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CHAPTER 1 - RIVER BEHAVIOR REPORT INTRODUCTION 

1.1 Purpose 
The purpose of a watercourse master plan (WCMP) is to identify and develop a plan 
and technical guidance for managing flood hazards, lateral migration of the 
watercourse, and the cumulative impacts of existing and future development in the 
floodplain. Authority to perform watercourse master planning is granted in Arizona 
Revised Statutes Title 48 (ARS 48-3609). This River Behavior Report was prepared to 
support the Lower Hassayampa River Watercourse Master Plan (LHWCMP). 

The purpose of the river behavior analysis was to compile, analyze, and present the 
best available information representative of the historical and existing fluvial processes 
for the Lower Hassayampa River, and to synthesize this information for the purpose of 
providing insight into the potential future behavior of the system. To date, the 
Hassayampa River is one of only a few remaining undammed major watercourses in 
Arizona. This free-flowing condition has resulted in a more "natural" condition of the 
river and floodplain than those found in many other river systems in the state. 
Development pressure within the Lower Hassayampa River watershed and numerous 
permit applications for new in-stream aggregate mine necessitated a working 
understanding of the river, both past and present, so that any proposed future changes 
to the system can be adequately understood and incorporated into a future watercourse 
master plan. 

1.2 Report Organization 
The River Behavior Report prepared in support of the LHWCMP was organized around 
six primary types of analyses, each of which are discussed separately in the following 
chapters: 

Chapter 2: Field Reconnaissance Analysis 
Chapter 3: Geomorphic Analysis 
Chapter 4: Bed Elevation Analysis 
Chapter 5: Sediment Transport Analysis 
Chapter 6: Lateral Migration Analysis 
Chapter 7: Sediment Trend Analysis 

In addition to the technical analyses, the following chapters were included to summarize 
the results and present supplemental and supporting information: 

Chapter 8: Summary & Recommendations 
Chapter 9: References 
Chapter 10: Glossary 

The River Behavior Report primarily addresses the historical and expected behavior of 
the Lower Hassayampa River. While erosion hazard zones were defined for Jackrabbit 
Wash based on application of the Level 3 Limited Detailed Methodology defined in the 
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Flood Control District of Maricopa County's (District) draft Erosion Hazard Zone 
Delineation and Development Guidelines (JEF, 2004), the District's scope of services 
did not authorized application to Jackrabbit Wash of most of the types of analyses 
applied to the Hassayampa River. Therefore, unless specifically noted, this report 
focuses on the Lower Hassayampa River, from the CAP Siphon to the Gila River 
confluence. 

1.3 Report Overview & Objectives 
An overview and summary of the specific objectives for each of the types of technical 
analyses presented in Chapters 2 to 7 are summarized below. 

1.3. I Field Reconnaissance Analysis 
Geomorphology is a field-based science of observation that relies heavilv on the 
judgment and interpretation of the investigator. Although a significant amount of 
geomorphic information can be obtained bv non-field-based analvses (such as aerial 
photo interpretation), a detailed field assessment is critical for unberstanding the river 
system, verifying mapping, and ground-truthing landform interpretations. Therefore, the 
LHWCMP study included a significant number of field visits, systematic detailed field 
observations, and photo-documentation of field conditions. The following types of field 
visits were performed: 

Initial Reconnaissance Trips. Reconnaissance was performed by project 
personnel with expertise in hydraulic engineering, hydrologic modeling, 
sedimentation engineering, floodplain management, land planning, 
environmental management, resource management, biology, and archaeology 

Detailed Field Investigations. Field investigations were conducted by 
geomorphologists from JE Fuller/Hydrology & Geomorphology, Inc. (JEF), and 
consisted of observing key features of the study area, preparing systematic field 
notes, and obtaining photographs of channel and floodplain conditions. The 
results of these field investigations are presented in Chapter 2 (Field 
Reconnaissance Analysis). 

Detailed Soil Investigations. Soil investigations were conducted by JEF 
geomorphologists, and consisted of examination and description of 25 soil pits in 
channel and floodplain areas. The results of the soil investigation are described 
in Chapter 3 (Geomorphic Analysis). 

Follow-Up Trips. Additional field tours were conducted with the entire LHWCMP 
team to present findings to District staff and stakeholders. 

Flood Visit. A field visit was conducted during flooding in late December 2004. 
JEF staff documented and photographed changes to the river prior to the flood 
event. 

The objective of the field reconnaissance analysis was to observe and document 
channel and floodplain conditions for use in calibrating and verifying the results of the 
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geomorphic and sedimentation analyses. Most of the field data are presented in 
Chapter 2. 

1.3.2 Geomorphic Analysis 

The primary purpose of the geomorphic analysis was to identify the current and 
historical geomorphology of the Lower Hassayampa River within the study area. This 
goal was accomplished through the following tasks: 

Stream Classification. Two proven methods of stream classification were 
employed (Brice and Rosgen) for comparison. Stream classification techniques 
are used to identify channel processes expected to impact or be impacted bv 
future urbanization of the watershed and river corridor: 

Geomorphic Mapping. Detailed mapping of geomorphic landforms within the 
geologic floodplain was performed to identify geologically recent lateral channel 
movement and sediment distributions, and to characterize potential future 
channel movement. 

Empirical Geomorphic Analyses. Empirical geomorphic relationships were used 
to characterize and assess channel pattern, channel plan form, and channel 
geometry, and to predict expected lateral and vertical channel movement. 

The results of the geomorphic analysis are presented in Chapter 3. 

1.3.3 Bed Elevation Analysis 
The purpose of the bed elevation change analysis was to determine historical changes 
in bed elevation from a variety of data sources, and compare historical trends with 
computational methods that predict future changes. The methods used for the 
LHWCMP included the following: 

Scour Estimates. Local and general scour depths were estimated using standard 
equations and hydraulic data obtained from HEC-RAS modeling developed for 
the LHWCMP. 

Equilibrium Slope Analysis. The potential for long-term scour was assessed by 
applying a variety of equilibrium slope equations. 

Armoring Analysis. Analytical techniques to predict the ability of the river to resist 
scour by armoring were applied to the study reach. 

Historical Topographic Data. Changes in channel bed elevations shown on 
historical topographic maps, stream gauge rating curves, hydraulic model cross 
sections, and as-built plans were evaluated to detect changes in bed elevation. 

Longitudinal Profile Analysis. The longitudinal profile of the river was examined 
to identify anomalies and irregularities that might indicate future channel change. 
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Field Observations. Field data were used to verify the reasonability of scour 
estimates determined by the methods listed above. 

The results of the bed elevation analyses are presented in Chapter 4. 

1.3.4 Sediment Transport Analysis 
The objective of the sediment transport analysis was to simulate the long-term 
streambed profile response to the Lower Hassayampa River based on natural and 
existing conditions within the river corridor. This objective was accomplished via the 
following tasks: 

HEC-6 Modeling. HEC-6 sediment transport modeling of the river was prepared 
and verified using historical channel bed elevation changes. Models predicting 
future response to the 100-year design flood and the historical flood series were 
prepared and evaluated. Sensitivity analyses of upstream sediment supply, 
tributary sediment inflow, roughness, and transport function were prepared. 

Sediment Continuity Routing. Spreadsheet based sediment continuity modeling 
was also prepared using HEC-RAS hydraulic data and the sediment transport 
functions applied in the HEC-6 model. 

Mining Impact Analysis. Techniques for evaluating the potential impacts of in- 
stream aggregate mining were applied and assessed for the study reach. 

The results of the sediment transport analysis are presented in Chapter 5. 

1.3.5 Lateral Migration Analysis 

The objectives of the lateral migration analysis were to estimate the potential for future 
lateral migration of the Lower Hassayampa River and to develop regulatory erosion 
hazard zone boundaries within the study area. The lateral migration analysis relied on 
the results from the analyses described above in conjunction with the following 
methodologies: 

Historical Channel Position Analysis. Changes in channel position, channel 
morphology, and channel pattern were described and quantified using semi- 
rectified historical aerial photographs. 

Channel Locational Probability Analysis. GIs-based mapping and analysis 
techniques were applied to determine locational probability statistics describing 
the frequency of channel position within the geologic floodplain over the period of 
photographic record. 

Impacts of Historical Flood Events. Channel changes occurring in response to 
specific large floods were described and quantified using the semi-rectified 
historical aerial photographs. 

Erosion hazard zones were also developed for Jackrabbit Wash from the Central 
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Arizona Project Siphon to the Hassayampa River confluence. The results of the lateral 
migration analysis are presented in Chapter 6. 

1.3.6 Sediment Trend Analysis 
The purpose of the sediment trend analysis was to develop a management tool based 
on the results of the analyses described above that could be used to evaluate the 
impacts on future activities and infrastructure in the channel corridor. The sediment 
trend focused on predicting the following potential channel responses: 

AggradationIDegradation 
Lateral Movement 
Response to Urbanization and Channelization 

The results of the sediment trend analysis are presented in Chapter 7. 

1.4 Data Sources 
The methods used to assess the river behavior in the LHWCMP study area relied on a 
variety of existing information, field data, and new analyses. Information from a variety 
of sources was collected and synthesized for use in each of the six primary analyses. A 
brief list of the types of data collected is shown below, segregated by data type. A 
detailed summary of the project data collection effort is discussed in the Lower 
Hassayampa River Watercourse Master Plan Data Collect~on Report (JEF, 2005). 

1.5 Reach Designation 
For the river behavior analyses, the LHWCMP study area was consrdered in five 
reaches. The reaches were subdivided based on natural geomorphrc or geographic 
features such as tributarres, manrnade structures such as bridges, and hydraulic 
characteristics identified by HEC-RAS modelrng. The purpose of the reach divrsrons 
was to rsolate impacts on the river of features such as brrdges and tributarres (or vrce- 
versa). Reach descriptions are provided below along with maps illustratrng the reach 
lrmits (Figure 1-1 to Figure 1-5). 

1.5.1 Hassayampa River Reach I: Gila River to SPRR Bridge 
Hassayampa River Reach 1 extends from the southern study area limit to just upstream 
of the Southern Pacific Railroad (SPRR) Bridge, corresponding to river miles (RM) 0.82 
and 4.63 in the WEST Consultants HEC-RAS model, respectively. For the river 
behavior analysis, the southern study area limit was defined as the Gila River regulatory 
floodway boundary. 

Reach 1 contains the river segments with the most significant long-term human impacts 
that include channelization, channel straightening, agricultural leveling of the floodplain, 
and impending urbanization. Other significant manmade features that define Reach 1 
include the following: 

SPRR Bridge 
Old US Route 80 (US 80) Bridge 
Farm Levees - US 80 to Gila River floodplain 
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Buckeye Canal Outfall & Irrigation Tailwater 
Arlington Canal Siphon 

1.5.2 Hassayampa River Reach 2: SPRR Bridge to 1-10 Bridge 

Hassayampa River Reach 2 extends from Reach 1 (RM 4.63) to just downstream of the 
Interstate 10 (1-10) Bridges (RM 10.21). The active channel in this reach has a single 
channel pattern, whereas upstream of Reach 2 the channel alternates between single 
channel and braided forms. The lower limit was defined at 1.5 miles below the 1-1 0 
Bridges to include the effect of the 1-10 Bridges in Reach 3. 

1.5.3 Hassayampa River Reach 3: C10 Bridge to Jackrabbit Wash 
Reach 3 extends from Reach 2 (RM 10.21) to just upstream of the Jackrabbit Wash 
confluence (RM 15.68). The upstream limit was defined to helo isolate the effects of 
Jackrabbit Wash on channel morphology. The initial geomorphic interpretation 
indicated that the imoact of Jackrabbit Wash on the Hassavamoa River did not extend 
further downstream ihan Baseline Road. The lower limit o i ~ e a c h  3 was extended 1.5 
miles downstream of the 1-10 Bridges to account for the geomorphic impact of the 
bridges on the river. 

1.5.4 Hassayampa River Reach 4: Jackrabbit Wash to Wagner/Daggs Wash 

Reach 4 extends from Reach 3 (RM 15.68) to immediately upstream of the Daggs 
WashWagner Wash confluence (RM 21.65). These limits were selected to isolate the 
effects of the two major tributaries on the Hassayampa River. The Daggs Wash and 
Wagner Wash confluences are the major geomorphic features in Reach 4. 

1.5.5 Hassayampa River Reach 5: Wagner/Daggs Wash to CAP Siphon 
Reach 5 extends from Reach 4 (RM 21 65) to the upstream limit of the LHWMCP study 
area (RM 27.89). Reach 5 has the widest floodplain in the LHWCMP study area. Also, 
the general geographic orientation of the river changes at the approximate mid-point of 
Reach 5. The change in orientation creates map presentation issues, so Reach 5 was 
divided into two subreaches (5a and 5b), as shown in Figure 1-5. Most of the maps in 
the river behavior report use the 5aI5b division, although, from an analysis standpoint 
Reach 5 was considered as one continuous reach. 

1.5.6 Jackrabbit Wash 

Jackrabbit Wash was considered as a single reach from the upstream LHWCMP study 
limit at the CAP Siphon to the confluence with Jackrabbit Wash, and included the 
breakout reach identified in the WEST LHWMCP Hydraulics Report. 
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Figure 1-2. Map showing the Hassayamp River Reach 2 extent. 
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Figure 1-3. Map showing the Hassayampa River Reach 3 extei,.. 
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Figure 1-5. Map showing the Hawayampa River Reach 5 extent. 
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CHAPTER 2 - FIELD RECONNAISSANCE REPORT 
Geomorphology is a field-based science of observation that relies heavily on the 
judgment and interpretation of the investigator. Although a significant amount of 
geomorphic information can be obtained by non-field-based analyses (such as aerial 
photo interpretation), a detailed field asseisment is critical for understanding the river 
system, verifying mapping, and ground-truthing landform interpretations. Therefore, the 
LHWCMP study included a significant number of field visits, systematic detailed field 
observations, and photo-documentation of field conditions. More than 1,400 field 
photographs were collected and are provided within the GIs deliverable and technical 
appendices to this report. 

The field data summarized in this chapter are presented by subreach within the 
following general categories: 

Active Channel Conditions 
Floodplain Conditions 
Evidence of Historical Floods 
Manrnade Structures 
Sediment Data 

Field visits to the LHWCMP study area were conducted over a period from June 2004 to 
November 2005. Initial field visits consisted of driving the study reach to observe 
general conditions and identify areas that required detailed field analyses. Subsequent 
detailed field visits consisted of walking the active channel and floodplain areas, 
photographing and mapping key geomorphic and geographic features, and recording 
descriptions of the existing channel and floodplain conditions. Locations for soil pits and 
sediment samples were also identified during the field mapping visits. The field 
reconnaissance tasks also included the soils pit analyses described in Chapter 3. 

2.1 Objectives 
The primary objective of the field reconnaissance analysis was to observe and 
document channel and floodplain conditions for use in calibrating and verifying the 
results of the geomorphic and sedimentation analyses. The secondary objectives of the 
field work included the following: 

Documenting stream conditions 
ldentifying evidence of recent or historical lateral erosion 
ldentifying evidence of recent or historical degradation or aggradation 
ldentifying stream responses to human impacts or structures 
ldentifying evidence of the 1891 Walnut Grove Dam failure flood 
ldentifying natural grade control or natural lateral erosion control 
Inventorying river conditions near manmade structures constructed within the 
floodplain 
ldentifying geornorphic features, their characteristics, and function 
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2.2 Field Data Collected 
The following channel characteristics relevant to lateral erosion and channel stability 
were observed and recorded in the field: 

Cutbanks - location, height, and characteristics 
Headcuts -density, extent, and depth 
Avulsion Potential - overbank areas at risk of avulsion 
Bank Sediments - composition, cohesiveness, and resistance to erosion 
Floodplain Sediments - composition, surficial features, and relative age 
Bedrock - location and extent 
Vegetation -channel, bank, floodplain, type, and density 
Structures - utility towers, levees, bridges, bank protection, and road crossings 
Disturbed Areas -areas directly altered by human activity 
Soil Development - degree of development: clay and carbonate accumulation, 
reddening 

Examples of the forms used to systematically collect information in the field are 
provided in Appendix 5.1, and include a structure impacts form and a soil pit analysis 
form. All areas with bank protection, bridges, levees, at-grade roadway crossings, 
irrigation and siphon crossings, and power line towers and poles were inventoried by 
collecting the information shown on the structures form. The soils pit form was adapted 
from Birkeland (1984). Field photos were also logged on the forms. Much of the field 
data were transferred to the GIs. 

2.3 Active Channel Conditions 
The active channel is defined as the part of the floodplain that most frequently conveys 
runoff and that conveys the most runoff and sediment during floods. The active channel 
serves as the primary sediment transport corridor, and is contrasted to portions of the 
floodplain dominated by sediment deposition. The active channel is usually the 
topographically lowest feature within the geologic floodplain. Vegetation in the active 
channel is typically very sparse to absent, with some seasonal variation, and is subject 
to periodic removal by floods. Within the LHWCMP study reach, the active channel 
width varies considerably, from 100 to 900 feet. Active channel sediment consists of 
moderately to poorly sorted medium-coarse sand with minor amounts of gravel and 
cobbles. 

At the time of the field mapping, the active channel comprised approximately 6% of the 
~olocene' floodplain. The active channel width varies from approximately 900 feet near 
the Tonopah-Salome Highway to less than 100 feet at the Jackrabbit Wash and Wagner 
WashIDaqas Wash confluence in Reach 4. The active channel pattern was variable and 
alternatedietween braided and single channels. General channel characteristics that 
were observed and documented durina the field investiaations are listed below with a 
brief explanation as to their significance. Descriptions are segregated by the reaches 
defined in Chapter 1, and by the following four subject areas: 

' Holocene - a geologic Epoch representing the past 10,000 yeam 
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1. Channel Width. Pattern, and Sinuosity - The active channel width provides 
insight into the relative lateral channel stability. Where the river is narrow, the 
width may indicate a physical constraint or barrier to erosion. Channel width is 
often a function of streamflow frequency and magnitude, the size and type of 
transported sediment, and the composition of the bed and bank materials (Ritter, 
1979). Abrupt changes in channel width may indicate a disequilibrium condition. 
Channel patterns reflect the river's effort to dissipate eneray and balance 
sediment transport during flow. Specific channel patterns a;e caused by 
characteristics such as slope, discharge, and sediment load. Channel   at terns 
can be classified as straight, meandering, or braided. A straight channk~ 
extending a significant distance probably experienced some type of manmade 
control. Meandering and braided channels generally reflect a less manmade 
control, more natural condition. Channel sinuosity reflects the degree of 
meandering, and is computed from the ratio of stream length to valley length. 
Under natural conditions, a river will increase or decrease its sinuosity to balance 
the energy between stream power and sediment load such that it neither 
degrades nor aggrades (Schumm, 1977). 

2. Channel and Bank Veaetation - Channel vegetation provides information on the 
relative frequency of flow, the frequency channel erosion, and the occurrence of 
channel avulsions. The absence of vegetation or the presence of only fast- 
growing annual vegetative species usually indicates more frequent or recent 
lateral erosion and high flow velocities than found in channels containing more 
established vegetation suites. The presence of bank vegetation generally 
indicates a higher degree of channel stability than is found in non-vegetated 
banks. Bank vegetation can increase bank stability because roots help bind the 
bank sediment and because the plant canopy increases roughness (lowering 
velocities). Vegetation type and density are key factors for bank stability. 

3. Cutbanks - The presence of cutbanks generally suggests lateral instability of the 
active channel. Locations, heights, and characteristics of cutbanks were mapped 
and described during the field investigations. 

4. Structure lm~acts - Manmade structures can adversely impact the channel 
morphology and future channel behavior. Conversely, natural channel changes 
can adversely impact manmade structures. At minimum, manmade structures 
provide a reference point from which to measure progressive channel changes. 
Channel features at and near structures obsewed during the field visits were 
inventoried to identify clues about the existing and future channel stability. 
Impacts of structures on the active channel are discussed below. lmpacts of the 
river on the structures themselves are discussed in Section 2.6 of this chapter. 

2.3.1 Hassayampa River Reach 1: Gila River to SPRR Bridge 
Most of the Reach 1 active channel corridor has been significantly modified by human 
activity. The channel downstream from Old US 80 to the Gila River confluence has 
been channelized and leveed at least since the 1930's, according to long-time 
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residents.' Irrigation return flow that enters the Hassayampa River between the SPRR 
Bridge and the Old US 80 Bridge results in near-perennial flow that creates active 
channel characteristics that differ from the rest of the study area. 

2.3.1 .I Channel Width, Pattern, and Sinuosity 

Channel width is relatively consistent throughout Reach 1, ranging from about 400 feet 
immediately upstream of the leveed reach, to just over 100 feet within the leveed area. 
The channel pattern consists of a single channel, except for of a small split-flow area 
which forms a small low-flow island just downstream of the railroad bridge. Sinuosity is 
very low, and was measured at 1.00, indicating that the channel has been artificially 
straightened as part of the channelization. 

Figure 24.  Reach 1 photograph showing the active channel pattern and features 

Pemonal commun~satron with Mlke and M a d  Johnson on Deeember 7,2004. 
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2.3.1.2 Channel and Bank Veaetation 

Upstream of the irrigation tailwater outfall, in-channel vegetation is sDarse and 
characterized predominantly by desert dicoria. Bank vegetation is generally sparse with 
a few limited areas of dense vegetation. Bank veaetation is com~osed orimarilv of 
tamarisk with some desert broom and snakeweed': The channeliied reach be~dw the 
irrigation return flow outfall is characterized by very dense bank vegetation, primarily 
tamarisk. Figure 2-2 shows field photos of the channel and bank vegetation in Reach 1. 
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I cutbank. View r~ght bank. dense bank vegetation. View downstream. 

Figure 2-2. Reach 1 active channel field photos 
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2.3.1.3 Cutbanks 

The banks of the active channel upstream of the channelized area are near vertical and 
vary between two to three feet in height, becoming higher near the channelized reach. 
The right bank is between six and 10 feet high at the upstream end of the channelized 
reach. Within the channelized reach a low flow channel exists within the active channel 
corridor. The low-flow channel banks are two to three feet high. A low, 40 to 80 feet 
w~de terrace abuts the low flow channel. The terrace characteristics are similar to the 
active channel characteristics, suggesting frequent inundation. The banks of the low 
terrace rise steeply to the top of the levees. Bedrock crops out in the active channel 
corridor in the channelized reach indicating vertical control for at least a portion of 
Reach 1. The property owners upstream of Old US 80 recalled blasting through a lava 
layer to deepen the channel at some time in the past. Figure 2-3 shows the locations of 
cutbanks as observed during the field investigations. The hatched lines define the 
extent of the cutbanks and the numeric identifiers represent the bank heights in feet. 
Figure 2-4 shows field photos of cutbanks in Reach 1. 

Figure 2-3. Reach 1 cutbank locations 
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Figure 2-4. Reach 1 cutbank field photos 

The historical confluence of White Tanks Wash and the Hassayampa River was located 
in Reach 1 just upstream of the SPRR embankment. The earliest available aerial 
historical photograph (1934) shows a large tributary deposit at the mouth of White 
Tanks Wash. This de~osit is similar to other active tributary deltas found in the study 
area (e.g., Jackrabbit wash, Daggs Wash, and Wagner wash). These active tributary 
deltas appear to control the lateral position of the Hassayampa River active channel, 
discussed in detail later in this chapter. Comparing the tributary delta characteristics 
with the historical White Tanks Wash deposits suggests that White Tanks Wash also 
provided Lateral control of the active charmel in the past. However, by 1964, much of 
the White Tanks Wash delta had been removed anblor graded for agriculture. In 1974, 
the Buckeye FRS # I  in 1974 along the 1-10 alignment upstream of Reach 1 effectively 
diverted White Tanks Wash from its original confluence, removing the potential for any 
future lateral control of the active channel. Figure 2-5 shows the active channel and 
tributary delta evolution of this area. 
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White Tanks Wash 
deposits 

Figure 2-5. White Tanks Wash confluence 

2.3.1.4 Structure l m ~ a c t s  

The following four major structures are located in Reach 1: 

Southern Pacific Railroad (SPRR) Bridge 
Old US 80 Bridge 
Farm Levees within the channelized reach 
Arlington Canal siphon 

Field evidence indicated the two bridges had minor impact on the present active 
channel. The levees have a significant impact in that they constrain the active channel 
to a fixed location, not allowing for natural meandering or braiding. The Old US 80 
Bridge was determined by others to be a scour critical structure. Recently, soil cement 
lining was added to the bridge section to protect against scour and prevent lateral 
migration (Figure 2-6). The soil cement lining also prov~des grade control for reaches 
~rnmediately upstream. The Arlington Canal siphon has no dlscernable impact on the 
(already) leveed and narrowed channel sectlon. Figure 2-6 shows field photos of the 
structures in Reach 1. 

~owerHassayampa River watercourse ~ a s t g ~ l a n  
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The top of the levees in the channelizedsubreach. 
View north. 

Arlington Canal siphon outlet. View north. 

Figure 2-6, Reach 1 structure photos 
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2.3.2 Hassayarnpa River Reach 2: SPRR Bridge to 1-10 Bridge 
Reach 2 extends from just downstream of the Interstate 10 Bridge to just upstream of 
the SPRR Bridge. At the time of the field investigation, the active channel corridor 
appeared relatively undisturbed. That is, no evidence of man-made alterations to 
channel such as in-channel sand and gravel mining, realignments, road crossings or 
channelization was found. The minor exception was a 300-foot section of the left bank 
located about one mile upstream of the Reach 2IReach 1 boundary where trash was 
dumped over the active channel bank. 

2.3.2.1 Channel Width, Pattern, and Sinuosity 

The active channel in Reach 2 varies from about I00 feet to 600 feet w~de. The 
channel pattern consists mostly of a single channel with two minor divided flow areas 
located near the midpo~nt of the reach. Sinuos~ty was measured at 1.08, higher than 
that of Reach 1 or Reach 3. Three large wavelength, low amplitude meanders occur in 
the upper half of Reach 2, although the lower half of Reach 2 is nearly straight and 
significantly narrower. 

Figure 2.7. Reach 2 ph-otograph showing channel pattern and features 
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2.3.2.2 Veaetation 

In-channel vegetation in Reach 2 consisted of sparse Desert dicoria, similar to that of 
Reach 1 upstream of the irrigation return flow outfall. Bank vegetation density was 
highly variable and ranged from dense, tamarisk dominated areas to sparse, low-brush 
areas to no vegetation present. Bank vegetation, when present, was composed 
primarily of tamarisk, desert broom, and snakeweed with occasional palo verde trees. 
The line of tall trees near the left bank visible in Figure 2-7 is not located w~thin the 
active channel, but instead occurs along agricultural fields and canal laterals in the 
floodplain. Figure 2-8 shows field photos of channel and bank vegetation in Reach 2. 

downstream. downstream. 

Figure 2-8. Reach 2 vegetation field photos 
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Figure 2-9. Reach 2 cut _ 
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I View upstream. alignment. V~ew downstream. 

Figure 2-10. Reach 2 cutbank field photos 
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2.3.2.4 Structure l m ~ a c t s  

The following major structures intersect the active channel corridor in Reach 2: 

Multi-tower Power Line 
Baseline Road At-Grade Crossing 
Single Overhead Utility Line 

The structures in Reach 2 are shown in Figure 2-1 1. The multi-tower alignment 
consists of a set of three towers, located approximately one mile south of the upstream 
reach limit and crossing the active channel in a southwest to northeast orientation. 
Within this alignment two sets of towers were located in the floodplain west of the active 
channel, and one set was located east of the active channel. ~o'towers were located 
within the active channel. Therefore, the multi-tower crossing was considered to have 
no impact on the active channel, although, given the lateral erosion toward the closest 
tower shown in Figure 2-1 1, the active channel may soon have an impact on the towers. 
The overhead utility line at Baseline Road appears to have no obvious impact on the 
active channel at the two places where power poles are located within the active 
channel. 

Baseline Road provides a measure of grade control for the channel during small floods, 
but tends to be eroded by scour or buried by deposition during significant flows. The 
crossing shows no evidence of adverse impact on the active channel outside of the 
right-of-way. The roadway elevation was at grade with the low-flow channel. No 
evidence of scour downstream of the roadway was observed during field visits. 
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View south. 
Power line towers on the eastern Pleistocene terrace. 

I right overbank. lefl overbank. 

Figure 2-11. Reach 2 active channel field photos 
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2.3.3 Hassayampa River Reach 3: 1-10 Bridge to Jackrabbit Wash 
Reach 3 extends from just upstream of the Jackrabbit Wash confluence to just 
downstream of the 1-10 Bridges. The reach was highly disturbed at the time of the field 
investigation due to the presence of multiple active sand and gravel mining operations. 
The active channel characteristics within Reach 3 are heavily influenced by Jackrabbit 
Wash and the mining activity. 

2.3.3.1 Channel Width, Pattern, and Sinuosity 

The active channel width varies from about 900 feet near the mining district north of the 
Tonopah-Salome Highway to about 100 feet near the Jackrabbit Wash confluence, 
making it one of the narrowest reaches within the LHWMCP study area. 

Figure 2-12. Reach 3 photograph showing channel pattern and features. 
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Transgressive sediment deposition from Jackrabbit Wash has created a deltaic fan that 
narrows and constrains the Hassayampa River active channel, and forces it against the 
Pleistocene terrace scarp opposite the.Jackrabbit Wash delta. Soils analysis irom the 
Jackrabbit Wash fan indicated the Hassayampa River has been constrained to its 
present location for hundreds to thousands of years, as described in the soils analysis in 
Chapter 3. The apparent age of the delta deposits suggests that Jackrabbit Wash 
provides lateral control of the Hassayampa River active channel. Downstream of the 
Jackrabbit Wash confluence, the Hassayampa River channel has a braided pattern with 
multiple flow splits and varying channel widths. The braided channel pattern is 
expected downstream of the delta constriction where concentrated energy within the 
constriction is dissipated by rapid expansion of the channel. The single channel pattern - .  
is reestablished just upstream of the'l-10 Bridges. Measuring sinuosyty in ~each.3 was 
complicated by the braided channel pattern, but was estimated at approximately 1.05. 
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2.3.3.2 Veqetation 

Channel vegetatron in Reach 3 is consistent with that described for Reach 2, and 
consists of sparsely distributed desert dicoria. Tamarisk was far less abundant in 
Reach 3 than rn Reaches 1 and 2, and becomes less frequent to non-existent further 
upstream, suggesting that the source of the invasive tamarisk species was the Gila 
River and that migration is in the upstream daection. The dominant bank vegetation in 
Reach 3 is palo verde, snakeweed, and desert broom. In areas where the active 
channel was directly adjacent to a tributary deposit, the dominant bank vegetation was 
creosote. Overall, bank vegetation was generally sparse. Bare banks with no 
vegetat~on were frequent. Figure 2-13 shows field photos of channel and bank 
vegetation in Reach 3. 

Typical active channel vegetation in Reach 3. View Active channel upstream of the 1-10 Bridges. View 
downstream. 

Example of sparsel) - cutbank along left Moderately dense bank vegetat~on Vtew 
bank. Vtew downstream downstream 

Figure 2-13. Reach 3 channel and bank vegetation 
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Figure 2-14. Reach 3 cutbank locations 
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Figure 2-15. Reach 3 cutbank field photos 

Lower Hassayampa River Watercourse Master Plan 
River Behavior Report 

Page 2-20 
April 2006 



2.3.3.4 Structure ImDacts 

The following major structures impacting the Reach 9 active channel were identified: 

1-10 Bridges 
Tonopah-Salome Highway At-Grade Crossing 
Sand and Gravel Mines 
Overhead Utility Line 

Field investigation of the 1-10 Bridges suggests they have no adverse impact on the 
active channel. During early field investigat~ons, several low-flow channels intersected 
the Tonopah-Salome Highway. Many of these channels were blocked by roadway 
embankment fill. After the small floods in late December 2004, follow-up field 
investiqation determined the roadway embankment had had no effect on the active 
channel, as the roadway crossing was destroyed at every low-flow channel intersection 
location. Figure 2-16 shows before and after photographs of the Tonopah-Salome 
Highway crossing. 

1 Photo looklnq west - November 3,2004 Same locatlon - December 30,2004 I 
Figure 2-16. Photos of the TonopahSalome Highway pre- and post-December 2004 flows 
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At the time of the field investigation, two active sand and gravel mines were in operation 
in Reach 3. The mines are located along river, right immediately upstream and 
downstream of the Tonopah-Salome Highway crossing. The upstream operation has 
about a 40-acre footprint. The downstream operation has about a 73-acre footprint. 
Figure 2-17 is an aerial view of each mining operation and its position relative to the 
active channel. As shown in Figure 2-17, both mines directly flank the active channel, 
suggesting they would intercept at least a portion of the flow during floods, as occured 
during the December 2004 floods, potentially altering the channel's location and/or 
geometric characteristics. During that Rood, runoff exiting the downstream pit into the 
western braid created additional scour and lateral erosion. Figure 2-18 shows the out 
flow channel location and photogfaphs taken during the field investigation. The process 
of clear-water discharge from the downstream end of the mining pits will likely continue 
in the above described overflow channel in addition to other locations resulting in both 
lateral and vertical changes to the active channel within Reach 3. Additional field 
photographs are shown in Figure 2-19. 

Actlve Channel Actlve Channel 

Figure 2-17. Sand & gravel mines near Tonopah-Salome Highway 
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. " I mining pit. pic View downstream. 

Figun 2-18. Sand & gravel pit outflow channel 
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The double overhead utility line crossing is located immediately upstream of the 
northern sand and gravel operation. One set of poles on this alignment was located 
within the active channel. Field investigation of this site determined that the pole-set 
had no adverse impact on the active channel, although the channel has significant 
impacts on the poles, as described later in this chapter. Field photos of the structures in 
Reach 3 are shown in Figure 2-1 9. 

I Double-pole set in the active channel. View north 

m 
INS. 

I flows. view west. 
Figure 2-19. Reach 3 active channel field photos. 
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2.3.4 Hassayampa River Reach 4: Jackrabbit Wash to Wagner/Daggs Wash 

Reach 4 is the longest reach in the study area. It begins upstream of the Daggs 
WashNVagner Wash confluence and extends downstream to the Jackrabbit Wash 
confluence. At the time of the field investigation, Reach 4 was the least disturbed reach 
in the study area, with no engineered structures or modifications to the active channel. 

2.3.4.1 Channel Width, Pattern, and Sinuosity 

The channel width in Reach 4 ranges from just under I 00  feet to 460 feet. The channel 
pattern is braided, with only two small single-channel subreaches. The braided stream 
pattern 

Figure 2-20. Reach 4 photograph showing channel pattern and features. 
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Two major tributaries enter the Hassayampa Rlver in Reach 4 within 500 feet of one 
another. Wagner Wash jolns the Hassayampa River from the east and Daggs Wash 
flows in from the west. Both field and aerial photograph evidence indicates that the 
sediment influx from these trlbutaries effectively controls the active channel posltion in a 
similar manner to that described for the Jackrabbit Wash confluence in Reach 3. 
Although the combined drainage area of these trlbutaries is significantly less (75 mi2) 
than that of Jackrabbit Wash (366 m12), apparently the sediment supply is sufficient to 
narrow and constrain the active channel of the Hassayampa River. Figure 2-21 is a set 
of three historical aerial photos showing the consistency of the active channel position 
at the Daggs WashWagner Wash confluence area. Note the whlte arrows indicating 
the consistent lateral position of the active channel at the confluence area. 

Figure 2-21. Reach 4 Wagner Washlbaggs Wash wnfluence 
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2.3.4.2 Veaetation 

Channel vegetation is sparse in Reach 4 and consisting of desert dicoria. Bank 
vegetation density varied throughout the reach from no vegetation on cutbanks to dense 
snakeweed, palo verde, creosote, and desert broom on less recently disturbed banks. 
More banks in Reach 4 have dense vegetation than in any of the downstream reaches, 
except for the portion of Reach below the irrigation tallwater outfall. Figure 2-22 shows 
typ~cal examples of channel and bank vegetation in Reach 4. 

View downstream 

Example of densely vegetated bank. View upstream. Example of s~arsi i"  veaetated bank.' View 
downstream 

Figure 2-22. Reach 4 channel and bank vegetation 
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Figure 2-23. Reach 4 cutbank locations 
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Wash confluence. view downstream. 

Figure 2-24. Reach 4 cutbank field photos 

2.3.4.4 Structure Impacts 

No significant manmade structures were observed in Reach 4. 
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2.3.5 Hassayampa River Reach 5: Wagner/Daggs Wash to CAP Siphon 

Reach 5 extends from the CAP siphon to the Daggs'wash confluence. As discussed in 
Chapter 1, Reach 5 was divided into two subreaches to facilitate map production. In 
this Chapter, reaches 5a and 5b are combined and discussed together. 

2.3.5.1 Channel Width, Pattern, and Sinuosity 

Channel width in Reach 5 varies from about 100 feet at the downstream limit to 460 feet 
upstream of the CAP siphon. The Reach 5 channel pattern alternates between a single 
and braided channel. Sinuosity in Reach 5 was estimated at 1.15, the highest of the five 
Hassayampa River subreaches. 

Figure 2-25. Reach 5 photograph showing channel pattern and features. 

Lower Hassayampa River Watercourse Master Plan Page 2-30 
River Behavior Report April 2006 



Channel vegetation in Reach 5 is consistent with that found in the rest of the study area 
and is composed of sparsely distributed desert dicoria. Bank vegetation is also 
consistent with vegetation found in most of the downstream reaches, varying from 
dense thickets to no vegetation present. When present, bank vegetation consists 
primarily of desert broom, palo verde, snakeweed, with occasional creosote. Figure 
2-26 shows field photos of typical channel and bank vegetation in Reach 5. 

chanr-' -Tar the upstream study limit. Fe','- p& 

Example of non-vegeTaated cutbank. View upstream. 
View upstream. 

Figure 2-26. Reach 5 channel and bank vegetation 
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2.3.5.3 Cutbanks 

Cutbanks were more frequent within the upper half of Reach 5 than the lower half, and 
were typically between two and five feet in height. Most of the channel banks in the 
lower half of Reach 5 were sloped at 3:l or greater, suggesting more lateral stability (or 
at least less recent lateral erosion) of the active channel. Typical cutbank heights in the 
lower half of Reach 5 are two to four feet. Cutbank locations are shown in F~gure 2-27. 
The hatched lines define the extent of the cutbanks and the numeric identifiers 
represent the bank he~ghts in feet. Figure 2-28 shows field photos from Reach 5. 

Figure 2-27. Reach 5 cutbank locations 
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View downstream. 

I west. I 
Figure 2-28. Reach 5 cutbank field photos 

2.3.5.4 Structure lmoacts 
The following faur structures were observed in Reach 5: 

CAP Canal 
CAP Siphon 

0 Two Overhead High Tensmn Power Line Alignments 

Each of these structures was investigated to determine their impact on the active 
channel. The CAP canal alignment located east of the active channel, upstream of the 
siphon crossing, abuts the active channel and is aligned nearly parallel to the active 
channel. Much of the canal from the pump house to the siphon crossing was 
constructed on the slope of the ~ le is toce~e terrace, and therefore doesnot directly 
affect the active channel. However, at the time of the field investigation, a 2,400 foot 
segment of canal directly abuts the active channel. The canal embankment is protected 
by recently constructed soil cement bank protection designed to stop erosion of the 
canal. The soil cement embankment is discussed in more in Section 2.6 of this chapter. 
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The siphon crossing itself was investigated and determined to have no adverse impact 
on the active channel because it is buried well below the active channel bed. ~ l t h o u ~ h  
significant disturbance of the active channel undoubtedlv occurred durina construction 
ofthe CAP siphon crossing, the field investigation determined the channel has 
recovered to a more natural condition. 

The overhead power line crossings were located just upstream of the Reach 5 
downstream limit. The northernmost alignment had one tower located directly in the 
path of the active channel. No evidence of adverse impacts on the active channel by 
the tower was found. The southernmost alignment had five towers located within the 
Holocene corridor; however, none were directly in the active channel corridor. Figure 
2-29 shows field photos of structures in Reach 5. 

I downstream. View across channel. 

Figure 2-29. Reach 5 active channel field photos 
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2.4 Floodplain Conditions 
For the purposes of the field reconnaissance report, the floodplain is defined as any 
area within the modern geologic floodplain3 that is not part of the active channel, as 
deflned In Section 2.3 of this chapter. The floodplain includes low and high terraces, 
deltaic and other tributary deposits, and disturbed areas outside the active channel. 
The defining characteristics of the floodplains are that they are not frequently inundated, 
and that they are typically subject to sediment deposition rather than to erosion. As 
stated above, the active channel comprises approximately 6% of the geologic 
floodplain, leavlng the remaining 94% of the modern geologic floodplain as floodplain. 
The floodplain was divided into six geologlc units, which were mapped and described in 
detail, as discussed In Chapter 3. 

The floodplain descriptions presented below are segregated by reach. The following 
floodplain characteristics were observed and documented during the field investigations, 
with a brief explanation as to their significance: 

1. Flood~lain Width - Floodplain width is defined as the width of the modern 
geologic floodplain measured perpendicular to the primary flow direction of the 
river. Changes in floodplain width often indicate the presence of lateral 
constraints on the active channel corridor. Wider floodplain inundation limits 
allow for greater active channel migration, but may also indicate subtle changes 
in slope, which result in channel pattern changes. 

2. Surface-Tvoe Distribution - Different floodplain surfaces serve different functions 
within the river system. Basic characteristics, such as topographic position 
(elevation relatlve to the channel or to other surfaces), lateral positlon wlthln the 
floodplaln, sediment composition, vegetative cover suites, and relatlve areal 
extent, provide evidence as to the surface function. Detailed descr~ptions of 
floodplaln geomorphic surfaces are provided In Chapter 3. For the purpose of 
the field reconnaissance described below, the surfaces were segregated into (1) 
low terraces and bars, (2 )  hlgh terraces, and (3) tributary terraces. The areal 
distnbution of the surfaces was calculated to provlde Insight into the relatlve 
stability of the reach. For example, if a particular reach contalns a relatively high 
percent of tributary terraces in comparlson with floodplain deposits, this may 
indicate that tributary sediment influx rate is greater than the main stem transport 
rate, indicating that the tributary deposits provide some degree of lateral control. 
Conversely, if a reach has a high percent of low terrace and bar deposits, it 
indicates that frequent lateral migration and/or avulsions will occur. 

3. Geomor~hic Features - Geomorphic features, such as headcuts and avulsion 
channels, observed on the floodplain provide insight to channel and floodplain 
processes that have occurred in the past. Headcuts on the floodplain indicate 
recent degradation of the active channel, formation of incipient avulsive flow 
paths, changes in active channel slope, concentration points for overland or 

' The modem geologic floodplain includes Holocene-aged (-10,000 years before present) surfaces adjacent to the main channel 
and within the river valley, as defined by the margins of the high Pleisloeene-aged (-2,000,000 years before present) terraces. 

Lower Hassayampa River Watercourse Master Plan Page 2-35 
River Behavior Report April 2006 



tributary flow in the floodplain, andlor recent deposition of tributary sediments. 
Avulsive flow paths in the floodplain indicate areas of potential future active 
channel alignments, frequent or past inundation of the floodplain, and general 
surficial stability conditions. Avulsive channels can be recognized in the field 
using surface topography, surficial sediment composition, high water marks, 
abandoned flood channels, and vegetative characteristics. 

4. Veaetation - Floodplain vegetation provides information about the history and 
relative stability of the surface, such as the relative flood inundation frequency, 
history of manmade disturbances to the surface, type of soil comprising the 
surface, and the lateral limits of the surface. Vegetation type, density, and 
maturity vary consistently among the geomorphic surfaces observed within the 
study area. In this chapter, floodplain vegetation is described for the following 
three surfaces: low terrace, high terrace, and tributary terrace. 

5. Structure Impacts - Manmade structures in a floodplain can potentially have an 
affect on the form and function of the surface. Structures may interfere with 
natural flow patterns during floods, causing changes in floodplain conditions. 
Impacts of the river on the structures are discussed in Section 2.6. 

2.4.1 Hassayampa River Reach 1: Gila River to SPRR Bridge 
The morphology and characteristics of Reach 1 differ from the rest of the Hassayampa 
River reaches. In addition to the levees and historical channelization, a large portion of 
the floodplain in Reach 1 has been graded, leveled, and modified by agriculture for at 
least seven decades. Even lsrior to aqricultural modification, the floodplain in Reach 1 
differed from the rest of the L H W C M ~ S ~ U ~ ~  area because it was the ~ a s s a ~ a m ~ a  River 
delta within the Gila River aeoloaic floodplain and because it was not confined bv 
Pleistocene terraces. Because of these differences, the discussion of the  each 1 
floodplain was divided into the following two subreaches: 

Subreach 1A - SPRR Bridge to the Gila River 
Subreach 1 B - Upstream limit of Reach 1 limit to SPRR Bridge 

2.4.1 .I Flood~lain Width 

Subreach 1A 

The Reach 1 floodplain downstream of the SPRR Bridge is essentially unconfined east 
of the Hassayampa River. None of the natural features that define the floodplain or its 
margins in the rest of LHWCMP study area, such as older river terraces or bedrock, 
exist east of Reach 1. Therefore, the floodplain width east of the river was not 
quantified. 

West of Reach 1, a Late Tertiary-aged volcanic formation constrains the floodplain. The 
western floodplain width varies from over 7,500 feet near the Gila River confluence to 
less than 600 feet upstream of the Old US Highway 80 Bridge. The western floodplain 
between the Old US 80 Bridge and the SPRR Bridge was flanked by a Late Pleistocene 
surface which varied between three to five feet in height. 
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Subreach 1 6  

This relatively small, 3,200 foot-long subreach is characterized by a definable floodplain 
that is laterally constrained by older pliocene4, Pleistocene, or ~ e r t i a w ~  terraces. The 
floodplain width was fairly consistent in this reach at approximately 6,000 feet. 

2.4.1.2 Surface-Type Distribution 

The long history of agriculture combined with channelization of Reach 1 has resulted in 
the effective removal of nearly all the low terrace and bar deposits from the floodplain 
downstream of the Old US 80 Bridge. Therefore, high terraces and tributary terraces 
composed the majority of floodplain area in Reach 1. Table 2-1 lists the surface-type 
distribution. 

