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Definition of Navigability

A.R.S. § 37‐1101(5)

“Navigable” or “navigable watercourse” means a
watercourse that was in existence on February 14, 1912,
and at that time was used or was susceptible to being
used, in its ordinary and natural condition, as a highway
for commerce, over which trade and travel were or could
have been conducted in customary modes of trade and
travel on water.



3

Definition of Navigability

PPL Montana
• …evidence [of present-day, primarily recreational use]
must be confined to that which shows the river could
sustain the kinds of commercial use that, as a realistic
matter, might have occurred at the time of statehood.
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Channel Classification Relevant to Gila River Navigability

Source:  Schumm (1981) 
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Examples of Channel Types

Single-thread “Navigable” Channel
U.S. v Utah
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Examples of Channel Types

Single-thread Meandering Channel
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Examples of Channel Types

Vertical Exaggeration:  40V:1H
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Examples of Channel Types

Vertical Exaggeration:  40V:1H

Braided Cobble-bed Channel
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Examples of Channel Types

Braided Cobble-bed Channel
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Channel Pattern IS Relevant to Navigability

Braided channels:
• Wide, shallow cross section

• Multiple, unstable (i.e., shifting) channels

• NOT conducive to boating

Typical Braided Reach of Gila River 
~3.5 mi Below Gillespie Dam
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Upper Salt River
Segments  and Key Features
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Lower Salt River
Segments  and Key Features
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UPPER SALT

SEGMENT 2

SEGMENT 3 
UPSTREAM FROM ROOSEVELT RESERVOIR
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Corkscrew Rapid and Quartzite Falls (~RM 80)

200 ft

Quartzite Falls

Corkscrew Rapid
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Blackrock Rapid (RM 97.6)

200 ft

Blackrock Rapid
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Lower Corral Creek and Rapid (~RM 90.6) 

Lower Corral Creek

Lower Corral Rapid

200 ft
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Devil-Pandejo Rapid and Unnamed Tributary (~RM 93.2) 

Unnamed Tributary

Devil-Pandejo Rapid

200 ft
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Horseshoe Bend Rapid (~RM 81) 

200 ft
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Upper Salt River (RM 105)

200 ft
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Quartzite Falls



22

Gleason Flats and Gleason Rapid 

Gleason Rapid
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USFS Salt River Permit Website

The Salt River Canyon is a very remote and
potentially dangerous place. The river is a
solid Class III-IV run, and is not
recommended for novices and beginners.
(http://www.fs.usda.gov/detail/tonto/passes-permits/?cid=fsbdev3_018757)

http://www.fs.usda.gov/detail/tonto/passes-permits/?cid=fsbdev3_018757
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Upper Salt River Recreation Opportunity Guide
USFS (1995)

There are several rapids which can go to a
solid Class IV at certain water levels. This
river is usually run in small rafts and in
kayaks. It is not suitable for… open
canoes, etc. It is also unsuitable for large
rafts.
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Just a short two and one-half hour

drive from central Phoenix is a

special river that relatively few

boaters get to enjoy, mainly due to

its short unpredictable season.

The boating season for the Salt

typically begins in early March and

runs through April with anything from

dangerously high water to rock-

scraping low water possible.
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Arizona Daily Star 
March 9, 2014

http://tucson.com/business/local/rafting-companies-canceling-seasons-due-to-dry-arizona-winter/
article_c76c1762-e6f8-5d87-9981-b5537108b628.html

http://tucson.com/business/local/rafting-companies-canceling-seasons-due-to-dry-arizona-winter/
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Mean Daily Flow-duration Curves
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Segment 2 Hydrographs

Chrysotile Mean

Chrysotile Median

Chrysotile 90%
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Annual Runoff Volume at Roosevelt Gage
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ASLD Map
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Would a highway system be open for commerce if 
bridges were out every 1.4 miles (average spacing of 

Class III/IV rapids in Segment 2)?
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UPPER SALT

SEGMENT 3 ROOSEVELT RESERVOIR
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Median Mean Daily Flows
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Segment 3 Hydrographs
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Roosevelt Mean

Roosevelt 90%



53

Roosevelt Lake
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Roosevelt Lake
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USRS 1915

Roosevelt Dam

Tonto Creek
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USRS 1915
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USRS 1915
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USRS 1915
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USRS 1915
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Longitudinal Profiles
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USRS 1908
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UPPER SALT

SEGMENT 4
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~2 mi Below Roosevelt Dam
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~4 Miles Below Horse Mesa Dam 
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Mormon Flat Dam 
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Longitudinal Profiles
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Salt River Valley Water Users Association (1926)
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Salt River Valley Water Users Association (1926)
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Salt River Valley Water Users Association (1926)
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Salt River Valley Water Users Association (1926)
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Salt River Valley Water Users Association (1926)
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Salt River Valley Water Users Association (1926)
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Salt River Valley Water Users Association (1926)
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HISTORICAL PHOTOGRAPHS PPT
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LOWER SALT

SEGMENTS 5 & 6
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316 1914-2015

246 1914-2015

171 1958-2015
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Fuller Median Flow Estimate
Segment 6

𝟖𝟖𝟗, 𝟎𝟎𝟎
𝒂𝒇

𝒚𝒓
∗

𝟒𝟑, 𝟓𝟔𝟎
𝒇𝒕𝟑

𝒂𝒄

𝟖𝟔, 𝟒𝟎𝟎
𝒔𝒆𝒄
𝒅𝒂𝒚

∗ 𝟑𝟔𝟓. 𝟐𝟓
𝒅𝒂𝒚𝒔
𝒚𝒓

= 𝟏, 𝟐𝟐𝟕 𝒄𝒇𝒔

Average discharge during year with median annual volume.  
NOT median mean daily flow.
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Typical “Near-Median” Year
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Thomsen and Porcello (1991)
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Median Mean Daily Flows
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Drainage Areas
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Annual Precipitation 
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Unit Annual Runoff at Gages
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Segment 5 Hydrographs
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Median Mean Daily Flows
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Segment 6 Hydrographs
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Historical changes in channel area of upper Gila River (San Simon to Pima)

