arizona. Terminal spillway contributes discharge to Eureka Ditch system 
above first water user. Red Arrow is top of terminal spillway.
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Figure 13 - Location of Diamond S Ditch diversion and head gates, Camp Verde,
central Arizona. Red arrow is diversion structure, and yellow arrow is head gate
structure. Initial spillway is directly above the head gates.
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Figure 14 - Location map of Diamond S Ditch return flow to Verde River, Camp
Verde, central Arizona. Red arrow is return flow.
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Figure 15 - Location map of the Verde Ditch diversion and head gates, Camp
Verde, central Arizona. Red arrow is diversion structure, and yellow arrow is 
headgate. Large initial spillway is directly above head gate structure. Black
triangle is gap in aerial photo coverage.
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Figure 17 - Location map of Verde Ditch main return flow to Verde River, Camp 
Verde, central Arizona. Red arrow is main return flow.
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2.2.1 Geographic Information System 
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Figure 18 - Sample GIS of the Verde Valley river and irrigation system,
displaying vector and raster data. Aerial orthophoto base is raster data, while 
other displayed features are vector data.
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GIS Datasets for middle Verde Valley (Applicable to study)
Feature Dataset Feature Classes Description Source
County Data

00buildings Building footprints Yavapai County GIS
04buildings Building footprints Yavapai County GIS
parcels Land parcels and ownership Yavapai County GIS

Geology
Basin_Labels Drainage basin labels ADWR
Basin_Outline Drainage basin borders ADWR
Basin_polygon Drainage basin coverage ADWR
faults Faults ADWR
springs Springs ADWR
verde_stream Main channel of Verde River GRAIL

Irrigation
ditches Irrigation ditches ADWR/SRP/TNC
diversion_pt Location of diversions
Diversions Diversion polyline
GWSI_wells groundwater surface inventory wells ADWR/SRP/TNC
irrigation Irrigated acreage ADWR/SRP/TNC
laterals partial coverage of irrigation laterals ADWR/SRP/TNC
outflow Location of return flows
spillway Partial coverage of major spillways
wells55 Registered wells ADWR/SRP/TNC

Reference
az_city_pnt Location of AZ cities GRAIL
city_poly Coverages of spatial extent of AZ cities GRAIL
roads Location of roadways GRAIL

Vegetation
1940_mesq vegetation coverages Masek-Lopez, 200
1940_rip vegetation coverages Masek-Lopez, 200
1968_mesq vegetation coverages Masek-Lopez, 200
1968_rip vegetation coverages Masek-Lopez, 200
1995_mesq vegetation coverages Masek-Lopez, 200
1995_rip vegetation coverages Masek-Lopez, 200
Riparian_veg vegetation coverages Masek-Lopez, 200
mesquite vegetation coverages Masek-Lopez, 200

Table 5 - 
 Sources include Yavapai County GIS, Arizona Department of Water Resources 
(ADWR), Salt River Project (SRP), Then Nature Conservency (TNC), the 
Geospatial Research and Information Laboratory (GRAIL) at Northern Arizona 
University, and thesis research from this study and Masek-Lopez, 200 .
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Figure 21 - Example of 

A

B
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Figure 22 - Example of resolution of data  aerial orthophotos. 
Note that data resolution of channel polyline is very high, due to quality of 
aerial photos and the relative size of the represenative shapefile
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Feature Original Milage (Alam) Updated Milage Percent change
Verde Ditch 17 14.93 -0.14
Diamond S Ditch 4.9 3.695 -0.33
Eureka Ditch 7.6 7.01 -0.08
O.K. Ditch 5.5 5.882 0.06
Feature Alam diverted Q (ave) Tinlin diverted Q (max)
Verde Ditch 50 58
Diamond S Ditch 21 26
Eureka Ditch 15 18
O.K. Ditch 30 32
Feature Measured Q (ave) Measured Q (max)
Verde Ditch 26.35 88.32
Diamond S Ditch 26.25 28.36
Eureka Ditch 9.13 15.7
O.K. Ditch 16.37 24.66
Feature percent change (Alam) percent change (Alam)
Verde Ditch 0.47 -0.77
Diamond S Ditch -0.25 -0.35
Eureka Ditch 0.39 -0.05
O.K. Ditch 0.45 0.18
Feature percent change (Tinlin) percent change (Tinlin)
Verde Ditch -0.16 -0.52
Diamond S Ditch -0.24 -0.09
Eureka Ditch -0.20 0.13
O.K. Ditch -0.07 0.23

Table 6 - Corrected geospatial measurements of irrigation ditches
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2.2.2 Channel survey