2.4.1.3 Geomorphic Features 

No headcuts or potential avulsion areas were identified in Reach 1, primarily because of 
the degree of historical agricultural use of the floodplain. 

A Late Pleistocene (QI) surface is mapped in the western floodplain downstream of the 
SPRR Bridge (See Chapter 3). Although the QI surface is topographically low relative 
to the rest of the floodplain, no evidence of flood inundation was found. The lack of 
inundation of the QI surface is probably due to the unconfined eastern floodplain that 
allows floodinq to spread out across a larqe area, resultinq in low flood de~ths. Well 
developed desert pavement and desert varnish were observed throughout the QI 
surface. 

2.4.1.4 General Veaetation Descriptions 

Subreach 1A 

The Hassayampa River active channel is channelized and protected by earthen levees 
downstream of the Old US 80 Bridge. The floodplain outside the levees has been 
farmed since the 1930's. Thus, no natural floodplain vegetation is present in Reach 1. 
Vegetation on the QI surface was comprised exclusively of creosote. Figure 2-30 
shows the location and Figure 2-31 shows field photos of the QI surface in Reach 1. 

Subreach 1 6  

Most of the floodplain east of the Hassayampa River was under cultivation at the time of 

Pliocene - geologic Epoch spanning 5.3 to 1.8 million years ago 

' Terliav geologic Period spanning 65 to 1.8 million years ago 
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the field investigation, with the exception of a low terrace directly adjacent to the active 
channel. Vegetation on this terrace predominantly consisted of large tamarisk trees 
with intermittent desert broom. 

The floodplain area west of the Hassayampa River in Subreach 1 B was strikingly 
different than that to the east. No evidence of present or historical agricultural 
development was found on the west floodplain. Vegetation characteristics of this 
surface included sparsely distributed desert broom and snakeweed. Evidence of 
relatively frequent inundation included flotsam and flood debris scattered throughout the 
floodplain surface, and the lack of mature, established vegetation. 
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Late Pleistocene 
surface 

Hassayampa 

floodplain depos~ts and the ~ak?.~leistocene surface. exclusively of creosote. View upstream. 
Note the minor topographic difference between the 

Figure 2-31. Field photos of Late Pleistocene surface - Reach 1 

2.4.1.5 Structure lm~ac ts  

Two earthen dikes were observed on the low terrace in the left floodplain (east) directly 
downstream of the Reach I-Reach 2 boundary. The dikes are three to four feet high. A 
remnant of an irrigation canal is located near the low terracelcultivated area contact. 
The dikes have had no obvious impact on the floodplain, due to their limited extent and 
alignment parallel to the channel. 

Two additional earthen levees (or collection dikes) were obse~ed  in the right overbank 
just upstream of the SPRR Bridge (Figure 2-32). The purpose of these structures 
appears to be to direct overbank flow toward the bridge opening. Both dikes are tied 
into the Pleistocene terrace to the west. The upstream dike is between eight and ten 
feet high. The downstream dike is five to six feet high. With the exception of a breach in 
the upstream dike sometime between 1949 and 1953, field evidence suggests the 
structures have effectively served to direct flood flows toward the bridge opening. 
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Figure 2-32. Levees upstream of SPRR Bridge 

Other structures located in the floodplain of Reach 1 include the Old US 80 road 
alignment, the Arlington Canal and siphon, two rectangular water storage basins, and 
numerous canal laterals. During the field investigation construction of scour mitigation 
measures was underway in the channel at the Old US 80 Bridge. The two water storage 
basins are located in the eastern floodplain area outside the levees, and have had no 
observable impact on the floodplain. The basins' footprints equal a total of 
approximately six acres. 

Figure 2-33 shows field photos of the floodplain areas in Reach 1 upstream of the 
SPRR Bridge and Figure 2-34 shows field photos of the floodplain areas downstream of 
the railroad bridge. 
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I channel. View downstream. floodplain. View upstream. I 

Figure 2-33. Reach 1 floodplain field photos upstream of the SPRR Bridge 
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I 
Eastemfloodplain directly downstream of the SPRR 

Construction at the Old US 80 Bridge. View 
upstream. 

slightly 

I Bridge with construction activity in background. directly west. 

Figure 2-34. Reach I floodplain field photos downstream of the SPRR Bridge 
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2.4.2 Hassayampa River Reach 2: SPRR Bridge to 1-10 Bridge 

2.4.2.1 Floodplain Width 

The Holocene floodplain width in Reach 2 widened consistently in the downstream 
direction from just over 3,600 feet near the upstream reach limit to over 6,200 feet near 
the downstream reach limit. 

2.4.2.2 Surface-Type Distribution 

Although tributary terraces constitute a relatively large portion of the surface type (Table 
2-2), no major tributary confluences were present in Reach 2. The Holocene floodplaln 
in Reach 2 is laterally constrained by high Ple~stocene-aged terraces. Dozens of small 
drainage channels dissect and drain these terraces and debouche onto the marglns of 
Hassayampa Rlver floodplain. Sediment transported by these drainages is deposited at 
the PleistocenelHolocene contact, creatlng a nearly continuous zone of coalescing 
deposits. These deposits occur throughout the entire study area, but are significantly 
larger where the major trrbutaries join the Hassayampa Rlver and form delta deposlts. 
The hlgh percent of low terrace and bar deposits relative to the high terrace deposlts 
Indicate that most of the floodplaln IS highly active and that frequent, future migration of 
the active channel should be expected. 
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2.4.2.3 Geomor~hic Features 

Few headcuts along floodplain flow paths were obseked in Reach 2. Small clusters 
occurred in three areas, all of which were on tributary terraces. The first location is east 
of the active channel just downstream of the upper Reach 2 limit. The second location 
is near the reach midpoint west of the active channel. The third area was located iust 
upstream of the Baseline Road crossing on the extreme western floodplain limit. iigure 
2-35 shows the headcut locations (arrowheads point in the direction of headcut 
migration). 

Several locations of potential avulsions were identified in Reach 2, based on evidence 
that suggests potential avulsion of the active channel onto a low terrace. Figure 2-36 
illustrates these locations from upstream to downstream. The red arrows show the 
estimated flow path direction of the potential avulsion. Figure 2-37 shows field photos 
of both headcuts and potential avulsions in Reach 2. 

Figure 2-35. Locations of headcuts in Reach 2 
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Figure 2-36. Locations of potential avulsions in Reach 2 

Figure 2-37. Photos of headcuts and potential avulsion locations in Reach 2 
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Floodplain vegetation in Reach 2 was substantially djfferent than that found in Reach 1, 
and is more representative of natural floodplain vegetative suites in the study area. The 
vegetation descriptions below are segregated by geomorphic surface. 

Low Terrace & Bars 

The low terrace vegetation is consistent in Reach 2, except for an area east of the 
active channel upstream of Baseline Road, an area which appears to have been 
disturbed. Low terrace vegetation consists of large, mature tamarisk trees with an 
understory of sparsely distributed snakeweed and desert broom. A dense row of 
tamarisk grows along the left side of the floodplain for about one mile upstream of 
Baseline Road along a dike structure composed of buried piles of cut, chopped and 
discarded tamarisk. Tamarisk does not occur either in the channel or floodplain 
upstream of this location in the rest of the study area. The remainder of the low terrace 
surface in Reach 2 was characterized by sparse to moderately dense distributions of 
snakeweed, desert broom, and small palo verde and mesquite trees. There are also 
significant areas devoid of vegetation. 

Hiuh Terrace 

The high terrace comprises a small portion of the total floodplain area in Reach 2, and 
has been disturbed by agricultural development in the past, with most of the natural 
floodplain vegetation removed. In the disturbed areas, the dominant vegetation type 
was sage, which is consistent with observations in the rest of the LHWCMP study area 
where mass clearing occurred. This suggests that following active cultivation, sage is 
able to grow more quickly than other natural vegetation. 

Tributaw Terraces 

Like the high terrace deposits, the tributary terraces in Reach 2 have been subject to 
historical agricultural development. Vegetation on undisturbed tributary terraces in 
Reach 2 was generally dominated by creosote with sparse cacti. Figure 2-38 shows 
typical floodplain vegetation for each geomorphic surface in Reach 2. 

2.4.2.5 2.4.2.5 Structure Impacts 

Two major structures are located in Reach 2. The Baseline Road crossrng is located 
just upstream of the lower Reach 2 limit. The roadway crossed the channel and 
floodplarn nearly perpendicular to the flow drrection. Several small earthen levees have 
been constructed in the floodplain near the roadway crossing. Two levees are parallel 
to the roadway and located on the upstream and downstream faces. Another levee is 
located along the right overbank downstream of the roadway and is parallel to the flow 
drrection. Another levee is oriented parallel to flow and runs along the left overbank 
upstream and downstream of the roadway. The levees are between four and eight feet 
high and are constructed of piled floodplain sedrments. The levee parallel to the left 
overbank is composed of sediment and woody debris (mostly cut tamarrsk). The levees 
may prevent small, frequent flows from leaving the active channel, but larger flows 
would l~kely erode them. Therefore, we conclude that neither the levees, nor the 
Baseline Road crossing rtself have any adverse impacts on the floodplain. 
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Hiah terrace. Note surface is disturbedand 

. . I west. study limit. View north. ' 

Figure 2-38. Reach 2 floodplain vegetation 
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An overhead high tension power line IS located approxlmately one mlle from the 
upstream Reach 2 limrt crossing the Hassayampa River at a 45 degrees angle. Three 
sets of towers are located in the floodplain. Of these sets, SIX lndlvidual towers are 
located wlthln the Holocene floodplain. Obse~ation of these towers indicates they have 
no discernable impact on the floodplain 

Two small, abandoned sand and gravel pits are found in Reach 2. The first pit is 
located about 500 feet from the downstream end of Reach 2. The second pit is located 
just over a mile from the downstream Reach 2 limit. Both pits are in the left overbank 
floodplain. Field evidence suggests that neither of the two pits is active, and no 
evidence was found to indicate the pits had been recently inundated by floods. 

Figure 2-39 shows field photos of the structures located in the Reach 2 floodplain 

Power line towers in the far right overbank floodplain. Power line tower in right overbank floodplain adjacent 
View northeast. to the actlve channel. View southwest. 

Figure 2-39. Photos of structures in the Reach 2 floodplain 
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2.4.3 Hassayampa River Reach 3: 1-10 Bridge to Jackrabbit Wash 

2.4.3.1 Flood~lain Width 

The Holocene floodplain width in Reach 3 narrows in the downstream direction, in 
contrast to the trend in Reach 2, up to the 1-10 Bridges, after which the floodplain 
widens. The floodplain width is over 3,000 feet near the upper limit of Reach 3 and 
narrows to 1,600 feet at the Buckeye FRS # I  outlet channel, just upstream of the 1-10 
crossing. Directly downstream of 1-10 the floodplain immediately widens to 4,500 feet. 

2.4.3.2 Surface-Tv~e Distribution 

Tributary terraces constituted the largest area by geomorphic surface in Reach 3, 
primarily due to Jackrabbit Wash delta deposits. Table 2-3 lists the surface distributions 
for Reach 3. 

The Jackrabbit Wash delta constitutes 20% of the Reach 3 floodplain. As discussed 
previously, the sediment supply rate from Jackrabbit Wash exceeds the Hassayampa 
River sediment transport rate, constraining the Hassayampa channel and floodplain. 
Another significant tributary deposit is located along the right bank downstream of 1-10, 
where several small tributaries coalesce at the Hassayarnpa River. Historical aerial 
photo evidence indicates that although the sediment influx at this location has been 
significantly less than at the Jackrabbit Wash delta, it has been sufficient to provide 
lateral control of the Hassayampa River. Figure 2-40 shows both the Jackrabbit Wash 
delta and the tributary deposit downstream of 1-10. The Hassayampa River low terrace 
and high terrace floodplain deposits in Reach 3 varied only 6% by area, indicating that 
active channel processes have been confined to a relatively narrow corridor. 
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Figure 2-40. Reach 3 tributary terraces 
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2.4.3.3 Geomorohic Features 

More floodplain headcuts occur in Reach 3 than Reach 2, and all were located 
downstream of the Jackrabbit Wash delta. The majority of headcuts were confined to 
tributary terraces along the margins of the Holocene floodplain, but a few were 
observed in the floodplain. Figure 2-41 shows the location of the headcuts in Reach 3. 
The arrows point in the headcut migration direction. 

The potential avulsions identified in Reach 3 were confined to a relatively small area 
downstream of the Jackrabbit Wash delta and upstream of the 1-10 crossing. All of the 
potential avulsions were found to be within the low terrace & bars surfaces. Figure 2-42 
illustrates the potential avulsion areas. The red arrows point in the direction the 
avulsion would occur. Figure 2-43 shows field photos of both headcuts and potential 
avulsions. 

Figure 2-41. Locations of headcuts in Reach 3 
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Figure 2-42. Locations of potential avulsion in Reach 3 

Figure 2-43. Photos of headcuts and a potential avulsion location in Reach 3 
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Rather than agricultural development as in Reach 2, sand and gravel mining has been 
the major contributor to disturbance of the floodplain in Reach 3. Two large mines are 
located in the right overbank floodplain immediately Upstream and downstream of the 
Tonopah-Salome Highway. The pits impact both the low and high floodplain terraces in 
addition to tributary terraces on the margin of the Holocene floodplain. The other 
location of floodplain disturbance is a small agricultural area in the far-right floodplain 
downstream of 1-10. Historical aerial photos indicate this area has been developed 
since at least 1964. Figure 2-44 shows these disturbed floodplain areas. 

Figure 2-44. Reach 3 disturbed floodplain areas 

2.4.3.4 Vesetation 

Aside from the disturbed areas, floodplain vegetation is similar to that found on other 
floodplain surfaces in the study reach. Vegetation on the low terraces is dominated by 
low brush species (snakeweed, desert broom, and rabbit brush) with numerous 
immature palo verde trees. The high terrace vegetation is more variable than on the 
low terrace, but generally includes rabbit brush, Bermuda grasses, larger more mature 
palo verde and mesquite trees, creosote, and a variety of cacti species including 
saguaro, cholla, and prickly-pear. Excluding the Jackrabbit Wash delta, vegetation on 
the tributary terraces is composed almost exclusively of creosote with occasional 
saguaro cacti. The Jackrabbit Wash delta vegetation was dominated by creosote, but 
also includes palo verde trees. Figure 2-45 shows field photographs of the floodplain 
vegetation. 
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am of the 1-10 cross~ng. Low terrace just south of the Tonopah-Salome 
vav crossinq. View south. 

View north. 
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Figure 2-45. Reach 3 floodplain vegetation 
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2.4.3.5 Structure Impacts 

The structures located within the Reach 3 floodplain include the 1-10 bridges, the 
Buckeye FRS # I  outlet channel, the Tonopah-Salome Highway at-grade crossing, the 
two large sand and gravel mining operations, and the double-pole overhead utility line 
crossing north of the upstream mine. Figure 2-46 shows photos of these structures 
taken during the field investigations. 

The 1-10 bridges are nearly equal in length (-1,200 feet) and span just over half the 
Holocene floodplain width. Although no direct evidence of adverse impacts to the 
floodplain by the bridges or roadways was observed during the field investigations, it 
should be noted that the bridges only span the active channel and low terrace, resulting 
in flow discontinuity with the high terrace and flow contraction over the active channel. 
Future high magnitude floods will be forced through the bridges, potentially resulting in 
lateral erosion of the high terrace downstream. 

The Buckeye FRS #I outlet channel is orlented parallel to, and approximately 600 feet 
upstream of, the 1-10 alignment. The outlet channel primarily impacts a tributary deposit 
surface. The construction of the channel created a break in the drainage pattern of 
trlbutary channels which were oriented to the southwest. Flow from these trlbutary 
channels is now Intercepted and concentrated by the outlet channel embankment, 
resulting In entrenched channels parallel to the embankment to convey the intercepted 
runoff. 

The floodplain conditions both upstream and downstream of the Tonopah-Salome 
crossing were observed over the entire floodplain width. No evidence of adverse 
impacts was found. 

The sand and gravel mines in Reach 3 directly impacted both the active channel and 
floodplain as described in Section 2.3.4.4. At the time of the field investigations, a 
footprint of approximately 113 acres of floodplain had been excavated. Aside from 
these direct impacts, the pits will also greatly influence the horizontal and vertical 
distribution of flood and erosion hazards in this reach in the future. 

The power line crossing upstream of the sand and gravel mine was inspected for 
potential impacts on the floodplain. Four sets of poles are located within the floodplain 
area. Each were observed and found to have no adverse impact on the floodplain. 
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1-10 westbound bridge. View southwest across the 1-10 westbound bridge. View east across the active 
- 

tnrrencned channel along the trucKeye PKSKI 
oufflow channel embankment. View east. 

Highway crossing. View south. surface. View east along the alignment. 

Figure 2-46. Reach 3 floodplain structure field photos 
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2.4.4 Hassayampa River Reach 4: Jackrabbit Wash to Wagner/Daggs Wash 

2.4.4.1 Flood~la in Width 

The floodplain width in Reach 4 is narrowest (2,900 feet) just downstream of the Daggs 
WashWagner Wash confluence and widest (4,500 feet) near the midpoint of Reach 4. 

2.4.4.2 Surface-Tv~e Distribution 

The presence of two major tributary confluences in Reach 4 contributes to a 
proportionately large distribution of tributary terrace surfaces. Additionally, most of 
Reach 4 is located upstream of White Tanks Wash, which collects most of the flow and 
sediment from the White Tank Mountain piedmont and conveys it into the Buckeye FRS 
#I and away from the river. Without White Tanks Wash sewing as a collector channel, 
the distributary piedmont channels feed directly into the Hassayampa River, creating 
larger tributary terraces on the Holocene floodplain margins, as illustrated in Figure 
2-47. The surface-type distribution for Reach 4 is listed in Table 2-4. 

Figure 2-47. Runoff and sediment intercepted by White Tanks Wash 
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terrace deposits suggests the floodplain in Reach 4 has been dynamic and that the 
active channel has likely experienced significant lateral migration within recent geologic 
history. 

2.4.4.3 Geomor~hic Features 

Floodplain headcuts are concentrated in the lower half of Reach 4 along the contacts of 
the tributary terraces and the Hassayampa River terraces, consistent with observations 
described for the downstream reaches. The presence of headcuts along the tributary 
terrace margins suggests the possibility that the Hassayampa River floodplain corridor 
has been degrading over recent geologic time. 

Evidence for potential avulsions is found throughout Reach 4, but is concentrated in the 
upper and lower ends of the reach. Unlike the downstream reaches, a large number of 
potential avulsion locations were present at the high terrace margins, suggesting the 
possibility of greater lateral migration of the active channel. Figure 2-48 and Figure 
2-49 show the locations of headcuts and potential avulsion locations as identified during 
the field investigations. Field photos of these features are shown in Figure 2-50. 
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Figure 2 4  Reach 4 headcut locations 

Figure 249. Reach 4 potential avulsion locations 
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le of a headcut in a tributary deposit. 

I downstream. I downstream 

Figure 2-50. Reach 4 geornorphic feature field photos 

Aside from a 65-acre agricultural area in the eastern floodplain near the middle of 
Reach 4, the floodplain is relatively undisturbed. Floodplain vegetation suites and 
densities are consistent with those found in undisturbed downstream reaches. Low 
terrace and bar vegetation is dominated by sparse low brush species (snakeweed, 
desert broom, and rabbit brush). The low terrace and bar surfaces frequently contain 
small, immature palo verde trees. Flotsam and flood debris are found on these 
surfaces, suggesting relatively frequent inundation. High terrace vegetation consists of 
large, mature palo verde and mesquite trees, creosote, Bermuda grasses, and a variety 
of cacti. Tributary terrace vegetation is almost exclusively comprised of creosote. 
Figure 2-51 shows typical examples of floodplain vegetation in Reach 4. 
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Figure 2-51. Reach 4 floodplain vegetation 

2.4.4.5 Structure Impacts 

No significant structures exist within the floodplain of Reach 4 

2.4.5 Hassayampa River Reach 5: WagnedDaggs Wash to CAP Siphon 

2.4.5.1 Floodplain Width 

Reach 5 had the widest floodplain of the study area, with a width of about 6,000 feet or 
1 .I miles at the upstream end of the Reach. The narrowest floodplain in Reach 5 was 
just over 2,400 feet, and was located approximately one mile above the downstream 
reach limit. Although other reaches had variable floodplain widths, only Reach 5 
decreased by more than half. 

2.4.5.2 Surface-Type Distribution 

The wide floodplain area in Reach 5 was composed primarily of high terrace and 
tributary terrace surfaces. As the floodplain narrowed in the downstream direction, the 
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high terraces and tributary terraces became less dominant and were generally 
constrained to the margins of the Holocene floodplain, which is consistent with reaches 
downstream. The breakdown of surface-type in Reach 5 is listed in Table 2-5. 

The high percentage of low terrace and bar deposits suggests that active river 
processes have occurred within a large portion of the floodplain within recent geologic 
time. This also suggests the possibility that the active channel has not been laterally 
stable recently. 

2.4.5.3 Geomor~hic Features 

Floodplain headcuts occur less frequently in Reach 5 than in other reaches, most of the 
headcuts in Reach 5 are not assocrated with tributary terraces, as was seen 
consistently downstream (Figure 2-52). In Reach 5, headcuts were most frequently 
observed in areas with avulsive breakout channels that had become entrenched in the 
floodplarn surfaces. These headcuts were generally localized and had lrmited extent 
(Figure 2-53). More long-term headcut processes were also observed on a more broad 
scale across the wide, hrgh terrace surface in the upper reach. Aerial photos and field 
evidence suggest that these headcuts represent formation of an rntegrated drainage 
network on the surface itself. As the headcut process migrates upstream, the channels 
may eventually reconnect with the active channel, resulting in the potential of a major 
avulsion across this surface (Frgure 2-54). 

Many potential avulsion locations were observed and documented in Reach 5. An 
approximately equal number of avulsions occur on the low and high terraces (Figure 
2-55). 
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2.4.5.4 Veqetation 

Like Reach 4, very little historical disturbance of the floodplain has occurred in Reach 5, 
except at the CAP siphon crossing and at an inactive sand and gravel mine in the far 
northeast corner of the study area. The vegetation suite comprising the low terrace and 
bar surfaces is consistent with vegetation found in the downstream reaches. Bar 
vegetation consists of low brush species, generally desert broom and snakeweed, and 
consistently lacks trees of any size. The low terrace surface vegetation is similar to that 
found on the bar surface but usually contains small, immature palo verde trees. The 
high terrace vegetation in the downstream half of Reach 5 is consistent with high 
terrace vegetation downstream and generally contains a suite of large, mature palo 
verde and mesquite trees, creosote, Bermuda grasses, and a variety of cacti. The large 
area of high terrace surfaces in the upstream half of the study area had dramat~cally 
different vegetative cover compared to other high terrace surfaces, in that very few trees 
were present and vegetation was sparser. The dominant species were small (< 3 ft) 
creosote bushes and Bermuda grass (Figure 2-56). 

Typical low bar surface vegetation suite in Reach 5. Low terrace vegetation. View northeast. 
View northwest. 

upstream study limit. ~ o t e  the sparse nature of the 
vegetation and the lack of trees. View west. 

G a c h  5. View northeast. - 

Figure 2-56. Vegetative cover on Reach 5 floodplain surfaces. 
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2.4.5.5 Structure Impacts 

Two structures were identified in the Reach 5 floodplain, the CAP siphon and an 
inactive sand and gravel mine. Significant disturbance of the floodplain probably 
occurred during the construction of the CAP siphon crossing. However, the field 
observations indicate that the disturbed areas recovered and native vegetation has 
reestablished itself. Aside from a small portion of the siphon pipe that had been 
excavated for inspection and repair, no field evidence was found indicating the buried 
structure had an adverse impad on the floodplain. At the time of the field 
investigations, the excavation footprint area was approximately 0.7 acres. The CAP 
siphon excavation is now closed and reburied. Figure 2-57 shows this area in both map 
view and via field photo. 



Figure 2-58. Reach 5 sand and gravel mine complex 

2.5 Historical Flood Evidence 
Evidence left by previous floods not only aids in understanding the magnitude of the 
specific event, but also provides insight into the channel processes that occur during 
large floods. During the field investigations, evidence of historical floods was identified 
and documented. Large magnitude floods are by nature self-censoring. That is, large 
floods often remove evidence and "overwrite" the records of previous floods. In this 
sense, flood evidence observed in the field may relate only to the last, largest event and 
generally is not a continuous record of flood history. By combining field evidence with 
historical aerial photography, the potential flood impacts can be better understood. 

2.5. I Avulsions 
An avulsion is a sudden relocation of the active channel from one part of the floodplain 
to another. Avulsions are responsible for some of the most significant lateral channel 
movement on the large stream systems in central Arizona. It is therefore important to 
identify locations for potential future avulsions (as discussed previously in this chapter), 
in addjtion to attempting to understand the impact that avulsions havehad on the 
system historically. Areas identified as potential future avulsions during the field 
investigations were discussed above. Locations of major historical avulsions were 
identified on the historical aerial photography and are discussed in Chapter 3. 

2.5.2 Flotsam 
Flotsam is commonly found on low terrace and bar deposits throughout the study area. 
Although not particularly informative in identifying individual flood events, because these 
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low surfaces are subject to relatively frequent inundation, the presence of flotsam was 
useful for quickly identifying these surfaces. Flotsam identified on the high terraces and 
Holocene floodplain margins provided information about the largest historical floods. 
The character of the flotsam discovered on these surfaces indicated that it was placed 
during the flood caused by 1890 Walnut Grove Dam fai~ure.~ These 1890 flood deposits 
provided a minimum relative estimate of the lateral extent of that flood, which exceeds 
the current regulatory flood peak estimate, within the Holocene floodplain at the 
particular location where the flotsam was discovered. Often this flotsam was in the form 
of cut timber boards, sometimes smooth cut on both sides of the board, sometimes only 
on one side, and sometimes with embedded square nails. The 1890 flotsam was often 
found on recently-deposited, massive, medium to fine-grained alluvial layers well above 
the computed 100-year water surface elevations. A map showing the location of 
flotsam deposits, in addition to field photos are provided in Figure 2-59 and Figure 2-60. 

2.5.3 Sediment Deposits 
Although sediment deposition is common during floods, long-term preservation of these 
deposits is less common. Subsequent floods often rework these deposits and erase the 
depositional record. Long-term preservation can occur, however, under specific 
conditions such as low energy, slackwater areas, or on terrace surfaces that are 
inundated by only the largest magnitude floods. Both types of deposits were found in 
the LHWCMP study area during field investigations. 

2.5.3.1 Hiah Terrace De~osits 

A unique flood deposit was found associated with the high terrace surfaces at multiple 
locations within the study area. The deposits were comprised of medium coarse sand, 
similar to the material found in the existing active channel. The deposits are unique due 
to their position relative to the active channel. In general, the high terraces are 
interpreted as the lateral limit of the floodplain, inundated only by extreme floods. The 
environment on the high terraces surfaces would be characterized by low energy and 
shallow depth, conducive to fine sediment transport and deposition. Coarser sediments 
are transported in the high energy environment of the main channel. An explanation for 
the presence of these medium sand deposits on the high terrace is that they were 
emplaced during the 1890 Walnut Grove Dam flood. The 1890 flood was by far the 
largest in the record and possibly the largest in geologic history. Only a flood with the 
magnitude of the Walnut Grove Dam event would have had the discharge and energy 
sufficient to inundate the high terrace surfaces to a depth conducive to the transport and 
deposition of the medium coarse sands. The vegetation characteristics of the high 
terrace surfaces were also unique compared to that found on other high terraces in the 
study reach in that they were dominated by Bermuda grasses. The soil profiles on 
several high terraces were examined in more detail, as described in Chapter 3. Figure 
2-61 shows the locations of several high terrace deposits in the upper study reach. 
Figure 2-62 shows field photos of one of these surfaces including a soil profile clearly 
illustrating the thickness of the medium coarse sand deposit. 

A d~scusslon of the Walnut Grove Dam farlure flood is prov~ded in the LHWCMP Hydrology Report Append~x 
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:igure 2-59. High terrace flotsam locations 
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Photo la.  
deposited 

Flotsam on a high terrace surface; possibly 
I bv the 1890 Walnut Gfove Dam flood. 

TS'& to notches cut in the board. 

Photo Ib. Close-up of same board as left. Note 
rusty, s q u a  ' I s  protruding. 

Figurn 2-60. Field photos of flotsam on high terrace surfaces 
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Figure 2-61. Looafions of 1890 flood depa 

1890 Rood 
deposits. Note dominanm of Bermuda grams. View 

grained flood deposits underlying the 1880 
medium sand deposit. 

Figure 2-82. Field photos of 1890 high terrace deposit 
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2.5.3.2 Slackwater Deposits 

Slackwater deposits were identified frequently along the Holocene floodplain margins. 
The Pleistocene terracelHassayampa River contact was frequently characterized by 
small embayments at the mouths of tributaries. During large flood events these 
embayments create a low-energy slackwater environment in which suspended 
sediments drop out and accumulate (hence, the name slackwater deposit). Although 
these deposits were not analyzed in detail, their regional context with respect to the 
entire w~dth of the Holocene floodplain suggests they are associated with the 1890 
Walnut Grove Dam flood. Figure 2-63 shows a map view of a few of the locations in 
which slackwater deposits were found and a field photo of a typical deposit. 

Figure 2-63. Typical locations of slackwater deposits 

2.6 Structures Investigation 
Previous discussions of structures were focused on impacts of the structures on the 
active channel and floodplain areas. This section addresses conditions at the structures 
themselves, as documented during the field investigations, and any visible impacts on 
the structures by channel and floodplain processes observed in the field. The location. 
dimensions, and general conditioni of the structures were documented in structure 
impacts forms. This analysis does not include hydraulic cornoutation of scour ootential. 
Only field evidence of ~ n - ~ o i n ~  scour is discussed. ~ x a m ~ l e s  of field forms a;e 
provided in Appendix 5.1. 

The discussion of structure impacts is organized by structure type and by reach. The 
primary types of structures that were documented include the following: 

Bank Protection 
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Bridges 
Levees 
At-Grade Roadway Crossings 
Irrigation and Siphon Crossings 
Power Line Towers and Poles 

Reaches without structures are omitted from the discussion in this section. 

2.6.1 Bank Protection 

2.6.1.1 Reach 5 

The only engineered bank protection found outside of br~dge abutments within the 
LHWCMP study area was found along the CAP Granite Reef Aqueduct canal in Reach 
5. At the time of the field investigations, approximately 2,900 linear feet of canal 
embankment was protected by soil cement, and the active channel was dlrectly 
adjacent to the embankment for the entire length of the stabilization. It is noted that the 
bank protection was added some time after original construction of the CAP canal in 
response to lateral erosion during relatively small floods that move the actrve channel 
toward the canal alignment. The field observations of the bank protection were 
recorded in July and October of 2004. During each of the field v~sits it was noted that 
the toe of the bank protection was exposed in places and appeared to have been 
slightly trimmed by erosion. The toe of the soil cement is cut to vertical at the base and 
a series of lateral shelves are v~sible at a height of between four and five feet above the 
channel invert. Evidence indicating slight undermining of the bank toe was also found. 
Figure 2-64 shows a map view of this structure and Figure 2-65 shows field photos. 

Figure 264. CAP canal bank stabilizatlon 
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I 
CAP canal bank stablllzat~on Note cutbank along toe CAP canal bank stabil~zat~on V~ew upstream 
V~ew downstream 

TW hviag~@ I W @ d  Rm& I; th& CllU UB Higjhway 5tJ Bridae an& the SPRR 
BndfEe, Ttw candibn ~f tlm bbrip plsafs in ~ W D I I  t@ the abrrtmenb was ~ W W W  
in the field. 



the information collected as to the condition of the bridge piers and abutments. Field 
photos taken from the bridge deck are shown in Figure 2-66. At the completion of the 
construction work, the bridge section is fully lined. Therefore, scour impacts on the 
bridge are presumably mitigated. HEC-RAS modeling performed for the LHWCMP, 
summarized the Hydraulics Report, indicates that some flow may bypass the bridge via 
the floodplain. 

Figure 2-66. Field photos of the Old US Highway 80 Bridge 

SPRR Br id~e  

The railroad bridge is supported by 12 piers (numbered river left to river right) spaced at 
approximately 80 feet. The upstream and downstream face of each pier was observed 
and photographed. Evidence of scour between one and three feet deep was observed 
at the upstream face of three piers. No scour was observed at the downstream face of 
the piers. A four foot high cutbank was observed at a distance of approximately 10 feet 
from pier 12. Aside from the cutbank, no evidence of erosion was found at the west 
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abutment. Unlike the west abutment, the east abutment was comprised of a set of three 
wooden trestles. No evidence of instability due to erosion was found on the east 
abutment. The active channel was located between piers 10 and 12 (numbered from 
river left to river right). Field photos of the structure are found in Figure 2-67. 

2.6.2.2 Reach 3 
The 1-10 Bridges are located in Reach 3 and were observed and documented in the 
same manner as the SPRR Bridge. Each 1-10 Bridge is supported by 14 piers spaced 
approximately 75 feet apart. No evidence of scour was found at any of the 28 piers. 
Flood high water mark evidence (likely from the October 2000 flood) was observed on 
many of the eastbound bridge piers. The height from the channel bed to the high water 
marks varied between one and three feet. Both the east and west bridge abutments 
were protected with a rock and rail system comprised of rounded rock riprap held in 
place by I-beam rails and chain fencing. A 20 foot x 20 foot (approx.) scour hole was 
observed along the base of the upstream east abutment bank protection. Scour was 
also observed at the toe of the abutment bank protection beneath the bridges. Large, 
angular rock had been dumped into the hole, probably as scour mitigation. Evidence of 
erosion was also observed along the toe of the west abutment at a two- to three-foot 
high cutbank encroaching on the bank protection. No evidence of scour was observed 
on the downstream face of either the east or west abutment. The active channel is split 
and is located between piers seven and nine and pier 12 and the west abutment 
(numbered from river left to river right). Figure 2-68 shows field photos of the bridges. 
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downstream. 

Staln on pier indicates approximately three feet of 

Upstream face of bridge. View west, 

Figure 267.  Field photos of railroad bridge 
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SGour hole on upstream seek of east 

1 protection upstream of the bridges. View west 

Figure 2-68. Field photos of the Interstate 10 Bridses 
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2.6.3 Levees 

2.6.3.1 Reach 1 

The banks of the levees in the channelized portion of Reach 1 below the Old US 80 
Bridge were observed during the field investigations. No engineered bank protection 
was in place. Vegetation varied from moderately dense to sparse. No evidence of bank 
instability was observed. The single (left bank) levee upstream of the Old US 80 Bridge 
was being actively eroded as evidenced by a 10-foot vertical cutbank shown in Figure 
2-69. 

The two right bank levees immediately upstream of the SPRR Bridge appeared to have 
been constructed to divert flood flows away from the railroad embankment. The 
upstream levee has been in place since at least 1949. 1953 aerial photos show a 
breach in the upstream levee (possibly the August 1951 flood), the likely cause for the 
construction of the secondary, downstream levee (Figure 2-70). The banks of these 
structures were earthen and not reinforced by engineered bank protection. 

I Bridge View downstream. ~ i t e  unstable, vertical cutbank View southwest. 

Figure 2-69. Field photos of Reach 1 levees 

2.6.3.2 Reach 2 
The series of levees located at the Baseline Road at-grade crossing appeared to be 
temporary structures that are composed of uncompacted materials obtained from the 
active channel. It is likely that these structures are merely the result of road 
maintenance practices following floods. 

A 2,600-foot long, 5-foot high levee in the left overbank approximately 1.2 miles 
upstream of the Baseline Road crossing apparently was constructed to protect the 
adjacent agriculture fields. The levee was earthen and no bank protection was present 
(Figure 2-71). 
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Figure 2-71. Reach 2 levm 
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2.6.3.3 Reach 4 

A small 900 foot long levee was observed in Reach 4 in the far eastern floodplain, two 
miles downstream of the Wagner Wash confluence. The five foot high levee was 
earthen in composition, and appears to have been constructed to protect the adjacent 
agricultural fields (Figure 2-72). 

Figure 2-72. Reach 4 levee 

2.6.4 At-Grade Road Crossings 

2.6.4.1 Reach 2 
Baseline Road is one of only two at-grade road crossings in the LHWCMP study area, 
and is the only paved one. Field observations of the crossing, both within the active 
channel and floodplain areas, indicated the structure is well-maintained with no 
evidence of existing or potential erosion frbm the Hassayampa River (Figure 2-1 I), 
although road damage should be expected during significant floods. 

2.6.4.2 Reach 3 
The Tonopah-Salome Highway at-grade road crossing is located in Reach 3. At the 
time of the field investigations the crossing was a graded, gravel road and no evidence 
of erosion was found. Subsequent visits to the site following the December 2004 floods 
revealed the impermanent nature of the crossing. Severe erosion of the crossing had 
occurred at multiple locations within the Hassayampa River floodplain. Similar erosion 
should be expected during future flow events (Figure 2-16). 
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2.6.5 Irrigation and Siphon Crossings 

2.6.5.1 Reach 1 

The Arlington Canal siphon crossing, located 3,000 feet upstream of the Gila River 
confluence, has been in place since at least 1934. Both the inlet and outlet of this 
structure were observed and showed no field evidence of adverse impacts from the 
Hassayampa River (Figure 2-73). 

Figure 2-73. Arlington Canal siphon 

2.6.5.2 Reach 2 

Historical evidence of a siphon or surface canal known to have crossed the maln 
channel during the historic period is completely lacking, except for some structures that 
are now partially buried in the floodplain on the west side of the river. Presumably, 
these features were obliterated by floods, as was recounted in the historical records and 
by local residents. 

2.6.5.3 Reach 5 

The CAP Granite Reef Aqueduct siphon extends the entire width of the Holocene 
Floodplain. The siphon inlet and outlet structures are located on the Pleistocene 
terrace, thus are outside direct effects of flooding on the Hassayampa River. The 
condition of the buried pipe that spans the floodplain was not possible to ascertain, 
however, it is actively maintained by the Central Arizona Project. 
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2.6.6 Power Line Towers and Poles 

2.6.6.1 Reach 2 
No evidence of active scour was observed around the power poles of the single-pole 
overhead utility alignment located just upstream of Baseline Road (Figure 2-74). 

.'i. ,. ' 2 
;> , - 
I.. 1 :  I; "' + 

I I 
Pole in left overbank. View west. 

Figure 2-74. Field photos of power poles at Baseline Road 

As discussed in Sections 2.3.2.4 and 2.4.2.5, the hlgh tension power line towers in the 
alignment that crosses the Hassayampa River in Reach 2 are not located directly in the 
active channel. However, lateral migration of the actlve channel is rapidly approaching 
the set of three towers located in the r~ght overbank. A vertical cutbank on the outside of 
the bend has progressively moved toward the power poles over the past several years, 
despite a lack of significant floods. At the time of the field investigation, the northern- 
most tower was approximately 212 feet from the cutbank. Analysis of the distance 
between the tower and the cutbank, using orthophotography from 2001, 2003, and 
2004, yielded the distance estimates summarized in Table 2-6. 

Although the data shown in Table 2-6 are limited, they indicate an erosion rate of about 
18 feetlyear. At this rate, the cutbank would reach the north tower by 2017. Historical 
ev~dence from other reaches indicates that a single large flood could easlly erode the 
cutbank well past the existing 212 foot buffer. No evidence of scour from overbank 
flows was observed at the base of the tower pylons (F~gure 2-75). 
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Figure 2-75. Field photos of power line towers in Reach 2 

2.6.6.2 Reach 3 

During the initial (June 2004) field visits, as well as during subsequent field trips prior to 
December 2004, headcuts were observed approaching, then reaching, and then 
passing the double-pole overhead utility alignment located north of the Tonopah- 
Salome Highway. The site was visited during the December 2004 floods to view the 
progress of the eroslon and it was found that sediment deposition had filled the sand 
and gravel pit downstream that initiated the headcut, and had buried the headcut itself. 
After the flood, the poles appeared no longer threatened (Figure 2-76). 

Figure 2-76. Reach 3 power pole alignment 
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2.6.6.3 Reach 5 

The two power line alignments in Reach 5 are located just upstream of the Wagner 
Wash confluence. Each alignment contains multiple towers within the Hassayampa . . 
River floodplain, with one tower located directly in the active channel. Each tower within 
the floodplain was observed to assess the condition of the pylons and determine if 
erosion had occurred at the base of the towers. 

Southern Alignment 

The southern double-pole alignment had four towers in the floodplain, with the eastern- 
most set located on a low terrace surface and the western-most set on a low bar 
surface. Seven of the pylons on the eastern set appeared to have experienced no 
recent erosion. An avulsion channel located just east of the towers recently m~grated 
toward one of the pylons, eroding about two feet of sediment from the base of the 
pylons (Figure 2-77). The western tower set was located on a frequently inundated 
surface as ev~denced by an abundance of flotsam, some of which had accumulated on 
the pylons (Figure 2-77). Several of the pylons showed evidence of recent erosion at 
the base. Geomorphlc evidence upstream suggests that a potent~al avulsion of the 
active channel onto the low bar surface was possible, and would result in more 
substantial erosion around the base of the towers in the future. 

Figure 2-77. Reach 5 field photos of the southern power line alignment towers 
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Northern Alianment 

The northern tower alignment has three towers in the floodplain. Two towers are 
located on low terrace surfaces on either side of the active channel, and the third is in 
the active channel itself. The eastern tower was approximately 20 feet from an avulsion 
channel. None of the pylons at the eastern tower show evidence of recent erosion. 
However, lateral migration of the avulsion channel could undermine the pylons in the 
future. The western tower is also directly adjacent to an avulsion channel. Staining on 
one of the three pylons suggests recent removal of approximately one foot of sediment. 
The third tower has three pylons located directly in the active channel. The three pylons 
in the channel show evidence of recent erosion. The distance from the ground surface 
to the top of each pylon was measured. The three pylons in the channel measured 7.6 
feet, 6.7 feet, and 5.7 feet, while the pylon on the terrace measured four feet, indicating 
erosion of several feet from the base of the pylons in the channel (Figure 2-78). 
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The eastern tower. The avulsion channel is just to the 
right out of the photo. View northeast. 

Central tower. Note the three pylons in the active 
channel and the staining indicating recent erosion. 
View east. 

Figure 2-78. Reach 5 field photos of the no1 

View upstream. 

rthern power line alignment towers 

Lower Hassayampa River Watercourse Master Plan Page 2-87 
River Behavior Report April 2006 



2.7 Sediment Data 
Characteristics of channel and floodplain sediment were used in both the geomorphic 
and soil profile analyses. During the field investigations, surficial sediment data, such 
as relative firmness, composition, color, and general texture were used to characterize 
and identify differing geomorphic surfaces. During the soil pit analysis, specific 
properties of individual soil profiles were characterized to interpret the flood inundation 
history, relative age, and geomorphic surface. The soil pit analyses are presented in 
Chapter 3. General sediment characteristics that were observed during the field 
investigations and which are applicable to the entire study area are discussed here. 

2.7. I Channel Bed Sediments 

Active channel bed sed~ment characteristics were consistent throughout the entire 
LHWCMP study area. Sieve analysis from the 19 sediment samples collected for the 
LHWCMP sediment transport analysis (Chapter 5) yielded a dso value of 0 5mm which 
falls directly between a coarse sand and a medium sand. Gravel was frequently 
observed on the surface of the channel bed, and was visually estimated at about 5 to 10 
percent of the total distribution. The percentage of gravel was consistently less below 
the surface layer. An early hypothesis that channel sediment slze would increase 
immediately downstream of major tributaries due to coarser loads in the steeper 
tributaries was not supported by the field or laboratory analyses. However, the 
Dercentaqe of gravel in the channel banks did increase downstream of the tributaries. 
i'igure 2-79 shows bed sediment photos from various locations. 

2.7.2 Channel Bank Sediments 

In most of the study area, channel banks are cut into the low terrace surfaces. 
However, where the channel banks are cut into high terrace surfaces, tributary terrace 
surfaces, and Pleistocene terrace surfaces, the bank sediments and characteristics are 
significantly different. Some bank features observed in older and higher terrace cuts 
provided information as to the general stability of the banks and their susceptibility to 
lateral erosion. These characteristics included sedimentary texture, cohesiveness, and 
calcium carbonate (CaC03) accumulation. Each of these bank types observed in the 
field are described below. Cohesiveness was measured using a shear vane that 
measures relative shear strength in tenths of 1 kg/cm2. Field photos of each bank type 
are shown following the descriptions. 

2.7.2.1 Low Terrace Banks 

Most of the active channel banks in the study area are cut into low terrace surfaces. 
The low terrace banks were generally composed of fine grained, loamy sands with less 
than 10 percent gravel (Figure 2-80). Cohesiveness was generally low, with shear vane 
readings from 0 to 0.3 kglcmz. Vertical cutbanks were common. Calc~um carbonate 
accumulation was undetectable using hydrochloric acid (HCL). Low terrace channel 
banks were erodible and unstable, and thus are considered highly susceptible to lateral 
erosion. 
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Channel bed sediment just downstream of the 1-10 
Br~dges. Note the gravel in the undisturbed area, and 
the lack of gravel in the disturbed sediment taken from 

Undisturbed 
the gravels. 
bridae. 

below the surface. 
- 

confluence. 

C 
Profile of channel bed sediments. Note lack of 
gravel in the deposit. Photo taken near the , upstream study limit. 

Figure 2-79. Field photos of channel bed sediments 
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Figure 2-80. Low terrace channel bank sediments 

2.7.2.2 Hiah Terrace Bankg 

Channel banks cut into the high terrace surfaces were the second-most common after 
the low terrace banks. High terrace bank sediments were generally finer than the low 
terrace sediments and were composed of silty loam with less than 10 percent gravel. 
Cohesiveness was generally low, with shear vane read~ngs of 0.3 to 0.55 kglcm2. 
Vertical cutbanks were frequent. Calcium carbonate was commonly detectable with 
HCL, but was finely disseminated. Like low terrace banks, high terrace channel banks 
are erodible and unstable, and thus are considered highly susceptible to lateral erosion 
(Figure 2-81 ). 

High terrace channel bank sediments. 