Source:  Burkham, 1972
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Changes in channel width for the Middle Gila River 
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Annual Peak Discharges
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Annual Runoff Volume
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Annual Peak Discharge vs Annual Runoff Volume 
near Roosevelt
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Gila River Annual Discharge 

Burkham (1972) 
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Annual Peak Discharges (1890 – 2014)
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LOWER SALT

SEGMENT 5
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Median Mean Daily Flows
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Sediment Storage in Roosevelt Reservoir
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Upstream from Verde River (2010)

800 ft
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Upstream from Verde River (1934)
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N Bush Highway Bridge
Upstream View

Nov 10, 2015
Discharge at Below Stewart Mtn Gage=8.4 cfs
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~0.25 mi Upstream from Sheep Bridge
Downstream View

Nov 10, 2015
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Just upstream from Sheep Bridge
Upstream View

Nov 10, 2015
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~0.2 mi Downstream from Sheep Bridge
Downstream View

Nov 10, 2015
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~1.5 mi Downstream from N Bush Highway Bridge
Downstream View

Nov 10, 2015
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Foxtail Takeout
Upstream View

Nov 10, 2015
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~200 yds Downstream from Foxtail Takeout
Upstream View

Nov 10, 2015
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Adjacent to Blue Point Ranger Station
Upstream View

Nov 10, 2015
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~0.5 mi Downstream from Blue Point Ranger Statiton
Upstream View

Nov 10, 2015
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Adjacent to Goldfield Ranch Recreation Site
Upstream View

Nov 10, 2015
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~1 mi Upstream from Verde River
Downstream View

Nov 10, 2015Nov 10, 2015
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~0.6 mi Upstream from Verde River
Downstream View

Nov 10, 2015Nov 10, 2015
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Granite Reef Dam
Upstream View (Oct 29, 2013)
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Backwater Upstream from Granite Reef Dam
Upstream View (Oct 29, 2013) 



114

LOWER SALT

SEGMENT 6
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51st Ave
Downstream View (Oct 29, 2013)
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51st Ave
Downstream View (Oct 29, 2013)
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Downstream from 91st Ave
Downstream View (Oct 29, 2013)
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Section 30, T2N, R6E (2015)
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Section 30, T2N, R6E (1934)
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Section 25, T2N, R5E (2015)
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Section 25, T2N, R5E (2002)
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Section 24, T1N, R2E (2015)



123

Section 24, T1N, R2E (1934)
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Section 32, T1N, R1E (2015)
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Section 32, T1N, R1E (2002)
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T1N R3&4E (2015)
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T1N R3E (USGS, 1903-4,1912)
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T1N R3E (USGS, 1902-3)
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T1N R2&3E (2015)
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T1N R2&3E (1902-3)
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T1N R2&3E (1902-3)
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Low-flow Channel Margins (1868 – 1982)

From Fuller, 1987
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Fuller Hydraulic Estimates
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Segment 6 1902-03 Profile and Slopes
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USRS 1902-3 5’ Contour Interval Map

Cross Section 6
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USRS 1902-3 5’ Contour Interval Map

Cross Section 5
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USRS 1902-3 5’ Contour Interval Map

Cross Section 4
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USRS 1902-3 5’ Contour Interval Map

Cross Section 3
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USRS 1902-3 5’ Contour Interval Map

Cross Section 2
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USRS 1902-3 5’ Contour Interval Map

Cross Section 1
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Hydraulic Calculations

Manning Equation

𝑸 =
𝟏. 𝟒𝟗

𝒏
𝑨𝑹

𝟐
𝟑𝑺

𝟏
𝟐

Q=Discharge (cfs)
n = Manning Roughness Coefficient

=  0.045 (Fuller, 2003)
A = Cross Sectional Area (ft2)
R = Hydraulic Radius = A/Wetted Perimeter (ft)
S = Slope
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Fuller Cross Section 6

5’ Contour Interval
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Fuller Cross Section 6
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Fuller Cross Section 6

Depth

Velocity
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Slopes at Fuller Cross Sections
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Fuller Cross Section 6
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Fuller Hydraulic Estimates

554 1.9 1.8 230

348 1.5 1.0 290

Segment 5 Values Based on Cross Section 6

160 1.3 0.9 280

2,240 4.7 2.0 480

4.7 2.9 340

1.3 1.4 200
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Fuller Hydraulic Estimates

554 1.9 1.8 230

348 1.5 1.0 290

Segment 5 Values Based on Cross Section 6

160 1.3 0.9 280

2,240 4.7 2.0 480

4.7 2.9 340

1.3 1.4 200

NOTE: These values most likely do not represent 
the overall average through the segments, and they 
definitely do not represent the locations most 
limiting to navigation
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Segment 6 1902-03 Profile and Slopes
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XS A (RM 6.6)



152

XS B (RM 15.8)
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XS C (RM 21.8)
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XS D (RM 29.2)
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Depth Rating Curves: Fuller versus Limiting
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Summary of Opinions

Neither the Upper or Lower Salt River 
were susceptible to being used, in their 

ordinary and natural condition, as a 
highway for commerce, using 

customary modes of trade and travel on 
water at the time of Arizona’s 

statehood.