2.2.3 Ditch flow instrumentation
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GIS Datasets for middle Verde Valley (Applicable to study)
Feature Dataset Feature Classes Description Source Error estimate
County Data

00buildings Building footprints Yavapai County GIS unknown
04buildings Building footprints Yavapai County GIS unknown
parcels Land parcels and ownership Yavapai County GIS unknown

Geology
Basin_Labels Drainage basin labels ADWR unknown
Basin_Outline Drainage basin borders ADWR unknown
Basin_polygon Drainage basin coverage ADWR unknown
faults Faults ADWR unknown
springs Springs ADWR unknown
verde_stream Main channel of Verde River GRAIL "+/- 2 meters

Irrigation
ditches Irrigation ditches ADWR/SRP/TNC "+/- 0.5 meter
diversion_pt Location of diversions "+/- 1 meter
Diversions Diversion polyline "+/- 1 meter
GWSI_wells groundwater surface inventory wells ADWR/SRP/TNC unknown
irrigation Irrigated acreage ADWR/SRP/TNC "=/- 0.25 meter
laterals partial coverage of irrigation laterals ADWR/SRP/TNC unknown
outflow Location of return flows "+/- 0.5 meter
spillway Partial coverage of major spillways "+/- 0.5 meter
wells55 Registered wells ADWR/SRP/TNC unknown

Reference
az_city_pnt Location of AZ cities GRAIL unknown
city_poly Coverages of spatial extent of AZ cities GRAIL unknown
roads Location of roadways GRAIL unknown

Vegetation
1940_mesq vegetation coverages Masek-Lopez, 200 unknown
1940_rip vegetation coverages Masek-Lopez, 200 unknown
1968_mesq vegetation coverages Masek-Lopez, 200 unknown
1968_rip vegetation coverages Masek-Lopez, 200 unknown
1995_mesq vegetation coverages Masek-Lopez, 200 unknown
1995_rip vegetation coverages Masek-Lopez, 200 unknown
Riparian_veg vegetation coverages Masek-Lopez, 200 unknown
mesquite vegetation coverages Masek-Lopez, 200 unknown

Table 7 - Error estimates by  file  Error listed as 
“unknown” was taken as-is from sources, and was not spatially edited,
due to large datasets with limited field access.
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Figure 26 - Cross section surveys annotated by date of collection. Areas bracketed
by red arrows were collected in December 2008, green arrows were collected in
January 2009, blue arrows were collected in February 2009, yellow arrows were 
collected in March 2009, and pink arrows were collected in April 2010.
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Figure 27 - Example of pressure transducers deployed at headgates and return
flows of Camp Verde area irrigation ditches. Model shown is Level Troll 900, 
InSitu LLC, Ft. Collins, CO.
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Figure 28 - Example of pressure transducer deployed at head gate of the Eureka
Ditch, Camp Verde, central Arizona. This deployment is down the ditch from the
head gates, and is above the first water user. This site is located within a concrete
weir, and the site is also utilized by Salt River Project (SRP) as a gauging station.
Blue arrow indicates flow direction.

58



Serial # Unit designation Location Tolerance Software
132535 Level Troll 500 Diamond S head 5 psi WinSitu 5
134774 Level Troll 500 Diamond S return 5 psi WinSitu 5
120789 Level Troll 700 OK head 30 psi WinSitu 5
120797 Level Troll 700 OK return 30 psi WinSitu 5
18532 miniTroll 900 Eureka head 15 psi WinSitu 4
18432 miniTroll 900 Eureka weir 15 psi WinSitu 4
18478 miniTroll 900 Eureka return 15 psi WinSitu 4

136732 Level Troll 500 Verde head 5 psi WinSitu 5
120802 Level Troll 700 Verde return 30 psi WinSitu 5

Table 8 - Summary of pressure transducer type, tolerance, interface software, serial
number, and deployment location
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2.2.4 Elevation model
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Site Measurement date Measured Stage (ft) Calculated Stage (ft) Percent difference
OK headgate 6/1/2009 1.75 1.580 0.10

6/24/2009 1.55 1.580 (0.02)
8/11/2009 1.8 1.820 (0.01)
9/28/2009 1.7 2.130 (0.25)

11/11/2009 2.41 2.820 (0.17)
Site Average 1.84 1.99 (0.08)
OK return 6/1/2009 1.5 1.300 0.13

6/24/2009 1.21 1.210 0.00
8/11/2009 1.27 1.210 0.05
9/28/2009 0.8 0.970 (0.21)

11/11/2009 1.52 1.440 0.05
Site Average 1.26 1.23 0.03
Eureka headgate 9/30/2008 1.134 1.134 0.00

10/28/2008 1.144 1.144 0.00
6/24/2009 1.226 1.230 (0.00)
9/21/2009 1.457 1.457 0.00
9/28/2009 1.361 1.361 0.00