Figure 2-81. High terrace channel bank sediments 

2.7.2.3 Tributarv Terrace Banks 

Locations in which the active channel was directly adjacent to a tributary terrace are 
less common than cuts into the high terraces. The tributary terrace channel bank 
sediments were very different than the floodplain terraces. The sediment matrix 
generally consisted of loam and loamy sands, but the percent of gravel was significantly 
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higher than the floodplain terraces, and ranged from 15 to 50 percent. Cohesiveness 
was also much higher, with shear vane readings of at 0.5 to 0.8 kg/cm2. The higher 
cohesiveness was due to CaC03 cementation, which was commonly estimated at Stage 
I+. The soil structure of the tributary terrace sediments was blockier than sediments on 
the floodplain banks, indicating accumulation of fine-grained sediments, chemical 
weathering, and a much older age. Both vertical and overhanging cutbanks were very 
common. The tributary terrace channel banks were significantly more stable than the 
floodplain terrace banks, but cannot be considered erosion res~stant. The banks are 
susceptible to erosion (Figure 2-82). 

Typical trtbutary terrace channel bank. Note 
more blocky structure and lighter color than low sediments. 
and high terrace sediments. 

Figure 2-82. Tributary terrace channel bank sediments 

2.7.2.4 Pleistocene Terrace Banks 

Pleistocene terraces flanking the active channel were uncommon in the study area. 
The most prominent location where the active channel cuts a Pleistocene terrace was 
opposite the Jackrabbit Wash delta. The sediments comprising the Pleistocene terrace 
banks were not analyzed in detail, although they had similar characteristics to other 
such surfaces described on other river systems in central Arizona. These 
characteristics included very blocky soil structure, stage Ill to 1V+ CaC03 development, 
and disseminated gravels. Undercutting and mass wasting seemed to be the dominant 
erosion process, both of which are facilitated by fluvial processes. The channel banks 
formed by Pleistocene terrace deposits are considered moderately stable. Elsewhere, 
average erosion rates for Pleistocene surfaces have been estimated at less than one 
foot per year. Given the relative resistivity of the banks opposite the Pleistocene terrace 
banks, the active channel probably tends to preferentially erode the younger surfaces 
(Figure 2-83). 
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sediments. Note very blocky structure and 
disseminated gravels. 

Figure 2-83. Pleistocene terrace channel bank sediments 

2.7.3 Floodplain Sediments 
Floodplain sediments vary consistently by geomorphic surface in the study area. The 
soil pit analysis (Chapter 3) provides detailed descriptions of floodplain sediment from 
locaiions throughout the study area. 

2.8 Field Evidence of Vertical Channel Change 
Evidence of historical degradation or aggradation and points of natural grade control is 
generally lacking in the study area. Only the following types of information were 
identified during the field reconnaissance and are discussed below: 

Headcuts and Tailcuts Near Sand and Gravel Mines 
Headcuts on Floodplain and Tributary Terraces 
Long-Term Degradation in Reach 1 
Evidence of Aggradation 
Natural Grade Control 

More detailed discussion of vertical channel changes is provided in Chapter 4 

2.8.1 Headcuts and Tailcuts near Sand and Gravel Mines 
Headcuts were observed upstream of the in-stream excavations near the Tonopah- 
Salome Highway. Where the plts had captured an active channel braid, the headcuts 
extended to the full depth of the pit, and became progressively deeper and longer with 
each small flow event. At one point, the headcut upstream of the 10-foot deep P~oneer 
Sand excavation (upstream of the Tonopah-Salome Highway) migrated nearly 0.5 miles 
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upstream along a sinuous headcut path (Figure 2-84). The banks of the headcut 
channel were vertical. The headcut channel itself was terraced, reflect in^ ~roqressive 
deepening of the channel by subsequent flows. Shallower, less well-defined headcuts 
were observed u~stream of the Hanson excavation located downstream of the 
~ o n o ~ a h - ~ a l o m e  Highway After the December 2004 flood, the headcuts (and the in- 
channel pits) were buried by flood sedimentation. 

Several aspects of the field observations deserve special note. First, in contrast to 
some of the engineering literature, the headcut depth was not limited to half the pit 
depth. Low inflow rates, pit length, and high infiltration rates probably were all factors 
that reduced ponding depths and resulted in the observed depth of the headcut. 
Second, the upstream length of the head extended well upstream of the length that 
would be predicted using the ADOT methodology (See Chapter 5 headcut modeling 
discussion). The extended length of the headcut was probably due to the highly mobile 
fine-grained bed sediment, the depth of the headcut, and the location of the mine in the 
low flow channel. Third, the headcut channel did not follow a direct upstream path, but 
rather had significant sinuosity which created meanders that were sometimes 
perpendicular to the valley alignment. The non-linear headcut path has implications for 
assessing off-site impacts for ~n-stream mines, since mine engineers typically assume 
that the headcut will take a linear path in the most direct upstream direction. Fourth, the 
headcut channel had a specific morphology of deep-narrow at the pit lip, which graded 
to wide-shallow at the upstream limit. Unfortunately, no systematic measurements of 
the channel geometry were made during the field vis~ts. 

Tailcutting tends to be more subtle than headcutting and thus more difficult to document 
in the field. However, distinct tailcut erosion was observed in the outlet channel for the 
Hanson pit (Figure 2-85). Along this outlet channel, which followed a pre-mining natural 
braid, channel bank and bank vegetation characteristics indicated that the channel had 
degraded by up to five feet, leaving vertical cut banks, perched vegetation, a perched 
floodplain, and a terraced channel. Tailcutting from the Pioneer Sand excavation 
appeared to have merged with headcutting from the Hanson operation in the vicinity of 
the Tonopah-Salome Highway during the December 2004 flood, generally lowering the 
bed elevation and damaging the at-grade road crossing. 
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I 
Headcut upstream of the Pioneer Sand gravel pit in ?arly December 2004. Note the 
November 2004. The arrows indicate the location of headcut has migrated upstream. The arrows indicate 
the headcut face. View downstream. the November 2004 location of the headcut. View 

, ~ ,~ ~ ~~ - -~ . 
cutbanks. The ohotos in this fiaure. Photo is durina the winter flows I . -~ ,~ 

photo is early December 2004. View downstream. bn December 31, 2004. The arrowGindicate the 
approximate location of the headcut shown in the first 
photo. The headcut has migrated a significant 
distance upstream. 

Figure 2-84. Headcut upstream of the Pioneer Sand gravel pit. 

Lower Hassayampa River Watercourse Master Plan Page 2-94 
R~ver Behavlor Report April 2006 



vertical cutbanks. View upstream toward pit. downstream. 

Figure 2-85. Tailcut channel downstream of the Hansen gravel pit. 

2.8.2 Headcuts on Floodplain and Tributary Terraces 

Small headcuts occur on floodplain channels and at the margins of tributary terraces, as 
described in Section 2.4 of this Chapter. The overbank headcuts do not appear to be 
related to long-term degradation of the Hassayampa River. Instead, they appear to be 
mechanisms of lateral erosion (avulsion by formation of overbank flow paths) and 
processes related to integration of incipient internal drainage networks on the broad 
floodplain surfaces. The headcuts at the tributary margins may be related to net 
degradation of the Hassayampa River during geologic time (-2 million years), well 
outside the engineering time scale of concern for this study. 

2.8.3 Long-Term Degradation in Reach I 

There is some evidence of vertical channel change in Reach 1 of the Hassayampa 
River. First, anecdotal accounts provided by long-term residents and stakeholders 
indicate that Reach 1 aggraded during the period after construction of Gillespie Dam (ca 
1921). Similarly, residents claim that following the failure of Gillespie Dam in the 1993 
flood on the Gila River, the bed of Reach 1 has been degrading. Second, the height of 
the Reach 1 floodplain above the existing channel bed supports the hypothesis that the 
main channel has experienced net degradation over the past 100 years. Third, field 
observations at the Naramore Road alignment crossing indicate that some progressive 
scour is occurring, which has lowered the downstream side of the dip section (Figure 
2-86). Fourth, extreme cutbank heights in the confluence area within the portion of 
Reach 1 inside the Gila River floodplain indicate very recent degradation of the 
Hassayampa River main channel (Figure 2-87). Finally, discharge of sediment-free 
irrigation tailwater into the river is consistent with the occurrence of long-term scour, 
especially where the banks are lined with dense vegetation that reduces the chance of 
bank erosion. 
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~aramore koad crossing. V&W upstream 

I View upstream. 
- 

Figure 2-86. Hassayampa River at the Naramore Road crossino. 

I 

Riverconfluence. Note the high, vertical left cutbank. channel Immediately downstream of the Arl~ngton 
View downstream. Canal. View downstream. 

Figure 2-87. Photos of incised Hassayampa River near the Gila River confluence. 

2.8.4 Evidence of Aggradation 
Aggradation is best identified by comparison of historical topographic data and 
evaluation of the longitudinal profile, as is presented in Chapter 5 of this report. Field 
evidence of aggradation typically includes the following: 

Highly Braiding Channel Pattern 
Low Bank Heights 
Avulsive Channel Evolution 
Frequent Channel Movement 
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Main Channel Elevations at or above Floodplain Elevations 
Mounding of the Active Channel (higher at channel center than margin) 
Lack of Distinct Stream Terraces Within the Geologic Floodplain 
Buried Floodplain Vegetation 
Buried Manmade Structures 
Loss of Hydraulic Capacity in Channels or at Bridges 

With the exception of the loss of capacity at manmade structures, all of the 
characteristics commonly associated with aggradation were observed in the LHWCMP 
study area (See Sections 2.3 and 2.4). Furthermore, the terrace interpreted as the 
1891 dam failure flood deposit was not buried and remains perched well above the 100- 
year floodplain. Therefore, we interpret the field evidence to suggest that while 
aggradation may have occurred in the study reach during much of the Holocene, the 
rate of aggradation has not been significant enough to impact manmade structures 
within an engineering time scale. 

2.8.5 Natural Grade Control 
No evidence of natural grade control was observed during the field reconnaissance. 
Bedrock may once have existed (and may still) beneath portions of Reach 1 where lava 
flows extend beneath the existing channel alignment, but no evidence of such outcrops 
were observed in the field. Other mechanisms of natural grade control, such as 
formation of cobble riffles or armoring, appear to be very unlikely for the Hassayampa 
River due to the fine-grained sediment distribution in the geologic floodplain. 

2.9 Summary 
The discussions in this chapter demonstrate the types of characteristics observed and 
recorded in the field and their relevance to the assessment of river behavior for the 
Lower Hassayampa River Watercourse Master Plan. The following key observations 
and conclusions were derived from the field reconnaissance: 

The Hassayampa River is subject to extreme rates of lateral erosion that includes 
rapid bank erosion, avulsive channel movement, braiding, and channel migration. 

The entire river valley between the Pleistocene-aged terraces is subject to some 
degree of lateral erosion hazard. 

No natural permanent barriers to lateral or vertical erosion exist along the 
Hassayampa River, except for a small area of bedrock outcrop on the west 
margin of the geologic floodplain in Reach 4. 

Avulsion appears to be a significant component of the lateral erosion history in 
the study reach. The wide, flat floodplain is composed of highly erosive fine- 
grained sediment that is vulnerable to scour wherever overbank flow 
concentrates, which leads for the formation of avulsive flow paths. Field evidence 
of recent or incipient avulsions was observed in Reaches 2, 3, 4, and 5. 

The Pleistocene-aged terraces that bound the modern geologic floodplain are 
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significantly more resistant to erosion that the Holocene-aged alluvium in the 
geologic floodplain, and therefore may provide some type of physical constraint 
on long-term lateral erosion. 

The Walnut Grove Dam failure flood left features such as terraces, flood 
deposits, and flotsam that are still visible in the landscape and apparently have 
not been modified by any floods in the past 115 years. 

Most of the LHWCMP is relatively undisturbed by human impacts, except in 
Reach 1 downstream of the SPRR Bridge. 

The few manmade structures in the floodplain have had little known impact on 
the Hassayampa River. 

The Hassayampa River has had relatively minor impact on structures 
constructed in the floodplain, except for those that attempt to cross the river at 
the surface (at-grade roads, canals), which get completely destroyed during 
moderate to large floods. Buried utilities and wide bridges have not been 
significantly impacted thus far. Field evidence suggests that overhead utility 
poles may experience scour and erosion problems in the future. 

The information collected during the field investigations and introduced in this chapter 
was used in the subsequent Geomorphic Analysis (Chapter 3), Bed Elevation Analysis 
(Chapter 4), Sediment Transport Analysis (Chapter 5), Lateral Migration Analysis 
(Chapter 6). and the Sediment Trend Analysis (Chapter 7). 
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CHAPTER 3 - GEOMORPHIC ANALYSIS REPORT 

3. I Purpose 
The purpose of the geomorphic analysis was to describe, interpret, and summarize the 
present and historical geomorphology of the Lower Hassayampa River through the 
following types of analyses presented in this chapter: 

Stream Classification 
Geomorphic Mapping 
Geomorphic Surface Age Analysis 
Empirical Geomorphic Relationship Evaluation 

The geomorphic analysis builds on field data and interpretations presented in Chapter 2 
of this report. 

3.2 Stream Classification 
The primary objective of stream classification is to match measurable stream 
characteristics with expected river responses. The following two classification systems 
were applied to the Lower Hassayampa River: 

Brice Classification System 
Rosgen Stream Classification System. 

Data for the stream classification were obtained from field investigations, topograph~c 
mapping, aerial photographs, and published reports. Only the channel characteristics 
required to perform the stream classification are presented here. More detailed 
discussions of specific channel characteristics and specific reaches were provided in 
Chapter 2 of this report. 

3.2.1 Brice Classification System 
The Brice Classification System was developed primarily for the evaluation of stream 
stability near roadways and bridge structures, but is not limited to highway design 
applications. The Brice Classification System uses readily identified stream 
characteristics to make subjective predictions of lateral stability (FHWA, 1991; Brice and 
Blodgett, 1978). Use of the Brice Classification System is appropriate for the LHWCMP 
since one of the primary objectives is to assess stream stability and the potential for 
lateral migration. 

The Brice Classification System assigns relative erosion potential classifications based 
on 13 stream characteristics summarized in Table 3-1. These classifications can be 
used to prepare a subjective, relative assessment of the potential for lateral migration. 
Where high or moderate potential for lateral migration is identified, more detailed 
analysis of lateral erosion potential is warranted. 
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Each of the Brice classification system categories are discussed briefly below. More 
detailed descriptions of the geomorphic characteristics of the study area are provided 
later in this chapter. 

1. Stream Size - The magnitude of lateral erosion generally increases with stream size. 
The Lower Hassayampa River is a medium channel and hence has a moderate 
potential for lateral channel movement based on its size alone. 

2. Flow Habit - Perennial streams tend to experience more frequent erosion than 
ephemeral streams in equivalent climates. However, in arid regions where flash 
floods and unstable bank materials can cause significant lateral erosion, ephemeral 
streams are often highly erosive. The Lower Hassayampa River is ephemeral and 
experiences flash floods, and thus may be subject to rapid rates of lateral movement 
and long-term fluctuations in bed elevation. 

3. Bed and Bank Material -The bed sediment distributions were consistently found to 
consist of poorly consolidated, layered, medium coarse sands. Bed and bank 
material size varied slightly depending on the geomorphic surface into which the 
bank was cut and only-slightly with depth.  ayer red bank sediments were observed 
to increase vulnerability to scour and bank erosion to the potential for selective 
erosion of less resistant layers. 

4. Vallev Setting - Channel reaches with low valley relief (< 100 ft) typically have more 
erosion-prone banks than streams in valleys with high relief. The Lower 
Hassayampa River VaHey is characterized by low relief and is entrenched between 
30 to 50-foot hiah Pleistocene-aged terraces in most of the study area. 

5. Flood~lains - channels with narrow floodplains (2-10 times channel width) typically 
ex~erience less channel movement than channels with wide floodplains (>I0 times 
channel width). The Lower Hassayampa River floodplain is on th&boundary 
between narrow and wide. The average floodplain width is just under 10 times the 
average channel width. This condition suggests that moderate channel movement 
should be expected within the floodplain areas. 
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6. Natural Levees - Streams with natural levees tend to have low rates of lateral 
migration. The Lower Hassayampa River has few to no natural levees, thus would 
have a higher rate of lateral erosion than a stream with natural levees. 

7. ADDarent Incision - Streams with vertical cut banks are generally unstable. The 
Lower Hassayampa River has cutbanks throughout the study area with an average 
cutbank height of three to four feet. All of these banks are subject to erosion, some 
at greater rates than others. The rate of erosion will be greater along internal 
cutbanks than along the Pleistocene terraces. The Pleistocene terraces are subject 
to erosion by undercutting of the least consolidated of the stratified materials, or by 
mass wasting. 

8. Channel Boundaries and Bank Materials -Alluvial streams are more susceptible to 
lateral erosion than non-alluvial streams. The Lower Hassayampa River Holocene 
floodplain is primarrly composed of alluvial sediments. Bedrock is exposed in the 
bank at a few isolated locatrons upstream of Reach 1, and in the bed and bank at 
one location within Reach 1. Non-bedrock areas are susceptible to lateral erosion. 

9. Veaetation - Streams that lack adequate vegetative cover along banks tend to be 
more susceptible to erosion than streams with densely vegetated banks. Dense, 
woody vegetation may also slow flood velocities against the banks, as well as 
redirect flow away from the banks. Roots can also stabilize the soils in the banks, by 
providing a structure that tends to hold bank materials together. Deeper and denser 
root networks provide greater stability than shallow, less dense roots which tend to 
be undercut. The Lower Hassayampa River generally has less than 50 percent 
bank vegetation within the study area. Few areas have dense enough bank 
vegetation to significantly reduce lateral erosron. Where bank vegetation exists, it 
tends to be shallow rooted, non-woody species. 

10. Sinuosity - Sinuosity is the ratio of the valley length to the stream length. Strarght 
streams in an alluvial valley are generally unstable if they remain stra~ght for any 
significant length of time. Straight streams may also indicate entrenchment which 
reduces the potential for lateral erosion. Under natural conditions, a river may 
change its sinuosity to balance the energy between stream power and sediment 
load. The Lower Hassayampa River has an average sinuosity of 1.07, thus is 
considered sinuous and susceptible to lateral erosion. 

11. Dearee of Braidinq - Braided streams tend to be laterally unstable. The Lower 
Hassayampa River alternates between a braided channel pattern and a straight 
channel pattern, often within a single reach. Areas with a braided pattern are thus 
likely to experience more rapid rates of lateral erosion that straight reaches. 

12. Deqree of Anabranchinq - The Lower Hassayampa River is anabranching locally, 
generally caused by an avulsion channel that has flanked the floodplain, resulting in 
an island feature. Anabranching streams are indicative of high rates of lateral 
erosion. 

13.Variabilrtv of Width and Develo~ment of Bars - Streams with relatively uniform width 
and narrow, regular point bars tend to have slow lateral migration rates. The Lower 
Hassayampa River has irregular channel widths, irregular point bars, and is subject 
to rapid lateral migration. 

According to the Brice classification scheme, the Lower Hassayampa River exhibits 
many characteristics that indicate it will frequently be subject to high rates of lateral 
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erosion. These broad stream characteristics indicate potential for frequent bank erosion 
and rapid lateral channel movement within the study area. 

3.2.2 Rosgen Classification System - 
The Rosgen Classification System (Rosgen, 1996) is based on measurable channel 
characteristics observed on streams located primarily in the western mountain region of 
the United States, although the classification system-is now used in many parts of North 
America. The Rosgen (1996) Classification System was applied to the study area 
because it has many adherents among State and Federal agencies in the western 
United States. The field survey techniques used for the study reach incorporated 
procedures recommended by Rosgen (1996) for obtaining channel sections, pool and 
r~ffle spacing, bankfull elevations, entrenchment ratio, slope, meander geometry, bank 
characteristics, and bed sediment distribution. The summary of the Rosgen 
classificat~on data is listed in Table 3-2. 

1. Sinuosity - measured on 2004 aerial photographs 
2. Entrenchment ratio - Flood-prone widtWbankfull width (data from HEC-RAS) 
3. WidthIDepth ratio - Q2 flow width Q flow depth (reach average data from HEC-RAS) 
4. Channel slope - reach average of HEC-RAS Sovalues 
5. Channel materials - average from sieve analysis of all sediment samples 

Stream classification data presented above indicate that the Lower Hassayampa River 
is a D5 stream in the undisturbed reaches and a G5 (gully) stream where it has been 
channelized and leveed. The Rosgen descriptions of D5 and G5 rivers are summarized 
below: 

3.2.2.1 Rosqen D5 Stream (Reaches 2 to 5) 

The following description of a Rosgen D5 braided stream is excerpted from Applied 
River Morphology (Rosgen, 1995): 

The D5 stream types are multiple channel systems, described as braided 
streams found within broad alluvial valleys and on alluvial fans consisting of 
deposited sand-sized materials. The braided system consists of interconnected 
distributary channels formed in depositional environments. The 0 5  stream type 
occurs in gentle gradient, narrow, U-shaped glacial valleys consisting of glacio- 
lacustrine deposits, sand dunes (eolian); in very low relief alluvial valleys; and in 
glacial outwash areas and deltas. The 0 5  stream channels may be found in 
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Valley Types Ill, V, VIII, IX, X, and XI'. Channel bed materials are predominantly 
sand, with interspersed amounts of silffclay materials on deltas and in varves of 
lacustrine depositional areas. The bralded 
hiqh bank erosion rates, excessive deposition occurrinq as both lonaitudinal and 
transverse bars, and annual shifts of the bed locat~on. Bed morphology is 
characterized by a closely spaced series of rapids and scour pools formed by 
convergence/ divergence processes that are very unstable.  he channels - 
generally are of the same gradient as their parent valley. A combination of 
adverse conditions are responsible for channel braiding, including high sediment 
supply, hiah bank erod~bilitv, moderately steep gradients, and very flashy runoff 
conditions which can vary rapidly from a base flow to an overbank flow on a 
frequent basis. Characteristic width/depth ratios are very high, exceeding values 
of 40 to 50 with values of 400 or larger often noted. D5 channel gradients are 
generally less than 2%, however, 0 5  types can also develop within alluvial fans 
which have slopes of 2% to 4% (D5b). Observations have been made of braided 
streams on alluvial fans with slopes greater than 4% (D5a). The 0 5  is a very 
high sediment supply system, and typically produces high bedload sediment 
yields. (Emphasis added.) 

The prlrnary differences between the Reaches 2 to 5 In the Lower Hassayampa River and 
Rosgen's D5 category, as described above, include the following: 

Braided channel pattern -The Lower Hassayampa River is not strongly braided 
when examined at specific cross sections. While overall the character of the 
rlver is braided, there are many single channel sections and a llmited number of 
mid-channel longitudinal bars typical of most bralded streams. The channel 
cross section varies from reach to reach and within individual reaches. The 
pattern variability is as much a function of lateral constraints such as tributary 
terraces, as it is sediment supply and slope. 
Bed morphology - The Lower Hassayampa River maintalns a nearly consistent 
bed slope throughout the study area. Although channel w~dth is quite vanable, 
channel bed morphology is relatively consistent. Poollriffle sequences that 
Rosgen describes as the dominant bed morphology are not found in the 
Hassayampa River. The lack of poollriffle sequences may be a function of the 
homogeneous bed load material that lacks significant amounts of cobbles and 
thus is not conducive to the formation of riffles. 

3.2.2.2 Rosaen G5 Stream (Reach 1) 

Application of the Rosgen Classification System to Reach 1 is problematic because of 
the level of human impacts that have been imposed on Reach 1 over the past 100 
years. However, the G5 category best meets the Rosgen criteria for Reach 1, despite 
differences in some categories. The following description of a Rosgen G5 stream type 
is excerpted from Applied River Morphology (Rosgen, 1995): 

' These valley types encompass the range of valley types found in the study area. 
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The G5 stream type is an entrenched, moderately steep, step/pool channel 
deeply incised in sandy materials. Channel sinuosities are relatively low, as are 
widthldepth ratios. These "sandy gully" stream types transport great amounts of 
sediment due to the ease of particle detachment and fluvial entrainment. The G5 
stream channels are generally in a degradation mode derived from near 
continuous channel adjustments, due to excessive bank erosion. Bedload 
transport rates can easily exceed 50% of total load; with active, extensive 
consistent channel erosion more typical than not. Exceptions may occur where 
very dense woody vegetation helps stabilize the toe of the stream bank slopes. 
The G5 stream type is similar to A5 channels except G5 channel gradients are 
less than 4% and tend to be more sinuous with somewhat higher width/depth 
ratios, due to the gentler channel slopes. The "slope continuum" concept is 
applied for the "gully" stream types if the observed reach exhibits slopes less 
then 2%. The lower gradient gully reaches are generally observed developing 
within a previously meandering, low gradrent system with floodplains such as a 
C5 situated in wide alluvial valleys. These stream types are very sensitive to 
disturbance and to make significant adverse channel adjustments to changes in 
flow regime and sediment supply form the watershed. 

The primary d~fferences between the Reach 1 characteristics and Rosgen's G5 category, as 
descr~bed above, include the following: 

G5 streams typically have more sinuosity and a steplpool pattern. The channel 
in Reach 1 is straight and generally has few slope breaks. 
Reach 1 was probably much more braided (D5), given its previous position on 
the Hassayampa River confluence delta, rather than a meandering valley bottom 
stream theorized by Rosgen. 

In general, the Rosgen system performs poorly for streams that are highly modified by 
human activities, which have included straightening, construction of levees, discharge of 
irrigation tailwater, and possible base level modifications in response to a dam failure. 
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3.3 Geomorphic Mapping - 

Analysis of a fluvial system's geomorphology is critical in understanding historical 
channel behavior. Geomorphic mapping was conducted for the LHWCMP studv area to 
identify geologically recent active channel movement, historical active channel * 

locations, and areas of historical lateral channel stability. Information describing the age 
of geomorphic surfaces adjacent to the stream corridor can be used to document the 
areas that have been subject to erosion and deposition over the past several hundred to 
several hundred thousand years. The techniques used to estimate the ages of 
geomorphic surfaces and conclusions regarding the lateral stability of Hassayampa 
River drawn from these estimates are described below. 

3.3.1 Geomorphic Mapping and Lateral Stability 
When a stream channel moves because of channel incision or lateral migrat~on, the 
abandoned area may continue to be periodically inundated by floods. Flooding of the 
abandoned area continues until further channel incision (degradation) and/or floodplain 
aggradation leaves the abandoned surface above the flood-water level. Analys~s of the 
sediment characterist~cs of the floodplain indicates the type of flood inundation that 
occurs. Active channels typically have coarser sediments such as sand, gravel and 
cobbles. Floodplain areas outside the main channel typ~cally are composed of finer 
sediments such as sand, silt, and clay. After a stream channel moves, fine-grained 
sediments will be deposited over the generally coarser streambed alluvium orlglnally left 
by the relocated stream. 

Later, when the surfaces once subject to overbank flooding are no longer subject to 
inundation and sediment deposition, soil development processes modify the alluvium in 
the first few feet below the surface. The extent of soil development observed in the soil 
profile on abandoned floodplain surfaces can be used to estimate the period of time 
since that surface was subject to active channel processes. This period of inactivity (or 
soil development) defines the period of channel stability (lack of erosion and deposition) 
for that portion of the stream corridor, and can be used to estimate minimum rates of 
channel change due to lateral migration. 

The following types of information can be gained from geomorphic mapping of alluvial 
surfaces adjacent to a stream: 

Geologic context. Geomorphic mapping provides a geologic context for expected 
channel change. Geologic information extends the period of record thousands to 
millions of years beyond the historical record. The types, rates, and scale of future 
channel change can then be predicted from evidence of the types, rates, and scale 
of channel change preserved in the geologic record. 

As shown in Figure 3-1, a minimum rate of lateral erosion for any surface can be 
est~mated (XIZ), where X represents the width of a geomorphic surface withln the 
river corridor, and Z represents the difference In age between two geomorphic 
surfaces. In addition, the total magnitude of lateral migration and vertical change can 
be estimated by mapping the geomorphic surfaces at a given location. 
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Figure 3-1. Idealized Sketch of Riverine Terraces and Ages. 

Modern anomalies. Estimated historical rates of lateral and vertical channel change 
(Chapter 4) can be compared to geologic information derived from mapping of 
geomorphic surfaces to determine if the rate of change has accelerated or slowed in 
modern times. If the historical rats of change is significantly different than the long- 
term geological rate of change, an investigation of potential human impacts on the 
rate of change may be warranted. 

Limits of channel change. The limits (magnitude) of channel processes preserved in 
the geologic record may indicate physical boundaries for future channel movement. 
At minimum, geologic evidence of no change on a geomorphic surface over long 
periods of time indicates a low probability of future change on that surface, unless a 
clear cause for future change can be identified. 

Channel processes. Geologic information can often provide a record of the types of 
stream and peomor~hic processes active in a stream reach that have been 
obscured bihistorical or.human interference. For example, soil data can be used to 
identify currently single channel reaches that are or were subject to avulsions, or that 
formerly had a braided channel pattern. 

Flood hazards. Geologic information can be readily used to identify surfaces subject 
to frequent flood inundation and sediment deposition, as well as surfaces that have 
not been affected by flooding for thousands to millions of years. If soil characteristics 
have developed, then that surface has not been subject to significant flood 
inundation or deposition by the active stream over the amount of time necessary to 
produce those soil characteristics. If a surface has not been inundated for a long 
period of time, the implication is that a human structure erected on that surface is 
less likely to be harmed during the inevitable flood events than a structure built on a 
surface whose surficial characteristics indicate that it is frequently flooded. 

3.3.2 Methodology 
The geomorphic analysis for this study was conducted using both field and desktop 
methods. Geomorphic surfaces comprising the Holocene floodplain were initially 
mapped using the following data sources: 

Previous Geologic Mapping 
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Aerial Photography 
Topographic Data 

The initial mapping was then tested and confirmed using field data and the results of the 
soil pit analyses. Field evidence was described in detail in Chapter 2, and included such 
information as relative topographic position, surficial characteristics, drainage pattern, 
fluvial channel and floodplain features, sediment size, vegetative suites, and evidence 
of surficial age. 

3.3.2.1 Previous Geoloqic M a ~ ~ i n q  

The Arizona Geological Survey (AZGS) published surficial geologic mapplng for a 
portion of the White Tank Mountains in November of 1991. The mapping scale was 
1 :24,000 and limited to the following USGS quadrangle extents: Daggs Tank, White 
Tank Mountains NE, McMicken Dam, Wagner Wash Well, White Tank Mountains, 
Waddell, Buckeye NW, Valencia, and Perryville. The AZGS maps depict the general 
ages and distribution of the Quaternary geornorphic surfaces adjacent to the White 
Tank Mountains. Three of these maps (Daggs Tank, Wagner Wash Well, and Buckeye 
NW) were reviewed and revised by AZGS in 2004 as part of the general geologic map 
revisions. Additional geologic maps relevant to the Hassayampa River drafted in 2004 
included the Vulture Mine and Wickenburg SW quadrangles. 

The revised AZGS surficial geology maps segregate the Hassayampa River valley 
deposits into five primary geomorphic units described belod in order from the youngest . - 
to the oldest: 

Qycr - Active River Channel Deposits 
Moderately to poorly sorted sand, gravel and minor silt in active channels of the 
Hassayampa River. Gravel includes subangular to well-rounded clasts. 

Qy2r - Late Holocene to Modern Floodplain Deposits 
Sand, silt, and gravel deposits associated with slightly higher terraces along the 
Hassayampa River. Terrace surfaces are smooth and are less than 3 m above 
the active channel. Terrace surfaces are covered with fine-grained floodplain 
deposits, but relict gravel bars and lenses are common. 

Qizr- Middle to Late Pleistocene River Deposits 
Older terrace deposits of very limited extent found in a few places along the 
Hassayampa River. Deposits are gravelly with some sand, silt, and clay. Soil 
development is moderate with some clay accumulation where terrace surfaces 
are well preserved. Terrace surfaces typically are less than 10 m above the 
active river channel. 

Qirr - Middle Pleistocene River Deposits 
Deposits associated with a set of high terraces along the Hassayampa River. 
Terraces are fairly flat or slope gently toward the river, but terrace surfaces are 

Descriptions from: Ferguson, C.A.. J.E. Spencer, P.A. Pearthree, A. Youberg, and J.J. Field, 2004, Geologic Mop offhe Wagner 
Wash Well 7 5 ' ~ a d r o n g l e ,  Maricopa Coun*. Arizona: ArizonaGeological Survey Digital Geologic Map 38 (DGM-38), 7p., 
l sheet, scale 1:24,000. 

Lower Hassayampa R~ver Watercourse Master Plan Page 3-9 
River Behavior Report April 2006 



dissected by tributary drainage. Deposits are quite gravelly at the surface but 
limited exposures indicate that they also contain sand and silt. Qilr terrace 
surfaces range from about 10 to 20 m above the active river channel. 

Qor - Early Pleistocene River Deposits 
Deposits associated with the high terraces along the Hassayampa River that 
record the maximum aggradation of the river. Terrace surfaces are fairly flat or 
broadly rounded, but ailterrace surfaces are moderately to deeply dissected by 
tributary drainages and the river and have been substantially modified by 
erosion. Exposures are poor, but well-rounded gravel is evident at the surface. 
Terrace surfaces are also covered with litter from underlying petrocalcic soil 
horizons. Qor terrace surfaces are more extensive than any of the younger 
Pleistocene terraces (Qi~r). Terrace surfaces range from about 20 to 30 m above 
the active river channel. 

QTsr - Pliocene to early Pleistocene river deposits 
A moderately thick sequence of old Hassayampa River deposits that underlies 
the Qor terraceflan deposits. These deposits consist of river sand, aravel and silt 
with a substantial component of tributary sand and gravel. Local zones of 
substantial carbonate accumulation may represent moderately to sfrongly 
developed buried soils. 

The Qycr and Qy2r units described above represent the Hassayampa River Holocene 
floodpiain. At a scale of 1 :24,000 it is difficuit to map the ~ o l o c e n e ~ ~ e o m o r p h o l o ~ ~  in 
qreater detail than is shown on the AZGS maps. The qeomorphic analysis conducted 
for the LHWCMP study divided the ~o locene ' f lood~ la i~  into five distinci units which are 
described later in this chapter. 

3.3.2.2 Aerial Photoqraphy 

2004 color and 2003 black and white digital orthophotography provided the foundation 
for the geomorphic analysis, Initial geomorphic units were distinguished and delineated 
from the digital photography and later refined by field investigation and verification. 
Additional interpretation of specific surfaces was done using 2002 black &white stereo 
aerial photograph prints. 

3.3.2.3 Field lnvestiqation 

Geomorphic interpretations and delineations made using aerial photography were 
verified in the field using the field methods described in detail in Chapter 2, and the soil 
analysis techniques discussed below. 

3.3.3 Geomorphic Units 
Throughout much of the study reach the Hassayampa River corridor IS flanked by h~gh 
(20 to 90 ft) Pleistocene terraces described by the AZGS as Qor and QTsr units. The 
relatively high relief of these terraces from the actlve river corridor suggests the 
Hassayampa River has been generally constrained within these surfaces at least 
throughout the Holocene (10,000 yrs B.P.). The Holocene river corridor was the 
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primary focus of the River Behavior Analysis. Therefore, the geomorphic mapping 
investigation focused on the surfaces within the Holocene floodplain. 

The following seven geomorphic units were interpreted and described in the 
geomorphic analysis, and were distinguished based on their geomorphic function in the 
fluvial system: 

Active Channel Deposits 
Bar Deposits 
Terrace Deposits (Low, High, & Unidentified) 
Tributary Deposits 
Disturbed Areas 

Each of the units is described below. The descriptions are based on the results of the 
field investigation and aerial photograph interpretation. 

3.3.3.1 Active Channel Deposits 

Qac - Active Channel 

The Qac unit is found in the primary low-flow channel and channel braids. The Qac 
width varies from approximately 900 feet at the sand and gravel mine upstream of the 
Tonopah-Salome Highway to about 100 feet in Reach 4. Vegetation is generally very 
sparse to absent and varies in density by season. When present, vegetation consists 
almost exclusively of desert dicoria. Throughout the photographic record, the active 
channel varied in areal extent and lateral position. Flooding occurs most frequently 
within the active channel area, which also serves as the primary sediment transport 
corridor. The active channel is the topographically lowest feature within the Holocene 
floodplain and is the primary conveyance for both high and low frequency flows. Active 
channel sediment consists of moderately- to poorly-sorted medium-coarse sand, with 
less than five percent gravel. The Qac unit corresponds to a portion of the AZGS Qycr 
unit. The Qac unit comprises 6% of the Holocene floodplain. 

Figure 3-2. Field photographs of active channel surfaces. 

3.3.3.2 Bar Deposits 
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Qy2a -Active Bar Deposits 

Active bar deposits occur both within and adjacent to the active channel banks Several 
avulsion channels with characterist~cs similar to the active bar deposrts were also 
mapped as Qy2a surfaces. Qy2a surfaces are fluvially sculpted and often contarn fresh 
flotsam The Qy2a bars are typically less than three feet above the active channel bed. 
Avulsion channels range between one and four feet above the active channel. 
Vegetation is composed of grasses, snakeweed, and other low brush species, and 
vegetation density is sparse. The active bars serve as sediment storage areas and are 
utilized as act~ve sediment transport material during high frequency flows. Sediment in 
the Qy2a surfaces is generally very coarse sand with minor gravels, and usually 
somewhat coarser than active channel deposits. The Qy2a unit corresponds to the 
AZGS Qycr unit. The Qy2a unit comprises 8% of the total mapped Holocene floodplain. 

1 
Figure 3-3. Field photographs of active bar sunaces. 

3.3.3.3 Terrace Deposits 

Qy, - Low Terrace Deposits 

Qy2 terraces comprise the active floodplain which is inundated during relatively frequent 
floods. These surfaces comprise both lateral and in-channel island terraces and are 
typically between two to four feet above the active channel bed. The terrace surfaces 
are fluvially sculpted, littered with flotsam and are soft (not compacted). Surface texture 
is generally hummocky. Shallow, overbank flood channels are frequently observed on 
Qy2 surfaces. Vegetation typically consists of snakeweed, grasses with immature Palo 
Verde, mesquite, and creosote bush often; present. Cactus are consistently absent from 
Qy2 terraces, probably because of the frequency of inundation. Vegetation density 
varies from sparse to dense. In major tributary confluence areas, vegetation was often 
significantly denser and larger in size. Qy2 terraces function as floodplains and fine- 
grain sediment transport and deposition zones during floods. Qy2 sediments are 
comprised of very fine to fine floodplain sands and silts often capping coarser sands at 
depths varying from several inches to more than a foot. The Qy2 unit corresponds to 
the AZGS Qy2r unit. The Qyz unit comprises about 20% of the mapped Holocene 
floodplain. 
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Figure 3-4. Field photographs of low terrace surfaces. 

Qy, - High Terrace Deposit 

These terraces generally contain mature, moderately dense to dense vegetation cover. 
They are subject to inundation during moderately frequent to infrequent flood events, 
and are primarily a depositional surface. They are subject to active lateral erosion when 
directly adjacent to the active channel. Qyl surfaces function as floodplain storage and 
deposition areas during high flows, providing attenuation and overbank storage. Qyl 
terraces sometimes occur as in-channel islands formed during large magnitude flood 
events due to avulsions that flank the surfaces. The surficial characteristics include the 
presence of cryptogamic soil, firm compacted alluvium, moderately dissected internal 
drainage pattern, and sediment buildup (or lack of deflation) around vegetation. 
Vegetation includes snakeweed, desert broom, Bermuda grasses, creosote, mature 
mesquite and Palo Verde, saguaro, and cholla. The Qyl unit corresponds to the AZGS 
Qyzr unit. The Qyl unit comprises about 13 % of the mapped Holocene floodplain. 

Figure 3-5. Field photograph of high terrace surface. 

Qy - Unidentifiable Deposit 

Qy depos~ts exhibited evidence of anthropogenic disturbance within the photographic 
record. The d~sturbance was generally the result of agricultural development. These 
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surfaces have typically been topographically modified and natural vegetation as been 
removed. The surfaces may function as floodplains during low frequency, high 
magnitude flood events providing overbank storage, flow attenuation, and sediment 
deposition. The Qy unit corresponds to the AZGS Qyzr unit. The Qy unit comprises 
about 16 % of the mapped Holocene floodplain. 

3.3.3.4 Tributary Deposits 

Qt - Tributary Deposit 

Qt surfaces represent the outer-limits of the Holocene geologic floodplain and generally 
formed lateral to the active channel corridor. The deposits are composed of features 
such as alluvial fans, fan terraces, or deltaic features which often provide some degree 
of lateral control of the active channel corridor movement. At multiple locations within 
the study reach, tributary sediment inflows have historically been greater in volume and 
frequency than the Hassayampa River transport capacity.-Thus, tributary deposits 
effectively control the location of the Hassayampa River active channel location and 
provide a measure of lateral stability (e.g., Jackrabbit Wash delta). Field evidence 
suggests that tributary deposits can be eroded by large magnitude, low frequency flow 
events, but apparently re-form faster than they are removed by the main stem. Surface 
characteristics of the Qt surface include hummocky terrain, cryptogamic soil, firm 
sediments, and a surficial gravel lag deposit. The presence of gravel lag may suggest 
tributary deposits exclusively or very limited (non-recent) contribution by the main stem 
stream. Vegetation on the Qt surface include creosote bush (often exclusively), 
mesquite, Palo Verde, saguaro, and cholla. The Qt unit corresponds to the AZGS Qy2r 
and Q l ~ r  units. The Qt unit comprises about 34 % of the mapped Holocene floodplair 

Figure 3-6. Field photographs of tributary deposit surfaces. 

3.3.3.5 Disturbed Areas 

d - Disturbed Areas 

Areas mapped as disturbed are characterized by surficial disturbances that have 
occurred within the photographic record. Disturbance consisted of mining, construction 
of engineered structures, or channel improvements. An example is the channelization 
and levee construction subreach downstream of the Old U.S. Highway 80 Bridge. The d 
unit comprises about 3 % of the mapped Holocene floodplain. 
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3.4 Geomorphic Surface Age Analysis 
Geomorphic surfaces identified and described in Section 3.3.3 were mapped based on 
surficial features observed in the field and interpreted from aerial photographs, 
supplemented by previous mapping by others. Soil profile descriptions were made to 
estimate the relative age of each of the surfaces described above, and to verify the 
interpretations made as part of the geomorphic mapping effort. Surface age estimates 
were based on the degree of soil development observed in soil profiles, in conjunction 
with the degree of development of the surficial features described above. 

3.4.1 .I Soil Deveio~rnent 

The physical characteristics of a landform or geomorphic surface give clues as to its 
depositional history, stability, and its flood potential. As a landform ceases to receive 
new deposits, its surface will begin to age. As it ages, the surface begins to develop 
distinctive physical and chemical characteristics indicative of its age. Clav and calcium 
carbonate accumulate in the soil, causing the soil to redden (clay)and become more 
cemented (carbonate) and resistant to erosion. Soil color also mav chanae with time 
Older des& soil horiions typically develop a more reddish color nkar thesurface where 
minerals can be oxidized and a whitish color below the reddish horizons where calcium 
carbonate accumulates. The color change becomes greater over time, such that 
material that is tan or gray will become more red or white with increased soil age. The 
following major divisions within a soil are usually distinguished (Birkeland, 1984): 

0 Horizon. The 0 horizon occurs and near at the ground surface, and consists of a 
surface accumulation of mainly organic matter. 
A Horizon. The A horizon occurs at or near the ground surface, and is the zone from 
which fine-grained or water-soluble material is transported. The A horizon often has 
higher organic content due to decay of surficial biotic matter. 
B Horizon. The B horizon occurs where fine-grained or water-soluble material 
accumulates from weathering of parent material or by translocation from the upper 
horizons. Clay (Bt) and carbonate (Bk) are the most common materials that are 
observed in arid region solls. 
K Horizon. The K horizon is a layer so impregnated w~th carbonate that its 
morphology is determ~ned by the carbonate. 
C Horizon. The C horizon consists of slightly weathered to unweathered parent 
material. 

0 Horizon 

No appreciable 0 horizons were observed in the soil pits in the study area due primarily 
to the very low vegetative density, aeolian and fluvial processes that tend to preserve 
bare soils, and the low moisture content. 

A Horizon 

The A horizons observed in the soil pits in the study area typically tended to be very thin 
or non-existent due to the arid climate, low precipitation and infiltration rates, the sparse 
surface vegetation, and slow rate of decay of biotic material. No appreciable 
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differences between the few, thin A horizons and the upper B horizon layers were 
observed. 

B Horizon 

Clay Accumulation 

In Bt horizons, clay accumulation increases with time. In addition to the clay present 
initially in a deposit, clay forms over time from the chemical and physical weathering of 
the alluvium within a soil (pedogenic clay). Clay is also introduced into soils of desert 
regions as windblown dust (eolian clay). Aeolian and pedogenic clay is moved 
downward in a soil column by infiltrating rainfall or floodwater, and may be deposited as 
clay films on the faces of individual peds, in pores between soil grains, or as a bulk 
increase in clay content at a certain depth (Birkeland et al., 1991). Descriptions of the 
texture and clay films in soil layers allow for the detection of an increase in clay content. 
Given enough time, the increase in clay content or other soil constituents commonly 
causes the development of soil structure in the B horizon (Birkeland et al., 1991). The 
shape and size of the soil structure reflects the time since development began (soil 
age), the materials in which the structure developed, and the regional climate 
(Birkeland, 1984). The soil structure becomes more strongly developed with time. 

In the study area, a loamy sand texture is characteristic of young (Holocene) soils and 
may vary to sandy or silty clay loams in Pleistocene soils. None of the soil profiles 
described for this study had strong Bt horizons or significant clay content, aithough the 
tributary terraces typically had more clay accumulation than any floodplain soil. 

Calcium Carbonate 

In Bk horizons, carbonate accumulates in soil profiles from aeolian sources and is 
driven into the profile by rainfall infiltration. In the desert soils of the Southwest, the 
amount of calcium carbonate (CaC03) in a soil layer can be used to estimate the period 
of tlme over which the carbonate accumulated The degree of carbonate development 
is assigned a stage, with Stage I representing incipient (youngest) soil formation, and 
Stage VI representing maximum (oldest) accumulation of carbonate (Birkeland et al., 
1991). The accumulation can be compared with other soils of known age and similar 
environment to estimate the soil age (Birkeland, 1984; Machette, 1985) and the age of 
the geomorphic surface. The degree of carbonate accumulation is measured by the 
reaction of the soil to the application of dilute hydrochloric acid (HCI), by the rind 
thickness which occurs on gravel clasts, or by the interval of maximum carbonate 
cementation. The gravel content of the soil must be considered when evaluating 
carbonate development, since carbonate accumulates more quickly in coarse alluvium 
than in fine alluvium. The most advanced stages of carbonate development often form 
very cohesive soils that may resemble bedrock in appearance and relative hardness. 
Advanced stages of CaC03 can provide resistance to lateral bank erosion. 

In the study area, some carbonate accumulation was observed in some soil pit profiles, 
although no carbonate stage greater than I+ was observed in any soil pit, even in the 
older tributary terrace units. In addition, the native parent soils materials, like all soils in 
the western Maricopa County have high baseline levels of carbonate. The lack of strong 
Bk horizons is evidence of young geomorphic age. 
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C Horizon 

The parent material comprising a C horizon in the LljWCMP study area is floodplain 
and channel alluvium deposited by the Hassayampa River. It is possible that a C 
horizon was present in the soil pits analyzed. However, given the young age of the soils 
within the geologic floodplain areas tested, there was insufficient soil development to 
distinguish parent materials from the soils above them. 

3.4.1.2 Soil Pit Analyses 

Twenty five locations within the LHWCMP study area were identified as candidates for a 
soil pit evaluation. The primary purpose of the soils analysis was to determine the 
relative age of the geomorphic surfaces within the Lower Hassayampa River geologic 
floodplain in an effort to interpret the extent of historical lateral migration. The 
secondary purposes of the soils analysis were to identify geomorphic surfaces based on 
their sedimentary composition, and to collect sediment samples for the sediment 
transport analysis (Chapter 5). Eleven of the pits were located in the overbank and 
floodplain areas, and the remaining 14 were located in the active channel. The 
selection criteria for each location varied, but were generally based on aerial photo 
interpretations, initial field observations, and geomorphic relationship uncertainties. 
Figure 3-7 shows a location map of the soil pits and their respective ID numbers. 

The soil pit footprint dimensions were approximately 3 feet by 8 feet and the average 
depth was 6.6 feet. Soil characteristic information collected included: color, structure, 
percent gravel, moisture consistence, texture, presence of clay films, soil layer 
boundary type and clarity, presence and degree of development of CaC03, shear 
strength, and relative resistance. Table 3-3 summarizes the soil data collected for each 
soil pit. Detailed soil description sheets for each pit are attached in Appendix 5.2. 
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Figure 3-7. Soil pit location map 
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Table 3.3. Soil analysis summary 

8ediments were composed of loose loamy sand 

Re-excavation surface I spoil material 

2 I fingering relat 
deposits and I,,= ,,,,,,, u,,,,s. - I Slightly older than Pit I. but geolog~cally young. 

7 
I-  re-excavation surface 

Spoil material 
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Table 3-3. Soil analysis summary 

, I Sed~ments were composed of mostly loose sand. 

I active channel deposits present, all floodplain I 
Qyl 

Pre-excavat~on surface 
Pit profile Spoil material 

I I I I Sediments were com~osed mostlv of loamv 1 

Determine the frequency of flood Inundation 
and the depth to active channel deposits. 

~ ~~~ , ~ ~ - - ~  ~~ 

sand. Sparse to no gravel content.  races of 
Determine the thickness of the 1890 flood clay in mid-layer. Brownish colors, no 

6 Qyl  deposit and the depth to active channel reddening. 1890 deposit approx 1.5 fl thick. 
deposits. Minor CaC03 accumulation in lower 4 feet of 

profile. Stage I+ CaC03 in bottom layer. 

Minor (510%) gravel present in lower bottom 2 
feet of pit profile. Very minor traces of clay. 
Stage I CaC03 development lower feet of 
profile. Brownish colors, no reddening. No 
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Table 3-3. Soil analysis summary 

, Sediments were composed of primarily loamy 
sand, with minor loam. Base profile is sand. 

Determine if the surface sediments are from Minor clay present in center of profile, no clay in 
the 1890 deposit. Identify depositional upper and base of profile. Brownish colors, no 
history. reddening. Upper 3.5 feet of profile is 1890-like 

sediments. Basal layer (1.4 feet thick) is active 

I I 1 I minor clay loam. ~ r a k s  of brave1 (<lo%) I 
present throughout the profiie. ~ig'her clay 
content than Hassayampa deposits. Stage I +  

and identify deposition history. 

- 
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present in profile except for very minor traces in 
lower 1.1 foot thick layer. Very minor traces of 

PreBXcavation surface 

Lower Hassayampa River Waternurse Master Plan Page 3-22 
River Behavior Report April 2a06 



Table 3-3. Soil analysis summarv 7 

CaC03accumulation, stage I+ in lower 1 foot 
thick layer. All evidence suggests geologically 

Pit profite 

- 

The surface forms a vertical cutbank adjacent 
to the active channel. Determine the 
inundation history of the surface and 
resistance to lateral erosion. 

, 

sand, with the lower profilemore&ndy. Gravel 
was 210% throughout the profile. No clay 
present. Brownish colors, no reddening. Very 
minor CaCaj accumulation throughout proYile. 
Evidence suggests geologically young surface, 
histoncallv frwuent inundatiin. No resistance to 

Sediments were alternating loamy sand and 
sand suggestins near-channal f l ~ d ~ l a i n  

Pre-excavation surface -1 
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Table 3-3. Soil analysis summary 

~~ ~ ~ ~ - ~ a  

Mapped by the AZGS an unknown. disturbed. Gravel content was ~ 1 0 % .  Moderate 

Determine inundation history and relative clay content and CaC03 accumulation (stage 
I+), however, irrigation likelv caused accelerated 

, 

I I 1 I clay and CaC03 iccumulatibn. Colors were I 

Sed~ments were sllty loam and loam, massive, 
no layering Surface was agricultural use since 
at least the 1930s. thus sediments are hiahlv 

brownish, no reddening. Degree of disturbance 
makes age estimate difficult. No evidence of 

In- 
Channel 

Pits 
Qac 

Sediment sampling for sieve analysis for 
sediment transport modeling. 

t I 
Typical Qac pit 

throughout the entire study reach. Sediments 
were composed of coarse sand, massive in 
structure. Gravel content was very low for most 
of the study reach. Gravel content increased 
slightly in reaches downstream of tributaries. 
Depth to reddish-clay rich layer varied from 1.5 

Collecting sediment sample 
I 

Reddish layer in pit profile I 
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3.4.2 Results 
The results of the geomorphic mapping and soils analyses described above are shown 
in Figure 3-8 to Figure 3-13 and (Appendix 5.3). The'following conclusions can be 
drawn from the geomorphic mapping: 

There is no evidence of surface stability within the geologic floodplain of the 
Lower Hassayampa River. Of the 11 soil pits that were excavated in the 
overbanks and floodplain, none indicated evidence of geologic age greater than 
1,000 years, and most surfaces except the tributary terrace deposits have ages 
less than 100 years. 

Stratigraphic analysis of the alluvium examined in the soil pits indicates that the 
active channel of the Lower Hassayampa River actively migrates across the 
geologic floodplain within very recent geologic time. 

No evidence indicating erosion resistance in the soils that comprise the 
geomorphic surfaces in the geologic floodplain was found. 

Active channel processes occur across the entire river valley over time, without 
preference for one side or the other. 

Major tributary sediment supply has a significant local impact on channel 
morphology as well as the distribution of geomorphic surfaces within the geologic 
floodplain near the tributary confluence. 

The zone of influence of tributary sedimentation is relatively limited and does not 
appear to extend downstream of the confluences more than one mile. 

There appear to be significant changes in geomorphic surface distribution 
upstream of Reach 5, as well as at the Gila River confluence in Reach 1. 
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Figure 3-8. Reach 1 mapped geomorphology 
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ctlre Channel Deposits Disturbed Areas 
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Figure 3-10. Reach 3 mapped geomorphology 
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Figure 3-11. Reach 4 mapped gmmwphology 

Lower Hassayampa River Watercourse Master Plan 
R~ver Behavior Report 

Page 3-29 
April 2006 



7 

Deposits Disturbed Areas 

Mbutary Deposits. 

BasepMtO.DCFMms(m - - -Feet 
0 1,m 2,000 4.000 B,OOO 8,000 

Figure 3-12. Reach 5a mapped geomorphology 
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3.5 Historical Analysis 
Understanding the geornorphic history of a river system is critical when attempting to 
estimate future behavior. Aerial photography, topography, ground photography, flow 
records, engineering reports and studies, and anecdotal information provide clues to the 
river's past behavior and natural tendencies. For the Lower Hassayampa River, past 
river behavlor was evaluated by delineating geomorphic surfaces on historical aerial 
photography, using the information gleaned from the mapping exercise described in 
Section 3.3. The following four primary functional surfaces were identified: 

Active Channel 
Bar Deposits 
Floodplain Terrace Deposits 
Tributary Deposits. 

Historical avuls~ons were also Identified and mapped using historical aerial photography. 
Identification and mapping of historical avulsions helps determine the magnitude of 
change that has occurred during a single flood event and provides a base from which 
future estimates of channel change can be made. Note that the historical geomorphic 
analysis was based on a 70-year photographic record (1934-2004) and that the 
geologic processes that govern river behavior generally occur over thousands to 
hundreds of thousands of years. Thus, the 70-year historical record is only a brief 
segment of time in a geologic context that must be supplemented by geomorphic 
interpretation of fluvial processes, as described elsewhere in this report. The 70-year 
photographic record is, however, an excellent means to identify human impacts on the 
river system. 

3.5. I Functional Surfaces 
Segregating functional geomorphic surfaces helps describe past river behavior. By 
describing each geomorphic unit with respect to its function, the investigator can better 
understand the behavior as those surfaces change with time. The one important 
difference between mapping functional surfaces using historical, rather than recent 
aerial photography is that historical interpretations cannot be field verified. Figure 3-14 
to Figure 3-37 show the historical geomorphic mapping by surface type for each year of 
photographic coverage. 

3.5.1 .I Active Channel 

The criteria for delineating the historical active channel surfaces were the same as was 
used to delineate the Qac unit described in Section 3.3. The interpreted function of the 
historical active channel surface was the primary conveyance area for high frequency 
flows and sedlment transport. The active channels were also the topographically lowest 
feature within the Holocene floodplain. Side-by-side comparisons of the active channel 
delineations for the entire set of historical aerial photos shows the lateral migration 
history of the river wlthin the study area. Quantitative analysis of these channel 
changes is presented in Chapter 6 (Lateral Migration Analysis). 
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3.5.1.2 Bar Deposits 

Historical bar deposits function as sediment storage areas during high frequency flows 
and conveyance areas during low frequency flows. Bars mapped in this exercise include 
both island bars which were entirely surrounded by active channels, and lateral bars 
found on the margins of the active channels. Comparing the surface area of these 
features, in addition to their geographic distributions throughout the photographic 
record, aided in an understanding of the general sediment transport characteristics of 
the system. This information was used in the overall lateral stability assessment of the 
study area. 

3.5.1.3 Floodplain Terrace Deposits 

For purposes of the historical functional surface analysis, the floodplain terraces were 
delineated as one general surface, because the primary characteristics used to 
differentiate the floodplain terraces (Qy2, Qyl, and Q,) described in Section 3.3 were 
field based, and could not be distinguished solely from aerial photographs. Although 
the historical floodplain terraces served slightly different functions in the system, as do 
the present surfaces, delineating them based solely on aerial photography is not 
possible. The general function of the historical floodplain was to provide overbank flood 
and sediment storage, and attenuate flows during flood events. Like the bar deposits, 
measurable changes to the historical floodplain surfaces such as surface areas and 
geographic distribution, provided information as to the lateral migration history of the 
Holocene floodplain within the study area. 

3.5.1.4 Tributaw Deposits 

The tributary deposit surface distribution remained the most consistent in terms of 
surface area and geographic distribution of all the geomorphic surfaces within the 
Holocene floodplain. As described Section 3.3, many of the tributary deposits within the 
study area provide a degree of lateral control of the active channel. 

3.5.1.5 Functional Surface Mapping 

Maps of functional surface by year of aerial photograph coverage are provided in Figure 
3-14 to Figure 3-37 on the following pages. The maps are segregated by the four 
functional surface types described above. 
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Figure 3-14. Reach I active channel surfaces 
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Figure 3-17. Reach 4 active channel surfaces 
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Figure 3-19. Reach 5b active channel surfaces 
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Figure 3-20. Reach 1 bar surfaces 
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Figure 3-21. Reach 2 bar surfaces 
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Figure 3-22. Reach 3 bar surfaces 
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Figure 3-23. Reach 4 bar surfaces 
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Figure 3-24. Reach 5a bar surfaces 
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Figure 3-26. Reach 1 floodplain terrace surfaces 
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Figure 3-27. Reach 2 floodplain terrace surfaces 
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Figure 3-30. Reach 5a floodplain terrace surfaces 
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Figure 3-31. Reach 5b floodplain terrace surfaces 
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Figure 3-33. Reach 2 tributary deposit surfaces 
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Figure 334. Reach 3 tributary deposit surfaces 
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Figure 3-35. Reach 4 tributary deposit surfaces 
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Figure 3-36. Reach 5a tributary deposit surfaces 
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Figure 3-37. Reach Sb tributary deposit surfaces 
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3.5.2 Results 
The 70-year photographic record indicates that the active channel varied in width and 
position within the Holocene floodplain. The active channel occupled a total of 28 
percent of the Holocene floodplain area in just 70 years. The cumulative area occupied 
by bars and terraces is 33 percent, indicating that active river processes (active 
channel, bars, and terraces) have impacted a total of 61 percent of the Holocene 
floodplain area within the past 70 years. The following observations and conclusions are 
made relative to the functional surface plots shown in Figure 3-14 to Figure 3-37: 

The relative stability of the low flow channel in Reach 1 is artificially imposed on 
the river by levees that have been maintained by the local farmers. However, it 
may be significant that, despite the high degree of movement documented in 
upstream reaches, the river has not overcome human efforts to constrain it. 
Differences between Reach 1 and the other study reaches are readily apparent 
from the functional surface analysis. There are essentially no bar deposits in 
Reach 1; it consists solely of the active channel and the (disturbed) floodplain. 
Extensive lateral movement of the active channel occurred in Reaches 2 to 5, 
except at the confluences of the major tributaries (Jackrabbit Wash, Wagner1 
Daggs Wash), where almost no movement of the active channel occurred. 
A primary geomorphic flood response is expansion of active channel and bars. 
Future channel widening and avulsions should be expected. 
Tributary terraces have the most persistent landforms during the past 70 years, 
but the functional surface analysis indicates that the small tributary terrace 
deposits are readily eroded when the main stem active channel abuts them. 
The active channel, bar, and floodplain terrace all showed significant movement 
during the period of record, although the overall pattern was relatively consistent. 
The existing low flow and flood channel pattern is similar to the historical pattern. 
The flood channel pattern is merely a larger version of the low flow pattern. 

3.5.3 Historical Avulsions 
Avuls~ons are readily identified by comparing channel positions plotted on a series of 
historical aerial photographs. Identification of avulsions provides Information about 
general channel behavior during floods. In some cases, the location of avuls~ons can be 
predicted from the characteristics of the floodplain and channel positions, as descr~bed 
in Chapter l, though avulsions occur in areas with no readily observable signs. 
Because avulsive channel change is a major component of the erosion hazard, it is 
important to quantify the frequency and magnitude of avulsions to adequately 
understand the lateral stability of the system and define the erosion hazard corridor. 

Locations of historical avulsions were identified in the aerial photography and are shown 
on the Figures on the following pages. Figure 3-38 shows an avulsion that occurred 
upstream of Baseline Road during the 1951 flood. The active channel split and 
occupied what was formerly a parallel tributary drainage channel. Figure 3-39 shows 
another avulsion that occurred just upstream of the Tonopah-Salome highway during 
the same flood event. 
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Figure 3-38. 1951 channel avulsion near Baseline Road 
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Figure 3-39. 1951 channel avulsion nc 
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3.6 Empirical Geomorphic Analysis 
Empirical methods were used to assess the stability and expected behavior of the 
Lower Hassavam~a River. The ex~ected channel dimensions and forms com~uted 
from empirical eq;ations can be cdmpared to observed river characteristics, and the 
differences interpreted as tendencies for future river change. The empirical analyses 
support the overall river behavior assessment, as well as erosion hazard zone 
delineation for the study reach. 

3.6.1 Hydraulic Data 
An important element of the empirical geomorphic analysis was the hydraulic data used 
in the various empirical geomorphic relationships. The HEC-RAS hydraulic model 
developed by WEST Consultants for the Lower Hassayampa WCMP was used as the 
base model for the empirical analyses. The WEST HEC-RAS model is described in the 
LHWCMP Hydraulics Report. However, to meet the project schedule and achieve 
objectives spec~fic to the river behavior analysis, the WEST model was modified, as 
described below. 

3.6.1 .I HEC-RAS Modifications 

The WEST HEC-RAS model was used to generate hydraulic data for use in geomorphic 
assessments and channel stability studies. As described in the LHWCMP Hydraulics 
Report, the primary objective of the WEST HEC-RAS model was to evaluate the current 
effective Flood Insurance Study (FIS) floodplain delineation performed by Cella Barr 
Associates (CBA, 1989). The base WEST model was then modified for the empirical 
geomorphic analyses associated with the river behavior analysis The following types of 
modifications were made to the WEST model: 

Discharge 
Bank Station Definition 
Ineffective Flow Areas 

Discharge 

For most geomorphic studies, a range of flow rates that include a variety of recurrence 
intervals are evaluated. Therefore, the parameterization of the HEC-RAS model must 
be applicable for the entire range of discharges that may occur in the study reach, not 
just the peak of the 100-year flood as is typical for a FIS HEC-RAS model. Where the 
model cannot be realistically modified for the full range of flows, the model should be 
optimized for flows approximating the bankfull discharge. 

Four profiles were computed in the modified HEC-RAS model: 

The effective FIS discharge 
The "best-estimate" of the 50-year discharge 
The "best-estimate" of the 10-year discharge 
The "best-estimate" of the 2-year discharge 
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The frequency data used in the model were obtained from the effective FIS model and 
from the Hydrology Study for the LHWCMP (JEF, 2005). 

Bank Station Definition 

The WEST model bank stations were modified to reflect the location of the primary area 
of sediment movement within the river. When using hvdraulic models, it is necessarv to 
distinguish areas where sediment moves primarily as bed-material load (i.e., channels, 
subiect to both scour and deoosition) from areas where sediment moves ~rimarilv as 
wash load or suspended load (i.e., overbanks, primarily subject to deposiiion). li 
portions of the overbank areas are included in the channel, the channel velocity and 
hydraulic depth will be underestimated, resulting in low estimates of sediment transport 
capacity andlor erosion potential. 

The bank station locations were selected by examination of recent color aerial 
photographs, detailed two-foot topography, and field observations. The banks were 
generally defined as the limits of the sandy-bottom channel (or channels in the case of 
multiple channel reaches). Bank locations were also associated with abrupt breaks in 
slope such as at the top of cutbanks. The bank locations were delineated in GIS and 
then transferred to the HEC-RAS model. 

lneffective Flow Areas. 

The ineffective flow areas defined in the model should be appropriate for the full range 
of discharges. lneffective flow limits were set at multiple levels for each cross section in 
order to model, as realistically as possible, the transfer of flow from one cross section to 
the next for each profile modeled. In some cases it was not possible to achieve a good 
balance for all profiles. In those cases, the 2-year and 10-year profiles were given 
priority. 

Limitations 

The following limitations to the HEC-RAS modeling effort are noted: 

The HEC-RAS model has multiple reaches downstream of the SPRR Bridge in 
Reach 1 to model overflows into the right overbank and oufflows from the levee 
reach downstream of Old US 80. The hydraulic results and empirical equation 
results for Reach 1 were processed only for the main channel (i.e. Reach 1 in the 
HEC-RAS model). 

HEC-RAS is a one-dimensional, gradually varied flow model. It assumes a 
horizontal water surface, with no waves or superelevation on bends, and no 
sediment movement or bank erosion during the passage of the flood. There is 
uncertainty in the discharge estimate, the channel geometry, and the hydraulic 
modeling coefficients. The actual accuracy of the predicted water surface probably is 
not known within one foot. Results should be interpreted accordingly. 
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3.6.2 Hydraulic Geometry/Regime Equations 
Regime equations and hydraulic geometry analyses attempt to relate measurable 
stream character~st~cs, such as sediment size, mean annual discharge or bankfull 
discharge, to equilibrium channel geometry characteristics such as stream wldth, 
channel depth, flow velocity or channel slope. Regime theory originated from studies of 
non-scouring and non-silting stable alluvial canals (cf. Kennedy, 1895), and has been 
extended to a wide variety of stream types (cf., Ackers & Charlton, 1971; Blench, 1951). 
Regime equations are typically based on discharge, sediment characteristics, and 
channel geometry. Hydraulic geometry analyses are theoretically similar to regime 
theory, but are based on emp~rical data gathered from natural streams or flumes and 
are typically based solely on discharge. Hydraulic geometry expresses the variation of 
channel characteristics with increasing discharge at a single section or along the length 
of a stream. The U.S. Geological Survey (cf., Leopold & Maddock, 1953) published the 
most widely used hydraulic geometry data. 

Regime equation and hydraulic geometry analyses were applied to the Lower 
Hassayampa River study reaches to evaluate the following stream characteristics: 

Channel Pattern 
Channel Geometry 
Hydraulic Geometry 

Lateral stability was evaluated by comparing predicted stream characteristics from one 
or more of these methodologies to the observed characteristics. These analyses 
assume that over the long-term the alluvial rivers will tend to erode their bed and banks, 
or adjust their slope or channel pattern to better match the expected characteristics. In 
addition, even though regime equations and hydraulic geometry relationships are 
empirically derived using data sets from very specific stream types (e.g., sand-bed 
rivers, canals, etc.), the data typically still have a large amount of scatter. The scatter in 
the original data limits the accuracy of the results. To increase the accuracy of the 
results, the equations selected for this study were based on data sets from streams 
which were the most similar to the study area characteristics. It is noted that ephemeral 
streams in central Arizona are unique, and therefore the results obtained by applying 
these equations must be interpreted cautiously. In general, the results are best 
interpreted as order-of-magnitude estimates of the direction of expected change, rather 
than precise predictions of the magnitude of future channel adjustments. 

3.6.2.1 3.5.2.1 Data Sources 

Stream characteristics and other data used in the analyses described below were 
obtained from the following sources described elsewhere in the LHWCMP project 
documentation: 

Recent Topographic Mapping - Hydraulics Report 
USGS Gauge Records - Hydrology Report 
Hydrologic Modeling - Hydrology Report 
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Field Observations and Measurements - Chapter 2 
HEC-RAS Modeling - Hydraulics Report 

3.6.2.2 3.5.2.2 Channel Pattern Relationships 

Methodology 

The slope of a stream has a strong influence on the channel pattern for a given 
discharge. Numerous researchers have used empirical data, flume studies, and 
theoretical relationships to establish a threshold slope that separates braided and 
meandering stream patterns. The following four slope-discharge relationships were 
selected for evaluation of the study reach: 

Lane Equation 
Ackers & Charlton Equation 
Leopold & Wolman Equation 
Henderson Equation 

Lane Equations 

Lane (1952) published empirical formulas to define the threshold slope for channel 
pattern, based on data from alluvial sand bed rivers. His equations leave an 
intermediate zone between the lines defined by the two slope equations where either 
pattern occurs. The Lane equations for channel pattern are: 

So > 0.010 Qm-OZ5 (Braided channels) 

So c 0.001 Q ~ ' ~ ~ ~  (Meandering channels) 

Where So = channel slope (ft./ft.), and 

Qm = mean annual discharge (cfs) 

The mean annual discharge for the Lower Hassayampa River was estimated from 
USGS gauge records from the Hassayampa near Morristown station (Qm = 25 cfs). The 
Hassayampa River near Arlington station was not used due to the frequent agricultural 
tailwater flows experienced at that station. 

Ackers & Charlton Equations 

The Ackers and Charlton (1971) equations are based on data obtained from flume 
studies. The results generally agree with the results of the Lane equations (MacBroom, 
1981). 

So > 0.0015 Qm-O (Straight channels) 

So c 0.0021 Qm-O (Meandering channels) 

Where So = channel slope (ft./ft.), and 

Qm = mean annual discharge (cfs) 

The data sources were the same as for the Lane equation. 
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Leopold & Wolman Equations 

The Leopold and Wolman equations (1957) were developed using data from rivers with 
coarse bed material (D50 > '/4 inch). 

So > 0.06 QmaiO 44 (Braided channels) 

So < 0.06 Qmaf 
-0 44 (Meandering channels) 

Where So = channel slope (ft./ft.), and 

Qmaf = mean annual flood (cfs) 

The equations are based on bankfull discharge, which Leopold and Wolman determined 
to be equal to the mean annual flood. The mean annual flood has a recurrence interval 
of about 2.33 years (ADWR, 1985). The 2-year discharge was used in this analysis as 
an approximation of the mean annual flood. Leopold and Wolman found that straight 
channels could occur on all slopes, and that the occurrence of straight channels had 
poor correlation to bankfull discharge. 

Henderson Equation 

Henderson (1961) used Leopold's and Wolman's data, but added a variable describing 
the mean bed sediment diameter. 

So > 0.64 ~ 5 0 '  l4 ~~~j~~~ (Braided channels) 

Where So = channel slope (ft./ft.), and 

Q,f = mean annual flood (cfs), and 

D50 = mean sediment diameter (ft.) 

Sediment diameter data were obtained from sieve analyses as described in Chapter 5 

Results 

Application of the four channel pattern equations to the study area are shown in Table 
3-4. The results vary by discharge because the energy slope was used in each 
equation instead of the bed slope. The measured bed slope for each reach is also 
shown. Computation using the energy slope allows one to assess how the channel 
pattern might adjust to a discharge higher than the mean annual flood. Given the flashy 
nature of floods on the Hassayampa River, full adjustment to higher discharges is not 
expected during a single flood, but the tendency toward adjustment in a particular 
direction is of interest to the stability assessment. 

Field observations suggest that flow in the Lower Hassayampa River IS often straight or 
slightly sinuous and becomes braided in some reaches, especrally downstream of 
natural constrictrons such as the confluence with major tributaries. As shown In Table 
3-4, the channel pattern equations predict a variety of patterns. The equations for sand 
channels predict rntermediate or straight channel pattern, while the gravel-bed 
equations predict a strongly braided pattern. Because the Hassayampa River is a 
predominantly sand-dominated system, the Lane and the Ackers & Charlton equations 
are probably the most appropriate. The observed pattern also varies along the study 
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reach. In fact, Reaches 2 through 5 vary in pattern within each reach. The observed 
pattern in those reaches is for a slightly sinuous straight channel at very low flows 
increasing in braided character with increasing flow rate up until about probably the 50- 
year level, when the river pattern begins to mimic the relatively straight valley pattern. 
At some locations, such as the Wagner-Daggs Wash and Jackrabbit Wash confluences, 
the river channel pattern is straight through the full range of flows. 

3.6.2.3 Channel Geometrv Relationshit~s 

Methodology 

Equat~ons for stable channel geometry have been developed from streams that have 
been stable for long periods of time. These equations relate bankfull channel width, 
depth, and velocity to a specific discharge rate, such as the average annual flow or the 
dominant discharge. Several stable geometry equations were applied to the Lower 
Hassayampa River to assess the expected direct~on of future channel change. 
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Bray Equation # I  

Bray (1979) developed equations for the geometry of alluvial gravel-bed rivers based on 
the 2-year discharge. 

W = 2.38 Q2 0 527 

d = 0.266 QzO 33 

V, = 8.0 do6 

Where W = surface flow width (ft.) 

Q2 = 2-year discharge (cfs.) 

d = flow depth (R.) 

V, = mean channel velocity (ft.lsec.) 

So = channel slope (ft./ft.) 

Bray Equation #2 

Bray later modified his channel geometry relationships (Hey et. al., 1982) for gravel-bed 
rivers to include bankfull discharge and the bed material size. 

W = 2.08 Qbf0.528 D50-0.07 

d = 0.256 Qbf 0331 D -0025 
50 

Vm = 1.87 Q~: l4 D~~~ OQ5 

SO = 0.0965 334 D50° 

Where W = surface flow width (ft.) 

Qbf = Bankfull discharge (cfs.) 

Dm = medium bed sediment diameter (ft.) 

d = flow depth (R.) 

V, = mean channel velocity (ft./sec.) 

So = channel slope (ft./ft.) 

Hey Equation 

Hey (1982) developed regime equations for gravel bed rivers in England that relate 
stable channel geometry to bankfull discharge and bedload transport rate. 

WP = 2.2 QbtO 54 D50 4 05 

R =  0.161 QbY4' 

dmax = 0.252 Q ~ P  38 D50 4 16 

-0 13 0 97 SO = 0.679 ~ b i '  53 QS D50 

Where WP = Wetted perimeter (m) 
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Qbf = Bankfull discharge (m) 

D50 = Median sediment diameter (m.) 

R = Hydraulic radius (m) 

dm., = Maximum channel depth (m) 

So = Channel slope (mlm) 

Qs = Bedload sediment discharge (%) 

However, because the results of the Hey equation for depth (dmax) were so much 
greater than was computed by the other equations used to compute stable depth, the 
Hey equation results were not included in the computation of the reach-average 
statistics shown in Table 3-5. 

Parker Equation (Gravel Bed Rivers) 
Parker (1979) exarn~ned gravel bed rlvers to obtain his channel geometry equat~ons. 
He found that, unlike the bed material in sand bed streams, the gravel and cobble bed 
material in coarse bedded streams is moved only during larger flows. He also noted 
that the banks of gravel bed streams tended to be more stable and straighter than 
streams with finer bed materials (MacBroom, 1981). Parker's equations use a 
dimensionless discharge parameter (Q*), as described below. 

Wbf = 0.173 Q'O D50 

d = 0.010 D50 

S, = 0.223 Q'. 0 410 

Where Wbf = bankfull width, width at top of bank (ft) 

Q' = 0.039 V, d-' DS0 I ((ps-1)lp) g df') (dimensionless) 

D50 = mean sediment diameter (ft.) 

d = average channel depth (ft) 

S, = energy slope (ft./ft.) 

Ackers & Charlton Equation 

The Ackers and Charlton (1971) equations were based on data from flume studies 
which used sand bed materials. 

W = kc Qo4' 

Where W = surface channel width (ft.) 

Q = discharge (cfs) 

kc = a coefficient varying from 3.6 for straight channels to 7.2 for 
meandering channels 
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Lacey Equation 

The Lacey equation (1929) was developed to describe the geometry of silt-laden canals 
in India. However, Bray reported (1979) that in gravel rivers in Canada, the Lacey 
equation was as accurate for predicting velocity as the Manning's equation. 

Where V = mean channel velocity (ft./sec.) 

Q = discharge (ds) 

Chang Equation 

Chang's (1988) gravel bed equations for channel geometry support the FLUVIAL-12 
sediment transport model, which attempts to simulate channel change from sediment 
continuity data using minimum stream power concepts. Chang provides equations for 
channel width, depth, and slope. 

So = 0.000442 ~ 5 0 '  l5 1 Qbf04' 
0 4 2  2 W = [I ,905 + 0.249(1n(0.001065 DSO' l5 1 (So Qbf )) ] Qbf04' 

d = [0.2077 + 0.0418(1n(0.000442 DSO' j5 / (So ~bfO*')))] QbF4' 

Where So = channel slope (ft./ft.) 

D50 = median sediment diameter (mm.) 

Qbf = bankfull discharge (cfs) 

W = channel width (ft) 

d = average channel depth (ft) 

In general, the Chang equation for slope performed poorly when applied to the study 
area. Some of the predicted channel geometry values were well outside the range of 
possibil~ty (e.g., negative flow depths). Therefore, the results of the Chang equation are 
included in Table 3-5, but the predicted values were not used to obtain the average 
predicted values that were compared with existing reach characteristics. 

Kellerhalls (1967) Equations 

Kellerhalls developed equations for the equilibrium channel width and depth in gravel 
bed rivers. The Kellerhalls equations use the dominant discharge, which is also referred 
to as the channel-forming or effective discharge. 

W = 1.8 ~ d d ' "  

d = 0.166 QddO K,,-' 

Where W = channel width (ft) 

Qdd = dominant discharge (cfs) 

d = average channel depth (ft) 

K, = Nikuradse's sand grain roughness coefficient 
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However, because the results of the Kellerhalls equation for depth were so much 
greater than was computed by the other equations used to compute stable depth, the 
Kellerhalls equation results were not included in the computation of the reach-average 
statistics shown in Table 3-5. 

Schumm Equafion 

Schumm (1961) preferred to examine the widthldepth ratio of semi-arid streams, rather 
than either parameter separately. Schumm's equation is based on the percentage of 
fine-grained material in the channel banks. 

F = 255 M-' O8 

Where F = widthldepth ratio 

M = percentage of silffclay in the bed 

The percentage of silt and clay in the bed material and banks was extracted from 
detailed SCS soils mapping of the study area (Camp, 1986). Application of the 
Schumm equation to streams with stratified bank materials is difficult. The results of the 
Schumm equat~on are consistent with the AMAFCA results, and are therefore reported 
on the same line in Table 3-5 as the AMAFCA results. 

AMAFCA Equations 
The AMAFCA (1994) equations for width and equilibrium slope were developed from 
empirical and theoretical data for application to the arroyo systems of northern New 
Mexico. 

Where W =width of channel (ft.) 

F = widthldepth ratio 

Fr = main channel Froude number 

Q = discharge (cfs.) 

So = channel slope (ft./ft.) 

n = Manning's n value for channel 

Moody & Odem Equations 

Moody and Odem (1999) completed an investigation of bankfull channel geometry 
relationships on a variety of stream types in Arizona using Rosgen channel 
classification methods. Channel geometry relationships were defined for a number of 
regions in Arizona. 
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TW = 12.301 D A ~ ~ ~ ~ ~  

d = 0.9455 DAO 1506 

WhereQbf = Bankfull discharge (cfs) 

DA = Watershed drainage area (mi2) 

A = Section flow area at bankfull discharge (ft.) 

TW = Flow width at bankfull discharge (ft.) 

d =Average flow depth at bankfull discharge (R.) 

BUREC Equation 

The Bureau of Reclamation (Lane and Carlson, 1953) developed relationships that 
describe stable channel dimensions for canals cut into coarse grained alluvium. 

dm,, = (~bf12 tan +)O 
2 A=2dm,, I tan+  

Vm = I l n  (dm, cos + 1 (0.5 rr (1 - cos I$))' 667 se0 
TW = dm,, rr I tan $I 

Where dm,, = Maximum depth of flow (ft.) 

Qbf = Bankfull discharge (cfs) 

+ =Angle of repose of bank material 

Vm = mean flow velocity (ft./sec.) 

N = Mannings' n value 

S, = Energy slope (ft.1ft.) 

TW = Top width of flow (ft.) 

The results for depth from the BUREC equations were much different than the results 
from the other equations, were not considered reasonable to the Lower Hassayampa 
River, and were not included in the reach-average estimates shown in Table 3-5. 

Results 

The results of applying the channel geometry equations to the Lower Hassayampa 
River are shown in Table 3-5. The 2- and 10-year discharges were substituted for the 
discharge variable used in the original channel geometry equations to examine the 
trend of potential adjustments in channel geometry at each flow rate. Predicted values 
of widths, depths, slopes and velocities from the channel geometry equations were 
compared to the measured values obtained from field data, topographic mapping and 
HEC-RAS models. The differences were interpreted as follows: 

Width. Where the predicted channel width is greater than the HEC-RAS 
modeled channel width, the channel is expected to erode its banks to achieve the 
greater width during future floods. Where the predicted channel width is less 
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than the HEC-RAS modeled channel width, the channel is assumed to have low 
potential for lateral movement due to channel widening, and is likely to 
experience deposition along at least one of the banks at the flow rates 
considered. 

Depth. Where the predicted channel depth is greater than the HEC-RAS 
modeled channel depth, the channel is expected to erode its bed (degrade) to 
achieve the equilibrium depth during future floods. Where predicted channel 
depth is less than the HEC-RAS modeled channel depth, the channel is expected 
to aggrade (deposit sediment) to reach the equilibrium state. 

Slope. Where the predicted slope is less than the existing slope, the channel is 
expected to decrease its slope (scour) to achieve a more stable form. 

Velocity. Where the predicted velocity is less than the HEC-RAS modeled 
velocity, floods will be more erosive than predicted by the channel geometry 
equations. 

Geomorphic interpretations of the results shown in Table 3-5 for the five project reaches 
include the following: 

WidthIDepth Ratio. The Hassayampa River existing channel, and hence the 
probable equilibrium channel geometry, is wider and shallower than the streams 
used to development the regime and hydraulic geometry equations. The existing 
banks are wider than even the 100-year predicted channel widths. 

9 Slope. The predicted slopes are almost uniformly lower than the existing slopes 
by an order of magnitude, except for the slope predicted by the AMAFCA 
equation. Slope adjustment by an order of magnitude is not a reasonable 
expectat~on for the Hassayampa River, unless major watershed changes occur. 
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The AMAFCA equation predicts slopes that are nearly equal to the existing 
channel slopes, and is considered a reasonable estimate of expected channel 
behavior. That is, no long-term slope adjustment is expected for existing 
conditions. 

Velocity. Predicted channel velocities are uniformly lower than the velocities 
estimated from HEC-RAS. This difference is interpreted to mean that the 
Hassayampa River is more erosi\ie than average rivers, particularly given the 
high measured widthldepth ratios. 

Reach 1. The predicted width, depth, slope and velocity for Reach 1, the most 
disturbed reach, is more in line with the measured values in Reach 1 than for any 
of the other (mare natural) reaches considered. 

Note that the stable geometry equations described above reflect the dimensions of 
channels which have been stable over long periods of time. The stable geometry 
equations suggest the nature of possible future channel adjustments to the Lower 
Hassayampa R~ver. However, given the wide disparity between the observed and 
predicted channel geometry, these predictions should be vlewed as less reliable than 
predictions based on observed (i.e., historical) channel changes. 

3.6.3 Allowable Velocity 
Allowable velocity criteria have long been used in channel deslgn to estimate the 
velocity at wh~ch channel bed and bank sediments will begin to erode. A variety of 
allowable velocity data have been published by the US Army Corps of Eng~neers (1970, 
1990, 1995) and the USDA Soil Conservation Sewlce (1977), as well as by many other 
agencies. 

3.6.3.1 3.5.3.1 Methodoloqy 

The following allowable velocity approaches were applied to the Lower Hassayampa 
River study reaches: 

Fortier & Scobey Table 
BUREClMavis & Laushey Equation 
Neill Equation 
USACOE Permissible Velocity Tables 

3.6.3.2 3.5.3.2 Fortier & Scobev Table 

Fortier and Scobey (1926) published one of the first tables of permissible velocity in 
1926 Their data, based on records of seasoned stable canals, was later republished 
by a number of federal agencies and other organizations including the FHWA, ASCE, 
and Chow (MacBroom, 1981). The Fort~er and Scobey data (Table 3-6) distinguish 
erosion hazards for clear water, silt-laden water, and water transportinq sand and  ravel - 
(bedload). Their data presumably do not account for the stabilizing effect of bank 
veaetation. Further modifications to this method are described in Chow (1959) from 
soviet researchers in 1936. These modifications include an adjustment io the 
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permissible velocity based on depth. An additional modification was proposed by Lane 
(1955) for sinuous channels. 

3.6.3.3 3.5.3.3 BUREClMavis & Laushev Eauation 

The BUREC (1974) recommends that permissible velocity be est~mated using a 
modification of the Mavis and Laushey equation (Jurnikis, 1971), which was developed 
by bridge engineers in Great Britain (MacBroom, 1981). The BUREC equation is a 
function of grain size, and is most applicable to bed material. 

Vb = 0.64 D(~/') for D < 6.0 mm 

Vb=0.5 D' for D > 6.0 rnm 

Where Vb = competent velocity (fllsec) 

D = particle diameter (mm) 

3.6.3.4 3.5.3.4 Neill Equation 

Neill (1975) developed equations that are a function of flow depth and grain size for 
permissible velocities on gravel and cobble bed streams, with a separate equation for 
cohesive soils. 

Vb = 3.1 5 d('") D("~) (non-cohesive soils) 

Vb = 7.5 d('l6) T~' (for cohesive soils) 

Where Vb = competent velocity (Wsec) 

d = flow depth (fl) 

D = grain size (ft) 

T, = critical shear stress (lb/f12) 

3.6.3.5 3.5.3.5 USACOE Permissible Velocity 

The Corps of Engineers (1970; 1995) has established suggested maximum velocities 
for design of non-scouring flood control channels of various bank materials, as shown in 
Table 3-7. 
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The Corps of Engineers (1990) has also developed criteria relating flow depth and 
velocity to the beginning of movement of granular bed materials and erosion of cohesive 
bank materials, as summarized in Table 3-8. 

Table 3-7. Suggested Maximum Permissible Mean Channel Velocities 
(USACOE, 1995) 

3.6.3.6 3.5.3.6 Results 
In general, the internal alluvial banks of the Lower Hassayampa River are composed of 
sand with generally sparse vegetation cover. The outer margins of the geologic 
floodplain tend to be cut into Pleistocene- or Tertiary-aged terraces capped with caliche 
and underlain by less resistant sand, and gravel. In some places the channel intersects 
and cuts these surfaces. No significant grass cover was observed anywhere in the field. 

Channel Material 
F~ne Sand (0 075 - 0.45 mm) 

Coarse Sand (2 - 5 mm) 
Ftne Gravel (5 - 20 mm) 

Grass-L~ned Banks (c  5% Slope, Sandy S~lt, Bermuda 
Grass) 

Poor Rock (Sedtmentary) 
Good Rock (Igneous or Metamorphic) 

Table 3-9 shows reach-averaged velocities for the channel, left and right overbanks for 
five flood profiles. The reach-averaged data show that the Lower Hassayampa River is 
erosive for the full range of discharges within the main channel. Overbank velocities are 
generally below the erosive limits for sands for the 10-year and more frequent flows. 
Above the 10-year flow rate, overbank velocities become erosive. In addition, locally 
the maximum overbank velocities are erosive for sand-sized particles through the range 
of flow rates. Since many of the overbank areas are composed of finer-grained 
materials erosion of the overbank areas is expected during flows greater than about the 
10-year flood. 

Mean Velocity (Wsec) 
2 0 
4.0 
6.0 
8.0 

10.0 
20.0 
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E = allowable velocity exceeded; erosion expected 
S = allowable velocity not exceeded; erosion not expected 
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The reach-averaged velocities estimated from the HEC-RAS models for the five flood 
profiles were compared to the allowable velocltles determined by the methodologies 
described above, as shown in Table 3-10. Erosion (E) is expected where the allowable 
velocities are exceeded by the predicted HEC-RAS reach-averaged velocities. Where 
the allowable velocities are not exceeded, the channel is expected to be stable (S). The 
number llsted after S or E in Table 3-10 indicates the percent of the cross sections 
within the reach which exhibit the S or E trend. 

Most of the allowable velocity methodologies used indicate that the materials in the bed 
and banks of the Lower Hassayampa River are erodible. However, Neill's equation for 
cohesive soils predicts that the banks will be stable up to the 100-year event. Since 
cohesive soils are generally not present within the study area, the results of Neill's 
cohesive soil equation are not applicable for most of the reach. Comparison of HEC- 
RAS channel velocities with the USACOE and Fortier & Scobey erosive velocity 
thresholds indicate that the channel banks are probably erodible during flows as 
frequent as the 2-year event. This matches with observations of flooding and erosion 
that occurred during this study when relatively small discharges in the winter of 2004-05 
were seen to have eroded channel banks and reworked channel bed sediments 
throughout the study reach. 

3.6.4 Conclusions 
Allowable velocity criteria provide general information on the likelihood of bank and 
channel erosion.. However, accurate predictions of lateral stability based on allowable 
velocity criteria are difficult to achieve because of the effect of soil cohesiveness, 
vegetation, carbonate accumulations, and soil physics on erodibility. The range of 
allowable velocities indicated bv the Neill eauations illustrates the effect of cohesion on 
erodibility. Broadly interpreted,-the allowable velocity data indicate that all of the 
channel banks in the study area will erode even in small floods if the banks are not 
cohesive, but will resist erosion if they are cohesive. Finally, the effects of bank 
vegetation (increase stability), stratified bank sediments (decrease stability), and other 
local variations (CaC03 content, piping, bed scour, etc.) create additional uncertainty for 
the reliability of allowable velocity predictions. 

3.7 Summary 
The geomorphic analyses summarized in this Chapter included stream classification 
methods, empirical equations, geomorphic mapping, and soils analysis. The results of 
these analysis included the following: 

Stream Classification. Both stream classification models (Brice and Rosgen) 
applied to the study area predict that the Lower Hassayampa River has a 
naturally braided pattern which tends to be laterally unstable and subject to high 
rates of lateral erosion. 

a Functional Surface Analysis. Analysis of geomorphic surfaces over a 70-year 
photographic record indicates that active channel has varied in width and lateral 
position within the Holocene floodplain. The active channel has occupied a 
cumulative total of 28 percent of the Holocene floodplain, and the cumulative 
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area occupied by the bars and terraces is 33 percent. Active river processes 
(active channel, bars, and terraces) have occupied a cumulative total of 61 
percent of the Holocene floodplain area within the past 70 years. 

Geomorphic Mapping. Four primary geomorphic units that comprise the 
Holocene floodplain were mapped. None of the units showed any evidence 01 

significant geomorphic age, resistance to erosion, or geologic permanence. 

Avulsions. Historical evidence demonstrates that channel avulsions have 
occurred and should be expected to occur during future floods. 

Empirical Analysis. The empirical analyses demonstrated that the Lower 
Hassayampa River is significantly different in form than other river types and has 
a naturally wider, shallower, steeper channel that experiences high velocities and 
lateral erosion. 