10/22/2009 1.338 1.338 0.00
Site Average 1.28 1.28 (0.00)
Eureka return 6/24/2009 0.9 1.009 (0.12)

8/11/2009 0.85 1.070 (0.26)
9/21/2009 1.4 1.290 0.08

10/22/2009 1.36 1.400 (0.03)
5/9/2010 1.59 1.501 0.06

Site Average 1.22 1.25 (0.03)
Diamond S headgate 11/25/2008 3.2 2.620 0.18

6/1/2009 2.791 2.897 (0.04)
9/28/2009 3 3.110 (0.04)

10/22/2009 3.24 3.290 (0.02)
5/9/2010 2.84 2.690 0.05

Site Average 3.01 2.88 0.04
Diamond S return 11/25/2008 1.2 1.730 (0.44)

6/10/2009 1.3 1.520 (0.17)

Table 9 - Comparison of simulated stage to measured stage

61



Table 9, continued

9/21/2009 1.4 1.450 (0.04)
10/22/2009 0.92 1.100 (0.20)

5/9/2010 1.31 1.400 (0.07)
Site Average 1.23 1.44 (0.17)
Verde headgate 6/8/2009 2.6 2.360 0.09

8/3/2009 1.8 1.807 (0.00)
9/28/2009 1.8 1.737 0.03

10/22/2009 1.4 1.490 (0.06)
5/9/2010 2.1 1.936 0.08

Site Average 1.94 1.87 0.04
Verde return 6/8/2009 0.48 0.522 (0.09)

8/3/2009 0 0.053 0.00
8/12/2009 0.4 0.440 (0.10)
9/21/2009 1.3 1.420 (0.09)

10/22/2009 1.4 1.720 (0.23)
5/9/2010 0.7 0.959 (0.37)

Site Average 0.71 0.85 (0.19)
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Instrument location Correction curve R2 error for correction curve
y=0.7196x+0.899 0.0825
y=2.2035x-1.371 0.0591
Null 0
y=x-9.099 0.0017
y=0.8864x+0.4258 0.0147
y=-0.2364x+(1.7591) 0.0009
y=3.4188x-0.7974 0.0017
y=0.8896x+0.0366 0.0298
Rating curve R2 error for discharge rating curve
y=0.2238x-0.0298 0.0669
y=0.1756x-0.0234 0.0736
y=0.2667x 0.041085
y=0.1062x-0.0331 0.1137
y=0.2521x 0.0051
y=0.4201x-0.0005 0.0005
y=0.448x+0.0113 0.0096
y=6.2832x 0.0405
Systemic error in instrument Propagated error

0.05 0.1174
0.05 0.1068
0.05 0.0647
0.05 0.1242
0.05 0.0524
0.05 0.0500
0.05 0.0509
0.05 0.0709

Table 11 - Rating curve equations and R2 error propagation
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Figure 29 -  DEMs 
create raster cells in a grid format, with each pixel having a representative 
elevation embedded within it. Interpolation can be problematic if elevation 
data is widely spaced.
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Figure 30 -  TINs 
use a series of elevation points and breaklines to connect elevation points by
triangulation to interpolate continuous elevation profiles. TINs are best suited to 
representing surfaces with irregular elevation data.
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2.2.5 Hydraulic model
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2.2.6 Analysis and interpretation 
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4.1.1 Instrumentation

79



Figure 31 - Location map of  deployed 
Yellow points indicate instrument 

placement, and coverages representing Interstate 17, Verde River, and tributaries 
are included for spatial reference.
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Figure 32 - Pressure transducer installed at Eureka Ditch , Camp Verde, 
Arizona. Shortly after this location, flow is returned to Beaver Creek.
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Figure 33 - Pressure transducer installed at OK Ditch Camp Verde,
Arizona. This location is about 10 yards downstream of the initial major 

spillway returning flow to the Verde River.  Blue arrow indicates flow direction.
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Figure 34 - Pressure transducer installed at OK Ditch Camp
Verde, central Arizona. This outlet is next to Grandpa Wash, which contributes
some of the OK return flow to the Eureka Ditch.
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Figure 35 - Pressure transducer installed at Diamond S Ditch Camp 
Verde, central Arizona. This concrete weir is directly at the headgates of 
the ditch, and is directly downstream of a major spillway returning significant
flow to the Verde River.
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Figure 36 - Pressure transducer installed at Diamond S Ditch  Camp 
Verde, central Arizona. This culvert is directly downstream of the final flow 
diverted from the ditch into a storage tank.
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4.1.2 Rating curves