Allowable Velocity. Computed velocities uniformly exceed the standard threshold 
of erosion throughout the study area. Lateral erosion should be expected during 
even the smallest floods. 

r Plan Lower Hassayampa River Watercourse Mastei 
River Behavior Report 

Page 3-80 
April 2006 



CHAPTER 4 - BED ELEVATION ANALYSIS 

The purpose of the bed elevation change analysis was to document historical changes 
in bed elevation, and compare historical trends with the computational methods to 
predict future changes in bed elevation. The methods used for the LHWCMP bed 
elevation analyses included the following: 

Scour Equations 
Equilibrium Slope Analysis 
Armoring Analysis 
Historical Topography Comparison 
Longitudinal Profile Analysis 
Field Observations 

The data and analyses used are described relative to the information they provide about 
the degree and extent of eroslon hazards along the Lower Hassayampa River. The 
hydraulic data used in the engineering methods presented in this chapter were derived 
from the modified HEC-RAS model described in Section 3.5. The hydraulic data were 
processed through the equations described below using Excel spreadsheets and Visual 
Basic programming. The historic data were taken from available historic contour data 
sets collected for the project, including USGS quadrangles, previous floodplain studies, 
and mapping performed by the District in support of the LHWCMP. 

4.2 Scour 
Scour is defined as any lowering of the channel bed elevation that occurs as a result of 
flowing water. Scour can be caused by changes in the sediment transport capacity of a 
channel during the passage of a flood wave (general scour), by the formation of bed 
forms (dune, anti-dune, thalweg scour), by velocity currents around channel bends 
(bend scour), by local flow obstructions (local scour), or by progressive slope 
adjustments to watershed and watercourse changes (long-term scour). Scour is directly 
proportional to flow velocity and flow duration, and inversely proportional to sediment 
size, sediment supply, and flow depth. Scour during a design flow (a.k.a. single-event 
scour or short-term scour) is discussed in this Chapter as well as in Chapter 5 of this 
report. Long-term scour was evaluated using a variety of approaches and is discussed 
throughout this Chapter. 

The objective of the scour analysis was to compute reach-averaged trends for use in 
predicting future regional channel change and order of magnitude relative trends in 
channel behavior between adjacent reaches. The LHWCMP scour analysis is not 
intended to generate design-level scour estimates at any point within the study reach. 
The scour estimates listed in this chapter are not appropriate for any design purpose. 
Site-specific scour analyses should be performed in support of any design study. 
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4.2.1 Methodology 
Scour in the Lower Hassayampa River was estimated using procedures outlined in the 
Arizona Department of Water Resources ~ngineering Analysis of Fluvial Systems 
(ADWR, 1985; hereafter, "the ADWR Manual"). The ADWR scour equation is: 

Zt=SF(Zdcg+Zgs+ %Za+Zb+Zbs+Zlft)  

where: 

Z, =Design scour depth, excluding long-term degradation or aggradation 
(fi) 

Z,, = General scour depth (ft) 

Z,  = Anti-dune trough depth (ft) 

ZI, =Local scour depth (ft) 

Zbs = Bend scour depth (ft) 

ZIR = Low-flow thalweg depth (ft) 

Zdcg= Long-term degradation 

SF = Safety factor (1.0 - 1.5) 

General scour, Z,,, is the component of scour that represents the mobile portion of the 
bed-material of the channel bottom. The discussion in the ADWR Manual relating to 
directs the reader to the Section 5.3.1 1 (Contraction Scour) or Section 5.3.14 
(Evaluation of Gravel Mining Impacts). Contraction scour (ADWR Equations 5.19 to 
5.24, p. 5-103) is estimated using the following equations: 

z,, = Y2 - Y'* 

where: 

z,s = General scour depth (ft) 

Y'z = Original (non-equilibrium) flow depth at the constriction (ft) 

1 
q,2 7;rZ 

y, =(-, 
aq; , the computed equilibrium flow depth (ft) 

qs2 =WlrWzqsl 

9s I = a  yIb VIC 

q2 = Wl/W2 ql 

a, b, c = sediment transport coefficients from ADWR Table 5.6a 

WI = active channel width at the upstream section 

W2 = active channel width at the constricted section 

YI, VI =hydraulic depth (Y) and channel velocity (V) at upstream section 
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The discussion of sand and gravel mining impacts related to scour in the ADWR Manual 
relates to headcut formation and propagation upstream of in-stream mines and is not 
applicable to the reach-average general scour application for the LHWCMP river 
behavior analysis. Headcut scour from in-stream mining was evaluated separately and 
is discussed in Chapter 5 of this report. Other technical manuals describe alternative 
methods for estimating general scour such as using the maximum scour depth 
computed in a sediment routing model (e.q., HEC-6) or bv usina sDecific aeneral scour 
equations (e.g. City of Tucson Manual).' Several alternatbe &hods we& explored and 
resulted in similar, but slightly smaller (< 10%) general scour depth predictions. 

Where Z,, was determined to be negative, the general scour component was assumed 
to be zero prior to determining the reach average general scour value reported below. 

Anti-dune trough depth, Za, is the component of scour caused by movement of dune 
shaped bed forms along the bottom of the channel. The anti-dune trough depth was 
estimated using the following equation: 

za = 0.0273 v2, 
where: 

v,, = Average velocity o f  flow at design discharge (Pdsec) 

The anti-dune trough depth is limited to a maximum of 1/2 the flow depth (since Z, 
cannot be greater than flow depth, ADWR Manual p. 24). Anti-dunes have been 
observed on many sand bed streams in Arizona. Therefore, it was assumed that 
antidunes could form within the study reach. 

Low-flow thalweg scour, Zla, occurs if a small channel forms to convey minor flows 
within the main channel of a stream. Normally, the low-flow thalweg component of 
scour is not considered for a natural channel, since the natural channel minimum 
elevation already reflects the elevation of the thalweg. The intent of the low-flow 
thalweg scour component is to address a feature that sometimes forms within large 
constructed channels (with bottom widths greater than the natural bankfull width) with a 
high width to depth ratio and with mobile bed sediments. The low-flow thalweg is best 
estimated from field evidence of the low flow channel depth. Lacking field evidence, the 
low-flow thalweg component of scour is typically assumed to be one to two feet. For the 
LHWCMP scour analysis, a thalweg depth of one foot was used based on direction from 
District staff in other watercourse master plan scour studies. Given that the 
Hassayampa River, in its existing condition, has a self-formed natural channel, and the 
concept of formation of a thalweg within a channelized section is not applicable, the 
assumed thalweg depth is conservative, but was added at the direction of District staff. 

Bend scour, Zbsr occurs on the outside of bends in a stream channel, and is caused by 
spiral transverse currents. Bend scour was estimated using the following equation: 

Zbs = 0.0685 Y,, vmO Y h -' S {2.1 [sin2(a/2)/cos a]' * - I }  
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where: 

Zbr = Bend-scour component of total scour depth (ft), and 

Y,, =Maximum depth of flow immediately upstream of the bend (ft) 

Vm = Average velocity of flow immediately upstream of the bend (ft/sec) 

Y h  =Hydraulic depth of flow immediately upstream of the bend (ft) 

se =Energy slope immediately upstream of the bend (ftlft) 

= Angle formed by the projection of the channel centerline from the point 
of curvature to a point which meets a line tangent to the outer bank of 
the channel (degrees) 

re =radius of curvature along centerline of channel (ft) 

T = channel topwidth (ft) 

In past watercourse master plan studies, a reach-averaged bend angle was computed 
from the arccosine of the reciprocal of the sinuosity, to reflect a reach-averaged bend 
angle. However, for the LHWCMP, at the direction of the District, a maximum bend 
angle was used to reflect the potential for future channel alignment changes. Use of the 
maximum bend angle generates a more conservative scour estimate, and in fact, 
appears to be the major component of the total scour estimates. Given the high 
potential for channel alignment changes, and the presence of sharp bends in the 
existing channel, use of the maximum bend angle is reasonable. 

Local scour, Z,,, occurs where there is an abrupt change in the direction of flow caused 
by obstructions such as bridge piers, abutments, or other structures. However, since 
local scour at these structures will be limited just to the bridge section or structure site, 
the local scour component was not included in the estimate of the reach-average total 
scour for the adjacent study reach. Local (bridge) scour for the 100-year event was 
computed using the HEC-RAS hydraulic design modeling component, and default HEC- 
18 bridge scour equations. Local scour results are reported separately in Table 4-2. 

Long-term scour, or aggradation and degradation, is best evaluated on undisturbed 
streams from historical evidence and field data. Historical evidence of long-term 
changes in channel bed elevation, as discussed later in this chapter, was found to be 
minimal in most of the study reach. Other approaches for estimating long-term scour 
include use of equilibrium slope equations (described later in this chapter) and sediment 
continuity (HEC-6, See Chapter 5 )  modeling, both of which have practical and 
theoretical limitations for ephemeral streams. For existing conditions, historical, field 
data, equilibrium slope equations, and HEC-6 modeling indicate that the long-term 
scour component, absent human impacts, is near zero or is aggrading. Therefore, a 
long-term scour estimate of zero was used for the scour computations summarized 
below. 

The ADWR Manual states that the safety factor generally varies between 1.0 and 1.5, 
but should be selected based on risk, consequence of failure, incremental construction 



cost, and regulatory factors. For the LHWCMP scour analysis, a safety factor of 1.3 
was used at the direction of the District staff. 

4.2.2 Discussion & Results 

Scour estimates for the Lower Hassayampa River were summarized in Table 4-1. The 
following results were obtained: 

The total scour along the study reach is about five to six feet for the 2-year event, 
eight to ten feet for the 10-year event, and greater than 10 feet for the 100-year 
event. 

In general, the largest component of scour is bend scour. Given that the bend 
scour is limited to the outside of channel bends, the scour estimates listed in the 
first columns of Table 4-1 are conservative when applied to an entire reach, 
particularly since the maximum bend angle was used. However, given the 
potential for future channel movement within the stream corridor, and sharper 
than average bends within a reach, the reported bend scour estimates may not 
be conservative at some points within the reach. More detailed consideration of 
bend scour at specific points within the reach is prudent for future structure 
design, especially those with an extended design life. 

Antidune scour will be limited to areas where the bed sediments are fine enough 
for antidunes to form. Typically, antidune formation is limited to sand-bed 
channels. Since the Lower Hassayampa River is a sand-bed stream, antidune 
scour is likely to occur throughout the study reach, though the probability that 
antidunes would develop at the margins of a channel near a structure is limited. 

In Reach 1, large scour depths were computed due primarily to the constricted 
channel that creates large flow depths and high channel velocities. 

Local scour was estimated as zero for the study, since reach-averaged values for 
a local condition could not be justified. HEC-RAS bridge scour estimates are 
shown separately for each of the four bridges in the study reach. 

Scour estimates vary without any longitudinal trend in the study reach 

Bridge scour (local scour) estimates are not reported in Table 4-1 because the 
scour impacts only the bridge section rather than the entire reach in which the 
bridge is located. Bridge scour results for the 100-year event are given in Table 
4-2 and are illustrated in Figure 4-1 to Figure 4-4. 

Comparison of bridge scour estimates with 1-10 Bridge as-built plans indicates 
that the bridge should be considered scour critical. As-built plans for the Union 
Pacific Railroad Bridge were not available, but given the estimated scour depths, 
it is likely that there are stability issues with the bridge. The Old US 80 Bridge 
section was recently lined with CSA as a scour countermeasure. 
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Scour 
Component 
P~er Scour 

Contract~on Scour 
Total Scour 
Foundat~on 

Depth 

Bridge 
1-10 West 

14.2 
0 3 
14.5 

-10 f l  

1-10 East 
14.7 
0 3 
15.0 

- 10fl 

UPRR 
7.2 - 20.0 

2.0 
9.2 - 22 0 

Unknown 

Old US 80 
37 4 

0 
37.4 

Full CSA L~n~ng 
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Figure 4-1.1-10 Westbound Bridge 100-year HEC-RAS bridge scour plot. 
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Figure 4-2. 1-10 Eastbound Bridge 100-year HEC-RAS bridge scour plot. 
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Figure 4-3. Union Pacific Railroad Bridge 100-year HEC-RAS bridge scour plot. 
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Figure 4-4. Old US 80 Bridge 100-year bridge scour plot. 
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4.2.3 Long-Term Scour 
The long-term scour component is the progressive lowering of a stream bed that occurs 
over long time periods, rather than in response to a single flow event. Long-term scour 
was estimated from the following types of data: 

Field estimates of recent scour 
lnterpretation of longitudinal profiles 
lnterpretation of historical maps and photographs 
lnterpretation of the ages of geomorphic surfaces 
Comparison of equilibrium and existing channel slopes 

Field data were described in Chapter 2 (Sectlon 2.8) of this report, and consisted of 
qualitative estimates of whether the channel had recently scoured or filled, and the 
depth of recent long-term scour. Longitudinal profiles are described in Section 4.6.2.1.3 
of thls report and were used to estimate whether the bed elevation had moved up or 
down during the period of record. Predictions of the magnitude of long-term degradation 
or aggradation can also be made by comparing the predicted equilibrium slope with the 
existing channel slope, as described in Sect~on 4.3. 

Geomorphic mapping of stream terraces, as described in Section 3.3 and 3.4 of 
Chapter 3, was used to establish the net channel bed adjustments over the past 10,000 
to 2,000,000 years, as illustrated in Figure 3-1. Given that Pleistocene-aged terraces 
are up to 90 feet above the channel invert, the maxlmum net rate of degradation over 
the past 2,000,000 years is about 5x10.~ Wyear (< 1 inch11000 years), using the 
reasoning illustrated in Figure 3-1. Similarly, given an average height of the Holocene 
floodplain of about six feet, the maximum net rate of long-term degradation in recent 
geologic time in the study reach is about 6 x 1 0 ~  Wyr (C 1 inchlcentury). 

Clearly, a wide variety of types of evidence suggest that long-term scour has not been 
an important element for the existing condition of the study reach. 

4.3 Equilibrium slope 
Equilibrium slope' is defined as the slope which causes the channel's sediment 
transport capacity to equal the incomlng sediment supply (ADWR, 1985). If the slope IS 

too steep, channel velocities will be hlgh and net eroslon will occur. If the slope is too 
flat, channel velocities will be low and net deposition will occur. The equilibrium slope is 
the slope that the undisturbed, natural channel will tend towards over the long term. 
While there are philosophical and practical problems with applying equilibrium slope 
concepts to ephemeral streams with variable channel aeometrv and hiah flash flood 
potential, or streams where the natural hydrology has been altered by irbanization, 
eauilibrium slope eauations orovide a useful order-of-maanitude assessment of the ., 
likelihood of virticai channei adjustments. 

' Equ~libnum slope is also referred to as stable slope or lhmitlng slope. 
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4.3.1 Methodology 
Reach-averaged data required for application of equilibrium slope equations to the 
study area were derived from the following sources: 

Hydraulic data - HEC-RAS modeling (Hydraulics Report) 
Hydrologic data - HEC-1 modeling and USGS gauge records (Hydrology Report) 
Topographic data - Floodplain delineation studies (Hydraulics Report) 

Most equilibrium slope equations are based on the mean annual flood, the "channel- 
forming," or "bankfull" discharge. On many perennial alluvial streams, particularly in 
humid climates, the mean annual flood and the channel-forming and bankfull discharges 
are nearly equivalent. However, on ephemeral streams where flow events are rare, the 
channel-forming discharge is often difficult to determine. To account for the 
discrepancies in what flow rate is appropriate for equilibrium slope analyses, and to 
assess the trend of expected slope adjustments durlng floods, the 2- and 10-year peaks 
were used in the equilrbnum slope equations to assess the expected slope adjustment 
over a range of discharges. The 2-year event approximates the mean annual-flood 
calculated on a ~robabilitv-weiqhted basis. The 10-vear event better a~~roximates 
bankfull conditidns in thestudyreach. The f~l lowin~e~ui l ibr ium slope equations were 
applied to the study reach: 

Arizona Department of Water Resources (ADWR) Equation 
a Albuquerque Metropolitan Arroyo Flood Control Authority (AMAFCA) Equations 

The BUREC (Pemberton and Lara, 1984) published a manual for computing scour and 
channel degradation downstream of dams or other structures that interrupt the natural 
sediment supply to the downstream channel. The BUREC manual describes the 
following approaches for estimating equilibrium slope: 

Schoklitsch Equation 
Meyer-Peter Muller Equation 
Shield's Diagram Method 

The latter three equations listed above are zero bed sediment discharge (clear water) 
equations, and represent minimum slopes that would occur if sediment supply were 
disrupted, such as might occur downstream of a large in-stream sand and gravel mine 
The BUREC equations do not apply for the existing conditions analysis. 

4.3.2 AD WR Equation 
The ADWR equation for equilibrium slope is described in Design Manual for 
Engineering Analysis of Fluvial Systems (ADWR, 1985). For streams with wide 
channels, such as the Hassayampa River, the ADWR equilibrium slope equation (Eq'n 
5.1 1) reduces to the following: 
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Where: 

S = equilibrium slope (Wft) 
qs = unit sediment discharge (cfslft) 

b c =aYh V 
Yh = hydraulic depth of channel (ft) = flow areal top width 
V = mean channel velocity (Ws) 
q = unit water discharge (cfs/ft) 
n = Manning's N value 
a,b, c = coefficients (ADWR Table 5.6a & 5.6b) 

The coefficients a, b, and care obtained from Tables 5.6a and 5.6b in the ADWR 
Manual. For the LHWCMP study reach, with a slope of 0.003 ftlft, a d50 of 0.45 mm, 
and a gradation coefficient of 2.8, the following coefficient values were interpolated from 
Table 5.6a: 

Using these coefficient values and the HEC-RAS hydraulic data for the 10-year event, 
the equilibrium slope was computed from Equation 5.1 1. 

The discussion of the equilibrium slope equation in the ADWR Manual includes the 
following guidelines, statements, and information relating to computation of equilibrium 
slope: 

Equilibrium slope equations are not appropriate for single event slope adjustment 
analyses. 
The analysis should begin with a study of historical bed profile changes. 
Historical trends should be traced to a cause, and if historical data indicate a 
trend, then begin with the method described. Historical bed profile data for the 
LHWCMP study reach were evaluated, as summarized in Section 4.6.3. 
The dominant discharge (Q5-Q10 for ephemeral streams) should be used, and 
l~mited to the bankfull discharge (i.e , no overbank flow). For the LHWCMP, the 
2- and 10-year events were evaluated. 
If the width to depth ratio of the channel is greater than 10 (wide channel), the 
simplified method (Equation 5.1 I) should be used. Because the widthldepth ratlo 
is greater than 10 for the LHWCMP study reach, equation 5.1 1 was used. 
Identify pivot points from which equilibrium slope adjustments may occur. No 
such pivot points exist in the LHWCMP study reach. Temporary grade control 
may be provided by paved dip sections, but these crossings tend to be destroyed 
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in channel forming events and thus are unlikely to serve as reliable pivot points. 
Therefore, reach lengths were used to estimate adjustments. 
Identify stable bank height. Vertical bank heights up to seven feet were observed 
in the study reach, although bank heights were typically less than seven feet. 
There is no evidence to suggest that the observed vertical banks in the 
LHWCMP reach are in any way stable, nor is there evidence to suggest that 
higher vertical banks could not form if long-term degradation occurred. 
Watersheds considered in equilibrium may not require equilibrium slope analysis, 
unless proposed floodplain improvements alter the sediment supply or transport 
capacity (p. 5.73). For the Phase 1 LHWCMP, which is an existing condition 
assessment, no floodplain improvements or changes in sediment supply are 
proposed. Therefore, the ADWR methodology should predict no equilibrium 
slope adjustment. 
If Manning's n, channel geometry and total discharge are the same in each 
reach, the only independent variable is slope, and the equilibrium slope equation 
reduces to 

Seq = Sex (Qs, supply1 Qs reach)' 

In the case of the LHWCMP, upstream of Old US80, it is reasonable t assume 
that the channel forming Q, Manning's n, and channel geometry are the same. 
Therefore, no esuilibrium slope adiustment is expected based on the ADWR 

In addition, the following potential challenges in applying the results of the ADWR 
equilibrium slope method are noted: 

The method assumes sediment deficit or surplus will be met by slope 
adjustments, rather than width adjustments (historical data contract this 
assumption). Therefore, it will over-predict slope change if the channel has 
freedom to adjust laterally. 
The method neglects impact of excess sediment stored in, or derived from, the 
floodplain in subsequent downstream reaches. 
The method uses reach-average hydraulic variables. Therefore, either slope is 
iterated between each cross section (several thousand iterations needed) or 
averaged variables for each reach is used. 
The method assumes upstream (supply) reach is in equilibrium. 

Finally, the ADWR Manual included the following word of caution, "due to complex 
interaction of variables, simplifying assumptions, the results can be very subjective and 
only useful in qualitative sense" (p. 5.74). 

4.3.3 AMAFCA Equation 

The AMAFCA (1994) equation for the maximum equilibrium slope is based on the 
sediment transport characteristics of the reach. The formulation of the AMAFCA 
equation is very similar to the ADWR equation, and thus the results are not surprisingly 
quite similar. The AMAFCA equilibrium slope equation is written as follows: 
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Where SL = channel slope (ft.lft.) 

qs = unit sediment transport (cfslft) 

q = water discharge (cfs) 

n = Manning's roughness 

a, b, c = power function coefficients from sediment transport function 

A simplified version of the AMAFCA Equation is written for wide, rectangular channels, 
similar to the study reach, based on the assumptions that steep, wide, rectangular 
alluvial streams flow at or close to critical depth and that sediment supply is transport 
limited.' These assumptions are valid for the LHWCMP reach in existing conditions. 

S, = 18.28 n2 F0 133 F: 133 Q ~ ~ - ~  133 

Where Ss = Stable slope (Wft) 

n = Manning's roughness value for the channel 

F = Widthldepth ratio of the channel 

F,= Froude number for the channel 

Qdd= Dominant discharge (cfs) 

4.3.4 Schoklitsch Equation 

The Schoklitsch (Shulits, 1935) equation is based on the concept of zero bedload 
transport. 

SL = Ks (D w ~ ~ I Q ) ~ ' ~  

Where SL = Stable slope (Wft) 

K, = 0.00174 

Wbf = Bankfull width (ft) 

D = Mean bed sediment diameter (mm) 

Q = Dominant discharge (cfs) 

4.3.5 Meyer-Peter, Muller Equation 
The Meyer-Peter, Muller (1948) equation is based on the incipient motion theory, or the 
point of initiation of sediment transport, for zero sediment inflow. 

Transport limited means that the sediment inflow equals or exceeds the reach transport capacity. 
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Where SL = Stable slope (Wft) 

Km,, = 0.19 

Q/Qbf = Ratio of total flow to flow over the channel 

Qbf = Dominant discharge (cfs) 

n, = Manning's n for the stream bed 

Dgo = Bed sediment diameter for which 90 percent is smaller (mm) 

D = Mean sediment diameter (mm) 

d = Channel depth (ft) 

4.3.6 Shields Diagram Method 
The Shields diagram (1936) for determining the boundary condition for no sediment 
transport can be used to define an equation for stable slope. 

R*=U.DIu  

U* = (sL R g)% 

T.= rc 1 ((ys - yw) D ) 

Where SL = Stable slope (Wft) 

R. = Boundary Reynold's number 

U. = Shear velocity = (SL R g)"' 

D = Mean sediment diameter (mrn) 

u = Kinematic viscosity of water (f?/sec) 

R = Hydraulic radius for wide channels (ft) 

g = Gravitational constant = 32.2 ft/sec2 

T. = Dimensionless shear stress 

.rc = Critical shear stress (lb/ft2) 

y , y w  = Specific weight of sediment (lb/ft3) and water (lb/ft3) 

4.3.7 Results 

The results of the equilibrium slope computations are shown in Table 4-3 and Table 4-4. 
The Schoklitsch, Meyer-Peter Muller, and Shield's Diagram results represent minimum 
slopes for the specific condition of clear-water discharges. Therefore, the results from 
these four equations are probably not suitable for application to the uncontrolled natural 
Hassayampa River. However, if at some future date, sediment supplies were 
significantly reduced, such as in reaches downstream of large in-stream sand and 
gravel excavations, the channel slope might be expected to flatten significantly as 
suggested by the results of these equations. 

Lower Hassayarnpa River Watercourse Master Plan 
River Behavior Report 

Page 4-14 
April 2006 



For both sets of equations, long-term degradation (or aggradation) can be predicted by 
comoarina the eauilibrium slowe and existina channel slopes for a cliven reach. If the 
predicted>quilibflum slope is'less than the existing channel slope,long-term 
dearadation should be expected. Converselv. if the predicted eauilibrium slowe is 
gr&ter than the existing dhannel slope, long:terrn aggradation skould be expected. 
This comparison was done using the District's preferred ADWR equations as shown in 
Table 4-3. The extremely high magnitude of predicted aggradation is due to the long 
reach lengths. In reality,-lacking c6ntrolled pbbt points, and having the freedom to 
adiust laterallv, a more muted response is expected. Where long-term degradation 
occurs, lateral instability usually occurs as a by-product due to undercutting the channel 
banks. Where long-term aggradation occurs, lateral instability occurs due to increased 
braiding and avulsions. While the magnitude of long-term degradation or aggradation 
cannotbe reliably predicted using theequilibrium slope equation, the strength of the 
trend in either.direction probably can be gauged. The strongest trends are predicted 
where the difference between the average equilibrium slope and the existing channel 
slope is greatest. 
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4.3.8 Summary 
In general, the ADWR and AMAFCA equilibrium slope equations suggest that long-term 
aggradation will occur in the study area, contrary to field observations and historical 
topographic data. The equations for zero sediment inflow predict equilibrium slopes at 
least an order of magnitude below the existing channel slope. The AMAFCA and ADWR 
equations predict a stable slope very similar to the measured slope throughout the study 
reach, which is consistent with historical data and field observations that suggest the 
river is in equilibrium in the existing condition. The three equilibrium slope equations 
that assume no sediment inflow (Schoklitsch, MPM, and Shield) predict very flat 
channel slopes and long-term scour, which serves as a warning that development 
guidelines should address sediment supply issues to assure channel stability. 

The scour and deposition caused by the channel's adjustment to its equilibrium slope 
will be limited to a reach length sufficient for the channel to regain a sediment transport 
balance. In general, the (live-bed) equilibrium slope equations predict long-term 
aggradation, although the geologic, field and historical evidence do not support this 
conclusion. The actual magnitude of the expected bed elevation changes will be based 
on the sediment supply and the magnitude and frequency of the flows experienced in 
the future. Note that the AMAFCA and ADWR equations compute a stable slope similar 
to the observed existing slope. The ADWR and AMAFCA equations are most 
appropriate for analysis of the Hassayampa River, and that the channel is currently in 
an equilibrium state with its water and sediment supply. Given the relatively natural 
state of the Hassayampa River watershed, this result is not surprising. 

4.4 Armoring 
When the channel sediment transport capacity exceeds the upstream sediment supply, 
the balance of the sediment load may be eroded from the channel bed, causing the 
channel to degrade. Because fine sediments can be transported at more frequent lower 
discharqes and velocities than coarse sediments, which may require larqe floods to be 
moved,-fine sediment tends to be preferentially removed from the channel bed. 
Selective removal of fine sediments causes channel bed material to become 
progressively coarser over time, as long as the upstream sediment supply is limited. If 
this process continues over a long period, it ultimately creates a surficial layer of coarse 
channel sediments, called an armor layer, that the stream is incapable of transporting 
(Yang, 1996). 

4.4.f Methodology 
The BUREC (Pemberton and Lara, 1984) recommends the following methodologies for 
estimating the minimum sediment size and depth of scour required to form an armor 
layer for a given flow rate: 

Meyer-Peter, Muller Bedload Transport Function 
Competent Bottom Velocity 
Shields Diagram 
Yang Incipient Motion 
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Each of these methodologies was applied to the study reach. 

4.4.2 Meyer-Peter, Muller Bedload Transport Function 

The Meyer-Peter, Muller (1 948) bedload sediment transport function for the beginning of 
transport of individual grain sizes can be used to estimate the non-transportable 
sediment size. 

D, = d S I (K,,, (nl~go("~))~") 

Where D,= Non-transportable sediment diameter (mm) 

d = Average flow depth (ft) 

S = Energy slope (ft/ft) 

Krnpm= 0.19 

n = Manning's n for the stream bed 

Dgo = Particle size for which 90% of the bed material is finer (mm) 

4.4.3 Competent Bottom Velocity 

This methodology is based on the work of Mavis and Lushey (1948), who developed an 
equation for the beginning of sediment movement on a stream bed. 

Dc = 1.88 vm2 
Where Dc = Armor size (mm) 

V, = Average channel velocity (Ws) 

4.4.4 Shields Diagram 
The Shields (1936) diagram is a standard method used to define the initiation of motion 
for various channel bed sediment sizes. The method uses an iterative process to 
compute dimensionless shear stress (T*) and the armor diagram from the Shields 
diagram. 

T* = 7, I ((7s - yw) Dc) 

Where T. = Dimensionless shear stress 

Dc = Armor size (mm) 

t,= Critical shear stress (lblf?) 

ys= Specific weight of water = 62.4 lb/ft3 

yw= Specific weight of sediment = 165 lblft3 

Note that for gravel sediment sizes and turbulence levels typical in natural streams: 

T+ = 0.05 for sediment sizes greater than 1 mm and Boundary 
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Reynold's Number (R.) > 500 

4.4.5 Yang Incipient Motion 

Yang (1973) developed a relationship between dimensionless critical velocity (V,,lw, 
where w = fall velocity, ftls) and shear velocity Reynold's number R* at incipient motion. 
Under natural stream conditions for sediment sizes greater than 2 mm, Yang's equation 
can be written as follows: 

(For D > 2 mm) 

Where D, = Armor size (ft) 

V,, = Critical average velocity at incipient motion (fUs) 

4.4.6 Depth to Armor Equation 

Once the size of material (D,) that will form an armor layer is estimated from one or 
more of the equations listed above, the depth of scour required to form a stable armor 
layer can be estimated from the sediment distribution of the channel bed material. The 
equation for the depth to armor is the following: 

Where Yd = Depth from original streambed to the bottom of the armor 
layer (ft) 

ya = Thickness of the armor layer (ft) 

Ap = Decimal percentage of the bed material larger than the armor 
size 

4.4.7 Results 

The results of the application of the BUREC methodologies to the study area are 
summarized in Table 4-5. Channel sediment size distribution data for the study reach 
(Chapter 5) were compared with the critical armoring sediment diameter. As can be 
seen from the data in Table 4-5, there is not sufficient large gravel in the Lower 
Hassayampa River to form an armor layer for even the smallest flood discharges. 
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4.4.8 Conclusions 
The following conclusions can be drawn from the armorlng analysis results summarized 
in Table 4-5: 

The channel bed scour depth IS not limited by armoring during floods. 

The channel bed material is mobrle, and will be transported durlng even small 
flows. Thls conclusion is supported by field observations of highly sediment- 
laden flows even during very low discharges. 

Sediments observed in the gravel pits were not significantly more coarse-grained 
than the material exposed on the surface That is, effective armor layers were 
not observed in the field at gravel pits. 

The Lower Hassayampa River historically has adjusted its geometry 
predominantly by horizontal adjustments of its main channel. Vertical scour has 
been limited to a few feet, according to field observations of exposures of 
channel alluvium in gravel pits and soil pits. 
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4.5 Comparison of Armoring, Scour, and Equilibrium Slope 
Channel degradation can be prevented by armoring of the channel bed, by achieving a 
non-scouring stable slope, or by physical barriers to scour such as bedrock or artificial 
grade control. A comparison of the armoring, scour and equilibrium slope estimates 
described in the previous sections of this chapter is provided in Table 4-6. Obviously, 
given the results in Table 4-5, armoring will not limit scour, either single-event or long- 
term scour. 

The possible slope adjustment, or depth of long-term scour caused as the channel 
adjusts to stable slope, was estimated by multiplying the difference in the predicted 
(regime) and existing channel slopes by arbitrary reach lengths of 1,000 or 5,000 feet. 
The latter two distances were selected to test the possible bed elevation adjustment for 
illustrative purposes. The distances are intended to illustrate the order of magnitude of 
vertical change possible due to slope adjustments, rather than a specific prediction of 
long-term scour at any specific point in the study reach. Actually, long-term changes 
will depend on a variety of site-specific variables. 

The AMAFCA equilibrium slope was used in Table 4-6 for reasons discussed in Section 
4.3. Use of the average equilibrium slope resulted in slope adjustment predictions of 
over 10 feet for reach lengths of 5,000 feet, which is well beyond the geologic estimate 
of long-term scour based on Holocene floodplain elevations. 

Table 4-6. Comparison of Armoring, Scour, and Equilibrium Slope Estimates / 

Yes = scour limited by formation of armoAayer 
Yes' = scour limited by formation of armor layer for long reaches but not shorter reaches 
NIA = not applicable, aggradation is predicted (no long-term scour) 
Armor v. Scour: compare column 3 to 1, i.e. will scour be limited by armoring? 
Armor v. Slope: compare Column 5 to 1, i.e. will long-term scour be limited by armoring? 

1 
Reach 

As shown in Table 4-6, armoring generally will not prevent long-term degradation (last 
column) on the Hassayampa River because armoring will not occur. Short-term or 
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single event scour similarly will not be prevented by armoring during any event. 

4.5.1 Conclusion 
The engineering analyses described in the preceding sections predict that scour is likely 
during floods, as well as potential long-term scour, particularly if the sediment supply is 
reduced from the existing condition. Armoring will not limit scour or degradation. 

4.6 Bed Change Analysis 
A comparison of historical topographic data was made to examine and quantify historic 
changes in bed elevation in the study reach. 

4.6. I Data Sources 
Historical topographic data spanning the period from 1957 through 2004 were used to 
assess bed change along the Lower Hassayampa River. Five primary sources of 
historical topography were used, as listed in Table 4-7. 

S~nce three of the five data sets used in the analysis predate 1991, the year the 
National Geodetic Survey converted to the NAVD88 vertical datum, NGVD29 was used 
as the base vertical projection. To consistently compare elevations between data sets, 
the 2000 and 2002-2004 topography was converted to the NGVD29 datum using the 
National Geodetic Survey's VERTCON software. The conversion value varied slightly 
(1.98 ft to 2.08 ft) within the study area. Since the resolution of the raster topographic 
data sets was to the whole foot, the digital sets were rounded to the whole foot for the 
analysis, which made the variance in the VERTCON conversion values insignificant 
Thus, a rounded value of 2 was used to convert the NAVD88 elevations to NGVD29. 

1957-1962 
1966 

1988 

2000 

2002-2004 

4.6.2 Cross Section Profile Analysis 
A common set of geographic locations is required to compare historical elevations. For 
this analysis, specific 1988 Cella Barr FIS cross-section alignments were chosen as the 
comparison points. Cross-section profiles for the 2000 and 2002-2004 topography were 
generated digitally using ArcGlS tools. The Cella Barr FIS HEC-2 input file was used to 
obtain cross-section data for the 1988 topography. The District provided the 1966 
Williams and Ellis Floodplain Study (FPS) work maps in a scanned, digital format, which 

20-40 fl 
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were then semi-rectified. Cross-section profiles for both the USGS DRGs and the 1966 
work maps were manually generated using ArcGIS. Cross-section profiles were 
created for each set of historical topography, and they were plotted for comparison, as 
shown in Figure 4-5 to Figure 4-37. The plots are labeled by cross-section station ID, 
using the 1988 Cella Barr FIS section numbering. Each of the 34 cross section plots 
includes an aerial photo to identify the cross-section location. 
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Figure 4-26. Cross-Section 9.08 Profile Comparison 
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Figure 4-37. Cross-Section 0.54 Profile Comparison 
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4.6.2.1 Interpretation 

The cross-section profile plots were examined to identify changes in floodplain elevation 
and cross-sectional area for the period of record, and to identify potential long-term 
trends in channel and floodplain morphology. The cross section plot comparisons can 
be used to identify trends in aggradation, degradation and lateral channel movement. 

The most significant differences in channel and floodplain elevation visible in Figure 
4-5to Figure 4-37 are between the 195711 962 data set, the 1966 data set, and the 
remaining topographic data. The 195711962 data were taken from USGS quadrangle 
maps with contour intervals of 20 or 40 feet. Therefore, any elevation differences less 
than 20 feet between the USGS data and the other topographic data sets are well below 
the map accuracy, and cannot be relied on as actual elevation changes. In all cases, 
the elevation differences shown in Figure 4-5to Figure 4-37 are less than 20 feet, and 
are typically less than 10feet. Similarly, the contour interval of the 1966 data is five 
feet. Without exception, the cross section plots depict elevation changes from 1966 to 
1988 less than 5 feet. Therefore, any apparent trends of aggradation or degradation 
indicated by the 195711962 and 1966 data sets were disregarded in favor of more 
reliable data such as historical data, field observations, or geomorphic landform 
interpretations. However, the lower resolution USGS data sets were plotted for 
informational purposes and illustrate broader trends of elevation changes. 

The data from 2000 topographic mapping indicated anomalous trends. The 2000 data 
consistently plot at a higher elevation than both the 1988 and 2002-2004 data (e.g., 
Sections 26.67, 20.51, 18.62, 16.53). This trend suggests that between 1988 and 2000 
the channel and floodplain aggraded between 2 to 6 feet, then degraded back to its pre- 
2000 elevations with no net change in channel elevation or position, a rather unlikely 
scenario. In general, the apparent elevation changes shown by the 2000 data plots are 
less than the half of the 10-foot contour Interval of the 2000 data. Therefore, any 
elevations less than five feet indicated by comparing pre- and post-2000 data fall within 
the potential margin of interpretational error and are not reliable indicators of actual 
channel change. 

The lateral resolution of the 195711 962 and 1966 data sets is also suspect. Many of the 
cross section plots indicated major changes in the Pleistocene terrace scarp location 
that would indicate significant lateral erosion of that surface (e.g., Sections 27.61, 21.46, 
16.53, 13.32). ~owe ie r ,  the analysis of semi-rectified historical aerial photographs 
described in Chapter 3 conclusively Droves that such lateral erosion of the Pleistocene 
terraces that bound the ~assa~amba  River geologic floodplain has not occurred. 
Rather, it is likely that the lower-resolution older topography was unable to pick up 
landscape detail at the terrace-floodplain boundary and is not reflective of geomorphic 
changes to the floodplain margins. 

4.6.2.1.7 Auuradation Trends 

The variance between the most reliable topographic data sets, 1988 and 2004, is 
relatively minor. Locallzed aggradation within the channel and floodplain is evldent 
when comparing the 1988 to 2004 data, specifically at cross sectlons 22.59, 14.45, 
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7.75, and 5.48. However, evaluation of the cross sections adjacent to those showinq 
aggradation indicates no longitudinally persistent pattern of aggradation. This localized 
condition is probably due to low-flow channel splits and avulsions where the former 
channel becomes a low bar or terrace. Most of the elevation changes are less than four 
feet, within the margin of error for the 1988 data, and very near the margin of error for 
the 2002-2004 data. 

4.6.2.1.2 Dearadation Trends 

The most recent topographic data sets also indicate several locations of channel 
degradation (e.g., Sections 20.51, 18.62, 12.37, 11.43, and 9.08). Lower bed elevation 
values at these sections range from two feet to eight feet, with the largest occurring at 
Section 12.37. As with aggrading Sections, the degradation appears to be localized 
and is not continuous over any significant reach length. Section 12.37 is located 
downstream of the in-stream sand and gravel mine near the Tonopah-Salome Highway 
crossing. The eight foot change in bed elevation reflects excavation of the pit between 
1988 and 2004, and tailcut erosion. A split channel that formed between 2000 and 
2004 is also shown to the right of the main channel in the cross-section profile plot. 
This channel formation represents a localized condition due to in-stream mining and is 
not indicative of active channel degradation on a larger scale. 

4.6.2.1.3 Lateral Channel Movement 

The topographic cross section comparisons indicate surprisingly little lateral migration 
during the period of record, in direct contrast to the significant changes in lateral 
channel position documented in Chapter 3. The apparent lack of lateral movement is 
due in part to the low resolution of the older topographic data sets, and in part due to 
the relatively minor floods that occurred between 1988 and 2004, but mostly to the 
horizontal scale of cross section plots (> 1"=1,000'). Lateral channel movement is seen 
at several of the cross section plots. New channels were cut and widened at Sections 
14.45, 13.32, 9.08, and 6.52. Net lateral movement is also shown at Section 10.50. 

4.6.3 Longitudinal Profile Analysis 
A longitudinal profile is a plot of the channel elevation versus distance along the stream 
bed. Analysis of the longitudinal profile can be used to identify slope irregularities, over- 
steepened or flat reaches, headcuts, and areas of natural grade control. Interpretation 
of the longitudinal profile also provides information on the expected lateral stability of 
the stream. Reaches with lower slopes than upstream reaches will tend to experience 
net deposition (aggradation) and bank erosion associated with braiding and avulsions. 
Reaches with steeper slopes than upstream reaches will tend to experience net 
degradation and bank erosion associated with undercutting and scour. Comparison of 
historical profiles with modern profiles can be used to indicate where degradation and 
aggradation have occurred in the recent past, and where future adjustments of channel 
geometry are most likely to occur. A longitudinal profile analysis was performed on the 
Lower Hassayampa River within the study area. 

4.6.3.1 Data Sources 
Topographic data used in the longitudinal profile analysis consisted of the same data 
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sources described in Section 4.6.2 (Table 4-7). The minimum elevation at each cross- 
section was extracted to represent the lowest bed elevation, or channel thalweg, for 
each time period represented by topographic data. The river distance, or thalweg 
length, was computed using the reach length values from the 1988 Cella Barr FIS 
hydraulic model. Figure 4-39 shows the longitudinal profile plot for the entire study area 
and Figure 4-40 through Figure 4-44 show the results of the longitudinal profile analysis 
by reach. 

4.6.3.2 Geornorphic Setting 

The longitudinal profile in Figure 4-38 extends from the Gila River confluence to 
Wickenburg, approximately 30 miles upstream of the LHWCMP study reach, and shows 
the regional geomorphrc context of the profiles depicted in the following Sections. 
Within in the LHWCMP study reach (downstream of RM 30), the profile is extremely 
uniform, which is an rndication of long-term equilibrium. A slight convex bulge rn the 
profile upstream of the study reach between RM 32 and RM 45 indicates net sediment 
deposition where the profile slope flattens. Depositron upstream of the study reach is 
probably due to high transport rates through the Vulture Mountarn canyon reach 
dropping out of transport as river enters the wider, alluvial sectron. This depositional 
area represents a significant sediment supply reservoir for the study reach. 

I i 
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Figure 4-38. Longitudinal Profile of Hassayampa River - Gila River Confluence to Wickenburg 

Lower Hassayampa River Watercourse Master Plan Page 4-59 
River Behavior Report April 2006 



Historical Channel Profile Comparison 

Lower Hassayampa R~ver Watercourse Master Plan 
River Behavior Report 

Upstream Distance (river miles) 
- - 

Figure 4-39. Historical Longitudinal Profile Plot 

Page 4-60 
April 2006 



Lower Hassayampa R~ver 
River Behavior Report 

Historical Channel Profile Comparison -Reach 5 

1240 
22 23 24 25 2Z.3 27 28 

Upstream Distance (river miles) 
I 

Figure 4-40. Reach 5 Longitudinal Profile 
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Figure 442. Reach 3 Longitudinal Profile 
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Figure 4-43. Reach 2 Longitudinal Profile 
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Figure 444. Reach 1 Longttudlnal Profile 
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The longitudinal profile plots shown in Figure 4-40 thcough Figure 4-44 suggest the 
Lower Hassayampa River has experienced some moderate bed elevation change of the 
active channel. Profile changes also impact channel slope. Slope changes over time 
suggest disequilibrium. If the slope becomes flatter, a typical response might include 
degradation of the active channel and vertical, unstable cutbanks. Other evidence of 
degradation might include headcutting in tributaries in response to a change in their 
local base level. If the slope becomes steeper, a typical response might include 
channel aggradation, which might in turn cause higher flood water surface elevations. A 
slope analysis was performed for the Lower Hassayampa River; and is summarized in 
Table 4-8. 

The minimum and maximum values shown in Table 4-8 vary by only 2%, suggesting the 
Lower Hassayampa River had maintained a consistent overall slope during the 47-year 
period of record. The slope values vary more dramatically by reaches, as shown in 
Table 4-9. 

0.00421 Wft 

Although the percent differences between the minimum and maximum values for each 
reach are higher than that calculated for the entire study area, no specific longitud~nal 
patterns or trends were identified, as shown in Figure 4-45. Trends such as increasing 
or decreasing in slope in the downstream direction can provide insight into long-term 
river bed elevation behavior. The slope values for each reach fluctuate between 
topographrc data sets with apparent randomness. Thus, no prediction of future bed 
elevation behavior can be made from these data sets. Furthermore, the slope data 
rndicate sl~ght fluctuations in bed elevation that locally affect channel slope probably 
occur locally wrthin the study reach 
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No consistent pattern of either channel aggradation or degradation over the period of 
record is evident from the longitudinal plot. The 1957-1962 and 1966 data consistently 
plot as either the highest or lowest values, perhaps retlecting their relatively low data 
precision. There is no field evidence to support such dramatic changes in bed elevation 
within Reach 5. The other data plots indicate bed elevation changes between four feet 
and less than one foot between 1988 and 2004, with no consistent pattern of bed 
& w e ,  but rather abrntiw dr?gmPlet&n anB @ggmt&tion6 
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the reaches upstream. Recently, Reach 3 has been mined for aggregate with no 
discernable impact on the profile to date. Post-2004 flood observations indicate that 
some progressive bed elevation change in now underway. 

4.6.3.3.4 Reach 2 

Differences in historical bed elevations in Reach 2 are greater than the elevation 
differences in Reach 3. The data plots suggest net aggradation from 1988 to 2004. 
Some of the highest cutbanks within the study area were observed within the upper 
portion of Reach 2. Normally, high cut banks indicate degradation, but given the profile 
data, they are more likely to be the result of lateral erosion through high floodplain 
surfaces. Downstream of Baseline Road, the cutbank heights decreased significantly 
and the bank slopes were stable, which suggests that the river has had no net trend 
toward degradation in Reach 2. 

4.6.3.3.5 Reach 1 

The longitudinal profile plots for Reach 1 diverge just upstream of the Old US 80 
crossing. Upstream of Old US 80, the river expeiienced net aggradation from 1988 to 
2004. Downstream of Old US 80, the river deqraded. Not coincidently, Reach 1 is the 
most modified portion of the river within the study area. The longitudihal profile plot 
suggests the channel bed within the channelized portion degraded approximately 11 
feet between 1957 and 1988, and degraded an additional 6 feet between 1988 and 
2004. Several large floods which could likely have scoured out the leveed channel 
occurred between the time periods of the topographic data. Anecdotal accounts from 
long term residents record that historically, prior to failure of Gillespie Dam, local 
farmers periodically "cleaned out" the main channel to remove vegetation and sediment 
deposition. Since Gillespie Dam failed in 1993, long-term residents report that the river 
has degraded with each flow. High, vertical cutbanks observed downstream of the 
Arlington Canal crossing are evidence of channel degradation near the Gila River 
confluence. 

4.6.4 Conclusions 

Comparisons of cross-section profiles within the study reach indicate that the channel 
and floodplain have experienced only minor changes in elevation over the period of the 
topographic record. The earliest sets of topographic data used in the analysis were not 
reliable due to their low resolution and large contour interval. The more recent 
topographic data sets produced more consistent, reliable results, although resolution 
variability complicated their interpretation. For the majority of the cross-section profile 
plots, the changes in channel and floodplain elevations were within the margin of error 
of the topographic data sets. No significant regional patterns or trends in channel and 
floodplain form were identified through the profile analysis. Significant changes were 
generally localized and were not consistent between adjacent profile plots. 

The field analyses described in Chapter 2 indicate that the river is in a relatively stable 
equilibrium slope condition. None of the classic evidence associated with slope 
adjustments described previously in this chapter were found on a regional scale. Areas 
of local scour and fill were found, but the extents were generally short, suggesting that 
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the processes were not regional. The results of the HEC-6 analysis (Chapter 5) indicate 
the Lower Hassayampa River is likely to experience slight net, long-term aggradation on 
the order of less than one foot over the next 67 years. The results from Table 4-8 
indicating the historical channel slope has not varied significantly over the period of the 
topographic record is consistent with what was observed in the field analysis. 

4.7 Summary 
The bed elevation analysis describe in this chapter included predictive analysis of scour, 
equilibrium slope, and armoring in addition to cross-section and longitudinal profile 
analyses. The results of these analyses included the following: 

In general, the largest component of scour other than long-term scour is either 
the antidune or bend scour. Given the potential for future channel movement 
within the stream corridor, consideration of bend scour at any point within the 
reach is prudent for design of any structure with an extended design life. 

Local scour was estimated as zero for the study, since reach-averaged values for 
a local condition could not be justified. Bridge scour was computed for the four 
bridges in the study reach using the HEC-RAS Hydraulic Design module. The I- 
10 and UPRR Bridges are likely to be scour critical, but the Old US 80 has 
recently been modified to include scour mitigation measures. 

The total scour along the study reach is about five to six feet for the 2-year event, 
eight to ten feet for the 10-year event, and greater than 10 feet for the 100-year 
event. 

Given an average height of the Holocene floodplain of about six feet, the 
maximum net rate of long-term degradation in the study reach is about 6 x 1 0 ~  
Wyr (< 1 inchlcentury). 

In general, the equilibrium slope equations predict long-term aggradation, 
although the geologic, field and historical evidence do not support this 
conclusion. 

The actual magnitude of the expected bed elevation changes will be based in 
part on sediment supply, and the magnitude and frequency of the flows 
experienced in the future. 

The channel bed scour depth and long-term scour will not be limited by armoring 
during floods or over the long term. Sediments observed in the gravel pits were 
not significantly more coarse-grained than the material exposed on the surface. 
That is, effective armor layers were not observed in the field at gravel pits. 

The channel bed material is mobile, and will be transported during even small 
flows. 
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The Lower Hassayampa River historically has adjusted its geometry 
predominantly by horizontal adjustments of its braided channel. Vertical scour 
has been limited to a few feet based on field observations of exposures of 
channel alluvium in gravel pits and soil pits. 

The engineering analyses predict that scour is likely during floods, as well as 
potential long-term scour, particularly if the sediment supply is reduced from the 
existing condition. 

Comparisons of cross-section profiles throughout the study area indicated the 
channel and floodplain have experienced minor changes in elevation over the 
period of the topographic record. 

No significant regional patterns or trends in channel and floodplain form were 
identified through the cross-section profile analysis. 

Areas of local scouring and filling of the channel were found in the cross-section 
profile analysis, but the upstream and downstream extents were generally short, 
suggesting those processes were not regional. 

Historical channel slope has been relatively consistent throughout the 
topographic record, suggesting a near equilibrium slope condition. 

No identifiable regional trends or patterns of slope change were found in the 
longitudinal profile analysis. 

The majority of the elevations changes identified in the longitudinal profile 
analysis were within the potential margin of error of the topographic data. 
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CHAPTER 5 - SEDIMENT TRANSPORT ANALYSIS 
The objective of the sediment transport analysis was to simulate the long-term 
streambed profile response to the Lower Hassayampa River based on natural and 
existing conditions within the river corridor. This objective was accomplished via the 
following tasks: 

HEC-6 Modeling 
Sediment Continuity Routing 
Mining Impact Analysis 

The results of the sediment transport analysis are presented in this chapter. 

5. I Sediment Data 
The sediment samples were collected from the bed of the Hassayampa River over the 
entire length of the study reach. Sampling sites were located in the active channel and 
were taken approximately one mile apart. Sediment samples were obtained from soil 
pits excavated in the channel, with the sediment sample material integrated over the 
four to six feet depth of the pit. Samples were also collected from the active channel at 
the confluences with Jackrabbit Wash and WagnerIDaggs Wash to capture the effect of 
sediments flowing from these tributaries. The approximate locations of the sediment 
sampling sites were shown in Figure 3-7. 

Sieve analyses of the sediment samples were performed by Speedie &Associates to 
obtain the sediment gradation curves shown in Figure 5-1. Inspection of the data 
revealed no consistent trend in sediment size by reach or with distance along the study 
reach. Figure 5-1 shows that the variation from the mean is not significant except at the 
confluences of Jackrabbit Wash and WagnerIDaggs Wash. Therefore, the sediment 
gradation curves for all five reaches were averaged together to obtain a composite 
reach-averaged curve for the Hassayampa River main stem, and the confluence 
samples were used as representative of the tributary inflow. 

Sediment sample gradation data and plots showing the sediment distribution curves for 
each reach are provided in Appendix 5.4. 
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Figure 9-1. Sediment gradation curve 
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The selection of the sediment transport functions used in the sediment transport 
analyses described in this chapter was based on a comparison of parameters 
describing the study reach conditions with the published range of the data used to 
develop individual sediment transport functibns. The US Army Corps of Engineers, 

~ a s a  n a s e w m  
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(USACE) SAM software provides-the parameter ranges for a range of available 
sediment transport functions. The parameter and data for the study reach were 
obtained from HEC-RAS modeling (Chapter 3), sediment sieve data described above, 
toDooraDhic infomlation (Chapter 2). field observations (Chapter 2), and recent aerial 
photigr'aphs (Chapter 3):  able 5-i summarizes data for the ~assa~ampa River study 
reach compared to the data ranges used to evaluate sediment transport functions. 

Three equations, Ackers-White, Colby and Yang, were initially considered because they 
compared reasonably well with the HEC-RAS results and the-measured sediment data: 
However, based on the data summarized in Table 5-1, engineering judgment, and past 
HEC-6 modeling experience, the Ackers-White, Toffaleti. Yang, and the Toffaleti-Meyer- 
Peter-Muller combination (TMPM) eauations were advanced for final evaluation for use 
in HEC-6 modeling. The fbrmer three equations were developed for sand-bed rivers. 
The ~ckers-white-equation was developed for sand-bed rivers with subcritical flow 
while the Toffaleti equation was developed for large sand-bed rivers. In addition to 
these equations, the Colby equation and Laursen-Copeland equations were also 
considered. However. preliminary runs usina the Colby equation resulted in numerical - .  
problems and a fatal e r m  in the HEC-6 mo&l. The Laursen-Capeland equation was 
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found to over-predict the transport of fine material and in the absences of armoring can 
lead to erroneous results and was therefore abandoned. SAM-AID software also 
predicted good matches for the Engelund-Hansen and Van Rijn equations, but these 
equations are not supported by HEC-6, and were therefore dropped from further 
consideration. 

I I 
Table 5-1. Transport function equation data I 

The field observations and sediment sampling data reveal the presence of mostly sand 
In the channel for the entlre study area with a med~an diameter of approx~mately 0.5 
mm. The sediment sampling data show the presence of some gravel in the samples, 
with a maximum diameter of 50 mm Based on these observations, District staff 
directed the team to use the Toffaletl-Meyer-Peter-Muller combination equation 
(TMPM). The TMPM equation uses the Toffaleti method for the sandy sediment fraction 
and the Meyer-Peter-Muller method for qravel transport. As a result, the TMPM 
combination is able to model both sand and gravel transport. The TMPM combination 
was used for ~ a s t  Distr~ct HEC-6 models on the Salt River (high gravel content) and the . - 
Gila River (high sand content). 

5.3 Model Hydrology 
Hydrologic data used in the sediment transport modeling were obtained from the 
LHWCMP Hydrology Report, and are based primarily on USGS stream gauge records 
for the Hassayampa River and Jackrabbit Wash and hydrologic modeling principles for 
Wagner Wash and Daggs Wash. 

5.3. I Hassayampa River 

5.3.1 .I Hvdrolosv Boundarv Conditions 

The flow discharges in the Hassayampa River and the tributaries are input as boundary 
conditions at the upstream end of the HEC-6 model. The following two types of 
hydrographs were considered for the simulations: 

Long-Term Flow (Mean Daily Discharge) 
Design Flood (100-Year Hydrograph) 

The USGS mean daily discharges for the Hassayampa River were obtained for the 
period from 1937 to 2004 for the USGS stream gauges in the study reach, as described 
in the LHWCMP Hydrology Report. The mean daily discharge dataset provided the flow 
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records used to evaluate the long-term impacts. The 100-year flood hydrograph was 
derived as described in the LHWCMP Hydrology Report, and was appended to the 
long-term flow records based on mean daily discharge records. Use of the combined 
long-term mean daily records with the 100-year hydrograph was done per the direction 
of District staff. Figure 5-2 shows the long-term hydrograph and Figure 5-3 shows the 
100-year hydrograph. The 100-year hydrographs shown in Figure 5-3 were obtained by 
scaling the hydrographs from the HEC-1 hydrologic model to the FDS peak flows. In 
other words, the shapes of the hydrographs were obtalned from the hydrologic modeling 
(see LHWCMP Hydrology report) and were scaled to give peak flows that matched the 
FIS study peak flows. This matchlng was done for the upstream Hassayampa River, 
the Wagner-Daggs tributary system and Jackrabbit Wash. The flow hydrograph at the 
downstream end of the HEC-6 model near the Gila River was obtained by adding these 
three hydrographs. This was done since the HEC-6 model does not have the capability 
to attenuate the hydrograph as flow goes downstream. The downstream hydrograph 
obtalned through summat~on of upstream hydrographs provides a resulting hydrograph 
wlth flows that are higher than the attenuated hydrograph. This approach was adopted 
as it represents more conservative approach with respect to sedimentation results. The 
flow data were incorporated into the HEC-6 model on Q records. Flows less than 500 
cfs were not included to reduce the time taken to perform the simulation. The results 
did not have any perceivable changes due to the ellminatlon of the flows under 500 cfs. 

SODO -IUSGS Mean Dal I 

Figure 5-2. Long-Term Hydrographs 

5.3.1.2 Tributary Inflow Hvdroloay 

The 100-year hydrographs for the tributary inflows to the study reach were derived by 
scaling the HEC-1 model results presented in the LHWCMP Hydrology Report to the 
peak discharges established by FEMA in the effective Flood Insurance Study (FIS) for 
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each tributary. The following two tributary inflow points were considered: 

Daggs Wash-Wagner Wash 
Jackrabbit Wash 

Daggs Wash and Wagner Wash were considered as a single inflow point for the HEC-6 
model because their confluences are located within several thousand feet of each other, 
and because they have a similar hydrologic response. The FDS peak discharges for 
Daggs Wash and Wagner Wash were added together (3041 cfs + 15700 cfs = 18750 
cfs) to create a single value to scale the HEC-1 model results. For Jackrabbit Wash, 
the HEC-1 hydrograph was scaled to 32,500 cfs, the FDS 100-year peak. 

Tributary inflows for the period of record (long-term) simulation were assumed to be 
reflected in the USGS gage data used for that analysis. The flow data for the Jackrabbit 
Wash and Wagner-Daggs tributary systems were input on Q records as "local inflows." 

Figure 5-3. 100-Year Hydrographs 

5.3.1.3 Leveed Reach 
The presence of the levees in Reach 1 of the Hassayampa River creates the possibility 
of overtopping for flows larger than the channel and levee capacity. In HEC-RAS, the 
overtopping was modeled using lateral weirs, multiple models, and parallel flow paths. 
Unfortunately, few of the HEC-RAS modeling options are available in HEC-6. Therefore, 
a simpler approach was adopted. The flows leaving the main channel over the levees, 
as determined by the HEC-RAS results, were modeled in HEC-6 by changing the 
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discharge using QT records. That is, the change in flow rate along the main channel 
was simulated using the change of flow option. 

The amount of flow that is be diverted out of the main channel was determined using 
the results from the HEC-RAS model. Since the simulated hydrographs involve a range 
of flows, a relationship between the incoming flow and diverted flow was established 
using HEC-RAS modeling of the following flow rates: 5,000 cfs, 20,000 cfs, 50,000 cfs 
and 75,000 cfs. The oufflow for any given inflow was then determined by interpolation 
using the results for these four flow discharges. The oufflow was incorporated into the 
HEC-6 model as a flow change by specifying the location of the outflow using the QT 
record and the flow change using the Q record. 

In the HEC-RAS model, it may be noted that the flow changes due to lateral weirs occur 
at almost every cross-section in the leveed reach. Modeling such continuous flow 
change is not possible in HEC-6 since a total of only 10 flow changes can be used on 
the Q record. The two tributary ~nflow points also required space on the Q record, 
leaving only eight possible flow changes in the levee reach. By iteration of results and 
engineering judgment, it was determined that three flow change points (four flow rates) 
in Reach 1 were sufficient to model flow changes. Figure 5-4 shows the flow 
distribution in the main channel as estimated by HEC-RAS and as incorporated into the 
HEC-6 model. Four upstream flows of 15000 cfs, 20000 cfs, 50000 cfs and 75000 cfs 
are considered. Figure 5-4 shows how the flows are reduced at three locations (river- 
stations 2.19, 3.53, 4.0) for each of these four flows. Interpolation was used to 
determine the flow reduction pattern for upstream flows other than the four flows 
considered here. The interpolation process gives a peak flow rate of 35802 cfs for the 
main stem levee reach (below cross-section 2.19). This is the first entry in the Q record 
and it is not forthe entire river. The flow rates for location upstream of the levee reach 
is obtained by including the flow changes. This results in a peak flow flow for the entire 
cross-section including the main stem and overbank flows of 85800 cfs which is higher 
than 74100 cfs (the FEMA effective). 
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Flow Distributions in Leveed Reach 

Figure 5-4. Flow Distribution in Leveed Reach 
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5.4 Sediment lnflow 
The Hassayampa River is a free-flowing stream in which field evidence and flood 
observations suggest that sediment is readily transported from the upper watershed into 
the study reach. Sediment inflow points include the upstream study limit and the three 
major tributaries that join the river within the study limits. 

5.4.1 Methodology 
Sediment data for the Lower Hassayampa River are extremely scarce. Only one source 
of sediment measurements was identified for the lower Hassayampa River, and none 
were found for any of the Hassayampa River tributaries. Water quality data from the 
USGS gauging station on the Hassayampa River at Arlington, AZ include suspended 
concentrations, but no bedload measurements. There are 52 suspended sediment 
records in the USGS dataset for a period ranging from 1996 to 1997. The flow rates 
covered by this USGS dataset are extremely low and, hence, cannot be readily used to 
obtain an adequate sediment rating curve. In addition, the dataset contains only 
suspended sediment data and does not include any bedload component. 

Discharges (sfsl 

Figure 5-5. Sediment Inflow Rating Curve for the Hassayampa River 

Due to lack of available measured sedlment concentration data, the sediment Inflow 
ratlng curves were developed uslng the assumption that the sedlment supply reach is in 
equilibrium. If the upstream reach IS in equilibrium, the sediment transport capacity 
estimates can be used to derive the sediment inflow rates. Sediment transport capaclty 
for the supply reach was estimated by developing a separate HEC-6 model for the 
supply reach which extended upstream approximately one river mlle of the upper study 
Ilrnit. Cross section data for the reach upstream of the LHWCMP study limit were 
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obtalned from the FIS HEC-2 model. This HEC-6 model was run in an iterative fashion 
(a k.a., a "recirculation model") by changing the Inflowing sediment until the inflowlng 
load approximately matched the sedlment outflow, which by definition represents a state 
of equilibrium for the supply reach. Separate HEC-6 models were used over a range of 
flows to develop a relationship between water discharge and sediment inflow, as well as 
a gradation for the sedlment inflow. The HECB results were assembled into a table 
describing sediment inflow for flow rates of 500, 2,000, 5,000,20,000, 50,000 and 
80,000 cfs, and was entered into HEC-6 model using the "LT, "LQ" and "LF" records. A 
mlnlmum value of 1 cfs was included in the table to cover the ent~re range of 1 to 80,000 
cfs. These flows were selected to cover the entire range of flows possible during a 
slngle 100-year event The sediment inflow rating curve for the Hassayampa Rlver is 
shown in Flgure 5-5. 

5.4.2 Jackrabbit Wash 
The HEC-6 recirculation model procedure was also used to develop the inflow sediment 
ratinq curve for Jackrabbit Wash. Cross-section qeometry for the Jackrabbit Wash 
recirculation HEC-6 model was obtained from t h e - ~ ~ ~ - R i i ~  hydraulic model developed 
bv WEST Consultants, Inc. for the LHWCMP flood~lain delineation task. The sediment 
inflow table consists of the following flows: 1, 500,'2000, 5000, 12500, 20000 and 
35000 cfs. These flows were selected to cover the entire range of flows possible during 
a single 100-year event, as well as the period of record flows. 

5.4.3 Wagner Wash and Daggs Wash 

The HEC-6 recirculation model procedure was also used to develop the inflow sediment 
rating curve for Wagner WashlDaggs Wash confluence. The cross-section geometry 
used was based on Wagner Wash, and was obtained from the previous FIS HEC2 
model developed for the District by HDR Engineering in 1991. The sediment inflow 
table consists of the following flows: 1, 500, 1000, 2000, 4000, 6000, 8000 and 20000 
cfs. These flows were selected to cover the entire range of flows possible during a 
single 100-year event, as well as the period of record flows. 

5.4.4 Other Tributaries 
No other tributaries were included in the sediment modeling effort because of their small 
watershed size and limited contribution of flow andlor sediment to the stream system. 

5.5 HEC-6 Sediment Transport Modeling 
The HEC-6 computer model was designed to simulate long-term trends of scour andlor 
deposition in a stream channel that result from changing the natural hydrology, channel 
geometry, or sediment supply. The U.S. Army Corps of Engineers describes the HEC-6 
computer program as follows: 

HEC-6 is a one-dimensional movable boundary open channel flow numerical 
model designed to simulate and predict changes in river profiles resulting from 
scour and deposition over moderate time periods. Continuous flow records may 
be partitioned into a series of steady flows of variable discharge and duration. 
For each flow, a water surface profile is calculated providing hydraulic data at 
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each cross section. These hydraulic data, combined with the discharge and flow 
duration information, allow volumetric accounting of sediment within stream 
reaches. The amount of scour or deposition at each section may then be 
computed and the cross section bed elevation adjusted accordingly. Hydraulic 
data associated with the next discharge are then computed using the updated 
geometry, and the channel geometry is again updated. This process is repeated 
through the entire duration of flows. (Paraphrased, p. I ,  USACOE, 1993) 

HEC-6 models were prepared for the LHWCMP study reach to assess potential reaches 
of aggradation or degradation and to estimate the range of general scour for the various 
conditions. The overall objectives of the HEC-6 modeling task include the following: 

Establish base condition models that can be used andlor modified for evaluating 
management alternatives in Phase 2 of the Watercourse Master Plan. 

Establish base condition models and modeling guidelines that can be used by or 
conveyed to consulting engineers working for private developers in the floodplain 
or sand and gravel mining interests. 

Provide a tool for assessing the expected streambed profile response of the 
Hassayampa River in natural and existing conditions. In particular, the model will 
be used to help identify aggrading or degrading stream reaches, and to assess 
the impact of sediment transport and deposition on regulatory water surface 
elevations and flood hazards. 

Test the effectiveness of assessing headcutltailcut potential at in-stream sand 
and gravel excavations, as well as estimating safe yield from aggrading reaches. 

5.5. I Model Limitations 
The following limitations or assumptions of the HEC-6 model are listed below: 

One Dimensional. HEC-6 assumes that flow in the stream is one dimensional, 
i.e., the model does not account for secondarv currents from meanderina, 
eddying, or turbulence that cannot be addressed through the use of energy loss 
coefficients. Gradually-varied flow conditions usually are modeled adequately 
using a one-dimensional model. 

Steady Discharge. The HEC-6 model simulates passage of a flood or annual 
hydrograph (unsteady flow) as a series of discrete steady flows of known 
duration. HEC-6 is best suited to simulating channel changes from hydrographs 
that rise and fall gradually over a relatively long duration. 

Uniform Scour or Deposition. Any change in bed elevation resulting from scour 
or deposition is applied uniformly across the entire moveable portion of channel. 
That is, a uniform depth of sediment is added to, or subtracted from, each station 
(GR) point used to describe the geometry of the active channel. The formation of 
point or lateral bars, bend scour holes, and local scour is not simulated. 

Sediment Continuity. HEC-6 computes changes in bed elevation based on the 
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principal of conservation of sediment volume: 

Sediment (in) - Sediment (out) = Change in Sediment Volume 
Change in Bed Elevation = Change in Sediment Volume / Reach Length 

Initial Conditions. The initial concentration of sediment material is assumed to be 
negligible. That is, all bed material is contained in the sediment reservoir at the 
start of the computational interval and is returned to the sediment reservoir at the 
end of the interval. 

a Time Scale. HEC-6 was developed "to predict changes in river profiles from 
scour andl or deposition over moderate time periods (typically years, although 
applications to single flood events are possible)." HEC-6 performs best for 
gradually changing hydraulic conditions, e.g. for large rivers with slow rising and 
falling hydrographs. 

Sediment sources. The model assumes that there are only two sediment 
sources - inflowing water and movable portion of the stream bed. HEC-6 does 
not consider lateral channel (bank) erosion - no sediment is supplied from the 
banks. 

Sediment Calculations. A number of transport functions are coded in HEC-6, all 
of which apply the transport function by grain size. 

Equilibrium. The HEC-6 sediment transport function algorithms assume that 
sediment equilibrium conditions are reached during each time step of a single 
event, a condition which, probably, is not met for very short events. If equilibrium 
conditions are probably not established, then the modeling results should be 
interpreted in a qualitative manner. 

Time-step. Reach hydraulics and sediment transport potential are based on the 
channel geometry. Generally, a change in bed elevation of 1 foot or 10 percent of 
the flow depth within a single time step is considered significant. In addition, the 
time step must be long enough that the flow would have sufficient time to travel 
through the longest stream segment. 

Lateral Weirs and Bridge Hydraulics. HEC-6 does not have the capability of 
modeling the lateral weirs or the bridge hydraulics. 

Table 5-2 lists these assumptions and indicates which assumptions may or may not be 
valid for the Lower Hassayampa River study reach. Given the assumptions and 
conditions that are not valid specifically for the study reach area, the HEC-6 modeling 
results are best suited to predicting relative trends of expected changes rather than 
calculating precise topographical changes. 
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Another limitation of the HEC-6 model is its ease of use relative to the difficulty of 
generating reasonable results. Significant experience on the part of the modeler is 
required to produce realistic results and interpret model output correctly. For example, 
initial HEC-6 runs frequently generate thalweg profiles with a zigzag pattern, which ;s 
often interpreted as simple variation between deposition and scour. Unfortunately, the 
zigzag may be the result of numerical instability in the model, although no error 
or warning message is generated by the program. The numerical instability can often 
be overcome by reducing the duration of internal calculation time-steps, as well as by 
increasing the distance between cross-sections. The zigzag pattern is also more 
pronounced for steeper channels. Reducing the time-steps increases the total number 
of computations while reducing the number of cross-sections, which in turn results in 
reduced computational accuracy. The weighting factors for numerical integration on the 
14 record also provide another mechanism for fine-tuning the numerical stability. Novice 
or impatient users may be unfamiliar with the techniques necessary to produce 
accurate, realistic results and may therefore terminate their analysis before realizing the 
model potential. 

5.5.2 HEC-6 Model Parameters 

5.5.2.1 Base Geometry Data 

HEC-RAS channel geometry was the basis for the HEC-6 model, with the same cross- 
section locations and stationlelevation. In the HEC-RAS model, the river was divided 
into three reaches in Reach 1, where the river is leveed. In HEC-RAS, flow overtopping 
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the levees was modeled using lateral weirs and the overtopping flows can enter the 
neighboring reaches. In HEC-6, only the main reach was considered; the two side 
reaches present in HEC-RAS model were not modeled. 

The process of converting HEC-RAS geometry to HEC-6 format involved the following 
steps: 

Section Geometry. HEC-RAS cross-section geometry points were imported into 
the HEC-6 input file. 

Interpolated Section Geometry. New points were inserted into the cross-section 
geometry using linear interpolation to obtain at least one point every 50 feet 
horizontally and every one foot vertically. Addition of interpolated points was 
done to enable the cross-section shape to evolve evenly as the sediment erosion 
and deposition is simulated. 

Sectlon Point Reduction. The number of cross-section geometry points was 
reduced to 190 to be less than the maxlmum allowable number HEC-6 of 200, 
and to allow room to add any additional points during the simulation. The 
reduction was achieved by filtering points mostly near the far ends on the 
overbanks and through elimination of points close to each other, while retaining 
the overall shape of the cross-sectlon geometry and an even vertical and 
horrzontal distribution of points. 

Ineffective Flow Areas. The ineffective flow areas modeled in HEC-RAS were 
imported and set as conveyance limits using the "XL" records. The ineffective 
area optlon in HEC-RAS changes the conveyance while retaining the wetted 
permeter, which is similar to how the HEC-6 conveyance limits option functions, 
although ineffective area vertical extents cannot be specified in HEC-6 In 
addition, HEC-RAS allows multiple ineffectwe areas wlthin a cross section, while 
in HEC-6 only allows two, with one on each side of the main channel. 
Appropriate procedures were followed to work within the HEC-6 limitations and 
incorporate known ineffective flow areas 

Manning's N. Conveyance-weighted Manning's N values were extracted from 
the HEC-RAS output table. These values were used as starting point for the 
hydraulics calibration runs. Further details on the hydraulics calibration and 
Manning's N values are provided in the following section. 

5.5.2.2 Mannina's N Values - Hvdraulics Calibration 

A hydraulics callbration exercise was performed to obtain a reasonable match between 
water surface elevations and velocities computed by HEC-6 and the values computed 
by HEC-RAS. Flrst, the HEC-RAS model was run for a range of flows (5,000 cfs, 
20,000 cfs, 50,000 cfs and 75,000 cfs), the conveyance-weighted Manning's N values 
for each flow rate were extracted from the output, and the values were input into the 
HEC-6 model on NV records. Second, a fixed-bed HEC-6 model was developed to 
obtain hydraulics results from HEC-6 without any influence by sedlment transport. 
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Third, the HECB Manning's values on bJV recards were modified through repeated runs 
of the HEC-6 model. 

Figure 5-6. Hydraulics Calibration 

This process was performed for 5,000 cfs, 20,000 cfs, 50,000 cfs and 75,000 cfs, until 
the water surface elevations and velocities matched the HEC-RAS values for the same 
flow rates wlthin a tolerance of 0.2 ft and 0.2 Wsec, respectively, in most places, as 
shown on Figure 5-6. A d~fference of up to 1 Wsec was seen at a few locations for the 
5,000 and 20,000 cfs runs where flow was critical, and matching of both the velocity and 
water surface elevations at the specified tolerance was not possible. These differences 
occur only at few locations and the veloc~ties were within 0.6 ft/s at all except one 
location. The results of the hydraulics comparison in tabular format are presented in 
Appendix 5.5. 

5.5.2.3 Moveable Bed Limits 

The moveable bed limits determine which part of the channel HEC-6 allows to move 
vertically when subject to erosion or sedimentation. HEC-6 computations adjust the 
channel bed within moveable bed limits. The HIHD record option in HEC-6 is used to 
specify lateral and vertical limits on bed movement. The process used to adjust the bed 
is summarized as follows: 

Deposition (no scour) is allowed outside the conveyance limits on the XL record. 

Scour occurs only is within the movable bed limits, within the conveyance limits, 
within the effective flow limits defined by the X3 record, and below the water 
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surface elevation. 

Once the scour or deposition limits are determined, the volume of scour or 
deposition is divided by the effective width and length of the control volume to 
obtain the bed elevation change. 

The Lower Hassayampa River has a wide river channel with an indistinct low flow 
channel with subtle transitions to bars, floodplains and terraces, divided flow around low 
islands, and surfaces that function as depositional zones during some flow events, but 
that are mobilized during large floods. The braided condition indicates that the main 
channel changes location, as does the flow distribution. While the smaller flows may be 
restricted to a narrow channel, the larger flows such as the 100 year flow event may 
submerge the entire river channel. In the absence of a specified moveable bed limit, 
HEC-6 would adjust only the wetted part of the cross-section. Therefore, for this study 
reach, it was deemed appropriate not to set moveable bed limits, but rather to let HEC-6 
use the wetted perimeter to determine the moveable limits as flow rates vary during the 
hydrograph. 

5.5.2.4 Water Temperature 

The model water temperature of 67OF was estimated based on the results of published 
USGS water quality sampling at Morristown and Arlington. 

5.5.2.5 Downstream Ratina Curve 

The downstream depth-d~scharge rating curve was derived from HEC-RAS, using a 
range of flows and a normal depth boundary condition. The WEST HEC-RAS model 
included only the 100-year simulation and used the "Known WS" water surface 
elevation as the boundary condition. For the purpose of HEC-6 modeling where the 
flow varies with the hydrographs, the normal depth option was used as the downstream 
boundary condition. 
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Scenario # I  - Sed~ment Inflow Calibration Model. The sediment inflow calibration 
of the HEC-6 model was performed using the~existing FDS model to simulate the 
floods between the periods 1987 to 2004. A comparison between the prevlous 
FDS topography from 1987 to the latest 2004 topography provided the basis for 
the calibration. 

Scenario #2 - Manning's N Calibration Model. A calibration effort similar to that 
described for the sediment inflow calibration (Scenario #I) was performed by 
varying the Manning's N values. 

Scenario #3 - Tributary Sediment Inflow Impact Model. The impact of varying 
tributary sediment inflow on sediment transport along the Hassayampa River 
main stem was analyzed. 

Scenario #4 - Existing Conditions Model. An existing conditions HEC-6 model 
was prepared to simulate the sediment transport and channel response to 
recurrence of the period of record gauged long-term (mean daily) flow 
hydrograph followed by a 100-year hydrograph. The existing conditions model 
(Scenario #4) is intended for use in alternatives evaluation in Phase 2 of the 
LHWCMP. 

District staff determined that other modeling scenarios listed in Task 9.6 of the scope of 
services should not be performed and developed the scenario list shown above. 

Base modeling results are summarized in Table 5-3 and the results for modeling 
Scenarios # I  and #2 are described below in Sections 5.5.3.1 and 5.5.3.2. The base 
modeling results indicate that only minimal bed elevation changes occurred between 
1987 and 2004, as shown by the average root mean square (RMS) of 1.39 for the 
observed elevation difference on the 1987 and 2004 topographic data (Table 5-3). The 
period from 1987 to 2004 included several moderate floods the 1993 and 1995. The 
results summarized in Table 5-3 also indicate the following: 

Most of the study reach had slight net degradation between 1987 and 2004, with 
an average bed elevation change of 0.2 feet. 

The maximum average observed degradation occurred in Reach 1 where some 
evidence suggests recent degradation is linked to failure of Gillespie Dam. 

The greatest net aggradation occurred in Reach 2 between RM 3.53 and 7.75, 
which is upstream of the constricted levee reach. 

Almost all of the observed and predicted average elevation change estimates are 
less than the accuracy of the mapping used to generate the estimates, and 
should therefore be considered as approximate. The 1987 mapping had a 4-foot 
contour interval (*2 ft) and the 2004 mapping had a 2-foot contour interval (*I ft). 
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The volume of sediment deficit indicated by the net average observed bed 
elevation change from 1987 to 2004 was about 660 acre-feet (1 .I million yards) 
over the entire study reach, or 94 AFIyr. The sediment volume excess predicted 
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by the HEC-6 base model during the 1987 to 2004 period was 650 (1.1 million 
yards), or 94 AFIyr. 

The results in Table 5-3 regarding Modeling Scenarios #I and #2 are discussed below. 

5.5.3.1 Scenario #I: Sediment lnflow Calibration Model 

The Scenario #1 HEC-6 model used the 1987 FIS topographic data as the startlng 
channel geometry, simulated the known flow records for the study reach during the 
period from 1987 to 2004. This was done to slmulate the changes that occurred during 
1987 to 2004 and calibrate the model by comparing the simulated forecast of the 2004 
channel topography with the Surveyed 2004 topography by varying the sediment inflow 
rating curve. The sediment inflows were varied from the base values calculated using 
the procedures described in Sect~on 5.4 by +40%, +20%, -20%, and -40%. As shown in 
Figure 5-8, the HEC-6 model was not sensitive to sediment flow. Past HEC-6 modellng 
experiences on streams in Arizona demonstrate that model sensitivity to sediment 
inflow is qeneral limited to the upstream-most cross sections, if an adequate sediment 
reservoir-exists along the moveable bed, which is the case on the ~ a s s e ~ a m ~ a  River. 
In qeneral, an increase or decrease in the sediment inflow rate resulted in less than 0.1 
foot of difference in the predicted average bed elevation. 
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Figure 5-8. Sediment Inflow model calibration 

Based on the HEC-6 modeling results summarized in Figure 5-8, it was concluded that 
the HEC-6 model of the Hassayampa River is not sensitive to sediment inflow for the 
existing condition, at least for the period of record modeled. 
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5.5.3.2 Scenario #2 - Mannina's N Model Calibration 

The Scenario #2 HEC-6 model used the 1987 FIS topographic data as the starting 
channel geometry, simulated the known flow records for the study reach during the 
period from 1987 to 2004, and attempted to improve the forecast of the 2004 channel 
topography by varying the Manning's N values. The Manning's N values were varied 
from the base values determined using the procedures described in Section 5.5.2.2 by 
+40%, +20%, -20%, and -40%. As shown in Figure 5-9, the HEC-6 model was not 
sensitive to Manning's N value. In general, an increase or decrease in the Manning's N 
value over the moveable bed portion of the cross section resulted in less than 0.2 foot of 
difference in the predicted average bed elevation. 

River Stations (miles) 

Figure 5-9. Manning's N model calibration 

Based on the HEC-6 modeling results summarized in Figure 5-9, it was concluded that 
the HEC-6 model of the Hassayampa River is not sensitive to Manning's N value for the 
existing condition, at least for the period of record modeled. 

5.5.3.3 Scenario #3 - Tributary Sediment Inflow l m ~ a c t  Model 

Modeling Scenario #3 was intended to test the HEC-6 model sensitivity to sediment 
supplied from the tributaries. Tributarv sediment inflow is considered important because 
f~obb~~a in  management strategies applied within the watershed such asstorm water 
retention may have adverse impacts on sediment supply. Conversely, grading 
associated with new construction tends to increase sediment supply. Field and 
historical evidence suggests that tributary sediment supply does impact morphology 

However, as might be expected from the results of Modeling Scenario #I, the HEC-6 
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model for the LHWCMP study reach is not sensitive to the supply provided from the 
tributaries, as shown in Figure 5-10. Note that these results do not necessarily mean 
that the Hassayampa River is not influenced by tributary sediment supply, since the 
historical channel morphology analysis clearly demonstrated that the tributaries control 
lateral channel position to a large degree; it merely indicates that the HEC-6 model is 
able to tap the reservoir of sediment available in the channel to make up the difference 
in supply, andlor that the sediment supply from the main stem is significantly larger than 
the sediment supply from the tributaries. 

0 5 10 15 20 25 30 

River Stations (miles) 

Figure 5-10. Influence of Tributary sediments 

5.5.3.4 Scenario #4 - Existinq Conditions Model 

The existing conditions HEC-6 model was developed using the 2004 topography as the 
base topographic condition and the WEST HEC-RAS model. The hvdroloaic data used 
in the model consisted of the entire period of record mean daily discharges and 100- 
year hydrograph described in Section 5.3.1 .I. The Scenario #4 HEC-6 model reflects 
the current conditions and is intended for predicting sediment trends and future river 
behavior. 

A number of sensitivity analyses were performed on the Scenario #4 HEC-6 model to 
test the model sensitivity to various derived or assumed input parameters. A base 
condition simulation was performed using the long-term hydrograph with the 100-year 
hydrograph appended to the end of the long-term hydrograph, the results from which 
are shown in Figure 5-1 1. Figure 5-1 1 shows the changes in the average bed 
elevat~ons as measured up to the 10-year and the 50-year discharges. In other words, 
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the average bed elevation change is presented by averaging the elevations for the 
wetted portion of the cross-section during the 10-year and 50-year flow rates. Figure 
5-1 1 shows the average bed computations using 1Oyear and the 50-year wetted 
portions of the cross-section give similar results. Predicted net bed elevation changes 
in the base condition HEC-6 model are uniformly less than one foot throughout the 
study reach. Table 5-4 shows the sediment load passing through the system. The 
results also indicate a net deficit of 129 ac. ft. after passage of the long-term hydrograph 
and a single 100-year event. This result can be interpreted as an average bed change 
of 0.02 ft for the entire system. The relatively muted response to the long-term flow 
record and a 100-year flood indicates that the study reach is relatively stable. The 
general trend shows an overall net aggradation rather than net degradation. The most 
significant departure from the mean occurs in Reach 1 at the confluence with the Gila 
River. Predicted deposition is this reach is probably due to loss of flow by levee 
overtopping, without loss of sediment supply. As the flow rate decreases in the 
downstream direction, the sediment transport capacity also decreases and sediment is 
deposited. This reach is also potentially impacted by backwater from the Gila and some 
flattening of slope on the historic delta of the Hassayampa River in the Gila River 
floodplain. Interestingly, historical data indicate that this reach has experienced long- 
term degradation, rather than aggradation, probably due to decreased base level along 
the Gila River. Base level adjustments are not simulated very well by HEC-6. 
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Flow Descript~on 

Long-term flows Only 
Long-term flows and 

100-year event 

Sediment leaving the 
system at downstream end 

of the model (tons) 
591092 
839589 

Load Through System (ac. 
ft ) 

173 
265 
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Figure 5-11. Average Bed Change - Base Conditions Model 
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Figure 5-12. Initial and Final Average Bed Elevations (1 of 3) 
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Figure 5-13. Initial and Final Average Bed Elevations (2 of 3) 
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Figure 5-14. Initial and Final Average Bed Elevations (3 of 3) 
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The following sensitivity analyses were performed on the Scenario A4 base model to 
evaluate various input parameters: 

Manning's N Value 
Sediment Inflows 
Sediment Particle Size 

The results of the sensitivity analyses are described in the following sections. 

5.5.3.4.1 Mannino's N Value Sensitivitv Analvsis. 

The Manning's N values were changed from the base values by 320% and *40%. The 
values weva r i ed  to investigate the effect of changes in vegetative cover, formation of 
channel bed forms, or other alternations of the channel and floodplain. As shown in 
Figure 5-15, changes in the predicted net bed elevation were ohsewed only at the 
upstream and downstream ends where the model is influenced by the boundary 
conditions, with no discemable changes in the rest of the study reach. Thus, the results 
indicate that the model is not very sensitive to changes in Manning's N. 

Figure 5-15. Manning's n value sensitivity 

5.5.3.4.2 Sediment inflow sensitivitv analvses 

The sediment inflow values were varied from the base values by Q0% and &40%, with 
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the results shown in Figure 5-16. As with the Scenario #I results, no discernable 
changes in the predicted net bed elevation change were observed in the study reach 
due to increases or decreases in sediment inflow. These results indicate that the model 
is not sensitive to changes in sediment inflow rate. The adjustment to the sediment 
deficit or surplus occurs in the upstream few cross-sections so that the sediment 
transport capacity is achieved for most of the study reach. 

0 5 10 15 20 25 30 

River Ststlorn (mites) 

Figure 5-16. Sediment Inflow Sensitivity 

5.5.3.4.3 Particle size sensitivitv analysis 

Base model sensitivity to changes in particle size was tested by shifting the reach- 
average sediment gradation curve along the logarithmic scale in two directions. This 
procedure preserves the shape of the curve which, in turn, preserves relative sediment 
distribution, but increases or decreases the particle size. Two adjusted sediment 
distribution curves were generated, one representinq smaller sediment sizes and the 
other representing largeisediment sizes. Figure 5-17 shows the three gradation 
curves. The median (d50) grain sizes of the three curves are approximately 0.3 mm, 
0.45 mm and 0.73 mm. The sensitivity of the model to these three gradation curves is 
presented in Figure 5-18. It can be seen that the model is behaving as anticipated with 
finer sediments resulting in larger bed change and coarser smaller. However, the 
variations from the base conditions is not significant in most locations and, therefore, it 
is concluded that the HEC-6 base model results are not sensitive to particle size. 

5.5.3.4.4 Trans~ort function 

District staff requested that no sensitivity analysis be performed for the sediment 
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transport function 

Figure 5-17. Particle size sensitivity 
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Figure 5-18. Particle size sensitivity 
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5.5.4 HEC-6 Modeling Results 
The following conclusions can be drawn from the HEC-6 modeling summarized above: 

Model Sensitivity. The HEC-6 model of the LHWMCP study reach is not 
sensitive to Manning's N value, main stem sediment inflow, tributary sediment 
inflow, and sediment particle size. 

Aggradation. The HEC-6 model predicts slight net sediment deposition 
(aggradation) in the Lower Hassayampa River study reach. 

Vertical Stability. The HEC-6 model predicts that net vertical channel change will 
be minor if the watershed and channel remains undisturbed. The relatively 
muted predicted response is probably due to low annual flow volumes andlor 
relatively flashy flood hydrographs. 

Sediment Transport. The Hassayampa River moves very large volumes of 
sediment through the study reach, but transport is balanced to a near equilibrium 
state under existing conditions. 

Expected Trend. Neither significant degradation nor aggradation is expected for 
the study reach if existing channel and watershed conditions are preserved. 

Alternative Evaluation. The existing conditions model (Scenario #4) is intended 
for use in alternatives evaluation in Phase 2 of the LHWCMP. 

These results are generally consistent with the field and historical observations 
summarized in Chapters 2 and 3, and the bed elevation data in Chapter 4. 

5.6 Reach Equation Analysis 
A sediment transport analysis using the same sediment transport function used in the 
HEC-6 modeling was applied on a reach-by-reach basis to compare with the HEC-6 
modeling results. 

5.6.1 Transport functions 

5.6.1 .I Methodoloqy 

A simplified approach to evaluate sediment transport in the study reach was applied 
using sediment transport functions. The purpose of this procedure is to determine the 
transport characteristics using reach-averaged approach. The adopted procedure 
consisted of the following steps: 

1. The study reach was divided into 10 subreaches. The subreaches were defined so 
that the computed HEC-RAS hydraulic characteristics did not vary significantly within 
any one reach. 
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Figure 5-19. Reach limits 

The 100-year design hydrograph was discretized into a histogram of constant 
discharges for defined time intervals. The discretization was performed using the 
following flow rates: 250 cfs, 500 cfs, 1,000 cfs, 2,000 cfs, 5,000 cfs, 20,000 cfs, 50,000 
cfs and 75,000 cfs. The duration for each flow interval was determined from the 
histogram. Table 5-5 and Table 5-6 show the discretizations of the hydrographs, as 
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well as where the duration of the segment of the hydrograph between the minimum and 
maximum value is determined and applied to the corresponding flow value. 

2. HEC-RAS model developed for the LHWCMP described in Chapter 3 was used to 
generate hydraulic data for each subreach. The HEC-RAS results were imported 
into a spreadsheet. 

3. Using the estimated hydraulic parameters, such as velocity, hydraulic depth, 
Manning's N value, and energy slope, the Tofaleti-MPM sediment transport function 
was used to compute sediment transport capacrty at each cross-section. The 
sediment transport function was used to derive the sediment transport capacity, and 
the average sediment transport capacity for each subreach was determined. 

4. The Exner equation was used to determine the change in the bed sediment volume 
for each subreach for each time segment. The individual volume changes for each 
time segment were summed to give net volume changed in the sub-reach. 

5. The net volume change was applied the subreach, using the average width and 
reach length to estimate the average bed elevation change. 
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Figure 5-20. Sedlment Transport Capacity by subreach 

5.6.1.2 Results 8 lnterpretatian 

The computed sediment transport rating curves for each qf the 10 subreaches are 
shown in Figure 5-20. The subreaches are numbered from upstream to downstream 
(i.e., Subreach 10 is at the Gila River confluenw). Froril Figure 5-20, it can be seen 
that the sediment transport capacity is relatively uniform throughout the LHWCMP study 
reach except in the subreaeh between the Gila River confluence and the SPRR Bridge. 
The subreaches at the downstream end of model are leveed and the flow overtops the 
levees, leading to reduction in the flow. This discharge reduction decreases sediment 
transport capacity. In general, transport capacity reduction causes deposition, which is 
apparent in the subsequent bed-change calculations presented below. 