4.1.3 Stage correction
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Figure 37 - Pressure transducer installed at Verde Ditch head gate prior to high-flow
displacement, Camp Verde, central Arizona. Instrument was recovered after August 
2009 floods and relocated to river left side of structure. Blue arrow indicates flow 
direction.
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Figure 38 - Pressure transducer installed at Verde Ditch
Camp Verde, central Arizona. Current location of transducer (pictured) 

is on rive left side of headgate structure.
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Figure 39 - Pressure transducer installed at Verde Ditch  Camp
Verde, central Arizona. Location is downstream of terminal water user.
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4.1.4 Discharge estimation

4.1.5 Data simplification
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Figure 40 - Example cross section of velocity/area calculation of SonTek
flowmeter easurement taken using 6/10  method at OK headgate.
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Figure 41 - Locations of data collection gaps  
accesibility issues. Most common was deep sediment in channel bottom over 
wide channel sections, where decreases in velocity increased sediment 
deposition. Narrow rapid sections also limited accessibility.
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Figure 42 - Example cross-section extracted from elevation map of study area.
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Figure 43 - Example cross-section merging survey data with TIN-extracted data.
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Figure 44 - Hydrologic environmental center river analysis system (HEC-RAS)
output of channel detail in x-y-z profile plot for hydraulic model area.
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5.1.1 Hydraulic model framework

102



103



104



 5.1.2 Schematic model and river reaches
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Figure 45 - Example cross-section showing point property adjustments for sep ration
of frictional coefficients.
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Figure 46 - Example cross-section showing line property adjustments for placement
of channel properties such as thalwag and channel banks.
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Figure 47 - One dimensional network schematic for operational data of HEC-RAS
model.
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Figure 48 - Location of flow change  within one dimensional model coverage. 
Red arrows indicate flow change due to ditch diversion and return flow, 
and green arrows are flow change due to tributaries.
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Figure 49 - 
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5.1.3 HEC-RAS Model Construction 
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Figure 50 - Location of flow change  within HEC-RAS model. Red arrows indicate
flow change due to ditch diversion and return flow, and green arrows are flow 
change due to tributaries.
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Figure 51 - Example of cross-section from HEC-RAS model showing overbank
stage rather than low flow constrained by channel.
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5.2.1 Model application 
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Figure 52 - Profile view of HEC-RAS steady-state model output for study reach of
middle Verde River, Camp Verde, central Arizona.
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5.2.2 Analytic model output and post-processing
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7.1.1 Ditch instrumentation

OK Ditch
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Eureka Ditch

Verde Ditch
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Figure 53 - Discharge and return flow of the OK Ditch, Camp Verde, central Arizona.
Black arrow shows ditch closure, and white arrow shows resumption of operations.
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Figure 54 - Discharge and return flow of the Eureka Ditch, Camp Verde, central 
Arizona. Black arrows show ditch closure, and white arrows show resumption of 
operations.
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Diamond S Ditch
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Figure 55 - Discharge and return flow of the Verde Ditch, Camp Verde, central 
Arizona. Black arrow shows ditch closure, and white arrow shows resumption of 
operations. Solid black line is diverted flow, and dashed black line is returned flow.
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Figure 56 - Discharge and return flow of the Diamond S Ditch, Camp Verde, central 
Arizona. Black arrows show ditch closure, and white arrows show resumption of 
operations. Solid black line is diverted flow, and dashed black line is returned flow.
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7.1.2 River and tributary flows

Verde River

Oak Creek
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Beaver Creek

West Clear Creek

7.1.3 Compilation of geospatial data
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7.1.4 Model output
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Figure 57 - Comparison of simulated channel top width to surveyed and remotely
mapped top width. Reported values are percentage change between simulated and 
observed values. Green bars denote a ten percent error margin, with smaller 
differences observed from remotely mapped top widths photographed in May 2005,
during low flow conditions.
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Figure 58 - Comparison of simulated velocity between modeling parameters
consisting of no diversion, one diversion (OK Ditch), and all diversions.
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Figure 59 - Comparison of simulated flow area between modeling parameters
consisting of no diversion, one diversion (OK Ditch), and all diversions.
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Figure 60 - Comparison of simulated top width between modeling parameters
consisting of no diversion, one diversion (OK Ditch), and all diversions.
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Figure 61 - Comparison of simulated hydraulic radius between modeling parameters
consisting of no diversion, one diversion (OK Ditch), and all diversions.
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7.2.1 Implications of ditch instrumentation

7.2.2 Implications of model output

Discussion of changing management strategies
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Effects of ditches on river flows
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Location of hydraulic parameter rebound from single diversion

Figure 6  - Location of return to undiverted hydraulic parameter values after 
modeling a single diversion (OK Ditch).
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