The Table 5-7 and Table 5-8 present the results for t h ~  long-term hydrograph and the 
100 year hydrograph, respectively. The results show that the flows smaller than 500 cfs 
cause most of the long-term bed changes, probably because most of the historim1 flow 
volume occurred at flow rates less than 500 cfs. In addition, the results indicate that 
significant deposition occurs at the downstteam end of the study reach. A similar trend 
was observed in the HEC-6 modeling. The driving mechanism for this deposition is the 
effect on reach hydraulics of loss of flow overtapping the levee. The reaches where 
degradation is predicted pubreach 3-4,543, and 7-8) occur in no particular geomorphic 
setting. 
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Total 1 23 1 22 1 -3 1 7 1 -2 1 7 0 2 

For the 100-year hydrograph response shown in Table 5-8, the results indicate no net 
change is predicted except at the very highest flow rates, or at least the predicted 
changes are smaller than one significant figure. Like the HEC-6 results, deposition is 
predicted in the downstream leveed reach. Net scour is predicted upstream of the 
Jackrabbit Wash, upstream of the 1-10 Bridge, and in Reach 2 upstream of the SPRR 
Bridge. The predicted trends for the long-term flow analysis were dissimilar to the 
predicted trends for the 100-year event simulation. 

5.6.1.3 Comparison with HEC-6 Model Results 
The subreach-averages from the HEC-6 model results are presented in Table 5-9. A 
comparison of the HEC-6 modeling results and the spreadsheet-based results shows 
that the approximate method generated higher estimates of net deposition or scour than 
the HEC-6 model results. From the results, it can be concluded that the spreadsheet 
based method prov~des reasonable qualitative estimates which can be used to 
determine whether a reach is stable, eroding or aggrading. This could be sign~ficant 
due to the ease of applying the spreadsheet-based method compared to the extensive 
efforts involved in HEC-6 modeling. 
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5.6.2 Safe Yield Recommendation 

Table 5-9. HECB Reach-By-Reach Net Bed Change 

The concept of safe yield implies that a certain volume of "excess" sediment can be 
removed from the river without impacting the overall stream system. Neglecting the 
theoretical deficiencies of the existence of "excess" sediment in a self-formed, natural 
river system like the Lower Hassayampa River, the HEC-6 base model results indicate 
that no significant long-term trend towards aggradation is expected in the Lower 
Hassayampa River. Field evidence clearly demonstrates that in-stream excavations 
lead to significant headcutting and that no physical evidence of long-term aggradation 
exists. However, HEC-6 sensitivity analyses and field observations at the in-stream 
excavations during the floods of December 2004 indicate that a significant sediment 
rese~oi r  exists in the bed, banks and floodplain of the study reach. According to those 
results, isolated pits will have little impact on the short-term overall morphology of the 
river. Therefore, it is concluded that there is no safe yield for the Lower Hassayampa 
River. 

Reach 
1 

5.7 InQtream Mining Impact Analyses 
An analysis was performed to assess the effectiveness of using HEC-6 to model sand 
and gravel mining impacts, and to identify alternative methods for assessing the impacts 
of sand and gravel mining in the flood and erosion hazard zone. 

0.04 1 -0.02 1 0.03 1 0.09 1 -0.15 / 0.16 1 0.07 1 0.16 1 0.33 1 0.76 

Reach 
2 

5.7.1 Methodologies 
An evaluation of the capabilities of the models to predict the headcut and tailcut 
development for in-stream gravel pits was performed. The presence of sand and gravel 
mining pits was investigated by using the following methods: 

Reach 
3 

ADOT Procedure (Simons, Li and Associates , 1986) 
HEC-6 Modeling 

Additional models were evaluated as dictated by the LHWCMP scope of work (Task 
9.6.8), but were not included in this report at the direction of District staff. The details of 
the two analyses listed above are presented below. 

Reach 
4 
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5.7.2 Model Geometry Data 

The mining impact analysis evaluates the effectiveness of the selected models to 
predict pit scour. To allow an effective comparison, simple model geometry was used 
for both the channel and overbank. A rectangular channel and rectangular in-stream pit 
were simulated. The dimensions of the rectangular channel and the pit were chosen to 
approximately represent a typical mining scenario in the Lower Hassayampa River. The 
following three typical mining scenarios were evaluated: 

Mining Pit Occupies Entire Floodplain Width (Figure 5-21) 
Mining Pit Occupies Part of Floodway in Center of Channel (Figure 5-22) 

a Mining Pit Occupies Part of Floodway Fringe On One Side of River (Figure 5-23) 

A summary of the selected parameters is presented in Table 5-10. 
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Figure 5-21. Cross Section for Pit Occupying Entire Floodplain. 
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Figure 5-22. Cross Section for Pit Occupying Part of Channel 

Figure 5-23. Cross Section for Pit Located in Floodway Fringe. 

5.7.3 Flow Hydrograph 
The flow hydrographs for a 100-year and 10-year event were analyzed. The recent 
flood event of 2004-2005 was also considered to simulate a typical runoff event. The 
flood hydrographs were discretized as needed in the each of the selected models. 
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5.7.4 Sediment Data 
The reach-average sediment gradation curve presented in Section 5.1 was used to 
perform the pit analyses. 

5.7.5 ADOT Procedure 
Simons, Li and Associates (1986) developed a procedure for the Ar~zona Department of 
Transportation (ADOT). The procedure calculates long-term scour and short-term pit 
scour in the reaches adjacent to an in-stream mine, as documented in the ADOT Report 
(SLA, 1986). A numerical model was developed by SLA to invest~gate various 
scenarios of upstream and downstream scour caused by in-stream mining. Based on 
the results from the SLA numerical model, SLA developed regression equations to 
predict scour upstream (headcutting) and downstream (tailcutting) of the pit. 

A spreadsheet was developed by JEF to perform the ADOT method calculations. The 
calculation details are presented in Appendix 5.6. The ADOT procedure is independent 
of the pit location and position within the channel. As a result, all three scenarios are 
represented by single set of calculations, the results of which are summarized in Table 
5-11 for the 100-year, 10-year, and the typical runoff events. The results indicate that 
the 10 year, 100-year and typical events with long durations can have similar headcut 
and tailcut geometry. 

The advantages of the ADOT method include the following: 

Table 5-11. ADOT Procedure Pit Analysis Results 

The procedure was specifically developed to analyze pit scour 
The procedure incorporates arid conditions where the flow enters an empty pit, 
fills it and then flows downstream 
The procedure is relatively simple 
The Drocedure includes consideration of ~otential armorina 

Flow Event 

Typical Event 
10-Year 
100-Year 

The headcut and tailcut channel is based on regime equations 
The method accounts for water volume and the time to fill the excavation 

Tailcut - 

Tailcutting is not computed unless the pit fills and overflows 

Length of Scour 
(ft) 

4948 
4929 
4675 

Headcut 

The disadvantages of the ADOT method include the following: 

Scour Depth 
(ft) 
14.4 
14.6 
18 

Length of 
Scour (ft) 

139 
154 
189 

The model is applicable only to pits unaffected by scour from previous flow 
events. That is, cumulative affects of multiple events or mining in between events 
is not simulated. 
The model is developed based on simple pit and channel geometries and does 

Scour Depth 
( ft ) 
7 

14.2 
15 
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not include site specific geometries, unique pit layouts, or pit alignments. 
The mathematical procedures are somewhat complex and required iterative 
solutions or spreadsheet programming. 
The model assumes headcutting ceases when the pit fills with water 
The model limits the headcut depth to one-half the pit depth 
Sediment supply and upstream transport capacity are not accounted for 

In general, field observations made during the December 2004 flood and the smaller 
floods preceding it do not support the ADOT method results. Observed headcuts were 
longer, deeper, and wider than predicted. In addition, during the larger flood sediment 
completely filled the in-channel excavation due to the high sediment load in the river. 

HEC-6 was also used to assess potential scour near the hypothetical in-stream mine 
described above for the same set of flow events. Sample HEC-6 model results are 
presented in Figure 5-24 to Figure 5-26, which show the predicted changes in thalweg 
elevation. The results predict some sediment accumulation inside the pit, and headcut 
or tailcut development where expected. Initial model runs did not predict either 
headcutting or tailcutting and had significant model instabilities indicated by a "zigzag" 
bed elevation pattern observed in the post-sedimentation thalweg profiles. The zigzag 
pattern is a typical outcome of numerical instability in the model and is generally 
overcome by reducing the duration of internal calculation time-steps, as well as by 
increasing the distance between cross-sections. In this case, the steps taken to reduce 
numerical stability had the effect of enabling the model to generate a headcut and tailcut 
profile. 

The ziqzaq pattern is also more pronounced for steeper channels. Reducinq the time- 
steps hcreases the total numbe; of computations, while reducing the number of cross- 
sections decrease the computational accuracv. The weiahtinq factors for numerical 
integration provide another'mechanism for fink-tuning the numerical stability. 
Experimenting with the time-step, the cross-section spacing, and weighting factors 
revealed that most of the zigzag developments in the model could be eliminated with 
patience and numerous trials. 

The advantages of the HEC-6 model for modeling sand and gravel impacts include the 
following: 

HEC-6 can use site specific pit and channel geometric data 
HEC-6 is widely used and is available for free 
HEC-6 allows select~on of several sediment transport equations 
HEC-6 performs sed~ment volume accounting 
HEC-6 accounts for var~ation in upstream sediment supply 
HEC-6 computes headcutting after the pit fills with water and does not limit the 
headcut depth to one-half the p ~ t  depth 

The disadvantages of the HEC-6 for modeling sand and gravel impacts include the 
following: 
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Model instability may prevent the model from showing headcut and tailcut 
erosion. Significant time investment, patience, and modeler experience may be 
required to eliminate model instability. 
HEC-6 is a steady state model and computes the backwater profile as if the pit 
were filled by water at the first time step (Q>O cfs). Consequently, the model 
does not account for the time to fill the pit with floodwater before computing 
tailcut erosion. In addition, it does not properly model the hydraulics of flow 
entering an empty pit. 
HEC-6 may run without an error message but generate nonsensical results, 
causing difficulty for inexperienced users and reviewers. 
The hydraulics and sediment continuity computations are not clearly explained in 
the model documentation to demonstrate how the model considers a partially 
excavated channel. For example, HEC-6 averages the bed elevation change 
over the entire cross section. Where the pit only occupies a small part of the 
channel it is not clear whether the model subroutines accurately depict channel 
processes. 
HEC-6 spreads the sediment deficit across the entire mobile bed width upstream 
and downstream of the pit, thus muting the predicted headcut and tailcut profiles. 
Additional HEC-6 limitations and assumptions were discussed in Section 5.5.1 

Figure 5-24. Gravel Pit Analysis - Pit Occupying Full Width Of Channel 
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Figure 5-25. Gravel Pit Analysis - Pit Located At One Side Of Channel 

Figure 5-26. Gravel Pit Analysis - Pit Located At Middle Of Channel 
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From the results presented in Figure 5-24, Figure 5-21, and Figure 5-26, it can be seen 
that the cases in which the pit occupies the entire channel and the case in which the pit 
is in the middle show significantly more deposition than the case in which the pit is 
located on one side of the channel. For 100-year flow, the smaller pit fills entirely, 
unlike the pit occupying the entire channel. It can also be observed that the headcut 
and tailcut developments are similar for all the three cases. 

The HEC-6 model results presented in the previous sections indicate some capability of 
the modeling to simulate the headcut and tailcut development. One of the main 
drawbacks of the HEC-6 modeling is the need for the flow to exist in the entire study 
reach. In reality, the flow would enter the pit first, which is of great significance in 
ephemeral river systems in which the channel is dry most 0.f the time. In such a case, 
the pit will fill with water while the headcut develops simultaneously. Since no outflow 
occurs during the time the pit is filling, the tailcutting should not begin until outflow from 
the pit begins. Meanwhile, significant deposition could occur inside the pit. The model's 
requirement for steady flow (same amount of flow exlsts in the entire study reach) 
potentially distorts the sedimentation that can occur at the pits. In contrast, the ADOT 
procedure is based on the numerical results from a model that considers the sequence 
of pit filling before any occurrence of outflow. 

5.7.7 In-Stream Mining Impact Analysis Summary 

The pit-scour analyses were performed using the ADOT procedure and HEC-6. The 
results indicate s~gnificantly differing predictions of headcutltailcut length, depth and 
width. HEC-6 predicted headcutltailcut lengths that far exceed the estimates generated 
using the ADOT equations, but the ADOT equations predicted much greater maxlmum 
headcutltailcut depths. The ADOT equations predicted relatively narrow, regime- 
geometry headcutlta~lcut channel wldths, while HEC-6 necessarily predicted 
adjustments that span the entire mobile bed width. 

The evaluation indicates that each method has advantages and disadvantages. HEC-6 
modeling requires significant effort to develop hydraulic data and specialized expertise 
to interpret the results. HEC-6 is not specifically developed for analysis for pit scour and 
may result in erroneous results. 

5.8 Summary 
Sediment transport models were developed for the Lower Hassayampa River. The 
existing conditions HEC-6 model (Scenario #4) is intended for use in alternatives 
evaluation in Phase 2 of the LHWCMP. Results generally indicate that the existing 
condition of the river is stable, and some resiliency to changes in sediment supply, at 
least for the short-term. For existing condition, sediment deposition or scour are not 
likely to significantly impact regulatory water surface elevations, at least on a regional 
scale. In-stream mining is likely to cause headcutting and tailcutting in the vicinity of the 
excavations. 
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CHAPTER 6 - LATERAL MIGRATION ANALYSIS 

6.1 Objectives 
The objectives of the lateral migration analysis were to estimate the potential for future 
lateral migration of the Lower Hassayampa River and to develop regulatory erosion 
hazard zone boundaries within the study area. In addition to the analyses and results 
described in Chapters 2 to 5 of this report, the lateral migration analysis relied on the 
following evaluations described in this Chapter: 

Historical Channel Change Analysis 
Historical Flood Impact Analysis 
Channel Locational Probability Analysis 

An existing conditions erosion hazard zone was also developed for Jackrabbit Wash 
from the Central Arizona Project (CAP) Siphon to the Hassayampa River confluence. 
This chapter describes the methodology used to define the recommended erosion 
hazard boundaries for the Hassayampa River and Jackrabbit Wash. 

6.2 Historical Channel Change Analysis 
Mapping of existing and historical functional surfaces within the floodplain and historical 
avulsive channel changes was described in Chapter 3. The historical channel change 
analysis described in this Section focuses on movement of the active channel during the 
period of record. The maximum measured channel movement w~thin the 70-year period 
of record for each reach was determined by comparing active channel positions on the 
semi-rectified historical aerial photographs. This historical channel change can be 
quantified as either change during single flood events or cumulative change observed 
over the entire period of record. The baseline from which the lateral migration distances 
described in this chapter are computed is the left bank (or Station 0) from the HEC-RAS 
cross-sections derived from the Hydraulics Report for the Lower Hassayampa 
Watercourse Master Plan prepared by WEST Consultants. 

6.2.1 Single-Event Channel Change Analysis 
The maximum single-event channel change for the active channel corridor in each 
reach was measured from the historical aerial photographs. These measurements were 
performed for the left and right active channel banks independently. The bank 
movement information was determined by calculating the maximum lateral change that 
occurred between consecutive sets of aerial photography that bracket a large flood 
event. Once the maximum active channel movement in each set of photographs was 
measured, the maximum measurement in each reach was determined from 
measurements for all the sets of aerial photographs. The maximum value is significant 
in that it represents the maximum single-event change known to have occurred, and 
thus can be used as a reasonable prediction of the minimum magnitude of future single 
event change. Larger changes could be induced by floods larger than those in the 
period of record, or by human impacts to the watershed or watercourse. Table 6-1 lists 
the results of the maximum single-event channel change analysis for each reach. 
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The results shown in Table 6-lindicate that the Lower 'assayampa River has 
experienced dynamic lateral changes within the period of record. The maximum single- 
event lateral change valuas shown in Table 6-1 were used as the minimum starting 
buffer distance for the Severe Erosion Hazard Zone delineation, as discussed later in 
this chapter. 

6.2.2 Long-Term Channel Change Analysis 
In addition to the maximum single-event changes, the long-term or cumulative channel 
change was calculated for the left and right banks in each each of the Lower 
Hassayampa River study reach. The long-term channel change was determined by 
measuring the maximum change in active channel position by reach between the 
earliest and most recent set of historical aerial photography.  he estimates of long-term 
active channel change aid in defining long-term trends of channel migration. For 
example, the maximum lateral change that occurred between 1949 and 2004 in Reach 
2 occurred in the direction of the right bank and was approximately 1,554 feet (about 28 
Wyr), which indicates a masonableestimate of a minimum lateral distance in which 
future migration of the active channel might occur over moderate time durations. In 
several cases, the comparison of channel position over the period of record failed to 
capture the real magnitude of channel movement because channel migration back and 
forth over the floodplain returned the channel to a position close to the initial position, 
resulting in a relatively low cumulative estimate of movement. Table 6-2 summarizes 
the results of the long-term channel change analysis. 

The maximum long-term channel change measurements shown in Table 6-2 reflect the 
net change within the period of record, as well as the particular flood series events 
during that period. Some of the lateral change values in Table 6-2 are lower than those 
in Table 6-1 for the same reach. The low change value is a result of bi-directional (back 
and forth) lateral movement of the river over the period of record. For example, the 
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1970 flood caused the river to migrate 51 1 feet in Reach 4 during that single event. The 
maximum cumulative change for Reach 4 (1949-2004) was only 366 feet, which means 
the bank@) partially recovered to their pre-flood locations or migrated toward river left 
during subsequent floods. 

Figure 6-1 and Figure 6-2 summarize the lateral migration analysis for each bank. In 
the plots, negative values indicate lateral migration of the bank toward river right, while 
positive values indicate lateral migration of the bank toward river left. The plots provide 
insight into the historical lateral migration of the river, but they can be misleading in that 
they include channel narrowing following large magnitude floods. Channel narrowing 
does not necessarily indicate lateral instability, but rather is usually flood recovery to a 
more equilibrium channel width. To represent true channel movement, the bank position 
data were filtered to show only bank movement outside the footprint of the previous 
channel position, as shown in Figure 6-3. In Figure 6-3, the positive values indicate the 
right bank movement only when the channel migrated outside of its former position. 
The negative values indicate the left bank movement only in the leftward direction when 
the channel migrated outside its former position. The higher the variability in the plot 
lines, the more laterally unstable the river has been. Where the variability in the plot 
lines is low, the river has been more laterally stable within the period of record. 

6.2.3 Width Change Analysis 
Changes in channel width can occur independently, but often occur in conjunction with 
lateral channel migration. Changes in width can be the result of natural processes or 
human impacts (e.g. encroachment, levees, bridges, etc.). Channel width changes 
often create adverse conditions by disrupting sediment continuity, as at bridge 
constrictions that increase flow velocities, or along levees that cut off normal floodplain 
storage. Natural channel width changes often occur during floods as the river adjusts to 
the increased discharge and sediment load. Whether natural or human caused, 
changes in channel width are a direct reflection of the system adjusting to the imposed 
water and sediment discharges. A width change analysis was performed for the Lower 
Hassayampa River to identify and quantify areas of historical lateral stability. Width 
measurements were calculated for each set of historical aerial photography using the 
HEC-6 cross-section locations as measuring points (Chapter 5). Figure 6-4 shows the 
summary of the width change analysis. Large magnitude variability in the plot lines 
indicates high variability in historical channel width. This variability suggests overall 
lateral instability of the channel (as shown by the yellow, horizontal arrows). The areas 
where the plot lines are concurrent indicate historical stability of the channel (as shown 
by the red, horizontal arrows). Note that the two major areas of stability are located at 
the major tributary confluence areas. 

6.2.4 Summary 
Bank movement and width changes were measured from semi-rectified historical aerial 
photographs. The maximum single event and long-term change in channel position and 
active channel width in the study reach were over 1,300 feet, 1,900 feet, and 1,200 feet, 
respectively. These data were used as fundamental tools in defining the erosion hazard 
zone boundaries described later in this chapter. 
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.HWCMP Study Reach - Right Bank Lateral Migration Summary 
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Figure 6-1. Right bank lateral migration summaiy 
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LHWCMP Study Reach - Left Bank Lateral Migration Summary 

Distance from Gila River Confluence (miles) 

Figure 6-2. Left bank lateral migration summary 
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LHWCMP Study Reach - Lateral Migration Summary 
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Figure 6-3. Lower Hassayampa lateral migration summary 
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Figure 6-4. Width change analysis summary 
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6.3 Historical Flood Impact Analysis 

6.3. I Flood Chronology 
Although it would be ideal to have historical aerial photography that brackets each flood 
within the period of record so that the impact of each flood could be quantified, such 
temporally sequential photography was not available for the Lower Hassayampa River. 
However, combining the historical gage record with the available aerial photography can 
provide insight into the impacts of individual floods. Table 6-3 lists the largest floods 
that have occurred on the Hassayampa River within the period of record and the 
subsequent bracket of available aerial photography. 

I Table 6-3. List of floods and subsequent aerial photo coverage 1 

As shown in Table 6-3, some floods are more tightly bracketed by historical aerial 
photography than others. Impacts from individual floods were estimated by comparing 
the gage record for the years other than the flood year, but within the period 
represented by the aerial photo sets. For example, the 1949-1953 photo set spans five 
years, with a large flood in 1951. Between 1951 (the date of the flood) and 1953 (the 
date of the next photo), the USGS gage #09515500 near Wickenburg recorded peaks 
flows of 1,600 and 900 in 1952 and 1953, respectively. The relatively small floods 
between 1951 and 1953 probably had little or no impact on channel change caused by 
the much larger 1951 flood, thus-making the 1953 photos reasonably representative of 
the post-1951 flood channel. In contrast, the 1980 flood is bracketed by photos from 
197'2 to 1988 (a 16-year time span). Between 1972 and 1988 the usGSgaging station 
near Arlington #09517000 recorded the following peak discharges: 

1972 = 225 cfs 1978 = 20,000 cfs . 1986 = 2,610 cfs 
1973 = 12,300 cfs 1979 = 3,300 cfs . 1987 = 404 cfs 
1974 = 250 cfs 1980 = 11,200 cfs 1988 = 2,800 cfs 
1975 = 0 cfs 1983 = 3,300 cfs 

-1976 = 13,000 cfs 1984 = 2,850 cfs 
1977 = 4,300 cfs 1985 = 372 cfs 
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Several floods occurred between the 1978 flood and the date of the aerial photo (1988). 
Therefore, the impacts from the 1978 flood are less likely to be observed and quantified 
from the 1988 photo. Measurements were made for4hose sets of photos that bracketed 
large floods and are discussed below. 

6.3.2 Impacts of Historical Floods 
One method of quickly quantifying the change in channel morphology caused by a flood 
is to look at the change in channel width from pre- and post-flood conditions. This 
technique was applied for each of the floods discussed in this section. The 1949 aerial 
coverage extended only up to river station 15.21. Therefore, the mean width determined 
from the 1953 aerial photos was estimated only up to station 15.21. Table 6-4 
summarizes the results of the quantitative impacts of the historical floods. 

6.3.3 Lateral Migration Constraints 

The historical analysis and field investigations identified locations in the study area that, 
within the period of record, were stable due to bedrock outcrops, erosion-resistant soils, 
tributary deposits, or manmade structures. The locations of historical channel stability 
are important for determining erosion hazard zones. Some factors such as locations of 
bedrock and erosion-resistant soils are reliable indicators of future lateral stability. 
Other features such as tributary deposits and manmade structures are less reliable 
because of the potential for human intervention. Tributary deposits have provided lateral 
stability to the Lower Hassayampa by the input of sediment which forms deltaic deposits 
within the floodplain. As long as the rate of sediment influx from the tributaries is greater 
than the ability of the Hassayampa River to remove the sediments during flood events, 
then the tributary sediments will continue to accumulate. If the rate of sediment-influx 
decreases or the transport rate in the main stem increases, due to human impacts on 
the channel andlor watershed, control provided by the tributaries will vanish. 
Additionally, if changes in tributary mouth location resulting from avulsions occur, the 
locus of sediment supply to the main stem will change. This process has occurred 
historically at the Jackrabbit Wash and Wagner Wash confluences, leaving large deltaic 
deposits that no longer receive the same volumes of sediment, thus no longer actively 
provide lateral stability (Figure 6-5). Field investigations indicated the tributary 
sediments are erodible. 

' 1997 aenal photos were taken between January and May, thus pre-September 1997 flood 

'M~n~mal channel change occurred between 2001 and 2004, thus only 2004 actwechannel h i t s  were del~neated 
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Figure 6-5. Major tributary avulsion locations 
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Manrnade structures can provide reliable, lateral stability when properly engineered and 
maintained. The four bridges within the study area (Interstate 10, Union Pacific 
Railroad, and Old US 80) have provided lateral stability within the period of record. 
However, given the magnitude of historical channel change, the relatively small floods in 
the record relative to the FIS peak discharqe, future floods could potentially erode 
abutments or other structure elements ( ~ i i u r e  6-6), as has occurred at other rivers in 
the Phoenix metropolitan area. 

1 downstream. 
. . 

Figure 6-6. Alma School Road Bridge abutment erosion. 

6.4 Locational Probability Analysis 
Another quantitative evaluation of historical channel movement performed was 
locational probability analysis. Location probability is defined as the percentage of time 
that the active channel of the Hassayarnpa River was obse~ed  in a particular location 
during the period of photographic record. In other words, if the active channel was 
delineated in the earliest aerial photograph set and remained in that location throughout 
all of the subsequent aerial photos, the locational probability assigned to that location 
was 100 percent. Therefore, locational probability is a measure of historical channel 
stability and instability. 

6.4.1 Methodology 
Channel positions were mapped on historical aerial photographs described previously in 
this report. The location of the active channel in each aerial photo set was digitized in 
ArcGlS on the semi-rect~fied aerial photographs to create a polygon showing the 
channel boundaries. The resulting polygon shape files were overlain using the 'union' 
function in ArcGIS. Prior to the union processing, an attribute field was added to each 
historic active channel shape file, quantifying the number of years between that photo 
set and the previous photo set. For example, the field added to the 1972 active channel 
shape file was given a value of 8 years, since the next previous h~storic aerial photo set 
was dated 1964. So, the assumption was that the active channel was present the entire 
period between the two dates. The earliest aerial photo set in 1934 was assigned a 
value of zero years. 
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Each photo set was overlain one at a time until all the photo sets were "unioned." The 
resulting shape file was then further refined to add attributes via another union process 
to assign the limits of the 1934 and 1949 photo sets,.since those aerials only partially 
covered the study reach. Therefore, the 100 percent potential maximum locational 
probability value represents different lengths of time for different parts of the study area. 
The 1934 photo set extends from the lower study limit to a point just upstream of 
Baseline Road. The 1949 photo set extends from the lower study limit to about the 
confluence with Jackrabbit Wash. 

Locational probability was then calculated as the sum of years present for each 
individual polygon record divided by the total potential time (e.g. 51 years for the reach 
upstream of Jackrabbit Wash, 55 years from Baseline to Jackrabbit, and 70 years for 
the reach from just upstream of Baseline Road to the Gila River). 

6.4.2 Results and Interpretation 

Figure 6-7 through Figure 6-12 show the results of the locational probability analysis for 
each reach. Not surprisingly, the locational probability analysis results are similar to the 
other historical and geomorphic channel position results, since they rely on the same 
data sets. The locational probability merely quantifies the historical data. The following 
0b~eNat i0n~ are made regarding the locational probability plots shown in Figure 6-7 
through Figure 6-1 2: 

The existing thalweg location has shown some persistence in the landscape over 
the 70-year period of record, as can be seen from a consistent narrow corridor of 
70 to 90 percent locational probability. 

. In most of the study area, the active channel has been located on either side of 
the floodplain during some part of the relatively short period of record, indicating 
the potential for extreme channel relocations within the geologic floodplain. 

Numerous islands where the active channel has not been located have persisted 
through the period of record, confirming field obse~ations of moderate levels of 
historical permanence of these island features. 

The island features indicate that much of the most extreme channel movement 
has been avulsive, rather than accretive. 

Flow bifurcation points, or splays, exist along the active channel. These splays 
have very low locational probability and are the sites of most active low flow 
channel movement. 

The active channel position has been most stable near major tributary 
confluences. 
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Figure 6-7. Locational Probability for Reach 1 (maximum potential number of years = 70 years) 
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Figure 6-8. Locatonal Probablllty for Reach 2 (maximum patentla1 number of years= 55 years) 
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Figure 6-10. Locational Probability for Reach 4 (maximum potential number of years = 51 years) 

Lower Hassayampa River Watercourse Master Plan Page 6-16 
River Behawor Report April 2096 



Figure 6-11. Lacatlonal Probability for Reach 5s (maximum potential number of years = 51 years) 
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Figure 6-12. Locational Probability for Reach 5b (maximum potential mmber of years = 51 years) 

Lower Hassayampa River Watercourse Mastar Plan 
River Behavtor Report Page 6-18 April 2006 



6.5 Erosion Hazard Zones 
Erosion hazard zones were delineated for the Lower Hassayampa River and Jackrabbit 
Wash within the LHWCMP study limits. The erosion hazard zones for the Hassayampa 
River were based on Level 3 methodologies as defined in the District's draft Erosion 
Hazard Zone Delineation and Development Guidelines. The following three lateral 
erosion hazard zones were defined for the Hassayampa River: 

Severe Erosion Hazard Zone (SEHZ) . Lateral Migration Erosion Hazard Zone (LMEHZ) 
Long-Term Erosion Hazard Zone (LTEHZ) 

The Jackrabbit Wash erosion hazard zones were delineated based on the Level 3 
Limited-Detail Methodology. 

6.5.1 Methodologies 

The following types of information were considered in defining the erosion hazard 
boundaries, as described in this Chapter and Chapters 2 to 5: 

Field Data 
Stream Classification 
Mapping Of Geomorphic Surfaces 
Historical Channel Changes 
Empirical Geomorphic Analysis 
Engineering Analysis 
HEC-6 Modeling Results 
Bed Elevation Analysis Results 
Lateral Constraints 

In addition, engineering judgment and past experience was relied on when defining the 
erosion hazard zone boundaries, particularly for reaches where conflicting information 
exists. Finally, it is noted that the scale of analysis for a watercourse master plan 
precludes detailed analysis of each parcel within the 28-mile study limit. Therefore, it is 
possible that more detailed, site-specific engineering and geomorphic analyses might 
result in refinement of the erosion hazard delineation. Guidelines for the types of more 
detailed analyses are provided in Chapter 8. 

6.5.1 .I Field Data 

Field observations and interpretations were described in Chapter 2. Detailed field 
inspections of the study reach were conducted over a 10-month period. Field visits 
consisted of walking the active channel and floodplain areas, photographing and 
mapping key features, and recording descriptions of existing channel conditions. Field 
data were used to identify areas of lateral stability, as well as to identify actively eroding 
areas outside the main channel. Geomorphic indicators of instability such as cutbanks, 
headcuts, and avulsions were documented during the field investigations. 

Field information was used primarily for delineating the LMEHZ and LTEHZ. 
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Specifically, field data were used to identify avulsive overbank flow paths, evidence of 
high flow velocities and sediment transport on floodplains, and to distinguish 
depositional surfaces from transport surfaces. 

6.5.1.2 Stream Classification 

Stream classification data were described in Chapter 3. Based on the stream 
classification methodologies, the Lower Hassayampa River was determined to be highly 
unstable and is subject to high rates of lateral erosion. The stream classification data 
were most useful for delineating the LHEHZ. 

6.5.1.3 Geomor~hic Mapping 

The geomorphic mapping analysis was described in Chapter 3. Based on interpretation 
of aerial photographs, field investigations, surficial soil characteristics, channel and 
floodplain topography, published iurficial mapping, and detailed soil profile descriptions 
of soil pits, detailed geomorphic mapping was performed. The geomorphic mapping was 
used to estimate the relative age of the floodplain terraces in the study area, and to 
distinguish geologically recent geomorphic surfaces from older, more stable surfaces. 
Geomorphic age data were useful for distinguishing areas of active and inactive channel 
movement, and for constraining the maximum andminimum rates of channel evolution. 
The geomorphic surface map was overlaid on a set of the orthorectified photograph 
base maps for the study area. Areas with geomorphically active, young surfaces were 
included in the erosion hazard zone. 

Geomorphic mapping was used primarily for delineating the SEHZ and LMEHZ. 
Ev~dence of past single event erosion such as cut banks, bar formation, and flotsam 
were used to identify areas subject to severe eroslon hazards. Surficial mapping of 
geologically young floodplain surfaces was used to identify areas subject to active 
channel and floodplain processes that should be mapped within the LMEHZ. Similarly, 
channel pattern interpretations were made to distinguish areas at Imminent risk of 
eroslon from areas that might be at risk at some point in the near future. The 
Pleistocene-Holocene boundary and functional landform surface analysis was used as 
the primary basis for identifying the LMEHZ and the LTEHZ. 

6.5.1.4 Historical Channel Chanqes 

Mapping of histor~cal channel movement was described prevrously in this Chapter and 
in Chapter 3. The maximum long-term measured channel movement per-reach wtthin 
the 70-year period of photographic record was used as a min~mum predicted erosion 
distance for the LMEHZ. Because the magnitude and direction of future erosion cannot 
be predicted with 100 percent certainty, the maximum erosion distance was plotted as 
the lateral distance across the channel from each of the banks. That is, it was assumed 
future erosion could occur in either direction. Th~s distance represents a minimum 
setback distance from which erosion hazard was defined, unless a physical boundary to 
lateral erosion existed, such as a geologically older, more resistant terrace, bedrock, or 
a manmade structure. 

The maximum measured single event erosion distance in each reach was used on the 
minimum predicted erosion distance for the SEHZ, and was also measured from either 
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bank or incipient avulsive channel path. 

6.5.1.5 Em~ir ical Geomorphic Analvsis 

The empirical geomorphic analyses were described in Chapter 3. These analyses 
attempt to relate measurable stream characteristics such as sediment size, channel 
geometry, and hydraulic information to equilibrium channel geometry characteristics 
using regime equations. Expected trends of channel change (or stability) interpreted 
from the empirical equations were factored into the erosioihazard delineations. In 
general, the information gleaned from the empirical geomorphic analyses did not control 
placement of the SEHZ, LMEHZ, or LTEHZ boundaries, because of the wide active 
floodplain surfaces and the rather large measured historical channel movement. 

6.5.1.6 Enaineerinq Analvsis 

Engineering analyses of river stability performed for the Lower Hassayampa River 
included general scour calculation, allowable velocity estimates, eauilibrium s l o ~ e  
determination, and armoring potential analyses. ~ & c h e s  of stability and instability 
defined by these engineering approaches were factored into the erosion hazard zone 
delineation. The analyses indicated that the existing channel banks and beds are highly 
erodible with no potential for armoring or physical constraint of lateral erosion, except in 
the few isolated areas where bedrock occurs. In general, while the engineering 
analyses predicted a high degree of vulnerability to lateral erosion, they did not provide 
diagnostic data for determining where the EHZ boundaries should be placed. 
Furthermore, the engineering analyses tended to predict long-term vertical equilibrium 
for the study reach, at least for the existing condition. 

6.5.1.7 Velocitv and De~th-Velocitv Product Analyses 

A new type of spatial analysis developed by JEF for the LHWCMP was conducted using 
HEC-RAS hydraulic data and ArcGlS map techniques to identify reaches with erodible 
flow depths and velocities. The plots of the HEC-RAS hydraulic data provide a visual 
representation of velocity and depth to aid in identifying potential avulsion areas and to 
estimate the limits of erosive processes during the simulated 100-year flood. The 
potential avulsion zones were then defined using the District's Erosion Hazard 
Delineation and Development Guidelines (FCDMC, 2003), which define the following 
characteristics as indicative of avulsion potential: 

100-year maximum (not average) floodplain flow depth greater than two feet. 
100-year maximum floodplain velocity greater than four Wsec, or the product of 
100-year floodplain depth and velocity squared greater than 18 (d? > 18). 

A velocity and depth distribution for each cross-section was calculated in HEC-RAS 
using the flow distribution value of 43. From this, three output reports representing the 
channel and both overbank areas were generated using HEC-RAS. The output data 
was listed by left and right of each of the 43 intervals across the section. Using a 
Python macro, the center of each distribution was calculated and a geographic 
coordinate assigned. This technique resulted in a spatial coordinate (X,Y) at each 
interval along the cross-sections. A grid was then generated in ArcMap using the (X,Y) 
coordinates for the lateral position and the velocity or depth value at each interval for 
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the Z value. A contour map was created from the grid data. Finally, a TIN was 
generated from the contour data. 

The result was a spat~al distribution plot of velocity "zones" that were definable by the 
velocity unit value (Ws). Th~s same process was then repeated while substituting depth 
for velocity to create a spatial depth distribution, and finally a depth-velocity (DV) 
product input value was used to generate a spatial DV plot. Figure 6-13 shows 
examples of each of these plots. The indiv~dual classes for each plot were determined 
by using the FCDMC guidelines listed above Velocities of 4 Ws or greater were 
considered erosive velocities, thus areas for potential avulsion. Additionally, DV values 
of six or greater (velocity=4 Ws * depths=2 ft) were considered erosive values, and the 
underlying areas were Included in the erosion hazard zone. 100-year velocity, depth, 
and depth-velocity product plots for the entire study area are shown in Figure 6-14 to 
Figure 6-1 6. 

The depth-velocity plots were used primarily for delineating the SEHZ, which includes 
the floodplain areas with high probabilities of avulsion. In many cases, the LHEHZ was 
measured from the margin of the high depth-velocity zone, rather than the existing 
channel bank because of the high potential for avulsion and the highly erodible soils in 
the floodplain. The depth-velocity plots were also useful for identifying near-channel 
high velocity zones to be included in the SEHZ. 

6.5.1.8 HEC-6 Modeling 

HEC-6 modeling is not directly applicable to lateral channel stability evaluations. The 
HEC-6 model is useful for identifying reaches of vertical channel stability or instability, or 
reaches w~th sediment deficits or surpluses, from wh~ch inferences about lateral stability 
can be made. However, because the HEC-6 modeling results indicate that the existing 
condition of the Hassayampa River is relatively stable, little information relating to lateral 
stability could be derived from it. The vertical stability and insensitivity to Manning's N 
value, sediment inflow, and sediment gradation predicted by the HEC-6 modeling 
results, as described in Chapter 5, were interpreted to indicate that the river uses the 
large sediment reservoir to maintain stability. Much of the sediment reservoir is tapped 
by channel width adjustments (bank erosion) or floodplain deposition (sediment 
storage). 

6.5.1.9 Bed Elevation Analysis 

Historical topographic data were used to identify trends in bed elevation change. These 
data indicated that moderate fluctuations in bed elevation occur at any given location 
due to pulses of sediment transport, changes in low flow channel pos~t~on, or flood 
response. However, no consistent long-term trend was identified that would affect 
lateral stability. 
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Figure 6-14. Velocity data spatial plots 
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Figure 6-15. Depth data spatial plots 
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Figure 6-16. Depth-velocity product data spatial plots 
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6.5.2 Severe Erosion Hazard Zone 
The severe erosion hazard zone is comprised of the active stream channels and bar 
deposit areas in addition to the channel margin areas likely to be eroded during a single 
100-year flood. Because of the high susceptibility of the Hassayampa River to avulsive 
channel change, areas vulnerable to avulsion were included in the severe erosion 
hazard zone. The basis of mapping for the severe erosion hazard zone also included 
the following: 

Maximum historical, single-event lateral change of the active channel corridor 
(including active channels and bars) for each reach. 
Maximum, historical lateral extent of the active channel corridor. 
Spatial distribution of erosive 100-year velocities as predicted by one- 
dimensional, hydraulic modeling, including erosive velocities in overbank areas 
that will lead to channel avulsions. 
Spatial distribution of erosive depth-velocity product values as predicted by one- 
dimensional, hydraulic modeling, including potential overbank avulsion areas. 
Natural and manmade physical constraints on lateral erosion. 
Field data, such as channel pattern, which indicates bend angle, preferred 
direction of erosion, and evidence of recent bank erosion (or stability). 

In addition, areas within the limits of existing sand and gravel mining operations were 
considered by definition to be in the severe erosion hazard zone, since no engineered 
erosion protection was observed near the mines during field visits. The mining footprint 
at the time of the field investigation was used, unless specific information about the 
future build out of the mine was available. 

6.5.3 Lateral Migration Erosion Hazard Zone 

The lateral migration erosion hazard zone consists of the channel margin area likely to 
be eroded by a "typical" series of floods over a sixty-year period, plus the erosion that 
would be caused by a 100-year flood. The lateral migration erosion hazard zone also 
includes the natural channel movement due to geomorphic processes such as meander 
migration and channel avulsions that occur over the course of several events or in 
response to future changes in floodplain morphology. The basis of mapping for the 
lateral migration erosion hazard zone included the following: 

Maximum, historical lateral channel change considering multiple mechanisms 
(single-event change, multiple-event change, and cumulative change). 
Spatial distribution of erosive 100-year velocities as predicted by one- 
dimensional, hydraulic modeling. 
Spatial distribution of erosive depth-velocity product values as predicted by HEC- 
RAS hydraulic modeling. 
Geomorphic mapping of functional surfaces that indicate the long-term active 
area of the river valley. 
Natural and manmade physical constraints on lateral erosion 
Field data, such as channel pattern, which indicates bend angle, preferred 
direction of erosion, and evidence of recent bank erosion (or stability), as well as 
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evidence of sediment transport and scour on the non-channel floodplain 
surfaces. 

The limits of the lateral migration erosion hazard zone were widened in reaches where 
the field assessments and spatial distribution of erosive velocities and depth-velocity 
products indicated a potential for future erosion, where evidence of ongoing erosion was 
observed, and in reaches where accelerated erosion was expected due to channel 
bends or over-steepened banks. The LMEHZ is usually considered the regulatory 
erosion hazard zone by the District. 

6.5.4 Long-Term Erosion Hazard Zone 

The long-term erosion hazard zone consists of the channel margin area defined by 
geologic evidence of channel movement over the past 100 to 1,000 years, and 
represents expected or potential channel movement over the next 60 to 1,000 years in 
the future. The boundary of the expected long-term erosion hazard zone envelopes the 
results of all the predictive methods used to assess channel stability, in addition to 
application of engineering judgment and interpretation of the site geomorphology. The 
basis of mapping included the following: 

Field investigations of the extent of the Holocene floodplain. 
Evidence of geologic age within the Holocene floodplain. 

The Holocene floodplain was generally included within the long-term erosion hazard 
zone, with the LTEHZ boundary placed at the top of the terrace scarp at the 
Pleistocene-Holocene boundary, subject to the qualifications and guidelines described 
below. 

6.5.5 Erosion Zone Delineation at the Pleistocene-Active Channel Contact 

Field data clearly demonstrate that the active channel is able to erode the older 
Pleistocene terraces. Where the active channel abuts these surfaces, the banks are 
typ~cally cut to a vertical or near-vertical slope. However, comparisons of h~storical 
aerial photographs indicate that the rate of erosion of these surfaces by the active 
channel is well within the measurement accuracy, or less than about 30 to 70 feet over 
the 65 per~od of record. Therefore, predictions of single event and long term lateral 
movement relied on regional estimates of erosion rates of less than 1 Wyear (JEF, 
2000; 2002,2003) for these types of resistant, older surfaces, and an assumed 
maximum lateral migration rate of less thah 1 Wyr (70 feet in 65 years). Therefore, 
where the active channel abuts the Pleistocene terrace, the following erosion hazard 
zone delineation techniques were used: 

SEHZ: The minimum recommended setback of 15 feet in the ADWR State 
Standard 5-95 was used from the top of the nearest active channel bank. 
LMEHZ: A setback was established based on a projected 4:l slope from the toe 
of the closest active channel bank, or 15 feet, wh~chever was greater 
LTEHZ: The LTHEZ was defined at a point 150 feet from the LMEHZ. 

In addition, the LMEHZ was generally placed at the top of Pleistocene terrace scarp if  
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the limit fell on the scarp itself. Typically the scarp slopes are too steep for 
development. Also, some smoothing of the EHZ boundaries was employed to reflect 
the relatively smooth linear tendencies of river processes. 

6.5.6 Erosion Hazard Zone Delineation 
Figure 6-17 through Figure 6-22 show the erosion hazard zone delineations for the 
Hassayampa River within the LHWCMP study area. Where the three zones plotted 
coincidently, only the severe erosion hazard zone is shown. 

6.6 Jackrabbit Wash Erosion Hazard Delineation 
The Jackrabbit Wash erosion hazard zone was determined using a Level 3 -Limited 
Scope analysis as described in the Erosion Hazard Delineation and Development 
Guidelines (FCDMC, 2003). The guidelines describe a Level 3 - Limited Scope 
analysis as follows: 

If the proposed development will be located outside the Holocene floodplain, or the 
modern geologic floodplain, the risk of lateral erosion is uenerallv less than if the 
development located within the Holocene floodplain. For development outside the 
Holocene floodplain a less detailed erosion hazard evaluation consistino of the .. 
following elements is required to characterize the erosion hazard: 

Geomorphic and Geologic Mapping. Mapping of Holocene (Qy, < 10,000 years 
before present) and Pleistocene landforms and geomorphic surfaces (Qm, > 
10,000 years before present), as well as mapping of the locations of bedrock 
outcrops, is required. Geomorphic mapping shall extend upstream and 
downstream of the proposed development a distance of at'least four times the 
regulatory floodplain width. Photographic documentation and written descriotions 
offield and soils characteristics used to differentiate Holocene and ~leistockne 
surfaces are required to support the geomorphic mapping. The extent and 
lithology of bedrock shall be clearly described and delineated. Surficial geologic 
mapping for many parts of Arizona is available from the Arizona Geological 
Survey (www.azgs.us.az). Detailed soils mapping may be available in published 
soil surveys by the Soil Conservation Service or U.S. Forest Serv i~e.~.  
References to publications describing procedures for mapping geomorphic 
surfaces are provided in Section 6. 
Field Investigation. Documentation of each of the Level 2 site characteristics is 
required. Field data shall be succinctly summarized and the investigator shall 
provide a clear conclusion regarding the relevance of the field data for 
determining stream stability and erosion hazard. 
Qm Surface Lateral Erosion Rate. Estimation of the rate of lateral erosion of the 
Qm surfaces based on field data, historical documentation of long-term channel 
movement, interpretation of hydraulic modeling results, and/or geotechnical 
analysis of erosion potential is required, especially where the main channel abuts 
the Qm terrace. 

' SCS soils mapping coverage is at: hnp:/ldata4.ftw.nrcr.usda.gov/websiteiarcbived~ssu1golviewer.htm. 
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Floodplain/Floodway Delineation. If no regulatoty floodplain exists, the 100-year 
floodplain and floodway shall be delineated within the project limits using, at 
minimum, the procedures described in Section 2.2.2. Hydraulic data from the 
floodplain delineation shall be used to support the geomorphic mapping and 
estimate of the Qm surface lateral erosion rate. 
Delineate Erosion Hazard Zone. Based on the analyses described above, an 
erosion hazard zone for the study area shall be delineated. 

The methodology used in delineating the recommended erosion hazard zone for 
Jackrabb~t Wash was slightly modified from the Guidelines. The approach used to 
delineate the erosion hazard boundary was to ident~fy the Pleistocene (Qm)-Holocene 
boundary, wherein the boundary would become the erosion hazard zone. Field 
investigations were conducted to identify locations of bedrock and other lateral 
constraints, in addition to identifying the Holocene limits. Figure 6-23 shows the erosion 
hazard zone for Jackrabbit Wash. 

6.6. I Summary 
Erosion hazard zones were delineated for the Hassayampa River and Jackrabbit Wash 
downstream of the CAP siphons. Both rivers are subject to extreme rates and 
magnitudes of lateral erosion during individual floods and over the long term. 
Significant erosion hazards exist along both rivers within their entire modern geologic 
floodplain. 
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Figure 6-17. Lower Hassayampa River Erosion Hazard Zones - Reach 1 
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Figure 648. Lower Hassayampa Riier Erosion Hazard Zones. Reach 2 
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Figure 6-19. Lower Hassayampa River Erosion Hazard Zones - Reach 3 
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Figure 6-20. Lower Hassayampa River Erosion Hazard Zones - Reach 4 
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Figure 6-22. Lower Hassayampa River Erosion Hazard Zones -Reach 5b 
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Figure 6-23. Jackrabbit Wash Erosion Hazard Zone 
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CHAPTER 7 - SEDIMENT TREND ANALYSIS 

The purpose of the sediment trend analysis was to develop a management tool based 
on the results of the analyses described in Chapters 2 to 6 of this report. The sediment 
trend is intended to be used to evaluate the impacts of future activities and 
infrastructure in the channel corridor. The sediment trend analysis focused on 
predicting the following potential channel responses: 

Aggradation and Degradation 
Lateral Channel Movement 
Response to Urbanization and Channelization 

The sediment trend analysis also serves as a summary and synthesis of the various 
methodologies presented in the previous chapters of the LHWCMP River Behavior 
Report. 

7, I River Behavior Trends: Vertical Channel Change 
Rivers respond to fluctuations in water and sediment supply by adjusting their bed 
elevation through aggradation or degradation. Aggradation is a progressive rise in bed 
elevation characterized by net deposition. Degradation is a progressive decline in bed 
elevation characterized by net scour. Trends in expected vertical channel change for 
the existing condition of the Lower Hassayampa River study reach were evaluated 
using the following types of information: 

Functional Surface Analysis 
Geomorphic Mapping 
HEC-6 Modeling 
Sediment Transport Calculations 
Observed River Responses 

The existing condition trend for the study reach is long-term vertical stability, except in 
Reach 1 where degradation is occurring. 

7.1.1 Functional Surface Analysis 
The functional surface analysis described in Chapter 3 concluded that a majority of the 
Holocene floodplain in the study reach has been subject to active channel and 
floodplain processes during the 70-year period of record. Active channel and floodplain 
processes in the study area include channel scour and deposition, bar formation, and 
floodplain sedimentation. The functional surface analysis results, as well as the lack of 
high, relict terraces within the Holocene floodplain, reveals that the Hassayampa River 
uses its entire geologic floodplain to maintain its natural form and function. The bed 
elevation analysis also supports that interpretation. Absence of long-term degradation 
makes floodplain surfaces accessible to critical riverine processes such as floodplain 
sedimentation (storage), flow attenuation (floodplain storage), channel avulsions, and 
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high rates of lateral movement. The functional surface analysis also provides the 
followina information reqardina existina condition trends in vertical channel chanqe for - - 
the LHWCMP study reach: 

The relatively low floodplain terraces are evidence of limited or no long-term 
scour. As a river degrades, its former floodplains are transformed into perched, 
relict terraces. No such segregation of terraces occurs in the Lower 
Hassayampa River geologic floodplain. 

The relative permanence of the active channel position demonstrated in the 
locational probability analysis is evidence of a lack of long-term aggradation. As 
a river aggrades, the active channel rises relative to the floodplain, which deflects 
high flow into the floodplain, causes new avulsive channels to form, and 
distributes the channel across the geologic floodplain. While a high potential for 
avulsion exists in the study reach, the historical record indicates that such 
changes occur infrequently during the large floods, rather than in response to 
gradual aggradation of the main channel. 

The large width of the active channel and floodplain absorbs and mutes potential 
vertical responses. Sediment deficits or surpluses can be made up by slight 
scour, widening, or shallow deposition over a very large area. That is, the wide 
floodplain serves as a large reservoir of sediment storage or supply that helps 
preserve the existing condition of the river. 

7.1.2 Geomorphic Mapping 
The geomorphic analyses provided the following clues to existing trends of vertical 
channel behavior for the study reach: 

Bank Height. There is no definitive trend in active channel bank height with 
respect to longitudinal distance along the study reach that suggests aggradation 
or degradation. Bank height typically increases in degrading rivers, and 
decreases in aggrading rivers. In contrast, the height of the Pleistocene terraces 
does decrease in the downstream direction, indicating a slight aggradational, 
valley tilling trend in geologic time in the downstream portion of the reach. 

Tributary Confluence Elevations. Major tributaries flowing into the Hassayampa 
River join at an equal grade to the main stem. Tributaries to degrading rivers 
typically have hanging or over-steepened channels at their mouths. Tributaries 
to aggrading rivers typically are backfilled by main stem sedimentation. Neither 
condition occurs in the study reach. At the Gila River confluence, the 
Hassayampa River has experienced recent degradation, probably in response to 
a local base level fall on the Gila River. 

Tributary Terraces. The tributaries terraces that line much of the study reach 
typically are not inundated by the 100-year flood, and do not appear to be 
actively flooded by Hassayampa River floods. Degrading rivers typically actively 
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erode tributary sediments and remove their terraces. Aggrading rivers typically 
bury tributary deposits. 

Profile. The longitudinal profile of the Hassayampa River is very uniform through 
the study reach, indicating a history of vertical stability. 

Channel Pattern. The channel pattern is temporally persistent and not strongly 
braided, indicating that no significant aggradation has occurred. 

Geologic Control. No evidence was identified to indicate that the existing vertical 
channel stability is due to geologic control of slope by bedrock, hardpan, or other 
resistant subsurface layers. Although some anecdotal evidence exists for a 
basalt layer under the channel of Reach 1 upstream of the Old US 80 Bridge, 
and the SPRR Bridge as-builts note that the piers are founded on a hardpan, 
neither of these features crops out in the channel bed.. 

In Reach 1, the river appears to be degrading in response to either base level fall in the 
Gila River andlor channelization impacts due to the levees located downstream of Old 
US 80. Historical topographic data are the strongest evidence of recent degradation, 
but other evidence includes bed sediment coarsening along the perennial low flow 
channel, vertical drops in the low flow channel at the farm crossings, and high cut banks 
downstream of the Arlington Canal crossing. 

7.1.3 HEC-6 Modeling 
The HEC-6 models predict net channel change of less than one foot of either 
aggradation or degradation, regardless of the time period or flood frequency considered. 
The lack of vertical response, as predicted by the HEC-6 model, is partly due to the low 
flood peaks in the historical record, as well as the small flow volumes of the (flashy) 
100-year design flood. The low predicted vertical response is also due to the fact that 
the river has a wide, poorly defined main channel (for sediment modeling purposes). 
Because of the width, sediment movement is spread over a large area, muting the 
potential response. In addition, the river's available sediment conveyance areas are 
spatially discontinuous within the floodplain, with low areas not linearly connected to 
upstream low areas, making modeling difficult. 

The HEC-6 predicted deposition in Reach 1 levee area may be a modeling artifact, 
rather than a true depiction of past or expected channel behavior. Longitudinal profiles 
of the reach indicate degradation has occurred recently in the lower part of Reach 1, in 
response to base level change at Gila River. Base level changes are not modeled well 
by HEC-6. No field evidence of long-term aggradation in Reach 1 was observed, 
although local farmers recount past efforts to periodically clean the channel of 
vegetation and increase capacity. It is possible that increased roughness due to 
vegetative growth adjacent to the tailwater channel could induce deposition, although 
field evidence suggests the area of densest vegetation has degraded. 
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The HEC-6 model insensitivity to upstream and tributary sediment inflow may under- 
predict the actual response. HEC-6 pro~ramminq code allows the model to obtain the . - 
full capacity of sediment transport at any section,-regardless of whether river could 
actually pick up that load within the time step or distance between cross sections. This 
modeling assumption may lead to impractical or unrealistic consequences. For 
example, the model will compute scour below the invert of the next downstream section, 
which would create an adverse slope (zero velocity, and thus zero transport) in a single 
time step. In reality, such a vertical adjustment could not occur. The huge reservoir of 
available sediment in the wide cross sections of the Hassayampa River makes the 
model insensitive to variations in sediment inflow at the upstream end or at tributaries. 
In reality, a sediment deficit at an inflow point would be made up over a longer reach, 
over a longer time period, and would generally be limited to the areas nearest the main 
channel. 

The HEC-6 modeling results for vertical channel change near gravel pits was not 
conclusive. While the model correctly depicted headcut and tailcut formation, the 
results were very different from those predicted by the ADOT equations, as well as from 
the field observations during the December 2004 floods. No callbration data were 
available from which to evaluate the accuracy of the HEC-6 or ADOT model results. 

7.1.4 Sediment Transport Calculations 
Sedimentation engineering analyses indicated that the Hassayampa River flows at a 
steeper slope than most other rivers of its size and sediment characteristics. Because 
of the fine-grained sediment composition in the channel and floodplains, scour is not 
prevented by armoring, and the bed and banks are highly vulnerable to scour and 
erosion. Regime equations predict that the equilibrium channel will be deeper and 
flatter than the existing channel. Allowable velocity results indicate that erosion should 
be expected. Despite these tendencies toward scour, the channel has not experienced 
any known vertical adjustments, except near in-stream mining. High sediment transport 
rates and the large available sediment reservoir are probably responsible for preserving 
an apparent equilibrium state. The engineering analyses that predict extensive long- 
term degradation could be interpreted to mean that the existing river condition is near 
an erosive threshold and that it may be vulnerable to future changes in sediment or 
water supply. 

7.1.5 Observed River Responses 
The vertical characteristics of the Hassayampa River have responded to natural floods 
in the following ways: 

No Net Vertical Change. No substantive changes in channel or floodplain 
elevation were observed by field, historical, or modeling analyses. 
Scour and Fill. Flood scour appears to be balanced by fill in the study reach, 
either temporally or spatially. 
Non-Scouring Layer. Observations of the walls of active sand 8 gravel 
excavations, and at an excavation that temporarily exposed the CAP siphon, 
indicate that there is a non-scoured layer at a depth of about 10 feet below the 
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active channel bed. Evidence for this layer includes the degree of compaction, 
soil reddening, and carbonate accumulation at depth. The presence of such a 
layer at depth beneath the active channel suggests that no long-term degradation 
has occurred in the recent past, since degradation would have removed the 
overlying loose sediment. 
Channel Soil Pits. Soil pits excavated in the main channel indicated that the 
active transport layer is at least six feet deep in most places, and that no scour 
resistant layer exists below the channel bed. 

There are few existing long-term human activities in the study reach from which to 
assess the observed impact on the river. The following types of human activities were 
observed: 

Bridges. The three bridges in the study reach have had no obvious impact on the 
vertkal stability of the river. Neither aggradation nor degradation appears to 
have occurred at any bridge or in the adjacent stream reaches. Channel 
changes observed at the old US 80 Bridge are interpreted to be responses to 
channelization, rather than bridge construction. 
Dip Crossings. Paved dip crossings at Baseline Road and the Tonopah-Salorne 
~ i b h w a ~  may provide grade control during small flows, but are usually eroded 
dur in~  floods of anv siqnificance. Bed elevation adjustments observed during or 
after joods at the dip crossings are interpreted as natural processes or response 
to adjacent mining, rather than related to the dip crossings themselves. 
Levees. Historical data suggest that the river has not degraded or aggraded in 
the levee reach in spite of t6e flow constriction. Recent degradationland 
~ossible historical aaaradation) is probably more related to local base level 
fluctuation in the ~ i l a ~ i v e r  than td the levee channelization. 
Structures. Local scour occurs at structures such as power poles or bank 
protection, but no significant long-term changes were observed. 
Mines. In-stream mines are a relatively recent feature in the study reach, but 
appear to have cause local degradation by direct excavation, headcutting, and 
tailcutting, as well as capture of the low flow channel. 

In general, the river has had few significant, wide-spread, observed vertical responses 
to the natural or imposed environment. 

7.1.6 AggradationlDegradation Trend 
The river behavior analysis tasks completed for the LHWCMP indicate that in its existing 
condition, the Lower Hassayampa River has experienced neither significant aggradation 
nor degradation. The river experienced slight net aggradation from 1987 to 2004, but at 
levels well within the measurement accuracy. Recently, the downstream end of Reach 
1 near the Gila River confluence has degraded. 

7.2 River Behavior Trends: Lateral Channel Change 
Rivers respond to fluctuations in water and sediment supply by adjusting their channel 
geometry, channel pattern, and stream width through lateral erosion or channel 
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deposition. Trends in expected lateral channel change in the Lower Hassayampa River 
study reach were evaluated using the following types of information: 

Functional Surface Analysis 
Geomorphic Mapping 
HEC-6 Modeling 

a Sediment Transport Calculations 
a Observed River Responses 

The existing condition trend for the study reach is active channel movement, channel 
widening during floods, and infrequent but significant channel avulsions. 

7.2.1 Functional Surface Analysis 
The functional surface analysis described in Chapter 3 concluded that a majority of the 
Holocene floodplain in the study reach has been subject to active channel and 
floodplain processes during the 70-year period of record. All of the functional surfaces 
are of very recent geologic age and are composed of highly erodible fine-grained 
alluvium. Tributary terraces have been relatively persistent landforms during the past 
70 years, but the functional surface analysis indicates that the small tributary terrace 
deposits are readily eroded when the main stem active channel abuts them. A primary 
geomorphic response to flooding is the expansion of the area occupied by the active 
channel and bars. Channel w~dening and formation of new avulsive channels should be 
expected in future floods. 

The differences between Reach 1 and the other Lower Hassayampa River study 
reaches are readily apparent from the functional surface analysis. There are essentially 
no bar deposits in Reach I, while bars and low floodplains comprise a significant part of 
the geologic floodplain in the remainder of the study area. The Reach 1 floodplain 
consists solely of the active channel and the (disturbed) floodplain. 

7.2.2 Geomorphic Mapping 
The geomorphic mapping analysis revealed that the entire geologic floodplain is 
composed of very young surfaces, which indicates that none of the floodplain has been 
stable for any significant period of time. The Pleistocene terraces that bound the river 
valley offer some resistance to lateral erosion, but are themselves subject to some 
degree of erosion. While no measurable erosion of the Pleistocene (Qm) surfaces 
occurred during the 70-year period of record, even where low flow channel abuts it, field 
evidence suggests they are trimmed by lateral channel erosion. Based on the 
photographic record and field evidence, a maximum rate of less then one foot per year 
was assumed. Certainly, the Pleistocene terraces are more resistant than the Holocene 
floodplarn surfaces on the opposite bank of the main channel, leading to preferential 
erosion of the younger surfaces. 

Comparison of historical aerial photographs revealed the magnitude of potential lateral 
movement during large floods and over time. Lateral erosion of more than 1,400 feet 
during a single flood and more than 1,900 feet during the period of record was 
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documented. This degree of lateral erosion is more than sufficient to allow channel 
movement across the geologic floodplain within any reasonable planning period. 
Despite the magnitude of measured channel movement in some locations, overall the 
locational probability analysis indicated a tendency for the low flow channel to occupy or 
re-occupy the same position during the period of record, a conclusion which is 
supported by field observations of large saguaro stands on mid-channel islands. 

Locational probability analysis also reveals a chute and splay pattern to alternating 
stable and unstable reaches. This chute and splay pattern of the existing low flow 
channel may provide a useful analog for assessing potential channelization impacts. 
The "chute" sections consist of single, well-defined channels that flow toward wider 
"splay" reaches that distribute the low flow into a multiple-channel network. The chute 
and splay pattern appears to be relatively persistent in the landscape, and part of the 
river's natural form and function. Short channelized reaches might be designed using 
the chute length and characteristics as a template, as long an opportunity for a 
downstream splay were preserved. 

7.2.3 HECS Modeling 
HEC-6 models provide no information directly applicable to assessing lateral stability 
trends. However, given the HEC-6 model prediction of near stability for the study reach, 
it may be concluded that the extreme lateral movement observed along the river 
corridor is not a function of a sediment deficit or surplus. The model results may also 
indicate that the low flow channel is at its regime depth, so that any sediment deficit or 
surplus will be satisfied by channel width adjustments. 

7.2.4 Sediment Transport Calculations 
The sedimentation engineering methodologies used indicate that the channel bed and 
banks have no inherent stability. Therefore, any long-term persistence of low flow 
channel position, as seen by locational probability analysis, is surprising. The locational 
stability may be due in part to high sediment supply rates that reduce the erosive force, 
transmission losses that reduce flow rates relative to the sediment supply over the 
reach length, and dumping of excess sediment upstream of the study reach where the 
stream is more braided. 

7.2.5 Observed Lateral Channel Responses 
The lateral characteristics of the Hassayampa River have responded to natural floods in 
the following ways: 

Widening. The primary response to flooding in the study reach is channel 
w~dening. Channel widening is expressed as expansion of the low flow channel 
or by formation of wide bars adjacent to the channel. During most floods, the 
main channel tends to w~den rather than cut new channels elsewhere w~thin the 
floodplain. 
Lateral Erosion. Accretrve lateral erosion also occurs during floods, and is 
primarily expressed as meander movement on bends. 
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Avulsion. Channel avulsrons are a rare, because floods are rare, but are an 
observed outcome of flood inundation of the floodplain. Avulsive channel paths 
include tributary channel alignments, overbank swales, and channels formed by 
on-surface internal drainage. 
Trrbutary Control. The most laterally stable and spatially persistent low flow 
channel reaches on the Lower Hassayampa River are those that are adjacent to 
major tributary deltas. Tributary terraces at the WagnerIDaggs Wash confluence 
and the Jackrabbit Wash confluence have controlled channel wrdth and location 
for nearly 70 years, in contrast to hrghly mobile reaches upstream and 
downstream. 
Drainage Pattern Persistence Flood flows tend to follow existing channel paths 
rather than create new ones, thus providing some degree of long-term lateral 
stabilrty. 

One of the more interesting observed features of the study reach is the apparent lack of 
response to channelization in Reach 1 and to brrdge construction in Reaches 2 and 3. 
The lack of an adverse lateral response in Reach 1 is more surprisrng given that the 
natural form in Reach 1 was probably a distributary channel pattern on the Hassayampa 
River confluence delta. The classic response to channelization, especially where the 
channel and floodplain are signrficantly narrowed, is long-term degradation, increased 
sinuosity, and/or bank failure. However, the channelization in Reach 1 has been very 
stable laterally, despite the fact that the channel is contained by only non-engineered 
levees composed highly erodible floodplain alluvium. The lack of response in Reach 1 
may be due to any or all of the following: 

Limited Flow Volume. Few days of flow during most years means few 
opportunities for the river to do significant geomorphic work. Hydrologic records 
indicate that approximately 1300 days of flow greater than 100 cfs occurred 
during the 60-year record (6% of trme). 
Rare Floods. On arid region streams, much of the geomorphic work is 
accomplished during floods. The period of record is characterized by few large 
floods. 
High Sediment Supply. The very high sediment supply and transport rate means 
no sediment deficit exists, and thus there IS no need for erosion to reach the 
transport capacity. In fact, bank collapses during floods probably produce 
excess sediment loads that must be deposited as bars or on the floodplain 
Transmission Losses. The study reach is a losing stream, with significant loss of 
surface water to infiltration and floodplain storage. As the water discharge 
decreases with distance along the reach, the transport capacity decreases 
resultrng in sediment deposition rather than erosion. 
Channel Marntenance. Field and anecdotal evidence suggests that local 
residents may periodically repair levees and grade the narrow floodplain. 

The lack of lateral channel response in Reach 1 may be functionally similar to the long- 
term lack of widening in the tributary delta reaches. The reasons listed above may 
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cause the river to be more tolerant of localized impositions on the natural form than 
other, sediment deprived rivers in urbanized watersheds. 

7.2.6 Lateral Movement Trends 
The river behavior analysis tasks completed for the LHWCMP indicate that in its exist~ng 
condit~on, the Lower Hassayampa River has experienced periodic large magnitude 
lateral channel change, especially during large floods, but that the river may be tolerant 
of localized channelization as long as sediment supply remains high relative to transport 
capacity. 

7.3 implications of Sediment Trends 
The sediment trends identified for the existing condition of the Lower Hassayampa River 
for the LHWCMP Phase 1 River Behavior Analysis can be used to predict the expected 
future behavior of the river. 

7.3.1 Flood Response 
Floods have been the primary mechanism for channel change within the LHWCMP 
study reach. There is no reason to expect any change in the existing channel pattern 
as long as the flood hydrology is unchanged. Because the normal condition of the river 
is a dry riverbed, no channel change occurs during normal conditions. During floods, 
energy is supplied to the system to do the geomorphic work imposed by the water and 
sediment inputs, as well as the work required to move the stream toward its dynamic 
equilibrium state. Historically, the typical flood response in the study reach has been 
channel widening, bank erosion, and floodplain sediment deposition. If sediment supply 
rates and transmission losses remain high, then the erosive response to floods will be 
limited to that experienced historically. 

7.3.2 Natural Channel Controls 
No permanent natural channel controls were found in the LHWCMP study reach, except 
for a small area of bedrock on the right bank of Reach 4. No natural vertical channel 
controls exist in the study reach, and except for the recently constructed channel lining 
at the Old US 80 Bridge section, no vertical control of any kind exists. The Pleistocene 
terraces that bound the river valley in Reaches 2 to 5 are more resistant than the 
floodplain soils, and thus provide some degree of lateral control. However, the terraces 
show evidence of being eroded when the main channel flows directly against them. 
Therefore, if changes are imposed on the natural river system, or if development occurs 
within the lateral migration erosion hazard zone, structural measures will be required to 
prevent damage to development by natural riverine processes because no natural 
barriers exist. 

7.3.3 Encroachment & Channelization 
Encroachment and channelization may have a profound impact on channel stability in 
the LHWCMP study reach. While the existing channelized reach has had few known 
responses to its limited areas of channelization, the sediment trend analysis identified 
the following scenarios in which encroachment andlor channelization would adversely 
affect channel stability: 

Lower Hassayampa River Watercourse Master Plan 
River Behavior Report 

Page 7-9 
April 2006 



a Decreased Sediment Reservoir. Channelization and encroachment, if protected 
from lateral erosion and flood inundation, would decrease the size of the larae 
sediment reservoir that is comprised by the wide active channel and floodplain. 
This sediment reservoir acts as a buffer that mutes ootential channel resoonses 
to local changes in the sediment balance. Without access to the buffering 
sediment reservoir, sediment deficits and surpluses would be more strongly 
expressed vertically in a narrowed river corridor. 
Decreased Transmission Loss. Channelization and encroachment would 
decrease the wetted perimeter of the channel and floodplain and reduce 
opportunities for infiltration and floodplain storage. Without these types of flow 
attenuation, peak discharges and thus, sediment transport capacity, would 
remain high over the length of the study reach. High sediment transport capacity 
translates to increased scour and erosion. 
Increased Flow Velocity. Sediment transport is exponentially related to flow 
velocity. Encroachment or channelization that increases flow velocities would 
increase sediment transport rates, flatten equilibrium slopes (scour), and 
accelerate lateral erosion rates. 
Decreased Floodplain Width. Narrowing the river corridor increases the 
sediment transport rate relative to the sediment supply, reduces available 
sediment supply from the banks and floodplain, increases velocities, and 
decreases flow attenuation, all of which tend to increases erosion potential. 

It is important to note that the restricted active channel widths at the major tributary 
deltas have not had adverse consequences on main stem stability, probably because 
the sediment supply remained high. Furthermore, the floodway encroachment analyses 
performed by WEST Consultants indicated only minimal increases in velocity, flow 
depth, and peak discharge by encroachment of the floodway fringe. 

7.3.4 Bridge Crossings 
Mathematical modeling of bridge hydraulics and sedimentation was not part of the 
LHWCMP Phase 1 scope of services. Therefore, the sediment trend analysis for bridge 
crossings relies on observations of impacts (or lack thereof) at the few existing bridges 
in the study reach. Given the high probability that numerous new bridges will be 
constructed in the rapidly developing watershed, more detailed evaluation of bridge 
impacts should be included in the LHWCMP Phase 2 scope of services. Specifically, 
the Phase 2 analysis should investigate the expected long-term scour relative to 
existing and future bridge foundation depths for various encroachment, channelization, 
and hydrologic scenarios. Impacts on long-term vertical stability at utility crossings 
should also be considered. 

The 1-10 and SPRR Bridges show minimal or no discernable impacts from long-term 
river processes or from specific floods. In addition, the river reaches adjacent to the 
bridges appear to be similarly unaffected by the bridge modifications to the natural 
system. Therefore, if the sediment transport, flood characteristics, and hydraulics in the 
river system remain substantially unchanged, then bridges with similar widths, pier 
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configurations, abutment designs, and freeboard should respond similarly to the existing 
bridges' response. 

7.3.5 Sand 81 Gravel Mining 
It is well documented that in-stream aggregate mining creates local sediment deficits 
that cause headcutting and tailcutting. In no case does in-stream mining increase the 
stability of a natural river system. However, if in-stream mining is adequately 
engineered, the impacts to the stream system may be reduced to a level at which no 
adverse impacts to adjacent properties occur. For the Hassayampa River, the sediment 
trends identified relative to in-stream mining indicate the following: 

Headcut. Given the fine-grained channel and floodplain sediments, the 
Hassayampa River is especially susceptible to headcutting during small floods. 
During large floods, if the mines are spaced adequately, the large sediment 
reservoir and high sediment supply rate will tend to fill shallow pits and bury 
headcuts, at least in the short term. 
Tailcut. Tailcutting downstream of in-stream excavations will occur in the study 
reach. However, the large sediment reservoir can act to limit the effective zone 
of tailcut channel, if the mines are spaced adequately to prevent a domino effect 
of intersecting taiicuts and headcuts. 
Potential Capture. The wide erosion hazard zones along the Hassayampa River 
indicate that any excavation within the geologic floodplain is subject to capture by 
the main channel if it experiences lateral migration. In addition, because of the 
tendency for headcuts to propagate long distances upstream, there is increased 
risk that small braids that flow into channel excavations will lead to headcuts that 
capture the main channel upstream, diverting it toward the excavation. 

Some potential may exist to establish mining districts along short channelized reaches 
between bridges, as long as they are structurally isolated from the main channel, as 
discussed in Section 7.3.3 for channelization. Using the tributary delta reaches as a 
reference template, and/or matching the channel chute and splay distribution, reach 
lengths which may have minimal impacts on the channel might be defined. 

7.3.6 Watershed Urbanization 
If the natural flood hydrology of the watershed is altered, the river's flood response is 
likely to be altered as well. Probable flood responses to the following types of 
hydrologic alterations are suggested by the observed and predicted sediment trends: 

Flood Frequency. Flood frequency may increase if watersheds urbanize without 
enforcing retention or detention standards. An increase in the number of runoff 
events will increase the rate of channel adjustment, including lateral erosion and 
long-term degradation. A decrease in flood frequency due to retention of is likely 
to make the channel more vulnerable to lateral erosion, but decrease the 
opportunity for such erosion to occur. 
Flood Volume. Runoff volume may increase if no retention or detention 
standards are applied to the urbanizing upland watersheds. Increases in runoff 
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volume will increase the potential for, and rate of, long-term degradation by 
increasing the sediment transport rate and decreasing the sediment supply. 
Effluent Discharge. Discharge of treated effluent to the normally dry 
Hassayampa River channel will undoubtedly impact channel morphology. 
Discharge rates below the threshold of sediment movement will have minimal 
direct impacts but will likely increase vegetative growth, channel roughness, and 
avulsion potential. Discharge to floodplain areas will have less impact than 
discharge directly to the active channel areas. 

Watershed impacts are most likely to be expressed in the portions of the Hassayampa 
River that are within the LHWCMP study reach. Upstream of the study reach, much of 
the watershed lies within National Forest boundaries and is unlikely to be urbanized. 

7.4 Recommendations for Future Sediment Analyses 
The following sedimentation engineering analyses are recommended for Phase 2 of the 
LHWCMP, based on the results of the sediment trend analysis: 

HEC-6 Channelization Model. The relative trend of channel change should be 
assessed by comparing the base cond~tion HEC-6 model developed for this 
study with HEC-6 models that depict various channelization options. 
HECB Sand & Gravel Spacing Impact Model. HEC-6 models with varying 
densities, spaclng, and sizes of in-stream excavations should be prepared to 
assess the abil~ty of the river to absorb the impact of in-stream min~ng. Headcut 
and tailcut profiles for pits should be prepared using the ADOT methodology in 
conjunction with the HEC-6 modeling to assess potential impacts to reaches 
between pits. 
Bridge Scour. Local and long-term scour at bridges should be computed to 
determ~ne potential impacts to br~dge stability for the recommended future 
channel condition. 

7.5 Summary 
Sediment trends for the Lower Hassayampa River were identified based on the river 
behavior analyses performed for the LHWMCP. The existing condition of the study 
reach is vertically stable and subject to high rates of lateral migration. The high rates of 
expected lateral erosion should not be viewed as instability, but rather as the natural 
tendency of the river. Attempts to control the naturally high lateral erosion rates will 
likely have long-term consequences for vertical channel stability, sediment continuity 
with adjacent reaches, and public expenditure for maintenance and repair. 
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CHAPTER 8 - SUMMARY 
The historic and geologic records indicate that the Lower Hassayampa River is 
vulnerable to extreme rates of lateral channel movement. Population growth in the 
Phoenix west valley has increased the pressure to develop flood and erosion prone 
lands along the major stream corridors. A watercourse management plan is required to 
prevent flood damages and preserve the natural function of the streams. The analyses 
summarized in the previous chapters have shown that lateral migration is not a new 
phenomenon in the LHWCMP study area. The recommended management alternatives 
are intended to promote safe development of the river corridor in the fugure. 

The River Behavior Report prepared in support of the LHWCMP included the following 
six primary types of analyses, each of which was discussed in the preceding chapters: 

Field Reconnaissance Analysis 
Geomorphic Analysis 
Bed Elevation Analysis 
Sediment Transport Analysis 
Lateral Migration Analysis 
Sediment Trend Analysis 

In addition, erosion hazard zones were delineated for the entire study reach. 

8.1 General Recommendations 
The following general recommendations are intended for management of the Lower 
Hassayampa River and Jackrabbit Wash with the study area: 

1. Adopt the recommended lateral migration erosion hazard zone for floodplain 
management purposes. 

2. Proceed with Phase 2 of the LHWCMP to identify effective management guidelines 
for the Lower Hassayampa River. 

3. Regulate all new development within the severe and lateral migration erosion hazard 
zones by requiring a special use permit. To obtain a permit, the development within 
the corridor must do the following: 

Meet the National Flood Insurance Program (NFIP) requirements for 
development within a floodplain. 
Provide an engineering and geomorphic study certifying that the proposed 
development will not be affected by erosion over a 60-year planning period. 
Demonstrate that any proposed bank stabilization will not deleteriously affect 
reaches or development upstream and downstream. 
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Demonstrate the stability of any proposed bank stabilization. Local scour, 
long-term degradation, channel movement, and bank erosion shall be 
explicitly addressed in the design reports for any proposed bank protection. 
Hold the Town of Buckeye, the Flood Control District of Maricopa County, and 
Maricopa County harmless from any and all claims resulting from erosion or 
any other flood related damage to development within the erosion corridor. 
Provide for perpetual maintenance of bank stabilization at no cost to any 
public agency. Provide for maintenance and access easement adjacent to 
any bank stabilization. 
Obtain necessary floodplain, wetlands (404), and water quality (401) permits 
or approvals for any construction activities at no cost to any public agency. 

4. Design Guidelines for Single Lot Development in Erosion Hazard Zones. The high 
lateral erosion hazard on the Lower Hassayampa River will create difficulties for 
management of erosion hazards in areas outside of master planned communities 
and large subdivisions due to the cost of mitigation measures. Plans for acceptable 
erosion management measures should be developed as soon as possible. 

5. Regulation of In-Stream Sand & Gravel Mining. Sand and gravel mining is likely to 
result in channel degradation and increased bank erosion if it is not properly 

- 

engineered and managed. The following minimum requirements should be fulfilled: 

A mlning reclamation plan should be established prior to the initlation of 
mining or leasing of land. 
An assessment of potential upstream and downstream impacts should be 
prepared that certifies that no adverse impacts will occur under normal and 
extreme flow canditlons. The assessment should ~nclude detailed 
consideration of the full range of possible discharges (normal low flow to 100- 
year flood), application of the types of geomorphlc analyses summarized in 
this report, and mathematical modeling of sediment transport, headcut 
progression, and scour. The assessment should also include consideration of 
cumulative impacts that could be caused if similar mining were allowed 
everywhere on the watercourse. 
In-stream mining or other excavation that intercepts, blocks or diverts the 
main channel should be prohibited. Excavation withln the 100-year floodplain 
or lateral migration erosion hazard zone should be avoided, and should 
include engineered bank stabilization and grade control where permitted. 

6. Future Monitoring. Channel stability should be monitored periodically to assess 
impacts of floods, to determine whether erosion hazard zones should be updated, 
and to document continued channel change for application to other stream systems 
in Maricopa County. The monitoring effort should include the following: 

Establish monitoring stations at the field sections established for this study. 
Cross sections should be inspected and photo-documented during the fall of 
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every year, and immediately after any flood that exceeds the 5-year 
recurrence interval. 
Controlled aerial photography should be collected every other year or after 
any flood that exceeds the 10-year recurrence interval. 
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CHAPTER 10 - GLOSSARY 

Agglomerate -Sedimentary rock type formed of detrital volcanic material explosively 
ejected from a volcanic vent, with clasts larger than 32 millimeters. 

Alluvial Fan - A  fan-shaped deposit of sediment located where a stream issues from a 
narrow valley of high slope onto a plane or broad valley of low slope. 

Alluvium - Deposits of clay, silt, sand, gravel, or other particulate material in a streambed , 
on a floodplain or delta, or at the base of a mountain. 

Altithermal - A period of time within the Holocene epoch characterized by higher than 
average temperatures andlor decreased precipitation. 

Anabranching - A  river channel pattern in which the width of islands is more than three 
times the river width at average discharge. 

Anastornosing - A  stream pattern charcterized by a net-like or interwoven channel pattern, 
with individual flow paths better defined or permanent than braided channel flow paths. 

Andesite -A  volcanic rock type mostly composed of plagioclase and other mafic materials. 

Angle of Repose - The maximum angle of a slope that can be maintained by an 
accumulation of material. 

Argillic - Descriptive of a detrital sedimentary rock with particles less than 4 rnm in diameter. 

Arkosic - Rock type, generally sandstone, composed of more than 25 percent silica-feldspar 
minerals. 

Armor- A natural layer of particles, usually gravel and cobble sizes, that may cover the 
surface of the streambed as a coarse residue after erosion of the finer bed materials. The 
layer, often just one to three particles thick, inhibits the erosion of underlying particles. 

Avulsion -The sudden relocation of a stream away from its original flow path, usually due to 
catastrophic sediment deposition in the original flow path. 

Bajada - A  piedmont comprised of coalescing alluvial fans. 

Bankfull Elevation - The elevation on the bank where flooding begins. Bankfull discharge is 
defined as the flow rate which fills the active channel just prior to inundating the floodplain. 

Bed Load -The portion of sediment in a stream which is transported by rolling, bouncing, or 
sliding on the stream bed. 

Bifurcation -The division of a stream into two or more channels in the downstream 
direction. 

Bioturbation - The disruption of sediments mainly by the burrowing activities of organisms. 

Boundary Shear Stress - A frictional resistance at the marginal area of a flow which results 
in a decrease in velocity at the boundary areas. 

Breccia - A rock unit composed of coarse highly angular fragments. 

Calcareous - Calcium-rich. 

Caliche - Calcium Carbonate (CaC03) deposited and illuviated in arid region soils cemented 
into a petrocalcic horizon; often as Stage IV carbonate. 

Carbonate Stage - Stage I carbonate is loose disseminated CaC03 in the soil matrix. State 
II carbonate is thin, discontinuous coatings of CaC03 on the bottoms of coarse clasts in the 
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soil matrix. Stage Ill carbonate is continuous coatings of CaC03 on the majority of coarse 
clasts in the soil matrix. Stage IV carbonate is replacement of the original soil matrix by a 
thick, well-cemented layer of CaC03. Stage V carbonate has strongly expressed laminar 
and/or platey structure. 

Clastic - Rock fragments or other material which has been transported. 

Contraction Scour - A form of scour frequently occurring in rivers at bridge crossings where 
stream width rapidly contracts causing an increase in stream velocity andlor turbulence. 

Crenulation Index - The ratio of the topographic contour length to the straight line distance 
along the arc of the contour. A low crenulation index indicates low relief and a uniform 
surface. 

Critical Shear Stress -The component of shear stress parallel to a slip plane in a slip 
system which controls the activity along that plane. 

Cut Bank - The outside bank of a channel bend, often eroding and on the opposite side of 
the stream from a point bar. 

Dendritic Drainage Pattern - A  drainage system with tributaries which join at all angles, 
similar to the branching pattern of a tree. The number of flow paths decrease in the 
downstream direction. 

Desert Pavement - A layer of tightly packed coarse sediment found on the surface of desert 
soils formed by winnowing away finer sediment by wind, rainfall, or local runoff. Degree of 
pavement development is related to the intensity of the formative processes. 

Desert Varnish - A  dark stain substance with a glistening luster, composed of manganese 
or iron oxide, found on the exposed surfaces of coarse rock material in arid climates. Desert 
varnish is formed as microbiotic organisms fix eolian cations with oxygen during infrequent 
wetting by rain. 

Discharge - The volume of water passing through a channel during a given time, usually 
measured in cubic feet per second. 

Dynamic Equilibrium - A natural state of regular, expected channel change with time where 
stream characteristics naturally adjust to the physical conditions of the environment. 

Embayment - Fault-bounded mountain ranges have highly linear mountain fronts upon 
formation. Headward erosion along stream forms canyons. With time, these canyons cause 
the mountain front to be increasingly non-linear or "embayed". 

Entrenchment Ratio - A  computed index value which is used to describe the degree of 
vertical containment of a river channel (width of the flood-prone area at an elevation twice the 
maximum bankfull depthlbankfull width). 

Ephemeral Stream - A  stream that only experiences flow in times of heavy runoff and 
precipitation. An ephemeral stream does not have a base flow, as the channel is always 
above groundwater. 

Evaporites - Sedimentary rock types formed by evaporation of water; for example, halite 
and gypsum. 

Facies - A grouping of sediments, rocks, or soils with a common or related origin. 

Fanglomerate - Rock and soil material originally deposited as an alluv~al fan which has 
since been transformed Into bedrock. Fanglomerates are characterized by a wide range of 
grain sizes and bedding types. 

Felsic - A term applied to K-feldspar and silica rich rock types. 

Lower Hassayampa River Watercourse Master Plan 
River Behavior Report 

Page 10-2 
April 2006 



Fluvial - Of or pertaining to rivers and stream flow. 

Froude Number - A  number describing the ratio of inertial to gravitational forces in flowing 
water. A Froude number greater than one indicates supercritical flow. 

Geomorphology - The study of the shape and form bf the Earth's surface. 

Graywacke - A  type of sandstone characterized by detrital sand grains in a clay matrix. A 
dirty hard sandstone. 

Headcutting - Channel degradation associated with abrupt changes in the bed elevation 
(headcut) that migrate in an upstream direction. 

Holocene - Recent; that period of geologic history (an epoch) since the last ice age in North 
America (the past 10,000 years); also the series of strata deposited during that epoch. 

Hydraulic Geometry- The description of the graphical relations between plot points of the 
hydraulic characteristics of a stream, typically width, depth, velocity and discharge. 

llluviation - The downward transport of mineral or other material in a soil layer, usually the I3 
or C soil horizon. 

Imbrication -Overlapping alignment of pebbles and cobbles due to transport in water. The 
tail of one clast overlies the head of the next clast downstream. 

Incised Channel - A  channel that cuts vertically downward, below the level at which it 
originally formed. 

Inselbergs - Isolated remnants of bedrock exposed as small hills or buttes in the alluvial 
plain or pediment. 

Intermittent Streams - A stream or part of a stream that flows only in direct response to 
precipitation, receiving little or no water from springs, snowmelt or other sources. It may be 
dry for a large part of the year, generally more than three months. Its course may be marked 
by an eroded channel, sediment deposits, scour, or transport of leaf litter or soil. 

Interrupted Stream - A stream which has short perennial segments with intervening 
ephemeral or intermittent segments. 

lnterfluves - The area between braided flow channels. The area is usually vegetated in 
contrast to the sandy channel beds. 

Normal Fault - A fault in which the hanging-wall block moved down relative to the footwall 
block. 

Paleoflood - any flood that occurred prior to, or without, human records. 

Patina - a coating or layer of corrosion formed by oxidation. Desert varnish forms a patina 
on the surface of rocks. 

Pediment - A gently sloped erosion surface composed of bedrock with a thin veneer of 
alluvium, often formed by mountain front planation. 

Pedogenic Clay - Clay that forms as a result of in place weathering within a soil column. 

Perennial Streams - A stream that normally has water in its channel at all times. 

Petrocalcic - Calcium-rich rock material 

Piedmont - A general term for the sloping land area adjacent to a mountain front. 

Planform - The form or pattern contour of an object as viewed from above; map view. 

Pool - A  section of the river with relatively deep water and low flow velocities. 
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Riffle - A  relatively shallow section of a river with high-velocity, turbulent flow. 

Riparian -Pertaining to anything connected with or adjacent to the banks of a river or 
stream. 

Riprap - Rock material placed on stream banks to protect a structure or embankment from 
erosion. 

Runoff - That part of precipitation that appears in surface-water bodies. it is the same as 
streamflow unaffected by artificial diversions, storage or other human works in or on the 
stream channels. 

Scour - Excessive erosion of a streambed or a bank. 

Sediment Yield -The total sediment oufflow from a watershed or a drainage area at a point 
of reference and in a specified period of time. This is equal to the sediment discharge from 
the drainage area. 

Sherds - Broken pieces of pottery or ceramic ware. 

Sinuous - The "cu~iness" of planform of a river channel, the degree of meandering. 

Slackwater - A low-energy zone in a stream characterized by near-zero velocity and 
sediment deposition. 

Strath Terrace - A stream terrace formed by erosion, rather than deposition. 

Stratigraphy - The study of layered sedimentary or metamorphic rock, especially their 
relative ages and correlation between different areas. 

Stream Order - A geomorphic parameter used to describe the complexity of a drainage 
system. A first order stream has no tributaries. A second order stream is formed by the 
confluence of two first order streams. A third order stream is formed by the confluence of two 
second order streams. No stream order system exists specifically for alluvial fans. 

Stream Power - A technical term relating shear stress and velocity. The units signify power 
per unit area of stream bed. 

Supply Reach. The reach located upstream of the reach studied in detail. Since water flows 
downstream, sediment and water are suD~lied from reaches upstream. 

Suspended Load - The part of the total sediment load that moves above the bed load. The 
weight of the suspended sediment is totally supported by the fluid. 

Swale - A small channel, ditch, or depression. 

Tensional Cracks - Cracks that are elongate and that form as forces work to pull apart a soil 
or rock unit. 

Thalweg -An imaginary line along the length of the river connecting the deepest points. 

Torrifluvents - A  type of soil characterized by stream deposits of gravelly, sandy material, 
and lack of significant soil horizon develop'ment. 

Tuff - A rock type formed of compacted volcanic fragments and ash. 

Watershed -An area confined by drainage divides, usually having only one streamflow 
outlet. 
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APPENDIX 5.1 

Field forms 
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Soil description sheets 













































APPENDIX 5.3 

Results of geomorphic mapping 
& soils analysis 
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APPENDIX 5.4 

Sediment sample gradation data 
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APPENDIX 5.5 

HEC-6 vs. RAS comparison tables 
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APPENDIX 5.6 

ADOT scour example details 
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Short-Term Scour Profiles 
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Headcut Anelvsir for Sand Beds - ShoH-Twm 

Excavatron Wldth Wp 
Excavatron Length Lp 
Excavation Depth Yp 
Channel Slope S 

Excavation Volume: Vf 
Initial Fill Period Tf 

Tlme DT Dischaw Flow Volume Cumulative D8mensionless lnflowlOumow Dsmenoionless qc = Max posslble Estimated 
Intern1 e at Time Step Flaw Volume Time Channel Width Excavation Width qP Wp W o  Scour depth 

Depth 
(hours) t (sacs) Q (cfs) (nA3) (fiA3) r = t r r f  wc (R) W- = wpnvc (cfslft) (cislit) Ysmax (n) YS 

Pit Sco~r-RecentFlo~d~.xIs 



JE Fuller Hydmlqy and GWmorphology I ~ c .  
LHWCMP 

Excavation Width Wp 
Excavahon Length Lp 
Excavanon Depth Yp 
Channel Slope S 

Excavation Volume Vf 2400QE+07nA3 

Time DT Ms~harg  Flow Volume Curnulathe Sand Wave D8mensIonle.s InflowlOutflov Dlmenslonless scour scour 
Interval e atnmeStep Flow V~ lume Celertty Time Channel Widm Widm qp= WP qc = aiwc Depth from Length st 

Eq 5%Ys 
(hours) t(soss) Q (m) ( ~ ' 3 )  IR"31 Cr (w) r=mf wc Iff) w = w m c  lcfslftl I cNn I  Y3.q (R) L.5 (ft) 

Pit Scour-RecentFlwds XIS 



JE Fuller Hydrology and Geomorphology Inc 
LHWCMP 

Short-Term Scour Profiles 

Headcut Scour Profile 

Tailcut Scour Profile 

Pit Scour-RecentFloods.xls 




